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Overview

The traditional debug process requires viewing large
swaths of waveforms at one time.

As semiconductor designs continuously grow in
complexity, using a waveform viewer to debug a SoC
system is like examining a forest from an ant’s view: this
becomes impractical.

To move us from an ant’s view to an eagle’s view of the
forest, data flow and bus transactions must be presented in
way that will empower an understanding of the big picture
of a system without unnecessarily cluttering the debug
environment.
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Too Much Or Not Enough Information?

The Traditional Debug Process

view: this becomes impractical.

Using a waveform viewer to debug a SoC system is like examining a forest from an ant’s

Traditional test benches typically will
generate complex text based log file and
huge waveform dumps. Waveform viewer
implementations, such as Simvision and
VirSim adhere to logic analyzer paradigm
where information presentation is necessarily
primitive, these files are of a raw format that
is impractical to be used effectively for large
systems.

Simply, the sequential log file
form and the underlying
massively parallel DUT
presents cognitive dissonance;
it is a distraction from the

problem at hand. .
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Use High level of abstraction

To move us from an ant’s view to an eagle’s view of the forest, data flow and bus
transactions must be presented in way that will empower an understanding of the big picture
of a system without unnecessarily cluttering the debug environment.

Cadence Transaction Explorer
(TXE) enables advanced
transaction viewing, navigating
and organizing the waveforms.

e

Use high level of abstraction — transaction
based - linked hierarchical transactions
instead of signals to track data flow through
a SOC, debugging and signal exploration is
simplified. The presentation of data at only
the relevant layer of abstraction allows the
engineer to quickly locate the problem area,

find the fundamental problem. l;;-
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Getting Started to Record Transactions

]lOPns IZO?ns 130qns lAO?ns ISOQns 160?ns |

signals

Tansaction

Xmit Tdle Idle [Arb pen  [Transmit Command Frame Idle | Idle | Transmit Data frame [Close [ Idle

[Header | Payload kre | Header | Payload _Jere |

[Type= S id=
lOxid= ID_id=

To reduce the debugging environment clutter, it is practical to collapse data
busses into a textual block to encode control signals into human readable text,
and displayed bits as status messages. A few blocks of text can be used to
replaces huge amounts of low level binary waveforms. The next step in the
simulation is to move from the visualizing of absolute waveforms to context
based transactions. These transactions can then be used to generate one or
more higher level transactions. Thus a hierarchical tree of transactions can be
constructed and traversed to view data flows, system configuration, and even

inter-chip communications. I;;-
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Hierarchical Transactions

. Transactions can be
hierarchical

Branches

. Transactions can be linked
together

. Linked hierarchical transaction
methodology involves three
dimensions:

— Transaction hierarchies
3 - Time

— Stages of data flow (format

changes)
y s
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Transaction Construction Flow Chart

| Create channels for recording transactions |

|
v

Add SDI calls in each small, independent task.

Create transaction handle |

¥
| Begin a transaction |
\
Dynamically | Create and use attributes |
thrown random 3
number of - -
tasks on Record relationship between
different corresponding transactions.
thread. A
Mark error transaction if an

€error occurs.

A
End the transaction.
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Methodology Implementation

Use high level of abstraction - transaction:

* Record all concurrent tasks as overlapping

transactions.

« Mark an error transactions.

« Debugging by viewing the overlapping transactions

in waveform.

* Locate error by tracing the transaction links.

y s
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Linking Across Functional Units
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*Each transaction captures the processing done by indicated hardware and the data
transformations at each stage

*A unique identifier at each stage tracks each logical entity through all data
transformations

*Trace logical entities across hardware functional units, explicitly exposes causalité .
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Process Diagram

Scoreboar

% : % é é
Convert K to K., :

Convert data from format B to format C. This process is recorded as Transaction B which has a handle B.
Set 65 = (Hy, K) pair :
Set the tr ion handle B iated with the identifier of new data format C.
Save 6, into Q;; :
Save the mapping pair into a queue on the scoreboard.
Search for 6, in Q, using K, as index:
Search the previous mapping queue on the scoreboard, using identifier of the old data format B as index to get the
mapping to previous transaction handle A.
if (H,, K) found then invoke y(X, ,Xp) :
If a match is found, use the previous transaction handle A and current handle B to set up a causality link, where A
is a pred and Bis a .

else set error transaction associated with X, : *
Otherwise, if no match is found, an error is detected. Mark current transaction as an error transaction.
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Transaction Usage Coding Example

//fiber and transaction handle declaration
integer fiberHandle;
integer xactHandle;

//create a stream
fiberHandle=$sdi_create_fiber(fiberName);

//
//task of command execution

J/++ 1+t

task execute_command (cmmand cmdT)

{
string cmdName = cmdT.getName();
//begin parallel transaction
xactHandle = $sdi_trans('Begin_No_Parent", FiberHandle, cmdName, cmdName,"*);
//set transaction attributes
$sdi_set_attribute( xactHandle, "OpCode", cmdT.getOpCode(), 2hity s
$sdi_set_attribute( xactHandle, "oxid", cmdT.getOxid(Q), 2hity s
$sdi_set_attribute( xactHandle, "numOfBlks", cmdT.getNumOfBlks(),"d");
$sdi_set_attribute( xactHandle, "bytesxfer', cmdT.getBytesXfer(),"d");
$sdi_set_attribute( xactHandle, "lba", cmdT.getLBAQ), 2hiy:

49
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The Coding Example - continue

//command execution code goes here

frameR.print_header_info(Q);
frameR.set_header_attribute(fcRxXactH) ;

//1ink transactions
$sdi_link_trans(scsiCmdH[frameR.getOxid()], fcRxXactHandle);

//mark errors
if(mismatch)
xactHandle = $sdi_trans(“Error", FiberHandle);

//end transaction
$sdi_end_transaction(XactHandle);

}

1/

//random commands are executed at the same time
//
cmdNumber = random();
whi le(cmdNumber)

fork execute_command (nextCmd); join none
suspend_thread();
cmdNumber--;

3
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Transaction (Event) Sequences
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File Edit View Explore Formal Windows Help
?ﬁ& o e + Send Ta @Bw

Search Names: Signal » < @& 4 | Search Times: Value ~ 5?@ %

. +-u
[iwen ] -fissz <[l <l fiv| 40wy Tine. 5 [o-zersrome <[ T2 "

& Bageline=127,131n:
m B Cursor-Baseling »= -122,539

Name »

Raise READE
Lower READB
Re-arder

Collapse Stream
Zoom r
Last In  Qut Full

Expand Time Sequence
Collapse Time Sequence

[ Create Marker
™ Create Marker at Cursor Time

9] 0 objects selectad

FEE

File Edil ¥iew Esplore Formal Windows Help

F&[ - o] & vm ]Gt W] o Gy ) BB

& zh Nam Signal = | A B ch T Valug v
Search Names;| Signal = [ | 9% M || Search Times: Value b

TR |

=|[ns =] o

n} Timea =] = |56

Bastion s 127,19108
pvelrns = » =70, ATr

=10

Mavigate Forms Windows Help

File Edit Yiew Locate

= e
cofrRB X (1)
Immediate_Successors : : _‘;‘ ;—EI— Close
Scope  |Fiber Label Start_Time  |Duration

top.501 JtFiker_ch ‘WRITEE 10020ns 75110.6ns
top.5DI  foT=Fiber_ch TX_FRAME 10413.352ns 604.16ns
i0p.EDI  foRxFiber_d3 RX_FRAME 10451.08ns E04.16ns
top.5D1  foT=Fiber_d9 TX_FRAME 11508.36ns 415.36ns
top.50I  fcRxFiber_ch RX_FRAME 1154B.12ns 415.36ns
top. 5D fcT=Fiber_ch TX_FRAME 46813.96ns 69556ns
T T il topsDl foR<Fiber_d3 RX_FRAME 46651 72ns G965 Bns !
(! e | top.5DI  fcTFiber_ch TX_FRAME 54101.64ns 7249.9Zns
| top.5DI  foRxFiber_d3 RX_FRAME 541334ns  7243.82ns
| (I} top.EDI  fCcTFiber_ch TX_FRAME B1853.64ns 10837.11ns
| | ol ‘ ‘ top.501  foRxFiber_d3 RX_FRAME B18314ns  1083712ns
1 top.50I fcTxFiber_d3 TX_FRAME 84649.48ns 415.36ns
top.5DI  foRxFiber_ch RX_FRAME 84887.24ns 415.36ns




Transaction-Based Functional Coverage
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Exporting Coverage Data to Excel

Use TxE to export result to Microsoft Excel:
e Write the result table to comma separated values (csv) file
< Import the csv file to Excel
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From Ant’s View To Eagle’s View
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Conclusion

* Higher Levels of Abstraction take the first step in the
revolutionary process.

e Error Tracing Across Functional Units

* Going Down Hierarchy for More Detail

architects in the early design stage.

* Abstract level display making viewing hardware function in big
picture possible. This opens a new world to the EDA company
to create performance analysis tool function, which can help
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What's next?

We suggest:
* Enhanced graphical representations
* Error flag propagation through multiple levels

* Advanced waveform and transaction browsing
via multiple windows and layouts.

* Transaction color coding based on data and
customer specifications.
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