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Automatic generation of OVM/UVM registers
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Transistor count
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Trends In the Industry

 Higher density
— Integration of higher density IP in an SoC

e Greater reuse of IP
— External, 3" party
— Internal, older projects, other teams

o Greater configurability
— Use of programmable registers
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Use of Programmable reqisters

e Control Hardware

e Send Status to Software
o Configuration tables

e 1000s of registers per IP
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Configurable Regqisters
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Register Fields

Register: Block_b1_config

Address: 0xA0005001

Purpose: Configuration of the B1 block.
Fields : F1, F2

R T — ]

Field: F2 Field: F1
Purpose: Turns Purpose: Turns
functionality F2 on/foff functionality F1 onfoff
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Why are Registers Important

* Registers are present in large numbers in a chip
For instance VGAJ/LCD controller contains 560 registers
Microprocessor like UltraSparc contains thousands of registers
« They present programming interface

« Verification of these registers are important as their malfunction can cause
failure in the whole system.

* Needs some verification methodology to address register verification
challenge
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What you do with reqisters

v Describe

v Create in HW

v Verify

v'Debug in Lab

v Program with SW
v'Document for end-user

o All this takes > 20% of development time
and resources
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=
Consumers of Register Information
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Presenter
Presentation Notes
Changes to registers effect not just the Hardware Design teams but Verification, Device Driver, Firmware, Lab debug, Technical Documentation, Diagnostics and  Application software. 


The Problem

Application Format

Functional Specification MS Word/Frame/OpenOffice

HW Design VHDL/Verilog

HW Programming Guide MS Word/Excel

Verification Environment OVM, VMM, SystemVerilog - UVM
Firmware C/C++ header

Diagnostics C/C++ header

Application Software C/C++ header
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Semiconductor Industry Challenges

= 80% of designs go over deadline by an average 44%*
= 70% effort devoted to verification
= 80% of product cost is head count related*

» Make people more effective
» Make processes efficient
» Get appropriate tools

*Source: NXP/Spirit 2008
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Presenter
Presentation Notes
Accelerate TTM
  


How to improve TTM & reduce costs?

e Make people more effective
» Focus on core competency
> Automate mundane tasks

e Make process efficient

» Do not duplicate effort, use single source — eliminate bugs and
need to keep things in-sync

» Manage change

> Take a holistic approach : not strive for local minima, achieve
company-wide minima

o Get appropriate tools
» Correct-by-construction : Cheapest way to catch bugs
» Very short learning curve : low ramp-up time
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IDesignSpec

* Register Automation and Management tool

— Simple plug-in that xforms Editor into EDA tool
* Not based on a separate GUI or new language

— Enables you to embedded Register information
In an executable form inside Hardware Spec.

— Generates all views from the single source

* Recipient of “Innovative EDA tool” award at
VLSI Conference Jan'09
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Key Benefits

» Automatically Verify all registers in the design
» Create synthesizable code for all registers

» Get a jJump start for Device Driver, Firmware and
application software development

» Automatically create documentation for customers and
Tech-Pubs

» Improves productivity of engineers and quality of results
» Prevents errors from entering the system

» Uses open industry standards
Data is not locked into some proprietary vendor standard
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Presenter
Presentation Notes
IDesignSpec brings you a new approach to managing the register information that is concise and process efficient. 
It does not require you to learn a new GUI or Language
It enables you to capture hardware's functional and register specification in a single document. 
This document forms a single source for all information .... enabling you to *automatically* generate working code.


Architecture

OVM/UVM
IP-XACT
IP-XACT 1.4 v
IDesighSpec /
SystemRDL Word I =
FrameMaker
OpenOffice \
Excel/CSV SystomRDL
Custom Word
Templates ]
Tcl / XSLT / Perl HTML/XML

/

” "gl EEH 5 g Custom Custom

OR Batch Formatted Output

Word files
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Popular Use Model

OVM/UVM
IP-XACT
IP-XACT C/C++h
SystemRDL RTL
/ OpeROffice \
XML/Excel/CSV SystemRDL
Custom Word
Templates
Tcl / XSLT / Perl XML
m Custom Custom
Formatted Output
OR Batch Word files
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Outputs

« Verification : OVM, VMM, UVM*
e Design: SystemVerilog, Verilog, VHDL
(AMBA®, Avalon®, any proprietary bus)
o Software : C/C++ header files
 Documentation : HTML, MS Word®, OpenOffice.org,
FrameMaker®
e Standards: IP-XACT®, SystemRDL®

*When it is released
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Key Advantages

» Editor based, no GUI, no new language
» short learning curve Consistent

» Register Definition
» Device documentation

» Enables reuse of specification and code
» Development groups
» Product lines

» Changes propagate automatically
» No manual, laborious work
» High quality
» Import existing register documentation into IDS system
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|IDesignSpec: Digging Deeper

IDesignSpec v X
Configure ¥ & = W o ,j;.a<[\ Generate J

[[ y%% V] |
=
SRS—

{ Chip
Block ]
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|IDesignSpec: Register

IDesignSpec * X

¥ @ 7 W " '-I':'E s @

Dynamic Address

Update
Sets specific
address
1.1 SEIHPJE_!EQ sample_req % L O00004 e
affset 1 external Bit allocation table
3 30 29 25 ZF 26 25 24 23 22 M 201918 1¥ 16 15 14 13 12 1 10 9 & ¥ 6 5 4 3 2 1 0
hits name W ACCESS hw access de fanlt description
field1 ro Py OxFFFFFFE Field! description.
field2 Wi ro a Field2 description. Enum

values can go in here.

Add fields for reg
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IDesignSpec: Document

H openrscliin,odt - Cpendffice org Writer

File Edit Wiew Insert Format Table Tools IDesignSpec  IverifySpec  Window  Help
P-EH® [ BER Y B¢ @0 @E-v H2EETQ2 0
i @ |preformatted Text | [Times Newmoman  v| |1z ~| B 7 U |g|§ == it A2

B TWUEE@E J# ‘OB Markren & By |8 1§ eo
] S T T - D E I TRy v
- Special-Purpose Registers

The special-purpose registers of all units are grouped into thirty-two groups. Each group can have
different register address decoding depending on the mazimum theoretical number of registers in
that particular group. & group can contain registers from several different units or processes. The
SE[SM] bit 15 also used in register address decoding, as some registers are accessible only in
supervisor mode, The Lmtepr and Lmfspr instructions are used for reading and writing registers.
An OpenBISC 1000 processor implementation is recuired to implement at least the special putpose
registers from group 0. All other groups are optional, and registers from these groups are
implemented only if the implementation has the corresponding unit. Which units are actually
implemented may be determined by reading the TPR register from group 0.

: A 16-bit ZPR address 15 made of 5-bit group index (bits 15-11) and 11-bit register index (bits
: 10-07.
: 1.1 b,'ock_g’po block_grp0 Block 0000000
- offset
. This is a set of System Control and Status registers.
: 1.1.1VR VR Reg 0x0000000
" offset external
87 B 5 4 3.2 10

description
“ersion register

31 30 28 28 F 26 25 24 23 22 21 20 18 18 17 16 15 14 13 12 11 10 9
bits nate SW ACCESS hw access default

310 %R ro Fit 0

[Che SE[SM] bitis alse used in register address decoding, as some registers are accessible enly in
supervisor mode.

: 1.1.4 UPR UPR Reg. 0000000
i i1} ]il
|Page 5/ 24 || Default || English (LK) |[mnskr] 5o | [*][ ]| GO0 e —+—e6—— @|[100%
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IDesignSpec : Check

IDesignSpec v X

‘PELET TICL

e Consistency checks
e Address Calculation

e Error Checking (built in and custom)
— Detects overlaps
o Bit
* Register
 RegGroup
e Block
— Incomplete data

— Bad/incorrect data
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|IDesignSpec: Configure

F 7
B8 Configure - ethernet_ipcore_spec.odt M § E@g
|
| General:
@ My Company
Copyright *®&x% Copyright 2010 All Rights Reserved. #**%=¥* |:|
OQutputs:
Bus @ AMBA-AHE () AVALON OCP () PROPRIETARY
RTL Verilog VHDL User Defined Outputs:
Test Bench OVM VMM [ debug.debug. tel
EE= Header Classes [] enum_based.hxx. tdl
Bocumenttion HTML PDF XML [] enum_cheader.h.tcl |
Standards IP-XACT () vi4 @ vis System ROL | =] memorymap. bet. td
Default Settings:
Irs @ byte @) word @ doubleword (T octaword (T) quadword
Reg Width Ds 01 @ O O
Block Size 0400
Chip Size Ox4000
Board Size 0x40000
C Typ= hwint Big Endian Little Endian
Distributed Decods D
and Readback
Index Headings
Preserve Names D
[ Apply ] [ Cancel
e —
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OVM Register Package 2.0

* Creates RegDef file
— Packed Structures for each registers
— Classes for each register
— Register File for each Block
— Register Map for each Chip
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OVM Output contd.

« OVM Regqister Package Support
— Modal Register
— Fifo Register
— ID Register
— Coherent Register
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Support for UVM

Wil be available when UVM register
package Is released

o Currently OVM, IP-XACT, RALF outputs

are possible for each of the big three
vendors
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IDesignSpec Summary

* A simple plugin for your existing editor

* |DesignSpec abstracts out register
definition

o Use outputs for your current setup

e Evolve with the industry, without
reinvesting in changing infrastructure
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DEMO
Questa and IDesignSpec
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Automated Register Verification

« Not a new concept - been around for years.
—e=>vr_ad
— Denali Blueprint (from Cisco)
— VMM RAL
— many others... lots of homegrown solutions

e OVM Register is a base class library that you
can use

— You don’'t have to write it yourself — like C/C++
libraries.

— Raise abstraction level

« Use register names instead of addresses ...
— write(“dut.tl.registerl”, data)
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General Register
Verification
Environment

Register Transactions

Scoreboard

1
]
|— Sequence

Sequencer G Register §
Bus Register
Bus Transactions

Pin Wiggles
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Register Verification Concepts

Do verification at a higher level
— Write tests that are independent of address maps.
« Collect coverage, scoreboard, model checking.

— Raise the abstraction level of the testbench
« write(REGA, 42)
* write(4002, 42) Raising
« Pin wiggles abstraction

e Reuse register tests, coverage etc.
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Register Generation

* “I've got tons of registers”

— Don’t write them all by hand - Use a generator!
 “ldon’'t have XML, but | do have RTF, XLS, etc.”

— Custom generator — most people already have one. Modify.

VA
. SystemRDL S I\fg‘;ess
IP-XACT
* IPXACT Register
» Excel Spreadsheet | g Address Generator
e Custom Database \ SV Register
. : . Instances
— Third Party Solutions — Agnisys

« OVM Register will contain an open source IPXACT register
definition generator in the future.
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Typical User Environment

IPXACT

R User Code

Definitions

Library Code

IPXACT
Parser

SV TB

SV Register

Definitions User Tests

register but

OVM _ (Verilog/VHDL)

Register reg!ster map
register tests
OVM
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OVM Register Definition

 Describe each registers types
— Define register data fields.
— Define field access.
— Define field relationships.
 Defineregister objects

— Specialize the parameterized (templated) register base class with
a bit vector or structure representing the bit fields.

— Define functional coverage for the register
— Define random constraints for the register.
 Defineregister file
— Map the registers to specific addresses, usually in a “register file”.

— Map register files together into a larger “register map” describing
one or more address spaces.

— Define random constraints for the relationships between registers.
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A simple test

class simple_test extends ...;
register_map rm = new(*‘rm”);
ovm_register_base r;
BV data, rdata;
BV addr;
register_array_t registers =

// Issue hardware reset.......

// Run test.

foreach (registers[i]) begin
r = registers|[i];
addr =

r.reset();
send_to bus(““READ”, addr,
r.bus_read(rdata);

//
//

rdata);

//
//
//

r.write(“haaaaaaaa);
data = r.peek();
send_to_bus(“WRITE”, addr, data);

send_to bus(“READ”, addr, rdata); //
r.bus read(rdata); //
end
endclass

DAC10 Booth #359 36

rm. lookup_register_address by

Agnisys

- Simple Iteration

rm.get_register_array();

name(r.get_full name());

//Reset the shadow

Read from the hardware
Check the results

Update the shadow. ..
Grab the shadow value
Write the value to hardware

Read the value from hardware
Check the results.
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OVM Register = Summary

 Register Base Class Library
— Lightweight APl — Open Source
— Flexible, Easy to customize for new functionality
— Non-intrusive, SIMPLE

e Download from www.ovmworld.org
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http://www.ovmworld.org/�

About Agnisys

* Privately held, offices in US and India.
 Founded in 2007

e What we do

— EDA tool development
* |IDesignSpec
o |[VerifySpec
— Verification of ASICs/FPGAS

* Video, Audio, Image processing, Codecs,
Networking, SONET
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IDesignSpec

The Fastest Path to Code from Register Spec.

»Try IDesignSpec in the Cloud http://xuropa.com/agnisys
»Sign up for a free evaluation at your site

%For More details : Visit Agnisys Booth #359

Some Slides were graciously copied from Rich Edleman’s(@Mentor) description of OVM Registers
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Backup slides

DAC10 Booth #359 Ag 1 | Sys www.agnisys.com



OVM_Register Class(v1.0-beta8)

 The register class that a user build registers from. This is a parameterized
class which should be parameterized with a packed struct or bit vector
which represents the register.

 For example
typedef packed struct {
bit a[1:0];
bit b[7:0];
}rlt;
class rl extends ovm_reqister # (rl1_t);

endclass
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OVM_Register Class contd.

» Bit masks for permission.
RMASK: This bit mask defines bits that are readable.
WMASK: This bit mask defines bits that are writable.
» OVM Register semaphore
put() :  Unlock the lock, by “putting back” n keys.
get() : Lock the lock, by “getting” n keys.

try get() : Like get() above, but if the lock would fail (block),
then a zero returned instead of actually blocking.

Field By Name Access

read _field by name: User callable function to return the value of a field.
write_field by name: User callable function to set the value of a field.
reset field by name: User callable function to reset a field by name

DAC10 Booth #359 4o Ag nis VS Www.agnisys.com



YV V V

OVM_Register Class contd..

Shadow checking routines
bus_read _bv() : This function is called when a “READ” transaction is detected.
bus_write_bv() : This function is called when a “WRITE” transaction is detected.

Copy and clone

Formatting/Printing
Comparison
compare_data() : Compare the data field using the compare mask.
compare() : Same functionality as compare_data(), but a register is
passed in, instead of the register data value.
Coverage

sample(): Implement this is the design specific register.
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OVM Register Data Model

» class register

— has a value
« the packed struct of fields addrl & bit [8:0]
- the BITS.
— read() and Wnte() typedef packed struct {
" C bit [3:0] addri;
* “behavior” and bit [3:0] addr2:
“perm|SS|on” ) enum ?t {WRITE, READ} rw;
« ReadOnly, ReadWrite, W
WriteOnly, Clear-on-Read, class my r extends
etc ovm_register #(my_r_t);
— registers get mapped to endelass
addresses.
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OVM Register Data Model / API - containers

 class ovm _register file
— models a device or collection of registers or register files
— “the registers on a device”
— “contains” registers — searchable by name and address

 class ovm _register_map
— models a system
— “the registers in this address space”
— “contains” register files and register maps
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Approach and philosophy

« Simple data model with API.

— registers are a collection of bits, most easily >
modeled using a SV ‘packed struct’
— reqister files can contain registers or other
register files >
— register maps can contain registers, register N
files or other register maps |->
« Usethe data model and APIto ™
solve easy and hard problems ! -
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Data model - OVM Register Definition File

. . ( \
class RF2 extends ovm_register_file;
REGA rl1, r2; ) oo
add_register(..., 2, rl); g CH
add_register(..., 4, r2);
endclass [’ A
L
class RF1 extends ovm_register file; > o =
REGA r;
RF2 rf2; I—» HHH I';PI
. )
add_register(..., 10, r); L, a
add_register_file(rf2a, 100); D 4
endclass N T %
class RM1 extends ovm_register_map; I* w
RF1 rfla, rflb; class RMTOP extends HHH
REGA r: ovm_register_map;
.- - RM1 rmla, rmlb; > EEEEER
add_register(..., 0, r); S L>
add_reg i ster_fi le(rfla, 1000); add_register_map(rmla, 10000); EEEEEE
add_register_file(rflb, 2000); add_register_map(rmlb, 20000); . J

endclass

DAC10 Booth #359
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Agnisys
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rm.rmla.

rm.rmla.
rm.rmla.
rm.rmla.
rm.rmla.
rm.rmla.
rm.rmla.

rm.rmlb.

rm.rmlb.
rm.rmlb.
rm.rmlb.
rm.rmlb.
rm.rmlb.
rm.rmlb.

r

rfla.
rfla.
rfla.
rflb.
rflb.
rflb.

rfla.
rfla.
rfla.
rflb.
rflb.
rflb.

OVM Register Definition File (2)

rf2.
rf2.

rf2.
rf2.

rf2.
rf2.

rf2.
rf2.

r

DAC10 Booth #359

rl
r2

rl
r2

rl
r2

rl
r2

10000

11102
11104
11010
12102
12104
12010

20000

21102
21104
21010
22102
22104
22010

|

Agnisys

TLJLETET

|
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Defining register objects

> Registers can be bitvector.
typedef bit[31:0] bit32_t;

Register where the data is partitioned
into fields.

typedef struct packed {
bit [3:0] stride;
bit updown;
bit upper_limit_reached,;
bit lower _limit_reached,;
} stopwatch_csr t;

DAC10 Booth #359

Agnisys

class stopwatch_csr extends ovm_register
#(stopwatch_csr_t);

covergroup c;
stride: coverpoint data.stride;
updown: coverpoint data.updown;
upper_limit_reached: coverpoint
data.upper_limit_reached;
lower_limit_reached: coverpoint
data.lower_limit_reached;

endgroup

function new(...);
¢ = new();

endfunction
function void sample();

c.sample();
endfunction

WwWWw.agnisys.com
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