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The State of Existing Testbenches $

BREKER"
Project Resource Deployment e We've all seen these kind of charts
Verification: Design: e Testbenches have come a long way
Debug 329 ] .
25% e But we still spend a lot of time on them

Verification: Verification:

Content Development =~ Other 13%
30%

Largest Functional Verification Challenge
Test developmen Complex tests

drives debug hard to get right

Creating Sufficient Tests to Verify the Design

Knowing my Verification Coverage
source: Wilson Research 2020 Managing the Verification Process
Time to Isolate and Resolve a Bug

Time to Discover the Next Bug

Defining Appropriate Coverage Metrics

Other

0% 5% 10% 15% 20% 25% 30% 35% 40%
Design Projects

Source: Wilson Research 2020
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Scaling UVYM $

BREKER"
UVM is a strong standard but has trouble scaling to complex IPs and sub-systems

UVM testbench & sequence development overshadows verification work

Events & Scheduling
Sequences Control UVCs

Stimulus Coverage “Constraint Hell”
SCO re boa rd Virtual Sequences

High value verification
knowledge...

!

i UVM Environment

... locked up in UVM
implementation
complexity
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The SoC & Beyond Verification Requirement $

BREKER"
1 | 1 |
° ° --- . --- . °
Block Functionality LT T SoC Integration “Gap” LT T System Validation
UVM simulation LT Ad hoc test content = Real-workloads on HW
--- ---
flexibility performance

UVM Block Simulation Simulation/Emulation
Environment Acceleration

Silicon / Prototyping
Environment

Hybrid Emulation Environment
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Accellera PSS Created to Address Portability and Scaling 6

BREKER"
PSS convenient to describe a specification as a graph or flow

Accellera Sponsored Portable Stimulus Working Group

Scope User
A HW Analog sw Verification | SwTest | Fostsiicon
FE Developer Developer Developer Engineer Engineer e
Engineer
e

(Integration)

Middleware
(Graphics, Audio,

etc..) Abstract Portable Stimulus Model
» Syntax/Concepts/Semantics + Visualization
OS & Drivers » Use Case Verification *  Runtime Portable Semantics
.
i

Bare Metal SW

Sy=tem on Ghip Tools (Secret Sauce) APls

(HW+ SW)

Sub-System

erification Environmen
Virtual Platform m FPGA Prototype Silicon Board
atrorm

Proposed Portable Stimulus Specification (Courtesy: Accellera Systems Initiative)
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Breker Uses PSS/C++ in a Test Content Synthesis Flow

e Easy, familiar model content generation
o Self checking — no scoreboard
o Easy-to-use, abstract constraints
o Automated virtual sequencing

e Pre-randomized, coverage-driven, “no bug standing” tests

o Deep sequential, Al Planning Algorithm optimized generation
o Pre-RTL coverage, no separate model
o Coverage-driven: eliminate respins

e Easily integrated, portable (re)use model
o  Works with existing UVM testbench
o Modular reuse across projects & SoC
o Pre-randomized emulation acceleration

© Breker Verification Systems, Inc. All rights reserved
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But... More New Languages? 45

BREKER"
Lot of advantages to be gained for UVM block verification by using
Portable Stimulus with Test Suite Synthesis
o UVM scalability, use-model and portability can be enhanced
oy = ] . % salam HUE:kggnlgﬂDaBE"E.naé:ulobardanadleuututu
However, it is unnecessary for UVM conversant verification vindres namaste Q. udraorie Kia mi a3
. . kazgd0Zaimasu AeHb'5: anl dau;]hellvecerhvI ="
engineers to learn many new language semantics | k¥ Sendeng0ede €A qamatdobrysis .
. rano ] saluty scignona _ g araw )"-3'JI 'l-?gll'\L'lJaskar agl—
o Declarative vs Procedural, Top-down vs Bottom-up . hwv):‘deQ barw>; 900db0 NIO upﬁfd.g
- o . ki\‘tr:él-?;nke T vpalvaa 2 ashimnikka jorn merhba o
o Need to build upon existing UVM knowledge and environments =i 2/lo06puin o =Cr barapjleredapmenycoa
mbaai‘ommennamasklara E o e""‘IE _dlaE labas "n
. _C nlwalehalleu)im"'b éhnyd bI:I?.0 "Em‘adt "3
. efe, . . guete 3apascTeyiiTe o
SystemUVM™: UVM Compliant Classes and Utilities built in PSS S gazu“uwmny

boujou b
kumuslabefa sallrnon !

(much like UVM on SystemVerilog)
o Gives PSS look and feel of UVM/SystemVerilog, easy to learn
o Easy integration with existing UVM testbenches and SoC portability
o Enables Test Content Synthesis for large block & sub-system scalability

© Breker Verification Systems, Inc. All rights reserved. 7



Can we combine PSS and UVM? SystemUVM™ Concept $

BREKER"
UVM-Compliant Classes and Utilities built into PSS
Similar Idea to UVM Class Library for SystemVerilog

Whiteboard SystemUVMTM (in PSS)

= ¢ 0'-" |
= e B e

SystemUVM™ Characteristics
» Seamless interoperability between PSS & UVM
*  UVM compliant class libraires in PSS

 TLM ports

* UVM compliant register model

*  UVM compliant messaging
» Synthesizable VerificationOS for tight

integration into existing UVM testbenches

» Abstract constraints to reduce complexity

Test Suite Synthesis

Synthesizable VerificationOS

v v
[re]) PEnermen | e ]
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Portable Transactions

SystemUVM PSS
Struct definition

struct uvart_tx {
bit[8] payload;
bit[1] stop_bits; generate
bit[16] transmit_delay;

¥

// Modeled after UVM TLM ports
put_port<uart _tx> tx port;

uart tx tx;
tx.payload = 5;
tx_port.put(tx);

© Breker Verification Systems, Inc. All rights reserved.

Generated uvm transaction definitions

class uart_tx extends uvm_sequence_item;
bit [7:0] payload;
bit [1:0] stop_bits;
int unsigned transmit_delay;

task get( input string tb_path, output bit end_of_test );

if ( ! end_of _test ) begin

payload = trek_get_int_unsigned(tb_path, "payload");
stop_bits = trek_get_int_unsigned(tb_path, "stop_bits");
transmit_delay = trek_get_int_unsigned(tb_path, "transmit_delay");
end
endtask

endclass: uart_tx

4
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Portable Registers 45

BREKER"

Generated SystemUVM PSS register definitions

class reg_ALL_REGISTERS_MMAP__UART_LCR : public reg {

Input ipxact register definitions

<spirit:register> public:
<spirit:name> UART_LCR </spirit:name> reg_ALL_REGISTERS_MMAP__UART_LCR(const scope& s) : reg(this,8) {};
<spirit:addressOffset> ©0x00000003 </spirit:addressOffset> reg_field CHAR_SIZE { "CHAR_SIZE", 2, @, "RW", @0, 0, 1, 0, 1 };
<spirit:size> 8 </spirit:size> reg_field STOP_BITS { "STOP_BITS", 1, 2, "RW", @, 0, 1, 0, 1 };
<spirit:access> read-write </spirit:access> reg_field PARITY_ENABLE { "PARITY_ENABLE", 1, 3, "RW", ©, 0, 1, 0, 1 };
<spirit:description> Line Control Register </spirit:description> reg_field PARITY_EVEN { "PARITY_EVEN", 1, 4, "RW", 0, 0, 1, 0, 1 };
<spirit:reset> reg_field PARITY_STICK { "PARITY_STICK", 1, 5, "RW", @, 0, 1, 0, 1 };
<spirit:value> 0x03 </spirit:value> reg_field BREAK_CONTROL { "BREAK_CONTROL", 1, 6, "RW", ©, 0, 1, 0, 1 };
irit: reg_field DIVISOR_ACCESS "DIVISOR_ACCESS", 1, 7, "RW", @, 0, 1, 0, 1 };
</Sp1f‘1t reset> generate }, g_ = { 4 > > > > > > > > }:
<spirit:field>
<spirit:name> CHAR_SIZE </spirit:name> class ALL_REGISTERS_MMAP_reg block : public reg_block {
<spirit:bitOffset> 0 </spirit:bitOffset> public:
<spirit:bitWidth> 2 </spirit:bitWidth> ALL_REGISTERS_MMAP_reg block(.. ) {
<spirit:access> read-write </spirit:access> o
<spirit:description> Number of bits in each char </spirit:description> ALL_REGISTERS_MMAP.add_reg ( _UART_LCR, 0x00000003 );
<spirit:values> }
¥

// Modeled after UVM registers
regs.regA.fieldF.set(3);
regs.regA.write();

© Breker Verification Systems, Inc. All rights reserved. 10



Writing SystemUVM IP Models

@
Fle Edt Source Refactor Navigate Search Project Run Window Help
- @ ®-KR-3 0w RARig-8-F-6- -0-Q- ™+ -|4@EF i

ProjectEx 8 = O

= % ¥ || 4 +topClass Diagram 4 *ases_dut Component Diagram & *aes_scn Component Diagram | & *aes_enc_dec Action Diagram &8 buf_write pss

& *dmac_aes_sc
@ camera w:

" - B0 - -
v @soc
i Project Depandar
b @ Build Targats
b g cpp
- sl
b @ aes_dut

b G aes_sen .. aes_encrypt0<aes_encrypt>

D @ dmac_ses_scr wn ; buf Jout : buf
b G dmac_dut key bl N

b g dmac_sen Lybufo: buf
o

=~

< g include fock : ses ¢
aes_rpss |0

aes_regs.ps

dmac_rpss
dmac_regs
ffopss
htonl pss
uart_cfg_inf
uart_regs p
uart_rx_rps
uart_tx_rps
uart_vip_pa
wire.pss

b Guant_dut

b = uart_sen

b G usrt_vip

b Gutils

aes_dul pss

. -
[« aes decryptl<aes decrypt> e
b odt - buf
key : bur

lock : ses ¢

[ ses_enc_dec.pss 5

action aes_enc_dec {

5 aes_scn pss
[ CMakeLists txt
drmac_aes_scr
8 dmac_dur pss
dmac_scn pss

aes_encrypt aes_encrypto;

o Makefla aes_decrypt aes_decryptl;
v :;3 ’;’::s buf_write buf_write2;
B tb_cfg_vartps buf_check buf_check3;
test_fc_aesl
[ lasl_lc_dmacrj

test_fe_dmacl
test_fe_uart_d

pool buf bufo;

D) pool buf bufl;
Foumaum =0 bind bufl { aes_encrypt0.out, aes_decryptl.out, buf_check3.il };

v W activity {
aes_encrypto;
aes _decryptl;

@ demon-dsl-ip_uart1
@ demol-dsife_uartl
® demo2-cpp-ss_aes]|
® damo3-dsl-fe_dmac
® demod-cpp-fc_uart_

// Start of user code Action_aes_enc_dec

nt Disg

& *dmac_ses_snc_dac Action Diagr

. . fEabufl: buf
buf_writez<buf_write> . buf_check3<buf_check>
A '/‘ .
NS Py

Generated Model

= dmac_xfrpss

= Control Flow

Gralette
RRes o

® |nitial Node
@ Final Node
41 Selact Node
3 Marge Node
2 Scheduls
Node

2] Schedule Join
12 Parallel Node
2] Parallel join
WL fepgat

B
(= Data Flow

 Data Flow
> Elements

& Action and
instance

& Action
instance

wAction and
handle

« Action handle
=+ Output pin

N -sinput pin

I#]Lock
fslPef min

- bind buf® { buf write2.out, aes encrypt0.il, aes encrypt0.key, aes decryptl.il, aes decryptl.key };

Whitable
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Smart Insert

11:31

Aom® ;@

action aes_encrypt {
input buf in;
input buf key;
output buf out;
lock aes_r lock;

// Start of user code Action_aes_encrypt
constraint in.len == 16;

constraint key.len == 16;

constraint out.len = 6;

ref aes_regs regs;

1}
=

void post_solve() {
in.addr regs.AES_INPUTO.get address();
key.addr regs.AES_KEY@.get address();
out.addr regs.AES_OUTPUT@.get_address();
}

void body() {
pss_info( name(), "aes_encrypt", pss::target );
regs.AES_CTRL.START.set(1);
regs.AES_CTRL.MODE.set(@); // @ for Encrypt, 1 for
regs.AES_CTRL.write();

regs.AES_CTRL.DONE.poll(1l); // wait for completion

// call reference model to predict results
encrypt_aes ( in.expect, key.expect);
// forward expect to output
out.expect = in.expect;
}
// End of user code

1

BREKER"

Decrypt
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Fitting SystemUVM content into an existing UVM IP testbench $

AES SystemUVM sTTTTmmos N
Model

i

_________

. . A\ 4
UVM sequence detail to interface w/ VIPs APB VIP
class trek_apb_master_seq extends uvm_sequence #(apb_pkg::apb_transfer); ¢ f
“uvm_object utils(trek_apb_master_seq)
virtual task body();
forever begin AES RTL
req.get(m_tb_path, trek_done);
if (trek_done) break;
“uvm_send( req )
if ( req.direction == APB_READ ) begin
rsp.send(m_tb_path); UVM Testbench
end
req.item_done( m_tb_path );
end
endtask
endclass

© Breker Verification Systems, Inc. All rights reserved.

BREKER"
N test.tbx
TrekGen
UVM environment
45‘ DPI_LIB := ${BREKER_HOME}/build/1ib/1libtrek.so
INCDIR += ${BREKER_HOME}/target/sv
SIS VLOGSRC += ${BREKER_HOME}/target/sv/trek_uvm.sv

ESD STM OPTION += +TREK_TBX_FILE=test.tbx

12



Running a single IP test

& TrekDebug 1.2.1: dsl_soc-ss_aes! - a X

File Tests View Preferences Select Window

B-Be & P LLEB AANA [0 | = ¢ Find:in[Log <] Match Case
4| Test Source

cpu0O
TO

aes_encrypt0.1l Transactions

trek_message("Begin aes_encrypt0.1"); // [event:0xf agent:cpul th
trek_message( "[aes]: aes_encrypt"); // [event:0xf agent:cpul thre
// AES_CTRL, START=0x1, DONE=0x0, MODE=0x0
trek_iowrite32(0x00000001, 0x0000000000840000); // [event:0x10 ag
// AES_CTRL, poll_field=0x2

trek_iopoll32(0x00000002, 0x00000002, 0x0000000000840000, 0, 0);
trek_message("End aes_encrypt0.1"); // [event:0x12 agent:cpul thr

6850 trek: info: End buf write0.2 [event:0xe agenticpu0 thread:T0 instancesbuf write0.2]
6850 trek: info: Begin aes_encrypt0.1 [event:Oxf agent:cpu0 thread:T0 instance:aes_encrypt0.1]
6850 trek: info: [aes]: aes_encrypt [event:0xf agent:cpu0 thread:T0 instance:aes_encrypt0.1]

7550 trek: info: waiting for '(trek ioread3z( ) &

: info: ... got (trek_ioread32 (0. ) & )
info: End aes encrypt0.l [event:0x12 agent:cpu0 thread:T0 instance:aes encrypt0.1]
info: Begin buf_check0.l [event:0xX13 agent:cpu0 thread:T0 instance:buf check0.1]

6850 trek: info: trek iowrite32(0x00000001, 0x00840000); [event:0x10 agent:cpu0 thread:TO inctance:aes_enci
) = ' ... [event:0x1l ageni
2 [event:0x1l agent:cpud thi

© Breker Verification Systems, Inc. All rights reserved.

Test Idle

test.tbx

BREKER"
TrekBox

UVM Testbench

BREKER"
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Composing SystemUVM Sub-system Models

BREKER"

action dmac_xfr {
input buf in;
output buf out;
lock dmac_r lock;

&
Fle Edit Source Refactor Mavigate Search Projsct Fun Window Help
N LR ® - § GOivwaRig -B-E - @ i% -0 Q- -®¢ - L4@@wuwis- - <33

[projectex 8| = 0O

= % 7 | 5 mopclass Diagram & *aes_dut Component Disgram & *aes_scn Component Diagram & aes_enc_dec Action Diagram [ bul_write.pss 5 *dmac_ses_scn Companent Diag & s_enc_dec Action Diagr 5 [ dmac_xfrpss
@ camera gl e &
= @s0c = TCTETE o .
| Weric Dapanr e // Start of user code Action_dmac_xfr
@ Build Targats - - —
b o epp ® initial Node . . __ .
<l —  Frsi Node constraint in.len == out.len ;
b G aes_dut 42 Select Node
ooyt o Merge Node ref dmac_regs regs;

b @ dmac_ses_scr [2 Scheduls
b g dmac_dut Node

43 bufl : but 3 schedule Join

T e 8 @ y g AN . ‘ r,.,u,*-‘"'—"'"“"‘"J'"j rambio void body() {
s X TN ufj}'“ | o int chan = lock.instance_id;

b (= dmac_sen

gkl N > ot pss_info (name(), “dma_xfr”, pss::target);
'H. ' : } w \g < // configure target and source addrs
e s ® S regs.dma[chan].DMA_TADDR.ADDRESS.set (out.addr);
g . regs.dma[chan].DMA_TADDR.write();
| v @L Generated Model e regs.dma[chan].DMA_SADDR.ADDRESS.set(in.addr);
i b ; - ] akan regs.dma[chan].DMA_SADDR.write();
| ::::E‘U':-:T’ I l:;u'l.‘:checkibl.’l'f‘icll‘lecki; o] regs.dma[chan].DMA_BUFF.SRC_INCR.set(1);
it s 5 dmac_xfr dmac_xfr4; regs.dma[chan].DMA_BUFF.DST_INCR.set(1);
| }%;ﬁi Mem_src mem_srcs; regs.dma[chan].DMA_BUFF.write();
2 o feom bind dmac_xfr4.il mem_src5.out; // start transfer
g pool buf bufe; . .
et f_auslp bind buf@ { aes_encrypt0.il, aes_decryptl.il, buf_write2.out, aes_encrypt0.key, aes_decryptl.key, dma HEzze dma [Chan] -DMA_TRANS.SIZE.set (1n : 1en) 2
ot pool buf bufl; _ regs.dma[chan].DMA_TRANS.START.set(1);
) Ltfj‘ bind bufl { aes_encrypt0.out, aes_decryptl.out, buf_check4.il }; regs.dma[chan] .DMA_TRANS.write();
ey > = |sld activity g ] // wait for completion
o e ¢ regs.dma[chan].DMA_INT_STATUS.COMPLETED.poll(1);
@ demo-dslfe_uart aes_encrypto; // forward expect data
@ demaz cpp-ss.ses] aes_decryptl; q
© o } out.expect = in.expect;
} ! ¥
NE—— gy = | o // End of user code
‘wiitable Smart Insert 1:1 };

© Breker Verification Systems, Inc. All rights reserved. 14



Fitting SystemUVM into existing UVM Sub-system testbench 45

SS Scenario
Model _______

-

________

UVM sequence detail to interface w/ VIPs

class trek_axi_master_seq extends uvm_sequence #(axi_pkg::axi_transfer);

“uvm_object utils(trek_axi_master_seq)

virtual task body();
forever begin
req.get(m_tb_path, trek_done);
if (trek_done) break;
“uvm_send( req )
if ( req.direction == AXI_READ ) begin
rsp.send(m_tb_path);
end
req.item_done( m_tb_path );
end
endtask

endclass

© Breker Verification Systems, Inc. All rights reserved.

[ i
——————— 9 ) (ﬁ 1 '
[ Sys/Pwr \ ;

________

————————

________

BREKER"

test.tbx

TrekGen ]
UVM environment

. DPI_LIB := ${BREKER_HOME}/build/1lib/libtrek.so

INCDIR += ${BREKER_HOME}/target/sv
I VLOGSRC += ${BREKER_HOME}/target/sv/trek_uvm.sv
; SIM OPTION += +TREK TBX FILE=test.tbx
SS
RTL \ 4 ) 4 Memory
Lvie | | vip |
4+ 4+
| Fabric ] |System
A ’ and
| Fabric ] | Power
‘ ‘ ’ Control
DMAC AES UARTO |UART1
A A
v v
UVM Testbench VIP VIP
I I

15



Running multi-IP sub-system test

& TrekDebug 1.2.1: dsl_soc-ss_dmac_aes]

|14 | [ | ] Match case

+  Test Source (E]es]

File Tests View Preferences Select Window
E-BQ 80 poppEB AAKA [@w | = Fnd g -l
cpu0 cpul
TO T1 T2 T3 To T1 T2 T3

-
o —

[l

®

o

&

68550
69050
69050
69050
69050
69450
69850
70250
70650
76250
76250
76750
76750
76750
[l

trek:
trek:
trek:
trek:
trek:
trek:
trek:
trek:
trek:
trek:
trek:
trek:
trek:
trek:

info:
info:
info:
info:
info:
info:
info:
info:
info:
info:
info:
info:
info:
info:

»
trek_iowrite32(0x00000004, 0x00c1008c); [event:0xld agent:cpul thread:T0 ing~
End dmac_xfr0.l [event:0xle agent:cpul thread:To0 instance:dmac xfr0.1]

Begin dmac_xfr0.2 [event:0x3 agent:cpul thread:T0 instance:dmac_xfr0.2]

[dmac]: dmac_xfr chan:2 len:16 src:0x20030£08 dst:0x00840014 [event:0x3 ager
trek_iowrite32(0x00840014, 0x00c10040); E tcpul thread:T0 inst
trek_iowrite32(0x20030f 0x00c10044); tcpud thread:T0 inst
trek_iowrite32(0x80008000, 0x00c10048); 1cpud thread:T0 inst

trek_iowrite32(0x00010010, 0x00c1004c); [event:0x7 agent:cpul thread:T0 inst
waiting for '(trek_ioread32(0x00cl008c) & 0x00000030) == 0X00000010' ... [ev
. got (trek ioread32(0x00c1008c) & 0x00000030) —= 0x00000010 [event:0x8 ac

trek_iowrite32(0x00000010, 0x00c1008c); [event:0x9 agent:cpul thread:T0 inst
End dmac_xfr0.2 [event:0xa agent:cpud thread:T0 instance:dmac_xfr0.2]

Begin aes_decrypt0.2 [event:0xll agent:cpud thread:T2 instance:aes_decrypt0.
laesl: aes decrvmt [event:0xll adent:cpug thread:T2 instance:aes decrvet0.2'>

dmac_xfr0.2 Transactions

trek message("Begin dmac_xfr0.2"); // [event:0x3 agent:cpu
trek message("[dmac]: dmac xfr chan:2 len:16 src:0x20030£08
// DMA_TADDR_CH2, ADDRESS=0x840014

trek iowrite32(0x00840014, 0x0000000000c10040); // [event:
// DMA SADDR CH2, ADDRESS=0%20030£08

trek lowrite32(0x20030£08, 0x0000000000c10044); // [event:
// DMA BUFF CH2, DST SIZE=0x0, DST CIRCULAR=0x0, DST INCR=0
trek lowrite32(0x80008000, 0x0000000000c10048); // [event:
// DMA TRANS CH2, SIZE=0x10, START=0x1

trek iowrite32(0x00010010, 0x0000000000c1004c); // [event:
// DMA_INT STATUS, poll field=0x10

trek iopoll32(0x00000010, 0x00000030, 0x0000000000c1008c, O
/7 DMA INT STATUS, CHOicOMPLETED=0x0, CHlicOMPLETED=0x0, CH
trek iowrite32(0x00000010, 0x0000000000c1008c); // leventsz
trek message("End dmac xfr0.2"); // [event:0xa agent:cpul

BREKER"

test.thx

BREKER
TrekBox

Test |dle

© Breker Verification Systems, Inc. All rights reserved.
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Path Constraints: Tackling the “Over-Constraining” Issue Baﬁsw

e Node-based constraints can lead to complexity: hard to understand, manage, and maintain
e Abstraction allows spatial, sequential constraints to be placed across the specification

e Also allows for coverage constraints to be declared in coverage-driven synthesis

© Breker Verification Systems, Inc. All rights reserved. 17



The SoC Verification Gap $

BREKER"
SoC infrastructure
verification cannot Increasing SoC Verification Challenges
H H F ti [ Infrastruct Firmw
be SatISfled by UVM e.g.uLT\jMo:]:use e.g. ga::ahsergghtjerancy e.g.r?wal]:ri(rast
or real workloads | I I |
I
UVM == SoC Integration “Gap” == Workloads & OS

are_Metal Firmwar

© Breker Verification Systems, Inc. All rights reserved 18



SystemUVM: Easy Port to SoC $

BREKER"
Whiteboard SystemUVM /
Test Suite Synthesis
Synthesizable VerificationOS
* * UVM Testbench
| i = |
Block Verification SoC Verification
19
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Thanks for Listening!
Any Questions?




