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Abstract

With the development of network communication technology, Gigabit Ethernet has attracted wide
attention because of its high reliability and fast transmission rate. Image acquisition and trans-
mission have become an important development direction. This paper analyzes and tests the
function of 1000BASE-T image transmission system module, and uses UVM (universal verification
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methodology) to verify it to build a reusable verification platform. The reusability is reflected in
the reuse from module level to system level, the reuse of different test environments, the reuse
between different projects, and so on. It is proposed that the function of the image transmission
system should be tested by regression. Finally, the effectiveness and completeness of the verifica-
tion method can be determined by taking the result of code coverage, function coverage and as-
sertion coverage as the acceptance target of 100%.
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BEAE O B S R R RSOk, Hh E RS i ThRe R & 2%, Hela T2 OnoRs 4 A i i
WHEIN G B, ATTAAE R AR TS OLEAREE N, FERT i R B RS AN AT 2 1Y), BRI 38 I
THEAARICNEEL, b H k28 7 HH Bt 72 vy 6 s 30 1) AN 1%

UOUE VR 2R AT T — Ak, I H 5 VMM (Verification Methodology Manual), ] OVM (Open
Verification Methodology), 3] 2011 EH#EH 1) UVM, UVM 46K 7 /T R4 040 5 0F HA8 8 7 =K
EDA ) I E, UVM C&B8] 7 g E[1].

AR E S 1000BASE-T TR LK MAC JZ 7 BL Az UDP #3585 PC AL Ath e 2 44T
TIRCAK (S . TIREdm AT SRR, BGMAER. W%, TIELUKMIE S DDR3 17 il
ar i LASRHL R A7 4, oA fem, BL FPGA JuREEMLAm A REA, ok 1 18 & A BEAF RO TEA 2
H stk s, I HAH FPGA HIFAT AT LAl EiE M B RE R G, lid T-J8 UK A4 1) 77 20,
A DU 78 P 2 oy S B R 3 TR e T 3, Al 25 24 o P I FH R A st X i KR B2 SCHR[3]2E T
UVM [#TFJR LRI MAC $25 il 48 3 1E 15 15 SR H B SystemVerilog 15 5 45 & UVM # 2 50IEF &, %
ARG REEAT T DI REERAE, (B A AR 55 R Th R R, RSO R MRS S W
A R R FIM P B R, IR & A AR

RS VHDL 300k 75 Bk Z HZWE, SO BB AR 2 A, 3 AN [R5 T B0 A 4 5 220K
M HEAT BRI, AU B RSN L& &1 BSR4y, FEAEH . UVM 8IE 7%
R R AFAE IR T I A 75 ZE AR 3R T2 5, HOURD I 7= AR 2 ST, 3 MBI 855 J2 37
B, XPANATE R AR L, AT VR RGN F K, FERY R EM, K& UVM “FEEXR
. UVM SCHRE TOlARdE, AT RDMEET & B0ArdELL, JEId OOP T [n) % G 4 F2 (1 4F s S A FH 78 75 %6 41
fHogm T EEMEH S, XEERZ UVM EFib. AR A UVM ik 775, IF BAEH SystemVerilog
B E TSN, SystemVerilog IR ALE T BeW s vFH 7 7E 2 AN H H A8 48— B2 R i 1E vT 5 HL
ATEAMERT G, %76 RS S SCI BGCREAE . BRI RIS DR A T 0 E . R A B
S ORBE W 1 IR TIUE B ARSI DhRe, (EREERIDE SR, DB aE. WsEHRENRE, @il
AN [ U0 kR A i v B I Y 5 £ 1
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2. UVM BIES ZFERMARAE
2.1. UVM B 5%

UVM (Universal Verification Methodology), HIE= AT 2011 4F 2 H 1 Accellera #EiH, I+ HA35] 1
Sysnopsys. Mentor £l Cadence 3 . B1Fi%E 7 SystemVerilog Al UVM 45 &1 453 F F7 Al UK FE32 fRT
RiE I A%, W DA R DI BT AT — 5K . X Rl UVM 5 ERISGAE 1P, AT DM PSRl Es - 5 5 R
UVM ¥ S HEZE AT DA B3R AR DR PR Aty b PR HE RS, ATREVE = 0 T8CE XS DUT BRI T i rsd 2 SR
WG E, e TIESE

UVM J5 25 (AR A AE T3TH8 T %A EDA AR A IC A& (56 )7 38 18 , 8 T I8 IF AR 1 28 S A
HEN REHRETR T, WAEAS IC Am T TRRESE 2 T2 W TR, AT IR T8 R
— T AR S KIS 1P, AT S EE RS A B BOSRAIE b, AT S meiE i R0 . g%
B AE T 3Rt — 2t ny DU F SRR ISR AN R T H 2 1) K~ 52 F A B A R ) AR &, Jdd i b ) 52 F 1
-7 & AT DUNSAIE N SRR s — B ] ST RIAEZE[4]

UVM [l F BT ey it i 7 WG B8 7 42, ASIC 2| FPGA, DLEAZHIZ A, K i £
Wb PR FR RN RN A .

BAVERE UVM R R, 250 U0R B UVM FSREERB AL TAENLE], T UVM T & ft
s VLA A E R A, P B2 e S AT S LN S B R EE, f i B L A AR AR AR A R

22. MRAR

ASCHFFEHIT-IE AR PHY 55 7 (VSC8601), i%:ts A S #F 10/100/1000BASE-T, HIRATHL . FPGA.
MCU Z54b 3 4538 5 A AUE G RGMIL B, A PC WK G AR (S Bl it T IK LUK W K% 45 FPGA, 17
fit %] DDR3 #1, HDMI ¢ DDR3 wr¥idf st /R B Bon s b, A4 B K (31 4% F1) PC LS LR A7
Ml b BEPREREWE 1 R, @I ] M50 R &R IGIE FPGA ¥ & B0 FT A ThRei e, 3
BIE S S DL7E o SRR I 45 AR IR Th BE A FE br o

A 4

Y
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Figure 1. Hardware connection
B 1 SEEEE

3. 1000BASE-T Bl {EHMI R LRI IR

ARSI UE N 5t 1000BASE-T EG ML Rk, fE#HATIIREIRIEZ AT, A% R GBI
BEAT RIS, e W E UVM B63IE T & d S r S L hl . 1000BASE-T A% 5 22 Gt 1 B I BRAE 18]
Wik 2 Fios.

B 2 ATHL REETSN T MEEE, 0 BIEEHE iddr_clk 2R FEHBEL, run_clk_ctrl 54k 4b 2
i, image_ctrl BUZFEHUELH . gen_frame s mifLilith. cre IR HEHL, checksum B Al oddr_clk
Bl sty . b iddr_ctrl B 5 B ThRE K XUE 4 bit B F40e el 8 bit s . run_clk_ctrl
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I I A B )y BE SR X1 RAM BEAT 125 IR k32K, 45 28 S b 283 PLL A #5001 50 MHZ 22 /% 125 MHz.
image_ctrl fEL I REfE SEI RGB IG5 EHEHL. gen_frame ¥ Wi 14 f i bl o 5 2 K B 20 A 1 Tk
DL X R i ¥ . checksum BTN AE /&% IP_checksum A1 UDP_checksum #4715, 4R cre BRI
TIRLAK M UDP Bl L. cre A3 ARER Dh g 2 HE S H 32 47 cre BRI 43 ik 4 A5 2ITE cre B4 HIT-JE A
R JE T, 2R 5 2 (1T JK LA M UDP B3 . oddr_clk i 5 45t T e 4 50 8 bit SR

e FAHT 4 bit Hdfs -
run clk 90 > rdent rist N
rx_clk ld d
—> i data
PLL N rx data[7:g]l run_clk_ct |_latch max | image ctrl image data o
xen rl dout o > image_data o
rx_ctr] = » dout en >
"1 iddr_ctrl
i data[3:0]
rc PP N4 P ”
5 rstn | DDR3
Ll
PHY
tx_en| stn :tx_en _txen < tx_clk
)
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pus < g data| <

Figure 2. Design block diagram of image transmission system

B 2. EGENRGIRITHER

AT FRTFEA B T8 CTIE LUK I R AR 4 RGE R D RESGAIE, 0 S AR D e AN ey N\t 2 1 P stk
AT 3 HT, R (7 AMEHOBEAT R L e e M, WIRESAIE H AR, BRAMZBOTHE R B0 RF LU DhRE, 32
£ RGMII 2 . SZHF UDP Pl BdlE 4577 & IEEE LUKMARAE . MRIEMAITIRER K, 2R S
5y MAT BN GEA PRI FR L, I T7 2T L A8 I ) AR B v Bt 20, i o ) R i S7 A v o
5] SUE A GBRRAETH R4S, BT RIAEIASE, ARSI e MR, SRt nT peli
AR A A HH 4 RABEAT EEXS, At 2 R E RIS, TR A6 E4T 8] JH (regression) i
o, RS A7 T Ty SR AT — IR

3.1. UVM BnFSF e R

1 325 UVM B0iFF & 28 1, 127 6 28 B 3638 T UVM ~F &% - ZLAE, 4 env (F54525). agent
(E2%). sequencer (J7 %1k A=#%)+ driver (3X3h i)~ monitor (H5). scoreboard (i143-#%) reference_model
(BHE#HAY)., sequence (7))L 4E[6].

It interface 42 FUREEAT B4t FRIRR - HH %82, B E 81 FPGA KI5 B2 H[10]. &AM
R A T 6 AR interface SRiFEATERE, [FIRSRH 6 ZHA IR agent 3552 fir FH 211 sequencer. driver.
monitor 2044, agent 3@ i BRI D REEAT R 73

Horh 24~ sequence [FI 425 BIAH N ) sequencer [T, A% T 75 9 sequence_item ¥l sequencer ]
PEHE N T 45338 sequence_item E driver, [FEF IR A& fPEREME, FUIVFHREE sequence H (1 item BEJRH I St il
it X sequence AL E|—E IPMAMER L driver B item J5, FEUR &KIEE] DUT B—MI, A monitor
AR DUT J3— Ml H SR EHEE B, R KX 3 scoreboard H, £ scoreboard H1ik A7 JH 22 £ 45
FNSE BRECHR (0 LE X[ 7]
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TG KB EhER th U Y run_test()#E4T , sequence 1 body ()55 1T LABEAT I item FOBEALLI R L
HE 2% RIE WA item FA5E B E B item TAE, ARAGUTF:
task body();
uvm_sequence_item tmp;
bus_trans req, rsp;
start_item(req);
reg.randomize with {data == 10;};
finish_item(req);
get_response(tmp);
“uvm_info("SEQ", $sformatf("got a item \n %s", rsp.sprint()), UVM_LOW)
endtask
% -6 F 21 virtual sequence A~ [E-T- 4 LI hierarchical sequence, AN [7] 5576 T hierarchical sequence Tl
] B0 G [ — A, TS T virtual sequence SR, & AN A sequencer BT BASo ¥ [ (7] AS [R] ¥ sequencer
X X T RIS, T2 AT 1) E 6 A B2 i — 4 sequencer [ sequence #£[8]. virtual
sequence ] LAz # AN H ¥R sequencer ] sequence 7, ‘& J2 —MEEFTH IKE sequencer 7 i 1 L4k,

=]
o
4
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HGESEny gen frame ctrl
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Figure 3. UVM verify platform architecture
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3.2. WhEE

A3CET SystemVerilog i 5 # @I UEIAEE, %15 S 7 0 9% S 5N, F 6 R AN —RE B E I )
Ak, T Verilog 1X FREE AR R IR TE 5 7 EELR G SO ER , DRI B AE A 5 W R A 491 2 AN 8 (5 ) (G
AT 6 R BIAEL: A L) . 10 SystemVerilog 51\ 1 T [ % G 4 2 OOP (KM, 7N B3 2 vl 45
G UVM 2 —FhE, A ERRE, n7EEHED SRS RE, & — e A & . did
SystemVerilog & & % 5 M55 456 UVM [SGEJ77%, BT LSRR [RS8 ) SR mE 32047 4 1 R 36 E
4. BETIRER

PRAEZ UG AL RGBT 5 oK, A FH R A T 8 B0AIE TR, 3G TETHRIE N T 58 IR IE H AR,
5T TR BRI RPN B o BB WRUE N SUAT RS IEIREE, (BRI R, BE A A
THN AT PA—[R] [ B E TR, A OREGUE D) BE s VA TR 30 43, X RR S8R TR PR [ AT LA S — /M
e SIS IETRE S AT, Wk 1 Fow.

Table 1. Test function point analysis
= 1 MKThEEm R

T REM i s D ee I s e
Hods Fe 4 KU 4 bit HHs 45 s 8 bit K
S I P T) A ARG BIZR 50 MHz £33 PLL 454 125 MHz
R 11 2B 1 e B 2 AR (9 T LK I R 540
o SR VRIT a7 CRC Resy T LT ud By it
HAE e BT 8 bit 4 OWUHY 4 bit K
XCFF RGMIN A TAE  AL4md %)y 1000 Mbps, TAERSZ )y 125 MHz, TS5 9#ES: 7 527511 0x55
i RLAETFA— AN Oxd5
Bl CRC A5 SR 1 DA I EE i, 34T CRC ST 15
K% CRC 56 SPGB RE B T, HES 32 AL CRC Ke4&, FHi BB iR 2

4.1. EYIMEE

(] VA 1 2 25 B0 R A R A A SR BB R B TR e N 1 2 )5 > U528 T DA LR 6 A ik
FI11 case ANFTAS MM Bl 3K LE AT BEAF LRI SR AR A BLFRAE 11 Vit B B RSt . SREBIEE.. ThRER
INANSGAEIA ST A BT o (R0 A 5 SAE T W DR BT Th RE el e I8 51 AN RISk I FA2 B 2 i IR
I T E A AL BRI BENLA TR A F 8, PEREE DB A, IR R 5 %, arbod
1o 5 B HA 1R AT b 7 A e I R AR I E B S A . AN SR IR SRS, AT HAr 4 vsim -
-classdebug -solvefaildebug -coverage -coverstore test E:/work/lab/coverage( £ #4%) medf_full_random_test
-sv_seed random +TESTNAME=mcdf_full_random_test -I macdf_full_random_test.log work.tb, [ seed
FFABENLA T, run -all Z JE 07 LA, TTEBF FrA OB o R Hdh

42 BER
R ERT AR A R — N e, B HR T EAGESREPIWRESEBIEHEREHRRE.
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I X AR AT LUK 25 < AME X, 0] DU S sl R BN AT A . XA R T L — Ik
R, BHIEGREBNHLSE R A CERE SRS =, RISESER., DIl 58 5%

RIBBEERENAEITESE. BEELRE, WHRESE. KSIEHR R[], HERHTHEENT T
it 2R, E RS R 2 A

DRt s R A DR v B E B ARE, T LUK IIEAN DhRETE it TR R, X2 FRDD 7 5 A (R
B — i, SRR BB G R BEEE, XSRS RGIFR RS2 D R E &%, wid i
8 55 A TT A g A el A o Gn SR AR I — ) S B aT DA A 22 X (cross) E mi % . 7 i
covergroup J7i%iE it sample() Bk H0EAT AL, get_coverage() R BGRB8 75 K, start() Al stop()F i AE %
VA7 o 2 AR .

W 5 78 5 A W R — I — AN O E SR A B, TR SRR T H AR
& A LARBE AT & RT3, A T AR R, — BN R, RS2 RE R, — A cover
property SRINEAS T HURA R B A4, WS 8 f A S PR AE R — Ml

5. BESERE SR

EExF BT R A I Dh RE NN A, FEANIE A test £ B0 AR SBE HL IR AN S m K, R B ank 2
Fin. B E T Questasim64_10.6¢ HEAT (A1 VTMNK, BEABENLFD T #0248 78 5 R 50, K ix e o5
REHEA IR, @A K ucdb X EFHRAWERINE SRS R, WTE 4R,

Table 2. Functional coverage results

F2 MEBHRER

P test ML 1% S HREI%
BEHLIAA idts_full_random_test 70.3 100
SE [, idts_data_consistence_basic_test 94.5 100
SE AR idts_gen_frame_data_test 94.7 100
SE A idts_reg_stability _test 95.3 100
T Halx
¥|Name |class Type |Coverage  |Gosl | % of Goal [status induded | Merge instances _|Get_inst coveras - |
=+-4 Adts_phkg/idts_coverage 100.0%
=+ 8l TYPE cg_idts_gen_frame_data idts_coverage 100.0% 100 100.0% NN auto(1)
_’;_ al CVPcg_idts_gen_frame_data::ad... idts_coverage 100.0% 10 100.0% [
- CVP g idts_gen_frame_da ... idts_coverage 100.0% 100.0% [N
48 CROSS g idts_gen_frame_data:... idts_coverage 100.0% 100 100 0% I

idts_coverage 100.0% 100 100.0% auto(1)
idts_coverage 100.0%
100.0%
100.0%
100.0% 10
100.0% 100 100.0%
100.0% 100 100.0% auto(1)
ogi 100.0% !
100.0%
100.0%
100.0%
+ g L. 100.0%
o M O hZ... idts_coverage 100.0% 10
++ 3l CROSS cg_idts_channel_disable::... idts_coverage 100.0% 100
=+ 4 TYPEcg_idts_run_dk idts_coverage 00.0% 100 auto(1)
8 CVPcg_idts_run_dk::chd_prio idts_coverage 100
-l VP cg_idts_run_ck::ch1_prio idts_coverage 100
+- 3l ©VPcg_idts_run_ck::ch2_prio idts_coverage 100
=+l TYPEcg_image _ctrl_len idts_coverage 100 auto(1)
1.‘_ 2l CVP cg_image_ctrl_len::id idts_coverage 100
- 8 OVP cg_image_ctrl_len::length idts_coverage 100
=+ 4 TYPE cg_image_ctrl_grant idts_coverage 100 auto(1)
j 3 CVPcg_image_ctrl_grant::delay_r... idts_coverage 100
=
al | |
€ Andysis | 25 Covergroups b

Figure 4. Coverage collection and analysis
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Table 3. HTML report
= 3. HTML k&

Coverage Summary by Structure Coverage Summary by Type

Design Scope  Hits% Coverage % Total Coverage (Filtering Active) 94.68% 94.68%
idts_pkg 100.0%  100.00%  Coverage Type Bins Hits  Misses Weight Hit % Coverage
idts_coverage 100.0%  100.00% Covergroups 70 70 0 1 100.00% 100.00%
Statements 274 243 20 1 90.64% 90.64%
Branches 190 167 23 1 92.66% 92.66%
Toggles 1600 972 613 1 90.12% 90.12%

Assertions 16 16 0 1 100% 100%

M ENAMREAT T KRR BENUF IR, SR — LD Re s A S B, BT AR 56 B X L Th R
A WSTR[ K, MR SE RS, A IR BTA I 55 % uedb ST, £ F Questasim64_10.6¢ >4 UCDB
R TRk FE R, F1IF 9007 55 800 2 1 F B AR e HTML 57, X oy sUE I B WA 2. 1 b
WA 3 ARAE, Ho G (bin)fE A E T Re R R A AL, BRI BB PR IR B, BT
covergroup {178 55 A Rl 81 & 1178 55 %, Covergroups 78 i % 1 Assertion I & 7 o % #1431 100%,
FORIE R D RE Y C S B RTL Wit AN /7 IR .
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UVM &4~ BL SV if 5 BN AR RIS IET- G 28, A L w] 5 ATk AT DU i A A e AL J2 R s A A
K BERAEIAE[10]. UVM BIEJESAA a8 & 1T IRBIREN L E R BT & MEENL L 20 R 5%
Tiid, AR T BRI TAT M AR A A DhREA AR TS 7 SR IAE] 100%, HrbbrE AT L
Ptk BN E BTG, IEMZIRUET & AT CLSE IR I RE R T S A 1 L B B AR S R S
PR AENS 10 I IAT 25 B I DO REAT s [R5 ATl S A o SR 600 75 925 AT DA B XS %1 4 I T
A AR R i BT R, OF HARES R IR R B R R S A A0ME
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