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International standard Is0 8802-2 : 1989 

IS0 (the International Organization for Standardization) is a worlddide 
federation of national standards bodies (IS0 member bodies). The wor of 
preparing International Standards is normally carried out through IS0 ch- 
nical committees. Each member body interested in a subject for which a t ~ ch- 
nical committee has been established has the right to be represented on that 
committee. International organizations, governmental and non-govebn- 
mental, in liaison with ISO, also take part in the work. IS0 collabordtes 
closely with the International Electrotechnical Commission (IEC) on all 
matters of electrotechnical standardization. 

Draft International Standards adopted by the technical committees are ir- 
culated to the member bodies for approval before their acceptance as Inter a- 
tional Standards by the IS0 Council. They are approved in accordance i t  h 
IS0 procedures requiring at least 75% approval by the member bodies votin 

In 1985, ANSUIEEE SM 802.2-1985 was adopted by IS0 Technical Commit&ee 
97, Information processing systems, as draft International Standard I80 
8802-2. Following the procedures described above, the Standard was subse- 
quently approved by IS0 in the form of this new edition, which is published as 
International Standard IS0 8802-2 : 1989. 

4- 

International Organization for Standardization 
Caeepoatale56 CH-1211GenèveZû . Switzerland 
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Foreword to International Statldard IS0 8802.2 : 1989 

This standard is part of a family of standards for Local Area Networks 
(LANs). The relationship between this standard and the other members of the 
family is shown below, (The numbers in the figure refer to  IS0 Standard 
numbers.) 

r I 

I DATA 
8802-2 

LINK 
LAYER 

PHYSICAL 
LAYER E] 

This family of standards deals with the physical and data link layers as 
defined by the IS0 Open Systems Interconnection Reference Model (IS0 7498 : 
1984). The access standards define four types of medium access technologies 
and associated physical media, each appropriate for particular applications or 
system objectives. The standards defining these technologies are: 

(1) IS0 8802-3 [ANSVIEEE Std 802.3-19881, a bus utilizing C S W C D  as the 

(2) IS0 8802-4 [ANSIfiEEE Std 802.4-19851, a bus utilizing token passing as 

(3) IS0 8802-6 [IEEE Std 802.5-19891, a ring utilizing token passing as the 

(4) IS0 8802-7, a ring utilizing slotted ring as the access method. 

IS0 8802-2 [IEEE Std 802.2-19891, Logical Link Control protocol, is used in 

The reader of this document is urged to become familiar with the complete 

The main body of this standard serves for both the IS0 8802-2 : 1989 and IEEE 

access method, 

the access method, 

access method, 

conjunction with the medium access standards. 

family of standards. 

802.2-1989 standards. IS0 and IEEE each have unique foreword sections. 
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1 

IEEE Std 802.2-1989 

IEEE Stanurds documents are developed within the Technical Committees 
of the IEEE Societies and the Standards Coordinating Committees of the I EE 
Standards Board. Members of the committees serve voluntarily and wi out 
compensation, They are not necessarily members of the Institute. The tan- 
dards developed within IEEE represent a consensus of the broad expertise O the 
subject within the Institute as well as those activities outside of IEEE which i ave 
expressed an interest in participating in the development of the standard. 

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE 
Standard does not imply that there are no other ways to produce, test, measure, 
purchase, market, or provide other goods and services related to the scope of the 
IEEE Standard, Furthermore, the viewpoint expressed at the time a stand rd is 
approved and issued is subject to  change brought about through developme ts in 
the state of the art and comments received from users of the standard. lvery 
IEEE Standard is subjected to review at least once every five years for re ‘sion 
or reaffirmation. When a document is more than five years old, and h 4  not 
been reaffirmed, it is reasonable to  conclude that its contents, although sal1 of 
some value, do not wholly reflect the present state of the art. Users are caut?pned 
to check to determine that they have the latest edition of any IEEE Standard, 

Comments for revision of IEEE Standards are welcome from any interested 
party, regardless of membership affiliation with IEEE. Suggestion 
changes in documents should be in the form 
gether with appropriate supp 

Interpretations: Occasion 
portions of standards as th 
interpretations is brought to  the attention of IEEE, the Institute will initiate ac- 
tion to prepare appropriate responses. Since IEEE Standards represent a, con- 
sensus of all concerned interests, it is important t o  ensure that any inter- 
pretation has also received the concurrence of a balance of interests. Fori this 
reason IEEE and the members of its technical committees are not able to  pr 

ant response to interpretation requests except in those cases 

a proposed change of 

stions may arise regarding the 
to  specific applications. When 

has previously received formal consideration. 
ents on standards and requests for interpretations should be addrdssed 

to: 

Secretary, IEEE Standards Board 
445 Hoes Lane, P.O. Box 1331 
Piscataway, NJ 08855- 133 1 
USA 

IEEE Standards documents are adopted by the Institute of Electrical and 
Electronics Engineers without regard to  whether their adoption may in Iolve 
patents on articles, materials, or processes. Such adoptions does not asqume 
any liability to  any patent owner, nor does it assume any obligation whateder to  

I 

l 

a 
O 

O 
a 
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F O ~ W O ~  to IEEE md 8022-1989 
(Revision OfANSVIEXE SM 802.2-31985) 

("his Foreword is not a part of IS0 8802-2 : 1989 or of IEEE Std 802.2-1989.) 

This standard is part of a family of standards for Local Area Networks 
(LANs). The relationship between this standard and other members of the 
family is shown below, (The numbers in the figure refer to  IEEE Standard 
numbers.) 

1 

802.1 I 
DATA LINK LAYER 

- 
PHYSICAL LAYER 

This family of standards deals with the physical and data link layers as 
defined by the IS0 Open Systems Interconnection Reference Model. The ac- 
cess standards define three types of medium access technologies and associ- 
ated physical media, each appropriate for particular applications or system 
objectives. The standards defining these technologies are: 

(1) ANSYIEEE Std 802.3-1988 [IS0 8802-31, a bus utilizing C S W C D  as the 

(2) ANSIDEEE Std 802.4-1985 [IS0 8802-41, a bus utilizing token passing as 

(3) IEEE Std 802.6-1989 [IS0 8802-51, a ring utilizing token passing as the 

access method, 

the access method, 

access method. 

IEEE Std 802.2-1989 [IS0 8802-21, the Logical Link Control standard, is used 
in conjunction with the medium access standards. 

IEEE P802.1 describes the relationship among these standards and their re- 
lationship to the IS0 Open Systems Interconnection Reference Model in more 
detail. This companion document also will contain networking management 
standards and information on internetworking. 

The reader of this standard is urged to  become familiar with the complete 
family of standards. 
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Information processing systems- 
Local area networks- 

Part 2: 
Logical link control 

1. Intraduction 
1.1 Scope and Purpose, "his International Standard is one of a set of interna- 
tional standards produced to  facilitate the interconnection of computers and 
terminals on a Local Area Network (LAN). It is related to  the other interna- 
tional standards by the Reference Model for Open Systems Interconnection. 
NOTE: The exact relationship of the layers described in this International Standard to the layers 
defined by the 081 Reference Model is under study. 

"his International Standard describes the functions, features, protocol, and 
services of the Logical Link Control (LLC) sublayer in the IS0 8802 Local Area 
Network Protocol. The LLC sublayer constitutes the top sublayer in the data 
link layer (see Fig 1-1) and is common to the various medium access methods 
that are defined and supported by the IS0 8802 activity. Separate international 
standards describe each medium access method individually and indicate the 
additional features and functions that are provided by the Medium 

Fig 1-1 
RelationshiptoLANReferenceModel 

DATA LINK 
LAYER I MAC I 

I I 
MEDIUM 
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Is0 88022 : 1989 
IEEE Std802.21989 LOCAL AREA NETWORP: 

ontrol (MAC) sublayer in each case to  complete the functionality; of 
link layer as defined in the LAN architectural reference model. 

This International Standard describes the LLC sublayer service specifi’ca- 
tions to the network layer (Layer 31, to the MAC sublayer, and to the LLC saib- 
layer management function. The service specification to the network layer 
provides a description of the various services that the LLC sublayer, plus n- 
derlying layers and sublayers, offer to  the network layer, as viewed from he 
network layer, The service specification to  the MAC sublayer provides a de- 
scription of the services that the LLC sublayer requires of the MAC subla er. 
These services are defined so as to  be independent of the form of the medi m 
access methodology, and of the nature of the medium itself. The service spqci- 
fication to  the LLC sublayer management function provides a description of 
the management se that are provided to the LLC sublayer. All of the 
above service speci s are given in the form of primitives that represent 
in an abstract way the logical exchange of information and control betw en 
the LLC sublayer e identified service function (network layer, k$C 

r management function). They do not specify or 

This International Standard provides a description of the peer-to-peer pr to- 
col procedures that are defined for the transfer of information and control I e- 

sublayer, or LLC s 
constrain the implementation of entities or interfaces. 

tween any pair of data link layer service access points on a local area qet- 
work. The LLC procedures are independent of the type of medium access 
method used in the particular local area network. 

broad range of potential applications, two types of data 1 nk 
on are included (see Section 4). The first type of operation ( $I ee 

ovides a data-link-connectionless-mode service across a d ta 
imum protocol complexity. This type of operation may be us ful 

when higher layers provide any essential recovery and sequencing servi es 
so that these do not need replicating in the data link layer. In addition, t i is 
type of operation may prove useful in applications where it is not essential to 
guarantee the delivery of every data link layer data unit. This type of sefiice 
is described in this International Standard in terms of “logical data lin&”. 
The second type of operation (see Section 7) provides a data-link-connectibn- 
mode service across a data link comparable to  existing data link con 
cedures provided in International Standards such as HDLC (see IS0 
1987 ClIl). This service includes support of sequenced delivery of da 
layer data units, and a comprehensive set of data link layer error rec 
techniques, This second type of service is described in this internatio 
standard in terms of “data link connections”. 

This International Standard identifies two distinct “classes” of LLC opqra- 
tion. Class I provides data-link-connectionless-mode service only, Class II 
provides data-link-connection-mode service plus data-link-connectionldss- 

escribed herein are peer protocols for use in m ti- 
mode service. Either class of operation may be supported. 

~ 

P 
U 

The basic protocol + 
I 

The numbers in brackets correspond to those of the references listed in 1.3. 

e 
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station, multiaccess environments. Because of the multistation, multiaccess 
environment, it shall be possible for a station to be involved in a multiplicity 
of peer protocol data exchanges with a multiplicity of different stations over a 
multiplicity of different logical data links and/or data link connections that 
are carried by a single physical layer (PHY) over a single physical medium. 
Each unique to-from pairing at the data link layer shall define a separate 
logical data link or data link connection with separate logical parameters 
and variables. Except where noted, the procedures described in this chapter 
shall relate to  each data link layer logical data link or data link connection 
separately and independently from any other logical data link or data link 
connection that might exist at the stations involved. 

1 9  Standards Compatibility. The peer protocol procedures defined in Section 5 
utilize some of the concepts and principles, as well as commands and re- 
sponses, of the balanced data link control procedures known as Asynchronous 
Balanced Mode (ABM), as defined in IS0 7809 : 1984 [31. (The ABM procedures 
provided the basis upon which the CCI'M! Recommendation X.26 Level 2 LAPB 
[41 procedures were defined.) The frame structure defined for the data link 
layer procedures as a whole is defined in part in Section 3 of this international 
standard and in part in those International Standards that define the various 
medium access control (MAC) procedures. The combination of a MAC 
sublayer address and an LLC sublayer address is unique to each data link 
layer service access point in the local area network. 
NOTE: This division of data link layer addressing space into separate MAC and LLC address 
fields is not presently a part of any present IS0 data link layer International Standard. 

1.3 References 
[il IS0 4336 : 1987, Information processing systems, Data communications, 
High-level data link control elements of procedures.2 
[21 IS0 7498 : 1984, Information processing systems, Open systems intercon- 
nection, Basic reference model. 
[31 IS0 7809 : 1984, Information processing systems, Data communications, 
High-level data link control procedures, Consolidation of classes of proce- 
dures. 
[41 CCITT Recommendation X.25, Interface between data terminal equipment 
(DTE) and data circuit-terminating equipment (DCE) for terminals operat- 
ing in the packet mode and connected to  public data networks by dedicated 
circuit .3 

IS0 documents are available in the US from the Sales Department, American National 
Standards Institute, 1430 Broadway, New York, "Y 10018, USA. IS0 documents are also available 
h m  the IS0 O h ,  1 rue de Varembé, Case Postale 66, CH-1211, Genève U), Switzerland/Suisse. ' CCplT documents are available in the US h m  the US Dept. of Commerce, National Technical 
Information Service, 6286 Port Royal Rd., Springfield, VA 22161. CCITT documents are also 
available from CCITT General Secretariat, International Telecommunications Union, Sales 
Section, Place des Nations, CH-1211, Genève 20, Switzerland/Suisse. 
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ation X.200, Reference model on open systems in er- I C51 CCITT Rec 
connection for 

1.4 Acronyms and Definitions 

ABM A ous Balanced Mode 
ACK A 
ADM Asynchronous Disconnected Mode 
C Co mm and 
CCITT 
CiR Command/Response 
DA Destination Address 
DCE Data Circuit-terminating Equipment 
DIS Draft International Standard 
DISC DISConnect 
DM 
DSAP Destination Service Access Point I I 

l 
DTE Data Terminal 
F Final 
Fcs Frame Check Sequence 
FRIvæ FRaMe Reject 
HDLC High-level Data Link Control 
I Information 
I Information transfer format 
Is0 International Or ation for Standar 
LAN Local Area Netwo 
LAPB Link Access Procedure, Balanced 

LSAP Link layer Service Access Point 
UB Least Significant Bit 
LSDU Link layer Service Data Unit 

Modifier function bit 
Medium 

N(R) Receive 
N(S) Send sequence Number 
OS1 Open Systems Interconnection 
P Poll 
PDU Protocol Data Unit 
P/F Po WFinal 
PHY PHY sic al 
R Response 
HET 
RNR 
RR 
S Supervisory format 

1.4.1 Acronyms 

International Telegraph and Telephone Consultative Committbe 

I 
l Logical Link Control 1 

I 
l 

a 
e 

e 
e 
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S Supervisory function bit 
SA Source Address 
SABME 
SAP Service Access Point 
SSAP Source Service Access Point 
TEST TEST 
U Unnumbered format 
UA Unnumbered Acknowledgment 
UI Unnumbered Information 
V(R) Receive state Variable 
V(S) Send state Variable 
XID exchange IDentification 

Set Asynchronous Balanced Mode Extended 

1.46 Definitions. For the purpose of this International Standard the follow- 
ing definitions shall apply: 
accept. The condition assumed by an LLC upon accepting a correctly received 
PDU for processing. 
address fields (DSAP and SSAP). The ordered pair of service access point ad- 
dresses at the beginning of an LLC PDU which identifies the LLCW desig- 
nated to receive the PDU and the LLC sending the PDU. Each address field is 
one octet in length. 
basic status. An LLC's capability to  send or receive a PDU containing an in- 
formation field. 
command, In data communications, an instruction represented in the control 
field of a PDU and transmitted by an LLC. It causes the addressed LLC(s) to 
execute a specific data link control function. 
command PDU. All PDUs transmitted by an LLC in which the C/R bit is equal 
to  uo". 
control field (Cl. The field immediately following the DSAP and SSAP ad- 
dress fields of a PDU. The content of the control field is interpreted by the re- 
ceiving destination LLC(s) designated by the DSAP address field: 

(a) As a command, from the source LLC designated by the SSAP address 

(b) As a response, from the source LLC designated by the SSAP address 

data link. An assembly of two or more terminal installations and the inter- 
ing commmunications channel operating according to  a particular 
that permits information to  be exchanged; in this context the term ter- 

minal installation does not include the data source and the data sink. 
data link layer. The conceptual layer of control or processing logic existing 
in the hierarchical structure of a station that is responsible for maintaining 

field, instructing the performance of some specific function; or 

field. 

17 
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control of the data link. The data link layer functions provide an inte ace 
between the station higher layer logic and the data link. These functions in- 
clude address/control field interpretation, channel access and comm i nd 
PDU/response PDU generation, transmission, and interpretation. 
exception condition. The condition asssumed by an LLC upon receipt of a 
command PDU which it cannot execute due to  either a transmission error or 
an internal processing malfun 
global (broadcasting) DSAP sa. The predefined LLC DSAP address Ka11 
ones) used as a broadcast (all parties) address. I r be the address f a  

group (multicast) DSAP address. A destination address assigned to  a col ec- 
tion of LLCs to  facilitate their being addressed collectively. The least si ,i ifi- 
single LLC on the data link. 

cant bit shall be set equal to “1”. 
higher layer. The conceptual layer of control or processing logic existing in 
the hierarchical structure of a station that is above the data link layer Wd 
upon which the performance of data link layer functions are dependent;lfor 

information f i  e sequence of octets OCCU between the con rol 
field and the end of the LLC PDU. The information field contents of I, TE I T, 

example, device control, buffer allocation, LLC stati 

and U1 PDUs are not interpreted at the LLC sublayer. 

i) 

agement, etc. 

invalid frame. A PDU that either 
(a) Does not contain an integral number of octets, 
(b) Does not contain at least two address octets and a control octet, or 
(c) Is identified by the physical layer or MAC sublayer as containing d p a  

LLC. That part of a data station that supports the logical link control functi ns 
of one or more logical links. LLC generates command PDUs and P re- 
sponse PDUs for transmission interprets received command PDUs 4nd 
response PDUs. Specific responsibilities assigned to an LLC include 

bit errors. i 
I 

(a) Initiation of control signal interchange, 
fi) Organization of data flow, 

retation of received com nd PDUs and generation of appropripte 

C 

That part of a data station that supports the medium access control fuhc- 
tions that reside just below the LLC sublayer. The MAC procedures inclSde 
framingideframing data units, performing error checking, and acquiring 
the right to use the underlying physical medium. 
N-layer. A subdivision of the architecture, constituted by subsystems of 1 
same rank (NI. 

rding error control and error recovery functions in the 
Us, and 4 

~ 
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N-user. An N+l entity that uses the services of the N-layer, and below, to 
communicate with another N+l entity. 
octet, A bit-oriented element that consists of eight contiguous binary bits. 
peer protocol. The sequence of message exchanges between two entities in the 
same layer that utilize the services of the underlying layers to effect the suc- 
cessful transfer of data andor control information from one location to  an- 
other location. 
priority (use in primitives). A parameter used to convey the priority required 
or desired. 
protocol data unit (PDU). The sequence of contiguous octets delivered as a unit 
from or to  the MAC sublayer. A valid LLC PDU is at least 3 octets in length, 
and contains two address fields and a control field. A PDU may or may not 
include an information field in addition. 
response. In data communications, a reply represented in the control field of a 
response PDU. It advises the addressed destination LLC of the action taken by 
the source LLC to one or more command PDUs. 
response PDU. All PDUs sent by a LLC in which the CIR bit is equal to  “1”. 
service. The capabilities and features provided by an N-layer to an N-user. 
service class (use in primitives). A parameter used to  convey the class of ser- 
vice required or desired. 
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2. LW Sublayer Service Specincaticmis 

This section covers the services required of, or by, the LLC sublayer at the 
logical interfaces with the network layer, the MAC sublayer, and the LLC sub- 
layer management function. 

In general, the services of a layer (or sublayer) are the capabilities which it 
offers to  a user in the next higher layer (or sublayer). In order to  provide its 
service, a layer (or sublayer) builds its functions on the services which it re- 
quires from the next lower layer (or sublayer). Fig 2-1 illustrates this notion of 
service hierarchy and shows the relationship of the two correspondent N-users 
and their associated N-layer (or sublayer) peer protocol entities. 

Fig 2-1 
Service Primitives 

I SERVICE 
PROVIDER 

SERVICE I 

21 

SERVICE 
USER 

____t INDICATION 

- RESPONSE 
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Services are specified by describing the information flow between the N- 
user and the N-layer (or sublayer). This information flow is modeled by gis- 
Crete, instantaneous events, which characterize the provision of a serdice. 
Each event consists of passing a service primitive from one layer (or ub- 
layer) to  the other through an N-layer (or sublayer) service access point a so- 
ciated with an N-user. Service primitives convey the information require d in 
providing a particular service. These service primitives are an abstractiom in 
that they specify only the service provided rather than the means by which the 
service is provided. This definition of service is independent of any partlcu- 

d by describing the service primitives and parameters 
service. A service may have one or more related pr mi- that characterize 

tives that constitute the activity that is related to the particular service. Bach 
service primitive may have zero or more parameters that convey the inforha- 
tion required to provide the service. 

e implementation. 

! 

are of four generic types: 
The request primitive is passed from the N-user to  the N- 
layer (or sublayer) to  request that a service be initiated. 
The indication primitive is passed from the N-layer j (or 
sublayer) to the internal N-layer (or 
sublayer) event wh t o  the N-user. {his 
event may be logically related to a remote service reques , or 
may be caused by an event internal to  the N-layer (or sub 
layer). 
The response primitive is passed from the N-user to the N- 
layer (or sublayer) to complete a procedure previoqsly 
invoked by an indication primitive. 
The confirm primitive is passed fr the N-layer (or sLb- 

e N-user to convey th sults of one or Tore 
revious service reques 

Possible relationships among primitive types are illustrated by the time- 
sequence diagrams shown in Fig 2-2. The figure also indicates the logical 
relationship of the primitive types. Primitive types that occur earlier in time 
and are connected by dotted lines in the diagrams are the logical antecedents 

2.1 Network L C Sublayer Interface Service Specification. This bec- 
s required of the LLC sublayer by the network layer, 
ork layer, to  allow a local network layer entitd to 

exchange packets with remote peer network layer entities. The services are 
described in an abstract way and do not imply any particular implementaqion 
or any exposed interface. 

Two forms of service are provided-unacknowledged connectionless-mode 
and connection-mode: 

INDICATION 

RESPONSE 

CO- I 
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Unacknowledged Connectionless-Mode Service. The data transfer service 
that provides the means by which network entities can exchange link service 
data units (LSDUs) without the establishment of a data link level connection. 
The data transfer can be point-to-point, multicast, or broadcast. 

Fig 2-2 
Time-Sequence Diagram 

(a) 

REQUEST - 

REQUEST - 
(e) 

IN DI CATION - 
1 

(b) 

IN DI CATION 

id) 
IN 

'L' ' 
'\ 

INDICATION - 
IN DI CATION 
___c_ 

ICATI Ih ICATION -i+ 
R E S P O N S .  /L ~ S P O N S E  

(f) 
REQUEST - 
CONFIRM - 

'L 

'L 

REQUEST 
I 

REQUEST 

CONFIRM 
___c) 
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Connection-Mode Services. This set of services provides the means for 
lishing, using, resetting, and terminating data link layer 

The connection establishment service provides the means 
These connections are point-to-point connections between 

work entity can request, or be notified of, the establishment of 
connections. 

a network entity can send or receive LSDUs over a data link layer connec- 
tion. This service also provides data link layer sequencing, flow control, and 
error recovery. 

The connection reset service provides the means by which established Ton- 
nections can be returned to the initial state. 

entity can request, or be notified of, the termination of data link layer bon- 
nections. 

The connection flow control service provides the means to control the flow of 
data associated with a specified connection, across the network layeddata 
link layer interface. 

The connection-oriented data transfer service provides the means by 

The connection termination service provides the means by which a net 

2.1.1 Overview of Interactions 

nless-Mode Data 
ed 

transfer are I 

DL-UNITDATA request 
DL-UNITDATA indication 
The DL-UNITDATA request primitive is passed to the LLC sublayer to  re- 

quest that an LSDU be sent using unacknowledged connectionless-mode ro- 
cedures. The DL-UNITDATA indication primitive is passed from the &C 
sublayer to  indicate the arrival of an LSDU. 

2.1.13 Connection-Mode Services 
2.1.1.2.1 Connection Establishment. The service primitives associated 

I 
with connection establishment are 

DL-CONNECT request 
DL-CONNECT indication 
DL-CONNECT response 
DL-CONNECT confirm 
The DL-CONNECT request primitive is passed to  the LLC sublayer tQ re- 

quest that a data link connection be established between a local LSAP abd a 
remote LSAP. The DL-CONNECT indication primitive is passed from the 
LLC sublayer to  indicate the request by a remote entity to establish a codnec- 
tion to  a local LSAP. The DL-CONNECT response primitive is passed to  the 
LLC sublayer to signal acceptance of a connection. The DL-CONNECT icon- 

I , 

I 

I 
1 24 , 
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firm primitive is passed from the LLC sublayer to  convey the results of the 
previous associated DL-CONNECT request primitive. 

2.1.1.2.2 Connection-Mode Data Transfer. The primitives associated 
with connection-mode data transfer are 

DL-DATA request 
DL-DATA indication 
The DL-DATA request primitive is passed to the LLC sublayer to request that 

an LSDU be sent using connection-mode procedures. The DL-DATA indica- 
tion primitive is passed from the LLC sublayer to  indicate the arrival of an 
LSDU. 

2.1.1.2.3 Connection Termination. The primitives associated with 
connection termination are 

DL-DISCONNECT indication 
The DL-DISCONNECT request primitive is passed to the LLC sublayer to  

request the immediate termination of a data link connection. The DL- 
DISCONNECT indication primitive is passed from the LLC sublayer to  indi- 
cate to the network layer that a connection has been terminated. 

2.1.1.2.4 Connection Reset. The primitives associated with connection 
resetting are 

DL-RESET request 
DL-RESET indication 
DL-RESET response 
DL-RESET confirm 
The DL-RESET request primitive is passed to the LLC sublayer to  request 

that a connection be immediately reset to  the initial state. The DL-RESET in- 
dication primitive is passed from the LLC sublayer to  indicate a connection 
reset attempt by either a remote entity or the local LLC sublayer. The DL- 
RESET response primitive is passed to the LLC sublayer to signal acceptance 
of the reset condition, The DL-RESET confirm primitive is passed from the 
LLC sublayer to convey the results of the previous associated DL-RESET 
re quest primitive . 

2.1.1.2.6 Connection Flow Control. The primitives associated with con- 
nection flow control are 

DL-CONNECTION-FLOWCONTROL request 
DL-CONNECTION-FLOWCONTROL indication 
The DL-CONNECTION-FLOWCONTROL request primitive is passed to 

the LLC sublayer to control the flow from the LLC sublayer of DL-DATA indi- 
cation primitives related to a connection. The DL-CONNECTION-FLOW- 
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CONTROL indication primitive is passed fro LLC sublayer to  control tthe 
flow from the network layer of DL-DATA r primitives related to a don- 
nection. 

2.1.2 Detailed Service Specifications. This section describes in detail the 
primitives and parameters associated with the identified services. Note that 
the parameters are specified in an abstract sense. The parameters specify ‘the 
information that must be available to  the receiving entity. A specific imple- 
mentation is not constrained in the method of making this information 
available. 

The “source-address’’ and “destination-address” parameters provide at a 
minimum the logical concatenation of the MAC address field (SA and/or PA) 
and the LLC address field (SSAP andor DSAP). An implementation of don- 
nection-mode services may make use of a locally significant connec$on 
identifier to imply source and destination address parameters. The “ddta” 
parameter may be provided by actually passing the link service data unit, by 
passing a pointer, or by other means. The “priority” parameter provides the 
priority associated with the data unit transfer. The ”priority” parameter is 
passed transparently to  the underlying MAC sublayer via the appropriate 
LLC/MAC primitives, see 2.2. The “reason” parameter provides an explaina- 
tion of the disconnection, including a request by the remote entity, or an e ror 
internal to  the LLC sublayer. The “amount” parameter provides informa I ion 
regarding the amount of data that the LLC entity is allowed to pass. 

2.1.2.1.1 Function. This primitive is the service request primitive for 

2.1.2.1.2 Semantics of the Service Primitive. The primitive shall pro- 

2.1.2.1 DL-UNITDATA request 

the unacknowledged connectionless-mode data transfer service. 

vide parameters as follows: 

DL-UNITDATA request( 
source-address, ~ 

destination-address, I 
data, 
priority 
1 

The source-address and destination-address parameters specify the local 
and remote LSAPs involved in the data unit transfer. The destination- 
address may speciSl either an individual or group address. The data p#ra- 
meter specifies the link service data unit to be transferred by the data ink 
layer entity. The priority parameter specifies the priority desired for the ata 
unit transfer. 

2.1.2.1.3 When Generated. This primitive is passed from the network 
layer to the LLC sublayer to request that a LSDU be sent to one or more renhote 
LSAP(s1 using unacknowledged connectionless-mode procedures. 

2.1.2.1.4 Effect on Receipt. Receipt of this primitive causes the LLC sub- 
layer to  attempt to  send the LSDU using unacknowledged connection 
mode procedures. 

I? I STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 88

02
-2:

19
89

https://standardsiso.com/api/?name=013651ce6dbc206f59eb0b7b07581e08


LOGICAL LINK CONTROL 
IS0 88022 : 1989 

lEEE Std 802.2-1989 

2,1.2.1.6 Additional Comments. This primitive is independent of any 
connection with the remote LSAP. 

A possible logical sequence of primitives associated with successful un- 
acknowledged connectionless-mode data unit transfer is illustrated in 
Fig 2-2 (cl. 

2.1.2.2 DL=UNITDATA indication 
2.1.2.2.1 Function, This primitive is the service indication primitive 

2.1.22.2 Semantics of the Service Primitive. The primitive shall pro- 
for the unacknowledged connectionless-mode data unit transfer service. 

vide parameters as follows: 

DL-UNITDATA indication( 
source-address, 
destination-address, 
data, 
priority 
l 

The source-address and destination-address parameters specify the local 
and remote LSAPs involved in the data unit transfer. The source address may 
be the address of a local LSAP, or may be a group address specifying multiple 
LSAPs, including a local LSAP. The data parameter specifies the link service 
data unit which has been received by the LLC sublayer entity. The priority pa- 
rameter specifies the priority desired for the data unit transfer. 

2.1.2,2.3 When Generated. This primitive is passed from the LLC sub- 
layer to  the network layer to indicate the arrival of an LSDU from the specified 
remote entity. 

2.1.2.2.4 Effect on Receipt. The effect of receipt of this primitive by the 
network layer is unspecified. 

2.1.2.2.6 Additional Comments. This primitive is independent of any 
connection with the remote LSAP. 

In the absence of errors, the contents of the data parameter are logically 
complete and unchanged relative to the data parameter in the associated DL- 
UNITDATA re quest primitive . 

2.1.2.3 DL-CONNECT request 

the connection establishment service. 

vide parameters as follows: 

2.1.2.3,l Function. This primitive is the service request primitive for 

2.1.2.3.2 Semantics of the Service Primitive. The primitive shall pro- 

DL-CONNECT request( 
source-address, 
destination-address, 
priority 
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The source-address and destination-address parameters specify the local 
and remote LSAPs that are to  be connected. The priority parameter specifies 
the priority desired for the connection. 

2.1.2.3.3 When Generated. This primitive is passed from the net ork 
layer to  the LLC sublayer when the network layer entity wishes to establi t h a 
logical link connection, of a given priority, to  a remote LSAP. 

2.1.2.3.4 Effect on Receipt. The receipt of this primitive by the LLC &ub- 
layer causes the local LLC entity to initiate the establishment of a connecjion 
with the remote LLC entity. 

2.1.2.5.6 Additional Comments. A possible logical sequence of prim- 
itives associated with successful connection establishment is illustrate 
Fig 2-2 (0. 

2.19.4 DL-CONNECT indication 

for the connection establishment service. 

vide parameters as follows: 

2.1.2.4.1 Function. This primitive is the service indication primitive 

2.1.2.4.2 Semantics of the Service Primitive. The primitive shall pro- 

DL-CONNECT indication( 
source-address, 
destination-address, 
priority 
\ 
I I 

l 
The source-address and destination-address p ers specify the local 

and remote LSAPs that are to be connected. The pr parameter indicates 
the priority desired for the connection. 

2.1.2.4.5 When Generated. This primitive is passed from the LLC sub- 
layer to  the network layer to  indicate that a connection of a certain priorit1 is 
being requested. 

2.1.2.4.4 Effect on Receipt. The network layer entity shall issue eith' r a 
DL-CONNECT response primitive to accept the connection, or a DL-DISC&N- 
NECT request primitive to refuse the connection. 

2.1.2.4.6 Additional Comments. None. 

2.1.2.6.1 Function. This primitive is the service response primitive for 

2.1.2.6.2 Semantics of the Service Primitive. The primitive shall pro- 

2.1.2.6 DL-CONNECT response 

the connection establishment service. 

vide parameters as follows: I 

source-address, 
destination-address, 
priority 
1 

DL-CONNECT response( I 
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The source-address and destination-address parameters speciS. the lo- 
cal and remote LSAps that are to be connected. The priority parameter indi- 
cates the priority provided for the connection. 

2.1.2.5.3 When Generated. This primitive is passed from the network 
layer to the LLC sublayer to indicate acceptance of the requested connection. 

2.1.2.6.4 Effect on Receipt. The receipt of this primitive by the LLC 
sublayer causes the local LLC entity to  accept a connection with the remote LLC 
entity. 

2.1.2.6.6 Additional Comments. The network layer entity can return 
the same priority as given in the DL-CONNECT indication primitive or it 
may select a lower priority. After returning a DL-CONNECT response prim- 
itive, the network layer entity assumes that the Connection is established. 

2.1.2.6 DL-CONNECT confirm 
2.1.2.6.1 Function. This primitive is the service confirm primitive for 

2.1.2.6.2 Semantics of the Service Primitive. The primitive shall pro- 
the connection establishment service. 

vide parameters as follows: 

DL-CONNECT confirm( 
source-address, 
destination-address, 
priority 
1 

The source-address and destination-address parameters specify the local 
and remote LSAps that are to  be connected, The priority parameter indicates 
the priority provided for the connection. 

2.1.2.6.3 When Generated. This primitive is passed by the LLC sub- 
layer to  the network layer to  convey the results of the previous associated DL- 
CONNECT request primitive. The results indicate that the connection attempt 
was successful and spec@ the priority obtained. 

2.1.2.6.4 Effect on Receipt. The network layer entity may use this 
connection for data unit transfer. 

2.1.2.6.6 Additional Comments. This primitive indicates that the re- 
mote network layer entity received and accepted the connection attempt. 

2.1.2.7 DL-DATA request 
2.1.2.7.1 Function. This primitive is the service request primitive for 

2.1.2.7.2 Semantics of the Service Primitive. The primitive shall pro- 
the connection-mode data unit transfer service. 

vide parameters as follows: 

DL-DATA request( 
source-address, 
destination-address, 
data 
1 
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The source-address and destination-address parameters specify the local 
and remote LSAPs of the connection. The data parameter specifies the link 
service data unit to be transferred by the LLC sublayer entity. 

2.1.2.7.3 When Generated. This primitive is passed from the netqork 
layer to  the LLC sublayer to request that a LSDU be transferred to  a reniote 
LSAP over an existing connection. 

2J.2.7.4 Effect on Receipt. The receipt of this primitive by the LLC bub- 
layer causes the LLC sublayer to  transfer the LSDU over the specified connec- 
tion using connection-mode procedures. 

2.1.2.7.5 Additional Comments. The DL-DATA request primitive does 
not contain a priority parameter because priority must be uniform for all DL- 
DATA requests in a particular connection. 

A possible logical sequence of primitives associated with successful con- 
nection-mode data unit transfer is illustrated in Fig 2-2(c). 

2.1.2.8.1 Function. This primitive is the service indication primitive 

2.1.2.8.2 Semantics of the Service Primitive. The primitive shall pro- 

2.1.2.8 DL-DATA indication 

for the connection-mode data unit transfer service. 

vide parameters, as follows: 

DL-DATA indication( 
source-address, 
destination-address, 
data 
1 

I 

The source-address and destination-address parameter 
and remote LSAPs of the connection. The data paramete 
service data unit which has been received by the LLC sublayer entity. 

layer to  the network layer to indicate the arrival of an LSD 
remote network layer entity over a particular connection. 

2.1.2.8.4 Effect on Receipt. The effect of receipt of 
network layer is unspecified. 

2J.2.8.5 Additional Comments. In the absence of e 
the data parameter are logically complete and unchanged 
parameter in the associated DL-DATA request primitive. 

2.1,2.8.3 When Generated. This primitive is passed by the LLC sub- 
Om the spec;ified 

primitive b$ the 

2.1.2,9 DL-DISCONNECT request 

the connection termination service. . 

vide parameters as follows: 

2.1.2.9.1 Function. This primitive is the service request primitive for 

2,13,9.2 Semantics of the Service Primitive. The primitive shall pro- 
, 

DL-DISCONNECT request( 
source-address, 
destination-address 
1 

30 
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The source-address and destination-address parameters specify the local 
and remote LSAPs of the connection to be terminated. 

2.1.2.9.3 When Generated. This primitive is passed from the network 
layer to the LLC sublayer when the network layer entity wishes to terminate a 
connection. 

2.1.2.9.4 Effect on Receipt. Receipt of this primitive causes the LLC sub- 
layer to immediately terminate the connection. 

2,1.2,9.5 Additional Comments. All unacknowledged LSDUs are dis- 
carded. The connection termination service is an abortive service. That is, no 
guarantee of delivery can be assumed about data that is not yet acknowledged 
at a higher layer. Thus, graceful disconnection (i.e., without loss of data) is 
the responsibility of a higher layer protocol. 

A possible logical sequence of primitives associated with successful con- 
nection termination is illustrated in Fig 2-2(c). 

2.1.2.10 DL-DISCONNECT indication 
2.1.2.10.1 Function. This primitive is the service indication primitive 

2.1.2.10.2 Semantics of the Service Primitive. The primitive shall pro- 
for the connection termination service. 

vide parameters as follows: 

DL-DISCONNECT indication( 
source-address, 
destination-address, 
reason 
1 

The source-address and destination-address parameters specify the local 
and remote LSAPs of the terminated connection. The reason parameter speci- 
fies the reason for the disconnection. The reasons for disconnection may in- 
clude a request by the remote entity, or an error internal to the LLC sublayer. 

2.1.2.10,3 When Generated. This primitive is passed from the LLC sub- 
layer to  the network layer to inform the network layer that a connection has 
been terminated. 

2.1.2.10.4 Effect on Receipt. The network entity may no longer use this 
connection for data unit transfer. 

2.1.2.10.6 Additional Comments. All unacknowledged LSDUs are dis- 
carded, The connection termination service is an abortive service. That is, no 
guarantee of delivery can be assumed about data that is not yet acknowledged 
at a higher layer. Thus, graceful disconnection (i.e., without loss of data) is 
the responsibility of a higher layer protocol. 

2.1.2.11 DLRJ3SET request 
2.1.2.11.1 Function. This primitive is the service request primitive for 

2.1.2.11.2 Semantics of the Service Primitive, The primitive shall pro- 
the connection reset service. 

vide parameters as follows: 

31 
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DL-RESET request( 
source-address, 
de stination-addre ss 
1 

LOCAL AREA NETWOPKS: 

The source-address and destin on-address parameters specify the lbcal 

om the net+ork 
and remote LSAPs of the connecti 

layer to  the LLC sublayer to  request that a connection be 
state. 

resetting of the connection. 

carded. The connection reset service is an abortive service. That is, no 
antee of delivery can be assumed 
higher layer. Thus, graceful res 
sibility of a higher layer protocol. 

A possible logical sequenc 
nection reset is illustrated in 

2,1.!4,11.3 When Generated. This primitive is passe 

2.1.2.11R Effect on Receipt. Receipt of this primitive causes immediate 

2.1.2.1 1.6 Additional Comments. All unacknowledged LSDUs are dis- 

data that is not yet acknowledgeTi  
., without loss of data) is the resdon- 

primitives associated with successful con- 

2.1.2.12 DL-RESET indication 
2.1.2.12.1 Function. This primitive is the service indication primitive 

2.1.2.12.2 Semantics of the Service Primitive. The primitive shall Ipro- 
for the connection reset service. 

vide parameters as follows: ~ 

DL-RESET indication( 
source-address, 
destination-address, 
reason 
1 

The source-address and destination-address parameters spe 
and remote LSAPs of the connection affected. The reason param 
the cause for the reset indication primitive. One of the reason codes indichtes 
that a reset was requested by a remote network layer entity or a remote ELC 
sublayer peer (as shown in Fig 2-2, parts (0 and (d), respectively. All other 
codes indicate that the local LLC sublayer has detected the need for a connec- 
tion reset (as shown in Fig 2-2(b)). 

2.1.2.12.3 When Generated. This primitive is passed from the LLC bub- 
layer to  the network layer to indicate either that a connection reset has been 
requested by the remote network layer entity or remote LLC sublayer peel, or 
that the local LLC sublayer has determined that the data link connection i b  in 
need of reinitialization (as shown in Fig 2-2 (d)). 

12.4 Effect on Receipt. For remote reset request, the network 1 
entity issue either a DL-RESET response primitive to signal acceptqnce 
of the connection reset, or a DL-DISCONNECT request primitive to  terminate 

32 
~ 
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the connection. For local reset condition indication, the network layer entity 
shall issue either a DL-RESET request primitive to reinitialize the connec- 
tion, or a DL-DISCONNECT request primitive to terminate the connection. 

2.1.2.12.6 Additional Comments. The reasons for the reset may include 
a request by the remote entity, or an error condition detected by the local LLC 
sublayer. All unacknowledged LSDUs are discarded. The connection reset 
service is an abortive service. That is, no guarantee of delivery can be as- 
sumed about data that is not yet acknowledged at a higher layer. Thus, grace- 

without loss of data) is the responsibility of a higher layer proto- 
col. 

2.1.2.13 DL-RESET response 
2.1.2.15.1 Function. This primitive is the service response primitive for 

2.1.2.13.2 Semantics of the Service Primitive. The primitive shall pro- 
the connection reset service. 

vide parameters as follows: 

DL-RESET response( 
source-address, 
destination-address 
1 

The source-address and destination-address parameters specify the 
local and remote LSAPs of the connection affected. 

2.1.2.15.3 When Generated. This primitive is passed by the network 
layer to the LLC sublayer to indicate acceptance of the connection reset. 

2.1.2.13.4 Effect on Receipt. The receipt of this primitive by the LLC sub- 
layer causes the local LLC sublayer entity to complete the connection reset. 

2.1.2.13.6 Additional Comments. All unacknowledged LSDUs are dis- 
carded. The connection reset service is an abortive service. That is, no guar- 
antee of delivery can be assumed about data that is not yet acknowledged at  a 
higher layer. Thus, graceful reset (i.e., without loss of data) is the responsi- 
bility of a higher layer protocol. 

- 

2.1.2.14 DL-RESET CO* 
2.1.2.14.1 Function. This primitive is the service confirm primitive for 

2.1.2.14.2 Semantics of the Service Primitive. The primitive shall pro- 
the connection reset service. 

vide parameters as follows: 

DL-RESET confirm( 
so U r  c e-addr e s s , 
destination-address 
1 

The source-address and destination-address parameters specify the local 

2.1.2.14.3 When Generated. This primitive is passed from the LLC sub- 
and remote LSAPs of the connection affected. 

33 
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layer to the network layer to inform the network layer that a connection reset 
has been completed. 

2.1.2.14.4 Effect on Receipt. The network layer entity may use this con- 
nection for data unit transfer. 

2.1.2.14.5 Additional Comments. This primitive indicates that tbe re- 
mote LLC sublayer entity has acknowledged the reset. 

2.1.2.15 DL-CONNECTION-FLOWCONTROL request 
2.1.2.15.1 Function. This primitive is the service request primitive for 

2.1.2.15.2 Semantics of the Service Primitive. The primitive shall pro- 
the connection flow control service. 

vide parameters as follows: 

DL-CONNECTION-FLOWCONTROL request( 
source-address, 
destination-address\ 
amount 
1 

The source-address and destination-address parameters specify the local 
and remote LSAPs of the connection to.be flow controlled. The amount param- 
eter specifies the amount of data the LLC sublayer entity is permitted to pass. 

2.1.2.16.3 When erated. This primitive is passed from the network 
layer to  the LLC sublay request control of the flow of DL-DATA indic4tion 
primitives associated connection from the LLC sublayer. 

2.1.2.16.4 Effect on Receipt. Receipt of this primitive causes the; LLC 
sublayer to  adjust the amount of data that may be passed to the network layer. 

2.1.2.15.5 Additional Comments. Control of the flow of data on a con- 
nection is independent of control of the flow on other connections. The amount 
of data permitted to  be passed is dynamically updated by each request. If 
amount is specified as zero, then the associated is stopped. 5 ~ e c i f i ~  im- 
plementations may allow amount to  be specifie mplementation specific 
units, and may allow amount to  be specified as “infinite.” 

A possible logical sequence of primitives associated wi DL-CONiEC- 
TION-FLOWCONTROL request is illustrated in Fig 2-2 (a). 

I 

2.1.2.16 DL-CONNECTION-FLOWCONTROL indication 
2.1.2.16.1 Function. This primitive is the service indication primitive 

2.1.2.16.2 Semantics of the Service Primitive. The primitive shall pro- 
for the connection flow control service. 

vide parameters as follows: 

DL-CONNECTION-FLOWCONTROL indication( 
source-addre s s, 
destination-address, 
amount 
1 
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The source-address and destination-address parameters specify the local 
and remote LSAPs of the connection to be flow controlled. The amount param- 
eter specifies the amount of data that the network layer entity is permitted to 
pass to avoid data loss. 

2.1.2.16.3 When Generated. This primitive is passed from the LLC sub- 
layer to the network layer to  request control of the flow of DL-DATA request 
primitives associated with a connection from the network layer. 

2.1.2.16.4 Effect on Receipt. Receipt of the primitive causes the network 
layer to adjust the amount of data that it is allowed to pass without data loss. 

2.1.2.16.5 Additional Comments. Control of the flow of data on a con- 
nection is independent of control of the flow on other connections. The amount 
of data permitted to be passed is dynamically updated by each indication. If 
amount is specified as zero, then the associated flow is stopped. Specific im- 
plementations may allow amount to be specified in implementation-specific 
units, and may allow amount to be specified as "infinite." 

A possible logical sequence of primitives associated with a DL-CONNEC- 
TION-FLOWCONTROL indication is illustrated in Fig 2-2 (b). 

2.2 LLC Sublayer/MAC Subïayer Interface Service SpeMcation. This section 
specifies the services required of the MAC sublayer by the LLC sublayer to  al- 
low the local LLC sublayer entity to exchange LLC data units with peer LLC 
sublayer entities. The services are described in an abstract way and do not 
imply any particular implementation or any exposed interface. 
NOTE: Work is in progress to produce a single service specification that is common to all the 
MAC sublayers; when this is available, it will be referenced in this document instead of the cur- 
rent MAC service text. 

29.1 overview OfInteractions 
MA-UNITDATA request 
MA-UNITDATA indication 
MA-UNITDATA-STATUS indication 
299 Detailed Service Specification 
2.2.2.1 MA-UNIITDATA request 
2.2.2.1.1 Function. This primitive defines the transfer of a MSDU from 

a local LLC sublayer entity to a single peer LLC sublayer entity, or multiple 
peer LLC sublayer entities in the case of group addresses. 

2.2.2.1.2 Semantics of the Service Primitive. The semantics of the 
primitive are as follows: \ 

MA-UNITDATA request( 
sour ce-addr e s s , 
de stination-addr ess, 
data, 
priority, 
service-class 
1 
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I 

The source-address parameter shall specify an individual MAC sublayer 
entity address, The destination-address parameter shall specify either an 
individual or a group MAC sublayer entity address. Together they must con- 
tain sufficient information to create the SA and DA fields that are appended to 
the frame by the local MAC sublayer entity as well as any physical layen ad- 
dress information (e.g., transmit frequency in broadband applications). /The 
data parameter specifies the MAC service data unit to  be transmitted bq the 
MAC sublayer entity, which includes the DSAP, SSAP, C, and information (if 
present) fields as specified in Section 3, as well as sufficient information for 
the MAC sublayer entity to  determine the length of the data unit. The priority 
parameter specifies the priority desired for the data unit transfer. The ser- 
vice-class parameter specifies the class of service desired for the data unit 
transfer. 

2.2.2.1.3 When Generated. This primitive is generated by the LLC sub- 
layer entity whenever SDU must be transferred to a peer LLC sublayer' en- 
tity or entities. This c as a result of a request from higher layers of pioto- 
col, or from a MSDU generated internally to the LLC sublayer, such a$ re- 
quired by Type 2 operation. 

2.2.2.1.4 Effect of Receipt. The receipt of this primitive shall cause the 
MAC sublayer entity to append all MAC specified fields, including DA, SA, 
and any fields that are unique to the particular medium access method, and 
pass the properly formatted frame to the lower layers of protocol for transfer to  

A possible logical sequence of p imi- 
rvice data unit transfer is illustr 'B ted 

in Fig 2-2 (c). 
2.2.2.2 MA-UNlTDATA indication 

2.2.2.2.1 Function, This primitive defines the transfer of a MSDU from 
the MAC sublayer entity to  the LLC sublayer entity, or entities in the case of 
group addresses. In the abse errors, the contents of the data parameter 

d relative to  the data parameter in the 
MA-UNITDATA request primitive. 
.2,2 Semantics of the Service Primitive. The semantics of the 

MA-UNITDATA indication( 
source-address, 
destination-address, 
data, 
reception-status, 
priority, 
service-class 
1 

The source-address parameter must be an individual address as specified 
by the SA field of the incoming frame. The destination-address parameter 
shall be either an individual or a group address as specified by the DA field of 

O 
O 
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the incoming frame. The data parameter specifies the MAC service data unit 
as received by the local MAC entity. The reception-status parameter indicates 
the success or failure of the incoming frame. The priority parameter specifies 
the priority desired for this data unit transfer. The service-class parameter 
specifies the class of service desired for the data unit transfer. 

2.2.2.2.3 When Generated. The MA-UNITDATA indication primitive 
is passed from the MAC sublayer entity to  the LLC sublayer entity or entities to  
indicate the arrival of a frame at the local MAC sublayer entity. Frames are 
reported only if at the MAC sublayer they are validly formatted, received 
without error, and their destination address designates the local MAC sub- 
layer entity. 

2.2.2.2.4 Effect of Receipt. The effect of receipt of this primitive by the 
LLC sublayer is dependent on the validity and content of the frame. 

2.2.2.2.5 Additional Comments. If the local MAC sublayer entity is 
designated by the destination-address parameter of an MA-UNITDATA re- 
quest primitive, the indication primitive will also be invoked by the MAC sub- 
layer entity to  the local LLC sublayer entity. This full duplex characteristic of 
the MAC sublayer may be due to  unique functionality within the MAC sub- 
layer or full duplex characteristics of the lower layers (e.g., all frames 
transmitted to  the broadcast address will invoke MA-UNITDATA indication 
primitives a t  all stations in the network including the station that generated 
the request). 

0 
O 

2.2.2.3 MA-UNITDATA-STATUS indication ’ 
2.2.2.3.1 Function. This primitive has local significance and shall 

provide the LLC sublayer with status information for a previous associated 
MA-UNITDATA request primitive. 

2.2.2.3.2 Semantics of the Service Primitive. The semantics of this 
primitive are as follows: 

a MA-UNITDATA-STATUS indication( 
source-address, 
destination-address, 
transmission-status, 
provided-priority , 
provided-service-class 
) 

O 

The source-address parameter must be an individual MAC sublayer entity 
address as specified in the associated MA-UNITDATA request primitive. The 
destination-address parameter shall be either an individual or a group MAC 
sublayer entity address as specified in the associated MA-UNITDATA re- 
quest primitive. The transmission-status parameter is used to pass status in- 
formation back to  the local requesting LLC sublayer entity. The types of status 
that can be associated with this primitive are dependent on the particular im- 
plementation as well as the type of MAC sublayer that is used (e.g., “excessive 
collisions” may be a status returned by a C S W C D  MAC sublayer entity). 

37 
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The provided-priority parameter specifies the priority that was used for the 
associated data unit transfer. The provided-service-class parameter speci- 
fies the class of service provided for the data unit transfer. 

2.2.2.8.5 When Generated. The MA-UNITDATA-STATUS indication 
primitive is passed from the MAC sublayer entity to  the LLC sublayer to  indi- 
cate the status of the service provided for a previous associated MA-U&IT- 
DATA request primitive. 

2.2.2.8.4 Receipt. The effect of receipt of this primitive b$ the 
LLC sublayer is t upon the type of operation employed by the LLC isub- 
layer entity. 

2.2.2.3.6 Additional Comments. It is assumed that sufficient informa- 
tion is available to the LLC sublayer entity to  associate the status with the ap- 
propriate request. 

r U C  Subiayer Management 
is matter is the subject of fur 

on Interface Se 

tion.) 
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3. L;Lc PDU Structure 

3.1 General. This section defines in detail the LLC PDU structure for data 
communication systems using bit-oriented procedures. It defines the relative 
positions of the various components of the PDU. It defines the method for 
representing data link layer service access point addresses (to or from net- 
work layer entities). It defines a partition of these addresses into individual 
and group addresses. Details of the control and information field allocation 
are specified in Section 5. 

3.2 LLC PDU Format. All LLC PDUs shall conform to  the format shown in 
Fig 3-1. 

3.3 Elemenb afthe Lu: PDU 
3.3.1 Address Fields. Each LLC PDU shall contain two address fields: the 
Destination Service Access Point (DSAP) address field and the Source Service 
Access Point (SSAP) address field, in that order. Each address field shall 

Fig 3-1 
WPDUFormat 

DSAP Address = destination service access point address field 
SSAP Address = source service access point address field 
Control = control field (16 bits for formats that include sequence numbering, 

and 8 bits for formats that do not (see 5.2)) 
Information = information field 
* = multiplication 
M = an integer value equal to or greater than O. (Upper bound of M is a func- 

tion of the medium access control methodology used.) 
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I 
1 

contain only a single address. The DSAP address field shall identify the one 
or more service access points for which the LLC information field is intended. 
The SSAP address field shall identify the specific service access point fkom 
which the LLC information field was initiated. 

3.3.1.1 Address Field Representation. "he representation of each address 
field shall be as shown in Fig 3-2a and 3-2b: 

I 

Fig 3-2a 
DSAP and SSAP Address Field Formats 

DSAP SSAP 

1 ADDRESS FIELD T I I I 

LSB OF ADDRESS t 
LEAST SIGNIFICANT BIT 
FIRST BIT DELIVERED TO/RECEIVED FROM THE MAC SUBLAYER 

I/G = O INDIVIDUAL DSAP 
l /G = 1 GROUP DSAP 
C/R = O COMMAND 
C/R = 1 RESPONSE 

XODDDDDD DSAP ADDRESS 
XOSSSSSS SSAP ADDRESS 

XIDDDDDD RESERVED FOR I S 0  DEFINITION 
x 1 SSSSSS RESERVED FOR IS0 DEFINITION 

Fig 3-2b 
Global DSAP Address Field Fomnat 
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(2) Each address field shall contain 7 bits of actual address and one bit that 
shall be used in the DSAP address field to  identify the DSAP address as 
either an individual or a group address (called the address type desig- 
nation bit) and in the SSAP address field to  i den t9  that the LLC PDU is 
a command or a response (called the commandlresponse identifier bit). 

(3) The address type designation bit shall be located in the least significant 
bit position of the DSAP address field. If this bit is “O”, it shall indicate 
that the address is an individual DSAP address. If this bit is “l”, it shall 
indicate that the address is a group DSAP address that identifies none, 
one or more, or all of the service access points that are serviced by the 
LLC entity. 

(4) The commandlresponse identifier bit shall be located in the least signif- 
icant bit position of the SSAP address field. If this bit is “O”, it shall indi- 
cate that the LLC PDU is a command. If this bit is “l”, it shall indicate 
that the LLC PDU is a response. 
3.3.1.2 Address Usage. An individual address shall be usable as both an 

SSAP and a DSAP address; a null address shall be usable as both an SSAP 
SAP address; a group address shall be usable only as a DSAP address. 
’s in the DSAP address field (i.e., the address type designation bit set 

to  “l”, and the seven address bits set to  “1”) is predefined to  be the “Global” 
DSAP address. This DSAP address designates a group consisting of all 
DSAPs actively being serviced by the underlying MAC service access point 
addresdes). 

All “0”s in the DSAP or  SSAP address field, (i.e., the address type designa- 
tion bit set to “O”, and the seven address bits set to  “O”) is predefined to  be the 
“Null” address. The Null service access point address designates the LLC that 
is associated with the underlying MAC service access point address, and is 
NOT used to identify any service access point t o  the network layer or any ser- 
vice access point to  an associated layer management function. 

Addresses 01000000 and 11000000 are designated as the individual and the 
group addresses, respectively, for an LLC sublayer management function at  
the station. Other addresses with the next to  low-order bit set to “1” are reserved 
for IS0 definition. 
3.3.2 Control Field. The control field shall consist of one or two octets that 

shall be used t o  designate command and response functions, and shall con- 
tain sequence numbers when required. The content of this field shall be as 
described in Section 6. 

3.3.3 Information Field. The information field shall consist of any integral 
number (including zero) of octets. 
3.3.4 Bit Order. Addresses, commands and responses, and sequence num- 

bers shall be delivered toheceived from the MAC sublayer least significant bit 
first (i.e., the first bit of a sequence number that is deliveredheceived shall 
have the weight 2**0). The information field shall be delivered to the MAC 
sublayer in the same bit order as received from the network layer. The in- 
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formation field shall be delivered to  the network layer in the same bit order as 
received from the MAC sublayer. 
3.3.5 Invalid LLC PDU. An invalid LLC PDU shall be defined as one which 

meets at least one of the following conditions: 
(1) It is identified as such by the PHY or the MAC sublayer. 
(2) It is not an integral number of octets in length. 
(3) It does not contain two properly formatted address fields, one coqtrol 

optionally an information field in their proper order. 
is less than 3 octets (one-octet control field) or 4 octets (two-dctet 
eld). 

I 

Invalid LLC PDUs shall be ignored. 
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4 . W  andclasses of Procedm 
4.1 General. LLC defines two types of operation for data communication be- 
tween service access points. 
(1) Type 1 Operation, With Type 1 operation, PDUs shall be exchanged be- 

tween LLCs without the need for the establishment of a data link connec- 
tion. In the LLC sublayer these PDUs shall not be acknowledged, nor 
shall there be any flow control or error recovery in the Type 1 proce- 
dures. 

(2) Type 2 Operation. With Type 2 operation, a data link connection shall be 
established between two LLCs prior to  any exchange of information- 
bearing PDUs. The normal cycle of communication between two Type 2 
LLCs on a data link connection shall consist of the transfer of PDUs 
containing information from the source LLC t o  the destination LLC, ac- 
knowledged by PDUs in the opposite direction. 

With Type 2 operation, the control of traffic between the source LLC and the 
destination LLC shall be effected by means of a numbering scheme, which 
shall be cyclic within a modulus of 128 and measured in terms of PDUs. An 
independent numbering scheme shall be used for each source/destination 
LLC pair, Each such pairing shall be defined to be a logical point-to-point data 
link connection between data link layer service access points and shall take 
into account the DA and SA addressing that is part of the MAC sublayer. The 
acknowledgment function shall be accomplished by the destination LLC in- 
forming the source LLC of the next expected sequence number. This shall be 
done either in a separate PDU, not containing information, or within the con- 
trol field of a PDU containing information. 
LLC Type 2 procedures shall be applicable to  balanced data link connec- 

tions. A balanced data link connection shall involve two participating LLCs. 
For control purposes, each LLC shall assume responsibility for the organiza- 
tion of its data flow and for the link error recovery operations for the trans- 
missions that it originates. Each LLC shall be capable of sending and receiv- 
ing both command and response PDUs. 

For the transfer of data between LLCs in Type 2 operation, Fig 4-1 depicts the 
data link control functions utilized. The data source in each LLC shall control 
the data sink in the other LLC by the use of command PDUs. The information 
shall flow from the data source to the data sink, and any acknowledgments 
shall always be sent in the opposite direction. The poll-type command PDUs 
shall be utilized by each LLC station to solicit specific acknowledgments and 
status responses from the other LLC. 
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SET MOD E/I N FO R M AT I O N/ACK/PO L L - - -  - -- -- 5- - ---- ---- d--- 
----_-_------_ < _- -_- -__-___-_ 

SET MOD E/I N FOR MAT 10 N/AC K/PO L L 

DATA SINK/SOURCE DATA SINK/SOL)RCE 

Balanced Data Link Connection Configuration 
Fig 4-1 

NOTE: The need for a reliable transaction type service has been identified as a subject for rgent 
further study. The desired service is one that includes a basic acknowledgment function thlt will 
indicate that a sent PDU has been received and accepted by the peer LLC sublayer. 

4.2 Classes of LLC (Conformance Clause). Two classes of LLC are defined. A 
Class I LLC shall support Type 1 operation only, whereas a Class II LLC shall 
support both Type 1 and Type 2 operations, as indicated by X in Fig 4-2. 

This means all LLCs on a local area network shall have Type 1 operation in 
common. In a Class II LLC, the support of Type 1 operation shall be totally in- 
dependent of the mo change of modes of the Type 2 operation in that dame 
LLC. A Class II LL be capable of going back and forth between w e  1 
operation and Type 2 operation on a PDU-to-PDU basis in the same SAp, if 
necessary. 

CLASSES OF 
L LC 
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43.1 Class I LLC. Class I LLCs shall support Type 1 operation only. Class I 
service shall be applicable to  individual, group, global, and null DSAP ad- 
dressing, and applications requiring no data link layer acknowledgment or 
flow control procedures. The set of command PDUs and response PDUs 
supported in Class I service shall be 

Commands Responses 

Type 1: U1 
XID XID 

TEST TEST 

4.2.2 Class II LLC, Class II LLCs shall support both Type 1 operation and 
Type 2 operation. In a Class II station, the operation of the Type 1 procedures 
and the Type 2 procedures are completely independent. The set of command 
PDUs and response PDUs supported in Class II service shall be 

Commands Responses 

Type 1: U1 
XID XID 

TEST TEST 

Type 2: I I 
RR RR 

RNR RNR 
REJ REJ 

SABME UA 
DISC DM 

FRMR 
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5, L;u= Elements of Procedure 
6.1 General. This section specifies the elements of the local area network log- 
ical link control (LLC) procedures for code-independent data communication 
using the LLC PDU structure (see Section 3). 

These LLC elements of procedure are defined specifically in terms of the 
actions that shall occur in the LLC on receipt of commands, and occasionally 
on receipt of a reply to a command, over a logical data link (Type 1) and a data 
link connection (Type 2). Each element of procedure is utilized by only one of 
the two types of operation (Type 1 or Type 2) that are defined in Section 4. 

6.2 Control Field Formats. The three formats defined for the control field 
(Fig 5-11 shall be used to  perform numbered information transfer, numbered 

Fig 6-1 
Lw3 PDUContmlFieldFormata 

LLC PDU CONTROL FIELD BITS 

IN F O R MAT1 O N TR ANSF E R 
COMMAND/RESPONSE 
(I-FORMAT PDU) 

SUPE R V I S 0  RY 
COMMANDS/RESPONSES 
(S-FORMAT PDUS) 

UNNUMBERED 
COMMAN DS/R ESPONSE 
(U-FORMAT PDUS) 

9 10 - 16 

N(S) = 
N(R = 
s =  
M =  
x =  
P/F = 

Transmitter send sequence number (Bit 2 = low-order bit) 
Transmitter receive sequence number (Bit 10 = low-order bit) 
Supervisory function bit 
Modifier function bit 
Reserved and set to zero 
Poll bit-command LLC PDU transmissions 
Final bit-response LLC PDU transmissions 
(1 = PolVFinal) 
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supervisory transfer, unnumbered control, and unnumbered information 
transfer functions. The numbered information transfer and supervibory 
transfer functions apply only to  Type 2 operation. The unnumbered control 
and unnumbered information transfer functions apply either to  Type 1 or  
Type 2 operation (but not both) depending upon the specific function selected. 

6.2.1 Information Transfer Format-I. The I-format PDU shall be used to 
perform a numbered information transfer in Type 2 operation. Except where 
otherwise specified (e.g., UI, TEST, FRMR, and XIDI, it shall be the only 1;LC 
PDU that may contain an information field. The functions of N(S), N(R), land 
P/F shall be independent; i.e., each I-format PDU shall have an N(S); se- 
quence number, an N(R) sequence number which shall or shall not acknbwl- 
edge additional I-format PDUs at the receiving LLC, and a P/F bit that shall be 
set to “1” or “O”. 

6.2.2 Supervisory Format-S. The S-format PDU shall be used to perform 
data link supervisory control functions in Type 2 operation, such as ackngwl- 
edging I-format PDUs, requesting retransmission of I-format PDUs, and re- 
questing a temporary suspension of transmission of I-format PDUs. 
functions of N(R) and P/F shall be independent; i.e., each S-format DU 

ditional I-format PDUs at the receiving LLC, and a P/F bit that shall be set to  
“1” or “O”. 
6.2.3 Unnumbered Format-U. The U-format PDUs shall be used in eitjher 

Type 1 or Type 2 operation, depending upon the specific function utilized, to  
provide additional data link control functions and to  provide unsequenced 
information transfer. The U-format PDUs shall contain no sequence npm- 
bers, but shall include a P/F bit that shall be set to  “1” or “O”. 

6.3 Control Field Parameters. The various parameters associated with :the 
control field formats are described in the following sections. 
6.3.1 Type 1 Operation Parameters. The only parameter that exists in Type 1 

operation is the PolVFinal (PA?) bit. The P/F bit set to  “1” shall only be used in 
Type 1 operation with the XID and TEST commandhesponse PDU functions. 
The Poll (P) bit set to  “1” shall be used to  solicit (poll) a correspondent response 
PDU with the F bit set to  ”1” fiom the addressed LLC. The Final (F) bit set to/“l” 
shall be used to  indicate that response PDU that is sent by the LLC as the refult 
of a soliciting (poll) command PDU (P bit set to “1”). 
63.2 Type 2 Operation Parameters. The various parameters associated h t h  

the control field formats in Type 2 operation are described in the following 
sections. 

6.3.2.1 Modulus. Each I PDU shall be sequentially numbered with a 
number that shall have a value between O and MODULUS minus ONE (where 
MODULUS is the modulus of the sequence numbers). The modulus shall 
equal 128 for the Type 2 LLC control field format. The sequence numbers shall 
cycle through the entire range. 

s that may be dut- 

$” 
shall have an N(R) sequence number that shall or shall not acknowledgefad- I 

1 

The maximum number of sequentially num 
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standing (i.e., unacknowledged) in a given direction on a data link connec- 
tion at any given time shall never exceed one less than the modulus of the se- 
quence numbers. This restriction shall prevent any ambiguity in the associ- 
ation of sent I PDUs with sequence numbers during normal operation and/or 
error recovery action. 

5.3.2.2 LLC PDU State Variables and Sequence Numbers. A station LLC 
shall maintain a send state variable V(S) for the I PDUs it sends and a receive 
state variable V(R) for the I PDUs it receives on each data link connection. 
The operation of V(S) shall be independent of the operation of V(R). 

5,3.2$.1 Send State Variable V(S). The send state variable shall denote 
the sequence number of the next in-sequence I PDU to  be sent on a specific data 
link connection. The send state variable shall take on a value between O and 
MODULUS minus ONE (where MODULUS equals 128 and the numbers cycle 
through the entire range). The value of the send state variable shall be incre- 
mented by one with each successive I PDU transmission on the associated data 
link connection, but shall not exceed N(R) of the last received PDU by more 
than MODULUS minus ONE. 

5.3.2.2.2 Send Sequence Number N(S). Only I PDUs shall contain N(S), 
the send sequence number of the sent PDU. Prior to  sending an I PDU, the 
value of N(S) shall be set equal to  the value of the send state variable for that 
data link connection. 

5.3.2.2.3 Receive State Variable V(R). The receive state variable shall 
denote the sequence number of the next in-sequence I PDU to be received on a 
specific data link connection. The receive state variable shall take on a value 
between O and MODULUS minus ONE (where MODULUS equals 128 and the 
numbers cycle through the entire range). The value of the receive state vari- 
able associated with a specific data link connection shall be incremented by 
one whenever an error-free, in-sequence I PDU is received whose send se- 
quence number N(S) equals the value of the receive state variable for the data 
link connection. 

5.33.2.4 Receive Sequence Number N(R). All I-format PDUs and S- 
format PDUs shall contain N(R), the expected sequence number of the next re- 
ceived I PDU on the specified data link connection. Prior to sending an I-for- 
mat PDU or S-format PDU, the value of N(R) shall be set equal to  the current 
value of the associated receive state variable for that data link connection. 
N(R) shall indicate that the station sending the N(R) has received correctly 
all I PDUs numbered up through N(R)-1 on the specified data link connection. 

5.3.2.3 PolVFinal (P/F) Bit. The poll (P) bit shall be used to solicit (poll) a 
response from the addressed LLC. The final (F) bit shall be used to indicate the 
response PDU sent as the result of a soliciting (poll) command. 

The polVfina1 (Ph?) bit shall serve a function in Type 2 operation in both 
command PDUs and response PDUs. In command PDUs the P/F bit shall be 
referred to as the P bit. In response PDUs it shall be referred to as the F bit. P/F 
bit exchange provides a distinct commandhesponse linkage that is useful 
during both normal operation and recovery situations. 

5.3.2.3.1 Poll Bit Functions. A command PDU with the P bit set to  “1” 
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shall be used on a data link connection to solicit a response PDU with the F bit 
set to “1” from the addressed LLC on that data link connection. 

Only one PDU with a P bit set to  “1” shall be outstanding in a given direotion 
at a given time on the data link connection between any specific pair of LLCs. 
Before an LLC issues another PDU on the same data link connection with the 
P bit set to “l”, the LLC shall have received a response PDU with the F bit set to  
“1” from the addressed LLC. If no valid response PDU is received within a 
system-defined P-bit timer time-out period, the (relsending of a command 
PDU with the P bit set 

6.3.2.3.2 Final Bit Functions. A response PDU with the F bit set to “1” 
shall be used to acknowledge the receipt of a command PDU with the P bit sbt to 
Uln. 

Following the receipt of a command PDU with the P bit set to  “l”, the LLC 
shall send a response PDU with the F bit set to “1” on the appropriate data link 
connection at the earliest possible opportunity. 

The LLC shall be permitted to send appropriate response PDUs with the F bit 
set to  “O” at any medium access opportunity on an asynchronous basis (without 
the need for a command PDU). 

5.4 Commands and Responses. This section defines the commands and asso- 
ciated responses. Sections 5.4.1 and 5.4.2 contain the definitions of the s&t of 
commands and responses (listed below) for each of the control field formats 
for Type 1 operation and for Type 2 operation, respectively. 

The C/R bit, located in the low-order bit of the SSAP field, is used to  distin- 
guish between commands and responses. The following discussion of com- 
mands and responses assumes that the C/R bit has been properly decoded. 

“1” shall be permitted for error recovery purposes. 

I 

1 
Information transfer Information transfer 
format commands format responses 

I - Information I - Information 

Supervisory format commands Supervisory format responses 

RR - Receive Ready RR - Receive Ready 

REJ - Reject 
RNR - Receive Not Ready RNR - Receive Not Ready 8 

REJ - Reject 

Unnumbered format commands Unnumbered format responses 

U1 - Unnumbered Information UA - Unnumbered 

DM - Disconnected Mode 

XID - Exchange Identificqtion 

DISC - Disconnect Acknowledgment 
SABME - Set Asynchronous Balanced 

FRMR - Frame Reject 

TEST - Test TEST- Test 
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5.4.1 Type 1 Operation Commands and Responses. The Type 1 commands 
and responses are all U-format PDUs. 

6.4.1.1 Type 1 Operation Commands. The U-format PDU command en- 
codings for Type 1 operation are listed in Fig 5-2. 

5.4.1.1.1 Unnumbered Information (Ur) Command. The U1 command 
PDU shall be used to send information to  one or more LLCs. Use of the U1 
command PDU is not dependent on the existence of a data link connection 
between the destination and source LLCs, and its use will not affect the V(S) or 
V(R) variables associated with any data link connections. There is no LLC 
response PDU to the U1 command PDU. 

Reception of the U1 command PDU is not acknowledged or sequence number 
verified; therefore, the data contained in a U1 PDU may be lost if a logical data 
link exception (such as a transmission error or a receiver-busy condition) 
occurs during the sending of the command PDU. 

A U1 command PDU shall have either an individual, group, global, or null 
address as the destination DSAP address and the originator's individual ad- 
dress as the SSAP address. 

6.4.1.1.2 Exchange Identification 0) Command. The XID command 
PDU shall be used to convey the types of LLC services supported (for all LLC 
services) and the receive window size on a per data link connection basis to 
the destination LLC, and to cause the destination LLC to  respond with the XID 
response PDU (see 5.4.1.2.1) at the earliest opportunity. The XID command 
PDU shall have no effect on any mode or sequence numbers maintained by the 
remote LLC. An XID command PDU shall have either an individual, group, 
global, or null address as the destination DSAP address and the originator's 
individual address as the SSAP address. 

The information field of an XID basic format command PDU shall consist 
of an 8-bit XID format identifier field plus a 16-bit parameter field that is en- 
coded to  identify the LLC services supported pIus the receive window size, as 
shown in Fig 5-3. The receive window size (k) is the maximum number that 
the send state variable V(S) can exceed the N(R) of the last received PDU. 

Fig 5-2 
Type 1 Operation Command control Field Bit Assignments 

FIRST CONTROL FIELD BIT DELIVERED 
TO/RECEIVED FROM THE MAC SUBLAYER 
I 

1 2 3  4 5 6 7 8 

1 1 O O P O  O O U1 COMMAND 
1 1 1 1 P 1 O 1 XID COMMAND 
1 1 O O P 1 1 1 TEST COMMAND 
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NOTE: Other uses of the X D  PDU are for further study. In particular, the use of an unsolicitep XID 
response PDU to announce the presence of a new LLC will be examined. 

5.4.1.1.3 Test (TEST) Command. The TEST command PPU shall be 
used to cause the destination LLC to respond with the TEST response PPU (see 
5.4.1.2.2) at the earliest opportunity, thus performing a basic test of the LLC t o  
LLC transmission path. An information field is optional with the TEST 
command PDU. If present, however, the received information field shall be 
returned, if possible, by the addressed LLC in the TEST response PDU. The 
TEST command PDU shall have no effect on any mode or sequence numbers 
maintained by the re LLC and may be ed with an individual, g r~up ,  
global, or null DSAP ess, and with an ividual, group, O r  global 1 DA 
address, 

5.4.1.2 Type 1 Operation Responses. The U-format PDU response encod- 
ings for Type 1 operation are listed in Fig 5-4. 

5.4.1.2.1 Exchange Identification CUD) Response. The XID response 
PDU shall be used to  reply to  an XID command PDU at the earliest opportunity. 
The XID response PDU shall identify the responding LLC and shall incl’ude 
an information field like that defined for the XID command PDU (see 

Fig 6-3 
XID Information Field Basic Format 

---- - - - - - -  XID Information Field - - - - - - - -- - - 

bit 

I 
I 

Receive Window Size (k) 

Reserved and I Set to  O 

I LLC TypesjClasses 

I 

I 

XID Format Identifier 
10000001 Identifies 
lEEE Basic Format If the nUll LSAP IS used, 

the values of YYYYY are: 
10000 - Class I LLC, and 
1 loo0 - Class II LLC. 

- Low-Order Bit. 
First XID Information 
Field Bit Delivered to/ 
Received From the 
MAC Sublayer. 

Otherwise, if a non-null 
LSAP is used, the values 
of YYYYY are: 
loo00 - Type 1 LLC 
O1000 - Type 2 LLC, and 

- Type 1 and Type 2 LLCs. 
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FIRST CONTROL FIELD BIT DELIVERED 
TO/RECEIVED FROM THE MAC SUBLAYER 
I 

1 2 3 4 5 6 7 8  

1 1 1 1 F 1  O 1  XID RESPONSE 
1 I O O F 1  1 1  TEST RESPONSE 

Fig 6-4 
Type 1 Operation Response Control Field Bit Assignmenis 

5.4.1.1.2), regardless of what information is present in the information field 
of the received XID command PDU. The XID response PDU shall use an indi- 
vidual or null DSAP address and shall use an individual or null SSAP ad- 
dress. The XID response PDU shall have its F bit set to  the state of the P bit in 
the XID command PDU. 

6.4,1.25 Test (TEST) Response. The TEST response PDU shall be used 
to reply to  the TEST command PDU. The TEST response PDU shall have its F 
bit set to the value of the P bit in the TEST command PDU. An information 
field, if present in TEST command PDU, shall be returned in the corre- 
sponding TEST res se PDU. If the LLC cannot accept an information field 
(e.g., buffering limitation), a TEST response PDU without an information 
field may be returned. Refer to 6.7 for specific details on TEST response us- 
age. 

6.45 Type 2 Operation Commands and Responses. Type 2 commands and 
responses consist of I-format, S-format, and U-format PDUs. 

6.4.2,l Information Transfer Format Command and Response. The 
function of the information, I, command and response shall be to transfer se- 
quentially numbered PDUs containing an octet-oriented information field 
across a data link connection. The encoding of the I PDU control field for 
Type 2 operation shall be as listed in Fig 5-5. 

The I PDU control field shall contain two sequence numbers: N(S), send se- 
quence number, which shall indicate the sequence number associated with the 
I PDU; and N(R), receive sequence number, which shall indicate the sequence 
number (as of the time the PDU is sent) of the next expected I PDU to  be re- 
ceived, and consequently shall indicate that the I PDUs numbered up through 
N(R)-1 have been received correctly. 

See 5.3.2.3 for a description of P/F bit functions. 
6.4.2.2 Supervisory Format Commands and Responses. Supervisory, S, 

PDUs shall be used to  perform numbered supervisory functions such as ac- 
knowledgments, temporary uspension of information transfer, or error re- 
covery. 

PDUs with the S format shall not contain an information field and, there- 
fore, shall not increment the send state variable at the sender or the receive 
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FIRST CONTROL FIELD BIT DELIVERED 
TO/RECEIVED FROM THE MAC SUBLAYER 

I 
1 -  2 3 4 5 6 7 8  9 

LOCAL AREA NETWORKS: 

10 11 12 13 14 15 16 

INFOR- RECEIVE SEQUENCE 
MATION NUMBER I 

TRANSFER ' I I (0-127) 
FORMAT SEND SEQUENCE COMMAND (POLL) 

NUMBER RESPONSE (FINAL) 
(0-1 27) 

Fig 6-6 
Information Transfer Format Control Field Bits 

state variable at the receiver, The encoding of the S-format PDU control jfield 
for Type 2 operation shall be as shown in Fig 5-6. 

shall indicate, at the time of sending, the sequence number of the next expected 
I PDU to be received, and consequently shall indicate that all received I PDUs 
numbered up through N(R)-1 have been received correctly. 

When sent, an RR or REJ PDU shall indicate the c 
condition at the sending LLC that was. indicated by the 
RNR PDU. 

See 5.3.2.3 for a description of the P/F bit functions. 
5.45.2.1 Receive Ready (RR) Command and Response. The RRlPDU 

shall be used by an LLC to  indicate it is ready to  receive an I PDU(s). I $DUS 
numbered up through N(R)-l shall be considered as acknowledged. 

6.4999 Reject (REJ) Command and Response. The REJ PDU shall be 
used by an LLC to request the resending of I PDUs starting with the PDU 
numbered N(R). I PDUs numbered up through N(R)-1 shall be considered as 

owledged. It shall be possible to  send additional I PDUs awaiting initial 
sending after the resent I PDU(s). 

An S-format PDU shall contain an N(R), receive sequence number, Vri 
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FIRST CONTROL FIELD BIT DELIVERED 
TOJRECEIVED FROM THE MAC SUBLAYER 

5 6 7 8  9 10 1 1  12 13 14 15 16 
+ 
1 2 3 4  

l o s s  x x x x  PIF NiR) 
b 

SUPE RV I SO RY 
FORMAT 

COMMAND SEQUENCE 
(POLL) NUMBER (0-127) 

RESPONSE 
(FINAL) 

RESPONSES 

O0 R R  - RECEIVE READY 
O1 REJ -REJECT 
10 RNR - RECEIVE NOT READY 

COMMANDS -i 
R R  - RECEIVE READY 
REJ -REJECT 
RNR - RECEIVE NOT READY 

Fig 5-6 
Superviaary Format Control Field Bits 

With respect to each direction of sending on a data link connection, only 
one “sent REJ” condition shall be established at any given time. The “sent 
REJ” condition shall be cleared upon the receipt of an I PDU with an N(S) 
equal to  the N(R) of the REJ PDU. The “sent REJ” condition may be reset in 
accordance with procedures described in 7.5.4. 

5.4,!2,!2.8 Receive Not Ready (RNR) Command and Response. The RNR 
PDU shall be used by an LLC to  indicate a busy condition (i.e., a temporary 
inability t o  accept subsequent I PDUs). I PDUs numbered up through N(R)-1 
shall be considered as acknowledged. I PDUs numbered N(R) and any subse- 
quent I PDUs received, if any, shall not be considered as acknowledged; the 
acceptance status of these PDUs shall be indicated in subsequent exchanges. 

6.4.2.3 Unnumbered Format CoiJimrinds and Responses. Unnumbered, 
U, commands and responses shall be used in Type 2 operation to  extend the 
number of data link connection control functions. PDUs sent with the U for- 
mat shall not increment the state variables on the data link connection at 
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FIRST CONTROL FIELD BIT DELIVERED 
TO/RECEIVED FROM THE MAC SUBLAYER 

2 3 4  5 
4 
1 

I 

LOCAL AREA "ETWO4KS: 

6 7 8  

1 1 M M  P/F M M M  

UNNUMBERED COMMAND 
FORMAT (POLL) 

5 "MOD IF I ER " 
RESPONSE BITS 

(FINAL) 

J?ig 5-7a 
U M ~  Format Control Field Bits 

FIRST CONTROL FIELD BIT DELIVERED 
TO/RECEIVED FROM THE MAC SUBLAYER 

2 3 4 5 6 7 8  
I 
1 

1 1 1 1 P I  1 O SABMECOMMAND 
1 1 O O P O 1 O DISCCOMMAND 
1 1 0 0 F 1  1 O UA RESPONSE 
1 1 1 1 F O O O DM RESPONSE 
1 1 I O F O O I  FRMR RESPONSE 

Fig6-7b 
Umumbemd Command and Response Control Field Bit Assignment 

either the sending or the receiving LLC. The encoding of the U-format 
mandresponse PDU control field shall be as shown in Fig 5-7a. 
The U-format command and response encodings for Type 2 operatioi 

listed in Fig 5-7b. 
See 5.3.2.3 for a description of the P/F bit functions. 

6.48.3.1 Set Asynchronous Balanced Mode Extended (SABME) 1 
mand. The SABME command PDU shall be used to establish a data link 
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nection to the destination LLC in the asynchronous balanced mode. No infor- 
mation shall be permitted with the SABME command PDU. The destination 
LLC shall confirm receipt of the SABME command PDU by sending a UA re- 
sponse PDU on that data link connection at the earliest opportunity according 
to  whether a DL-CONNECT response or a DL-DISCONNECT request primi- 
tive is passed from the network layer to  the LLC sublayer. Upon acceptance of 
the SABME command PDU, the destination LLCs send and receive state vari- 
ables shall be set to  zero. If the UA response PDU is received correctly, then the 
initiating LLC shall also assume the asynchronous balanced mode with its 
corresponding send and receive state variables set to  zero. 

Previously sent I PDUs that are unacknowledged when this command is 
actioned shall remain unacknowledged. Whether or not an LLC resends the 
contents of the information field of unacknowledged outstanding I PDUs 
shall be decided at a higher layer. 

6.4.2.39 Disconnect (DISC) Command. The DISC command PDU shall 
be used to  terminate an asynchronous balanced mode previously set by a 
SABME command PDU. It shall be used to inform the destination LLC that the 
source LLC is suspending operation of the data link connection and the desti- 
nation LLC should assume the logically disconnected mode. No information 
field shall be permitted with the DISC command PDU. Prior to  actioning the 
command, the destination LLC shall confirm the acceptance of the DISC com- 
mand PDU by sending a UA response PDU on that data link connection. 

Previously sent I PDUs that are unacknowledged when this command is 
actioned shall remain unacknowledged. Whether or  not an LLC resends the 
contents of the information field of unacknowledged outstanding I PDUs 
shall be decided at a higher layer. 

6.49.3.3 Unnumbered Acknowledgment (UA) Response. The UA re- 
sponse PDU shall be used by an LLC on a data link connection to acknowledge 
the receipt and acceptance of the SABME and DISC command PDUs. These 
received command PDUs shall not be actioned until the UA response PDU is 
sent. No information field shall be permitted with the UA response PDU. 

6.49.3.4 Disconnect Mode OM) Response. The DM response PDU shall 
be used to report status indicating that the LLC is logically disconnected from 
the data link connection and is, by system definition, in ADM. No informa- 
tion field shall be permitted with the DM response PDU. 

6.4.2.3.6 Frame Reject (FRMR) Response. The FRMR response PDU 
shall be used by the LLC in the asynchronous balanced mode to report that one 
of the following conditions that is not correctable by resending the identical 
PDU resulted from the receipt of a PDU from the remote LLC: 
(1) The receipt of a command PDU or a response PDU that is invalid or not 

implemented; examples of invalid PDUs include 
(a) the receipt of a supervisory or unnumbered PDU with an information 

(b) the receipt of an unsolicited F bit set to  “1,” and 
(cl the receipt of an unexpected UA response PDU. 

field that is not permitted, 

(2) The receipt of an I PDU with an information field that exceeded the 
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established maximum information field length that can be accommo- 
dated by the receiving LLC for that data link connection. 

shall be defined a 
sent and acknowl 

(3) The receipt of an invalid N(R) from the remote LLC. [An invalid 
that signifies an I PD 
or signifies an I PDU 

e receipt of an invalid N(S) from the remote LLC. [An invalid 
shall be defined as an N(S) that is greater than or equal to  the las 
N(R) + k, where k is the maximum number of outstanding I PDUs. The 
parameter k is the window size indicated in the XID PDU.1 

The responding LLC shall send the FRMR response PDU at the earliest op- 

the next sequential I PDU awaiting to be sent.] 

portunity, 
The LLC receiving the FRMR response PDU shall be responsible itsek for 

initiating the appropriate mode setting or resetting corrective action b$ ini- 
tializing both directions of transmissions on the data link connection, using 
the SABME and DISC command PDUs, as applicable. 

An information field shall be returned with the FRMR response PDU to pro- 
vide the reason for the PDU rejection. The information field shall contain the 
fields shown in Fig 6-8. 

Fig 6-8 i 
FRlMR Infbrmation Field Format I 

FIRST CONTROL FIELD BIT DELIVERED r TO/RECEIVED FROM THE MAC SUBLAYER 

1 - - - - - - - - - ---I6 17 18--24 25 26--32 33--36 37--40 
I >  

REJECTED PDU 
CONTROL FIELD O (SI C/R V(R)  WXYZ VObO 

(1) Rejected PDU control field shall be the control field of the received PDU Which 
caused the FRMR exception condition on the data link connection, Wheb the 
rejected PDU is a U-format PDU, the control field of the rejected PDU shall be 
positioned in bit positions 1-8, with 9-1 6 set to O. 

(2) V(S) shall be the current send state variable value for this data link connection 
at the rejecting LLC (bit 18 = low-order bit). 

(3) C/R set to "1" shall indicate that the PDU which caused the FRMR was a re- 
sponse PDU, and C/R set to " O  shall indicate that the PDU which causqd the 
FRMR was a command PDU. 
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(4) V(R) shall be the current receive state variable value for this data link connec- 
tion at the rejecting LLC (bit 26 = low-order bit). 

(5) W set to “1” shall indicate that the control field received and returned in bits 1 
through 16 was invalid or not implemented. Examples of invalid PDU are de- 
fined as 
(a) the receipt of a supervisory or unnumbered PDU with an information field 

(b) the receipt of an unsolicited F bit set to “1”; and 
(c) the receipt of an unexpected UA response PDU. 

(6) X set to “1” shall indicate that the control field received and returned in bits 1 
through 16 was considered invalid because the PDU contained an information 
field which is not permitted with this command or response. Bit W shall be set to 
“1” in conjunction with this bit. 

(7) Y set to “1” shall indicate that the information field received exceeded the es- 
tablished maximum information field length which can be accommodated by 
the rejecting LLC on that data link connection. 

(8) Z set to “1” shall indicate that the control field received and returned in bits 1 
through 16 contained an invalid N(R). 

(9) V set to “1” shall indicate that the control field received and returned in bits I 
through 16 contained an invalid N(S). Bit W shall be set to “1” in conjunction 
with this bit. 

which is not permitted; 
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6. lwx: Description of the Type 1 procedwres 

6.1 Modes of Operation. In Type 1 operation, no modes of operation are de- 
fined. An LLC using Type l procedures shall support the entire procedure set 
whenever it is operational on the local area network. 

6 9  Procedure for Addressing. The address fields shall be used to indicate the 
source (SSAP) and destination (DSAP) of the LLC PDU. The first bit in the 
source address field (SSAP) shall be used to identify whether a command or  a 
response is contained in the PDU. 

Individual, group, global, and null addressing shall be supported for des- 
tination DSAP addresses. The source address field (SSAP) shall contain ei- 
ther an individual or null source address (see 3.3.1.2). 

6.3 Procedure for the Use of the P/F Bit. A U1 command PDU shall only be sent 
with the P bit set to“0”. If a U1 command PDU is received with the P bit set to  
“l”, the LLC sublayer shall optionally discard it or pass it to  the higher layer 
with a flag identifYing that the P bit was set to “1”. Since a U1 PDU shall not be 
sent as a response PDU, procedures regarding the use of the F bit do not apply. 

An XID command PDU shall have the P bit set to  either “O” or “1”. Upon re- 
ceipt of an XID command PDU, the receiving LLC shall return an XID re- 
sponse PDU which has the F bit set equal to  the value of the P bit contained in 
the incoming command PDU. 

A TEST command PDU shall have the P bit set to  either “O” or “1”. Upon re- 
ceipt of a TEST command PDU, the receiving LLC shall return a TEST re- 
sponse PDU which has the F bit set equal to  the value of the P bit contained in 
the incoming command PDU. 

6.4 Procedures for Logid Data Link SeiiUp and Disconnection. Type 1 oper- 
ation does not require any prior data link connection establishment (set-up), 
and hence no data link disconnection. Once the service access point has been 
enabled within the LLC, presumably by layer management’s request, infor- 
mation may be sent to, or received from, a remote LLC service access point 

Bs dures for onl’ransfer 
6.6.1 Sending U1 PDUs. Information transfer shall be accomplished by 

sending the U1 command PDU with the P bit set to  “O”. Sending U1 PDUs with 
the P bit set to  “1” or as response PDUs is prohibited. It shall be possible to  send 
the U1 command PDU at any time. 

O participating in Type 1 operation. 
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6.6.2 Receiving U1 PDUs. Reception of the U1 command PD 
acknowledged or sequence number verified by the logical data link 
dures; therefore, the U1 PDU may be lost if a logical data link exception 
during the sending of the command 
command PDU at any time. Howe 
result in the discarding of valid U1 
command PDUs that are received with the P bit set to “1” shal 
discarded or passed to  the higher layer with a flag identieing 
was set to “1”. 

U1 PDUs that are response PDUs are invalid transmission 
discarded by the receiving LLC. 

6.6 Uses of the XID Command PDU and Response PDU, While 
an XID command PDU shall be mandatory, the origination of an 
mand PDU shall be optional. It shall be possible for the XID capabil 
used as a part of some network control functions. As such, an 
PDU may be sent on direction from a higher layer function, an 
tion function having access to  the data link layer, or an autom 
function. However, it shall also be possible for a more capable i 
of LLC to incorporate the use of the XID function directly to  
cient use of the protocol. 

e 

solicit a response 
basic “Are You 

(2) The XID command PDU with a group DA or group D 
used to  determine the group membership. In parti 
mand PDU with a global DA address can identie a 

(3) A duplicate address check can be made (see Table 6-la). 
(4) For Class II LLCs in ABM, an XID exchange can b 

any station (i.e., any DA). As suc 

e 
e receive window size at each LLC for that data link connection. 

NOTE: The use of an XID exchange for this purpose is not valid in the ADM state. 
(6)  An XID exchange with a null DSAP and a null S 

class of each LLC. 

PDU. 

6.7 Uses of the TEST Command PDU and Response PDU. The TEST 
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Table &la 
Station Component State Transitions 

Current 
State Event 

Next 
State Action(s) 

DOWN-STATE [ENABLE-WITH-DUPLICATE- 
ADDRESS-CHECK] 

SEND-NULL-DSAP-XID-C 
START-ACK-TIMER 
RETRY-COUNT-O 
XID-R-COUNT:=O 

DUPLICATE- 
ADDRESS- 
CHECK-STATE 

[ENABLE-WITHOUT- 
DUPLICATE- 
ADDRESS-CHECK] 

REPORT-STATUS( 
STATION-UP) 

UP-STATE 

UP-STATE DISABLE-REQUEST REPORT-STATUS( 
STATION-DOWN) 

DOWN-STATE 

RECEIVE-NULL-DSAP-XID-C SEND-XID-R UPSTATE 
~ 

UP-STATE RECEIVE-NULL-DSAP-TEST_( SEND-TEST-R 

XID-R-COUNT:= 
XID-R-COUNT+i 

DUPLICATE- 
ADDRESS- 
CHECK-ST ATE 
(OPTIONAL) 

[RECEIVE-NULL-DSAP-XlD- 
R-AND-XID-R-COUNT=O] 

DUPLICATE- 
ADDRESS- 
CHECK-STATE 

DOWN-STATE [RECEIVE-NULL-DSAP-XID- 
R-AND-XID-R-COUNT=i] 

[RECEIVE-NULL-DSAP-XID-Cl 

REPORT-STATUS( 
DUPLICATE-ADDRESS-FOUNO 

SEND-XID-R DUPLICATE- 
ADDRESS- 
CHECK-STATE 

DUPLICATE- 
ADDRESS- 
CHECK-STATE 

[ACK-TIMER-EXPIREDAND- 
RETRY-COUNT<MAXIMUM- 
RETRY] 

SEND-NULL-DSAP-XIDC 
START-ACK-TIMER 
RETRY-COUNT=RETRY- 

XID-R-COU NT:=O 
COUNT+i 

[ACK-TIMER-EXPIRED-AND- 

RETRY] 
RETRY-COUNT=MAXIMUM- 

REPORT-STATUS( 
STATION-UP) 

UP-STATE 

[DISABLE-REQUEST] REPORT-STATUS( 
STAT 10 N-DOW N) 

DOWN-STATE 
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nated destination LLC address and receiving, in return, the identical 
mation field in a TEST response PDU. 

Implementation of the TEST command PDU is optional but every LLC 
be able to  respond to  a received TEST command PDU with a TEST rei 
PDU. The length of the information field is variable from O to the large 
specified that each LLC on this local area network must support for r 
data transfer. 

It shall also be possible to  send even larger information fields with t 
lowing interpretations. If the receiving LLC can successfully receive a 
turn the larger information field, it will do so. If it cannot receive the 
information field but the MAC can detect a satisfactory FCS, the LLC 
discard the portion of the information field received, and may return a 
response PDU with no information field. If the MAC cannot properly CO 
the FCS for the overlength information fields, the LLC shall discard th  
tion of the information field received, and shall give no response. Any 
command PDU received in error shall be discarded and no response 
sent. In the event of failure, it shall be the responsibility of the administ 
or management entity which initiated the TEST function to  determir 
future actions. 

6.8 List of Logical Data Link Parameters. A number of logical dat 
parameters are defined, the range of values for which are determinet 
system-by-system basis by the user at the time that the local area netv 
established. 

The logical data link parameters for Type 1 operation shall be as follo 
6.8.1 Maximum Number of Octets in a PDU. Refer to  the apprt 

MAC protocol specification for any limitation on the maximum num 
octets in a U1 PDU. No restrictions are imposed by the LLC sublayer. HO 
in the interest of having a value that all users of Type I LLC may depend 
all MACS must at least be capable of accommodating U1 PDUs with ini 
tion fields up t o  and including 128 octets in length. 

6.83 Minimum Number of Octets in a PDU. The minimum lengtl 
PDU shall contain exactly two service access point address fields ar 
control field in that order. Thus the minimum number of octets in a 
PDU shall be 3. 

6.9 Precise Description of the Type 1 Procedures. If discrepancies apl 
exist with the text found in the balance of Section 6, this subsection (6.9 
be viewed as being the definitive description. 
6.9.1 LLC Precise Specification. The operation of the LLC is logicr 

vided into several components. Each component characterizes a set of pi 
operations performed by an LLC entity and is defined using a protocol 
machine description. These state machines do not specify particular 
mentation techniques; rather, they are intended t o  describe the “ext 
characteristics of an LLC entity, as perceived by an LLC entity in a I 
station or by a higher layer protocol in the local station. 
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The LLC operation is described using the following three types of compo- 

(1) Station Component. This component is responsible for processing the 
events which affect the entire LLC entity. The station component han- 
dles PDUs addressed to the null DSAP address and processes the dupli- 
cate address check, if implemented. One station component shall exist 
for each MAC service access point present on the local area network. 

( 2 )  Link Service Access Point (SAP) Component. This component is 
responsible for processing the events which affect a specific operating 
service access point. One SAP component shall exist for each SAP 
within the LLC entity. 

(3) Connection Component. This component is responsible for processing 
the events which affect a specific data link connection for Type 2 proce- 
dures only (see 7.9 below). One connection component shall exist for 
each data link connection supported in the LLC entity. 

The operation of each component is described using a state machine de- 

(a) The components are hierarchically related; i.e., the station component 
is the “parent” of the SAP component, which in turn is the “parent” of the 
connection component. See Fig 6-1. 

(b) Each “parent” component has a state which provides the enabling condi- 
tions for its “child” component(s) to  operate. If the parent component 
leaves this state, then the “child” component(s) are disabled. 

(c) For each “parent” component, several “child” components are allowed to 
be concurrently operating once their “parent” enabling conditions have 
been satisfied. 

(d) There exists for each MAC service access point one and only one LLC 
entity, consisting of the various operating components. 

(e) In Class I LLC operation, each LLC can have zero or more SAPS being 
serviced (i.e., active) at any one time, independent of each other, which 
are differentiated by the DSAP address. The services of a SAP shall be 
provided by a separate service access point component. 

(0 In Class II LLC operation, the services of each SAP can also support zero 
or more concurrent data link connections (each designated by the logi- 
cal concatenation of the MAC address (DNSA) and the LLC address 
(DSAP/SSAP). Each data link connection is controlled by a separate 
connection component. 

nents: 

scription. These important points are assumed in these descriptions: 

Each component description shall consist of these sections: 
(i) Component Overview. This section shall discuss the overall purpose be- 

hind the component operation. 
(ii) Component State Transition Diagram. This diagram shall graphically 

represent the component machine overview. 
(iii) Component State Transition Table. This chart shall display a table of 

the state transitions, including columns for current state, event, ac- 
tiods), and next state. This table shall define all valid events for each 
state as well as the resultant component action(s) and state change. 
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f STATION \ 

(a) Class I LLC Component Relationship 

f STATION 7 

cb) ClassIiIU componenf &la- 

Fig 6-1 
Conrponent Relationship 

onent Event Description. Each of the events which are used i i  

(VI Component Action Description. Each of the actions which are used ii 

(vi) Component State Description. Each of the states that are used in the 

The following basic state machine operation rules apply: 
(A) Events shall cause a state transition in the machine, and shall res1 

te transition table is explained. 

state transition table is explained. 

transition table are explained. 
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execution of some action(s) along with a state change (which may return 
to the same state). 

(BI Events which are not listed as valid inputs to the current state of any of 
the operating components shall ngt cause 
(I) actions or state changes; or 
(II) PDU transmissions. 
The station should perform some error recovery which is appropriate for 
the particular implementation. 

(CI If an incoming PDU is destined for a DSAP which is not active (i.e., the 
appropriate component is not operating), it shall be considered to be an 
exception and dealt with in a manner appropriate for the receiving sta- 
tion. 

6.99 Station Component Overview. The station component is responsible for 
handling all events that are directed to  the LLC as a whole (i.e., events af- 
fecting all SAPS and connections serviced by that LLC). The station compo- 
nent shall begin in the DOWN state, optionally check for a duplicate station 
address, and potentially enter the UP state; see Fig 6-2 and Table 6-la. The UP 
state of the LLC station component provides the enabling conditions for the 
operation of the service access point (SAP) components. 

The station component shall be capable of receiving and responding to  the 
XID and TEST command PDUs. It shall optionally be capable of initiating the 
XID command PDU, if duplicate address checking is performed by the LLC 
entity in a particular implementation; see Table 6-lb. These PDUs shall use 
the null DSAP address to  denote that the station component is being refer- 
enced. 

The performance of the duplicate address check requires that the station 
component be prepared to receive its own XID PDUs. The definition of the MAC 
operation provides for the ability to simultaneously transmit and receive. 
Since the D b S A  in the XID PDUs can be used for duplicate address check, the 
MAC will recognize its own address and pass the PDU to the station compo- 
nent. The station component will respond to  an XID command PDU with an 
XID response PDU, regardless of whether it originated from itself or a remote 
LLC. The station component provides the duplicate address check by main- 
taining a count of received XID response PDUs. If more than one XID response 
PDU is received, then at least one other identical MAC DA exists on the LAN. 
See Fig 6-2 and Table 6-la for details. 

6.93.1 station Component state Descriptions 
(1) DOWN-STATE. The station component is powered off, not initialized, 

anaor disabled from operating in the local area network, 
(2) DUPLICATEJ~DDRESS,CHECK,STATE. The station component is in 

the process of checking for duplicate MAC addresses on the LAN. The 
main purpose of this state shall be to allow the LLC station component to  
veri@ that this station's MAC address is unique on the LAN. The station 
component shall send XID command PDUs with identical MAC DA and 
SA addresses, and shall wait for a possible XID Response PDU indicat- 
ing the existence of other stations with identical MAC! link addresses, 
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( DOWN-STATE 

7 

L 

EN AB LE-W ITt  
DU PL ICATE 

ADDR ESS-CI 

/ 
/ 

DUPLIC, - 
CH ECK -STATE 

RECEIVE-NULL- 
DSAP-XID-C 

COUNT = O R E CE IV E -N U L L- ACK-TIMER -EXPIRED - 
DSAP-X ID-C AND-RETRY - 

cOUNT<MAXIMUM-RETRY 

Fig 6-2 
Station Component state 

5: 
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Table 6-lb 
Station Component ûptions 

Description 

Vo duplicate address check 

3ptional use of duplicate address check 

4lways perform 
tuplicate address check 

States Omitted 

DUPLICATE-ADDRESS- 
CHECK-STATE 

none 

none 

Other Requirements 

Omit: 
ENABLEWITH-DUPLICATE- 

ACK-TIMER-EXPIRED-AND- 
ADDRESS-CHECK 

RETRY-COUNT < MAXIMUM- 
RETRY 

RETRY COUNT = MAXIMUM- 
ACK-TIMER-EXPIRED-AND- 

RETRY- 
RECEIVE-NULL-DSAP- 

XID-R-AND-XID-R- 
COUNT = 1 

RECEIVE-NULL-DSAP- 
XID-R-AN D-Xi D-R- 
COUNT = O 

Omit: 
no ne 

Omit: 
ENABLE-WITHOUT- 

DUPLICATE-ADDRESS- 
CHECK 

(3) UP-STATE. The station component is enabled, powered on, initialized, 
and operating in the local area network. The LLC shall allow SAPS to 
exchange LLC PDUs on the medium. 

6.93.2 Station Component Event Descriptions 
(1) ENABLE-WITH-DUPLICATE-ADDRESS-CHECK. Station compo- 

nent user has initializedlenabled the station equipment, and has re- 
quested that the LLC check for MAC service access point address dupli- 
cations before participating in data link communications. 

(2) ENABLE,WITHOUT,DUPLICATE-ADDRESS,CHECK. Station com- 
ponent user has initializedlenabled the station equipment, but duplicate 
MAC service access point address checking by the LLC is not sup- 
portedldesired. 

Acknowledgment timer has expired and retry count is less than 
maximum retry limit. 

Acknowledgment timer has expired and retry count is equal to  the 
maximum retry limit. 

(3) A K - m ! - m < v *  

(4) AK-mD!-m-. 
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Ce An XID command PDU with th 

D-XID-R-C OUNT= O. A 
ddress has been received. 

(7) RECEIVE,NULL-DSAP,XID-RJND,XID,R,COUNT=l. A 

(8) RECEIVE-NULL-DSAP-TEST-Ce A TEST command PDU w 

(9) DISABLE-REQUEST, Station user has requested that the equip 

XiD response PDU with the null DSAP address have been received. 

null DSAP address has been received. 

disabled from operating on the medium. 
6.9.28 Station Component Action Dedptions 

(1) STARTACK-TIMER. Start the acknowledgment timer. This a 
the LLC to determine that it has not received an acknowledgment 
the remote station within a specified response time. 

(2) RETRY-COUNTeO. Initialize the retry counter. 
(3) RE'I'RY-COUNT:P~RETRY-COUNT+I. Increment the retry counter 
(4) XID-R-COUNTmO. Initialize the XID response PDU counter. 
(5) XID-R-~OUNT:mXIDJt,COUNT+l, Increment the XID respo 

counter. 
(6) SEND-NULL-DSAP-XID-Ce The LLC shall send an XID com 

PDU with null SSAP and null DSAP addresses and with identical 
DA and SA addresses. 

(7) SEND-XID-Re The LLC shall send an XID response PDU, 
SSAP address of the XID command PDU as the DSAP address 
sponse PDU, and using a null SSAP address. 

(8) SEND-TEST-R. The LLC shall send a TEST response PDU, 
SSAP address of the command PDU as the DSAP addr 
response PDU, and U null SSAP address. 

(9) REPORT-STATUS LLC shall be able to  report data 1 

point (SAP) component handles all LLC Type 1 PDU traffic for a parti 
DSAP address in the local station component. The local service access 
user is able to  activate and deactivate the operation of each individual 
component in the station component (see Table 6-2 and Fig 6-3). Once a 
the SAP component shall process Type 1 LLC PDUs addressed to th 
send Type 1 LLC PDUs either by service access point user request or as a re 
of some LLC protocol action. 

activating conditions for Type 2 LLC connection component 
For Class II stations, the ACTIVE state of the SAP component 
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Table 6-2 
Service Access Point Component State Transitions 

t 
Next 
State 

Current 
State Event Action(s) 

INACTIVE-STATE SAP-ACTIVATION-REQUEST REPORT-STATUS( ACTIVESTATE SAP-ACTIVE) 

ACTIVE-STATE RECEIVE-UI UNITDATA-INDICATION ACTIVE-STATE 

UNITDATA-REQUEST SEND-U1 ACTIVE-STATE 

XID-REQUEST SEND-XID-C ACTIVE-STATE 

SEND-XID-R ACTIVE-STATE RECEIVE-XID-C 

RECEIVE-XID-Fi XlD-INDICATION ACT IVE-STATE 

SEND-TEST-C ACTIVE-STATE TEST-REQUEST 

RECEIVE-TEST-C , SEND-TEST-R . ACTIVE-STATE , I I - 

I ACTIVE STATE RECEIVE-TES- I TEST-INDICATION 
J 

- 
SAP-DEACTIVATION-REQUEST REPORT-STATUS( INACTIVE-STATE 

SAP-INACTIVE) 
L 

Fig 6-11, Any attempt to make a data link connection, either by the user or a 
remote LLC, while the SAP component is ACTIVE, shall be passed to the Type 2 
LLC connection component and ignored by the SAP component (this includes 
the handling of the disconnect mode for a Type 2 LLC connection component). 

6.93.1 Service Access Point (SAP) Component State Descriptions 
(1) INACTIVE-STATE. LLC SAP component is not active, functioning, or 

(2) ACTIVE-STATE. LLC SAP component is active, functioning, and op- 
operational. No PDUs are accepted andor sent. 

erational. PDUs are received and sent. 
6.932 Service Access Point (SAP) Component Event Dedption 

(1) SAP-ACTIVATIONBEQUEST. The SAP user has requested that the 
particular LLC SAP component be activated and begin logical data link 
operation of the Type 1 services. 

(2) SAPDEACTIVATION-.REQVEm[l, The SAP user has requested that the 
particular LLC SAP component be deactivated and no longer allowed to 
operate on the logical data link. 

(3) XIDJREQUEST. The SAP user has requested that the LLC SAP compo- 
nent send an XID command PDU to  one or more remote SAPS. 
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7 I NACTI VE-STATE 

SAP-ACTIVATION-REQUEST 

RECE IVE-U I 

SAP-DEACTIVATION-REQUE 

UNITDATA-REQUEST 

RECEIVE-XID-R R E C t l V t - l t 3 1  -n 

Fig 6-3 
Service Access Point Component State Diagram 

(4) TEST-REQUEST. The SAP user has requested that the LLC SA 

(6) RECETVE-UI. The local SAP component has received a U1 PDU 

(6) UNlTDATAJtEQUEST. The SAP user has requested that a data 

ponent send a TEST command PDU to one or more remote SAPS. 

remote SAP. 

passed to a remote LLC SAP, via a U1 PDU. 
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(7) RECEIVE-XID-C. The local SAP component has received an XID com- 

(8) RECEIVE-XID-R, The local SAP component has received an XID re- 

(9) RECEIVE,TEST,C. The local SAP component has received a TEST 

(10) RECEIVE-TEST-R. The local SAP component has received a TEST 

mand PDU from a remote SAP. 

sponse PDU from a remote SAP. 

command PDU from the remote SAP. 

response PDU from the remote SAP. 
6.988 Service Access Point (SAP) Component Action Descriptions 

(1) UNITDATA-INDICATION. LLC SAP component has received a U1 
PDU from a remote SAP. The service data unit is given to the SAP user. 

(2) SEND-UI. A U1 PDU is sent to  one or more remote SAPs in response to  a 
user request to  send a service data unit. 

(3) SEND_IXID,C. LLC SAP component shall send an XID command PDU to 
remote SAPs in response to a SAP user request to  identify other SAPs. 

(4) SEND-XTD-R. LLC SAP component shall send an XID response PDU to 
remote SAPs in response to a received XID command PDU. 

(5) SEND-TEST-C. LLC SAP component shall send a TEST command 
PDU in response to SAP user request to  test a remote SAP. 

(6) SEND-TEST-R. LLC SAP component shall send a TEST response PDU 
in response to a remote LLC TEST command PDU. 

(7) REPORT-STATUS. The LLC SAP component shall be able to  report data 
link status conditions for the particular SAP component with the follow- 
ing valid reasons: 
(a) SAP-ACTIVE. The SAP-ACTIVATION-REQUEST has been 

successfully processed and the component is now operational. 
(b) SAPJNACTIVE. The SAP-DEACTIVATION-REQUEST has been 

successfully processed and the component is now deactivated. 
(8) XID-INDICATION. LLC SAP component has received an XID response 

PDU from a remote SAP. An indication of this event is passed to the SAP 
user, and may also return the XID information field. 

(9) TESTJNDICATION. LLC SAP component has received a TEST re- 
sponse PDU from a remote SAP. An indication of this event is passed to 
the SAP user, and may also return the TEST information field. 
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7. ILCI D d p t i o n  ofthe Type 2 procedures 

e 
e 

a 
e 

7.1 Modes. In Type 2 operation, two modes of operation are defined, an opera- 
tional mode and a non-operational mode. 
7.1.1 Operational Mode. The one operational mode shall be the asyn- 

chronous balanced mode (ABM). 
ABM is a balanced operational mode where a data link connection has been 

established between two service access points. Either LLC shall be able to  send 
commands at any time and initiate response transmissions without receiving 
explicit permission from the other LLC. Such an asynchronous transmission 
shall contain one or more LLC PDUs and shall be used for information field 
transfer and/or t o  indicate status changes in the LLC (for example, the num- 
ber of the next expected information LLC PDU, transition from a ready to a 
busy condition or vice versa, occurrence of an exception condition). 
ABM consists of a data link connection phase, an information transfer 

phase, a data link resetting phase, and a data link disconnection phase, 
7.1.2 Non-operational Mode. The one non-operational mode shall be the 

asynchronous disconnected mode (ADM). 
ADM differs from the operational mode (ABM) in that the data link connec- 

tion is logically disconnected from the physical medium; i.e., no information 
(user data) shall be sent or accepted. 
ADM is defined to  prevent a data link connection from appearing on the 

physical medium in a fully operational mode during unusual situations or 
exception conditions since such operation could cause the following: 
(1) sequence number mismatch between the LLCs on the data link connec- 

(2) ambiguity in one LLC as to  the status of another LLC. 
A data link connection shall be system predefined as to  the condition(s) that 

Examples of possible conditions (in addition to receiving a DISC command 

(a) the power is turned on, 
cb) the data link layer logic is manually reset, or 
(c) the data link connection is manually switched from a local (home) con- 

A LLC on a data link connection in ADM shall be required to  monitor 

(il accepting and responding to  one of the mode setting command PDUs 

tion, or 

cause it to assume the asynchronous disconnected mode (ADM). 

PDU) which shall cause a data link connection to enter ADM are 

dition to  the connected-on-the-data-link (on-line) condition. 

transmissions received from its MAC for the purpose of 

(SABME, DISC), or 
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(ii) sending a DM response PDU at a medium access opportunity, wher 
quired. 

In addition, since the LLC has the ability to  send command PDUs at 
time, the LLC may send an appropriate mode setting command PDU. 

An LLC in ADM receiving a DISC command PDU shall respond with 
DM response PDU. An LLC in ABM receiving a DISC command PDU e 
respond with the unnumbered acknowledgment (UA) response PDU if it ii 
pable of actioning the command. 

5.4.2.3.5 and 7.6). ADM consists of a data link disconnected phase. 
An LLC in ADM shall not establish a frame reject exception condition 

O indicati 7 5  Procedure for Addressin 
in the sc source (SSAP) and destination 

address field (SSAP) shall be used to identify whether a command or resp 

be 
fir 

is contained in th 
A single data 1 nection can be established between any two se 

access points on the local area network. This data link connection is id 
fied by a pair of “complete” data link addresses, each of which consists 
logical concatenation of the implicit physical address (not contained i r  
frame structure), the MAC address (DNSA), and the LLC ad( 
(DSAP/SSAP). In order for a receiving DSAP t o  correctly identify the 
link connection associated with an incoming PDU, the receiving DSAP 
have access t o  the “complete” data link address information for the re 
service access point. 

7.3 Procedures for the Use of the P/F Bit. The LLC receiving a command 
(SABME, DISC, RR, RNR, REJ, or I) with the P bit set to  “l”, shall send 
sponse PDU with the F bit set to  “1”. 

The response PDU returned by a LLC to  a SABME or DISC command 
with the P bit set to  “1” shall be a UA or DM response PDU with the F bit 
“1”. The response PDU r edby an LLC to  an 1, RR, Or REJ command 
with the P bit set to  “1” be an 1, RR, REJ, RNR, DM, Or FRMR 
PDU with the F bit set to “1”. The response PDU returned by an LLC to  an 
command PDU with the P bit set to  “1” shall be an RR, REJ, RNR, D 
FRMR response PDU with the F bit set to “1”. 
NOTE: The P bit is usable by the LLC in conjunction with the timer recovery condition (see 

7.4proCeduresforDataLinkSet-Up andDisconnection 
7.4.1 Data Link Connection Phase, Either LLC shall be able to  take t - - -_ -  

tiative to initialize the data link connection. 
When the LLC wishes to  initialize the lin 

mand PDU and start the acknowledgment 
ception of the UA response PDU, the LLC sh 
ceive state variables V(S) and V(R) t o  O for the corresponding data lin 
nection, shall stop its acknowledgment timer, and shall enter the i 
transfer phase. 
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When receiving the DM response PDU, the LLC which originated the 
SABME command PDU shall stop its acknowledgment timer, shall not enter 
the information transfer phase, and shall report to  the higher layer for appro- 
priate action. 

For a description of the actions to  be followed upon receipt of a SABME or 
DISC command PDU, see 7.4.5. Other Type 2 PDUs received (commands and 
responses) while attempting to connect shall be ignored by the LLC. 

Should the Acknowledgement Timer run out before reception of the UA or 
DM response PDU, the LLC shall resend the SABME command PDU and 
restart the acknowledgment timer. After resending the SABME command 
PDU N2 times, the sending LLC shall stop sending the SABME command 
PDU and shall report to  the higher layer for the appropriate error recovery ac- 
tion to initiate. The value of N2 is defined in 7.8.2 below. 

When receiving an SABME command PDU, the LLC shall pass the indica- 
tion to the network layer to indicate that an establishment of the data link con- 
nection is being requested from the remote LLC. 

Thereafter, if the LLC receives a notification from the network layer to ac- 
cept the connection, it shall return a UA response PDU to  the remote LLC and 
set both its send and receive state variables V(S) and V(R) to  O for the corre- 
sponding data link connection and enter the information transfer phase. The 
return of the UA response PDU shall take precedence over any other response 
PDU for the same data link connection which may be pending at the LLC. It 
shall be possible t o  follow the UA response PDU with additional LLC PDUs, if 
pending. 

If the LLC receives a notification from the network layer not to  enter the in- 
dicated phase, it shall return a DM response PDU to  the remote LLC and re- 
main in the link disconnected mode. 

7.4.2 Information Transfer Phase. After having sent the UA response PDU 
to  an SABME command PDU or having received the UA response PDU to  a 
sent SABME command PDU, the LLC shall accept and send I-format and S- 
format PDUs according to the procedures described in 7.5 below. 

When receiving an SABME command PDU while in the information trans- 
fer phase, the LLC shall conform to the resetting procedure described in 7.6. 

7.4.3 Data Link Disconnection Phase. During the information transfer 
phase, either LLC shall be able to initiate disconnecting of the data link con- 
nection by sending a DISC command PDU. 

When the LLC wishes to disconnect the data link connection, it shall send 
the DISC command PDU and start the acknowledgment timer (see 7.8.1). 
Upon reception of the UA or DM response PDU from the remote LLC, the LLC 
shall stop its acknowledgment timer and enter the link disconnected mode. 

Should the acknowledgment timer run out before reception of the UA or DM 
response PDU, the LLC shall resend the DISC command PDU and restart the 
acknowledgment timer. M e r  sending the DISC command PDU N2 times, the 
sending LLC shall stop sending the DISC command PDU, shall enter the data 
link disconnected phase, and shall report to  the higher layer for the ap- 
propriate error recovery action to initiate. The value of N2 is defined in 7.8.2. 
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When receiving a DISC command PDU, the LLC shall return a UA respc 
enter the data link disconnected phase. The return of the UA 

over any other response PDU for the s 
pending at the LLC. 
Phase. After having received a DIS 

ote LLC and returned a UA response PDU, or 

data link connec 

mand PDU from 
received the UA response P 

7.4.4 Data Lin 

a sent DISC command PDU, the LLC E 

In the disconnected phase, the LLC shall be able to  initiate data link con 
tion. In the disconnected phase, the LLC shall react to the receipt of an SAI 
command PDU as described in 7.4.1 above and shall send a DM response 1 
in answer to  a received DISC command PDU. 

When receiving any other Type 2 command PDU with the P bit set to ‘‘1 
the disconnected phase, the LLC shall send a DM response PDU with the 1 
set to  “1”. Other Type 2 PDUs received in the disconnected phase shall bl 
nored by the LLC. 

7.4.6 Contention of Unnumbered Mode Setting Command PDUs. A 
tention situation in a LLC shall be resolved in the following way. 

If the sent and received mode setting command PDUs are the same, 
LLC shall send the UA response PDU at the earliest opportunity. Each . 
shall enter the ither after receiving the UA response PDI 
after its ackno 

at the earliest opportunity. 

7.6 Proceditres for Information Transfer. The procedures which apply tc 
transfer of I PDUs in each direction on a data link connection during thc 
formation transfer phase are described below. 

“number one higher’’ is in reference to  a continuouslj 
ies, i.e., 127 is one higher than 126 and O is one higher 1 

I PDUs. When the LLC has an I PDU to send (i.e., an I 1 
not already sent, or having to  be resent as described in 7.5.5 below), it E 
send the I PDU with an N(S) equal t o  its current send state variable V(S), 
an N(R) equal to  its curre receive state variable V(R) for that data link 
nection. At the end of sending the I PDU, the LLC shall increment its 1 
state variable V(S) by one. 

If the acknowledgment timer is not running 
sent, the acknowledgment timer shall be started. 

If the data link connection send state variable 
of N(R) received plus k (where k is the maximu 
PDUs, see 7.8.4) the LLC shall not send any new I 
nection, but shall be able to  resend an I PDU as described in 7.5.6 or 7.5.9. 

When a local LLC data link connection is in the busy condition, the 
shall still be able to  send I PDUs, provided that the remote LLC on this 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 88

02
-2:

19
89

https://standardsiso.com/api/?name=013651ce6dbc206f59eb0b7b07581e08


EO 8802-2 : 1989 
LOGICAL LINK CONTROL Std 8022-lDô9 

link connection is not busy itself. When the LLC for a particular data link 
connection is in the FRMR exception condition, it shall stop transmitting I 
PDUs on that data link connection. 

7.6.2 Reoeiving an I PDU. When the LLC data link connection is not in a 
busy condition and receives an I PDU whose send sequence number is equal to  
the receive state variable V(R), the LLC shall accept the information field of 
this PDU, increment by one its receive state variable V(R), and act as follows: 
(1) If an I PDU is available to be sent, the LLC shall be able to  act as in 7.5.1 

above and acknowledge the received I PDU by setting N(R) in the control 
field of the next sent I PDU to the value of the receive state variable V(R). 
The LLC shall also be able to  acknowledge the received I PDU by send- 
ing an RR PDU with the N(R) equal to the value of the receive state vari- 
able V(R). 

(a) send an RR PDU with the N(R) equal to the value of the receive state 
variable V(R) at the earliest opportunity; or 

(b) if the received PDU was not a command PDU with the P bit set to  “Y’, 
wait for some period of time bounded by the probability of the remote 
acknowledgment timer expiry, for either an I PDU to  become 
available for transmission, or to accumulate additional I PDUs to be 
acknowledged in a single RR PDU, subject to  window size con- 
straints. 

(3) If receipt of the I PDU caused the LLC t o  go into the busy condition with 
regard to any subsequent I PDUs, the LLC shall send an RNR PDU with 
the N(R) equal to the value of the receive state variable V(R). If an I 
PDU(s) is available to  send, the LLC shall be able to send them as in 7.5.1 
above prior to  or following the sending of the RNR PDU. 

When the LLC associated with a particular data link connection is in a busy 
condition, and receives an in-sequence I PDU, the LLC shall be able to  ignore 
the information field contained in any received I PDU on that data link con- 
nection (see 7.5.8). 

7.623 Reception of Incorrect PDUs. When the LLC receives an invalid PDU 
(see 3.3.6) or a PDU with an incorrect DSAP or SSAP address, this PDU shall 
be discarded entirely. 

7.5.4 Reception of Out-of-Sequence PDUs. When the LLC receives an I PDU 
whose send sequence number is not in sequence, i.e., not equal to  the current 
receive state variable V(R) but is within the receive window, the LTX: shall 
discard the information field of the I PDU and send a REJ PDU with the N(R) 
set to the value of V(R). The LLC shall then discard the information field of all 
I PDUs until the expected I PDU is correctly received. When receiving the ex- 
pected I PDU, the LLC shall acknowledge the PDU as described in 7.5.2 above. 
The LLC shall use the N(R) and P bit indications in the discarded I PDUs. 

On a given data link connection, only one “sent REJ” exception condition 
from a given LLC to  another given LLC shall be established at a time. A “sent 
REJ” condition shall be cleared when the requested I PDU is received. The 
“sent REJ’’ condition shall be able to  be reset when a reject timer time-out 

(2) If no I PDU is available to be sent by the LLC, then the LLC shall either 
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function r 
requested 
REJ PDU was in error or lost, the LLC shall be able to  repeat the REJ 
order to re-establish the "sent REJ" condition up to N2 times. The val 

en the LLC perceives by reject timer time-out th 
o t  be received, because either the requested I PDU 

t, When correctly receiving an 
7.5.81, the receiv 
n acknowledgment 
with an N(S) up t 

LLC shall reset the Ack 
format or S-format PDU 

N(R) higher than the last received N(R) (actually acknowledgin 

and there are outstanding I PDU 

7.6.7 Receiving an RNR PDU. A LLC receivin 
sending I PDUs on the indicated data link connectio 
time, and shall start the busy-state timer, if not al 
busy-state timer runs out, the LLC shall follow the p 
7.5.9. In any case, the LLC shall not send any other I P 
connection before receiving an RR or REJ PDU, or be 

7.6.8 LLC Busy Condition. A LLC shall enter the b 
link connection when it is temporarily unable to  receiv 

connection. 
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To indicate the clearance of a busy condition on a data link connection, the 
LLC shall send either an I response PDU with the F bit set to “1” if a P bit set to  
“1” is outstanding, an REJ response PDU, or an RR response PDU on the data 
link connection with N(R) set to the current receive state variable V(R), de- 
pending on whether or not the LLC discarded information fields of correctly 
received I PDUs. Additionally, the sending of a SABME command PDU or a 
UA response PDU shall indicate the clearance of a busy condition at the send- 
ing LLC on a data link connection. 

7.6.9 Waiting Acknowledgment. The LLC maintains an internal re- 
transmission count variable for each data link connection which shall be set 
to “O” when the LLC receives or sends a UA response PDU to  an SABME com- 
mand PDU, or when the LLC receives an RNR frame PDU, or when the LLC 
correctly receives an I-format or S-format PDU with the N(R) higher than the 

eceived N(R) (actually acknowledging some outstanding I PDUs). 
If the acknowledgment timer, busy-state timer, or, optionally, P-bit timer 

runs out, the LLC on this data link connection shall enter the timer recovery 
condition and add one to its retransmission count variable. 

The LLC shall then start the P-bit timer and send an S-format command 
PDU with the P bit set to  “1”. 

The timer recovery condition shall be cleared on the data link connection 
when the LLC receives a valid I-format or S-format PDU from the remote LLC, 
with the F bit set to “1”. 

If, while in the timer recovery condition, the LLC correctly receives a valid 
I-format or S-format PDU with the F bit set to “1” and with the N(R) within the 
range from the last value of N(R) received to  the current send state variable 
inclusive, the LLC shall clear the timer recovery condition, set its send state 
variable to  the received N(R), stop the P-bit timer, and resend any unac- 
knowledged PDUs. 

If, while in the timer recovery condition, the LLC correctly receives a valid 
I-format or S-format PDU with the PA? bit set to  “O” and with a N(R) within the 
range from the last value of N(R) received to  the current send state variable 
inclusive, the LLC shall not clear the timer recovery condition but shall treat 
the N(R) value received as an acknowledgment for the indicated previously 
transmitted I PDUs (see 7.6.6). 

If the P-bit timer runs out in the timer recovery condition, the LLC shall add 
one to  its retransmission count variable. If the retransmission count variable 
is not equal to  N2, the LLC shall resend an S-format PDU with the P bit set to 
“1” and restart its P-bit timer. 

If the retransmission count variable is equal to  N2, the LLC shall initiate a 
resetting procedure (by sending a SABME command PDU) as described in 7.6 
below. N2 is a system parameter (see 7.8.2). 

7.6 Procedures for Resetting. The resetting phase is used to initialize both di- 
rections of information transfer according to  the procedure described below. 
The resetting phase shall only apply during the asynchronous balanced mode 
ABM. 
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Either LLC shall be ab1 to initiate a resetting of both directions by send 
an SABME d PDU and starting its acknowledgment timer. 

After rece SABME command PDU, the LLC shall return, a t  the c 
liest opportunity; 

(1) a UA response PDU and reset its send and receive state variables Ti 
O to reset the data link connection, or 

nk connection is to  be terminated. 
The return of the sponse PDU shall take precedence over 1 

other response PDU connection which may be pend 
at the LLC. It shall e UA PDU with additional L 
PDUs, if pending. received correctly by the initiating LLC 
shall reset its send and receive state variables V(S) and V(R) to  O and stop 
acknowledgment timer. This shall also clear all exception conditions wh 
might be present at either of the LLCs involved in the reset. This exchai 
shall also indicate clearance of any busy condition that may have been 1 
sent at either LLC involved in the reset. 

If a DM response PDU is received, the LLC shall enter the data link disc 
nected phase, shall stop its acknowledgment timer and shall report to  
higher layer for appropriate action. If the acknowledgment timer runs 
before a UA or DM response PDU is received, the SABME command PDU sl: 
be resent and the acknowledgment timer shall tarted. After the timer ri 
out N2 times, the sending LLC shall stop send e SABME command PI 
shall report to the higher layer for the appropriate error recovery actionr 
initiate, and shall enter the asynchronous disconnected mode. The valut 
N2 is defined in 7.8.2. 

Other Type 2 PDUs (with the exception of the SABME and DISC commt 
PDUs) which are received ]by the LLC before completion of the reset proced 
shall be discarded, 

certain FRMR exception conditions listed in 7.7, it shall be possj 
fo LC to ask the remote LLC to  reset the data link connection by send 
a response PDU. 

Upon reception of an FkMR response PDU (even during a FRMR except 
condition) the LLC shall initiate a resetting procedure by sending a SABl 

r shall initiate a disconnect procedure by sending a DI 

FRMR response PDU, the L r the FRMR exc 
ared when the L 

receives or sends an SABME or DISC command PDU or DM response PI 
Any other Type 2 command PDU received while in the FRMR exception c 
dition shall cause the L to  resend the FRMR response PDU with the sa 
information field as O 

In the FRMR exception condition, additional I PDUs shall not be sent, 2 
received I-format PDUs aird S-format PDUs shall be discarded by the LLC. 

be possible for lthe LLC to  start its acknowledgment timer on 
PDU. If the timer runs out before the recept 
d PDU from the remote LLC, it shall be possi 

FRMIj exception condition sh 
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for the LLC to resend the FRMR response PDU and restart its acknowledg- 
ment timer. After the acknowledgment timer has run out N2 times, the LLC 
shall reset the data link connection by sending a SABME command PDU. The 
value of N2 is defined in 7.8.2. 

When an additional FRMR response PDU is sent while the Acknowledg- 
ment Timer is running, the timer shall not be reset or restarted. 

7.7 F’RMR Exception Conditions. The LLC shall request a resetting procedure 
(by sending a FRMR response PDU) as described in 7.6, when receiving, dur- 
ing the information transfer phase, a PDU with one of the conditions identi- 
fied in 5.4.2.3.5. The coding of the information field of the FRMR response 
PDU which is sent is given in 6.4.2.3.5. 

shall initiate a resetting procedure (by sending a SABME com- 
mand PDU) as described in 7.6 when receiving a FRMR response PDU dur- 
ing the information transfer phase. 

7.8 List of Data Link Connection Parameters. A number of data link connec- 
tion parameters are defined, the range of values for which are determiiied on 
a system-by-system basis by the user at the time that the local area network is 
established. 

The data link connection parameters for Type 2 operation shall be as fol- 
lows: 

7.8.1 Timer Functions. In Type 2 operation it is possible for a number of in- 
dependent events to  be taking place on a data link connection that could each 
employ a timing function. These timing functions are defined below, as 
identified in the text that describes Type 2 operation. It is understood that these 
timing functions can be realized by using a number of individual timers, o r  
by using a single timer. If a single timing function is employed, it will be 
necessary for the designer to determine on an instance-by-instance basis 
when to reset and restart the timer and when to let it continue running based 
on the priority assigned to the individual actions that are in progress. 

The periods of the timer functions shall take into account whether the timers 
are started at the beginning or  the end of the event that initiated the timer (e.g., 
sending of a PDU by the LLC), and any delay introduced by the MAC sublayer, 

The proper operation of the procedure shall require that the value of the tim- 
ing functions be greater than the maximum time between the normal network 
operation of Type 2 PDUs and the reception of the corresponding Type 2 PDU 
returned as an answer to the initiating Type 2 PDU. 

7.8.1.1 Acknowledgment Timer. The acknowledgment timer is a data 
link connection parameter that shall define the time interval during which 
the LLC shall expect to  receive an acknowledgment to  one or more outstanding 
I PDUs or an expected response PDU to a sent unnumbered command PDU. 

7.8.1.2 P-Bit Timer. The P-bit timer is a data link connection parameter 
that shall define “the time interval during which the LLC shall expect to receive 
a PDU with the F bit set to “1” in response to a sent Type 2 command with the P 
bit set to “1”. 
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The Reject Timer is connection Pare 
LC shall expect 

e busy-state timer is a data link connect 
parameter that shall define the time interval during which the LLC shall w 
for an indication of the clearance of a busy condition at the other LLC. 

7.8.2 Maximum Number of Transmissions, N2. N2 is a data link conn 
tion parameter that indica maximum number of times that a PDU 
sent following the running the acknowledgment timer, the P-bit tim 

7.8.1.4 Busy-Sta 

ets in an I PDU, NI. 
otes the maximum number 

Refer to the various MAC descriptions to  determine the precise value of N1 
a given medium access method. LLC itself places no restrictions on the va 
of N1. However, in the interest of having a value for N1 that all users of Typ 
LLC may depend upon, all MACS must at least be capable of accommodatin 
PDUs with information fields up to and including 128 octets in length. 

7.8.4 Maximum Number of Outstanding I PDUs, k. The maximum num; 
(k) of sequentially numbered I PDUs that the LLC may have outstanding (i 
unacknowledged) at any given time shall be a data link connection parar, 
ter which can never exceed 127. 

7.8.6 Minimum Number of Octets in a PDU. A minimal length v 
link connection PDU shall contain exactly two address fields and one 
field in that order. Thus the minimum number of octets in a valid da 
connection PDU shall be 3 or 4, depending on whether the PDU is a U 
PDU, or an I-format or S-format PDU, respectively. 

description. 

remote service access point and shall 

-1 and Table 7-1.) 

service access point are placed in the ADM (asynchronous disc 
mode) state. When the service ac 
state, all of the associated c 
gardless of the current state 

The following points apply to erpretation of the state tables: 
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(1) Flag variables are used to  limit the number of states by maintaining the 
state of particular conditions affecting the connection component. The 
flags defined are 
P-FLAG, 
F-FLAG, 
S-FLAG, 
D and 
R SY. 

(2) In the list of events, events of the form RECEIVE-,-YYY are listed. 
The interpretation is that this event is the reception of any command 
PDU or response PDU not specifically listed for that state. 

(3) For some combinations of state and event(s) the table provides alterna- 
ions. These are separated by horizontal dotted lines in the AC- 
and NEXT STATE columns. Selection of an alternative is done 

on the basis of (a) local status, (b) the result of layer management action, 
or (c) implementation decision. There is no relationship between the or- 
der of alternatives between events, nor is it implied that the same alter- 
native must be selected every time the event occurs. 

(4) In the list of actions there is no implied ordering, unless one or more of 
the actions is conditional upon the value(s) of flag(s) which are modified 
by other actions. In this case the test(s) must be completed before the 
flag(s) are modified. 

(6) In the list of actions, actions of the form SEND-XXX-RSP (F=l) are indi- 
cated. It should be noted that if some other response PDU (with the F bit set 
to  “O”) will be sent earlier, it is permissible to  modify that PDU from F bit 
set to “û” to  F bit set to “l”, and to send the new PDU with the F bit set to “O”. 
This could occur, for example, if an LLC implementation managed the 
queue of PDUs awaiting transmission. 

(6) For simplicity, the state table has four timers: the ACK-TIMER for 
timing acknowledgments, the P-TIMER for timing the PA? cycle, the 
REJ-TIMER for timing the “sent REJ” condition, and the BUSY- 
TIMER for timing the ”remote busy” condition. It should be noted that by 
the addition of appropriate flags a functionally equivalent state table can 
be developed that requires only one timer. 

(7) Any STARTTIMER action (relstarts the specified timer from zero, 
even if the timer is already running. When the time reaches its limit, 
the appropriate TIMER-EXPIRED condition is set and the timer stopped. 
The TIMER-EXPIRED condition is cleared when it is recognized by the 
connection component state machine. The STOP-TIMER action stops 
the timer if it is running or clears the TIMER-EXPIRED condition if the 
timer has already reached its limit. 

(8) Events not recognized in a particular state are assumed to remain pend- 
ntil any masking flag is modified or a transition is made to  a state 

where they can be recognized. 
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oper interpretation of the state table, the 
be read in concert with the state tables. 

Component StateDe 
ion component is 
an SABME PDU 

request of the service access point user, can initiate an 
transmission to a remote LLC DSAP, to establish a data li 
It also responds to  a DISC comman 
with the P bit set to “1“. 

itted an SABME 

and received. 
(6) AWAIT. A data link connection exists between the local LLC si 

access point and the remote LLC service access point. The local L 
performing a timer recovery operation and has sent a command 
with the P bit set to  “l”, and is awaiting an acknowledgment fro 

received but not sent. Supervisory 

connection exists between the loca 
and the remote rvice access point. Thc 

LLC is performing a timer recovery on and has sent a con 
PDU with the P bit set to “1,” and is awaiting an acknowledgmen 
the remote LLC. I PDUs may not be sent. Local conditions make it 
that the information field of received I PDUs will be ignored. Su 
sory PDUs may be both sent and received. 

connection component has requested that the remote connection ( 
nent re-transmit a specific I PDU that the local connection com] 
has detected as being out of sequence. Before the local LLC enteri 
state it was performing a timer recovery operation and had sent 
mand PDU with the P bit set to. “l”, and is still awaiting an ac 
edgment from the remote LLC. I PDUs may be received but not 
mitted. Supervisory PDUs may be both transmitted and received. 

a b  link connection exists between the locr 
the remote LLc service access point. Th 
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(9) D-CONN. At the request of the service access point user, the local LLC 
has sent a DISC command PDU to the remote LLC DSAP and is waiting 
for a reply. 

(10) R;ESET. As a result of a service access point user request or the receipt of 
a FRMR response PDU, the local connection component has sent an 
SABME command PDU to  the remote LLC DSAP to reset the data link 
connection and is waiting for a reply. 

(11) ERROR. The local connection component has detected an error in a re- 
ceived PDU and has sent a FRMR response PDU. It is waiting for a reply 
from the remote connection component. 

(12) CO". The local connection component has received an SABME PDU 
from a remote LLC SSAP, and it is waiting for the local user to accept or 
refuse the connection. 

(13) RESET-CHECK. The local connection component is waiting for the lo- 
cal user to accept or refuse a remote reset request. 

(14) RESET-WAIT. The local connection component is waiting for the local 
user to indicate a RESET-REQUEST or a DISCONNECT-REQUEST. 

7.96.2 Connection Service Component Event Description. In the list of 
events below, the value of the P or F bits in received commands and responses 
is listed as X. In the state transition table, values of O, 1, or X are used. The lat- 
ter indicates that either O or 1 may occur in the event. 
(1) CONNECT-REQUEST, The user has requested that a data link connec- 

tion be established with a remote LLC DSAP. 
(2) CONNECT-RESPONSE. The user has accepted the data link connec- 

tion. 
(3) DATA&EQUEST. The user has requested that a data unit be sent to the 

remote LLC DSAP. 
(4) DISCONNECT-REQUEST. The user has requested that the data link 

connection with the remote LLC DSAP be terminated. 
(6) RESETJtEQUEST. The user has requested that the data link connection 

with the remote LLC DSAP be reset. 
(6) RESET-RESPONSE. The user has accepted the reset of the data link 

connection. 
(7) LOCAL-BUSYPETECTED. The local station has entered a busy con- 

dition and may not be able to accept I PDUs from the remote LLC SSAP. 
(8) LOCAL-BUSY-CLEARED. The local station busy condition has ended 

and the station can accept I PDUs from the remote LLC SSAP. 
(9) RECEIVEJUD-PDU. The remote SSAP has sent to the local DSAP a 

command or response PDU which is not implemented, or has an infor- 
mation field when not permitted, or is an I PDU with an information 
field length greater than can be accommodated by the local LLC. 

(10) RECElVEJ)ISC,CMD(P=X). The remote SSAP has sent a DISC com- 
mand PDU with the P bit set to  "X" addressed to the local DSAP. 

(11) RECEIVE-DMJtSP(F=X). The remote SSAP has sent a DM response 
PDU with the F bit set to "X" addressed to the local DSAP. 
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(12) RECEIVE-FRMR-RSP(F=X). The remote SSAP has sent a FRMR 
sponse PDU with the F bit set to “X” addressed to the local DSAP. 

(13) RECEIVE,I,CMD(P=X). The remote SSAP has sent a I command P 
with the P bit set to “X” addressed to the local DSAP. Both the N(R) 
N(S) fields are valid an e N(S) value is the expected sequence 
ber. 

(14) RE CEIVEJ-CMD (Piex) ,W ITH-UNEXPE CTEDN( S) . The ren 
SSAP has sent an I command PDU with the P bit set to  “X” addresse 
the local DSAP. The N(S) field of the command does not contain the 
pected sequence number but is within the window size. The N(R) fiel 

=X)-WIT~-IN==ID-N(S)* The remote si 
d PDU with the P bit set to  “X” addressed to  
field of the command is invalid. The N(R) 

(16) R;ECEIVE,I-RSP(F=X). The remote SSAP has sent a I response 1 
with the F bit set to “X” addressed to the local DSAP. Both the N(R) 
N(S) fields are valid and the N(S) value is the expected sequence r 
ber. 

(17) =X) -W ITH-UNEXPE CTED-N ( SI. The rei 
sponse PDU with the F bit set to  “X” addressed ti 
(S) field of the command does not contain 

(18) (FsX)_WITH,INVALID-N(S). The remote SSAI 
U with the F bit set to  “X” addressed to the 

DSAP. The N(S) field of the response is invalid. The N(R) fie 

umber but is within the window size. 

valid. 
(19) RECEIVEIREJ,CMD(P=X). The remote SSAP has sent a REJ comx 

PDU with the P to “X” addressed to the local DSAP. 
(20) RJXEIVE-IXE (F=X)* The remote SSAP has sent a REJ resI 

PDU with the F bit set to “X” addressed to the local DSAP. 
(21) RECEIVE,RNR-CMD(P=X). The remote SSAP has sent a RNR 

mand PDU with the P bit set to “X” addressed to the local DSAP. 
(22) RECEIVE-,RNRJCSP(F=X). The remote SSAP has sent a RNR res] 

PDU with the F bit set to “X” addressed to the local DSAP. 
(23) RECEIVE,RR-CMD(P=X). The remote SSAP has sent a RR corn 

with the P bit set to  “X” addressed to the local DSAP. 
P(F=X). The remote SSAP has sent a RR res 
t to  “X” addressed to the local DSAP. 
C1VLD(PIIPX). The remote SSAP has sent an SP 

the P bit set to “X” addressed to the local DSAP, . The remote SSAP has sent a UA res 
addressed to the local DSAP. 

(27) RECEIVE-XXX-CMD(F=X). The remote SSAP has sent a Type 5 
mand PDU with the P bit set to  “X” addressed to  the local DSAI 
command is any command not specifically listed for that state. 
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O 
O 

O 

(28) RZCEIVE1XrracRSP~Fl. The remote SSAP has sent a Type 2 response 
PDU with the F bit set to T addressed to the local DSAP. The response is 
any response not specifically listed for that state. 

(29) RECEIVEJXX-YYY. The remote SSAP has sent a Type 2 PDU ad- 
dressed to  the local DSAP. The PDU is any command o r  response not 
specifically listed for that state. 

CENE,ZZZ,C~(P~),WITYrMTALID_N(R). The remote SSAP 
has sent an I, RR, RNR, or REJ command PDU with the P bit set to  “X” 
addressed to  the local DSAP. The N(R) field of the command is invalid, 

(31) R E C E I V E , Z Z Z , R S P ( F = X ) , W I ~ - ~ ~ ~ _ N ( R ) .  The remote SSAP 
has sent an I, RR, RNR, or REJ response PDU with the F bit set to  “X” 
addressed to the local DSAP. The N(R) field of the response is invalid. 

(32) P-TIMEREXPIRXD, The P/F cycle timer has expired, 
(33) ACKTIMERJIXPIRED. The acknowledgment timer has expired. 
(34) REJ-TIMER-EXPIRED. The “sent REJ” timer has expired. 
(35) BUSY-TIMEREXPIRED. The remote-busy timer has expired. 
In the state transition table some of the above events are qualified by the fol- 

(36) DATA-FLAGd. When DATA-FLAG has a value of one, data unit(s) 
from I PDUs were discarded during a local busy period. 

(37) DATLFLAGmO. When DATA-FLAG has a value of zero, data unit(s) 
from I PDUs were not discarded during a local busy period. 

(38) DATLFLAG=2. When DATLFLAG has a value of two, the BUSY state 
was entered from the REJECT state, and the requested I PDU has not yet 
been received. 

(39) P-FLAGml. P-FLAG has a value of one when a command with the P bit 
set to ”1” has been sent and a response with the F bit set to  “1” is expected. 

(40) P-F’LAG=O. P-FLAG has a value of zero when a response PDU with the F 
bit set to “1” is not expected. 

(41) P,FLAG=F. P-FLAG has a value equal to  the F bit in the response PDU 
received. 

(42) REMOTE-BUSYd. When REMOTE-BUSY has a value of one, an RNR 
PDU has been received from the remote connection component to  
indicate that I PDUs should not be sent. DATA-REQUEST events are 
not recognized until this flag is reset to  zero. 

(43) OTE,BUSY=O. When REMoTE-BUSY has a value of zero, send- 
I PDUs is possible. 

(44) RETRY-COUNT<NS. The number of retries is less than the maxi- 
mum number of retries. 

(45) RETRY,COUNT>=NP. The number of retries has reached the maxi- 
mum number permissible. 

(46) S-FLAGrl. In the SETUP, RESET, and RESET-WAIT states, an 
S-FLAG value of one indicates that an SABME PDU has been received. 

(47) S,FLAG=O. In the SETUP, RESET, and RESET-WAIT states, an 
SFLAG value of zero indicates that an SABME PDU has not been 
received. 

lowing conditions. The event is recognized only when the condition is true. 
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(48) INITIATE-P/F-CYCLE. The local LLC wants to initiate a P/F c; 
(This is only required if the local LLC is not generating other comn 
PDUs for some reason.) 

Connection Component Action Descripti 
elow the value of the P or F bits in the tran 

responses is listed as X. In the state transition table, values of O, 1, or 2 
used. The latter indicates that either O or 1 may be used. 

(1) CLEAR-REMOTE-BUSY. If REMOTE-BUSY has a value of one, 
set REMOTE-BUSY to  zero to indicate the remote LLC is now ab 
accept I PDUs, stop the BUSY-TIMER, inform the user by iss 
REPORT-STATUS (REMOTENOTBUSY) and, provided the 
LLC is in the NORMAL, REJECT, or BUSY state, start the (rehendi 
any I PDUs that were wai for the remote busy to be cleared. 

Inform the user that a connection has 
requested by a remote LLC SSAP. 

ervice component indi 

service component passe 

ser that the remote net 
link connection. 
either the remote ne1 
ed a reset of the datr 
ed that the data lin1 

REMOTE. The remote network entity or remote peer has initie 
reset of the data link connection. 
LOCAL, The local LLC has determined that the data link connc 

(2) CONNE CT-INDICATI 

ted the connection. 

is in need of reinitialization. 
(7) RESET-CONFIRM, The connection service component indicate! 

status of the data link connection 

connection service component h 
. Permissible status values are 

FRMR-SENT. The local connection service comp 
an invalid PDU, and has sent a FRMR response PDU. 
REMOTE-BUSY. The remote LLC DSAP is busy. The 
connection service component will not accept a DATABEQUE! 
REMOTE-NOT-BUSY. The remote LLC DS 
The local connection s ce component will 
REQUEST. 

(9) IF-F=l-CLEAR~MOTE-J3USY. If the I PDU is a response wit1 
bit set to  “1” in response to a command PDU with the P bit set to “1 
perform the CLEAFt-REMOTE-BUSY action. 

(10) IF-DAT&FLAG=2_STOP-RE J-TIMER. If DATA-FLAG has E 
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of two, indicating that a REJ PDU has been sent, stop the “sent REJ” 
timer. 

(il) SEND-DISC,CMD(P=X). Transmit a DISC command PDU with the P 
bit set to “X” to the remote LLC DSAP. 

(12) SENDRMJWP(F=X). Send a DM response PDU with the F bit set to “X” 
to the remote LLC DSAP. 

(13) SEND-FRMRJtSP(F=X). Send a FRMR response PDU with the F bit set 
to “X” to the remote LLC DSAP. 

(14) RE-SEND-FRMR-.RSP(F=O). Send the same FRMR response PDU with 
the same information field as sent earlier to  the remote LLC DSAP. Set 
the F bit to “O”. 

(10) RE-SEND,FRMRJtSP(F=P). Send the same FRMR response PDU with 
the same information field as sent earlier to the remote LLC DSAP. Set 
the F bit equal to the P bit of the received command PDU. 

(16) SEND-I-CMD(P=l). Send an I command PDU with the P bit set to “1” to  
the remote LLC DSAP with the data unit supplied by the user with the 
DATA-REQUEST. Before transmission, copy the current values of the 
send state variable V(S) and the receive state variable V(R) into the N(S) 
and N(R) fields, respectively, of the I PDU and increment (modulo 128) 
the send state variableV(S1. 

(17) RE-SEND,I,CMD(Pd), Start resending all the unacknowledged I 
PDUs for this data link connection beginning with the N(R) given in the 
received PDU. Send the first as a command with the P bit set to  “1”. If the 
queue contains more than one I PDU, the balance must be sent as com- 
mands with the P bit set to  “O”, or as responses with the F bit set to  “O”. 

(18) RE-SEND,I-CMD(P=I),OR,SEND,RR. Start resending all the unac- 
knowledged I PDUs for this data link connection beginning with the 
N(R) given in the received PDU. Send the first as a command with the P 
bit set to  “1”. If the queue contains more than one I PDU the balance must 
be sent as commands with the P bit set to  “O” or as responses With the F bit 
set to  “O”. It is permissible to send a RR command PDU with the P bit set 
to ”1” to the remote LLC DSAP before starting the resending of the I 
PDUs. In this case, the first I PDU is sent as a command with the P bit set 
to “O”, or as a response with the F bit set to “O”. If no I PDU is ready to 
send, a RR command PDU with the P bit set to  “1” must be sent to  the 
remote LLC DSAP. 

(19) SEND-I3yxx(X=O). Send either an I response PDU with the F bit set to 
“O” or an I command PDU with the P bit set to  “O” to  the remote LLC DSAP 
with the data unit supplied by the user with the DATABEQUEST. Before 
transmission, copy the current values of the send state variable V(S) and 
the receive state variable V(R) into the N(S) and N(R) fields, respec- 
tively, of the I PDU and increment (modulo 128) the send state variable 
V(S). 

(20) RE-SEND-I,XXX(X=O). Start resending all the unacknowledged I 
PDUs for this data link connection beginning with the N(R) given in the 
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received PDU. They must be sent as either commands with the P b 
“O“ or as responses with the F bit set to “O”. 

(21) RE-SEND,I~(X=O>,OR-SEND,R;R. Start resending all 
knowledged I PDUs for this data link connection beginning wit 
N(R) given in the received PDU. They must be sent as either c 
with the P bit set to  
permissible to  send ei 
RR command PDU with 
starting the resending O 
an RR response PDU 
with the P bit set to ”O” must be s 

for this data link 
received PDU. Send 

(22) RE-SEND-I-,RSP(F=lI). Start resending all t 

DSAP. 
(26) SENDJWR-CIMD(Pd). Send a RNR command PDU . .  

“1” to the remote 
(27) SEND,ZRNR-,RSP(F a RNR response 

“1” t o  the remote LLC 
(28) SENDJWRJCXX(X=O). Send either a RNR response PDU with the 

set to  “O” or a RNR command PDU with the P bit set to “O” t o  the r 
LLC DSAP. 

MOTE-BUSY t o  one to indicate 
(29) SET-REMOTE-BUSY. If REMO 

(30) 

ceive the first RNR sent when the busy state was entered. 
(31) SEND_R;R,CMD(P=l). Send a RR command PD 

to the remote LLC DSAP. 
SEND-ACKNOWLEDGE-CMD(P-1). Under all condi 
missible to send a RR command PDU with the P bit set to “1 
LLC DSAP. If no I PDU is ready to send, the RR command 
P bit set to “1” must be sent to  the remote LLC DSAP. (This 
be delayed by a time bounded by the ACK-TIMER value, 
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generation of an I PDU.) However, if an I PDU is ready to send, and can 
be modified to  a command with the P bit set to “l”, then the RR command 
PDU does not need to be sent. 

(33) SENDBJWP(Fo1). Send a RR response PDU with the F bit set to “1” to 
the remote LLC DSAP. 

(34) SEND-ACKNOWLEDGE-RSP(Fm1). Under all conditions it is per- 
missible to send a RR response PDU with the F bit set to “1” to the remote 
LLC DSAP. If no I PDU is ready to send, the RR response PDU with the F 
bit set to “1” must be sent to  the remote LLC DSAP. However, if an I PDU 
is ready to send, and can be modified to a response with the F bit set to  “1,” 
then the RR response PDU does not need to be sent. 

(35) SENDB-XXX(X=O). Send either a RR response PDU with the F bit set 
to  “O” or a RR command PDU with the P bit set to ”O” to  the remote LLC 
DSAP. 

(36) SENDACKNOWLEDGE-XXX(X=O). Under all conditions it is per- 
missible to send either a RR response PDU with the F bit set to “O” or a RR 
command PDU with the P bit set to “O” t o  the remote LLC DSAP. If no I 
PDU is ready to send, either an RR response with the F bit set to “O” or an 
RR command PDU with the P bit set to “O” must be sent to the remote LLC 
DSAP. (This RR PDU may be delayed, by a time bounded by the 
ACK-TIMER value, to wait for the generation of an I PDU.) However, if 
an I PDU is ready to  send, then the RR PDU does not need to be sent. 

(37) SEND-SABME-CMD(P=X). Send a SABME command PDU with the P 
bit set to ”X” to the remote LLC DSAP. 

(38) SEND-UAJWP(F=X). Send a UA response PDU with the F bit set to ‘Y 
to the remote LLC DSAP. 

(39) S-FLAG:=O. Set S-FLAG to zero to indicate that a SABME PDU has not 
been received from the remote LLC while the local connection service 
component is in the RESET, SETUP, or RESET-WAIT state. 

(40) S,FLAG:=l. Set S-FLAG to  one to indicate that a SABME PDU has been 
received from the remote LLC while the local connection service compo- 
nent is in the RESET, SETUP, or RESET-WAIT state. 

(41) START-P-TIMER, Start the P/F cycle timer from zero; if the P-FLAG 
is zero, initialize REFRY-COUNT to zero, and set P-FLAG to one. 

(42) STARTACK-TIMER. Start the acknowledgment timer from zero. 
(43) STARTDJ-TIMER. Start the “sent REJ” timer from zero. 
(44) START-ACK,TIMER,IF,NOT-RUNNING. If the acknowledgment 

timer is not currently running, then start the acknowledgment timer 
from zero. 

I (45) STOPACK-TIMER. Stop the acknowledgment timer. 
(46) STOP-P-TIMER. Stop the P/F cycle timer and set P-FLAG to zero. 
(47) STOP-REJ-mR. Stop the “sent REJ” timer. 
(48) STOPALL-TIMERS. Stop the P/F cycle timer, the “sent REJ” timer, the 

(49) STOP-OTHER-TIMERS. Stop the PIF cycle timer, the “sent REJ” 
remote-busy timer, and the acknowledgment timer. 

timer, and the remote-busy timer. 
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(50) UPDATE,N(R),P;ECEIVED. If the N(R) of the received PDU ack 
edges the receipt of one or more previously unacknowledged I PDU 
date the local record of N(R)_RECEIVED, set RETRY-COUNT to  
and stop the acknowledgment timer. If unacknowledged I PDUr 
exist. start the acknowledgment timer if it was stopped. 
NOTE: If some form of SEND-IJDU is initiated at the same time as UPDATE 
RECEIVED, then the acknowledgment timer is always started if it was stopped. 

(51) UPDATE,P,FLAG. If the received PDU was a response with the F 1 
to “l”, set the to zero and stop the P/F cycle timer. 

(62) DATA-FLAG= the DATLFLAG to  two to  record that the : 
state was entered with a REJ PDU outstanding. 

(53) DATA-F’LAGPO. Set the DATA-FLAG to  zero to  indicate that thc 
units from received I PDUs were not discarded during a local bu 
riod. 

(54) DAT&FLAG=l. Set the DATA-F one to  indicate that th 
units from received I PDUs were di during a local busy Pei 

(55) IF_DAT&FLAG=O,THN DATA-FLAG:=l. If the DATA-FLA 
been zero, indicating that no data units had been discarded, set it to  
indicate that data units have now been discarded. 

(56) P-FLAG.=O. Initialize the P-FLAG t o  zero. This indicates that I 
ception of a response PDU with the F bit set to  “1” is not expected. 

(57) P-FLAGmP. Set the P-FLAG to the value of the P bit in the con . .  
PDU being sent. 

(58) REMOTE-BUS 
remote LLC is 

(59) RETRY,COUNT=O. Initialize RETRY-COUNT to zero. 
(60) RETRY,COUNT:=RETRY-COUNT+I. Increment RETRY-C . .  

by one. 

quence number of the next I PDU received. 

is the expected sequence number of the next I PDU received. 

of the next I PDU to 

(61) V(R):=O. Initialize the receive state variable. This is the expeci 

(62) V(R):mV(R)+l. Increment (modulo 128) the receive state variabl 

3) V(S):=O, Initialize the send state. variable. This is the sequence n 

nd state variable t o  the value specified 
received. 

(65) F_FLAG=P. Set the F-FLAG to the value of the P bit received. Thi 
value of the F bit to be sent in UA or DM PDUs. 
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(a) DataLinkEstab~ahment,Disconneceion, andResetting Stabs 

(b) Informaton TrangPer (Connected) States 

Fig 7-1 
Connection Component Stab Diagram 
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Current 

CONN 

RESET- 
WAIT 

Event 

>ONNECT-REQUEST 

RECEIVE-SABME-CMD(P=X) 

ECEIVE-DISC-CMD(P=X) 

ECEIVE-XXX,CMD( P=1) 

,ECEIVE-UX-CMD(P=O) 
r 
IECEIVE-XXX,RSP(F=X) 

;ONNECT-RESPONSE 

)ISCONNECT-REQUEST 

3ECEIVE-SABME-CMD(P=X 

RECEIVE-DM-RSP(F=X) 

RECEIVE-XXX-Y fl 

RESET-REQUEST 
and S-FLAG=O 

RESET-REQUEST 
and S-FLAG-1 

LOCAL AREA NE 

able 7-1 
ment SitiOIM 

Action($) 

;END-SABME-CMD(P=X) 
'-FLAG:=P 
START-ACK-TIMER 
RETRY-COUNT:=O 
S-FLAG:=O 

DISCONNECT-INDICATION 

CONNECT-INDICATION 
P-FLAG:=P 

................................................ 

;END-UA-RSP(F=F-FLA 

r(R):=O 
\ETRY-COUNT:=O 
'-FLAG:=O 
EMOTE-BUSY :=O 

SEND-DM-RSP(F=F-FLAG) 

: - FLAG:=P 

DISCONNECT-INDICATION 

'(S):=O 

SEND-SABME-CMD(P=X) 
P-FLAG:=P 
START-ACK-TIMER 
RETRY-COUNT:=O 

SEND-UA-RSP( F=F-FLAG) 
V(S):=O 
V(R):=O 
RETRY-COUNT:=O 
P-FLAG:=O 
REMOTE-BUSY :=O 
RESET-CONFIRM 

........ . I  

ADM 

1 
"J 
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Next Current 

State Event Action(s) Slate 

RESET- DISCONNECT-REQUEST SEND-DISC-CMD(P=X) D-CONN 
WAIT and S-FiAG4 P-FLAG:=P 

START-ACK-TIMER 
RETRY-COUNT=O 

ADM DISCONNECT-REQUEST SEND-DM-RSP(F=F-FLAG) 
and S-FLAG=I 

- 
RESET- 
CHECK 

SETUP 

ADM RECEIVE-DM-RSP(F=X) DISCONNECT-INDICATION 

RECEIVE-SABME-CMD(P=X) S-FLAG:=l RESET-WAIT F-FLAG:=P 

RECEIVE-DISC-CMD(P=X) SEND-DM-RSP(F=P) 
DISCONNECT-INDICATION 

I 

RECEIVE-XXX-YYY I 
RESET-RESPONSE SEND-UA-RSP( F=F-FLAG) 

V(S):=O 
V(R):=O 
RETRY-COUNT:=O 
P-FLAG:=O 
REMOTE-BUSY :=O 

DISCONNECT-REQUEST SEND-DM-RSP(F=F-FLAG) 

RECEIVE-DM-RSP(F=X) DISCONNECT-INDICATION 

RECEIVE-SABME-CMD(P=X) F-FLAG:=P 

RECEIVE-D ISC-CMD( P=X) SEND-DM-RSP( F=P) 
DISCONNECT-INDICATION 

RECEIVE-XXX-YYY 

RECEIVE-SABME-CMD(P=X) V(S):=O 
V(R):=O 
RETRY-COUNT:=O 
SEND-UA-RSP(F=P) 
S-FLAG:=l 

- 

ADM 

RESET-WAIT 

NORMAL 

ADM 

ADM 

RESET- 
CHECK 

ADM 

RESET- 
CHECK 

SETUP 
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Current 
State 

SETUP 

RESET 

LOCAL AREA NETWOR sS: T 
I I Next 1 

Event Action(s) State 

ECEIVE-UA-RSP(F=X) STOP-ACK-TIMER NORMAL 
nd P-FLAG=F V(S):=O 

V(R):=O 
RETRY-COUNT:=O 
UPDATE-PFLAG 
CONNECT-CONFIRM 
REMOTE-BUSY :=O - 

LCK-TIMER-EXPIRED P-FLAG:=O NORMA 
uid S-FLAG=I CONNECT-CONFIRM 

REMOTE-BUSY :=O 

-1 I - 
I ' ADM 

RECEIVE-XXX-YYY 

ACK-TIMER-EXPIRED 
and RETRY-COUNTCN~ 
and S-FLAG=O 

- 

ACK-TIMER-EXPIRED 
and RETRY-COUNT>=NZ 
and S-FLAG=O 

RECEIVE-SABME-CMD(P=X) 

RECEIVE-UA-RSP(F=X) 
and P-FLAG=F 

ACK-TIMER-EXPIRED 
and S-FLAG=l 

END-DM-RSP(F=P) 
ISCONNECT-INDICATION 
TOP-ACK-TIMER 

IISCONNECTJNDICATION 
iTOP-ACK-TIMER 

;END-SABME-CMD(P=X) 
'-FLAG:=P 
iTART-ACK-TIMER 
IETRY-COUNT:=RETRY-COUNT+l 

IISCONNECTJNDICATION 

V(S):=O 
V(R):=O 
RETRY-COUNT:=O 
S-FLAG:=l 
SEND-UA-RSP(F=P) 
__ 
STOP-ACK-TIM ER 

V(R):=O 
RETRY-COUNT:=O 
UPDATE-PFLAG 
RESET-CONFIRM 
REMOTE-BUSY :=O 

P-FLAG:=O 
RESET-CONFIRM 
REMOTE-BUSY:=O 

V(S):=O 

SE TU^ 
I 

ADM- 
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Current 
State 

RESET 

D-CONN 

ERROR 
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I 

Is0 8802-2 : 1989 
IEEE Std 802.2-1989 LOCAL AREA NETWOR 

Current 
State 

ERROR 

NORMAL 
or 

BUSY 
or 

REJECT 
or 

AWAIT 
or 

AWAIT- 
BUSY 

or 
AWAIT- 
REJECT 

EWN 

RECEIVE-FRMR-RSP(F=X) 

RECEIVE-XXX-CMD(P--X) 

RECEUVE-XXX-RSP(F=X) 
_ _  ~ 

ACK-TIMER-EXPIRED 
and RETRY-CûUNTcN2 

ACK-TIMER-EXPIRED 
and RETRY-COUNT>=M 
__ 
DISCONNECT-REQUEST 

~- ~ 

RESET-REQUEST 

Action(6) 

RESET-IND ICATION(L0CAL) 
STOP-ACK-TIMER 
REPORT-STATUS( FRMR-RECEIVED) 
S-FLAG:=O 

RE-SEND-FRMR-RSP(F=P) 
ST ART-ACK-T IMER 

RE-SEND-FRMR-RSP(F=O) 
START-ACK-TIMER 
RETRY-COUNT:=RETRY-COUNT+l 

S-FLAG :=O 
RESET~INDiCATION(L0CAL) 

SEND-DISC-CMD( P=X) 
P-FLAG:=P 
START-ACK-TIMER 
STOP-OTHER-TIMERS 

~ RETRY-COUNT:=O 

SEND-SABME-CMD(P=X) 
P-FLAG:=P 
START-ACK-TIMER 
STOP-OTHER-TIMERS 
RETRY-COUNT:=O 
S-FLAG:=O 

RECEIVESABME-CMD(P=X) RESET~INDICATiON(REMOTE) I F FLAG:=P 
STOP-ALL-TIMERS 

RECEIVE-DISC-CMD(P=X) SEND-UA-RSP(F=P) 
DISCONNECT-INDICATION 
STOP-ALL-TIMERS 

RECEIVE-FRMR-RSP(F=X) STOP-ALL-TIMERS 
RESET-INDICATION(L0CAL) 
REPORT-STATUS( FRMR-RECEIVED) 
S-FLAG:=O 

DISCONNECT~INDICATION 
STOP-ALL-TIMERS I RECEIVE-DMJSP(F=X) 

Next 1 
State 

ERROR 1 
- 

ERROR 

IESET-w k i ~  

DCONN 

RESET t 
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LOGICAL LINK CONTROL 
IS0 8802-2 : 1989 

IEEE Std 802.2-1989 

O 
O 

Current 
State 

NORMAL 
or 

BUSY 
or 

REJECT 
or 

AWAIT 
or 

AWAIT- 
BUSY 

or 
AWAIT- 
REJECT 

_- NORMAL 

Emnt 

RECEIVE-ZU_CMD(P=X)- 
WITH-INVALID-N( R) 

RECEIVE-I-CMD(PaX)- 
WITH-INVALID-N(S) 

or 

RECEIVE-ZZZ-RSP(F=X)- 
WITH-INVALID-N( R) 

or 
RECEIVE-I-RSP(F=X)- 

WITH-INVALID-N(S) 

RECEIVE-UA-RSP(F=X) 

RECEIVE-XXX-RSP(F-1) 

or 

or 

and P-FLAG4 
or 
RECEIVE-BAD-PDU 

~ ~- 

P-TIMER-EXPIRED 
and RETRY-COUNT>=NP 
or 
ACK-TIMER-EXPIRED 
and RETRY-COUNT>=N:! 
or 
REJ-TIMER-EXPIRED 
and RETRY-COUNT>=N2 
or 
BUSY-TIMER-EXPIRED 
and RETRY-COUNT>=W 

DATA-REQUEST 
and REMOTE-BUSY4 
and P-FLAG=O 

DATA-REQUEST 
and REMOTE-BUSY4 
and P-FLAG-1 

- - -~ 

LOC AL-BUSY-DETECTED 
and P-FLAG=O 

Aclion(s) 

SEND-FRMR-RSP( F=P) 
REPORT-STATUS(FRMR-SENT) 
START-ACK-TIM ER 
STOP-OTHER-TIMERS 
RETRY-COUNT:=O 

SEND-FRMR-RSP(F-O) 
REPORT-STATUS(FRMR-SENT) 
START-ACK-TIMER 
STOP-OTHER-TIMERS 
RETRY-COUNT:=O 

STOP-ALL-TIMERS 
RESET-IND ICATiON( LOCAL) 
S-FLAG:=O 

SEND-1-CMD(P-I) 
ST ART-P-T IMER 
START-ACK-TIMER- 

IF-NOT-RUNNING 
................................................... 
SEND-I-XXX(X=O) 
START-ACK-TIMER- 

IF-NOT-RUNNING 

SEND-1-XXX(X=O) 
ST ART-ACK-T IMER- 

IF-NOT-RUNNING 

SEND-RNR-CMD(P=l) 
START-P-TIMER 
DATA-FLAG:=O 

SEND-RNR-XXX(X=O) 
DATA-FLAG:=O 

................................................ 
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Next 
State - 

ERROR 

ERROR 

IESET-WAIT 

NORMAL 

............ 
NORMAL 

- 

NORMAL 

BUSY 

............ 
BUSY 
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IS0 8802-2 : 1989 
BEE Std 802.2-1989 

RECEIVEJ-CMD(P-O) 

................................................... 
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IS0 8802-2 : 1989 
IEEE Std 802.2-1989 LOGICAL LINK CONTROL 

Current 
State Event 

Next 
State Action(s) 

NORMAL RECEIVE-l-CMD(P=l) NORMAL V( R) :=V( R)+1 
DATA-INDICATION 
SEND-ACKNOWLEDGE-RSP(F=l) 
UPDATE-N(R)-RECEIVED 

RECEIVE-RR-CMD(P=O) 

RECEIVE-RR-RSP(F=O) 

RECEIVE-RR-RSP( F=l ) 
and P-FLAGd 

or 

or 

UPD ATE-PFLAG 
UPDATE-N(R)-RECEIVED 
CLE AR-REMOTE-BUSY 

NORMAL 

RECEIVE-RR-CMD(P=I ) SEND-ACKNOWLEDGE-RSP(F=I) 
UPD ATE-N(R)-RECEIVED 
CLEAR-REMOTE-BUSY 

NORMAL 

UPDATE-P-FLAG 
UPDATE-N(R)-RECEIVED 
SET-REMOTE-BUSY 

NORMAL RECEIVE-RNR-CMD(P=O) 

RECEIVE-RNR-RSP(F-O) 

RECEIVE-RNR-RSP( F=l ) 
and P-FLAG-1 

or 

or 

SEND-RR-RSP(F=I ) 
UPDATE-N(R)-RECEIVED 
SET-REMOTE-BUSY 

NORMAL 

RECEIVE-REJ-CMD( P-O) 
and P-FLAG-O 
or 
RECEIVE-REJ-RSP(F=X) 
and P-FLAG=F 

V( S) :=N( R) 
UPD ATE-N(R)-RECEIVED 
UPDATE-P-FLAG 

CLE AR-REMOTE-BUSY 

V(S):=N(R) 
UPDATE-N(R)-RECEIVED 
START-P-TIMER 

CLE AR-REMOTE-BUSY 

RE-SEND-l-XXX(X=O) 

.a................ I . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RE-SEND-I-CMD(P=I) 

NORMAL 

............ 
NORMAL 

RECEIVE-REJ-CMD(P=O) 
and P-FLAG=l 

RECEIVE-REJ-RSP( F=O) 
a d  P-FUG-1 

or 

NORMAL V(S) :=N( R) 
UPDATE-N(R)RECEIVED 
RE-SEND-1-XXX(X-O) 
CLE AR-REMOTE-BUSY 

RECEIVE-REJ-CMD(P=I ) V( S):=N( R) 

RE-SEND-I-RSP(F=i) 
UPD ATE-N(R)-RECEIVED 

CLEAR-REMOTE-BUSY 

NORMAL 
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