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».0 INTRODUCTION

mhig dorunent describes the struckture, functigns, i1nterfaces, a&nd
messages o[ NSP, the protocol of the ®Enc Commuinications Laver. The
Frd Comwenicarions Layec i1s tha part of the DIGITAL Netwark
Architecture [ONA) that wodels the software (or hardware) enabling the
creatian and destruction of logical communicaticn links, data flow
cont=ol, ecnd--o-end errece control, and the segmentaticn and reassembly
ni mesgages. :

DIGITAL Merworh Architecture is the model an which  DECosE
implementations are Dased. A DECnet network is a family of sottware
wodules, data bases, and hardware companents ovsed o tie TDIGITAL
systome  together for  resource  sharing, distributed computation or
~pate system coctienication.

DH& iz a :ayered structure. Wodules in each layer perform distinct
funcrions. Modules within a single WA layver l(but typically in
different cowputer systems) comuanicate using specific  pratocels.
Modules in different layers tibut typically in the sawe compuker
syscem}) interface using subroutine calls or a system—dependent method.
In thnis document interfaces are descriked in terws of calls to
subroutines.

This specification describes Phase IV NSF architecture, In Phase LI,
an earlier wersion, Session Control was part of NSP, With Phase [I]
arnd Phase I¥, Session Control has been logically separated [rom N3P,
arnd the intarface between the two layers defined. Tne Bession Control
Laver is described in a separate functional specificarion. The
Routing specification, also a part of the Phase II WSP speciflicatian,
nas been qreatly expanded in Phase IIL and Phase IV and is contained
in m separate HRouting sSpecification. Appendix E  details the
differences petween Phase IT1I and Zhase [V HSE.

34 glassary at the epd gf this document defines many NSP  terms. This
documant ASSUMEeS that the reader iz ftamiliar wita compuber
communications and DECoet, The primary audience consists of these wha
implement DECne: systems; however, the docusent may be useful to
anyone interpsted in the decails of DECnet strocture. The ather
current DHA functional specifications are:

DHA Daza Access Protoccl {DAP) ¥unctignal Specificaticn, WYersion
3.6.0, ordesr No, BA-EL177A-THK '

DNA Digital Datsz Comuunications Message  Zrotocol {DDCME )
¥unctionai Specification, verblun ,1,0, Crder Ho. AA-X17BA TH

DA Ethernet Data Link Functional Specification, Versipn 1,0,0,
order No. AAR-YZ98A-TH

DMA Ethernet Node Product Architecture Specificatien, Version
1.9.0, Order No, aa-¥X440A-TK ' '

DNA Maintenance Operations Functilonal Specificatian, Version
3.0.0, grder XKo. A3A-A135A-TE
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DA Network Management Functiconal Specification, Wersion 4.0.9,
Oraer Mo, AA-X4372-TH

CHA Hn1+1_5 Layer Functicral Specifircation, version 2.0.0, Order
N, AZ-X43EA-TH

CHA EEEhlﬂn Conzral Functional Specificacion, verSLDn 1. ﬂ o, ﬂlder
He. aa-RKISZA°TR

The Ethernet - A Local Arsa MNetwork - Data Link Layer and Physiczal
Cayer EPECIchatlunE, Vaergion: 2,4, {DJigital, Intel, and
Xerox), Order Ho. AA-KTH9B-TH

The DECnet DIEITAL Network Architecture [Phase IV) General Descriptian
iDrder Mo, Ab-N_188-TC) orodides an  overview 0f 2 the network
architecture and an introduction to aach of the iuncticonal
gspecifications, '

2,0 FUNCTIONAL DESCRIPTION

HSP perforus the tnilowing funccions:

1. BEnables the creation and destruction of wirtual ckaonels
(logical iirks) that can be uzsed for sending messzages within
a aetwork node and betweern network nodes.

2. Manages the mavenent of interrupt and norma: daca from
tranamit opuffers to receive butiers, using flow control
mechanisms.

3. Oreaks up normal diata nessages into portions (segments)  that
can be tranamitted 1ndividually, &nd regssembles  these
segments in their correct coceder after they have bean
tranemitted.

4. Guarantees the delivery of data and contrel mezsages to @
epecified destination by means of an error contrel mechanism.

‘Section 2 iz an aoverview of NSP, covering the following topics:
a4 Design scope (Section 2.1)

a Relatiaon of NSP to the DIGITAL Netwoark Architecture [Section
2,M

¢ FRauting characteristics (Section 2.3)
o HBasic concepts {Section 2.4}
o Messages {(Section 2,5)

o Major functions {Section 2.6}
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o Functipnal camponents [Secticn 2.7)

2.1 Design Scaope
NSP satisfies these following design reguiremants:
1. Compatibility. NSP version 4.0 is compatible with previous

versions  of N8k except feor those differences described in
appendix E.

2. Performance. HNSP gzllews on implementation to perform without
deadlocks while using dynanic buffer poals.

5. Promptness. NSP minimizes the delays incurred in moviog daca
From oie Sessicn Ceontrol wedule to arother.

4, Efficlency. NSP minimizes the communications overbhead {[or
example, iine bandwidth) consumed by the protocol,

5. Extersgibility. NSP accommodates additional functions in  tae

Tature, 1eav.ng earlier functions &% a subser.

6. Fairaess. Tf more than one logical link iz establizhed to
The zame destinaticon at the same time, NSP assures that each
vraovides useful conmunication services.

7. Elasticity. NSP allows an implementation to trade meToTy
regonrces  (both  algorichm complexity and buffer poal sizes?
(ot performance,’ '

The following are not within the scope of Phase IV NSF:

1, Maximum taroughput. NSP wiil not  necessarily maximize the
throughput of a logical liak,

2. Uniform service. NSP will not guarantes the sSame Aaverage
throughpus  and average delays over two lagical lirnks from a
CoOmon Source to & common destination.

2,2 PRelation to DIGITAL Hetwork Architacrure

Tioure 1 shows the relationship of the End Communications Layer wa the
DA  hierarchy. Each layer in DWA consists of functional medales and
orotocols.

Generally, modules use the services of the next lowest layer. 1In this
document the service relationship 1s demenstrated . in the way the
interfaces are modeled -~ @s calls to subroutines. Note, however,
that the MNetwsrk Management Layer interfaces directly with =sach of the
lower layers. also, ail the layers above Sessicon Control interface
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directly with it. In fact, -the upper three layers are sometimes
refterred o as The "end user.” :

Modules of the same type In Lhe same laver Cconmunicate wizh each other
o provide their services. The rules governing this comminication and
the messdges required constitute tae protocol  for those modules,
Meszsages are typically exchanged between eguivalent modiles in
different nodes. However, eguivalent modules wichin a single aode can
dlso exchange messages.
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Figure 1. WSP Zelation to ONA

A brief description af each layer follows in order from the highest ta
the lowest layer: :

1. User Layer. The highest layer, the User Layer supports User
services and programs. Frograms such as the Netwoerk Control
Program, which interfaces with the Network Management Layer,
and file transfer programs, which interface with the Network
application Layer, reside in the User Layer.
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2. HNetwork Management Layer. The dNetwork Maoagement Layer is
the o©nly one that has direct access tpo each lower layer faor
control purpases.,  Modules in this layer provide user control
over and arccess to netwerk parameters and counters. These
modules also perform ap-line dumping, down-line loading, and
testing functions, '

3. HNetwork Application Layer. Modules in the Meitwork
Appllca ion Laye* T support network functions, such as remcre
file access ard file transfer, used by the Uger and MNetwork
Management Lavers.

¢. Bession Control Layer, The Session Contral defines the
ayszem-dependent aspects of logical link communication, which
aliows messages to be Zant froc une node to ancther in a
networy, Geszsion Control functions include name to address
translation, process addressirg, and, in some Systabs,
process activation and access control,

5. End Comwunications Layer. The End Communications Layer
defires the system-independent aspects of logical link
communication,

. PBouting. Laver., Moduies in the Routing Layer route messages,
called packets, between source and destination nodes.

7. 'bata Link Layer, - The Data Link Layer defines the oprotocol
concerning data integrity and physical chanrel management.

8. Physical Link Layer, The Physical Link Layer encompasses a
part of the device driver for each communicatinns device plus
the communicaticns hardware itself. The hardwa=e incliudes
interface devices, modems, and the cormunication lines,

2.3 PRouting Characieristics

HEF interfaces dirvectly with the BRoucing Layer for its services.
Bouting 15 a datagram delivery service ta NSP., A datagram iz a block
of data sent intact from one DECnet node to another. Routing sends
datagrams i1n packets. HEP expects Routing to have the following
characteristics;

1. PBouting will accent a daragram at least as large as 230 8-bit
bEvtes.

2.. The;& is an extremely low probability that Roucing will:
3. .Duplicate a datagram
k. Deliver a datagram te the wrong destination
z. Change the data in a datsgram

i, FRouting may fail te deliver a datagram.
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4. Houting may fail to deliver datagrams to a given destination
from 8 given source in the orvder they were transmitted.

5. Datagrams delivered =o a given destination from a given
source undergo a wariable delay while onder the contral of
Routing, However, this maximum delay 1s bounded. Datagrams
not deliversd within the maximum delay will not ke deliverved.

2.4 BEazic HSP Concepts

Thiz section describes concepts  that are fundamenta. Lo an
understanding of W5P.

1, Logical :iinks and ports i5ection 2.4.1)
-2, Port and lagical liok states {Section 2.4.2)
3., Logical link ddentification {Section 2.4.3)

4. Data “low {Section 2.%.4)

2.4.1 Logical Links And Ports - NSP provides o logical link  service
0 Sesslon Contvol. & logiral link is a virtual conrection between
twa Session Control modoles, either between twog nodes or  Wwithin cone
rade. The connecticn enables controlled communicsticon between network
nodes. A pailr af Sessicn Control modules may have more  than cne
logical 1link between thedl. Each logical link 18 separakte Irom all
ather logicel links,

Each logiczsl link must bave a port at each end. & port is an area in
menary, generally in a dedica-ed or shared peel, that contains contrdl
wariapies for maraging logical links. Tahle 4 [n Hection 5.2
soecifies these variables. X8P marages ports. Z2ach nede on a networx
has a number af availakle ports. In forming & legizal link, one. oort
‘g gssorciated with another. '

When Session Corntrol requests a logical link or reguests that & poar:
be cpened ta receive an incoming connect reguest, NSP allocates a port
if sufficient rescurces are avallabie. When Beassion Control requests
that a port be closed, N8P deallocates tlhe resources associated with
tne part, Deallocation usUally wccurs afver S3esaich Lonivel ragussts
a logical link disconnectian.

N3P alsm maintains a "confidenge" wariable in each port thaz has  bean
npened, Session Control has aceess to this information, which 1s
ugeful in detecting network faillures,



Functional Descripticn Fage 12

£,4,2 Port And Lﬂgltﬂl —ink States - Zach end of a legical link is in
one  of & set of ztates at any time, In other words, each port has a
state.

The stotesz at one end of the link affect the states at the other end
of =the link, In tals dogument the possible link statcs at cne ernd of
a link are called the port states. The Logical link states are the
combiination of possible states at beth gnds of the logiecal link.

Every logical liak has its wwn set nf logical link states.

Gession Contrel cegoests ocnd NSP nessages determine the particular
2tates and state transitions of the lagical Link, WSP manages these

statke changes, based on tae particulesr requests ard messages it
recelives. Sectlon 5 details all  zhe normal port ard Logical link
=tates and state kransitions, :

2.4.3 Logical Link Identification - In order for twoe NSP modulez  to
manage =3 given icgical link, cach NSP nodule must be able to idenciiy
the link. The logical 1link identificatien consists af the part
addresses at each 2nd of the link.

Bach NEP module assigns a 16-bi: numerical address ta izs erd af a
sogical link., The port at one end of the link centains zhe address af
the port ab the sther end of the link and vice versza, This s the way
in which the two ports are associated with each other, The complete
identification ot the lin®, identifying both ends of the link, is
therefore a 32-bit nunber.

To aveld gaing the same number to identify two different links, an WSP
moiule reivainsg from assigning a 1é-bit address it used for a previcus
[but now discoonected) link to a new link as Zong as possible, The
probability  that each of the two HSP modules reassiqns Lts LE-bit
address =snd that these two addresses are paired a second tlme during a
cornection process s extremely low. Therelcre, the prebability that
thke same 32-bit identification would exis:t for two different Links is
very low, This ensures that there «will be no crogs-zalk between
“inksz,

2,4,4 Data Plow - After 3 iogical link is established, data may [low
in  beth directions (full-duplex) from transmitting Session Centrpl
trangmit buffers through the network to receiving Session Control

receive buffers, The size of the buffers at each end of the link is
inplementatron-dependent, However, the data flowing through the
netwark 18 always handled the zame way. The NSP interface to Session

Contrel takesz Sezsion Control data provided in DATA-XMT calls {Section
.1}, It then transforms the data to 3 network {crm. Atk the cther
end of che link the raceiving NP interface, rvesponding to Session
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Contral  DATA-RCY  rcalls, transtorms the data from its network form to
itz receive buffer form. The mechanisms NEP uses to handle data are
trangparent to Sessgicn Control. From Seszsicn Control's wiewpoint, the
data flow is as shown in Figure 2.

Thiz figure shows Session Control data transformed from a trarsmitting
Segzion Control to a transmitting WSP and then transficrmed bpack [row a
receiving MSP to a receiving Session Contro:. The N32 data does oot
actuslly move rexarcough the network as  shown. {The DWA Cencrdal
Description shows how Routing packets actuslly move through the
netwmrE+T
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Figure 2. Model of Data Flow as Seen by Session Contrel.
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The transmitting ¥WSP appends the end-of-message (EOM) flags (Figure
2), to tae data in the network form. The receiving WNSP nodule remcves
these [lags, plazes only data in the Sesszion Contral receiwve buffers,
and <thern iniorms the receiving Session {ontral wvia a flag in a
returned receive buffer whether an BOM  was  received. Section 3.1
detalls this procedure.

Throoghout the data flew process, N3P presecves data order. N3P
places data bytes fram a single trensmit buffer ilnto Lie network farm
in the =ame order as they were in the buifers. NSF® also guarantees
that o data wiil he  lost. Sectiaon 3,. details the deta flow
procedilre,

2.5 Messages
In arder to previde logical lirk service, flow control and  error
control  (thereby supporting  the Session Control interface), NSP
moduies in different nodes must eowmonicate. They do so by Sending
and recgiving HSY messages, The HN&EP prateocol oconsists of these
messages and the rules governing their exchange.
There are three types of NES messagest

» Data messages

o Acknowledgment messages

a  Contral messages

Table 1 summarizes the fonctions petfeormed by each NSP messags.
Section A describes the message formats in detwail,
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1

HEF Messages

e S g o e T e T J = a=

Qa:a
1alge called
Other-Dataj

Acknowledgment

JtHer Data !
Apknowledgquent |

Connent

Contro: message. {This has

- pesn passed to Seszion Contral

from  higher TDNA layers &nd

.l.
I
- |
Carries a portion of & Sessian :
|
|
Sessicn Control has added  its I

Carries wurgenc data, origina- |
ting from higher DWNA layers, |

Carries data 1w contral
infarmation [alsg sallec Link
Sarvice message],

Carries intervupt flow concral
infarmation [al<n  =alled Linl
fervice message],

Ackrnowledges cecsipt aof either
a Cobnect COeafirm message  ar
e pe foce Jata EBeqment
messages, and optionally an
Other Data neszagea.

Acknowledges ceceip:z of one or
wore Interrupt, Daka Request or
Intercupt Request messages.

Acknowledges recelipt of a | ;
Conrnect Inikiate messace or | -
Fetransmitted Connect Initiate |
message. |

[=a ba caonkinued}
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Takle 1 (Conc.!
H3Y¥ Mesz=ages

Does nothing {included far |
compatibility with WSP ¥Wi,1). I
RS R e e ——— iy ———— e ——————— —————— — _+

Mo Qperation

e o — = == s = et r - - f e e et e e e m e e e ey e R e e e e e e e — o ——— -
TYpe | Hessage I Desc*1ptlun
Control | Connect Tnitiate| Carries a logical link connect 0
I | request irom & 3ession Contral
| | madule.
| mmmm e e ey
| Connect Confirm | Carries a legical link cannect
| | acceptance from a4  Sessgion .
: | | Conterol madule, i
I | - ——————— ——_— t———_—_—_—_—_— +
i | Disconnect | Corries a legival link connect
| | Iniziate | rejection or disconhect request |
| I | Erom a Session Contrel moduale.
| | - —————————— t——————_—_— +
| | Mo Resources | Sent when a Connect I[nitiate |
| | | message {or Retransmitced !
| | | Connec:t Initiate messager is !
| I | received and there are no !
| I | rescurces to establish a new |
| I | port (alse <called Oisconnect |
| I | Confirm message}. [
| | —————————————————— o ——— i ——— i —— — —— - - L
I | Disconnect | Acknowledges the EEEELQ: of a3 i
I | Cemplete | Disconnect Initidte mes3ane
I I | (alsc called Disconnect Confirm i
I i I messaqe] i
| | e e et . e e s
I I Mo Link | Sent ?hen a message iz recaived
I i for a non-existing iink {also
I ; called Disconnest Confirm
I : messaq l. :
| . e e e e o ot o o o a
I
I
+

I
I
I
T T
I
I
|
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2.0 Major NSP Functions

This section summarizes the operacion of the maior NESP functions which
include: : :

1. Establishing and destroying logical 1inks (Seccion 2.6.17
2. Erraor contral (Section 2.6.2)
3. Flow controi (Section 2.6.3}

4. Segmentation and reassembly pf user data messagezs (Section
2.6,

words, to connect and disconrect! logical links. Figure= 3 through 7
sumaarize the meszage exchanges. The callis in capital letters under
Gession Contrel headings are names of interface functions as dezrcribed
in Section 3.1l. The message exchanges below willl kake olace correctly
in an implementation, 1f the algorithms in Section 4 are followed.

: Source : I Destinaticn ;
| S=ssion I I |- | Session |
: Contraol | WSF : : . HSP | Control !
I I I I I i
| CONNECT-XMT --»Connect  ——-----—---—- > | !
| I Initiate o I I I
I I I I I |
I I Mmm——m——— - Connect I i
I I I I Aclnowledgment : i
I I Cmm—————— o Cannect I |
I I I |  Confirm<-—------ ACCEPT |
I | Data I I I I
I |  Acknowledgment --—------—- = | |
| | | | | |

Figure 3 Connection with Acceptance
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| Source
| Sessian I
| Conzral { H5P

CONNECT -3MT —->Connerct
| Initiate

2

_ izcannect
I - LComplete

Figure 4

L4y
o
o
=
il
1]

Sessian !
Contral HEP

CONNECT-XMT —->Connect
| Initiate

Figure h

[ I —— —_——— e = =

|
|
|
Initiate<s-—--—---—- REJSCT |
|
|
|

| | |Seszion |

I HSP |Contrel |

- | e |

I | I I

D - - |

| | i !

I | | ]
et e ——— [CAlrhacs I
I | Acknowledgment |
. | |
—————— ‘--——- DiEconnect |

! |

—— e e e — —— — — o — —— ———— ———

1Session
|Contro;l

Corrgction Attemp: with Mo Resources
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: Cu:mt:'-!:ul_ | HEP |

e — o — —— —— — ————————————— — |

CONMBECT-¥MT -—>Connect —————--

! .Initiate |

| Cortrol | wgp I

[Sassion |

Ws7 |Contral |

| == m e e |

| | |

| | |
(Conpeczt Initiate | |
returned to sender | |
by Routing) | I
| | -

I Duestination I

| === |

| |Seszicen |

| N5= |Contral |

________ Disconnect

| Complete

Figure 7 TDisconnection

2,6.2 Zrror Control - WP uses a basic
ansure that messages are -delivered.

acknowledgment mechanism to
NSP does this for each of the

on a legical liok, the four data mesgsages can be thought of as moving
in two subchannels. Ore cantains Data Segment messages, the other

containe Interruapt, Data EHRequest,
(callectively known as Othar-Data).

Messages iM each subchannel ara
transmitting NSDP ., The receiving

and Interrupt Regquest messages

nurbered seguentially by the
NS5P returns an  achnowledgment

guickly. Otherwise, the transmitting %8P vetransmits the message. It



Functional Descripticn " Page 21

iz not necgssary to acHnowledgs gach messdge individually.
dckhowledament of a given numbered message implies  acknowledgment of
all wessages with a lower number (modulo the maximum message number).

Figure B depicts the segment acknowledgment operation, Sectian 8
gpecifias the format of the achknowladgment mesIages.

Fiqure 8 Segment Acknowledgmernt Operation

'1| rThe data=rransmizting NSP axsigns a transuit nunber to 3 méssage,
-' transmits the message, and starts 2 timer,

—_———— == s —— e —— - . o

. |
| £ransmit nembar = n | I
| |
Daca-transmitting e |
NSO I NSE i

_____________________ |

|

|

|

| =ran=mit numker = m |
|

Data Sybchannels

[2] If the timer times cut, the message ig recranamitted.
" .

|31 If the timer does not time cut, and the flow control mechanism

- allows arother message Lo be sent, Che data-transmitting WNESP
aggigns the transmit number plus cne to the next data message
transtwicted in taat 2ubchannel.

_________ R !
| tranamit number = n-+1| i
--| Data Segment Messzage |[--*.
Data—transmitting |  --——-—--- e ikl : Data-receiving

I I I
I I I
I I I
I I I
| HSE o | NS |
I ; I I
I I I
I I I
I I I

Data EUbChEHFELE

4| when the message with the first transmit number is received by
-' the data-recaiving N8P, it returns that oumber as an acknowledg-
ment number within the first acknowledgment.
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5| If the next dats message transmit nunber received iz equal to the

"—' current acknowladgment number plus one, the data-receiving NSP
accepts the data message, anramentlnq the acknowledgment oumber.
It then =zends the new receive ackRnowledgment number back to the
data-trarsmitiing NSP within an acknowledguent message.

receive ack.
nutber = m
POther Data"
Acknowledgmenz
Messane

—_———— e e —— —— —_————— e e e — ——— i ——

| . TeECEive ack. . | receive ack. | |
| . mmber = n . | number = a =+ 1] |
|<--. Data .~~| Data | -—1
| . Achnowledgment . | Acknowledgment| |
Data- I . Message® . | Meszage | | Data-
transmitting| - - - = - = = =" Teeseseneeme——-' P opaceiving
HSP l —————————————————— : ; MNSF
1

—_—
—_—— e —— ——y
i
1
1
1

S
- —— e e e .

-

Data Subchannels

* The data-receiving HSP might not send an acknowledgment far each
data message rece'ved. The receive acknowledgment number implies
that all previous numbers were received,

|6| However, if the data-receiwving W82 receives a data message trans
-' mit number less than or equal to the current receive acknowladg-
ment number for that subchannel, the data sequment is discarded.
The data-receiviag NSP sends an acknowledgment back to the darta-
tranamitting NEP, The acknowledgment contains the receive
acknowledgment numbker.
|7] If the data-receiving %5P receives a data message transmit oumber

~' greater than the current receive acknowledgaent nunher plus one
for that subchannel, the data segment may be held until tThe
precedling segments are received or it may be discarded,

Figure &
Segnent Acknowledgment Cperation



functional Descriptian Page 23

Z2.68.1 Flow Control - Flow control iz the mechanism that determines
when to send an HNSF Data Segment or Interrupt message. This
mechanism, along with the error oontrel mechanism, coordinates  the
low of data o0 a legical liok from transmit butfers in ane node to
raceive buifers ia angther node, '

Flow contrel is pecfarmed separately for noeemal  and  interrupr  data.
Flow control operates HymmPtrlrﬁlly for data flow in each direction on
d logical link,

2.6.3.1 HNormal Data Flow Control - Flow contral raequires towe
a_garithms for normal datad

L. An implementaticn-dependent algorithm exocuted bay &l
datda-receiving HSP that determines both when to send a
request message.and the count value. to be put into @ reguest
Mes2age . '

2. an algorithm executed by a dakta-transmitking HNSP that
decermines If a DAata Segment message may be sent.

[n additien, an Tonfoff"™ control mechanism may be used by a
data-receiving K&F to indicate tg a data-transmitting NSP that Data
Seqgment messagQes may or may not bhe sent.

Onsoff control. Onsoff control is independent ef the reguest cCount
coantrol. 1t operates a3 follows: Each Data Regquest m2ssage contains
a "zend/do not 3end” indicator. When the error controcl mechanism in a
data-trensmitting MWS5P has received and accepted a Data Reguest
message, the value of the "send do not send™ indicator is =aved in the
data hasge associated with the logical l1ink. wWhen the walue i3 "do not
send,™ the data-transmitting WSP may not transmitc normal data. wWhen
the wslue 18 "send,™ the data-transmitting NP ezercises the flow
cantrol mechanisms described next.

REequest count flow contvel. During logical link formation, the NSP at
gach end at the lirk determines the kind of flow control it expects
wien acting as a data receiver. The term "data-recelving NSP" means
an WSF acting as a dats receiver, There is & choice of:

o Ho flow cantral
o Seguent flow coantral
0 Session Contral message flow control

The choice’ of fleow contrel is indicated wia filelds in Connect
Initiate, Retransmitted Connec:z Initiate and Connect Confirm messages.
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Each data-transmitting NSP mustr accept the tyoe of flow conterol  the
data-receiving NSP expecrs. Note, Message Ilow contral is obsolescent
and will be sliminated ar a fuzure cime.

A data-transmitting ¥8P maintains a "tranemit ceguest count"  wariable
for normal « data in the data base assocciated with each logical lirmk,
When the error contrel mechanism receives and accepts & Data  Request
messaqe, flow control adds +the count value from the message to the
dppropriate transmit request count. The count values concained 1n the
teguest mMessages may be zero, pasicive, ar, in some cassas, aegotive.
This additive scheme <works hecause Gthe cRQUEST  messages  are
aerror-controlled; it would not worx otherwise,

¥o flow controi. Tf the dats-receiving NSP selected "no [low
control,™ the data-sramsmitting HEP wmav  transnic data ot any time
[subiect te che "onfott" constraint). '

[1] WSPANode A& send a Connect Trnitiate wmessage tao HNSEAHode B:

[2] NSP/Nmile B, having received the Connect Initiate message, relirns

"-' @ Connect Confirm messaede, A field in the message ndicates that
NSP/Node B expeozs segment flow control:

fm—mm - | Connect £ I

| Confirm £ I

I want gegment f[low contrel®---—--—---

NS3P/Node A's data base aas tne initial value of 0 for its'request
count variable for normal data seqgment flow control:

I fa!

[4] W3P/Nede 9 sends Osta Regquest message ccntaining a flow control
“-f waluye that indicates the number of Data Segment MeS2ages NSP/ANode
B Zan receive, (NSP/Node B execates abn implementatlian- dcpﬂndent
algarizhm to determine this valoe}:
Lo | mata t
| Reguest t
e e .A.__'_“"".
"I can receive n Lesgagest---—-----—-

[ T

HSPINndE A spts PLOWoeN dat to n:

a—
I m |
-—
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| NEP/Node A ekecufes algorithm to determine 1f Data Sagment
~' Mumber 1 can be sant {nighest achnowledged Data Seguent Messdge
plus the current request count wust be greater than o equal to
the nuwiber of the next Data Segement message sent):

-

&

* Qenz=17. *—-NO——can't send

SN

j?l The answer to —he abaove iz Y35, 50 NSPANode & sends Data Segment
-' pumber 1:

[9] HSE Hode & gub<racts 1 from 1ts flow conirol request count:
N 1

Figure 9 Zxample of Segrent Flow Coentroi for Normal Data on
a Lagical Link [shown in ene direction anly)

Segment flow control. Figqure 9 shows an exemnle of the agperation of
seqment flaw control. Segmeat flow contral operates in the following
mannert: If the dara-rocoiving MEP zelected the zegmant flow oontral
mechanism  when the logical link was formed, the highest numbered Data
Seqment message that may be transmitted iz the w©one whose number is
ggqual o the z2um of the higheat numbered Data Seqgment meszages that has
peen acknowledged {via the error contral  mechanism) by  the
. dats-receiving NSP plus the current value of the request count, The
i dats-transmitting NSP decrements itz request count variable by one for
' sach Data Segment message acknowledged by the data-receiving NSP.

Thne count ¥alues that can ke contained in Data Regquest messages may be
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negatiwe. This means that the permiszsion to transnit a particular
Data Segment message {even if it has been previcosly transmitted) may
e withdrawn by the receiver. This, in turn, Souses an inseraction
batween the [low control and ervor control mechanisms, Specifically,
it is not necessary for the srror control mechaniswm ta maintain an
active retransmission timer for a Deta Seqment message that  has been
transmitted at least ecnce but for which permizsion %o traasmit (in
ather words, to retransmit) has heen withdrawn.

Session Control message [iow contral. If the data-receiwing N2
selected Session Control message flow control, the data--ransmitting
45 cannot send a segment i1l the nunber of end-cf-message  sgaegments
betweer the nighest acknowledged seguent aond the segment in gquestion
(exclusive) i3 greacter than or equal ©To  the  count. The
data-transritting NSP decrements its request count wariabnle by ane for
edcn Data Segment message Lthat ig an and-aof-mes=sage gegtient
acknowledged by the data-receiving NSP.

The mechanism far Session Control message flow control does oot
interact closely with the errcr control mechanism -{unlike the
mechanism for seginent flow controll. Onece & Da%ta  Segment has  been
given permission ta be transmitted, the permizszion will never be
wichdrawn.

2,6,3.2 Interrupt Data Flow Coatral - ALl X&P= (se interrupt data
flew control for moving interraps data. This mechanism is zimilar in
operation To the §Session Controel message flow control mechanism.
Ihterrupt meszage reguest counts are carried in Inkerrupt Request
messages. The counts are additive aad may nrot he negative. The
interrupt-tranamitting NSF can, therefore, main-ain an interrupt
‘transmit request couant. When a logical link is estaklished, there is
an implicit request of  one  interrupt message. The interrupt
Lransmitting NSP cannot send an Interrupt meszsage  1f the rumber of
-nterropt messages oetween the highest acknowliedged Other Dats maessage
and the Interrupt message in guestion is greater than or equal to  the
count. The iaterrupt-transmitting HWSP decrements its request count
variable by ans for each Interrupt wmessage acknowledged by  the
interrupt-receiving NSP.

2,6.4 Segmentation and Reassembly ©f User Weszages - Becauge of
network constraints sush® as avallable buffer slzes and transmission
error characteristics, uzer messages in Session Cantrol buffers rannot
always bLe .sent in one piece. A data-transmitting NSP breaks up data
contained in a single BSession Control buffer inte =egments. A
data-receiving NSFP reasseables the segments. The data-transmitting
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MS? mransmits the segments by means oI Data $Segment mess53ges. Tha
data-receliving NSP puts  the segments from the Data Segment messages
intoe the rarcect gegquence. Theszg messages contain user data as  well
A5 MEP header information. The segqment acknowledgment scheme [(Figurs
H, Bection 2.6.2) ensures that all data segments are ressived, Tha
data—tranguizting N8P must know the maximum length of 3 Data Ssgment.
This length is the _esser ofd

1. The gize of a trarsmit buffer in the saource node. Thiz _HiEH
cannok ke iarger than -he node's Routing Layer will permiz,

2. The maximum length that the data-receiviang NEP zan  recelve,
The YEG8I1ZE field in the Connegct Initiate and Connect Canfirm
messages, exchanged when the Llogical link  was formed,
contains this iaformatian,

The data-receiving 55P aorders the data  seguents vsing  the seguence
number contained - in the Data Segment wessage  and end-of-nessage
informazion. When Data F2gments nave neen received oot of  geqguence,
tkey are either discarded or szored tewpporarily in a cache buffer
taection Z.7.10.

This docoment does not spersify the detailed processes of  segmentacion
and vreassembly. Howawar, SJectipns 6,5 and 6.8 provide a model for
implementatiaon and Appendixes B and C provide pxamples.

2.7 Punctional Companents

Tn its relation te DNA, YSP can be considered a "black kox,." which
interfaoes to  Sessinn Contreol and Routing by defined interfaces and
with wothar ®NEP wmodales by the Nekworld Services FProtocol. The
functional coopanents in thig section and in fections 5 and & descrine
tne operatian of thais "hlack bok" by means of a sample implementation.
Any  ather implementation with eguivalent ocperation iz alsao a
legitimate HRF implensntation. '

N3P rcansists of data basesz, buffer pools, and modules. Erief
dascriptions aof eack follow in this section. 8ection 5 details the
data base and buffer pool specifications. Section o specifies  in
dezail the operatien of the N5P mcdules with a medel implementation
written 1n a high-level, collogquial cZomputer language. Figure 10
shows the inzercelationsihip of the HSP components.
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2,7.1 Data Bages And Suffer Paals - The fellowing 14 a maodel of the
MS? data basés: '

HE? intecnal data bhage, The MNSPF Lnternal data base ocontaing HEP's
inferral wvariables and paraneters, Variables are values defined by
HEZR. Variables change automaticzally dursing the operation aof  NEP,
FParameters are vyaluss defined by the Network Management interiace.
Parapeters van be -ead and sometimes set by the user, Many parammeters
are  static  In - the sense that they remain set until the user changes
t e .

Session Contrel port data base. The Session Control porc data base
cantains  the port wvariables that HSP uses to manage a logicegl link,
When 8 logical link is createﬂ HNSP allocates 3 Session Contzol poet
to it. . When *he link is destruyed H5Z vraleaszes kthieg port back to thle
paort data base as a flee port.

Beserved work data base. The reserved port data base contains the
nork  varidbles reserved for MNEPE's interpal use. HNEP Udsos thise to
manage the sending of MesSaqes tnat Jdo not map ontos the ESesgicn
Control port data base. . '
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Figure 10 Interrelatioaship of NSP Components

Hoce dats Nase., The nods dats base econtgins a2 gopllection of node
descr1p+JrET" A2 node descriptar is required for each remote node ta
which a legical link 1is establiszhed. A node descriptor contains
variables and counters pertaining to communications with that node
(for example, the estimated round trip communicaticens delay, traffic

usage and erbor counters).

Lar%e and small rransmit buffer poals. The large and small transmit
er pools contaln large and small transmit buffers. Large trabsimlt
buffers tranamit Connect Initiate {or Retrvarnsmitted Connect TInltiate]
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messages or DJata  Segment -messages,  Small transmit buffers transwit
all orher NSF messages.  Ah implementation may choose Lo use a single
transmit buffer pool for all NEP oessages.

Receive buffer poel. The receive buffer pool contains a collection of
recelve buffers required to receive an HS5? messace from Roulbing.

Commit buffer pool. The conmit buffer ponl is an optiornal pool  which
contains commit buffers wused [or data =hat the receiving node may
commit to storage even in Lhe absence of receive butiers supplied by
Seszsion Contral. Such data may be arknowledged to its -ransmitter.

Cache buffer panl. The cache buflfcy pool is an optiosnal poal  which
contains a ollection of cache buffers. Cache buffers bhold received
Data Segment messages that cannat e acknowledged either because  they
are put of arder or because there i3 no storage o either a commis
buffer or a Sessinon Contrel receive buifer for them.

Svent buffer pool, The event buffer pocl contains bulfers that may he
gqueued ko NEFTS event queus for reading by Metwork Manoagement,

2,7.2 Modules - HSP modules percform sper talized functions. There are
two kinds of modules:

1. &A process iz a module that iz independent of other nmodules,
but uses the services of some other meodules. It is designed
as if it . were execuling on a processor dedicated to iL.

2, A routine iz a madule Lhat provides functions for one or more
pravesses, but do2s not have a context of itz own.

In general, processes communicate with routines by means af calls  and
with ather processes by means of shared variahles, usually a port.
The mechanisms chat synchronize two processes to prevent Common  entry
to a4 critical cegqlan are not explicitly defined.

The NEFP process-and routine modules are described helow, Hote that
these are functional descriptions of components. Iwplementations need
not be structured exactly as outlined in the=e descriptions,

Interface routines. The interfacs routines handle all Sessicn Contral
calls {8ectian 3.1).

Receivs digpatcher reoutine. The receiwe dJdispatcher manages the
receive buffer pool. It polls Reowting for received messages, parszes
them, maps them onto peorts, and returns mwessage conkents - to the
apprupriate HNGP process.

RECEl?ﬂ p“ﬂtEESEE. Thase receive and handle %8P nessages from the End
Communilcaslons Layer atz  remate nodes  and help manage logical Link
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states. Rach Se2ssian Canteol port nas a s2et of these processes.

Heassembly rtoutine. The reassenbly routine determines the flow

centrel policy, maintains the cache and commit buifer pools, and

L] 1 1 .
reassenblas received Data Segment messzages 1nte Session {(ohtrel
receive buffers,

Trarsmit praocesses, These transmit (and retransmit, if necessary) HEP

messages o =nd Communicatiens Cayers at remote nodes. Each Session
Cortrol port has a set of chese processes.

Trensmit format routine. The transmit format routine maintains  large

and smail transmwit buffer pools and formats outgoing messages. It
quEBLes wessages  to Rouking. [t polls Routing fto get "“transwit
complete" notifications. '

EF%uEﬂtﬂtiuﬂ eoutineg. This segments daza in Bession Control  transwit
huffers 1nte a form suitable for <ransmissien 1nh Data Segment
LS A as , '

Transmit alleocaticn routine. The transmit allecation reotine receives
requests  Ior permlsSLGn to transmift trom the transmit processes. It
allocates permission to transmit in & way that guarantees that  when
nore than one logical link is established to the sane destination at
the =same time each provicdes useful comomication services,

3.0 N5P [INTERFACES

This zection describes the ftaree external HSP interfaces:
. Seggipn Contral intsrcfave
2. MNetwork Management Lnterface
3. Routing interface

The interface ftunctions are described as calle to stbroutines in the
following format:

FUNCTION [ioput; outpuz)
Descriptioos of input and octput -hen follow vnless previously given,

n general, there are two types of subroutines: those perforuing a
functien that is completed immediactely, and theose queueing a buffer
for transmitting or receiving darca.

For buffer-gueusing calls, additional calls zre defined "to allow
polling to obtain "buffer returned" notifications. A T"buffer®
argument denotes 8 system-dependent buffer descriptor that contains
location and iengrh information., & "port 1d® 15 a system—dependent
number ideniifving a port. Aizhough nat desccibed in the following
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functions, an invalid povt identifier causes an 2rror.

NMote that an implementation i3 not required to cofe the interfaces as
cdlls te subroutinezs. The walls gpecify furcticns onlw.

[- may ne useful.to refer zo the port state descriptions in Seccion
4.1 when =studying the following interface functions.

3.1 BRassian Control Interface

This interface &llows WNSP fto provide Sessicn Control with the logical
Link service, Thi=z service allews Sesxicn Cantral o creste aone ar
more logioal lircks fo one or aore cther Session Control modules in Zhe
same ratwark,

In the interface deseriptions, the terms  "source" and "destinatiorn®
distirguish the requester af & function from the receiver of the
reguest.  Tae source and destinacion can be withia & single  Session
Control module ar in two seporate Session Control poodules, Thuas, at a
s1ngle node, a Sezsion Conterol module can cooouricate with 1t=se.f wia
a logical link; boetwesn two nodes, two Sessian Canteol oodulass can
colmericate with each other via a logical link.

The callz, described by fuhctinn, are as folilowss

STATUS {; NS7 status)

returns: MBP is halted.
H&F 15 running; L Loncimus rECeive buffer 2lze
tNsFbuf -- Table 3, Sec-ion 5.1) returned

This functicn reads the status of NSP and obktains a winircum
receive buffer size ifF NP is running. This ig the one Sessgion
Control interface function that deoes act inovolve che uze af a
logical linx.

QPEN (source, buffer; return)
SoUrce: a 1b-bie buffer ta contain the logical lind requester
node addre=zs when this node receiwes a Connect
request

returns: port allocared and port identifier =eturned

clent resources

-

port oot allocacsd -- insuff

port not allocated =- WP halced
This Tunction allocates a port in NSP for receiving a logical

link connect rveguest. The saurce variable teceives the node
address of the requesting node; the buffer rteceives the
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incoming connect data. When the port state Indicates an
incoming connect reguest is received, NSP places the source
node address in  the source variable and the incoming data in
the buffer. -

[porh id]

Thiz functien deallacates a povt, When a peort is  closed, NSP
immediately returns all rtransmit and recsive buffers to Session
Control [=zee NATA-XMT and DATA-ZCW callsl). 2nce a pork is
closed, 1ts associated port fdentifier is andefined.  Any
subderuent call isszued with such 3 part identifier rTesults in
an errorr return, . .

Sesginn Control way close 8 port at soy time regardless of the
nort's state,  However, doing so vay create ambiguities for the
Sesgion Conteol medole at the others enod of the logical link,

CONFIDENCE {pare id;  confidence)

STATE

eeturns: network probably connecked
network orokably disconmected

por: nok In BUNNING, CONNECT-CONFIRM,
DISCONHECT-RESJECT, or DISCONMECT-INITIATE Skate

This function obtains WSP's azgessment of conneccivity. — NBP
aeriodically tests a logical link once it i3 formed to
ascertain. if the physical path gupparring the link is
connected, The result of thia teasting is the pfﬂbaDlE state of
connectivity. [t iz not a guaranteed state,

session Control may issus this call teo determine when ko
disconnect a link on behalf of a program ac the user Lavel.

iport id; statel
teturns:. the state of the aszsorcisted logical link
This funciinon teturns the state of a port that is not CLOSED.

Eecauze WEP's operation iz nob  necessarily synchronized with
that of Session Contral, 1t is possible that this pall will not.
detect every state transitian, This 15 especially the case for
state transitians that oceur wery gquickly, Howewver, this is
not a problem berpause the intarvaning undetected states can  he
logically deduced,
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CONNECT-¥MT (destination [,circuit [.nexthopll, buffer; return}

fpatination:

circuirs

nexthop:

huffer;:

returns:

desrination node address

an internal W3PF mechanism =elector uzed to enable
loop testing. Circuit 1w either unspecified (for
normal usel or a systes-dependent <circui: numoer
represensing the circuit NSP 18 -0 use for ics
messages estabilshing this lagical link (for Hetwork
Yanagement loop tests=i,

a node naumber tregquired IfF cirzcuik is a  broadcast
cisouit)

contains connect data
port allocated; »ort id returned
port not allocated -- insufificient resources

port not allocated - - HSP halted

This function allocates 2 mort and regquests a4 logical link
connection. After a logical link has been successfully farmed,
Session Control cen put a load on a particular physical link

ior laoaop

test purposes provided chat  the circoit argument

gpecified the physical ILink. Tnis enables testing of the

phrsicel

linx and =2ll of zhe DEChet wmodules From Sessicon

Control or higher layers by sending and rceceiwving.data on  the

resulting

logical lina., For normal use, tne clrcuit argument

ts set te "unspecified,”

CONNECT-STATUS (part id, buffer; rceturn)

returns;

connect request acoepted by destinarion -- port  in
RUNNING =tate; accept data returned in buffer

connect request rejected by destination -+ port  in
REJECTED state; reject dara returned in bufier

port in neither RUMNING nor BEJSCTED staze

This function cbiains accept or rveject data returned as a

result of a previous connect sequestc. It the return 1s wne of
the first two, NSP returns any available acpept or reject data.
fnce  this i3 done, an WP implementation may discacd 1ts copy
of the accept or reject data so that a subszegquent connect
status function would net return data,

In cagses where state trangitions occur very rapidly, 3Session
Contral may not be able to perceive some intervening states.
Conseguently, this call may not he accegted [see Hection 4.1).
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Accept daza will be lost if the rapid state transitions end
with a transition to the DISCONNECT-WNOTIFICATION =ta-e and this
call waz never executed in —he RUNNING state. HNo daca 15  last
ntherwise.

I'f the connect request is accepted, up to 16 by:tes of accept
data may bDe verturned in the buffer, Tf the connect regquest was
rejected, up to 18 bytes of rceject data may be returned in  the
buffer (sze the ACCEPT and REJECT zalls).

ACCERPT {port id, hufter: recurnt
returns: link accepted
port not in COMNECT-RECEIVED sState

This funcfion accepts a connect reguest from a  rEmMote  Session
Control moduie. The call supplies a buffer coataining up te 14
bvtes of accept data,

RIRJECT (port id, value, buffer; return?
) returns: liok =ejected
oort not in COMNECT-RECETVED state

This function rejects a connecs regquest from a Session Cantrol
mdule, The call soupplies a 2-byte wvalue and a buffer
containing up to 16 bytes of reject data.

/4 DISCONNECT-XMT (por: id, walue, buffer; retur-r)

returns; call accepted
call rejected —- port hwot in RUNNING state

This fubciion requests the diseonnecticn of a logical link thas
iz in the RIUNNING state. The vall supplies a Z-oy-e value and
4 buffer containing up to 16 bytes of discgnnerct dara. '

The remote Session Contrel module receives any data -ransmitted
by the disconnecting Sesalon Contrel module priar to this call. .
Session Contrel! disconnects a link when it has no more data to
send and wants to ensure that " the link will he properly
disconnected, not aborted. -
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AMT (port id, valus, buffer; retuen)
returns: call accepted
call rejected -- port aot in RUNMNING state
This Tunction requests the immediate disconnection of a logical
link that 15 in the RUNNIWNG =state. The remote Sessiosn Control
module may not raceivae all previously trﬂnsmltted data pefare

TeCeliy: ng the aborz noatificatian.

The zatl =uapnlies a 2-byte valoue and a buffer contdining uo ko
1l bytes af abort data.

DISCONNECT-RCY (pors id, value, bulfer; return)

returns: dizconnect data availanle
no dlgconneckt data avallable
poct not in DISCONNECT-NOTIFICATION state

This funsticn receives disconnect data returned to the | local
Sagsion Con+trol nodule as a . result af a DISCOHNMECT-XMT or
ABORT-¥MT call from the remote S5es5sion Contyol module.  Sessicn
Contrel detects a logical link disconnecticn or an abeort when a
STATE call seturns a DISCONNECT-XCTIFPICATION. & Z2-byte value
and up to 16 byvtes of datda mav De returred in the buffer.

DATA-EMT [(por:t id, buffer, amtflag: retural

amtflag: a flag.irdicating whether the last byte in the buffer
iz the 1last bycte of a 3e2ssign Contrel message. Ity
wvalue is one af:
2 end-of-message
o not-end-cfi-message
Section Z.4.4 describes.data flow,
returns: bufler queued
bufier not gueuved -— insufficient resources
port not in RUNNING state
This function gqueues a transwit buffer to a poct  for
transmitting normal data on & logical liak, NSP refuses to

queue the buffer either if ic lacks the resources to do =0 or
if the port is rat in the AUNNING state.

—_—
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IMT-POLL {pott id; return}
returns: 0o tratnm=it cowplete
trarsmit cempleta -- buffer descriptor veturned

This fanction reterns & transmit buffer to Session Cantrol,

DATA-RCV (part id, buffer, rcvflag: return!

revElag: a flag indicating whether dats tcunecation is allowed.
I~ may have either of the following valuest

a no truncazion allowed
o rcruncatiorn allowed
returns: bufier cueuved
buffer rot queved -- insulfjcient resources

buffer oot gueued -- buffer too small and (§7a3
cruncation was specified In revflag

poTt not in RENNING or DISCONNECT-INLITTIATE state

This functian gueues a rceceive buffer to a port - to recelve
normdal data. A "buffer too =2mall” return indicetes the buffer
size 1s smaller than the winimum receive buffer, HSPbuf (see
STATUS} .

Session Cantrol may provide a buffer teo & port in the
DISCONNEZCT-INITIATE state to aveld a Session Control deadlock
in which e=ach end of cthe logical Link 15 in Lhe
DISCCHNECT-INITIATE state. However, this - an
implementation-dependent iLssue.

BCV-POLL (pavt id; returnd

recurns: oo buffer returned {Eicther no receive bulfers are
queued ta the port or there 13 2w recelve data
availlable,)

|
L

huffer returned ‘no data lazat, sbd-ocf-niessage

|
t

huffer returned data lost, end-of-message

L
]

huffer returned no data lost, not end-cfi-message

]
i

huffer returned data lost, not end-of-message



HEP Interfaces Fagqe 1B

buffer returned empty -- port kot in BUNNING,
DIGCONHECT-INITIATE, DISCONNECT -COMPLETE , or
DISCONHECT-HNOTIFICATION states.

This functien abtains-a "receive complete®™ notification for a
recelve buffer previously gueued via o DATA-BCY call. NP
ceturns  recelve buffers along with buffer descriptors to
Session Conteol in the order in which data was placed in them.

A data-transmitting MEF seaments data given to it by the
DATA-XMT call and sends each seqment separately chrough the
network. &4 segment containing data given to NSP with an
"Tend-ol-message™ flag i3 sa maraed. A data-receiving HSP
receives these seqments and places the dara in Session  Cantral
receive buffers given to HSP by the DATA-ROY function, The
sequence of packets flowing from a date-transmitrcing NSP to a
datr-receiving HS2? constitutes the network form described in
Sectipn 7.4.3.

If & dava-receiving Session Control module gives N8P each
receive butier with the rcvflag zet to "oo truncaticn allowed"
an the DATA-RCV celil, then MNSP . attewapt=s to place “he daka, in
order, froam one or more segcments of & single Session Control
nessage inta sach receive ouffer. A rceceive buffer " is  always
returned with a "no data lost™ indicatiaon and is returned with
an "end-cf-tiessage" indication if znd only if the last segment
of data plaeced irn it was marked as an "end-of-message” segment.
Note that twa DATA-XMT calls by the data-transmitting Sessicn
Consral maduie, [LE with data that is not marked
"end-of-message™ and the second with no data but  marked
"end-of-message, " nay result in data and status neing given to
the data-receiving Session Control eikther in twa buifers, as
given to NEP by the data-transmitting Session Centrol module,
or in a s=single buffer containing the data and marked as
"end~of-message.”

If a data-receiving Sesdion Control module gives MWSP egch
receive buffer with the reovilag set o "truncation allgwed,”
then N52 either fills the receive buffer or puts data irto it
up . ta and includirg the data in a segment marked as
"end-of-message” whichever comes first., If a receive Suffer is
filled first, then NEP continues to receive and discard data
segrents up to and  including the first cone marked B3
"end-of-message.” In eitheer case, the receive buffer is
returned as an "end-cf-message® an the RCV-BOLL call. In =the
case  whore data was discarded, the receive buffer iz veblucned
with a "data los:t"™ indication. The anly time a buffer given
with a  “"truncation allcwed" revilag iz  raturned axg
"not--end-ocf-mesaage” iz when the legical link is disconnected
by the data-transmitting Session Control module with a
partially transmitted message.

& data-receivibhg Session control module may mix calls with  the
“truncation allewed" rcvflag with calls with the "no truncatieon
allowed" rewilang.



NP Interiaces Page 38

If Seszion Control «lpses a port thnat has receive buffers
gueued wila the DATA-RCY call, XN5P . returas these buffers

immediataly.

[NTERRUPT-XMT (port id, buffer; returnt

returhg:  data accoepted
data nct accepted
port not in BUMNTNG state

This function sends up to 16 byhkes of high prioricy dara to phe
destinaticn Session Control maodale, The data has o seguenztial
relarionship te normal data transferred on a logical link. HSJ
may refuse a reguesi to send interrupt data if it is unakle to
gucede the data internally. The buffer may be up to 16 bytes

long.

INTERRUPT-RCV {port id, buffer; retuen)

returns: data returned

n3 data returned

pFRET not in RUONNIMG statke
This function obtaing available Iinterrupt data. Intercupt data
is delivered in the oarder transmitted 2y the INTERRUPT-EMT

function, Interrupt data has no  sequential relaticnship  to
normal data transfereed on a logical link.

3.7 Hetwork Management Interface

Network Management c¢an pecfori the follewing functions using NEP's
Natwark Managerent incerface:

i,  Initialize or nalt N5F.
2, Read and ser some of NSP's local parameters and wariables.

1, ERead NSP's remcte node varlables and coubhters, Cleayr HNSP'S
remncte pode counters. :

T Eead {one event at a time) and =lear NSP'z event Jqueuse.

The interface is modeled as & collectien of functionz provided by
subroukines. Bach call represents & apecific function. [n each
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rezurn, the vartakle In parentheses is its name appearing in the data
pase descripticns in Tables 3 and 4. Section 5.

Many of the zalls pertain o eicther loacal aor remocce NSPS. Artually,
the "remote™ NSP Is the local WNSP if the logical link is made witkin a
single node.:

All the wariables read, set, or eclearad by the following Network
Management functions are locally xept wariaoles. Thus, a set of NsSP
variables ipr each remcte node bo which there is an  active logical
line is kept at the local node. NSEP does not guarantee that any
information will ke available when there are no lagical lIinks o rhe
specified remcte node.

Ioplementaticns of Network Management are not reqguired te return every
parameter, variable, or counter listed here,

The Network Managedent interiacs Junctions are as follows:

INITIALIZE

This function initializes the local HSE.

HALT
This Function halts NSP. The call has the [following effacts:

1. H5F clopses all porTs.

2. HSP will refuse to open a new park.,

1. N3P returrs all Session Control buffers to Sessian

Contral,

4. MNE? freezes its counters and event gqueae.

LOCAL-RSAD-ADDRESS [;  address!

return: NSP's node address [NSPself)

This functinin reads HEP's node addreass.

LOCAL-READ-INACTIVITY (; inactivity)

return:  NSP's inactivity timer (N5Pinact_rim)

This function returns the interval after which, if there iz no
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| data going in either directien on a lick, NSP cherks the link.
N32 checks tne 1link by sending a Data Heqguest message [Table 1]
to the remoke HSE., This nessagoe does not change flow. control
parameters, bur does require an acknewledgment.

LOCAL-READ-DELAY ¢; delay)
return:  NSP's delay factor (N8pdelay!

Thig function returns the number by wbhich to multiply one
sixteenth of +the eatimated round trip delay Lo a node to set
the retransmizsion timer to —hat node. The round trip delay is
uged in  an NSP algeerithm that determires when fo retransmit a
message {Section T,3). '

LOCAL-READ-WEIGHT &; welght)

return: NSP'g delay weight [(NSPwelght)
This function returns the weight WSP  applies fo -he current

_ round trip delay estimate o a remoke node when updating the
K astimated round crip delesy o a nede { Section 7.3).

LOCAL-READ-RETEANSMIT (; retransmit)

return;s NSP's retrangmit tireshald (HSPretrans)

This funcrion returns the maximum nuober of times the source
NS will rFestart an expiced retransmission timer hbefare

| deciding that the remote node is  probably unreachable (see

' CONFIDEMCE  in Section 3.1}, When this number s exceeded, NSF
gives a "probable discormection” return ta a Hesslon Control
CONFIDENCE call. Session Contrcl may then discennect the link
on behalf of the end user, The retransmit threshcld is called
the NODE RETRANSMIT FACTOR Iin the DNA Network Management
Functional Specificatian,

LOCAL-READ AN IMUM-ACTIVE {r maximum ports]

returt: NSP's maximum ports numher {NSPmax)

Thig funckicn returns the maximem ouwber of ports NSP has
) concurrently had assigned to a lagical link (in other words,
| cancurrently in a state other than OPEN or CLOSED), This is
- called NODE MAXIMUM @ LOGICAL LINKS ACTIVE in the DNA Hetwork
Management Functienal Specificatian,
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LOCAL-REAL-TOTAL {; total ports)

reiturns: HN5F"s total ports number {(NSPtotall-
This function returns the maximuw active logical link count for
the node. This 18 che total number of parts that NSF can have

in uae concurrently, This iz called NODE MAXIMUM LINKS in the
DNA Wetwork Managenent Fyncticonal Spercification.

LOCAL-READ-VERSION (; wersion number:s
return; NSP's version rumber {(NSPversiaon)

This function rteturns the local NS5P's version nuwber. Por this
‘versian, the value returned is £.0.

LOCAL-SBT {gqualifier, walu=)
gqualifier: one of the following, defined above:

LOCAL-3ET-ADDRESS
LOCAL-3ET-DELAY
LOCAL-3ET-INACTIVITY
LOCAL-32T-MAX [ MM
LOCAL-SET-RETRANSMIT
LOCAL-5ET-WE]GHT

waloes the new numerical walue for the selected parameter or
variable.

This fuaction sets NSP local parameters.

REMOTE-READ-DELAY (node;: delay}

nade s 4 ngde address
TELUrn: the estimated round trip delay to the remote node
(NCDEde lav)

This function returns rhe estimsted roond  tris dalaw  tg  the
remote nmode.
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AEMOTE-READ-ACTIVE {node; activel

return: tne number aof actiwve logical links o the remcte NP
{HUDEactive)

This furvtion retarns the number of ports io a =tate other thnan
OPEN  that NSP has associated with logical links to the remote
apde, This variable is ralled NOpE ACTIVE LINES in the DNHA
Hetwark Managemen: PFunctional Specificatian,

REMOTE-READ-BYTES RECEIVED (node; bytes received)

return: the rymber of user data hytes received (NOOEhyt_rev)

This function returns the total mmber of user data bytes
raceived from the remote node, incloding normal, intesrupt;
cennect, accept, reject and disconnect daka.

REMOTE-READ-BYTES SENT (node; bytes sent)

return:  the nunber of user data bytes sent (NODEhyt xot}

This function returns the tatal nuwber of aser da*a bytes Hent
to the remote node.,

REMOTE-READ-MESSAGES BECEIVED i(node; messages received]

Teturn;: tne total number of messages received from the remote
node (HCDEmsg tov)

This functicn retuarns the tatal number of all types aof MNSP
messages received from  the remole node regardless of their
dispesition. This includes detected duplicates,

HEMOTE-READ-MESSAGES SENT (nnde; nessages sent)

raturn: Lhe total number of NEP messagpa sent to rhe remote
nede §WODED=g ant}

Tkig function returns the total number of NSP messages sent  fto
~he remote node, Thig includes retransmigsions.
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RECEIVED (rnode; cunnects received)

returng the

cotal number of NWNSP Connect Initiace messages

received from the remote node {(NODEcon rov)

This functian
messages  the
regardless of

REMGTS- READ-CONNECTS

rezurns the tobtal aumber of NSP Connecrt .Initiate
Local node has recelved from the remobte node
their disposition.

SENT (noder connects sent)

retdrn: the
taa

This funccian
Tessages Sent

REMOTE-READ-CONNZCTS

rumber of N3P Connect Initiate messages sent  to
remote node (NGDECOR dm: )

returns  the number of NSP Coanect Initiste

wo the remote node.

AEJECTED {node; connscts rejected}

TECUrn: Lhe
Ior

This Tuncbicon

messages rejected by the Llocal WEP.
"regcelived CoONnect

numher of received NSF Connect Initiate messages
which there was no open port {SODEcon zej)

returns the Sumber af HKHY9F Connect Initiate
“his wariable i1s called

resgurce  errars®  oin the DH 2 Hetwork

Management Specification,

REMOTE-READ-TIKEQUTS

return: the
far

(node; timeouts!

numbe:s af timeocuts that have occurred In walting.
dacknowledgments  (of  any kind) from the renote

nade [HODE: iweout )

Thiz functian

from the destinarion MNSP,

REMOTE-READ-ANT-CLEAR {node, value;

valugs: Ehe

returns the nunber of response timeouts received
qualifier]
numerical valuye for the corresponding

qualifier.

qualifier:

one of the following, defined above:

REMOTE-RELD-BYTES RECEIVED
REMOTE-READ-BYTES SENT
REMOTE-READ-MESSAGES RECEIVEN
REMOTE-READ-MESSACES SENT

2000
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AEMOTE-READ-CONNECTS RECE[VED
REMOTE-READ-COMNECTS SENT
AEMOTE-READ-CONNECTS REJECTED
REMOTE-READ-T IMEQUTS '

oooo

returng: Lhe selected infaormatian

Thiz function reads arnd then zlears a npde—cdepandent
counter. '

READ-QUEUE (¢ return)
reLurns: gvant queur empty

the first entry on  the evant guede, one of
tollowing awvents:

invalid nessage A received message

NSF

the

Was

discarded hecause reserved
birs or values in the message
werse uzed. The heginning of
Lhe message is the event data,

inwvalilid flow coptrol A received Link SeTVicae
JMessage was discarded hecauze
it contained a reguest count
that, when used to vcompute an
accumulated request count,
would produce a cesult out of

limits. The message and
currant request counts are the
event data.

dara base reused A node deszripeor (Section
Bk} Wl reused for a
different reucte node. The
contents of the data base are
“he esvent data.

ayents last “Fhie gquedae was full  when N3P
attempted to place an entry in
it, Che or nore events were
last,

This function reads the first enkry on an eveént gqueue. 5P

maintains an internat event gqueue. The length of the queue 1s

implementarion-dependent, but is always at I2ast one.

When

events d{described above in the returnsy occur, NP places
entries in the gueue. If .the gueue 1Is full when WSP attenpts
to place an entry in it, the last entry in the gueue changes to

"eyents lost."

The ONA ¥Network Management Functional Specification descri

bes
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return formats.

CLEAR-QUEUE

This functian clesrs NEP's internal event quece.

3.3 PRouting Interface

NSP requires a Routing service for Its operation. 4 FRouting -service
provides NSP with the ability to send datagrams (containing HSP
wassages) to, and receive datagrang fram, aoy other NSP module in  the
dane DECnet network. '

The interface described below appears in the foem of calls from an HSE
module to a Routing module in the sane node,

ROUT ING-TRANSMIT - {apurce, destination, returnflag
- [;eiecuit] , rexthopl], buffer, tryhard: returnl '

SOLFCe: a Source node address
destination: a das:ination npde address
returnflag: a Boolean flag to indicate whether or not the packet
: 12 to ke returred by the Z2couting service if the
destination node 1z inaccessible. The flag way have
one of the follewing values:
2 faiae -- do kot retyrn packet

o true'—— returi pachket

circuit:  an internal N8P mechanizm  selector (used fec  loop
testing). One of:

o unspecified
B & oircuit that 1s  the gircuit on which
Routing should direct this datagram. Lf
circuit gpecifies a broadeast civouit,  then
nexthop must alzo be spocifiad,
nexthop: a node number

buffer: a buffer containing a packet

teyvhard: a Boolean flag to indicate whether or not the packes
is w0 be s=sent to the destinaticn node using the
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Rout ing Layer's tryhard algorithm., When this flag is
true, HNSF is instructing the Routing Layer to make a
maximal effort to deliver the packet, When false,
MEP is instructing the Routing Layer to deliver the

packet using a less rmostiy and potentially less
reliable mechaniam. The nproal defanlt 1z false.
returns; bufifer queued
buffer not queued
This function gueuss & transmit butfer to Rﬁuting. Bouting

rajects this rcail [(ir ether words, does not gueue a packet)

aonly 1f it has ipsufficient resources to queus the buffer.

If

the destination nade is curcenti:y unredachable, thern Routing
accepks ‘the buffer, althkougk 1t may return the  buffer

i irmediately [seE ROUTING-CHECK-TRANSMIT- BUFFER

followingl. The "circuit” arqument has the same meaning

that in the CONNECT-XMT call {Secticn 3.11.

ROUT NG - CHECK -TRANSMIT-BUFFER {buffer, return;!

returnzs:  all buffers remain quec:d by Routing

buf fer returned to N8P

buffer; a puffer previously given top  Routing wvia

ROUTING-TRANSMIT call

call,

a4

This function checks to see if a previously queved transmit

buffer can be retusped to NSP.

! RQUTING-SUPPLY-RECEIVE-BUFFER (buffer; return}

etueng:  buffer gueuwsd for recsive by Routing
buffer not gueuwed for recelve by Routing

Thiz Funckion gueues a receive buffer to Routing.

ROUTIHNG-CHECK-RECE[VE-EUFFER [5mufné! deatination,
[.circuit],nexthopll, buffer, tryhard; vreturn]

source: & source node address
destination: a destination hode address

circuit; an internal NSP mechanism selector  [(used Ear
: tezting). One oi: '

loop
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o unspecified
2 a ocilrowit that is the cireult on which
Routing should direct this datageam, 1t
c:rcuit specifies a broadcast rcircuit, then
rexthop must also be specified.
nexthon: &8 nede number

reeturns; mli bufifers remmrin quened Dy Routing

buffer returned witn source and destination node

pddresses —- contains a normal packet
buffer returned -- conzAaing a “"return Lo -sender”
pacist

Thig functign checks to see 1f a previous.y gquened receive
buffer can be returned to NP,

4.0 RSP STATES

This section describes the states and stace transitions -regquired  for
normal WEF aperaktion.

4.1 Port States

Whenever Session Contrel allecates a port. HNSP  assacistes the por:

with a4 state. This =state is represented by a variakle in the por:
data base. 'The CLOSED state really means that the port no longer
exiats. This state is necessary in the architecture hecause the

remote port may be placed in the CLOSED-NOTIFICATION state, In same
implementations the CLOSED scate mav 2e indicated by the abhsence.of an
entry. A port has only <one stale at a time. Table 2 summarizes the
norma. pork states.
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Tabkle 2
Poret Statzes
—_—— boom = oa eI Al —— e — +
| (Symbol) State I Expxanatlmn _
|================;============I=_'l'.ﬁ4 ————————————— E Gy
| o) oPEH The lacal Session Control  has |

iszued an OPEN <call which |
. created the port, |
e e
(CRr) CONNECT-RECEIVED NEP ams  recelved o Connact |
nitiate nmessage, [(The cemote |
port 1% ¥y was in the |
CONNECT-INITIATE state.} |

P DR D[SCOHHECT RETECT The loval Sessiaon Control has
1ssued a REJECT call while the
port was in the

I
I
I
+
I
I
I
I
+
I
I
I
| COMMECT-RECEIVED state.
+
I
I
I
I
I
+
I
I
I
I

NS5P has received a Discornect
Complete message while in the
DISCONNECT-REJECT =tate. { The
remote pork is or naz been in
the REJECTED state }

The local Sessicn Enntrml haz |
issued an ACCEPT call, while |
the part WAS in the |
COMMNELT-RECEIVED state. |

{CI} CONMECT-INITIATE i The local Session Control has |
t lasued a COMNECT-XMT call, :
5 whlch created this post, 1

+
| {¥NR} NO-REESOURCES . NSP has rveceived a Mo Resources |
mas3age while in the |
COMNECT-INITIATE state., (The |
remote HWSP did not have an |
available port 1n  the OFEN |
state.} I
_______________________________ +
(HC} NO-COMMUNICATION ! H3F has received itz own |

Connect [nitirace message |
while in the CONNECT-INITIATE |
state harauss Routing was |
unable o deliver the message. |
+
I
I
I
I
I
I
+

—_ —_——— e e o — i i LR Gl MR G o (e e e o e e e o - e o o o o e o .  ——— m — — —— —— — —— = ] e ol ] F

I

I

I

I

+

| ¥SP haz received a Connsct
| Ackinawledqrent meszage while in
| the  CONNECT-INITIATE state.
| (The destination port is or has
| been in the CONNECT-RECEIVED
| =tate.)

+



NSP States ' ' Page 5

Table 2 (Cont.)
Pore -States

+—-—————————— e = e F = e e — Sy g

| {Gymbol} State _ ) . | Explanaticn

|================;=;==;==;==:=;======z;4“q4#===1==—=== _______________

MSF has received a Disconnect
Initiate message. while in the
CONNECT-INITIATE oL
CONNECT-DELIVERED =tate. (The
remate port is or has oeen  in
the DISCONNECT-REJECT state.)

{RJ) REJECTED

—_——————— e e e e e e — e ————

{RUN)] RUMNING -

e i = = = e =t = e = g s

NSF has either receivad a
Cannact Eunfirmh messagse while
in the CONMNECT-INITIATE ar
CONNECT-DEL-VERED state or
received a Data, Data Request,
Interrupt Reguest, Data

Acknowledgment mepssage while in
Lhe CONNECT-CONFIRM state, The
logical link may he used for
gaending and . receiving dats,
{Either Lhe remate port ig ar

gtate ar the Fenote  port
entered the RUNNING state fron
the CONNECT-DELIVERED state,)
The local Sessicn Control  has
issued a DISCOWNECT-XMT call or
an ABORT-XMT call while in the
EUKNING state.
U o i i ki o g e o e - =
(DIC} DISCONMECT-COMPLETE NSP has vreceived  either a
; Disconnect Complete messages ar
a Disconrect Initiate message

I
I
I
| while in the
I DISCOHRECT-INITIATE SiaLe.
| {The remute part is or pas been
| in eitker the
| DISCONNECT-NOTIFICATION state
| or the DISCONNZCT-INITIATE
| state.)
—_————— e ————————————————— = R T T T T
(DN} DISCONNECT-NOTIFICATION | N3P has received a Disconnect
: | Tnitiate message while in the
| RUNNING state. {The remote
| port iz or has been in the
| CISCONWECT~INITIATE state. ]
T A A e e e e e e S e e

I
|
I
I
I
I
+
I
I
I
I
I
I
| Acknowledgment or Othec Data.
I
I
I
I
I
I
I
I
I
+
I
I
I
I

+

I
I
I
I
I
I
I
I
+
I
I
I
I
I
I
I
I
i
1

wag Iin Lhe” COMNECT-CONFIEM |
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Tabkle 2 {Cont.)
Part Btates

- o e +
| (8ymbol) State . | Explanation I
I - Es===== ====.==================== oS-SS r S RLMs uapEmamE === === ==—=
| (€L} CLOSED | The lecal Session Control has |
I | izsued & CLOSE call fnormally |
I | while the local port was in the |
| | pRC, DM,. DIC, HC, NR or CI |
| | state). This iz rot really a
I | gtate of the port, but 1s used
| for descriptive purposes tao |
| !
I
+
|
|

t indicate that the port is not |

| there. | |
————————————————— T T e e e e _
{CN)] CLOSED-WNOTIFICATION | W8P has recelved & HNo Link |
: | meszage while in the |

| DIYCUNNECT-INITIATE, |

| DIYCONNECT-REIECT, RUM ot |

| CONWNECT-CONFIFM stace, {Thea |

| memote HSP rcloged +he remote |

| port.} |
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Figure 11, following, summarizes the normal port state transitlons.
These =ransitions correspond with those in Table 2,

—_—— —r = ——— —_———

| o | b CC T 4+5 | BUN P +++34++++r++++++++rF++++4+ | D |
LT e o
+ ! =1 T+, e R = |
v .- v v Y |
- _I I____I l____l l____F ."____‘- |
| CR | | DT 1++=iDIC | DN | | BT | |
Lo . T T, S P |
| + I | = |
i W | i |
n ¢

| TR |+++++++}i CH o

1 n

—_——— - -

.- 0 NC | =resrd bl IO

1

_____ S - - ——— e
+ T B N +
v voN W = = =! ki

—_—— e — —— Ii._I _I _: ——

+ - -

| DR | —————m e - >; L <-—=-" .= | HR |

| | eontains port state (Table 2)

++++> regult from an action by MSP

————>» prosult from a Sessian Control Zalti

NOTES

1. & state from which am exit can be made hy a ++++> arrow iz a
petentially unstable state.

2. & state from which the only exits are --—--» arrows ars stable
states.

1, A gtate from which an exit can be wade only by more than ope
e arrow ig a state from which tha exit i35
non-deterministic.

Figure 11 Part State Diagram

A transition to CLOSE from any stake ather than those connected by



NSF SHtates Page 53

Arrows ta CL- aon Figure 11 is equivalent to ferminating the laogical
link while it was in a useful state. Such a transition would occur,
[or ezample, whzn 4 user process terminates abnormally. Thisz is8 the
only kind of transition that can occcur that 18 not shawn in Figure 11.

4.2 Logical Link States

when one Session Control module attempts to form a  ceonnection o a
second Session Contreil module WSP places the regquesting port in the
CONNBECT-INITIATE (1)} state., MNEP then attempts to associate the local
source port with a destination port that is in the QPEN (O} state. If
rhe associaticon beiween the twa ports 1s successful,. the comnination
of the two pore states is the logical link state. The initial logical
link state is represenced as CI/D. '

A logical 1link can be in only cne state at  a  time. NSP
implerentations that follow the medel im Section b will make the
transitlions correctly.

A" NSP may fail to assaclate two ports. This van happen in the
following =ituations; ' '

o I[f the network iz disconnected so that the destinaticon system
iz npot accegsible. In this case, KSP places khe reguesting
oort in the NO-COMMUNICATION staze.

o If there are 2o ports managed by the rsemote NSP in the OPEN
state. In this case, WSP places the requesting port in fhe
HoO-RESOUGRCES State.

o If the network is mnot operating properly f{e.qg. is badly
congested) and succesive retransmissions fail, Sessions
Contral van detect this by checking the Confidence wariahle,

Figure 12 shows the normal logical link stare transitions.

The only state transitions that are not illustrated in Figure 1 are
those that represent the transiticn af one of the ports to the CLOSED
state from a non-terminal state. Such a transition iz generally
succeeded by a téansition of the other port to the CLOSED-NOTIFICATIUN
state. These ktransitions introduce anbiguity inte the diagran of
logical link transitisns. Figurs 12 shows an sxamples of this kipd of

amziguity in the exits from the CL/DI and OL/CL states. Figure 12
does nat show this complete set of transitions, because there are Yoo
many to represent coherently in a single diagram.  Maoreover, they

_phgcure the transitions that occur during normal operation of s
logical link. '

Mote: In rertain unlikely cases a port in the ppen state may match up
with a Auplicate request for coanection ({for example, when the
original gonnection was rejected). The connect data will appear ta be
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valid. If the receiving session control user accepts this false
connecticn the local porr will never eanter the RUNNING =tate.
Howewer, 1P communication exists with the remote node, the local port
will eventually eater the "CN" state. Because of these gazes, a user
program which Jdoes not wish to process the data from a duplicatse
connect sheuld aceept incoming connections and progess the connect
data only if the econnection enters the BEUNNING state,
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——— ¥ an exit iz made to the CLACL state froun

oo | this state if the pert that is still
| o | cpen 1s closed by Session Control,
+
v

[ a T T =TT 7 I-F_'-._I -____I-*
| €1 |=—-| Cr |--=i CI | | CL t#=++2| CL |
| cc | | Ck | I DR | =] D& | | cH |
___r .o ———— | t____F A |

+ - + | +

v o, 7 v I v

T T T . " --'...'r T T T I -I____l*'
| o j<--1 €O |--=. ¢ | | | CL |
| cC | | CR | : DR | I | DRC|

I | ———— | R | -—ﬁ——'

- + [ ~

wr W | A .
s T T T T a T T T T a I 1-_.__.._- -'-_:_.__ ®
| RUN | | a1 |- | &7 !'——-->] BRI |
co | | DR |++>|DRC | | CL |
o1 T PR, | aar

+ -

v

pr—— e o -, —-———- T
L] . a

IRUH | ——=i RN !+*++++—++++bI ad |+ret=iDN | --=] DN |

| RN | DI - ne | DIC - . CL |

R | I - Y —— ] R |
| I I

Ly : V. ' o

I
I
. . . . PRI !
DT [—==| DL |++=>|DiC |- =] €L |++++ I
I
I
I

| AL | | ot | |lpi |l oT I
=+ + + . + . s
* W v v +
+ i———. S min oL E
+ |BE |+ k= DIC | | ¢C | -
+ |ptc | (oIc i | cw | =
+ A TRt e F
+ S o +
W v o + v
. LR L T meem Lk
| DI |--=i T |+#=j CH | % “—=-=--—- >|cL |
| DN | | CL | | CL | & |DIc |
.I.__J__I .I'__'.__I '\-____1_ -\.___ .____l
+ + }
v + v
m———— T S —_——— SRR R LR Lt e L
| CL |€==]DIC |-—====———————————————- >|DIc |
| v DN | lcn |
S | R ————t

Figure 12 Lngical Link State Diagram .



NSP States . Page 3

o

LEGEND:

contains logical link state congisting of the potrt states
at botn ends of the link {Table 2).

+++* transition causecd by HSP

---* transition caused by a #ession Control call

NOTES

1. A stoate from which an exit cCan De made O a +++++> arcow iz a

2.

potentially unstable state.

A state from which the gnly exits are ----—-» arrows are
stable starces,

& state [rom wilch B0 exit can be made by more Lthan one
ettt arcow is a state trom which tne exit is
non—deterministic,

The logical lint stases  prasented above describe the
disconnecticn or ahortion of the link from the RUN state when
requested by either Sessian Consrol moduie, This 'is true
oecduse  the Sesgion Control requesting a disconnection couid
ae glither the Session Contral that regquested the logizal link
or the module thot aceepted the logical link,

[f a logical 1lirk entecs toe DISRUCN ar BUNSDI state  hecause
of a disconmnecst regquest by one of the Session Control
moduies, then an NSP exls fron the DISRON pe RUNSTI scates is
possible anly if the Session Centrol module in che RUH state
nas provided a sulflicient aueber i recsive buffers to
receive all data cransnmitted by the other Session Contral
module. The ++-++> aArrcow exit from eitker of these stares
means that NSP guarantees to wake exit eventually only if
this constraint has been oet, Similarly, an NSPF  exi=z from
the DL/DI sState its possible only if gne af che Session
Cantrel modules sharing the logical linx bes met this
constralint. Thig constraint does not apply when the DI port
state 15 entered because of an abort request.

Figure 12 Logical Link &tate Diagream {continusd)
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5.0 NSP DATA BASES AND BUFFZR POOLS

Page 37

“his section specifiea the wariables and parameters in the data - bases
and buffer pools deacribed in Section £.2:

O

o

NEP's internal data base (Section 5.1
Session Control port data base (Section 5.2)
Resarved port data basze [(Sectlon 5.3)

Node daka base (Secrion 5,4)

Buffer pools (Section .30

5.1 HSP's Internal Data Base

This data kase containe WSP's  internal variables and
Management can modify scme af these (Sectlon 3.2). Table 3

dascribes tne data base,

Hetwors

caraileters,
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Table -3
MEF's Internal Data 3ase

______________ Fm———————— R et
| ‘Initial IBit | | . o
Name | value IWidth| Definition SRR |
NSPstate | "halted® | 1 | State: "halted™ of "running" I
_______________ +_____dh___;_+*“J-“+__;________;;J_m11.LATL___________+
NSPsalf | o - | 16 | ThRe pode oddress gf this NSP I
—————————————— +——————;—————+—————+1‘f————h—————————TfWlﬁL———————————;

NSFinact_tim | . 0+ | = | W8P*'s inactivity fime value {in
| I system depéndent unital., I mesns|
I | | "no tlm& value" {Sactlnn T.db. I
e bt t-———= T el e Mt +
| nsPdeliy | 2+ | &  N5P's "delay factoc” {SECL._E;EI I
——————— e s T —— ————— Te————— ——;frﬁ;——H——h——;—lL; _____ +
H5Pweight | 3« | B | NSP's "round trip delay estima- |
| A | tion factor™ {(Sectich 6.6} |
_______________ +———————--.-___+__;——+——'——————---_ T o o o e o o e e L e e —
HSPretrans | a5+ | B | WSP's “retransmit thresheld" far |
| | - .| deterwining chnfiderice iA network|

| I | connectivity fdr a logical link
| I | (Section T.31. . I
—_——— e R e —————— f——_—_—_———_————— +A_:__+————————————_—-m-;___;_*_———u——-__+
NEPmak N B | % | The aadxiomm number of ndirts that |
i - | ‘NSE haz had gimultanecusly in a |
i ' | 4tate other than UPEN. ' |
__________________________ +———-—-|...-.__-___..______———-.- s e —————
NSPversion I d.0 - | * | NEFP's wversion number.. . . |
—————————————— +____——+—————+—————+mj_L_————F—————+;-N u”;__—*———————+
NEPtatsl | | * - the tortal numbes 5f pirte NSP can|
I o . handle simultanedusly. . I
__________ ;---;L___________+_;___+_*_________________“__d_d;___d____+

NSFhuf . | * % | The mininum Seéssion Control cov,
I | buffer size and the maximum KSP |
I | transmit segment size for this I
I 5 | impplementation {this value is I
I i | equai to tne maximum Routing I
I | | Layer block size freturned from |
| ! | Routing Layer Read Blocksize. ] |
| | | mirmpz 13, the maximum NSPheader |
| | | ‘§ize., See Section 5.5) |
_______________ - e e e ————
NPtryhard | ceiling | 8 | M8P's "tryhard tareshocid™ for |
|  of I | determining when the tryhard |
|WEFretrans/ 2 | | flag should ger set (S5éct, 3.2} |
=ﬁ=====--ﬂq-==================ql-n=============ﬂH==============h-t—=|
|

* This value is not essential to the model inplementation,

+ Thig i3 a suggested initial wvalue: implementations area not |
Bound to use this.as an initial valus, _ |
————————————————— dih___————————*h—*q*mi______——————‘ig¢___________—r
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5.2 Sesgion Control Port Data 3ase

This data base ceasists of & cwllection ai  porcts, NSP allocates 4
port on  a Session Control OPEN or CONNBRCT-XMT call. A port contAaLLs
“he minima: information required to maintain a logical link. Table &
specities a Session Contral port.

Table 4
Seszian Control Part

o ———— —t—_———————— +—_——— e e T T T T —— +
| | Tnitial /@it | I
| Mame | Waloe Widthl Definiticn
I=========_—-'".-‘=============___'-" % F T F N F F & F F B F EIEHEe |
i STATE | 2 ar ¢z | 3 | The state of the port, I
e e e e e ——— —_— —+ e e e s
' NDOE | O | 16§ | Renote node address,
_______________ -} e —— e — s T T T T T T s e +
| ADDEloc i 0 | 16 | Loeal link address, I
o e —— —— — — — e —_————— . F-—-——- e e - ——— ———————— -
| ADDRTem | 0 | 16 | Remaote lin+ address, |
+ - - e ————— — —— - e ———— - == § e ——— — i — -
| CIRCUIT | 0 | * | The circois runber to use o |
I I : | transoit messages to Routing. |
| | ! one of: 1 {= "unspecified™} |
I I I I a4 circuit number I
[ - me m ————— o — o === === F—_———— o ————— e EE e R e e +
NEXTHOP | o | 16 | Node Humber I
i — o = m———— - e ——— e e s T s s -
| YERSION i 0 | #* | The wversian of the remocte N3F.
Fm————— e ———— i ————— +—_——— e e e e e e e e e R T e e = —
| TIMERZat | 0 | * | Message tiwer value for Data I
| | | | Segment messages. |
o e —— fm e e T T T m e — +
TIMERoth q * | Message tiner value for

I [aterrupt or Link Service
| | messeges (data type messages
| | octher thar Data Seqment!.

e ——— e e ——_—— e = = —_———————— - s e e ——— - —— . ——— . —— —— ——

| TIMER-OT o | * | Message timer value for Cannect

| : I | ard Disconnest messages.
e — - e ——_ — f—_—— e e e ———————————_— ek
| TIMERinact | 0 | . % | Inactivity timer wvalue (Sect. T.4&}
m—————— e —— ———— R e ———
| WuMdat | 1 b 12 | Wusbher af next Data Segtient |
| | | meszage ko transmit, I
e e —— Fm————_—— R e ————————— e e -—4
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Table 4 [Cont,}
Zession Consrol Port

I | Imitial igit ! :
| wamo I Valae |Hidrh! Definitian |

1]
1]
]
1]
]
1]
1]
1]
1]
1]
1]
1]
1]
1]
1]
1]
1]
1]
1]
1]
[]
1]
1]
1]
»
i
il
il
1l
I}
1}
1}
1}
1l
I}
1}
1}
I}
Il
I}
1}
It
b
|
]
L
[}
1
d
il
il
1}
1}
I}
I}
I}
1}
Il
I}
I
Il
I}
Il
I}
n

| Numoer of next Incerrup: or Link

| Service mnessage te transmit {data
| “ype messages other than Data
|

Seqmant},

MUKhigh | 2 12 | Wumber of highkest numbered Data |
I | Segment meszage available from '

! : | ; | Session Control,
—————— e ——— e e e e e —_——————
| WIMzent ! 0 | 12 ! Mumber of highest nunbered Data i
I : I ¢ Segment message sent by local NP, |
m————————— e A —_——— e e e e i +
| ACKxmt dat i C | 12 | Wumber of last Data Seyment messzage]
| ! | | acknowledgment =ent by local NSP, |
e ————— LT S ———— Fm—_——— . - -
|- ACKxmt oth | 3 | 12 | ¥umber of las: Intecrupt or Link |
I | | | Service message acknowladgment |
| | | | sant oy the logal NSE. |
e ——————— o —— e ——— L s s T T T S = 4
boACErow dat | 2 | 12 | Number of highest Data Segoeat i
| : | | message ackrowledgment received |
| | | from renate HSZ. : I
———————————————— e el i fat e T Ty ey iy Sy U R
FLOWloo dat I 0 i 8 1 The narmal data reguest count that |

i I i | will be senc in Lhe pei- Daza |
I | | | Regquest message. o
o —— i — —— — — —— Fm—— e e e -, - k
| The flaow control state [or receiv- |
| ing Interrupt data. Thiz variable |
| takes into account the contents af |
| che ouffer BUFrow as wall as I
| whether or not a2 new interrupt re- |
| gquest should be sent. One of; ]
| L] HJL‘.E]‘[’.}F" I
| "interrupt"” I
| "send regquesz” I
.I

|

1

The curulative normal data sequest |
count recoived from the remcts NSR, )

| PLOWrem int | 1 | 8 i The cumulative interrupt data |
| _ | I | request caunt received from the |
| | I | remote HSP, |
+ - -
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makle 1 {(Cont,)
Saszion Cankral Port

F— s mm—m—— b nm—m—— —— e e p o e —————— . m EE————————————— F
| [nitial |Bir | I
| Name | Walue |wWidch|l Jefinition |
I e+ F ¥ F F F F F R 11— '———;============;_'|'l|'--‘=!
| FLOWren sw P fgand®™ | 1 | The norma: data enfoff switch most |
I | | recently received frun the remote |
| | | WSP. ©One of: "send” I
| : I | | "do not send” |
e ——p e —— b o mm e k. e ———————— e — +
| PLOWeem typ | "nonme” ? ! The flow cantrol type of the |
: | | remote receiver (determires |
| . | hew remote nocremal data request i
| | [ | counts sre ‘nrterprered). One of:z |
| | | | "Hone® |
| i | | "gecment " |
| I | "geszipn-control-message” |
e T ——————— e e f———p— ———— e E T m e b
| FLAFat ack | false | 1 | Booiean "data acknow_ edguent I
! | | | required® Fflaqg. I
i ————— — e m——— ———— e e m m e e — T +
. FLAGoth ack | false . 1 | Booleaa "ather data acknowledgment |
| | | | reguired” flag.’ I
o A e e L —————— f—_——_—— F oo e e e e e I ———— e e — ——— — - —_—
| FLAGBUE | false | 1 | Boolean "buffer required for con-
| I | nect or disconnect message™ fiag. |
o m e —— 4o ———— o e m e —————m——— e s == ——
| PLAGoOR | false | 1 | Banlean "correct data availahble" |
I - I I i flag. |
e e ——————— Fmm——_———— e i e ————————— . ——— i —— P m e — +
SLAGIint avail | false ¢ 1. { Boolean "transmit Lhkerrupt dgta |
! | | | available™ flag. |
e ————_——————— - P —————— = .---——+———.——'\———— —_———— e ——————— . T — ——— — +
| FLAGuon alloc | false | 1 | 2oolean "transmit allocation |
| | | requested for the port connect/ (
I | I | digronnect Sranskeis process.”
pm e - e ——— T it +
| PLaGdat alloc | false | 1 | Boolean "trarsuit allocatian |
! | | requested faor the por:t |
: I | data transmit process.” |
O o — — e m i i — —— T —— ————— ¢
| BCFxmt [ o | 4 | suffer to contain dats for trans- |
| E lpytes] mitted Cannect Canfirm. Disconnect |
| i I | Initiate, or Interrupt messages. I
e - et mEm ————————— ——— = o ———————— +
| BUFEcw | 0O | B | Buffer to contain data far ;
| | |bytes| received Disconnect ITnitiate i
! I i | or Interrupt MEsSsE9ES, {
o —————— e m——— e — e mE—— = —— +
| BUFacc | 0 | & | Buffer to contain accept data for |
| | |bytes| received Connect Conflrm message. A
i e ————————— Bk o — e ——— fmm——— T A T s e +
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Table 4 {Conrt.)
Bessian Control Port
- + o —————————— +————————— - +
i | Tritial [Bit | I
I Mane | walue |[width| Definizian |
e e e Y Y F - I |
| 3UFCcan | 0= | % | Address of a buffer to contaln i
| | I ' daza from a transmitied or :
I I I received Connect Initiate message, |
B e ——————— ——_—_— + B . e +
| BUFsrc | 0's | * | address of a buffer to contain |
| ' I | source node addrass for a |
| : I | received conhect regquest. |
it p— ——— - o e P +
| COUWTrecrans | 0 | L& | Count of mcssage retransmissions. |
- N e i ——————————— e
| DECAYste tim | 0 | * | Round :rip time-cf-day wvalue for I
| B I | | szart of round trip tice estimaticn|
e o e — e e e e e —————— i —— s R,
| DELAYTMSg num | 0 t 12 - | The numbher of the Data Secment :
| I " wessage currencly being timed for |
| I I the rauad trip delay estimation. I
+----— e b e L, —,—E—,—,———,——— ————_——— +
| OTHERstatm | “ready¥" | 2 | The state of the =zingle "Other I
| | I | Data®™ message heing transwitted, I
| | I | if any, One aof: "raady” I
I | I I "sEnt” I
| | I I "{imeout” I
e ——— e L e e — — — —— —— —— +—-=-=- -I. ______________________ 1 ———————— .
| OTHERtyp & | 2 | The type ol "Gther Data™ message |
| - | | being =zent, if any. It has meanring|
| = | | only when OTHERstate is nat |
| | | | "ready™. ©One ofg I
i | | | ' "iaTerrapc” o
| | | "iaTerrupt request” |
| | | ! "data request” :
TFm———_———————————— - e e e —————— +
| CONFIDINCE | true |1 The Boolean "confidence" variable |
I I : fur the port. |
R —— - ——— e ——— o e _————
| S2IZEscqg | = | 16 | The transmit segnent size. |
I o Fe——— t——_——————— T e e = -F
| TRYHARD | false | 1 | The Boalean "tryhard™ variable for |
| | I | the port. I
| e e e e e I I I I I I |
|

—— o L B e e kLt % ik e ——— —— e —
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5,3 Eggerveﬂ Port Data Base

Thig data basge contains a colilection of port wvariahles reseerved for
MEF'as internal .use. N5F use= them to manage rezponses to received
messages that do not map onto the Seszsion Coatrol port data base,
Tabkle 5 describes a reserved port. .

rable 5
Reserved Port

T ---'--—-l-———_.—.l —————— +———--———_-.-.+—-—--——-----r-- Pl e B e e e o — ———— e —— +
| ' Imitial | 3it | |
| Mame Lo D Walye | Width | Definition I
I e e S e L e e e e e e e L e Ll |
| NOGE G | L6 .| Remate node address. I
+—————————_———_———1—————-:-—-———+———|_————_—-!-——.——_———--—;—--——————. ———————————— = o mf
| ADDRtmD I | i6 | Temparary {local) link address. |
e e ———————— —t—————— - - ————————— +
| ADGRrem i L | 1& |" Recote link address. |
+———— ————————— ettt e et ittt +
| MSGtype . 1 "nopa* | 2 | The message type, if.any that |
I i I | must be sent, oOne af; |
| | I "ng resgurceg" : I
I | | "ng link" |
I I I "none” I
ittt —t—————— e e ————————————— - +
| CIRCUIT Lo | * | ' The circuit nunber to use to |
| : I | transmit messages to Routing. I
| I | Dne af+ . I
I I I -9 {="unspecifled") I
| I | ~ a circuit number I
Ry g gy T T T T R I S —— o —_—
| WEXTHOP T VI | 1& - | Mode Humber |
e ———— e Dttt a - fooe i i o ——— e ———— —— i ——— — ———— +

3.4 HNode Bata Base

The node data base contains a2 collection of node descriptars. & node
descriptar is -a vallection of node-dependen:t variables snd counters.
These are required in processing logjcal link connections. When N&P
raceives e2irher an oitgoing connect reiguest (from Be=zaion Controll or
an incoming cannect reguest {via a Conregt  Initiate message), NSP
dttempts to allocate a node descriptor for the remote node if one does
not exist, . Failure of sueh an attempt has the same conseguences as
failure to allocate a port, Table 6 describes a node.descriptor.
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Table &
Nods Descriptar

+— ——————————————— +_—-- i . " - 1- —————————————————————————————————— +
I | Initi al I Rit I I
| Hame | value | Wwidth | Definitian I
|==:=:==—_=: b i B ol e I R - LA S P}
| NCDEaddr I * [ | Wode address, |
d o e . . e e ——————— ——_——— e +
I HGDEdElay I Q I * | Tatimated round trip delay |
F e il TP t———————_—_——————————————— - +
| ﬂﬂnﬁact1ue | Q | * | The nunber of ports with |
I I I | logical links to the remoes I
| | . | | node in a state other than I
| | I | OPENW. : |
b= — o m— +—— +t——— o ——————— - +
| MODEbyt row ! ] | 32 | Total user data bytes received. |
o ———_— e +t——— et it e TP A |
| HODEbyh xmt ! a | 32 | Total user data byLes |
I - i I | transmitted. I
e m_—_———————— —_—_ = U S P
| NODEmsyg row | q | 32 | Total %8P messages receivead. I
e —— ——————— e — e il »
| NODEmsg xut | a i 32 | Total %8P messages tr&nsmltted I
e — ————————— gy +
| MODEenn row ! | | 14 | Connect Inirciate messages I
I ' ; [ | received. I
e e e P b e e - ey
| NODEcon xat ' 2 i 1a | Cnnnect Initiate messages |
I : o I aﬂsmltted I
e —— e e e D e —————— F——a .. - e ——————— = —
| NODEron rej i 1 P16 | Cﬂnnect Initiate messages I
! i . | received for which there was no |
I ! : | OPEW part. I
t-—————————————— +-—————-—— r———————— b mrmm——— e e e — +
| NODEL imeout I a . 1& | Numper of timecuts causing WP |
i I i | message retransmisaion, |

—_— e e e e e e e e e e e e =k i o FE R M e ——

5.5 Buffer Pools

There can ke up to six huftfer pools, as followsy

Large transmit buffer pool. Large transmit buffers are required to
transmit Connect Initiate or Data Segment messages, The form these
buffers takle 13 implementation-dependent. Implementations thar
support baffer chaining may reguire only encwugh space 1o a large
transmit buffer to build o ressage header. Other implementations may
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uge buffers no larger than the size Routing can transmit. The minimum
gsize for the popl is one buffer,

small transmit buffer pocl, Smwall transmit puffers are required to
transmit messages other than Connect Initiate or Data Segment. The
ninimum size for this paol is one buffer. An impiementation may use a
single cransmit buffer opool. In this case, the buffers must all be

n1

large."”

feceive buffer pool. Recelive buffers are required to receive an  HNSP
Tessage from Routing. Minimum buffer size is 230 bytes. This size is
equal o the contents of WaPkuf (Table 3, Section 5.1% plus 13 (the
maximim length of a4 Data Segment header). All WEP mezsages are
received into buffers of the same size. The minimuom sizg for this
poal 15 one buffer.

Commit buffer pool. Once data is placed in & commit buffer, the
rreeLving nDode 1s committed to keeping it. Such data 1z acknowledged
zo the transaitter. A commit buffer is zhe same size as a  raceiwve
butfer. This buffer pocl is net regquired for the correct operation of
NEP.

Carhe buffer pool. Cacha buffers hold received Data Seqnent messages
fhat rannot be acknowledged either because they wera recoived cut of
ardar or becaase there is no  permanent sterage [(such as a2 commit
buffer or a sesszicon Contral bDuffer)] for them. & Cache buifer 15 Lhe
samne size as a receive -—uffer, This buffer pool i3 nok reqguired  for

the correct operation of XSP,

Eveni buifer pool, This cohtaing buffers for NSP's  a2vent queue  far
reading By Setwork Managedsenkt, The miniaum size for -he pool is one
buffer.

6.0 DETAILED FUNCTIONAL MCDEL

Section § 15 esseatlally a medel implementation of N3P that defines
the cgmeration of NSP :n terms of a high level language. There iz no
reguirement that ar acrual implementation <conform ta  either  the
structure or the logical flow of this model. This is & specification
of function only, The following wariables are used in the model;

o Data basge variables from Section 5. These are aivean in mixed
capital and small letters plus STATE, NODE, VERSION,
CONPIDENCE, CIRCUIT and NEXTHDP.

o TIME. This refers to the value gf a lacal elock that keeps

the tine of day.

a Filelds in a message from Section 4, These are all other
variables and ate given in capital Jetters.

2ll MSP seqment number arithmetic in this secticn iz performed module
4096 . A gegment aumber n 1% defllined ko be greater than a segment
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tauber m if 0 < (n - m} < 2043, modulao 2096,

& timer 18 modeled as a wariable in a port. A timer i3 in one of
three states: s-opped, running, or expired. A timer contains a zero
when it is. stopped, a time value {the expiration time} greater than
tne time of day when it is rturning, and a time value less than or
pgqual ro the time of day when it Has expired.

This section dees not describe:
o The operation of tThe Netwnrk Management interface,

o The maintensnce of counters 1 the node datn oase aned  the
variable NEPmax 1n HNSP's internal data basge, .

o The handling of NSP's event guede, or
o  The handling of port poaols.

It iz Aassumed that the above operazions are describded sufficiently in
the description of the Network Management interface in Section 3.

Finally, this =section does not describe the operation of an  HSP
implementaticn that regquests no flow control or message flow control.
NMor does it describe the operaticn’ that would generate a negatbive
acknowledgment or exercise Tonsoff" flow control. The operation of
NSF inm transmitting to an NSP implementation that uses these other
;mgmg of flow control aod  acknowledgment iz describhed in Secticn

The colloguial language in the model adkerses o the fﬂllﬁwing TUiLES:
l, <—— 15 the assignmment uperatur-
2. = = means "not egual to®
3, == means "lezs than o equa’ £a"
4. »= means "greater than or equal te"

9. "Loop...BEndloop” defines a section of laogic that executes
repeatedly. an  "Exitlocp™ causes an o exir to the logic
immediarely following tae "Endlocp.”

6. "If...Elseif...Else...Bndif™ defines a collection of separate
logic sectiona. 2ach guarded by a Boolean condition. aAf-er
the tirst section with a "true" Boolean guard is executed, an
exit 15 made to the logic follewing the "Endif."” The implied
Boolean condition gn "Else®™ 15 "srpe." That is, the section
follewing an "Else" is always executed if 3 previous section
has not been exercoted,

7. QComments are near the code to which they apply, either befare
or aftar. )
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6.1 Interface Routines

This sepction gpecifieas how MNSF handles the Session Control calls
deseribed in Section 3.1. The operation is described. by 3 series of
algoeitims with comments. The algorithms assume that at each of the
entey peolints involving a port identifier pessed by Sessign Control,
MEP does “he following:

1. Checks the port idencifier for walidity.

2. HMaps the port identitier aoncao a Session Control  pars
descripror, if poszible.

The port descriptor variakhles used kerein refer te chokse in the proper
descriptor.

SN
Logizal link address assignment {Appendix A)

If [MSPstate = "aalted™) then

return "no part allocated - MSP aalted”
Elseif {(Fession Control port I8 available

and a logical link address iz assignablel then

allacate Session Control port

ADDRloc =—— ausdigned link address

STATE «<-- "0 )

EUFena =-- Session Control's buffer descriptor

BUFare <=—— address of "source® argument

=aturn "port allocated” with port identilier
Else

return "port not allocated - insufficient resources”
Endif

CLOSHE:
Lagical link acédress deassignment [(Appendix A}l

deassign link address in ANDRioC
release resources

CONEFLDENCE :

[f {(STATE = "RUW" ar "CC" ar "DR" oo "DI"} then
return CONFIDENCE :

Elze
return "port in invalid state’

Endi f :

return STATE
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CONNECT - XMT =

Logical link addres=s assignment (Appendix Al. Setting PFLAGhuf +rye
causes the connectsdisconnec: process for the port fa send a Connect
Initiate message, MNSP passes the circuit,nexthop value to Routing for
subseguent fransmissions for this port. The clirguit,nexthop value s
used for loop-back testing.

[f {NS5Pstaze = "halted™} rLhen
return "no pocz allocated - NSP halted®
Elseif [Session Control port 15 availahle
and a node descriptor exists or 1s Aavailable
and & logical link address is assignable) then
alloeate Sesslion Contrel port descriptar
a’locate and initialize & node descriptor, 1 necessary
NODErem <-- destination from call
ADDRloe <-- assigned link address
STATE «<-- "[CIL™
BUFcon <-- &ession Lontrol's buffer descelptor
CIRCUIT «=-- circuit from call
NEXTECP <-- nexthop from call
FLAGEUE «<-- true
return "port allocated® with port identifier
Tlse
return "port not alioceted - Ingufficlient resources”
Zndif

EFNHEgT—ETATUS:

Accapt or reject data -is only availakle i khe port is in the "RI™  or
"IUNT  states. Thne daga 14 in BUFAcc. if the port is ir the "RONT
state; the data is id 30Prev if the porek is in the T"RIY state.
Furthermore, since BUFrow  epeceives interrupt data once the logical
link is running, Sessioa Canteol can cbtain accept data only once,
The wariable FLOWloc int identifies the contents of the BJFrov buffer,
Setting =his varianle to "ewp:-y" allaows WSP to receive interrupt  data
on the logical link.

If (STATE = "RJ™] then
sgssion Contral's buffed <-— BUFrcv
return "connect reguest rejected”
Ziseif (STATE = "RUN"} <hen
:f (FLOWIoc int = "accept") then
Segsion Contralfs buffer «<-- SUFacc
BEodif '
return "connect reguest accepted”
Else
return "part not in RUNNIRG or REIECTED state”
Endif
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ACCEPT?

Satting FLAGbuf true will cause the connect/disconnect transmit
process bo send a Connect Conficm Lessage.

IT {STATE =« "CR") then
STATE <-- ™!
gUFwmt <-- Session Cortrol's data
FLAGDOuUf <-— true
return "Llink accepted®

Flze
return "port not in CONNECT-RECEIVED statea”

BErndif

FEJELT

Setting FLAGbuF true causes the connect/disconnedt transmit process Lo
send a Disconnect Initiate message.

If [ETARTE = "C=2") then
&TATE =—-—— "DR™
EUFxmt <-- Session Cantrol's data
FLazbuf =-- crue
return "link rejecced"
Aisg
return "port not ‘n {OWNECT-RECEIVED state”
Endilf

DISCONNECT - KMT :

. Setting FLAGbuf false and STATE ko "DI™ causes the coanect/discennect
transmit process to send a Disconnect [nitiate messags ooly if thers
are no outscanding, unacknowledged data messaqes.

If {STATE = "RUN"} then
STATE =<-- "OIL"®
BUFxmt <-- Sessiocn Control’s data
DELAYstr tim <-- 0
FLAGERuE <=-- false
return *call accepted"
Elze )
return "mort not in RUNMNING state”
Bndif
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ABCGRT-XMT :

This_ruutine acts as routine DISCONNBECT-XMT exceot that it sers
NUMhigin to ACKrov_dat to stop the transmission of data messages and to
allow the transmission of a Disconrrect Tnitiate message.

If (STATE = "RUN"] then
ETATE <-- "DI"'
BUFxmt <——_EE55iﬂﬂ cantrol's data
DELAYStr faim <—— 0
stop timer TIMERdat
Stop timer TIMERath
FLAGbULE <-— false
NUMhigh <-- ACKrov dat
return "call accepted®
Rliza
return "port not in RUNNING state”
Zndif

DISCONNELT-RCV :

The cathect/disconnect process places any received disconnect data  in
HUFrcw,

If {(STATE = "DN") then
If {(BUFecv empty} then
return "ong disconnect data available™
Elza
Session Control's buffer =-- BUFecw
return "discornect data available®
Endif
BElza
- Ij{Ef_'turn "port het in DISCONMECT-NOTIFICATION stace™
ndi

DATA—XKMT :
The segmentation module handlea this call almost ertirely.
It [STATE = "RUN"} then
pass call te seqmentatian module
pass return to Session Control
Elga
return "port not in RUNNING state"
Endif
KEMT-POLL:
The segmentation mpdule handles this call entirely.

PasEs call to segmentation module
Fass return to Session Control
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SATA-RCV:

"he ressgemoly module handles this call almost entirely. This call is
accepted in  the DI state {Secticn 4.1) to prevent a Yession Control
deadlock.

If {sTATE = "RUN", "LI" or "DNT] then

pass call to reassembly owdule

pass return to Session Cantrol
Else

return. "port not in RUMNING or DISCONNSCT-INITIATE state”
Eadif

RCV-FPOLL:
The reassembly ncduls hardles this call eatirely.

pass call to reassembly nodule
pass return to Sessian Control

INTERRUPT-XMT s

HUFxmt is +he aingle buffer helding cutgoing incerrupt  data. The
variable FLaGint avail indicates the state of the ouoffer. When
FLAGint avail is “false, then there is no date in >t. Putting
interrupt data in it and setiing FLAG.nt avail to ftrue causzes the data
sranswlt process to send an Interrupt MesS3ace.

If (STATE < > RIN) taen
return "port nrot in RUNNTNG state”
Elseif (FLAGint avail false) tnen
AGFEmt <-- Sessicn Control's data
FLAGIDt avail <-- trus
peturn "data accepted”
Else
return "data not accepted — insufficient resources”
andif '
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INTHRRUET-RCW

The data recei:ve pracess places received inzerrupt data in BUFcow  if
FLOWloc_int = "empty." The receive data process informs thisg routine
that interrupt data s available Ly setting FLOW.oc int  to
"intsrrupt.™ This rcoutine informs the data transmit process that it
should request anather inferrupt message by setting PFLOWloc int  to
"send request.” Thiz causes the dara transmit process to zend an
Interrupt Reques: message,

If {STATE = = RUN) then
return "port noet in ACHNING scaLe"

Tlseif {FLOWloc int = "inserrupt") then
Session Cont=ol's huifer <-- BUFrCw
FLOWloc_ int <-- "serd request"”
srturn “"data retucned"

Else
return "no darta reternad”

Endif

6.2 Rerceiye Dispatcher Module

This module has an imbedded proce=s  that gives receive . buffsrs rto
Routing, polls to ge: them back, and then gives them to the receive
aracesses, Although not explicitly modeled in the receive DITHRSS
algoeithis, these processes =eturn the receive buffers to -he receiwve
dispatcher madiule after rhe buffers have been processed.

The recelve dispatcher module maps received messzages onRts ports  and
parses messages into Ifield contents, Mapping a received messegs onta
a particular port is described bhelow,

1. [f the TYPE or SUGTYPE subfields of the MSEFLE field contalin
reserved  binary walaes, or if che MSGFLG field iz extended,
then discard the message.

2. Discard a received No Dperatian message,

1. A received Connect Initiate message or Ketransuit:ed Cannect
Ihitiate message with DSTADDR = 0 maps onto any Sessian
Control port wich node = NODE, ADDR:Tem = SECADDHE and STATE <=
"O"  or  any Session Conteol port with STATE = "0, if such a
port exists and if a node descriptor exists or can ke created
for the source node. NOtheswise, it maps onto any resorved
port with MSGtyp = "none", 1£f such a port exizts. Otherwise,
discard the message.

¢. A returned Connect Initiate message or Retransmitted Connect
Initiate maps ontoe the Session Control port wirh STATE = “"CL7
and SRCADDR=ADDRloc, if surh a port exists. Otherwise,
disrard the message. )
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5.

Treat a received Disconnect Confirm message as a No Resource
message 1f the REASON field containg a 1, as a Disconnect
Complete message if the REASCH field contains a &2, and as &
Na Link message if the REASON ffeld contalirs a 41.

The follawing messages map onto a Session Conteol port in the
TCIP state with thke source node = NODE and DSTADDR - abDDRloc,
if zuch a port exists. These messages, with the exception of
the Connect Ackrnowledgnent message, also map donto a port in
any other state with source node = NODE, DSTADDR = ADDR Lo,
and SRCADDR = ADDRrem, Lf such a port exists.

Connect Acxanowledgrent

Ho Hesouroes

Connect Conlirm

TJigcannact Initiate

pierannect Confirm with REASON < > 1, 41, or &2

oo o

If a Connect Acknowledgment or ¥o Resgurces messige cannot be
mapped ontn 4 Seasion Cantrol port, discard it., If a Connect
Confirm oo Disconneckt Initiate message cannot be mapped  onto
a Seszien Control port, map i onto a reserved port with
MSGtyp = "none,” if one exists. Otherwise, discard it.

The ipllowing messages map wunto a dession Control port  with
rhe sourcfe acde-<NODE, DSTADDRE=ADDEIcc, and SRCADOE=ADDRvem,
if zuch & port exiacs.

Diszonnect Complete

No Link

Data Segment

Data Acknowledgment
Intarruot

Data Reguest

Interrupt Regquest
Other-Data Acknowledgment

o904g9adaada

A Data Secment, Interrups, Data Regquest, or Intertupt Reguest
mezsage that carnot map onto a Sessian Controld poth. 15 mapped
onte 4 reserved port with MSGriyp = "none," 1f one exists;
atha=wiga, it is discarded. Discard the remaining messages
in the abocve list if they cannot map onto a Session Control

THEL,

Hote that a Session Control port with  H5TAT = fg,F repL T
rep, o "R, * or "MC" does not hawve A defined value for
ADDRrem. ‘Therefore, NSF cannot map these messages onko  such
a port. '
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Farsihg messages into field conterts is generally straightforward,
The fallowing are sgpecial rules:

L.

Check the QUAL fields of a received Data Segment, Interrupt,
Linx Service, Data acknowledgqument, or Other acknowledgmens
message to determine if the f:ields are -walid. Ignore  a
NUMBER field if the QUAL [ield has an invalid walue. :

Magk the SEGNUM field of a zeceived Data Segment, IRterrupt,
Link Service, Data Acknowledguent, or Other Acknowledqgment
message to the low arder 12 bits. Iagnore the upper & hits
regqardless of setting.

Mask the LEFLAGE tield of a received Link Service message ta
the low ordee ¢ hits. Ignore the vLpper 4 bits regardless of
setting. Check the reserved values of the FCVAL INT and F¢
MOD subfields of the Z3FLAGS field, however. If the re=zerved
values are used, Ignore the entire Link Servirce message.
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6.3 Index o Routines

sections 6.4 througk 6.% contain rourines that are used in mare  than
one  subgection, These routines are conly defined ance, To ald your
«pading of the model, Takle 7 1Is an alphaketic list of all the
rourines used in thege sections. The table shows koth the seccien 1n
which the routine is defined and the section{s] that call or otherwise
use the outine.

Tabie 7T
index Lo HEowtines Used in Model

f T Y yS iy Ry SRy S e ————— e . .
| Rautine | Defined In | used In !
|:====_—=—_:—======= ————— T W B ok s o e S S Tm Tn SEm Mm Mm Mm Em Mm M M e e M M M e M M e mm el e el mm oW N '--=;
| ACK-EESSION- Lﬂnrﬂuf | a,t | G.6.2 |
s T E A e — t——_———_—— = fm———————— -——+
| ALLGCATS I .19 6.6.1, Z. 3 |
e e e e e e e e ——— e e e m e f e m———— +
| CHECRE-ALLOCATE I 6.9 6.6.1, 3 I
e —————————— —— i ] TR —— — o —— —— — + _________________________ . -—————————+
CDMHIT—MEMHER I 6.5 6.4.2 I
—— om0 [T SR o ——— —— — — — —— — + _____________________________________ +
| DATA-ACK- SLHP I G.G.Z ' G R, 32 I
Y d e e e 4 e — — +
| DATA-ACK-TO-RE-SENT : .52 | &.6.2 I
e e e e e i T e — e D L R, ————————— +
| DATA- HLGUhST TO-9E-SENT : £.G.2 | &.h.2 I
e e e —— - - e e e — +
| DaTA- TG AR--SENT i R.G6.2 | B.B.2 I
.|._.... ———————————————————————— Fm_————— == - —_—— e ——————— —_———— +
| UEELLGCATE _ I 6.9 | B.6.1, &, 31 |
T e D DL E L Lt DL DLt +-—-—= R bl Fmmmm e —— - +
! GET SFhF?HT | 6.3 | E.8.2 [
e e ] e e i =
lhjEﬂ?UPT T1-BE-SENT | G.E.Z | E.a8.2 ;
4 e e e e T -
| TNT-REQLEST-TO-BE-SENT | 6.6.2 | G6.8.2 |
o e e - e e A e e — H
| LAST | 6.8 o B.6.2 |
o m e e — — — — — — — ——— — — e e e e e e e e e e e e e e e e e e ——— i = - +
| MESSAGE-SENT | £.6.2 G.6.2 |
fr—_—_—_———ee e e fom oo e e e e e e e e e e e o ———— +
| MESSAGE-TO-BE-SENT I H.6,2 T T |
——_—_———— e e e = e w [ e Fm—_——_—_—_—_———— - — e
| T i B.& | E.4.2, 9.6,32 |
———————— e AT T - —_———————e— e — —— e ———— e = = —— +
\ OTHER-ACK-SENT ; £.5,2 | B.6.2 I
______________________________________________________ +________—|,______+
| OTHER- DATA- ALK~ Tm BE-SENT | B.6,2 | B.6.2 I
et E T ———————— — — - e mEm T ——————— +
| OTHER-DATA-SENT I B.6,2 | &.6.2
e —t Frmme——————— ———— +
| PROCESS- DhThnhCK | G.4.2 | 5.4.2 !
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Tahle 7 (Cont.}

Trdex —a Foutines Tsed 1n Model
+—————————.—_n - - - -, — = — e +
| Rout ine ' Defined In Used In i
| ===========F================= — e N S o S oo o=/, O=/|m=/|m=/m=/|m—mm=—m=m= ===I
| PROCESS—-CTHEI-DATA-ACE | G.4.2 G,1.2 i
+--—-———————— t————————————__ e ———————————— ——— +
| FEALLOCATE | 6.3 n.E.1, 2, 31 |
+———_—_—_—_— e f———————— e +
| SEND-CONNEUT-ACKMOWLEM:MENT | 6.7 o.f.1 |
o e e e e +
| SEND-CONNECT-LCGNFLEM I 6.7 R.G.1 |
- e e e e e +
| SEND-CONNECT-LNITIATE I 6.7 I B.A.1 |
.|._._ _________________________________ F—— - e e — e ————————— +
| SEND-DATA-ACE . I a.7 ! B.H.2 |
Pr e e e e —— . = = . —r x e - B warem e e e g e B e e e e ———— +
| SEHND-DATA-REQUEST | a.7 | B.H.2 |
+ . e a e . e [ — e e e m—h — ————— = em e s [ i
| SEMD-DATA-SEGMEMT | a,7 i B.h.2 |
- m e A e - e ————————— e ———— e e + - — - —
| SRND-DTSCONNECT-COMPLETE I 6.7 | &.6. |
o e e e e e R [ —
| BERND-DISCONNECT-INTITIATE | o7 | &.568.1 I
- —_——_——— e = ——_—_— = e ok
| SEHNC-THTERRUJET | 8.7 I 6.8.2 I
+ ________________________________ + ___________________ + __________________ +
| SEND-INTERRIIPT-REQLEST I B, 7 | B.6.2 I
+-——_—_—_—_—— e +———_—_—_——————_—————— +———_——————_————— +
| SEND-HQ-LINE I G, | &.8.3 I
e —_——_—_— e e +———_—_—_——————_—————— +———_——————————— +
| SEWND-HO-RESCURCES I 3, | &.6.3 I
+-——_—_—_—_—_—_——— +———_—_————————————— e —————— e ——— +
| SEND-OTHER-DATA-ACH I a, | B.&8.2 I
+-—_—_—_—_—_—————_ e — +———_—_—_——————_—————— +———_—_—_————_————— +
| SEND-SMALL-MESSAGE I a,? | B.7 I
+-——_—_—_—_—_—_——— +———_———— +———_—_—_————————— +
| BET-SWITCE-AND-FLAG I a,4,2 | &.4,2 I
+-——_—_—_—_—_———— e —— ————————————— Fm————————————— +
| SPECTILATE-NUMEBER I 6,8 | EB.2,2 I
+-——_—_—_—_—_—_——— +———_————————— +————_—————_———— = +
| STORE-SECMENT I G.5 | E6.4.72 I
- ———_— e +———_—_————————_————— +———_—_—_————_————— +
| TIMEOQUT I f.6,2 | E.68.L, 2 I
t——————— e +———_—_——————_—_—————— +———_—_—_————————— +
| RCUTING-TRANSMIT I 3.3 o I = I
Fm———_—_—_— e +———_—_—_—————_—_—————— +———_—_—_————_————— +
| UFDATE-DELAY I 6.4,2 | &.4.1, 2 I

———————————————————————————————— +-—-
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E.d4 Receive Processes

This saction concains algorithtms for implementing -the three recelve
pCOCESSES !

a Conoect/Disconnect Rercsive Process {Secticn B.d.:)
a Data Recoive Procass {Eec:iqn f.4.20

7 Reserved Zeceive Process (Section &.&.3)

§.4.1 Cpanect/Discennect Receive ZFrocesses - TheESe processed recelve
messages [rom  the recelve dispatcher module. The message variables
helow refer to the infarmaticn coontent of measage fields as  returned
fFrom the receive dispatcher madu:le, There is one connect/dizconnect
receive process far each Sessiaon Contro: port. :

~oop
This process lnops forever.
oncase (received message type)

When this process recelves a message, execute the appropriate case
stacement.

rass (Connect AcKnow:edgment}

I{ this message is received when the link is in the "CI" state, then
sheorve the round trip delay (Section 7.3). This value is equal to
tha current time of day minus the time the Connect [nitiate message
was sent. This latter time is kept in DELAYstr_tim, Routine
JEOATE-DELAY makes this caleculation and updates the variable
HOJEdelay.

Tf {5TATE = "CIL™) =hen
STATE <-- "CD"
Call VPDATE-DELAY
Enclif

Fase [Conpect [nitiate or Retransmizted Connect Initiate)

A Connect Initiare messane may contain any values in the [NPO field.
However, the SERVICES field must contain “none,® “"segment" or
"message”, Serting FLAGbuf true causes the connect /disgannect
transmit process to send a Connect Acknowledgment mezzage.
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If {STATE = "0"} then

If {SERVICES = "nhane," "segment," or "message") then
buffer whose descripteor iz in BUFcon <-- DATA-CTL
NODE <-- node from Routing
location whose address is in BUFsTrCc =—- NODE
ADDEYem =-- SRCADDR
FLOWrem typ <-— SERVICES
YERS[DN <-- L[NFC
31ZEseg <-- min of (SEGEEIZE, sirze of a large transmit
buffer minus the maAaximum ¥8P header size)
TLAGERUE <-- Lrue
Sl'l'l.hlr'r'lF: { I n CHII
If (NOQDE - WS5Pself} -hen
CTRCUTT <-- CIRCULT received from Reouvting
NEATHOF <-- NEATHOF recolved from Routning
Else
CIRCIIT <-- "unspecified™
Bndaif ) .
Endif

"CR", "CC", gr "DR") then FLAGhuf «—-
"RUN", "CD7, pr "BIT) then dizcard.

Elzeif [STATE
Elseif [STATE

=1
L]
o
il

Message was a duplicate.
Bndif

Casze {"retarned to sender™ Connect Initiate or Rerransmitted
Cenrect Initiate)l

If {STATE = "CTI"} then STATS <-- "NCT
Elzge discard
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Cage [Connoct Canfirm)

The testing of LNPD and SERVICES is the same for a Caonnect Canfirm
message as for a Conrect Iniziate message. Seftiing the variable
FLOWla- int to "accept®™ inferms the interface routines that there 1s
accept  ddata available. Since the "RUN" state can be entered, start
the inactivity timer (Section ¥,4). Call UPDATE-DRLAY tfor the zame
reasans as when a Connecst Acknoewledgnent message is SeoeELved,

[f (SERVICES = "nane,™ "seqment," or "message”™) then
[f [STATZ = "CI" ar "CD™) rcheh
ANMORTrem <—-- SRCADDR
FLGWrem_tgp == BERVICES
VWERSION =-- INFOC .
§:ZBseg <-- gin of [(SRGEIZR, size of a large transmit
puffer -13)
BiFace <=-- JATA-LTL
TIMERIiract <-— TIME + NSPinact_ftim
If {8TATE = "CI"} then Cail JPDATE-DELAY

ETATE <-— "RUN"
Encdif
If (STATE = "RLUX"} then
FLaGdat _ack =-- L£rue
mndif

EndiF
Casea iDiscpnnect [nitiate)

In all cases belaw, setting PLAGhuf true causes the connect/disconnect
trarsmit pracess to send a Disconnect Complete message.

I[f (9TATE - "CT™ or “CD") then

A Disconnect Initiate message received in either of these fwo - stazes
indicares a rejection of a previously transmitted Jonngct Initiate
message.

ADDRrem <-- SRCADDR
first twn bytes af BOFrev <-- REARDN
remaining bytes af BUFrcw <-- DATA-CTL
FLAGDUE <-- true
Tf {(3TATE = "CI"} then Call UPDATE-DELAY
STATE «-- "RJ"

Elseif [(STATI = "RI") taen

4 Discpnnect Tnitiate wmeszage reacrived in thiz state 1s assumed ko De
A  duplicate caused by the retransmission of +the message that
ariginally vaused the transition te the "RJ" state,

Fagkuf =—— trus
Elgeif (STATE = "RUN"} then

A Disconnert Initiate message received in this state indicates =
disconnect of a runoing linx.
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firs: two bytes af BUFrov <-- REASON
remaining byvtes af BUFrow <~-- DATA-CTL
FLAGDUL <-- true
STATE =<-- "DN"
DELAYStr Eim =-- L
Btop timer TIMERdat
5Tap timer TIMERota
BElseif {STATE = "DIC™ oc "DI™) then

& Disconnect [niriate message rersived fn either of these states iz
agssumed Lo be a resul: of 2 diszconnect collisien. In Lhe case of the
"DIC" state, this message may have been delayed in Roucirg until after
the reception of the Dizconnect Cacplete message ~hat caused the
transitian to the "DIC" stace. Zn tke case of the "I[" state, =chere
bins  heer a cressing of Disconnrect Initiate messages ‘n Rouking. In
sither case, -he respanse 15 the sane,

FLAGDUL <- - true
STATE «-- "O[L"
DELAYstT tim <-- 0
. stap timer TIMERCOD
Elseif {STATE = "DN™] rhen

A Disconnect Initiate message received in this state is essumed o he
a4 duplicate caused by the retransmission of the message that
ariginally caused the stransition to <he "DN" state,

FLAGELf =-- true
Endrl

Caze {Ho Resoucoes)
If {STATE = "CI"} then
STATE <-- "HR"
Call JPLATE-DELATY
Endif .

Case [Disconnect Complete)

Stoppling timer TIMERcon prevents the retransmission of a Disconnecs
Initiate message after a cimeout.

If (STATE = "2R™ ar "DI") then
stop timer TIMERooR
stop timer TIMERdat
51090 kimer TIMERo:h
Call UPDATE-DELAY
Bndif
IT [STATE "GR") then STATE =-- "DRC"
If [BTATE = "DI") then STATE =-- "DIC"

Case {Mo Link!

Stopping the timers prevents any retransmissions.
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1f [STATE = "Cf," "RUN,™ "DR" cor "DI™] then
stop timer TIMERCON .
Atop timer TIMERdat
stop tiwer TIMERoth
STATE =-- "CH"

Bodif

Case [Digeconnect Tonfirm)

This gase 18 included only for compatibiiity with wverzion 3.1, This
t

“age occurz when a 3.1 system  sends his  message cathes than a
Disconnect Initiate message for & Session Centrol  rejectien of a
Cannect Initiate message. It also ocrurs wken an HSP varsion 3.1

Syscell receives a MeESsage =N BETLIOL .,

Lf (8TATE - "CI") then
firsr two bytes cof BUFrov <-- AEAECH .
STATE <= "RI"
CaLL [FPDATE DELAY

5lseif. (§TATE = "CC" or STATE = "AUN")] then
stop timer TIMERcon
stop timer TIMERdat
stop timer TIMERoth
STATE <-- "CH"

Endif

Endcase
End locn

£.4,2 Data Receive Processes - ‘These processss recelve messages  [rom
the rereive dispatcaer module. The message variables belaw refer to
—he infarmatian centent of message fields a5 returned fcom the receive
dizpazcher  module. There 1is one Sessioa Contrel poct data receive
unracass for sach Sessicon Concrol port.

Laap
This process looos forever.

If [{sTaTE = "C¢" or "RUN"}
or [STATE = "0OI" and WUMhigh < > ACKrew_dat}] then

Thiz process only runs far ports in the "CC," "RON," or "DI® states.
It runs for ports in the *CC" state ta receive any daca Lype message
as defined by rthe case statements since the receprion of these message
types will cause a transition ta the "RUN® state. [t runs for ports
in =he "RUN" =tate to receive nortal data, interrupts, Link BService
messages, and acknowledgmentsz., It runs for ports in the "RI™ =ztate to
receive data while there is eutstanding, unacknowledged, ‘transmitted
dara. This latter case is true when NUMhigh < > ACKrcv dat,
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If {FLOWloc _dat = Q) then

FLOW!oo dat containag the value, if any, currently being transmitied or
retransmitted in a Data Reguest message. If it is zero, a new Data
Request message can be sent. The routine SPECULATE-KUMBER returns the
value o ke HSent in the next Data Request message.

Call SPECULATE-NUMEER (low-overhead = "false™)
FLDWlnc”dﬁt <-—- returned wvalue
Enciif

The routine COMMIT-NUMEER returns the nighest nurber of a previcusly
received Data Segment that has heen committed to either a commit
buffer or a Session Control receive hufier.

Call COMMIT-NUMEER
If (returned vaiue < > ACK=xmt dat] then

It the seturned number is different frowm +the last aczknowledgment
nunker sent, then a new acknowledgmernt must be sent. The variahle
ACKxmt_daz contains the data acknowledgment nuweher ta e sent  in any
Data Segment or DRata AcKnowledgment message transwithied. ESetting
FLAGxmt ack trus causes the data transmit process o send a Data
Acknowledgment message 1f a Data Segmernt message does not need Lo be
tiransmitted,

FLAG3at ack <-- true
ACExmt dat «<-- returned value
Endif )
Endif
'f {message i3 received} then
I[f [BTATE = "CC" and message type = "Data Acknowledqment'”,
“Intercupt'”, "Data Request", T“Incterrupt Regquestc™
or "Other-Data-Acknowledomeat™) chen

If this message is taking the part out ot the "CC" stdate, then make ar
gstimate of the round trip delay to the remote KSP {Secticn 7.3).
Since the port just entered the "RUN" s:zate, start the ipactivity
timer {Section 7.4).

BTATE <-- "RUN"

FLAGLHuf <-- false

Call UPDATE-DELAY

stop timer TIMERcon

CONFIDENCE <-- tyus

COUNTretrans <—— [
Endif

Receiving any message restarts the inactivity timer.

TIMERinact <-— TIME + N3Pinact tim
Oncase [received nessage type)

When & message is received, execute the appropriace case statemens.
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Caze {Dats Segment)

Procpgs the acknowledgrent field ot a received Data Segment wmessage
independently from —he rest of the message.

If {ACKNIM field presant] then

Call PROCESES-DATA-ACE

Endif

If {ACKCTH [ield presenz] then

Call PROCESS-COTHER-DATA—ACE

Endif

If {SEGNIM > ACKxmt dat) then :
Call STORE-SZCMENT with DATA, EOM {from MSGFLGE], arnd
SRENUM

Else
‘TLAGdalt_ack «—- true

Endisf :

Case (Interrupt)

Process the acinowledgment Iield af a received Inzerrupt message
independently from the rest of Lhe message. :

If (ACHNUM field present) then

Call PROCESS -CTHRRE DATA-ACK

Ergit

If (ACKDAT tield present) then

Call PROCESS-DATA-ACK

Erdif

If (REGKIM = ACKxmt oth + 1 and FLOWloc int = "empty™) then

This model of NEP can only butfer one reczived Inkterrupt messace at a
time (Section 7.2), Ins number must be cne greater thnan the number of
the last other-data message accepted - {contained in variable
ACKExmt oth). When the variable FLOWloc inc contains "emoty," there is
rocm in ouffer BUFreow, Serting FLAGoth ack  true causes the data
transmit provess to ackrowledge tnis Trterrupt message.

BUFccw <-- DATA
FLOWlor int =<-- "interrapt”
ACKxmt _oth <-- ACKxot oth < 1
FLAGoth ack =-- true

Elseif (SEGHNUM == ACKmnt oth) then
FLAGoth ack <-- true =

Endif
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Case {Data Request)

Process the achnowledgment field of 4 received Data Request message
irdependently from the rest of the message.

Tf [ACHENUM field present) -hen
Call PRCCESS-COTHER-DATA-ACK
End=£ .

If [ACKDAT field present) +hen
Cali PROCESS-DATA-ACK

Endzf

I1f (SEGNU¥ = AC¥xmut oth + 1) chen

- Thig model of NEP processes only one  octher-data message at a tlue
(Sectica  T.2]. It processes =ach one to completion, The nuoker of
the one 1t wants to process next is one greater than the ane  that it
has most  cecently acceptad and processed  fand whose nunner 1%
zontained in ACKxmt_othy.

Basirally, the algorithm for processing s Date Request nessage 150 -0

rhock Lks walidity. Discard it if it is inwalid, IE it is walid,
(1} Store tne data "sendsdc not send" switch in wariahle FLOW-em
. Y.
(23 Increment ‘the acknowiedgment oumher for the ather-data
channel.
(3h Set Lhe flag FLAGoth ack to true o force the data transmit

DroOcCEess Lo acknowledge the receipt of this meshaqe. (Use the
routine SET-SWITCH-AND-FLAG, )

() Update the wvariable FLOWrem dat, 1f necessary, by adding the
count from the Nata Regquest nessage to it,

1f {FLOWrem _typ = "nore")] then
£all SET-SWITCH-AND-FLAG
Elseif (FLOWrem_typ = "segment”™] ther

The folloawing two statements define the walidizy chneck for a received
Daa Request message from a remote N3P that ~ecelves with "segment”
flow control.

[f (-128 == PCVAL <= 127} =han
I£f {-128 <= FLOWrem dat + FCVAL <= 127 then
PLOWrem dat <-- FLOWrer dat + FOVAL
Call SET-SWITCH-AND-FLAG
Frdif
Endit

Tiseif (FLOWrem typ = "zesglon-control-message”) then
The following two statements define the validity check for a received
Data Reguest message from & remote NSP that receives with
"geasion—cotrol message” flow control.

IF {0 «= FCVAL <= 127} then
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if [ « FLOWrem dat + FCVAL <= 127} then
FLOWrem dat <-- FLOWrem_dat + FCVAL
Call SET-SWITCH-AND-FLAG
Rndif :
Endif
Endif
Elseif (SEGNUM <= aCkxmt_ athl then
FLAG oth_ack <-- true
Endif '

Case [ Interrupt Request]

Process the acknowledgment field of a received Interrupt Regquest
nessage independently Zrom the rest of the message.

[f [ACKNIM [ield present] then
Call PROCESS-OTHRER-DATA-ALE

gndif

[f (ACKDAT fi=ld present} then
Call PROCESS-DATA-ACK

Erndif

Tf {SEGNUM - ACExmt oth + 1} then

The wesssge nunker check for received Intecrupt RequesSt messages is
the =same as for received Interrupt and Data Request messages. Tie
following statement defines the walidity check far - a recelved
Interrupt Request message. '

1£ [FCYAL »= 1 and ¢ <= FLOWrem_int + FCVAL <= 127} then
FLOWram int <-- PFLOWrem_int + PCVAL
aCkams_oth <-- ACEwmt_oth + 1
FLAGotn ack =-- true
Endif
Zigseif {SEGWIM <= ACKimt_oth] then
FLAG oth_azk =<-- true
Endift

Case (Data Acknowledgment)
Call PROCE3S-DATA-ACK .
I1f [ACKGTH fieid present] then
CALL PROCESS-0OTHER-DATA-ACK
Endif

faze (Non-Data Acknowledgment)
' Call PROCESS-OTHER-DATA-ACK
if {ACKDAT field preseni) then
Call PACCEZS-DATA-ACH
Endif

Endrase
BEndif
Endloop

The data receive processes nall the following routines:
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PROCESS-DATA-ACK:

In the following cootine, the wvariables HUMGEE and QUAL are the
conterpts of the f[i1elds of the same names from the received data
segment, Datda Acknowledgment Message or Dara Beguost Message,

Tf (ACKrcw dat <= NUMBER <= HlMseaz] then

If NUMBER is not greater than or egual ta ACKrov _dat, then this
auknowledgment has been explicitly or implicitly processed before
{HIMBER is processed when it is egual zo ACHr-ov dat in case QUAL="nak"
ar QUAL="cross sub-channel nak"). If it is not less than or egual tao
NUMhzgh, tben 1t is acknowledging a message that was never =sent, Irn
gither case, ignore the acknowledoment.

TRYHARD <—- Talga
CONFIDENCE <-—- £:ye
COUNTretrans «<-- [

The follewing "If" block updates Lhe [lorw cantrol variakle
(PLOWrem dat) that allows dsts tranamissicn. Mote that there are
marallel constructions here:

(11 MMIACKrev dat + 1, NUDMEFR! is rthe number of "end-
of-message’” data segments in  the rangs
{ACKRrov _dat + 1) to WUJMBER, and

{2] {NUMBER - ACKrow dat) is the number of data segments

in the same range,

If {(FLOWrem :yp = "segient™} then :
FlLOWrem_dat <-- FLOWeen dat - (NUMBER - ACKrcov dat)

Elseif (FLOWrem typ = "messaga")

FLOWrem dat <-- FLCOWrem dat - MM{ACHrcv dat + 1, NIMBER)
Endif -
£f (LQUAT, = "nak" or QUAL = "¢ross sub-channel nak™) ore NUMdat

<= MNIIMZER] then
MIMdat «<-- NUMBEE + 1
Endif

If either this acknovledgment was a negative acknowledgment or the
number of the next Data Seqment messaye that was going to be sent
(contained in MUMdat) is less than or egual o the number just
acknowledged, then set the number of -he next Dats Segment message to
tran=mit to the munbher just acknowledged plus ane,

ACKrovw dat «—- HIMBER

The following code restarts the data retransmissian timer cnly if
there iz remaining unacknewledged, transmitted data,

stop timer TIMERAat
Tf [(ACKrcy dat < NiMsent) then :
TIMERdat <-— TIME + {NODEdelay * NSPdelay)
Enclif '
If [DELAYmsg_num <= ACKrewv dat and DELAYstr tim < = J) ther
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[f DELAYstr tim i# non-zera, then a Data Segment message L1s  belng
-imed for "an update to the round trip delay estimate (see Sectian
7.3). 1f the Data Segment message belng timed [whose nunbker s
contained ia DELAYmag num} has just been acknowledged, then caleulate

the round trip delay for that message.
Call T"PDATE-DELAY

Tnaif

Endif

In the fallowing routine, the wvariables NUMEER and QUAL are  the
contentz of ke fields of the same name from the received Interrupt,
Data Request, Interrupt Reouest, Other-Dats-Ackrowledgment message, or
Dita Seqment message. :

L {NUMOEZ-HUMoth-1 and {(QUAL="nak" or QUAL="vross sub-channel
nak"})) then
OTHEBRstate <—-— "timeout”
Endif
TF [NUMBIR = NUMoth and OTEERs:ate < > "ready") then

NUMoth containg the nusker of cthe singlie, ocukstanding other-data
nezgage, f  any (Section 7.2}, OTHERstate iz equal to either "sent”
or "timeout™ (i.e,, aot egual to "ready") 1f there is such an
citstanding message, If t1e message 1= acknowledged, stcp the
retransmissiaon timer f[or the pessage.

stop timer TIMERath
TRYEARD <-- falze
CONPIDEZENCE <=—— true
CONTretrang <—- (

Handle a negative acknowledgment in the same manner &5 a timeout.

[f the message was positively acknow_edged, then send a new other-data
MeSSaAgE. '

Setting OTHERztate ko “"ready” allows the data transmiz process to send
another other-data message. MJMoth contains the number of the next
nther-daza mezsage that will be trarsmitted.

OTHERStare <-- "rgady”
HUMoth «<—- NUMoth + 1
If (OTHERtyp = "interruptz"} rchen

OTHEA: vy contains the type of other-data message that was sent and nas
just been acknowledged. If it was an Interrupt messige, then a nev
cne may be buffered into BUFwnt. Indicare this condition by setting
FLAGINt avail to false, Decremant the remate interrupt regquest Count.
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FLAGInt-avail <-- {alse
FLOWrem int <-- FLOWrem int - 1
Tlseif {QTHERtyp = "data request™] then

[[ a Data Request oessage has jus:z been acknowledged, tnen clear the
count  valae contained ia 1t. allowing the data receive process to
chtain @ new specalate number that can be sSent i the next  Data
Teguess mMessage.

FLOWlac dat =-- 0
Endif
Endif

The acanowledgment of an Interrupt Request message  does not  reguircse
any additional explicit handling, This i5 because a rew Interrupt
Request message cannoit be sent until session contrel has rseceived the
interrupt data whose request was just acknowledged (Section 7.2).

SAT-SWITCH -AND-FLAG:

This routine stores the data "send/de naot send" wvalue fror a received
Data Regquest message In FLOWrenm sw  and sets FLAGoLh ack Erue tao
cindicate that an cther-data acknowledguent is reguired.

FLOWrem sw <~ PC MOD
ACKxmt oth < - ACKamt ath + 1
FLAGath ack <-- true

Both <he data recelve piocesses and the conrect/disconnect receive
pracesses cazl tne following routine: :

LPDATE-DELAY ;

This routine Jndates the NODEdelay wvariable in a rode descriptor.,
Call the routine with a port argument, Ia thiz code, "temp” i= a
tenmporary variahble. .

IZ{DELAY sty Cim <> Oitchen
TEf(NoDRdelay =~ Glchen
NGDBEdeay <-- TIME - DILA¥st:s tim
Blse .
temp < TIME - DELAYstr tin
temp <-~ femp - WODEdelay
HOORdelay <-- NODEdelay + (temp ¢ (MEPweight + 1}}
Zndif
SELAYstr tim <-- 0
Endif -
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6.4,1 Reserved Receive Processes - These  processas  handle | all
received messages that map onta & reserved port. Thnere 25 one
reservad port process for each reseecved port.

Liaoap
Thig process loops Forewver,

If {a message is recelived] then
17 ithe message is a Cornecs Initiatel then

Sakting MSStyp to "no rescurces" causes the reserved port transmic
process to seiwl a No Resources MesSsdge.

WODE <-- source node address

ADDRrom <-- SRCADDR

MEGtyp <-- "no resources”

CIRCDIT <-- CIRCUIT teceived from Routing
NEXTHOF <-- NEXTHOP recieved fron Routirg

Elseif {the message 13 a Connect Confirm, Disconpect initiate
Data Segment, lnterrupz, Data Reguest, ar [ntertrupt
Requast] then

Setting METtyp to "no-link”™ causes che reserved poct transmit process
to semd a No-Link oessage.

HODE <-- saurce node address
ATDDRrem =-- SBCADDH
ADDETmMER =—- DSTADDH
MS§3typ <-- "ro-liak”
CIRCUIT <-- circuic recelved from Routing
HEXTHOP =-- nexthop received from Routing
Endif .
Endif
andlaop

6.5 Reassembly Module

The reassembly madule has twa furctions. irst, it mapz data from
Data Segment messages into Sesslion Control buffers according Lo the
rules implied by the Session Control interface description. Because
~f this, the DATA-REY rall is passed to shiz nedule from the interface
routines. Second, it manages the cache and commit buffer pools. This
Function includes flow control policy establishment, That is, this
module is aware of the amount of ouffering available wia Sesaian
Control teceive buffers, cache buffers, and commit buffers. It uses
this information to produce normal data request couwnts to be  sent it
Data Regquest mes=ages. The data transitit processes exesute the flow
conrral mechanism fin other words, the Data Request message

‘transmissian).
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The detailed description of the aperaticn of this rodule is beyand the

scope of this specificatian. Howewer, 1t must aperate with the
tollowing restriction with respect te the management aof the cache
buffer pool, It must oet discard the data from a received Data

Segment message for a given Sesszicn Contral oort if thers iz data from
a bigher numbered Data Segment mes2sdge in the cache Far -he same part,
hppendix ¢ contains an exanple of thiz module,

The data receive processes aobtain changes in  the number of Data
Segoent  messages  that shoold be received for a given part by callirg
this module. The data receive processes store thege waluss  ip the
zorresnonding  poris.  [n bthe mpst generzl case, rhe reassembly modale
mdy be reguesting deta for which there iz «ot hecessarily any
quarantesed storane, Therefore, the nunber of segeents thare the
redssenhly module wants to receive for a port at any 9given time i
referred o as the "speculate nuomber™ for the onoTh.

When the call to "SPECULATE-NUMBER" returns a ton-zero value NSP will
transmit a Data-Reguest message, The decligion to gend thiz message
reprézents a tradeoff between the benefit of precise consral over the
Elow of arriving messages and the cCost  of serding Data-regquest
messages and thelr ackrowliedgments, The cast af ganding a
Data-Request message depends on whether the Data-RAequest massage can
piggyback a dats acknowledgment. In order far che regzssombly  module
o maxe intelligent policy decisians a parameter ic defined,
iow-overhead, whicn is used to inform the reassemnbly module whether
seiding a Data-Request message at this time will he inexpensive, The
data recelve processes obtair the speculate nusber for a part oy
issuing the followirng call: :

SPECULATE-NUMBER {port id, lew-overhead ; retirn}

port id: & port {dentifier
low-ovwerhead: low-overhead tlag

return: the current number of data segmentz  that thizs  weoedule
would like to receive,

The data receive processes periodically ohtain  the highest szeqoent
mumber  committed to either a cownit ar sessicn cantrel buffer., This
value 1z the ackpowledgment number to e sent ta the remote MNSE
module, The data receive processes obtain this number by issuing the
following call:

COMMIT-NUMBERE [(part id:; recurn?

port id: a port identifier

return: the highest segm=nt number: committed
The data receive proceszses attempt to put data from received Data
Sequent messages into a4 cache, colmit, or sessian control receive
buffer by issuing the following call:
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STORE-SEGMENT (port id, data, eom, nonber)
port id; a port identitier
fdata: data from a Data Seqguent messdge
el T ane of:
o data is ead-of-meszange
.D data 15 nwit end-of-message

ranber: the segment nombetr of the Data Segment uesszage

5.6 Transmit Processes

This section corntains algorithms for implementing the followving:
o Connect/disconnect transmit process [(Secticn 6.6.13
o Data transwit processes (Section B.6,2)

o Reserved transmit processes (Sectilon 6.6.3)

G.6.1 Connect/Disconrect Tran=zmit Processes - These procasses
transmit Connect I[nitiate, Gonnect Ackaowledgment, Connect Confirm,
Discantect Initiate, and Disconnect Compleze messages. There is  onbe
sessinon  ecantrol port copnect/disconrheck  transmit  process for each
Sassion Contral port.

Loop

mhig process locps forever. In general, if PLAGRuf is true & connect
or disconnect nessage requilres transmlssion.

If {STATE = "DI" and FLAGhul false
and WUMhigh = ACKrov dat and TIMEAcCon not tunning) then

This tes: causes this process Lo atbtempit te send & Disconnect Initilate
message only 1f:

{1} 3gss5ion Control requested a disconnectioa {i.e., STATE -
"or"1;
{21 there are ne outstanding, wnackneowledged Data  Segment

messages [NUMhigh = ACKrev dat); =nad

(3] a previocusly transmitted Disconnect Initiate message, if any,

is not being -—imed out {T{MERcon not runningl.



Detailed Functional Model Page 92

FLAGLLE < - true

DELAYstT tim <-- TIME
Endif :
I (timer TIMERcon expired and STATE = ACIF, "CC", "DL", ar "DR"]
then
IE: the fetransmission Limer has expirced, HSR increments ke

retransmission  count and attempts to send a connect or dlisconnect
I.:IEEE.F."-lgF.". '

FLAGhUuI <-- -rTue
Call TIMESIT
ER s B

Wlen FLAGbuf s true, a connect cr disconnect message reguires
transmission, Wnen FLAGCon_alloc is true, permissiaon ta transmit has
been  requested from the transmit allocation modoale, Thesg  two
variables act  togecher -o form a =tate wvariahle with 4 staces.
Cornditions chat require a message o be zent can change dynamically.
This process hias to regquest permission to bzangwmit but has o take
back 3 request :- previgusly made if it no longer nust send A messade.
Therefore, interpret these wariables as follows:

FLAGhUf true, FLAGean allog falses reguest permissicn to zerd,
FLagbuf true, FLAGron allac frue: atcempt message transwmission,
FLAGDbUE false, FLAGroa alloc true: take back permission reguest,
FLaGbuf false, ZLAGoan allac talse: do nothing.

if (FLAGkUf trae and FLAGoon allac falae! then
Call ALLOCATE: -
FPLAGCOn_Allec «<-- true .
Elseif (FraGbuf falge and FPLAGoon allac cruel then
£ail DEALLCCATE -
FLaGoon_alloc <-- false .
Flseif (FLAGhUZ true and FLAGeoon allos truel then
[T {CHECE-ALLOCATE) tchen -

CHECE -ALLOCATE 1s a Boolean fungtion in the cransmit allocation nodole
that returns true 1f and wonly i{ permission Lo tranamikt hos heen
granted. The state of the part determines the message to be zZent,

If [STATE = "CI"} =hen
DELAYStr tim <-— TIME
Call SEND-CONHNACT-INITIATE with dara addressed in BEUFeon

Erndif

IT [STATE = "DIC," "RJ,™ ar "DN") then
2411 SEND-DIECONNECT-COMPLETS :

BEnd:f

If {STATE = "DE™ ar "DIT) then

If {DELAYstr_tim = () then DELAYstr tim <-- TLME
Call SEND-DISCONNECT-INITIATE
Endif
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I[f {STATE "UR™} then Call SEND-CONNECT-ACKNOWLEDGHMENT
[f {STATE "CC"} cthen
I1f (DELAYsEr tim = B} then DELAYStr tim <-- TIME
Catl SEND-CONNECT-CONTIRM
Endif

I# =he trangmizesion was successful, this process must take back  its
reque=zt for permission to  traasmit (to allow another process to be
given an equal chapce to transmit!,

If (Euccess) then

Call DEALLCCATE

FLAGocon alloc <-- false

FLAGDUT <-- false

f {STATE = "CC,"™ "2I," or "DR") then
I[f not {STATZ = "CC" and VERSICHN = 3,.2) zhen
It (NODEdelay = 0] then

Thig means that there is no current round trip delay estimate ko the

remoke ode. The % seccnds is a suggested wvaloce; it 1is not
mandatory.
TIMIRCon <-- TIME ¢ 5 seconds
El=e

An sstimate does sBxist.

TIMERCcon <-- TIM® » (NODEdelay * NSPdelay)

Endif
Endif
Bndif _
If (ETATE = "CC" and VERSICGH = 3.1} then
ETATE =-—— "RON"

stap timar TIMERCon
CONFIDENCE <--L1rue
COUNTretrans «<-—- 0
TIMERinact =-- TIME - WEPinact tim
Erdif
Else

Tf —ransmi¥sgion is unsuccessfui, calling RZALLOCATE will give other
porss a chance to transmit without remaving this port for contention
ior Routing resources, This process leaves FLAGhuf true., This causes
the process to request permission toe bransmit again.

Call AEALLCCATE
Endif
Erdif
Endif
Endloop
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6.6.2 TData Transmit Processes — These processes send Data Segoent,
Interrupt, Data Request, Intecsupt Request, Data Acknowledqment, and
Ozher-Data Acknowledgment messaces, Thevre i3 one data :sransmit
process far esch Session Contre:r port,

Loop

This proce=ss loops faorewver.
The data receive process for the port puats the highest number of  an
acknowledged Data Segment message in ACKeow dat, Thnis process inforns
the segmentatioh module of this value by calling ACK-SESSION-CONTROL.
[t obtains tae highest seguent number available from the segmentation
rontines wia Function LAST,

Call ACK-SESSION-CONTRCOL with ACKrovw dat

If {STATE = "RUN"} then NMhigh <-- LAST _

Tf [STATE = "RUN" or [STATE = "DI" and NUMiigh < = ACKrszv dat)]
then

With the exception of the processing above, this process does nothing
for  a part that is not in either the "RYN" state cr in the "DIIY state
with putstanding, unacknowledged Data Segment messages {NUMhigk < =
ACKroew dat),

[f (timer TIMERdat expired) then
If the data retransmission timer expires, then the number of the onext
Data Sequment message to transmit is  aone grester -han the highest
seqment acknowledged by the remote MNEP, '

NOMdat «<-- ACKrow dat + 1
all TIMEOUT B

Endif

If (timer TIMERath expired} rhen

If the other-data cetransmission timer expires, record the expiration
in the state variable OTHERztate. This is possihle =singe thnere can be
at most one outstanding, unacknowledged other data message in this
model of NSP.

OTHEE=tate =—-- Tsiqacut®
Call TIMEDUOT
Endif

The tests beiow are completely anslogous to the Lests pecformed in  a
connect/disconnect  transmit process, The only difference is that che
need to transmic a connect or discannect message could be determined
by examining a =zingle flag (FLACbuf), Byt the need to zend & data
type message is determined by a complicated 3oclean functian  of
variables in the port. The Boolean function MESSAGE-TO-BE-SENT
returns true if a message requires tranzsmission and i=: used kelew in a
manner analogeous ta FLAGPuf in a connect/disconnect transmit process,

1f [(MESSAGE-TO-BE-SENT and FLAGdat allec falsa) then
Call ALLOCATE
PLAGFIar_allac <-- true
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Elseif [not MESSAGE-TCO-BE-SENT and FLAGHat mAlloc truel then
Call NEALLODCATE
FLAhdat allos =-—— talse

Flseif [(MESSAGE-TO-BE-SENT and FLAGSzt allor truel then
17 {CARCK-ALLOCATE} then -

Tf permiszign to tranzmit bas heen granted, then detesmine the sype of
message to  transmit by testing a callection of Beolean [unctions aof
variaples in the poirt, The arder in which these func-ions dre  tested
is important and is part of the gpecificatien. That 18, i more Lhan
nae type of dara aesssge may be transait-ed, the type that must be
transmitted firust 15 Luportans. Alsno, if tranamission is
uasucce=sgful, call REALLCCATE for +the sSare reazons as Ln the
connect/digconnect transmit professes.

I[ [(INTEREUFPT-TO-GE-SENT] then
Cal; SEND-INTERRIPT
If [(gucecess] Lhon

The »outine OTHEZ-DATA-SEMT performs processing  common to whe
succegzsful  ktransmiszsicn oI Interrupt, D[Data Bequest, and Incerrupt
Fecuesl Messaces.

OYEERtyp <~ TiptervuptT
Call OTHER -DATA-SENT
Else
Call REALLDCATRE
Endif
Flzeif (INT-REQUEST-TO-EE SENT} then
Call SaxTI-TNTERRUPT-REQLHEST
It (success! then '
QTHERtyp <-- "intervupt regquest"
Setting FLOWlac int to "empty” allows data from a eeceived Interceupt
message to he saved in BUFrowv by the dats receive process.

FLGWLmn_int <-- Tpppoy®
Tall CTHER-DATR-BENT
Ilse
Call REALLOCATE
Endif :
Elseif {(DATA-REQUEST-TCO-2E-SENT) then
Call SEND-DATA-RISQUEST
[f {sucrcess) then
OTHERtyp =-- "data reguesc”

Ohe poBcon tnat @ Data Fequoast  no
inactivizy timer has expired {Scct
indctivity timer is restarted.

fage may be =ent iz that the
on 7.4). If this is the case, the

8
i
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It (TIMERinact expiresc] then
TIMERIinArt <-- TIME + H&Pinact tim

Endif -

Call COTHER-DATA-SENT

If (VERS.ONM = "¢.0") then

FLAGHaT woa <-- false
Eadif }
Tl=p
Ca’l REALLOCATE
Ercif

Elgeif {DATA-TO-BE-SENT} then

If there 15 o Data Segment currently pelrng timed Eor an update to che
sstimated round trip delay (DELAYstr cim = ), then save the current
time of day. Also gave the nuaber of the Data Segquent Deilrg tited,

If (DELAYstr +im =1] then

DELAYSEF tim <-— TIMZ

CELAYMS] num «<-- HNUMdat
Endif
Call GET-SEGMENT with segment number NUMdat
Call SERD-DATA-SEGMENT wich returned values
If (success! <hen

The routine DATA-ACK-SENT performs processing common ta bhe successiul
transmissicn of Data Segment and Data Acknowledgment messages.

If the Daca Segment just sent 7ad a ~"unker one 4greater than the
Aighest number ackoowledged by the remate Hi?, thean start Lhe
retransmiszssion timer. The walue for this timer is a constant times
the current estimated tround —rip delay {Secticn 7.3).

I7T [NUMdat = ACKrcv_dac+1] then
TIMERda: «<-- TIME + (WCQDEdelay * HNSPdelay)
BEndif

Increment the number of the next Data Segment to be transmizted
{NUMSat}.

I [WOMdat = NUMsent! then
NlM=sent = WIMdat

Endif

HMiMdat «<-- WilMdat + 1

Call TNATA-ACE-53ENT

1f {VERSINN = "4 0"} then
FLAGotR ack <-- false
Endif -
Blse
Call BREALLOCATE
Endif

Bloailf {GTHEH—DATE—ACK—TD—EE—EEHT} then
Call SEMD-OTHRR-DATA-LACE
If {guccess) then



Detailed Puncticnal Model Paga 97

| Tas rousine  OTHER-ACE-SENT peETfOrms processiog COMmOT ta tne
successful transmission of Intecrupt, Data Reguest, Interrupt Reguest,
zhd DOther-Data Acknowledgment messages. :

lall OTHER-ACKE-SFENT

Klse
a:l REALLOCATZ
Brdif
Eizeif [(DATA-ACE-TO-BE-SENT! then
It {VERSIDON = "4.40") then

Czll SPECULATE-NUMEER {low-overhead = "true")
FLOWlac_dar <-- returned walue
If [DATA-AEQUEST-TO-BE-SENT! then
Call SEND-DATA-REQUEST
It isuccess) then
QTHERLYp <-- "data regques:c”

-

Une reason that & Data  Request messoage may be sent  is  that  the
Lnactivity  timer has expired (Section T,4), Tf this is the case, the
Mactivilky timer 1s restarted.

If [TIMERinack expired) than
TIMERinact <=-- TIME + MNBEPinact tim
Podit N
Call QTHER DATA-S=NT
N Bloe
i Call REALLICATE
gadiE
Llse
Call SEND-GATA-ACHK
I[f (success) then
Citll DATA-ACHK--SENT
Zl5e
Call REALLOCATE
_ Endif
\ Endif
i Rl=e
Call SEND-DATA-ACY
[f {svceoegas) then
Call DATA-ACE-SENT
Else
Cail REEALLOCATR
En&ic
Brdif
Endif
o f
Endif
Endloop

The follewing rautines are used by these processzes.
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TIHMEGUT 3

COUNTretrans <—— COOMTretrans + 2

I1f (COUNTretrans > MSPretrans) then CONFIDENCE «-- false
I{f [COUNTretrans > NSPtryhard) then TRYHARD <-- Lrue

MESSAGE-T0Q-BE-SENT:

If [INTERRUPT-TO-BE-SENT) then rerurn true
Bilzpif {INT-REQUEST-TO-BE-SENT} then return true
Eizeif (DATA-REQUEST-TO-RE-SENT) then return true
Elzeif (DATA-?OI-BE-SEMT) then return tErue
gizeif (OTHER-DATA-ACE ~TO-BE-SENT) then return true
Elzelf (DATA-ACK-TO-BE-SENT) fthen return true
Tlze

return fal=e
Endif

INTERRUDPT-TO-BE-SENT;

Tz

{1}
{2)
(3]
or

(1)
(2}

sengd an interrupt message, sithes:

Interrupt data nust be available in BUFxmt (FLAGint avail
true],

The rewnntse HSP rnust have rceguested the intecr-upt data
(FLOWrem_int = 0), and

There must be no outstanding, unacinowledged Interrupt, Data
Feguest, or Interrupt Request message (OTHERsState = "ready").

There must ke an outsrtanding, unacknowledged Interrupc
aessage [(QTHERLyp = "intertupt™), anc
The message must have timed cut {OTHERsState - "timeout").

[f (FLAGInt_avail true and FLOWrem int = [
and OTHERstate = "ready™) then
return true
Rlseif {(OTHERstate = "timecut” :
anid OTHERtyp = "interrupt"™) then
return true
Else .
" return false
Endif

INT-REQUEST-TO-BHE-SENT:

T

{1

{2]

send an Interrupt Request message, either:

The buffer BUFrcv must be emprty and an  Interrupt Aeguest
message. 0ot previously sent (FLOWloc int = "send request”™);
and

There must be no outstanding, unacknowledged Interrupt, Data
Request, or Interrupt Reguest message (QTHERstate =~ "ready™),
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{1] There must be an outstanding, uvnacknowledged Intercupt
Requesti message {OTHERtyp = "interrupt rceguest"};  and
{2) The meszags ouzt have tined oyt {OTHERstoate = "timeout"),
If (FLOWlaoo int = "send cequest™ and OTHER:tate = "reoady") then
return true
Elseif {OTHERstate = Tt lmeout”™ and CTHERtyp = "interrcupt

raguest " then

ratern true
Else

retiern false
Endif

DATA-REQUEST-TO-BE-5ENT:

To send a Data Hegques: message, eithert

i1 There must be arn ansent reguest counkt (FLOWloc dat < > 0y
and

=y There must oe no outstanding, unacknowledged [ncerruapt, Data
Reguest, or [nterrupk Reguest message (OTHERstate - "ready" ).

ar

(1] The activity timer must have ewnired [TIMERact expiredl; ‘and

L2] There must be no gutstanding, uwnacknowledged Tnterrupt, Data
Reguest, ar [nterrupt Request message (QTHERstate = "ready™).

ar

rLh There must be ar gutstanding, unacanowledged Data Requess
message (OTHERtyp = "data request™};  and ]

(23 The amessags must Rave tieed out (OTHERstate = "tineayt™}),

If {FLOWlac dat < = U amd OTHERstates "ready“} tlen
raturn trooe
Elzeif [TIMIRinact expired and 0THIRstate = Tready”) thern
returit troe )
Blaeif [OTHaRstate = "tirceont!
and OTHEAtyp = "data regues:"™] then
roturn troue
Slae
return fal=e
Andif

CTHIR-CATA-ACK-TC-BE-SENT ¢

return PLAGCOED aokt

DATA-TO-BE -SENT:

If (MUMdat <= MIOMhigh and FLOWrem sw = "zend™} then

To consider sending the next Data Segment to he transmitted {(the one.
with ruomser NUMdat), the Data Segment must be available from Sessian
fonteol (NUMdat == NIMhigh) and the remote NSP must be allawing data
ta  be sens (FLOWrem sw = "send"], XNote that the next Deta Segment
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messdage to be sent is always ons  that 1sx  unacknowledged since  Lhe
variable WUMdat is always greater than AC¥rowe dat, although chefe will
he ao data to send if NUMdat = ACKrcw dat + 1 = NIMhign + 1.

The remaining tests depend on the +type of [Flow control  that  was
gelected by idhe remote NSP when the logical link was established.

1f (FLiWren typ = "neae®) then
refturn trTue

The two tests below are analogous, ach 1s testing Lto see if the
nunber of requested elements fhegm21 s 6r Session Contrcl messages)t is
Qreater than ot egual to the noueher of elements in the range from the
highest acknowlecged [ACKHoow dat} to <che cne whose transmiszion is
being attempted [(HUMdatz), :

Rlzeif {FLOWrem typ = "segnent”
and MMdat <= ACKrev _dat + FLOWrem_dat] fthen
return true
Rlgepii [FLOWrew typ = "Sessicn-control-messagqse”

cend MMIACKrew dar + 1 HUMdat} «<- FLOWrem dat) then
retburn true
ilse
return falge
Indii
Flag .
" return false
Eodzf

DATA-ACK-TO-BE-SalT:

raturn FLACAdat ack
QTHER-DATA-SENT :
fall OTHAER-ACX-SENT
DTHERstate =<-- "gsent',
TIMERnth <-- TIME + [NODEdelay ¥ MSPdelay)

THER-ACK-SENT:

C&#ll MESSAGE-SENT
FLAGRth aci =-- [alse

DATA-&CK—SENT:

Call MESSAGE-SENT
FLaGdat_ack <-- false

MESSAGE-SENT !

This routine ascerrcains if there i3 more data o belsent. If so, it
calls REALLOCATE to remain in conteanition for transmit resources but o
free those resources for other ports., IE pot, it calls DEALLOCATE oo
free che respurces and cemove 1tsell [com contentbion. ‘n the latter
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case, it sets FLAGdat alloc false so that an ALLOCATE reguest will  be
made when there is data to send.

[f [MESSAGZ-TO-3BE-SSWT) then
Call FZTALLOCATE
Else
Call DEALLOCATE
FLafrlat alloc =-- false
Endif

E.6,1 Reserved Transmit Processes - The ressrved trarsmit  processes
wand Mo EResaources and MNo-Link messzages. There 1is  ong resarved

‘transmit pracess far =ach seserved porte.

Toon

The processing nere is somewhac complicated due to the interaction
with the transmit allocation module and the fact that a transmit
request to Routing may fail, Zt is not modeled analogously o the
conneck/sdisconnect and data tranamit processes because the need to
transmit a given message will 2ot dissppear as  with  the other
pProcesses,

17 (M3Gtyp < > "none™) then
Call ALLOCATE

Loop
Call CHECK-ALLCCATE

If [(success) —han

If (MBGtyp = "no resources”™) then
Crll SEND-NO-RESDURCES

Elseif {MSGtyp = "no-1link") thea
Call SEND-KU-LINE

Endif

If {success)
M3Gtyp «<-- Tnone”
Call DEALLOCATE
Bxitloop
Else
Call REALLOGCATE
Tadif
Endif
Endloop
Endif
End laop
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B.7 Transmit Farmat Mpdule

This module marnages the large and small transmit buffer pools, formats
" outgoing WSFP  messages, and sends messages <o Routing.  In addition,
althougn it is not explicitly modeled, this module polls Zouting  to
get back buffers that have been transmitted, When such a buffer is
returned, it is immediately placed back in itz poal,

The name of each =outine in this module describes its Functinn. Each
call supplies the appropriate port id.

SEND-CONNECT-INITIATE (port id);

If {a large transmit buffer is availabls) taen
allocate large transmit ouffer :
If (COUNTretrans = ) the MEGFLG <-- "connect initiata”

Else
M5CGFLG = "vretransmit conrect initiate”
Endif '
SECADDR =-- ADDRI1ac
SERVICES <-- "segment'

INFD «—- "varsion &,0"
EEGSIZE <—— N3Phuf
DATA-CTL <-— data addressed by BUFCon
Call ROUTING-TRANSMIT with "return to seader" and circuit =
CIRCUIT, .
nexthop = NEXTHOP
If (success) then
TELUrn SUcCCesy
Zlse
release large transmit buifer
return failure
Foulif
Elge
retyrn failure
Endif

SEND-CONNECT-ACKNCWLEDGMENT (part id):

If {a small transmit buffer is available} then
dllocate small transmit buffer
MEGELG <-- "poanect acknowledgmenc™
DSTADDR «=—— ADDRrem
Call SEND-SHMALL-MESSAGE
Else
treturn failure
Endif
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SEND-NO-RESCURCES (port idy:

It

(a =mall transmir buffer is available) then
allorate 2mall transmit huffar

MSGFLG <-- "discornect conficm®

DETADDR =—- ADJHETem

ERCADDT =—— 1]

EELSON =—— 1

Call SEND-SHALL-MESSAGH

Elue

return failure

Endif

SEND-COMNECT-CONFIRM i{port id):

If (a small tranzmit bufter s avallable)l thnen
Allaocate small transmit buffer
MEGFLG <-— "ponnect confirm”
DETALDDR <—- ADDRIem
SRCADDR <—- AJDR1acC
SERVICES =-- "segment™
IN?D <—— "waprsion 4.07
SRGIIZE <=-- N5FLuf
DATA-CTL <-- BUFAmME
£all SEMND-SMALL-MESSMTE

El=e
return failore

Endif )

SEND-DISCONNRCT-INITIATE {port idls

Tf

{a znall transmit buffer 1s avallable) Lhen
allorate small transmit huffer

MSGFLG <-- "disconnecst initiate®

ODETADDR <—— ADDHETem

SECATDDR <—-- ADDEloc

REASON «-- first two bytes of BUFAm:
DATA-CTL «<—- remaining bytes of 3UFxmL

Call SEND-SMALL-MESSAGE

Tl G

return fallure

Endif

SEIND-DISCONNECT-COMPLETE (port idh;

TF {a small rransmit ouffer is available) then

allocate small transmit huffer
MESGFLA <-=- "discognnect confirm”
DETAODR <-— ADDRErem

SRCANDR <-- ADDRIoc

BREASCN =-- o

Call SEND-SMALL-MESSAGE

El=ze

returo failure

Brsif

103
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SENTI-WO- LINK (part id):

If {3 small transmit buffer s availahle) then
allocate small =ransamit buffer
MSGPLG <-- "disconnect eoalirsm®
NSTADDRE <-- ADDRrowd
SRCADDE <-- ADDREtmMp
REASCGN <-= 4]
Call SEND-SMALL-MESSAGE
Elze
raturn ailure
Endif

SEND-DATA-ACK (port id):

If {a swall trananit buffer iz availakle)] then
allecate small transmit buffer
MECFLG «<-- "data acknowledgment"
DETADDR =<—— ADODRTEmM
SECADDR =-—— ADDRLlac
NUMBEA =-- ACExmt dax
QUAL <-- "ack" -
”all SEND-SMALL-MESSAGE
Elea
return failure

Endif

SEND-OTHER-DATA-ACK iport id):

If {a small transmit buffer iz avsilablel then

dlipcate =mail trarsmit boffer
KBGFLG <-- "other data acknowledgment®
DETADDE <—-- ADDRram
SACADDR =-- ADDEREIlrc:
NIOMZER =-- ACKExut oth
QUAL <— Tark" -
Call SEND-EMALL-MESSAGE

Zl=e )
return fallure

Sndif
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SEND-DATA-SEGMENT {porr id, buifer descriptar, eom, bom} 1

If (a large transmit bufter 1z availanolel then

allogcate large transmit buffar
. MSGFLG =-- "data,™ eam, Dhoh

DETADDR «<-- ADDBRrem

SGRCADDR  <-- ADDX1on

NIMEER <-- ACKAmML_dat

QrAL <=-- "ack™
NUMBER «<-- ACHwmt oth
OUAL <—-- "cross sub-chanpnel ack”

GECHIM <-- HUWdat
DATA <-- data fram buffer descriptor

call ROUTING-TRANSMIT with circuit = CIRCULT,
naxthop = NEXTHOP and tryhard = TRYHZARD

If [successy then
_ FeTUIT SUCCESS
Sisa
release large transmit buffer
return tailure
Endif
Else
=pturn fa:lure
Endif

SEND-INTEARUPT (poct 1d):

If {a small transmit butter iz available]
ailocate =swall transmit huffer
MEGFTG <-- "interrupt”

UDSTADDR <-- ADDRIem
SRECAMDR =-- ADDRlaoc
NUMBRR <-- ACKXmt_oth
QUAL =-- Tack"

SEGHNIIM «<-— HUMotin

BATAR =<-— BUFxmL

Call, SEND-SFALL-MISSAGE

Gls=se
return failure

Endif

tken

Page
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SEND-DATA-REQUEST {port idy:

If (a swall trangmic buifer is availablel then
d4llocate small transmit buffeor
M5GFLG <-- "data requesc”
DSTADDR <—- AGDRtEem
SACADDR =—— ADDRloc
WNUMBER =-— ACExmt oth
RUAL =—-- Tachk" -

NUMBEER =--- ACKxut dat

QNAL <-- "erous gob-rhannel gok”
SEGHOM <-- NUMotH

BCOMCD <-- "seardn

PCVAL INT =-- "data™

FOVAL <-= FLOWloc dar

Call SEND~SMALL-MESSACE

Elzg
return fzilure

Endif

SEND-INTERRUPT-REQUEST (port id):

[f [a small transmit buffer is awvailable) then
allocate =mall transmit buffer
MEGFLG <-- "interrupt reguest"”
DETADDR =<--— ADDRErem
SRCADDE =<--— ADDRLoc
WUMBER =-- ACExwmt oth
QUAL <-- "ack" -

SEGHNLUM <-- NUMath

FC MOD <-- "smand"

FCWAL INT =-- "interrupt”
BOVAL <== 1

Call SENO-SMALL-MESSAGE

Elze
return failure

Endif

The follewing routine is used by the above routines,

SEND-SMALL-MESSAGE:
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Call ROUTING-TRANSMIT with circuit = CIRCUIT; nexthap = NEXTHOP

and tryhard = TRYHARD
If {succes=s) theno
return success
El=se .
release small transmit buffer
return failure
Endif
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6.5 Begmentaticn Module
The segqmentation module maps data from  Session Contrel transmit
buffers into Da:a Segment messages according e tha rules implied by
the Session Conk@oal interface specification. The medule takes the
data available Lo the data transmit processes.  Becauvse of thig, the
interface foutines pass the NATA-XMT and XMT-P0OLL calls te the module.

The detailed specificacian of this module is beyond the scope of this
specification (Appendix Ri,

3 data transmit process abtains o buffer descriptor for a seqment of a
seszion  control message  from  this  medule by issuing the following
calls

CET-SEGMENT (port id, mumeber; return)

number the number of the desired segment

returns: a uffer descriotor for the seguent, anh  end-of-message
indicaticon, and a beginning-of-nessage indicaticon

A data transmit procezz informs this medule that it «will no  longer
reguire a seawent or sequence of segmeats by 1Ssuing the Tollowing
call. '

ACH-SESSION-CONTRCL [port id, number!

MUMDE T a sagment numker; ro seguert with this or a lowers
ruizer will be required again by the data ftransmat
process.

& data transmit process obrains the number of  Session Canktral  dacza
segments  wmarked as  "end-gi-message” In d given vrange of seguent
rabers by execaking the following function:
WM {peet id, 1, j: return}
L a aegment numbher
11 4 segment number
returns: -he returned number of gnd-of-message seguents o Lhe
range of segments froem number i to number ;, Inclusive
if i==j :
0 in all other cases
& data tranamit process ohtains information on the amount of transmit

data available from the session control by executing the following
functiocn:
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LAST {porc id; rceturn)

recurnt the highest segment number that could he assigned to
data avallahle far transmission frem Session Control

B.9 Transmit Allocation Module

Buch transmiz process must call tinls moduie to obtain permission  ta
transmit a message. Thizs aedule guarsntees the falr use of Routing
resaurces dcress dll logical links, The algorithms execuazed by  this
mocule are system-dependenc and are, therefaore, beyond the scope of
this spepification {appendix D}, The argurent "port 1d" is & pore
identifier.

A -ransmit process requests permission To  transmic by Issuing the
following call:

ALLOCATE (part id)

A bransin:: process checks to see if it has permission to  transvit by
executing the followirg Boolean function:

CHECK-ALLOCATE (part id}

returng:  true 1t @ message may be sent
fal==s if a message may not be sent

The transmit ailocaticn mgdule cannck give permission to  Lranamit Lo
mere Lhan one transmit process at a Lime.

A transmit process indicates -—hat it no Zonger needs to  transmit by
igsuing the follewirg call; :

LEALLOCATE {(port id)

ATter obtalning permission t9 Cransmik, a frabsnlt process must  issue
thiz call or the next call bkefore permission to transmit can he given
to another transmit pracess.

A transmit process indicates that iL bhas uwsed its permissiaon to
attempt a cransmit, but that it alsoc has wose data to send by issuing
the following calls

REALLOCATE [oors id}
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T.0  ALGORTITHMEG

fhis sectipn contains an overview of sooe algorithms collectiwvely
executed oy several NSP components. These algorithms are explicitly

~dafined in Sectien & in the model descriotion. The explanaticn in

this secticen 1s added as an aid to uwndevscarding.

7.1 Data Segqment. AeLransmissiaon

The data retransmissicn algorithm desceibed in Seccion B.6 in several
of the wodoles operates g3 tollows., There iz anly one ftimer for each
oort, When a Data Segment s transmitted f{or retransmitted), start
zhe timer if the segment being sent L5 the "cldest™ segment., That is,
the segment number iz opae goedter  than tne highast Seqment
acknowledged from the remoze receiver. also, restart the timer upon
receipt of a data acknowledgquent that acknowledges data segments  Lhat
have not previowaiy been ackiowledged but that does not acknowlecge
all outstanding data soegments. Stop the timer uwpan recelipt of
acinowledgment <of all outsktanding seqments.

when a data transmic preocess derecis that a timer has  cxpired, that
process  sets the rumbee of the rext Data Segment that can o2
transmitted to ane greater than the value of the highest zegment Ihat
nas  been  ackaowledged from the remote receiver. This rauses
reacransmizsion if the flow control variables allow cetransmigsion. Iz
will nobt negessarily cause a recransmission, however, because there
Tay nave been a charge to the flow conteol wariables.

AN implemenzation of NSP may =2lect to provide an algerithm different
from zhe ane daesecsibed above. An algorithm that tioes each
putstanding Data Segeent separately would provide a higher lsvel of
gervice (in termz of average delay seen by end users! at a cost of
moare data base storage for NSP.

7.2 Other-Data Handling

Handle other-data svbhechannel trapsmis=icn as follows. o wmorce  than
ane ather-data message iz outstanding at a time for a given porc, The
variable OTHER=tate contains the state of -he port with respect to an
ather-data message. [t may nave the following states:

Ctate Mzaning

Teeady" N other-data messzage  has tbean  sent  but not
acknowledged.

Foapt !l An other-data massage has  been sent, has not been

asknewvledged, and is being timed.

frimecuk” An uther-data message haz been sent, has not been
acknowledqgaed, and has timed out.
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Wnen the port 15 1n a state other than "ready,” the variable OTHERtyp
conkains the other-data message type that has been transmitted, and
tne variable NDMpth cantains its number, '

Utner-data subchannel receiving is handled as follows. The receipt of
either a4 Data Reguest message or an Interrupt Regquest A2sSsagse CAUSER
an update of the corresponding request count  wvariable in the port
(PFL.OWrem_dat and FLOWrem int, vrespactively)., The receipt of an
interrupt message causes the placement of interrups data in BUFroev,

Since this implementation ncdel can buffer only ane received Interrupt
ressage  at & time, handle flow control for Interruprc data as Follows,
There is an interrupt f{low control state machine cenceptually attached
ke BUFrcw. This machine has theree srates. The current state of the
machine is contained in variable FLOWloc int. The states are:

State Meaning
"empty"™ BUFrcy is empty, and an Interrupl Recuest me=s33ge has

been sent or Lhe legical link has just entered the RUN
state (in which there is an implied request for one
Interrunt message).

"interrupt” BUFrew contains the data from an [nterrupt nessage, and
sessiah contvrol has not  yet issued an INTERROPT- ROV
call to get the data. .

"zend request" BUFrcy is empty, and an  Interrupt Reguest massage
should be =ent to request. an  additional Intertupt
messdge.

Becauvse of this model for Interrupt flow control, an Interruot Request
message  cannot  be sent for the first time unless FLCWloc int = Tzang
request™ and QTHERstarce = "zeady, "

An implementation opf NSP may elect to use a differens algorithm for
other—data error and flow contral from the ones described.  an
implementation could time each outstanding Other-Data nesssge
separately., This would provide a bhigher level of service [in terms of
average delay seen by end users} at a cost of more data nase storage
far NSP. An  implemeatation could buffer more than cne I[nterrupt
megzage concurrently, The cnly restrictien in the operaticn of
interrupt flow contral is tkat, unlike normal data flow control, an
Interrupt Request message cannot be sent unless space iz guaranteed
for receipt of the interrupt data requested.

7.1 Retransmission Timer Value Estimation

M5F must compute the appropriate value for the time within which fto
retransmit certsin messages. If the value is too great, end users may
detect unusually lang delays, since Routing may drap packets. If the
value 18 +too small, NP may make very ineffirient use af the Routing
Dandwidtil.
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HN3Z attempts to maintain an estimate of the current reound trip delay
Lo each remote node with which it is comwuniecating. Yariable
nﬁdeplay in a nede descripter contains this walue. The estimate 1is
gpdazed each time arn ohservacion of round trip delay is made., An
chservation can be made whenever NSP recelves a Lessage (N Tesponse to
a previcusly  transmitted messzage. Whrrmayer NSP sends a Connect
Tnitimte, Connect Confire, or Disconnect Initiate mwessage, it =aves
the curcent time of day in wvarisole JELAYs2tr_tim. Whenever NSP
recelives a Connect  Ackrawledgment, Connect canfirm, Disconnect
Complete message, or any mez2z2age acknowledqing a Ceonmnect Confirm, NEP
observes the round trip delay to De the carrfent time minus  the wvalue
in DELhEstr_tlm.

In addition, sample round trip delays are ohserved by timing selected,
traasmitted Daza GSegiuent messaces. Tn colserve spane, use anly a
gingie timer per port. An implementation may choose to operate  with
mu_tiple timers, Such operation would rend to produce better
estipmates at o cast of nore data base storage.

obeerve the Data Segment timing by srtarting the timer (provided it is
not already ruanning} w«when & Data Segment message needs to be
“vansmitted tha first time anc hy stopping the timer when an (explicit
ar implicit? acknowledgment is received for the nessage. Do not
regbart the tiper if the DBata Segment is retrassmitted, since the
algorithm is attempting to estimate the average delay frﬂﬂ first need
Lo trarsmlf to eventual scknowledgment. Once an observed round tyip
sampie iz taken as des:r1aed abova, average the walue with the currvent
estimate by means of a weighting factor. The formula for this is:

. NEPwoight * N0DEdelay + delta-
NODBdelay = ————-—-- o o —m—mm—— -~
NEBPwaight + 1

deltaT - HD?Fdelay
= NODEdelay + ——--—--=—-—=n--—=—-—
HE?WElgnL + 1

where: NSrweight the weighting factor

HODEdelay = the eztimated round wrip tite
deltaT = the gample round Lrip tiwme
yote that if MSPweight iz egual to a power of 2 mimus 1, then this

computation can e performed easily.

The bime that MSP uses to determine when to retransmic a message 18 4
~snstant times the gotimated round trip delay time, This constant is
the "delay factor™ and is contained in variable NSPdelay in Table 3.
The delay faztor and the weighting factcr are N3P parametars.
HEPweight is an integer in the rangs 1 te 255, inclusive, MNSPdelay is
a walue in «ixteenths of a unit L the range D to 1% and 15/16,

inclusive.
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7.4 Tnactivicy Timing

[t two WNGPs cannotbt communicate with each ether for a suificiently long
time (far example, becavse the metwork is disconnected), the following
problem results.  An end waer that is either not using a logical link
o I15 passively waiting to.receive would act necessarily know thac ik
15 uselessly consuming resources by waintaining the legizal lirk.
Therefore, NSP contains an algesithm te exerciss the lagical link when
there is no received traffic {either dara ovr NSP control messages)
from the remote NSP for each legical link,

The inactivity timing algorithm operates os  follows. Start an
"ragetivity®  timer when a  logical link enters the RUMNING scate,
Restart the timer whenever a message is received for the logical link,
I1f zhe timer expires, NSP attemprs Lo gend a Jata Regquest message that
does aot change the remote NEP's Zlow coatrol s varisbles, If
Dammul Leationsg are not  possible to the renocte NSFP, then the
ratcansniission algorithm causes W3P to  pericdically retrsosmit the
Data Hegquest messsge, Retransmission can result in a chenge te the
COHFIDENCE variable as described oDelaw.

7.5 Confidence Testing

& given NSP module cannot know whether or not a network pa-h  exists
Detween it and a given second NSP module, even if the two modules have
conmunicated tn tha past, Therefore, NSP cannot give a "network
diszennection" signal te Session Control when the physical network
supporsing a leoizal link fails,

Toe provide some cvzeful ibformation to Session Canbral, HSP maintalns a
counter in war:iable COUNTretrars in @ port. Each time a mezgsage
timeout eoccurs {for a Connect Caonfirm, MMaconnest Irnitiakte, Datca
Seqment, Link Service, or Interrupnt messagel NSP increments this

varigble and comparez it to oa global "retransmit threshold®
[NSPrettrans]. [f COUNTretra&ans i3 greater, then WSP sets varliable
CONPIDENCE false., Whenevar NS? receives an acknow_edgment of a

previously unacinowledged onessage, WNSP sets CONFIDENCE to true and
CoUMTrerrans to zero. NBP rezurns the CONFIDENCE sFrariaple to Sesgion
Ccontral on 4 CONFIDENCE «all, '

When communicating with a Version 3,1 neiqkbar, an  implementation of
this specification may set CONFIDENCE falase immediately upon detectiocn
of 3 failure of the paysical link ©o the neighhar.
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This secrion specifies the formats for NSP nessages.

8.1 Message Farmat Notation

The following notation is used to describe

herein:

FIRLD [LENGTH) :

whaere;
FIiELD Is the name of the fie!d being
LENGTH I= the length of the tield as:

=

A number meaning number of

2. A& number followed by a "B"

3. The .ettecrs "EX-no" means esxtensible field. n

mimioer  that

bytes in zhe protocol hbeforce
deacribed below, If na
current maxzirum  length
fields are

bytes, The high-order bit
whather

1l medins

indicates the next byte

is
variahle in length consisting of 3-bhitc

CODING = deszscription of field

the messages contained
descrihed
A-bit hytes [(octeks)

meaning number of bits

is a

specifies the maximen length of 8-bic

interpreration, as
number is specified, the
1 byte. BExtenzible

of sach byte indicates

the next byte is par: of the same field. A
che next byte is par: of this field. B 0

iz the last byte. The

low—ordes T-hits of each byre are intormation bits,

Zatensihle Fields can

concatenated inko
are bit mag,
tndependently or In groups

NOTE

The bBit
informaticn nits
gextension bits =od
bytes.

be binary or bit map.
they are binary, then 7-bits
a =2ingle hinary iield.
then T-bivrs from each

definitions
after

If
oyte are

If thevy
byte are uzed
as information hits,

from e=ach

the
the
tie

define
Tamncv1ndg
CONPTEss1ng

4. The letters "I-n" means thils 15 -an tmage field. n

iz
bytes in the image.
aof the

a number specifying the maximum length of B-bit
A l-byte eount of - the
remainder of the field précedas the image.

length

Image fields are wariable in length and may be null

fcount = a7, all

§-hite

of

e

2ach byvte
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information hits. The meaning and interpretation
of each image field is defined with that specific
field.

CoDTNG Iz the representation type oused as [ollows:
A 7-bit ASCII
E Binary

EM Bit map ({each ki:zx or group of bits has
independent meaning)

C Constant

null Interpretaticon data dependent

HOTES

tf both the length and coding . are amitted, the
field represents a generig field with a mumher of
subiields speciiied in the description,

gny it or field specified as "reaserved™ wust he
=BETD unless otherwize Actard.

All nuymeric waluss 11 thisa gecticon arfe deeitmal
unless otherwisae notad,

Bits are nuobered with bBit 0 on the right
{low—order, leas=-gignificant bit) and bit 7 on =he
left f{(high-order, mnmost-zsignificant bit}. For
converience, when the graphic form of a 2-ovte
field is given, it will be shown converted Lo a
l6-bit word. When a subfield of a message field
contains more than ocne bic, it should be considered
a binary wvalue.

Unless otherwise aspecified, the numbers tha:t appear
ar the top of the messzage formats represent bit
positions.

gracketed fields are aptional.
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8.2 General Messayge Format

[n general, NSP messages have the following format:

+ ——

MEGELG (BX) : BM Is @ group of fields describing the characteris-
tics ol the message. The MSGFLG format isg

Bk d e S e e et S TR R ——

Bik: O T - T O - A 11 0|

et st e e e T

Set to: | 0| SUBTYPE | TYPE | 0 | O |

e e e i toiep—— ¢

SURTYPE (3B} : B s the message subtype - used to
. modify TYPE figld.

e e s
I - | Suhtype | Bi+ se:- tof i
I Type | {(Aits) Meaning |
E 7 T O L L L e pepea—. w e ql

| 0 | 4 i 0 Data Sequent |
| I | 1 Interrupt or Link Service |
: | & | 1 Beginning-of-Messags |
I I segment {oit 4 = 0} |

| & | 1 End-of-Massage |

i I I segment {hit 4 = 0) |
| | & | o Link Service {bit 4 = 1} |
I | & | 1 Interrupt (bit 4 = 1] I
I | & | 2 reserved {bit 4 = 1} |
——— o —_ - gy +
| 1 | 4-5 | 1 Data acknowledgment |
I I | 1  Oiher-Data Acknowledgment I
I I | 2 Cornect Acknowledgment I
I I | 3 reserved I
I | & | &  reserved I
o ——— +———————— Fom e e +
: 2 I -6 I control type (binary): I
I i "0 Ne Operation (included for |
I f : vempatibility with NP 3.1} |
I | i 1 <Connect Tnitiate I
I I | 2 Connect Confirm '
I I | 3 Digconnect Initiate |
I I | ¢ Disconnect Confirm ]
I | | & regarvad [Phage 1 node 3
i I I init) ;
i I | & ERetransmitted Cannect f
i I | Initiate |
t I | 7 reservad i
—— o —————— g +
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T¥PE {2B) : B I the message type [(hBinary)

1 data meszage

1 acHnowledgment message
2 cConcrol message

1 ragerved

MSCOATA Iz the remainder of an N8P messsge (Sectiocn 8,
' -3, :

B.3 Data Messages

There are three types of -data wessages:
1. Data Segment messages (Section 8.3.10)
2. Interrapt messages [(Section 8.3.20

3, Link Service messages {Section 3.3.3])
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8.3.1 Data Segment Message — A Data Segment messags has the following

forms:

4 m——m————t———————

| M3GFLG | DSTADDR
b———————- +————- -

WMSGFLG | EX)

DSTADOR {2)
GRCATIDR [2)

ACENTM [2)

F¥

e ——— -

= o ——— o —— ——— + -

e pm——————— t————*

SRCADDR | JACKENIM) | [ACKOTH] | SEGNIM |DATA|
- ————— e Fom————— +——=-F

Represcnots the message identifier, The format of
=his field ia:

b —tm m—pm—— e p e — b ———t——— 4 ——a b
Bit: 71 e l3aiel 3121110
pem—dr—m e —— w k———F ——— 4 ———=— -~ F
Set to: ;0 (EoM|2oM| o L o O [0 [0}

Fm————— b —f— - mEm——r e ===

where:
BEOM {1B)] ; BEM I= the erd-of-message indicator

1 not—end-of-messaqe
1 end-af-message

BCM (1B} 3 BM  Is the beginning-or-message
indicetor

0 not-beginning -cf-message
1 beginning-of ‘ma2ssage

Ts the logizal lirk destination address.
Ts the legical link source address.

T1s the aumber of the last NSPF Data Seduent message
successfully received and & positive
acknawledgment (ACK] or a negative acknowledgmant
{NME). This Z“ield i optional., Its presence 1%
indicated by kit 15 being -set. The format for
this field is as follows:

e fm AR ——————————— —-——t
Bit; | 15 | 11 12 | 11 0o
s b ————— - prmm— - -——+
Cet to: | 1 | QUAL | NITMEER I
Fommmrm— fmm +
whare:
QUAL: (1B} : B Is an.acknnwledqmant qualifiar.
B] ACE
1 MAHK

2-7 reserved
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ACKOTH (2}

SEGNUM {21

DATA

»
F

BM

BM
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WUMBER (123} : 2 Is the number of the message

baing acknowledged,

Is the number of the last NSP Other Data message

successfully recaived and a positive
acknowledgment (ACK} or a negatiwve acknowledgment
{WAK] . This Field is optional. Its presence is

indicated by bit 1% being zet. The format  for
this field is az [ollows:

o aa = e — e e
Bit: | 15 | 14 12 | 11 2o
e N +
SBet tos | 1 |  QUAL NUMEBER I
Fmm—— s al T +
whera:
. QUAL {3E) : B I8 an acknowledgment qualifier,

d,1 regsorved
2 cross gub-vchannel AUE
3 cross sub-charnel WAE
4-7 re=zpprved

NMUMBER ¢12B) : B Ig the number of the message,
being acknowledged.

Iz the number of this Data Segment message. The
faormac for this field i=:

3
Eit: i 15 12 | 11 a |

+

I

Set top: ]

s the data to be sent over a logical link, This
field s trapsparert and may use all B-hitz af
each byte. The lergth of the data field is
ascertained frem the total Iength of the Data
Segment message and consists of all bytes in  rhe
message atter the SEGNUM field.
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§.3.2 Interrupt Message - The Interrupt Oessage naz the following

| MSGELG | DETADDE | SRCADDR | [ACKWUM! | [ACKDAT: | SEGNUM | DATA|
fmm—————— +—————— e ——————— Fm— s ——— + = +

MSGPLG [EX) + BM [s the message identifiler. The format of this
fimld iz
I ata bt S e e e et
Eit: |71l isl ¢l 3121110l
- b-——t———+———F+——— k- ——+———+—-——+
la1al 1]l 2l .| al
b

vt ——m——r————— .}t ——— - ——+

Sat "o

DSTADDE {2)

[ui]

Iz the legical link destiration address,
SRCADDRE (2] : B Iz the _ogical link source address,

ACEMUM (2] 3 EM Te the numoer af the last WNSP  Interrupk or Link
service message  succeastully rcecelved and &
pasitive acknowledgment [ACK) or a negative
acknowledgoent (HAK). This field is optiacnal,
Itz presence is indicated by hit 15 being set.
The format for this field is as [ollows:

3it: 15 § 14 12 | 11 I

Set to: | 1 | QNTAT | NUMBER |

whnars;
QITAL (3B) : B Is an ackneowledgment gualifier.

0 ACH-
1 HAK
-7 respryved

MIMBER (12B) * B 1s zhe number of the message
oeling acknowledged.

ACKDAT (2} @ BM Is the number of the last NSP Data Segment nessage
duccessfully received and a positive
acknowledgmenc {ACK] or a4 negdtiive achnowledgment
(NRE}. This field is optional. Its pressnce is
indicated by kit 15 being set. The format faor
this field is as follows:

Bit: | 15 | 14 12 | 11 g 1

sar to: ! 1 | QUAL | KUMBER |
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RBEGNUM (2] @ EM

DATHA
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whare:
QUAL [3B) : 3 Is an acknawledgment qualifier,

7.1 reserwed
g aross sub-channe]l ACE
3 cross sub-channe]l NAR
1-T7 raservad

NUMBER [128) : B Is the number of Lthe aessace
being acknowledged. '

Is rthe numbe= of this Trterrupt message. The
format for this field isz:

+—-——————— e e e o
Bit s | 15 12 | L1 a |
- - +
Set tor | a NIMBER, I

Is the interrup: dakta, This field is rransparent
and may use all 8-bits of esagh hyte. The length
ot the data field Ls ascertained from che total
length eof the Interrups messsge and consists of
all bytes in the message after the SEGNUM field.
Interrupt daza may be no longer than 16 hytes.
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4,3.3

Link &ervice

Page 121

following form:

——— —— — — e —— ——————

{MEGFLG | DSTADGR

Fm—————— f—— . Fr——————— o ————— Fomm e ——

MSGFLG {=X] : 9M

DETARDR (2} ; B
shCabDDR (2} : E

ACHEMIM (2} ; EM

ACKEDAT (2} : BM

Messsge - The Link Service messdage has the

————— e Cm

- + - -
RCADDR | [ACENIM] | [ACKDAT] |SEGNUM |ILSFLAGS |FCVAL|
+ - - -

....... + e o o o o o e e e

Is the message 1dentifier. The farmat af zthis

field 14:

+———t———t— -1 o ————— 4 ———+
Bit: | 71 a1 5| 4| 34+ 21 1|10
R et T E e +———+———+
Set to: | O | 010111 agi o oo
Fom e s b e +———+———+

Iz the logical link dastination addreza.
[z the logizal link source address.

Iz the number of the last ¥8F Interrupk or Link

Service message suecessfully received and a
sositive acknowledgment (ACKE} or a negative
dckneowledgment (NaK), . This fiald is optional.

Its presence i3 irdicated by bit 15 . keing sen.
“he format ftor this fi1eld is as follows:

—_—_————— e e — = = —

whare:

SUAL {3B) :.3 Is an acknowledgment gqualizfier,
d A

1 MAK

2-T7 reservead

28 the number of the
being acinowledged.

WN[MEER (1232) : B nessage

[s the nuwber af the last NSP Data Segment message
successfully recaived and a cositive
ackanwledgment {ACK} or a negative acknowledgment
[ NAE ) , Thizs field is pptional, Its presence is
indicated by bicr 15 being set. The format for
this field iz as followa:
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SEGNUM (2} : BM

LSFLAGS (EQ)

BM

Fage 122
o e el P +
Hit: | 15 | 14 12 | 11 a |
- - - bttt i +
Set to; | 1 | DL AL NIMBER |
b e, "
where:
QUAL {3B) : E Iz an acknowledomert cgqualifier.
G,1 reserved
2 cross sub-channel AC%
3 cress sub-channel NAK
1-7 reserved
HUMEER {12B} : B Is the number af :he message
oeling acknowledged.
Is the number of this Link Servyice message. The
Farmar for this field iss
e et T TP e — +
Bit: | 1% i2 | 11 a |
- S +
Set to: | ¥ | NUMBER [
 an L S -
[= the Link Service flags. The (format for this
field is as fullows:
b e e 3
Bit: | 7| 6| &5 | 4 | 3 ) 21 1 1
R e e T Tk
Set to: | O | 0 | 91 0 | POVAL INT | FC MOD |
R T s DT
wharea:
FCVAL INT (2B : B Is the interpretaticn of
FCVAL field
il data segment or nessage

FC MOD (2B} : B

request count
: interrupt reguest count
2-13

TESErved
I=s the flow control
medification, If FUCVYVAL INT =
d, then thiz field has the

following cantents.

no change
do not =send data
gend Aata
rasorsred

fal B3] 3
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I FCOVAL INT = 1, then this
field 15 0 on transwit and
ignored on receive.

FCwaL (1) @ B Iz the pumber of Se=sion {Contrel wessages, Data
§egment messages, or [Rterrupt messages that the
sander oI the message can receive in addition to
Lthose previously rtreguested by a Link Services

message. This numosr 15 added to the reguast
count which i3 meintained by N8P, Lo determine how
many Session Control messages, Da*a Seqment
mMessages, o [nLerrupt Mmessaqes will be

transmitted via & logical link.
1 NOTRES
1, If PCVAL INT = (), the message is a Data Request message.

2., It PCVAL INT = 1, +the messagse 1s an Interrupt HReguest
ILessAyge,

1., The transmit request count for segment flow control may  he
Asgotive, [(Negazive wvaluesd arve presented in 3's complement
form in the FOVAL field,}

4, [f FCVAL 18 for Sessien Control message or Interrupts message
fiow control, the eount wusgt be pagitive, Use 0 1f there i=s
to ke no change in the coaunt.
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8,1 Ackaowledgmernt Types

There ars three types of acknowledgment messages:
1. Data Acknawledgment meszage (Section 8.3.1)
2, ©Other-Data Acknowledgment messages {Secticn B.4.Z2)

i, Connect Ackonowledoment messages (Section 3.4.3)

8.4.1 pData Acknowledgnent Message - The Jata  Ackoowledgment message -
has Lae followlng [orm:

P e S +

. M8GYLG | DSTADDR | SRCADDR | ACKNIM [ackoTH] |

. e e e

MEGFLGE (EX} @ BM Is the nessage identifier. The formiat of this
field i=z;

et —— e —————————————— ¢
Hit: | 71 &6 5 43 2]11]70]
o — b — e —t———t—————————+
Sev to: | O] 0l a0 la9 ]l 212jolal
et ————f——— —————— ¢

DSTADDR (2] : B 3 the logical link destinacion address,

SRCADDR {2) 2 B I3 the logical link source address.

ACENIM {21 : EM s the number of Lhe last NSP Data Segment message
successfully received and a pogitive
acknowledgment (ACX) or a necative acknowledgoent
[NaK] . This field i= reguired. The [ormat far

this field is as follawa:s

e +———————— +
Bit: 15 | 14 1z | 11 a |
------ f———— - ——_—_———————————— 4
Set taz 1 | QUAEL I NUMBIZR I
————— F———_ - ——— 4

whete:
oUAL (3B) = B [ an achknowledgment gualifier.

] ACK
1 WAR
2-7 regerved
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ACROTH (2

HM

rage :35%

NUMBZR {123) : B.Ta the number of the message
being acknowledged.

Is the number of the last N3P Qther Data message
successlally received and a pazitive
ackrowledgment (ACK) or a-negative acknowledgment
(HAK]) . mhis fiela is optional., 1Its presence 15
indicated by bit 1% being set. The format for
this [ield is az follows:

-t ——— f———_—_——— e ——n = = +
Bit: | 15 14 12 i 11 q a
N e et ———————— e —_————
set ro: | 1| QUAL | HITMBER. |
Fm—m e —— +
where:
ouUat, {3B) 3 3 :s an ackiowledgment gualifier.

1 rezserved
mross sub-shannel ACK
cross sup-channel MAE
-7 raserved

Lt [~ €3

HUMEFR {l2B)] ¢+ B [5 the number ot -he message
peing acknowledged,
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8.4.2 OCther-Data Acknowledgment Mezzans - The Sther-Data

Acknowledgitent  message  acknowledges Interrupt and Eink BServige
messages. It bas ‘the following form:

LR e T it T = e +

| MSGFLG | DSTADDR | SRCADDR | ACENUM | [ACKDAT] |

+——— - e ———— Fm—m i ma e e ————— e et T +

M3GFLG (3%X) : BM Is the message iderntitfier. The farmat of tiis
tield is:

e bl Tt Tl Py R S S
Bit; 71 &l 5l a1 3] 2]1110°
L LT Fm————— LTl NS S
Set tw: |2 O P 0] 1ol 1| a oo
R e T Ll e R S

DSTADCR (2] 1 B Is the logical link destinazion address,

SRCADDR {2) 3 B 5 the logical link scurce address.

ACENUR (2} : 3M 2 the number of the last NSP Interrupt or  Link
Service  nessage successfiully  received and a3
pesitive acknowledgnent (&CK) or a  hagative
acknowledgment (NAK). Thig field is reguired.
The format Lor thiz field 1z as fniiows:

+—-———_—_—t—_——————— . f—_—_—_—eee e — = —-_—4
Hifs | 15 | La 2] 11 0 |
------ ittt Tl [P Y
Set to 1 FUAL | HNUMEER |
¥ e e P e i
wheres
QUAL (3B) : & Is an acknowledgment gqualifier.
0 AT
1 NAE
2-7 reserved
HUMBER (12B) : & Is the number of :he message
Eeing acinowledged. '
ACKDAT {2) : =M 1s the number af the last NSP Data Segnert megsage

successfully recelved and a positive
acknowledgment (ACR] or a negative acknowledgment
(MAK]. This field is opticnal, Its presence is
indicated by bit 15 being set, The format for
this field is as follows: '
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dmmm e} e ———— Fom - —+
Bit: i 15 | 14 12 | 11 q |
+- P o ——— +--——— +
Ser to: | L0 | DAL | NUMBER |
. Frm———————— e +
where ..
guar, (3B} : B Is an acknowledgment gQualifier,

0,. regercwed

2 cross sun-channel ACK
3 croEs sud-channel NAK
1-7 reserved

MJMBER (12E}) : B Is the rnumber o the oessage
Deing acknow.edged, ’

.4.3 Connect Aczkngw_edgrent MHessage - The Cornect Acxnowledgment
message nas tne tollowing form:

——— e i m tmem pm ———————— +
! MSGFPLG | BSTADDR|
+ e ————— +
MSGFLG {EX) ; EM [z the meszage icdentifier, The [ormat of this
field is:
+-==14 bomm b ———
Hit: | 7 | e 15 & | 32| 211 0]
) + = f-—mr—————————F———+———+
Set to: | O | O | (0 T R I A B VI
b Fr——d——— b ——————+———+———+

ISTADIR (2 @ 32 Is the leogical link destination address.
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8.5 dContral Messages

There are five types of control NESRSATES |
1. Ha ﬂpﬁrﬁtiuq MESE.igEs iéﬂctinn a.8,11
#, Connect Initiate messaces (Section B8.5,2)
1, Comnect Canfirn nessage {Section 9,5.3)
¢, Digconnect Initiate mesgages [Section 4.5,4)

h, Digvennect Confizsi messages {Saction 8.h,A}

3.5.1 Mo Cperation Messange -

MEGFL (EX) t BM Iz Lhe message Identifier. The
field is:

b——— - o +--—+

Hit: | 7 i 3 4 1] 2|
B et T PR -

a2t tor | 0 0 | 0 1] 9 i
et +———4

TETIATA [z any data.

forma-
1 ]

|:|=|:|:
——————— +

cfage 123

af this

'H.__.'
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8.3.2 Conneck Initiate And Beftransmitted Connect Initiate Messaqges -

The Connect [nitiate snd the Retranshiiitted Connect tnitlate messages

= P -—_—_ — - _ — . ———. — — ———— m——_——— Fm————————— Feimoms s =
| MsGFLE | DSTALDR | SRCADDRE | SERVICES | INFC | SEGSIZE | DATA-CTL
+———————— Fmm—n s Pmmm—————— o - - e e
WILE et

MSGELG (BX) 2 BM Tz the Coanect “nitiate message identifier, The

farmat af thig fiold iz

+———F———F———F - o Emmmb e —h -
Bit: | 2 1 £ 3.0 4 3¢+2 1110
F——————f—— - F St mm—rm——b———p——— ¢
! Bet ro: |22l QO Tyl 00|
. +—-——+-—--4 A Lt e
ar

HSGELG (EX) :  8M I= the Eetransmicsea {onnect Initiate nmessage
identifier. The tormat of this field is:

R it itk bl Rttt Sttt sl + ===
gic: l T1 el 51« 3201110
R At e e e e A e r
Jev tas 011 L 1o L | a a0
O s ttat etk Skt itk ettt St I
OETADDR {2) = B [g2 the destination logical link address. This
addTezs will one U to allow the receiving N3P to
assign a number dynamically. :
SRCADDR (2] ¢ B [s the source logical link address. This number
‘s agsigned by the sending WSP and will he used by
“he destination to addrezs all messages faor chis
logical link. The walue D iz illegal.
SERVICES (EX) : oM The ragquested services. Thae farmatr for this field

i as faollows:

T L i | pvm = ——
Eit: | 16| 32 | 3121110
e e tos ot b —
Zet toy | Bl 00 0| PCOPT I O | 1 |
e e ket b= —t———t———

| where:
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INFD [(EX}

SEGSIZE (2%

aTA-CTL

B

B

Fage 130

FCOPT {2B) @ 3 Are the tlow cootrol aptions.

[} none

1 segmen? reguest count

2 Session Control messace
request count :

4 resprved

Is the information, The formac for -his field i=
a5 fallows:.

e — e ——— e ——— ¢
ity | » & i &1 & | 3 21101
il i ik ettt dataiitat et
Set to: | G Q00| 2] 2] wER i
it it bk i itk ik LT I
~hare:
VER (2B} : o [ the WSP sversion.
y vergiaon 3.2
1 vereion 3.1
2 varsion 4,10
3 resarved

Iz the maximum =size (in bhytes) af The data 1n a
tata Segment that ouan be received on this loglical
link, '

Is zhe Connect Initiate data field. The length of
thiz fi1eld s ascestained from the total length of
the Coaanert Znitiate aessage and consists of all
bytes in the gessage after the 53GEIZE field.
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B.5.3 Connect Confirm Message - The Connect Confirm message has. the
fallowing Eorm:

I e et T Lt ——— e —————— - +———— - e — 4

| MSGFLG | DSTADDR | SECADDR | SERVICES | INFC | SEGSIZE | DATA-CTL |

{ = Fm———————— +- - e ————————— +————— Fm——————— Foam o e m—em——

whare;

MSGFLS [(EX) @ BM is the message ildentlfler. The format aof this
field is:

et e e e e R iatinh dbedk
Bit: Yl el sl a3l 21100

T e et S S B
Set to; [ o1 C 1O i ol 0oin

B kbt b tl EEE BTl e bkl

DSTADODRE (2) @ 3 Is the destination logical Llink address, This
will not be 0. It iz zhe walye of the SRCADDER
field from the Connect Initiate message.

SECADDR (2] = B [ the source logical link address, This number
ig assigned by the sending N7 and will ke used to
address ail messages for this logical lind. The
valae O iz 1llegal.

SERVICES (EX) ; BM aAre the reguested services, The foramar  for  Lhis
field i3 as Iollows: '

- B R kbt e m———p—————— ¢
Bit: A - - T - S S~ S e A I
i s —t——————t——— - ———4——— ¢
Sev to: | o i 0 a0 10| FoopT i 0|1 |
= - v———F————————— ———— S ———}——— }
where:
FCOBT (ZR) @ B Are the flow control cpoions.
 nane
1l segment regquest count
¢  segsion Contrel message
request count
I regerved

INFO [EXY : BM 15 zhe information. The farmatr Zor this field -is

as follows:
+———F———4——mp i mE—— -t ———F——————+
Bits |71 6151413021 1140]
o ——pam—m——f——————— +———t———+
Set to: | 0O D21l aro | vER |
b———= - b ——————F—————— 4 ———+
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whare:
VER (23) : = Ig the NSP ver=ion.
B verzion 1.2
1 version 3.1
Z version 4.4
! resorwed
SIGEIZE [(2) ; BH Is —he paxinum size {in bytes] of Loe data in a
Daka Segrnent that can be received on -—his legical
link.

DATR-CTL [Z-14) ¢+ 3 Ig vsor-supplied data.
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B.3.4 Disconnect Tnitiate Message - The Diszeonnect Initiate
has the fcllowing forms

Fm———— o R o ———t e ————— —+
|IMEGF~G | DSTADDR | SRCADDR | REASON | DATA-CTL|
t———— = o mm e e ————t +
whare:
MSSFLG (EX} @0 BM I2 the megsage identifier. The formot
[ield is:
t———t— e ————— - — e ——— +
Bit: 21 & 34 3211 0]
+-——t———t——— = - f——————— +———r———+
et tor | O LA P L violaldl
N LY St R Ll S
DETADOR (2] ; B ls the logical link destinarnian address.
SRCADDR (2} : B I[s zhe logical link seurce cddress.
EEASON (2} : B I[s the firat two bytes of  Session

disconnert data.

DATA-CTL (I-168) : & s  the remaining bytes i Session
disconnect Salka. .

Page 133

message

of

this

Contral

Contral
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B.5.5 Disconnect Confirm Message - A Disconnect Confirm message has

the following form:

+—————— et e bt PPN (PRI RN |
|IMEEFLG | DSTADDR | SRCADDZ | REASON
+—————— Fmmm st m - v r =
Wnera:

MEGFLG (EX} : EM

DSTADCH (2} : H

SRCADDR (2} : H

REASON (2} + B

L. If REASON
2. [If REASON

3. If REABGN

q

i.

I the message identifier,

tield ig:

+=—==+
Bit | 71 & |
===+

Set to: | 0| 1 |

The format of +his

glaoaqr 11 a0l o

i ik dtat b il ettt s

I5s the logical link destinaticn address.

[# the logical link source address.

& the disconnect

NOTES

reascol.

l, the message i5 a No REesSouvyCes mMessage.

2, che message

&1,

is a Disconnect Complete message.

the message is a ¥o Link Terminate message,
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LOGICAL LINK ADDRESS ASSICHMENT/DEASSTGHMENT

A _ngical link addrezz iz a T6-nit waluo. ‘When an N5P module opens a8
port, it assigns a logical link zddress. When an NSF module closes @
post, it deassigns a logical Link address. The algerithm that assigns
and deazsigns thesze addresses ls iwplementaticn-dependent. There are
twa recuirements [or this algoriton:

1. It must not assign a given 16-hit address o fLwo ports
concurrently, and

2. It must net reassign a given l6-pit eddress for a long pericd
Inllowing iLs deassignient.

In additicn, the algoritam should operate with a modest amount of
memary, crading off the amount of mewoecy for the period of
regssigament.

The slgoritm described in this appendix is a sample algurithm -hat
meeits these requirements. Ho implementation of WSF is required to use
this algorithm, however. any algorithn that meets tie Lwo
regquiremnsnts stared above (i3 acceptable. The sample algorithm
restricts the murber of auatstanding, assigned link addresses,

2.1 INTERFACE TO THE ALGCRITHM

The sapple algerithm is implemented by & mwodule that accepts Cthree
rasls: ane Lo assign a link address, ane to deassign & link address.
aad one to initialize the module.

The following roatine assigns a link address.
GET-ADDRESS

craturng:  success - a link address is returned
failure - tco many link addresses currently assigned

The following routine deassigns a link address.

RELEASE -ATDRESS (address)
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address: the link address to be desssigned

refurnst  SUCCess .
failure - link address was rot assigned

The following reoutine initlalizes the zlgorithm module.

THNITTALTIAE-ADDRESRS

WGP calls this routine.during NP initialization, The routine
tke algorithm mcdule to meet the szecond requiremens anove eve

‘WSP initializations.

A.2 DATA STRUCTURES

This algorcithm forms linz addresses of the following form:

random part index opark
T Qits i bitse
Whare: .
-1 = ib
No two concurrently assigned link  addresses will cencdin =

walue In the law 1 bigs,

Furthermore, the algo#ithm restricts the nurher of addresses <
be assigned concurrently to open poarts Cod

27i-1

Fage A-2J

allaws
n acrass

e =ame

hat can

The data base cansists of two vectors and tiares varizbhles. These are

the Zolleowing.
1. Boolean westor THUISRE

This wvector coataing 2°1 bits. There is one iz 2
oogsible value in the index part of a link address,

ar  each

A bit 18 set to "ttue™ if the :DErespandinq index 1% in  use
(i.a., 1% in thke lower i hitz of ap assicned link addrassz).
The bit is zet to "false™ orherwise. '

2. TVectar RANDOM
This vector zantains 21 enzries, each r bits wide, An
elemant of the wvector containsg the random part of the last

lirk address assiqgned with the index part equal to che index

af +this element 1n the vector,
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3, Varianie HUM3IER-ASETGWED

This wariable contains the number of link addresses currently
assigned, Iz has & value In the following range:

0 <= NUMOEH-ASSIGNED <= 2°i-1

when NIMBER-ASSIGNED = 2~i-1, then no more link addresses may
he sssigned.

4. Yariaole IHDEK

mhis varianie conzains the index value portion of  che last
link address that was ass'gned.

3. V¥Yariable TEMP
Thig variable iz used to teaporarily beld the 1index value

porticon of a link address that is being ceassigned and in
mosule initializatian.

2.3 ALGORITHM O2SRATION

Tkis algocithm operation is  represenced In  the same high-level
larguage +that was used o represent WSP's operatian in the hody ol
this document.

GET-ADUAESS ¢

T [ NUMBEE-ASRIGEED < Z2*1-1] tlen
NUOMBER-A35IEHED <—- MITMEFR-ASS [NID + 1
While (INTSE[INDZX) trus} do

INDE® <-- INDEX -+ 1 fwod 211
Endwhile
RANDOM{ [MOFH | =<—— HANNOM [(INDEX) + 1 (mod 2°r)
INUEE{INDEX} =<—- Ltrus
random part af link sddress <-- RANDOME INDEX]
indey part of link address <-- [HJ3X
retUrll Suooass

Else
return failure

Endif

FRLEARSE-ADIREGS

TEMZ <-- index vart of the link address
1f [IHUSZ(TEMP) true
and RANDOM{TEMP] = random part of link address} then
INUSE(TEMP] <-- false
NUMBER-ASEIGHED <—- NUMBER-ASZIGNED -~ 1
retyurn sudcess
Else
return Exilurs
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Endif

INITIALIZE-ADDRESS

TEMP =--— [

while {TEMP = 2~i] do
INUSE[TEMP} <—— false
RANDOM(TEMP} <-- random number
TEMP =—— TEMP + 1

Rndwhile

INDEX <-- random number (mod 244}
MIIMBEER -ASSIGNED <-— 0

[tod Z2°r)
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SEGMENTATICN MODULE EXAMPLE

This sppendix models & segrentation module. The apdel  supparts <he
quening of multiple ocutstanding transmit recuezts Imr cach part.

G.1 DATA STRULCTURES

To suppert this wodel, each Dort regquires  the Cacditior of the
following items:

Bort Add@tl&ns

1, A reguest quece head.
£, A segment guepne nead.

3. The segment nurber o2 the lest  =seqrent removed  from  the
gsegment fqueus [initial value - 9]

1. & Boolean flag to indicate if che nex: segment placed on tha
segment rueue Wwill be a beginnirg-ci-message segment finitial
value = truel. :

This model also regquires a pool of quewe contral  blocks Lo anla
inforaation about gqueued cransnit reguests and outstanding segments.

When a transmit reguest from  Sezsion Control is  accepted by T.he
soguentation medule, & queue control bleck is added to the request
gqueue for the port. [t contains the followling inforwationt

Request Queus Contrel Block

Buffer descriptor from Lhe Tequest.

¥mtflag from the redquest.

Highest segment number corresponding to the request.
Status ("inceomplete™ or "complete™).

PO N

When the data from a =single traosmit regquest 18 segmented, each
segment iz assigned a gqueve control block that is added te the segment
queve for the part. Each segment gueus control  block contains  the
following information: :
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Buiter. descriptor [or the segmenc.

Segment Cueue Control Slock
1,
Z. End-of-meszage flag.
1. Beginning-of-mezsage flag,
4.

Segment number assigred to the segnent.

The Jueue pointer cells recuired in these 2locks and in the guetue head
infarmacion in the port are oot described bu: are assumed to a-low
Tinding the first control bloack in each gueus, the last central . bloshk
an each  gqueune, and the contrel bleck queued after & given control

hlock.

R.2 QPERATION

DATA-XHT

Thiz routine operates ss follows.

L.

There must be enough queus control hlocks available EFrom  the
quene  contrel  block pool  to gquews one block to the port's
request quewae and ore or mere b_ocks ta the port's  degment

quaue. The total number of blocks reqguired s equal to the
length of the transmit buffer divided by S[4E=eq (far the
segment gueus) pies one (if there is a remainder from the
previous divisiony nlug ane (for  the reguest cuecel, It

there aren't eraugh blocikz availanle from the pool, tne
DATA -BMT £4ll 1s returned as "buffer not gqueued.”

If the DATA-XMT call iz not rejected, add cne control block
to the reguest gqueue. Store  the lwitfer descriptor and
¥mtflag vaides from the call in the block, Set the sta-us to
"incomplete. '

Add a control biock to. the =eguent queue. - The buffer
descriptor feer the control bleck contains the addeass froo

cthe DATA-MMT call and a length equal to the wminimum 2f the

length fron the zall and SI1ZFseqg. Set the
beginning-of-nessage flag Lo tcue anly if the
beginning-of-message flag 1in the port dis true. Set the
segment number to the segment rumber of the preceding block
on the  guewe plas one {if  there 1z a preceding block}.
Otherwise se: the segment nurhber o that corntained in  the
port descriptor plus oneg,

Add the remaining caontral blocks {if any} to the segument
queue. The bkuffer descriptor reflects the segmentation of
the transmit buffer into segrents. Each segment except,
perbaps, the last is as leng as rhe previous segment. AsSsign
each block a segment number equal to that af the preceding
block on the gqueuve plus one. Clear the end-of-message and
beginning-of-messange flags of each block, except, perhaps,
the last one. The last klock hazs the end-of-wessage flag ser
only it the xmLElag walue fn the DATA-ZIMT call irndicates
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end-of-message,

5. @ive the request gquewe contrel block queued 10 step 2 Lhe
segment number ol the last block on the segment gqoele.

EMT-POLL

This rourine examines tae firat blocAa on The reguest  Jgueue. I the
scatus  is "ooesplete,?  remowve the block f{rom the gueue.  Return Lhe
miock to the pool, Give a "transmit complete”™ return with the butfer
jdescriptor from the biock. If the status is not "complete,”™ give a
"no transmit complete™ return.

GET-ZFRGMENT

This routine examines the segment queue to find an entry with a
matching  segment nomber. The buffer deacriptar, end-cf-message flag,
and heginning-of-message Tlag are returned.

———

This routine cperates as follows,

1. Examine the first block on the segment gqueus., If the =egment
ruaber from tae mall is less than the segrment number (modulo
L096) in the bleck, go —o _step 3. Otherwise, go to skep 2,

2. Remwove the block frem the gqueue ard retura the block ta  Zhe
pocl. Store =he segment numhber Trom the hlock in the port.
o to step 1.

3. Zramine the request cucue, Mark every entry on  Lhe queue
containing a seguent number less then {modulo 40960 or equal
to the segment number from the call "conplere.” Make a
return.

R

This rourine ‘dentifies the entriss aon  the segument gqueue from  the
entry wirh a segment nunber equal ta the first asgument in che call up
ke the entry egual to the seccnd argument in the call, inclusive. it
counts the number of these enzries that bave the cnd-of -message £lag
ger and returns this waluoe.

LAST

Return the segment nuaber of the last block on the segment . queue, if
gycn a olock exists. Orherwise, return the segment pumber fram the
part.
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APPELDIX C

REASSEMBLY MODULE FHAMPLE

This appendix contains & model of a reaﬁﬁemhly eodule., This model
suppcrts the gqueuing of muitiple outstanding receive regquests for @ach
port. It does not support the use of either cachne or commit buffers.

.- DaTh STRUCTURES
To support this aecdel, each port regquires the additien of the
following 1tens:

o & requeat queus head

o & variable (FLOWreass) used to consaln changes to the reaquest
count for the port (inicial walue = 0O}

o A wvariable (FLOWhigh} to centain the highest segment  numher
{modulo 40%6Y stored in & session control receive buffer
{inicial wvalue = 0!}

a A Boolean variable (FLOWdiscard) to indicate if received
seqments are to be discarded {initial walue = false)

This model also regquires a poal of gueue control  blocks to hold
informatior about gqueued receive reqguests. When & receive reguest
from aession contraol 1s accepted oy the reassenbly module, a gueae
contrel black is added to the request quewe for the port. It contains
the following infarmatian:

Request gueae Control Block

o Buffer descriptor {rom the request

0 Terporary buffer descriptor to harndle the reception of
multiple segments into the same receive buffer

a BRewilag from the reguest
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o atatus ("incomplere, " "EOM —— oo trancation, ™ "EOM —--
truncation, "no ECH¥ -—- no —runcazion, " "ne
A0 -- truncaztion"),

.2 CPERATICN

In the Inilowing descriptions, the cracking for invwalid port states is
not  desceribed saibce 1t 1 assumed bo be clear from the body of che
spac1lication,

DATA-RCY

Thiz rautine oporates 4s Icllows.

1. If mo truncation was specified and the buffer is smaller than
WSPbuf, rejecrc tfne call. :

If no more gueue control bBlaocks &are  &available, reject  the
call.

1
N

}. DOtherwise, store the call parameters in & gueue control
nlack. =t the temperary buffer descriptor egqual to the
trequest buffer descriptor. Add the block to the receive
request queus,

i, 1t rewflag indicated ne Zruncation, increment  FLOWreass by
one., Otherwise, compute the smallest integer greater than or
arqusl to the length of the receive buffer.divided by HSPhutf,
This is how many segmenzs will fift into the buffer, Add the
result o FLOWreass,

RCOV-IOL L

It the state ot the wort is DISCONNECT-NOTIFICATION,
DISCONNECT-COMELETE, or CLOSE-NCTIZICATION, gat  the status 4f all
Tiacomplete™ ontrol bklocss oa tne  ceguest  gueone to eithar "no
EOM —- no  truncation™ (if roevflag was "no trencatlion ailewed") oF "no
EOM —- truncatien™ {:i[ rovileg was "truncaticn allowed"),

Examine the firat block on =he receive gqueus. IS 1t has a value other
than "incenplete," remove the 2lock from the cucde. EReturn the block
Lo the consrol oioack opoal. ERetdern the recues:ts buffer descriptor and
starus value to Session Concrol.

IT7 the rectrn block has the valus “"incomplete," give a ne buffer

returned” indicazion to Session Control.

SPECUTATE-NUMBER

Return the cantents of FLOWreass and clear FLOWreass.
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COMMIT-NIUMEER |

Return the contents nof FLOWhigh,

STORZ-SEGMENT

The description of this eroutine uzes a colleguial, high-lewel
language, The terms NUMBER and EOM vepresent the segment number and
end-of-message flags, respectively, pessed to this routine by the data
Telalva pProsess,

II {HUMBER = FLOWhigh + 1) then
Find the fiest "incamplete™ oueyed recsive requescs
If (=sduch a request esxists) then
FLOWhign =-—- FLDWHiqh + 1
[f {rewilag = "nro truncation"! then
oy recelverd data 1n front of butter
et status vsing BOM
Bl=e
I (FLowEiscard) rchen
If {BOM s&t} tlen
FLoMALscard <-- [alse
El=se
FLOWrrass <-- TLOWreass + 1
Erndif
klse
Put data {that «ill £i1t] in buffer [(NOTE 1)
adjuse temporary bufler descriptor to reflect storage
if fdata fit in buffer) then
If [EOM sek) thon
Calculate space loss [(NOTE 2}

FLOW reage «<-- FLOWreass -— space loss
Lef Eratus to "EOM -- na bruncac-ian'
Endif
Jl=e
Seb status bo T"EDOM —- truncakion”
If [EGM not s2t)] then
FLOWreass ~-- FLOWreaszs + 1
FLYwdiscard <-- true
Endif
Endif
mEndif
Endlf
Endif
Endif
HOTES

1. Use tke temporary bmffer descriotor.

2, The space loss iz equal to the number of segments tha: were
reguested ta fill the buffer, but for which there wiil be no
recdfpive space dye te the impending rveturn of the buffer
partially filled,
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AFPENDIX I

TEANSMIT ALLOCATICN MODII_E EXAMPLE
This appendix containg a model of a transmit allocation module,

7.1 DATA STRUCTURES

RN

This model regquires a 1ist structure. BEach element i1n the list
coentalns a port 1dentifier. This lisL must be large encugh ta hold
anz element for sack port that N8P can handle.

0.2 PRIMITIVE FUNCTIONS

Thiz model assumes that the functions described below are avallahle,
List Manipulation Func-iohs
1.- an element can be added to & List.

2. An element, selected by either incex or entry contents, rcasn
e remcved from the list,

4. The contents of the first list entry can be read.
Random Humber: Generaticn

A random nunber in a selected range can be ghitained.

L.} OPERATION

The following description of the transmit alloration module operation
uses a2 high-level, colloguial language.

ALLOCATE (part id)

#dd an element with pers id to the list.
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CAECF-ALLOCATE (port id)

[f fpurt 1d = contents of first lisc entzy] then
raturn Sucdcess

Tlup
return failuore

andif

OEALLOCATE [(part id]

Famove Lhe list entry containing pors id
Call BEALLOCATE

HEALLDCATE (part idl
Tf {list not empty) then

Get random index [NOTR]

Swap first and indexed encries
Ercdif

NOTE

This function cbfains o random aumber in
the range (1, length of lisz),
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REVISION HISTORY

appendix describes the differences from NSP 3.2.1 o NGP 4.0,

L.
2.
i.

Phase IIT ard Phase I¥W NEP do net send MAES
Qayeral fixes to Section &.4.2 and 6.3,

The warioble "NUMszent® was added to the Sess1an Conttral Pors
to +indicate the noumber of the highest numbered Data Segqent
message S@ent by lacal NSP. {Changes were made +to  the
"PROCESS-DATA-ACE"™ routine and the Data Transmit Process tao
accomadate the new wvar:akle.

Changs the rnames of the Nelwork Zervices Layer and Transport
Layer =o the Fnd Communications Laver and Reuting LA4A¥er,
respactively.

addition of the "trybard™ paraneter to the Routing Layers
interface and a procedure for setting the TRYHARD wariable in
+Me Sezsicn Control Pers data bese. This is a  lacal  change
only and does not affect Lhe KEP protocol.

Replace the "chanrel" parameter with "circuit™ aod "nexthop"
partaters as reguired by Acuting wversion 2.1,

Changes to the corneckt procedure (s allow for the
retransmission af Connec: Initiate messages, with new message
~ypes for retransmitited Connect Iniriate ressage, 50
retransmittad "connecsts” will e ignored by old
implementaticns, This iz an upward compatible change.

Changes to the [low controi procedures and message formats to
permit crass sub-channel piggybacking of acknowledgments.
Cross sub-channel acknowledgmants are not sent, except when
commanicating with an NEP Vs, 4.0, spo this is an upward
compatible change.
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confidence

An HSP wvariashle (CONFIDENCEY that Lndicates the probaple
connec-edness of the physical netwark supporting a logical link.

data flow

The mavement af data from & 2 fource  Sessign fontrel to A
deg<ination Session Conbreoci. NSFP transforms datad from Session
Control transmit huffers to a network form before  =ending it
acrogs 4 logical  link. N3P retransforms the  data at  the
destination from 1ta nebwork form to  its  recelve buffer form.
Dota flows in noth directiorns {full-duplex) on a legical link.

gatagran

A& unit of daza, iacluding WSP conteol information, tha*t 1= passed
te  the %GLL1ng Layer for transmission to a destloatlon system.
When Routing sdds its =oute header information, the unit beccomes
a pachet.

Data Linh

The DKA laver below the Routing Layer. The modules in the Darta
Link Laver manage physical channels and maintain dats integrity.

delay factor

an N8P parametsr (HoSpdelay! that is multiplied by the estimated
coud  frip delay time to determ:zne the apprmprlate value for che
time to retransdit certain NSP messages.

delay welight

An N8P parameter {NSPweight!} that iz used to rcalculace a3 new
value of the estimared vound trip delay. The old round trip
delay iz weighted by a function ol this stanistlcal factor =a
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calrulate the new round trip delay, Tf the delay waight is set
aigk, the retransmit cime changes slawly. [f the weight i3  set
low, the observed rournd <rip time can change quickly if the
absarved round trip delays have a wide wariance, ard thkus the
retransmit time «can charge more rapidly., The default walue for
delay waight iz 3.

Dizconnect Confirm

The NSP Ng Rescurces, Disconrect Complete, and Mo Link messages,
The EREASON field in the Disconnect Confirm message {Section A}
indicates whicn message appliss.

2rror conteol

-

The WN5P function that insures the deilivery of NSP data messages.
[+ consists of an acknowledgment mechanism.

Flow control

The REP function that coordinates the flow of data on a logical
link in beoth directions, from transm’t buffers to receive
buifers, in order o minimize comtunications overhead.

Lnactivity Limer

A timer that, vpan expiration, causes ¥5P to attempt +o send a
Jata HeJuest message. NWSP starts this timer when a legical link
anters Lhe RUN/RUN staze. Whenewvar HS2 regelves a Data Reguest
message  for that legical link,. NSP restarts this timer, The
purpose of the timer iz to provide activizy for the lagical link
=1 That NBF can determine the probable connec-edpneszs of the
poysical network supparting the link. The vaive Zor the cimer is
iin N3P parame-er [(TIMERinact).

Lirk Service

The W32 messages that carry flow concral  information. Thezse
messages dre the Data Request and the Interrupt Reguest messages,

lagiral link

A wirtugl channel ketween two Sesslon Cantrol implementations or
between two comporents of ore Sezsion Conteol implementat ion.
NEP's major function is the creaticn and destructicn of logical
links,

logical link identification

A unique 3Z-bit number describing a leogical Link. This
identification conzists of the two 16-bit addresses of the ports
at each end of tha link.

-
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Hetwork Management

The DWNA laver directcly ahbove the Session Control  Layer thiadt
enables aperator contral  over -and observacion of network
parameters and variables, Metwnrk Management als=o  provides
down-line loading, up-line dumping, aod testing functions.

node descriptar

A collecticon of varieshles and COUnteErs pertaining to
cormunications with a particwlar node. Some of the variables arnd
gcounters are the egtimated round trip delay, traffic wsace
counters, and error caunters. ’

Gther—Datﬂ

The NSF Data Request, [nterrupt Hegquest, and Interrint oOessages,
These are all the WNEP data messsges other than Data Seghent,
Because all Gther-Data messages move in the same data subchannel,
it 15 gometilmes useful to group them together.

A collection of contrel wvariables aml parameters for managing
lagical 1links. Eack lagical link has a port at each end. Each
HSP at each node has a murer of availahle ports. When Session
Control requests a logical link or reguests a port be opened Lo
receive an incoming conrnect reguest, NSP  allocates a port 1S
suiiicient resources are avairlable.

reassembly

The crdering of received data segrents by NSP inkte  oumbered
segquence for placement into Session Conbrel receive buffers.

R e

This tern has two differernt definitionz in the document, 1
Yarighles i FLOWren.dat and #FLiWrem.int} that HNSP uses to
de-ermine «hen to send data. 2] %¥alues senc  in Link Service
messages. -The flow control mechaniam adds the reguest counts
received in Data Reguest and  Interrupt Reguest (Link Service)
messagqes (definition 2, sbove) to the request counts it maintains
(definition 1, abovel to determine when o gerd data,

reLransmission

The resending of NEF data wessages  that havea not heel
acknowledged within a certaia period of time, This [s part of
H3P'g errar contral meshasilst,

retransiissicn ecounter

A NSP variable {(COUNTreotrans) that contains a count of messaqe
tleouts  [or Connect Confirm, Discoanect [nitiate, Data Ssoment,
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Link Service, and Interrupt messages. NSP conpares this variable
with the retransmi= threshold 1o calculate the confidence
variable,

retransmit threshe:id

An MSP variable (N3Pretrans) egual <o +he maximum rnumber aof
FUuccessive ftimes 3 reLrangmission  ocours with no intervening,
received acknowlirdgment hefore NSP  decides that the phy=sical
retwork supporting & logical link has failed. NSP coopares the
retransmit threshald with the retransmission counter to determine
the value of the nonfidence variable,

tound —rip delay

Al NGP  parameter (MNODREdelay!) that reprezents the murrent
eztimated time for an acknowledgment o be received For an YNSP
message. This parameter is calculated by = formula described  in
Eection $.7.6.

Seqment

The data zarried in a Data Segment message, HNS2 divides the data
from Session Control transmiz buffers into numnered segqments for
transmission by Zouting,

saeqmenktacion

The division of normal data frem Session Control transmit buffers
inte numbered segments for transmission over logical links.

Bession Control

“he DNA layer directly abowe N3P, Sessicn Control Jdefines  the
system-dependent aspects of logical link comaunication. SHessien
Control provides functions soch as name to address  translation,
process addressing, ané in some systems, accoess control.

Sdbehannal

A iogizal comwunicaticns path within a logircal link that tFandles
# defined category of REP da-a nessages. Because Data Segrent
lesgages are hard.ed differently from Other-Data wmessages, Lhe
twa types of wmessages can be thought of as traveling in Lwo
diffevent subchannels,

Routing

The DNA layer directly beleow N8P that provides NSP with routing,
congestion control, and packet lifetime control =ervices,
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