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About this Guide

Congratulations on your purchase of the Xgig Maestro software which, depending on the licenses
you obtain, includes Xgig BERT, Xgig Jammer, Xgig Generator, Xgig Target Emulator, Delay
Emulator, and Xgig Load Tester.

Who Should Read this Guide

This guide is intended for networking professionalsin research and development who need to
monitor and test network performance. It is assumed that users of this guide have an engineering
background.

What this Guide Contains

This guide is organized into seven chapters. The chapters contain the following information:

Chapter 1, “Introducing the Xgig BERT"” provides a description of the Xgig BERT features
included since the last release Xgig Maestro.

Chapter 2, “Using the BERT Tab",” describes the Xgig BERT function tab interface and provides
proceduresto useit.

Chapter 3, “Configuring BERT Settings"” provides procedures and descriptions of the options for
setting up a BERT pattern.

Chapter 4, “Configuring Latency Settings"” provides procedures and descriptions of the options
for setting up latency measurements.

Chapter 5, “Using the Latency Tab"” provides procedures and descriptions of the options for
running your latency measurement.



Preface

Conventions

Chapter 6, “Bit Error Rate Testing on a Fibre Channel RAID Application Note"” describes how to
use the Xgig BERT to test a Fibre Channel RAID.

Chapter 7, “Xgig BERT Troubleshooting Tips' contains possible problems that you might
encounter and provides solutions.

Appendix A, “Fibre Channel Ordered Sets - Partial List” contains some of the Ordered Set values
that are used in this application.

Appendix B, “8-Bit/10-Bit Mapping” contains three tables: oneislegal 8-bit/10-bit characters
sorted by 10-bit value; the second is 10-bit values with no 8-bit mapping sorted by 10-bit value;
the third islegal 10-bit values sorted by K/D code.

Appendix C, “Fibre Channel Legal Arbitrated Loop Physical Addresses’ contains translation
tables.

Appendix D, “Gigabit Ethernet Ordered Sets - Partial List” contains atable of these values.

Conventions

The following conventions are used in this guide.

Message Formats

This guide uses the following format to highlight special messages:

Note: Thisformat is used to highlight information of importance or special interest.

Caution: Thisformat is used to highlight information that will help you prevent equipment
failure or loss of data.

Typographical Conventions

This guide uses the following typographical conventions:

bold sans serif Commands

italics Directory names, book titles, named key, for example the Enter key

courier font Screen text, user-typed command-line entries

Technical Assistance

If you require technical assistance, call 1-844-GO-VIAVI (1-844-468-4284) or
e-mail Techsupport-snt@viavisolutions.com.

For the latest TAC information, go to
http://www.viavisol utions.com/en/services-and-support/support/techni cal -assi stance.
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Chapter 1
Introducing the Xgig BERT

In this chapter:

» Xgig BERT Features
* Xgig BERT Operation



Introducing the Xgig BERT Xgig BERT Features

This chapter describes the Xgig BERT (Bit Error Rate Tester) and how to useit to test gigabit
serial devices.

The Xgig BERT allows you to:

Test using bit error rate testing at 1.0625, 1.2500, 1.5000, 2.1250, 2.5000, 3.0000, 4.2500 and
8.5000 gigabit per second rates

Verify physical layer components
Send legal or illegal 8-bit and 10-bit patterns

Measure latency

You can use Xgig BERT with Viavi test instruments; for example, it can be combined with the
Xgig Analyzer to get more meaningful test results.

Xgig BERT Features

BERT is part of the Xgig Family of instruments. Xgig BERT has the following features:

Up to 8.5000 gigabits per second (Gbps) Fibre Channel capability

Xgig Maestro control window handles discovery and port set up for Xgig BERT
Ability to control portsin aremote Xgig Chassis

Ability to control multiple BERT ports at atime with one application

Ability to share triggers with other devicesin the same domain

Improved status LEDs

Three LEDs on the Xgig Maestro window provide status. Similar LEDs are a so located on the
front of the Xgig blades:

— The Signal LED isaliveindicator of Loss of Signal and Loss of Synchronization

— The LOS LED provides latched information about L oss of Synchronization during a test
— The Mismatches LED provides latched information about mismatches during atest
Compare Zone can contain up to 4096 words

Supports Fibre Channel Class 4 Ordered Sets

Improved logging features

New Features

No new features have been released in this version of Xgig BERT.

Xgig BERT Operation

This section describes how patterns are transmitted to assist you in understanding how Xgig BERT
operates.

Xgig BERT User Guide



Xgig BERT Operation Introducing the Xgig BERT

If you want to create your own patterns to run, rather than use the patterns that are provided with
the application, you use the BERT Configuration window.

Opening the BERT Configuration Window

If you want to create a configuration without assigning ports, on the main window menu bar go to:

File > New BERT Configuration > Bit error rate testing > Fibre Channel (Gigabit Ethernet)

To open this window with hardware assigned to the BERT:

1 Onthe Port Selection and Domain Setup window, discover the chassis and use ports as
BERTSs. Refer to the Maestro Introduction Guide for details about how to do this.

2 Returnto the Xgig Maestro main window and click on a device on the BERT tab.
3 Click the Config button.

The BERT Configuration window is displayed. From this window you can create your own
patterns. Refer to “ Using the BERT Configuration Window” on page 46 for additional
information about how to configure the BERT.

The Xgig BERT Pattern

When you look at the right side of the BERT Configuration window in its default form, you seethe
Pattern Definition window, divided into three sections (Figure 1). Thisis representative of what
Xgig BERT sends.

Figure 1: Pattern Definition Window

=101
| I Pattern Definition
I [¥ Hardware Sync. Word [ 128k )
|§J [ 128k LR | | ¥ 28.5 D249 DxBF D249 | ]
Re-Synchronize [BA1024]
Idle K 28.5 0x95 0OxES OxEES gh "ﬂ
Idle E 25.5 Ox95 OxBS OxES gb| *
Idle E 25.5 Ox95 OxBS OxES gb| *
Idle E 25.5 Ox95 OxBS OxES gb| *
B taa ¥ 78 & MwdE NwRE MwRE fh vﬂ
Compare [10,/4038]
Sod SOFL3 K 25.5 OxES Ox56 OxS56 Sh|
Oy Ay Data Word 0x00 0x00 0x00 0x00 Sh|
"ul Placeholder PH,
"ul Placeholder PH,
"ul Placeholder PH,
"ul Placeholder PH,
"ul Placeholder PH,
"ul Placeholder PH,
Skl dutomatic CRC Insertim Fiq
EOFt- K 25.5 0x95 0x75 Ox75 Sh|

When stopped, a user-definable word is sent repeatedly. You set thisword in the When stopped
send... box.
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Introducing the Xgig BERT Xgig BERT Operation

When you click Start on the BERT tab on the Xgig Maestro window, the following sequence
occurs:

*  Send 128k Hardware Sync Words to align the receiver (if enabled)
*  Send the words in the Re-Synchronize (Re-Sync) Zone (if Re-Sync Mode is on)
»  Send the words in the Compare Zone

» Loop from the bottom to the Re-Sync Zone again (or to the top of the Compare Zone if
Re-sync Mode is off)

» Continueto loop until a stop condition is met.

Refer to “Pattern” on page 52 for more information about BERT patterns.

Patterns Sent and Received by Xgig BERT

Patterns are assembled and sent as 40-bit words. Often, those 40 bits represent four characters,
symbols, or bytes as represented in 8-bit and 10-bit encoding. This device uses the Fibre Channel
mapping of on-screen data to the wire. The data mapping islisted in Table 1.

Table 1: Fibre Channel On-Screen Data Mapping

Most Significant
Character

Less Significant
Character

Less Significant
Character

Least Significant
Character

Bits 76543210

7,6,54,3,2,1,0

7,6,54,3,2,1,0

1,011,1100K

Bits HGFEDCBA Z

H,GFED,C,BAZ

H,GFEDCBAZ

H,GFEDC,BAZ

8b to K/D Transform

ZEDCBA HGF

ZEDCBA HGF

ZEDCBA HGF

K11100 101

KC)()

KC ()

KC ()

K(28).(5)

K/D to 10b Transform (Note that “a” is transmitted first)

abcdeifghj

| abcdeifghj

| abcdeifghj

\0011111010

The least significant column in Table 1 shows an example of the 0xBC and a control flag
converted into the well-known K28.5 “comma’ character in a 10-bit space.

Most characters are data characters and can be represented in the form “Dx.y.” Thereisasmall set

of characters called control characters that are represented as “Kx.y.”

Note: Some blades give the option of enabling Fibre Channel Frame Scrambling, whichis
part of the Fibre Channel Specification for 8 Gbps. With scrambling enabled, all Fibre
Channel BERT payload words are scrambled in 8-bit form and then encoded to 10-bit form,
which means that the bits on the wire do not directly map to the 8-bit charactersin the

Configuration window.

Xgig BERT User Guide



Xgig BERT Operation Introducing the Xgig BERT

8-Bit/10-Bit Encoding And Running Disparity

The 8-bit/10-bit encoding method is used to maintain DC balance in the cable by having nearly
equal 1sand Os, as well as having a transition-rich environment for maintaining a clock recovery
phase locked loop. Only 10-bit characters that have 4, 5, or 6 ones present are legally used. In
general, if acharacter has 6 ones the next non- 5 ones and 5 zeros character will have 4 ones. Most
bytes have two possible 10-bit encodes whose usage depends on the running disparity left by the
previous symbol. Refer to Appendix B, “8-Bit/10-Bit Mapping” for alist of 8-bit/10-bit
characters.

Running disparity for a transmission character is calculated on the basis of sub-blocks, where the
first 6 bits (abcdei) form one sub-block (6-bit sub-block) and the second 4 bits (fghj) form the
other sub-block (4-bit sub-block). The running disparity at the beginning of the 6-bit sub-block is
the running disparity at the end of the last transmission character. The running disparity at the
beginning of the 4-hit sub-block isthe running disparity at the end of the 6-bit sub-block. Running
disparity at the end of the transmission character is the running disparity at the end of the 4-hit
sub-block. Running disparity for the sub-blocksis calculated as follows:

* Running disparity at the end of any sub-block is positive if the sub-block contains more ones
than zeros. It is aso positive at the end of the 6-bit sub-block if the 6-bit sub-block is 000111,
and it is positive at the end of the 4-bit sub-block if the 4-bit sub-block is 0011.

* Running disparity at the end of any sub-block is negative if the sub-block contains more zeros
than ones. It is also negative at the end of the 6-bit sub-block if the 6-bit sub-block is 111000,
and it is negative at the end of the 4-bit sub-block if the 4-bit sub-block is 1100.

*  Otherwise, running disparity at the end of the sub-block is the same as at the beginning of the
sub-block.

Note: All sub-blockswith equal numbers of zeros and ones are disparity neutral. In order to
= limit therun length of Os or 1s between sub-blocks, the 8-bit /10-bit transmission code rules
specify that sub-blocks encoded as 000111 or 0011 are generated only when the running
disparity at the beginning of the sub-block is positive. Running disparity at the end of these
sub-blocksis also positive. Likewise, sub-blocks containing 111000 or 1100 are generated
only when the running disparity at the beginning of the sub-block is negative. Running
disparity at the end of these sub-blocksis also negative.

Fibre Channel Ordered Sets

Fibre Channel utilizes specia words beginning with K28.5 followed by three bytes. These are
called Ordered Sets. Refer to Appendix A, “Fibre Channel Ordered Sets - Partial List.”

Legal (Neutral Disparity) Arbitrated Loop Physical Addresses

Fibre Channel has a separate specification for Arbitrated Loop. This specification allows up to 126
devicesto be placed in aloop and communicate directly with each other. These devices have
disparity-neutral addresses rather than the three byte addresses normally used by switched
networks. Not all characters can be used asalLoop ID vaue. Thereis a specific list of characters
that are disparity-neutral. Some of these characters are mapped the same regardless of running
disparity, while others are inverted (ones complement). Refer to Appendix C, “Fibre Channel
Legal Arbitrated Loop Physical Addresses” for thisinformation.

Xgig BERT User Guide 7



Introducing the Xgig BERT Xgig BERT Operation

Gigabit Ethernet Ordered Sets

Gigabit Ethernet utilizes special characters called Ordered Sets that usually consist of at least one
control character. These include 11 (K28.5 0xC5), 12 (K28.5 0x50), R (K23.7), S (K27.7), T
(K29.7), and V (K30.7). Refer to Appendix D, “Gigabit Ethernet Ordered Sets - Partial List.”

Receiver Limitations

While the transmitter can send almost anything, there are some bit pattern requirements and
limitations for the Xgig BERT receiver. The Xgig BERT receiver recovers the clock from the
incoming 10-bit pattern using a phase locked loop (PLL). This places the following list of
reguirements on the incoming signal:

Have areceived clock rate within 250 ppm of the Xgig BERT transmit clock rate. The receiver
switches over to itsinternal transmit clock if the received signal is too fast or too slow.

Use legal 10-hit values and disparity rules whenever possible.
Avoid runs of seven or more consecutive 1s or 0s.

Have at least 3 transitions between 1 and 0 in a 10-bit character for the PLL to maintain
tracking.

Maintain DC balance by having 20 +/- 1 (that is, nearly the same number) of 1sand Osin a40
bit word, wherever possible.

Transmit K28.5 (commas) only in allowed position(s) within the word, depending on the
protocol.

— In Re-Sync mode (described later), you must use negative starting disparity K28.5
(0011111010) symbols for character and word alignment. Never transmit the pattern
0011111 in an unaligned position (in the wrong byte or across bytes or words). Thisisthe
commaindicator and the re-synchronizing hardware will bit shift the received pattern to
put those seven bits in the expected aligned position (depending on protocal).

— When re-synchronization is not enabled, the Xgig BERT can receive comma charactersin
any byte position.

Use a known, good cable and/or loopback adapter to validate that the pattern can be received
without errors before testing an unknown device.
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Chapter 2
Using the BERT Tab

In this chapter:

Using the Configuration Manager in BERT

Using the Parameters Status Table in BERT

Using the Parameters Status Context Menu in BERT

Using the Ports Manager in BERT

Using the Log Manager in BERT

Using the Capture Commands

Customizing the Appearance of the Maestro/BERT Main Window
Performing Configuration Tasks in BERT

Running a BERT Pattern



Using the BERT Tab

After you have discovered and locked the BERT ports you want to use and also set up your
capturing and monitoring applications, such as Xgig Analyzer, you are ready to run the Xgig
BERT application. This chapter provides an overview of the BERT tab and its functions; it also

includes steps to run predefined tests supplied with Xgig BERT or tests you have defined and
saved.

You should have launched Xgig Maestro as described on in the Maestro Introduction Guide and
locked at least one device. The Xgig Maestro window (Figure 2) is displayed with the BERT tab

on theright. This tab is where you operate the BERTS you have locked.

Figure 2: Xgig BERT Tab on the Xgig Maestro Window
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Using the Configuration Manager in BERT

The Configuration manager (Figure 3) is associated with the device function tab, BERT and
Jammer. The configuration files displayed in the manager are specific to the function tab
displayed. The Configuration manager provides alist of test configurations organized in three
folders. The Sample Configurations folder includes configurations that are provided with the
application. The User Configurations folder is where the configurations you create are saved.
The Most Recently Used folder allows you easy access to those configuration files most recently
used.

Figure 3: BERT Configuration Manager

Canfiguratiar | Parameters |

]~ _.|qﬂ‘[ﬂﬁ‘m|_l-' Z.|‘:"®'
\ -
Mare | Size [k | Date Modified |
|2) Configurations 01./09/2009 04:50:03
|2 Sample Configurations 03/19/2009 02 26:48
|) Uzer Configurations 01/03/2003 04:45:06
,_Ej Recent Jammer Configur... 03/25/2003 12:10:38
=
R
b E:

The Configuration manager has the following features:

* Protocol selection menu
The drop-down menu lets you select the protocol for the device you are using:
— Fibre Channel
— Gigabit Ethernet

» Folder with alist of sample test configurations by device and protocol

» Folder for configurations that you created by device and protocol

» Tool bar that lets you create, load, copy, cut, and paste configuration files. See “ Configuration
Manager Tool Bar in BERT” on page 12 for more information on this tool bar.
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e Context menu

Select a configuration file name and right-click to display a menu where you can choose to
create and edit configuration files, and additional operations. See “ Configuration Manager
Context Menu in BERT” on page 13 for more information about these menus.

* Draganddrop files

You can drag any configuration from the Configuration manager list onto a device column to
load it.

» Browseto map folders of files stored in locations other than the default Sample and User
Configuration folders.

e Description pane

— When you select a configuration file in the list, a description of thefileisdisplayed in the
description pane below. It also displays the name of the file, the path where thefileis
|located, the size of the file, the date and time when the file was created, the date and time
the file was modified, whether the file is read-only and the Map path where thefileis
located on your system.

— When you click the Show/Hide button below the Description pane, you display or hide
this pane.

*  Recently-Used

— You can access recently-used BERT files.

Configuration Manager Tool Bar in BERT

The Configuration manager tool bar (Figure 4) alows you to perform the following functions:

Click the New Configuration icon 43 to open the Configuration window and create a new BERT
configuration from scratch. You can also highlight afileand usethe Cut §¢ , Copy (3 , and Paste
icons to duplicate or move files in the Configuration manager into another folder using the
Path @ shortcut. The Load icon alows you to load a configuration file into a port or ports.
Thisicon is only active when a port has been locked and is selected in the Port Manager. See
“Loading BERT Configuration Files’ for details.

Figure 4: BERT Configuration Manager Tool Bar

Configuration | Parameters |

Frotocel:  Fibre Channel = ‘ ‘ ot B E ‘

Path: & I\'\ Mew BERT Configuration |
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Configuration Manager Context Menu in BERT

Figure 5: Configuration Manager Context Menu in BERT
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Open Command Prompt...

Refresh Fa
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Right-click in the list to choose the following actions from the context-sensitive menu:
. Up
Displays the contents one folder level up from the current display.
 New BERT Configuration
Opens anew BERT configuration window for editing.
* New Folder

Opens the Configuration manager dialog where you can enter the name of a new folder you
want to add.

e Edit BERT Configuration
Opens the file highlighted in the list, the same as double-clicking on the file name.
 Load BERT Configuration into Selected Port(s)

Loadsthefile highlighted in the list into the port(s) selected in the Ports Manager. See “Using
the Ports Manager in BERT.”

« Cut
Removes a selected file or folder from thelist.
« Copy
Copies aselected file or folder to a clipboard making it available to paste in another location.
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+ Paste
Pastes afile or folder you cut or copied to the location you choose.
* Rename

Opens a dialog with the current file or folder name displayed in an entry field that you can
modify. It also shows the protocol, path, and current file or folder name.

 Delete

Opens a dialog where you can confirm whether you want to delete the highlighted file
(configuration) or folder from the list.

» Delete Only Empty Folders

Setsthis choice as a preference that removes only empty folders from the list. When you select
it, acheck mark is displayed next toit. It is selected by default.

* Must Confirm Delete

Sets this choice as a preference that opens adialog to confirm that you want to delete afile or
folder from the list. When you select it, a check mark is displayed next to it. It is selected by
default.

* Map Folder
Opens the Map Folder dialog box that lets you map afolder to a name of your choice.

Figure 6: Map Folder dialog box

Map Folder E
Pratocol: SAS/SATA

tapped Folder Mame: I Jammer Mapped folder

tMapping Fath: IE:'\F'rogram Files\Finizara<gig Maestra') ammer Browse... I

ak. | Cancel |

Enter a name of your choice in the Mapped Folder Name field, and use the Browse button to
select the folder on your system or network you want to map to this name.

* Edit Mapping Path

Allows you to edit the mapping path.
e« Unmap Folder

Removes a highlighted mapped folder from the Configuration manager.
 Explore

Opens a Windows Explorer window showing the directory where the current configuration
files are located.

 Open Command Prompt

Opens a Windows Command Prompt window showing the directory where the current
configuration files are located.

» Refresh

14
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Refreshes the Configuration Manager window.
* View
Has two choices:
— List
Displaysthelist of files or foldersin the path you choose.
— Details
Displaysthelist of files or folders with the size and modification date.
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Using the Parameters Status Table in BERT

Each BERT deviceis displayed as a column in the Parameters Status table on the BERT tab
(Figure 2). At the top of each column is the protocol, chassis name, followed by the chassis
number, the slot number and port number in parentheses. (Figure 7).

Figure 7: BERT device displayed as a column in the Parameters Status table

State ‘m Stopped im Stopped

Configuration. .. L FC CITPAT pte L FC CITPAT pte E

Start / Stop O Start ) Start E

Inject 5 Inject E

= ‘Wiew capture 5 ‘Wi capture E

] Operatior E Operatior E

Stahus i i
Protocol ‘@ Fibre Chatnel - Fibre Chatnel
Clock rate ™ 8 5000 Gbps il 8 5000 Gbps

Each column contains the following categories:
o«  State

» Configuration

e  Start/Stop

» Status

s Sent

* Received

e Compared

e Mismatched

e Sincelast error

State Category

This category shows the BERT status: Disconnected, Connecting, Starting, Synchronizing,
Running, Stopping, Stopped.
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Configuration Category

Displays the name of the configuration, if any, loaded into the port. Refer to “Loading BERT
Configuration Files’ on page 42.

You can press the button bearing the name of the loaded configuration file to open the
Configuration Edit window.

Start/Stop

This category contains the buttons to operate each BERT device.

Start/Stop

Start runs atest pattern from the beginning if you click it while the BERT is stopped. When you
click Start, the Mismatched LEDs and L OS status LEDs are cleared on the Parameters Status
table.

Stop causes the BERT to abort running the test pattern and end the test. The BERT always stops
sending after it finishes the loop it is sending, and stops comparing after it finishesthe loop it is
comparing.

Inject

Insertsabit error while atest isrunning. The bit error is placed only among words in the Compare
Zone of the defined pattern (except the Start Word). In the 40 bit word, bit 19 or 18 isinverted to
create the bit error.

View capture

Downloads and displays the captured data of the test you have performed.

Operation

Opens the Operation dialog box

Status Category

This category indicates the current physical setup of the BERT device.

Protocol

Indicates the protocol of the BERT, either Fibre Channel or Gigabit Ethernet. You choose a
protocol in the Port Selection and Domain Setup window when you lock ports. The small lock
icon indicates that the protocol cannot be changed at this stage.
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Clock rate

Indicates the BERT clock rate. It cannot be changed while the BERT is running. The closed lock
icon indicates you cannot currently change the clock rate; the open lock icon indicates you can
change the clock rate. The clock rate options may include 1.0625 Gbps, 1.2500 Gbps, 2.1250
Gbps, 2.5000 Gbps, 4.2500 Gbps, or 8.5000 Gbps, depending on the blade. Both portsin a port
pair must always be set to the same clock rate. Therefore, if you have two BERTS, and one of them
isrunning, the clock rate is locked on both of them.

Domain of Port

Displays the domain name to which a port belongs, if any.

Send Status

The Send Status metric reflects the state of transmitting hardware and reports:
e Stopped

»  Waiting for trigger input

*  Sending hardware sync

e Sending...

* Stopping...

Compare Status

The Compare Status metric reflects the state of the compare hardware and reports:
» Stopped

e Trying to sync up

* Inhardware sync

* Receiving...

»  Waiting for trigger input

e Stopping...

Elapsed time

The Elapsed time metric is the period of time since you started the BERT operation and it runs
until the BERT is stopped.

Bit error rate

The Bit Error Rate metric is a computed value. When no errors have occurred, the formulais:
< 1/ (Bits Compared)

After an error occurs, the formula changes to:

= (Bits Mismatched)/ (Bits Compared)

18
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Wire status

Shows the current output of the port.

Signal LED

This LED always shows what is occurring at that moment in atest and therefore changes
instantaneously. Table 2 describes the LED colors.

Table 2: Signal LED Descriptions

Port column LED color Blade LED Description

Green Green Signal is detected and the link is synchronized.
Red Yellow Loss of synchronization is occurring.

Black Off No signal detected on the link.

LOS LED

Theloss of synchronization (LOS) LED showsiif loss of synchronization has occurred during the
current test (if running) or during the previoustest (if stopped). The LED isreset when you start
the BERT. The LED colors are described in Table 3.

Table 3: LOS LED Descriptions

Port column LED color Blade LED Description

Green Green The link is synchronized.

Yellow Yellow Loss of synchronization was detected at some point while
the test was running.

Red Blinking Yellow Loss of synchronization is occurring now or in the last 5
seconds.

Black Off Not applicable.

Mismatches LED

The Mismatches LED shows if mismatches have occurred during the current test (if running) or
during the previous test (if stopped). The LED is reset when you start the BERT. The LED colors
are described in Table 4.

Table 4. Mismatches LED Descriptions

Port column LED color Blade LED Description

Green Green No mismatches occurred during the test.
Red Blinking Yellow A mismatch occurred in the last 5 seconds.
Yellow Yellow Mismatches were detected.

Black Off Not applicable.
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Log

Thisitem is hidden by default. Log available displaysif alog from the last operation is available
for viewing. You can view the log, saveit to afile, and set up automatic naming and file saving
from the Log menu in the Parameters context menu. To use these menu items, refer to “Using the
Log Manager in BERT” on page 29.

Capture

Thisitem is hidden by default. Capture available displaysif a capture from the last operation is
available for viewing. You can view the capture log, saveit to afile, and set up automatic naming
and file saving from the Capture menu in the Parameters context menu. To use these menu items,
refer to “Using the Capture Commands’ on page 35.

Sent, Received, Compared, Mismatched Categories

Table 5 summarizes these metricsin the Parameters Status table and lists the criteriathat the BERT
uses to check for errors.

Table 5: Transmitter and Receiver Metric Error Checking

Bits (40/Word)  Bytes Dual Bytes Quad Bytes Loops
Sent QB * 40 QB*4 QB*2 Counted Counted
Received QB * 40 QB*4 QB*2 Counted Copy of compared
Compared QB * 40 QB*4 QB*2 Counted Counted
Mismatched Counted Counted Counted Counted Counted
Since Last Error Counted Counted

The following list describes the data in the Parameters Status table that the BERT offers as
statistics:

* Bits Computed values, quad bytes (QB) x 40 bits/quad byte, except Mismatches are
counted per bit.

e Bytes Computed values, QB x 4, except Mismatched counts byteswith 1 or more errors.

» Dual Bytes: Computed values, QB x 2, except Mismatched counts byte pairs with 1 or more
errors. Byte pairs are bytes 0 and 1, and bytes 2 and 3.

* Quad Bytes: Counted values, Mismatched counts words with 1 or more errors as only 1 word.

* Loops Counted values, except Received L oops equals Compared Loops

Notice that the compare state machine waits for the first compare word to be matched before
beginning. If the transmitted pattern is corrupted, the first word might not be found. If the first
word is not found, no loops are compared. Under this circumstance the number of Received Bits
count rapidly but, Compared Bits, Bytes, Dual Bytes, Quad Bytes and L oops are not incremented.

20
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Since Last Error Category
Time
The Time since last error metric is the elapsed time since the last mismatch was observed.

Quad bytes

The number of quad bytes received since the last mismatch occurred. Is not available when | oss of
sync disrupts the counting of bits.

Loops

The number of loops received since the last mismatch occurred. Is not available when loss of sync
disrupts the counting of hits.
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Using the Parameters Status Context Menu in BERT

Right-click on a Parameters status column to display the context menu. The available operations
are displayed for the column in which you click. This menu provides controls for configuration
files, operation, setting clock rates, setting BERT or Latency mode of operation, choosing capture
options, logging test activity, removing a BERT from the Parameters Status table, and changing

the appearance of the status table.

Figure 8: BERT Parameters Context Menu
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Changing the Clock Rate in BERT

To change the clock rate:

1

Right-click anywhere on the specific port column to open the Parameters context menu
(Figure 9).

Select Clock rate.

A menu with available choices is displayed.

Click to choose one.
Items that are grayed out are not currently available. A bullet is displayed to the left of the

currently operating selection.

Note: The clock rate is not saved in the configuration file. This allows BERT configurations
=*| torun independently of the clock rate setting and avoids disrupting the traffic where the
BERT is connected.
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Figure 9: Clock Rate Menu
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- Note: BERT ports 1 and 2 always share the same clock rate; the same istrue of ports 3 and 4
(on afour port blade).

- Note: Changing the clock rate disrupts the traffic sent by the BERT. A warning message
appears when you change the setting (Figure 10).

Figure 10: Changing Clock Rate Warning

]

Changing the clock rate will affect both DDItS;I
of the part pair and disrupt the traffic on both

i‘: links.
Are pou sure?

¥ Show this warming nest time

|

Tes Ho |

Viewing Port LEDs
LED icons are displayed next to Signal LED, LOS LED and Mismatches LED in the Parameters
Status table. To view these LEDsin alarger format:
>> Select LEDs from the Parameters context menu.

The LEDs for the ports you have locked are displayed in adialog (Figure 11).
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Figure 11: BERT LEDs Dialog
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Scrambling

Some blades give the option of enabling Fibre Channel Frame Scrambling, which is part of the
Fibre Channel Specification for 8.5000 Gbps. You may enable or disable scrambling at any speed.
Select Scrambling from the Parameters context menu, and then select Enabled or Disabled. A
check mark appears next to the current selection. When Scrambling is enabled, Fibre Channel
Frame Scrambling is performed in the Configuration pattern starting after any SOF indicator
template and continuing until the next word with aK character (usually EOF).

Note: When changing the clock rate from 8.5000 Gbps to any other speed, Scrambling is
-»> automatically set to Disabled. When changing to 8.5000 Gbps, it is automatically set to
Enabled. You may then override this setting using the Parameters context menu.

Tx and Rx Stats Equal

When thisfeature is enabled, the Send and Receive statistics are forced to be equal in each run.

When arun is started, the words in the Re-Sync Zone of theinitia loop prior to the first Compare
Zone are not counted in the statistics on the sending side. Similarly, the words before the first Start
Word are not counted in the statistics on the receiving side.

When arun is stopped, the sending side sends an additional CLS Ordered Set. The receiving side
waits for this additional CLS Ordered Set before stopping. A timeout isimplemented in case the
last CLS Ordered Set is never received.

Note: The Tx and Rx Stats Equal option is only available on the 8.5000 Gbps Fibre Channel
blade.
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Using the Ports Manager in BERT

The Ports manager displays details about the ports you have locked. It shows the protocol, chassis
name (with chassis number, slot number, and port numbers), and other port specific information.
You can sort the rows from first to last or last to first by clicking the column heading. For more
information about Xgig slot positions and numbering, refer to the Xgig Family Hardware Guide

included with the product CD.
- Note: If you are disconnected due to a network problem, you can reconnect to the ports by
using the Port Selection and Domain Setup window.
Figure 12: BERT Ports Manager
IE IE W Actions -
Start/ Stop Status Domain of Fort A | Domain of Port B
Y Start Operation
I | ——
17 BERT - Bit error rate testing Gigabit Ethemet XGIGEWDENVT (1.2.4) Start Operation | | Stopped Tl

The following icons are displayed on the menu bar:

Select All Ports
Selects al ports in the Ports Manager.

Unselect All Ports
Unselect al portsin the Ports Manager.

Load Configuration to Selected Ports
Load the selected configuration file to all selected ports in the Ports Manager.

Start Selected Ports
Start BERT operation on the selected ports in the Ports Manager.

Stop Selected Ports
Stop BERT operation on the selected ports in the Ports Manager.

P AT P

Show Properties of Selected Ports
Display the Port Properties dialog box, with information on the selected function,

protocol, and clock rate (speed). It also shows the chassis name, |P address, ot and
port(s).
6 Disconnect Selected Ports
' Disconnect the selected portsin the Ports Manager.

Disconnect All Ports
Disconnect all portsin the Ports Manager.

8
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Actions Button

The Actions button contains menus for Multiple speed Change and Toggle Display. See
Figure 13.

Figure 13: Actions Button Options

Actions -

Multiple speed change

Toggle display

Multiple Speed Change

This option allows you to change the speed of multiple BERT ports simultaneously. If you have
the All Devices tab selected, the menu will display BERT, Jammer, and Generator.

Figure 14: BERT Multiple Speed Change Window

Clock Rate E3
select ports : Select clock rate:
*GIG-SD 1T
®GIG-S0,1.2)  1.0625 Ghps
®GEIG-S0 .13
®GEIG-S0 1.4  1.2500 Ghps

16000 Ghps
21250 Ghps
¢ 25000 Ghps
" 3.0000 Ghps
42500 Ghps
¢ B.0000 Ghps
¢ 8.6000 Ghps
(0]4 | Cancel |

Select the ports you want to change the speed for, holding the Ctrl key down to select multiple
ports, then click the speed you want to change to, and click OK to apply the change.

Toggle Display

This option toggles between a horizontal and vertical view of the ports.
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Ports Manager Columns

The Ports Manager includes the following columns:

Operation

Operation isabutton you press to display the Operation bar for the device you are using. Refer to
“Running a BERT Pattern” on page 44 for additional information.

Status

Information in this column displays the state of the device under test.

Domain of Port A and Domain of Port B (BERT and Jammer only)

Each of these fields indicates to which domain the respective port belongs. In asimplex Jammer,
only port A isrelevant. In aduplex Jammer, the lower port number is always port A. You set up

domains in the Port Selection and Domain Setup window. Refer to the *Using Domains’ section
of the Maestro Introduction Guide for more information.

Using the Ports Manager Context Menu
You can right-click in the Ports Manager to open the context menu (Figure 15).

Figure 15: Ports Manager Context Menu

Damain of Part A | Damain of Part B

Calumns

Largest
Larger
IediLim
Smaller
® Smallest

The menu contains the following choices:

Text Size

Refer to “ Changing Text Size” on page 39 for information.

Columns

This choice opens a Customize table dialog (Figure 16) where you can choose to display Domain
of Port A.

Click the check box next to thisitem to display thisitem in the Ports Manager.

The grayed out items are defaults; you cannot clear these items.
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Figure 16: BERT Ports Manager Context Menu Parameters Selection

Customize table E3
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----- E Address
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Using the Log Manager in BERT

To access the Log Manager, click the Log tab at the bottom of the BERT main window.

The purpose of logging is to automatically create alog that reports the results of a BERT test. You
can view alog with any text editor.

Note: The log buffer can be up to 10000 entries. During asingle test run, if more entries are
=» [ collected than the maximum number you specified, only the most recent 10000 are logged.
You set the maximum number of entriesin the Log Options window.

The Filter icons next to the Type and Address column labels alow you to choose how you want
to display device types, by protocol or All, and device addresses, by single address or All devices.

If the All Devices tab at the top of the Xgig Maestro main window is selected, then the Log
Source menu {s} 2 actvelogsources ~| showsall log sources as active by defavlt. You can choose
to disable BERT logging, Jammer logging, Generator logging, Target Emulator or all four by
clicking the Log Sources menu and un-checking the selections. If the BERT-Bit error rate
testing, Jammer, or Generator tabsin the main window are selected, then the Log Manager
displays only the log entries for that tab, respectively.

The following icons are displayed on the Log Manager menu bar:

Display Entry Contents

Letsyou save the selected log to afilein the device (BERT or Jammer) Logs folder (for
example: C:\Program Files > Viavi > Xgig Maestro > BERT> Logs) or anywhere you
want to save it on the network.

Save All Entries As
Letsyou save al thelogsin the Log Manager to afile.

]

Save selected entries as

. Letsyou save the selected logs to afile.
= Select All
Selects dl the logs in the Log Manager.

Options
. Opensthe Log Manager Options dialog where you can enter your preferences for the
information you want displayed in the Log Manager (Figure 17).

Clear Filtering
Removes filtering by Type and Address and displays al the devices you have locked.

{

— Clear Selected Entries
E‘- Deletes the log entry you have highlighted.

: Clear All Entries
Ei Deletes all the log entriesin the Log Manager.
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Setting Log Options

To have log files automatically named and saved to a specific location:

1 Click the Log Manager Optionsicon to open the drop-down menu (Figure 17) and select
BERT logging options.

Figure 17: Log Manager Options Menu

' ‘:' @ [Mo entry]

e

Lag Manager Optians..,

BER.T logging options. ..

Or:
>> Open the Parameters context menu (Figure 22) and select Options.

This command opens the BERT Log Options dialog (Figure 18). It allows you to set up how
you want the log files to be automatically named and where you want them saved by default.

The Options area of the dialog lets you:

»  Enter the number of minutes and seconds for each log entry to be added
»  Enter the maximum number of entries you want in alog

» Select the parametersto be saved to the log file— all parameters or the parameters you
chose to display on the Parameters Status table in the Customize table dialog.

Figure 18: Log Options Dialog

Log filename template
[BERTLog_[port [date] [time] -]
Default log folder
|C: WProgran Filez'\Finizar\=gig MaestrohBERT\Logs
Optiong
Add a log entry ever [mm ; 22] UEI: 13:
M amimum number of entriez in the log 100-=
Farameters to gave to the log file * Al parameters
" Orly selected parameters
ok | LCancel |

2 Select alog filename template from the following choices:
« BERTLog [port]
 BERTLog_[port]_[date]_[time]
 BERTLog [date]_[time]
 BERTLog_[date] [time]_[port]
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Or, you can type in your own template. The port, date, and time markers are replaced with
their corresponding values. Port is displayed as:

protocol (FC or GE), chassis name (chassis number in the cascade,
blade number in the chassis, port number on the blade)

3 To set specific timeintervals for statistics to be polled, enter minutes and secondsin the Add a
log entry every (mm : ss) field.

4 To set the number of entriesin alog, enter the number.

The default is 100. The minimum number of entriesis 1 and the maximum number of entries
is 10,000. When alog reaches the maximum number of entries, it drops the oldest entry each
time anew oneis added.

5 To save specific parameters you have chosen in the Parameters Customize Table dialog, click
the Only selected parameters radio button.

The default isto save all the parametersto the log.
6 Enter the path to the folder where you want to save the log file.

You can browse to where you want to save the log file by clicking _...|.
7 Click OK.

You have set up the log filename template and default folder to save the log.

=) [ Note: Log options are the same for al BERT ports.

Viewing a Log

The Xgig BERT log lists a periodic snapshot of all the statistics you choose (Figure 21). Thetime
between snapshots and the statistics that are logged are two settings available in the Parameters
context menu.

To display alog:

>> Click the Log Manager tab at the bottom of the Xgig Maestro main window to view thelog in
atabulated format (Figure 19).

Or you can:

>> Double-click on the log you want to view in the Log Manager and display the Log Entry
Display window (Figure 20).

Or:

>> Click the Operation button for the device in either the Parameters Status table or the Ports
manager to open the Operation dialog bar. Then click the Log icon.

Or:

>> Open the Parameters context menu and select Log > View
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The two latter commands open awindow (Figure 21) that allows you to quickly view the Xgig
BERT log. Click Print at the bottom of the BERT L og to print ahard copy of the log. In the case of
these two methods, each time you run a BERT pattern, anew BERT Log is created for that device,

and the previouslog is discarded.

On the other hand, the Log Manager continuesto list the logs and display them depending on the
Log Manager options you have selected. See “ Setting Log Options” on page 30.

You can save alogto a.txt fileor an HTML file. Refer to “ Saving aLog” on page 33.

Figure 19: Log Manager

DateTime Type W Address W Contents
4/13/2007 43310 PM  BERT Fibre Channel HEIGSWDEWT [1.1.1) Part uzed (HGIGSWDEYT (1.1.1)
Fratocal : Fibre Channel

Clock rate : 4.2500 Gbps

Log

Figure 20: Log Entry Display Window

Log Entry Display

Log Entry Attributes
Type: BERT Fibre Channel DateTime:  10/4/2006 6:20:11 P
Address:  ®GIGSWDEWT [4.3) Size: 11 kb

Port used 1 WGIGSWDEWL (1,4,3)
Protocol : Fibre Channel
Clock rate 1 2.1250 Ghps
Configuration f£ile : FC CRPAT.ptc

BEERT operation : Send and compare

HNumber of mismatched bits 2 o
Number of interwval(s) with errors o o

Log entry time 8 10/4/2006 18:18:43
Send status g Stopped
Compare status = Stopped

Bit error rate : N/
Elapsed time 2

SJent bits

Sent bytes

Sent dual bytes

Sent quad bytes

Sent loops

000 seconds

0.
o
o
o
o
o

Save bz | Lloze
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Figure 21: Example of a BERT Log

~ BERT Log for FC XGIGJAM (1,1,1) _||:||1|
Port used : FC HGIGIAM (1,1,1) o
Protocol : Fibre Channel

Clock rate : 4. 2500 Ghps

Configuration file : FC CRPAT.ptc

EERT operation : Send and compare

Humber of mismatched bits H o

Humber of interwval(s) with errors H 1]

Log entry time H 7/8/z004 11:58:1¢

Send status H Stopped

Compare status H Stopped

Bit error rate H Hia

Elapsed time .000 seconds
Sent bits

Sent bytes

Sent dual bytes

Sent gquad bytes

Sent loops

Receiwved bits
Receiwved bytes
Beceived dual bytes
Beceived gquad bytes
Receiwved loops
Compared bits
Compared bytes
Compared dual bytes
Compared gquad bytes
Compared loops
Mismatched bits
Mismatched bytes
Mismatched dual bytes
Mismatched cquad bytes
Mismatched loops

o

Zince last error (time) H Hia

Since last error (cquad bytes) /A

Since last error {loops) H /A

Log entry time H 7s8/z004 11:58:17

Send status H Sending. ..
Compare status H In hardware sync
Bit error rate H Hia

Elapsed time H 1.002 seconds
Sent bits H 4.Z13887¢40 x10°9
Sent bytes H 471 388764 x10"6
Sent dual bytes H E10. 6934388 x10"6
Sent gquad bytes H 105.3247191 x10"&

Frint | Lloze |

Saving a Log

You cansavealogtoa . txt fileor an HTML file. You can use the Log Manager tab or the
Parameters context menu to accomplish this.

To save alog from the Log Manager tab asan HTML file or atext file:
1 Highlight the log you want to save.
2 Click the Save Selected Entries As... button.

The Save Log Manager Contents As window is displayed that lets you name and save the log
asan HTML file to the Saved Logs folder or to alocation you prefer.

Or:

Double-click on the log you want to save to display it in the Log Entry Display window
(Figure 20), then click Save As...

The Save Aswindow is displayed that lets you name and save the log to the Logs folder as a
.txt file, or to alocation you prefer.
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Tosavealogtoa . txt fileusing the Parameters context menu:
>> Open the Parameters context menu (Figure 22) and select Log > Save As.

This command opens a File dialog where you can save the log with a file name you assign to
it.

Figure 22: Log Menu

Load configuration file...
Save configuration File, ..
Reset configuration

Edit configuration

Skart

Force CDR re-lock,
Mode of operation

Clock rate

Scrambling
Tx and R skaks equal

Capkure 3 Vi

3
3
Periodic bit error rate ¥
3
3

-

LEDs
Do not show BERT

Text size 3
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Using the Capture Commands

You can view, save, and set saving options by using the BERT capture commands. These
commands are available in the Operation bar and the Parameters context menu.

Viewing a Capture

You can display awindow that allows you to quickly view the Xgig BERT capturefile. The
capture shows 4096, 40-bit wordsin 10b format (Figure 21). You can print the capture log from
this window.

To display a capture log:
>> Click the View Capture button of the specific BERT in the Parameters Status table.

Or:

>> Open the Parameters context menu (Figure 23) and select Capture > View.

Or:

>> Click the Operation button for the device in either the Parameters Status table or the Ports
manager to open the Operation dialog bar. Then click the Capture icon.

Figure 23: Capture Menu

Load configuration file. ..
Sawe configuration File. ..
Reset configuration

Edit configuration

Start

Force COR re-lock

MMode of operation
Clock rate

Periodic bit error rate
Scrambling

Tx and Rx skaks equal

* T ¥ v r

Log 4

Capkure Options
=

- | saveas.. ]

Do not show BERT

Texk size 3

Saving a Capture

To save aBERT capture;
>> Open the Parameters context menu (Figure 23) and select Capture > Save As.

This command opens aFile dialog, Saving BERT capture file, where you can save the capture
with afile name you assign to it. The default folder is: Program Files > Viavi >
Xgig Maestro > BERT > Captures.
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Saving and Naming Captures Automatically

To have capture files automatically named and saved to a specific location:
1 Open the Parameters context menu. (Figure 23).
2 Select Options.

This command opensthe BERT Capture Options dialog (Figure 24). Thisdialog allowsyou to
set up how you want the capture files to be automatically named and where you want them
saved by defaullt.

Figure 24: BERT Capture Options Dialog

BERT Capture Options £ |

Capture filename template

|BERTCapture_[port] [date] [time] o A
Drefault capture folder
IE:'\F'rogram Files\Finizar>gig Massztra\BER T \Captures |

Optiong
|7Save capture automatically when BERT stops [

ok I LCancel |

3 Select acapture filename template from the following choices:
» BERTCapture [port]
» BERTCapture [port] [date] [time]
» BERTCapture [date]_[time]
» BERTCapture_[date]_[time]_[port]

or, you can typein your own template. The port, date, and time markers are replaced with their
corresponding values. Port is displayed as:

protocol (FC or GE), chassis name (chassis number in the cascade,
blade number in the chassis, port number on the blade)

4  Enter the path to the folder where you want to save the capturefile.
You can browse to where you want to save the capture file by clicking _...].
5 Click OK.
You have set up the capture filename template and default folder to save the capture.

Captures are saved as . txt files.

=p | Note: Capture options are the same for all BERT ports.
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Customizing the Appearance of the Maestro/BERT Main Window

You can move and rearrange the individual device tabs on your monitor screen asyou prefer. You
can also select the information you want to display in the Parameters Status table. In addition, you
can select the size of displayed text.

Using the Window Menu

The Window menu allows you to arrange the window display:

Layout

Layout offers choices for rearranging the Maestro device tab windows. The Ports manager and
Log Manager windows are not affected by this menu selection.

Internal Tabs

Allows you to restore the Maestro main window to its default format.

Internal MDI

Internal multiple document interface (MDI) lets you isolate each device tab as a separate window
that you can activate by clicking anywhere on the window.

Show Hidden Windows

Restores any windows you have closed while using the Internal Tabs or Internal MDI display
arrangement.

Arrange Icons

Arranges the icons for minimized windows at the bottom of the screen. If an open document
window is at the bottom of the screen, some or all of the icons will be underneath this document
window and will not be visible.

Cascade

Arranges all open windows in a cascade style from the top, |eft corner of the window.

1 All Devices

Brings the All Devices tab to the front as the active window. This window displays ports from all
active devices (BERT, Jammer, Generator, and Target Emulator).

2 BERT - Bit error rate testing

Brings the BERT device tab to the front as the active window

3 BERT - Latency measurement

Brings the BERT Latency measurement device tab to the front as the active window
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4 Jammer

Brings the Jammer device tab to the front as the active window

5 Generator

Brings the Generator device tab to the front as the active window

6 Target Emulator

Brings the Target Emulator device tab to the front as the active window

Tile Horizontally

After selecting Layout > Internal MDI, this command opens and aligns the BERT, BERT Latency
measurement, Jammer, Generator, and Target Emulator device windows horizontally one over the
other.

Tile Vertically

After selecting Layout > Internal MDI, this command opens and aligns the BERT, BERT Latency
measurement, Jammer, and Generator device windows vertically one next to the other. You can
view the individual device windows by dragging the sides out to resize them.

Minimize All Windows

After selecting Layout > Internal MDI, this command minimizes all the open windows. You can
restore each window, individually, by using the standard window controls on the header or select
Internal Tabs to restore the Maestro main window to its default format.

Customizing the Parameters Status table in BERT

You can change the appearance of the Parameters Status table by:
*  Removing columns

* Resizing columns

e Changing the text size

» Displaying and hiding status table parameters

Removing columns

If you have a number of deviceslocked, you can remove a column that you do not need to view
without unlocking the port or affecting the operation.

To remove a column:
1 Right-click on the specific column you want and open the Parameters context menu.
2 Select Do not show BERT (Figure 25).

Or:

In the Ports Manager, clear the Show check box next to the device you want to remove.
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Using the BERT Tab

The column is removed, but the deviceis still locked (“in use”) and displayed in the Ports

Manager.

Figure 25: Removing a Device Column

State ‘m Stopped Stopped
Configurabon.. FC CITPAT plc FC CITPAT plc E
Start / Shop Start Start :
: : ek Load conFigurétion file. .. -E

@ Miew capture Save configuration File. .. ..E

i Operation Reset configuration __E

Status ] Edit configuration
Protocol - Fibre Chanrel Star
Clock rate Tl 2.56000 Gbps
Send status : Stopped
Compare status Stopped Force CDR re-lock
Elapsed time 767 s Mode of operation b
Bit error rate < 19988 516 868 903 10712 Clock rake 3 >
Wire status K28.5 (w35 0xB5 0<B5 Periodic bit error rate + [
Signal LED Signal Serambling di

: Tx and Rx stats equal b

LOS LED Sunchronized
Mismatches LED Mo mizmatches Log 4
Mismatched Capturs d
Bits 0 LEDs i
Bytes o Do nat show BERT ]
Dual bytes 0 Tot 5 R I
Quadbytes I Ft se J

1 mnen nii i

To replace the device column on the Parameters Status table:

>> Click the Show check box for the device in the Ports Manager.

Resizing columns

You can resize any of the columns by placing the mouse at the right edge at the top of a column,
next to the chassis name. A resizing cursor appears. Hold down the mouse button, and drag the

mouse to resize the column.

Changing Text Size

You can choose the text size you want the Parameters Status table or the Ports Manager to display.

=p | Note: You cannot change the text size in the Log Manager.

To change text size:

1 Open the context menu by clicking the right mouse button while the cursor is on the

Parameters Status table or the Ports Manager.
2 Select Text size (Figure 26).

You have five choices from which to select.
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Smallest isthe default size.
3 Select thetext size you want.

A bullet is displayed next to the current selection.
Figure 26: Text Size Menu

Context menu over device parameters

Context menu over Ports manager status table
Address colurmns
#GIGSWDEG AR ext size b Largesk Load configuration file...
#GIGSWDEYT [1.1.2) il _UPE [ arger Save configuration File, .,
Mediurm Reset configuration

amaller Edit: configuration

» Smallest

Skart

Force CDR re-lock,

Mode of operation
Clock rake

Periodic bit errar rate
Scrambling
Tx and Rx stats equal

* T ¥ v r

-

Log
Capture 3

LEDs
Do nat show BERT

Largest
Larger

Mediurn
amaller
» Smallest

Displaying and Hiding Parameters in BERT

You can hide specific parameters on the Parameters Status table to simplify the status tables and
show only the information in which you are interested.

To display or hide parameters on the Parameters Status table:

1 Click the Parameterstab at the top of the Configuration manager pane to switch to the
Parameters manager (Figure 27).

You can expand the categories by clicking the plus signs on the left.

The default displays most of the parameters.
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Figure 27: BERT Parameters Manager

Configuration Farameters
Checked parameters will appear in the table.

- [ State

- [§ Configuration...

- [ Start/ Stop

- W Inject

- W Wiew capture

- W Operation

- [ Status
- FProtocol

Clock rate

Send status

Cormpare status

Elapsedtime

Bit error rate

Wire status

Signal LED

LOS LED

Mismatches LED

Log

Capture

W Mismatched

F- ¥ Since last errar

[ Sent

¥ 7 Recaived

#-[7 Compared

aIREEEE R

2 Click check box to set or clear the check mark next to the parameters.

Checked parameters are displayed.
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Performing Configuration Tasks in BERT

This section describes how to handle configuration files from the BERT main window.

Loading BERT Configuration Files

You can load a configuration file on a BERT using one of the following methods:

From the Configuration Manger:

>> Drag the configuration file from the list in the Configuration Manager onto the Parameters
Status table (column for the device) and release the mouse button.

You can drag configuration files from anywhere, including the list of configuration filesin the
Configuration Manager on the Xgig Maestro window, the system desktop, or Windows
Explorer.

From the Parameters Context Menu:

1 Right-click on the device column to open the Parameters context menu and select Load
configuration file.

An Open Filediaog is displayed.
2 Navigate to the BERT .ptc filethat you want to use and click Open.

Thefileisloaded and its name and parameters are displayed in the device column of the
Parameters Status table.

From the Ports Manager:
1 Check the Select check box(es) in the Ports Manager for the port(s) you want to use.
2 Click the configuration file you want to load from the Configuration Manager.

3 Click theLoad Configuration to Selected Ports button . Thisbutton islocated in the
Ports Manager and in the Configuration Manager. Both have the same function.
You can use the above methods to navigate to a mapped folder and load a configuration file.

You can aso use the above methods to load a pattern for BERT from the text script file with the
extension .sct. See the file BERT Text Script - Readme.txt found in the installation folder for
further details.

Saving a BERT Configuration File

To save a BERT configuration file you created or edited:

1 Right-click onthe device column in the Parameters Status tabl e to open the Parameters context
menu, and select Save configuration file.

A Windows Save diaog is displayed.
2 Navigate to where you want to save the configuration file and assign anameto it.

Xgig BERT configuration files are saved with a . pt c extension.
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Resetting a BERT Configuration

To clear the configuration from a device:

1 Right-click onthe device column in the Parameters Status tabl e to open the Parameters context
menu, and select Reset configuration.

A warning dialog may be displayed asking you to confirm the configuration reset.

Figure 28: Reset Configuration Warning Dialog

Fieset the configuration for this port? ;I

I

2 Click Yes to clear the configuration from the device.

Editing a BERT Configuration

To create a configuration file for a device, you can start from a blank default configuration or edit
the configuration after you have loaded a configuration file to the device.

You can open the Configuration window using one of the following methods:

1 Right-click on the device column in the Parameters Status tabl e to open the Parameters context
menu.

2 Select Edit configuration.

Or:
>> Click the Configuration button on the Parameters Status table

This opens the Configuration window for the device that is currently selected. Refer to “Using
the BERT Configuration Window” on page 46.
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Running a BERT Pattern

After you have configured a BERT device, you can start the operation.

Figure 29: Operation buttons in Ports Manager

o =W

>> Right-click on the selected device columns to open the Parameters context menu where the
Start command is available (Stop and Inject are grayed out).

Or:

1 On the Ports manager, in the Operation column, click the Operation button for the device.
The Operation dialog is displayed (Figure 30).

2 Click Start.

Figure 30: BERT Operation Dialog

Operation @

Part: FC =GIGSWDEVT (1.1.1)

o S
D:unhg Start Capture Log
Bit error rate creation dizabled

Cloze

Clicking any of the Operation buttons (including Config) takes effect on the BERT devicethat is
currently selected (indicated by the name of the device above the buttons).

Start runs atest pattern from the beginning if you click it while the BERT is stopped. When you
click Start, the Mismatched LEDs and L OS status LEDs are cleared on the Parameters Status
table.

Stop causes the BERT to abort running the test pattern and end the test. The BERT always stops
sending after it finishes the loop it is sending, and stops comparing after it finishes the loop it is
comparing.

Inject inserts a bit error while atest is running. The bit error is placed only among wordsin the
Compare Zone of the defined pattern (except the Start Word). In the 40 bit word, bit 19 or 18 is
inverted to create the bit error.

Capture downloads and displays the captured data of the test you have performed.

Log displaysthe log data for the test you have performed.
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Chapter 3
Configuring BERT Settings

In this chapter:

» Using the BERT Configuration Window
» Protocol-Specific Features

* Cancel and Save Buttons

» BERT Configuration Files
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Using the BERT Configuration Window

This section describes each part of the BERT Configuration window (Figure 31) and how to useit.

Figure 31: BERT Configuration Window

# BERT FC Configuration [ FC CRPAT. pic )

File Edit
Operation | Pattem Elements | Pattern Definition
Send and Compare + =23 User Library -
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When stopped send ... v . |§J |
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Opening the BERT Configuration Window

If you want to create a configuration without assigning ports, on the main window menu bar go to:
File > New BERT configuration > Bit error rate testing > Fibre Channel (Gigabit Ethernet)

Or:

>> Click the New Configuration icon at top of the Configuration Manager.

To open this window with hardware assigned to the BERT:

1 Onthe Port Selection and Domain Setup window, discover the chassis and use ports as
BERTSs. Refer to the “Using the port Selection and Domain Setup” chapter in the Maestro
Introduction Guide for details about how to do this.
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2 Returnto the Xgig Maestro main window and click on a device on the BERT tab, Parameters
Status table.

3 Click the Config button on the operation bar.
Or:

>> Open the Parameters Status table context menu and select Edit configuration.
Or:

>> Click the Operation button for the device in the Ports Manager to open the Operation dialog
and click the Config button.

The BERT Configuration window is displayed. From this window you can create your own
patterns.

The information in this chapter describes the details of the BERT Configuration window.

Using the Configuration File Menu
The File menu allows you to manipulate the configuration file (Figure 32).

Figure 32: Configuration File Menu

~ BERT FC Configuratio
File [al3

Open configuration...

Import scripk from ...
Expaort script ta...

Save configuration as...

Close

The choices are:

Open Configuration Open a selected configuration file.

Import Script from Import the “Re-Synchronize” and “Compare” patterns from a .sct file.
Export Script to Export and save the “Re-Synchronize” and “Compare” patterns to a .sct file.
Save Configuration Save the entire configuration to the .ptc file you currently have loaded.

Save Configuration As  Save the entire configuration to a .ptc file with a name you assign to it.
Close Close the BERT Configuration Window.

The recently-used BERT configuration files appear in the File menu and are loaded when selected.

Note: The .sct files are script files describing bit patterns. You can swap them between
=»| configuration files. You can also load a .sct file directly into a BERT device on the Xgig
Maestro window.
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Using the Configuration Edit Menu

The Edit menu allows you to open the Edit Description dialog (Figure 34).

Figure 33: Configuration Edit Menu

o Description. ..
—

Figure 34: Edit Configuration Description dialog

~ Edit Description [FC CRPAT. pic]

Degcription:
Thiz FC pattern containg & ldlez in the Re-Sync Zone and the CRPAT pattern in a FC frame.

LCancel |

You can then edit or enter a description for the configuration file and click OK to save your
changes.

Editing a BERT Configuration

Use step 3 in the previous section to edit a configuration that you have loaded onto the device in
the Parameters Status table.

You can also highlight a filename in the Configuration manager and double-click it to display itin
the BERT Configuration window.

Operation

Use this drop-down menu on the BERT Configuration window to choose the following Xgig
BERT operation mode settings.

Send and Compare Operation

Use the Send and Compare mode, the default setting, when the device under test provides aloop
connection such that the bits transmitted return to the Xgig BERT for comparison, or when
running two portsin full duplex mode, transmitting to each other.

Send Only Operation

Use this operating mode to transmit “blind.” You can transmit any legal or illegal pattern of bitsor
disparity to verify performance of areceiver under test. The Xgig BERT receive and compare
functions are disabled. This mode is useful for testing the following:
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Data paths for rate divided by 2, 3, 4, 5, etc.

Phase locked loop extended running 1 or O sequence tolerance
Deserializer comma recognition and synchronization
Decoding of all legal 10-bit characters

Decoding of good and bad running disparity situations
Decoding of all 1024 possible 10-bit characters

Decoding of all control charactersin any byte or bit position
Noise immunity to non-conforming jitter maximizing patterns

Remote compare functions on a simplex, very long cable

Using this mode of operation, you can send patterns to another Xgig BERT that isin Compare
Only operation mode. You must have the same pattern loaded on both the local and remote Xgig
BERT. You must start the Compare Only unit first and then the Send Only unit. At alater timeyou
can reverse the directions.

Compare Only Operation

Use this mode to receive patterns remotely from another Xgig BERT. A remote Xgig BERT sends
patternsto the local unit that isin Compare Only operation mode. You must have the same pattern
loaded on both the local and remote Xgig BERT. You must start the Compare Only unit first and
then start the Send Only unit.

When stopped send...

Use this control to specify what is constantly sent out when the Xgig BERT isin the Stopped state.
You can choose:

Word - Choose aword to be sent continuously, specified in 8-bit or 10-bit mode. The default in
Fibre Channdl is Idle (K28.5 0x95 0xB5 0xB5) and the default in Gigabit Ethernet is12/12
(K28.5 0x50 K 28.5 0x50).

L oss of Synchronization - Transmitter constantly sends ones to simulate Loss of
Synchronization.

Note: Whenever you select Loss of Synchronization, the transmitter automatically sends five
=»| Hardware Synchronization Words at the end of the very last loop sent, before transitioning

back to sending Loss of Sync. This occurs regardless of whether or not the Hardware Sync
Word is enabled.

Options

Passthrough - The port re-times the received traffic and transmitsit. This option is only
available in Fibre Channel protocol.

The following settings affect Operation.
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Stop Operation on Mismatch

When you check this option, the software automatically stops if a mismatch is detected.

Stop Operation on Loss of Synchronization

When you check this option, the software automatically stopsif Loss of Synchronization is
detected.

Enable Periodic Bit Errors

When you check this option, bit errors are automatically injected into the outgoing traffic within
20 bits of the period specified. You can set the period (104 to 10-15) here or on the main window,
during operation. When cal culating the period, only bits in the Compare Zone (except the start
word) are counted, and bit errors only occur among these bits. In the 40 bit word, either bit 19 or
18 isinverted to create the bit error.

Traffic Capture

The Xgig BERT includes a capture buffer of 4096, 40-bit words. This buffer captures the last
words received at the time of stopping, or the words around a defined trigger point. You can define
the trigger point to be the first detected mismatch or adomain trigger in. When sending afinite
number of loops, atrigger point automatically occurs at the last word in the last loop, if no other
trigger point occurs earlier. The file generated isin ACSII format. You can select optionsto save
the buffer on the Xgig Maestro window. Refer to “ Saving a BERT Configuration File” on page 42
and “Using the Capture Commands’ on page 35 for more information about these options on the
Xgig Maestro window.

To capture traffic:

1  Select from the Traffic Capture Until... drop-down menu to choose when you want the traffic
capture to stop.

The default is“Until.../Stopped.” This default captures traffic when you start the instrument
and continues until you click stop or a“Stop Operation” condition occurs. A Stop Operation
condition is defined to stop the whole BERT, not just the Traffic Capture, and is either the first
detected mismatch, a domain trigger in, or the last loop of afinite loop setting.

Figure 35: Traffic Capture Settings

| L errors at a rate of |1EIA-15j ‘

Traffic Capture ——————————
|7Untll ISlopped 'I

Post fill % I DE:

Triggering
’75 Don't use triggering
O ol o S ]
When you select “Until.../Mismatch detected,” the Traffic Capture stops on the first detected
error. By selecting “Until.../Mismatch detected,” the trigger word in the Traffic Capturefileis
the first detected mismatch unless the instrument is stopped before an error is detected. L oss of

Sync is considered an error.

2 Select apost fill percentage value.
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This determines the percentage of the datain the Traffic Capture file that will appear after a
trigger point in thefile (if atrigger occurs). Values range from 0% to 99%.

The Traffic Capture is synchronized to begin when the instrument starts.

Refer to “Using the Capture Commands’ on page 35 for additional information about captures.

Figure 36: Example of Traffic Capture Output
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Triggering

Trigger Word

Use this control to specify the behavior of the triggers to and from the Domain that relate to the
BERT.
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Pattern

Don’t use triggering

No triggering is used when you click this radio button.

When the domain is triggered...Start BERT

When you press Start, the Status displays “Waiting for trigger” until atrigger inisreceived.

When the domain is triggered...Stop BERT

When Xgig BERT receives adomain trigger input, the software automatically presses the Stop
button. This aso creates atrigger for the Traffic Capturefile.

Trigger domain...once per loop sent

The domain istriggered at the end of each loop. The trigger pulse is lengthened and passed
through the domain with a different clock frequency; therefore, do not use this feature for short
repeating loops.

Trigger domain...On traffic capture stop

A trigger out pulseis created when the Traffic Capture is stopped for any reason.

Trigger domain...once per detected mismatch

The domain istriggered for each mismatched quad byte. The trigger is lengthened, therefore,
mismatches that are close together do not create a new pulse. A pulseis also created whenever
Loss of Sync is detected.

This section describes the options in the Pattern field on the Configuration window.

Add/Drop Re-Synchronization disabled (Non-Sync Mode)

To transmit and receive a bit-for-bit matched pattern, make sure that Enable Add/Drop
Re-synchronization in the Pattern area of the Configuration window is not checked.
The following activities occur when you use this setting:

1 The Xgig BERT transmits the “stopped” word until you press Start.

2 If the Hardware Sync Word is enabled, the Xgig BERT transmits 128k words of the Hardware
Synchronization Word (data depends on protocol) allowing the Xgig BERT receiver to
synchronize characters and words.

3 The Xgig BERT receiver disables automatic “comma’ alignment and uses the present bit
relationships for transmit, receive, and compare.
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4 Thetransmitter sends the first through last compare words sequentially, repeating until you
click Stop, or until a specified number of loops has been sent.

=p | Note: Thefirst word of the Compare Zonein any modeis called the “ Start Word.”

5 Thereceiver usesthefirst instance of the Start Word to recognize the beginning of the pattern.
Therefore, the very first word must match exactly and is not included in comparison statistics.

6 Thereceiver counts all receiving statistics after the Start Word is matched once.
If abit toggles to the opposite state from which it was transmitted, it is counted as a mismatch.

If abit “disappears’ resulting in a slippage of the entire pattern, millions of mismatches are
likely to result because the receiver and transmitter are now one bit off and cannot be corrected
without being re-synchronized.

Add/Drop Re-Synchronization enabled (Re-Sync Mode)

To repeatedly re-synchronize once each loop, before performing a precise bit comparison (to allow
for pattern re-timing), select Enable Add/Drop Re-synchronization in the Pattern area of the
Configuration window.

The following activities occur when you use this setting:
1 The Xgig BERT transmits the “stopped” word until you press Start.

2 If the Hardware Sync Word is enabled, the Xgig BERT transmits 128k words of the Hardware
Synchronization Word (data depends on protocol) allowing the Xgig BERT receiver to
synchronize characters and words.

3 Thegenerator then transmits the re-synchronization word(s)—those in the “ Re-Synchronize”
area.

It is recommended transmitting at |east three of the same re-sync words.

4 The Xgig BERT uses automatic “comma’ alignment to realign the received characters and
words.

5 Thereceiver begins counting receive statistics at the first re-sync word.

Note: Thefirst re-sync word should be different from the Hardware Sync Word so that the
=»| receiver recognizes the Re-Synchronization zone and starts counting receive statistics.

If the Hardware Sync Word is off, then the receive statistics start from the Start Word on the
first loop.

6 Receiver compareis enabled but held off during the re-sync words.

No errors are counted during thistime. This allowsthe transmitter under test to insert or delete
(add/drop) re-sync words and re-time the signal sent to the Xgig BERT.
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7 Oncethe Start Word is detected by the receiver, then a bit comparison of the remainder of the

pattern is performed (the “ Compare Zon€”). Note that the Start Word is not counted in the
comparison statistics.

Note: Do not use the Start Word in any other place in the pattern, particularly, not in the
“Re-sync Zone.”

For example, using six idle words for re-synchronization, and a Compare Zone consisting of a
frame with an SOF, 248 data words, a CRC, and an EOF resultsin 10000 compared hits per
loop. Errorsin the Idles or SOF are not counted directly. If the received SOF has any
mismatched bits, then the receiver skips comparison of that loop and will not record
comparison statistics until an SOF match is found.

If acompared bit toggles to the opposite state from which it was transmitted, it is counted as a
mismatch.

If abit “disappears’ resulting in a slippage of the entire pattern, hundreds of mismatches are
likely to result because the receiver and transmitter are now one bit off for the remainder of the
loop. Re-synchronization should correct for minor bit slippage. In the 10000 bit example
given, counting the number of mismatched bits and dividing it by 10000 will yield an
approximate bit error rate. Remember that 104 translates to 100% in this example.

Pattern Elements

The Pattern Elements window contains the source templatesfor creating traffic patterns (Figure 37
and Figure 38). There are frame templates, Ordered Set templates, and special Xgig BERT-specific
templates. The template tree that appearsin the Pattern Elements window is dependent upon the

protocol mode that you set.

Figure 37: Fibre Channel Pattern Element Template Libraries

Fattern Elements

=1+ User Library
T Any Data word
I Any Fibre Channel Frame
§ Any Ordered Set
=1-[7] Finisar Library
+-|_7] Jitter Patterns
+-|_7] Login
+-|_7] Ordered Sets
T Any Data word
I Any Fibre Channel Frame
§ Any Ordered Set
Sr Automatic CRC Inzertion
Fi| Placeholder
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Figure 38: Gigabit Ethernet Pattern Element Template Libraries
IG1AM (1,1,1) { GE CRPAT.ptc )

I Fattern Elements I

[E-{Z7] User Library
: ---- T Anvy Data word I
i b I Ay Ethernet Frame

El-[2]) Finisar Library

-] Jitker Patterns
----- L1 Anvy Daka wWard
----- I Arvy Ethernet Frame
----- | Awutomatic CR.C Insertion
-l G@igE Abnormal Termination
----- § ot 12 12 Pair
I (GigE Mormal Termination

----- o GigE SDF Indicator

----- PHy| Placeholder

You can drag pattern elements within the Pattern Elements window from the read-only Viavi
Library to the User Library to edit them.

To edit Pattern Elementsin the User Library:
1 Click on auser pattern element, pause, and click again to renameit.

2 Double-click the user element to edit its contents in an editor dialog.

You can aso create new foldersin the User Library by using the right mouse button.

Ordered Set Template Editor

The Ordered Set Template Editor is only available for the Fibre Channel Ordered Set Templ ates.

To open the Template Editor dialog:

>> Double-click on an Ordered Set Template in the User Library folder of the Pattern Elements
window.

Frame Template Editor

To open the Frame Template Editor dialog (Figure 39 and Figure 40):

>> Double-click on a Frame Template in the User Library folder of the Pattern Elements window.
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Figure 39: Fibre Channel Any Frame Template Editor Dialog

1‘,» Template: Any Frame ﬂ

Decode Swikches

Frarne length: I;-' wards

FC 0001 EC ES 3¢ 3¢ *| [l Fibre Channel Frame -
FCH 0001 (00 00 00 00 F-50F = OxBCES3E36 SOFN3

FCH 0002 o0 a0 Qo oo [=]-- Fibre Channel Header

FCH 00A3 00 00 00 00 F-RCH = 0x00 FC4Uncat

FCH 0004 o0 a0 Qo oo . -
FCH 0005 oo 00 00 oo F-D_ld = 0x000000 Unidentified

FCH 0006 |00 oo oo oo | F CE CTL = 0=00
F-5_d = 0x000000 Unidentifisd
[FH-Type = Ox00
F--F_Ctl = 0x000000

------ SEG@_Id = 0x00
[F-DF_Ztl = 0x00 Mo Opt Header

1 I SE@_Cnt = 0x0000 [

CRC I.t’-‘-.utomatic CRC Inzertion ﬂ

£ie [BC 55 75 75 EOFt (14 Gigl End O Frame Temirate =l
ok | LCancel |

Figure 40: Gigabit Ethernet Any Frame Template Editor Dialog

1‘,' Template: Any Ethernet Frame ﬂ

Decode Switches

Frarme length: |4 words

Ether 0001 0o o0 2} = Ethernet Frame
Echer 0002 |00 0O 00 0O i Destingtion = 0x000000000000

Echer 0003 100 0 00 08 -Source = 0x000000000000
Ether 0004 |00 00 00 OO0 -EtherType = 0x0000

Pld 000l oo oo

CRC I.-’-‘«utnmatic CRC Insertion j
ss |FD EGP End of Good Packet =l
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Decode Switches Menu

The Decode Switches menu lets you select the manner in which you want to display the bytesin a
frame. The Decode Switches menu only appears when thereis a payload specified (set the number
of words in the Frame length field to be greater than the number of wordsin the header.) Only
switches relevant to the current template being edited would appear. There are also contextual
switches to further decode responses and data frame templates. For further information about
decode switches, refer to the Xgig Analyzer User’s Guide.

Frame Length

You can enter alegal frame length in wordsin the Frame Length field at the top of the editor
dialog.

Columns

The editor has three columns;
*  Word pointers

The left column is a named word pointer. You can select pointers, copy, cut, and paste them.
Word values move along with the pointers.

— Fibre Channel frames start with an SOF, have an option VSAN header of 2 words
(VSAN 1 and 2), follow on with six header words (FCH1-6), continue with payload
words P001-P528, then a CRC, and an EOF.

— Gigabit Ethernet frames start with an S Ordered Set, six preamble bytes, and 1 SDF byte
(not shown in the template), followed by 14 header bytes (Ether 0001-0004), payload
words Pld 0001-0376, then a CRC and an EOF.

Word vauein hex

The center column is the word value. These are entered in hexadecimal. All words are D
characters, except the K character at the first byte of the SOF word in Fibre Channel, and the
K character at the S Ordered Set at the beginning of the frame (not shown in the template).

» Protocol decode string

The right column contains translations of the hex wordsin the frame into protocol decoded
strings. Use the mouse cursor to click on the + symboal, to display a sub-list of possible decode
values. You can select one of the elements in the list and the hex word updates to reflect the
appropriate bit values.

CRC and End Word Controls

At the bottom of the editor are the CRC and End word controls (Figure 41). You can type a CRC
value or let Automatic CRC Insertion send the valid CRC for the frame.
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Figure 41: CRC and End Word Controls
| | ||

ERC I.&utomalic CRC Inzertion j
End EGP End of Giood Packet

End of Bad Packet
TR

I Tancel |

Xgig BERT-Specific Templates

Pattern Elementsinclude some Xgig BERT specific templates. These are specialized template
elements that you can only use with the Xgig BERT. Some of these templates are
protocol-specific, some are not. The protocol-specific templates are described in the next section.
The templates that are not protocol-specific are the Automatic CRC, the Any Data Word, and the
Placeholder.

Automatic CRC Generation and Insertion

Fibre Channedl and Gigabit Ethernet use a 32-hit cyclic redundancy check (CRC). To insert a
dynamically computed CRC, you need to use two Xgig BERT specific templates. Oneisa
protocol -specific SOF or SDF Insertion element (green SOF or SDF icon), the other is the protocol
independent Automatic CRC element (yellow CRC icon). The hardware recognizes an

Xgig BERT specific SOF or SDF Insertion element and starts a CRC-32 cal culation with the word
immediately after the element. The calculation continues until the Automatic CRC Insertion
element is found, and the CRC isinserted on that word. The CRC is automatically calculated for
the entire frame including placeholder entries. You should place the CRC element just prior to the
frame terminator.

Important: All entries between the SOF/SDF template and the automatic CRC template must
not have control (K) characters, and must be 8-bit entries; 10-bit entries are not handled
correctly by CRC.

An SOF or SDF that is not a special template containing a green SDF or SOF icon will not
work with the automatic CRC calculator.

Any Data Word

The Any Data Word template is a one word element that can be used to create an 8-bit dataword
that has no K-char bits. Once thistemplate is moved to the Pattern Definition window, you can
change the word to 10 bit mode, or you can enable K-char bits.

Placeholder

The third element, Placeholder, represents a hardware-based counter/accumul ator register. You
can include automatic Placehol der words along with the pattern templates. Figure 42 shows the
Placeholder Template menu.
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Figure 42: Placeholder Template menu

— Patten

Enable Add/Drop
i Re-Spnchranization

Placeholder Template ...
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All Ones

All ;erns

Using the Placeholder Element

To use the Placeholder element, select the one hardware counter type you want to use throughout

the pattern. For example, select Incrementing Words, 8-bit Format. Each time you drag a
Placeholder element into the pattern, it is pointing to the one Incrementing Word counter in
hardware. Every time the pattern encounters this Placeholder, the present value is used and the

counter incremented. The same register might be listed repeatedly, for example, four successive

Placeholder copies of “Incrementing Bytes.” This results in the pattern transmitting the proper
disparity and 10-bit values for the hex characters listed in Table 6.

Table 6: Four Placeholder 8-bit Values for Hex Characters

0x00 0x00 0x00
0x01 0x01 0x01
0x02 0x02 0x02
0x03 0x03 0x03
(end of first pass through the pattern)

0x04 0x04 0x04
0x05 0x05 0x05
0x06 0x06 0x06
0x07 0x07 0x07

(end of second pass through the pattern)

0x08

OxFF

0x08

OxFF

0x08

OxFF

(end of sixty fourth pass through the pattern)

0x00

If you change the Placeholder Template setting, al Placeholdersin the pattern are affected and
when the pattern isrestarted, it will use the new setting each time a Placeholder is encountered.

0x00

0x00

0x00
0x01
0x02
0x03

0x04

0x05

0x06

0x07

0x08

OxFF

0x00

You cannot use the Placeholder asthe first compare word. You can useit asthe last compare word.
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8-Bit Placeholders

The 8-bit Placeholders are transmitted with proper disparity and translated to 10-bit from the

registers described in Table 7.

Table 7: 8-bit Placeholder Registers

Register Description Initial Value
Random 32 Bit Pseudo-Random left shift register with bits 31, 0x00 00 00 00
Words 30, 15 and 1INOT XOR'd into the least significant bit.

Incrementing
Bytes repeats; all bytes are equal.

Incrementing 32-Bit Incrementing counter, counts from

1 Byte Counter x 4, counts 0x00 to OxFF and then

0x00 00 00 00

0x00 00 00 00

Words 0x00 00 00 00 to OXFF FF FF FF, then wraps to 0x00

00 00 00 and continues.

Walking Ones  32-Bit left shift register, shifts from 0x00 00 00 01 to

0x80 00 00 00, then repeats

0x00 00 00 01

Walking Zeros  32-Bit left shift register, shifts from OxFF FF FF FEto  OxFF FF FF FE

Ox7F FF FF FF, then repeats.
Static 1's.
Static 0’s.

All Ones
All Zeros

10-Bit Placeholders

The 10-hit Placeholders are transmitted without regard for proper disparity directly from the

registers described in Table 8.

Table 8: 10-bit Placeholder Registers

Register Description Initial Value
Random 40-Bit Pseudo-Random left shift register with 0x00 00 00 00 00
Words bits 31, 30, 15 and INOT XOR'd into the least

significant bit.
Incrementing 10-Bit Counter x 4, counts 0x000 to 0x3FF and 0x00 00 00 00 00

Bytes
Incrementing
Words

Walking Ones

Walking Zeros

All Ones
All Zeros

then repeats; all characters are equal.

40-Bit Incrementing counter, counts from
0x00 00 00 00 00 to OXFF FF FF FF FF, then
wraps to 0, then continues.

40-Bit left shift register, shifts from
0x00 00 00 00 01 to 0x80 00 00 00 00, then
repeats.

40 Bit left shift register, shifts from
OXFF FF FF FF FE to OX7F FF FF FF FF,
then repeats.

Static 1's.
Static 0's.

0x00 00 00 00 00

0x00 00 00 00 01

OXFF FF FF FF FE

Note: You can only use one representation for Placeholders at atime. When you select
Incrementing Words, an incrementing value is placed at each Placeholder location in the

pattern.
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Xgig BERT-Specific Protocol-Specific Templates

Pattern Elementsinclude some Xgig BERT-specific templates that are only availablein a
certain protocol mode (Figure 43 and Figure 44). These templates are the SOF Indicator, the
SDF Indicator, the GigE Normal Termination Indicator, and the GigE Abnormal Termination
Indicator.

Figure 43: Fibre Channel Pattern Elements

Fattern Elements

=1+ User Library
T Any Data word
I Any Fibre Channel Frame
§ Any Ordered Set
=1-[7] Finisar Library
+-|_7] Jitter Patterns
+-|_7] Login
+-|_7] Ordered Sets
T Any Data word
I Any Fibre Channel Frame
§ Any Ordered Set
ﬁ Automatic CRC Ingertion

Fi| Placeholder

SOF Indicator

The SOF indicator shows a start of frame and resets the automatic CRC calculator in the Fibre
Channel Protocal. You edit this template the same way you edit the Fibre Channel Ordered Set
Templates. The Viavi Template library contains an SOF indicator for each type of Fibre Channel
SOF (for example: SOFi3, SOFn3, etc.). You can aso create your own SOF template or edit the
data in the Pattern Definition. The SOF indicator element enables the hardware based automatic
CRC calculator to begin with the word following the four byte SOF indicator. It is hot necessary
for any byte in the SOF indicator to be a control (K) character and no bytes of the SOF Indicator
areincluded in CRC calculation.

Figure 44: Gigabit Ethernet Pattern Elements

IGIAM (1,1,1) { GE CRPAT.pkc )

I Pattern Elements l
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----- foo GigE SDF Indicataor

----- Fiy| Placehalder
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SDF Indicator

The SDF indicator is usually the second word of a frame and resets the automatic CRC calculator
in the Gigabit Ethernet Protocol. The default datais 0x55 0x55 0x55 0xD5. A dataword of K27.7
0x55 0x55 0x55 should be put before this template for a proper frame beginning. The SDF
indicator element enables the hardware based automatic CRC calculator to begin with the word
following the four byte SDF Indicator. It is not necessary for any byte in the SDF Indicator to be a
control (K) character and no bytes of the SDF Indicator are included in CRC calculation.

Gigabit Ethernet Normal Termination Indicator

The Gigabit Ethernet Normal Termination Indicator is used to terminate a Gigabit Ethernet frame,
and should be placed after the CRC word. The data contents are T/R/11 or T/R/12 (K29.7 K23.7
K28.5 0xC5 or 0x50). You cannot edit this data. The hardware automatically chooses between |1
and 12, depending on the incoming current running disparity (if positive, 11 isused, if negative,
12).

Gigabit Ethernet Abnormal Termination Indicator

The Gigabit Ethernet Abnormal Termination Indicator is used to terminate a Gigabit Ethernet
frame; you should place it after the CRC word. The data contents are V/R/11 or V/R/12 (K30.7
K23.7 K28.5 0xC5 or 0x50). You cannot edit this data. The hardware automatically chooses
between 11 and 12, depending on the incoming current running disparity (if positive, 11 isused, if
negative, 12).

Using Pattern Definition

The Pattern Definition window is where you create your pattern. The Hardware Sync Word is
always shown at the top, and the Compare Zone is always at the bottom. In between these zonesis
the Re-Sync Zone, if Re-Sync Mode is enabled.

You can place up to 1024 words in the Re-sync Zone and 4096 words in the Compare Zone.

Caution: In Gigabit Ethernet mode, 12 Ordered Sets must be present just before the Start
Word to assist in alignment. Make sure to always have 12 Ordered Sets in the Re-Sync Zone.
If aRe-Sync Zone is not present and the Hardware Sync Word is turned off, be sure to set the
“When stopped send...” word to 12/12.

To turn the Hardware Sync Word on and off:
>> Click the check box.

Noticethat if you do not use the Hardware Sync Word, then all the receive statistics begin with the
Start Word, regardless of whether there is a Re-Sync Zone or not. For the first loop, statistics are
only taken for the Compare Zone. For subsequent loops, statistics will include all received data as
normal.

Creating and Organizing Words

To populate the Re-Sync Zone and Compare Zone:

>> Drag and drop templates from the Pattern Elements window.
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When you drag and drop a Frame Template, it is automatically broken up into its constituent
words.

Another way to create and organize wordsis to use standard cut, copy, and paste commands (only
within asingle zone at atime).

To edit words in the Re-Sync Zone and Compare Zone, use the Pattern Word Editor.

Using the Pattern Word Editor

To open the pattern word editor, double-click on an entry in the Re-Synchronize or Compare
windows on the right side of the configuration screen (Figure 45) or click on adown arrow on the
right side of the entry.

Figure 45: Opening the Pattern Word Editor
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The pattern word editor dialog is displayed (Figure 46).

Figure 46: Pattern Word Editor Dialog
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This editor allows you to define the actual 10-bit value to be transmitted or the 8-bit value that the
hardware encodes to the correct 10-bit tranglation, based on the running disparity.

Use the following guidelines when you edit words in a pattern:

» For 8-bit mode, use the + or - button to select the incoming disparity for the 10-bit conversion.
For 10-bit mode, the + or - has no function.

e You must use 8-bit mode for automatic CRC calculation.
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* Notethat the trandated 10-bit values are ignorant of disparity. You might need to manually
pick the opposite starting disparity value by inverting the 10-bit value to follow disparity rules.

* You can enter aname for thisword at the top of the editor.

» After selecting 8-hit, you can enter hex values and click on the “D” or “K” to toggleit to the
other state.

* |If you select 10-bit, you can only enter 1sand Os. Illegal charactersare”??’ in hex trandations
in 8-bit.

10-bit values are always transmitted “As|s;” whereas, 8-bit values are transmitted using
correctly generated disparity. 8-bit Ordered Sets are transmitted following the appropriate
protocol-specific disparity rules, regardless of the current running disparity.

@ Important: Watch out for disparity issues and receiver restrictionsif you enter 10-bit values.

»  The Pattern Word Editor does not allow you to edit the following templates:
— Automatic CRC
— Placeholder
— GigE Norma Termination Indicator
— GigE Abnormal Termination Indicator

Send and/or compare Patterns... (Finite Loop Setting)

Use this control to send and/or compare the pattern afinite number of times. You can select:

e Looping forever

» A specified number from 1 to 4294967295

When you use a finite number and click Start, the Xgig BERT runs until the number of loops are

complete; then the unit automatically returns to the stopped state. Additionally, a Traffic Capture
“trigger” condition is created at the last word of the last loop.

Check Pattern

You can check your pattern in Xgig BERT for code violations, disparity errors, and warnings that
might cause your pattern to fail. After you define a pattern, click the Check Pattern button
(Figure 47).
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Figure 47: Check Pattern Button

Pattern checking errors ;Iglll 36)

[ Bec : Global ] Note : Disparity and Code Violation checking opped by ==
Placeholder or Automatic CRC Template.

[ Bec : Global ] Re-Sync Zone should have at least 4 consecutive IZ Ordered Sets
present.

[ Bec : Compare , Lm : 1 ] First Z bytes of the Start Word should not be the
same as the last £ bytes of the Start Word.

=

Frint | Lloze I

|%:] creaT 13 | OxBE 0xD7 0x23 D47 gb|~
|% ] rrPAT 20 | nveR nwaF nwRz me1a anl v

|
[
soe| _gaes |

Xgig BERT highlights disparity errors and code errorsin yellow and reports their line number and
byte position. Note that byte O refers to the msb on the far left, while byte 3 is on the far right. In
addition, it displays the following warnings when it detects pattern errors:

General Warnings

The following warnings are displayed for errors that occur in either protocol:

Start Word should not be used elsewhere in pattern.

Start Word cannot be a Placeholder.

Placeholder cannot be put into the Re-Sync Zone.

Start Word cannot be an auto CRC template.

CRC template cannot be put into Re-Sync Zone.

Compare function will not be useful with 10 bit Placeholders in pattern.

Unaligned comma character may cause Compare function to lose sync with
pattern.

Compare Zone should be longer than 8 words to allow for 8 clock width
TTL-out pulsing.

Start Word should not be an 8 bit EOF.

Compare Zone cannot be empty.
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Fibre Channel Mode Warnings

The following warnings are only displayed in Fibre Channel Mode:
First word of Re-Sync or Compare Zones cannot equal Hardware Sync Word.
10-bit data is not allowed between SOF template and auto CRC template.

K-Char characters are not allowed between SOF template and auto CRC
template.

SOF and auto CRC templates must be in pairs where SOF comes before auto
CRC.

Auto CRC template found without partner SOF template.

SOF template and auto CRC template must have at least 1 word between
them.

SOF template cannot put into the Re-Sync Zone.

Re-Sync Zone must have at least 3 consecutive Ordered Sets present that
may be added or dropped.

Compare Zone should not contain Ordered Sets that may be added or

dropped.

Gigabit Ethernet Mode Warnings

The following warnings are only displayed in Gigabit Ethernet Mode:
First word of Compare Zone cannot equal Hardware Sync Word.

First 2 bytes of the Start Word should not be the same as the last 2
bytes of the Start Word.

10 bit data is not allowed between SDF template and auto CRC template.

K-Char characters are not allowed between SDF template and auto CRC
template.

SDF and auto CRC templates must be in pairs where SDF comes before auto
CRC.

Auto CRC template found without partner SDF template.

SDF template and auto CRC template must have at least 1 word between
them.

Re-Sync Zone must have at least 4 consecutive I2 Ordered Sets present.

Compare Zone must not have I2 Ordered Sets present, because other devices
may add or drop them.

Start Word cannot be a T/R/IX nor V/R/IX template.

You can send your pattern to adevice, but if it contains awarning, the results can be unpredictable.
Disparity errors do not affect an instrument’s performance except as defined by bit DC bias
requirements.
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Pattern Indicators

The BERT Configuration window has indicators that show current selection information for the
Re-Synchronize Zone and Compare Zone. They are located in the header of each zone (Figure 48).

The selection indicators, on the left side of the header, show the current selection point within a
particular pattern window (Start) and the number of items selected (Length). Theseindicators only
appear for the zone you currently have selected (Re-Sync or Compare).

Thetotal indicator on the right of the header displays the number of words used in the pattern and
the maximum number of words allowed.

Figure 48: Pattern Indicators
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Protocol-Specific Features

This section describes the protocol-specific features for BERT mode.

Fibre Channel

Xgig BERT supports the Fibre Channel protocol asfollows:

The Hardware Sync Word (128k sent at beginning of pattern) is
LR (K28.5 0x49 0xBF 0x49)

The default for the “ stopped word” is Idle (K28.5 0x95 0xB5 0xB5)

The default speed is 2.1250 Gbps for a 2.1250 Gbps blade, 4.2500 Gbps for a 4.2500 Gbps
blade and 8.5000 Gbps for an 8.5000 Gbps blade

The Ordered Set templates in the Pattern Elements window are editable as described
previously

In Re-Sync Mode, received comma characters are aligned to byte 0 (msb) for comparison. (Be
sure to only put comma characters in the left-most byte.)

8b Ordered Sets are always sent with the proper negative incoming disparity (except EOFS)
8b EOFs are aways corrected to the right code on-the-fly in hardware according to the
running disparity

In Re-Sync Mode, there should be at least 3 equal consecutive Ordered Sets in the Re-Sync
Zone so that other devices may add or drop to re-time

Xgig BERT-specific SOF template indicators are available

To use the Automatic CRC template, you should place an SOF indicator template (green icon)
at the beginning of the frame, and an Automatic CRC template at the end after the payload,
before the EOF

To use Fibre Channel Frame Scrambling, you should use an SOF indicator template at the
beginning of the frame. Scrambling will begin on the next word and continue until aword
containing aK character (usually EOF). Scrambling isenabled or disabled for each BERT port
in the Parameters context menu on the BERT tab.

Gigabit Ethernet

Xgig BERT supports the Gigabit Ethernet protocol as follows:

The Hardware Sync Word (128k sent at beginning of pattern) is12/12 (K28.5 0x50 K28.5
0x50)

The default for the “ stopped word” is12/12 (K28.5 0x50 K28.5 0x50)
The default speed is 1.25 Gbps

The Ordered Set templates in the Pattern Elements window are not editable (until you put
them into the pattern)

In Re-Sync Mode, received comma characters are aligned to byte 0 (msb) and byte 2 for
comparison. (Be sure to only put comma characters in the left- most byte and the third from
|eft byte.)
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» 8b 12 Ordered Sets are always sent with the proper negative incoming disparity. Note that the
Check Pattern feature does not include thisin its disparity rules.

» 8b 11 Ordered Sets are always sent with the proper positive incoming disparity. Note that the
Check Pattern feature does not include thisin its disparity rules.

» The Gigahit Ethernet Normal Terminator and Gigabit Ethernet Abnormal Terminator
templates automatically choose in hardware between |1 and |2 to terminate the frame with the
correct negative disparity.

* InRe-Sync Mode, there should be at least four equal consecutive Ordered Setsin the Re-sync
Zone so that other devices can add or drop to re-time (for example, 2 12/12 pairs).

*  When you use the Automatic CRC template, you should place an SDF indicator template
(greenicon) at the beginning of the frame, and an Automatic CRC template at the end after the
payload, before the frame terminator template.

» The SDFindicator template should usually be the second word of the frame. A word
containing the S Ordered Set and three preamble characters (K27.7 0x55 0x55 0x55) should
usually be thefirst word in the frame.

* In Re-Sync mode with the Hardware Sync Word on, if you use 12/12 as the words in the
Re-Sync Zone, when the receiver receivesthefirst loop it will not count the Re-Sync wordsin
the statistics (only for thefirst loop). Thisis because the receiver looksfor thefirst word that is
different from the Hardware Sync Word (12/12) to start accumulating statistics.

* InRe-Sync Mode, the receiver constantly looks for a match of the first two bytes of the Start
Word, and aligns the data stream to the msb position upon any match, for comparison
purposes. Therefore, you should never use the first two bytes of the Start Word anywhere else
in the pattern. In Non-Sync Mode, the alignment is only performed once at the beginning of
thefirst loop received; so the pattern restriction does not apply.

» Xgig BERT specific templates available for Gigabit Ethernet:
— SDF Indicator
— GigE Normal Termination Indicator
— GigE Abnormal Termination Indicator
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Cancel and Save Buttons

These buttons control the updating of the entire Configuration window and allow you to save the
settings you make.

Cancel

Closes the Configuration window and returns to the main window. All changes that you made
since the last time you opened the Configuration window are lost.

Save

If you are in edit only mode, without assigned hardware, the Configuration window displays a
Save button. Click this button to save the configuration you have created or edited.

BERT Configuration Files

You can use configuration files (with the extension .ptc) to save all the contents of the
Configuration window. The current configuration file name is displayed in the Parameters Status
table on the Xgig Maestro window and on the title bar in the Configuration window. For
information about how to load a configuration file, save a configuration file, reset a configuration,
or edit aconfiguration file, see page “Loading BERT Configuration Files’ on page 42.
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Configuring Latency Settings

In this chapter:

Using the BERT Latency Configuration Window
Saving Configuration Files
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Xgig BERT provides latency measurement by sending out frames and measuring the time they
taketo return to the BERT. The frame pattern is similar to a pattern you can create in BERT mode,
but, for the most part, you cannot edit it. The pattern uses the Hardware Sync Word and a Re-Sync
Zone with Idles for the appropriate protocol. The Compare Zone (no bit comparison occurs)
contains one protocol-specific, dynamically changing frame.

This chapter describes how to use this feature.

To enable the Latency mode:
1 Select aport and lock it port asa BERT on the Port Selection and Domain Setup window.

2 Onthe BERT tab, right-click on the port to open the Parameters context menu and select
Mode of operation > Latency mode.

The Latency tab on the Xgig Maestro window is displayed (Figure 49).

Figure 49: Latency Tab

State ‘u Stopped
Configuration... -/ (Mot confiqured from afile ) E
Start / Stop ) Start ;
: Operation E
Status :
Protocol 1 Fibre Channel
Clock rate 'l 21250 Ghps
Send status Stopped
Compare status Stopped ;
Elapsed tme 0.000s!
Wire status K285 0x95 OxB5 0xB5 |
Signal LED L ] Mo signal
LOS LED 1 MA
Latency _
Instantaneous Ons:
Average Ons:
Minimum Ons:
Maximum Ons:
Data points 0

Using the BERT Latency Configuration Window

To configure Latency:
1 Besurethe device you want to configure is selected in the Parameters Status table.
2 Click the Configuration File button (Figure 49).
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The Latency Configuration window is displayed (Figure 50).

Figure 50: Latency Configuration Window

=T
File
Options

Payload size (hytes] |4 3;
ldles between frames : IE 3;

Ok | Aaply | Cancel

3 Setthefollowing to configure latency.
In the Options area:
 Payload size

Controls the number of bytesin the payload of the frame sent. Payload is counted by 4
bytes.

For Fibre Channel, the minimum is 4, maximum is 2112.
For Gigabit Ethernet, the minimum is 10, the maximum is 4066.
e Idles between frames

Controls the number of Idle characters between frames. Idles are counted by 1 in Fibre
Channel and by 2 in Gigabit Ethernet.

For Fibre Channel, the minimum is 6 and maximum is 1024.
For Gigabit Ethernet, the minimum is 5, the maximum is 2049.
4 Click Save or Cancel.
These two buttons control updating for the entire Configuration window.
Save
Saves all the Configuration window settings.
Cancel

Closes the Configuration window and returns to the main window. All changes that you made
since the last time you opened the Configuration window and clicked Apply are lost.

Saving Configuration Files

When you save a configuration file, the file contains the settings from the BERT tab and the
Latency tab. You can save the contents of the Configuration window to file names you specify. For
more information about configuration files, refer to “ Saving a BERT Configuration File” on

page 42.

Xgig BERT User Guide 73



Configuring Latency Settings Protocol-Specific Features

Protocol-Specific Features

This section describes the protocol-specific features for Latency mode:

Fibre Channel

Xgig BERT supports the Fibre Channel protocol asfollows:

The Hardware Sync Word (128k sent at beginning of pattern) is
LR (K28.5 0x49 0xBF 0x49).

The default for the “ stopped word” is Idle (K28.5 0x95 0xB5 0xB5).

The default speed is 2.1250 Gbps for a 2.1250 Gbps blade, 4.2500 Gbps for a 4.2500 Gbps
blade, and 8.5000 Gbps for an 8.5000 Gbps blade.

The frame contains SOFN3, six header words, a user-defined payload length, agood CRC, and
EOFt.

Gigabit Ethernet

Xgig BERT supports the Gigabit Ethernet protocol as follows:

The Hardware Sync Word (128k sent at beginning of pattern) is12/12 (K28.5 0x50 K28.5
0x50)

The default for the “stopped word” is12/12 (K28.5 0x50 K28.5 0x50)
The default speed is 1.25 Gbps.

The frame contains 14 header bytes, a user-defined payload length, agood CRC, and anormal
frame termination.
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Using the Latency Tab

In this chapter:

Using the Latency Parameters Status table
Latency Operation
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This chapter describes how to run a Latency measurement and what you can observe while
running atest.

After you have configured your latency settings described in Chapter 4, “ Configuring Latency
Settings,” you can run your test. You do this from the Latency tab on the main window
(Figure 51).

The Latency Parameters Status table displays information about the test you are running or the test
that has just completed.

Figure 51: Latency Tab

State u Stopped
Configuration. .. # (Mot configured fram & file ) E
Start / Stop ) Start ;
Operation E
Status
Protocol I Fitore Charnel
Clock rate u 21250 Ghps
Send status Stopped
Compare status Stopped _
Elapsed fime 0,000}
Wire status . KeBEMx95 BB
Signal LED ® Mo signal
LOS LED ® M
Latency 5 _
Instantaneous Ons
Average Ons
Minimum Ons
Maximum Ons
Data points 0:
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Using the Latency Parameters Status table

Each Latency deviceis displayed by a column in the Parameters Status table on the Latency tab
(Figure 51). At the top of each column isthe protocol and the chassis name, followed by the
chassis number, the slot number and port number in parenthesis. Below thisis aselection
indicator. The selected BERT isindicated by a green check mark under Select in the Ports
Manager. When you click the Start button and run a Latency measurement, the Parameter status
table displays areadout for each port that is running atest; the readout is updated several times a
second.

The following metrics are available in the Parameters Status table on the Latency tab.

State Category

This category shows the Latency status:
» Disconnected

e Connecting

e Starting

e Synchronizing
* Running

* Stopping

*  Stopped

Configuration File Category

Displays the name of the configuration, if any, loaded into the port. Refer to “Loading BERT
Configuration Files’ on page 42.

Status Category

This category indicates the current physical setup for Latency.

Protocol

Indicates the protocol for a Latency measurement. You choose a protocol in the Port Selection and
Domain Setup window when you lock ports. The small lock icon indicates that the protocol cannot
be changed at this stage.

Clock rate

Indicates the clock rate. The closed lock icon indicates you cannot currently change the clock rate;
the open lock icon indicates you can change the clock rate. The clock rate can be 1.0625 Gbps,
1.2500 Gbps, 1.5000 Gbps, 2.1250 Gbps, 2.5000 Gbps, 3.0000 Gbps, 4.2500 Gbps or 8.5000
Gbps. Both portsin a port pair must always be set to the same clock rate. Therefore, if you have
two ports, and one of them is running, the clock rate is locked on both of them.
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Setting the Clock Rate

To change the clock rate:

1 Right-click anywhere on the specific port column to open the Parameters context menu

(Figure 52).
2 Select Clock rate.

A menu with available choicesis displayed

3 Click to choose one.

Itemsthat are grayed out are not currently available. A bullet is displayed to the | eft of the

currently operating selection.

Note: The clock rate is not saved in the configuration file. This allows Latency
configurations to run independently of the clock rate setting and avoids breaking the link to

which the device is connected.

Figure 52: Clock Rate Menu

Load configuration file. ..
Sawve configuration File. ..
Reset configuration

Edit configuration

Skart

Force CDR re-lock

4,2500 Ghps

Mode of operation 3

Clock rake 1.0625 Ghps
Scrambling »

Log

Capture

LEDs

Do nok shiows BERT

Texk size »| ® 5.5000 Gbps

2.1250 Ghps

Note: Two adjacent BERT ports share the same clock rate, specifically ports 1 and 2, and also

ports 3 and 4.

Note: Changing the clock rate disrupts the traffic sent from the BERT. A warning message

appears when you change the setting (Figure 53).
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Figure 53: Changing Clock Rate Warning

]

Changing the clock rate will affect both DDItS;I
of the part pair and disrupt the traffic on both

i‘: links.
Are pou sure?

¥ Show this warming nest time

|

Tes Ho |

Send Status

The Send Status metric reflects the state of transmitting hardware and reports the following

activities:

*  Stopped

*  Sending hardware sync
e Sending...

*  Stopping...

Compare Status

The Compare Status metric reflects the state of the compare hardware and reports the following

activities:

» Stopped

* Tryingto sync up
* Receiving...

* Stopping...
Elapsed Time

The Elapsed Time metric is the time since you clicked Start on the Latency Operation bar.

Wire status

Shows the current output of the port.
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Using the Latency Parameters Status table

Signal LED

This LED always shows what is occurring at that moment in atest and therefore changes
instantaneously. Table 9 describesthe LED colors.

Table 9: Signal LED Descriptions

Port column LED color Blade LED

Description

Green Green Signal is detected and the link is synchronized.
Red Yellow Loss of synchronization is occurring.

Black Off No signal detected on the link.

LOS LED

Theloss of synchronization (LOS) LED showsiif loss of synchronization has occurred during the
current test (if running) or during the previoustest (if stopped). The LED isreset when you start
the BERT. The LED colors are described in Table 10.

Table 10: LOS LED Descriptions

Port column LED color Blade LED

Description

Green Green

Yellow Yellow

Red Blinking Yellow
Black Off

The link is synchronized.

Loss of synchronization was detected at some point while
the test was running.

Loss of synchronization is occurring now or in the last 5
seconds.

Not applicable
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Latency Category
The Latency category reports the counter values to the nearest word clock period.

Instantaneous Latency

Reports the most recent latency measurement, or reports “ Detecting Errors.”

Average Latency

The average latency computed over the course of the operation.

Minimum Latency

The minimum latency found during the course of the operation.

Maximum Latency

The maximum latency found during the course of the operation.

Data Points

The total number of latency measurements (data frames) utilized for measurement over the course
of the operation.
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Latency Operation

Latency mode functions similarly in Fibre Channel and Gigabit Ethernet protocols. A simple
frame is sent out with zeros in the header fields and a dynamically changing payload. The latency
measurement is taken as each frame returns to the device. Note that the latency measurements are
only valid for topol ogies where traffic sent by the device loops, eventually, back to itself. Latency
mode does not work when you have two BERTs sending data to each other.

After you select the options you want, click Start to begin operation, and click Stop to end the
measurement. Only the options on the Latency tab apply to this operation; options from the BERT
tab do not apply to Latency mode, for example, stop on Loss of Sync.

While running, any frames returning with obvious errors that corrupt the latency measurement are
ignored. In the event of Loss of Sync or Loss of Signal, the Instantaneous L atency parameter
reports “ Detecting Errors.”
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Chapter 6

Bit Error Rate Testing on a Fibre Channel RAID
Application Note

In this chapter:

Fibre Channel Physical Layer Testing
Using the Xgig BERT Fibre Channel System
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Bit Error Rate Testing on a Fibre Channel RAID Application Note

This application note describes how to use the Xgig BERT to test a Fibre Channel RAID
(Figure 54).

Figure 54: Using BERT to Test a Fibre Channel RAID

BERT <T:HSIIHH “;: {1 Drive1
" Drive 2
Analyzer —
Drive 4
L |

Fibre Channel RAID
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Fibre Channel Physical Layer Testing

Manufacturers and integrators of Fibre Channel (FC) systems and devices need a method of
testing the physical integrity of their hardware components before and after these components are
assembled into complex systems. Testing ensures that no physical faults that might compromise
system performance are introduced into the system during the manufacturing process. Bit Error
Rate Testing (BERT) is an effective verification method that is widely used for data
communication applications. Due to the characteristics of Arbitrated L oop topologies, however,
BERT testing of complex FC systems, such as RAIDs, presents challenges to traditional BERT
testers.

The data path components of an FC RAID consist of the input/output transceivers, backplane
wiring, port bypass circuits, and the elasticity buffers of the installed drives. A traditional BERT
transmits awell known bit stream through the data path and monitors the returning stream for
changesin the pattern caused by inverted, inserted, or deleted bits. Bit errors are counted, divided
by the number of bits sent, and aBit Error Rateis calculated. The resulting valueis compared to a
reference value (typically 1022 for FC systems) to determine if the devices are providing
acceptable performance.

The unique characteristics of FC Arbitrated Loops can create errorsin the BERT statistics even for
properly working systems. Inserting or deleting fill words as the data flows through elasticity
buffers will alter the bit stream, resulting in reported errors. Additionally, drive buffers might not
pass an arbitrary sequence of bits, but instead require a proper FC format. Finally, the drives
comprising the FC RAID will need to select atemporary loop master by performing the Loop
Initialization Protocol. The BERT must allow the necessary exchanges to pass through and
complete before it begins its own testing; traditional BERTS do not have this capability.
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Using the Xgig BERT Fibre Channel System

Using the Xgig BERT Fibre Channel System

The Xgig BERT Fibre Channel system has been devel oped with features that directly address the
reguirements that have been described.

To test RAID systems you need to:

1

Plan the script you are going to use to test the RAID. The script consists of two parts:

* Re-Synchronize —This section of thetool providesthe required fill words, such asIDLE,
between the frames of the Compare section. Since this portion of the returning stream is
not compared, it can contain added or deleted words with no effect on the BERT statistics.
The Re-Synchronize feature permits the BERT to accommodate the addition or deletion of
fill words by elasticity buffers.

*  Compare—Typically constructed as an FC frame (SOF, contents, CRC, EOF), the BERT
detects this portion of the returning bit stream and compares the sequence, bit by bit with
the original, to detect errors. Any changesin the bit sequence are reported in the BERT
statistics. You can select pre-configured FC frames from the Template Library supplied
with the system or create your own. You can edit scripts at the 8b or 10b level. This
feature allows the BERT to satisfy the requirement of FC formatting the bit stream.

You might want to create your script using the BERT Configuration window. You can choose
an FC frame from the Template Library and load it into the Compare section of the Xgig

BERT (Figure 55).

Alternatively, you might want to load a sample configuration file such as FC CRPAT.ptc. This
single frame contains a bit pattern intended to stress the link; the Re-Synchronization section
contains six IDLE words and the Passthrough flush word is set to IDLE.

Figure 55: Xgig BERT Compare Section

.~ BERT FC Configuration for FC XGI =lO]>
Second, set the Flz Turn off the
Dpeiation | Fattern Elements | Paiten Dl
Passthrough Serd and Compare T U oy I~ &sidware Sync. Word [ 128k ] Hardware
Ay Data Word
\ “wihan Soppedsand g A::Fraar:e or [B i reex v | [ & z8.5 0x48 0xEF 043 I I Sync Word
) This dword = E i Ordored 5ot Re-Synchronize [B./"IEIZ:i
F|rst’ set Word - Finisar Library ! E 28.5 0x95 OxBS OxBS Bb|v|+
K28.5 035 0485 0+B5 -1 n . . b v |
tolde > it Jtter Patterns Re-synchronize Section
& Bhi “| ®{] Ordered Sets Idle A Gb|~
[5c 35 ES ES T Any Data Word Idle | & 28.5 0x95 0xBS5 0xBS [ »\Put 6
Klzg.5| D|z1.a Diz1.5 Djz1.5 E---]:[AnyFrame Tdle | % 2a 5 nvas nvRs neRs anl vl T
| Hos. ples.al plevs| Plevsl | M o = -Sidles here
106t [o011111010 ek - Ehd Butomatic CRC Insertion o s0Fn3 E 25.5 DxBS Ox36 036 8b|v|a
‘ 1010100010 iyl Placeholder %) CRPAT z OxBE 0xD7 OX23 0x47 sb|v|_
1010101010 %) CRPAT 3 X6 0x8F OXB3 0x14 an| v
MSE 1010101010 % CRPAT 4 OXSE 0xFE 0x35 0x59 an| v
%) CRPAT & OXBE 0xD7 0x23 %47 an| v
= | %) CRPAT & X6 0x8F OXB3 0x14 an| v
%, CRPAT 7 OXSE 0xFE 0x35 0x59 an| v .
Passthrough Setup [ +—— ™7 startwith
B ETIBE I LUNIEIT 15 WYy 50 sl CRPAT 38 0xBE 0xD7 0x23 Ox47 7 )
St OEAT ~ %] CRPAT o MER 0xAF 0xE3 014 sn|»| CRPAT
 Trigger domain % CRPAT 10 OXSE 0xFE 0x35 0x59 &~ here
i %) CRPAT 11 . 8b| v
e = | | Template Libra y
perlog p IY s~ Compare Section e
~Patten —————————— %) CRPAT 13 OXSE 0xFE 0x35 0x59 an| v
Enable Add/Drop %) CRPAT 14 O®EE 0xD7 0x23 0x47 &b v
~ F
Pe-Synchronization %] CRPAT 15 O%EE 0x8F OxE3 Ox14 b v
Fleelitiay Vanplate %) CRPAT 16 0%5E OxFE Dx35 0x59 8b| v
Randomwords | %] CRPAT 17 OxBE 0xD7 0x23 0x47 8|~
Andarein .. & 8 bitformat %] CRPAT 18 0x6B 0x8F 0xB3 0x14 b v
10 bit format %] CRPAT 19 0x5E 0xFE 0x35 0x52 8b|~
— Send and/or compare Pattem —— %] CRPAT 20 OxBE 0xD7 0x23 0x47 b v
" Loop forever %] CRPAT 21 0x6B 0x8F 0xB3 0x14 b v
= %] CRPAT 22 Ox5E OxFB 0x35 0x59 b v
= %l rRPAT 23 MRE N7 Ax23 Med? ahl =T
Check Pattern (1] Apply Cancel
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2 Makesurethe Xgig BERT is set to Passthrough mode before you power up the RAID. Turn
off the Hardware Sync Word, then click Apply.

3 Toperform aBERT on afully populated RAID, the attached drives must be in an idle state
where they will simply pass the data bits around the loop.

To reach this state the drives must log-in with aloop master. In thistest, thereisno initiator on
the loop (the BERT does not participate) and the drive with the lowest worldwide name will be
selected as the temporary loop master.

Power up the drives so that they initialize and then begin transmitting IDLE around the loop.
4 Click Start on the BERT tab to run the BERT.

The Xgig BERT utilizes the Passthrough mode that allowsiit to step off of the loop until the
initialization processis complete. Once the drives are initialized, the Xgig BERT can then step
back on and begin sending its script. In addition, Passthrough mode flushes the loop with one
million (1024)2 user-sel ectable words when the test is stopped. This operation ensures that, if
the test is restarted, none of the original frames continue to circulate in the loop. These frames
could potentially become truncated by the restart and result in incorrect error reporting by the
BERT.

BERT Statistics

When the Xgig BERT application begins reporting the progress of the test, it indicates the total
number of bits sent and the total number of bit errors detected (Figure 56). When a sufficient
amount of data has been transmitted, you can stop the BERT.

Figure 56: BERT Tab

State ‘m Stopped i Stopped
Configuration. . L FL CJTPAT ptc 1 FL CJTPAT ptc E
Start / Stop i Start H Start E
| nject E | nject E
[ Wiew capture E Wiew capture E
] Operation E Operation E
Status i i
Protocol - Fibre Channel - Fibre Channel
Clock rate i 2.5000 Gbps ™ 2.5000 Gbps
Send stabus Stopped Stopped
Compare status Stopped Stopped
Elapzed time 311.000 ms | § 0.000s!
Bit emror rate Mia M/s
Wire status K.28.5 0x95 0«B5 0:B5 K.28.5 0x95 0«B5 0:B5
Signal LED I Signal Ll Signal
LOS LED I Synchronized L A
Mizmatches LED I MNao mizmatches L A
Log Log available Mo log available
Captue Capture available Mo capture available
Sent i ;
Bits 2568 883 6801079 0
Bytes 256838 362 1076 0
Dual bytes 120,444 184 1076 | 0
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Trace Capture Example

In this example, the BERT is set to loop on the script 15 times and stop. An Xgig Fibre Channel
Analyzer is used to capture atrace of the activity on the loop and the datais displayed in Xgig
TraceViewer in Figure 57.

Figure 57: TraceViewer Data

J® %gig TraceView - [10.98.8.141 - SQA-SING3/My Domain (1,1,3)] - [View1] _[&] %]
P Fie Edt View Histogram Tools Window Options Help =
A o - 0
Fee | HEE RE-H ~ v < A0 D: | Ba & g4 ][ oov3saisoia =|[FeParita S D& 2
Ie] Bookmarl mmss.ms_us_ns (R] DTPort | port | count-Type | Count- Type | summary | Bytes | Destinat| source | Lom | o] Ri_d sea | F o il
]
os 00.00.000_000_356 FC Pori(1,1,3) 2986348546 - lele 4
R 00.13.962_160_140 13962150784 FC Porl(1,1,3) 1-BE FRCH = DxBE, Type = Dx3E 204 D72347 GFE314 BBEF B34 2347 RX. S
o 00,13.962_160_380 0240 FC Port(1,1,3) 6 - Idle 4
FR. 00:13.962_160_406 0028 FCPor(1,1,3) 1-BE RCH = DxBE; Type = Dx5E; 204 D727 GFE3N4 BBOF  BIN4 2947 R, 5
5 00:13.962_160_646 0240 FCPor(1,1,3) 6-ldie 4
g 00:13 862_160_676 D028 FCPort(1,1,3) 1-BE RCH = DxBE, Type = Dx5E; 204 D72347  BFB314 BBEF B34 2347 R, S
5 0013 862 160 916 0240 FCPort(1,1,3) 6-Idis 4
K 0013 862_160_944 0028 FCPort(1,1,3) 1-BE ROl = DxBE, Type = DxSE, 204 DTZ347  GFB314 BBEF B314 2347 RX, S
os 00.13.952_181_184 0240 FCPort(1,1,3) 6-Idie 4
FR. 00.13.962_181_212 0028 FCPart(1,1,3) 1-BE RCH = DxBE, Type = Dx3E, 204 D727 EFE3M4 BBSF B34 2347 R, 5
s 00:13962_161_452 0240 FCPor(1,1,3) 6-ldie 4
FR. 00:13962_161_480 0028 FCPort(1,1,3) 1-BE RCH = DxBE, Type = Dx5E; 204 D727 GFE3N4 BBOF  BIN4 2947 R, 5
5 00:13962_161_720 0240 FCPor(1,1,3) 6-ldie 4
i 00:13 862_161_746 0028 FCPort(1,1,3) 1-BE RCH = DxBE; Type = Dx5E; 204 D747 EFB314 BBEF B34 2347 R, S
3 00:13 862 161 988 0240 FCPort(113) 6-ldie 4
K 0013 862_162_016 0028 FCPort(1,1,3) 1-BE ROl = DxBE, Type = DxSE, 204 D747 EFB314 BBEF B314 2347 R, S
s 0013 862_162_256 0240 FCPort(1,1,3) 6-ldie 4
Fr: 00.13.962_162_284 0028 FCPort(1,1,3) 1-BE RCH = DxBE, Type = Dx3E, 204 D727 EFE3M4 BBSF B34 2347 R, S
s 00:13962_162_524 0240 FCPor(1,1,3) 6 -ldie 4
FR. 00:13962_162_552 0028 FCPort(1,1,3) 1-BE RCH = DxBE, Type = Dx5E; 204 D727 GFE3N4 BBOF  BIN4 2947 R, 5
5 00:13962_162_782 0240 FCPor(1,1,3) 6-ldie 4
i 0013 962_162_821 0028 FCPort(1,1,3) 1-BE RCH = DxBE; Type = Dx5E; 204 D747 EFB314 BBEF B34 2347 R, S
3 00:13 862 163_081 0240 FCPort(113) 6-ldie 4
K 0013 862_163_089 0028 FCPort(1,1,3) 1-BE ROl = DxBE, Type = DxSE, 204 D747 EFB314 BBEF B314 2347 R, S
s 0013 862_163_328 0288 FCPort(1,13) 6-ldie 4
Fr: 0013962 163_356 0028 13) 1-BE RCH = DxBE, Type = Dx3E, 204 D727 EFE3M4 BBSF B34 2347 R, S
s 00:13962_163_596 0.240 & - ldle 4
FR. 00:13.962_163_624 0028 1-BE RCH = DxBE, Type = Dx5E; 204 D727 GFE3N4 BBOF  BIN4 2947 R, 5
s 00:13.962_163_867 0243 5 - ldle 4
FR. 00:13.962_163_696 0023 1-BE RCH = DxBE; Type = Dx5E; 204 D727 GFE3N4 BBOF B34 2047 R, 5
o< 00:13 862_164 134 0238 08713800 - die 4
end
| | =
= Index | Hes | Interpretation || Emor || Asci |
% #0F 000001 BC BS 346 36 S0F =S50Fn3; MpEe 1
@ FCH 000001 EBE D7 23 47 RCH=0xBE D_d = 0xD72347; HxHG
—— FCH 000002 6B 8F B3 ld CS_CTL = Ox6H, S_id = DxGFE314; kO3,
B cH 000002 SE FE 35 59 Type = OxSE RMOX=FRX; S C=5_C_R F_S LS E_5 P_E, TS ACK = ACK_; COMP; UN| CSC = CSC_IMM, ASC = ASC1; RO; FILL = FILLY; ~asy
S FCH 000004 BE D7 23 47 SEQ_d = xBE; DF_Ct= 0«07, SEQ_Cnt = 0x2347, 4
o FCH 000005 6B 8F B2 14 OX_ld = OxEBEF; RX_d = 0xB314; kO3,
; FCH 000005 SE FE 35 59 PARA = Ox3EFB355%, SUET
e Pld 000001 EE D7 23 47 FH= g0

Pld 000002 EB SF B3 14 kO

Pld 00000% EE FBE 35 E3 SEEY

P14 000004 BE D7 23 47 Hx fC

Pld 000005 €B 8F B3 14 kO

Fld 000006 S5E FB 35 53 “A5Y

Pld 000007 BE D7 23 47 Hx

Pld 000002 &E SF E3 14 kO,

Pld 000002 SE FB 35 59 SRET

4 b4 ¥ |4 K| I e | r| =

Thefirst and last line of the trace show the IDLES on the loop before the test begins and after the
test is stopped. The remaining lines are 15 repetitions of the CRPAT frame with the 6 IDLEs of the
Re-Synchronize section separating the frames. After the fifteenth frame the Xgig BERT flushes
the loop with one million IDLESs, which then continue to circulate around the loop until the next
test is started.
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Chapter 7
Xgig BERT Troubleshooting Tips

The chapter contains some possible problems you might encounter when you are using the Xgig
BERT and their solutions.
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Symptom:
The receive status won't count compared bits in Send and Compare Mode.
Solution:

Check the following:

e Start word is not an 8b EOF or a Gigabit Ethernet Termination element
» Start word is not the Placeholder or Automatic CRC Insertion element
* Notethat the first word must be found without any bit errors

* InRe-Sync Mode, al comma characters are only in the byte 0 (msb) position for Fibre
Channel or only byte O or byte 2 for Gigabit Ethernet

Symptom:
The Automatic CRC calculator iswrong.
Solution:

Confirm that there are no 10B vaues between the SOF/SDF Indicator and the Automatic CRC
Insertion e ement. Either an SOF or SDF Indicator and the Automatic CRC Indicator must be
present.

Symptom:
Bit errorswon’t go away with this pattern.
Solution:

Confirm that all pattern elements and Placeholders are 8-hit.

Symptom:
My statistics don’t seem quite accurate.
Solution:

Remember that the Start Word in the Compare Zone is not counted in compare statistics during the
very first loop in Non-Sync Mode, and is not counted during every loop in Re-Sync Mode.
Sending is always stopped after comparing, so that sent statistics are greater than received
statistics.
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Xgig BERT Troubleshooting Tips

Symptom:
Compare Only mode is not working
Solution:

If the receiver misses the hardware synchronizing section of the pattern, the sender must be
stopped and started again.

Symptom:
If | pull the cable and re-insert it, Xgig BERT sometimes compares and sometimes not.
Solution:

The receiver must see the hardware synchronizing section of the pattern to get started. You cannot
use placeholdersif you intend to remove the cable and re-insert it after the pattern is running. The
transmit placeholders will continue while the compare placeholders remain frozen. You must use a
re-synchronizing pattern with no placeholder elements.

Symptom:
Re-Timing or Re-Synchronizing does not work correctly.
Solution:

You must have your add/drop words only in the Re-synchronization window. If these words arein
the compare section as well, the device under test may add/drop them and the remainder of the
compare section will fail to compare well. Make sure Enable Add/Drop Re-Synchronization is
checked.

Symptom:
| can't get a TTL pulse per loop out with this pattern.
Solution:

Thetrigger out pulse from the port goesto the motherboard and then to the TTL out connector, and
is lengthened and retimed in the process. Use a bigger pattern.
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Symptom:
| get unexpected disparity errors with this pattern.
Solution:

In general, 8-bit patterns result in proper disparity automatically. In Fibre Channel, 8-bit ordered
sets are recognized by hardware and, other than EOF, assume and force a negative running
disparity prior to the K28.5. 10-bit values are transmitted without regard to disparity. You must
correct 10-bit value errors. In Gigabit Ethernet, 11 Ordered Sets will always be encoded with
incoming positive running disparity and 12 will always be encoded with negative.

Symptom:

If you disconnect the SFP or the cable, (the Xgig BERT is no longer receiving avalid signa) the
counters stop counting and the display information is no longer valid. Then, if you reconnect the
SFP or cable the counters start accumulating, but the values shown do not reflect the errors that
occurred during loss of signal.

Solution:

You must restart the BERT to get accurate information. The loss of signal event is displayed with
the LOSLED.

Symptom:
The Start button is grayed out.
Solution:

You do not have a port selected, or there are no words in the Compare Zone.
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Appendix A
Fibre Channel Ordered Sets - Partial List

Fibre Channel defines certain combinations of characters called Ordered Sets. The tablein this
appendix shows a partia list. The following abbreviations are used in the table:

SOF Start-of-frame delimiter
EOF End-of-frame delimiter

ALPA, D, S, Type Arbitrated Loop Physical Address, Destination, Source, Mark Type. These
are limited to 127 specific hex values.

Name Function Beginning RD  Ordered Set 8 Bit Hex

SOFcl1 SOF Connect Class 1 Negative K28.5 D21.5 D23.0 D23.0 K28.5B517 17
SOFi1 SOF Initiate Class 1 Negative K28.5 D21.5 D23.2 D23.2 K28.5B557 57
SOFn1 SOF Normal Class 1 Negative K28.5 D21.5 D23.1 D23.1 K28.5 B5 37 37
SOFi2 SOF Initiate Class 2 Negative K28.5 D21.5 D21.2 D21.2 K28.5B55555
SOFn2 SOF Normal Class 2 Negative K28.5 D21.5D21.1 D21.1 K28.5B5 35 35
SOFi3 SOF Initiate Class 3 Negative K28.5 D21.5 D22.2 D22.2 K28.5B5 56 56
SOFn3 SOF Normal Class 3 Negative K28.5 D21.5 D22.1 D22.1 K28.5B5 36 36
SOFf SOF Fabric Negative K28.5 D21.5 D24.2 D24.2 K28.5 B5 58 58
SOFc4 SOF Activate Class 4 Negative K28.5 D21.5 D25.0 D25.0 K28.5B519 19
SOFi4 SOF Initiate Class 4 Negative K28.5 D21.5 D25.2 D25.2 K28.5 B5 59 59
SOFn4 SOF Normal Class 4 Negative K28.5 D21.5 D25.1 D25.1 K28.5B5 39 39
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Name Function Beginning RD  Ordered Set 8 Bit Hex
EOFt EOF Terminate Negative K28.5 D21.4 D21.3 D21.3 K28.5957575
Positive K28.5D21.5D21.3D21.3 K28.5B57575
EOFdt EOF Disconnect-Terminate Negative K28.5 D21.4 D21.4 D21.4 K28.595 95 95
Positive K28.5 D21.5 D21.4 D21.4 K28.5B5 9595
EOFa EOF Abort Negative K28.5D21.4 D21.7 D21.7 K28.595F5F5
Positive K28.5 D21.5 D21.7 D21.7 K28.5B5F5F5
EOFnN EOF Normal Negative K28.5 D21.4 D21.6 D21.6 K28.5 95 D5 D5
Positive K28.5 D21.5 D21.6 D21.6 K28.5 B5 D5 D5
EOFdti EOF Disconnect-Terminate-Invalid Negative K28.5 D10.4 D21.4 D21.4 K28.58A 9595
Positive K28.5 D10.5 D21.4 D21.4 K28.5 AA 9595
EOFni EOF Normal-Invalid Negative K28.5D10.4 D21.6 D21.6 K28.5 8A D5 D5
Positive K28.5 D10.5 D21.6 D21.6 K28.5 AA D5 D5
EOFrt EOF Remove-Terminate Class 4 Negative K28.5 D21.4 D25.4 D25.4  K28.5 95 99 99
Positive K28.5 D21.5 D25.4 D25.4 K28.5B5 99 99
EOFrti EOF Remove-Terminate Invalid Class 4 Negative K28.5 D10.4 D25.4 D25.4  K28.5 8A 99 99
Positive K28.5 D10.5 D25.4 D25.4 K28.5 AA 99 99
IDLE Idle Negative K28.5D21.4 D21.5 D21.5 K28.595B5 B5
R_RDY Receiver_Ready Negative K28.5 D21.4 D10.2 D10.2 K28.5 95 4A 4A5
VC_RDY Virtual Circuit Ready Negative K28.5 D21.7 VC.ID VC.ID  K28.5 F5 xx xx
BB_SCs  Buffer-to-buffer State Change (SOF) Negative K28.5 D21.4 D22.4 D22.4 K28.5 95 96 96
BB_SCr Buffer-to-buffer State Change (R_RDY) Negative K28.5 D21.4 D22.6 D22.6  K28.5 95 D6 D6
SYNXx Clock Synchronization Word x Negative K28.5 D31.3CS_x CS_x K28.5 7F xx xx
SYNy Clock Synchronization Word y Negative K28.5D31.3CS yCS_ y K28.5 7F xx xx
SYNz Clock Synchronization Word z Negative K28.5D31.3CS zCS 2z K28.5 7F xx xx
oLS Offline Negative K28.5 D21.1 D10.4 D21.2 K28.5358A 55
NOS Not_Operational Negative K28.5 D21.2 D31.5 D5.2 K28.5 55 BF 45
LR Link_Reset Negative K28.5 D9.2 D31.5 D9.2 K28.5 49 BF 49
LRR Link_Reset_Response Negative K28.5 D21.1 D31.5 D9.2 K28.5 55 BF 49
OPNyx Open Loop Port Negative K28.5 D17.4 ALPD ALPS  K28.5 91 xx xx
OPNfr Open Loop Port Negative K28.5 D17.4 D31.7 D31.7 K28.591 FF FF
CLS Close Loop Port Negative K28.5 D5.4 D21.5 D21.5 K28.5 85 B5 B5
MRK Mark Negative K28.5 D31.2 type ALPS K28.5 5F xx xx
LIP Loop Initialization, Acquire PA Negative K28.5 D21.0 D23.7 D23.7 K28.515F7 F7
LIP Loop Initialization, Rcvr Falil Negative K28.5 D21.0 D24.7 D23.7 K28.515F8F7
LIP Loop Initialization, Reinitialize Negative K28.5 D21.0 D23.7 ALPS  K28.5 15 F7 xx
LIP Loop Initialization, Fail at PS Negative K28.5 D21.0 D24.7 ALPS  K28.5 15 F8 xx
LIP Loop Initialization, Reset PD Negative K28.5 D21.0 ALPD ALPS  K28.5 15 xx xx
LPEyx Loop Port Enable, enable PD Negative K28.5 D5.0 ALPD ALPS K28.5 05 xx xx
LPEfx Loop Port Enable, enable all Negative K28.5 D5.0 D31.7 ALPS K28.5 05 FF xx
LPByx Loop Port Bypass, bypass PD Negative K28.5 D9.0 ALPD ALPS K28.5 09 xx xx
ARBXx Arbitrate For Loop Negative K28.5 D20.4 ALPS ALPS  K28.5 94 xx xx
ARB(F0)  Arbitrate For Loop, fairness Negative K28.5 D20.4 D16.7 D16.7 K28.594 FO FO
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This appendix contains tables sorted by values for 8-bit/10-bit mapping.
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8-Bit/10-Bit Mapping

The following table lists: 203 24 CAN 18 RD+ D240 0011001011
204 120 x 78 RD+ D243 001100 1100

205 152~ 98 RD+ D244 0011001101

. . 206 248 g F8 RD+ D247 001100 1110

Leg al 8-Bit/10-Bit Characters 209 236 i EC RD+ D127 (011010001

. 210 140 GE 8Cc RD+ D124 0011010010

Sorted by 10-Bit Value 211 108 | 6C RD+ D123 (011010011

212 12 FF oc RD+ D120 0011010100
213 76 L 4C  RD+-- D122 001101 0101

214 204 | CC RD+/-- D126 001101 0110
217 44, 2C  RD+/- D121 001101 1001
Y o O BT m i e omo mhae
Dec Dec ASCIll+ HEX Disparity Name 10B - D12l3
220 108 | 6C  RD-- -3 001101 1100
85 87 W 57 RD+ D232 0001010101 221 140 & 8C RD-- D124 011011101
86 215 x D7 RD+ D236 0001010110 222 236 i EC RD-- D127 001101 1110
87 247 = F7  RD+ K237 0001010111 225 252 0 FC RD+ D287 0011100001
89 55 7 37 RD+ D231 0001011001 226 156 o 9C RD+ D284 001110 0010
90 183 - B7 RD+ D235 0001011010 227 124 | 7c  RD+ D283 (011100011
91 23 ETB 17 RD+ D230 0001011011 228 28 FS 1C RD+ D28.0 (011100100
92 119 w 77 RD+ D233 0001011100 229 92\ 5C RD+-- D28.2 0011100101
93 151 __ 97 RD+ D234 0001011101 230 220 U DC RD+-- D286 (011100110
94 247 =+ F7 RD+ D23.7 000101 1110 233 60 < 3C RD+/- D281 001110 1001
101 72 H 48 RD+ D82 0001100101 234 188 Y BC RD+/- D285 001110 1010
102 200 E cs RD + D8.6 00 0110 0110 235 28 FS 1C RD- D280 0011101011
105 40 28 RD+ D81 (00110 1001 236 124 | 7C  RD-- D283 0011101100
106 168 A8 RD+ D85 (00110 1010 237 156 e oC RD-- D284 0011101101
107 8 BS 08 RD+ D80 0001101011 238 252 FC RD-- D287 0011101110
108 104 h 68 RD+ D83 (00110 1100 242 156 e 9C RD-- K284 001111 0010 Reserved*
109 136 ° 88 RD+ D84 000110 1101 243 124 | 7C RD-- K283 0011110011 Reserved*
110 232 & Es RD+ D87 000110 1110 244 28 FS 1C RD-- ﬁgg-g 00 1111 0100 Reserved-
13 231 ¢ £ RD+ D77 000111 0001 245 92\ 5C RD-- Koe2 00 1111 0101 Reserved*
246 220 U DC RD-- 6 0011110110 Reserved
114 135 + 8 RD+ D74 0001110010 248 252 G4 FC RD- K287 (0011111000 Test
115 103 g 67 RD+ D7.3 (00111 0011 249 60 < 3C RD- K281 001111 1001 Reserved*
116 7 BEL 07 RD+ D7.0 0001110100 250 188 %  BC RD- gggg 0011111010  Sync
7 711 G 47 RD+ D72 0001110101 277 93 ] 50 RD+ 0292 01 0001 0101
118 199 ¢ €7 RD+ D76 0001110110 2rg 221 v Db RD+ K29.7 01 0001 0110
121 39 27 RD+ D7.1 0001111001 279 253y FD RD+ K297 01 0001 0111
122 167 A7 RD+ D75 0001111010 281 61 = 3D RD+ - 0100011001

282 189 ¥ BD RD+ D295 0100011010

283 29 GS 1D RD+ D29.0 0100011011
D29.3 010001 1100

EB RD+ K27.7 001001 0111 284 125 } 7D RD +

285 157 90 RD+ D294 0100011101

286 253 vy FD RD+ D29.7 010001 1110

y
293 66 B 42 RD+ D22 01 0010 0101
A

§
149 91 [ 58 RD+ D27.2 0010010101
150 219 U DB RD+ D27.6 0010010110
151 251 @
153 59 38 RD+ D27.1 001001 1001
154 187 » BB RD+ D275 (010011010
155 27 ESC 1B RD+ D27.0 0010011011

156 123 { 78 RD+ D27.3 0010011100 294 194 €2 RD+ D26 0100100110
157 155 > 98 RD+ D274 0010011101 207 34 " 22 RD+ D21 0100101001
158 251 G FB RD+ D27.7 (010011110 298 162 ¢ A2 RD+ D25 0100101010
165 68 D a4 RD + D4.2 00 1010 0101 299 2 STX 02 RD+ D2.0 01 0010 1011
166 196 A c4 RD+ D46 0010100110 300 98 b 62 RD+ D23 010010 1100
169 36 $ 24 RD+ D4.1 00 1010 1001 301 130 , 82 RD+ D24 01 0010 1101
170 164 « A4 RD+ D45 (010101010 302 226 a E2 RD+ D27 0100101110
171 4 EOT 04 RD+ D40 00 1010 1011 305 242 0o F2 RD+ D187 010011 0001
172 100 d 64 RD+ D43 001010 1100 306 146 92 RD+ D184 0100110010
173 132, 84 RD+ D44 001010 1101 307 114 72 RD+ D183 0100110011
174 228 & E4 RD+ D47 (01010 1110 308 18 DC2 12 RD+ D180 0100110100
177 244 & F4 RD+ D20.7 001011 0001 309 82 R 52 RD+-- D182 0100110101
178 148 " 94 RD+ D204 (p1011 0010 310 210 O D2 RD+/- D186 0100110110
179 116 t 74 RD+ D203 (010110011 311 242 o F2 RD-- D187 0100110111
180 20 DC4 14 RD+ D20.0 (010110100 313 50 2 32 RD+-- D18.1 010011 1001
181 84 T 54 RD+- D202 0010110101 314 178 2 B2 RD+/-- D185 0100111010
182 212 O D4 RD+/- D20.6 (01011 0110 315 18 DC2 12 RD-- D180 0100111011
183 244 F4 RD- D207 0010110111 316 114 r 72 RD-- D183 010011 1100
185 52 4 34 RD+- D20.1 (p1011 1001 317 146 92 RD-- D184 010011 1101
186 180 . B4 RD+/- D20.5 (001011 1010 325 95 _ 5F RD+ D312 0101000101
187 20 DC4 14 RD-- D200 001011 1011 326 223 R DF RD+ D316 0101000110
188 116 t 74 RD-- D20.3 (0 1011 1100 329 63 ? 3F RD+ D311 0101001001
189 148 94 RD- D204 (01011 1101 330 191 ¢ BF RD+ D315 0101001010
197 88 X 58 RD+ D242 (0011000101 331 31 US 1F RD+ D310 0101001011
108 216 @ D8 RD+ D246 (011000110 332 127DELETE 7F RD+ D313 010100 1100
201 56 8 33 RD+ D241 001100 1001 333 159 VY o9F RD+ D314 0101001101
202 184 B8 RD+ D245 (011001010 334 255 FF RD+ D317 0101001110
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337 234 & EA RD+ D107 0101010001 442 176 ° BO RD- D165 0110111010
338 138 § 8A RD+ D104 0101010010 450 142 8E RD+ D144 0111000010
339 106 j 6A RD+ D103 0101010011 451 110 n 6E RD+ D143 0111000011
340 10 LF 0OA RD+ D10.0 0101010100 452 14 SO OE RD+ D140 0111000100
341 74 J 4A  RD+/- D102 0101010101 453 78 N 4E RD+/- D142 0111000101
342 202 E CA RD+/-- D10.6 0101010110 454 206 1 CE RD+/-- D14.6 0111000110
345 42 o+ 2A  RD+/- D10.1 010101 1001 456 238 1 EE RD+ D147 0111001000
346 170 @ AA RD+/-- D105 010101 1010 457 46 . 2E RD+/-- D141 0111001001
347 10 LF 0OA RD- D10.0 0101011011 458 174 ® AE RD+/-- D145 0111001010
348 106 | 6A RD-- D103 010101 1100 459 14 SO OE RD- D140 0111001011
349 138 § 8A RD- D104 0101011101 460 110 n 6E RD-- D143 0111001100
350 234 & EA RD-- D107 010101 1110 461 142 _ 8E RD-- D144 0111001101
353 250 U FA RD+ D26.7 010110 0001 462 238 1 EE RD-- D147 011100 1110
354 154 & 9A RD+ D26.4 0101100010 465 225 & El1l RD-- D17 0111010001
355 122 z 7A  RD+ D263 010110 0011 466 129 81 RD-- D14 0111010010
356 26 SUB 1A RD+ D26.0 0101100100 467 97 a 61 RD-- D13 0111010011
357 90 Z 5A RD+- D26.2 0101100101 468 1 SOH 01 RD-- D10 0111010100
358 218 U DA RD+-- D26.6 0101100110 469 65 A 41 RD-- D12 0111010101
361 58 3A  RD+/- D26.1 0101101001 470 193 A Cl1 RD-- D16 0111010110
362 186 © BA RD+/- D26.5 0101101010 473 33 | 21 RD-- D11 0111011001
363 26 SUB 1A RD-- D26.0 0101101011 474 161 Al RD-- D15 0111011010
364 122 2 7A  RD-- D263 010110 1100 481 254 b FE RD-- D30.7 011110 0001
365 154 & 9A RD-- D26.4 010110 1101 482 158  _ 9 RD-- D30.4 011110 0010
366 250 FA RD-- D26.7 0101101110 483 126  ~ 7E  RD-- D303 0111100011
369 239 i EF RD- D157 010111 0001 484 30 RS 1E RD-- D30.0 0111100100
370 143  _ 8F RD- D154 0101110010 485 94 A 5  RD-- D30.2 0111100101
371 111 o 6F RD-- D153 010111 0011 486 222 b DE RD-- D30.6 0111100110

372 15 Sl OF RD- D150 0101110100 488 254 b FE RD- K30.7 0111101000 Reserved*
373 79 O 4F RD- D152 0101110101 489 62 > 3E RD-- D301 0111101001
374 207 i CF RD-- D15.6 010111 0110 490 190 ¥ BE RD-- D305 0111101010
377 47 | 2F RD-- D151 010111 1001 533 94 A 5E RD+ D30.2 1000010101
378 175 ~ AF  RD-- D155 010111 1010 534 222 b DE RD+ D30.6 1000010110
389 64 @ 40 RD+ D02 0110000101 535 254 b FE RD+ K30.7 1000010111
390 192 A co RD + DO0.6 01 1000 0110 537 62 > 3E RD+ D30.1 100001 1001
393 32SPACE 20 RD+ DO.1 0110001001 538 190 ¥ BE RD+ D305 1000011010
394 160 A0 RD+ DO5 0110001010 539 30 RS 1E RD+ D300 1000011011
395 0 NUL 00 RD+ D00 0110001011 540 126 -~  7E  RD+ D303 1000011100
396 95 ° 60 RD+ D03 0110001100 541 158  _ 9 RD+ D304 1000011101
397 128 80 RD+ D04 0110001101 542 254 b FE RD+ D30.7 1000011110
398 224 a EO0 RD+ DO7 011000 1110 549 65 A 41 RD+ D12 1000100101
201 230 @ E6 RD+ D67 0110010001 550 193 A c1 RD+ D16 10 0010 0110
402 134 + 8 RD+ D64 0110010010 553 33 121 RD+ Bi‘; 100010 1001
403 102 f 66 RD+ D63 0110010011 B4 el i AL RDE o, 1000101010
D60 01 1001 0100 555 1 SOH 01 RD+ . 10 0010 1011
404 6 ACK 06 RD 556 97 a 61 RD+ DL3 1000101100
405 70 F 46  RD+/-- oo 01 1001 0101 557 129 81 RD+ DL4 1000101101
406 198 A& C6 RD+/- e 01 1001 0110 558 295 & E1  RD+ DL7 100010 1110
3(1’2 12g & f\g EBZ: D65 gi 1881 182(1) 561 241 A F1 RD+ D17.7 1000110001
a1 6 A(I:K 06 RD.. D60 01 1001 1011 562 145 91 RD+ D174 1000110010
a2 100 f 66 RD. D63 0110011100 563 113 q 71 RD+ D17.3 1000110011
"~ D4 564 17 DC1 11 RD+ D17.0 1000110100
413 134 8 RD 011001 1101 565 81 Q 51 RD+- D17.2 1000110101
414 230 @ E6 RD-- D67 0110011110 566 209 K D1 RD+-- D17.6 100011 0110
417 246 o} F6 RD+ D227 011010 0001 567 241 fi F1 RD-- D17.7 10 0011 0111
418 150 _ 96 RD+ D224 0110100010 569 49 1 31 RD+- D17.1 100011 1001
419 118 v 76 RD+ D223 0110100011 570 177 + Bl RD+-- D17.5 1000111010
420 22 SYN 16 RD+ D220 0110100100 571 17 DC1 11  RD- D17.0 100011 1011
421 86 V 56 RD+/-- D222 0110100101 572 113 q 71 RD-- D173 100011 1100
422 214 O D6 RD+/- D226 0110100110 573 145 ¢ 91 RD-- D174 100011 1101
425 54 6 36 RD+- D221 011010 1001 581 80 P 50 RD+ D162 1001000101
426 182 | B6 RD+-- D225 0110101010 582 208 P D0 RD+ D166 1001000110
427 22 SYN 16 RD-- D220 0110101011 585 48 0 30 RD+ D161 1001001001
428 118 v 76 RD-- D223 0110101100 586 176 ° Bo RD+ D165 1001001010
429 150 _ 96 RD-- D224 0110101101 587 16 DLE 10 RD+ D16.0 1001001011
430 246 6  F6 RD- D227 0110101110 588 112 p 70 RD+ D163 1001001100
433 240 3 FO RD- D167 0110110001 589 144 _ 90 RD+ D164 1001001101
434 144 90 RD- D164 0110110010 590 240 & FO RD+ D16.7 1001001110
435 112 p 70 RD- D163 011011 0011 593 233 ¢ E9 RD+ D97 1001010001
436 16 DLE 10 RD- D160 011011 0100 594 137 %o 89 RD+ D94 1001010010
437 80 P 50 RD- D162 0110110101 595 105 i 69 RD+ D93 1001010011
438 208 B DO RD- D166 0110110110 56 9 HT 09 RD+ D90 1001010100
41 48 0 30 RD- D161 011011 1001 597 73 | 49 RD+-- D92 1001010101
598 201 E C9 RD+- D96 1001010110
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601 41 ) 29 RD+- D91 100101 1001 713 45 - 2D RD+/- D131 101100 1001
602 169 © A9 RD+- D95 1001011010 714 173 - AD RD+/- D135 1011001010
603 9 HT 09 RD-- D90 1001011011 715 13 CR 0D RD-- D13.0 1011001011
604 105 i 69 RD-- D93 1001011100 716 109 m 6D RD-- D133 1011001100
605 137 %o 89 RD-- D94 1001011101 717 141 8D RD-- D134 1011001101
606 233 & E9 RD-- D97 1001011110 718 237 ED RD-- D137 1011001110

o

609 249 U F9 RD+ D257 100110 0001 721 226 E2 RD-- D27 1011010001
610 153 ™ 99 RD+ D254 1001100010 722 130 82 RD-- D24 1011010010
611 121 vy 79 RD+ D253 1001100011 723 98 b 62 RD-- D23 1011010011
612 25 EM 19 RD+ D250 1001100100 724 2 STX 02 RD- D20 1011010100
613 89 Y 59 RD+/-- D252 1001100101 725 66 B 42 RD-- D22 1011010101
614 217 U D9 RD+/- D256 1001100110 726 194 A c2 RD-- D26 1011010110
617 57 9 39 RD+- D251 1001101001 729 34 ¢ 22 RD-- D21 1011011001
618 185 1 B9 RD+- D255 1001101010 730 162 ¢ A2 RD- D25 1011011010
619 25 EM 19 RD-- D250 1001101011 737 253§ FD RD-- D29.7 1011100001
620 121 vy 79 RD-- D253 1001101100 738 157 9D RD-- D294 1011100010
621 153 ™ 99  RD-- D254 1001101101 739 125 } 7D  RD- D29.3 1011100011
622 249 U F9  RD-- D257 1001101110 740 29 GS 1D RD-- D29.0 1011100100
625 224 a EO RD- D07 100111 0001 741 93 ] 50 RD-- D29.2 1011100101
626 128  _ 80 RD- D04 1001110010 742 221 Y DD RD- D296 1011100110
627 96 60 RD- D03 1001110011 744 253 y  FD RD-- K297 1011101000 Reserved*
628 0 NUL 00 RD-- D00 1001110100 745 61 = 3D RD-- D29.1 101110 1001
629 64 @ 40 RD-- D02 1001110101 746 189 Y% BD RD-- D295 1011101010
630 192 A co0 RD-- D06 1001110110 773 188 Y4 BC RD+ K285 1100000101 (NotUsed)
633 32SPACE 20 RD-- DO0.1 100111 1001 774 60 < 3C RD+ K281 1100000110
634 160 A0 RD-- DO5 1001111010 775 252 U FC RD+ K287 1100000111
645 79 O 4F RD+ D152 1010000101 777 220 U DC RD+ K286 1100001001
646 207 1 CF RD+ D156 1010000110 778 92\ 5C RD+ K282 1100001010
649 47 | 2F RD+ D151 1010001001 779 28 FS 1C RD+ K280 1100001011
650 175 AF  RD+ D155 1010001010 780 124 | 7C  RD+ K283 110000 1100
651 15 SI OF RD+ D150 1010001011 781 156 o  9C RD+ K284 1100001101
652 111 o 6F RD+ D153 1010001100 785 227 4  E3  RD+ D37 1100010001
653 143 8F RD+ D154 101000 1101 786 131 f 83 RD+ D34 1100010010
654 239 i EF RD+ D157 1010001110 787 99 ¢ 63 RD+ D33 1100010011
657 229 & E5 RD+ D57 101001 0001 788 3 ETX 03 RD+ D30 1100010100
658 133 .. 8 RD+ D54 1010010010 789 67 C 43 RD+- D32 1100010101
659 101 e 65 RD+ D53 1010010011 790 195 A C3 RD+- D36 1100010110
660 5 ENQ 05 RD+ D50 1010010100 793 35 # 23 RD+- D3.1 110001 1001
661 69 E 45 RD+- D52 1010010101 794 163 £ A3 RD+- D35 1100011010
662 197 A C5 RD+/- D56 1010010110 795 3 ETX 03 RD- D30 1100011011
665 37 % 25 RD+- D51 101001 1001 796 99 ¢ 63 RD-- D33 1100011100
666 165 ¥ A5 RD+- D55 1010011010 797 131 f 83 RD-- D34 1100011101
667 5 ENQ 05 RD- D50 1010011011 798 227 A& E3 RD- D37 1100011110
668 101 e 65 RD- D53 1010011100 801 243 6 F3 RD+ D197 1100100001
669 133 ... 85 RD- D54 1010011101 802 147 ¢ 93 RD+ D194 1100100010
670 229 & E5 RD- D57 1010011110 803 115 s 73  RD+ D193 1100100011
673 245 © F5 RD+ D217 1010100001 804 19 DC3 13 RD+ D19.0 1100100100
674 149 o 95 RD+ D214 1010100010 805 83 S 53 RD+-- D19.2° 110010 0101
675 117 u 75 RD+ D213 1010100011 806 211 O D3 RD+- gig-fli 11 0010 0110
676 21 NAK 15 RD+ D210 1010100100 g9 513 83 RD+- . M1oo101001
810 179 3 B3 RD+/- D195 1100101010
677 85 U 55 RD+/-- D212 1010100101
- 811 19 DC3 13 RD- D19.0 1100101011
678 213 O D5 RD+- D216 1010100110 D19.3
681 53 5 35 RD+- D211 101010 1001 812 115 s 73 RD- 1100101100
813 147 ¢ 93 RD-- D194 1100101101
682 181 pu  B5 RD+- D215 1010101010 ] D19.7
683 21 NAK 15 RD-- D210 1010101011 814 243 o F3 RD- ' 110010 1110
817 248 g F8 RD-- D247 110011 0001
.. D213
684 117 u 75 RD e 10 1010 1100 18 157 - o8  RD- D244 1100110010
685 149 . 95 RD- 7 10ilolodiol 819 120 x 78 RD- D243 1100110011
686 245 F5 RD- D217 101010 1110 820 24 CAN 18 RD- D240 1100110100
689 255 FF RD- D3L7 1010110001 821 88 X 58 RD- D242 1700110101
690 159 Y 9F RD-- D314 1010110010 822 216 & D8 RD- D246 110011 0110
691 127DELETE 7F RD-- D313 1010110011 825 56 8 38 RD- D241 110011 1001
692 31 US 1F RD- D310 1010110100 826 184 B8 RD- D245 1100111010
693 95 5F RD-- D312 1010110101 834 139 <« 88 RD+ D114 1101000010
694 223 B DF RD-- D31.6 1010110110 835 107 k 68 RD+ DI11.3 110100 0011
697 63 2 3F RD- D311 1010111001 836 11 VT OB RD+ D110 1101000100
698 191 ¢ BF RD- D315 1010111010 837 75 K 4B RD+/- D11.2 1101000101
706 141 8D RD+ D134 1011000010 838 203 E CB RD+/-- D11.6 1101000110
707 109 m 6D RD+ D133 1011000011 840 235 & EB  RD+ D117 110100 1000
708 13 CR 0D RD+ D13.0 1011000100 841 43 + 28 RD+/- D111 110100 1001
709 77 M 4D RD+-- D132 1011000101 842 171  « AB RD+-- D115 110100 1010
710 205 i CD RD+/-- D136 1011000110 843 11 VT OB RD- D110 1101001011
712 237 i ED RD+ D13.7 1011001000
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8-Bit/10-Bit Mapping

844
845
846
849
850
851
852
853
854
857
858
865
866
867
868
869
870

872
873

874
901
902
905
906
907
908
909

910
913
914
915
916
917
918
921
922
929
930

931
932
933
934
936
937
938

107
139
235
228
132
100

68
196
36
164
251
155
123
27
91
219
251
59
187
71
199
39
167

103
135

231
232
136
104

72
200
40
168
247
151

119
23
87

215

247
55

183

o & >0

m
OOCO— N~ v O
(@]

-0 QY

6B
8B
EB
E4
84
64
04
44
c4
24
A4
FB
9B
7B
1B
58
DB
FB
3B
BB
47
c7
27
A7
07
67
87

E7
E8
88
68
08
48
c8
28
A8
F7
97

7
17
57
D7
F7
37
B7

D11.3
D11.4
D11.7
D4.7
D4.4
D4.3
D4.0
D4.2
D4.6
D4.1
D4.5
D27.7
D27.4
D27.3
D27.0
D27.2
D27.6

K27.7
D27.1

D27.5
D7.2
D7.6
D7.1
D7.5
D7.0
D7.3
D7.4

D7.7
D8.7
D8.4
D8.3
D8.0
D8.2
D8.6
D8.1
D8.5
D23.7
D23.4

D23.3
D23.0
D23.2
D23.6

K23.7
D23.1

D23.5

11 0100 1100
11 0100 1101
11 0100 1110
11 0101 0001
11 0101 0010
11 0101 0011
11 0101 0100
11 0101 0101
11 0101 0110
11 0101 1001
11 0101 1010
11 0110 0001
11 0110 0010
11 0110 0011
11 0110 0100
11 0110 0101
11 0110 0110

11 0110 1000
11 0110 1001

11 0110 1010
11 1000 0101
11 1000 0110
11 1000 1001
11 1000 1010
11 1000 1011
11 1000 1100
11 1000 1101

11 1000 1110
11 1001 0001
11 1001 0010
11 1001 0011
11 1001 0100
111001 0101
111001 0110
11 1001 1001
111001 1010
11 1010 0001
11 1010 0010

11 1010 0011
11 1010 0100
11 1010 0101
11 1010 0110
11 1010 1000
11 1010 1001
11 1010 1010

Reserved*

Reserved*
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8-Bit/10-Bit Mapping

The following table lists:

10-Bit Values with No 8-bit
Mapping Sorted by 10-Bit

Value
10B

Dec 10B COMMENT
0 00 0000 0000 ILLEGAL
1 00 0000 0001 ILLEGAL
2 00 0000 0010 ILLEGAL
3 00 0000 0011 ILLEGAL
4 00 0000 0100 ILLEGAL
5 000000 0101 ILLEGAL
6 00 0000 0110 ILLEGAL
7 000000 0111 ILLEGAL
8 00 0000 1000 ILLEGAL
9 00 0000 1001 ILLEGAL
10 00 0000 1010 ILLEGAL
11 00 0000 1011 ILLEGAL
12 00 0000 1100 ILLEGAL
13 00 0000 1101 ILLEGAL
14 00 0000 1110 ILLEGAL
15 00 0000 1111 ILLEGAL
16 00 0001 0000 ILLEGAL
17 00 0001 0001 ILLEGAL
18 00 0001 0010 ILLEGAL
19 00 0001 0011 ILLEGAL
20 00 0001 0100 ILLEGAL
21 00 0001 0101 ILLEGAL
22 000001 0110 ILLEGAL
23 00 0001 0111 ILLEGAL
24 00 0001 1000 ILLEGAL
25 00 0001 1001 ILLEGAL
26 000001 1010 ILLEGAL
27 00 0001 1011 ILLEGAL
28 00 0001 1100 ILLEGAL
29 000001 1101 ILLEGAL
30 000001 1110 ILLEGAL
31 000001 1111 ILLEGAL
32 00 0010 0000 ILLEGAL
33 000010 0001 ILLEGAL
34 000010 0010 ILLEGAL
35 00 0010 0011 ILLEGAL
36 000010 0100 ILLEGAL
37 00 0010 0101 ILLEGAL
38 00 0010 0110 ILLEGAL
39 000010 0111 ILLEGAL
40 00 0010 1000 ILLEGAL
41 00 0010 1001 ILLEGAL
42 000010 1010 ILLEGAL
43 00 0010 1011 ILLEGAL
44 00 0010 1100 ILLEGAL
45 00 0010 1101 ILLEGAL
46 00 0010 1110 ILLEGAL
47 000010 1111 ILLEGAL
48 00 0011 0000 ILLEGAL
49 00 0011 0001 ILLEGAL
50 00 0011 0010 ILLEGAL
51 00 0011 0011 ILLEGAL

52 00 0011 0100
53 00 0011 0101
54 000011 0110
55 000011 0111
56 00 0011 1000
57 00 0011 1001
58 00 0011 1010
59 000011 1011
60 00 0011 1100
61 000011 1101
62 000011 1110
63 00 0011 1111
64 00 0100 0000
65 00 0100 0001
66 00 0100 0010
67 00 0100 0011
68 00 0100 0100
69 00 0100 0101
70 00 0100 0110
71 000100 0111
72 00 0100 1000
73 00 0100 1001
74 000100 1010
75 000100 1011
76 00 0100 1100
77 000100 1101
78 000100 1110
79 000100 1111
80 00 0101 0000
81 00 0101 0001
82 000101 0010
83 00 0101 0011
84 00 0101 0100
88 00 0101 1000
95 000101 1111
96 00 0110 0000
97 00 0110 0001
98 00 0110 0010
99 00 0110 0011
100 00 0110 0100
103 00 0110 0111
104 00 0110 1000
111 000110 1111
112 00 0111 0000
119 000111 0111
120 00 0111 1000
123 00 0111 1011
124 00 0111 1100
125 00 0111 1101
126 000111 1110
127 000111 1111
128 00 1000 0000
129 00 1000 0001
130 00 1000 0010
131 00 1000 0011
132 00 1000 0100
133 00 1000 0101
134 00 1000 0110
135 00 1000 0111
136 00 1000 1000
137 00 1000 1001
138 00 1000 1010
139 00 1000 1011
140 00 1000 1100
141 00 1000 1101

ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
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142 00 1000 1110
143 00 1000 1111
144 00 1001 0000
145 00 1001 0001
146 00 1001 0010
147 00 1001 0011
148 00 1001 0100
152 00 1001 1000
159 00 1001 1111
160 00 1010 0000
161 00 1010 0001
162 00 1010 0010
163 00 1010 0011
164 00 1010 0100
167 00 1010 0111
168 00 1010 1000
175 00 1010 1111
176 00 1011 0000
184 00 1011 1000
190 00 1011 1110
191 001011 1111
192 00 1100 0000
193 00 1100 0001
194 00 1100 0010
195 00 1100 0011
196 00 1100 0100
199 00 1100 0111
200 00 1100 1000
207 00 1100 1111
208 00 1101 0000
215 001101 0111
216 00 1101 1000
223 00 1101 1111
224 00 1110 0000
231 00 1110 0111
232 00 1110 1000
239 0011101111
240 00 1111 0000
241 00 1111 0001
247 0011110111
251 00 1111 1011
252 00 1111 1100
253 00 1111 1101
254 00 1111 1110
255 00 1111 1111
256 01 0000 0000
257 01 0000 0001
258 01 0000 0010
259 01 0000 0011
260 01 0000 0100
261 01 0000 0101
262 01 0000 0110
263 01 0000 0111
264 01 0000 1000
265 01 0000 1001
266 01 0000 1010
267 01 0000 1011
268 01 0000 1100
269 01 0000 1101
270 01 0000 1110
271 010000 1111
272 01 0001 0000
273 01 0001 0001
274 01 0001 0010
275 01 0001 0011

ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL

276 01 0001 0100
280 01 0001 1000
287 01 0001 1111
288 01 0010 0000
289 01 0010 0001
290 01 0010 0010
291 01 0010 0011
292 01 0010 0100
295 01 0010 0111
296 01 0010 1000
303 01 0010 1111
304 01 0011 0000
312 01 0011 1000
318 01 0011 1110
319 010011 1111
320 01 0100 0000
321 01 0100 0001
322 01 0100 0010
323 01 0100 0011
324 01 0100 0100
327 010100 0111
328 01 0100 1000
335 01 0100 1111
336 01 0101 0000
343 01 0101 0111
344 01 0101 1000
351 010101 1111
352 01 0110 0000
359 01 0110 0111
360 01 0110 1000
367 0101101111
368 01 0111 0000
375 010111 0111
376 01 0111 1000
379 010111 1011
380 01 0111 1100
381 01 0111 1101
382 01 0111 1110
383 010111 1111
384 01 1000 0000
385 01 1000 0001
386 01 1000 0010
387 01 1000 0011
388 01 1000 0100
391 01 1000 0111
392 01 1000 1000
399 01 1000 1111
400 01 1001 0000
407 011001 0111
408 01 1001 1000
415 01 1001 1111
416 01 1010 0000
423 0110100111
424 01 1010 1000
431 01 1010 1111
432 01 1011 0000
439 01 1011 0111
440 01 1011 1000
443 01 1011 1011
444 01 1011 1100
445 01 1011 1101
446 01 1011 1110
447 011011 1111
448 01 1100 0000
449 01 1100 0001

ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
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455 011100 0111  ILLEGAL 568 10 00111000 ILLEGAL
463 011100 1111  ILLEGAL 574 100011 1110 ILLEGAL
464 01 1101 0000 ILLEGAL 575 100011 1111  ILLEGAL
471 0111010111  ILLEGAL 576 10 0100 0000 ILLEGAL
472 01 11011000 ILLEGAL 577 10 0100 0001 ILLEGAL
475 011101 1011  ILLEGAL 578 10 0100 0010 ILLEGAL
476 0111011100 ILLEGAL 579 10 0100 0011 ILLEGAL
477 011101 1101  ILLEGAL 580 10 0100 0100 ILLEGAL
478 01 1101 1110 ILLEGAL 583 100100 0111  ILLEGAL
479 0111011111  ILLEGAL 584 10 0100 1000 ILLEGAL
480 01 1110 0000 ILLEGAL 591 100100 1111  ILLEGAL
487 0111100111 ILLEGAL 592 10 0101 0000 ILLEGAL
491 0111101011  ILLEGAL 599 1001010111 ILLEGAL
492 01 1110 1100 ILLEGAL 600 10 0101 1000 ILLEGAL
493 01 1110 1101  ILLEGAL 607 100101 1111  ILLEGAL
494 011110 1110  ILLEGAL 608 10 0110 0000 ILLEGAL
495 011110 1111 ILLEGAL 615 10 0110 0111  ILLEGAL
496 01 1111 0000 ILLEGAL 616 10 0110 1000 ILLEGAL
497 0111110001  ILLEGAL 623 100110 1111  ILLEGAL
498 01 1111 0010 ILLEGAL 624 100111 0000 ILLEGAL
499 011111 0011 ILLEGAL 631 100111 0111 ILLEGAL
500 0111110100 ILLEGAL 632 100111 1000 ILLEGAL
501 011111 0101 ILLEGAL 635 10 0111 1011  ILLEGAL
502 01 1111 0110 ILLEGAL 636 100111 1100 ILLEGAL
503 0111110111 ILLEGAL 637 1001111101  ILLEGAL
504 01 1111 1000 ILLEGAL 638 100111 1110 ILLEGAL
505 01 1111 1001  ILLEGAL 639 100111 1111  ILLEGAL
506 0111111010 ILLEGAL 640 101000 0000 ILLEGAL
507 0111111011 ILLEGAL 641 10 1000 0001 ILLEGAL
508 01 1111 1100  ILLEGAL 642 101000 0010 ILLEGAL
509 01 1111 1101  ILLEGAL 643 10 1000 0011  ILLEGAL
510 0111111110 ILLEGAL 644 101000 0100 ILLEGAL
511 01 1111 1111  ILLEGAL 647 1010000111 ILLEGAL
512 10 0000 0000 ILLEGAL 648 10 1000 1000  ILLEGAL
513 10 0000 0001 ILLEGAL 655 101000 1111  ILLEGAL
514 10 0000 0010 ILLEGAL 656 101001 0000 ILLEGAL
515 10 0000 0011  ILLEGAL 663 101001 0111  ILLEGAL
516 10 0000 0100 ILLEGAL 664 101001 1000 ILLEGAL
517 10 0000 0101 ILLEGAL 671 101001 1111  ILLEGAL
518 10 0000 0110 ILLEGAL 672 101010 0000 ILLEGAL
519 10 0000 0111  ILLEGAL 679 1010100111 ILLEGAL
520 10 0000 1000 ILLEGAL 680 101010 1000 ILLEGAL
521 10 0000 1001 ILLEGAL 687 101010 1111  ILLEGAL
522 10 0000 1010 ILLEGAL 688 10 1011 0000 ILLEGAL
523 10 0000 1011  ILLEGAL 695 101011 0111  ILLEGAL
524 10 0000 1100 ILLEGAL 696 10 1011 1000 ILLEGAL
525 10 0000 1101  ILLEGAL 699 1010111011 ILLEGAL
526 100000 1110 ILLEGAL 700 101011 1100 ILLEGAL
527 100000 1111  ILLEGAL 701 1010111101 ILLEGAL
528 10 0001 0000 ILLEGAL 702 101011 1110  ILLEGAL
529 10 0001 0001 ILLEGAL 703 1010111111 ILLEGAL
530 10 0001 0010 ILLEGAL 704 10 1100 0000 ILLEGAL
531 100001 0011 ILLEGAL 705 10 1100 0001 ILLEGAL
532 10 0001 0100 ILLEGAL 711 1011000111 ILLEGAL
536 10 0001 1000 ILLEGAL 719 1011001111  ILLEGAL
543 10 0001 1111  ILLEGAL 720 10 1101 0000 ILLEGAL
544 10 0010 0000 ILLEGAL 727 1011010111 ILLEGAL
545 10 0010 0001 ILLEGAL 728 101101 1000 ILLEGAL
546 10 0010 0010 ILLEGAL 731 1011011011 ILLEGAL
547 10 0010 0011  ILLEGAL 732 101101 1100 ILLEGAL
548 10 0010 0100 ILLEGAL 733 101101 1101  ILLEGAL
551 100010 0111  ILLEGAL 734 101101 1110 ILLEGAL
552 10 0010 1000 ILLEGAL 735 101101 1111 ILLEGAL
559 100010 1111  ILLEGAL 736 10 1110 0000 ILLEGAL
560 10 0011 0000 ILLEGAL 743 1011100111  ILLEGAL
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747 101110 1011
748 10 1110 1100
749 101110 1101
750 10 1110 1110
751 101110 1111
752 10 1111 0000
753 10 1111 0001
754 10 1111 0010
755 10 1111 0011
756 10 1111 0100
757 10 1111 0101
758 10 1111 0110
759 101111 0111
760 10 1111 1000
761 10 1111 1001
762 101111 1010
763 10 1111 1011
764 10 1111 1100
765 10 1111 1101
766 10 1111 1110
767 101111 1111
768 11 0000 0000
769 11 0000 0001
770 11 0000 0010
771 11 0000 0011
772 11 0000 0100
776 11 0000 1000
782 11 0000 1110
783 11 0000 1111
784 11 0001 0000
791 11 0001 0111
792 11 0001 1000
799 110001 1111
800 11 0010 0000
807 11 0010 0111
808 11 0010 1000
815 11 0010 1111
816 11 0011 0000
823 11 0011 0111
824 11 0011 1000
827 110011 1011
828 11 0011 1100
829 110011 1101
830 11 0011 1110
831 11 0011 1111
832 11 0100 0000
833 11 0100 0001
839 11 0100 0111
847 11 0100 1111
848 11 0101 0000
855 11 0101 0111
856 11 0101 1000
859 11 0101 1011
860 11 0101 1100
861 11 0101 1101
862 11 0101 1110
863 11 0101 1111
864 11 0110 0000
871 1101100111
875 11 0110 1011
876 11 0110 1100
877 110110 1101
878 11 0110 1110
879 110110 1111
880 11 0111 0000

ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL

881
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896
897
898
899
900
903
904
911
912
919
920
923
924
925
926
927
928
935
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970

11 0111 0001
11 0111 0010
11 0111 0011
11 0111 0100
11 0111 0101
11 0111 0110
11 0111 0111
11 0111 1000
11 0111 1001
11 0111 1010
11 0111 1011
11 0111 1100
11 0111 1101
11 0111 1110
11 0111 1111
11 1000 0000
11 1000 0001
11 1000 0010
11 1000 0011
11 1000 0100
11 1000 0111
11 1000 1000
11 1000 1111
11 1001 0000
11 1001 0111
11 1001 1000
111001 1011
11 1001 1100
11 1001 1101
11 1001 1110
11 1001 1111
11 1010 0000
11 1010 0111
111010 1011
11 1010 1100
111010 1101
11 1010 1110
111010 1111
11 1011 0000
11 1011 0001
11 1011 0010
11 1011 0011
11 1011 0100
11 1011 0101
11 1011 0110
11 1011 0111
11 1011 1000
11 1011 1001
11 1011 1010
11 1011 1011
11 1011 1100
11 1011 1101
11 1011 1110
11 1011 1111
11 1100 0000
11 1100 0001
11 1100 0010
11 1100 0011
11 1100 0100
11 1100 0101
11 1100 0110
11 1100 0111
11 1100 1000
11 1100 1001
11 1100 1010

ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
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971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023

11 1100 1011
11 1100 1100
11 1100 1101
11 1100 1110
11 1100 1111
11 1101 0000
11 1101 0001
11 1101 0010
11 1101 0011
11 1101 0100
11 1101 0101
11 1101 0110
11 1101 0111
11 1101 1000
11 1101 1001
11 1101 1010
11 1101 1011
11 1101 1100
11 1101 1101
11 1101 1110
11 1101 1111
11 1110 0000
11 1110 0001
11 1110 0010
11 1110 0011
11 1110 0100
11 1110 0101
11 1110 0110
11 1110 0111
11 1110 1000
11 1110 1001
11 1110 1010
11 1110 1011
11 1110 1100
11 1110 1101
11 1110 1110
11 1110 1111
11 1111 0000
11 1111 0001
11 1111 0010
11 1111 0011
11 1111 0100
11 1111 0101
11 1111 0110
11 1111 0111
11 1111 1000
11 1111 1001
11 1111 1010
11 1111 1011
11 1111 1100
11 1111 1101
11 1111 1110
11 1111 1111

ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
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The following table lists: 409 38 & 26 RD#-~ D61 011001
1001
121 39 ' 27 RD+ D7.1 000111 1001
. 905 39 27 RD-- D7.1 111000 1001
Legal 10-Bit Values Sorted by 105 40 ( 28 RD+ D81 0001101001
. 921 40 ( 28 RD-- D8.1 1110011001
8-Bit Hex Code 601 41 ) 29 R+~ D91 100101
1001
441 48 O 30 RD-- D16.1 01 1011 1001
585 48 O 30 RD+ D16.1 10 0100
1001
569 49 1 31 RD+-  D17.1 100011 1001
10B 8B Previous g?/il:c 313 50 2 32 RD+/-- D181 0100111001
Dec Dec ASCIl+ HEX Disparity >~ ™10 B COMMENT 809 51 3 33 RD+/--  D19.1 1100101001
185 52 4 34 RD+/-- D20.1 001011 1001
3950 NUL 00 RD+ D0.0 0110001011 681 53 5 35 RD+-- D21.1 10 1010
628 o  NUL 00 RD- D00 1001110100 1001
468 1  SOH 01 RD-- D10 0111010100 425 54 6 36 RD+- D22.1 01 1010
555 3  SOH 01 RD+ D10 1000101011 1001
299 » STX 02 RD+ D2.0 01 0010 1011 89 55 7 37 RD+ D23.1 00 0101
724 STX 02 RD- D2.0 101101 0100 1001
788 3 ETX 03 RD+ D3.0 110001 0100 937 55 7 37 RD-- D23.1 111010 1001
795 3 ETX 03 RD- D3.0 110001 1011 201 56 8 38 RD+ D24.1 00 1100 1001
171 4 EOT 04 RD+ D4.0 001010 1011 825 56 8 38 RD-- D24.1 110011 1001
852 4 EOT 04 RD- D4.0 110101 0100 617 57 9 39 RD+-- D25.1 100110 1001
660 5 ENQ o5 RD+ D5.0 10 1001 389 g4 @ 40 RD+ D0.2 01 1000
0100 0101
667 5 ENQ 05 RD-- D5.0 101001 1011 629 ¢4 @ 40 RD-- D0.2 100111 0101
404 g ACK 06 RD+ D6.0 01 1001 469 g5 A 41 RD-- D12 0111010101
0100 549 g5 A 41 RD+ D1.2 10 0010
411 g ACK 06 RD-- D6.0 0110011011 0101
116 7 BEL o7 RD+ D7.0 (00111 0100 293 g5 B 42 RD+ D2.2 01 0010
907 7  BEL 07 RD-- D7.0 1110001011 0101
107 g BS 08 RD+ D80 (00110 1011 725 66 B 42 RD- D2.2 1011010101
916 g BS 08 RD-- D8.0 111001 0100 789 g7 C 43 RD+/-- D32 1100010101
596 g HT 09 RD+ D9.0 10 0101 165 gg D 44 RD+ D4.2 00 1010
0100 o101
603 g HT 09 RD- D90 100101 1011 853 gg D 44 RD-- D42 1101010101
436 1 DLE 10 RD-- D16.0 01 1011 0100 661 g9 E 45 RD+/-- D52 10 1001
587 16 DLE 10 RD+ D16.0 100100 1011 0101
564 17 DC1 11 RD+ D17.0 100011 0100 405 70 F 46 RD*/- D6.2 Oj(-)igfl
571 17 DC1 11 RD-- D17.0 100011 1011 .
308 18 DC2 12 RD+ D18.0 01 0011 0100 ;]61 ;i g 2; Eg__ B;Z gffggégigi
315 18 DC2 12 RD- D180 010011 1011 101 72 H 48 RD+ D82 0001100101
804 19 DC3 13 RD+ D19.0 11 0010 0100 917 72 H 48 RD- D8.2 11 1001 0101
811 19 DC3 13 RD-  D19.0 110010 1011 597 75 | 49 RD+-  D9.2 10 0101
180 o9 DC4 14 RD+ D20.0 (00 1011 0100 ' 0101
187 20 DC4 14 RD- D200 0010111011 437 gg P 50 RD- D162 0110110101
676 21 NAK 15 RD+ D21.0 10 1010 581 gy P 50 RD+ D16.2 10 0100
0100 0101
683 21 NAK 15 RD- D210 101010 1011 565 g1 Q 51 RD+-  DI17.2 1000110101
420 22 SYN 16 RD+ D220 011010 309 g2 R 52 RD+-- D182 (100110101
0100 e
2722 SN0 RO D20 010 MR B G noeow
91 23 ETB 17 RD+ D230 000101 1011 677 g5 U =5 RD+- D212 101010
932 3 ETB 17 RD- D23.0 111010 0100 ' 0101
203 24 CAN 18 RD+ D240 0p 1100 1011 421 gg V 56 RD+- D222 (11010
820 24 CAN 18 RD-- D24.0 11 0011 0100 0101
612 75 EM 19 RD+ D25.0 100110 0100 85 g7 W 57 RD+ D23.2 00 0101
619 25 EM 19 RD-- D25.0 100110 1011 0101
393 32 SPACE 20 RD+ DO0.1 01 1000 933 g7 W 57 RD-- D23.2 1110100101
1001 197 gg X 58 RD+ D24.2 00 1100 0101
633 32 SPACE 20 RD-- DO0.1 100111 1001 821 gg X 58 RD-- D24.2 11 0011 0101
473 33 ! 21 RD-- D11 011101 1001 613 gg Y 59 RD+/- D252 1001100101
553 33 ! 21 RD+ D1.1 10 0010 396 g9 60 RD+ D0.3 011000 1100
1001 627 : RD-- D0.3
297 34 " 22 RD+ D2.1 01 0010 467 23 a 2(1) RD-- D1.3 ég ;)iéiggﬁ
. 1001 556 a RD + D1.3
my t mED- o sodotion Ml h LRl B ous
793 35 # 23 RO+ D31 41 0001 1001 723 9g b 62 RD- D23 1011010011
169 36 % 24 RD+ D41 001010 787 99 63 RD+ D33 1100010011
857 35 $ 24 RD-- D41l 11 018(1’11001 796 g9 ¢ 63 RD-- D3.3 110001 1100
665 37 % 25 RD+-- D5.1 10 1001 172 100 d 64 RD+ D4.3 001010 1100
1001 851 100 d 64 RD-- D4.3 110101 0011
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610 153 ™ 99 RD+ D254 1001100010
659 101 € 65 RD+ D53 101001 0011 621 109 ™ 99 RD- D254 100110 1101
668 101 e 65 RD-- D53 101001 1100 340 10 LF OA RD+ D10.0 01 0101
403 102 f 66 RD+ D6.3 0110010011 0100
412 10p f 66 RD- D63 0110011100 347 19 LF 0A RD- D100 010101 1011
15 103 g 67 RD+ D73 000111 0011 836 17 VT o8 RD+ D110 1101000100
908 103 9 67 RD-- D7.3 111000 1100 843 11 VT o8 RD-  DIL0 110100 1011
108 104 h 68 RD*+  D8.3 000110 1100 212 15 FF oc RD+ D120 (011010100
915 104 h 68 RD-- D83 111001 0011 219 15 FF oc RD- D12.0 g 1101 1011
595 105 | 6o RD*+ D93 1001010011 708 13 CR op RD+ D130 1011000100
604 105 i 69 RD- D93 1001011100 715 13 CR oD RD- D130 101100 1011
435 112 p 70 RD-- D16.3 01 1011 0011 452 14 SO OE RD+ D14.0 01 1100 0100
588 112 p 70 RD+ D16.3 100100 1100 459 14 SO 0E RD-- D14.0 01 1100 1011
563 113 q 71 RD+ D17.3 100011 0011 372 15 S oF RD-- D15.0 01 0111 0100
572 113 g 71 RD- DI7.3 100011 1100 651 15 S| OF RD+ D150 101000 1011
307 114 r 72 RD+ D18.3 01 0011 0011 356 25 SUB 1A RD+ D26.0 (01 0110 0100
816 114 T 72 RD- D183 010011 1100 363 2 SUB 1A RD-  D26.0 010110 1011
803 115 s 78 RD+ D193 1100100011 155 7 ESC 1 RD+  D27.0 0010011011
812 115 S 73 RD-- D19.3 110010 1100 868 7 ESC 18 RD-- D27.0 11 0110 0100
179 196 t 74 RD*+  D20.3 001011 001 228 28 FS 1c RD+  D28.0 (00 1110 0100
188 116 t 74 RD- D20.3 001011 1100 235 o3 FS ic RD-  D28.0 0011101011
675 117 U 75 RD+ D213 1010100011 244 55 FS 1c RD—  K28.0 001111 0100Reserved
684 117 u 75 RD- D21.3 1101010 1100 779 28 FS 1c RD+ K280 110000 1011
419 198 v 76 RD+ D223 0110100011 283 9 GS 1D RD+  D29.0 010001 1011
428 118 Vv 76 RD-- D22.3 011010 1100 740 29 GS 1D RD-- D29.0 101110 0100
92 119 w 77 RD+ D233 000101 1100 484 39 RS 1E RD-  D30.0 011110 0100
931 119 W 77 RD- D233 1110100011 539 39 RS 1E RD+  D30.0 100001 1011
204 199 X 78 RD+ D243 001100 1100 331 31 US 1F RD+  D31.0 0101001011
819 120 x 78 RD-  D24.3 110011 0011 692 31 US 1F RD- D310 1010110100
611 121 ¥y 79 RD + D25.3 100110 0011 345 49 * 2A RD+--  D10.1 01 0101
620 121 Y 79 RD- D25.3 100110 1100 1001
397 128 _ 8o RD+ D04 0110001101 841 43 + 28 RD+- D111 170100 1001
626 128 _ 80 RD-- D04 100111 0010 217 44 2c RD+- D121 0011011001
466 129 _ g1 RD-- D14 0111010010 713 45 - op RD+/-- D13.1 101100 1001
557 129 _ g1 RD+ D14 100010 1101 457 46 . 2E RD+/-- D141 01 1100 1001
301 130 . 82 RD+ D24 0100101101 377 47 ! 2F RD- D151 0101111001
722 130 , g2 RD-- D24 101101 0010 649 47 |/ 2F RD+ D15.1 10 1000
786 131 f g3 RD+ D3.4 11 0001 0010 D261 1001 o1
797 131 f 83 RD-- D3.4 110001 1101 361 5g 3A RD+/-- p26.1 01 0110 10
173 132 , 84 RD+ D44 001010 1101 153 59 ; 38 RD+ : OCi égfl
200 132, iy ng ETere 873 59 38 RD-  D27.1 110110 1001
058 133 - 85 RO . l%é](.)gl 233 @0 ’< 3c RD+/-- D28.1 00 1110 1001
%
669 133 ... 85 RD-- D54 101001 1101 3;12 60 : gg Eg: gg:i (ljf ééfl)%) gﬁ)éResewed
402 134 t g6 RD+ D6.4 Otéfgl T 22 - o RD+ D29 1 010001
001
st 8 o Bs': Pt 745 g1 = 3p RD-- D29.1 10 1110 1001
;ég 1t i 2; EB-T D7.4 (1)(1) %ééggég 489 g2 > 3 RD- D30.1 011110 1001
109 122 : gg RD+ D84 (0001101101 537 g2 > 3 RD+ D301 138831
914 136 ~ gg RD-- D8.4 111001 0010 329 ) 3 RD+ D311 01 0100
594 137 %o 89 RD+ D9.4 10 0101 63 1001
0010 ? RD-  D3L1 1010111001
605 137 %o g9 RD~ D94 100101 1101 b7 es 7 o RO~ D10z et
434 144 _ 90 RD-- D16.4 011011 0010 74 0101
589 144 _ 90 RD+ D164 100100 1101 837 75 K 4B RD+/- DI112 1101000101
562 145 - o1 RD* D74 1000110010 213 76 L 4c RD+- D122 0011010101
573 145 91 RD-- D17.4 100011 1101 709 77 M 4D RD+~ D132 1011000101
306 146 ' 92 RD+ D18.4 010011 0010 453 75 N 4E RD+- D142 0111000101
317 146 92 RO~ D184 0100111101 373 79 O 4F RD- D152 0101110101
802 147 93 RD+ D19.4 110010 0010 645 79 O 4F RD+ D15.2 10 1000
813 147 “ 93 RD-- D19.4 110010 1101 0101
178 148 94 RD+ D204 0010110010 357 9o Z 5A RD+-  D26.2 010110 0101
189 148 94 RD-  D20.4 001011 1101 149 o | sg RD+  D27.2 001001
674 149 ° 95 RD+ D21.4 10 1010 0101
0010 869 o1 | 58 RD-  D27.2 1101100101
685 149 * 95 RD- D214 1010101101 229 g7 \ 5Cc RD+- D282 0011100101
418 150 - 96 RD+ D224 011010 25 gy \ 5c RD-~ K282 (1111 0101Reserved*
0010 778 93 \ 5c RD+ K282 1100001010
429 150 - 96 RD-- D22.4 011010 1101 277 o3 | 5p RD+ D29.2 01 0001
93 151 — 97 RD+ D234 (00101 1101 0101
930 151 — 97 RD-- D23.4 111010 0010 741 93 ] 5p RD-- D29.2 1011100101
205 152 ~ 98 RD+ D244 001100 1101 485 g4 s RD- D302 0111100101
818 152 ~ 98 RD-- D24.4 11 0011 0010
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533

325

693
339
348
835
844
211
220
707
716
451
460
371
652
355
364
156
867
227
236
243
780
284
739
483
540
332
691
338

349
834
845
210
221
706
717
450
461
370
653
354
365
157
866
226
237
242
781
285
738
482
541
333
690
394

634
474
554

298

730
794
170

858
666

94

95

95

106
106
107
107
108
108
109
109
110
110
111
111
122
122
123
123
124
124

124
124

125
125
126
126
127
127
138

138
139
139
140
140
141
141
142
142

| "~ ————"~~"~ NNOOS3333 -~ xx"—""]|

DELETE
DELETE

)

143 _

143
154
154
155
155
156
156

156
156

157
157
158
158
159
159
160

160
161
161

162

162
163
164

164
165

BB B8R ¥ ol

< <l

athe o

#« o

5E

5F

5F
6A
6A
6B
6B
6C
6C
6D
6D
6E
6E
6F
6F
7A
7A
7B
7B
7C
7C
7C
7C
7D
7D
7E
7E
7F
7F
8A

8A
8B
8B
8C
8C
8D
8D
8E
8E
8F
8F
9A
9A
9B
9B
9C
9C

9C
9C

9D
9D
9E
9E
9F
9F
AO

A0
Al
Al

A2

A2
A3
A4

A4
A5

RD +

RD +

RD--
RD +
RD--
RD +
RD--
RD +
RD--
RD +
RD--
RD +
RD--
RD--
RD +
RD +

RD +

D30.2

D31.2

D31.2
D10.3
D10.3
D11.3
D11.3
D12.3
D12.3
D13.3
D13.3
D14.3
D14.3
D15.3
D15.3
D26.3
D26.3
D27.3
D27.3
D28.3
D28.3
K28.3
K28.3
D29.3
D29.3
D30.3
D30.3
D31.3
D31.3
D10.4

D10.4
D11.4
D11.4
D12.4
D12.4
D13.4
D13.4
D14.4
D14.4
D15.4
D15.4
D26.4
D26.4
D27.4
D27.4
D28.4
D28.4
K28.4
K28.4
D29.4
D29.4
D30.4
D30.4
D31.4
D31.4
DO0.5

D0.5
D1.5
D15

D2.5

D2.5
D3.5
D4.5

D4.5
D5.5

10 0001
0101
01 0100
0101
10 1011 0101
01 0101 0011
010101 1100
11 0100 0011
11 0100 1100
00 1101 0011
00 1101 1100
10 1100 0011
10 1100 1100
01 1100 0011
01 1100 1100
01 0111 0011
10 1000 1100
01 0110 0011
01 0110 1100
00 1001 1100
11 0110 0011
00 1110 0011
00 1110 1100
00 1111 0011 Reserved*
11 0000 1100
01 0001 1100
10 1110 0011
01 1110 0011
10 0001 1100
01 0100 1100
10 1011 0011
010101
0010
010101 1101

11 0100 0010
11 0100 1101
00 1101 0010
00 1101 1101
10 1100 0010
10 1100 1101
01 1100 0010
01 1100 1101
01 0111 0010
101000 1101
01 0110 0010
010110 1101
00 1001 1101
11 0110 0010
00 1110 0010
00 1110 1101

00 1111 0010Reserved*
11 0000 1101
01 0001 1101
10 1110 0010
01 1110 0010
10 0001 1101
01 0100 1101
10 1011 0010
01 1000
1010
10 0111 1010
01 1101 1010
10 0010
1010
01 0010
1010
10 1101 1010
11 0001 1010
00 1010
1010
11 0101 1010

10 1001
1010

410

122
906
106
922
602

346

842
218
714
458
378
650

442
586

570
314
810
186
682

426

90

938
202
826
618
362
154

874
234

250
773
282

746
490
538

330

698
390
630
470
550
294
726
790
166
854
662
406
118
902
102
918
598
342
838
214
710
454
374
646
438
582

166

167
167
168

W wn

168

169

170

171
172
173
174

175 ~

175

176
176

177
178
179
180
181

182

CwoN 4

183 -

183 -
184 .

184
185
186
187

187
188

188
188
189

189
190
190

191

191
192
192
193
193
194
194
195
196
196
197
198
199
199
200
200
201
202
203
204
205
206
207
207
208
208

[

QO =7 77 MMM T MO O gy 3 D3> DI I D> >

A6

A7
A7
A8
A8
A9

AB
AC
AD
AE
AF
AF

BO
BO

Bl
B2
B3
B4
B5

B6

B7

B7
B8
B8
B9
BA
BB

BB
BC
BC
BC
BD

BD
BE
BE

BF

BF
Cco
Cco
C1
C1
Cc2
Cc2
C3
C4
c4
C5
C6
Cc7
c7
Cc8
Cc8
Cc9
CA
CB
CcC
CD
CE
CF
CF
DO
DO

RD--
RD +

RD+/--
RD+/--
RD+/--
RD+/--
RD+/--

RD+/--

RD +

RD +
RD +

RD--
RD--
RD +

RD +

RD+/--
RD+/--
RD+/--
RD+/--
RD+/--
RD+/--
RD--
RD +
RD--
RD +

D7.5
D7.5
D8.5
D8.5
D9.5

D10.5

D11.5
D125
D13.5
D145
D15.5
D155

D16.5
D16.5

D17.5
D18.5
D19.5
D20.5
D21.5

D22.5

D23.5

D23.5
D24.5
D24.5
D25.5
D26.5
D27.5

D27.5
D28.5

K28.5
K28.5
D29.5

D29.5
D30.5
D30.5

D31.5

D31.5
D0.6
DO0.6
D1.6
D1.6
D2.6
D2.6
D3.6
D4.6
D4.6
D5.6
D6.6
D7.6
D7.6
D8.6
D8.6
D9.6
D10.6
D11.6
D12.6
D13.6
D14.6
D15.6
D15.6
D16.6
D16.6

01 1001
1010
00 0111 1010
11 1000 1010
00 0110 1010
11 1001 1010
10 0101
1010
010101
1010
11 0100 1010
00 1101 1010
10 1100 1010
01 1100 1010
010111 1010
10 1000
1010
01 1011 1010
10 0100
1010
10 0011 1010
01 0011 1010
11 0010 1010
00 1011 1010
10 1010
1010
01 1010
1010
00 0101
1010
11 1010 1010
00 1100 1010
11 0011 1010
10 0110 1010
01 0110 1010
00 1001
1010
11 0110 1010
00 1110 1010
00 1111 1010Sync
11 0000 0101(Not Used)
01 0001
1010
10 1110 1010
01 1110 1010
10 0001
1010
01 0100
1010
10 1011 1010

01 1000 0110
10 0111 0110
01 1101 0110
10 0010 0110
01 0010 0110
10 1101 0110
11 0001 0110
001010 0110
11 0101 0110
10 1001 0110
011001 0110
00 0111 0110
11 1000 0110
00 0110 0110
11 1001 0110
10 0101 0110
010101 0110
11 0100 0110
00 1101 0110
10 1100 0110
01 1100 0110
01 0111 0110
10 1000 0110
01 1011 0110
10 0100 0110
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566 209 N D1 RD+-  D17.6 100011 0110 430 246 © F6 RD- D22.7 011010 1110
310 210 O D2 RD+/- D186 0100110110 87 247 ~ F7 RD+ K23.7 000101 0111
806 211 O D3 RD+;—- D19.6 110010 0110 94 247 + F7 RD+ D23.7 000101 1110
182 212 O D4 RD+/-- D20.6 (01011 0110 929 247 + F7 RD-- D23.7 111010 0001
678 213 O D5 RD+/-- D21.6 1010100110 936 247 * F7 RD-- K23.7 11 1010 1000Reserved*
422 214 © D6 RD+-- D22.6 (110100110 2(133 248 9 F8 Eg+ Bgi-; 00 1100 1110
86 215 X p7 RD+ D23.6 (000101 0110 248 9 F8 - . 11 0011 0001
934 215 x D7 RD- D23.6 111010 0110 609 249 © F9 RD+  D25.7 100110 0001
198 216 @ pg RD + D24.6 (0 1100 0110 622 249 U F9 RD-- D25.7 100110 1110
822 216 @ pg RD-- D24.6 11 0011 0110 353 250 U FA RD+ D26.7 010110 0001
614 217 U D9 RD+-- D256 100110 0110 366 250 U FA RD-- D26.7 010110 1110
358 218 U DA RD+/-- D26.6 01 0110 0110 151 251 lAJ FB RD+ K27.7 001001 0111
150 219 U DB RD + D27.6 (00 1001 0110 égg 251 0 FB EB+ B;;; 00 1001 1110
870 219 U pB RD-- D27.6 11 0110 0110 251 U FB - . 11 0110 0001
230 220 U Dc RD+--  D28.6 001110 0110 872 251 @ FB RD--  K27.7 110110 1000Reserved*
el S i m s Wit kel o Ghors
220 DC 6 110000 1001 - :
WEY DR Zes ammow L R e o
742 ' RD-- D29.6 :
486 23; P BE RD-- D30.6 é(l) Eig gﬁg 279 253 ¥ FD RD+ K297 010001 0111
534 999 b DE RD+  D30.6 1000010110 ;gs 253 i’/ FD EB+ B;g-; 01 0001 1110
326 223 B DF RD + D31.6 (0101000110 253 Y FD - . 10 1110 0001
694 223 B DF RD-- D316 101011 0110 Zg‘l‘ 253 )'; FD EB_—_— ggg-; 10 1110 1000Reserved*
398 o4 A E0 RD + DO.7 011000 1110 phos 254 b FE RO o 01 1110 0001 )
o5 224 2 Eo RO~ DO 100111 0001 535 204 b FERD+ K307 Tooooiomt
465 a RD-- D1.7
225 ¢ El 01 1101 0001 542 254 b FE RD+  D30.7 1000011110

oy 225 8 E1 RD*  DL7 1000101110 334 255 FF RD+ D317 0101001110
302 206 @ E2 RD+ D2.7 010010 1110 g’
721 206 & E> RD- D27 101101 0001 689 255 ¥ FF RD-- D31.7 101011 0001
785 227 & E3 RD+ D3.7 110001 0001
798 227 & E3 RD-- D3.7 11 0001 1110
174 228 & E4 RD+ D4.7 001010 1110
849 228 a E4 RD-- D4.7 110101 0001
657 229 & Es RD+ D5.7 10 1001

0001
670 229 & g5 RD-- D5.7 101001 1110
401 230 @ Ee RD+ D6.7 01 1001

0001
414 230 & E6 RD-- D6.7 011001 1110
113 231 ¢ E7 RD+ D7.7 000111 0001
910 231 ¢ g7 RD-- D7.7 111000 1110
110 232 € Eg RD+ D8.7 000110 1110
913 232 € Eg RD-- D8.7 111001 0001
593 9233 é g9 RD+ D9.7 10 0101

0001
606 233 € E9 RD-- D9.7 100101 1110
337 234 € EA RD+ D10.7 010101

0001
350 234 € EA RD-- D10.7 010101 1110
840 235 € EB RD+ D11.7 11 0100 1000
846 235 € EB RD-- D11.7 11 0100 1110
209 236 i EC RD+ D12.7 00 1101 0001
222 236 1 EC RD- D12.7 001101 1110
712 237 i ED RD+ D13.7 101100 1000
718 237 i ED RD- D13.7 101100 1110
456 238 1 EE RD+ D14.7 01 1100 1000
462 238 1 EE RD-- D14.7 011100 1110
369 239 T EF RD-- D15.7 01 0111 0001
654 239 1 EF RD+ D15.7 101000 1110
433 240 6 Fo RD-- D16.7 01 1011 0001
590 240 6 Fo RD+ D16.7 100100 1110
561 241 f F1 RD+ D17.7 100011 0001
567 241 f F1 RD-- D17.7 100011 0111
305 242 0 F2 RD+ D18.7 01 0011 0001
311 242 0 F2 RD-- D18.7 010011 0111
801 243 6 F3 RD+ D19.7 11 0010 0001
814 243 0 F3 RD-- D19.7 11 0010 1110
177 244 6 F4 RD+ D20.7 00 1011 0001
183 244 6 F4 RD-- D20.7 001011 0111
673 245 6 F5 RD+ D21.7 10 1010

0001
686 245 0 F5 RD-- D21.7 101010 1110
417 9246 O F6 RD+ D22.7 01 1010

0001
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8-Bit/10-Bit Mapping

The following table lists: 217 44 2c RD+- DI12.1 001101 1001
213 76 L 4c  RD+-  D12.2 001101 0101

211 108 | 6c RD+ D12.3 00 1101 0011

. 220 108 | 6C RD-- D12.3 00 1101 1100

Legal 10-bit Values Sorted by 210 140 ®  8c RD+ D124 0011010010

221 140 GE gc RD-- D12.4 001101 1101

K/D Code 218 172 = AC RD+- D125 001101 1010

214 204 | cc RD+-  D12.6 001101 0110

209 236 i EC RD+ D12.7 00 1101 0001

222 236 i Ec RD-- D12.7 00 1101 1110

708 13 CR oD RD+ D13.0 10 1100 0100

Data 715 13 CR op RD-- D13.0 10 1100 1011

10B 8B Previous Byte 713 45 - 2D RD+/- D13.1 10 1100 1001
Dec Dec ASCIl+ HEX Disparity FC  10B COMMENT 709 77 M 4D RD+/-  D13.2 10 1100 0101
Name 707 109 m 6D RD+ D13.3 10 1100 0011

305 0 NUL 00 RD+ DO.0 01 1000 1011 716 109 m 6D RD-- D13.3 10 1100 1100
628 0 NUL 00 RD- D0.0 10 0111 0100 706 141 gD RD+ D13.4 10 1100 0010
393 32 SPACE 20 RD+ DO0.1 011000 1001 717 141 gD RD- D13.4 10 1100 1101
633 32 SPACE 20 RD- D0.1 100111 1001 714 173 - AD RD+-- D13.5 10 1100 1010
389 64 @ 40 RD+ D0.2 0110000101 710 205 | cD RD+- D13.6 101100 0110
629 64 @ 40 RD- D0.2 100111 0101 712 237 | ED RD+ D13.7 10 1100 1000
396 96 ° 60 RD+ DO0.3 01 1000 1100 718 237 | ED RD-- D13.7 10 1100 1110
627 96 ° 60 RD-- D0.3 10 0111 0011 452 14 SO OE RD+ D14.0 01 1100 0100
397 128 _ g0 RD+ D0.4 011000 1101 459 14 SO OE RD- D14.0 01 1100 1011
626 128 _ 8o RD- D0.4 100111 0010 457 46 . 2E RD+/-- D14.1 011100 1001
394 160 A0 RD+ D0.5 0110001010 453 78 N 4E RD+/- D14.2 01 1100 0101
634 160 A0 RD- D0.5 100111 1010 451 110 n 6E RD+ D14.3 01 1100 0011
390 192 A co RD+ D0.6 01 1000 0110 460 110 n 6E RD-- D14.3 01 1100 1100
630 192 A co RD-- D0.6 10 0111 0110 450 142 g RD+ D14.4 01 1100 0010
308 224 & g0 RD+ D0.7 011000 1110 461 142 ge RD- D14.4 01 1100 1101
625 224 A Eo0 RD-- D0.7 10 0111 0001 458 174 ® AE RD+- D145 011100 1010
468 1 SOH 01 RD- D1.0 0111010100 454 206 1 CE RD+- D14.6 011100 0110
555 1 SOH 01 RD+ D1.0 100010 1011 456 238 1 EE RD+ D14.7 01 1100 1000
473 33 | 21 RD-- D1.1 011101 1001 462 238 1 EE RD-- D14.7 011100 1110
553 33 | 21 RD+ D1.1 100010 1001 372 15 S| OF RD- D15.0 01 0111 0100
469 65 A 41 RD-- D1.2 0111010101 651 15 SI OF RD+ D15.0 10 1000 1011
549 65 A 41 RD+ D1.2 1000100101 377 47 | 2F RD-- D15.1 01 0111 1001
467 97 a 61 RD-- D1.3 0111010011 649 47 | o2F RD+ D15.1 10 1000 1001
556 97 a 61 RD+ D1.3 100010 1100 373 79 O 4F RD- D15.2 01 0111 0101
466 129 _ 81 RD-- D1.4 0111010010 645 79 O 4F RD+ D15.2 10 1000 0101
557 129 _ g1 RD+ D1.4 100010 1101 371 111 o 6F RD-- D15.3 01 0111 0011
474 161 | Al RD-- D15 0111011010 652 111 o 6F RD+ D15.3 10 1000 1100
554 161 A1 RD+ D15 100010 1010 370 143 gF RD- D15.4 01 0111 0010
470 193 A c1 RD- D1.6 0111010110 653 143 g RD+ D15.4 10 1000 1101
550 193 A c1 RD+ D1.6 100010 0110 378 175 — AF RD- D15.5 01 0111 1010
465 225 & El1 RD-- D1.7 011101 0001 650 175 — AF RD+ D15.5 10 1000 1010
558 225 4 E1 RD+ D1.7 100010 1110 374 207 | CF RD-- D15.6 01 0111 0110
340 10 LF 0OA RD+ D10.0 01 0101 0100 646 207 | CE RD+ D15.6 10 1000 0110
347 10 LF 0A RD- D10.0 01 0101 1011 369 239 i EE RD-- D15.7 01 0111 0001
345 42 * 2A RD+/--  D10.1 010101 1001 654 239 i EF RD+ D15.7 10 1000 1110
341 74 J 4A RD+-  D10.2 010101 0101 436 16 DLE 10 RD-- D16.0 01 1011 0100
339 106 | 6A RD+ D10.3 01 0101 0011 587 16 DLE 10 RD+ D16.0 10 0100 1011
348 106 | 6A RD-- D10.3 01 0101 1100 441 48 0 30 RD- D16.1 01 1011 1001
338 138 $ gA RD+ D10.4 01 0101 0010 585 48 0 30 RD+ D16.1 10 0100 1001
349 138 § gA RD- D10.4 01 0101 1101 437 80 P 50 RD-- D16.2 01 1011 0101
346 170 @ AA RD+/- D10.5 010101 1010 581 80 P 50 RD+ D16.2 10 0100 0101
342 202 E CA RD+- D10.6 0101010110 435 112 p 70 RD-- D16.3 01 1011 0011
337 234 & EA RD+ D10.7 01 0101 0001 588 112 p 70 RD+ D16.3 10 0100 1100
350 234 & EA RD-- D10.7 01 0101 1110 434 144 90 RD-- D16.4 01 1011 0010
836 11 VT oB RD+ D11.0 11 0100 0100 589 144 90 RD+ D16.4 10 0100 1101
843 11 VT oB RD- D11.0 11 0100 1011 442 176 ° Bo RD-- D16.5 01 1011 1010
841 43 + 28 RD+--  DI11.1 110100 1001 586 176 ° Bo RD+ D16.5 10 0100 1010
837 75 K 48 RD+-  DI11.2 11 0100 0101 438 208 B Do RD-- D16.6 01 1011 0110
835 107 k 68 RD+ D11.3 11 0100 0011 582 208 D Do RD+ D16.6 10 0100 0110
844 107 k 68 RD-- D11.3 11 0100 1100 433 240 & Fo RD-- D16.7 01 1011 0001
834 139 « g8 RD+ D11.4 11 0100 0010 590 240 & Fo RD+ D16.7 10 0100 1110
845 139 « gg RD-- D11.4 11 0100 1101 564 17 DC1 11 RD + D17.0 10 0011 0100
842 171 « AB RD+- D115 11 0100 1010 571 17 DC1 11 RD-- D17.0 10 0011 1011
838 203 E cB RD+/- D11.6 110100 0110 569 49 1 31 RD+- D17.1 100011 1001
840 235 & EB RD+ D11.7 11 0100 1000 565 81 Q 51 RD+/- D17.2 100011 0101
846 235 & ER RD-- D11.7 11 0100 1110 563 113 q 71 RD+ D17.3 10 0011 0011
212 12 FF oc RD+ D12.0 00 1101 0100 572 113 q 71 RD-- D17.3 10 0011 1100
219 12 FF oc RD- D12.0 00 1101 1011 562 145 ° 91 RD+ D17.4 10 0011 0010
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573 145 ° 91 RD-- D17.4 10 0011 1101 419 118 v 76 RD+ D22.3 01 1010 0011
570 177 + B1 RD+/-- D17.5 100011 1010 428 118 v 76 RD-- D22.3 01 1010 1100
566 209 N p1 RD+/- D17.6 100011 0110 418 150 — 96 RD+ D22.4 01 1010 0010
561 241 fi F1  RD+ D17.7 10 0011 0001 429 150 — 96 RD-- D22.4 01 1010 1101
567 241 A F1  RD-- D17.7 10 0011 0111 426 182 | Bs RD+/-- D225 0110101010
308 18 DC2 12 RD+ D18.0 01 0011 0100 422 214 O D6 RD+/-- D22.6 011010 0110
315 18 DC2 12 RD-- D18.0 01 0011 1011 417 246 & Fe RD+ D22.7 01 1010 0001
313 50 2 32 RD+/-- D18.1 010011 1001 430 246 6 F6 RD-- D22.7 01 1010 1110
309 82 R 52 RD+/-- D18.2 01 0011 0101 91 23 ETB 17 RD+ D23.0 00 0101 1011
307 114 r 72 RD+ D18.3 01 0011 0011 932 23 ETB 17 RD-- D23.0 11 1010 0100
316 114 r 72 RD-- D18.3 01 0011 1100 89 55 7 37 RD+ D23.1 000101 1001
306 146 ° 92 RD+ D18.4 01 0011 0010 937 55 7 37 RD-- D23.1 11 1010 1001
317 146 ' 92 RD-- D18.4 01 0011 1101 85 87 W 57 RD+ D23.2 00 0101 0101
314 178 2 B2 RD+/-- D185 010011 1010 933 87 W 57 RD-- D23.2 11 1010 0101
310 210 O D2 RD+/- D18.6 010011 0110 92 119 w 77 RD+ D23.3 00 0101 1100
305 242 o F2 RD+ D18.7 01 0011 0001 931 119 w 77 RD-- D23.3 11 1010 0011
311 242 o F2 RD-- D18.7 01 0011 0111 93 151 — 97 RD+ D23.4 000101 1101
804 19 DC3 13 RD+ D19.0 11 0010 0100 930 151 — 97 RD-- D23.4 11 1010 0010
811 19 DC3 13 RD-- D19.0 11 0010 1011 90 183 - B7 RD+ D23.5 000101 1010
809 51 3 33 RD+/-- D19.1 11 0010 1001 938 183 - B7 RD-- D23.5 11 1010 1010
805 83 S 53 RD+/-- D19.2 11 0010 0101 86 215 x p7 RD+ D23.6 00 0101 0110
803 115 s 73 RD+ D19.3 11 0010 0011 934 215 x p7 RD-- D23.6 11 1010 0110
812 115 s 73 RD-- D19.3 11 0010 1100 94 247 =+ F7 RD+ D23.7 00 0101 1110
802 147 “ 93 RD+ D19.4 11 0010 0010 929 247 =+ F7 RD-- D23.7 11 1010 0001
813 147 “ 93 RD-- D19.4 11 0010 1101 203 24 CAN 18 RD + D24.0 00 1100 1011
810 179 3 B3 RD+/-- D19.5 11 0010 1010 820 24 CAN 18 RD-- D24.0 11 0011 0100
806 211 O p3 RD+/- D19.6 11 0010 0110 201 56 8 38 RD+ D24.1 00 1100 1001
801 243 6 F3 RD+ D19.7 11 0010 0001 825 56 8 38 RD-- D24.1 11 0011 1001
814 243 6 F3 RD-- D19.7 11 0010 1110 197 88 X 58 RD+ D24.2 00 1100 0101
209 2 STX 02 RD+ D2.0 0100101011 821 88 X 58 RD-- D24.2 11 0011 0101
724 2 STX 02 RD-- D2.0 101101 0100 204 120 X 78 RD+ D24.3 00 1100 1100
297 34 " 22 RD+ D2.1 010010 1001 819 120 X 78 RD-- D24.3 11 0011 0011
729 34 " 22 RD-- D2.1 101101 1001 205 152 ~ 98 RD+ D24.4 00 1100 1101
203 66 B 42 RD+ D2.2 0100100101 818 152 ~ 98 RD-- D24.4 11 0011 0010
725 66 B 42 RD-- D2.2 1011010101 202 184 | Bg RD+ D24.5 00 1100 1010
300 98 b 62 RD+ D2.3 010010 1100 826 184 | Bg RD-- D24.5 11 0011 1010
723 98 b 62 RD-- D2.3 101101 0011 198 216 @ pg RD+ D24.6 00 1100 0110
301 130 , g2 RD+ D2.4 0100101101 822 216 @ pg RD-- D24.6 11 0011 0110
722 130 , g2 RD-- D2.4 101101 0010 206 248 o Fg RD+ D24.7 00 1100 1110
208 162 ¢ A2 RD+ D2.5 0100101010 817 248 o Fg RD-- D24.7 11 0011 0001
730 162 ¢ A2 RD-- D2.5 101101 1010 612 25 EM 19 RD+ D25.0 10 0110 0100
204 194 A c2 RD+ D2.6 0100100110 619 25 EM 19 RD-- D25.0 10 0110 1011
726 194 A c2 RD-- D2.6 101101 0110 617 57 9 39 RD+/-- D25.1 100110 1001
302 226 a E2 RD+ D2.7 010010 1110 613 89 Y 59 RD+/- D252 100110 0101
721 226 a g2 RD-- D2.7 10 1101 0001 611 121y 79 RD+ D25.3 10 0110 0011
180 20 DC4 14 RD+ D20.0 00 1011 0100 620 121y 79 RD-- D25.3 10 0110 1100
187 20 DC4 14 RD-- D20.0 00 1011 1011 610 153 ™ 99 RD + D25.4 10 0110 0010
185 52 4 34 RD+/-- D20.1 001011 1001 621 153 ™ 99 RD-- D25.4 10 0110 1101
181 84 T 54 RD+/-- D20.2 00 1011 0101 618 185 1 B9 RD+/-- D25.5 100110 1010
179 116 t 74 RD+ D20.3 00 1011 0011 614 217 U D9 RD+-- D25.6 100110 0110
188 116 t 74 RD-- D20.3 00 1011 1100 609 249 U Fg RD+ D25.7 10 0110 0001
178 148 * 94 RD+ D20.4 00 1011 0010 622 249 U F9 RD-- D25.7 10 0110 1110
189 148 ” 94 RD-- D20.4 001011 1101 356 26 SUB 1A RD+ D26.0 01 0110 0100
186 180 ~ B4 RD+/-- D20.5 001011 1010 363 26 SUB 1A RD-- D26.0 01 0110 1011
182 212 O D4 RD+/-- D20.6 001011 0110 361 58 3A RD+/-- D26.1 010110 1001
177 244 6 F4 RD+ D20.7 00 1011 0001 357 90 Z 5A RD+/-  D26.2 010110 0101
183 244 & F4 RD-- D20.7 00 1011 0111 355 122 7 7A RD+ D26.3 01 0110 0011
676 21 NAK 15 RD+ D21.0 10 1010 0100 364 122 z 7A RD-- D26.3 01 0110 1100
683 21 NAK 15 RD-- D21.0 10 1010 1011 354 154 & 9A RD+ D26.4 01 0110 0010
681 53 5 35 RD+/-- D21.1 101010 1001 365 154 § 9A RD-- D26.4 01 0110 1101
677 85 U 55 RD+/-- D21.2 101010 0101 362 186 © BA RD+/-- D26.5 01 0110 1010
675 117 u 75 RD+ D21.3 10 1010 0011 358 218 U DA RD+-- D26.6 010110 0110
684 117 u 75 RD-- D21.3 10 1010 1100 353 250 O FA RD+ D26.7 01 0110 0001
674 149 « 95 RD + D21.4 101010 0010 366 250 U FA RD-- D26.7 01 0110 1110
685 149 o 95 RD-- D21.4 10 1010 1101 155 27 ESC 1B RD+ D27.0 001001 1011
682 181 p Bs RD+/-- D21.5 101010 1010 868 27 ESC 18 RD-- D27.0 11 0110 0100
678 213 O ps RD+/-- D21.6 101010 0110 153 59 ; 38 RD+ D27.1 00 1001 1001
673 245 & F5 RD+ D21.7 10 1010 0001 873 59 38 RD-- D27.1 11 0110 1001
686 245 F5 RD-- D21.7 10 1010 1110 149 91 [ 58 RD+ D27.2 00 1001 0101
420 22 SYN 16 RD+ D22.0 01 1010 0100 869 91 | 58 RD-- D27.2 11 0110 0101
427 22 SYN 16 RD-- D22.0 011010 1011 156 123 { 78 RD+ D27.3 00 1001 1100
425 54 6 36 RD+/-- D22.1 011010 1001 867 123 { 78 RD-- D27.3 11 0110 0011
421 86 V 56 RD+/-- D22.2 0110100101 157 155 > o RD+ D27.4 00 1001 1101
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866 155 » oB RD- D27.4 11 0110 0010 330 191 BE RD+ D315 0101001010

154 187 » Bg RD+ D27.5 00 1001 1010 698 191 Z BE RD-- D31.5 10 1011 1010
874 187 » BB RD-- D27.5 11 0110 1010 326 223 R DF RD+ D31.6 01 0100 0110
150 219 0 DB RD+ D27.6 00 1001 0110 694 223 R DE RD-- D31.6 10 1011 0110
870 219 U DB RD-- D27.6 11 0110 0110 334 255 § FF RD+ D31.7 01 0100 1110
158 251 @ FB RD+ D27.7 00 1001 1110 689 255 § FF  RD-- D31.7 10 1011 0001
865 251 0 FB RD-- D27.7 11 0110 0001 171 4 EOT 04 RD+ D4.0 001010 1011
228 28 FS 1c RD+ D28.0 00 1110 0100 852 4 EOT 04 RD- D4.0 110101 0100
235 28 FS 1c RD-- D28.0 00 1110 1011 169 36 $ 24 RD+ D4.1 001010 1001
233 60 < 3c RD+/- D28.1 001110 1001 857 36 $ 24 RD-- D4.1 110101 1001
229 92 \ 5c  RD+/-  D28.2 00 1110 0101 165 68 D 44 RD+ D4.2 0010100101
227 124 | 7c RD+ D28.3 00 1110 0011 853 68 D 44 RD-- D4.2 110101 0101
236 124 | 7c  RD-- D28.3 00 1110 1100 172 100 d 64 RD+ D4.3 001010 1100
226 156 oo oc RD+ D28.4 00 1110 0010 851 100 d 64 RD-- D4.3 110101 0011
237 156 e 9c RD-- D28.4 00 1110 1101 173 132 , g4 RD+ D4.4 001010 1101
234 188 Yu Bc RD+/-- D28.5 001110 1010 850 132 , g4 RD-- D4.4 11 0101 0010
230 220 U DC RD+/-  D28.6 001110 0110 170 164 © A4 RD+ D4.5 001010 1010
225 252 ii FC RD+ D28.7 00 1110 0001 858 164 n A4 RD- D4.5 110101 1010
238 252 FCc RD-- D28.7 00 1110 1110 166 196 A c4 RD+ D4.6 00 1010 0110
283 29 GS 1D RD+ D29.0 01 0001 1011 854 196 A c4 RD-- D4.6 110101 0110
740 29 GS 1D RD-- D29.0 10 1110 0100 174 228 & E4 RD+ D4.7 001010 1110
281 61 = 3p RD+ D29.1 01 0001 1001 849 228 & E4 RD-- D4.7 110101 0001
745 61 = 3p RD- D29.1 10 1110 1001 660 5 ENQ 05 RD+ D5.0 101001 0100
277 93 ] 5sp RD+ D29.2 01 0001 0101 667 5 ENQ 05 RD- D5.0 101001 1011
741 93 | 5sp RD-- D29.2 10 1110 0101 665 37 % 25 RD+/-- D5.1 1010011001
284 125} 7D RD+ D29.3 01 0001 1100 661 69 E 45 RD+/-- D5.2 1010010101
739 125 } 7D RD-- D29.3 10 1110 0011 659 101 e 65 RD+ D5.3 10 1001 0011
285 157 _ oD RD+ D29.4 010001 1101 668 101 e 65 RD-- D5.3 101001 1100
738 157 _ 9D RD-- D29.4 10 1110 0010 658 133 ... g5 RD+ D5.4 101001 0010
282 189 % BD RD+ D29.5 01 0001 1010 669 133 ... g5 RD- D5.4 101001 1101
746 189 Y% BD RD-- D29.5 10 1110 1010 666 165 ¥ A5 RD+-- D55 1010011010
278 221 Y DD RD+ D29.6 01 0001 0110 662 197 A cs5 RD+/- D5.6 1010010110
742 221 Y DD RD-- D29.6 10 1110 0110 657 229 & Es RD+ D5.7 101001 0001
286 253 y FD RD+ D29.7 01 0001 1110 670 229 & Es RD-- D5.7 101001 1110
737 253 FD RD-- D29.7 10 1110 0001 404 6 ACK 06 RD+ D6.0 011001 0100
788 3 ETX 03 RD+ D3.0 110001 0100 411 6 ACK 06 RD- D6.0 011001 1011
795 3 ETX 03 RD-- D3.0 11 0001 1011 409 38 & 26 RD+/-- D6.1 011001 1001
793 35 # 23 RD+- D31 1100011001 405 70 F 46 RD+/-- D6.2 0110010101
789 67 C 43 RD+- D32 1100010101 403 102 f 66 RD+ D6.3 011001 0011
787 99 ¢ 63 RD+ D3.3 110001 0011 412 102 f 66 RD-- D6.3 011001 1100
796 99 ¢ 63 RD-- D3.3 110001 1100 402 134 1 g6 RD+ D6.4 0110010010
786 131 f g3 RD+ D3.4 110001 0010 413 134 1 86 RD- D6.4 011001 1101
797 131 f g3 RD- D3.4 110001 1101 410 166 ! A6 RD+- D65 0110011010
794 163 £ A3 RD+- D35 1100011010 406 198 /& c6 RD+- D6.6 0110010110
790 195 A c3 RD+- D36 1100010110 401 230 @ Egc RD+ D6.7 011001 0001
785 227 & g3 RD+ D3.7 110001 0001 414 230 = Ee RD-- D6.7 011001 1110
798 227 & g3 RD-- D3.7 110001 1110 16 7 BEL 07 RD+ D7.0 000111 0100
484 30 RS 1 RD-- D30.0 01 1110 0100 907 7 BEL 07 RD- D7.0 111000 1011
539 30 RS 1E RD+ D30.0 10 0001 1011 121 39 27 RD+ D7.1 000111 1001
489 62 > 3 RD-- D30.1 01 1110 1001 905 39 27 RD-- D7.1 111000 1001
537 62 > 3g RD+ D30.1 10 0001 1001 17 71 G 47 RD+ D7.2 000111 0101
485 94 A s RD- D30.2 01 1110 0101 901 71 G 47 RD- D7.2 111000 0101
533 94 A s RD+ D30.2 10 0001 0101 115 103 g 67 RD+ D7.3 000111 0011
483 126 ~ 7 RD-- D30.3 01 1110 0011 908 103 g 67 RD-- D7.3 111000 1100
540 126 ~ 7E RD+ D30.3 10 0001 1100 114 135 g7 RD+ D7.4 000111 0010
482 158 _ 9 RD-- D30.4 01 1110 0010 909 135 g7 RD- D7.4 111000 1101
541 158 _ o RD+ D30.4 10 0001 1101 122 167 § A7 RD+ D7.5 000111 1010
490 190 % BE RD-- D30.5 01 1110 1010 906 167 § A7 RD- D7.5 111000 1010
538 190 % BE RD+ D30.5 10 0001 1010 118 199 C c7 RD+ D7.6 000111 0110
486 222 b DE RD-- D30.6 01 1110 0110 902 199 C c7 RD-- D7.6 111000 0110
534 222 b DE RD+ D30.6 10 0001 0110 113 231 ¢ g7 RD+ D7.7 000111 0001
481 254 p FE RD-- D30.7 01 1110 0001 910 231 ¢ g7 RD-- D7.7 111000 1110
542 254 p FE RD+ D30.7 10 0001 1110 107 8 BS 08 RD+ D8.0 000110 1011
331 31 US 1F RD+ D31.0 01 0100 1011 916 8 BS 0g RD- D8.0 111001 0100
692 31 US 1 RD-- D31.0 10 1011 0100 105 40 ( 28 RD+ D8.1 000110 1001
329 63 2 3F RD+ D31.1 01 0100 1001 921 40 ( 28 RD-- D8.1 111001 1001
697 63 2 3 RD- D31.1 10 1011 1001 101 72 H 48 RD+ D8.2 000110 0101
325 95 5sF  RD+ D31.2 01 0100 0101 917 72 H 48 RD- D8.2 111001 0101
693 95 _ sg  RD-- D31.2 10 1011 0101 108 104 h 68 RD+ D8.3 000110 1100
332 127 DELETE 7F RD+ D31.3 01 0100 1100 915 104 h 68 RD-- D8.3 111001 0011
691 127 DELETE 7 RD- D31.3 10 1011 0011 109 136 * gg RD+ D8.4 000110 1101
333 159 V oF RD+ D31.4 010100 1101 914 136 ° gg RD- D8.4 111001 0010
690 159 V oF RD-- D31.4 10 1011 0010 106 168 - A8 RD+ D8.5 000110 1010
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922 168 A8 RD- D8.5 111001 1010
102 200 E cs RD+ D8.6 000110 0110

918 200 E cg RD-- D8.6 111001 0110

110 232 & Egs RD+ D8.7 000110 1110

913 232 & ggs RD-- D8.7 111001 0001

596 9 HT 09 RD+ D9.0 100101 0100

603 9 HT 09 RD- D9.0 100101 1011

601 41 ) 29 RD+- D9.1 1001011001

597 73 | 49 RD+/-- D9.2 1001010101

595 105 i 69 RD+ D9.3 100101 0011

604 105 i 69 RD-- D9.3 100101 1100

594 137 %o g9 RD+ D9.4 100101 0010

605 137 %o g9 RD- D9.4 100101 1101

602 169 © A9 RD+/- D95 1001011010

598 201 E c9 RD+- D9.6 1001010110

593 233 é E9 RD+ D9.7 100101 0001

606 233 é E9 RD-- D9.7 100101 1110

87 247 =+ F7 RD+ K23.7 000101 0111

936 247 = F7 RD-- K23.7 11 1010 1000Reserved*
151 251 @ FB RD+ K27.7 00 1001 0111

872 251 0 FB RD-- K27.7 11 0110 1000 Reserved*
244 28 FS ic RD- K280 001111 0100 Reserved*
779 28 FS 1c RD+ K28.0 11 0000 1011

249 60 < 3c RD- K28.1 00 1111 1001 Reserved*
774 60 < 3c RD+ K28.1 11 0000 0110

245 92 \ 5sc  RD-- K28.2 00 1111 0101 Reserved*
778 92 \ 5c RD+ K28.2 11 0000 1010

243 124 | 7c  RD- K28.3 00 1111 0011 Reserved*
780 124 | 7c RD+ K28.3 11 0000 1100

242 156 ce oc RD-- K28.4 00 1111 0010 Reserved*
781 156 ce oc RD+ K28.4 11 0000 1101

250 188 ¥4 Bc RD-- K28.5 00 1111 1010 sync

773 188 Y Bc RD+ K28.5 11 0000 0101(Not Used)
246 220 U pDc RD- K28.6 00 1111 0110 Reserved*
777 220 U DC RD+ K28.6 11 0000 1001

248 252 i FC RD-- K28.7 00 1111 1000 Test

775 252 i FC RD+ K28.7 11 0000 0111

279 253 y FD RD+ K29.7 010001 0111

744 253 y FD RD-- K29.7 10 1110 1000 Reserved*
488 254 p FE RD-- K30.7 01 1110 1000 Reserved*
535 254 b FE RD+ K30.7 10 0001 0111
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Appendix C

Fibre Channel Legal Arbitrated Loop Physical
Addresses

This appendix containslegal (neutral disparity) arbitrated loop physical addresses (APLAS) sorted
from highest (at the top) to the lowest (at the bottom) priority.

113



Fibre Channel Legal Arbitrated Loop Physical Addresses

3B 79 25.3110 0110 1100 10 0110 0011
3A | 7A PZ6.3p1 0110 1100 o1 0110 0011
Loop[ALPAA RD -- Code |RD-/+ Code [Previous 39 | 7Cc [PZ8.300 1110 1100 00 1110 0011
ID | HEX [Name Running 38 [ 80 [PU0.4 10 0111 0010 01 1000 1101
Disparity 37 | 81 |PL# b1 1101 0010 10 0010 1101
RD+ Code 36 | 82 [PZ.4 10 1101 0010 01 0010 1101
7E 00 [PU.U [10 0111 0100 01 1000 1011 35 84 4.4 111 0101 0010| 00 1010 1101
7D | 01 [PL.0 1 1101 0100 10 0010 1011 34 | 88 PS4 {1 1001 0010 00 0110 1101
7C 02 [PZ.U [10 1101 0100 01 0010 1011 33 8F 154701 0111 0010 10 1000 1101
78 | 04 P40 11 0101 0100 00 1010 1011 32 | 90 PI6401 1011 0010 10 0100 1101
7A 08 [P8.U [11 1001 0100 00 0110 1011 31 97 23411 1010 0010 00 0101 1101
79 | oF [PI5.01 0111 0100 10 1000 1011 30 | 98 DPZ4Z4[1 0011 0010 00 1100 1101
78 10 [P16.0)p1 1011 0100 10 0100 1011 2F 9B 274111 0110 0010 00 1001 1101
77 | 17 [PZ23.0711 1010 0100 00 0101 1011 2E | 9D D294[0 1110 0010 01 0001 1101
76 18 [PZ4.011 0011 0100 00 1100 1011 2D | 9E 30.4101 1110 0010 10 0001 1101
75 | 1B [PZ7.0[11 0110 0100 00 1001 1011 2C | 9F P3T4[0 1011 0010 01 0100 1101
74 1D [P29.0]10 1110 0100 01 0001 1011 2B | A3 3.5 11 0001 1010
73 | 1E [P30.0p1 1110 0100 10 0001 1011 2A | A5 D55 10 1001 1010
72 1F [P31.0J10 1011 0100 01 0100 1011 29 A6 6.5 01 1001 1010
71 | 23 P31 11 0001 1001 28 | A7 P75 11 1000 1010 o0 0111 1010
70 [ 25 P>1 10 1001 1001 27 | A9 P95 10 0101 1010
6F | 26 [P&.T 01 1001 1001] 26 | AA |PI05 01 0101 1010
6E 27 P71 11 1000 1001 00 0111 1001 25 | AB 15 11 0100 1010
6D | 29 P9I 10 0101 1001 24 | AC PIZ5 00 1101 1010
6C | 2a [PI0I 01 0101 1001 23 | AD 135 10 1100 1010
68 | 28 PILI 11 0100 1001 22 | AE P15 01 1100 1010
6A | 2c pIZ1 00 1101 1001 21 B1 175 10 0011 1010
69 | 2p PI3I 10 1100 1001 20 | B2 |PI85 01 0011 1010
68 2 P14l 01 1100 1001 1F B3 195 11 0010 1010
67 | 31 P17l 10 0011 1001 1E | B4 D205 00 1011 1010
66 32 Ppi8l 01 0011 1001 1D | B5 215 10 1010 1010
65 33 pPI9I 11 0010 1001 1C | B6 225 01 1010 1010
64 34 201 00 1011 1001 1B B9 255 10 0110 1010
63 35 [PZ2L.I 10 1010 1001 1A | BA |PZ65 01 0110 1010
62 36 [Pp2Z1 01 1010 1001 19 BC [PZ85 00 1110 1010
61 39 [P251 10 0110 1001 18 C3 3.6 11 0001 0110
60 3A [PZ6.1 01 0110 1001 17 C5 5.6 10 1001 0110
5F | 3¢ P21 00 1110 1001 16 C6 6.6 01 1001 0110|
5| 43 P32 11 0001 0101 15 | C7 [P/ [i1 1000 0110 00 0111 0110
5D | 45 P52 10 1001 0101 14 | Cc9 P96 10 0101 0110
5C | 46 [P6.2 01 1001 0101 13 | CA PI06 01 0101 0110
5B | 47 [P7.Z J11 1000 0101 00 0111 0101 12 | cB PIL6 11 0100 0110
SA | 49 P92 10 0101 0101 11 | cc P1Z26 00 1101 0110
59 | 4A PI0Z 01 0101 0101] 10 | cD PI36 10 1100 0110
58 48 P12 11 0100 0101 OF | CE 146 01 1100 0110
57 | 4c p1zZ2 00 1101 0101] OE | DL D176 10 0011 0110
56 4p PL3Z 10 1100 0101 oD | D2 186 b1 0011 0110
55 | 4 [P14Z 01 1100 0101] 0C | D3 |PI96 N1 0010 0110
54 51 Pplrz 10 0011 0101 0B | D4 20.6 00 1011 0110
53 52 [p18.2 01 0011 0101 0A | D5 216 10 1010 0110
52 53 Pp18Z 11 0010 0101 09 D6 22.6 01 1010 0110|
51 | 54 [p202 00 1011 0101] 08 | Do D256 10 0110 0110
50 55 P21z 10 1010 0101 07 DA [PZ6.6 01 0110 0110
4F | 56 [P2Z2.72 01 1010 0101 06 | DC D286 00 1110 0110
4E | 59 [P75.2 10 0110 0101 05 | EO |PU-7 [i0 0111 0001 01 1000 1110
4D | 5A [P26.2 01 0110 0101 04 | E1L PL7 oI 1101 0001 10 0010 1110
4C | 5C pz8.2 00 1110 0101 03 | E2 P27 [10 1101 0001 01 0010 1110
48| 63 [P3.3 11 0001 1100 11 0001 0011 02 | E4 D&7 {1 0101 0001 00 1010 1110
4A 65 |[P53 [10 1001 1100 10 1001 0011 01 E8 8.7 11 1001 0001 00 0110 1110
49 66 [P6-3 o1 1001 1100 01 1001 0011 00 EF 15.7101 0111 0001 10 1000 1110
48 | 67 P73 [11 1000 1100 00 0111 0011
47 69 [P9-3 10 0101 1100 10 0101 0011
46 | 6A [P10.3]01 0101 1100 01 0101 0011
45 6B [PII.3J11 0100 1100 11 0100 0011
44 | 6C [P12.3]p0 1101 1100 00 1101 0011
43 6D [PI3.3110 1100 1100 10 1100 0011
42 | 6E [P14.3]01 1100 1100 01 1100 0011
41 71 [P17.310 0011 1100 10 0011 0011
40 | 72 [P18.3]p1 0011 1100 01 0011 0011
3F 73 [PI9.311 0010 1100 11 0010 0011
3E 74 [P20.3100 1011 1100 00 1011 0011
3D 75 [PZ21.3710 1010 1100 10 1010 0011
3Cc | 76 [P2Z.3p1 1010 1100 01 1010 0011
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Appendix D

Gigabit Ethernet Ordered Sets - Partial List

Gigabit Ethernet defines certain combinations of characters called Ordered Sets. Thetablein this

appendix shows a partial list.

Name Function Beginning RD  Ordered Set 8 Bit Hex
C1 Configuration - flip disparity Positive K28.5 D21.5 config_reg[7:0]
config_reg[15:8]
Cc2 Configuration - sustain Negative K28.5 D2.2 config_reg
disparity

11 Idle - correct disparity Positive K28.5 D5.6 0xBC 0xC5

12 Idle - preserve disparity Negative K28.5 D16.2 0xBC 0x50

R Carrier extend Negative K23.7 OxF7
Positive

S Start of packet Negative K27.7 OxFB

T End of packet Negative K29.7 OxFD
Positive

\% Error propagation Negative K30.7 OxFE
Positive
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Index

Numbers

10-bit placeholders, 60
8-hit placeholders, 60
8-bit/10-bit encoding, 7
8-hit/10-bit mapping, 95

A

add/drop re-synchronization
disabled, 52
enabled, 53

any dataword, 58

APLAs, 113

arbitrated loop physical addresses, 113
automatic CRC generation, 58, 68
automatic EOF selection, 68

average latency, 81

B

BERT
displaying and hiding parameters, 40
editing a configuration, 43
loading configuration files, 42
resetting a configuration, 43
running a pattern, 44
saving a configuration file, 42
using the log manager, 29
using the Window menu, 37

BERT configuration options, 49
BERT Log Options dialog, 30
BERT statistics, 87

Bit Error button, 44

Bit Error Rate metric, 18

bit errors, 90

bit for bit-matched pattern, 52

C
Cancel button, 70, 73

Capture available
BERT, 20

Capture menu, 35
capture traffic, 50
Check Pattern, 64

clock rate, 8, 77
BERT, 18

Columns, editor, 57
compare mode, 48
Compare Only mode, 91

Compare Status
BERT, 18

Compare Status metric, 79

Compared
BERT, 20

Config button, 72

configuration
BERT, 46
latency, 72

Configuration File category, 77
BERT, 17

configuration files, 70, 73

configuration manager
BERT, 11

configuration window
BERT, 5, 46
Latency, 73

CRC, 58, 68
CRC and End Word Controls, 57

D

Decode Switches menu, 57
disparity, 7, 8, 48, 59, 60, 63, 68
disparity, neutral, 7

domain name
BERT, 18

Don't use triggering, 52

dual bytes
BERT, 20

E
editor, Frame Template, 55

Elapsed Time metric, 79
BERT, 18

element
any dataword, 58
placeholder, 59

elements, frame template, 54
Enable Periodic Bit Errors, 50
EOF, 68

error injection, 44

F

Fibre Channel arbitrated loop physical address, 113

Fibre Channel Ordered Sets, 93
Fibre Channel ordered sets, 7
files, configuration, 70, 73
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finite loop, 64 M
frame length, 57 Maximum Latency, 81
frame template elements, 54 measurement, latency, 72
Minimum Latency, 81
G Mismatched
Gigabit Ethernet Abnormal Termination Indicator, 62 BERT, 20
Gigabit Ethernet Normal Termination Indicator, 62 Mismatches LED
Gigabit Ethernet Ordered Sets, 8, 115 BERT, 19
Gigabit Ethernet ordered sets, 8 N
H neutral disparity, 7
Hardware Sync Word, 53, 62, 68, 69, 74 non-sync mode, 52
| O
Idles between frames, Latency, 73 operation, Latency, 82
inject error, 44 Ordered Set Template Editor, 55
I nstantaneous L atency, 81 Ordered Sets, 8
Fibre Channel, 93
J Gigabit Ethernet, 115
jitter, 49 organizing words, 62
L P
Latency parameters status context menu
counters, 81 BERT, 22
measurement, 76 parameters status table
operation, 82 BERT, 16
tab, 72 passthrough, 85
L atency Data Points, 81 Passthrough mode, 49, 87
LELDSS, 80 Pattern Definition, 62
BERT, 19 Pattern Elements, 54
Mismatches Pattern field, 52
BERT, 19 pattern meters, 67
pogERT, 23 Payl?ad Size, Late.ncy, 7-3
Signal, 80 physical layer testing, Fibre Channel, 85
BERT, 19 Placeholder, 90
Log available Placeholder element, 59
BERT, 20 Placeholder Templates, 58
log options Ports manager
BERT, 30 BERT, 25
logging post fill percentage, 50
BERT, 29 protocol indicator
loop, finite, 64 BERT, 17
loops protocol option, 77
BERT, 20, 21 BERT, 68
LOSLED, 80 Latency, 74
BERT, 19 protocol-specific features, BERT, 68
Loss of Synchronization, 49 Pulse on Traffic Capture stop, 52
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Q Stop
quad bytes BERT, 44

BERT, 20, 21 Stop Operation on Assert, 52

Stop Operation on Loss of Synchronization, 50

R Stop Operation on Mismatch, 50
RAID testing, 85
RAIDs testing, 86 T
Received Template Editor, 55

BERT, 20 Termination Indicator
receiver limitations, 8 GE, Abnormal, 62

re-sync mode, 53 GE, normal, 62

re-synchronizing pattern, 53 testing RAID systems, 86
re-timed pattern, 53 Time Since Last Error
’ BERT, 21

Total pattern meter, 67
Trace capture example, 88

re-timing, 91
running disparity, 7

S Traffic Capture, 50
script word editor, 63 transmitting and receiving a bit for bit matched pattern, 52
SDF indicator, 62 Trigger domain once per loop sent, 52
Selection indicators, 67 Trigger domain...on traffic capture stop, 52
send mode, 48 Trigger domain...once per detected mismatch, 52
send only operation, 48 triggering, 51
Send Scripts, 64 W
Send Status, 79 _
BERT, 18 warnings
BERT, 20 '

Gigabit Ethernet, 66
settings
Wh 4!
BERT, 46 en Stopped Send .9
Latency, 73 When the domain is triggered...Start BERT, 52
Setup category, 77 When the domain istriggered...Stop BERT, 52

Signal LED, 80 wire status, 79
BERT, 19 BERT, 19

Since Last Error words and ordered sets templ ates, 6
BERT, 20 words, organizing, 62

Since Last Error category
BERT, 21

SOF indicator, 61

Start
BERT, 44

Start Operation on Assert, 52

start/stop operation
BERT, 17

State category, 77
BERT, 16

Status category, 79
BERT, 17
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