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A6 PSSAHREA —E B , Hlwif R ELHFILHIES , LA FAERRAN AR RS RE-F & 69 % IP (Verifica-
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Self-adapting midware architecture & development for cross-platform PSS

Wang Feng, Wang Lei, Zhang Lirong
(Xi"an R&D Institute, New H3C Semiconductor, Xi’an 710075, China)

Abstract: With continuous evolution of semiconductor process technologies and IC (Integrated Chip) scales, more and more com-
plex functions are integrated. Multi-core multi-thread CPU (Central Processing Unit), multi-dimension NoC (Network on Chip),
high speed interfaces, kinds of peripherals and so on IP (Intellectual Property) are integrated into SoC (System on Chip). As a re-
sult, verification scenarios during IC development become extremely complicated, which leads to great challenges to the SoC de-
velopment and corresponding verification completeness. Currently PSS (Portable Test Stimulus Standard) has been introduced
along with the UVM (Universal Verification Methodology) for generating extensive randomized stimulus with more complicated
scenarios. However, the PSS standard, as of today, doesn’t support generating assembly test code and invoking different VIP (Veri-
fication IP) flexibly. In order to solve these problems mentioned above, we introduce a verification platform architecture by imple-
menting a new layer as midware between the PSS model and the testbench. The Midware layer can give full play to the PSS ad-
vantages of high-level scenes modeling and achieve the flexibility, efficiency and completeness of chip verification.
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bench, TB) b i 47 W 3K 38 il 1 &2 1, o AR A 8] °F- 15 36 TF
M —FbE, o T H PR

T SE LI R R B 3R A, 4k UVM (Universal
Verification Methodology ) Z J& , Accellera Fx #fE 4 21 i 1
T {5 HE =L 42 A 3% Bl B ME (Portable Stimulus Standard ,
PSS) , H H b5 2 3 A — A~ 70 37 0% 00 5 98 i R R O AE
Tm A 2 9 00 b e SCBUR A A7 s, DA S 30 5 )22 40 FD
B0 S R AR 2 o L E AR A

(1) 38 2 PSS f L 7E 51 5 il 52 200 4 s Vs Al
i, 7] =& X1 7] CPU (Central Processing Unit) f1 4% 2§52
HEMU R A G5,

(2) A LA TS b AR BB AL ZH A 3 557 1 C/CH+ 0 SV
(SystemVerilog ) 65 , i i 4 12 I il 2% C/C++ 1 % 4 2
J¥ 55 3L CPU Y 5 iE 3 5, 38 o 98 ] %% 3E 1P ( Verification
Intellectual Property, VIP) o fifi £ il # VIP ( Accelerated
VIP, AVIP ) 5 BiUGHRF 5 B4 11 B8990l

(3) PSS I S AL RUA AL Al i TR B G 1 2 GE A
R G % EDA MK 75, ik 7] LU £ EMU \FPGA -F- 5,
AS TR 0 - £ 7= AR R ) B Rl L S BT I K e 2
LR T 30 0E i — 2ok

FI R = B 9 PSS 2.0 bR #E PR LR B T “C” “CPP” Al
“SVTIX AN H bR g B TE T bR AR AT H T e AR B
) 4% B2 18 5 4 C . C++ 01 System Verilog , [A] B $2 ik X =
FiiE = 150G 2 B 48 F (binding ) Jy s, IXBE AT DL Jy {8 Hb
H J C . C++ 1 System Verilog Fifi HIL AL AL A5

X F A [A] B R 2 ol DR 1082 O, 38 o F &k PSS B A
TE 48 € 19 H #5 SV (SystemVerilog) 14 1% ¥ F 45 2 19
VIP 4% AT 55, A S22k ¢ 5 VIP 42 11 Bl BIL AR A% 800) o
B2, A ] Bk 5 AT AE 2 5 WO 8] /Y VIP/AVIP, B AT
IR O R A X, an 2R T e VIP/AVIP, W i AR
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B E & 2R S5 g TR K.
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£ 45 PSS i 15 2R 1 2% compiler 1 5 4% solver, 1 7% 28
B | B L AL FF 2B B IE T A ] 4 )2 B9 SystemVerilog 1 C
5.
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RS 2 | SEERT X b ofE B S AR R AE VR AT BE L H BRI
AR RE . X B A A PSS MR E H AR A F
FEH S AL, B b R R A 6 R T
1) HLAR S By =K.

(4) 1% 48 4 PSS 5 AU

FIFH PSS 2.0 br vER B8 10 C H AR 4 B2 18 5 AR & 47, A
ARG T V6 XML TE 4 PSS BLAY 1% 45 4 H
RIS 25 46 2 g1k, ol A=l € H AR IE 5 4 A0 e 48
A ARG, 2 AR AT b ()R Ak R T 1) 4 CPU Y AT
i PUATIC S48 4, e —E B JE B4 b CPU T 4,
RO T HLAR CPU I 2 i & 5 20

(5) Y5 L PSS L

F T PSS A% 0 JiE L PSS A5 AL JE F PSS VI 4 5 4 1A
55 0F 3 5 PSS #E R Y A & A B AT AR 4 55 0E H bR A Y
S B SR A (] PSS A AU 2 o i SC ) P ISR A 4
PR, U R 438 L5 46 9 AR IR F 4 0 Eh s
HEY 5 L RBANAR 5. PSSY BRI &
N GUANTG BE T A D 5 0 B 52 807 R Bk CPU 2k
B TENAERE T S0E L.
1.3 hEHKE

AN TR 2 R o R [R) 2 g K & R R R O TR Y
VIP, [H 3 5 4R J2 58 SR I IE 37 5 75 28 e 5 31 K [A)
F I 5 2 DA S B BAR Ty RE o AR S Y b e )2
SEEE PSS 14 3 5w SCRIAS [R) I3 £ i) e 55

rpTE] A 2 G R B0 R G0 R 3 IR, 3R AL RS
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AMBA adapter/% FHoAh
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3
Memory Model adapter, D
[FLASH] [ DDRx | [ SRAM | (CPU)
—
e = ) = 1
EDAVIRG | [EMUFPGATIIA &
[ i3 VIP]| |[ sk TAVIP | i}
UCdies || | ICidiiea

DUT (with CPU cores)
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VIP/AVIP adapter J& — 21 SV fl C/C++ [y API 4% 1
B o w2 A PSS AL T A B 1 SV/CHU RS B 4R A%
FR 5 71, 38 23 1% adapter 8 H E AR 1) )2 VIP IR 4
1, 2 BB E i — B

(2) I %% ¥ T A

PSS 2.0 b fE PRI AR B T “C” “CPP” I “SV”iX =4~
H br g B2 15 5 br & A, T 46 e ACRS B i) 1 4 R 18
A C.C++AHll SystemVerilog, [A] B} $2 {1 3 = 15 7 09 B3R
YR , X FE ] 5 H A Bl C/C++Fil System Verilog Bif
HLALARAS , 15 PSS 5 1 I B A7 L 4 1 5 1L B4 AH B 19 bk
AT R A B AR A BRI, X R T
A= B CPU 45 4 56 ik B 5 0 BEALIC g (X RS o A 1 05 4 b
A BCBE DL i AR, A R G R C B br B2 18 5 bR ik
¥, A2 W) C i 5 PR BN N AS [H] B9 CPU YL 4 45 4, il i
PREN S HY R IIL 4R 48 & S 5 bi Ltk . PSS compiler/
solver T H. )l PSS L AL A4 4 Jy Bl AL S 8 1) C RS Z )5
AR A5 7 He T L 2 Bk A7 R 0 B 4 o Bl BT S 4
Ao AR, M N [R B9 CPU BRI I, 15 31 59 90 4 48 5
A TR, X CPU 48 A 41 & 1 s iff A7 A ), vl B
fdi 11 PSS A58 &Y P vt T S 8 A B AU — 8 BRI BRI
TRTA CPU 2R 2 i) (1) IX 31
1.4 MKXEE

M B A & BR test S0 A9 50 TIEAE 28 4L ¢4 550, A 46
o IRl MR 2 AR g SR e A, AT DL AR B
K FREHERGEHKIER UVM F &, o] DL
EMU fifi {1 Jin i . FPGA Jit B 50 ik ~F- & o A [m] /9 I3 15 7]
fiE +E 3 A R A9 VIP/AVIP 52 0 U384 LA B 5 . % iy
o] 2 AR Y LR B G AR R AT R N 2R L iB AT
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VIP adapter — ]
it &
EDAREE-& EMU/FPGARET- &
N E
VIP HIFIS N il AVIP
B J
G WS
interface | CPUs | | CPl | Bridge
DUT(RTI/Netlist) EMU/FPGA

K4 I & 7R

2 fiEHEREIH
2.1 VIP/AVIP adapter &

VIP/AVIP adapter J# ff 2 3 57 45 B 5 i J2 Ik 65 A
[l # 2¢ VIP/AVIP 2 [6] (9 A7 5%, S B T 4% 28 4 v U 8010
B

LA PCle 3 £z 11 50H 1% % 2 9], VIP/AVIP adapter
i R PSS 3 5 4 i 2 #2125 0L 7 LR 38 H System Ver-
ilog £ M -

task vip_pcie_send_data(input pcie_send cfg cfg);

PSS 57 18 )2 ) PSS LR 7 & X PClle g 3 42
FPR S, i L — A R AT ] DL A PCle DI fES) 5. N
PCle 4% 1% fir B R A7 U F PSS B R 4 S B 5 % D i
component pcie_modeling {

action send_data {
exec body SV 777
vip_pcie send data({{pcie_send cfg}});
}5
1

Mg 5 3 50 b T B AT PCle B 15 i, T
FH X1 (4 action BRI AT S8 . 40 PCle &2 04 & 3% 1Y PSS
SRS R IR
component pss_top {

action master {
activity {
pcie.link;
repeat (50) {
[100]: do pcie. send data with (pcie. mode ==
pcie_mode inbound);

}
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S
M LT L, g5 %5 PSS 37 s AL I, HU I PCle 5
R 1 send_data action, A B DRI AR H
PO )2 92 B LA B BB B T BB VIP/AVIP, A 308 B T 5 2
R AR
73— Ji T, adapter J £ Xf A [A] ) PCIe VIP 1 AVIP
TE T X N task 3%, function S BE, 40 DL R &F % 3 45 2
i H PCle VIP, 45 W1 F adapter 2% fh i :
task vip_pcie_send data(input vip_pcie_send cfg cfg);
UvmUserTransaction pkt;
pkt = new();
pkt. mode = (cfg. mode==vip_pcie_mode_inbound)? Uv-
mUserTransaction:: INBOUND: UvmUserTransaction::
OUTBOUND;
assert(pkt.randomize() with pkt.size = cfg.length; ...);
‘uvm_send(pkt)
endtask
LR & A Sh A TR A Sl & AR 8 T
P& VIP £ 0 18 %2 45 %€ VIP/AVIP, F X} h/ 5 adapter pack-
age fURS 2> 4% T B 8 3h B 2000 3:X & S5 &b, %l
W HEAT G RIS AT 05 FLEE 2 B 8 m #OF (8 1% VIP
adapter ft 45 .
Wk LLF 7, VIP/AVIP adapter [ A 4% MK 37 5 4l
S )25 & VIP/AVIP i 2 8] —if .
22 CHRARBHEHRIA
T 4 A5 e e T2 2 S BT 4 A B R B R E CPU 2K
T g A B SE 3
P load 45 4 S 191, &5 55t 38 )2 v B9 PSS R Y 2 v 5
T VAN g, DL E X load IE 445 4 -
component cpu_asm_moding {

action asm_load {

exec body C 777

asm_load({{mem_addr}}, {{cpu_r reg}});

¥

1
4 5 7 5 b w5 29 T % load 15 4 F, R 5 224
FH XTI B action B AT 523 . 4 DMA 1% Hii 37 ¢ 155 2 1] 4%
MFITAEE
component pss_top {

action dma_single {

activity {
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do cpu0.asm_load with (mem_addr == src.addr); PSSR &1L | RIEE PTG R L ZSHLA
. I | -

do cpu0.asm_load with (mem_addr == dst.addr); Wik <:: B ) e =T HATH Eﬁ%:i
do cpu0.asm_dma; X : T L TPSSTHR

...... | [FTPAYIP adapier F——— s TR

\ | R ~ | | D

PSR | | e T

. (%L.L:]:II‘*}:’) T PSS*%QEF 1 AMBA VIP
} > SR IR )= : ijf\flpmiﬂ 1 %%AVIP
B . — R N Ve

PL I PSS 37 5t A5 AL QRS 25 PSS T H i 17 compile/
solve Z J& , A= Bt LA N K 7 55t C OO AR HS
asm_load(0xf8000000, r3);
asm_load(0xf8300000, r5);

X ML oxf8xxxxxx J& PSS T. B W #L 1k Z )5 15 5] /Y 4tb
bk, e3/r5 SR BEHLALAS B CPU M % A7 8 44 . LiR Ch
A TE VA T C 1 5 S % a4 R A7 g %, 75 2508 I
AR AS S H T LA e e

T G A B 2 4 T Ll X 1 22 FpOR 6] ) CPU 28280, Y
B kT & | a4k T H A il & ARSI, 58 i 1 # CPU
PEIHE R R CPU 28 AY X W 1 e ¥ T HL 25 | Bl m
A & THEAE S, X G 0 CPU FF 3 17 gn 136 B
23 1 B e 45 g R L I AR o B S5 SRR BN

I AR 3 B 5L RISC-V CPU 28 AU i, AR il 19 0 G A% 1
LU
li x3, 0xf8000000
1d x3,0 (x3)

i x5, 0xf8300000
1d x5,0 (x5)

Ak £ ) — B CPU 2 B I, A= B Y T S AC RS
.
mov_s r3, [0xf8000000]
1d.di r3,[r3]
mov_s r5,[0xf8300000]
1d.di r5,[r5]

Al LLE #) Y fE HAS [F 9 CPU I AT, 15 31 52 4 A
) A 2 AR o PRI, o FH PSS R AL 2 v i 95 4 B
A AE— R LR T AN [F] CPU 28 8 2 Ja] 9 X 31, 5
BT CPU 64 19 E IR Rtk
SETHHEHGEENPSSHIEFAEFE

FE 2 0 v ) B B A PSS B kT 5 4R BUFE B ik T &
EHAG D MM ARSEEN . T HEE R BRWNES
B o

TF & Fis 47 3 T v B AR (9 PSS S0 1EF- & i

(1) I &

M i adapter JBE AN AR RS FE 5 T B .

(2) PSS B ik 37 5 BRI

i JH PSS BEHL i, T i 45 b 4 4iE 3 5t PSS B AL

(3) Mk 5 IF &
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5 T rhE R PSS BE S TR 4G

il 56 UE F 5 A sh b T2, 2k £ 1F 8 1 0K & 2%
R VIP 3 5HT CPU BE I, [ 8l A B AH B 14 56 iF 7 5 HE
WS A 3h 4 GE BE Y VIP/AVIP  VIP/AVIP adapter £l
I gm A 5 T H.

(4) Ja Bl 0 EL s [ 05 P

FERWRMT

@ ¥4 J PSS compiler/solver X} % jiF 37 5 PSS #5114 ik
5 b B A BE BL AR 2 05 B IR 37 S R RS (SV AT C
1) ;

@ I FH I G A0 A 5 4 T EL X R CPU R fT Y C
AR5 AT 55 4, A O I A 2 AR A

@) X 5 iE - 15 HEAT G 2 5

@ Ja sh 7 H a5k I

A BR (3) 3 3 ik B AN A e T, AT LA B AR TS TR
VIP . ifi [5] A [7] CPU 26 %1 iy EDA 5% EMU % 3iF - & 2244 ,
XS A [ ) 36 0 S 45 4B T DL GE R AR ) (9 PSS b R
(EBRQ)FF A B ), DT S8 B 56 UE 3 5% #0398 il 1) %5
B — 2
4 it

25 b Pk 38 o IF & T b R RS 1) PSS K IE
BRI T AT Hbx:

(1) 56 ik 3 5 Rl £ 25 7 & B DR — ok iE H
T CPU #§ 4 56 3iF A1 i 38 I VIP/AVIP 1 56 3iE 37 5%

(2) B3I 3 5 AR TF & R & O &0 58 4 R
o ] 2K RS 2 S B S 3 e IR R B T, R4y
KIET PSS )2 i dstE (F T H BEaY R
oA .

(3) PSS L4484 Y, S CiF ML, AT
X} CPU $§ 4 56 UE A9 0% A 5¢ 45 1 -

(4) 5¢ 3% PSS B &I 2 VIP/AVIP adapter i FlIL 4t 15
R T B A 426 VIP R CPU 26, Y0 H 4%
e AR, AT R GG B B IS N 5 E 2R B CPU AT VIP 28
B R B T U6 UE 3R BT 0 4k R 1

(5) T PSS 50 UE H [a] 44 19 35 31E °F- &5 JF & FE A,
WU G TR — B, S T XSS =5 PSS T H.
B R 35 R R LA B R bR v B BT 5 H SR AR, K
KA T 3 F PSS K IE Jy ik 2% 1Y A5 AL RN 56 0F OF & 75
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(6) Mt &5 H 4 i VIP/AVIP Xt i (1) adapter , H AT,
T 3 KA R, 0 I & g 3 A0 E AR 5w al L
20
(7) HiA & g8 £ N H T8 R fif #iT (pre-Silicon )
B 3F (f1 & EDA verification . EMU # FPGA validation) ,
Bk w7 e | 45— kEJ5 (post-Silicon ) validation Az H: il 58
HE P
5% ik
I L = s s 11 R S R N B | -9
14 R 0], B A H L ,2016(1):6-7.
[2] Bk, BER, sk/h% . BT UVM ] & ] SoC H 6k
UEFRIE[I]. B R REOR, 2015(3):234-238.
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2.0[DB/OL]. (2021-4-14) [2022-05-11]. https://www. ac-
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