Using OSVVM's AX14 VC

by
Jim Lewis
OSVVM Chief Architect
IEEE 1076 Working Group Chair
VHDL Training Expert at SynthWorks
Jim@SynthWorks.com

Using OSVVM's AX14 V

Copyright © 2020 - 2024 by SynthWorks Design Inc.

Distributing a pdf version of this document in whole for individual usage is permitted.
Printing a paper version of this document in whole for individual usage is permitted.
All other rights reserved.

In particular, without express written permission of SynthWorks Design Inc,
You may not distribute powerpoint versions of this document
You may not alter, transform, or build upon this work,
You may not use any material from this guide in a group presentation,
tutorial, training, or classroom
You must include this page in any printed copy of this document.

This material is derived from SynthWorks' class, VHDL Testbenches and Verification

This material is updated from time to time and the latest copy of this is available at
http://www.SynthWorks.com/papers

Contact Information

Jim Lewis, President
SynthWorks Design Inc
11898 SW 128th Avenue
Tigard, Oregon 97223
503-590-4787
jim@SynthWorks.com

www.SynthWorks.com




Using OSVVM's AX14 VC
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Background

« About Jim Lewis

» 30+ years: VHDL Design and Verification
» 25+ years: Active in IEEE VHDL WGs

» 15+ years: IEEE VHDL WG chair

+ Chief Architect of OSVVM

+ VHDL Consultant and Trainer for SynthWorks

+ SynthWorks provides VHDL Training
» Comprehensive VHDL Introduction
« VHDL Coding for Synthesis
 Advanced VHDL Testbenches and Verification — OSVVM Bootcamp

OSVVM is developed by the same VHDL experts who have helped
develop VHDL standards.




OSVVM AXI4 VC History

[ 1997  Transaction Framework, TbUtilPkg
(S:)llgsfe\ls\/orks 2006  RandomPkg, ResolutionPkg, ScoreboardPkg, MemoryPkg
_ 2010  CoveragePkg
[ 2011 RandomPkg, CoveragePkg
2015  AlertLogPkg, TranscriptPkg, MemoryPkg
2016  ScoreboardGenericPkg, TbUtilPkg, ResolutionPkg
OSVVM 2018  Axidlite, AxiStream, UART
and . I . ;
Syntiorks | 050 SRR andt Avistream, botn with Bursting.
2021 Singleton Data Structures, HTML & JUnit XML reports
2022 HTML Log & Scoreboard Reports, Code Coverage Reports,
Ethernet VC, Arrays of Transaction Interfaces
_ 2023  Co-simulation of C++ Software in a Hardware Simulator

VC with delay randomization, Specification Tracking Part 2

OSVVM's Verification Framework

* Looks identical to a SystemVerilog framework:
* Verification components (VC) implement interface signaling
« Test sequencer (TestCtrl) calls transactions = test case
 Each test case is a separate architecture of TestCtrl

TbMemlIO
Entity
TestCtr

1

1 Test1
Axi4 DUT Architecture

Manager Axi4PassThru

Clock and TestN
Reset Architecture

Similar capability to SV without the complexity of OO




library osvvm, osvvm_Axi4 ;

context osvvm.OsvvmContext ; Axi4/Testbench/TbAxi4Memory.vhd

context osvvm_axi4.AxidContext ; o |t pthstogetherjuster RTL
* Any VHDL engineer can do this

entity TbAxi4 is

end entity TbAxi4 ;
architecture TestHarness of TbAxi4 is

signal ManagerRec, SubordinateRec : AddressBusRecType (. . . ) ;
signal AxiBusl, AxiBus2 : Axi4RecType (. . .) ;
begin
osvvm.TbUtilPkg.CreateClock(Clk, tperiod_Clk) ;
osvvm.TbUtilPkg.CreateReset(nReset, . . .) ;
DUT_1 : Axid4PassThru ( . . . ) ;
Manager_1 : Axi4Manager (ManagerRec, . . . 5
ser- . ger ( & ’ i Axi4 VC
Memory_1 : Axid4Memory(SubordinateRec, . . . ) ;
TestCtrl_ 1 : TestCtrl (ManagerRec, SubordinateRec); Test

end TestHarness ; Sequencer

Using Context References

e To use OSVVM and OSVVM models, just reference the context declaration

library osvvm ;

context osvvm.OsvvmContext ;
library osvvm_axi4 ;

context osvvm_axi4.Axi4Context ;

o A context declaration (VHDL-2008) is a shorthand for a set of packages

context Axi4Context is
library osvvm_common ;
context osvvm_common.OsvvmCommonContext ;

library osvvm_axi4 ;

use osvvm_axi4.Axi4CommonPkg.all ;
use osvvm_axi4d.Axi4InterfacePkg.all ;
use osvvm_axi4.Axid4ComponentPkg.all ;

end context Axi4Context ;
-- see file: Axi4/src/Axi4Context.vhd




AddressBusRecType = Transaction Interface

type AddressBusRecType is record

Rdy : RdyType ; Control /
Ack : AckType ; Handshaking

Operation : AddressBusOperationType ;
Address : std_logic_vector_max_c ;
AddrWidth ¢ integer_max ; Transaction
DataToModel : std_logic_vector_max_c ; Information
DataFromModel : std_logic_vector_max_c ;
DataWidth ¢ integer_max ;

end record AddressBusRecType ;

AddressBusRecType is defined by OSVVM's MIT

* The record is an "inout" port
* The "magic” is in the types and resolution functions (from ResolutionPkg)

Long term plan is to migrate to VHDL-2019 Interfaces
* Only requires a mode view declaration for the record

AddressBusRecType = Transaction Interface

e Transaction Interface has unconstrained elements

e Sizing unconstrained elements may be done in either a signal
declaration (see below) or a subtype declaration

signal ManagerRec, SubordinateRec : AddressBusRecType(
Address (AXI_ADDR_WIDTH-1 downto @),
DataToModel (AXI_DATA WIDTH-1 downto ),
DataFromModel (AXI_DATA_WIDTH-1 downto ©)
) 5




Axi4RecType

type AxidWriteAddressRecType is record
Addr : std_logic_vector ;
Prot : Axi4ProtType ;
Valid : std_logic ;
Ready : std_logic ;

end record AxidWriteAddressRecType ;

type AxidWriteDataRecType is record
type AxidWriteResponseRecType is record
type AxidReadAddressRecType is record
type Axi4ReadDataRecType is record

type Axi4BaseRecType is record
WriteAddress : AxidWriteAddressRecType ;
WriteData : AxidWriteDataRecType ;
WriteResponse : AxidWriteResponseRecType ;
ReadAddress : Axi4ReadAddressRecType ;
ReadData : Axi4ReadDataRecType ;

end record Axi4BaseRecType ;

Axi4RecType

e Applying constraints to Axi4RecType

signal  AxiBusl, AxiBus2 : Axi4RecType(

WriteAddress( Addr(AXI_ADDR_WIDTH-1 downto @),
ID(7 downto 9),
User(7 downto 0) ),

WriteData( Data( AXI_DATA_WIDTH-1 downto ©0),
Strb( AXI_STRB_WIDTH-1 downto 0),
ID(7 downto 9),
User(7 downto 0) ),

ReadAddress(  Addr(AXI_ADDR_WIDTH-1 downto @),
ID(7 downto 9),
User(7 downto @) ),

ReadData( Data( AXI_DATA_WIDTH-1 downto ©0),
ID(7 downto 9),
User(7 downto ©) )

)



Creating Clock and Reset

o OSVVM package TbUtilPkg has procedures to create clock and reset

-- Create Clock
osvvm.TbUtilPkg.CreateClock(
Clk => Clk,
Period => tperiod_Clk,

DutyCycle => 0.5 -- default, not required

) s

-- Create Reset

osvvm.TbUtilPkg.CreateReset (

Reset
ResetActive =>
Clk =>
Period =>
tpd =>
)

=>

nReset,
‘0",
clk,

7 * tperiod_Clk,

tpd

Instancing the DUT

-- length of reset

Axi4PassThru_1 : Axi4PassThru
port map (

-- AXI Write Address Channel
mAwAddr => AxiBus2.WriteAddress.Addr,
mAwProt => AxiBus2.WriteAddress.Prot,
mAwValid => AxiBus2.WriteAddress.Valid,
mAwReady => AxiBus2.WriteAddress.Ready,
mAwID => AxiBus2.WriteAddress.ID,
mAwLen => AxiBus2.WriteAddress.Len,
mAwSize => AxiBus2.WriteAddress.Size,
mAwBurst => AxiBus2.WriteAddress.Burst,
mAwLock => AxiBus2.WriteAddress.Lock,
mAwCache => AxiBus2.WriteAddress.Cache,
mAwQOS => AxiBus2.WriteAddress.QOS,
mAwRegion => AxiBus2.WriteAddress.Region,
mAwUser => AxiBus2.WriteAddress.User,

-- AXI Write Data Channel

mwWData

=> AxiBus2.WriteData.Data,

Records can be accessed element by element

14




Simplifying Connections to Axi4RecType

Alternately: Create aliases to record elements and use like signals

alias AWValid : std_logic is AxiBusl.WriteAddress.Valid ;

alias AWReady : std_logic is AxiBusl.WriteAddress.Ready ;

alias AWProt : Axi4ProtType is AxiBusl.WriteAddress.Prot ;
alias AWAddr : std_logic_vector is AxiBusl.WriteAddress.Addr ;

-- Axi4 Full

alias AWID : std_logic_vector is AxiBusl.WriteAddress.ID ;
alias AWLen : std_logic_vector is AxiBusl.WriteAddress.Len ;
alias AWSize : std_logic_vector is AxiBusl.WriteAddress.Size ;
alias AWBurst : std_logic_vector is AxiBusl.WriteAddress.Burst ;
alias AWLock : std_logic is AxiBus.WriteAddress.Lock ;
alias AWCache : std_logic_vector is AxiBus.WriteAddress.Cache ;
alias AWQOS : std_logic_vector is AxiBus.WriteAddress.QOS ;
alias AWRegion : std_logic_vector is AxiBus.WriteAddress.Region ;
alias AWUser : std_logic_vector is AxiBus.WriteAddress.User ;

Simplifying Component Instances

e OSVVM likes component instances, since they allow configurations
e Easy Path: OSVVM VC provide a component declaration in a package
package Axi4ComponentPkg is

component AxidManager is
generic ( . . . ) ;
port (
Clk : in std_logic ;
nReset : in  std_logic ;

-- Testbench Transaction Interface
TransRec : inout AddressBusRecType ;

-- AXI Manager Functional Interface
AxiBus : inout Axi4dRecType

)

As a result, to use OSVVM VC, only a component instance is needed
16




Connecting the Axi4Manager

e Use of records simplify connections

Axi4Manager_1 : Axi4Manager
generic map (

)
port map (

clk => Clk,
nReset => nReset,

-- AXI Manager Functional Interface | AX14 Interface
AxiBus => AxiBusl,

-- Testbench Transaction Interface
TransRec => ManagerRec

)

| Transaction Interface I

e Transaction information in the record simplifies debug
e Approach is about as simple as it gets without obfuscation

Connecting the Axi4dMemory

Axi4Memory_1 : Axi4Memory
generic map (

)
port map (

clk => Clk,
nReset => nReset,

-- DUT Manager connecting to Memory | AXI4 Interface
AxiBus => AxiBus2,

-- Testbench Transaction Interface
TransRec => SubordinateRec

)

| Transaction Interface I

e The transaction interface supports back door access to memory




Connecting the TestCtrl

TestCtrl_1 : TestCtrl
port map (
-- Global Signal Interface
nReset => nReset,

-- Transaction Interfaces

ManagerRec => ManagerRec, Transaction Interfaces
SubordinateRec => SubordinateRec

) s

Verification Framework - Elements

+ Transaction Interface (record) + Transaction APl (procedures) - OSVVM MIT
« Verification components - Implement interface signaling

 Test Sequencer - Contains transactions to sequence the VC Interfaces

* Test Suite = multiple test sequencer (TestCtrl) architectures

TbMemlIO

TestCtrl

i ManaaerProc ManagerRec .
i Write(...) Axi4Manager

i MemorvProc SubordinateRec
i Read(...) Axi4dMemory




TestCtrl Interface

library OSVVM_AXI4 ;

context OSVVM_AXI4.AxidContext ;

entity TestCtrl is
port (
-- Global Signal Interface

nReset : In std_logic ;

-- Transaction Interfaces
ManagerRec : inout AddressBusRecType ;

SubordinateRec : inout AddressBusRecType

) s
end entity TestCtrl ;

Recommendation:

Keep TestCtrl entity in a separate file from the architecture(s).

Facilitates using multiple architectures.

architecture ReadWritel

begin
ControlProc : process
begin

WaitForBarrier(TestDone, 5 ms) ;
EndOfTestReports ;
std.env.stop;

end process ;

ManagerProc : process

begin
wait until nReset = '1' ;
Write(. . .) ;

WaitForBarrier(TestInit);

WaitForBarrier(TestDone) ;
end process ;

MemoryProc : process

begin
WaitForBarrier(TestInit);
Read(. . .) ;

WaitForBarrier(TestDone) ;
end process;

of TestCtrl is

Aspects of a Test Sequencer
» Whole test in one file

* Control Process
* Initialize & finalize test
» One process per interface
» Concurrent, just like design
* Tests =
* Calls to transactions
* Easy to add and mix in
* Directed Tests
* Constrained Random
* Scoreboards
* Functional Coverage
» Synchronization
* Error Reporting & Messaging

11



AXI4 Transactions use the Address Bus MIT

+ Packages: AddressBusTransactionPkg
AddressBusResponderTransactionPkg
AddressBusTransactionArrayPkg

Library: OSVVM_Common
Directory: OsvvmlLibraries/Common/src

Defines:
type AddressBusRecType is record . . .

Write(AddrRec, iAddr, iData) ;
Read (AddrRec, iAddr, oData) ;

Reference the packages by using the context declaration

library OSVVM_Common ;
context OSVVM_Common.OsvvmCommonContext ;

* OSVVM VC include this context in their context declaration

Address Bus: Blocking Transactions

Write (AddrRec, iAddr, iData ) ;

Read (AddrRec, iAddr, oData ) ;

ReadCheck (AddrRec, iAddr, iData ) ;

ReadPoll (AddrRec, iAddr, [oData,] Index, BitVvalue, ..) ;
* These transactions

* Works well in OSVVMs one process per interface methodology

* Purpose:
 Test DUT internal functionality
* Tests are independent of the Bus Interface
» Hence we don't call it Axi4Write
* Tests written with these can be reused with another bus manager.

* Limitation:
» Does not test AXI Interface specifics - like simultaneous write and read




Byte Enables / WSTRB

o Data width and byte enables determined by address and data width

ManagerProc : process
variable Data : std_logic_vector (31l downto 0) ;
variable Data8 : std_logic_vector( 7 downto 0);
begin
wait until nReset = '1l' ;

Basic Write and Read. 32 bit Data.

Basic operations block until done.
Data width determined by data parameters

TransRec Address Data
Write (ManagerRec, X"AAAA AAAQ", X"5555 5555");
Read (ManagerRec, X"1111 1110", Data) ;

-- Basic Byte Write and Read.

-- Byte lanes = F (Address)
Write (ManagerRec, X"AAAA AAALl", X"22" )
Read (ManagerRec, X"1111 1112", Data8) ;

Self-Checking

o Read + Affirmlf / AffirmIfEqual in the testbench
ManagerProc : process

Read (ManagerRec, X"1111 1112", Data8);
AffirmIfEqual(TbID, Data8, X"22", "Read") ;

e Output

%% 2150 ns Alert ERROR In TB, Read Received: 24 /= Expected: 22

%% 2150 ns Log PASSED In TB, Read Received: 22 at 2150 ns

e ReadCheck and do the checking in the VC

ReadCheck (ManagerRec, X"1111 1112", X"22");

e Output
%% 2150 ns Alert ERROR In Manager_1, Read: . . .

%% 2150 ns Log PASSED In Manager_1, Read: . . .

13



Address Bus: Asynchronous Transactions

WriteAsync (AddrRrec,
WriteAddressAsync(AddrRec,
WriteDataAsync  (AddrRec,

ReadAddressAsync (AddrRec,
ReadData (AddrRec,
ReadCheckData (AddrRrec,
TryReadData (AddrRrec,
TryReadCheckData (AddrRec,

iAddr, iData);
iAddr);

X"0@", X"5555"); --*

iAddr);
oData) ;
iData) ;

oData, oAvailable) ;
iData, oAvailable) ;

+ Async operations queue transactions and do not wait for completion
» WriteDataAsync requires a byte address
» Note, Byte Enables are calculated based on Address and length of Data

* Purpose:
* Test specifics of Interface

* Generate Write and Read cycles simultaneously
* Generate Write Address before Write Data
* Generate Write Data before Write Address

Asynchronous Transactions & AXlI4

Write Addr

Write Data

Write Resp

Read Addr

Read Data

WriteAsync (AddrRec, A1, D1);
WriteAsync (AddrRec, A2, D2);
WriteAsync (AddrRec, A3, D3);

WaitForClock (AddrRec, 1) ;

ReadAddressAsync (AddrRec,
ReadAddressAsync (AddrRec,
ReadAddressAsync (AddrRec,

ReadCheckData (AddrRec,
ReadCheckData (AddrRec,
ReadCheckData (AddrRec,

Al);
A2);
A3);

-- Async = Queue

-- Stop for 1 Clock

-- Queue Reads

D1); -- Blocking, checks D1
D2); -- Blocking, checks D2
D3); -- Blocking, checks D3

28
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Asynchronous Transactions & AXlI4

Write Addr

Write Data

Write Resp

Read Addr

Read Data

WriteAddressAsync (AddrRec,
WriteAddressAsync(AddrRec,
WriteAddressAsync (AddrRec,

WaitForClock

WriteDataAsync
WriteDataAsync
WriteDataAsync

WaitForClock
ReadCheck

(AddrRec,

(AddrRec,
(AddrRec,
(AddrRec,

(AddrRec,
(AddrRec,

A5); -- Queue Write Address
A6); -- Queue Write Address
A7); -- Queue Write Address
1);

X"@", DS);

X"e", D6);

x"e", D7);

1);

A5, D5); -- Blocking, checks D5
29

Asynchronous Transactions & AXlI4

Write Addr

Write Data

Write Resp

Read Addr

Read Data

ée;dAddressAsync (AddrRec,
(AddrRec,
(AddrRec,
(AddrRec,
WriteAddressAsync (AddrRec,
ReadCheck (AddrRec, A7, D7) ;
ReadCheck (AddrRec, A8, D8) ;

WaitForClock
WriteDataAsync
ReadCheckData

A6); -- Queue Read

1) ; -- Stops for 1 Clock
X"0", D8); -- Queue Write Data
D6); -- Blocking, checks D6
A8);

15



Address Bus: Bursting

 Burst Transactions, Interface Independent Transactions

WriteBurst(AddrRec, iAddr, iNumFifoWords [, iMsgOn]) ;
ReadBurst (AddrRec, iAddr, iNumFifoWords [, iMsgOn]) ;

+ Square brackets indicate the parameter is optional

* The burst FIFO is configurable to be a

byte or word

SetBurstMode (AddrRec, ADDRESS_BUS_BURST_WORD_MODE) ;
SetBurstMode (AddrRec, ADDRESS_BUS_BURST_BYTE_MODE) ;

* OSVVM Burst FIFOs are in the Transaction Interface (record)
alias WriteBurstFifo : ScoreboardIDType is AddrRec.WriteBurstFifo;

alias ReadBurstFifo : ScoreboardIDType is AddrRec.ReadBurstFifo ;

* The above aliases are used to simplify following slides.

» Using FIFO methods (ScoreboardGenericPkg)

Push(WriteBurstFifo, X"A5") ;
ReadData := Pop(ReadBurstFifo) ;

Address Bus: Bursting

+ Specialized Burst FIFO Push, Pop and Check operations (FifoFillPkg_slv)

PushBurstVector (WriteBurstFifo,
PushBurstVector (WriteBurstFifo,
PushBurstIncrement (WriteBurstFifo,
PushBurstRandom (WriteBurstFifo,
PushBurstRandom (WriteBurstFifo,

PopBurstVector (ReadBurstFifo,
PopBurstVector (ReadBurstFifo,

CheckBurstVector  (ReadBurstFifo,
CheckBurstVector  (ReadBurstFifo,
CheckBurstIncrement(ReadBurstFifo,
CheckBurstRandom  (ReadBurstFifo,
CheckBurstRandom  (ReadBurstFifo,

iSlvVvector);

iIntVector, iWidth);
iStartSlv, iCount);
iStartSlv, iCount);
iCoverlID, iCount, iWidth);

oSlwVector, [oCount]);
oIntVector, [oCount]);

iSlvVector);

iIntVector, iWidth);
iStartSlv, iCount);
iStartSlv, iCount);
iCoveriID, iCount, iWidth);

* iSlvVector and oSlvVector are of type slv_vector (OsvwmTypesPkg).

type slv_vector is array (integer range <>) of std_logic_vector ;

16



Address Bus: Bursting

 Using PushBurstVector, ..., and CheckBurstVector, ...

PushBurstVector(WriteBurstFifo,

(X"0000_BOO1", X"0000 BOO3", X"0000 BOO5", X"0000 BOO7") ) ;
PushBurstIncrement(WriteBurstFifo, X"0000_B100", 10) ;
PushBurstRandom(WriteBurstFifo, X"0000_B200", 6) ;

CoverIDl := NewID("Covla");
InitSeed(CoverIDl, 5);

AddBins(CoverIDl, 1, GenBin(©@,7) & GenBin(16,23));
PushBurstRandom(WriteBurstFifo, CoverIDl1, 16, 32) ;

WriteBurst(AddrRec, X"0000 _B000", 36) ;

ReadBurst (AddrRec, X"0000_B000", 36) ;

CheckBurstVector (ReadBurstFifo,

(X"0000_BOO1", X"0000 BOO3", X"0000 BAO5", X"0000 BOO7") ) ;
CheckBurstIncrement(ReadBurstFifo, X"0000 B100", 10) ;
CheckBurstRandom(ReadBurstFifo, X"@000_B200", 6) ;

CheckBurstRandom(ReadBurstFifo, CoverID2, 16, 32) ;

33

Address Bus: Bursting

* Specialized WriteBurst and ReadCheckBurst Variations

WriteBurstVector (AddrRec, iAddr,
WriteBurstIncrement(AddrRec, iAddr,
WriteBurstRandom (AddrRec, iAddr,
WriteBurstRandom (AddrRec, iAddr,

ReadCheckBurstVector  (AddrRec,
ReadCheckBurstIncrement(AddrRec,
ReadCheckBurstRandom  (AddrRec,

ReadCheckBurstRandom  (AddrRec,

iAddr,
iAddr,
iAddr,
iAddr,

iSlvVector);

iStartSlv, Count);
iStartSlv, Count);
iCoverID, Count, Width);

iSlvVector);

iStartSlv, Count);
iStartSlv, Count);
iCoverID, Count, Width);

17



Address Bus: Bursting

 Using WriteBurstVector, ..., and ReadCheckBurstVector, ...

-- Based on test TbAxi4_MemoryReadWriteDemol.vhd
WriteBurstVector(AddrRec, X"0000 3000",
(X"0000_B001", X"0000 BEO3", X"0000 BOO5", X"0000 BOO7") ) ;

ReadCheckBurstVector(AddrRec, X"0©000_3000",

(X"0000 _B001", X"0000 BEO3", X"0000 BOO5", X"0000 BOO7") ) ;
WriteBurstIncrement(AddrRec, X"0000_4000", X"0000 B1lee", 190) ;
ReadCheckBurstIncrement(AddrRec, X"0000 _4000", X"0000 B100", 10) ;

WriteBurstRandom(AddrRec, X"0000_5000", X"0000 B200", 6) ;
ReadCheckBurstRandom(AddrRec, X"0000 5000", X'"0000 B200", 6) ;
CoverIDl := NewID("Covla");

InitSeed(CoverIDl, 5);

AddBins(CoverIDl, 1, GenBin(@,7) & GenBin(16,23));
WriteBurstRandom(AddrRec, X"0000_6000", CoverID1l, 16, 32) ;

ReadCheckBurstRandom(AddrRec, X"0000_6000", CoverID2, 16, 32) ;

Directive Transactions

* General

WaitForClock (TransRec, NumberOfClocks) ;
GetTransactionCount(TransRec, Count) ;
GetAlertLogID (TransRec, AlertLogID) ;
GetErrors (TransRec, ErrCnt) ;

» Directives do not result in interface actions

 Setting Model Options

SetModelOptions(TransRec, ModelOptions, iOptVval) ;
GetModelOptions(TransRec, ModelOptions, oOptVal) ;

* ModelOptions is type integer
» OptVal can be type integer, boolean, std_logic_vector, or time
+ AXI4 and AxiStream VC use an additional abstraction layer for Options

18



Arrays of Transactions

type AddressBusRecArrayType is array (natural range <>) of AddressBusRecType ;

type StreamRecArrayType is array (natural range <>) of StreamRecType ;

* Supports multiple instances of the same VC

signal ManagerRec: AddressBusRecArrayType (1 to NUM_AXIM) ;

GenerateAximInstances : for GEN_AXIM in 1 to NUM_AXIM generate
begin
AxiManager_1 : AxiManager
generic map (MODEL_ID NAME => "AxiM_" & to_string(GEN_AXIM))
port map (
Clk => Clk,
nReset => nReset,

AxiBus => AxiBus(GEN_AXIM),

TransRec => ManagerRec(GEN_AXIM)
) s

end generate GenerateAximInstances ;

Arrays of Transactions

¢ Issue: Actuals to signal parameters must be static signal names

» "For loop" indices are not static, so the following is illegal
CentralTestProc : process
begin
for I in 1 to 16 loop
--11" Write( ManagerRec(I),
end loop ;

+ All OSVVM MIT transactions support array based transactions

CentralTestProc : process
begin
for I in 1 to 16 loop
Write( ManagerRec, I,
end loop ;

19



Arrays of Transactions

¢ Issue: Actuals to signal parameters must be static signal names

* "For generate" indices are static

GenerateAxiMHandlers : for GEN_AXIM in 1 to NUM_AXIM generate
begin
ManagerProc : process
variable Address : std_logic_vector(31 downto ©) ;
variable Data : std_logic_vector(31 downto 9) ;
begin

Write(ManagerRec(GEN_AXIM), . . . ) ;

WaitForBarrier(TestDone) ;
wait ;
end process ManagerProc ;
end generate GenerateAxiMHandlers ;

Configuring AXI4 Options
o Set AXI4 Options
o SetAxi4Options is a directive transaction and does not consume time

e Option is a enumeration
e For interface signal values, the enum matches the AXI signal name
o OptVal is can be integer, std_logic_vector, or boolean

e Read the current AXI4 Options settings
GetAxi4Options(ManagerRec, <Option>, <Optval>) ;

o Set BRESP to expect SLVERR for one transaction

SetAxi4Options(ManagerRec, BRESP, SLVERR) ;
Write(ManagerRec, X"0002_0000", X"0002_0101" ) ;
SetAxi4Options(ManagerRec, BRESP, OKAY) ;

20



Configuring AXI4 Address Write Default Values

Driver Description

Manager Wiite Address

Manager Set when address channels has valid values

Subordinate Set when Subordinate ready to accept values

Manager Initial value = 0
Privilege level. Frequency of usage?

Manager Wirite Address ID. Initial value = 0.
Used in reordering operations.

AWLEN Manager Number of transfers in a burst.
#Bytes, Word Width, Starting Address)

AWSIZE Manager Set to log2(Data Bytes) = Full width of interface.

AWBURST | Manager Initial value = INCR
Options: Fixed, Incr, Wrap.

AWLOCK Manager Initial value = 0.

AWCACHE | Manager Initial value = 0. Cache Memory Access Types.

AWQOS Manager Initial value = 0. Quality of Service.

AWREGION | Manager Initial value = 0.
Partitions Subordinates into separate areas.

AWUSER Manager Initial value = 0

Configuring AXI4 Write Data Default Values

Description

Write Address

Currently only supports contiguous bursts.
F(#Bytes, Starting Address)

Upgrade to support Metavalue = 0

Manager Set when channel has valid values

Subordinate Set when Subordinate ready to accept values

Manager Asserted on last data value of transaction.
Single word — always asserted
Burst — last word

Write Data ID. Initial value = 0.
Used in reordering operations.

Initial value = 0.

e WSTRB is set as a function of a transaction's
e address LSBs and
o the data width




Configuring AXI4 Write Response Default Values

Configurable Description

Yes Values:

AXI4_RESP_OKAY (Initial)
AXI4_RESP_EXOKAY
AXI4_RESP_SLVERR
AXI4_RESP_DECERR

Subordinate Set when Subordinate has valid values

Manager Set when Manager ready to accept values

Subordinate Axi4Memory: Matches Address Write

Axi4Subordinate: Set by configuration = 0

Subordinate Axi4Memory: Matches Address Write

Axi4Subordinate: Set by configuration = 0

Configuring AXI4 Address Read Default Values

Signal Driver Configurable Description

ARADDR Manager No Read Address

ARVALID Manager No Set when address channels has valid values

ARREADY Subordinate | No Set when Subordinate ready to accept values

ARPROT Manager Yes Initial value = 0

Privilege level. Frequency of usage?

ARID Read Address ID. Initial value = 0.
Used in reordering operations.

ARLEN Number of transfers in a burst.
F(#Bytes, Word Width, Starting Address)

ARSIZE Set to log2(Data Bytes) = Full width of interface.

ARBURST Initial value = INCR
Options: Fixed, Incr, Wrap.

ARLOCK Initial value = 0.

ARCACHE Initial value = 0. Cache Memory Access Types.

ARQOS Initial value = 0. Quality of Service.

ARREGION Initial value = 0.
Partitions Subordinates into separate areas.

ARUSER Initial value = 0




Configuring AXI4 Read Data Default Values

Driver Description

Subordinate Write Address

Subordinate Initial = OKAY

Subordinate Set when channel has valid values

Manager Set when Subordinate ready to accept values

Subordinate Axi4Memory: Matches Address Read

Axi4Subordinate: Set by configuration = 0

Axi4Memory: Matches Address Read

Axi4Subordinate: Set by configuration = 0

Subordinate Asserted on last data value of transaction.
Single word — always asserted
Burst — last word

Configuring AXI4 Timing Characteristics

e xReady TimeOut
o Number of clock cycles after sending xValid

Name Initial Value in VC

WRITE_ADDRESS_READY_TIME_OUT 25

WRITE_DATA_READY_TIME_OUT 25

WRITE_RESPONSE_READY_TIME_OUT 25

READ_ADDRESS_READY_TIME_OUT 25

READ_DATA_READY_TIME_OUT 25

e xValid TimeOut
e Number of clock cycles to complete write response or read data

Name Initial Value in VC

WRITE_RESPONSE_VALID_TIME_OUT 25

READ_DATA_VALID_TIME_OUT 25

Timeout Periods = interface level watch dog timer
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Static Delays for AXI4 xValid

vC Name Initial Value in VC

Manager WRITE_ADDRESS_VALID_DELAY_CYCLES 0

Manager WRITE_DATA_VALID_DELAY_CYCLES 0

Manager WRITE_DATA_VALID_BURST_DELAY_CYCLES 0

Subordinate WRITE_RESPONSE_VALID_DELAY_CYCLES

Manager READ_ADDRESS_VALID_DELAY_CYCLES

Subordinate READ_DATA_VALID_DELAY_CYCLES

Memory Subordinate | READ_DATA_VALID_BURST_DELAY_CYCLES

e X_VALID_DELAY_CYCLES
e Measured from start of transaction
e X_VALID_BURST_DELAY_CYCLES
o Delay between beats of a burst transfer

SetAxi4Options(ManagerRec, WRITE_ADDRESS_VALID_DELAY_CYCLES, 1) ;
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Static Delays for AXI4 xReady

e In the model, Ready can be dependent or independent of Valid.

o Ready dependent on Valid: READY_BEFORE_VALID = FALSE

READY_DELAY_CYCLES =2

24



Static Delays for AXI4 xReady

Default Value

-- Write Response READY configuration
WRITE RESPONSE READY BEFORE VALID TRUE
WRITE _RESPONSE READY DELAY CYCLES 0

-- Read Data READY configuration
READ DATA READY BEFORE_VALID
READ DATA READY DELAY CYCLES

o Used when testing the AXI Slave Interface compliance
AxiManagerProc : process

SetModelOptions (ManagerRec,
WRITE RESPONSE READY BEFORE VALID, FALSE);

SetModelOptions (ManagerRec,
WRITE RESPONSE READY DELAY CYCLES, 2);

Randomizing Delays for xValid and xReady

+ Delay coverage packetizes transfers into sets of transfers characterized by:
« Burst Length - Number of items in a packet
» Beat Delay - Delay between each word in a packet
» Burst Delay - Delay between packets

+ Delay coverage uses 3 coverage models that represent the above items

type DelayCoverageIDType is record
ID : integer_max ;
BurstLengthCov : CoverageIDType ;
BurstDelayCov : CoverageIDType ;
BeatDelayCov : CoverageIDType ;
end record DelayCoverageIDType ;

* The IDs for the lower level coverage models are available in both the
DelayCoveragelD and inside the DelayCoverage data structure.
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Randomizing Delays for xValid and xReady

» Enable Delay Coverage with SetUseRandomDelays (FALSE by default)

ManagerProc : process -- in TestCtrl
begin

SetUseRandomDelays(ManagerRec, TRUE) ;

+ Enable Delay Coverage with SetUseRandomDelays (FALSE by default)
* This will use the current settings in the VC delay models

Randomizing Delays for xValid

+ Default values for the xValid delay coverage are:

AddBins (WriteAddressDelayCov.BurstLengthCov, GenBin(2,10,1)) ;
AddBins (WriteAddressDelayCov.BeatDelayCov, GenBin(9)) ;
AddBins (WriteAddressDelayCov.BurstDelayCov, GenBin(2,5,1)) ;

» Understanding these values
+ A burst will be between 2 and 10 cycles
» Within the burst, there will be no delays
» Between bursts there will be a delay of between 2 and 5 cycles

* Settings are independent of word or burst transfer
* 100 word transfers works just like a burst of 100 words
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Randomizing Delays for xReady

+ Default values on the xReady delay coverage are:

AddBins (xxxDelayCov.BurstLengthCov, GenBin(2,10,1)) ;
AddCross(xxxDelayCov.BeatDelayCov, GenBin(®), GenBin(@)) ;
AddCross(xxxDelayCov.BurstDelayCov, GenBin(©,1,1), GenBin(2,5,1));

* Where for Axi4Manager, xxx is ReadData and WriteResponse

 BurstDelayCov and BeatDelayCov are cross coverage:
« First bin is the ReadyBeforeValid settings A 0 = TRUE or no delays
+ Second bin is the delay

» Understanding these values

+ A burst will be between 2 and 10 cycles
» Within the burst, there will be no delays and ReadyBeforeValid is TRUE

* Between bursts there will be a delay of between 2 and 5 cycles and
50% of the time ReadyBeforeValid will be TRUE (and 50% FALSE)

Randomizing Delays for AXI4 xValid

* Values for the delay coverage may be changed

* Get the DelayCoverage Model (to change its internal settings)

GetDelayCoveragelID
GetDelayCoveragelID
GetDelayCoveragelID
GetDelayCoveragelD
GetDelayCoveragelID

(ManagerRec,
(ManagerRec,
(ManagerRec,
(ManagerRec,
(ManagerRec,

WriteAddressDelayCov, WRITE_ADDRESS_ID) ;
WriteDataDelayCov, WRITE_DATA_ID) ;
WriteResponseDelayCov, WRITE_RESPONSE_ID) ;
ReadAddressDelayCov, READ_ADDRESS_ID) ;
ReadDataDelayCov, READ_DATA_ID) ;

+ AXI VC have a DelayCoverage model for each interface

* Set the DelayCoverage Model (to swap one ID for a different one)

SetDelayCoverageID

(ManagerRec,

WriteAddressDelayCov, WRITE_ADDRESS_ID) ;

* For more details on use models, see

+ DelayCoverage_user_guide.pdf in Documentation repository
+ TestCases for Axi4 and AxiStream
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AxidMemory

 Supports Basic MIT Transactions as backdoor access to memory

Write (AddrRec, iAddr, iData ) ;
Read (AddrRec, iAddr, oData ) ;
ReadCheck (AddrRec, iAddr, iData ) ;
ReadPoll (AddrRec, iAddr, [oData,] Index, BitValue, ..) ;

* These transactions complete in delta cycles

 Supports both Static and Randomized delays for xReady and xValid

» Supports Directive Transactions

AxidMemory

* Memory may be shared with another instance of Axi4Memory

AxidMemory_1 : AxidMemory
generic map (

Make MEMORY_NAME
generic the same and
) the memory is shared

MEMORY_NAME => "ZyngSharedMemory"

port map (
)

Axi4Memory_2 : Axi4Memory
generic map (
MEMORY_NAME => "ZyngSharedMemory"

)
port map (

);.
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Virtual Transaction Interfaces

 Virtual Transaction Interfaces are for VC internal to the DUT.

AXI Manager

UartRx

[ cpurf| |memii]

Clock and || [intctri] | uar |

UartTx

Reset

SRAM
Model

AXI4 Entity: Virtual Transaction Interface

entity Axi4ManagerVti is
generic (. . . ) ;
port (
Clk : in  std_logic ;
nReset : in  std_logic ;

AxiBus : inout Axi4RecType

)

constant AXI_ADDR_WIDTH : integer :
constant AXI_DATA_WIDTH : integer :

end entity Axid4ManagerVti ;

AXl4 Interface

AxiBus.WriteAddress.Addr'length ;
AxiBus.WriteAddress.Data'length ;

Transaction
Interface
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AXl4 Test Harness: VTI

+ Step 1: Reference the packages

library osvvm_AXI4 ;
context osvvm_AXI4.AxidContext ;

» Step 2: Create Test Harness - Axi4Manager
DUT_1 : DUT port map ( ...
UartRx_1 . UartRx port map ( ...
UartTx_1 ¢ UartTx port map ( ...
TestCtrl_1 : TestCtrl port map ( ...,

« Alternately the external name can be inside of TestCtrl (see next slide)

 Step 3: Instance Axi4ManagerVti in DUT
architecture RTL of DUT is
begin
Axi4Manager_1 : Axi4ManagerVti port map ( ..., AxiBus ) ;

Alternately: Create Alias in TestCtrl

¢ Instead of putting external name on port map (previous slide), ..

entity TestCtrl is
generic (
tperiod_Clk : time := 10 ns

UartTxRec : InOut StreamRecType ;
UartRxRec : InOut StreamRecType ;

Maragerfee———InrSutAddressBushecype——

nReset : In std_logic
) s

end TestCtrl ;

* OSVVM VTI VC give the external name (the alias) the same name as the

corresponding port
60
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Getting OSVVM & Running Scripts

» Get the sources:

git clone --recursive https://github.com/osvvm/OsvvmLibraries

* Alternately, a zip file is at: osvvm.org/downloads

* Initialize the simulator — see Documentation/Scripts_user_guide.pdf

file mkdir sim ;
cd sim
source

» Build all OSVVM and Run All VC Tests

# In directory containing OsvvmLibraries

../OsvvmLibraries/Scripts/StartUp.tcl

build $0svvmLibraries/OsvvmLibraries.pro
build $0svvmLibraries/AXI4/Axi4/RunDemoTests.pro
build $0svvmLibraries/AXI4/Axi4/RunAllTests.pro

« Each VC has a RunAllTests and RunDemoTests

All you need is ... OSVVM

Verification Framework
Transaction Interface & API
Verification Components
Test Sequencer (Test Cases)

Verification Utility Library

Constrained Random,
Functional Coverage, Scoreboards,
Messaging, Error Tracking, ...

(S
Verification Component
Library

AXI4 Full, Lite, AXI Stream,
UART, xMIl

N
Script Library

Tool Independent Scripts
One Script to Run them All

-

Co-Simulation

Run C++ in Hardware Simulator
Write tests in C++

Benefits

_J

Test Reports
HTML Test Suite, Test Case, Log Files
JUnit XML for Cl tools

* Tests and VC can be written by any VHDL Engineer
Tests are Readable and Reviewable by All
Unmatched reuse through the entire verification process
Unmatched report capability with HTML for humans and JUnit XML for Cl
Powerful and Concise — rivals other verification languages

Adopt incrementally as needed




SynthWorks VHDL Classes

Comprehensive VHDL Introduction 4 Days - beginners class
http://www.synthworks.com/comprehensive vhdl introduction.htm
A design and verification engineer's introduction to VHDL syntax, RTL coding,

and testbenches. Students get VHDL hardware experience with our FPGA based
lab board.

Advanced VHDL Testbenches and Verification - OSVVM Boot Camp - 5 days
http://www.synthworks.com/vhdl testbench verification.htm

Learn the latest VHDL verification techniques including transaction based modeling,
self-checking, scoreboards, memory modeling, functional coverage, directed,

algorithmic, constrained random, and intelligent testbench test generation. Create
a VHDL testbench environment that is competitive with other verification

languages, such as SystemVerilog or 'e’.  Our techniques work on VHDL simulators
without additional licenses and are accessible to RTL engineers.

VHDL Coding for Synthesis 4 Days
http://www.synthworks.com/vhdl rtl synthesis.htm

Learn VHDL RTL (FPGA and ASIC) coding styles, methodologies, design techniques,

problem solving techniques, and advanced language constructs to produce better,
faster, and smaller logic.

OSVVM Resources

e Documentation
e HTML: https://osvvm.github.io/Overview/Osvwm1About.html
e PDF: OsvvmlLibraries/Documentation - in OSVVM release
e Forum:  https://osvvm.org

e Recorded Webinars
e OSVVM: Leading Edge Verification for the VHDL Community
o https://www.youtube.com/watch?v=KVmGDy_PHNI
e Faster than Lite Verification Component Development with OSVVM
¢ https://www.aldec.com/en/support/resources/multimedia/webinars/2187
e OSVVM's Test Reports and Simulator Independent Scripting

e https://www.aldec.com/en/support/resources/multimedia/webinars/2188
e Advances in OSVVM's Verification Data Structures

o https://www.aldec.com/en/support/resources/multimedia/webinars/2190
e Jump start your VHDL verification effort with training

e Advanced VHDL Testbenches and Verification — OSVVM Boot Camp
o https://synthworks.com/vhdI_testbench_verification.htm
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