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ABSTRACT

Today's verification solutions often require complex concurrent streams of stimulus controlled
from higher level transactors or scenaridhie VMM 1.1 library has been enhanced to add this
capability, and support the management of s€de the resources shared by different stimulus
streams, i.e. multiple streams providing stimulus to the same transactor. This paper describes the
challenges faced in developing these new features, and takes a detailed look at how they are used
in a MMMtiream scenari o0 environment
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1 From VMM Scenarios to Multi-Stream Scenarios

In a VMM 1.0 environment, the user can generate sophisticated sequences of random or directed
stimulus using VMM scenarios. Transactions containing the stimulus information arenrando
ized in a scenario and driven by sago generators, connected to the transactors they are driving
via VMM channels. Each scenario generator operates independently and can be loaded with its
own library of scenarios (these are now known as sisiggam scenarios in VMM 1.1figurel

shows a typical configuration, where each generator is dedicated to providing independent stim
lus for a specific transactor.

Config Items put in channel

| whenapply () called

onscenario

Scenario
Generator

Packet
N

User defined channels and scenario
generators created by macros:

Scenariosloaded into a
library in generator

ATM Cell

Packet
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“vmm_channel (Packet)

‘vmm_scenario_gen(Packet)

Figure 1: Example of Singlestream Scenarios from VMM 1.0

Singlestream scenarigenerators are type specific and created usingthenm_scenari o_gen
macro, which also creates a base scenario type. The base scenario type was designed to be co
nected to one output channel. By default the sisgjieam scenario generator has the abitity

generate random scenarios. More sophisticated stimulus can be created by extending the basic
single scenario class, which can then be added to a library of scenarios the generator can choose
from.

Although singlestream scenarios can encapsulate pro@ddstimulus by overriding the
apply() method, the default behaviour is to create a randomized list of transactions based on
constraints. More than one singl’eam generator can be connected to the same channel, but in
VMM 1.0 data sent by different gerators simultaneously would simply be interleaved, which

i snét always desirable.

The problem withsinglst r eam scenarios is that in todayo6s
to be able to creaiedependensophisticated scenarios, we also need telsme control over

SNUG 2009 1 Using the New Features in VMM 1.1
for Multi-Stream Scenarios



the bigger picture: the way the scenarios operate together. We need to control the sequencing of

each generatorés stimulus stream and all ow
using. In the VMM 1.1, specific featurbave been added to address these needs.

Table1 provides an overview of the VMM features that have been added, or modifie@-to pr
vide a new multstream scenario capability.

Std Library Class \ Feature Description

vmm_ms_scenario (NEW) Multiple channel grabbing to avoid deadlock, parent/child relation-
ship and use execute() instead of apply() to run multi-stream sce-
narios

vmm_ms_scenario_gen (NEW) Registries for vmm_channel, vmm_ms_scenario and
vmm_ms_scenario_gen

vmm_ms_scenario_election (NEW) Selection scheme for multi-stream scenarios from registry

vmm_scenario (modified) Reference to parent scenario added (used by channel grab). Single

and multi-stream scenarios now extend from this class.

vmm_channel (modified) Grab/Ungrab

Table 1: VMM 1.1 Multi -stream Scenario Related Feature Overview

Multi-stream scenarios provide the user the same ability as-simgéan scenarios to build flat
and hierarchical stimulus that can be organized into librariegti-Stream scenarios add the
capability to drive and control access to more than one channel. Thestrediin generator adds

the concept of registries which provide a database, indexed by string name, of resources that can

be used by the scenarios.

Figure2 is an overview of a mukstream scenario version of the exampléigurel, where a

top level scenario controls stimulus to multiple transactors. The scenario is being used to drive
configuration eads/writes, packets and ATM cells as stimulus. The +stuiam generator has a
library of multistream scenarios, each capable of creating stimulus by using Sirgglen se-

narios for Config, Packet and ATM Cell drivers, or injecting transactions Wirietd channels.

Also, although not shown in the diagram, msltieam scenarios can call other mattieam se-

narios.

The key concepts of mulstream scenarios are:

1 Generator automatically picks and executes a rstritiam scenario from a library afenarios

9 Theexecute() task in the scenario implements stimulus control

Y Multi-st r eam scenari os can access and control

1 Executeonemuks t r eam scenari o from anothertgaryeven

1 Single and multiplestream scenarios have a concept of hierarchy, i.e. they know their parent
scenario
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1 Although not exclusive to mulstream scenarios, or part of the scermaclasses themselves,
the ability to grab channels and use scenario hieyarcthe grabbing rules, is fundamental
to multi-stream operation

Multi-stream
Top

- multi-stream scenario

uses single-stream
scenarios

—

LB o - single-stream scenario

Multi-stream
Generator

directly inject
transaction into
\ channel

’0"
AN
4---__________.l

\
N\ ATM Cell

}ﬁ

Figure 2: Overview of Multi -stream Scenarios

In Figure2, the Config, Packet and ATM are each independent flows. A -stodtam scenaoi

can be developed to coordinate the activities of these generators by ensuring the configuration
phase from the Config generator runs first, and then turn on specific traffic patterns. rAdditio
ally, due to the channel locking capability, these scenadngun concurrently with other traffic

being sent to the same channels from other sources. The concurrent traffic could be sent from
other multistream scenarios.

Multi-stream stimulus can be added to a legacy sisgg@ario environment, providing andad
tional and more controllable layer of stimulus. Alternatively, siksgteam scenarios can be used
without modification in a multstream scenario environment.

2 Grab Features in vmm_channel

One of the limitations in previous releases of the VMM is thateths no buikin way for mu-

tiple streams of stimulus to exclusively lock accesses to a given channel. In a VMM testbench

we use a channel to pass stimulus information
from different streams, i.e. migte threads callingut() or sneak() on the same channel,

could be interleaved with one another. This is not always desirable. For example, an algorithm
might call for an uninterrupted sequence of commands. It may also be desirable to lock multiple
resoures (channels) for a given set of operations, such that other stimulus streams da-not inte

fere with the flow of data to the transactors. For example, imagine an arbitration scenario where

the activities on multiple interfaces are coordinated to creatéisgeaffic timing patterns for a

period of time.
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In the previous release of the VMM, resources could be shared between stimulus streams, but
there was ncstandardtechnique to guarantee exclusive channel access. Developers typically
invented their own wustom techniques to work around this limitation. When the rstriiam
scenario capabilities were added, this limitation had to be resolved.

The problem cannot be resolved simply by having individual scenarios grab channelsuder excl
sive use. Hierarchicatimulus, where a scenario (single or matteam) can have any number

of child scenarios, makes it necessary to have a scheme that allows the children to obtain a
grabbed channel for use, from their parent or another ancestor scenario. To enablralll co
over channel access, the following requirements were devised:

1 Single and multstream scenarios should be able to grab exclusive access to channels
1 When a channel is grabbed only the owner can add items

1 When a channel is grabbed only the owner cajrain

1 A child scenario can be granted the grab if its parent is the current owner

fTOnce a child grabs the parentdés channmel, the
grabs

1 Siblings may not access channels grabbed by other siblings

1 Ownership will ke returned to the parent when the child releases its grab

1 A blocking and nofblocking interface is provided

1 Multiple channels can be grabbed simultaneously to help manage potential deadlock situations

vmm_scenario , vmm_channel andvmm_ms_scenario were degined, or modified, to cx

dress the above requirements. Mnem_scenario class was modified to include hierarchical
information, i.e. a pointer to the parent scenario (or null). The information is used by
vmm_channel to decide on the outcome ofgaab() call, where the grabber is passed as an
argument in the call. This is comparednto the
nel. The channel has access to all the information (via the handle to the grabber), necessary to
decide if the grabber is abding, or a child, of the current grab owner. The information is also

used to decide if anngrab() call is legal. A summary of the new channel grab methods are

shown inTable2.
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Method \ Description

task vmm_channel::grab( Blocks until channel is grabbed
vmm scenario grabber)

function void vmm_channel::ungrab( Ungrabs channel or generates an error if grabber
vmm_scenario grabber) is not the owner

function bit vmm_channel::try _grab( Returns 1 if the channel grab is success, 0 other-
vmm_scenario grabber) wise. No grab request will be queued.

If grabber is current owner, a warning will be is-
sued, but the function will still return 0.

function bit vmm_channel::is_grabbed() Returns 1 if the channel is currently grabbed by
someone, 0 otherwise.
task vmm_ms_scenario::grab_channels( Returns when all specified channels have been
ref vmm_channel channels[$]) grabbed. Used to avoid deadlock.

Table 2: Summary of Channel Grab Methods

Grab
queue
empty?

Already
grabbed?

; Y
granted

Already Current

owner?

ERROR ERROR

owner?

Parentreleases grab to
the requesting child, but
remains nextin line once

child ungrabs

Wait for owner to ungrab ( Grab granted ,

Parentis Grab released

owner?

Channel
Ungrabbed

Ownership passed to
whoever is at the
front of grab queue

Figure 3: Grab/Ungrab Functionality

Figure 3 shows the basic operation of grab/ungrab in a flow chart. The channel keeps track of
grab ownerswhere parent grabbers can be pushed onto a stack if a child grabs ownenship fro
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it. Grab requests are not stored in the channel. Threads blocked when graltif)g will be
granted ownership based on grab rules and SystemVerilog thread scheduling order respectively.
Trying to grab a channel already owned by the scenario, is ibeghaill result in an erroit is
up to the user to ensure that this condition does not occur.

It is possible legacy scenarios will access channels without grabbing them. This is allowed, but if
a channel has been grabbed, access to it will be blockédhenchannel is free (not grabbed by
anyone). Threads blocked waiting on a grab for the channel will take priority over an attempted

access not

usi ng

leaved with other traffic on the channel.

gr ab.

Thi s

coul d
pared to VMM 1.0, if theoriginal assumption was that the scenario stimulus would be inte

causrm
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owner owner owner owner
stack M1 stack M1 stack m stack 311
ch ch
_— —
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st
ch - ch ch ch
(Jeh ] (Jeh) (Jeh)
Dl [Egad
S1 UNGRAB M2 UNGRAB M1 UNGRAB
M2 GRAB M1 re-GRAB M3 GRAB M3 UNGRAB

Figure 4: Channel Grabbing Example

a

Figure 4 shows an example of channel grabbing behaviortiNtileam scenario M1 has two

child scenarios: M2 (mukstream) and S1 (singlream). Multistream scenario M3 is a sibling
to M1. The following describes the behavior in the numbered boxes:

1. Nobody owns the channel. M1 perforgrab()

2. M3 performsgrab()

whi ch i s

bl ocked

retried each time someone ungrabs the channel.

3. S1 performgyrab()

SNUG 2009

which is grantedM1 is now the owner.

because it i

S

sub

not

which is granted as M1 is the parent. S1 is now the owner and M1 is
pushed oto the owner stack, to be restored as owner when S1 ungrabs.
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4. M2 performsgrab() which is blocked since S1 is the current owner and is not the parent of
M2 . M26s request is retried when the owner

5. S1 performaungrab() which is allowed sice it is the current owner. Ownership is passed
back to M1, but is immediately passed to M2. M2 is a child of M1. M1 is pushed onto the
owner stack, to be restored as owner when M2 ungrabs.

6. M2 performsungrab() passing ownership to the parent M1.

7. M1 perfamsungrab() allowing M3, who has being trying to grab every time the channel
is ungrabbed by someone, to take ownership.

8. M3 performsungrab() and since there are no more requests or stacked owners, the channel
is free again.

A deadlock situation can arise multiple streams try to grab an overlapping set of the same
channels, at the same time. For example, rstrldam scenario M1 might try to grab channels C,

B and A at the same time as another scenario M2 tries to grab B, C and D. If the channels are
grabbed sequentially by each scenario ugirep() , neither will be able to complete the-s
quence.

To fix this, a mechanism to grab multiple channels was devised. If any of the channels failed to
grab, the request backs off all channels and tries againtfreratart. This solves the deadlock
problem, but since the mechanism spans multiple channelgrathechannels() feature had

to be implemented inmm_ms_scenario . The grab_channels() method takes in a list of
channels to grab and blocks until all chasreve been grabbed.

3 Multi -Stream Scenarios

3.1 Overview of Multi-stream Scenarios

There are two main components to mattieam scenarios: the mu#iream scenario generator

and the multistream scenario itself. Unlike singd&ream scenarios, the generaod basic type

of the scenario are not created by a macro; they are extended from their respective std_lib base
classes. The mulstream class hierarchy is showrFigureb.
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vimm_xactor vmm_data

I <<extends>> | <<extends>>

vmm_ms_scenario_gen vmm_scenario

I <<extends>>

vMm_ms_scenario

Figure 5: Multi -stream Sceario Class Diagram

Thevmm_ms_scenario_generator class is a VMM transactor. The generator contains three
registries:

1 Multi-stream scenario registry: stores mattieam scenario handles and acts as the library of
scenarios available for selection by tlemgrator.

1 Channel registry: stores channel handles that are used by the scenarios

1 Multi-stream generator registry: stores handles to other-sitdtim generators. This can be
used to get access to scenarios in another

The registrieshemselves are private member variables of the class and are managed via methods
in the generator. Methods are provided to add, remove, replace, and search entries ia-the regi
tries.

The election scheme used to select fromstiemario_set[$] gueue canlao be changed, by
replacing the variable scenario_select with an instance extended from
vmm_ms_scenario_election . This is discussed in Secti@m.
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Figure 6: Overview of Multi -Stream Scenarios

Figure6, provides an overview of mulstream scenario operation, showing a hierarchy of ge
erators, which either use muftiream scenarios containing singteeam scenarios to create
stimulus, drive items directly into channel, @llanulti-stream scenarios located in other ganer
tors. The following notes refer to the numbered point&Eigure6:

. Scenarios, channels and other msiteam generators are loaded into their respective-regi
tries. The entriesn the channel registry store the handles for channels used by any of the
scenarios stored in the generator. Entries in the generator registry allow scenarios to look up

other scenarios in a different generator.

. The generator automatically selects a rrstittam scenario from the library, using thecele

tion mechani sm. This wil!/ be executed by <ca
no default scenario to select, the user must register at least one scenaiih the genea-

tor.

. A multi-stream soeario can run a singlstream scenario by instantiating and randomizing it

inthe multist ream scenari ods execute() met hod, t h
mechanism to randomize and run sirgfieeam scenarios.

. A channel is fetched fromtheregt ry and passed as the ar gume
apply() method. In a mulstream scenario, the singdeream scenarios can put data into any
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compatible channel that the medtiream scenario generator has in its registry. It is not bound
to a simgle output channel.

5. A multi-stream scenario can call other mgliieam scenarios from its own, or other ganer
tors. It is possible to look up other medtream scenario generators in the rasiiteam ge-
erator registry. Once a handle to the other geoerstbtained, the scenario can look up and
executemulis t r eam scenarios in the other generato

6. A multi-stream scenario can send transactions directly to a channel without using a single
stream scenario by instantiating and randomizing as#etion directly in the execute()
method. The transaction can be sent to any compatible channel in the registry.

7. The hierarchical relationship is between the scenarios (single or multiple), not the generators.
A multi-stream scenario can have single oiltrstream scenarios children. Scenarios from
different generators can have a paremtd relationship with one another.

3.2 Building Multi-stream Scenarios

The following examples demonstrate how to setup a ratriam scenario generator and ieapl
ment theexecute() method. The example has two midtream generatorssg0 and msgl.
Some multistream scenarios and channels are registered with the generators.

The ms_jtag_debug_cmds scenario, used in the example, is a child of
ms_traffic_with_jtag . The scenaos are in different generators. The
ms_traffic_with_jtag scenario also has a singd’eam scenario and another msttieam

scenario from the same generator as child scenarioexehete() task runs the three scena
ios in separate threads concurrently.

Figure 7 shows the code for instantiating and registering rstittam scenarios with theie-r

spective generators. An important point to note is ithetancesare registered with the gemer
tors. I 't s onl ydt®ask the ihs@ancadt any givenatime If multtiplestlareads
need to run the same scenario, e.g. the scenario is selected and run by its own generator, and in
parallel is run as child of a scenario in another generator, an instance of the scenario for each
thread is required. This is best done by ensuring that when a scenario is fetched from the registry
a copy of the scenario instance is made, such that the thread uses its own instance. This copy is
not currently built intayet_ms_scenario() so it has tdoe done by the user (sEmgurel10).
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/I instantiating multi - stream scenarios
traffic_with_jtag_debug_ms_scenario ms_traffic_with_jtag = new();

jtag_debug_cmds_ms_scenario ms_jtag_debug_cmds = new();

Il register multi - stream scenarios with generator

msg0O.register_ms_scenari o( ATRAFFIC_WI TH_JTAGO, ms _triaf fic_
msgO0. register_ms_scenari o( ATRAFFI C_NO_I NTSo, ms _alil _no _i
msg0. register_ms_scenari o( ATRAFFI C_WITH_I NTSO, ms _alil _with
/I register mul ti - stream scenarios with generator

msgl.register_ms_scenari o(AJTAG_READ_STATUSO, ms _jtiag_rea
msgl.register_ms_scenario(AJTAG_DEBUG_CMDS109, ms _jtiag_deb
msgl.register_ms_scenari o(AJTAG_RESET_CMDSO, ms _jtiag_res

Figure 7: Registering Multi-stream Scenarios

In Figure8, the channels used by the scenarios, or procedural code, are registered in the gener
tor under logical names.

/I register channels used by any of the scenarios or procedural code in the generator
msgO.register_channel (Al NTO, int _channel ) ;
msg0O. register _channel (ACONFI Go, config_channel);
msg0O. register _channel (AATMO, atm_channel ) ;
msgO0. register _channel (APACKETO, packet _channel) ;
msgl. register _chann gdg(cfiadnélA Go ,
msgl.register_channel (ACONFI Go, config_channel);
msgl.pregister_channel (AATMO, atm_channel ) ;

Figure 8: Registering Channels

Figure9 illustrates how a muHstream generator is registdrevith another generator. Thi$ a
lows the scenarios imsg0 to access other scenariosmagl.

/I'If a scenario in a generator uses a scenario registered in another generator

// the handle to that generator should be registered in the multi - stream generat  or
/I registry. This can be used to lookup and execute the remote scenario
msgO.register_ms_scenario_gen(AJTAGO, msgl);

Figure 9: Registering a Multi-stream Generator

In Figure 10, the execute() task for he scenario encapsulates the stimulus generation and
flow control. In this case the three threads generate stimulus using different types of scenarios.
In the singlestream thread, the channel is grabbed for exclusive access. The other scenarios
leave grabing (if any), to their owmexecute()  tasks.

Although the multistream scenarios are shown as being randomized, this is only useful if there
are some random variables. Scenarios may not have random data, in which case they do not need
to be randomized iexecute() . When the generator itself picks and runs a scenario, it is a
ways randomized. The remote miftream scenariar(s_jtag ), is run in the context ahsgl,

where it was registered. It is not necessary to register the channetssgtag uses wih

msgO.
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