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Cadence Generic VIP Overview — Key Features

* Cadence follows Consistent architecture for all its VIPs. (Verification IP)

* |t ensures a similar user interface for all its VIPs and enables seamless integration of different
VIPs.

* Key Features

— Optimized core-based architecture

— VIP Configuration through PureView™ GUI tool using UVM configuration or SOMA (Specification of
Modeling Architecture) files.

— Queues for seamless movement of traffic.
— Extensive Callbacks for precise control and monitoring.
— Various debug utilities ranging from text files to waveform.
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Cadence Generic VIP Overview -Testbench and VIP core

Interaction

Interaction, using transmission or
user queue, receives transactions
from the User Layer that are
further transmitted by VIP core
on bus

Testbench (user layer)

Interaction, using
configuration, at the
Testbench User Layer
is passed to the core

UVM Layer

Callback 0

Methodology Independent I/F
C based Library

Optimized VIP Core (C/C++)

Cadence VIP

User has full visibility into and controllability
over VIP core by using:

Configuration
Queues
Callbacks

SV UVM Testbench User Layer
automatically places transactions into
Transmission/User Queue.

Interaction, using callbacks (0,1 and 2
here), is triggered by the VIP core and is
accessible at the Testbench User Layer
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Cadence Generic VIP Overview

Usage 1 Usage 2

Generation of protocol traffic

~ Verification test bench \

——— PR

Protocol I/F Lines

Protocol I/F Lines

J/

(.

N

Verification test bench )
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Protocol checking and coverage collection
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Cadence UCle VIP Key Features

| E@ e UCle is a chiplet interconnect protocol which is used to connect two chiplets on a substrate.
 UCle helps to improve overall chip yield by connecting multiple chiplets. It also enables chiplets of different
size to interconnect and hence realize the vision of optimized system architecture.
Protocol Features Verification Features

— Layered Architecture (layers - protocol, Die-to- Used for Block level and Full Stack verification
die adapter, physical)

— High level protocol support (PCle, CXL, Raw Ease of Configuration

Data Stream) Active and Passive Agent Support
—  Supports Standard and Advanced packaging. Extensive protocol checks and coverage
— Registers access defined by UCle specification

Easy testbench integration at IP, SoC, and System
—  Standard Interface support levels

RDI (Raw Die-to-Die Interface)
FDI (Flit Aware Die-to-Die Interface)
UCle Serial link (MainBand and SideBand)

Supports Verilog, SV and SV/UVM. Also supports all
major simulators

Packet tracker and Waveform debugger for efficient
debugging 2023
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e
VIP Architecture
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D2D Adaptor

« PCle 6.0, (PCle non-FLIT via CXL.io)
« CXL2.0-68B,CXL3.0-256B
* Streaming Protocol

___________ (FDI) Flit Aware Die-to-Die Interface

« D2D Adapter coordinates with the Protocol Layer and
the Physical Layer
* Link State Management and Parameter negotiation

___________ (RDI) Raw Die-to-Die Interface

* Physical Layer for Data Path, Link Training, Lane Repair,
parameter exchanges, register access etc.

+ Standard and Advanced Package
* Single Module & Multi module PHY

—————————— UCle Serial Link (Mainband & Sideband Lanes)
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Die Disaggregated Verification

Verification Focus
* Die-to-Die Detailed protocol verification
Testbench
8 *  Observability & Controllability
FDI Monitor e
Coverage *  Full Callback & Error Injection
oI FDI based Die
DUT
* Layer-wise scoreboard
UCIe Fu” StaCk Active and Monitor VIP 4
Callbacks .
Protocol Layer * Interface-wise Coverage
[ poe | [ oxt || Streaming | Testbench
_ 8 Advantages
RO! Monitor o +  No need for the entire design - Head
Coverage _ start with verification prior to complete
wx [ Protocol Layer B Rolbasedbie Design availability
Aetlve o o or VP +  Expedite verification with Block level test
cases
T I I festsenan g «  IP design agnostic — Forward compatible
Sideband Mainband I::I:\;Etfav;; *  Plug and Play at Subsystem/System
e Serial Link PHY Ievel
DuUT
- LEGO-like detachable components ctive and Monitor e *  Bypass Link Training & Setup controls
. . . Callbacks
ponflgured as w;dependent Chiplet . Bypass Interface dependency using
interconnects of UCle Pseudo Ports

2023

o . . .
Pseudo Ports are special Queues for Packet/Flit handling DESIGN AND VR A N ™
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VIP Usage Topology — Partial stack Verification

Protocol D2D Adapter
Protocol layer DUT Protocol layer
FDI TFDl
¢ > FDI Monitor > FDI Monitor
D2D Adapter layer D2D Adapter layer DUT
i RDI i RDIL__ ™ oI Monitor
Physical layer Physical layer
381 1 MB 881 1 MB
Full Stack VIP Full Stack VIP
VIP
- Focus on FDI Protocol checks and Coverage - Focus on FDI and RDI Protocol checks and Coverage DUT
- Focus on Protocol layer Functionality - Focus on D2D Adapter layer Functionality Legzegz3
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VIP Usage Topology — Partial stack Verification
(Physical)

Protocol layer

Teo

Protocol Layer &
D2D Adapter Fused

1
1
|
1
|
|
1
i A
D2D Adapter layer .
: RDI
1
TRDI OIR > RDI Monitor
> RDI Monitor !
: Y
: I Physical layer DUT
Physical layer DUT :
A A I UCle Link
»| UCle Link I > Monitor
—> Monitor i
B MB
SB MB i S
Y \ 4 ! \ 4 \ 4
Full Stack VIP J Full Stack VIP VvIP
DUT
- Focus on RDI and UCle Serial link Protocol checks and Coverage Legend
- Focus on Physical layer Functionality A0 2 S
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VIP Usage Topology — Partial stack Verification

Protocol + D2D D2D + Physical
Protocol Layer Protoc,Tc:I layer
FDI )
D2D Adapter layer > FDI Monitor

DUT

D2D Adapter layer

> RDI Monitor .
\L RDI Physical layer

Physical layer

T A > UCle Link
188 1 MB SB MB > Monitor
\2 v
Full Stack VIP AU SIS U
- Focus on RDI Protocol checks and Coverage - Focus on FDI and UCle Link checks and Coverage
- Focus on D2D Adapter layer Functionality - Focus on D2D Adapter and Physical layer -
Functionality DUT

Legend
2023
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VIP Usage Topology — Full stack Verification
W

1
1
|
1
I
SB i Full Stack DUT
q LoE Link i A A
‘l‘ v Monitor E SB MB
Physical |
ysical layer OER ; UCle Link
IRDI i Monitor
i 7 %
D2D Adapter : Full Stack
|
1
IFDI !
1
|
Protocol layer :
!
- Full Protocol checks and Coverage VP
- Focus on end-to-end Functionality ol
Legend
- ldeal for Sub-system and System verification 29023
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Workshop— Full stack Verification
Simplified Topology

| TP } Upstream (US) « Both Upstream and Downstream are
e ——w—— e — 1 VIPs

ISB MB 3 U,\%ihlor;k » Upstream is a unified Full Stack with
B Serial Mainband & Sideband

Physical layer connections

RDI
I Downstream shows capability of VIP as
D2D Adapter LEGO-like blocks. Each layer serves as

Downstream (DS)

dedicated interfaces

Protocol layer

l

i

i

i

I i an independent UVM agent with

FDI :

i

d

accellera DV LI

SYSTEMS INITIATIVE



Integrating Full Stack Environment

* Configure UCle VIP as per DUT Verification

requirements and then connect the :
interface with DUT. 8 Configure VIP

Connect VIP Interface with DUT

* After that, we need to instantiate the
interface in the testbench and then bind it

with the DUT environment. Instantiate VIP UVM Agent in Testbench
Bind Agents and Interfaces

* Atlast, we need to align the scripts to
simulate the verification environment.

Notes:-
e We will use UCle VIP connected back-to-back.
e One UCle VIP instance needs to be replaced with User Design.

2023

DESIGN AND VERIFICATION™
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Full Stack Special Topology Diagram

[ [1] Configure VIP | = Testbench (Class-Based SV-UVM Env + RTL Interface) \
\

UVM
Config

JCle VIP

UCle VIP

UCle VIP

\ 4

HDL Instantiation
Module
UCle VIP -

UvMm
Config

UCle VIP
Interface

Notes:-

e We use UCle VIP connected back-to-back.

e One UCle VIP instance would be replaced with User Design. 2023
(accellera 2 DV
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Step 1: Configure VIP

e Configure the UCle VIP using the PureView™ tool,

which is a common tool for all Cadence VIPs. _
{8 Configure VIP

* All the screenshots involved in the configuration
along with their description are shown in
subsequent slides.

 The VIP top wrapper is also generated along with
the configuration file in this step.

IIIIIIIIIIIIIIIIIIIIIII
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Configure VIP Upstream Port (UP)

e Configuration Selection (Upstream port)

— Al VIP layers selected for Full Stack with Upstream Port
— Individual layer specific configurations can be done

— Advanced package selected for PHY layer

— Other options are kept as default.

* Save the Final Upstream SINGLE configuration class aS/

cdnUcieUvmUserConfigFullStackUsAgent

accellera 23

SYSTEMS INITIATIVE

Features

>| VIP Layers
[®] w Protocol Layer
[v Protocol_0: Streaming Mode
[ Protocol 0 is PCle
¥| Protocol Port Type
v Protocol Upstream Port
[~ Protocol Downstream Port
>| v DZDAdapter
[v D2D Stack 0 Enable.
g Port Type
w D2D Upstream Port
[~ DZD Dovwnstream Port
[v D2D Streaming Mode
[v DZD Streaming/PCle/CXL Raw Mode
[ PCle 6.0 standard 256B Ait Mode
> ¥ Logical Phy
1 Mumber of Modules
[~ Standard Package
[v Advanced Package

16 Maximum link width supported.
i Maximutm link speed supparted in GT/5.
] To enable Module reversal support

[~ To enable receiver termination.
[~ To enable T Equalization support.

1 To enable Supported Yewing Encodings.

] To enable Clock mode support.

0 To enable differential clock and guadrature cloc
suppart.

[~ To enable TCM (Tightly coupled mode) support.

a Indicates if Lanes within a module are reversed

2023

DESIGN AND VERIFICATION™

DVLCON

CONFERENCE AND EXHIBITION



Configure VIP Downstream Port (DP)

* 3-step process

e Configuration Selection (Downstream port)

— Configure Physical, D2D Adapter and Protocol Layer separately

— Individual layer specific configurations can be done

— Advanced package selected for PHY layer

— Other options are kept as default

for 3 agents

cdnUcieUvmUserConfigProtoDsAgent

cdnUcieUvmUserConfigAdpDsAgent

cdnUcieUvmUserConfigPhyDsAgent

SYSTEMS INITIATIVE

Features

@)

VIP Layers
Iz’ v Protocol Layer
v Protocol_0: Streaming Mode
I Protocol 0 is PCle
> Protocol Port Type
|v Protocol Upstream Port
[~ Protocol Downstream Port

¥ v D2DAdapter
v D2D Stack 0 Enable.
>| Port Type
v DZD Upstream Port
[~ DZD Downstream Port
v D2D Streaming Mode
lv DZD Streaming/PCle/CXL Raw Mode
[~ PCle 6.0 standard 256B Flit Mode

24

¥| v Logical Phy
1 Number of Modules
[~ Standard Package
lv Advanced Package

16 Maximum link width supported.
8 Maximum link speed supported in GT/s.
0 To enahle Module reversal support

[~ To enable receiver termination.
[~ To enable Tx Equalization support.
1 To enahle Supported Vswing Encodings.

0 To enable Clock mode support.

0 To enable differential clock and quadrature clocl
support.

|~ To enable TCM (Tightly coupled mode) support.

0 Indicates if Lanes within a module are reversed

2023
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Consolidated VIP Configuration File

Downstream has individual config classes mapped
to Layers

- Physical Layer

- D2D Adapter Layer

- Protocol layer

Upstream has a common config class

Multiple custom config classes are consolidated
into one file for ease of use

cdnUcieUvmUserFullStackConfigInst.sv

acce//era © Cadence Design Systems, Inc. All
rights reserved.

SYSTEMS INITIATIVE

//Downstream (DS) agent
class cdnUcieUvmUserConfigPhyDsAgent extends cdnUcieUvmUserConfigDsAgent;
function new(string name = UcieUvmUserConfigPhyDsAgent") ;

super.new (name) ; //Set All ult Feature Values
LogicalPhy = 1; //Modify PHY confi
° o @ Physical layer DS VIP Agent Configuration
endfunction
endclass

class cdnUcieUvmUserConfigAdpDsAgent extends cdnUcieUvmUserConfigDsAgent;
function new(string na = " cdnUcieUvmUserConfigAdpDsAgent ") ;

super.new (name) ; // All Default Feature Values
D2DAdapter = 1; i D2D Adapter configs
endfunction D2D Adapter layer DS VIP Agent Configuration
endclass

class cdnUcieUvmUserConfigProtoDsAgent extends cdnUcieUvmUserConfigDsAgent;
function new(string n = "cdnUcieUvmUserConfigProtoDsAgent") ;

super.new (name) ; // All Default Feature Values
Protocol = 1; / i otocol layer configs
G Protocol layer DS VIP Agent Configuration
endclass

//Upstream (US) agent
class cdnUcieUvmUserConfigFullStackUsAgent extends cdnUcieUvmUserConfigUsAgent;
function new(string name = dnUcieUvmUserConfigFullStackUsAgent ") ;
super.new (name) ; //Set Al fault Feature Values
LogicalPhy = 1; //Modify all I rs'configs here

D2DAdapter = 1; . ’
Protocol = 1; Full Stack US VIP Agent Configuration
endfunction
endclass
ey ¥V o s 1w
25 CONFERENCE AND EXHIBITION




Step 2: Connect VIP Interface with DUT

* UCle VIP Interface generated in the previous step
can connect VIP with DUT.

e The Full Stack example present in the installation
path used one configuration file. It contains the
configuration of all the modules.

Connect VIP Interface with DUT

* Modules used in Full stack example:
Full Stack upstream VIP
Full Stack downstream VIP using explicit

connections between
-Protocol layer
-D2D Adapter layer

-Physical layer 2023
aceellera 26 DV
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Interface connections

Instantiate Full Stack US agent and Protocol+D2D+Physical (acting as Full Stack DS agent) in the testbench module.
Instantiations are shown below. 3

module testbench: Connection between UP and DS Agent. (Tx
1 —-——-——-——-——-——-——-; ports are connected to Rx ports and vice
Physical layer interface of DS - // Instantiate the DS agent. versa)
: Agent : | uciePhy interface dsAgent( T ——
1 | D2D Adapter layer interface of DS |1 -tx ck p (tx_ck_p), ////
: Agent - .rx _ck n (rx_ck p), - -
1 1 .tx vld (rx _vld), —<¢
I | Protocol layer interface of DS : -tx_data (rx_data),
1| Agent .rx_vld (tx_vld),
| -rx_data (tx_data), — 4
DownStream ':'rdi lp data (dsAgent rdi 1lp data), .
s - = \ | Internal connection between Phy layer and
ucieAdp interface adpDsAgent ( / D2D Adapter layer of DS
.rdi_1lp data (dsAgent rdi 1lp data),
.fdi 1p data0 (dsAgent fdi 1lp dataOl) , 5
) \ _
ucieProtocol_interface T e N Intgrnal co(r;nectloln bet\A]/ceen Protocol layer
.fdi 1p dataO (dsAgent fdi 1lp datal), / A0z 2720 (G E PR | EE O DS
)i
2 e e e e // Instantiate the US agent.
_ ucieFullStack interface fullStackUsAgent ==
1| Full Stack interface of US Agent I D - g (
I 1 .tx _ck p (rx _ck p),
.rx ck p (tx ck p),
U pstream .tx_vld_rd (rx_vld_rd), — -
.tx data rd (rx data rd),
.rx _vld rd (tx_vld rd),
.rx _data rd (tx data rd), _ 2023
DESIGN AND VERIFICATION™
ler ¥ . DVCOIN
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Step 3: Instantiate

* This will Instantiate UCle agents and their UCle
configurations

* |talso connects UCle configurations to their
respective UCle agents

<8 [nstantiate VIP UVM Agent in Testbench
e All the screenshots involved in the configuration
and their description are shown in subsequent
slides

DESIGN AND VEIgFQ:gT%NW
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Base User Agent

The base common user agent (cdnUcieUvmUserAgent) later configured as any of the below UCle agents

e Full Stack for Upstream

* Physical Layer for Downstream
 D2D Adapter Layer for Downstream
* Protocol Layer for Downstream

1

User Agent Build Phase -

User Agent Connect Phase

Return State identification
number based on state input.

5)

Set the severity of an error. -

SYSTEMS INITIATIVE

Reference to model memory ul

2 :

class cdnUcieUvmUserAgent extends cdnUcieUvmAgent;

cdnUcieUvmUserMemInstance memInst;

virtual fu ion void build phase (uvm phase phase);

dfunction :

endfunction :

endfunction : yErrLogStateFromEnum

denaliUcieErrCtrlDirectionT dir

endfunction
endclass

function void connect phase (uvm phase phase);

function int getPhyErrLogStateFromEnum(denaliUcielLtsmStateT st);

function void setErrorSeverity(denaliUcieErrorTypeT errId, denaliUcieErrCtrlSeverityT serv,

DENALI UCIE ERR CTRL DIRECTION TRxX) ;

cdnUcieUvmUserAgent.sv

29
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Full Stack Environment

class cdnUcieUvmUserFullStackEnv extends uvm env;

Full stack environment contains

* UCle Agents and Configuration Class
Instances

* Mapping of configuration classes to
their respective UCle agents

e Setting necessary callbacks

1

Upstream and Downstream Instances

2

UCle Configuration Class Instances

Mapping of configuration classes to
their respective UCle agents
Setting necessary callbacks

SYSTEMS INITIATIVE

//UCIe Agents Instances

cdnUcieUvmUserAgent fullStackUsAgent; //US full stack
cdnUcieUvmUserAgent dsAgent; //DS Physical layer
cdnUcieUvmUserAgent adpDsAgent; //DS D2D Adapter layer
cdnUcieUvmUserAgent protoDsAgent; DS Protocol layer

//UCIe Configuration Class Instances

cdnUcieUvmUserConfigFullStackUsAgent
cdnUcieUvmUserConfigPhyDsAgent
cdnUcieUvmUserConfigAdpDsAgent
cdnUcieUvmUserConfigProtoDsAgent

fullStackUsAgentCfg;//US full stack

dsAgentCfg; //DS Physical layer
adpDsAgentCfg; //DS D2D Adapter layer
protoDsAgentCfg; //DS Protocol layer

virtual function void build phase (uvm phase phase);

//Mapping of configuration classes to their respective UCIe agents

uvm_config object::set (this, "dsAgent™ , "cfg", dsAgentCfqg);

uvm_config object::set (this,"adpDsAgent™ , "cfg", adpDsAgentCfq);

uvm_config object::set (this,"protoDsAgent™ , "cfg", protoDsAgentCfqg);
(

uvm _config object::set (this,"fullStackUsAgent", "cfg", fullStackUsAgentCfqg);

endfunction : build phase

function void end of elaboration phase (uvm phase phase);

//Setting necessary callbacks

void' (dsAgent.inst.setCallback

(DENALI ...... ) g

endfunction

endclass

30
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Step 4: Bind

This step will Bind the UCle VIP Interface with the
Agent path.

All the screenshots involved in the configuration
along with their description are shown in
subsequent slides.

Bind Agents and Interfaces

accellera -
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System Verification Environment (1/2)

The binding steps perform the below actions in system verification environment.
* Binding of UCle VIP agents to respective Interface in HDL Instances

e Setting agents to be Active and Enabling coverage

* Connect agents and their sequencers at virtual sequencer levels

Full Stack environment as Sub environment &
Full Stack Virtual sequencer

)

class cdnUcieUvmUserFullStackSve extends uvm env; _—

//Instantiate full stack environment and virtual sequencer
cdnUcieUvmUserFullStackEnv env;
cdnUcieUvmUserFullStackVirtualSequencer

Optional Type overrides

virSeqr;

function new(string name = "cdnUcieUvmUserFullStackSve", uvm component parent);
//Overwrite UVM Agent configuration with user components to give flexibility to user for modifications
set type override by type (cdnUcieUvmUserConfigDsAgent::get type (), cdnUcieUvmUserConfigPhyDsAgent::get type());

//Overwrite UVM components with user components to give flexibility to user for modifications
set type override by type (cdnUcieUvmSequencer::get type(),
set type override by type (cdnUcieUvmDriver::get type(),
set type override by type (cdnUcieUvmMonitor::get type(),

cdnUcieUvmUserSequencer: :get type());
cdnUcieUvmUserDriver::get type());
cdnUcieUvmUserMonitor::get type());

set type override by type (cdnUcieUvmUserVirtualSequenceBase::get type(),cdnUcieUvmUserFullStackVirtualSequenceBase::get type());
set type override by type (cdnUcieUvmUserVirtualSequencer::get type(), cdnUcieUvmUserFullStackVirtualSequencer::get type());

endfunction

cdnUcieUvmUserFullStackSve.sv

2023
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System Verification Environment (2/2)

virtual function void build phase (uvm phase phase);
super.build phase (phase) ;
//Binding of UCIe Agents to respective Interface in HDL Instances

uvm_config db #(strlng).:set(thls, "env.dsAgent o "hdlPath", "testbench.dsAgent"); //DS Physical layer
uvm_config db #(string)::set(this, "env.adpDsAgent e "hdlPath", "testbench.adpDsAgent"); //DS D2D Adapter layer
uvm_config db #(string)::set (this, "env.protoDsAgent W, "hdlPath", "testbench.protoDsAgent"); //DS Protocol layer
uvm_config db #(string)::set(this, "env.fullStackUsAgent", "hdlPath", "testbench.fullStackUsAgent");//US full stack

//Setting UCIe Agents to be Active
uvm_config db #(int)::set (this, "env.dsAgent", "is active", UVM ACTIVE) ; @

UCle Agents associated with hdl path
of testbench module instances

uvm config db #(int) ::set(this, "env.fullStackUsAgent","is active", UVM ACTIVE);

//Enabling coverage in UCIe Agents

uvm_config int::set(this, "env.dsAgent.monitor", "coverageEnable", 1);

uvm _config int::set(this, "env.adpDsAgent.monitor", "coverageEnable", 1);
uvm config int::set(this, "env.protoDsAgent.monitor", "coverageEnable", 1);

—~ o~~~

uvm config int::set(this, "env.fullStackUsAgent.monitor", "coverageEnable", 1);
B B Set Agents to UVM_ACTIVE
endfunction
function void connect phase (uvm phase phase);
— super.connect phase (phase); @

//connect environment agents to respective agents in virtual sequencer

Scast (virSeqr.dsAgent, env.dsAgent) ; //DS Physical layer Enable coverage

Scast (virSeqr.adpDsAgent, env.adpDsAgent) ; //DS D2D Adapter layer

Scast (virSeqr.protoDsAgent, env.protoDsAgent) ; //DS Protocol layer

Scast (virSeqr.fullStackUsAgent, env.fullStackUsAgent) ; //US full stack

//connect environment sequencer to respective sequencers in virtual sequencer
Scast (virSeqgr.dsSeqr, env.dsAgent.sequencer); Zl
Scast (virSeqr.adpDsSeqr, env.adpDsAgent.sequencer) ;

Scast (virSeqr.protoDsSeqr, env.protoDsAgent.sequencer) ;

Env agents and sequencer mapping with
Virtual sequencer

Scast (virSeqr.fullStackUsSeqr, env.fullStackUsAgent.sequencer) ; 2(x23
endfunction ND VERIFICATION™
acce//era endclass : cdnUcieUvmUserFullStackSve cdnUcieUvmUserFullStackSve.sv 'l :DN
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Agenda

Getting started with Test sequences
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Virtual Sequencer

class cdnUcieUvmUserFullStackVirtualSequencer extends uvm sequencer; ‘ 2 )
/
/ R R e e I I I I b i b b b b b b b R b e e e e e e e e I b e I b b b b b b b b b b b b b b e b b 4 UpStreamand
// Agent handles for all the instances Downstream Agents
[ KRR KKK KK KKK KKK KKK KKK KKK KKK KK K K Kk kK K K K Kk ko ko ke instantiated here
Top Virtual Sequencer cdnUcieUvmUserAgent fullStackUsAgent; // US Full Stack
cdnUcieUvmUserAgent dsAgent; // DS Physical layer
cdnUcieUvmUserAgent adpDsAgent; // DS D2D Adapter layer
cdnUcieUvmUserAgent protoDsAgent; // DS Protocol layer

// R R I I S I S R I S R e S I e S S R S S I I S S S S S S S R S S R I b b S b I b b b S b b S S 2

// This driver-sequencers
// R I S b b b b b b b b b b b b b b IR Ih b S S S e I S 2 b b b b b b b b b b b b db b b S A 2 b b b b b b b b b b b b b b4

cdnUcieUvmSequencer fullStackUsSeqr ; // US Full Stack Sequencer
cdnUcieUvmSequencer dsSeqr; // DS Physical layer Sequencer
cdnUcieUvmSequencer adpDsSeqr; // DS D2D Adapter layer Sequencer
cdnUcieUvmSequencer protoDsSeqr; // DS Protocol layer Sequencer

3

Upstream and Downstream

. . endclass : cdnUcieUvmUserFullStackVirtualSequencer
Sequencers instantiated here

2023

DESIGN AND VERIFICATION™

accellera DVLCON

35 CONFERENCE AND EXHIBITION

SYSTEMS INITIATIVE



Virtual Sequence

Virtual Sequence Writing (1/2)

4

Set RAW Mode for flits

accellera

SYSTEMS INITIATIVE

class cdnUcieUvmFullStackVirSeq extends cdnUcieUvmUserFullStackVirtualSequenceBase;

// R R R I I I b e S b S b I S S S I S b I S b I S S b S S e S b S S S b S S b S S b S b I db b S b b S b ¢

// the driver sequence
// khAkhkhkkhhkhkhkkhkhkhkhkhAhhkhAhhkhkhAhhdhrhkhhAhhhkhrhkhhhkhdkhrhkhhkhkhkhkrhkkhkhrhkkhkhkhrhkkhkhrhkhkxkhkx%x

virtual task body () ;

denaliUcieTransaction tr;

// Start UCIe link training is being written
dsAgent.reglInst.maskedWriteReg (DENALI UCIE REG DVSEC LINK CONTROL,
1 << DENALI UCIE Rpos__DVSEC LINK CONTROL StartUCIeLinktraining,
DENALI UCIE Rmask DVSEC_LINK CONTROL StartUCIeLinktraining);

fullStackUsAgent.reglnst.maskedWriteReg (DENALI UCIE REG DVSEC LINK CONTROL,
1 << DENALI UCIE Rpos_DVSEC LINK CONTROL StartUCIeLinktraining,
DENALI UCIE Rmask DVSEC_LINK CONTROL StartUCIeLinktraining);

// Writing Raw mode to be used for Param negotiation in adapter
adpDsAgent.reglnst.maskedWriteReg (DENALI UCIE REG DVSEC LINK CONTROL,
1 << DENALI UCIE Rpos_DVSEC LINK CONTROL RawMode,
DENALI UCIE Rmask DVSEC LINK CONTROL RawMode) ;

fullStackUsAgent.regInst.maskedWriteReg (DENALI UCIE REG_DVSEC LINK CONTROL,
1 << DENALI UCIE Rpos__ DVSEC_LINK CONTROL RawMode,
DENALI UCIE Rmask DVSEC LINK CONTROL RawMode) ;

endfunction

2

3

start UCle Link Training

cdnUcieUvmUserAgent fullStackUsAgent; // US Full Stack GethwnsUemnandUpsUeam
cdnUcieUvmUserAgent dsAgent; // DS Physical layer //////////// EENE (B REes
cdnUcieUvmUserAgent adpDsAgent; // DS D2D Adapter layer e

cdnUcieUvmUserAgent protoDsAgent; // DS Protocol layer

ccess UCle Link Control Register to
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Virtual Sequence Writing (2/2)

// Wait for LTSM

fork

fullStackUsAgent .waitForPhyLtsmState (DENALI UCIE LTSM STATE ACTIVE, O);

dsAgent.waitForPhyLtsmState (DENALI UCIE LTSM STATE ACTIVE, 0); @
join

// Wait for RDI SSM

fork _ | Layer wise APIs for state machine
adpDsAgent .waitForAdpRdiSsmState (DENALI UCIE SSM STATE Active); changes
fullStackUsAgent.waitForAdpRdiSsmState (DENALI UCIE SSM STATE Active);

join

// Wait For Adp LSM
fork
adpDsAgent .waitForAdpLsmState (DENALI UCIE SSM STATE Active,0);
fullStackUsAgent.waitForAdpLsmState (DENALI UCIE SSM STATE Active,0);
join

//Sending packet from Protocol Layer
repeat (numPkt)

begin end Mainband Protocol
‘uvm_info (get type name(), "++ Generating Protocol mainband packet ++", UVM LOW); 1 Streaming packets
‘uvm_do _on_with ( tr, protoDsSeqr,
Type == DENALI UCIE TYPE Protocol;
SubType == DENALI UCIE SUBTYPE Mainband;
StreamId == DENALI UCIE STREAM ID Stack eamingProtocol;
MbPayload.size == 64;
})
end 3

Protocol Layer Sequencer part of Top
Virtual Sequencer shown earlier

I DESIGN AND VEIgFQ:gT%NW
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endtask : body
endclass //cdnUcieUvmFullStackSbVirSeq
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Debug Aids
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==

&

Verisium Debug enp simuiation Time:

Post Process

HIERARCHY

Design Test Bench Packages

« Hierarchy Name

4 W uvm_test_top
4 W sve
4« B env
» B adpDsAgent
» B dsAgent

E fullStackUsAgent l””*wf—w—wq,,,, -

» B protoDsAgent

[«

Showing 7 items

DEBUG

Variables

Showing 0 items

cadence

Verisium Debug

« After running the simulation, open Verisium and,

» Load the database to find the hierarchical Testbench path

HIERARCHY

Design Test Bench Packages

« Hierarchy Name

* W inst

» B dsAgent

4 B fullstackUsAgent
4« B inst

- O 4« W waveformDebuggerMon

\\f denaliUcieRegNumTWaveformDebugRegs }7,,,,,
B waveformDebugTxn
» B protoDsAgent

©

Showing 12 items

: 4 [ Field Name

Type

Ty
K
o
o
=
Ko
o
ke
o

_DVSEC_ERROR_NOTIFICATION_CONTROL
_DVSEC_LINK_CAPABILITY
_DVSEC_LINK_CONTROL
_DVSEC_LINK_EVENT_NOTIFICATION
_DVSEC_LINK_STATUS
_MODEL_CTRL_PHY_CAP
_MODEL_CTRL_PHY_SB_CAP
_MODEL_CTRL_RDI_DATA_WIDTH
_MODEL_ST_D2D_ADP_LSM_STATE

transaction 2
transaction
transaction
transaction
transaction
transaction
transaction
transaction
transamop‘a

Showing 31 items

=
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V [ ] e
erisium Smart Log
SMARTLOG X
= | FROM TO: 32,428 (ns B~ | @3~ | versosity prppp——={g)
| o Keep » Message - |l 7},,,,,4 Message searching & sorting ‘
» ® @ & [0 Time(ns) Message
» @ ¢ 29,384 UVM_INFO - ++ Generating Protocol mainband packet ++
vy @ * 29, 384 UVM_INFO - ++ Generating Protocol mainband packet ++ Run time Verbosity change bar
q ' vm_test_top.sve.env.protoDsAgent>@29384500 ps : MBTX: Mainband packet detected in TxUser queue
Bookmark messages vm_test_top.sve.env.protoDsAgent>@29384500 ps : MBTX: Mainband packet detected in TxUser queue
o 29,384.5  *Denali* <uvm_test_top.sve.env.protoDsAgent>@29384500 ps : MBTX: Mainband packet detected in TxUser queue
® I 29,384.5 *Denali* <uvm_test_top.sve.env.protoDsAgent>@29384500 ps : MBTX: Mainband packet detected in TxUser queue
oo 29,384.5  *Denali* <uvm_test_top.sve.env.protoDsAgent>@29384500 ps : MBTX: Mainband packet detected in TxUser queue
N 29,384.5  *Denali* <uvm_test_top.sve.env.protoDsAgent>@29384500 ps : MBTX: Mainband packet detected in TxUser queue
" WN 29,384.5  *Denali* <uvm_test_top.sve.env.protoDsAgent>@29384500 ps : MBTX: Mainband packet detected in TxUser queue
on 29,384.5  *Denali* <uvm_test_top.sve.env.protoDsAgent>@29384500 ps : MBTX: Mainband packet detected in TxUser queue
enm 29,384.5  *Denali* <uvm_test_top.sve.env.protoDsAgent>@29384500 ps : MBTX: Mainband packet detected in TxUser queue
® n 29,384.5 *Denali* <uvm_test_top.sve.env.protoDsAgent>@29384500 ps : MBTX: Mainband packet detected in TxUser queue
r @ 29,428 UVM_INFO - End Transfer @ 29428000.00 ps
v @ 32,428 UVM_INFO - 'run' phase is ready to proceed to the 'extract' phase
» ® O 32,428 --- UVM Report catcher Summary ---
O NN 32,428 Number of demoted UVM_FATAL reports 0
» ® I 32,428 Number of demoted UVM_ERROR reports 0 - .
O BN 32,428 Number of demoted UVM _WARNING reports 0 AIOEL YL S RN iy
» ® 32,428 Number of caught UVM_FATAL reports 0
» ® 32,428 Number of caught UVM_ERROR reports 0
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Upstream & Downstream
agents in groups

Verisium Waveform Debugger View

GUI view
* Registers
* Packets
* State Machine Changes

‘ Labels with detailed information

en DB s b

\

INK._ COMNMTROL
denaliUci der 4[|
:.‘IE‘ dill

denalilci denalilly

| MODE ["mo...[ MODEl

e

MODEL_ST_F

LINK_CONTROL

ey

enalillc] denl g

(|| denalilicl derny ¢

4 [ Downstream Protocol layer

SYSTEMS INITIATIVE

-
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- B @~ % e H-~

denalilly denali|||| denalillcia
denali

| MODEL

dd d||| denalii][|[| denalll]]] denalilicid

27 585.108722ns

DVSEC LINK

d| denali]]| denall|[| denalili]]] denaliu{]]| denaliti ||| denalil{]]| denaliu{] denaliUciesb

denalilcig d] denali]]] 'If:rﬂ'T denaliu][[] 'Z.‘!*_"'.'I"'-"u-,. 'H-'-r denaliU{[[| denaliUu]] denaliUciesb

| _MODE.] _MODE...]| MODE...|_MODE... || _MODEL 5T P
T MainbandPr

& Value = 'h09000908

@ Address = 'h00000015

& _Current = "MBTRAIN_VALVREF"

& _Moduleld = 'h00

@ _TransitionReason = "MBINIT_REPAIRMB_TO_MBTRAIN_VALVREF"

[T Mainbandad

SidebandAd

DVSEC

- - - p— =
d| denal '|.-;-|'|'1IT denalild||| denalild|] de

'!:Il_r denaliLi||| dena _HI denaliUcie5b

d| denali]]]| denall|[| denaliL]]] denaliu{]] denaliud ||| denalin{]]] denaliu]
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Direction of Transaction

Packet Tracker

Transaction Opcode

) Destinati
Timestamp ‘ Payload Sourceld on ID
SubType of Transaction
\

\ |
......................................................................................................... lececececcececcecercerersccscsecesesceseeeseccsceeeenenereresseseeesenseneeees==
| Label |Time (ps) |Dir |Type |SubType |SbOpcode | SbMsgType | SbPayload |SbSrcid |SbhDstid
0x40 721250 TX |Physical |Sideband |MessageWithoutData |SbinitOutOfReset {0x40244012,0x460. .. |PhysicalLayer |PhysicalLayerRemoteDieTerminated
0x42 834225 RX |Physical |Sideband |MessageWithoutData |[SbinitOutOfReset --- PhysicalLayer |PhysicallLayerRemoteDieTerminated
0 840625 TX |Physical |Sideband |MessageWithoutData |SbinitDoneReq {0x40254012,0x600. . . |PhysicalLayer |PhysicallLayerRemoteDieTerminated
0 954225 RX |Physical |Sideband |MessageWithoutData |SbinitDoneReq --- PhysicalLayer |PhysicallLayerRemoteDieTerminated
0x 960625 TX |Physical |Sideband |MessageWithoutData |SbinitDoneResp {6x40268012,0x600. .. |PhysicalLayer |PhysicallLayerRemoteDieTerminated
0x 1074225 RX |Physical |Sideband |MessageWithoutData |SbinitDoneResp --- PhysicalLayer |PhysicallLayerRemoteDieTerminated
Oxdc 1080625 TX |Physical |Sideband |MessageWith64BData |MbinitParamConfigurationReq {0x4029401b,0x460. . . |Physicallayer |PhysicallayerRemoteDieTerminated

/

Type of Transaction

Transaction Label

SYSTEMS INITIATIVE *

Message Type

And several other fields...->
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Trace File — Deep debug

*Denali* <uvm test top.sve.env.dsAgent>@1250 ps : [Module® TX] LTSM state change : RESET to SBINIT

*Denali* <uvm _ 076250 ps : [Module@ TX] LTSM state change : SBINIT to MBINIT PARAM

*Denali* |<uvm test top.sve.env.dsAgent>@1556250 ps| : [Module® TX] LTSM stare_change_T_MBINII_PARAH to MBINIT CAL

*Denali* <uvm test top.sve.env.iu ackUsAgen ?96250 ps : [Module® TX]|LTSM state change || MBINIT CAL to MBINIT REPAIRCLK

*Denali* <uvm test top.sve.env.dsAgent>@4046250 ps : [Module® TX] LTSM state change : MBINIT REPAIRCLK to MBINIT REPAIRVAL

i* [cuvm test top sve.env. fullStackUsAgent>@501625@ ps |: [Module@ TX] LTSM state change : MBINIT REPAIRVAL to MBINIT REVERSALMB
i ; v @6 gdtite® TX] LTSM state change : MBINIT REVERSALMB to MBINIT REPAIRMB

<uvm_test top sve env. fullStackUsAgent>@6602590 ps : [Module® TX] LTSM state change : MBINIT REVERSALMB to MBINIT REPAIRMB

*Denali¥ <uvm test top.sve.env.dsAgent>@9028750 ps : [Module®@ TX] LTSM state change : MBINIT REPAIRMB to MBTRAIN VALVREF

*Denali* <uvm test top.sve.env.fullStackUsAgent>@9028750 ps : [Module® TX] LTSM state change : MBINIT REPAIRMB to MBTRAIN VALVREF

*Denali* <uvm_test top.sve.env.dsAgent>@10838750 ps : [Module®@ TX] LTSM state change : MBTRAIN VALVREF to MBTRAIN DATAVREF

*Denali* <uvm_test top.sve.env.fullStackUsAgent>@10838750 ps : [Module® TX] LTSM state change : MBTRAIN VALVREF to MBTRAIN DATAVREF

*Denali* <uvm test top.sve.env.dsAgent>@13417500 ps : [Module® TX] LTSM state change : MBTRAIN DATAVREF to MBTRAIN SPEEDIDLE

p.sve.env. fullStackUsAgent>@13417500 ps : [Module® TX] LTSM state change : MBTRAIN DATAVREF to MBTRAIN SPEEDIDLE
Downstream UVM Agents  p_ sye.env.dsAgent>@13657500 ps : [Module@ TX] LTSM state change : MBTRAIN SPEEDIDLE to MBTRAIN TXSELFCAL

- v wewewwp.Sve.env. fullStackUsAgent>@13657500 ps : [Module® TX] LTSM state change : MBTRAIN_ SPEEDIDLE to MBTRAIN_ TXSELFCAL

M *Denali* <uvm test_top.sve.env.dsAgent>@13897500 ps : [Module® TX] LTSM state change : MBTRAIN TXSELFCAL to MBTRAIN RXCLKCAL

. |

*Denali* <uvm_test_top.sve.env.dsA%ent>@2ﬁa48?Sﬁ ps : [Module® TX] LTSM state change : MBTRAIN DATATRAINCENTER1 to MBTRAIN DATATRAINVREF

*Denali* <uvm_test top.sve.env.fullStackUsAgent>@20048750 ps : [Module®@ TX] LTSM state change : MBTRAIN DATATRAINCENTER1 to MBTRAIN DATATRAINVREF
*Denali* <uvm_test top.sve.env.dsAgent>@22115 ns : [Module® TX] LTSM state change : MBTRAIN DATATRAINVREF to MBTRAIN RXDESKEW

*Denali* <uvm_test top.sve.env.fullStackUsAgent>@22115 ns : [Module®@ TX] LTSM state change : MBTRAIN DATATRAINVREF to MBTRAIN RXDESKEW

*Denali* <uvm_test top.sve.env.dsAgent>@24181250 ps : [Module®@ TX] LTSM state change : MBTRAIN RXDESKEW to MBTRAIN DATATRAINCENTER2

*Denali* <uvm_test top.sve.env.fullStackUsAgent>@24181250 ps : [Module@ TX] LTSM state change : MBTRAIN RXDESKEW to MBTRAIN DATATRAINCENTER2
*Denali* <uvm_test_top.sve.env.dsAgent>@26367500 ps : [Module® TX] LTSM state change : MBTRAIN_DATATRAINCENTER2 to MBTRAIN_LINKSPEED

*Denali* <uvm_test top.sve.env.fullStackUsAgent>@26367500 ps : [Module®@ TX] LTSM state change : MBTRAIN DATATRAINCENTER2 to MBTRAIN_LINKSPEED

*Denali* <uvm_test top.sve.env.dsAgent>@28553750 ps : [Module® TX] LTSM state change : MBTRAIN LINKSPEED to LINKINIT
*Denali* <uvm_test_top.sve.env.fullStackUsAgent>@28553750 ps : [Module® TX] LTSM state change : MBTRAIN_ LINKSPEED to LINKINIT

*Denali* <uvm_test_top.sve.env.dsAgent>@28795 ns : [Module® TX] LTSM state change : LII'I(INI
*Denali* <uvm test top.sve.env.fullStackUsAgent>@28795 ns : [Module® TX] LTSM state change |: LINKINIT to ACTIVE

M

M

M

M

M

M

M *Denali*
" :
M

M

M

M

M

&

Upstream
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Conclusion

v" There is an Explosion of Design topologies

v" Multiprotocol verification compounds verification complexity

v" Need of LEGO-like verification components

v Need to build Scalable verification components to Subsystem/System level

v Prudent to start early verification before full design availability

Contact Us!

https://www.cadence.com/en US/home.html

Email:

anunay@cadence.com

sundara@cadence.com 2023
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