H30 5 A4 4

HTENMKRSEZR

2020 4F 4 H

41 SVIEERERIETA

= )

(AFMEMEKRF T REIEFR,LH HF 211106)

AR AR RGBT AP B4R B AR T =, S A H AR, A S A S E T AR T B DK,
AR IR & AT LASR A BR A BEATL 7 =X, (P 2 8 3l 2o ™ A B L5000 T 2k S IR, TTAS 2 78 494> S04 B 7T 177
BB ABUCBOEME,, EHA N EE & T/t H— 8 SoC SR E BTN 6], Fert R4, 42Tt
B UE P ik A I — T el A P A I T FE R 1], EF SystemVerilog EAT 3 5 1 5 68 1 LB R 2 J2 AR IR BE 7= 24y
SR REALIEL | T8 10 X S AR DI RETE T R ST 5 2008, I L n] LISRH SystemVerilog 5 5 DI e — AR EFE 5,
P IO TEFR I, BT LA I 2 R BEHLIR) 7™ 2F T ik LA K o R K 3 ok 32 1 I TES0% , A A I E A W1, F 5 7E queastasim
AT VO ERAE, RIS T RIS R

K417 ; SystemVerilog ; SoC ; BEHLIA ; DI fiE % 25 % Jo Ik
HRE S TP31 SCERARIRED : A
doi:10.3969/j. issn. 1673-629X. 2020. 04. 010

XEHS:1673-629X (2020 )04-0052-05

Building of Verification Platform Using Pure SV Language

ZHANG Jing, ,BU Gang
(School of Electronic Information Engineering, Nanjing University of Aeronautics and Astronautics,

Nanjing 211106, China)

AbstractIn the face of increasingly complex chip system design and a highly integrated approach to IP, verification is increasingly
important. Traditional verification relies mainly on direct testing. Although direct test platforms can also use a limited random approach,
they are usually implemented by generating random numbers instead of simply writing pre—set values in each data unit. Direct test
methods are suitable for small designs,but a typical SoC design requires thousands of test cases and takes too long. Therefore,the only
way to increase verification yield is to reduce the time it takes to generate a test. Based on the advantages of SystemVerilog,such as rich
language ability ,describing complex verification environment, generating constrained random excitation, object—oriented programming,
function coverage statistics and so on, therefore,a verification platform can be built by the SystemVerilog language function. When con-
structing the verification environment, the constrained random excitation generation method and coverage drive can be applied to improve
the verification efficiency and shorten the verification period. The platform is simulated and verified on queastasim,and ideal results are
obtained.
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1 SystemVerilog iIE 5

AR A 23 BB UE R AR | & T 52 29 AR A BE LI 3,
B Th Ak A w R Ok Ay & O OJF 4R 5 Rk,
SystemVerilog e fi & LIRS E T, ERFH I HEZL
AN H il S — R R TE R i T SR HnT
MU UERRES . SystemVerilog $244L T —F 15 5, 14
A6 T AT TR, 7T LAFE SystemVerilog HP 81 445
R SRJGTE T — )2 EH e A W6 1 R G A
R AT LA B FES B B AN, Bk s AT
LS FEAE T (DPL) | BE AN ] B 4% C . C++ 50
HAhAE Verilog 4ifEiE .

AR L FRE -4 75 5 (HDL) |, SystemVerilog T 4:
¥ 3IFiE 5 (hardware verification language , HVL) ™' .
A AL PERT .
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P 1AL IR IR B4 7 160018759 0 i R 0 ik 1) B
LTSR35 0 B AR X3 1 A 425 T PR 4 6 ) 401
VAR DI RERE s AU AT XS L, SR AT 1) A O ik i (il
FHBIS ] 5 DhRE BT e R R LR MG R BB B0 7 1) )
B g R, D Re A S5 R A0 BT, SR TR ALY
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BT O, IS 2 AR S s 1 P B8, o R B ot 14 15
DULHEAT AT, LR ) RE AL 35 R IA B 100% , H & AT LA

AL BARRBEILIN S ik A — B s RO F
AR 7] B, (E AR SR FE R BEPILI I 2 1
SE (8] DN 7 35 BRI B, L i 2 8 o e S R
SR VE BN 33 B T i SR BIK Bl 14 32 2 R B HIL I8
Jih 75 2 AT WA A 7 2

2 DUT 48

P2 i) DUT J2& H WA F B B i HLA 5 2
TR Z GE AL H 8 — g kg — A T A R A B
(EXECUTE PREPROCESSOR) , 5 — % Jj— N A 2
Iz RIT (ALU) itk

— ok * clock

o reset : — m_gt

aluinl + aluinl ARITH
——enable_ex aluin2 o aluin2 ALU m.
— el operation * operation SHIFT
5162 opselect opselect | ALU
; i carry

—_—imm shift_number shift_number

———— control_in * enable_arith

—*|mem_data_read_in enable_shift

EXECUTE PREPROCESSOR M‘eﬁ'f
mem_data_wrile_ou

B2 DUT %#

© FilAh A X AR A B B R A T AT
ARF A X R Y ALU W] #2572 B s il 5

@5 B % 1 i 5 o AR 4R A 1Y opselect,
operation 1 shift _number {5 %5 $4 17 AH ¢ 5 %4 & 4§
izH,

XA FRHRAR T LLEA 25 B ST 1 i A 52 A
{555, P A R B A2 A (5 T — 2,

FEATREH IR «

O A . E ALK, BT A I 7 32 B 5 Ak 0, 3X
SE A5 S 4 45 . AL B iR 1 S P Y aluind, aluin2,
operation_out, opselect_out, shift_number enable _arith,
enable_shift UL &% ALU %t AY15 5 aluout, carry .

© iR R AR DI RE A . BT AT B 2 A e o AT
7t enable_ex==1 KM T A S EEZ,

O ALU: TG54 15 5 RAELL T A4 i 2
— A% .enable_arith= =1 or enable_shift=1, X&{z
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P (5 S B 2E A Packet 25, F1 FH BEAIL AL FTAH
RLH ™ BENLEE , B2 packet X4, —MUTE
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DUT iy A S iy A, 75 — 40 81 DUT iy 59 2085 A1
S,

program

Generator

Receiver
[0 ] o

TF i [ checkd | mpiingx
mailbox get_payload()

Driver =il
g
IT‘ interfacy puT | get_memdout()
Send payload() !

B 3 SystemVerilog ¥ &

BEALAL I oA -
rand reg[ REGISTER_WIDTH-1:0] srcl;
rand reg[ REGISTER_WIDTH-1:0] src2;
rand reg[ REGISTER_WIDTH-1:0] imm;

PSSR G A

constraint Limit |

srcl inside{ [0 : 65534 ] |

src2 inside{ [0 : 65534 ]} ;

imm inside { [0 : 65534 ]| ;

mem_data inside { [0 : 65534 ]| ;

opselect_gen inside {[0:1],[4:5]};
3.2 Generate 3£

FAET gen( ) 145 M—A> start () Jy ik, HHp start
O) LRGP R 4842 7 2% & number_packets 1
44 number_packets <O, 3 M EFR R TCRR G, anf
number_packets>0 , W] X 9 FRFEAG IR ik 4 2 K 5 2
1k, FEVHA gen () Z )5, 281 H# — R HLIL packet
X4 (pkt2send ) FY#5 1, 51 HaB 14 out_box HIRFH A& 1% F)
Driver,
3.3 Interface

R UEY- & M DUT 3 1, (HZ A28 BT A
T H 4 E Y interface , 20 {#i ] virtual 3 E X .
3.4 Driver 3£

Hrf in_box #5443k M\ Generator [1] Driver £2UZ
Packet %f 4 . out_box ¥ 3 M Driver [f] Scoreboard
J% 1% Packet X4, in_box Fll out_box #BJ& pkt_mbox
HZEAY, 7 Driver H1 start () J7 % & 7E— TG BR AU 1E
I PATH . TEXMEA R R PAT #2N in_
box MARHL—> Packet XF 52, X ™ EH X 42 10 P 45
&t send( ) Kk 4T DUT, — HiX A4~ Packet X}
G0 K% AR 58 UG, 3X A~ Packet X 4 23 &k ik #
scoreboard .

Generator | Driver [} mailbox [JAHS

typedef mailbox#( Packet) in_box_type;

in_box_type in_box=new;

Driver %!| Scoreboard A mailbox FJfLH5 .
typedef mailbox#( Packet) out_box_type;
out_box_type out_box =new;
3.5 Receiver 3£
P recv() M DUT 3 57 45 B Packet %f 42,
M DUT H3R B Packet X 42 &2 il — 1) 3] out_box
o2 AE receiver A start () J7 ¥ EX SHAT— R
FHZE R TCRRAEPE . BRURAEIA & 23 N DUT ha #i#)
FHE— Packet X%, — HEHHPIUS, X4 Packet X
G2 im 3 & IR AR (out mailbox ) %& 3% 3] scoreboard
Receiver %322 Scoreboard [ mailbox F/CHS .
typedef mailbox#( Packet) rx_box_type;
rx_box_type rx_out_box;
3.6 Scoreboard 2
B2 check () /T 45, 32 P Scoreboard, Driver
Receiver 2 [H] (13 {7, Driver #F & 1% % 4% 6 X % 3]
DUT b}, 28 B & 3% 3 driver_mbox MEFE, — 1
Receiver 7E M\ DUT IR BN E 5 I, H £ & 1% Packet Xt
2 3 receiver_mbox HFAE 2
FIH driver_mbox. num ( ) #1 receiver_mbox. num
OEBEZGAEMEAN, RALER get() sRECH A
Driver £ A WAL pkt2send , receiver f£ A BYELHLA
pkt2emp, 2 J5 F B check ( ) PR B 1E M 2, 7E
Scoreboard X MJEH I E LT coveragegroup 3 I £E 7
i, E X DUT 4 DIRE s ALU i 5 ARFI RS
SrIIRE , >R FH A8 3 35 %, A sample () R K, )5 H
get_coverage () WA T %,
Scoreboard ¥ 3% Driver Y mailbox AYfGHS .
typedef mailbox#( Packet) out_box_type;
out_box_type driver_mbox;
Scoreboard % 3% $ Receiver ) mailbox FACHD .
typedef mailbox #( OutputPacket) rx_box_type;

rx_box_typereceiver_mbox ;
BRI RE s SR

covergroup Arith_Cov_Ver2;

coverpoint pkt_sent. imm

srcl_cov:coverpoint pkt_sent. srcl ;
opselect_cov2 ; coverpoint pkt_sent. opselect_gen |

bins shift={0} ;

bins arith={1} ;

bins mem={[4:5]};

cross srcl_cov, src2_cov;
endgroup

covergroup R BIAL 5 R HE .
Arith_Cov_Verl =new( ) ;
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k=Sl
coverage_valuel = Arith_Cov_Verl. get_coverage( ) ;

3.7 Test 2

WA A1, IERG A , I8 28R

start () ik, B E reset( ) 155,
AR .
PRI
Driver drv;

AR B4 .
drv=new( ) ;

AR B
drv. start( ) ;

3.8 Top R

AT, 5B DUT -5 5 B 5=

RS
FHLE,

Top dut(. clock ( top_if. clock) ,. enable_ex ( top_if. enable _

EX) , rrrerenrenrenrenteeeeaaees )5
BEBEME S
#( simulation_cycle/2)
Clock = ~ Clock;

4 HEEZR

%’ 5% SystemVerilog A% 5 T 4 AT F- 6 Bk,

FZRH questamsim F 4 HE1T 05 B3 IE {8 H

LR

V6 AT EE B i LA RS B o R A

AR S 089 0 T 11 0 2R B 38k o L AR
DUT HIRERYIERH-5 7, JF A2 fi i (Y 2 RE AT 2 54 i

KA AL A5 DI RE AL 1 SE LR DL

ALUIN1: DUT = 00004440 & Golden Model = 00004440

ALUIN2: DUT = 00003ale & Golden Model = 00003ale

ENABLE ARITH: DUT = 0 & Golden Model = 0

ENABLE_SHIFT: DUT = 0 & Golden Model = 0

OPERATION: DUT = 7 & Golden Model = 7

OPSELECT: DUT = 1 & Golden Model =1

SHIFT_NUMBER: DUT = 00 & Golden Model = 00

'RAGE] Coverage Result for cover 1 At present =
RAGE] Coverage Result for cover 2 At present =
‘RAGE] Coverage Result for cover 3 At present =
[RAGE] Coverage Result for cover 4 At present =
RAGE] Coverage Result for cover 5 At present =
RAGE] Coverage Result for cover & At present =
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FH & 4 T LA B DUT A9 % H RS i i o e —
iy, DUT Ml R DI RESC B, 1] 4 R 4T ED H 454~
The s i A o SRR LUSE 43 B e 5 fimit] i P 4970 >k
iR w5 AR F] 100%

WV 5 S AL e BERLAR A {552k B SE 3 2
BHGZ B aluin2 AYK T 7S A7 KAE 245 aluout A9/
T, IF S aluout BYAR TS0 B %, H &l aluin2
“k 327 h00003al e, aluout >A 32 h00000000 1] 753z 54 &
EW, A RE (S S WIEmf o iR,

B5 DUT 3% %k H(1)

5 Kl T DUT RS2 8, HJ2 DUT Hrp—
ANRES, K6 FIH T DUT % B ML 360 I3 i T
A IRE ST IE B A F/ B IRE K R T hE
SUEE A BRSO, AT DL & B DUT B9 3% 31 2 % 1)
i

LT
B 6 DUT 35 %kH(2)
7 #5387 DUT 2R 55 2%, ol DL 25 R ik
RIKF] 100% , JCHZEBHONFE 18 BT L RAIK, A
LT LA B0 240 o 2% AP e o i P 461 >Fe 45 )y 7 o e
1o, AT AR R B A S8 45 1k

‘F /data_defs_v_unit/Scoreboard
48l TYPE Al Ip_Operands_Cov 100  §3.0% . )
§9.0% [ ]

‘#‘ TYPE Arith_Cov 100 5:2% NN )

48 TYPEShift_Cov 100 54.7% EEEEE )

’_TJ—‘ TYPE Mem_Rd_Cov 100 53.3% )

++ 3 TYPE Mem_Write 100 85.0% [ )
B7 HeeBEE()

py P 8RR ek 8 o 3 ) L2 A SOAH O 24
WA, MU B S8 T W i B A i o
HHERIKFN T 100% , U BZ IR A 215 2] 1 5850 10
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/data_defs_v_unit/Scoreboard

'+ 8 TAPEAlIp_Operands_Cov 100  100.0% [N
++- 3 TYPE Al_Inter_Operands_Cov 100  100.0% [N
+ 3 TYPE Arith_Cov 100 100.0% [
'+ 8 TYPE Shift_Cov 100  100.0% NN
'+ 2 TYPEMem Rd_Cov 100 100.0% [N
'+ 8 TYPE Mem_Write 100  100.0% NN
B8 IhakEEE(2)
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