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Presentation Overview:

e Auto-Negotiation in the OSI model
e An Introduction to Auto-Negotiation
 Interface with the MAC

e Interface with the Medium

e Auto-Negotiation Functions
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The OSI Stack

LAN
REFERENCE CSMA/CD
MODEL LAYERS
LAYERS
| |
APPLICATION \ HIGHER LAYERS |
PRESENTATION /| LLC—LOGICAL LINK CONTROL
SESSION / MAC—MEDIA ACCESS CONTROL
TRANSPORT | / | RECONCILIATION |
;o Ml —p’j:[:
NETWORK |, /
/ PCS
DATA LINK ,’ oty PMA <
“* PMD
PHYSICAL 4 / AUTONEG 7/4
MDI —p
MEDIUM
100 Mb/s
MDI = MEDIUM DEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER
MIl = MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT
AUTONEG = AUTO-NEGOTIATION PHY = PHYSICAL LAYER DEVICE

PMD = PHYSICAL MEDIUM DEPENDENT

* Mll is optional for 10 Mb/s DTEs and for 100 Mb/s systems and is not specified for 1 Mb/s systems.
** PMD is specified for 100BASE-X only; 100BASE-T4 does not use this layer.

*** AUTONEG communicates with the PMA sublayer through the PMA service interface
messages PMA_LINK.request and PMA_LINK.indicate.
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Why use Auto-Negotiation
(a brief introduction to Auto-
Negotiation)

e Section Objectives

— To explain why Auto-Negotiation was developed and
for what purpose it is used.
e Different Speeds and Duplexes
e How devices worked before Auto-Negotiation
e Taking the User out of the equation
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Speed, Duplex, and all the rest

e Ethernet Devices run at many speeds and
duplexes, each with their own signaling type

— 10BASE-T Half and Full Duplex: Manchester encoding
over 2 pair cat3

— 100BASE-TX Half and Full Duplex: MLT-3 over 2 pair
cats

— 100BASE-T4 : 8B6T over 4 pair cat3
— 100BASE-T2 : 2dPAM-5 over 2 pair cat3

— 1000BASE-T Half and Full Duplex: 4dPAM-5 over 4 pair
cat 5 cable
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Before Auto-Negotiation

e Single Speed Networks

— Plug two devices together and they work, you might
see some dropped packets if there is a duplex
mismatch

« Now More than One speed
— The need to configure both speed and duplex
— Mismatches stop all traffic
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The User and Configuration

e Why should someone have to manually configure
every link in a network?

— Some switches have 48 ports, that’s 96 ports to
configure in just one switched network!!

— Auto-Negotiation allows the devices to auto-magically
link at the best speed shared between the two. This
means less work for the user and fewer conflicts due
to speed/duplex mismatches.

\, UNIVERSITY of NEW HAMPSHIRE Clause 28 & 40 Auto-Negotiation
8
= INTEROPERABILITY LABORATORY




What does Auto-Negotiation do
(iIntroduction continued)

e Section Objectives

— To explain what Auto-Negotiation does
e Management Information Exchange
e What an “Operational Mode” is
e How Auto-Negotiation works for the user
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Operational Mode

e It allows the link partners to exchange some
management information, this information
pertains to the operational modes of each device.

e What is an operational mode?

— Speed (LOBASE-T / 100BASE-TX / 1000BASE-T /
10GBASE-T / ...)

— Duplex (Full Duplex / Half Duplex)
— Pause Mode (Synchronous / Asynchronous)
— Etc
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Auto-Negotiation working for you

e Takes the operational modes of the local device,
and recieves the operational modes from the link
partner and determines the highest shared
operational mode to link at.

e Works with 10BASE-T link pulses. Signaling that
IS iIndependent of the speed that each device
wants to link at.
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Interface with the MAC

e While Auto-Negotiation takes place before any PMD or
PMA is activated, the management control registers lie
higher up in the PHY. This allows communication with the
MAC through the Reconciliation layer. Other Physcial
Sublayers can also interface with Auto-Negotiation.

MAC - Media Access Control

Reconciliation
[ [

MIl ==

PMA

PMD
AUTONEG /
MDI —=

medium
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Management

e The PHY management controls the Auto-
Negotiation process

— A series of Registers store information on the
operation modes possessed by a device

— These Registers also allow for a PHY to turn on and off
PMAs as well as restarting the Auto-Negotiation
process.
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Management Functions

e Register Set

Register

Name

Description

Control

Status

N

PHY identifier

Auto-Negotiation Advertisment

Auto-Negotiation Link Partner Base Page Ability

Auto-Negotiation Expansion

Auto-Negotiation Next Page Transmit

Auto-Negotiation Link Partner Received Next Page

MASTER-SLAVE control register

MASTER-SLAVE status register

11-14

Reserved

15

Extended Status

16-31

Vendor Specific

UNIVERSITY of NEW HAMPSHIRE

L

INTEROPERABILITY LABORATORY

Clause 28 & 40 Auto-Negotiation




Management Functions

e Control Register

Bit(s) Name Description R/W
0.15|Reset 1 = PHY reset 0 = Normal Ops R/W
0.14|Loopback 1 = Enable Loopback 0 = Disable R/W
0.13|Speed Selection (LSB) 0.6 0.13 R/W

1 1 = Reserved
1 0 =1000Mb/s
0 1 =100Mb/s
0 0 =10Mb/s
0.12| Auto-Neg Enable 1= Enable 0= Disable R/W
0.11{Power Down 1 = Power Down 0 = Normal Ops R/W
0.1|Isolate 1 = Isolate PHY 0 = Normal Ops R/W
0.9|Restart Auto-Neg 1 = Restart 0 = Normal Operation R/W
0.8|Duplex Mode 1 = Full Duplex 0 = Half Duplex R/W
0.7|Collision Test 1 = Enable Col Test 0 = Disable R/W
0.6|Speed Selection (MSB) 0.6 0.13 R/W
1 1 = Reserved
1 0 =1000Mb/s
0 1 =100Mb/s
0 0 =10Mb/s
0.5:0|Reserved R/W
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Management Functions

e Status Register

Bit(s) Name Description R/W
1.15/100Base-T4 1=if PHY able 0= otherwise RO
1.14|100Base-X Full Duplex 1 =if PHY able 0 = otherwise RO
1.13|100Base-X Half Duplex 1 =if PHY able 0 = otherwise RO
1.12|10Mb/s Full Duplex 1 =if PHY able 0 = otherwise RO
1.11|10Mb/s Half Duplex 1 =if PHY able 0 = otherwise RO

1.1{100Base-T2 Full Duplex |1 =if PHY able 0 = otherwise RO
1.9|100Base-T2 Half Duplex |1 = if PHY able 0 = otherwise RO
1.8|Extended Status 1 = Extended Status in Reg 15 RO
1.7|Reserved Ignore when read RO
1.6|MF Preamble Suppress 1 = Will accept Man frames w/o Preamble 0 = Willnot [RO
1.5| Auto-Negotiation 1 = Aneg Complete 0 = Otherwise RO
1.4|Remote Fault 1 = Remote Fault Detected RO
1.3| Auto-Negotiation Ability |1 = PHY Able to perform Aneg RO
1.2|Link Status 1=Linkisup 0=Linkis down RO
1.1{Jabber Detect 1 =Jabber Detected 0 =Not Detected RO

1|Extended Capability 1 = Extended Register 0 = Normal RO
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Management Functions

e Extended Status Register

Bit(s) Name Description R/W
15.15/1000BASE-X Full Duplex |1 = if PHY able 0 = otherwise RO
15.14|1000BASE-X Half Duplex |1 = if PHY able 0 = otherwise RO
15.13|1000BASE-T Full Duplex | 1 = if PHY able 0 = otherwise RO
15.12|1000BASE-T Half Duplex |1 = if PHY able 0 = otherwise RO

15.11:0|Reserved Ignore when read RO
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Management Functions

e Auto-Negotiation Advertisement Register

Bit(s) Name Description R/W
4.15|Next Page Desire to Transmit additional pages R/W
4.14| Acknowledge Link Partner Page seen indication RO
4.13|Remote Fault Remote Fault Indication R/W
4.12|Reserved
4.11|Asyncrous Pause 1 = Supported 0 = Not Supported
4.10{PAUSE 0 = Supported 0 = Not Supported RO

4.9/100BASE-T4 1 = Supported 0 = Not Supported R/W
4.8|100 Mb/s Full Duplex 1 = Supported 0 = Not Supported R/W
4.7(100 Mb/s Half Duplex 1 = Supported 0 = Not Supported R/W
4.6/10 Mb/s Full Duplex 1 = Supported 0 = Not Supported R/W
4.5|10 Mb/s Half Duplex 1 = Supported 0 = Not Supported R/W
4.4:0|Selector Field RO
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Management Functions

e Link Partner Base Page Abllity

Bit(s) Name Description R/W
5.15|Next Page Desire to Transmit additional pages R/W
5.14| Acknowledge Link Partner Page seen indication RO
5.13|Remote Fault Remote Fault Indication R/W
5.12|Reserved
5.11|{Asyncrous Pause 1 = Supported 0 = Not Supported
5.10|PAUSE 0 = Supported 0 = Not Supported RO

5.9|100BASE-T4 1 = Supported 0 = Not Supported R/W
5.8/100 Mb/s Full Duplex 1 = Supported 0 = Not Supported R/W
5.7(/100 Mb/s Half Duplex 1 = Supported 0 = Not Supported R/W
5.6/10 Mb/s Full Duplex 1 = Supported 0 = Not Supported R/W
5.5|10 Mb/s Half Duplex 1 = Supported 0 = Not Supported R/W
5.4:0(Selector Field RO
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Management Functions

e Auto-Negotiation Expansion Register

Bit(s) Name Description R/W
6.15:5|Reserved RO
6.4 |Parallel Detection Fault 1 = Fault Has been Detected 0 = Not RO/LH
6.3|Link Partner NP Able 1 =Is Able 0 = Not Able RO
6.2| Next Page Able 1 =Is Able 0 = Not Able RO
6.1|Page Received 1 = A New Page has been received RO/LH
6|Link Partner A-neg Able 1=1s Able 0 = Not Able RO
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Management Functions

e Auto-Negotiation Next Page Transmit Register

Bit(s) Name Description R/W
7.15|Next Page More Pages to Transmit R/W
7.14| Acknowledge Link partner page seen RO
7.13|Message Page 1 = Message Page R/W

0 = Unfomatted Page
7.12| Acknowledge 2 R/W
7.11|Toggle Page ldentifier RO
7.10:0| Message/Unformatted Data Data to be transmitted R/W
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Management Functions

e Link Partner Ability Next Page Register

Bit(s) Name Description R/W
8.15|Next Page More Pages to Transmit R/W
8.14| Acknowledge Link partner page seen RO
8.13|Message Page 1 = Message Page R/W

0 = Unfomatted Page
8.12| Acknowledge 2 R/W
8.11|Toggle Page ldentifier RO
8.10:0{ Message/Unformatted Data Data to be transmitted R/W
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Management Functions

e Master/Slave Control Register

Bit(s) Name Description R/W
9.15-13| Test Mode bits 1 =if PHY able 0 = otherwise R/W
9.12|MASTER-SLAVE Manual Config Enable 1 = Enable Manual Config R/W
9.11|MASTER-SLAVE Config Value 1 = Manual Master 0 = Manual Slave R/W
9.10|Port Type 1 = Multiport 0 = Single Port R/W
9.9|1000BASE-T Full Duplex Advertise if = 1 R/W
9.8|1000BASE-T Half Duplex Advertise if = 1 R/W
9.7:.0|Reserved Write as 0, Ignore when read R/W
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Management Functions

e Master/Slave Status Register

Bit(s) Name Description R/W
10.15{Master Slave Configuration Fault 1 = Master Slave configuration fault detected RO
0 = No Fault detected
10.14|Master Slave Configuration Resolution 1 = local PHY resolved to Master RO
0 = Local Phy resolved to Slave
10.13|Local Reciever Staus 1 = local receiver status ok RO
10.12|Remote Reciever Staus 1 = remotereceiver status ok RO
10.11|LP 1000T Full Duplex 1 = Link partner supports 1000T full duplex RO
10.10|LP 1000T Half Duplex 1 = Link partner supports 1000T half duplex RO
10.9:8|Reserved Reserved RO
10.7:0{Idle Error Count Cumulative count of errors detected while receving idle |[RO
UNIVERSITY of NEW HAMPSHIRE Clause 28 & 40 Auto-Negotiation

CCL
INTEROPERABILITY LABORATORY




Interface with the Medium

e Auto-Negotiation uses signaling similar to that
found in 10BASE-T (the lowest common
denominator).

— This allows older 10BASE-T to not be adversely
affected by an Auto-Negotiating device.

— Simple, only uses pulses.

\, UNIVERSITY of NEW HAMPSHIRE Clause 28 & 40 Auto-Negotiation
8
= INTEROPERABILITY LABORATORY




NLPS

e This is a 10BASE-T
LTP (link test pulse)

e |t exactly matches an
NLP (normal link
pulse) sent by an
Auto-Negotiating
device
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NLP Spacing

10 BASE-T LTPs are sent about every
16 ms

A
\4
A
\4

16 +/- 8 ms 16 +/- 8 ms
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FLPs (Auto-Negotiation)

e FLPs are quick bursts of NLPs

e While a 10BASE-T device will not link with an FLP,
because the NLPs are spaced too closely together
it allows the 10BASE-T device to see that it is
receiving NLPs and will establish a link once the
Auto-Negotiating device parallel detects to the
10BASE-T device.
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FLP Spacing

Burst width = 2 ms

< >
FLP Burst (17 NLP “clock pulses”) beginning of
h g next FLP
(oI ]
16 +/- 8 ms
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Studying the FLP

eFLPs consist of 17 Clock pulses (blue)

eData pulses can be “stuffed” in between clock pulses
(red)

e|f a data pulse is found, it represents a logical “1” if no
data pulse is found, it represents a logical “0”
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Studying the FLP

Clock pulse to Clock pulse = 125 +/- 14 us

7
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Studying the FLP

flp_test_min_timer flp_test_max_timer

5 us 25 us 125165us 185 us

UNIVERSITY of NEW HAMPSHIRE Clause 28 & 40 Auto-Negotiation
INTEROPERABILITY LABORATORY




Studying the FLP

DATA PULSE

Clock pulse to Data
pulse =
62.5 +/- 7 us

A
Y
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Studying the FLP

data_detect_min_timer
range

data_detect_max_time
range

15us  47us % 78us 100 u&>
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Studying the FLP

FLP next FLP
burst burst

nlp_test_ min_timer range nlp_test_max_timer range

5ms 7 ms 50 ms 150 ms

16 +/- 8 ms
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Auto-Negotiation Functionality
How Auto-Negotiation works

e Section Objectives

— To understand how information is passed between link
partners

— To look at the structure of the data
— To fully understand the arbitration protocol

— To examine the State Machines and Flow charts to
better understand how the process works
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Remember its all about sharing

e Auto-Negotiation’s purpose Is to share
management information before a link Is
established.

 To facilitate this exchange, this information is
passed in 16 bit blocks at a time, each block Is
called a “Code Word” or “FLP Burst” or “Page”.
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The “Page”

e There are three kinds of pages that are
exchanged during Auto-Negotiation
— The Base Page

-Always the First Page to be transmitted

e Contains information about 10BASE-T, 100BASE-TX, 100BASE-
T4, and PAUSE abilities

e This page represents the beginning of the Auto-Negotiation
Process
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Pages and Pages of Info

e Next Pages (These Pages come after the base page)

— Message Page
e Each message page contains a code number
e The standard defined what each code number means

e For example, a message code 8 means that 2 unformatted pages are
coming and that they will hold information on 1000BASE-T abilities

— Unformatted Page
e Contains 11 bits of information
e Contents of these pages can be defined by previous message pages
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e This is a bit by bit look at the three types of

pages

e As you can see each is the same 16 bits long, but
have slightly different configurations

e Blue indicates the Base Page, and Yellow
Indicates Next Pages

“Bitwise” look at pages

Bit 0 [Bit 1]Bit 2|Bit 3 [Bit 4

Bit 5

Bit 6

Selector Field bits
(0-4)

Half
Duplex

10BASE-T

10BASE-T
Full
Duplex

Message Code bits (0 - 10)

Unformatted

Data bits (0 - 10)

iif[(iii
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100BASE-TX|100BASE-TX Asynchronous

100BASE-T4 Acknowledge

Acknowledge

Acknowledge
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“Bitwise” look at pag

€S

Page Type |[Bit 0 [Bit 1]Bit 2|Bit 3[Bit 4|Bit 5 Bit 6 Bit 7 Bit 8 Bit 9 Bit 10 [Bit 11 Bit 12 [Bit 13 |Bit 14 Bit 15
Selector Field bits |10BASETII0BASET), o0 5 e x| 1008ASE-TX Asynchronous| Not | Remote Next
Base Half Full Half Dupl Full Dupl 100BASE-T4 ([PAUSE Defined|  Fault Acknowledge P
(0 _ 4) Do || Dules alf Duplex | Full Duplex PAUSE efine au age
. Message Next
Message Message Code bits (O = ]_O) Toggle Ack2 Page Acknowledge Page
. Message Next
Unformatted Data bits (0 = ]_O) Toggle Ack2 Page Acknowledge Page

e Some of the bits are special
Acknowledge bit
Next Page Bit

EEE-
‘aﬁ\ INTEROPERABILITY LABORATORY

Toggle bit

Message Page
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“Bitwise” look at pages

e Some of the bits are special

— Acknowledge bit
e Lets the Link Partner know that you received his last page

— Next Page Bit

e Lets the LP know you want to send more pages after this one
— Toggle bit

e Allows the LP to tell the difference between successive pages

— Message Page

e Tells the LP that this page is contains a message code, so he knows
what is coming next.
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More than just the Base Page

e A next page exchange allows more
iInformation to be transmitted

— This allows for 1000BASE-T, 10GBASE-T(coming
soon), and other new technologies.

e A next page exchange works through the use
of the next page bit (the last bit in every
page)

 When this bit is set, it indicates that the link
partner wants to send additional pages
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The Next Page Exchange
process

e |f the next page bit Is set, after the complete
acknowledge state has been finished during the base
page exchange, the link partners send the next page
Instead of link signaling.

e Then the same acknowledge process as in the base
page exchange follows

e Pages can be differentiated by the toggle bit (each
successive page alternates the toggle bit)

e |f one device runs out of pages to send, then it can
send a “Null Message” page(code #1) until the link
partner has finished sending all of its pages
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Typical Next Page exchanges

e A message code 8 page, followed by 2 unformatted
pages.
— This code stands for a 1000BASE-T abilities exchange.

e A message code 7 page, followed by 1 unformatted
page
— This code stands for a 100BASE-T2 exchange

e A message code 4 page, followed by 1 unformatted
page

— This code indicates that the unformatted page will contain
Information about a Remote Fault condition
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The Arbitration Protocol

_ Space _
Device A < > Device B

Device A just ability_match = FALSE
powered up acknowledge match = FALSE
consistency _match = FALSE
flp_link_good = FALSE
flp_receive idle = FALSE
Time break link_timer = STARTED
Y transmit_ack = FALSE
xmit = DISABLED

UNIVERSITY of NEW HAMPSHIRE Clause 28 & 40 Auto-Negotiation
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The Arbitration Protocol

Device A < > Device B

Device A transmits ability_match = FALSE
link_code_word acknowledge match = FALSE

after
break_link_timer
expires

consistency _match = FALSE
flp_link_good = FALSE
flp_receive idle = FALSE
break link_timer = DONE
Time transmit_ack = FALSE

Y xmit = link_code_word
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The Arbitration Protocol

Device A < > Device B

Device A continues ability_match = FALSE
to transmit acknowledge match = FALSE

link_code_word
until it gets a link
or response from B

consistency _match = FALSE
flp_link_good = FALSE
flp_receive idle = FALSE
break link_timer = DONE
Time transmit_ack = FALSE

\’ xmit = link_code_word
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The Arbitration Protocol

Device A < > Device B

ability _match = FALSE
acknowledge match = FALSE

Hopefully, autoneg

Device B has been
doing the same consistency match = FALSE

thing flp_link_good = FALSE
flp_receive idle = FALSE
break link_timer = DONE
Time transmit_ack = FALSE

\’ xmit = link_code_word
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The Arbitration Protocol

Device A < > Device B

ability match = TRUE
As soon as A sees -

three consecutive acknowledge _match = FALSE

link code words consistency match = FALSE
It sets 1ts ACK bit flp_link_good = FALSE

flp_receive idle = FALSE
break link_timer = DONE
Time transmit_ack = TRUE

\’ xmit = link_code_word
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FLP review

<—Selector Field—> <—— Technology Ability Field——>

10BT 10BT100BT 100BT 100 reserved for Remote
HDX FDX HDX FDX T4 the FUTURE Fault ACK NP
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The Arbitration Protocol

Device A < > Device B

B sees this and ability_match = TRUE

sends FLPs with acknowledge _match = FALSE

Its ACK bit set consistency match = FALSE
also flp_link_good = FALSE

flp_receive idle = FALSE
break link_timer = DONE
Time transmit_ack = TRUE

\’ xmit = link_code_word
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The Arbitration Protocol

Device A < > Device B

A gets three FLPs ability match = TRUE

the same as before acknowledge_match = TRUE
with the additional consistency _match = TRUE
ACK bit flp_link_good = FALSE

flp_receive idle = FALSE
break link_timer = DONE
Time transmit_ack = TRUE

\’ xmit = link_code_word
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The Arbitration Protocol

Device A < > Device B

ability_match = TRUE
Each device now acknowledge_match = TRUE

sends 6-8 more
FLPs

consistency_match = TRUE
flp_link_good = FALSE
flp_receive idle = FALSE
break link_timer = DONE
Time transmit_ack = TRUE

\’ ° xmit = link_code_word
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The Arbitration Protocol

Device A < > Device B

When A determines ability_match = TRUE

a HCD, it begins acknowledge _match = TRUE

transmitting idle
In the agreed upon
form

consistency_match = TRUE
flp_link_good = TRUE
flp_receive idle = FALSE
break link_timer = DONE
transmit_ack = TRUE

xmit = IDLE

Time

UNIVERSITY of NEW HAMPSHIRE Clause 28 & 40 Auto-Negotiation
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The Arbitration Protocol

Device A <

Hopefully, B has
decided on the

same HCD and
transmits the same
Idle

Time

UNIVERSITY of NEW HAMPSHIRE
INTEROPERABILITY LABORATORY

Space

> Device B

ability_match = TRUE

acknowledge _match = TRUE
consistency_match = TRUE
flp_link_good = TRUE
flp_receive idle = TRUE
break link_timer = DONE

transmit_ack = TRUE
xmit = IDLE
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The Arbitration Protocol

Device A < > Device B

I

- Once B ability_match = TRUE
link_fail_Inhibit_timer

IS done, xmit is set to

acknowledge _match = TRUE

consistency_match = TRUE
flp_link_good = TRUE
flp_receive idle = TRUE

DATA, allowing the
data codes to be
sent or received

Data / ldle break link_timer = DONE
transmit_ack = TRUE
xmit = DATA

Time
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Transmission of pages

e Flow of Auto-Negotiation
— 1) Base Page Transmission

— 2) Transmit a Message Page or if there are no next
pages to send goto 4

— 3) Transmit an the number of unformatted pages as
described by the message page: if more next pages
goto 2

— 4) Transmit appropriate link signaling
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16 bits to Hex

e To make It easlier to specify a device’s abilities,
each page can be encoded to hexadecimal

e This makes discussing a device’s abilities much
easiler

e Instead of saying what each device can support,
you can just give the hex value of the page.
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A page In Hex
e Here the mapping of 01E1 and 41E1 is illustrated

Salectar Figld Bits Technc-]%y Ability Field Bits rsvd|RF |Ack|NP

LSB MSB
DO D1 D2 D3 D4 D5 Dé D7 D8 D8 D10 D11 D12 D13 D14 D15

110/0(0/0|1{1{1(1]0]0]0|0|0]0|0

] L ] 1 J L J

1 E 1 0

LSB MSB
DO D1 D2 D3 D4 D5 D& D7 D8 Ds D10 D11 D12 D13 D14 D15

110(0{0|0{1|{1{1({1{0{0]0|0|0|1]0

] L ] | J L J

1 E 1 4
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A Simple Exchange

e To link partners want to make a simple exchange
to determine the optimal operational mode and
link

UL

Device B Beginsto  Device A Beginsto  Device B Begins
Acknowledge Acknowledge Complete Acknowledge




More complicated Exchange

e This more complicated exchange does the following:

— Sends 1000BASE-T abilities and Determines Master/Slave
status of a 1000BASE-T link

D& ic% A C 4505 IE:zui 5018 ||::|:|1| 096E | 495E

. 1000T [zignaling on pair 7-8)
a10 Dew:ﬂ 203 44F3
| |

A

Base Page with First Next Page with Second Next Page with Third Next Page with
Acknowledge bit set | Acknowledge bit set Acknowledge bit set Acknowledge bit set
Message Page Unformatted Page Unformatted Page

A

——




Exchange Wrap up

e Devices exchange 1 page at a time, and use
the acknowledge bit to indicate that a page
has been received.

e More than a single page can be exchanged
through the use of the Next Page bit and
Toggle bit.

e After the exchange is complete both link
partners send out signaling according to the
best shared operational mode

\, UNIVERSITY of NEW HAMPSHIRE Clause 28 & 40 Auto-Negotiation
8
= INTEROPERABILITY LABORATORY




The total Aneg package
(Time to wake back up)

e Flow of Auto-Negotiation
— Why Is auto-negotiation set up the way it is? (The 2
Islands example)
— The real Clause 28 State Diagrams
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The two islands

e Lets look at an example.

— Two men are stranded on two different islands. Each
one is very lonely and wants to talk to someone.

— S0 one day the first man “Dave” carves a note into a
piece of bark and throws it into the ocean.

— To his great surprise and excitement many days later
a piece of bark floats onto his beach, but when he
picks it up, the note he finds is in a different language.
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The two islands

— Dave isn’t about to give up, so he sits down and tries
to figure out a way to communicate, first he decides
they need to speak the same language, but he doesn’t
know what language(s) his friend speaks.

— While he is thinking a second piece of bark floats onto
the beach. He looks at it and finds that is identical to
the first one, so he still can’t read it, but he realizes
that the man he is talking to is very smart.

— By throwing more than one piece of bark with the
same note, It increased that chance that he would
receive it

\, UNIVERSITY of NEW HAMPSHIRE Clause 28 & 40 Auto-Negotiation
8
= INTEROPERABILITY LABORATORY




The two islands

— So now Dave starts to carve a new note. He writes
down each of the languages he can speak, and if he
speaks it fluently or not. Then he copies it many times
and throws them into the ocean.

— Days later, he starts to get pieces of bark back. His
friend had gotten the idea, and all of these pieces of
bark listed the languages his friend could speak.

— So he circled a language they could both speak
fluently and threw them back into the ocean.
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The two islands

— The next piece of bark he received was a hello note
from his new friend “Lenny” in a language that he
could read, and from then on they were great pen
pals.
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The Real State Machines

e The actual Auto-Negotiation state machines work
on the same principle as the two island guys.

e It also takes into account several special events
that could happen.
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The full ANEG T
e u Iransmil_ability = frue tx_link_code_ward[16:1] =

| mr_lo_avtorieq able e lase  me_adve_abilily[18:1)
= = fink_cantral_[PL] = mr_page re e lalse
arbitration state SO Chnen 512 e
ol ke - mr_lp_ng_able s Faka
mir_adv_ahility]12] ack_finished = lalse TRANSMIT HSABLE

abilily_malch s talse dhesire_ng = false Slar! break_link_timer

D i ag ram acknowledge_match s lulsrl:un:isbcll'q_rnn'lull = lalse link_gonlrel_[all] +

break_link_limer_done | HSABLE
Sransmil_disakks = {rus
UCT Tr_papge e [l
mr_aulireg comglels s talse o+
abiily_match=irue mr_riesxt_page_loaded = ek

F 3

ACKMOWLEDGE DETECT

PARALLEL DETECTION FALLT tranamil_abilily = lrus
transmil_ack += tnug

(acknowledpes_malchslrue =

mir_parallel _delectian_faull = trus eansisbency_match=lalss) +

lirk_contral_[&l] = DISABLE mr_lp_auloneg_able e rue Ap_receive_idkes=lrus
ry link_slatus_|[Td|=FEADY + fink_contral_[all] = QISABLE
link_slatus_[TX]=AEADY + -
link_slatus_[MLPj=READY acknowledge_matchsirue
“uurlsislrﬂl.'y_n'ull:h-'ln.n:
' ) L
single_ink,_ready=ists ey — COMPLETE ACKNOWLEDGE
Starl autoreg_wail_limer comglete_ack - inie ferggle_rx o= r_lirk_code_weed[12)
Iramsmil_disable e e transomil_abiily o= irue tfopgle_ta = Hoggle_tx
ransmil_ack = rue FIF_[AE 1R e lrue
povET_arsinie + IFibase_pags = frue = fp_re == rx_link_sode_wardMP)
mr_rmain_reselsiroe + - " r_link_code_word[NP) = 1
et _reppalialionednis + single_link_raadys=lrue « _link_gode_wordNP) = 1)
autoreg wail_limer_done THEN rr_lp_ng_abie & true
rir_auforeq enables s - IF{base_page = fne =
= _link_oode_ward[ME] = 1)
THEM desires_ng = true
AUTO-NEGOTIATION ENABLE
[ack_finishedelrie «
mr_page_rx &= false (mr_np_able=lalse + ack_linizhed=tnue =
irr_a et = lalse dagirg_np=faise + mr_np_ablesbue
mr_paralel_debeclion_taull - [alse mr_lp_ng_ablestalss)) + tasina_npsirue
[ack_finishedslrue = mr_lp_np_ablesirue «
mr_np_ablesinue = rnr_next_papgelasded=rus «
mr_lp_np_ablesirue « [{be_link_sode_ward[MP|=1) +
mr_autaneg enatlesirue Lu_link_code_word[NP)=Q = (rp_rx=1j]
ng_ru=0]
L F |_____1F'________I
FLP LINK GO0D FLF LiNg G000 CHECEK | MEXT PAGE WAIT I
) lirk_control_[notHCD] «= I | ransmil_abilily s frue
Np_link_good = fruse HSABLE | rbn;_page_r.-. -hldajsc ahility_matchsirue =
mir_auloneg somplels e iree . S8 _page = [alse . .
=g_compl lintk_srilrad_[HCD] += U | be_link_ssce_werd[16:3] « me_np_ta[16:13] | o
EMABLE U es_tinke _ward[12] == taggle._Lx abilty _match_ward]12]p=1)
Np_link_good = true | [ tink_code_wmard{11:1] «= mr_ng_tx[11:1] |
tart firk_tail_inkitil_timer | [k finshed v ke »
mr_resl_page_loaded - ki I g _recsive_idlesius
I_ __ Ogplicnal imglementation |
{ilirik_stalus_[HCDJ=FAIL +
. u link_slalus_ [HCD|=READY ) =
link_stzies_[HOD}=CHE link_lail_irthibit_imer_done] +
incampalible_link = tnae o
lirik_stalus_[HCDj=FAIL :
.
L




The full ANEG
arbitration state
Diagram
ANEG w/o
Next Page or
Parallel
Detection

ABILITY DETECT
Iransmil_akilly = brue _link_sode_ward[16:1] =
| mr_lp_autoneg able e alse  me_adv_ability[18:1)
fink_cantral_[PD] = ir_page_ra = falge
SCAN_FOR_CARRIER basa_page = Irue
lople_ts = mr_lp_np_able - kb
mr_ad_ability]12] ek _finished = lalse TRANSMIT HSABLE
abilily_match 4= Lalse desire_ng <= false Slar! break_link_trner
acknowledge_malch = lalse consistency_match = lalse lirsh_eoatrel_[all] =
traak_link_limer_done | ISABLE
Sransmil_disakle s lrue
UcT Fir_pape e ks
rir_subanen comphdbe = talse
bilily_mabch=irue mr_resxl_papge_oaded e fakse
ACKNOWLEDGE DETECT
tr il_abilil |
HEIIISI'H!I_’:I _kl ¥ ‘1- rus (acknowledpe_mal:hsirue =
Snamil_agk =i consistenoy_malchslalse) +
mir_lp_auloneg_able s« rue Ap_recaiwe_idlasrus
link_status_|TAJ=READY + iink_conkeal_[all] —DESABLE |
link_siatus_|[TX]=READY + |
link_slatus_|[MLPj=READY acknowledge_matchstrue =
sonsislency_malchsine
. . r
singhe _link_ready<katse COMPLETE ACKNOWLEDGE
comglets_ack 4= ine toggle_r e= ra_link_code_word[12)
transmil_abiily = lrue togle_tx = Noggle_ix
ransmil_ack = brue FIE_QAGE_FE e lrue
o _arsinie + IFibase_pags = frue = Ap_re = rx_link_code_ward[MP)
mr_ma.ln_rml-lr.l.u%-r sirigl 8 _ink_readyeiris » rx_link_oode_word[NP] = 1)
mr_restarl_nepalialicrsine + e THEM ene_ AR g WL
paalal autaneg wail_limer_done P_p_
rr_audareeg enal o IFibase_page = frue =
tx_link_code_ward[MFP] = 1)
THEM desire_ng s= truge

fack_finishad=irus =
(mr_np_able=lalse + ack_linished=inue =
deasire_np=false + mr_np_atlesirue »
mir_lp_np_ablestalss)) « dagira_npsirus s
(ack_finished=true = mr_lp_np_ablesirue
mr_ng_ablestrue = mr_next_page_loadedsire «
mir_lp_np_atdesirus [{k_link_sode_ward[NP]=1] +
Ix_lnk_code_word[MP]=0 = [mp_re=1]]
rg_ra={)

mr_autaneg_enablesirus

FLP LINE GO0 FLF LIk GOOD CHECK

link_gonirol_[rotHCD] «=
HSABLE
link_sarinal_[HEH =
EMNABLE

Np_link_goad = rue
wtart bek_tail_inbibil_limer

Np_link_good = brue

mir_auloneg_oomplele s lrus

ity _matah_weord]12]p=1)

Hip_receive_idlestrue

{ilirk_stalus_[HCD=FAIL +
link_slalus_[HCD|=READY) «
link_lail _irihibél_lmer_done) +
incompalible link = ine

lirk_slalus_[HC D=0

|us_[HCDH=FAIL



The starting point

of the Auto-Negotiation sequence. The
device is sending out FLP’s, advertising
that it is a ANEG device, as well as what

abilities it has.

Link_Status_Check (Parallel detection)
Acknowledge Detect (ANEG)

Ability_Match=True __ ACKNOWLEDGE DETECT

> fransmil_ability = trus

. . . _The Transmil_ack = frue
device has received 3 identical me_Ip_autoneg._able < frus

FLP’s, ignoring the ACK bit. link_control_[all] < DISABLE

The device has not received 3
identical FLP’s, ignoring the
ACK bit.



The device TRAMSMIT DISABLE

has received 3 identical FLP’s f:,ir_tnbﬂmﬁ'_l['::l{mr 4

DISABLE

tramsmt_disable « frue
Transmit_Disable (some sort of ANEG me_page_t: <= kalag

mr_aulonag complels < falkss
error) me_next_page_loaded < false
Complete Acknowledge (ANEG
“Handshake)

Ability_Match=True (Ability_Match=True and
» Consistency_Match=False)
G P_Receive_ldle
R

Indicates that the FLP’s currently
being received are the same as the
original FLP’s that where received.

Indicates that the FLP’s currently
being received are not the same as
the original FLP’s that where

received.

The
device is receiving an idle
stream (100mb Idle, 10mb link
pulses) instead of FLP’s




Something
“wrong” has happened - break link and

try again.

Ability Detect (restart auto-negotiation)

Ability_Match=True

Time »

that the device waits before re-

attempting auto-negotiation.

The device has received 3
additional identical FLP’s with
their ACK bit set.

The device did not receive 3
additional identical FLP’s with
their ACK bit set.

Break_Link_Timer=Done

(Ability_Match=True and
Consistency_Match=False)
or FLP_Receive_ldle

Consistency_Match=True

COMPLETE ACKNOWLEDHGE

complete_ack = fnue togegle_r e rx_link_code_word[13]
transmit_akility < frue togghe_ix = Noggle_bx
Transmil_ack = lruea mr_page_rs « true

IFibasa_pages = lrus
rx_link_code_ward[MF] = 1)
THEM mir_Ip_np_able = true
IFibasa_pages = lrus
tx_link_code_word[NF] = 1)
THEM desire_np < frue




Point

where either Next Page information is
exchanged, or more FLP’s are
exchanged before continuing

FLP Link Good Check - choose HCD
link, and then validate it

Next Page Wait - Next Page Stuff

Ability_Match=True

Break_Link_Timer=Done

The device has
successfully received 6 to 8 more identical
FLP’s. This count is stored in the
Remaining_Ack_Count variable.

The device has
not received, since entering the Complete
Acknowledge State, 6 to 8 identical
FLP’s.

>

(Ability_Match=True and
Consistency_Match=False)
or FLP_Receive_ldle

ck_Finished=True

FLFP LIMK GOOD CHECK

link_coniral [nodHCD) =
DISABLE

limk_cantred_[HEGD]
ENABLE

flp_link_good <« frue
start link_fail_inhibit_timer



The

device enables the Highest Common
Denominator Technology, and waits to
ensure that it gets a good link.

FLP Link Good - Successfully complete
the Auto-Negotiation process with the
HCD link.

Transmit Disable - HCD link was not
successful - break link and try again.

Ability_Match=True

Break_Link_Timer=Done

TRAMEMIT DISABLE

Start bresak_link_timer
link_contrel_[all] — *
DISABLE

tramsmit_disalble — true
mr_page_rx < falas
mr_aulonag complels < falkss
me_next_page_loaded « false

The “Best” link that the two
devices can have. This is chosen using a
standard algorithm and the data
transmitted in the FLP’s.

The
Highest Common Denominator link has
been correctly established with the other
device.

The
Highest Common Denominator link has
not been correctly established with the
other device.

The time
in which the device attempts to establish a
valid link. If this timer expires, it means

that the device does not yet have a valid
link, and goes to the Transmit Disable
state.

>

(Ability_Match=True and
Consistency_Match=False)
or FLP_Receive_ldle

Ack ginished=True

Link_Status[HCD]=Fail or
ink_Status[HCD]=0K) and

Link_Fail_Inhibit_Timer=Done




Break_Link_Timer=Done 4

Ability_Match=True (Ability_Match=True and
» Consistency_Match=False)
or FLP_Receive_ldle

Indicates
that the device has successfully created
the HCD link, and that the
Link_Fail_Inhibit_Timer has not expired.

Ack_Finished=True

FLF LINK GOOD (Link_Status[HCD]=Fail or
Link_StatusfHCD]=0OK) and
Link_Status|[HCD]=0OK Link_Fail_Inhibit_Timer=Done

flp_link_good «= frua

mr_auioneg_complete < frue




The device has
successfully completed auto-negotiation.

Transmit Disable - HCD link has been
broken, restart the auto-negotiation
process.

The device
has lost its currently established link, so it

break links, and restarts the Auto-
Negotiation process.

Break_Link_Timer=Done

TRAMSMIT DISABLE

Start break_link_timer
link_contrel_[all] — *
DISABLE

tramsmt_disable « frue
mr_page_rx < falas
mr_aulonag complels < falkss
mr_next_page_loaded < false

Ability_Match=True

>

(Ability_Match=True and
Consistency_Match=False)
or FLP_Receive_ldle

Ack_Finished=True

Link_StatusfHCD]=OK

(Link_Status[HCD]=Fail or
Link_StatusfHCD]=0OK) and
Link_Fail_Inhibit_Timer=Done

Link “Status[HCD]=Fail



Parallel Detection

e What if Dave understood the first note he got
back?
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The full ANEG T
e u Iransmil_ability = frue tx_link_code_ward[16:1] =

| mr_lo_avtorieq able e lase  me_adve_abilily[18:1)
= = fink_cantral_[PL] = mr_page re e lalse
arbitration state SO Chnen 512 e
ol ke - mr_lp_ng_able s Faka
mir_adv_ahility]12] ack_finished = lalse TRANSMIT HSABLE

abilily_malch s talse dhesire_ng = false Slar! break_link_timer

D i ag ram acknowledge_match s lulsrl:un:isbcll'q_rnn'lull = lalse link_gonlrel_[all] +

break_link_limer_done | HSABLE
Sransmil_disakks = {rus
UCT Tr_papge e [l
mr_aulireg comglels s talse o+
abiily_match=irue mr_riesxt_page_loaded = ek

F 3

ACKMOWLEDGE DETECT

PARALLEL DETECTION FALLT tranamil_abilily = lrus
transmil_ack += tnug

(acknowledpes_malchslrue =

mir_parallel _delectian_faull = trus eansisbency_match=lalss) +

lirk_contral_[&l] = DISABLE mr_lp_auloneg_able e rue Ap_receive_idkes=lrus
ry link_slatus_|[Td|=FEADY + fink_contral_[all] = QISABLE
link_slatus_[TX]=AEADY + -
link_slatus_[MLPj=READY acknowledge_matchsirue
“uurlsislrﬂl.'y_n'ull:h-'ln.n:
' ) L
single_ink,_ready=ists ey — COMPLETE ACKNOWLEDGE
Starl autoreg_wail_limer comglete_ack - inie ferggle_rx o= r_lirk_code_weed[12)
Iramsmil_disable e e transomil_abiily o= irue tfopgle_ta = Hoggle_tx
ransmil_ack = rue FIF_[AE 1R e lrue
povET_arsinie + IFibase_pags = frue = fp_re == rx_link_sode_wardMP)
mr_rmain_reselsiroe + - " r_link_code_word[NP) = 1
et _reppalialionednis + single_link_raadys=lrue « _link_gode_wordNP) = 1)
autoreg wail_limer_done THEN rr_lp_ng_abie & true
rir_auforeq enables s - IF{base_page = fne =
= _link_oode_ward[ME] = 1)
THEM desires_ng = true
AUTO-NEGOTIATION ENABLE
[ack_finishedelrie «
mr_page_rx &= false (mr_np_able=lalse + ack_linizhed=tnue =
irr_a et = lalse dagirg_np=faise + mr_np_ablesbue
mr_paralel_debeclion_taull - [alse mr_lp_ng_ablestalss)) + tasina_npsirue
[ack_finishedslrue = mr_lp_np_ablesirue «
mr_np_ablesinue = rnr_next_papgelasded=rus «
mr_lp_np_ablesirue « [{be_link_sode_ward[MP|=1) +
mr_autaneg enatlesirue Lu_link_code_word[NP)=Q = (rp_rx=1j]
ng_ru=0]
L F |_____1F'________I
FLP LINK GO0D FLF LiNg G000 CHECEK | MEXT PAGE WAIT I
) lirk_control_[notHCD] «= I | ransmil_abilily s frue
Np_link_good = fruse HSABLE | rbn;_page_r.-. -hldajsc ahility_matchsirue =
mir_auloneg somplels e iree . S8 _page = [alse . .
=g_compl lintk_srilrad_[HCD] += U | be_link_ssce_werd[16:3] « me_np_ta[16:13] | o
EMABLE U es_tinke _ward[12] == taggle._Lx abilty _match_ward]12]p=1)
Np_link_good = true | [ tink_code_wmard{11:1] «= mr_ng_tx[11:1] |
tart firk_tail_inkitil_timer | [k finshed v ke »
mr_resl_page_loaded - ki I g _recsive_idlesius
I_ __ Ogplicnal imglementation |
{ilirik_stalus_[HCDJ=FAIL +
. u link_slalus_ [HCD|=READY ) =
link_stzies_[HOD}=CHE link_lail_irthibit_imer_done] +
incampalible_link = tnae o
lirik_stalus_[HCDj=FAIL :
.
L




'he full ANEG S
Iransmil_abilily = e Ex_linik_ _ward[16:1] =
mr_lp_autorien able e lalse  me_ade ability[18:1)
= = firk_cantral_[PD] = Mr_page s = falge

arbitration state SRk B L

logle_Ex = mi_lp_ng_able &= fakoe

mi_adv_ahility]12) ack_finished « lalse TRAMSMIT HSABLE
- abilily_mateh + lalse desire_ng = talse Start breal_linh_timer
D I ag ral I l arknowlsdge_match s lalse Consistency_malch = lalse lirk_cemlred_{al] +=
break_link_limer_done | HSABLE

fransmil_disakke s lrus
FIr_[age e e false
ror_aubaneg comghebe = talse
mr_rexl_pape_loaded e Gk

ANEG - the -
Parallel
Detection
way

abiily_mabch=lrue

F 3

PARALLEL DETECTION FALLT

(acknowledge_malchstrue =
cansisbency_match=lalsa) +
Ap_receive_idlesiroe

rir_parallel_delection_laull = true
lirk_gontral_[al] «= DISABLE

link_slatus_[T4]=READY +
link_slatus_|TH]=READY +
link_slatus_[NLP|=sREADY

consislency_malch=ine

singhe_link_ready=iakos

LINKE STATUS CHECK

Starl autoneg wail_limer
Iransmil_fisalle = lroe

powWET_gnsinie +
Fr_ain_resa lsirue +
mr_restarl_nepalialicn=iue +

mr_autoneg enatbeslalss

)

AUTO-MNEGOTIATION EMABLE

sngle_link_readys=irs =
autanen wail_limer_done

fack_finisheds=true =
Seave rpmtise s
mir_lp_np_ables=ialse]) «
(ack_finishedsire =
mr_np_ablestnue =
mr_lp_np_ableslrue =
Ix_lnk_code_word|[MP)=(d =
rg_rasl)

mr_page_rx «= falsse
mr_autanen camplets s lalse
mr_paralel_deteclion _taul e e

ack_linishad=ine =
mr_np_ablestue =
dasire_npsine =
mir_lp_rip_ahlasire
mr_nexd_page_loaded=irue «
({k=_link_sode_ward[NP|=1) +
rp_resj]

rr_autoneg_enableslrus

FLP LINE GODD FLP LiNg GOOD CHECE
. link_control_[notHCD) s=
Np_link_goad = frue NS ABLE
mir_auloneg_oom plele s (rue firtk_soniral_[HED] o=
EMABLE ity _match_ward]1 2] =1

Np_link_good = rue
=4ark bk _Lail_inbibil_limer

ip_reosive_idlesiriie

(flirnk_stalus_[HCD=FAIL +
link_slalus_[HCD|=READY) «
link_Tail_irhibii_Bmes_donej +
imcampalible_link = tnae

lirki_slalus_[HCD)=0K

firk_sbalus_[HCD)=FAIL




The device
currently senses idle from a 100base-T4, Link_Status[T4]=Ready or
non Auto-Negotiating device that is Link_Status[TX]=Ready or
attached to it. AWLink Status|NLP]=Ready

The device
currently senses idle from a 100base-X,
non Auto-Negotiating device that is LINK STATUS CHECK

attached to it. Start auioneg_wait_timer
fransmil_disable « trus

The
device currently senses link test pulse

from a 10base-X, non Auto-Negotiating
device is attached to it. Auto-negotiating
devices are not allowed to link off of Data,
only off of link pulses.



The device has

detected idle from a non-autoneg device
attached to it, and is checking to make
sure that it can establish a valid link.

Parallel Detection Fault - The device has
encountered a problem in the parallel
detection process, and is going to restart
auto-negotiation.

FLP Link Good Check - Enable link
control for the Highest Common
Denominator link, and then make sure
that the link is valid.

Link_Status[T4]=Ready or
Link_Status[TX]=Ready or
Link_Status[NLP]=Ready

PARALLEL DETECTION FALLT

mr_parallel_delection_fault <= frue
Single_Link_Ready=False link_caniral_[all] = DISABLE

The device has determined that it doesn’t
have a single valid link. This could be

because it isn’t receiving idle, or it is
receiving multiple types of idle.




Link_Status[T4]=Ready or
Link_Status[TX]=Ready or
Link_Status[NLP]=Ready

Single_Link_Ready=False

Once the device has determined that
Single_Link_Ready=False, it
immediately disables all link(s) it may
have, and then unconditionally goes back
to the Ability Detect State.

Unconditional
Transition




Link_Status[T4]=Ready or
Link_Status[TX]=Ready or
Link_Status[NLP]=Ready

Single_Link_Ready=False

Autoneg_Wait_Timer_Done

The
device is receiving one type of idle that it
supports (Usually a 10mbs or 100mbs)

Single_Link_Ready=True and

v

FLFP LIMK GOOD CHECK

link_coniral [nodHCD) =

DISABLE
The limk_cantred_[HEGD]
. . — EMABLE
device has waited the requisite time to o i
i X ) p_link_good < true
validate the link that it has parallel

detected, and is now going enable that
link.

start link_fail_inhibit_timer

Unconditional
Transition




The

device enables the Highest Common
Denominator Technology, and waits to
ensure that it gets a good link.

FLP Link Good - Successfully complete
the Auto-Negotiation process with the
HCD link.

Transmit Disable - HCD link was not
successful - break link and try again.

Indicates
that the device has successfully created
the HCD link, and that the
Link_Fail_Inhibit_Timer has not expired.

FLP LIMK GOOD

flp_link_good «= frua
mr_suioneg_complete « frue

Link_Status[T4]=Ready or
Link_Status[TX]=Ready or
Link_Status[NLP]=Ready

Single_Link_Ready=False

Single_Link_Ready=True and
Autoneg_Wait_Timer_Done

Link_Status][HCD]=OK

Unconditional
Transition




The device has
successfully completed auto-negotiation.

Transmit Disable - HCD link has been
broken, restart the auto-negotiation
process.

TRAMSMIT DISABLE

Start braak_link_timer
link_contrel_[all] —

DISABLE

tramsmit_disakle o true
mr_page_rx < falas
mr_aulonag complels < falkss
mr_next_page_loaded « false

Link_Status[HCD]:Fant*:

Link_Status[T4]=Ready or
Link_Status[TX]=Ready or
Link_Status[NLP]=Ready

Unconditional
Transition

Single_Link_Ready=False

Single_Link_Ready=True and
Autoneg_Wait_Timer_Done

Link_Statusf[HCD]=OK

Negotiation process.

The device
has lost its currently established link, so it

break links, and restarts the Auto-




The link that
we’ve established is no longer valid -

stop transmitting, break that link, and
restart auto-negotiation.

Ability Detect (restart auto-negotiation)

Link_Status[T4]=Ready or
Link_Status[TX]=Ready or
Link_Status[NLP]=Ready

Break_Link_Timer=Done

A
Link_Status[HCD]=Fail

Single_Link_Ready=True and
Autoneg_Wait_Timer_Done

Link_Statusf[HCD]=OK

Unconditional
Transition

>
Single_Link_Ready=False




More than just language

e What if a piece of bark wasn’t enough space?
(Dave is quite the linguist)
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The full ANEG T
e u Iransmil_ability = frue tx_link_code_ward[16:1] =

| mr_lo_avtorieq able e lase  me_adve_abilily[18:1)
= = fink_cantral_[PL] = mr_page re e lalse
arbitration state SO Chnen 512 e
ol ke - mr_lp_ng_able s Faka
mir_adv_ahility]12] ack_finished = lalse TRANSMIT HSABLE

abilily_malch s talse dhesire_ng = false Slar! break_link_timer

D i ag ram acknowledge_match s lulsrl:un:isbcll'q_rnn'lull = lalse link_gonlrel_[all] +

break_link_limer_done | HSABLE
Sransmil_disakks = {rus
UCT Tr_papge e [l
mr_aulireg comglels s talse o+
abiily_match=irue mr_riesxt_page_loaded = ek

F 3

ACKMOWLEDGE DETECT

PARALLEL DETECTION FALLT tranamil_abilily = lrus
transmil_ack += tnug

(acknowledpes_malchslrue =

mir_parallel _delectian_faull = trus eansisbency_match=lalss) +

lirk_contral_[&l] = DISABLE mr_lp_auloneg_able e rue Ap_receive_idkes=lrus
ry link_slatus_|[Td|=FEADY + fink_contral_[all] = QISABLE
link_slatus_[TX]=AEADY + -
link_slatus_[MLPj=READY acknowledge_matchsirue
“uurlsislrﬂl.'y_n'ull:h-'ln.n:
' ) L
single_ink,_ready=ists ey — COMPLETE ACKNOWLEDGE
Starl autoreg_wail_limer comglete_ack - inie ferggle_rx o= r_lirk_code_weed[12)
Iramsmil_disable e e transomil_abiily o= irue tfopgle_ta = Hoggle_tx
ransmil_ack = rue FIF_[AE 1R e lrue
povET_arsinie + IFibase_pags = frue = fp_re == rx_link_sode_wardMP)
mr_rmain_reselsiroe + - " r_link_code_word[NP) = 1
et _reppalialionednis + single_link_raadys=lrue « _link_gode_wordNP) = 1)
autoreg wail_limer_done THEN rr_lp_ng_abie & true
rir_auforeq enables s - IF{base_page = fne =
= _link_oode_ward[ME] = 1)
THEM desires_ng = true
AUTO-NEGOTIATION ENABLE
[ack_finishedelrie «
mr_page_rx &= false (mr_np_able=lalse + ack_linizhed=tnue =
irr_a et = lalse dagirg_np=faise + mr_np_ablesbue
mr_paralel_debeclion_taull - [alse mr_lp_ng_ablestalss)) + tasina_npsirue
[ack_finishedslrue = mr_lp_np_ablesirue «
mr_np_ablesinue = rnr_next_papgelasded=rus «
mr_lp_np_ablesirue « [{be_link_sode_ward[MP|=1) +
mr_autaneg enatlesirue Lu_link_code_word[NP)=Q = (rp_rx=1j]
ng_ru=0]
L F |_____1F'________I
FLP LINK GO0D FLF LiNg G000 CHECEK | MEXT PAGE WAIT I
) lirk_control_[notHCD] «= I | ransmil_abilily s frue
Np_link_good = fruse HSABLE | rbn;_page_r.-. -hldajsc ahility_matchsirue =
mir_auloneg somplels e iree . S8 _page = [alse . .
=g_compl lintk_srilrad_[HCD] += U | be_link_ssce_werd[16:3] « me_np_ta[16:13] | o
EMABLE U es_tinke _ward[12] == taggle._Lx abilty _match_ward]12]p=1)
Np_link_good = true | [ tink_code_wmard{11:1] «= mr_ng_tx[11:1] |
tart firk_tail_inkitil_timer | [k finshed v ke »
mr_resl_page_loaded - ki I g _recsive_idlesius
I_ __ Ogplicnal imglementation |
{ilirik_stalus_[HCDJ=FAIL +
. u link_slalus_ [HCD|=READY ) =
link_stzies_[HOD}=CHE link_lail_irthibit_imer_done] +
incampalible_link = tnae o
lirik_stalus_[HCDj=FAIL :
.
L




The full ANEG
arbitration state
Diagram
ANEG the
Next Page

way

ABILITY DETECT

L 4

Irarsmil_abilily = rue
mr_lip_autoreg_able s alse  mr_adv_abilily[18:1)
Mr_page_ s b= lalse
basea_page s= (ree
mr_lp_ng_able s fakoe
ack_finished = lalse
desire_ng = lalse

irk_cantnal_[PD] «=
SCAN_FOR_CARRIER
logple_bx
rr_ady_ability]12)
abiily_match = lalse
acknowledge_match = lalge consislency_match += lalse

tx_link_oode_ward[16:1] =

TRANSMIT ISABLE

ucT

singla_link_ready=kalos

o _an=ine +
F_main_resals=irue +
mir_restart_negalialionsine +
mr_autonen enableslalss

)

AUTO-NEGOTIATION EMABLE

mr_page_rx = false
mr_autoneg_camplede = lalse
mr_paralel_debaclion_taul - [akse

link_slatus_|T4]=READY +
link_slatus_|[TH]=READY +
link_slatus_[MLP|=READY

single_link_readys=irus =
Autareg_wail_limer_done

rr_autaneg enatlesrue

FLP LINE GC00D

Np_link _good == rue

mir_auloneyg_complele e lroe

link_stalus_[HCD=FAIL

rg_ras=ll)

billily_malch=irue

toreank_link_limer_done | MSABLE

mr_reesxl_pa

Slar! break_link_tener
link_conirol_jal] «=

Sransmil_disakle = lrus
IIr_page s b= lalse
rr_subanen_comphsbe = false

fpe_loaded e fakoe

ACKMOAWLEDGE DETECT

transmil_abilily += frue
ransmil_sck = fnus

mr_lp_auloneg_able s rue
link_cantral_[all] «= HSABLE

|=

ackriowledge_mats helus =
sonsislency_malchsine

COMPLETE ACKNOWLEDGE

comglete_ack s= tnue
tranarmil_abiily s= Irue
ransmil_sck = frus
IF{base_page = frue =
ra_link_code_wordNP] = 1)
THEM rr_lp_np_able s= tne
IF{base_page = frue =
tx_link _code_ward[MP] = 1)
THEM desire_ngr s= true

taggle_lx = Nogaks_lx
I Fx e ik

toggle_rx e= rx_link_code_word|12]

np_rx = rx_link_code_woerdNP)

[ack_finishadstrus =

e asse +
mr_lp_ng_ablestalss)) «
[ack_finishadslrue =
mir_ng_ablesiue =
mr_lp_np_atlesirus =
Ix_link_code_word|[MP=0 =

ack_linishad=inie =
mir_np_ablesirue =
dhegina_rpelre =
mr_lp_np_ahlssirue o
mr_next_page_loadedsirue «
({_link_code_ward[MP]=1] +
[Mp_rxs=1]}

FLP Likg GOO0D CHECEK

lirnk_gontrol_[notHCD] =
HSABLE

link_cariral _[HCD] &=
EMABLE

Np_link_goad = rue
wtart Erk_tail_inkibil_limer

lirk_slalus_[HCD]=CH

MEXT PAGE WAIT

ransmil_abilily = lrue

Mr_page_ s b= lalse

base_page &= [ale
Ix_link_code_ward[16:13] s= mr_np_lx[16:13]
Ix_link_code_ward[12] = opgle_Ix
b_liuk_-:mde-_wnd[h A = mr_ng_tx]11:1)
ack_finshed « lalse

mr_riexl_page_loaded e faksa

— _ Oplional inglementation

{lirk_stalus_[HCDj=FAIL +

link_slalus_[HCD|=READY) «
link_lail_irhibil_Bmer_done) +
incampalible link = ine

ability_rmatchslrue =
{(loggle_rx »
ability _match_word]12]p=1]

|
[ Hip_receive_idlesiue




Consistency_Match=True

This device and the
device it is attached to desire Next_page
exchange

Desire_NP=True &
Mr_np_able=True s
This device Mr_lp__np_able:Tru
has its next page data bit set (TX_link_code[NP]= i

RX_link_code[NP]=1) This device is Next-
Page capable

The device
that this device is attached to has its next NEXT FARE WAIT
transmit_abllity «= true

age data bit set
- Efiﬂﬁ.?gf :1:.?;? The device that is

e lifk_codo_word] 16:13] e= mr_np_ta{16:13] currently attached to this one is Next-Page
tx_link_cade_ward]12] < lcggle_bx capable
tx_link_code_word 11:1] <= mr_np_txf11;1]

ack_tinishad & false
mr_next_page_loaded <« false




Both devices are

aware that they are Next-Page able, and
this device will now start sending its
next page, toggling the toggle bit. The
device will wait in this state until the
Toggle RX value changes.

Transmit Disable: An error occurred
during Next-Page exchange, break link
and restart Auto-Negotiation

Acknowledge Detect: We received a
Next-Page FLP with the toggle bit
correctly set.

Desire_NP=True and
Mr_np_able=True and
Mr_Ip_np_able=True and
(TX_link_code[NP]=1 or
RX_link_code[NP]=1)

Consistency_Match=True

ACKNOWLEDGE DETECT

fransmil_ability = trua
Transmil_ack <= lrug

T

mr_lp_autoneg_able < frue
link_conirol_[all] <« DISABLE

The
oggle_RX bit has changed

from the previous value that
was revieved

Toggle RX !=previous Toggle RX

FLP_Receive_ldle=True

The
device is receiving an idle

stream (100mb Idle, 10mb link
pulses) instead of FLP’s




Ack_Finished=True and
(TX_link_code[NP]=0 and
RX_link_code[NP]=0)

v

FLFP LIMK GOOD CHECK

link_coniral [nodHCD) =
DISABLE

limk_cantred_[HEGD]
ENABLE

flp_link_good <« frue
start link_fail_inhibi_timer

Consistency_Match=True

Desire_NP=True and
Mr_np_able=True and
Mr_Ip_np_able=True and
(TX_link_code[NP]=1 or
RX_link_code[NP]=1)

Toggle RX !=previous Toggle RX

FLP_Receive_ldle=True

Neither device has anymore
Next-Page information to
exchange.




<
—
Ack_Finished=True and
(TX_link_code[NP]=0 and
RX_link_code[NP]=0)
Consistency_Match=True

Desire_NP=True and
Mr_np_able=True and
Mr_Ip_np_able=True and
(TX_link_code[NP]=1 or
RX_link_code[NP]=1)

Link_Statusf[HCD]=OK

Link_Status[HCD]=Fail

Toggle RX !=previous Toggle RX
FLP_Receive_ldle=True




What can go wrong?

e Some common Auto-Negotiation Problems.
— Incompatible Speeds
— Manual Configurations
— Bad management
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In Summary

e Auto-Negotiation allows devices to link together
without the user at the best possible operational
mode by exchanging management information

e Uses 10Base-T compatible signaling (for legacy
support)

e Uses a series of Pages, which allows for an
unlimited amount of information to be
exchanged.

e Almost never gets the wrong link.
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Additional resources

e Internetworking with TCP/IP - 4th Ed., Douglas E. Comer

e |EEE 802.3 Clauses 28 & 40

e Anyone who tests Auto-Negotiation at the Lab

UNIVERSITY of NEW HAMPSHIRE Clause 28 & 40 Auto-Negotiation
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http://www.reference.unh.edu/bib.html
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