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pory PCIZ>

" LTSSM Testing - Agenda

= The PCI Express® Standard
= How does PCI Express Link Training work?
= What the LTSSM challenges really are!

= What kind of test device and functionality you
will need for efficient and effective testing

= How to force the LTSSM Iinto various states so
that the state transitions can be verified

= How previous and new test approaches and
tools differ
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eeg  PCl Express — a standard ge=

‘SIG - .
IS growing up!

= PCI maintained hardware backwards
compatibility over 3 or 4 generations: PCI, PCI
66MHz, PCI-X™ 133, PCI-X 266/533

= PCI Express Standards evolved from 1.0a, 1.1
to 2.0 with now 5 GT/s, the latter one released In
December 2006

= PCI Express has become more and more
popular over the last three years

= Backward compatibility is a key success factor
for the PCI standards
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ee¢__ PCIl Express —astandard 2

IS growing up!

= PCI Express 2.0 Is an evolutionary step based
on PCI Express 1.x

v PCI 2.0 maintains hardware backwards compatibility
with PCle 1.x

= The link initialization process is reused from PCI
Express 1.x. It has been enhanced to support
the new link speed of 5 GT/s while maintaining
backward compatibility.
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&,5._ PCI>
SIG

How does link training work?

Device A Device B

Data Link Data Link
Layer Layer
Physical Layer Physical Layer
(Logical Sub-Block) (Logical Sub-Block)

Physical Layer
(Electrical Sub-Block)
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PCI¢ POI>>

PRESS
ISIG . . .
How does link training work?
TS| TS| TS| |TS J
Device sl [tsl [ts] [Ts] . Device
A < z B
COMMA
Link# = 1 o _
Lane# = Training Sequences contain all the
N_FTS =32 necessary information to establish
data rate = Gen 1 a link with the desired speed and
control = ... i )
TS identifiers link width.
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Py PCI=>

*® How does link training work?

Device A "  Device B

A

Two PCI Express devices exchange Training Sequences to negotiate link
parameters like

= lane polarity

= link number

= set of lanes that belong to the link

= lane numbers

= scrambler enabled or disabled

= |ink speed

= number of fast training sequences required

Training Sequences are also used to switch the link to low power states.
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PCl ¢ PCI >

™ How does link training work? .

= Each of the devices
Implements a so called i State of
LTSSM that controls the link Data Link Loyer
training.

= LTSSM stands for “Link

Training and Status State
Machine”

= Link training starts in state
Detect.

= An active link that can
transport transaction layer
packets is in state “LO".

GO GCIRED
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PCH ¢ PCI=>
EX

*® How does link training work?

= Example from the PCI Express 2.0 specification,
Polling.Active state (p. 196):

v “Transmitter sends TS1 Ordered Sets with Lane and Link
numbers set to PAD (K23.7) on all lanes ...~

v “Next state is Polling.Configuration after at least 1024
TS1 Ordered Sets were transmitted, and all Lanes ...
receive eight consecutive TS1 or TS2 Ordered Sets ...~

v “Otherwise, after a 24 ms timeout the next state is:

— Polling.Configuration If, ...
— Polling.Compliance if ...

— Else Detect if the conditions to transition to Polling.Configuration
and Polling Compliance are not met. ”
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eaf__ What are the LTSSM o)
ChaHenges?

= The LTSSM with all its states, substates,
transitions and conditions Is quite complex The
number of possible scenarios is Immense.

= Link training is a dynamic process.
= The sequence and timing of state transitions is
not fixed. The sequence differs with
v different lane ordering
v different timing behavior
v signal integrity (occasional bit errors)
v violations of the standard (error scenarios)
v implementation specific behavior
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‘SIG

Example: Transition coverage

= Timeout in Configuration.ldle:

v" Otherwise, after a minimum 2 ms timeout:

— If the idle_to_rlock transitioned variable is Ob, the next state is
Recovery.RcvrLock.

— The idle_to_rlock_transitioned variable is set to 1b upon
transitioning to Recovery.RcvrLock.

— Else the next state is Detect.” (PCle 2.0, p. 213)

= The transition to Recovery will nearly never occur. At the
same time this transition creates a complex scenario
with a link recovery during the link training.

= How do you find out whether a device implements the
transition to Recovery.RcvrLock?

= How do you know whether the second time the transition
to Detect is really used?
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“5e Example: More than one exaness
condition for the same transition

= There are cases in the LTSSM specification where two
different conditions can cause the same state transition.

= Polling.Active to Polling.Configuration:

v “Next state is Polling.Configuration after at least 1024 TS1
Ordered Sets were transmitted, and all lanes .. receive eight
consecutive TS1 or TS2 Ordered Sets.”

v' “Otherwise, after a 24 ms timeout the next state is:
Polling.Configuration if, ...” (PCle 2.0, p. 196)

= The second condition allows the LTSSM to progress
even If there are signalling issues. A decision about link
width is postponed to the next state.

= How do you make sure a device implements both
conditions correctly?
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eal__ Examples: Implementation £8&
sgecmc behavior

= “At least a predetermined number of Lanes that detected
a Receiver during Detect have detected an exit from
Electrical Idle at least once since entering Polling.Active”
(PCle 2.0, p.197)

= “A device is permitted .. to infer Electrical Idle instead of
detecting Electrical Idle using analog circuitry.” (PCle
2.0, p.182)

= “Note: It is recommended that any possible multi-Lane
Link that received an error in a TS1 Ordered Set on a
subset of the received Lanes delay the evaluation listed
above by an additional two TS1 Ordered Sets so as not
to prematurely configure a smaller Link than possible.”
(PCle 2.0, p. 206)

= How do you make sure your device tolerates various
behaviors of another PCle device?
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eaf__ Example: Inferring EQl
" Electrical Idle

“A device Is permitted ... to infer Electrical Idle
Instead of detecting Electrical Idle using analog
circuitry.”(PCI 2.0, p. 182)

= |In Recovery.RcvrCfg electrical idle can be
Inferred by “Absence of a TS1 or TS2 Ordered
Setin a 1280 Ul interval.” (PCI 2.0, p. 182)

= Some implementations support both
v" detecting Electrical Idle (analog circuitry)
v“inferring Electrical Idle

= How do you test whether the inferrence works as
desired?
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eaf__ Example: Failing Speed EQLZ
Change

= When the speed of operation is increased one of the
devices may fail to achieve symbol lock, e.g. due to
marginal signal quality.

= PCle 2.0 requires the devices to recover from such a
scenario.

= Mechanism:

v ;I;jrlle device that can‘t achieve symbol lock transmits Electrical
e.

v The other device detects Electrical Idle and both devices revert
back to 2.5G operation.

v" see Recovery.RcvrLock on p. 216

= How do you find out whether a device supports this
mechanism?

= How do you test whether Electrical Idle inferrence works
In this scenario?
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PO] #

—— Example: Testing robustness
of an Implementation

= |n Configuration.Linkwidth.Accept the device decides
which lanes participate in the link.

= The device looks for just 2 consecutive TSs on each
lane.
v" What if the device sees lane-to-lane skew?
v" What if one lane has occasional bit errors?
= PCle 2.0 recommends to delay the decision in order
avoid a pre-mature decision.
v' It's a recommendation, not a requirement.
v" The amount of delay is implementation specific.

v Implementations are different and one implementation is more
robust than the other.

= How do you find out whether a device is robust in this
sense or not?
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eaf__ What kind of test device do &&&
you need?

= Controllability
The test tool needs to stimulate the DUT's LTSSM in
order to perform certain state transitions and actions.
|deally, all state transitions can be reached. Some
state transitions can be stimulated by changing static
parameters, others require a certain dynamic
behavior.

= Observability
The test tool should be able to display training
sequences on the link as well as the corresponding
LTSSM states.
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eaf__ What kind of test device do &&&
you heed?

= A test tool can control the DUT's state transitions

v by using different static parameters

— An off-the-shelf device typically has a fixed behavior. A test
tool can vary parameters like link width and link speed
capabilities.

v by initiating link state changes under user control

— Example: An off-the-shelf device performs a speed change at
a certain point in time. With a test tool the user can control
directly when a speed change takes place.

v by emulating error scenarios

— An LTSSM tester can create scenarios (e.g. timeouts) that an
off-the-shelf device would only show if it was broken
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eaf__ What kind of test device do &&&
you need?

= A stimulus tool
v should have flexibility to change its behavior on the fly

v must be an interactive component, not a pattern
generator that replays a recorded sequence
reason: timing can change from run to run

v should come with pre-canned tests so that a
reasonable coverage can be achieved in a short
period of time
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eel__ What kind of test device do &&=

SIG

you need?

= A protocol analyzer can
v observe and visualize training sequences
v' capture and display state transitions
v detect and report incorrect state transitions
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eaf__ What kind of test device do &&&
you need?

raining sequences are

2 T||§ £h TewtSize » Layout ~ | b 'Fy lﬁ" LI AT - g YN -l

‘ ¥l tolMe = 1,101072 ms‘ TS1 to TSZ = 1,047636 ms| eXChanOed bet\!\!een t\-l\'/ deVICeS.

Listing-1  Listing-2 | J q4 b X

Record Mo Timestamp Rel, Timesta,.. | 101{1:Upstream: Type | 101/1:Downstream:.., | LinkMumber,HdrFC  LaneMumber, Dat. .. N_FTS Data Rate LinkSpeed Training Control  ChannelBonded | Electrical Idie j

B 1% 57MsH0s e 751 LinkHumber=00 00 Lanehiumber=000T £r e prpe - 65 65 85 86 Genl 00000000 1 | i
F-1197  E711445436s  Fns 181 LinkHumber=00 00 Lanehiumber=000T £r e prpr - 66 65 85 86 Genl 00000000 1 |
F-1198 57114454645 2ns 751 LinkHumber=00 00 Lanehiumber=000T er e pppe - 65 05 05 86 Gen 00000000 1 |
+—=1199 5711445600 3Ens Skip Ordered Set Genl 1 0ooo
#-1200  E711445HI6s  16ns 181 LinkHumber=00 00 Lanehiumber=000T £r e prpe - 65 65 85 86 Genl 00000000 1 oo
F-1201 5FIAEERRs  12ns 751 LinkHumber=00 00 Lanehiumber=000T er e pppe 65 65 65 86 Gen 00000000 1 |
F-1202 5711445560 S2ns 151 LinkHumber=00 00 Laneliumber=000T e pppppe o6 65 65 66 Gen 00000000 1 oona
F-1203  57I44SERRs  12ns 751 LinkHumber=00 00 Laneliumber=0001 e pppppe o6 65 65 66 G 00000000 1 oona
- 1204 57114456445 S2ns 151 LinkHumber=00 00 Laneliumber=0001 ¢ pp pppe o6 65 65 66 G 00000000 1 oona
TE o105 B7IMEESGs  12ns 752 LinkHumber=00 00 Lanellumber=0001 e pp pppe o6 65 65 66 Gend 00000000 1 oona
F— 1205 571144ETBs  B2ns 151 LinkHumber=00 00 Lanellumber=0001 prpppppr o5 65 65 86 Gen 00000000 1 oona
F-1207 5714467205 12ns 752 LinkHumber=00 00 Lanellumber=0001 ¢ pppppr o5 65 65 86 Gend 00000000 1 oona
F-1208  57IMETT2s  B2ns 751 Linkumber=0000 - Lanellumber=0001 e pppppr o5 65 65 86 Gend 00000000 1 oona
F-1203 57114467845 12ns 752 LinkHumber=00 00 Lanellumber=0001 ¢ pppppp o5 65 65 86 Gent 00000000 1 oona
F—1210  571144EE3Rs  B2ns 751 Linktumoer=00 00 LaneNumber-0001 ¢ ce pppr g os a6 o6 Gend 00000000 1 oona
E-1211 71144508485 12ns 752 Linktumoer=D0 00 Lanehumber-0001 ¢ cp pppp g o a6 o6 Giend 001000000 1 0000
F-1212  E7I445900s  52ns 181 Linktumoer=00 00 Lanehumber-0001 e ee pppr g o o6 o6 Geril 00000000 1 0000
E-1213  E7IAEHI2s  12ns 752 Linktumoer-D0 00 Lanehumber-0001 g pe pppp g o o6 o6 Geril 00000000 1 o000
#-1214  E711445%4s  Sins 1851 LinkHumber=00 00 Lanehiumber=000T £r e prpe - 65 65 65 86 Genl 00000000 1 |
£=1216  E711445376s  12ns 752 LinkHumber=00 00 Lanehiumber=000T ¢r e prpe - 65 65 85 86 Genl 00000000 1 oo
®-1216  E711446028s  52ns 181 LinkHumber=00 00 Lanehiumber=000T £r e prpe - 65 65 85 86 Genl 00000000 1 |
F-1217  E71144E040s  12ns 752 LinkHumber=00 00 Lanehlumber=000T £r e prpe 65 65 85 86 Genl 00000000 1 oo
F-1218 57114460925 S2ns 151 LinkHumber=00 00 Lanehiumber=000T e pppppe o6 65 65 66 Gen 00000000 1 oona
F-1219 57I44EI04s  12ns 752 LinkHumber=00 00 Lanehiumber=000T er pp pppe o6 65 65 66 Gen 00000000 1 o0na
F-1220  571144E156s  S2ns 151 LinkHumber=00 00 Laneliumber=0001 e pp pppe o6 65 65 66 Gen 00000000 1 oona
T Eo121 57MEIEs  12ns 752 LinkHumber=00 00 Lanellumber=0001 e pp pppe o6 65 65 66 Gend 00000000 1 oona

#1222 5TIMEZNs  S2ns 751 LikHumber-0000  Lanellumber=0001 prpppppr 0505686 Genl 00 00 0000 1 0000 |

Stopped || Offline:
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et What kind of test device

ou need?

File:

DS HBE|% nsX|r n

Edit  Miew  Action  Help

[ ] Agilent E2960B Protocol Exerciser, for PCI Express - Untitled2 (Port: 1000141)

Mavigation oo

LTSSM Test

Exercisers S
: Select Test Case

Untitled2 {Port; 10001/1} +- Basic

= Recg

LTS5M Test

Exerciser Initiates 5.0 GT/s Speed Change
DUT Initiskes 5.0 GTfs Speed Change
Exerciser Initiates 2,5 GT/s Speed Change
DUT Initiates 2.5 GT/s Speed Change
Exerciser Initiabes Transition o Recovery
Megotiated Data Rate Fails in Recovery RovrLock
Current Data Rate Fails in Recovery RovrLock
Exerciser Initiates Speed Change on Any Configu
Farce Transition From Recovery RevrLock to Conf
MNegatiated Data Rate Failed in Recovery. RowrCi
Current Data Rate Failed in Recovery RovrCFg
Farce Transition From Recovery RoviLock to Dete
Force Transition From Recovery RevrCFg to Detec
Force Transition from Recovery.Idle to Detect

Prerequisit
satisfied befor

ose: Totestthe link for a speed change from
to 5.0 GTls data rate, initiated by the

: Please ensure the following are
starting the test:

.

Link is up.
" Link iz Jn DL_ACTIVE state.

~ Link sgleed is 2.5 GTls.

+ Data pate supported iz 5.0 GT/s.

A after execution:

The link iz up

v Link speedis 5.0 GTis.

" Linkwidth iz x1 <depends on user
selected width>.

+  Bequence of LTSSM states in transition:

+ HRecovery Roerlock

*  Recovery.RowrCig

s+  Recovery.Speed

+  Recovery.RovrLock

+  Recovery RowrCig

+  Recoveryldle

« L0 LOs

i Log

& |

Exerciser Initiates 5.0 GT/s Speed Change

|. Check Prerequisites |

‘ Initiate Speed Changs

5 s

I

‘ Check test cage result ‘

Pre-canned

from a list.

Test Cage State
Running.

: Check

: Chack

28.02_ 2007 14:36:-40: Check
28.0Z2.2007 14:36:40: Check
Z8.0Z.2Z007 1l4:2&:40: Check
Z8.0Z.2Z007 l4:26:40: Chack
2007 14:36:-40: Check

z8. 14:36:40: Check

Z28.0Z.
Z8.0Z.
Z8.0Z2.
Z8.0z.
Z8.0z.

Z00o7? B
Z007 l4:36: B
2007 14:36-40:
2007 l4:35:-40:
Z007 l4:36:-40:

: Check

Test Case

"Exerciser Initiates 5.0 GT/s Speed Change"
Prerequisites:
Prerequisites:
Prerequisites:
Prerequisites:
Prerequisites:
Prerequisites:
Prerequisites:
Prerequisites:
Prerequisites:
e is in progress...
Initiate Speed Change:
Initiate Speed Change:
Waiting for time

started.
Checking prerequisites...
Supported link speed iz 5.0 GT/s.
hdvertised data rate is 5.0 BT/s.
Received data rake iz 5.0 GIfs.
Link is wap.

Current link speed iz 2.5 GIfs.
Current link widch is x16.

Data Link Layer is active.
Checking prerequisites succeeded.

TITIaCing speed change. ..
Speed change initiated.

[1 willi seconds]...

Prers¢
chec
ensu
cong

|Hardware Status B |
Skatus |
Link Skate: Active
Link ‘Width: %16
Link Speed: 2.5GT)s

Advertised Data Rate:!
Received Data Rate:

2.5 GTfs, 5.0 GT/s
2.5GTfs, 5.0 GTfs

Help

PCI-SIG Developers Conference Europe

Uszer level Expert Session; onhline
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Polarity reversal (RX):

Lane (0.7 o 1 z 2 4 & & 7
State(0.7% N N N N N H N H
lane (8., 15) & 2 10 11 12 13 14 1§
State(8..15: W N N N N N N N

Update Stakus Manually

tests can be selected

guisites are

Ked in order to

r'e same start
itions for each run.

Exercizer. online
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eel - What kind of test device do &&
you need?

B8 Agilent E2960B Protocol Exerciser for PCI Express - Untitled2 (Po

File  Edit W¥ew  Action Help

D@ & nexr

Mavigation 1 x ‘ LTSSM Test |Hardwara Status 1 x

Exercisers

Select Tesk Case 7 Status|
Untitled2 (Port: 1000171 - - ﬂ El
+- Basic Exerciser Initiates 5.0 GT/s Speed Change Link State: Active
[ =-Recovery Link Width: %16
- Exerciser Initiates 5.0 GT/s Speed Change Purpose: To testthe link for a speed change from Link Speed: 2.5GTs

General DUT Initistes 5.0 GT/s Speed Change 2.5 GTis to 5.0 GT/s data rate, initiated by the Advertised Data Rate: 2.5 GTjs, 5.0 GTjs
Exerciser Initiates 2.5 GT/s Speed Change exerciser. ’ 3 Received DataRate: 2.5 GTjs, 5.0 6Tjs
DUUT Initiates 2.5 GT/s Speed Change o ‘ Start |
Exerciser Initiates Transition to Recovery z;;;fz‘d“; ;;;‘: stF: ;;ﬁns Bti:i:z the following are ~ I Polarity reversal (RX):

LT55M Tast Negotisted Data Rate Fails in Recovery. Rovrlock v Linkis up. g p -\, lanefd..7: o 1 Z % 4 5 & 7

Current Data Rate Fails in Recovery.RevrLock
Exerciset Initiates Speed Change on Any Configu
Force Transition from Recovery RovrLock bo Conf

Link iz in DL_ACTIVE state | Check Prerequisites | Stte(0..7; W N N N N N N N

m
a i i atef8. 15 N N N N N N N N
Megotiated Data Rate Failed in Recovery RovrCFg Data rate supparted is 5.0 GTis. . )
| Initiste Speed Change |
Current Data Rate Failed in Recovery RovrCig

ion: i N / Update Status Manuall
Force Transition from Recovery Revrlock o Dete Observation: The following automatic checks are I I Iy

performed after execution:

[NENEN

Force Transition from Recovery RovrCFg to Detec ¥ The linkis up p ~
Force Transition from Recovery, Idle to Detect +  Link speed is 5.0 GTrs | Check test case result |
. v Linkwidth is x1 <depends on user A g
3} selected width>. —
= +  Gequence of LTSEM states in transition ‘ Stap ‘
Config Space + Recovery.Rowrlock S

+»  Recoverv.Rowiig

+ Recovern.Speed

+ RecoveryRewlock
+  Recovers.RowCig

*  Recoveryldle

+ L0 LOs

Test Case State:

Failed
D) « > =

Error Insertion

: Lag L' |

22.0Z.2007 14:26:40: Check Prerequisites: Data Link Layer is active. ~ - -
28.02.2007 14:36:40: Check Prerequisites: Checking prerequisites succesded. I n O rl I I atl O n
28.0Z 2007 14:36:40: -

The testcase is in progress. ..

25.02.2007 14:36:40: Initiate Speed Change: Initiating speed change...
25.02.2007 14:36:40: Initiate Speed Change: Speed change initiaved.
25.02.2007 14:36:40: Waining for vime [1 milli seconds]...

28.02.2007 14:36:40: The testcase is in progress...

25.02.2007 14:36:41: Checking LTSSM State Transitions...

25.02.2007 14:36:41: Expected: Recovery.ERcwrlock ketusl: Recovery. Rovrlock Timestaup: 5.482.7C
25.02.2007 14:36:41: Expected: Recovery.RovrCy hetusl: Recovery. RovrCfy Timestaup: 5.485.77
25.02.2007 14:36:41: Expecved: Recovery.Speed hetual: Recovery. Speed Timestaup: 5.488.52
28.02.2007 14:36:41: Expected: Recovery.Rowrlock Actual: Recovery.Rowrlock Timestaup: 9.496.29
25.02.2007 14:36:41: Expected: Recovery.RewrCfe Aetual: Pecovery.Speed Timestaup: 33.521.C

22.0Z.2007 14:26:41: Check LTSSM State Tramgitions: Error: Unexpected state transition walue.
Z2.0Z.Z007 14:326:41: Check LTSSM State Tramgitiong: Error: Less than expected number of state transition walues found.
Z2.0Z.Z007 14:36:41: Test Case Result: Failure.

28.0Z.2007 14:36:41: Test Case stopped. b
< >
Help
User level Expert Seszion: online Exercizer: online
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eaf . What kind of test device do &

you need?

Z8_0Z_Z007 1l4:36:40: Test Case "Exerciser Initiates 5.0 GT/s Zpeed Change" started.

28_0Z_Z007 l1l4:36:40: Chechk Prerequisites: Checking prerecuisites. ..

Z8_02_Z2007 1l4:36:40: Check Preregquizsites: Zupported link speed is 5.0 GT/=s.

Z8_0Z_.Z007 l1l4:35:40: Check Prerequisites: Advertised data rate is 5.0 GTs/s.

28_02_Z2007 1l4:36:40: Check Prerequisitesg: Received data rate is 5.0 GT/s. . .
20.02.2007 14:36:40; Check Prevequisites: Link is wp. Information from the log file can
Z8_02_Z2007 1l4:36:40: Check Prerequisitesg: Current link speed is Z.5 GT/=s.

78.02.2007 l4:36:40: Check Prerequizmites: Current link widech is x16. b d t t t th t
ZB.02_.Z007 1l4:326:40: Check Prerequisites: Data Link Layer is active. e use O S ar e roo Cause
Z8_0Z_.Z007 l1l4:35:40: Check Prerequisites: Checking prerecuisites succeeded. =

ZB.02.z2007 1l4:32&:40: The testcase is in progress. .. a.n alySIS .

Z8_0Z_.Z007 1l4:356:40: Imitiate Speed Change: Initiating speed change. ..

ZB.02_.Z007 1l4:36:40: Initiate Speed Change: Speed change initiated.

Z8_0Z_Z007 14:36:40: Waiting for time [1 milli second=s]...

ZB.0Z2_.z007 14:32&:40: The testcase is in progress. ..

Z8_0Z_.Z007 1l4:36:41: Checking LT33M State Transitions. . .

ZB.0Z2_.zZ007 1l4:36:41: Expected: Pecovery.RowvrlLock Actual: Becovery.PRovrLock Timestamp: 2_.48Z2.704 ns

Z8_0Z_Z007 1l4:36:41: Expected: Becowvery.RBowrCig Aetual: Becovery. BowrCfg Timestamp: 2 485 776 n=s

ZBE.0Z_.Z007 14:326:41: - TT- speEed poaaim e v o _Speed TTuwestanp: 9_4858_5E3

Z8_0Z_Z007 l4:-36: = Becovery. BowrLock Aectual: RBecovery. Bow Timestamp: 496240 n=s

ZE_0Z.Z007 l4:36S41l: Expected: Becowvery.PBowrCig Actual: Becovery. Speed Timestamp: 33.5z21.040 ns
ZB.0Z_.z007 l4:36: : TS55M State Transitions: Error: Unexpected state ¢ fTion walus.

Z8_0Z.Z007 l4:356:41: Check LT55M State EYTOr: Le=s Lhan expected number of state transition wvalues found.

ZB.0Z_z2007 14:326:41: Test Case Result: Failure.

ZE8_0Z.Z007 l4:36:41: Test Case stopped.

unexpected transition to

Recovery.Speed

PCI-SIG Developers Conference Europe
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timestamps indicate a 24 ms timeout
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el How a test tool controls thesea
DUT's LTSSM

Example: Forcing a failing speed change

Device A (Test Tool) Device B (DUT)
LO LO
Rec.RevrLock — =1 @ 2.5Gbps, speed_change=1
TS1 @ 2.5Gbps, speed change=0 Rec.RcvrLock
:ﬁ TS1 @ 2.5Gbps, speed change=1 Rec.Speed

44—

TS2 @ 2.5Gbps, speed_change=1

Rec.RcvrCfg Rec.RcvrCfg

Rec.Speed Electrical Idle Rec.Speed

continued on next page
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el . How atest tool controls thesea
DUT's LTSSM - continued

continued from previous page

Device A (Test Tool) Device B (DUT)
Rec.Speed Electrical ldle Rec.Speed
Rec.Error T51 @ 5.0Gbps, speed_change=0 Rec.RcvrLock
(keep_s sending Rec.Speed
=lectrical ldle) Ts1 @ 2.5Gbps, speed_change=0 Rec.RcvrLock

P
L i—

Rec.RcvrLock TS1 @ 2.5Ghps, Speed_change=0

Rec.RcvrCfg » T1S2 @ 2.5Gbps, speed _change=0 Rec.RcvrCig
logical Idle @ 5.0Gbps

Rec.ldle - . O i - Rec.ldle

LO ) @ 5.0Gbps . LO
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el HOw previous and new test &

approaches differ!

= Previous protocol exercisers focused on the
Transaction Layer and the Data Link Layer.
= Link training testing was limited to
v using as many off-the-shelf devices as possible
v" using a test tool to change static link parameters
v_ using pattern generators

= New test tools address the high complexity and
the dynamic nature of link training and close the
validation gap.
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eal_ What to Remember about &R
LTSSM Testing

= What the LTSSM challenges really are!
v  Complexity of the LTSSM. The devil is in the details.

= What kind of test device and functionality you will need
for efficient and effective testing.

v A test tool with the capability to create and check various
link training scenarios.

v An analysis tool that visualizes the link training.

= How to force the LTSSM into various states so that the
state transitions can be verified.

v’ The test tool can show various different behaviors, e.g. by
Injecting protocol violations.

= How previous and new test approaches and tools differ

v The new concept tests features that were previously not
even tested.
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Thank you for attending the
PCI-SIG Developers Conference
Europe 2007.

For more information please go to
WWW.PCISIg.COM
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