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Agenda

 UVM++ for efficient coverage closure
 UVM++ for fast IP emulation

* Enabling Firmware to run on UVM++ for IP simulation & emulation

e Reusing verification content for SoC System Coherency
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The Veritication Gap
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The Verification Gap (IP and Sub-System)

* UVM is not scaling for complex IPs and sub-systems
 UVM testbench & sequence development overshadows verification work

* Need emulation performance for IP verification
 UVM testbench & sequence performance is limiting factor
* |nsufficient test content for sub-system testing

* Need firmware executing on IP simulation/emulation
* Well ahead of when system is available
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The Verification Gap (SoC and Post Silicon)

* Need reuse of IP / sub-system tests in SOC verification

* Need integration with System Coherency testing
* cache coherency, power management, security etc.
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Agenda

 UVM++ for efficient coverage closure
 UVM++ for fast IP emulation

* Enabling Firmware to run on UVM++ for IP simulation & emulation

e Reusing verification content for SoC System Coherency
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What is UVM++ 7

 UVM Style APl interface to PSS tool

* Procedural SystemVerilog style classes
e Also implemented in C/C++ for Firmware use

* Allows UVM experts easy access to PSS tool capabilities
* No need to learn new language semantics

* Provides seamless integration to existing UVM testbenches
* Coexists with existing test case, scoreboard etc.
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Why UVM++ ? (The Problem)

* UVM is not scaling for complex IPs and sub-systems
 UVM testbench & sequence development overshadows verification work

Events & Scheduling
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Why UVM++ ( The So\ut|on )

Test Suite
Synthesis

* High value verification content
captured in portable model

Synthesizable

* Synthesize self-checking test from verifcaionos
UVM++ graph-based models Oebug & Proing

v UVM Sequences CSW+TLM ¢

APB VIP ]

SD Card

* Synthesizable VerificationOS
maps content to existing UVM
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action aes_encrypt {
input buf in;
input buf key;
output buf out;

Writing UVM++ |IP Models

Fle Edit Source Refactor Navigate Search Project Run Window Help

i 2 ® - R - B EINIRA-S-F-C-iH-0 Q- E @Y - E (IR

[ projectEx 2| = B

:
. lock aes_r lock;
S " || & *top Class Diagram & *aes_dut Component Diagram & *aes_scn Component Diagram & *aes_enc_dec Action Diagram 52 [ buf_write pss nt Diag & *dmac_aes_enc_dec Action Diagr ] dmac_xfr.pss L -
= camera m G 3 Palette b || €
< soc ol nRheQo-=- || 8
=i Project Depender| ™ .
b © ould Trgets & Controllow < ] // Start of user code Action_aes_encrypt
b & cpp o Initial Node . .
e © fnal Node constraint in.len == 16;
b @ aes_dut = " 3 select Node . k 1
€l e Sep— S _ )
gl oy % Hernti constraint key.len 16;
b d o ode . __
i 0 schede i constraint out.len == 16;

%3 buf0 : buf

< @include | - .
aes rpss [ . buf_write2<buf_write> =
aes_regs.ps

h bu ps:

lock : aes_r

%3 bufl : buf b
.« buf_check3<buf_check> 3 Parallel Node
3 inbut - - 3 paralel i ref aes_regs regs;
| ElRepeat
Y CpataFlow <

dmac_rpss " aes_decryptl<aes_decrypt> Data Flow .

i SR “’”'+M1f/ S void post_solve() {

D pss @ Action and . -

g | imstance in.addr = regs.AES_INPUTO.get_address();

Jeigiat Cgk Generated Model - key.addr regs.AES_KEYQ.get address();

= uart_tx_rps. handle
2 o wAcion hande out.addr = regs.AES_OUTPUT@.get_address();
i - oo g = —
o oo }
b @ uart_vip L (@kBeEpin
be “msd [ aes_enc_dec.pss
aes_dut.pss L - .
g action aes_enc_dec { o void body() {
a0 a1 pss_info( name(), "aes_encrypt", pss::target );
Bdmac_dit pa2 aes_encrypt aes_encrypto;

) dmac_scn.pss

» Makefle aes_decrypt aes_decryptl; r'egs'AES_CTRL'START-SEt(l)i

S buf write buf write2; regs.AES_CTRL.MODE.set(®9); @ for Encrypt, 1 for Decrypt
] buf_check buf_check3; g - K @); // ypt, yp
A ik regs.AES_CTRL.write();

oigiri pool buf bufo;

test.fe_uart_di bind buf® { buf write2.out, aes_encrypt0.il, aes_encrypt0.key, aes_decryptl.il, aes_decryptl.key };

a=——— D pool buf bufl; regs.AES_CTRL.DONE.poll(1); // wait for completion
Eou|®mux| = 0 bind bufl { aes_encrypt0.out, aes_decryptl.out, buf_check3.il }; :
i TT— activity { // call reference model to predict results
© demoldslfc_uart1 aes_encrypto; i ;
© o e a5 deeryptl: encrypt_aes ( in.expect, key.expect);
© demes.cpp e var| }; // forward expect to output
// Start of user code Action_aes_enc_dec 3 OUt‘eXpeCt = 1n.expect; 4 N\
' // End of user code o W S
}s \ ) =
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Fitting UVM++ content into an existing UVM |P testbench

AES UVM++ amseTT 4 >
Model : :
i : Bd BREKER test.tbx
:‘ ’: TrekGen

UVM environment

45‘ DPI_LIB := ${BREKER_HOME}/build/1ib/libtrek.so
INCDIR += ${BREKER_HOME}/target/sv
SLUSs  VLOGSRC += ${BREKER_HOME}/target/sv/trek_uvm.sv

UEEE s1M oPTION +

+TREK_TBX_FILE=test.tbx

A 4

APB VIP
class trek apb master seq extends uvm_sequence #(apb_pkg::apb_transfer); ¢ f
“uvm_object utils(trek apb _master seq)

UVM sequence detail to interface w/ VIPs

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 i 7;
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Running a single IP test

& TrekDebug 1.2.1: dsl_soc-ss_aes]

File Tests View Preferences Select Window

= PP O BB AANA [es50 = 4= © Findyin[Log S <] [+ ] O] Match case test tbx
.

~ Test Source B®

aes_encrypt0.l Transactions

trek_message("Begin aes_encrypt0.1"); // [event:0xf agent:cpu0 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

cpuo // RES_CTRL, poll field=0x2
trek_iopoll32(0x00000002, 0x00000002, 0x0000000000840000, 0, 0); >

To trek_message("End aes_encrypt0.1"); // [event:0x12 agent:cpul thr

BREKER"
TrekBox

4

APB VIP

v 1

AES RTL

T
® 6850 trek: info: End buf write0.2 [event:0xe agent:cpu0 thread:TO instance:buf write0.2]
© 6850 trek: info: Begin aes_encrypt0.l [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]
6850 trek: info: trek iowrite32(0x00000001, 0x00840000); [event:0x10 agent:cpu0 thread:T0 instance:aes_enci
7550 trek: info: waiting for '(trek_ioread32(0x00840000) & O ) == 0 2' ... [event:0x1l ageni
58550 trek: info: ... got (trek_ioread32( 840000) & ) [event:0x11 agent:cpu0 thi
info: End aes_encrypt0.1l [event:0x12 agent:cpu0 thread:TO instance:aes_encrypt0.1]
info: Begin buf check0.l [event:0x13 agent:cpu0 thread:To instance:buf checko.1] UVM Testbench

TestIdle

accellera
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Composing UVM++ IP models

action dmac_xfr {

&

Fle Edit Source Refactor Navigate Search Project Run Window Help

0@ ®-KR-Bigivi @8- -E-0-it-0-Q-ios-HpEDi -5 - 2
‘ [ Project Ex &% (=] 5> o
| =5 % ¥ || & *top Class Diagram & *aes_dut Component Diagram & *aes_scn Component Diagram & *aes_enc_dec Action Diagram [ buf_write.pss & *dmac_aes_scn Component Diag 's_enc_dec Action Diagr &% [~ dmac_xfr.pss
|| @ camera | " " & @ ™ 2% Palette 3
||> g@soc NOETRE D

A Project Depender L=
= (= Control Flow <«
b @ Buid Targets
b © Initial Node
gveen @ Final Nod:
v @ dsl @ Repeat(3) inaiivoce
> o aes_dut 43 Select Node
D @ aes_scn 30 Merge Node
b & dmac_aes_scr 3 Schedule
b ¢ dmac_dut
> Ly bufl : buf 30 schedule join
| b &dmac_scn = - buf_checka<buf_check iy .
| v eindude y 3 parallel Node
aes_rpss |3 . 30 parallel join
| aes_regs ps » p o, \ 2 B [ Repeat
bufp N\ in: but u S &petaflow  ©
dmac_rpss g N A Data Flow
dmac_regs. 3 lock 3957 El t
fifo.pss . mem_src5<mem_src . dmac_xfra<dmac_xfry \ i S ments I
jout: buf _in : buf, 6 buf \ - @ Action and
htonl pss Y instance
uart_cfg_inf ®icion
5 uart_regs.p;| lock : dmac_r @ instance
3 uart_ncrps wAction and
uart_tx_rps handle
\ 2) vart_vip_po . Action handle
(I enerated Model | -
D @ uart_dut Sslnput pin
b @ uart_scn 7| elLock
b @ uart_vip I m [akRef.pin.
b e utils
[ aes_enc_dec.pss | dmac_aes_enc_dec pss X
3 aes_dut pss . _
= s " ol
2 zes_scnpss buf_check buf_check4;

[2) CMakeLists txt
2 dmac_aes_scr,
) dmac_dut pss
2 dmac_sen.pss
& Makefile

5 th_cfg_fe.pss
:)th_cfg_ss.pss
:) th_cfg_uart.ps
5 test_fc_aeslp
5 test_fc_dmac_|
5 test_fe_dmac,
2 test_fc_uart_di

C— D]

Gou @BUR = O

&

|'v @ soc
@ demo0-dsl-ip_uart1
® demol-dsk-fc_uartl
@ demo2-cpp-ss_aes1
® demo3-dsl-fc_dmac
® demod-cpp-fe_uart_

dmac_xfr dmac_xfr4;
mem_src mem_src5;

bind dmac_xfr4.il mem_src5.out;

pool buf bufo0;

bind buf@ { aes_encrypt0.il, aes_decryptl.il, buf write2.out, aes_encrypt0.key, aes_decryptl.key, dma
pool buf bufl

bind bufl { aes_encrypt0.out, aes_decryptl.out, buf_check4.il };

activity {
repeat(3) {
select {
aes_encrypto;
aes_decryptl;
}
}
I
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writable Smart Insert | 1:1

Doe® a0

input buf in;
output buf out;
lock dmac_r lock;

// Start of user code Action_dmac_xfr
constraint in.len == out.len ;
ref dmac_regs regs;

void body() {

}

int chan = lock.instance_id;

pss_info (name(), “dma_xfr”, pss::target);

// configure target and source addrs
regs.dma[chan].DMA_TADDR.ADDRESS.set(out.addr);
regs.dma[chan].DMA_TADDR.write();
regs.dma[chan].DMA_SADDR.ADDRESS.set(in.addr);
regs.dma[chan].DMA_SADDR.write();
regs.dma[chan].DMA_BUFF.SRC_INCR.set(1);
regs.dma[chan].DMA_BUFF.DST_INCR.set(1);
regs.dma[chan].DMA_BUFF.write();

// start transfer
regs.dma[chan].DMA_TRANS.SIZE.set(in.len);
regs.dma[chan].DMA_TRANS.START.set(1);
regs.dma[chan].DMA_TRANS.write();

// wait for completion
regs.dma[chan].DMA_INT_STATUS.COMPLETED.poll(1);
// forward expect data

out.expect = in.expect;

// End of user code

1



Fitting UVM++ into existing UVM Sub-system testbench

SS Scenario ‘DMAC
Model | !
________ , nggig AT TrekGen
[ i \ '\ TroIoos i
(sys/Pwr 1 /8 O T AT UVM environment
X PN\ fUARTO | cgg i 45 DPI_LIB := ${BREKER_HOME}/build/1ib/libtrek.so
______ | i e INCDIR = ${BREKER _HOME}/target/sv
E C§§§§ ! BRE: VLOGSRC += ${BREKER_HOME}/target/sv/trek_uvm.sv
S ’ " SIM OPTION += +TREK TBX FILE=test.tbx
UVM sequence detail to interface w/ VIPs
class trek_axi_master_seq extends uvm_sequence #(axi_pkg::axi_transfer); SS
“uvm_object utils(trek axi master seq) RTL v A 4 Memory
vip | | VvIP |
virtual task body(); | be: + | system
forever begin y ¢ and
req.get(m_tb_path, trek_done); | Fabric | :Oﬁez
if (trek_done) break; 4 + + ontre
“uvm_send( req )
if ( req.direction == AXI_READ ) begin DMAC [ AES RECHIEN S
rsp.send(m_tb_path);
end
req.item_done( m_tb_path ); UVM Testbench vip vip
end T T
endtask ,

endclass :
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Running multi-IP sus-system test

& TrekDebug 1.2.1: dsl_soc-ss_dmac_aes - o x

File Tests View Preferences Select Window

=] P e e BB A A A 69050 =) ¢ Find: in |Log - <|» Match Case

“ Test Source B®

dmac_xfr0.2 Transactions

SS Scenario /DMAC_
trek message("Begin dmac_xfr0.2"); // [event:0x3 agent:cpu Model 4 4
cpuo cpul trek message("[dmac]: dmac_xfr chan:2 len:16 src:0x20030£08 :’AES & g ' test.tbx
// DMA TADDR CH2, ADDRESS=0x840014 ¢ 2l » TrekGen
To T1 T2 T3 To T T2 T3 trek_iowrite32(0x00840014, 0x0000000000c10040); // [event: isys/pwr ) 1 N\ omome- .
// DMA_SADDR_CH2, ADDRESS=0%20030£08 1 W o P
trek_iowrite32(0x20030£08, 0x0000000000c10044); // [event: [ ! UARTO b E 4>

trek iowrite32(0x80008000, 0x0000060000c10048); // [event: BREKER"
// DMA TRANS CH2, SIZE=0x10, START=0x1 T
trek_iowrite32(0x00010010, 0x0000000000c1004c); // [event: ‘
// DMA_INT STATUS, poll field=0x10

trek iopol132(0x00000010, 0x00000030, 0x0000000000c1008c, 0
// DMA INT STATUS, CHO COMPLETED=0x0, CH1 COMPLETED=0x0, CH
trek iowrite32(0x00000010, 0x0000000000c1008c); // [event: s
trek message("End dmac_xfr0.2"); // [event:0xa agent:cpu0

// DMA BUFF_CH2, DST SIZE=0x0, DST CIRCULAR=0x0, DST INCR=0 Sommm- ‘
' @g
§

v y
VIP VIP

[ Fabric
[ Fabric |
I [)
- . DMAC | | AES

® 68550 trek:
69050 trek:

: trek_iowrite32(0x00000004, 0x00c1008c); [event:0xld agent:cpul thread:T0 ing~
End dmac_xfr0.l [event:0xle agent:cpul thread:T0 instance:dmac_xfro0.1]

gl

69050 trek: Begin dmac_xfr0.2 [event:0x3 agent:cpu0 thread:T0 instance:dmac_xfr0.2]
69050 trek: [dmac]: dmac_xfr chan:2 len:16 src:0x20030f08 dst:0x00840014 [event:0x3 ager UVM T
5 3 estbench
69050 trek: trek iowrite32(0x00840014, 0x00c10040); [event:0x4 agent:cpul thread:T0 inst
69450 trek: trek iowrite32(0x20030f08, 0x00cl0044); [event:0x5 agent:cpul thread:T0 inst
69850 trek: trek iowrite32(0x80008000, 0x00cl0048); [event:0x6 agent:cpul thread:T0 inst
70250 trek: trek iowrite32(0x00010010, 0x00cl004c); [event:0x7 agent:cpul thread:T0 inst
70650 trek: waiting for '(trek ioread32(0x00c1008c) & 0x00000030) == 0x00000010' ... [ev
76250 trek: . got (trek_ioread32(0x00cl008c) & 0x00000030) == 0x00000010 [event:0x8 ac
76250 trek: trek_iowrite32(0x00000010, 0xX00cl008c); [event:0x9 agent:cpud thread:T0 inst
76750 trek: End dmac_xfr0.2 [event:0xa agent:cpu0 thread:T0 instance:dmac_xfr0.2]
76750 trek: Begin aes_decrypt0.2 [event:0x1l agent:cpu0 thread:T2 instance:aes_decrypto.
§'36750 trek: : laes]: aes decrvot [event:0xll adgent:coul thread:T2 instance:aes decertO.Z. he 8

Test Idle

accellera
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3D Coverage Closure

Sequential Sequential Sequential &
A T A
Q
£
Combinatorial 5 Combinatorial
3 w
7 E
2 =
©
8
< >
?‘J— {&Q’@
(%]
»  Concurrent » Concurrent Concurrent
Parallel sequence threads
Combinatorial Sequential Concurrent
Function been tested? Sequence of functions been tested? Has this timing combination been tested?

Photo Threstg [Thread 2\ Thieads
\ Threadd  Threa Threa
Processor /7 OR T _OR OR
SD Card Decode Display Port/Reg1 Port/Reg2 ~Port/Reg 3
Controller f ! . =
Controller
Read D Card e
SD Card Photo

L) /[ Processor D ez Processo
Camera Controller Decade e

Photo Write — Display

Processor =] — Controller
A Camera
Encode

VvV |
Photo

Processor
Encode
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High Level Scenario Debug

i) ha) i Pstecaincas’ Salaci Wino 4 processors, 1 thread per processor
B-EE 0 L2 L2 mp—
Memory Map Memory Values &)X
cpu 000 cpu 001
T0 cache.29 - DDRO
- Pre-op
.. s 0x0001d9£0: dd2194ae 02a6255b
Green nodes have finished | - Post-op
0x0001d9£0: dd2194ae 02a
cache.29 - RT Data used/changed by a task
b R . 0000031 - Pre-op
emory Usage by Region 0x00024¢00: Sb1e5534 —
I - - Post-op
. 3 10 i s 0x00024c00: 00000000
S—
=, —
- J =
= Failing Nod =
Yellow nodes are — | Failing Node —El
Kl <> < «|»
i snoop3l | I | GI») | ] e
runni ng | snoop.32 C Test Source
v Blue nOdES are Waltlng to run // [event:25 cpuicpu 0 0 0 thread:T0 instance:cache.29] D
] -29%); ¥/
H S| Wd?fo[ DEVICE nGRE ) */
: trek_nop delay ( 8 ); // pre-delay .
<> /* Rliases::pre( cpu_0_0_0 DEVICE nGRE trek_mem RT+0x0002bc40, cpu_0_0_0 ST O Sof‘twa re Dr|Ven Test Source
. . . trek_mem DDRO+0x0001d9£f0 8 ) */
1441758 trek: info: Begin [event:688 cpu:cpu 0 0 _3 thread:T0 instance:snoop.ll] B ds( =
1218748 trek: info: Begin [event:25 cpu:icpu 0 0 _0 thread:T0 instance:cache.29] asm volatile ( "ldxr x21, [81];" -
1716546 trek: info: End [event:247 cpu:cpu 0_0_1 thread:T0 instance:snoop.17] et nstlxr ’-wl’) x21. [81];"
1327859 trek: info: End [even 74 cpu:cpu 0_0_2 thread:T0 instance:cache.30] =&r"€*(l}32*);trek l;\em RT+0x00024c00) )
1442627 trek: info: End [event:689 cpu:cpu_0_0_3 thread:T0 instance:snoop.ll] "r" (trek mem DDRO:Ox0301d9f0)
T t E t' L 1717067 trek: info: Begin [event:248 cpu:cpu 0_0_1 thread:T0 instance:snoop.19] max21"
eS Xecu |On Og 1328445 trek: info: Begin [event:475 cpu:cpu 0_0_2 thread:T0 instance:snoop.2] );
1443273 trek: info: Begin [event:690 cpu:cpu 0_0 3 thread:T0 instance:snoop.12] D } while (MEHBZ(tre!’( mem RT+0x00024c00));
1220483 trek: info: trek_check memory block frontdoor ( trek mem DDR0+0x0001d9f0, <8 bytes: R «
_dd2194ae 02a6253b> ); [event:26 cpuscpu 0_0_0 thread:T0 instance:cache.29] // trek_check memory block frontdoor ( trek mem DDR0O+0x0001d9£0, trek mem RT+0x000336e0, 8 ) begin
20483 trek: info: checksum compare PASSED: 0xd1993a5d [event:26 cpu:cpu 0_0_0 thread:T0 WMEMSZ(Erek mem RT+0X00023c34 0); 2 T
;?ﬁtlaxzu;e;:;l_ae;ﬁi. End [event:250 cpu:cpu 0 0_1 thread:T0 instance:snoop.l19] m WH.EMG4(trek:mem:RT+0x000336e0, OxfEEL0000LLITIN)) m
ol e R R e S it P WMEM32 SHARED(Erekicpui0 0.0 teat. 10 atate, 0x10); =2
Memory locations of cache.29 64 brut Inal

\Runnlng test /home/etienne/projects suplarmvslrun/q:"‘

Tight integration1

Eile Signal View Waveform Analog Tools Window

& &

- B B 2,215,750,000 | [0 245 v -2,215,750,000 % 1ps @ % sy: (F] v (¢ [»] @ - Goto: a1
[ ... [2,14p.000, 900, [2,150.,000, 00, [2,160.,000, pO0, [2,179.,000, pO0, [2, 180,000, pO0, [2,19p.,090. pq0, [2, 300,000, pq0, [2, 310, 090, 000, [2,520,,090, PO, [2,53,,090, 0O, [2, 540,090, pao, [2, 350,090, P, |

e @ 3 g CLPBUE PRRG RS ———————
e e e e e

1, 009, 00Q, 00O, 1, 50, 00Q, 000, ,,00p, 00, 000, 2, 500, 000, 000, 3, 00p, §0Q, 000, 3, 50p, 00g, 000, 14, 000, 000, 000, |4, 50p, 000, 000, 15, 00

accellera
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Pre-generation, Reactive and Hybrid constructs

* Prefer pre-generation constructs
* Better emulation performance
e Simpler reuse in SoC and post-silicon
* Supports checks, polls, scheduling etc.

e Prefer full reactive constructs for block level verification
* Necessary when DUT response cannot be predicted

* Hybrid mode allows most operations to be pre-generated, with
reactive generation where needed 3
* Small sacrifice in simplicity and performance for flexibility
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Functional, UVM++ Test Content

VerificationOS provides a “layer”

Under the layer the UVM testbench
remains the same, with connections
based on RAL.

Above the layer, the UVM++ tests
can be generated and applied

SD Controller Model

Coverage Constraint

’5‘1‘: ) =
Test Suite - ERL . Test Suite
Synthesis T Synthesis
UM+ Coverage Analysis UVIMy++
test.tbx Fo E.ji Vol test.tbx
-t ST

This allows the same tests to be b ——
ported as the design scales detizoncs Verification0S

.= ;1 =B
W Scoreboard & Debug
SD Card
Controller
I
SD Interface
VIP
A
U

uvm Vi ‘

Testbench L\ Cwip ] Cvie ] [wvip ] : i

= I, S, S— S
7 )
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Agenda

 UVM++ for efficient coverage closure
 UVM++ for fast IP emulation

* Enabling Firmware to run on UVM++ for IP simulation & emulation

e Reusing verification content for SoC System Coherency
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Emulation Functional Test Use Model Issues

Not enough tests to take
advantage of emulation
pacit

Long compile loop at odds
with frequent test recompile

Random Testbench
o_,n‘_.SimuIator‘

Integrated simulator for
random solver slows
nerformance significantl

Coverage and debug data

Emulation Environment / Collection coIIection SIOWS
nerformance
Debug/Coverage ]
Data
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Pre-Execution, Coverage-Driven, Randomized Test Generation:
Preserving Emulation Performance

Randomization on spec GEIERAEE 2 SD Controller Model UVM++ PSS

mOdel, prior to execution GUI composition mpp
No testbench simulator

Native C++

Coverage Constraint Reachability Analysis

e =E Test Suite _Efj;:“;:_ﬂ?
Coverage performed Synthesis -
up-front, on model N =
v v v v
. Synthesizable ..";;'
Synthesized tests loaded VerificationOS |
straight into memory — Debug & Profiling
no Iengthy Compile ¢UVI\/ISequie7nces CSW +TLM ¢
: *
Low to no data dump |
: v 4
required for coverage é o
and debug Testbench : S 2. | -
—_— Lwve ] [we] [ v | ' e 3
£ - ® )
— = . ‘:“F
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Fitting UVM++ into IP Emulation Simulation Acceleration

SS Scenario
Model

————————

—_—

________

I'DMAC 3 4>
[’,A_E_S____“ : ng N BREKER"
] C{iﬁg T __. ' TrekGen
BREKER"
TrekBo
DPI_LIB

test.tbx

________

_______

________

Emulation environment

R ’ := ${BREKER_HOME}/build/1lib/libtrek.so
SIM OPTION += -DTREK TBX FILE=test.tbx
C/C++ sequence detail to interface w/ AVIPs
SS
void run(){ RTL v v
bool trek done = false; ‘ VIP ‘ ‘ VIP ‘ Memory
while(1){ 'y + ¢
Y System
req.get(m_tb_path, trek_done); | Fabric o
if (trek_done) break; | FM:C || Power
drive_transactor( req, rsp); 4 4 § [ Control
if ( req.direction == APB_READ ){
rsp.send(m_tb_path); DMAC | | AES | UARTO |UART1
}
req.item_done( m_tb_path );
} ) Emulation/SimAccel VIP ViP .
1 1) .
e =
™ -
YR |

SYSTEMS INITIATIVE




Randomization Up-Front

SS Scenario ’I5I9I_A_C_ ; “. 4 >
Model _______
!AES . test.tbx
_______________ TrekGen
[ Sys/ Pwr \: o !'G,L_\ﬁﬁ N
________ UARTO

________

* All randomization and scheduling
solved off-line

* Allows emulator transactor to be
driven at speed

SYSTEMS INITIATIVE



Eliminating Test Content Compile

_ ,ltest.tbx

BREKER"
TrekBox

* TrekBox loads generated schedule T
at ru ntime ‘ .‘ Fabr’ic ‘ | Syas:‘m

| Fabric | | Power

‘ ’{ ’ Control

DMAC AES | [UARTO |UART1

* No need for test compiles

Emulation/SimAccel i
1 1)
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Handling Coverage Up-Front

UVM++ PSS

* Coverage reachability and coverage socontmuerModel
analysis available before tests are

ru n Coverage Constraint

Native C++

Test Suite
Synthesis

* Review coverage to decide if test

. Stimvulus Ch;cks Covevrage De;ug
suite should run L«H L«H u L«H

Synthesizable

PR ||
VerificationOS o
=8 A5k

* No need to track coverage data at

Debug & Profiling

run time, leading to better Luvwiseauences__CowaTv g
performance ‘

SD Card
v 4

SD Int. VIP

—~
uUvM|
-

Testbench
[

[we | [vep ]
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Debug Data Minimization

* Synthesizable VerificationOS IR ) Controller Model UV PSS
collects minimal debug data Ul cpraportion Native G

Coverage Constraint Reachability Analysis

giz: 2
Test Suite -8 ERI 22

* Most debug information already ' | Synthesis
available in generated schedule "/ N 3

Synthesizable
VerificationOS

Debug & Profiling
¢U\/ M Sequences CSW+TLM y

- Testbench

APB VIP

SD Card
Controller

g

SD Int. VIP
-3 .
Testbench HVM s
‘ Lwe | [ e ] -
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Portable UVM++ test can be applied to emulator

* The VerificationOS layer also
allows the UVM++ tests to be o Contiolerodd
ported to the emulator -

# Coveragi Constraint
Synthesis " -‘5_ Synthesis
* UVM++ enables full pre- =7 — 7 .
R A = test.tbx Coveragge SUERER test.tbx
execution randomization, L_{’/ L_{’/

CO m p i I e bypa SS, etc . Synthesizable Synthesizable

VerificationOS R VerificationOS

* Emulation performance is
maximized
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Agenda

 UVM++ for efficient coverage closure
 UVM++ for fast IP emulation

* Enabling Firmware to run on UVM++ for IP simulation & emulation

e Reusing verification content for SoC System Coherency
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Running Firmware Without an OS or a Processor

S o 4 i
Camera Firmware PhotoP Firmware - For flrmwa re exeCUtlon On a

> subsystem, how can we connect
the registers in SW and HW?

* How can we provide the services
needed by firmware, such as
memory allocation?

Registers ¢

* How can we load the firmware
into the device memory?
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Implement Firmware HAL in UVM++

#include “registers.h”
Fi i . .
Camera Firmware PhotoP Firmware void aes_encrypt(uint64 t offset){
REG_WRITE(offset + reg AES CTRL, AES _CTRL_START & ~AES_CTRL_MODE);
REG_POLL(offset+ reg AES CTRL, AES_CTRL_MODE, AES_CTRL_MODE);

trek::reg r = regs.get _reg by addr(addr); \
r.poll(value, mask);

Display SD Card

Controller Controller

}
\- Synthesizable VerificationOS
: Register fMemory Interrupt
I R/W I Allocation Processing
I VIP : l UVM Testbench
I H ; #define REG_WRITE(addr, value) \
:2 o th trek::reg r = regs.get _reg by addr(addr); \
|'§ ' ez r.write(value);
13 L
:,‘_2 e ‘ #define REG_POLL(addr, value, mask) \
|9 ‘ Fabric ‘
I
I
I
I
I
I
I
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Leveraging a Light VerificationOS for Firmware

. . * VerificationOS provides enough OS
Camera Firmware PhotoP Firmware

____________ capabilities while avoiding slow Linux
bootup and performance

= Synthesizable VerificationOS

Register }Memory Interrupt

B e B B * HW Registers defined in UVM RAL layer,
SW registers in headers

* Memory allocation, interrupt processing
and 10 transactions also operated by OS

* OS schedules operations, provides
mapping, and synchronizes C with 10

10 Transactions
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Synthesizable VerificationOS Requirements

Memor Memory
test_cpul test_cpu2 test_cpu3 Region ‘:{ Region 2
| | [ | JPEG-
M - 7 Image #1
D Ca 3 3 - Ll
ontroller AL Z2d —=3-4lio
Photo . an / = Raw Image
Processor II S i
= SD Card Dec"de . - _ Photo T :—":-;5':'
G ~ .4 comoter 5 SD Ca rocessor Sty | ,
Read Read N - | - |
- Photo emory
Synthesized processor o= DisPiay S Region 3
SD Card & ode - ard [ 1
TESt Content L) Camera Controller Card o) o) -~
vIP ﬁ Write vip e W
[OIR%) PPhc»to NE =
- rocessor e
2 ¢ Al e
) —Vv—] -
@ = Display
o © Controller
e O
= = a
25 Execution Management
o = ~~>
Testbench

Power

Control / \

—— — ) Multi-threaded
- stem Mode! s P H

= Models Coverage ES55 [ Sihf
Bl

w Fabric Jem Execution Management

Display SD Card
Controller Controller

Cwe ] Cwie ] Cwe ]

Testbench
[ ] Memol Photo
| Processor

Fabric ]

I\
[ " Fabric _ 1]
v

Scheduling Interrupts

Vertical Reuse

Sub-System  Block / IP Virtual P.\\

A AV

Q
3
L/ & '
N &
Simulation Emulation Prototyping Post-Silicon . e AR
. b Project 1_ - /
. X )
Horizontal Reuse Reuse < e,

accellera
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Firmware at the Block, Sub-System & Full SoC

PhotoP Firmware

Camera Firmware

v v
Testbench

[ ] UVM Testbench

APB VIP

¢ T Memory Photo
Processor

SD Card
Controller = ‘ Fabric |

‘1 Fr—

Camera VIP Display SD Card

Memory Photo
Processor

Fabric

Display SD Card
Controller Controller

Controller Controller

Testbench
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Agenda

 UVM++ for efficient coverage closure
 UVM++ for fast IP emulation

* Enabling Firmware to run on UVM++ for IP simulation & emulation

e Reusing verification content for SoC System Coherency
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Reusable SoC System Coherency VIP Library

ARM

|
RISC-V
:: ..,.," —
= :~“ . - -,
L RISC-V” T
= Al
=) o0 mm- R
e = hae
= (& =
. = o<
S~ © )
== =S
Power == j(% B
Management o -y
N L S e
| \N—|
== Cache
_ = Coherenc
Security = y y

SYSTEMS INITIATIVE

* SoC infrastructure testing can be
effectively handled using pre-built
scenarios that can be configured

for the design

* By composing these at the
specification abstraction level and
synthesizing them, we can target
coverage levels and corner cases
not possible using templating

* Breker has a library, and ~*--~
users create their own o e




TrekApps may be Configured and Expanded
System Coherency Top Graph '
= e g e e
ljem&me Mr.m ﬂj T memsetops ) (o)
G - : e -
— - = =
ptmeonts ) ) (o)

Max Specialized Addl
Memsize Algorithm Instructions

Example [> Specific Component Special Coherency Extra Processor
Customizations Characteristic Test Algorithm Instruction
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Combining TrekApps with UVM++

Randomization on spec
model, prior to execution
No testbench simulator

—_—

Coverage performed
up-front, on model

Synthesized tests loaded
straight into memory —
no lengthy compile

Low to no data dump
required for coverage
and debug

SYSTEMS INITIATIVE
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TrekApps

GUI composition s

Coverage Constraint

SD Controller Model

UVM++ PSS

Native C++

Reachability Analysis

Test Suite __;;»g‘?é et

Synthesis

Synthesizable X

VerificationOS *g

.l
gb

iz%

¢UVI\/I Sequences CSW +TLM ¢

Debug & Profiling

APB VIP

SD Card
Controller

SD Int. VIP

Testbench
[

4,
_>
(s)

Testbench

Memory Photo
Processor

Fabnc

Dlsplay
Controller

SD Card
Controller

[wip ] [ve ]

[vie ]




Summary

 UVM++ for efficient coverage closure
 UVM++ for fast IP emulation

* Enabling Firmware to run on UVM++ for IP simulation & emulation

* Reusing verification content for SoC

SYSTEMS INITIATIVE



Thanks for Listening!
Any Questions?
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