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Who am [|?

14 years in simulation & emulation
e Europe and US

- Technical leader, FAE, manager: always cadence
hands-on

 Teams from 3 to 12 people

 Block-level / Top-level
« Automotive, Video Decoder, Al A [V

* Axelera Al: accelerating inference
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A case study

* Just our opinion

Depends on the project, the needs
Might not work for you

 Key figures about Metis

Tyear: from Emulation start to chip
bringup

multi-CPUs

1day: functional test bringup

= DDR:1week
= PCle: 1Tweek

Transactors

Jodb --cores 5

Jgemu (PCIE)

Metis

DDR Phy model

Features

waveforms

DFT STIL

memaory backdoor
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Verification platform landscape

Where does emulation fit?

» Simulation at top-level is too slow
« Emulation, models, etc, are a must
* Theright platform for the right tests 1000
for the right interfaces
« Trade-offsare inevitable
= Speed o
= Realism
= [Debugability 10
= Platform bring-up time
= Price I

emulation FPGA

* |t is our job to choose the right speed Mrealism = debug M cost
platform



Emulation cloud setup

Why choosing the cloud?

* |CE vs virtual emulation

e Jur needs
e (CPU based tests
e Some PCle tests

* Flash/mem models
 UART, gdb, etc

* Conclusion: virtual emulation
 Simpler, setup the Veloce once
e Cloud: emulation as a service
e Subscription model




Building Emulation databases (1)

Getting and modifying RTL sources

* Getting files * Don't model
« Easytoolto fetchfilesis critical « PLL ->drive output clock directly
« Same tool for sim, emu and synthesis * Analog sensors -> use simulation
Different targets: emulation/simulation/RTL  PHYs(DDR, PCle)-> Siemens Virtualab

Use sim to test PHY programming

. PHY 't |, just del
e Emulation models S S e

« RAMs/ROMs/OTP

* Flashes: Siemens Softmodels

* RNG ring oscillators: Surandom with XRTL
« Matrix multiplication: save AVB

Impact of performance

* Do not be afraid to experiment
to speed up your process



Building Emulation databases(2)
Taking advantage of the Cloud

* 4 comodels and 2 runtime servers
« Ssh==accessible from our Network =
* Administered by our IT

runtime

hosts

* Nightly CI
* Running on gitlab
¢ 10h builds / 2h tests S

* Release system
* Built by the nightly ClI
« Users: copy/paste in the morning
* Top platforms with different stubs
= 3to 24 boards



The human factor

Emulationis a cross-team effort

* Love thy EDA consultant
e Trust: being fair / demanding

« FW/DV communication is critical

- FWandDV: agradientin Verification
= Running C code on CPUs
= DV canwrite Cdriver
= FW can debug waveforms

*  Bringup will run C code on CPUs, not SV
*  Weekly meetings, daily chats
« Using the same Git repo

» Other users
* Architects: perfand compliance tests
* Application SW
 DFT

'l see ourselves as one big Verification team
composed of people with different skillsets”

- Jovin Langenegger
Engineering Manager - Al Embedded Software



Runtime (1)

C tests

* Building SW test
* Binto hexfiles: insimand emu
« Backdoorloading of the memories

 Canalsoloadthe ELF through GDB

= gslower, more realistic
= bringup preparation

* Building the TCL runtime script

 Bashscript
= generates TCL script: templates
= calls velrun (EDA specific)

* misc: flash, snapshots(Linux boot), etc

* Pass/Fail
« GPIO[2]: test is finished
« GPIO[3]: pass/fail

./run
./run

./run
./run
./run
./run
./run
./run

./run

--help
--list

test hello world
test hello world
test hello world
test hello world
test hello world
test hello world

test hello world

--clock fast
--dump_cpu_1instructions
- -Xwaves nhoc
--no_printf

--coverage

--1nteractive



100

Runtime (2)
Cl

* MR pipeline
e Simulation runs
= Same SW build flow

= Same top platforms (stubs)

*  Emulation sanity check %

= Cannot run full compilation ;
» Nightly Cl

* Back-to-back test
= Start TCL server when starting emulation
= Saves overhead of start/finish
= Testasfastasbs

« Gather IO toggle coverage ° ._____+______————————____‘_"
= ontop instances D_ [ _.
™ merge emUIation + Simulation Coverage 04/1M00:00 04/1108:00 04M1116:00 04/1200:00

= good integration metric A/ AXELERA
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Runtime (3)
Debug

// Configure canonical settings for clocks in clock g
clk_gen_set_canonical_settings();

#endif // FORCE DEFAULT CLOCKS

#endif // PLATFORM_VELOCE

#endif // CLOCKS_CONFIG_CANONICAL

‘ clk_gen_setup_plls();

* Avoid waveforms when possible
° Tooslow W
«  Logs: XRTL + Swrite() il

_init_printf();
_thread_init();
« CPUtraces
= Codelink?

// Signal to other cores.
init_complete = 1;
populate_stack var();
else {

-

while (init_complete = 0);

// Other cores: Wait for initialization to complete.

= fw_trace_utils
 EDAagnostic
* nolicense
 Adapttoany CPU

« Xwaves (EDA specific)
* Great for performance debugging
* Addrelevant signals at compile time

populate_stack_var();

_thread_worker_main() ;
// Previous function should not return.
while (1);

}

// only single-threaded programs should ever get here.
int ret = main();
exit(ret);

* Switch to simulation
* Forshort tests
* Same platforms, same tools
« Slower, easier waveform debugging

Prev Next Main List Source Sync Reload Quit
2577730777 : ipipe: 0:@0000000007007298=000b6517 ab=00000000070bd298
2577790777:ipipe:0:@000000000700729c=47853503 ab=00000000070C1088
580550 pipe:0 7007 100 zert
2580550805 ipipe: 0 :@00000000070072a2=000b6517 ab=00000000070bd2a2
258332583 ipe:0:@00000000070072a6=47653503 ab=000000000760C1090
2585950859: ipipe:0: 7007 502 I 70072ac
2588875888 ipipe: 0:@00000000070071a4=1402573 ab=0000000000000000 populate_stack_var

259165091

pipe:

0004599

0:@00000000070071a!

a

000000000000006

2591665916: ipipe:0:@00000000070071aa=00b57463 zero=0000000000000000
2591665916:ipipe: 0 70071 581 a;
2594425944 :ipipe:0 7007 1bt 29 Zer e
2597230972: ipipe:0:@00000000070071ca=40b505b3 al=0000000000000000
259724597 ipe:0:@00000000070071ce=00000585 a1=0000000000000001
10 7007 17 70bd1d0
0 70071d4=51863603 a2-00000000070c10a8
e:0 170071d8: 7 70bd1d8
:0:@00000000070071dc=5186b683 a3=00000000070C1400
:0 7007 1e0=1 56 E) 0000
10 70071 5b2 a; 7021880
EHE 7007 50e
e:0 7007 1e6= 536 70c0e40
+0:@00000000070071e8-0000e10c Zero-0000000000EEEE00
2 zert populate_stack_var took 19515195
1879 :0 :@999900@9799723(=999b6517 ab=000000000760bd2ac
:0:@00000000070072b0=49c53503 20=00000000070C10c8
10 7007 502 ri 70072b6
:0:@00000000070b64c8=00004501 ab=0000000000000000 main
0 70b64C 2 zer main took &
:0:@00000000070072b6=000b6597 al=-00000000070bd2b6
:0:@00000000070072ba=49a5b583 al=00000000070c10d0
Hel 7067 2bt 582 ri 70072c0
2630696306 :0:@00000000070b64cCc=00001101 5p=000000000701840 exit
263075630 2] 70b64C 06 zer
263351633 ] b64d! 2 zer
263351633 2] 70b64d 26 zert
263351633 2]
263624636 0:@00000000070b64d6=0000b517 a0=00000000070c14d6
P 2] 253483 51=0000000000000002
636306363+ 0 obs4d sod
10 585 a; 1
2641886411 0: 70b64 82 ri 70b64ed
2647316473: ipipe:0:@00000000070b6678=00001141 sp=00000000070e1830 gpioSetDirection
264737647 i 2] 70b667: zer
264737647 2] 70b667C 1
2650091501 0:@00000000070b667e=02c57263 Zzero=0000000000000000
2650091501 ] 70b6682=1 37 e
2650151501:ipipe:0 b6686= 4254 76c1100
instruction_dump_ax65_id0.log| init_uart
instruction_dump_ax65_ide.log| put_buf
instruction_dump_ax65_ide.log| _thread_init
instruction_dump_ax65_id0.log| memset

instruction_dump_ax65_ide.log|
instruction_dump_ax65 id0.log|1862 col 29
instruction_dump_ax65_ide.log|
instruction_dump_ax65_id0.log|

main
exit

_multicores_init
populate_stack_var

d

8004

7007252:
7007256:
7007258:
700725a:
700725cC:
7007260:
7007262:
7007264:
7007268:
700726C:
700726e:
7007270:
7007274:
7007278:
700727a:
700727e:
7007282:
7007284:
7007288:
700728C:
700728¢:
7007292:
7007296:
7007298:
700729c:
70072a0:
70072a2:
70072a6:
70072aa:
70072ac:
70072b0:
70072b4:
70072b6:
70072ba:
70072be:
70072c0:
70072c4:
70072c8:
70072ca:
70072cc:
70072d0:
70072d4:
70072d6:
70072da:
70072de:
70072e0:
70072e2:
70072e4:

80

ba

ob
45

ab
85

ob
65

ab
45

ab
25

ob
85

ob
65

ab
(G

ab
as

ob
05
ab
(G

ob
a5

00

00

00
4a

00

4b

00
4b

00
4b

00
4b

00
47

00
a7

00
49

00
49

00
45
00
42

00
42

0x802
a2, a4

lui a4,
add a2,
add a2, a2, a3
1w a3, 0x0(a2)
sllw al, s@, al
or al, al, a3
sw al, 8x0(a2)
auipc al, 0xbé
1d al, ox4ad(al)
jalr al

bnez sl1, 0x70072cO < init+Oxc6>
auipc a@, @xbé
1d a0, 0x4bs(ad)
jalr a@

auipc a0, 0xbé
1d a0, 0x4b6(ad)
jalr a@

auipc a@, 0xbé
1d a0, ox4b4(ao)
jalr a0

auipc a@, eoxbé
1d a0, 0x4b2(a0)
jalr a@

auipc a0, @xbé
1d a0, 0x478(a0)
sw 50, 0x0(ad)
auipc a@, 0xbé
1d a0, ox476(a0)
jalr a@

auipc a@, 0xb6
1d a0, 0x49c(ad)
jalr a0

auipc al, @xbé
1d al, 0x49a(al)
jalr al

auipc a0, 0xbé
1d a0, 0x450(a0)
v al, 0xo(a@)
beqz al, 0x70072c8 < init+Oxce>
auipc a@, @xbé
1d a0, 0x44c(a0)
jalr ab@

auipc a0, 0xbé
1d ab, 0x44a(a0)
jalr a@

1i a0, ox0

ret

ret

00000000070072e6 <_printf>:

70072e6:
70072e8:
70072ea:
70072ec:
70072¢ee:
7007270:
7007212:

>
X
n

>
£
-

5d
06
22
26
2e
6
c2

0
>
-

71
ec
e
ed4
84
ed
ed

sp, sp, -0x50
ra, 0x18(sp)
sd s0, 0x10(sp)
sd s1, 0x8(sp)
mv sO, al
sd a7, 0x48(sp)
sd a6, 0x40(sp)

addi
sd

n
>

z
-
m
=
-
@
m
F4
0
m



Conclusion

Key take-aways

* Emulation: top-level crossroad

* Factorize tools, code and effort

= Sim/emu, verif/bringup, FW/DV
*  Work with multiple departments

= Efficiency > politics

= FWandDV relationshipis critical

* Make it user friendly
= releases, runscripts
= Arch, FW, application SW, DFT

* Our successful choices
 Leverage Cland Cloud: builds, coverage
Know when to rely on EDA tools, when to code it yourself
« Simulation: close to emulation, complements emulation
* Theright trade-offs: efficiency > realism

/\ AXELERA
/ ARTIFICIAL INTELLIGENCE



Conclusion

* Emulation is now our main top-level DV platform
« Metis: bringup functional test in 1day
* New projects: more users, more complexity



T'hank You!
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