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Preface

This book is intended for system programmers and others uwho
need detailed information about Systems Network Architecture
(SNA) in order to develop or adapt a product or program to
function within an SNA network. The book provides a
comprehensive reference to the formats and protocols of SNA
from a design viewpoint.

The following books should be read in conjunction with this
one:

L SNA Concepts and Products, GC30-3072 (when available)--
tutorial information.

U SNA Technical Overview, GC30-3073 (when available)--
tutorial information. '

. IBM SDLC General Information, GA27-3093--supplementary
details of Synchronous Data Link Control.

. SNA Reference Summary, GA27-3136--summary information
on SNA formats and sequences.

. SNA--Sessions Between Logical Units,! G6C20-1868 (when
available)--supplementary details of services provided
for communication between end users (terminal operators
and application programs) of an SNA netuwork.

This book does not describe any specific equipment or
programs that may implement SNA, nor does it describe any
implementation subsets or deviations from the architectural
description that may appear within any IBM SNA product.
These matters, as well as information on SNA product
installation and system definition, are described in the
appropriate publications for the particular IBM SNA
equipment or programs to be used.

SNA is an open—-ended architecture and may be altered from
time to time by IBM. Extensions and modifications to SNA
Will be described in future editions of this book.

This edition differs considerably from the previous edition
and should be reviewed in its entirety for changes.

1 Referred to by the title, SNA LU-LU Session JIypes,
elsewhere in this book; it was renamed after this book had
gone to press.
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ROUTE TEST (ROUTE_TEST) . e . e e s + e e & e 4 e 4 o « 12-52
EXPLICIT ROUTE TEST (NC_ER_ TEST) e« o o s+ e e e o e o e & 12-53
EXPLICIT ROUTE TEST REPLY (NC_ER_TEST_REPLY) . . ¢ ¢« « « + 12-53
EXPLICIT ROUTE TESTED (ER_TESTED) e e e e s+ s e e e w-s « 12-54
ACT_SEND: PROCEDURES + ¢ ¢ ¢ & ¢ o« o o o o o 4 o o o o o 12-55
TEST_SEND: PROCEDURE; e 4 4 e o o 4 e o 4 4 e o+ e & e o 12-56
UPM_TEST_CODE_FORCES_SEND: PROCEDURE RETURNSY(BIT(1l)) . 12-57
ACT_TEST_SEND: PROCEDURE; e o s 4 e s 4 s e s e s s e e 12-59
ACT_TEST_RCV: PROCEDURE; . . . . e e s e s e e & % w.12-60
REDUCE_REVERSE_ERN: PROCEDURE RETURNS(BIT(I)); e o e s« 12-62
ACT_TEST_REPLY_SEND: PROCEDURE; e e e e e e e e w o ele e 12-62
TESTED_TO_ALL_SSCPS: PROCEDURE; e e s 4 e e e e e e e o 12-63
TESTED_SEND: PROCEDURE; e e e e e e e e e e W e e e e . 12-63
ACT_TEST_REPLY_RCV: PROCEDURE; .+ ¢ ¢ ¢ ¢ ¢ o « o o o o« o 12-64
SET_ER: PROCEDURE(DEST_SALER_NUM);: . . + ¢ ¢ ¢ ¢ ¢« o o« o 12-65
UPM_SET_ER_STATUS: PROCEDURE(STATUS); e+ s e o + e o o« 12-66
FIND_ER_STATUS:
PROCEDURE(DEST_SA,VR_NUM,ER_NUM,STATUS,ADJ_SAY; . . . . 12-66
ER Manager Utility Programs e e e s e e e e e e e e e e e 12-67
CREATE_SUBAREA_ROUTING: PROCEDURE(DEST_SA); e o e« o o o 12-67
BUILD_NC_ER_ACT_OR_TEST: PROCEDURE(TYPE) RETURNS(PTR); . 12-68
UPM_MAX_ER_LENGTH: PROCEDURE:; e e e e e e e e e e e . 12-69
UPM_ACT_SEQ_ID: PROCEDURE RETURNS(CHARC(10)); . . . . . . 12-69
BUILD_NC_ER_ACT_OR_TEST_REPLY: PROCEDURE(TYPE); e + e.e12-70
ABLE_TO_RCV_ACTVR: PROCEDURE RETURNS(BIT(1})1}; e v.e e . 12-71
SIGNAL_VR_MGR: PROCEDURE(SIGNAL); c e e e e e o o . 12-T72
ARE_ANY_PATHS_PENDING: PROCEDURE RETURNS(BIT(I)), e o . 12-72
FSM_ERN: FSM_DEFINITION CONTEXTC(ERCB); . + ¢ « o o « o« o« 12-73
FSM_PATH: FSM_DEFINITION CONTEXT(PATHCB); e« . e s « e o 12-75
Virtual Route Manager e e s e e e e e e e e e e e ee e e e 12-77
VR_MGR: PROCEDURE: . ¢ ¢ ¢ ¢ v ¢« ¢ o ¢ o o o o o o o o o Y2-79
Virtual Route Activation . . ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o« o o o o+ o« 12-81
VR Activation and Class of Service . . .« ¢« ¢ ¢ « « o« o« « o« 12-82
Locating a Suitable VRCB . . . ¢ ¢ ¢ o ¢ ¢« o o o o o & o« « . 12-82
Requesting ER Activation . . .+ & « ¢ ¢« ¢ ¢« ¢ o o o o o « o« 12-84
Minimal ER-VR Protocol Support . . . + « ¢ v ¢ ¢« o o o o« 12-84
ACTIVATE VIRTUAL ROUTE (NC_ACTVR) e e e e s e s e s e »12-86
Activation Completion e+ s+ 6 e e & 4 e e e e e & s . e e o 12-87
VR_ID_LIST_PROCESSOR: PROCEDURE(VR_ID_LIST_INDEX); . v . 12-88
PROPER_TYPE_OF_VR: PROCEDURE(PTR_TO_VR_ID_LIST) o
RETURNS(BIT(1)); O 2
ER_ACTIVATION_TERMINATOR: PROCEDURE; .+ « « ¢« + o ¢ o ois 12=-92
CHECK_ER_SUITABILITY: PROCEDURE: . .+ ¢ ¢ ¢ o ¢ e o ¢« o« o+ 12-94
SET_VR_WINDOW_SIZE: PROCEDURE; .« ¢ + ¢ ¢« v 4 o o« o » o ¢232=95
ACTVR_RCV: PROCEDURE; o« e e . e s e 4 4 e e &eoe22=96
VR_RCVY_CHECKS: PROCEDURE RETURNS(BIT(I)), . e+ o« v.. 12-98
CHANGE_ACTVR_TO_NEG_RSP: PROCEDURE(SENSE_ CODE)‘ ' . 12-99
ACTVR_RQ_RCV: PROCEDURE; &« ¢ « ¢ o o o o o o o «.o o+ 9. .°12-100
VR_ACTIVATED: PROCEDURE; e e e s e e e e ole e ml2-101
CANCEL_VR_RESERVATION: PROCEDURE, e e e e e e ee e.12=102
UPM_VR_ID_LIST_REORDER: PROCEDURE;: . « ¢ « + + s & o e 12-102
UPM_ALLOKW_SNF_OVERRIDE: PROCEDURE:; e e e e o e e « 12-103
UPM_VR_WINDCW_SIZE_OVERRIDE: PROCEDURE, e e e e e & . 12-103
UPM_SEND_VRPRS: PROCEDURE; « ¢ '« ¢ « o o o o4 « o & o« 12-103
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Virtual Route Deactivation . . . . . .
DEACTIVATE VIRTUAL ROUTE (NC_DACTVR)
SEND_DACTVR_ORDERLY: PROCEDURE; .
SEND_DACTVR_FORCED: PROCEDURE; . .
DACTVR_RCV: PROCEDURE; . . . .+ .« .
UPM_SEND_DACTVR_FORCED:
VIRTUAL ROUTE INOPERATIVE (VR_INQOP)
VR_INQP_SEND: PRCCEDURE; . . . . .
Virtual Route Testing e e e e e e e e
ROUTE TEST (ROUTE_TEST) e e e e e
ROUTE_TEST_RCV: PROCEDURE; . . . .
SET_VR: PROCEDURE(DEST_SA,VR_NUM);
UPM_SET_VR_STATUS: PROCEDURE; .
FIND_VR_STATUS:
VR Manager Utility Prograns e e e e
BUILD_ACTVR: PROCEDURE; e e e e .
BUILD_DACTVR: PROCEDURE(TYPE); . .
RELEASE_VRCB: PRCCEDURE; . . . .
ANGE_VRM_NMU_TO_POS_RSP:

PROCEDURE(DEST_SA,VR_

. .

. .

. .

. °

. .

PROCEDURE(TRUNCATION)

PROCEDURE RETURNS(BIT(1));

.

-
’ .

CHANGE_VRHM_NU_TO_ NEG RSP: PRCCEDURE(SENSE_CODE); .

SWAP_ORIGIN_DEST:
FSM_VR: FSHM

ROCEDURE; . .
_DEFIN ITION CONT

Chapter 12 Utility Programs e e e e e s
BUILD_NC_TH_RH: PROCEDURE(MSG_PTR);
BUILD_NS_RQN_RH: PROCEDURE(NS_MU_PT

XT(VRCB),
FSM_DACTVR_DIRECTION: FSM_DEFINITION

. .

.

R);

. .

. .

.

.

.

. .

. .

CONTEXT(VRCB)

. .

VRN_TO_ERN_MAP: PROCEDURE(DEST_SA,VR_NUM,ER NUV)

RETURNS(BITC1)); . . .o
ERN_TO_VRN_MAP:
RETURNS{BITCLI)): v « v v « o o .
FSM_INPUT_DEFINITION:; + « « « v « « « .

CHAPTER 13. PU.SVC_MGR.CS5C_MGR . . . .
Common Session Contrel Manager . . . . .
Session Qutage Notification Processing
Virtual Route Inoperative e e e e e
Virtual Route Deactivated e e e e e
Route Extension Inoperative . e e e
Hierarchical Reset or SSCP Gone . e
S5CP Gone e o e e & e ¢ a & e 4 e -a

Hierarchical Reset . . . . . . . .

Seszion Activation Parameters Protocel Ma
Session Activation and Deactivation Pro
ACTIVATE CROSS-DONMAIN RESOCURCE MANAGE

DEACTIVATE CROSS-DOMAIN RESOURCE MANAC
ACTIVATE PHYSICAL UNIT (ACTPUY . . .
BEACTIVATE PHYSICAL UNIT (P*M*Pu) .
ACTIVATE LOGICAL UMNIT (ACTLU e e .
DEACTIVATE LOGICAL UNIT iahCTLUE . .
EIND SESSION (BIND) e e e e e e
UNBIND SESSION (UNBIND) . . .« « .+
FAPL Descriptions . . . « ¢ « o « « «

- .

-« .

- o

.

°

PROCEDUQE(DEST SA, VRN_MASK,ER_NUM)

o -
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Finite State Transition Matrixes

Xx¥ii

CSC_MGR.SEND: PROCEDURE;

CSC_MGR.T1_OR_T2_SEND: PROCEDURE, S
CSC_MGR.T4_OR_T5_SEND: PROCEDURE: . . .« « « « « o o « +

CSC_MGR.BF_SEND: PROCEDURE;

CSC_MGR.RCV: PROCEDURE;

.

. . . . . . ° . . . . . . .

CSC_MGR.TI1_OR_T2_RCV: PROCEDURE; . . . ¢« ¢ « « « ¢« o « o« &
CSC_MGR.T4_OR_T5_RCV: PROCEDURE; . . . . « + « « ¢ « « .+ .

CSC_MGR.BF_RCV: PROCEDURE;

CSC_MGR.SON: PROCEDURE;

. . . . . . . ° . . . . . .

RQ_CHECKS: PROCEDURE RETURNS(BIT(Z)), e e e e e e e e e e
RSP_CHECKS: PROCEDURE RETURNS(BIT(2)); . . « « « « « o o« &
TYPE_SESSION: PROCEDURE RETURNS(BIT(1)); . e e e e e e e
FUNCTION_SUPPORTED: PROCEDURE RETUPNS(BIT(I)), o e v e e .
RQ_PARAMETERS: PROCEDURE RETURNS(BIT(1)); . . . . . .« . .
RSP_PARAMETERS: PROCEDURE RETURNS(BIT(1))>; . . . . . . . .

BIND_CRYPTOGRAPHY_CK: PROCEDURE RETURNS(BIT(1)); . . . . .

PU_ACTIVE_AND_VR_CHECK: PROCEDURE RETURNS(BIT(32))

SON_VR: PROCEDURE; .
SON_RESET: PROCEDURE; .

PU_T1_OR_T2_RESET: PROCEDURE,
PU_T4_OR_T5_RESET: PROCEDURE;

SON_REX_INOP: PROCEDURE;
CREATE_DEACT_RQ:

.

.

we
.
.
°

. . . . . . . . . . ° . . .

. . . . . . . . . . 0 . .

. . . . . . . ° . .

PROCEDURE(ADDR_SHITCH,REQUEST_CODE,SON_CODE, DIRECTION), .

SESSACT.REQUEST: PROCEDURE;

SESSACT.RESPONSE: PROCEDURE;

FM_PROFILE_PROC: PROCEDURE;
. TS_PROFILE_PROC: PROCEDURE;

FH_PROFILE_O: PROCEDURE;
FM_PROFILE_2: PROCEDURE;
FM_PROFILE_3: PROCEDURE;
FM_PROFILE_4: PROCEDURE;
FM_PROFILE_5: PROCEDURE:;
FM_PROFILE_6: PROCEDURE;
FM_PROFILE_7: PROCEDURE;
FM_PROFILE_17: PROCEDURE;
FM_PROFILE_18: PROCEDURE;
CHAIN_RSP_SET: PROCEDURE;
TS_PROFILE_1: PROCEDURE;
TS_PROFILE_2: PROCEDURE;
TS_PROFILE_3: PROCEDURE;
TS_PROFILE_4: PROCEDURE;
TS_PROFILE__5: PROCEDURE
TS_PROFILE_7: PROCEDURE;

TS_PROFILE_17: PROCEDURE;

.

BF_TS_PARAMETERS: PROCEDURE;

SCB_CREATE: PROCEDURE; .
SCB_DISCARD: PROCEDURE:S

.

°

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

. . . . . . . . . . . ) . .

. ° . . . . . . . ° . . .

. @ . 3 . . e ° ® L3 ° ® ® .

. ° . . ? ° ° ° ° . ° L] °

° e © ° * 12 ° - . 2 . ° °

UPH_GET_SEQ_ID: PROCEDURE RETURNS(BIT(64)), e e e e

UPM_PS_PROFILE: PROCEDURE, .
PROCEDURE RETURNS(PTR)p e e e e

CREATE_DEACTIVATION_RS

.

° » . . - ° . »

SON_TYPE: PROCEDURE RETURNS(BIT(B)), ¢ e e o e e e e a e s

FSM_SESS_SSCP_SSCP_PRI_OR_SEC:

° . . . . ®

FSM_DEFINITION CONTEXT(SCB);
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13-53
13-54
13-56
13-58
13-5
13-60
13-62
13-63
13-64
13-66
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13-70
13-72
13-73
13-74
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FSM_SESS_CP_PU_PRI: FSM_DEFINITION CONTEXT(SCB);
FSM_SESS_CP_PU_SEC: FSM_DEFINITION CONTEXT(SCB);
FSM_SESS_CP_LU_PRI: FSM_DEFINITION CONTEXT(SCB);
FSM_SESS_CP_LU_SEC: FSM_DEFINITION CONTEXT(SCB);
FSM_SESS_LU_LU_PRI: FSM_DEFINITION CONTEXT(SCB);
FSM_SESS_LU_LU_SEC: FSM_DEFINITION CONTEXT(SCB);
FSHM_SESS_BF_CP_PU_T1: FSM_DEFINITION CONTEXT(SCB)
FSM_SESS_BF_CP_PU_T2: FSM_DEFINITION CONTEXT(SCB)
FSM_SESS_BF_CP_LU: FSM_DEFINITION CONTEXT(SCB);
FSM_SESS_BF_LU_LU: FSM_DEFINITION CONTEXT(SCB);
FSM_INPUT_DEFINITION: . . ¢ ¢ ¢ o ¢ « ¢ o o «
DECLARE_LOCAL_VARIABLES: PROCEDURE; . . . . . .

APPENDIX A. NODE DATA STRUCTURES AND CONSTANTS . .

Node Control Block .« . .+ « « ¢« + o« o o« o o« o o &
Path Control Control Block . . . . . .« « .+ « « .
Node Resource Control Block List and CPCB List .
Session Control Block e e e e e e e e e e e e
Transmission Control Control Block . . . . « . .
Domain Resource Control Block List . . . . . . .
Link Station Control Block List e e e e e e e
Transmission Group Control Block List . . . . .
Virtual Route Control Block List . . . . . « . .
Virtual Route Reservation List . . . . . . . . .
Explicit Route Control Block List . . . . . . .
Subarea Routing List . . . . ¢ ¢« ¢« « « o + + o .
ERN Map List . ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o o o o o o o
Virtual Route Identifier List . . . . . . « . .
FAPL Constants . +« ¢« ¢« ¢« ¢« ¢« o o o o o o o o o
Data Structures e e s s e e s e e e e e e e e e e
NCB ¢ ¢ v ot 4 e 6 e e e e e e e e e e e e e e e
PCCB v v & v 4 v e o o o o o o o o s o o o o o
NODE_RESOURCE & v ¢« ¢ ¢ o o o o o s o o o o o @
CP_INDIRECT & ¢« « ¢ o o o o o o s o s o o s o =
CPCB v v v 4 4 e o v e s e e e e e e e e e e e
SCB & v it e e e e e e e e e e e e e e e e e
TCCB & v v v v 6 4 s & o o o o o o o o o o o o
DRCB & v v ¢ v 6 6 o e s e e e e e e e e e e e
LSCB v v v v v e e e e e e e e e e e e e e e e
TGCB . . . . . .
ASSOC_LSCB_ENTITY . .+ o ¢ ¢ o ¢ ¢ o« o« o« o o o =«
PIU_VECTOR LIST v ¢ o ¢« o o o o o o o o o o o =
VRCB v v v v v v 6 e e e e e e ae e e e e e e
VR_RESERVATION . ¢ ¢ ¢ v ¢ o o o s o s o « s o =
ERCB ¢ v o v o v v v o o o s o & o o o o o o o
PATHCB v v v ¢ o o o o o o o '« o o o o o o o o =
SUBAREA_ROUTING . o + ¢« ¢« ¢ o o o o o o o o « &
ERN_MAP v ¢ ¢ v v v v v v v e e e e e e e e e
VR_ID_LIST &« v v o ¢ o o o o o o o o o o o o o o
CONSTANTS ¢ ¢ v ¢ ¢ ¢ 4 & o o o o o o o o o o &
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APPENDIX B.

APPENDIX C.

NODE UTILITY PROCEDURES .+ « + ¢ ¢ « ¢ oo v o o

ADD_CP_ENTRY: PROCEDURE(RESOURCE_ADDR,CP_SESS_ID); . . .
CHANGE_MU_TO_EXR: PROCEDUREC(SENSE_DATA); . . . . . « . .
CHANGE_MU_TO_NEG_RSP: PROCEDURE(SENSE_DATA); . . . . . .
CHANGE_MU_TO_POS_RSP: PROCEDURECTRUNCATION); . . ¢ « « .
DELETE_ALL_CP_ENTRIES: PROCEDURE(RESOURCE_ADDR); . . . .
DELETE_ALS_FROM_TGCB: PROCEDURECALS_EA); . . . .« e
DELETE_CP_ENTRY: PROCEDURE(RESOURCE_ADDR,CP_ SESS ID): .
DEQUEUE_RUS_FROMN_RESOURCE: PROCEDURE(RES_EA); . . . .
DETERNINE_LCP_RESET_ OPTION
PROCEDUQE(RES EAY; . o o
PROCEDURE(RES_KA) PETURNS(POINTER),

ENQUEUE_RU_ FOR RESOURCE
FIND_ALS_ECR_DUH““ES
FIND_ALS_FOR_RESOURCE:
FIND_CP_ENTRY: PROCEDURE(RESOURCE_ADDR,CP_SESS_ID)
RETURNS(BIT(1)); .« . B T
FIND_DOMAIN_RESOURCE:
FIND_ERCB: PROCEDURE(SUBAREA_ADDRESS,ER_NUMB)
RETURNS(POINTERI): . . . . . . L. e
FIND_LINX_FOR_DOM_RES:
FIND_LINK_FOR_RESOURCE:
FIND_PU_FOR_DOM_RES: PROCEDURE(RES_NA) RETURNS(CPOINTER);
FIND_SUBORDINATE_DOM_RES: PROCEDURE(RES_ADDR)
RETURNS(POINTER); . . . e e e e e
FIND_TGCB: PROCEDUR E(DEST SA ERN) RETURNS(PTR), .« e
FIND_TGCB_FOR_ALS_EA:
LOCATE_NWODE_RESOURCE: PROCEDURE(RESOURCE_ADDR)
RETURNS(POINTER); . . e e e e e e e e e e e e e e s
LOCATE_SUBORDINATE_ PESOURCE PROCEDURE(RESOURCE_ADDR)
RETURMNS{(POINTER); . . S
AP_FROM_CANONICAL: PROCEDURE(PIU_LENGTH); e e el e e e
hAP TO_CANCHNICAL:
PROCEDUREINON_CAN_
TGDULG. PROCEDURE(VALUE,?
NAU_SESSICN_COUNT: PROCEDURE{(NAU_EA) RETURNS(FIXED
BINA\Y(lD)), . . e el e e
PTR_ADD: O”EDUQE(OLDADDP IVCQ) RETUPNS(PTR), o e e e e
PURGE r‘US FRONMN_RESOURCE: PROCEDURE(RES_EA); e e e e e
RESQOURCE_TOTAL_SHARE_CNT:
BINARY (1533 e v e e . e e e e e e e e e e e e
RGD: PkOCcDURE RETURNS(BIT(I)); e e e ee e e e e e e
RQE: PROCEDURE RETURNS(BIT(111); e e e e e ee e e e e
RQN: PROCEDURE RETURNS(BIT(13}); o . o« .
UPM_CREATE_RQ: PROCEDURE(RQ_NAME) RETURNS(POINTER), .«
UPM_CREATE_RSP: PROCEDURE(RSP_NAME) RETURNS(POINTER); .
UPM_LCG: PROCEDURE(NMESSAGE); . .+ « « « ¢ « ¢ ¢« o ¢ + o« .

PTR,CANONICAL_PTR,PIULNTH); . ; .« %

THE EXECUTION MODEL  + + « « v o v o v o v v . .

Node Meta—-Implamentation . ¢ « ¢ o « o o o o o o o o o o
Parts of & Process ¢ ¢ o o« o o o o o o o o o o o o o o o =«
The Scheduler e e e s 4 s e s s e s e e s s s e ae e e

XXiv

PROCEDURE(RES_EA) RETURNS(PTR); .

PRGCCDURE(RES_EA) RETURNS(POINTER);

.

PROCEDU?E(RES ADDR) RETURNS(POINTER),

.

PROCEDGRE(RES_NA) RETURNS(POINTER);
PROCEDUREC(RES_EA) RETURNS(POINTER);

:0DULUS) RETURNS(FIXED BINARY(15))

PROCEDURE(RES_EA) RETURNS(FIXED

PROCEDURE(RES_EA) RETURNS(BIT(I
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The Dispatcher
HIGHER_LEVEL DISPATCHER
HIGHER_LEVEL_SCHEDULER:

APPENDIX D.

TH Formats .
RH Formats .

APPENDIX E.

. . .

PROCEDURE;

PROCEDURE;

TH AND RH FORMATS . .

Summary of Request RU's by Category
Index of RU's by NS Headers and Request Codes
Request RU Formats .
Summary of Response RU's
Positive Response RU's with Extended
Control Vectors and Control Lists
DLC XID Information-Field Formats .

APPENDIX F.

Function Management (FM)

“FM
FM
. FM
FM
FM
FM
FM
FM
FM
FM

Profile
Profile
Profile
Profile
Profile
Profile
Profile
Profile
Profile
Profile

Transmission

TS
TS

TS-

TS
TS
TS

TS

‘TS

Profile
Profile
Profile
Profile
Profile
Profile
Profile
Profile

Cross—-Domain

~NoaoaumTpHhUwUNO
. « o

17
18
VS,

. . .
. . .

. . °

Type of

. . .

PROFILES AND PU TYPES . .

Profiles

. . . .

. . . ° . .

. . . . .

Session

Services (TS) Profiles

17
Vs,

. . .

Type of

.
. . . .
. . . . . °

. . . °

Session

Resource Manager (CDRM)

CDRM Profile O

PU Type
PU Type
PU Type
PU Type

APPENDIX G.

1

2
4
5

(PU_T1)
(PU_T2)
(PU_T4&)
(PU_T5)

SENSE DATA

Physical Unit (PU) Types

.

.

.

.

. . .

REQUEST-RESPONSE UNIT (RU) FORMATS

. . . .
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.

Formats
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Path Error (Category Code = X'80')

RH Usage Error (Category Code = X'40')

State Error (Category Code = X'20')

Request Error (Category Code = X'10"')

Request Reject (Category Code = X'08"')

APPENDIX N. NOTATION AND DEFINITIONS

Finite-State Machines e e e e e e
Discrete Time . . e e s e 4
Pulsed and Static Varlables N

Basic Finite-State Machine Definition
Extensions of the Basic Definitions

Null Output e v e e . .« .

Multiple-Strean Outputs and Routing

State Attributes . , . . . .

.

.

.

.

.

Multiple-Stream Inputs and Routing

State of an FSHM e e s e e e
The Reset Convention . . . . .
Format and Protocol Language (FAPL)
PL/I Subset Used in FAPL . . .
Syntax Notation e e e e e e e e
Extensions to PL/ZI . . . « . . .
Extended Comparisons . . . . .
Representation of Bit Strings

Reserved Bits in Data Structures

CONSTANT Attribute . . . . .+ .
GENERIC Attribute . . . . . .
REFER Option . ¢« « + « o « o«
Arrays with Unspecified Length

.

.

.

3

.

Character Strings with Unspecified

Substring Notation . . . . . .
SELECT Statement . . . . . . .
Restrictions to PL/I Data Types
Binary Numbers . . . . « « + .
Attributes . . . . . . ¢ o o .
Arrays ¢ o o« ¢ ¢ s e e e e e s
FAPL Names . « ¢ ¢« ¢« ¢ « o o o =«
Name Lengths . . . . ¢« ¢« + « &
Qualified Names e e e e e e s
Reserved Keyuwords . . . . . . .
List Processing e e e e e e e
FAPL Facilities . . . « +« .+ .
QUEUES ¢ « « + o o o o o o o o
Statements . . . . . o

.

.

.

.

CONTROL_BLOCK DEFINITION Statement

CREATE Statement . . . . .« .« &
DESTROY Statement e e s e e
DISCARD Statement e e s e e s
ENTITY Statement . . « « .« + &
FIND Statement . . . « ¢« « « &
INSERT Statement . . . .« .+ .+ .
LOCK/UNLOCK Statement . . . .

XXvi

. . . .

ZZZZ2Z2Z2ZZZZZZZZZZZZZZZZZZZZZZ
I
[
(&4}

{ |
NN PSP DUWUHNN

U T I I |

I
= 0O 0 V0

IZZZZZZZZ?ZZZZZZZZZ

R el |



Functions

Finite-State Machine (FSM) Representatlon

APPENDIX T.

INDEX

NEWLIST Statement
PURGE Statement
REMOVE Statement
SCAN Group . . .
SEND Statement .

. . .

.

DISPATCHED_BY Functwon
EMPTY Function

FIRST_ENTRY Functlon

INPUT Function .
LAST_ENTRY Function

NEXT_ENTRY Function
PREV_ENTRY Function

.

SEND_OR_RECEIVE_CHECK Functlon

FSM Names « o .
State- Transxtlon Matrlces .« e e
FSM Initialization
FSM Input Signals
Calling FSHMs

Testing FSM States

Testing FSM State Attr!butes . .
Detecting Potential FSM Check Condltlons
State-Transition Graphs . e .

TERMINOLOGY:

.

.

. . . . .

.

in

ACRONYMS AND ABBREVIATIONS

N-27
N=-27
N-28
N-29
N-31
N-34
N-34
N-34
N-35
N-36
N-37
N-37
N-38
N-39
N-461
N-41
N-41
N—-45
N-45
N-66
N-47
N-48
N-49
N-50

XxXvii



y .
B X
o -4 c
o n n
(4 c -~
a o L
g
w o+
- c Yy
£ 1] o
- 4 -
c
Ll o

xxviii




Figure List

CHAPTER 1. INTRODUCTION
Figure 1-1. Overview of NTWK.SNA e e e e e e e e e e . . 14
Figure 1-2. Node and Link Connection Structure of NTWK. SNA . 1-9
Figure 1-3. Examples of Nested Nodes e e e e e e e e e e e 1-10
Figure 1-4. Node Interconnections within a Single-SSCP Netuwork
e e e e e e e e e e e e e e e e e e e e e e e 1-12

Figure 1-5. Node Interconnections within a Multiple—-SSCP

Network e v e e . e e e e e e e e e e e e 1-13
Figure 1-6. Summary of SNA Constructs O 1-15
Figure 1-7. Structure of a Link . ¢ . ¢ ¢ « ¢« o ¢ « o o o 1-18
Figure 1-8. Subarea Structure of NTWHK.SNA . . . . . e e 1-22
Figure 1-9. Basic Message Format (without segmentlng) e e e e 1-25
Figure 1-10. Basic Node Structure, Emphasizing PC and DLC . 1-27
Figure 1-11. Basic Session Structure . . ¢ « ¢ + + 4+ ¢« o . . 1-32
Figure 1-12. LU-LU Parallel Sessions Example . . . . . . .« . . 1-35
Figure 1-13. Half-Session Structure - ¢ . ¢« ¢« ¢ ¢« o« ¢« « o« o o & 1-38
Figure 1-14, NAU Services within a NAU . . . . . « +« « « « 1-40
Figure 1-15 Structure of SSCP.SVC . . ¢ ¢ « v ¢ o o o o o 1-4¢6
Figure 1-16. Structure of LU.SVC . . . ¢« « ¢ ¢ ¢ ¢ o o v o & o+ 1-65
Figure 1-17. Structure of PU.SVC . ¢ ¢ + ¢« ¢« o ¢« « s ‘e o o s =« 1-4¢6
Figure 1-18. Network Layers e e e e e e e e e e e e e e e 1-54
Figure 1-19. Boundary Function Structure . . e e e e e 1-57
Figure 1-20. DLC/PC/TC/BF Relationships and FID Uses e e e e 1-58
Figure 1-21. Structural Overview of a Node . . . « . . + . . 1-61
Figure 1-22. Pairing of Elements . . .« « + &+ « ¢ o« o o « o o« =« 1-63
Figure 1-23. Basic Element Structure . . « . ¢ ¢« & ¢« ¢ ¢« « o+ . 1-65
CHAPTER 2. MESSAGE UNITS AND HEADER FORMATS
Figure 2-1. BIU/PIU/BTU/BLU Relationships . . « .« ¢« ¢« « « + 2—-2
Figure 2-2. PIU/Segmenting Relationships . . . . . . . . . . 2-4%
Figure 2-3. Request/Response Combinations For Sessions Using

Sync Points e e e e e e e e e e e e e e e e e 2-29
CHAPTER 3. PATH CONTROL
Figure 3-1. Structural Overview of a Node . . . « +« « « « .+ . 3-3
Figure 3-2. Structure of Path Control Network (NTWK.PC) . . . 34
Figure 3-3. Structure of Subarea Routing Path Control (PC_SA)

for Subarea Nodes e s e e e e e e e e e e e e s 3-7
Figure 3-4, Structure of Transmission Group Control (PC.TGC) 3-22
Figure 3-5. Structure of Virtual Route Control (PC.VRC) . . . 3-57
Figure 3-6. Structure of Boundary Function Path Control

(BF.PC) for Subarea Nodes e v e e e e e e e e e 3-76

XXX



Figure 3-7. Structure of Path Control for PU_TI1
Figure 3-8. Structure of Path Control for PU_T2

CHAPTER 4. TRANSMISSION CONTROL

Figure 6-1. Structural Overview of a Node . . .
Figure 46-2. Structure of a TC element . . . . .
Figure 4-3. Structure of TC.CPMGR . . « « + + .
Figure 6-4, 1 -
Figure 6-5. Boundary Function Structure . . . .
Figure 646-6. Structure of BF.TC . . . « « + + &

CHAPTER 5. DATA FLOW CONTROL

Figure 5-1. Structural Overview of a Node . . .
Figure 5-2. Structure of DFC e e v e s e e e
Figure 5-3. DFC Request Formats . . . . « . . .
Figure 5-4. DFC Response Formats e e e e e e e

CHAPTER 6. OVERVIEW OF NETWORK SERVICES

Figure 6-1. Overview of a PU_T!l Peripheral Node, Emphasizing

NAU Services .« « ¢ ¢ o o« o o o o o o o o o o o o o« 6-3
Figure 6-2. Overview of a PU_T2 Peripheral Node, Emphasizing

NAU Services « ¢« v o o« s+ o o o o s o o o o o o . » 6=6
Figure 6-3. Overview of a PU_T4 Subarea Node, Emphasizing NAU

SErviCeS « + o o+ o o o o o o s o o o o o o o & + + 6-5
Figure 6-4, Overview of a PU_T5 Subarea Node, Emphasizing NAU

ServiCes v v v « 4 + + o s e e s 4 e s+ e+ e e s+ s = 6-6
Figure 6-5, Relationship of SSCP, PU, and LU Services Managers

to Netuwork Services Request and Response Flows . . 6-7
Figure 6-6. Structure of SSCP.SVC . . + ¢ ¢ ¢ ¢ o o o o « o« « 6~11
Figure 6-7. Structure of LU.SVC . . ¢ + ¢ o ¢ ¢« o o o o s+« « 6-12
Figure 6-8. Structure of PU.SVC . . ¢ ¢ ¢ v ¢ ¢ o o o o &+ « o« 6-13

CHAPTER 7. SSCP.SVC_MGR--CONFIGURATION. SERVICES

Figure 7-1. SSCP.SVC_MGR Structure . . . . . .

Node (PC_T1) 3-79
Node (PC_T2) 3-83

e e e s e e . o G-2
e s e s e e o « B-3
e s e+ s+ o e« « o+ G-6
e e s o o + o+ 6G-14
e v e« o e« « <« 6G-20
e e e e . . 6-21
e e e e e . « 5-3
e e e e . v o+ 5—6
e s e e s e 5-24
e e« « o + o« o 525

. . . . . o . . 7"'2

Figure 7-2. Relationships Between Domain Resource FSMs in SSCPs

and Node Resource FSMs in PUs .

. . . L . . ° 7-4

Figure 7-3. SS5CP.SVC_MGR.CS Structure . . .« ¢« ¢ o o o o o o o« o 76
Figure 7-6, Structure of the Domain Resource Data Base . . . 7-10
Figure 7-5. Summary of Activity Involving the

SAVE_MU_FOR_RETRY_LIST . 4 v v o o o o o s o o o+ 7-11
Figure 7-6. The Reset Hierarchy of Domain Resource FSMs in an

SESCP i v vt e e e e e e e e e e e e e e e e e e TF13
Figure 7-7. Switched Link Selection and the Domain Resource’

List & & v 0 v e e e e e e e e e e e e e e e e T-19
Figure 7-8. Establishment of a Switched Link Connection . . . 7-20
Figure 7-9. Commentary on Figure 8 . . v ¢ o o o« o o o o o« o T1=21

XXX



Figure
Figure
Figure
Figure

CHAPTER 8.

Figure
Figure
Figure
Figure

Figure
Figure

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure

Figure
Figure

7-10.
7-11.
7-12.
7-13.

8-23.

o2
|

26G.
8-25.
8-26.
8-27.
8-28.

8-29.
8-30.

SSCP Detects an Invalid XID I-fijeld . . . . . . .
Peripheral PU Detects Invalid SSCP ID . . . . . .
Deactivation of a Switched Link Connection . .
Commentary on Figure 12 . . . « ¢« « « + + &

SESSION SERVICES

Structure of SSCP Session Services e e e e e e e
Structure of LU Session Services e e e e e e e

System Context for Session Services—Single Domain

System Context for Session Services—Multiple

DOMain ¢« ¢ ¢ ¢« ¢ o o o« o o 6 o o o o o o o o o
OLU and DLU in the Cross-Domain Context . . . . .
State Receive Checks for

(SSCP,LU).SEC.SNS.SS.RQ_RCVY . . . . .

Destination Table for (SSCP,LU).SEC. SNS SS RQ RCV
(SSCP,SSCP').SSCP.SNS.SS and (SSCP,LU).PRI.SNS.SS
State Re2ceive Checks for
(SSCP,LU)Y.PRI.SNS.SS.RQ_RCV . . . +« + ¢« ¢« +
State Receive Checks for
(SSCP,SSCP").SSCP.SNS.SS.RQ_RCV . . . . . .
Destination Table for (SSCP,LU).PRI.SNS. SS RQ RCV
and (SSCP,SSCP').SSCP.SNS.SS.RQ_RCV . . . . .
(SSCP,ILU).SEC.INIT((OLU,DLUY|[CLUL1,LU2)) SEND .« .
(SSCP,ILU)Y.PRI.INITC((OLU,DLU)|CLUL1,LU2))_RCV . .
(SSCP,TLU).SEC.TERM(SESSION_KEY_CONTENT|URC)_SEND
(SSCP,TLU).PRI.TERM(SESSION_KEY_CONTENT|{URC)_RCV

(SSCP,SLU).PRI.CLEANUP_SEND . . . . « « ¢« ¢« « « &
(SSCP,SLU).SEC.CLEANUP_RCV . . . . .
((SSCP,SSCP"). SSCP)l((SSCP Lud. PRI)I((SSCP LU).
SEC) .NGTIFY_SEND . . . . . o« e .
((SSCP,SSCP').SSCP? )I((SSCP LU) SEC)I((SSCP LuUj.
PRIJ.NOTIFY_RCV . . . .
(SSCP(DLU),SSCP(OLU}). SSCP(OLU) CDINIT(OLU DLU,
PCID)_SEND . . . .
(SSCP(DLU), SSCP(OLU)) SSCP(DLU) CDINIT(OLU DLU,
PCID)_RCV . . . o« o e o o e o« o .
(SSCP(OLU), SSCP(ILU)) SSCP(ILU) INIT OTHER CD(OLU
DLU,PCID)_SEND . . . .« . .« .

(SSCP(OLU),SSCPC(ILU)). SSCP(OLU) INIT OTHER CD(OLU
DLU,PCID)_RCV . . . . o e e e
(SSCP(PLU),SSCP(SLU)). SSCP(SLU) CDCSESS(PLU SLU,

PCID) . . . . .
(SSCP(PLU), SSCP(SLU)) SSCP(PLU) CDCSESS(PLU SLU,
PCID) . . . .« o e
(SSCP(DLU), SSCP(OLU)) SSCP(OLUlDLU) CDTERM

(SESSION_KEY_CONTENT,PCID)_SEND-RCV . . . .

(SSCP(OLU),SSCPC(TLU)).SSCP(TLU) . TERM-OTHER- CD
(SESSION_KEY_CONTENT,PCID)_SEND . . . . . . .
(SSCP(OLUY,SSCP(TLUY).SSCP(OLU) . TERM-OTHER- CD
(SESSION_KEY_CONTENT,PCID)_RCV . . . .« e
(SSCP,SSCP'").SSCP.CDTAKED(Type,PCID)_ SEND RCV .
(SSCP,SSCP').SSCP.CDTAKED(CU)_SEND-RCV . . . . .

.

.

.

7-24
7-25
7-27
7-28

8-13

8-16
8-27
8-27
8-33
8-3:
8-62
8-62

8-6¢6
8-68
8-69

XXX



Figure 8-31.
Figure 8-32.

CHAPTER 9. MANA
Figure 9-1.
Figure 9-2.

Figure 9-3.
Figure 9-4.
Figure 9-5.
Figure 9-6.
Figure 9-7.
Figure 9-8.
Figure 9-9.
Figure 9-10.
Figure 9-11.
Figure 9-12.
Figure 9-13.
Figure 9-14.
Figure %9-15.
Figure 9-16.
Figure 9-17.
Figure 9-18.
Figure 9-19.
Figure 9-20.
Figure 9-21.
Ficure 9-22.
Figure 9-23.

CHAPTER 10. Ov
Figure 10-1.
Figure 10-2.

CHAPTER 11. PU

Figure 11-1.
Figure 11-2.

Figure 11-3.
Figure 11-4,
Figure 11-5.
Figure 11-6.

(SSCP,SSCP').SSCP.DSRLST_SEND . . . ¢« ¢« ¢ « ¢ o -
(SSCP,SSCP').SSCP".DSRLST_RCV . . . « ¢« ¢ « « « .

GEMENT AND MAINTENANCE SERVICES’

Structure of SSCP Management and Maintenance
SErvices . « v + 4 ¢t e e s w4 e e e e e e e e e e
Structure of LU Management and Maintenance Servicer
CNM Connection Alternatives . ¢« ¢ « ¢ v o o o o o o
CNM FIOWS &+ ¢ & ¢ ¢ o o o o o o # o o o o o s o o
(SSCP,PU).PRI.TRACE(na,,n)_SEND . . . . . ¢« « .+
(SSCP,PU).PRI.RECTRD_RCV . ¢ &« ¢ ¢ o o o o o o
(SSCP,PU).PRI.STORAGE_SEND . . « ¢ &+ ¢ o o o « o
(SSCP,PU).PRI.TEST(na,n)_SEND . . . .+ « ¢« « ¢« «
(SSCP.PU).PRI.RECTD_RCV . & v o o ¢ o o o o o« o o
(SSCP,PU).PRI.REQMS(na,n)_SEND . . . ¢« « « & « =
(SSCP,PU).PRI.RECFMS(na,nl)_RCV . . .« « « ¢« « o &
(SSCP,PU).PRI.RECMS_RCV . & ¢ ¢ ¢ o o o o o o o =«
(SSCP,LU) .SEC.REQTEST(nn2,n)_SEND o e e e e e e
(SSCP,PUJLU).PRI.REQTEST(nn2,n)_ RCV e e e e 4 e
(SSCP,PU).PRI.TESTMODE_SEND . . « ¢« ¢ ¢ ¢ o ¢ o &
(SSCP,PU).PRI.RECTR_RCV . ¢« v &« ¢ ¢ « o s o o o
(SSCP,LU)Y.SEC.REQECHO_SEND . . ¢ ¢« ¢ ¢ « ¢ o « =«
(SSCP,LU).,PRI.REQECHO_RCV . =+ + ¢ « o o « o o o =«
(SSCP,PU)Y.PRI.SETCV_SEND . ¢ ¢ ¢« ¢ ¢ ¢ o o o o« o
(SSCP,LU) . PRI.DELIVER_SEND . . ¢ ¢ ¢ ¢« o s o «
(SSCP,LU).SEC.DELIVER_RCV . . ¢ &« & o o o o o o« &
(SSCP,LU) . SEC.FORMARD_SEND . « « ¢ ¢ o « « o o
(SSCP,LU).PRI.FORKWARD_RCVY . ¢ v &« ¢ ¢ o ¢ o o o @

erview of the PU.SVC_MGR
Stl"ucture Of PU SVC MGR . . . . . . L I ) L] . .
PU.SVC_MGR as a manager of SNA layers e o o e e

’SERVICES MANAGER--NETWORK SERVICES

. Structural Overview of a Node e v e e e o o e o
Correspondence of Node Resource FSMs to CP Domain

e e . ) 3 . . . 3 . . . . . e« o . . 3

Structure of PU.SVC_MGR.NS . . ¢ + ¢« ¢ o « « o« o

- 11-4

11-6

The Reset Hierarchy of Resource FSMs in a PU . . 11-10
Structure of the Node Resource Data Base . . . 11-26
Relation of Node Resources to Control Points . . 11-27

CHAPTER 12. PATH CONTROL ROUTE MANAGER

VFigure 12-1.
Figure 12-2.

Xxxii

Structure of PU.SVC_MGR.PC_ROUTE_MGR . . . . . .
Illegal Explicit Routing Example . . « « + + « .



FigUre 12-3. PC Route Manager Activity during Session

Activation . . e v s e e e st e e e e e e 12-8
Figure 12-4. TH Settings for PC ROUTE_MGR RUs . . .« ¢« +« « + o+ 12-12
Figure 12-5. ER Manager Inputs and QOutputs e s+ s+ « e e e« . 12-15
Figure 12-6. ERN_MAP_LIST Entry . . ¢ v « o ¢« o ¢ o o o o o o 12-17
Figure 12-7. SUBAREA_ROUTING_LIST Entry . . . ¢« « ¢« « « « o+ o 12-18
Figure 12-8. Multiple Explicit Routes Using the Same Set of

TGs between Nodes . . . e e o e e e o « 12-19
Figure 12-9. ERCB Entry and Assoctated PATHCB Entries . . . . 1:!-20

Figure 12-10. Configuration Generating Multiple PATHCBs e o . 12-21
Figure 12-11. Dynamic Route Definition Example . . . . . . . . 12-28
Figure 12-12. VR Manager Inputs and Qutputs: . . . . . . . . . 12-78

CHAPTER 13. PU.SVC MGR.CSC_MGR

Figure 13-1. Overview of PU.SVC_MGBR . . + ¢ ¢ ¢ o o « o o o & 13-3
Figure 13-2. Structure of PU.SVC_MGR.CSC_MGR . e e e e e e 13-4
Figure 13-3. Typical flow through CSC_MGR (for locally

supported half—sessions) e e e e s . . e e 13-5
Figure 13-4, Typical flow through CSC_MGR (local and boundary

function supported half—sessions N . e e e 13-6
Figure 13-5. Reset table for the signals SSCP_GONE and

HIERARCHICAL_RESET . . . . . . . . 13-11
Figure 13-6. Flow through CSC_MGR (PU. T4|5 NAUs NIth SON) . . 13-13
Figure 13-7. Flow through CSC_MGR (local and boundary

function . . e+ « o 13-14
Figure 13-8. BIND Image and BIND RU Mod!flcatlon Table e o« . 13-34

APPENDIX A. NODE DATA STRUCTURES AND CONSTANTS

Figure A-1. Structure of Node Control Blocks e e e e s+ e« o« o o A-2

APPENDIX C. THE EXECUTION MODEL

Figure C-1. Processes in an SNA node e o s e e e & 4 e e+ s « . C-2
Figure C-2. Mapping of Processes ontaoa SNA Subarea Node Layers . C-3
Figure C-3. Contents of Shared Storage for a Subarea Node . . . C-4
Figure C-4. Process Components and Interactions . . . . « +« « C-5
Figure C-5. Node Data Structures Used by the Scheduler of a

' Subarea Node Higher—-Level Process e e s e e e o o C-7
Figure C-6. Details of a Dispatcher . . . . ¢ +« ¢« ¢« ¢« ¢ « « « « C-9
APPENDIX D. TH AND RH FORMATS
Figure D-1. TH Formats: FIDO-FID3 (Part 1 of 4) . . . . . .+ . . D-1
Figure D-2. TH Formats: FID4 (Part 2 of &) e + e+ e e o o s « o D=2
Figure D-3. TH Formats: FID4 Continued (Part 3 of 4) e« +« o o« o+ D-3
Figure D-4. TH Formats: FIDF (Part 4 of 64) e « o s+ o s+ o« o o o« D-4
Figure D-5. RH Formats . . ¢ ¢ ¢ ¢ ¢ o ¢ « o o o« « o« o« o« o« « « D-b

xxxiii



APPENDIX E.

,Figure

E-1.

REQUEST-RESPONSE UNIT (RU) FORMATS

RU Sizes Corresponding to Values X'ab' in BIND . .

ﬁPPENDIX G. SENSE DATA

Figure

G-'l .

Sense Data Format . . ¢ ¢ ¢ ¢ ¢ o o o o o o o o @

fPPENDIX N. NOTATION AND DEFINITIONS

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure
Figure

Figure

XXXiv

N-1.
N=-2.
N-3.
N-4.
N-5.
N-6.

N-7.
N_B .
N-9.

N-10.
N-11.
N-12.
N-13.

N-14.

Finite-State Machine e e e e e e e e e e e e e
Multiple-Stream Qutputs . . ¢« ¢ ¢« ¢ ¢ o ¢ o o o =
Multiple-Stream Inputs e o e o e o e o e e o e
Priority Ordering in Lists . . . . . « ¢« « + « &
FAPL List-Handling Examples . . . . .« ¢« + « + .+ .
State—-transition Matrix Form FSM Definition Syntax
Next-State Indicators . . .« ¢« ¢ ¢« ¢ ¢ ¢« o « « &
Basic State—Transition Graph e e e s e e e e e e
Multiple—Stream Outputs in a State—Transition
Graph » s ® % & o s e e 2 v e e ® s a8 e e -e e
Multiple—Stream Input in a State—Transition Graph
State Independent Transitions . . . . . « ¢ ¢« .« .
Broad Arrol . ¢ ¢ ¢ ¢ ¢ ¢ ¢ s e e e e e s e s e
Example of a State—Transition Graph with Multiple
Broad ArrolsS . ¢ « ¢ o« o « o o o o o o o o o o
Open Broad Arrouw e ¢ & s & e o & & e s ® s 2 e

m
|

19

g



Network End

CHNAS Operator User CHHA
e A A A
| ] [}
| | 1

----' - II'II. I.I.IIIIIIII--IIII.IIll as

A
|
|
I
|
|
|
|
|
|
|
|

PU. SVC_MNGR SSCP.SVC_MGR LO.SVC_MGR

Function

A A [
I | I
ey
: — ® e o — | 'l‘— e e o e e o
| | | |
| | I |
v v v v

A
] 1 NODE =
.-.-.-.‘ - | - | sussesssEs - IIIlll.l.-IlI..lll..IIIIIIIIIII-IIIlII.IlIII.I'IIIIIII.I.I...Ill.l.l.l--

| |

[ | | |

e e e o — |, e e e v L] . ® ey |

ww \A4 \AJ w

Link Link , Link Link
Connection Connection Connection : Connection

;

Hote: Only a type 5 node contains an SSCP; a type 1, 2, or &4 node
contains a PUCP (not shown), which is a subset of an SSCP.

Frontispiece - Structural Overview of a Node

C

XXXV




This page
left blank

Mt s e et s St Goous S Sa Gme Woa

N

s

XXXV1



CHAPTER 1. INTRODUCTION

This book, in conjunction with the companion books, SNA
LU-1U Session Types and SDLC General Information, provides a
formal definition of Systems Network Architecture (SNA). It
is intended to complement individual SNA product
publications, but not to describe individual product
implementations of the architecture; such information should

be sought in the product publications.

The definition of SNA requires:

« Defining formats of information transferred betuween
distinct SNA nodes over links connecting them. '

° Making explicit  any coupling between distinct
information transfers; that is, defining the protocols,
or rules, associated with the transfers. :

Although it is possible to represent protocols by sets of
valid sequences of data and control-information transfers,
for SNA this would require too lengthy an enumeration to be
practical, or even useful to a designer. Sequences are used
only tutorially within this book.

SNA is defined here in the form of a functionally layered
system, represented in the form of a meta-implementation,!?
that is decomposable into components called protocol
machines. Protocol machines generate the valid output
sequences in response to input sequences, subject to the
associated protocols for distinct information transfers
into, out of, and within the system.

The protocol machine definition of SNA uses the following
basic notions:

. Finite-state machines: A finite-state machine (FSM) is
an abstract device having a finite number of states
(memory) and a set of rules whereby the machine's
responses (state transitions and output sequences) to
all input sequences are well defined.

1 A meta-implementation resembles an actual implementation,
in that it is defined in terms of a formal, human—- or

machine—-executable notation, or programming language,
using explicit data structures, and having an underlying
abstract machine environment. By its modular,

sequence-generating description of protocol machines, the
meta—-implementation provides a concrete model for actual
implementations.
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. Routing and checking logic: Routing and checking logic

! performs a mapping of inputs (message units and FSHM
states) into outputs. It is used to verify validity of
message units and to route them to FSHMs.

. Block diagrams: A block diagram represents the
decomposition of a protocol machine into its component
submachines (which themselves are protocol machines)
and the signaling paths between them. Each block in
the diagram can be further decomposed into its
constituent submachines. At the most detailed level, a
block can be shown as interconnected sets of routing
and checking logic, finite-state machines, queues, and
other primitive protocol machines.

. Protocol boundaries: A protocol boundary is a
specification of the format and content requirements
imposed on the signals exchanged between protocol
machines.

Routing and checking logic is represented in the form of
PL/I1-like procedures, using a descriptive language called
Format and Protocol Language (FAPL). FSMs are generally
defined by FAPL state-transition matrices, procedures, and
control blocks. In Chapters 8-9, FSMs are represented also
in the form of state-transition graphs, as in previous
editions. (In this book, "FSM"™ is frequently applied only
to the state-transition matrix or graph representation.)
Appendix N defines, in detail, the syntax and semantics of
FAPL and the descriptive techniques and notational
conventions for representing combinational logic and FSHMs.

A naming convention, using qualifiers separated by periods
to denote more specific components of a composite FSM, is
used throughout the book. Component submachines are shoun
as blocks within a larger block that represents the
composite machine.

In many cases, it is desirable to identify a qualifier by a
phrase of multiple terms, in order to better convey the
meaning of the qualifier. The multiple terms in the phrase
are connected by underscores to indicate that they are part
of a phrase rather than separate qualifiers representing
further decompositions. The underscore convention also
applies to phrases identifying state names and FAPL
variables.

Two other symbols, "|" and "&," are used in names. The "|"
symbol means exclusive-or. For example, DLC.(PRI|SEC) means
"either DLC.PRI or DLC.SEC.™ The "&" symbol is used to
indicate composition. For example, SNS.(RCV&SEND) is the
composite protocol machine consisting of SNS.RCV and
SNS.SEND.
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The rest of this chapter presents an orderly development of
the structural and functional properties of SNA networks.
It begins with the fundamental concepts of network
addressable units, the path control network, links, nodes,
domains, and message units, and successively refines, within
this context, the concepts of sessions, flouws, network
layers, pairings, and services. These concepts serve as a
prologue for the detailed format and protocol descriptions
given later, in which the material is presented on the basis
of session, layer, network services category, and layer
manager.

The remainder of the book presents details of the SNA
formats and protocols, arranged as follows:

. Chapter 2 describes the contents and formats of the
major message units and headers used throughout the
book .

. Chapter 3 describes routing and flow control within

path control.

. Chapters 4 and 5 describe the transmission control and
data flow control protocols, respectively, within
half-sessions.

. Chapters 6—-9 describe the network services protocols
from the viewpoints of the SSCPs and LUs. Chapter 6
contains an overview for Chapters 7-9 and session
network services logic common to Chapters 7-13.
Chapters 7-9 deal with the specific network services
ctategories.

° Chapters 10~-13 describe the PU services manager.
Chapter 10 provides an overview for Chapters 11-13.
Chapter 11 describes the PU services manager component
concerned with network services (SSCP-PU) protocols and
with management of link—-level and other resources local
to the PU. Chapter 12 describes PU-PU protocols
concerned with managing path control connections
(virtual and explicit routes) and describes PU-SSCP
network services protocols, from the viewpoint of the

PU, for  reporting test status and inoperative
conditions of these connections. Chapter 13 describes
the component that manages session—~activation,

~deactivation, and -outage notification.

. Appendixes A~C describe the data structures, utility
procedures, and execution model or environment used for
the meta-implementation. Appendix A is particularly
useful to a reader wanting a detailed knowledge of the
relationships among the control blocks used by the
meta-implementation.
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. Appendixes D-G provide details of various headers,
request-response units, profiles, and sense data used
in SNA.

. Appendix N defines the Format and Protocol Language
(FAPL) and provides background on FSM notation and
conventions.

L Appendix T, printed on foldout pages, provides a list
of abbreviations and acronyms used in the book.

The companion book, SNA LU-LU Session Ivpes, describes the
presentation services, LU services manager components, and
session-option subsets for LU-LU sessions (i.e., for
end-user interactions). SDLC General Information and
various IBM SNA implementation publications describe SDLC
and the Systems/370 channel DLC.

GENERAL CONCEPTS
NTWK.SNA PROTOCOLS

An SNA network (NTWK.SNA):

. Enables the reliable transfer of data between end users
(typically, terminal operators and application
programs)

‘. Provides protocols for controlling the resourc.s of any
specific netuwork configuration

An SNA network is a set of network addressable units (NAUs)
interconnected by an inner path control netuwork (NTWK.PC),
as shown in Figure 1-1. The outermost layers of NTWK.SNA
form the NAUs, each of wuwhich is associated with, generally,
one network address (na). A NAU consists of a NAU services
manager and one or more half-session protocol machines,
depending on the number of other NAUs uwith which it can be
paired to form sessions. Details of NAU structure,
function, and sessions are given in later sections.

Those NAUs having protocol boundaries with end users are

called logical units (LUs). An LU allows an attached end
user to gain access to network resources and to communicate
with other end users. An LU may also provide a service

wholly contained within the LU that is accessed from another
LU via a session. Thus, in some cases an LU-LU session has
an end user only at one end. The presence of various
services within an LU is a function of LU-LU session types,
product design, and customer options. Services unique to
LU~-LU sessions are described in detail in SNA LU-LU Session
Tvpes and generally are not described further in this book.
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In general, there need not be a one-to-one relationship
between end users and LUs. The * association between end
users and the set of LUs is an implementation design option.
For example, whether an application program end user can
concurrently access the network through multiple LUs or is
constrained to wuse a single LU is not specified in this
book.

The LUs provide protocols allowing end users to communicate
with each other and with other NAUs in the network. An LU
can be associated with more than one network address; this
allows two LUs (and therefore their end users) to form
multiple, concurrently active sessions with each other.

Besides LUs, two other network addressable units are
defined: physical units (PUs) and system services control
points (SSCPs). These NAUs, in conjunction with one another
and with LUs, provide a variety of network services related
to session, configuration, maintenance and management, and
network-operator services.

Message units are transported between NAUs by NTWK.PC, which
consists of all the path control (PC) and data link control
(DLC) components in the SNA network. (PC and DLC are
described individually 1in later sections.) These message
units are of the form:

MSG = (naj,nai,other parameters, and data),

where naj is an address of the destination NAU, and nai that
of the origin NAU. NTWHK.PC routes and delivers message
units to naj in the same order as sent from nai.

The message units transferred within NTWK.SNA generally have
two components: end-user - information and control
information. The end-user information is passed by the SNA
netuwork and does not affect the state of NTHK.SNA. Control
information may sometimes be passed to the end users (as in
the case of the Change Direction indication, which allous
one end user to transfer the right to transmit data to the
other); however, its main purpose is to change the state of
NTHK.SNA, thus effecting a normal control change (such as a
change to a path control routing table) or a recovery from
an exception condition.
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NTWK.SNA--NODES AND THEIR PHYSICAL AND LOGICAL INTERCONNECTIONS

NTWK.SNA consists of node protocol machines physically
interconnected via link—-connection protocols (see
Figure 1-2). An SNA node 1is a grouping of SNA-defined
protocol machines. An SNA product node may consist of
additional, product-specific protocol machines that use one
or more SNA nodes. A user—-application node may consist of
additional, customer—-defined protocol machines that use one
or more SNA product nodes. These relationships are showun in
Figure 1-3.

In this book, ™node™ is synonymous wWith "SNA node," and the
qualifier will generally be omitted. Thus, end wusers and
protocol machines not defined in SNA are external to the
node, as that term is used hereafter.

Link-connection protocols—--such as EIA RS-232-C, CCITT X.21,
and Systems/370 channel input/ocutput interface-—are also not
described in this book. The protocol boundaries between
link-connection protocol machines and node protocol machines
are described here to some extent, as well as in SDLC
General Information and IBM SNA implementation publications.

Four node types are defined in SNA: types 1, 2, &4, and 5.
They are distinguished by varyinag capabilities, such as for
interconnection, and by the presence or absence of different
NAU types. Types 1 and 2 nodes are also referred to as
perinheral nodes, because of their limited addressing and

routing capabilities. They are solely sources and sinks of
data, and do not participate in the general network routing
based on a global network address space. Instead, they
depend on "boundary function™ support in types 4 or 5 nodes
to transform between the address forms, local to the
peripheral nodes, and the network addresses wused in the

general routing portion of the path control netuwork.
Peripheral nodes are thereby insulated from changes in the
global network address space resulting from

reconfigurations. Types & and 5 nodes are referred to as

subarea nodes. (A subarea represents a partitioning of the

network address space, discussed 1in a later section. It
contains a subarea node and all the peripheral nodes
attached to the subarea node.) Subarea nodes, besides being
sources and sinks of data, have more general path control
capabilities. They can perform intermediate
routing—-passing message units received from one node on to
another—-—and provide adaptive flow control of traffic within
the subarea routing portion of the network.

An  SNA product node containing multiple SNA nodes can
provide product-defined protocols for routing between them.
This has been done in some SNA products by connecting an SNA
type 2 peripheral node to one SNA network and providing
product-defined end-user protocols to connect the peripheral
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node in the product node to a type 5 subarea node in the
same product node, where the subarea node is part of a
separate SNA network. Product-defined "pass—-through"
protocols connecting the two SNA 'nodes allow the peripheral
node to act, in effect, as an intermediate routing node
between the two SNA networks. .

For specific details of nesting of SNA nodes and SNA product
nodes within user—-application nodes, see SNA Concepts and
Products and SNA Technical Overview. :

A node always includes a physical unit (PU), which controls
the attached links and various other resources of the node.
A PU has a type designation--PU_T1l, PU_T2, PU_T4, or
PU_T5--corresponding to the type 1, 2, 4, or 5,
respectively) of node in which it resides. In this book,
"type i node"™ (i = 1, 2, 4, 5} and "PU_Ti node™ mean the
same thing, and are used interchangeably.

A node typically also includes logical units (LUs), through
which end users attach to the node, and thus to NTWK.SNA.

A subarea PU or subarea LU resides in a subarea node. A
peripheral PU or peripheral LU resides in a peripheral node.

Type 5 nodes each contain a system services control point
(SSCP). (Type 4 nodes do npot—--the primary architectural
distinction between subarea node types.) An SSCP supports
protocols for management and control of a domain. A domain
consists of one SSCP and the PUs, LUs, links, and 1link
stations (discussed in the next section, "Data Link Control
Protocols and Links"™) that the SSCP can activate. -Each PU,
LU, link, and link station in a network belongs to one of
the domains comprising the network, and some can belong to
more than one domain-—-a capability discussed in a later
section ("Shared Control™). Each SSCP provides network
services within its domain through protocols supported in
conjunction with the PUs or LUs in the domain. The multiple
SSCPs in a network jointly support cross=domain netuwork
services.

Types 1, 2, and & nodes each have an associated physical
unit control point (PUCP), which provides a subset of SSCP
functions, €.9.>» those relating to activation and
deactivation of resources (such as link connections) local
to the node. The PUCP is a product-defined subset of the
functions described in Chapter 7, wWwhich discusses the
configuration services component of the SSCP. A PUCP's
relationship to product node services (e.g., for node
operator interactions) varies according to product-specific
requirements.
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The physical interconnections between nodes of the different
types are illustrated in Figures 1-4 and 1-5
(link-connection blocks are not shouwn). Multiple physical
interconnections can exist between subarea nodes.

The various layers wuwithin nodes also provide logical
connections between peer (equivalent layer) components in
the same or different nodes (the layers and logical

connections are discussed in additional detail in later
sections): ‘

] Data 1link control (DLC) elements in adjacent nodes,
using various DLC protocols (such as SDLC or System/370
channel DLC), provide a common link appearance to the
path control elements above them.

. The path control layer in subarea nodes has three
sublayers: transmission group control (TGC), explicit
route control (ERC}, and virtual route <control (VRC).
TGC (the inner sublayer) elements provide one or more
transmission group connections between adjacent subarea
nodes; a transmission group can include one or more
links. ERC (the middle sublayer) elements in two or
more sequentially connected subarea nodes provide an
explicit route connection between the two subarea nodes
(not necessarily adjacent) at the termination points of
the explicit route; the explicit route uses a set of
transmission groups over which to transfer message
units between the two ends of the explicit route. VRC
(the outer sublayer) elements in subarea nodes provide
a virtual route connection between half-sessions in the
nodes; a virtual route has an underlying explicit route
and a fixed transmission priority within the subarea
routing. portion of the path control network. Virtual
routes connect half-sessions in the same or different
subarea nodes directly; the path between a half-session
in a subarea node and a half-session in a peripheral
node consists of a virtual route from the subarea node
half-session to the subarea node adjacent to the
peripheral node, and then a route extension from the
latter subarea node to the peripheral node
half-session.

The path control laver in a peripheral node provides
basic functions, such as routing to and from multiple
half-sesszions within its node, but is restricted to
routing to and from only one link, rather than many.
It also does not provide protocols fer transmission
groups, explicit routes, or virtual routes.
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A Paired half-sessions provide a session connection
between their using NAU services managers (and end
users, if any), which provides various session options
(discussed later) and a class of service provided by a
specific virtual route. The class of service is
derived by the SSCP, using a class of service name
provided at session initiation; the SSCP maps the class
of service name to a virtual route identifier list,
from which the first available virtual route is chosen
for the session to be assigned to, as part of session
activation.

The table in Figure 1-6 lists the salient features of NAUs
and of the various logical and physical connections defined
in SNA, These concepts are defined further in this chapter.
Much of this book is concerned with describing the
initialization, activation, operation, testing, status
reporting, and deactivation of these connections.

Definitions associated with link protocols are presented in
the following section, preliminary to developing the details
of the node protocols, which constitute the major portions
of the book.
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SNA CONSTRUCTS

SALIENT PEATURES

end users

End users may be terminal operators,
application programs, or device media; they are
not architected by SNA and are outside the SNA

node. They gain access to the SNA network
through LUs.

NAUs

SSCPs and PUs provide focuses for domain and
node management; LUs provide access ports to
the network for end users and can be used
within a node to delimit distinct application
subsysteas' access to the network (e.g., within
the same node, a data-base/data-communication
subsystem typically uses one LU, while a remote

job entry subsystem uses a different LU to
access the network). LUs provide ™"anchor"
points for resources such as files, device
wedia, and tramsaction ' services, and protocols
for accessing them--both by the attached end
user and an end user attached to an LU at the
other end of a session.

sessions

Sessions provide a means for NAUs to multiplex
separate, independent interactions with other
NAUs. Alternatively, multiple sessions from
one LU to different LUs can be dependent and
coordinated, e.g., via sync points (discussed
below). Parallel (concurrent) sessions
between the same two LUs are also possible.
Different session activations can provide
different options relating to data presentation
services, traffic pacing, and concurrency of
sending and receiving. Related data units can
be chained in each direction for error recovery
purposes. (They fail or succeed as a unit.)
Brackets, consisting of one or more chains (and

their responses) in both directions, can be
used to divide a session's active period
sequentially into transactions. One or more
chains (within the same bracket) can be
delimited by sync points so that session
restart (after failure) can begin from a
well-defined roll-back point, to limit
duplicate processing. (Multiple sync points
can be taken per bracket.) A class of service,
realized by a specific virtual route (from a
set of possible virtual routes) at session
activation, provides a desired 1level of

virtual routes

Each virtual route uses a fixed transmission
priority on an underlying explicit route to
provide a desired class of service for one or
more active sessions. A session is assigned to
a virtual route at session activation. Flow
control within the subarea routing portion of
the path control netvwork is adaptive (using
traffic pacing) and is based on virtual routes.

performance or security until session
deactivation.
Congestion control affects virtual-route

(pacing) window sizes, based on queue depths
for transmission groups traversed by the
underlying explicit routes. Thus, window sizes
are adaptively and selectively controlled by
the load on the transmission groups that the
virtual routes use.

route extensions

A route extensicn completes the path between
two half-sessions when one is in a peripheral
node; it includes the path control elements
(one in the peripheral node and one in the

boundary function support in the subarea node)
and the link connecting the peripheral node to
the subarea node at one end of a virtual route.

explicit routes

An explicit route connects two subarea nodes
(not necessarily adjacent), using a fixed set
of transmission groups (the same in both

directions) . Multiple virtual routes can have
the same underlying explicit route.

transmission groups,

A transmission group is a dynamic association
of one or more links used to  connect two
adjacent subarea nodes. Traffic is routed
evenly over the active links in the
transmission group. The association of
parallel links into a larger composite logical
connection allows the latter to provide
bandwidth and availabilty properties that
exceed those provided by any component link. A
transmission group is operative as long as at
least one of its links is operative. A link
can be dynamically assigned to one or another
transmission group (via XID processing), but to

only one at a time. A transmission group (and
thus the explicit and virtual routes using it)
fails only when its 1last remaining link fails.
Session outage is then reported, and affected
sessions can be restarted after being assigned
to different virtual routes to bypass the
failure. Multiple transmission groups can
connect the same two adjacent subarea nodes. A
transmission group can be used by multiple
explicit routes. Transmission group queues are
managed according to the transmission
priorities that virtual routes impose on the
explicit routes using the transmission groups.

links

A link connects two or more nodes using a link
connection and a DLC protocol. A link,
vhatever its DLC, provides a view to its users

of one or more adjacent link stations, which
can be separately and concurrently accessed by
its user.

link connections

A link connection physically connects two or
more nodes, using various signaling protocols,
such as bit-serial or bit-parallel transfer and
analog or digital conventions, depending omn the

underlying physical media. It can be switched
(using privately supplied or common-carrier
dialing facilities) or nonswitched.

Note: Pacing is fundamental to SNA flow control. A pacing
group (or window) consists of all the message units that a
sending component can send to its peer component before a
pacing response is received, indicating its receiving peer
is ready to accept the next window of message units.

Session-level pacing

and determines the

introduce data into the path control network. Window sizes
in the two directions are fixed at session activation.
Session-level wvindov sizes are usually determined by the
intrinsic rate at which each end can process received data.

Virtual-route pacing applies to all message-unit traffic
introduced into the two ends of a virtual route by all (not
just LU-LU and SSCP-SSCP)

Figure 1-6.

applies to LU-LD0 and SSCP-SSCP flows

at which each half-session can
groups

sessions

the same virtual route. Window sizes in the two directions
are set at virtual-route activation and adaptively changed
thereafter, according to the congesticn in their underlying
transsission group gueues. Virtual-route activation fixes
the minimum and maximum window sizes for the virtual route.

To the extent that sessions share virtual routes (with
common pacing), underlying explicit routes (with different
transmission
(vith common gqueues and congestion control), or
underlying links (with multiple adjacent link stations), the
can affect each other's throughput and response

priorities imposed), underlying transmission

time. Bach 1link connection within a path between two

sessions concurrently assigned to

summary of SNA Constructs.

h CHAPTER 1. INTRODUCTION

half-sessions
characteristics that affect performance.

also has its own bandwidth and delay
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DATA LINK CONTROL PROTOCOLS AND LINKS

1-16

Data link control (DLC) supports protocols for (1) executing
and coordinating the transfer of message units across a link
connection between a single primary DLC user and a set of
secondary DLC users, and for (2) performing link-level flow
management and error recovery procedures.

A link (see Figure 1-7) is a conmposite protocol machine for
executing and coordinating the transfer of message units
between a single primary link-station user and a set of
addressed secondary link—-station users.

Associated with each secondary link-station user are tuwo
link-level address parameters, Ak and ak. Ak is a set of
receive addresses and ak is a unique send address; ak may be
in Ak (i.e., the send address may be one of the receive
addresses).

A link is composed of:
. A single primary link station, DLC.PRI_LINK_STA

(usually abbreviated "DLC.PRI"™ elsewhere in this book),
associated with the primary link-station user

° A set of secondary link stations,
DLC.SEC_LINK_STA_(Ak,ak) (usually abbreviated
"DLC.SEC™), one associated with each secondary

link-station wuser; each secondary link station is
qualified by a receive—-address set and a unique send
address

e A single l1ink connection that transmits message units
between the primary link station and each secondary
link station

Thus, a link consists of a particular DLC and the link
connection underlying it.

Regardless of the DLC protocols used, a link always presents
its using path control component a view of one or more
adjacent link stations. Within a node containing a primary
link station for a given link, each secondary link station
of the link is represented (by a control block) as an
adjacent 1link station. Within each node containing a
secondary link:station of the given link, only the primary
link station of the link is so0 represented-—-the other
secondary link stations of the link are unknoun.

A link-station user - identifies a particular adjacent
link-station control block in passing a message unit to DLC
to transmit. (Similarly, DLC identifies to its link-station
user the adjacent link station associated with a message
unit received over the link connection.) DLC wuses the

SNA FORMAT AND PROTOCOL REFERENCE MANUAL



identified control block to extract link—-level addressing
information for its wuse in transmitting over the link
connection.

Inputs to a link connection from a primary link-station are
of the form (a, MSG) where "a"™ is a single secondary
link-station address; this results in MSG being accepted by
the DLC.SEC_LINK_STA_(Ak,ak) for which "a" belongs to Ak.
DLC keeps multiple message units to the same secondary
link-station user in order; i.e., message units are
delivered to each in the order submitted by the primary
link-station user.

For its input to the link —connection, the seconuary link
station appends the appropriate ak to MSG and transmits the
resulting (ak, MSG) to the primary link-station. A link
keeps multiple message units from the same secondary
link-station user in order.

In SNaA, the link-station wusers are the path control
cemponents. The message units passed by a link generally
have two components: link user information and link control
-information. Link user information is passed transparently
by a link and does not affect the state of the link. Link
control infecrmation may sometimes be passed to the link
users; however, its main purpose is to change the state of a
link, thus effecting either a normal control change (to
synchronize user interaction) or a recovery from an error
situation.

A link manager (PU.SVC_MGR.LLINK_MGR) within the PU (but not
discussed in detail in this book) alse has a protocol
boundary with both the DLC.(PRIJSECY in its node and the
iink connection. {(Cne 1link manager exists for each attached
link.,) The link manager a2xchanoges signals with DL relating

to link—-level initialization to carry out SSCP—-to~-PU
requests (e.ug., CONTACT fer an adjacent link station), and
receives failure reports from DLC. The link manager also

exchanges signals with the link connection; for example, 2
GNNECT QUTY request received from an SS5CP causes the link

manager to initiate a dialing operation to a switched link
connhaction,

DLE lavers within links can be inplemented using various
physical apd logical weans, thus producing specific DLC
protocols, such as Systems/370 channel DLC  snd SDLC {(with
point-to-point, mul%inoiwty or loop configurations). DLC
rrotocols can be distinguished from each other by their
specific link statiaon mrotacnls, and by the effects that the
DL control-portions of MeS53aQe uni%s can have on  these
wrotocols. Details af specific LC architectures are not
discussad in this hook.
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Figure 1-7.

The DLC layer (shaded portion) consists of the
DLC.PRI_LINK_STA and all the DLC.SEC_LINK_STAs attached to
the same 1link connection; the 1link is the composite
protocol machine consisting of the DLC layer and the link
connection.

Informally, the DLC components are referred to simply as
link stations. Within the node containing the primary
link station, all the secondary link stations of the given
link are represented as adjacent link stations. Within
each node containing a secondary link station, the primary
link station is represented as an adjacent 1link station;
the other secondary link stations of the given link are
unkaown to the node.

Structure of a Link
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ADDRESSING RULES

The set of network addresses is partitioned based on the
network addressable units (NAUs)--where a NAU is defined to
be an SSCP, a PU, or an LU--and the links and link stations
in the network as follows:

. Each system services control point (SSCP) is assigned a
network address. Each NTWHK.SNA contains at least one
SSCP, which resides in a3 type 5 node (see Figures 1-4
and 1-5), and has special responsibilities to monitor
and control all the resources of its domain; together,
the SSCPs provide this capability for the network as =
whole. (A physical wunit control point (PUCP) is a
subset version of an SSCP, and exists in each type 1,
2, or 4 node. It is known, only within its node, by a
unique network address (type 4 node) or signaling
convention (peripheral node); it is not addressed from
ocutside its node. Similarly, a PUCP does not address
anything ocutside its node.)

° Each physical unit (PU) is assigned a network address.
(The network address of a PU in a peripheral node is
the same as the network address used in the subarea
node to which it is attached to identify the adjacent
link station associated with the peripheral node.) A
PU monitors and controls various resources of its node.

. Each logical unit (LU) in a peripheral node is assigned
a2 single network address and each LU in a subarea node
is assigned one or more network addresses. LUs provide
the ports by which end users of the network can access
network services and communicate with other end users.

. Each 1link and adjacent link station attached to =a
subarea node is associated with a distinct network
address in that node. For a switched link connectiion,
the network address of an adjacent link station 1is 1
greater than the network address used for the link.
(Hithin the subarea node, the subarea address of an
attached link or adjacent link station is
implied—--being the same as for the node itself--and,
thus, the element address is sufficient teo identify a
particular link or adjacent link station.) The 1link
network address is used in such control requests from
an SSCP as ACTIVATE LINK, which causes the protocol
boundary betueen a specific link connection and
DLC.PRI|SEC (link station) within the node to be
activated. The network address of an adjacent link
station attached to & subarea node is carried in
CONTACT, which initiates a DLC-level activation
interchange between the link station in the subarea
node and the specified adjacent link station. (Network
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addresses identifying links and adjacent link stations
are carried only within request/response . units (RUs),
never in transmission headers  (THs)--see the next
section, "Message-Unit Formats and Parameters.")

The nodes of NTKK.SNA are grouped into addressing subareas
(Figure 1-8); each subarea node is assigned to a unique
subarea. All the peripheral nodes attached to a subarea
node are also assigned to its subarea. Each network address
(na) is 16 bits long and consists of two parts:

o A subarea address
] An element address

The lengths of the subarea address field and the element
address field are network dependent (i.e., can vary from one
network to another) subject to the constraints:

. The subarea address field can range in size from 1 to 8
bits; the element address field, from &8 to 15 bits
(the sum of the two fields being always 16 bits).

® The two lengths are constant everywhere in the network.

Chapter 2 provides details of their formats and uses within
headers.

All NAUs within nodes 1in the same subarea, and links and
adjacent link stations known to the subarea node, have
identical subarea addresses,; but distinct element addresses.
By convention, the element address of the PU_T4 or PU_TS5
within each subarea is 0. Each HNAUna within a subarea node
is always known by its network address, na; an LU in =
subarea node can be known by more than one network address,
if 1t supports parallel sessions (discussed in a later
section, "Parallel Sessions"). Each NAUna within a
peripheral node is known not only by its network address,
na, but also by another address, na', that is local to (and
unique within) its peripheral node. (Note: na' is not the
element portion of the network address, nor is 1t
necessarily unique, except within a peripheral node.)

The ability to use short-form, local addressing simplifies
the protocols in peripheral nodes. Their insensitivity to
the network addresses also greatly simplifies
reconfiguration procedures in the netwerk as a whole. For
example, NAUs within distinct peripheral nodes may have
identical local addresses; only the subarea nodes in the
network need to update routing tables when network addresses
are changed, added, or deleted. Local addresses need not be
affected by these network address changes.
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The translation from network addresses to local addresses
(as well as other simplifying protocol support) is provided
to each peripheral node by the boundary function in the
adjacent subarea node, discussed later in this chapter
("Boundary Function Structure™).
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MESSAGE-UNIT FORMATS AND PARAMETERS

Message units flowing within NTWK.SNA take various forms,
depending on the protocol boundary being crossed. A
detailed discussion of message unit formats is presented in
Chapter 2. Foer the purposes of this introductory chapter,
two important message units are introduced.

An important message unit flowing within NTWK.PC, the
innermost nested network in NTWK.SNA, is the path
information unit (PIU). Except when segmenting is performed
(see Chapters 2 and 3), each PIU (Figure 1-9) consists of
three parts:

. A request/response unit (RU)
. A request/response header (RH)
. A transmission header (TH)

The RH-RU combination is <called a basic information unit
(BIU).

The RU may contain:

. "End-user data and/or
. Control information generated by "an SNA protocol
machine; different control categories and formats

exist-—Appendix E gives details on these formats.
The RH contains several fields, including:

. The Request/Response indicator, which denotes whether
the BIU is a request (RQ) or response (RSP)

. The Response Type indicator, by which responses can be
qualified as positive (+RSP) or negative (—-RSP)

. An RU Category field indicating the functional category
of the request or response; four categories exist:
function management data (FMD)--used for end-user data

,and for network services—--data flow control (DFC),
session control (SC), and network control (NC); these
correspond to structural components to be described in
subsequent sections of this chapter, as well as in
later chapters.

A TH may assume one of six format types, four types (called
FIDO, FID1, FID4, and FIDF) in which the destination and
origin of the TH are represented as unigue network
addresses, and two types (called FID2 and FID3) in which the
destination and origin are represented by locally unique
short-form addresses. Details on the format types and their
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relationship to boundary function protocols are presented

- later in this chapter ("Boundary Function Structure™).
Details of the formats of the various THs (and of the RH) N
are given in Chapter 2, and in summary form in Appendix D.

N
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1) Destination Address
2) Origin Address

(and other information)

Figure 1-9. Basic Message Format (without segmenting)

CHAPTER 1., INTRODUCTION 1-25



PATH CONTROL AND DATA LINK CONTROL WITHIN A NODE

1-26

Each node has the PC and DLC structure illustrated in Figure
1-10. This includes a set of primary and secondary DLC
protocol machines, which interact with path control (PC).
LUs are interposed between PC and the end users associated
with the node.

All the DLCs interact with a single PC element (i.e,, one
per node). The principal purpose of PC is to route PIUs,
based on the destination and origin addresses in the TH.
PIUs may be received by PC from 1local NAUs or from the
network through. DLC. Based on the addresses in the TH of
the PIU, PC (1) routes the PIU to a local NAU (e.g., a
half-session) or boundary function conponent (using the
origin address as well as the destination address to do this
rcuting) if the destination address is that of a local NAU
or boundary function component, or (2) routes the PIU to 2
specific DLC for transmission out of the node. An important
exception concerns session-activation and -deactivation
requests and responssas. Those received (whether from a
lecal NAU or from DLC) for a local NAU are aluways sent to
the PU.SVC_MGR.CSC_MGR (see the section, "NAU.SVC
Structure™). PC alsoc supports blocking of PIUs or
segmenting of BIUs (see Chapters 2 and 3), and routing and
flow <control over the PC logical connections (virtual
routes, explicit routes, and transmission groups) described
earlier. (See the next section, "NTWK.PC,"™ for additional
discussion.)

LUs, above PC within a node, (1) convert BIUs to end-user
information and control information (and vice versa), and
(2) control the flow of information to and from the end
users as directed by the control information.
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Figure 1-10. Basic Node Structure,

Emphasizing PC and DLC
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NTHK.PC

1-2

g

SNA

The system consisting of all interconnected PCs and DLCs
forms the path control network, or NTWUK.PC (see Figure 1-2);
the extension of this concept to include boundary function
is presented later in this chapter and in Chapter 3. The
input/output streams of NTWHK.PC consist of streams of TH
parameters and associated unsegmented BlIUs.

Each node has a PC element and NAUs. The node and DLC
configuration of the network, and the PC routing algorithns,
combine to provide the following behavior for NTWK.PC:

o An input to a PC element in node-i from a NAU is
transmitted and routed by NTHK.PC and emitted as output
by the PC element in node-j to the destination NAU.
(Since node-i and node-3j can be the same node (i=3j),
NAUs within the same node can be connected by a
session.)

U Message units with the same (destination, origin)}
identifiers are emitted by NTWK.PC in the order
submitted by the origin NAU.

In an earlier section, "NTHK.SNA--Nodes and Their Physical
and Logical Interconnections,”™ the path control logical
connections for subarea routing--virtual routes, explicit
routes, and transmission groups—-uwere discussed. Chapter 3
discusses the sublayers of path control--virtual route

control (VRC), explicit route control (ERC), and
transmission group control (TGC), which control routing and
traffic flow over the logical connections. Chapter 12

discusses the virtual route (VR) manager and explicit route
(ER) manager within PUs (nho transmission group manager is
needed), which control the activation, assignment, testing,
status reporting, and deactivation of virtual and explicit
routes. (See, also, the later section, "NAU.SVC Structure,™
for a brief overview.)

A transmission group (TG) includes one or more links between
two adjacent subarea nodes, and can be identified by the
triple (SAl, SA2, TGN), where:

. SAl is the address of the subarea at one end of the
transmission group.

. SA2 is the address of the subarea at the other end of
the transmission group.

° TGN is the number (1-255) assigned to the transmission
group.

FORMAT AND PROTOCOL REFERENCE MANUAL



An explicit route (ER) includes a set of transmission groups
connecting subarea nodes. These routes provide
connectivity, using a fixed set of transmission groups, from
one subarea node to another (not necessarily adjacent)
within the network. It is a bidirectional logical
connection between subareas and can be identified by the
quadruple (SAl, SA2, ERN, RERN), where:

. SAl is the address of the subarea at one end of the
explicit route.

U SA2 is the address of the subarea at the other end of
the explicit route.

. ERN is the explicit route number carried in PlUs
transmitted from SA1 to SA2.

. RERN is the explicit route number carried in PlUs
transmitted from SA2 to SAl (and is referred to as the
reverse explicit route number). The RERN may be a
value different from the ERN.

A maximum of 16 explicit route numbers exists for each
direction of flow between any two subarea nodes.

PIUs in the network move from subarea node to adjacent
subarea node based on routing lists indexed by the
destination subarea address and explicit route numbear
carried in the TH. The original source of the PIU has no
bearing on the routing of the PIU. The RERN also has no
effect on the route taken to the destination node (and is
not carried in the transmission header).

A virtual route (VR) logically cecnnects the subareas in
which the NAUs participating in a session reside, building
high—-level flow-control properties onto the connectivity
provided by explicit routes. Message—-unit integrity is
enhanced by sequence numbering within the virtual route. (A
route extension is the connection betuween a peripheral node

and the subarea node that is the terminus of the virtual
route.) A virtual route is a bidirectional logical
connection between subareas, and can be identified by the
quadruple (SAl, SA2, VRN, TPF), where:

. SAl is the address of the subarea at one end of the
virtual route.

. SA2 is the address of the subarea at the other end of
the virtual route.

L VRN is the number assigned to the virtual route.

. TPF is the transmission priority assigned to the

virtual route.
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PIUs are transmitted over the explicit route (or set of TGs)

“underlying a virtual route according to transmission

priority. Up to 16 virtual route numbers (VRNs) and 3
transmission priorities (low, medium, and high) can be used
between any two subarea nodes, yielding up to 48 virtual
routes. ' :

Two uses of virtual routes are worthy of note:

. All SSCP-PU and SSCP-LU sessions for the PUs and LUs in
the same subarea use the same virtual route to a given
SSCP. The reason for this is discussed in the later
section, "Session Outage Notification."

. All sessions involving NAUs in the same subarea are
assigned to virtual routes without underlying explicit
routes. These sessions connect NAUs in the same
subarea node or in & subarea node and an attached
peripheral node. Use of virtual route pacing and other
flow control is not needed, because the virtual route
lies wholly within the subarea node. (A route
extension, using boundary function path control,
completes the path to a peripheral PU or LU.)

Just as the primary-secondary DLC asymmetries and other DLC
details are hidden from PC, so0 the routing and other
concerns of NTWK.PC are not visible at the protocol boundary
between NTWK.PC and the NAUs ; in particular, NTHK.PC
conceals the node interconnections (virtual and explicit
routes, transmission groups, links).

SESSIONS AND PU-PU FLOWS

1-30

NAU services managers, and therefore the NAUs themselves,
interact with each other as pairs, via a protocol machine
called a session (see Figure 1-11). The following session
pairings are defined:

. Two distinct LUs in a network can be paired to form a
session (or more than one session—--see the later
section, "Parallel Sessions™); for a given session
activation, one of them is the primary (and sends the
session activation request), while the other is the
secondary (and receives the session activation
request)-—-in general, the primary services manager can
initiate more protocol features related to session
activation and recovery than the paired secondary
services manager. (WHhile the session is active, they
may have symmetric roles.) LU-LU sessions are used for
end-user to end-user communication.

. An SSCP is paired to form a session with each PU in its
domain, and one with each LU in its domain; the SSCP is
always the primary for the session. SSCP-PU and

SNA FORMAT. AND PROTOCOL REFERENCE MANUAL



SSCP-LU sessions are used for monitoring, controlling,
and accessing the processing and communication
resources of the network. For example, each SSCP uses
SSCP-PU sessions to request activation of links within
its domain; LUs use the SSCP-LU sessions to request
activation of LU-LU sessions and to receive directory
services (e.g., name-to-address translation) from the
SSCPs. For the purposes of communication network
management (discussed in a later section), the SSCP can
provide, via coordinated LU-SSCP and SSCP-PU sessions,
LU-PU routing services within a domain.

Two distinct SSCPs in a network can be paired to form a
session; the SSCP sending the successful session
activation request is the primary for the duration that
the session remains active; the receiver of that

request is the secondary. SSCP-SSCP sessions are used
for cross—domain services within a network; in
particular, they are used for coordinating the

activation of cross—domain LU-LU sessions.

Another kind of pairing, using PU-PU flows, exists betuween
PU services managers. These flows are used to:

PU-PU

Load a peripheral node from its adjacent subarea node
(in reaction to a request from an SSCP to the subarez
PU).

Activate and test explicit routes and report their
status (e.g., operative, activated, inoperative);
information and requests are propagated from subarea PU
to subarea PU in either sequential (PU to one adjacent
PU) or fan-out (PU to many adjacent PUs) fashion as
described in detail in Chapter 12.

Activate and deactivate virtual routes; each such PU-PU
flow connects the PUs in the two subarea nodes where

the virtual route terminates.

flows do not require session activation requests;

PU-to-PU awareness results from Exchange Identification
(XID) processing (see Chapter 11 and Appendix E) or is part
of system—definition initialization of nodes.
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Figure 1-11.
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Basic Session Structure
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Each session (SESS) is qualified by a session identification
(SID) specifying network addresses of the NAUs for the
session.

The SID associated with the session between NAUnai and
NAUnaj is the network address pair {(nai,naj). The session
between NAUnai and NAUnaj is denoted by SESS(nai,naj).

SIDs are always ordered address pairs and the notation
SESS(nai,naj) not only refers to the session between NAUnai
and NAUnaj, but by convention also explicitly specifies that
NAUnai i1s the primary and NAUnaj, the secondary for that
session.

Each session, SESS(nai,naj), consists of two half-sessions
interconnected via the ©protocols of NTWK.PC. The
half-session associated with NAUnai is denoted
SESS(naisnajl).nai and that associated with NAUnaj is denoted
SESS(nai,naj).naj; the half-session may also be denoted by
SESS(naisynaj).PRI for the primary or SESS(nai,naj).SEC for
the secondary. Whenever it 1is not ambiguous, half-sessions
are denoted by the short—-forms:

. (nai,najl.nai, (nai,naj).PRI, SID.nai, or SID.PRI; and
U (nai,najl.naj, (nai,naj).SEC, SID.naj, or SID.SEC.

The half-session identification, HSID, is the generic term
for SID.(nailnaj) or SID.(PRI|SEC). (Frequently, the
addresses are not essential to the meaning, and a
half-session is designated simply in terms of the types of
NAUs involved--for example, (SSCP,LU}.PRI.)

At any time;,; the state of SESS(SID) consists of the state
pair:

(state of SID.nai, state of SID.naj).
The only direct communication between paired half-sessions
is via NTHK.PC, which provides a signaling path that can

exhibit a delay. A principal function of the half-sessions
is to synchronize session states in the face of this delay.
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PARALLEL SESSIONS
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In some cases, two LUs may be paired with each other to form
multiple sessions; each such session is then a parallel
session between the two LUs. Before two LUs <can form
parallel sessions, at least one of them must be assigned
multiple network addresses.

Each LU has either a single or multiple network addresses.
An LU with a single network address can participate in
parallel sessions only as a secondary. An LU with multiple
network addresses has:

. A single secondary network address, which is used for
all secondary half-sessions, including the one with the
SSCP.

L Multiple primary network addresses (distinct from the

secondary network address), each of which is wused for
primary half-sessions. Primary network addresses are
assigned (for example, via RNAA, discussed in Chapter
7) during session initiation and can be freed (for
example, via FNA, discussed also in Chapter 7) when all
sessions using them have been terminated. Only LUs in
subarea nodes are assigned primary netuwork addresses.

Figure 1-12 shows an example of parallel sessions.
LUCnailnajlnak) and LU(nam|nanlnap) together form a total of
four parallel sessions—-—-SESS(nan,nai), SESS(nap,nail,
SESS(naj,nam), and SESS(nak,nam). An LU is also <capable of
having multiple sessions, including parallel sessions, with
different LUs; for example, LU(nailnajlnak) is shown as also
having two parallel sessions with LUnag and a single session
with LUnar. Multiple primary half-sessions may make use of
any given primary network address assigned to the LU.

LUs distinguish individual parallel sessions by session name
(see the discussion of BIND in Chapter 13), which is used
during session reactivation processing following an outage.
See the section, "Sync Points,"™ for additional discussion.

The distinction between parallel and nonparallel sessions
arises primarily during the initiation and termination of
sessions. LU-LU session initiation and termination ' is
discussed in Chapter 8). Thus, the term "parallel"™ is
omitted whenever it is not ambiguous to do so.
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FLOWS WITHIN HALF-SESSIONS

The flow of RUs within a half-session is divided into normal

and expedited components in each direction (to and from the
paired half-session). In each direction, the normal- and
expedited-flow RUs are independently sequence numbered (or
identified) and the normal and expedited flows are
controlled wunder separate protocols. Control coupling
exists to the extent that commands carried on the expedited
flows can change the state of the normal flows—--for example,
resetting sequence numbering or quiescing traffic. Within
half-sessions (and also within boundary function components,
discussed later in this chapter), expedited-flow RUs bypass
normal—-flow queues, thereby passing normal-flow RUs in these
queues.

The provision for normal and expedited flows within NTWK.SNA
allows various useful session-level flow-control protocols
to be imposed on end-user data traffic (which is carried on
normal flows) without blocking the passage of crucial
control traffic (which is carried on expedited flows). Use
of the normal and expedited flows within half-sessions
varies by RU category as follous:

° FMD RUs—-—-end-user data and network services requests
and responses——are sent only on the normal flow.

° DFC RUs are sent on either the normal flow or the
expedited flow, depending on the particular request
code.

° SC RUs are sent only on the expedited flouw.

A fourth RU category, NC, applies only to PU~PU flouws (on
which the other three categories, conversely, are never
usad). PU-PU flows use only the expedited flow and do not
involve sessions.

The protocols for handling normal and expedited flows within
half-sessions are defined in Chapters 4 and 5.

HALF-SESSION STRUCTURE

1-36

Each half-session denoted by the half-session

~identification, HSID, has the structure shouwn in

Figure 1-13, and consists of:

° Transmission control (HSID.TCY
© Data flow control (HSID.DFC)
® Function management data services (HSID.FMDS)

SNA FORMAT AND PROTOCOL REFERENCE MANUAL
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TC provides basic control of the use of the transmission
resources of NTWK.PC by:

® Activating and deactivating the half-session data
traffic via session control (SC) requests and responses

. Sequence number checking, session traffic pacing, data
enciphering and deciphering, and enforcing maximum RU
size of normal—-flow traffic passing between TC and PC

DFC half-session protocols include capabilities to:

. Control the concurrency of send and receive
operations——-one way at a time or both ways concurrently

. Provide request groupings through chaining protocols
and transaction delimiting through bracket protocols

. Control the interlocking of requests and responses in
accordance with the request and response control modes
selected during sessiocn activation; this control

involves the return order of responses and the number
of requests allowed to be awaiting responses on a given

flow
. Assign sequence numbers to normal-flow requests
° Correlate requests and their responses
. Interrupt the flow of data in either direction without

affecting other control protocols of the session

Some DFC commands are carried in RUs; other DFC commands are
carried in RHs and are handled as the message unit and RH
parameters pass through the DFC element.

FMDS manages FMD RUs in cooperation with the appropriate NAU
services manager. The particular functions provided by FMDS
vary by the type of half-session:

° The FMDSs in half-sessions involving an SSCP (i.e.,
(SSCP,PUILU).(PRI|SEC) and (SSCP,SSCP") . (SSCPISSCP")
half-sessions), because of their network services

functions, are more specifically referred to as session
network services (SNSs). They provide protocols (in
conjunction with the various NAU services managers)
throuah which the SSCPs c¢an monitor and control the
processing and communication resources of the network.

. The FMDSs in (LU,LU).(PRI|SEC) half-sessions may
provide presentation services protocols for encoding
and compression of data, display formatting, and so
forth; they are more specifically referred to as
session presentation services (SPSs).
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NETWORK SERVICES AND THE NAU SERVICES LAYER

NAU services managers control network operation by
exchanging network services RUs with one another, using
SSCP-based sessions, i.e., SSCP-SSCP, SSCP-PU, and SSCP-LU
sessions. Categories of network services RUs (a type of FMD
RU) are:

° Configuration services: supported on SSCP-PU sessions
in order to activate and deactivate links, to load and
dump nodes;, to perform dynamic reconfiguration, such as
assigning netuwork addresses to local addresses, and, in
general, to control resources associated wuwith the
physical configuration.

° Session services: supported on SSCP-SSCP and SSCP-LU
sessions in order to assist LUs in activating LU-LU
sessions; this includes such activities as resoclution
to network addresses by the SSCPs of network names
presented by an LU in its session initiation request,
checking of end-user password and access authority, and
selection and matching of session parameters.

° Maintenance and management services: supported on
SSCP-PU and SSCP-LU sessions in order to perform
testing and tracing, and to record statistics on
network resources.

. Measurement services: a category of network services
set aside for future definition; currently, all
collection of measurement data is implementation

defined, using LU-LU sessions.

. Network operator services: a category of network
services set aside for future definition; currently,
all network operator communications with the SSCP are
implementation—-defined.

For a given NAU, the services manager and the FMDSs (SNSs or
SPSs) for its various half-sessions Jointly form a NAU
services layver (NAU.SVYC), as shoun in Figure 1-164, The NAU
services manager performs a function or arranges for a
function (e.g., a DLC function) as requested by a paired
services manager. SNS provides routing between the
half-session and the appropriate component of the NAU
services manager,; based on the network services category of
a request or response. Depending on the particular network
services category, state information relating to network
services RU sequencing is maintained by SNS or by the NAU
services manager. Chapter 6 discusses this in greater
detail. SPS is described in SNA LU-LU Session Tvpes.
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NAU.SVC STRUCTURE

The structure of a NAU services component varies according
to the type of NAU--SSCP, PU, or LU. Each provides a
different grouping of services and functions. Figures 1-15,
1-16, and 1-17 show the structures of the SSCP.SVC, LU.SVC,
and PU.SVC. An earlier section, "Half-Session Structure,"
dealt briefly with the FMDS components. Here, highlights of
the NAU services manager structures are discussed; details
on the various signaling pathns (and more comprehensive
overviews) are given in Chapters 6 (SSCP and LU) and 10
(PU).

SSCP.SVC_MGR has the following components:

. UPM_TRANSLATION_SVC, an implementation-defined
component, routes and translates signals between the
SSCP.SVC_MGR and the network operator controlling the
SSCP (and its domain).

. SSCP.SVYC_MGR.CS provides configuration services support
for a domain in cooperation with peer components in the
PUs via SSCP-PU sessions. It also sends and receivas
all session activation requests and responses involving
the SSCP via the common session control manager
(CSC_MGR) in the local PU. Chapter 7 discusses
SSCP.SVC_MGR.CS in greater detail.

. SSCP.SVC_MGR.SS provides session services support for
LU-LU sessions in cooperation with peer components in
LUs within its domain and other SSCPs via SSCP-LU and
SSCP-SSCP sessions. Chapter 8 discusses
SSCP.SVC_MGR.SS in greater detail.

A SSCP.SVC_MGR.MNEMA provides management and maintenance
services support in cooperation with peer components in
PUs and one or more LUs within its domain via SSCP-PU
and SSCP-LU sessions. (See the section, "Communication
Netuwerk Management,”™ later in this chapter.) Chapter 9
discusses SSCP.SVC_MGR.MN&MA in greater detail.

LU.SVC_MGR has the following components:

® LU.SVC_MGR.SS provides session services support for
tU-LU sessigns, initiating them in response Yo an
end-user request. LU-LU sessicn initiation involves

the process beginning with the original LU-LU session
initiation request from an end user (requesting a
session initiation inveolving its oun LU or *wo other
LUs) and ending with the successful exchange of the
LU-LU session activation request and response. The
SSCP within each LU's demain cooperates with its LUs
and the S5CPs of the others (up to three domains can bhe
involved) via SSCP-~LU and SSCP-SSCP sessions to effect
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the LU-LU  session initiation. Details of +the process
are aiven in Chapters 8 and 13. LU.SVC_MGR.SS also
exchanges all session activation requests and responses
involving its LU with the CSC_MGR manager in its PU.
(It provides similar support for LU-LU session
termination.) Chapter 8 discusses LU.SVC_MGR.SS in
greater detail. ~ ‘

. LU.SVC_MGR.MN&MA provides management and maintenance
services support in cooperation with peér components in
PUs and the SSCP in its domain as discussed in the
later section, "Communication Network Management."
Chapter 9 discusses LU.SVC_MGR.MN&MA in greater detail.

. LU.SVC_MGR.PS provides presentation services support
for LU-LU sessions as discussed in SNA LU-LU Session
Tvpes.

. LU.SVC_MGR.SYNC_PT provides sync point services for

coordinating checkpoints of resources anchored in the
LU, possibly in conjunction with those located at one
or more other LUs connected by sessions to the local
LU, and for recovering from failures by reverting to
committed checkpoints. See the section, "Sync Points,"
for additional discussion.

PU.SVC_MGR is the focal point within a node for controlling
local resources in response to control point requests and
for initializing, and otherwise managing, layers and logical
connections represented within the node. PU.SVC_MGR has the
following components:

. PU.SVC_MGR.NS provides network services (configuration
services, management and maintenance services) support
in cooperation with 1like components in its &SSCPs (see
the section, "Shared Control"™) and LUs (see the
section, "Communication Network HManagement™). It
responds to PUCP or SSCP requests to activate and
deactivate local resources such as links and adjacent
link stations. It also converts network services
requests received from a control point into appropriate
(e.g., NC cr DLC) signals to other PU.SVC_MGR
components and receives status from them (causing it to

send network services RUs to =a control point).
PU.SVC_MGBGR.NS receives ACTPUs and sends the responses
to ACTPUs via the CSC_MGR manager. Chapter 11

discusses PU.SVC_MGR.NS in detail.

L PU.SVC_MGR.PC_ROUTE_MGR provides services wusing the
PU-PU flows (see the section, "Sessions and PU-PU
Flows™) and participates (within subarea nodes) in the
session—activation process to assign sessions to
virtual routes. Subcomponents include a virtual route
(VR) manager and an explicit route (ER) manager. The
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VR and ER managers control virtual and explicit routes
and are layer managers of VRC and TGC. Chapter 12
discusses PU.SVC_MGR.PC_ROUTE_MGR in detail.

PU.SVC_MGR.CSC_MGR is the 1layer manager for all
half-sessions in the node. It acts as a conduit for
all session-activation and —-deactivation requests and
responses exchanged between other NAU services manager
components and path control. It controls the
half-session activation and deactivation processes by
creating, initializing, and destroying half-session
control blocks. It serves the boundary function in the
same way (see the section, "Boundary Function
Structure™). The CSC manager also provides session
outage notification support (see the section, "Session
Outage ‘Notification"). Chapter 13 discusses
PU.SVC_MGR.CSC_MGR in detail.

PU.SVC_MGR.LINK_MGRs exist for each 1link attached +to
the node. A link manager controls activation,
deactivation, and status reporting of an underlying
DLC.(PRI|SEC) and link connection. Details of this
component are not given in this book.
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SESSION OUTAGE NOTIFICATION

For a number of reasons, an active session between two NAUs
can fail. In these cases, SNA provides means for notifying
the affected half-sessions so that restart processing can be
attempted. Two common reasons are as follouws:

. A virtual route underlying active sessions has been
disrupted as a result of the failure of the last
remaining 1link in a transmission group used by the
explicit route underlying the virtual route, or because
the virtual route has been forcibly deactivated. The
VR managers on both ends of the virtual route inform
the local CSC managers, which generate and send session
deactivation requests to the affected half-sessions in
their subareas, notifying them of the failure. Restart
processing, via a network—- or terminal-operator
reinitiation of the session, can involve assigning a
different virtual route in order to bypass the failure
and reactivate the sessions.

. A route extension in the path of active sessions fails.
The NS mansger in the PU on each side of the route
extension notifies the local CSC manager, which sends
LU-LU session deactivation requests to all affected LU
half-sessions on its side of the failure. Hithin an
SSCP, any affected half-sessions are reset as a result
of receiving INOP from the PU in the subarea node to
which the route extension is attached. (So that INQOP
reporting for route extension failure can succeed, all
SSCP-based half-sessions in PUs and LUs within the sane
subarea use the same virtual route to a specific SSCP.
When the virtual route fails, all sessions for the
subarea fail, thereby allowing coordinated reset and
reactivation. Enforcement of this constraint is by the
SSCP when it resolves the class of service name to a
virtual route identifier list.)

There are other cases, where LU-LU sessions have not failed,
but hierarchically higher-order (SSCP-based) sessions have,
or where active SSCP-SSCP or SSCP-PU sessions are overridden
by more recent session activation requests received over a
different virtual route. Details of these cases are given
in Chapters 8, 11, and 13. :

Various reset hierarchies among FSMs exist; that is, groups
of related FSMs are reset when another FSM is reset. In
general, reset hierarchies are determined by the control
blocks in which FSMs are anchored (see Appendix A).
Destroying a control block within the meta-implementation
resets the FSMs anchored 1in that control block.
Alternatively, explicit reset signals may be sent to
individual FSMs to reset them, as shown in the various
chapters of this book.

CHAPTER 1. INTRODUCTION 1-47



Chapter 13 defines reset hierarchies related to session
outage notification; those related to lost-control-point
processing and to INOP and deactivation processing are
defined in Chapters 11 and 13, respectively.

The next section, "Sync Points," discusses checkpoint and
recovery capabilities for LU-LU sessions.

SYNC POINTS

1-48

An LU may present to its end user(s) an environment in wmhich
various system resources, such as terminals, data bases, and
queuing facilities, are all allocated and deallocated within
the period that a session is active. Typically, allocation
and deallocation are synchronous with the attaching of a
transaction processing application program to the LU and its
subsequent termination, or detaching from the LU.

This attaching and detaching of a transaction processing
application program corresponds to the beginning and ending

of a bracket. Where a session connects a terminal operator
with a transaction processing subsystem (e.g., a
data-base/data-communication application subsystem), a

bracket is typically initiated by the terminal operator, who
includes the identity (transaction code) of the desired
transaction processing program within the first message unit
of the bracket. Two transaction processing subsystems also
can be connected by one or more sessions, in which case the
bracket is initiated from either end.

While a transaction processing program is running, the LU
monitors its access to system resources, such as data-base
entries or the session itself. As changes are made, such as
updating or deleting a data—-base entry or sending data to a
transaction processing program at the paired half-session,
the resource involved is locked for exclusive use and a
record is made of the change. MWhen all processing related
te a specific unit of work is completed, the change records
are erased and the work is thereby committed.

Frequently, transaction processing involves multiple—-step
actions, wherein all steps must be completed as a unit
because only the combined action has meaning. For example,
correlated records in a distributed data base must all be
updated in synchronism with each other. Should the
multiple~step process fail midway through--say because of
session failure—-—-the change records could be used to undo
the partially completed unit of work.

In SNA, svnc point protocol machines are defined within LUs
to coordinate the two ends of a session in committing to the
comnletion of a distributed unit of work:

SNA FORMAT AND PROTOCOL REFERENCE MANUAL



. A special request ("Commit"), encoded as a bit in the
request header (RH), is sent by one end to request the
other end to commit to completion of a unit of work.
The end receiving the request can signal its agreement
by positively responding to the Commit request, thereby
establishing a new sync point. If a negative response
is sent, both ends undo the unit of work and revert to
the previous sync point.

. Another request ("Prepare™), encoded as FM header 10
(see SNA LU-LU Session JTypes) or as a value in the
LUSTAT request, allows one end to request the other end
to send the Commit request. The sender of the Prepare
request need not keep protected resources locked if the
session fails before the Commit request is received; it
can simply revert to the previous sync point and
release the resources. The sender of the Commit
request awaiting a response cannot determine whether a
session failure occurred before or after the other end
committed to the new sync point; this can ocnly be
determined at reactivation of the failed session.

. The SET AND TEST SEQUENCE NUMBERS (STSN) request is
provided for wuse at session reactivation-—-after BIND,
but before data traffic is exchanged-—-in o¢rder to
determine how a session failure affected the sync
points at the two ends. STSN and its response cause

the two ends to exchange sequence numbers corresponding
to their most recent syne points, thereby synchronizing
the two ends. Either they agree already, or one must
revert to a previous sync point to reach agreement.
Because either end can send Commit, this means zero,
cne, or two sync points may be in doubt when STSN is
exchanged.

LUs provide this optional sync point service via the sync
point manager (LU.SVC_MGR.SYNC_PT), shown in Figure 1-16.

All resources allocated to a transaction precessing
application program attached to an LU are characterized as
protected or unnrotected. At intervals, the program may
sianal the sync point manager to ctommit all the changes to
the protected rescurces: in order to move forward to a new
sync peint. {The program may be coordinating common sync
points for multiple sessions through the sync point
manager.) Alternatively, the program may signal the sync
point manager to revert to the previous sync point, thereby
undoing any changes made to protected resources after that
sync point,

Actual implementation of a protected resgurce can vary
widely, depending upon the errors against which protection
is desired. In the most stringent case, protection against
application program, LU, node, and session failure is



provided; the protected resource might then be a disk file.
For this level of protection, a 1list of states before and
after changes to that resource since the last sync point is
kept on a non-volatile storage medium (a sync point log).
This list is used to restore the state of the protected
resources when an abort occurs because of a session failure,
an application program request, or an application program
error. :

One-phase commit, in which the reauester sends Commit and
the response indicates yes or no, is the basic protocol.
Two-phase commit, in which the first sync point manager
sends Prepare, requesting the second to send the Commit, is
an implementation option. Two-phase commit allrws some
choice of which LU must hold locks on protected resources
pending completion of the sync point—-—-perhaps across a
session failure.

Sessions that are protected resources can be resynchronized
(using STSN as noted above) after a failed session has been
restarted. Since the network addresses of a session can
change (being dynamically assigned) during the interval
between session failure and session restart, the information
needed to support session resynchronization 1is saved by
session name——-see the BIND request in Chapter 13. Following
resynchronization, restart of application programs that were
running at the time of the session failure is an
implementation option.

Chapters 2 and 4 and Appendix E discuss the use of the RH,
STSN, and LUSTAT for sync points in more detail. Details of
the sync pocint manager are given in SNA LU-LU Session Tvpes.

SHARED CONTROL

St

(5]

Multiple SSCPs can share control of various network
resources, either sequentially or concurrently. In
addition, the PUCP in a node can share control of some node
resources f(e.g., the PU, links, adjacent link stations)
sezauentially or concurrently with multiple SSCPs. This
allouws local activation of node resources when no SSCP
exists in the node. A PU can be shared by allowing more
than one control point (CP)--an SSCP or PUCP--to send it the
activation request, ACTPU; the PU is a member of each domain
whose SSCP can share such control. Once an SSCP has control
of the PU in this way, it can also share control of
resources associated with the PU--in particular, LUs, whirh
it activates via ACTLUs, and links, which it activates via
ACTLINKSs. Link stations on a link can be controlled via
CONTACTs by each SSCP or PUCP that shares control of the
link. S8CPs sharing control of a given PU may vary in their
interest in, or awareness of, asscciated LUs and links; each
SSCP may make use of separate resources.
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NTWK.TC,

Resources that can be shared have different limits on the
number of CPs that can concurrently share them. This
concurrency constraint is called the share limit for the
resource. LUs have a share limit of l--only one SSCP at a
time can exercise control. (PUCPs do not <control LUs.) A
peripheral PU, with respect to 1its boundary function
support, also has a share limit of l1--only one SSCP controls
it at a time. (However, the PUCP within the peripheral node
can share control of the peripheral PU with an SSCP.) For
subarea nodes, the share limits of resources other than LUs
can be greater than 1, subject to installation—-dependent
options, thereby allowing the PUCP in the node and multiple
SSCPs to concurrently exercise control.

Shared control of network resources can be used for such
purposes as:

. Backup of one SSCP by another to increase network
availability

. Partitioning control of a network by use, rather than
by physical location of resources (e.g., multiple SSCPs
can share control of a given 1link and partition use of
the nodes connected via the secondary link stations on
that link)

. Time-of—-day shifting of control of various network
resources

NTWK.DFC, AND NTWK.SESS

The nesting of networks within NTWHK.SNA can be extended as
shown in Figure 1-18, where the intermediate levels between
NTHK.PC and NTHK.SNA are introduced.

The TC elements, and the NTHK.PC interconnecting them, form
NTHUHK.TC, which is the second innermost network of the
networks nested in NTHK.SNA. Within each session, the TC
element pair (one in each half-session), in conjunction with
NTHK.PC, provides a connection for passing RUs between the
DFC element pair. This connaction has the following
properties:

. No send-receive <coupling exists between the flows in
the two directions; this means that NTHK.TC supports
concurrent send and receive operations at its protococl
boundary with DFC.
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® Normal-flow RUs, whether requests or responses, are
delivered to a DFC element in the order of submission
to NTHK.TC by the paired DFC element,  except for
responses that carry an RH indicator value specifying
that they are to bypass TC queues—--these responses can
pass queued requests (and responses) delayed by pacing,
thereby avoiding session deadlocks (see Chapters 2 and
G). ‘

° The size of the normal-flow RUs and the rate at which
normal-flow request RUs can enter NTHK.PC are limited
by the TC elements in accordance with parameters chosen
at session activation.

° Data traffic (normal-flow FMD and DFC RUs) over the
connection can be enabled and disabled through data
traffic protocols provided by the session control
components within the paired TC elements.

In a later section of this chapter, a protocol machine
called the "boundary function," which has a special role in
NTHK.TC for supporting peripheral nodes, is discussed.

The DFC elements, and the NTRK.TC interconnecting them, form
NTWK.DFC, which is the third innermost network of the
networks nested-in NTWK.SNA. Mithin each session, the DFC
element pair, in conjunction with NTHK.TC, provides a
connection for passing RUs between the FMDS element pair.
This connection has the following properties:

° Send-receive coupling of the flouws in the two
directions is enforced in accordance with sessicn
activation parameters.

° Normal-flow RUs, whether requests or responses, are
delivered to an FMDS element in the order of submission
to NTWUHK.DFC by the pairad FMDS element, except for
those responses, mentioned above, that can bypass TC
queues.

. Checking and synchronizing of RU groupings
(architectural chains and brackets) is supported in
accordance with session activation parameters.

° The other DFC functions, discussed in a previous
section ("Half-session Structure™), are enforced.

The FMDS elements, and the NTKHK.DFC interconnecting them,
form NTUK.SESS. NTWX.SESS consists of all the half-sessions
in NTHK.SNA, along with NTHK.PC, which interconnects them.

Within each session, the FMDS element pair, in conjunction
with NTUK.DFC, provides a connection for passing message
units between pairs of services managers. This connection
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has all the properties of the connection provided by
NTKK.DFC, in addition to properties introduced by FMDS
functions:

° A message unit delivered to a services manager may have
a format different from that submitted to NTWK.SESS by
the paired services manager, in accordance with
formatting or presentation services available for the
session.

. For an SSCP-based session, the FMDS element pair checks
and maintains the current states for controlling and
synchronizing the flow of certain network services RUs,
€.Q.) in the session services category. (For other
network services categories, e.g., configuration
services, control and synchronization of the RUs is

performed in the NAU services manager layer.)

The SVC_MGRs and the NTWK.SESS interconnecting them, form
NTHK.SNA.
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1-54 SNA FORMAT AND PROTOCOL REFERENCE MANUAL




BOUNDARY FUNCTION STRUCTURE

Subarea nodes support the attachment of peripheral nodes
through a protocol machine known as the boundary function
(BF). Each BF consists of BF.PC, and a BF.NODE for each
peripheral node attached to the subarea node (see
Figure 1-19). Each BF.node establishes a reset hierarchy
for a distinct peripheral node, and consists of a BF.PU
representing the PU in the peripheral node and as many
BF.LUs as there are LUs receiving boundary function support
in the peripheral node. Each BF.(PUILU) includes a
BF.(PUJLU).SVC_MGR and as many HSID.BF.TCs as there are
half-sessions within the peripheral PU or LU receiving
boundary function support.

BF.PC in a subarea node provides path control function for
FID2 (to/from a PU_T2 node) and FID3 (to/from a PU_T1 node)
traffic into and out of the subarea node. This includes:

. Transformation between FID4 and FIDZ2 or FID3
transmission headers (THs); this involves conversion
between NAU network-address pairs and (link station
network address, local address(es)) combinations; the
relationship between TH format types (FIDZ2, FID3, and
FID4) and node types is shown in Figure 1-20.

. Link and adjacent link station routing

U Optional segmenting of message units destined for
peripheral nodes into smaller units

BF.PC has a protocol boundary with PU.SVC_MGR.NS for the
(PU-PU flow) loading (IPLing) function. This function
bypasses the BF.NODE components completely. (See Chapter 11
for details.) BF.PC also has a protocol boundary with
PU.SVC_MGR.CSC_MGR, which acts as the conduit (between BF.PC
and BF.(PU|LU).SVC_MGR and between PC and
BF.(PUJLU).SVC_MGR) for boundary-function related
session—activation and -deactivation requests and responses
and controls the activation and deactivation of HSID.BF.TCs
by creating, initializing, and destroying boundary function
session control blocks. PU.SVC_MGR.CSC_MGR also supports
session outage notification for boundary-function supported
half-sessions. (See the Section, "Session Qutage
Notification,"™ and Chapter 13 for details.)

Details on BF.PC are provided in Chapter 3.
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SIDi.SEC.BF.TC provides support functions for the secondary
half-session, SIDi.SEC. This includes: ’ ' s

L Providing session-level sequence number support for
type 1 peripheral nodes

. Providing session—level pacing support

An HSID.BF.TC has a protocol boundary wuwith both PC and
BF.PC. BF.PC (as part of the route extension) routes
message units between HSID.BF.TC and the link to the path
control element and the half-session in the peripheral node,
while PC (using a virtual route) carries message units
between HSID.BF.TC and the paired half-session in a subarea
node (either the local one or some other onel). Both PC and
BF.PC route to HSID.BF.TC wusing the HSID network address
pair.

Details of BF.TC are provided in Chapter 4.

Each BF.(PU|LU).SVC_MGRnai assists in providing BF support
for sessions with (PUlLUdnai, which resides in an adjacent
peripheral node. Each BF.(PU|LU).SVC_MGR provides
cross—session reset coordination (i.e., for sessions
associated with the same LU or node that receives boundary
function support) and decides whether received session
activation parameters are acceptable to the boundary
function. It also determines whether the boundary function
has sufficient resources to support the session. ’

The protocol boundary between BF.(PU|LU).SVC_MGR and
PU.SVC_MGR.CSC_MGR is described in detail in Chapter 13.
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COMMUNICATION NETWORK MANAGEMENT

Any user-application network requires a means for collecting
information about the network for purposes of efficient
operation and problem determination, and for display of such
information to the installation management when problems
exist in the network, or upon request at other times.

The SNA network provides such a means through a facility
referred to as communication network management (CNM). A
CNM services component may be located at each node of the
network and has a protocol boundary with the PU. Typically,
one CNM application component exists for each domain and has
a protocol boundary with an LU (and thus is a specialized
end user). The SSCP in a domain acts as an intermediate
router between each CNM application for the domain and all
the CNM services components that the application interacts
with throughout a domain.

The CNM application and any particular CNM services
‘component associated with its domain are connected together
“via an underlying LU-SSCP and SSCP-PU session. The CNM
"application sends to the SSCP (via FORWARD) an embedded
request (currently, a maintenance-services category request
only) and identifies a particular destination PU by name.
The PU name is included in the FORKARD request following the
enbedded request. The SSCP provides a directory service of
translating the name to a network address (just as it does
for LU-LU session initiation) and passes the request
received in the FORWARD on to the appropriate PU. Upon
receipt of a CNM-related (maintenance-services) request from
a PU, the SSCP uses the the request code to choose the
appropriate LU to receive the request. The SSCP sends the
request received from the PU to the LU by embedding the
request within a DELIVER request and appending the network

..names associated with network addresses appearing in the
embedded request.

A procedure-related identifier, or PRID, can be generated by
the CNM application (or in some cases by the SSCP for its
own routing) and included in the CNM header for correlation
of requests exchanged via FORWARD and DELIVER. The SSCP
uses the PRID to choose the LU to route to upon receipt of a
CNM reply from a PU. A PU merely echoes a received PRID in
its reply. (Chapter 9 gives more details of PRID usage.)

Because the installation management of a user-application
network is not generally concerned with a network only in

terms of domains, but is interested in centralized
collection, processing, and display of netuwork data,
CNM—-application to CNM-application communication is

supported using cross—domain LU-LU sessions. This allows
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data to be collected at one centralized LU (or more than
one, if desired), processed, and from there displayed
(perhaps using another LU-LU session) at any suitable
location.

A number of SNA requests and replies are used to carry)
CNM-related information, such as for:

° Requesting and returning storage dunmps

. Initiating and terminating tests and returning their
status and results

L Reporting solicited or unsolicited data on SDLC tests,
summary error data and statistics related to a PU or
its attached resources, other PU/LU dependent data,
engineering-change levels, link—-connection subsystem
(modem) data, and other maintenance statistics.

This book discusses the CNM-related routing capabilities in
NAUs and the CNM RUs for maintenance and management services
(see Chapter 9). Details of CNM services, CNM applications,
CNM-application to CNM-application communication, other CNM
system operations, and CNM presentation of data are defined
in product publications.

STRUCTURAL OVERVIEW OF A NODE

1-60

The basic node structure shown in Figure 1-10 can be refined
as shown in Figure 1-21. All components illustrated in the
figure have been discussed, to varying degrees, in earlier
sections of this chapter.

Not all node types have this general structure. For
example, an SSCP exists only in a type 5 node; a PUCP (a
functional subset of the SSCP) exists in all others. Only
subarea nodes to which one or more peripheral nodes are (or
can be) attached contain the boundary function.

Every node contains a PU, but LUs (one or more) are
optional. PC exists in every node; the number of DLCs and
attached link connections varies. (Peripheral nodes, for
example, have only one.) The CNM components attach to nodes
according to implementation and installation options..
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PROFILES

LAYER AND

Some of the session protocols (such as for request and
response control modes, brackets, and pacing) are selectable
at session  activation. Specific combinations of these
selectable protocol options are knouwn as profiles. Those
profiles that refer to TC options are <called transmission
services (TS) profiles; those profiles that refer to DFC and
FMDS options are called function management (FM) profiles;
those profiles that refer to SSCP options for cross-domain
support are called CDRM profiles (see Appendix F for
details). The TS and FM profiles to be used in any session
are specified at the time of session activation via
parameters in the appropriate session activation request and
response (see  ACTCDRM, ACTPU, ACTLU, BIND, and their

‘responses in Appendix E); the CDRM profile is specified at

SSCP-SSCP session activation, via a control vector parameter
carried in ACTCDRM and +RSP(ACTCDRM).

ELEMENT STRUCTURE

Layering shapes the structure of NTHK.SNA. Layers consist
of paired elements having the structure shown in
Figure 1-22. Each element has a sending protocol machine
(ELEMENT.SEND) from which it sends message units through the
inner layers of the network to a receiving protocol machine
(ELEMENT.RCV) in the matching element. The sending and
receiving protocol machines within an element may be locally
coupled.

Most element protocol machines, although differing in
specifics, have the generic internal structure shoun in
Figure 1-23. Each basic element handles two principal

flows: one toward the center of the network from the outer
layers, the other toward the outer layers from the center of
the network. A layer consists of two complementary
submachines: ELEMENT.SEND and ELEMENT.RCV. ELEMENT.SEND
handles the flow from the outer layers, and ELEMENT.RCV
handles the flow toward the outer layers.
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Figure 1-22. Pairing of Elements
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ELEMENT.x (x=SEND|RCV) consists of:

° USAGE_CHECKS_x: Checks message units for valid field
usage, parameter values, and other  state-independent
format checks. If an error 1is detected, an error
message unit may be generated and returned to the
originator or sent to the destination. (Alternatively,
message—-unit fields and parameters may be set to their
correct values within ELEMENT.SEND.)

. STATE_CHECKS_x: Checks the validity of message units
relative to the current state of the element. If a
state~dependent error is detected, an error indication
may be generated and returned to the originator or sent
to the destination; if no error is detected, the
message unit is sent forward.

® FSM_x: Undergoes a state transformation in response to
the input message unit being processed and produces an
output message unit, (not necessarily identical to the
input message unit), which is sent forward.

To avoid undergoing state transformations in one layer and
then detecting a send-check violation in a lower layer, the
send checks for all layers can be made by the top laver.
This practice is followed by the meta-implementation
described in this book. It avoids rejections by louwer
layers that would require complex "backing out" nof state
transformations already made in higher layers.

The FSMs in ELEMENT.SEND and ELEMENT.RCV may be coupled;
i.e., they may ‘exchange signals. The strongest type of
coupling occurs when both ELEMENT. SEND and ELEMENT.RCV share
a single FSM (or set of FSMs).
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Figure 1-23. Basic Element Structure
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Typical layer elements in NTWK.SNA occur in paired versions,
as denoted in Figure 1-22. Message units are passed between
element pairs in the following manner.

A message unit entering ELEMENT.SEND from its outer layer
is:

1. Partially checked by USAGE_CHECKS_SEND, and, if valid,
is ‘

2. Forwarded to STATE_CHECKS_SEND, where it is checked for

validity relative to the current send state; if valid,
the message unit is '

3. Routed to an FSM_SEND, where a state transformation
occurs and the message unit (which may be transformed
by the FSM) is passed to the inner layers of NTWK.SNA
for transmission to ELEMENT.RCV.

The message unit arriving at ELEMENT.RCV from the inner
layer is:

G. Checked by USAGE_CHECKS_RCV, and, if valid, is

5. Forwarded to STATE_CHECKS_RCV, where it is checked for
validity relative to the current receive state; if
valid, the message unit is

6. Routed to an. FSM_RCV, where a state transformation
occurs and the message unit (which is retransformed, if
needed, by the FSM) is passed to its outer layer.

Each of the major composite protocol machines of a
half-session, i.e.», TC, DFC, and FMDS, involve specific
interconnections of several basic elements. Details of

these interconnections and of the constituent basic elements
are presented in Chapters 4, 5, and 6.

OTHER DEFINITIONS AND NOTATIONAL CONVENTIONS

1-66

This section describes some notational conventions widely
used.- in both the figures and the text. For complete details
of the FAPL and FSM notation, see Appendix N.

As mentioned 1in the opening section of this chapter, each
protocol machine in the book has a unique name consisting of
a sequence of qualifiers. If the protocol machine belongs
to a half-session, its name takes the form
SID.(PRI|SEC).specific name for LU-LU, SSCP-LU, and SSCP-PU
half-sessions,  and (SSCP,SSCP').(SSCP|SSCP').specific name
for SSCP-SSCP half-sessions.
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(SID.PRI.specific name_SEND, SID.SEC.specific name_RCV) and
(SID.SEC.specific name_SEND, SID.PRI.specific name_RCV) are
examples of two basic protocol machine pairs. This naming
convention produces protocol machine names that carry
precise information on the role of the protocol machine and
its relative position in the network structure.

The colon (:) is wused (within the main text, but not in
FAPL) in expressions of the form FSMx:STATEy, which denotes
the statement "FSMx is in STATEy" (where FSMx is an FSM name
and STATEy the name of a state in FSMx).

Some of the protocol machines defined in the book interact
directly with undefined components. These undefined
components, or undefined protocol machines (UPMs) represent
implementation and/or installation options that are not
architecturally prescribed (being product or user oriented)
or protocol machines that are not, as yet, formally
specified.

Within block diagrams, the following conventions indicate
the type of interaction between components:

U Solid arrows indicate data flow using SEND or INSERT
logic (see Appendix N).
. Dotted arrows indicate calling relationships.

® Dotted lines indicate data structure access.

A BIU, and hence the resulting PIU (or multiple PIUs, if
segmenting is performed), is either a request or a response,
depending on the RH coding; these are denoted respectively
by RQ and RSP.

RQ(QUAL)Y denotes an RQ having the property described by
QUAL; for example, RQ(CLEAR) denotes a request PIU whose RU
is coded "clear," and RQ(Begin Chain) denotes a request PIU
whose RH is coded "Begin Chain.”™ A similar convention
applies to responses. RSP(CLEAR) denotes a response PIU
whose RU is coded "clear." The notation RSP(RQ(QUAL)) has a
special meaning: it denotes a response to a request that had
the property QUAL. For example, RSP{(RQ(BB,EB)} is a
response to a request that carried the BB and EB values.
Khenever it is not ambiguous, RQ(QUAL) is dencted by the
short form, QUAL; e.g.; CLEAR implies RQ(CLEAR). No short
forms are used for responses.

Abbreviations are used to shorten the length of FSM names,
state names, and protocol inputs and outputs. The
abbreviations are listed at the back of the book on foldout
pages (Appendix T) for easy reference.
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CHAPTER 2. MESSAGE UNITS AND HEADER FORMATS

This chapter describes the formats of the various SNA
message units and headers. Additional usage details of the
various header fields appear in subsequent chapters. The
formats are also shouwn in figures in Appendix D.

GENERAL MESSAGE UNITS

BASIC LINK UNIT

The basic link unit (BLU) is the basic unit of transmission
at the data link and station level; it consists of a DLC
header, followed by a basic transmission unit (BTU),
followed by a DLC trailer (Figure 2-1). The DLC header and
trailer carry DLC control information, and the BTU is thé
information field transmitted by the DLC element for the DLC
users. For example, in synchronous data 1link control
(SDLC), the BLU is one frame:

BLU = Frame = F,A,C [,BTU],FCS,F

where F = Flag
A = Address
€C = Control
BTU = Basic Transmission Unit
FCS = Frame Check Sequence

CHAPTER- 2. MESSAGE UNITS AND HEADER FORMATS 2-1




el
DLC |TH| BIU or BIU DLC
Header | segment Trailer
LEGEND:
DLC Data Link Control

I I | | BIU Basic Information Unit
| 1< PIU > | BLU Basic Link Unit

} | | ! BTU Basic Transmission Unit
| | | | PIU Path Information Unit

| | < BTU > | TH Transmission Header

| | | !

| |

] |

I < BLU >

] |

A. Single PIU
DLC TH} BIU or BIU |TH| BIU or BIU |TH] BIU or BIU DLC
Header segment /Segment segment Trailer
/

| | . | |
' 1< PIU >« PIU >« PIU >1 i
| | | ' | |
| | | | |
| I< BTU > |
| - | |
| | | |
| < BLU >
| |
| |

Figure 2-1.

B. Blocked PlUs

BIU/PIU/BTU/BLU Relationships
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BASIC TRANSMISSION UNIT

The basic transmission unit (BTU) 1is the fundamental unit
passed between path control and data link control. As shoun
in Figure 2-1, it can consist of one or, if blocking is
used, multiple path information units (PIUs).

Maximum BTU sizes may be established to accommodate physical
buffer—-size limitations, buffer utilization considerations
at the sending or receiving 1link station, or the
transmission characteristics of the link connection.

PATH INFORMATION UNIT

A path information unit (PIU) consists of a transmission
header (TH) alone, or a TH followed by a basic information
unit (BIU) or BIU segment. Figure 2-2 shows the BIU/PIU
relationship when segmenting 1is not wused (A), and when
segmenting is used (B). Khen segmenting 1is used and the
size of a BIU to be transmitted is such that the resulting
PIU (TH + BIU) would be larger than the maximum PIU-size
permitted on a virtual route or by an adjacent link station,
path control divides +the BIU into multiple segments and
sends them as multiple PIUs; thus, no PIU (TH + BIU segment)
exceeds the maximum PlIU-size permitted. See Chapter 3 for
details. Note that when a BIU is segmented, only the first
segment contains the request header (RH). "o avoid
truncating the sense data field of certain RUs (to be
defined later) when segmenting a BIU, the first BIU segment
must be nc less than 10 bytes.

When a BIU intended for transmission by a DLC is larger than
the message size permitted by the DLC, path control divides
the BIU into segments. The maximum size of a segment is the
smaller of:

® The maximum buffer size of the sending or receiving
link station

® The maximum message s5ize permitted by the
characteristics of the link connection
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|
: >— A. Unsegmented BIU
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|
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| < BIU >
| < RU >1
I
1 f 1
: / /s i
RH : : / ese s : |
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: : : : : ]
: : |
: : : i
THIRH : . : i
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| | 3 : |
{<—PIUl—>]| : H |
|
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|
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LEGEND:
RH Request/response Header
RU Request/response Unit
BIU Basic Information Unit
PIU Path Information Unit
TH Transmission Header

Figure 2-2. PIU/Segmenting Relationships
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BASIC INFORMATION UNIT

A basic information unit (BIU) consists of a
request/response header (RH) followed by a request/response
unit (RU); it is the fundamental unit passed between corigin
and destination transmission control elements. BlIUs are the
fundamental units carried by NTWHK.PC on the flows betuween
paired half-sessions.

REQUEST/RESPONSE UNIT

The request/response unit (RU) contains user data,
acknowledgment of user data, commands for the control of the
network, or responses to commands.

The definition of RU formats and RU-related protocols
constitutes a major portion of the remainder of the book.
Chapters &4 onward, plus Appendix E, provide detailed
information on RUs for network control, session control,
data flow control, and netuwork services FMD RUs.
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SPECIAL MESSAGE UNIT: EXCEPTION REQUEST (EXR):

EXRS REPLACING REQUESTS

2-6

‘An EXR is generated by a protocol machine when it detects an

error in a request that is to be processed by additional
protocol machines before being turned into a response. For
instance, an EXR is sent by a CPMGR - when it detects a
sequence number error on a request. The request RU is
replaced with sense data (see Appendix G), followed by up to
three bytes of the original RU (as described. for negative
responses in Appendix E under "Response Units—-Negative™);
also, the Sense Data Included bit in the RH is turned on.
EXR 'is 'the .only request containing sense data; it is
identified as an EXR by the value 1 in the 'SDI bit in a
request header. If the request in error is already an EXR,
the four bytes of sense data information may be overwritten
with the new value, i.e., in the case of a 'path error. In
general, EXRs are not overwritten because the first error
detected is wusually the most important and is reported in
the negative response. EXR results in a negative response
to the original request, if allowed; the negative response
carries the same sense data as the final EXR.

The boundary function generates EXRs for sequence number
errors detected on requests destined for half-sessions in a
PU_T1 node. The EXR is also used within a half-session or
between half-sessions as a signal generated by
request—-processing protocol machines and sent onward to
indicate that the error denoted by the sense data has been
detected for the request.

If an EXR cannot be delivered, the same sense data is
returned as if the original request could not be delivered
(thereby overriding any different error indicated in the
undeliverable EXR).

JH: The Sequence Number field in an EXR is the same as in
the request it replaces. It is checked, and the CPMGR
sequence number receive count is updated, as for regular
(non—-EXR) requests. The TH Data Count field is altered to
properly record the new BIU size. The Mapping field is set
to BBIU, EBIU). All other fields are left as received.

An EXR replaces a complete BIU and is not used to replace
one segment of a segmented BIU.

RH: The RH is the same as that of the original request,
except that the Sense Data Included indicator is turned on.

RU: Bytes 0-3 contain sense data, in the same format as
returned in the negative response. The sense data is
followed by the original RU, truncated to no more than three
bytes, as described in Appendix E for negative responses.
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EXRS REPLACING TOO-LONG PIUS

A special use of EXR applies to both requests (whether
segmented or not) and responses: if the length of a PIU
received by transmission group control (TGC) from an upper
layer exceeds the maximum BTU length allowed on the
transmission group, TG6C converts the PIU to an EXR having
the following characteristics.

JH: Like EXRs replacing requests, EXRs replacing too-long
PIUs leave all fields in the TH unchanged except for the
MPF--set to (BBIU, EBIU)-- and the DCF--set to 7 here.

RH: The RH is set to X'07B000', no matter what the replaced
RH (if any) umas.

RU: Bytes 0-3 contain the sense data, X'800A'; no other
bytes are included.
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HEADER FORMATS

TRANSMISSION HEADER

A transmission header (TH) is the leading, or only, field of
every PIU. The first half-byte of any TH is the
Identifier (FID) field. Six different TH formats,
and FIDF;

types, are defined: FIDG, FID1l, FID2, FID3, FID4,
they correspond to  hexadecimal values g-4,

respectively, in the FID field. All other FID values are

reserved.!

The remaining fields of the TH vary by FID type, and are

described below.

! Threughout this book, reserved is used as

That ecurrently are invalid. Correct usage of
fields is enforced by the sender; no receive
made on these fields. ‘
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