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Abstract: Remote control Field Programmable Gata Array (FPGA) is the core part of satellite to execute ground instruction and

transmit ground data, and the frame protocol used by FPGA is complex, and the format of frame transmission data protocol varies

widely. In order to fully verify the remote control FPGA, improves the reliability of FPGA software and avoids the hidden design

problems, an integrated closed-loop simulation verification platform is established to test the remote control FPGA using the advanced

Universal Verification Methodology (UVM). The simulation results show that the verification platform has the functions of test vec-

tor random generation with the constraint convergence, which automatically check of the correctness of the output results. It can de-

tect the function coverage and effectively improve the efficiency and quality of remote control FPGA verification, which better meets

the verification requirements.

Keywords: universal verification methodology (UVM) ; remote control; field programmable gata array (FPGA); verification

platform; device under test (DUT)
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ASCUIML R B TR T 5 n R 45 ) FPGA i 55 UE X 4 .
K0 UVM Bt Jy 3 2= 8 i — AL M R R IR T & . R
TS BEH T EL T ZH M BHE S E, Wik
i FPGA DIRERY L1 .

1 UVM &4t
1.1 UVM WiE 75 & 4R

UVM i —# System Verilog (115 FiG e R4 1
I % G SRR 2SR s o P 2 3 e PR ok 4 25 R 01 A 4 3K
A WOLEs FIIC A A A T B R AL DA 488 i 36 ik 80
TR AN, KR A LA 25 R AT 5 AN R AR ARS8 K
IR Eh 8% 09 8K 3 5 ¥k ) 44 (DUT-Device Under Test) {5 I
B, DIACSEEL W ML AR A WE i DUT %y Afy 32 DO IhRE &5, #x
Ja» UVMiE A phase, factory 45w 2% AL il A A 47 i A6 Y
SFIIRE, LI TR & At R T A
1.2 UVM IEFEERERK

&1 RE—A MR UVM BeiEF S 450 R Z8, @ 1A
BUEFRBE env L, 14 env 4G 2 MUHAR Agent: In _
Agent Il Out _ Agent, MR (reference model) FIiC/y
e (Scoreboard)™, In _ Agent i 3¢ 9K 3 1 Wil 22 2%, Out
_Agent i3I DUT BN . 7F In _ Agent H1, Sequen-
cer Fu 3T AR ALK BA B 4% 1% 45 5K 5l %% Driver.

env
Reference Model Scoreboard
In_agent Out_agent
Driver Moni tor Monitor

[ our |
DUT

El1 UVM RIET & 41 m &R

B 1, in_ Agent 17 3 N4 Sequencer, driver
A Monitor, H 3 I BE & 7E T 51 & £ 4% Sequencer i
T A AR AR A i P AR B BA ST AR 4 24 Y
K2 H Driver B2 3 DUT iy Aviw A F. [REF, WAL Mo-
nitor ¥ 7= 42 B BA A & 1% B Z B reference model™”!, &
5 R AR 5 R A LB AR AT S, A BB S R T
ERN A, out _ Agent 1§ Monitor ™™ ] F Wl DUT
Wi, JRBRsLgh R & 3% =id 4 MR Scoreboard, Scoreboard
TR ILMEE R, A SR BOR B 275 BRI 804 Mtk
FA) 30 B 2 RN S B AT Hh A, B Ak TSR .

D FH 2% (Sequencer) :

FE A2 A LA B

2) K3y (driver):

FE M T Sequencer TR BAF . K A B AR 5 45 52 1) 15
P UURT $% OB Y Fe AL S A 5 k% F) DUT 9 i A

Qg

iy o

3) Wt (Monitor) .

15T NBK SN 4 driver i i R LG, Bk B S H R
I 40 R B BA B & 3% 4548 4 . (Scoreboard) s M T 58 B
T Re G 45 J 09 Lo X A a5 R A5 B I dE

4) fCHEE (Agent)

W T Kk, ATEEF S ESs (Sequencer) | BE
s (Driver) ., With#% (Monitor),

5) ZHE M (reference model) :

reference model F| F 5¢ il M1 DUT A [7] 49 I BE .
ence model (%) H & 1% 4 Scoreboard, AT 1 DUT [ %
AH L3

6) B4 (Scoreboard) :

2 reference model F1 Monitor K4 211 DUT % =
5 RS R,

D) WIEARBE (env):

UVM BIEREE, i H UVM HLEDEKCHELES (Agent) |
ZHFEM (reference model) Flic 43 (Scoreboard) Ff B
i,

&) MK (test case) :

test case [l T4k env, AN[A] i test case fl T X%} DUT
RS T) T BE 47 S ik
1.3 UVM & F4L &l

UVM & %t T System Verilog i & JT & — & JT {2
JE. BIET — R FREZR, W uvm _ sequence. uvm _ driv-

er, uvm _ monitor, uvm _ sequencer, uvm _ agent, uvm

refer-

env %, 38 XX L IE AR R PEAT ORI E L, 45 TLM 4R
i ARE IR (IR IR P 9 =2 I S TR E AT =

1) factory L -

factory HLHIJE UVM e BB M —HLH . R UVM
Y 25 TR SE B factory ML, LA 28 4 10 O LS
)5+ H main _ phase 2x A @i ] [ factory HLH| AT A
AT F AR M EERL B, A UVM g 6 0 R =30
RE, LMW FEHMFWEM, BEESRIEF 5 H
.

2) phase BLH :

UVM i@ it phase ML S8 T 55 0E 3 F2 19 240 40, #E A TR
) phase o SEHAR RN 94T 55 . slFFEAR IR Y phase Z 8] #E4T
Brie, T LATE N AT B st 45 ) B Ul Y R AR, AR I UE S &
2 AR RS B I oK B 3 B B AT .

IR A T B AR LI (], phase T RAJ3 U K2
function phase F task phase, function phase fJ #§ build _
phase, connect phase %, ANZ:THFE)TE M [E]; task phase £
$5 run _ phase 1 main _ phase %5, #id/E 45 8, T EHFE
5 B[], BEAUET & $i BR phase B9 BT T . P47 58 —
AR, BBk R — RS build _ phase SERL UVM Hr
FALBA BB AR, connect _ phase # UVM 144>
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REAL R SE AL X R 4T 1% 4%, run _ phase JU 12 17 8 A~ 50 91E 7
B H BRI IR B AT B 1B AT

3) sequence ML

sequence PLHI I 7= 4 i, £345 sequence il sequen-
cer, sequence A& FREF &AM, HXF T RAEF & kil
Qb FHRIROLE . sequencer A TE sequence H IR O T A
EHW Al ., sequence jii i sequencer A FEW B 77 42 HY sequence
R FIR B2 .

sequence 1§ T DUT FHFE Y transaction 2R BRI ,
—~ sequence ZK# A — 14> body K%L, 8 31— 1 sequence
. body %2 B AT, FEBREEAMR &% EHLUT 4 4
Z%uvm _ do, ‘uvm _ do _ with, ‘uvm _ do _ pri, ‘uvm _ do _
pri_ with )% transaction S, [6]BF X} transaction #E
AT R R AL, IF 305X L6 K 95 3 i % 1 & 3% 3] sequencer,
M4 sequencer [A] I #5 JU) ] driver il sequence [ iF 3R i, ¥
sequence P74 [ transaction & % %5 driver, ZZBRFREF o iE o
default _ sequence J5 )8 3l sequence,

38K A virtual sequence SZ U sequence Z [f) i) [7] & .
i i virtual sequencer” & {#i [f] virtual sequence, virtual se-
quencer HUTAI4Y & 1 45 [ HAlL sequencer BYFE 5.

4) objection HLH :

objection HL il i 1 raise _ objection F drop _ objection
Yo B8 IS A 20 1 N phase SEREHEAT 0], T AR H Fi %
P IE 5.

5) TLM #Li .

TLM (transaction level model) B 2 4 2% & #, 2
System C A — BB {5 hr 1. transaction 240 B A 3 —45 F
EEM — A5 B EH A —RIE M — 12, UVM b NET
& port, T SEBL A& A AF Z ] transaction g5 138 A5 .

6) config _db HLil .

AT config _ db L, W LLME M IET &S5, X
BOMFTAM/AGEE. UVM@EE set fl get BRESTELX
—3d#E ., config _ db ML AT LLFEAS 6] Y 2 WO ] — 4~ 2 ik
i E .

7) field _ automation Ll :

field _ automation HL i f& i ] UVM /v & 4 14 2 %
transaction Z¢ 8 B 57 473 W, transaction A DL H 42 94
UVM s By N el ek 5. anbbse . &l FTENSE.

1.4 WIEFENITERE

HRIHFRUETF & 25, Y8 LU —A test case J5,
3 fE Ay A4 s - UVM _ TESTNAME #5422 15 3l $h
AT test _ case, ffj H gv & B ATZ B top, 447 F
run _ test J§. JAd) UVM BUEF & . BiEF & & iR iE +
UVM _ TESTNAME J5 i 47 Q1 @t — K i 52, K5 A
EPATIZ L H] Y build _ phase, BI#EE env, 24 build _ phase
PATEEE G . PR B3I HUT env 119 build _ phase, £
env PRI IEA . MILPEER, B LT FATHTA compo-

nent 1 ) build _ phase, @& UVM #, #1758 build _
phase 5, 4T connect _ phase, ZJ5 F-#44T main _ phase
4 phase, M1 phase PATHEIE, SR H.

£ )R frun_test

}

JABRUET- &

!

FRAFUVM_TESTNAME=2E
W i) 1]

W XA ATbuild phase, &
5 HE (K UVMAR

DB BRAT UVMAR - 55 R

connect_phase. main_phase

l

i iphase AT 565, ZiRAE

B 2 UVM BGE- & T4 i K

2 izfE#E# FPGA #id

mEEERNHETDENEZART 2, EEERDE
FHBTET L AZBCHE B AL B AR A PUT RO A k. R
il FPGA JEim R 7= fh A% L. R ZE I ResE & an &l 3
Fis . B S AR R AT SO AT BCH ks . i
. CRC K 5, CRC & 56 1F ) Ja K 2 A s il A7 808
TIEE WIS A SRAM 2247, SR 5T SRAM 52 H 1% 3% i
PEATAE L MU AT, 24 1% 26 ot P B30 3 o T 2248 &), K AR
% WAL Y P9 4R A B 38 A 15 fl PROM. WSG A7 4if A 35 &
M FeHEAT HEXT, U IE B 1R A A e K I 1 48 A% 48 4 5
55, kg sNER M) BM2711 g8 4738 2 IR shfn th s 24
A 32 T P B34 S5k s AR MR e, AR R VCID fE AN [
TR 326 i & Y R N il RS R AT D B
P 28 30 A 1 R AT R

SRAM PR%’%@\
AT
e st
i ii
HEARS | 4r4ikah
=2 Hgn T
B4
5 | [sem] |||
ﬂ;ﬂ% 18 rhﬁég%gt *)D?!}Eiiﬂ BM2771
A o R
M i

B3 R FPGA 2 REAE 4]

B A G R A T AT RO i R RN AL 4 B
R T 2 s ML Ak R4 4+ AT DAY by 4% AL RN 3045 4>
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‘ 7 ‘ i LR top OB LT
ykzd R IK

: e K ST
. SCP W R 1 o o e U
& E FE Bl R R e . CRC
| B [melkmhmupig sl e | g

T & WA A | W IR

puiz LU RN PP | I VTR & vl IR IR N F e
Ly
Py g 4| Mk | 5| 00 54 B

&4 AR FPGA iy At e 5 i b A7 Hodh ks =X 18]

IR FPGA MR i i iy — R B AR, %
SRR, TR E MG, R AL G0 E
UG EJ AN AR ST . AT 2 H G, TR [
B TR F 0 R AT, MOARE R R I R . SR
UVM S RIIE T 5 I & . BERENL ™ £ 45 & Wi b
BRI BRI . I A 2l Eo I s SR i T sl 3R A0t T
W . A BT ORIEAT R TS558 98 4E 55 A IUR] 58 1
3 FERIEFEMIZITSENR
3.1 BERER

R T PRI R AR ] FPGA B ik 1Y 5¢ 55 PR A s 2t . 78
PRI 5 AT, T 2w 5 UE SR e R R B O B R
A R EEAZ R MR

D SIS IE D RE A

MRPE R FPGA 7R #UAR B W], 55 2 0] ik s 4%
il 48 Z48 A PATIIREFD 4 R AR B (3B S . [
RS, HEEEOMKMAEUE ¥ RINEE.

2) W 55444 .

RIE AR H FPGA TR AR UL H], DUT FF E % 2
Tk R A R ) B AT . X R 2 AP B,
BUES S ykzd _env RI43 2 2 4~ Agent: JEFEEE$I 54 AT
IR Agent R R 5 i B4 7% & A& Agent,

ALY I R R ) FPGA B UEF & W 5 TR,
ykzd _env 5 DUT Z[H]3R F i 045 1 ykzd _ if #4704 i@
5. R AN m F A A P i % 1.

ykzd _ env 5 iy o R 45 AR (A B & yked _ mas-
ter _ agent AL AR 4% i 15 & AU B A% ykzd _ 2zl _ agent 4,
WE S . FIH UVMAPLE, 2 A8 2 50 33 T 48 B
M7 9 A S sequencer, IR B #% driver il Wi 35 #% monitor,
BUE T & 25 414 2 ) AE LU S O B, ykad _ i AN
DUT Z Ja] (¥ 51 JAEAF LA bit Sy HfL,

T AR AR A AR 1Y driver T T BEALAS & I 3K 3
AR ) £ i & % 25 DUT, [W I F) ] ykzd _ master _
monitor W45 5K 3l BA 51 K4 AR 4 BA 51 B4 (¥ VCID 4% S 5k
PO R I R, 23 iR & H S H R rsd22 _ ref
1 Tvds _ ref Az i 0 28 50 25 B3 4 M A% 1% B 45 M1 1 30 20 B rsd 22

3 " i I
R i bl o |
e [ L

RS42257 35+ U |
ykzd_envIRES BT UL

| vkzd_ifgERIBN |

T ¢ | Rs422557 B
DUTHI —{ LVDSHalichish
BV271 152 I REE

[SRAMAZfiE RS
PROVAZff 6!

B 5 mE¥ES FPGA B UVM BHEF &

_ scoreboard fl lvds _ scoreboard; s 2 5 il 38 2 1 M 4%
ykzd _ z1 _ agent HI T B HLAS % B 3K 2l 75 A8 2 il 45 4 it & 3%
% DUT, [d]ifF)H] ykzd _ 2l _ monitor Wi 4% 3K 5l BA 5 £ 4k 4%
Rt e 2 WIEHR BRI R, A S HZ A cmd _ ref 17
P45 4 VG I AE B 3 28 Bl 25 502 HE AR A% B 45 AH B 3T 4 AL emd
_scoreboard, 3 ML monitor 43 W4 DUT #2142 1
FEE TR 7= A ) S DU B I 43 ) 3% 1 A A EEAT X, SE AR A
15 B IAE - & 1 — 44k ] PR Tk

3) DR = A T %R

SZ A TR0 BEAIL RN AT LR 418 R 1R T e 7 SR 1R B
B 7 NN S 1 ol = TR I S R B W N 4
WA E T BT B h 2 oy B e 4 e
S BT BOAEEE =105+ 2+ 1, BiEF &M ykzd
_ sequencer J¥ ¥ & A #F 4 B A B E S
transasction ¢ B BA S 75 2 7 A 7 A 45 i die 6. o AR 5
T8 4 B R E A R IR PROM 51 & 1) 48 45 2 504 1 5
HRARIE A AT RN BC . 3R B ) ykad _ 2l _
cer ¥4 KA A 2 A 3 I JH 48 4 40 transasction % B A 51 7
AR m R H 48 4.

b iRkt

W5 BM2711 B 1 ms B 80331 32 43 51 4T 48 [ 18
B AR A Kb S AT A, IR S I B A
SR EE AR N SN 45 AL i 25 cmd _ scoreboard, cmd _ score-
board 2 A shZ i) B S84, KETs 48 & & VLD,
HRAE VT H0 (8 K A 2 75 0 2 80 ms =10 ms 4§ 4 ik vp 58 B 22
Ko gl BRSO AT B IE 28 R 4 1 48 A AT D RE Y
ERfE .

T rs422 _ monitor W E RS422  rec #5375 Az (1)
5, BRIz sh 25 80 4 & 24 45 rsd22 _ scoreboard 47 F1Y)
B RBABAT XS, IEFTE H AR SO, AT 58 U I R 4

_ master

sequen-
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5 30 &

BRI % ke The v 3B o 5 2D B AT HE 1 R AR A B T
RERYIEAG T ; 1 lvds _ monitor W45 LVDS _ rec #i b p=
AR, B e D B A B S ik 45 Lvds _ scoreboard 4T
AR S A AT WX, IEFTED H &S0, DA 56 iE i

R A ) K5 P A S R v e A e o 3 R 1 R R e A A
HOHE Yy RE B9 IE B E

5) BIw RS

iERIEE G R EENAWE R M e EE. Rn
BEERG R BT B PR AE A, S FR S AL
MIPRAT IR 00, (H & A RE M 2 BB A0 19 A 28 A% it 2 RE 1 )
VB R 00 . DI RE A o5 % 2 B0 Dy BB A 00 3 o bR kAT A
MR, AW & AR 55 2, AT DUE
W VCID, Hidi A2 1< 13 o i o P2 425 ) S5O0 e &k T e L 3 %6
100% , it URSEMIEIR S 5 E 18 IES MR HIH LB
SR I L, DA AR E R AR 4R A AT B AR
K 100%.,

3.2 WIEFAMIRITIRE

D it ykad _if:

BETHE 004 K e ykad _ if =R A B O KP _
CLK1., LOCK _ A, KP _DATAl, fITXZMEBIFFES
DUT Z Ja] 4538 15

2) &itAF .

BT EEZ 2 Mgy im B BT EGE . T R
METH, FEEI, ARG T 2 #BAF]: ykzd _ BAF1 _
Zl Fil ykad _ BAF . ykzd _ BAAY _ 2l Dy I AR AE 48 S AT A-
gent H I 45 BACHE A0 . ykad _ BAF g m AR 5 1 R i R
Agent W1 55 REHE AL

RIEIIRET K . X 2 Fh BA S 1 B 408 1 5% A8 £ R ) con-
straint AT E . R field HLEIXT 2 F0 A #4721
ME. it BCH i &%, It s B CRC # 5% e 4K

3) AI]# Sequencer:

IR UVM ML A @ 1Y sequencer iy 4 A ykzd _ 2l _
master _ sequencer fl ykzd master _sequencer,

4 AR B EE driver:

47K H uvm _ driver, ¥ ykzd _ transaction _ zl # ¥
fFo%. HHB=4%H% 0nFikahs DUT @ A0 k.,
A driver iy N ykad _ 2zl _
master _ driver, it REIED ykzd _ if %38 DUT

5) A #E Wi #% monitor:

J% %% monitor F F il ad B 1 4% 10 ykzd _ if g4 DUT
i VRCHE - IR o TR B 4 ol 5 U . I R %
it monitor iy 4 A yvkzd _ zI _ master _ monitor (Y 4E+TE 4
5) Ml ykzd _ master _ monitor (U £E £ 45 K AN
VCID), £ % i 42 0 monitor iy 4% 4 RS422  monitor (R
PR YRS O & B ) . LVDS _ monitor (75 B 4
SR . BT R R4 . BW2711 _ mo-
nitor (X £ 30 JE Ik vh 58 B T 1 ms B #4750

master _ driver fll ykzd _

6) flg I A agent:

JT XA WAARRM transaction, A[E Y agent LR A
F B, B agent A7 4424 ykad _ 2l _
Fl ykzd _ master _ agent,

7) B S Z R reference model ;

M  rsd422  ref ZEZEFERIN} ykzd  master  monitor Y
P77 A B TG B R Y R AR S R ) R 4R A R AT S R
A G IAEE R M _ Ivds _ ref 2 BAIX ykzd _
master _ monitor Wi 4% /= A5 (1 75 B & 1Y B # 1E BUM B8R
WA S B T 7 A A R ZL_ omd _rel %
BAIRT ykzd _ 21 _ monitor W77 4 1 B EZ R S W AT S H
RIS B R EE S 7.

8) Bt 4 scoreboard:

RS422 _ scoreboard 1t 43 ik 3 28 7= A 1) B 235 4 Al [R]
AR 45 R 5 SN 45 R AT — B FO X, IE#RETED correct,
FEIRTTE error., 3] 52 1E 8 B0 F0 52 00 45 2 B4 s LVDS _
scoreboard 043 1 BE 77 AR ) L 4 T BOR (R s S 9 4
AT — B T, R3Sy B 2T IE A RS R 4
_ scoreboard T3 BN B B2 7 A 4 4 81 S B L I 48 4 F
G5 HEAT LT, DT — B ST EDIE B, A5 0 45 0 K R i 4
A5, R 2 Pk e 4 98 BRI R 80 ms10 ms I 4 .

9 QI UEIABE env:

G UVM L env Z2RIEF S AW TR, A5 78
-6 1 BT A B WE 2 AF . A BET B R env M 4
yvkzd _ env, £ & TACBEER (ykzd _ 2zl _
ykzd _master _ agent), ZEZ A (M _rs422 ref, M _
Ilvds _ ref. ZI _cmd _ ref). Wi ¥l & (RS422 _ monitor,
LVDS _ monitor, BW2711 _ monitor), it /3 # (RS422 _
scoreboard, LVDS _ scoreboard., cmd _

10D B g i 400 3Rl 7= A= 4% virtual sequencer:

B 7 T virtual sequencer, fy %4 & my _ vsqr0, my _
vsqrO £33 T 45 1] ykzd _ 2l _
master _ sequencer H¥54F . TEH AL ykzd  base  case H1,
WA my _ vsqrO, KA R sequencer MRAH 25 my _
H14 sequencer HYFFEF.

11) {}j SRAM KAl .

il SRAM g% A B sram _ addr [18: 0], sram _
oe % K
SRAM s B F M0 b 7 B3k, B 8 i stam _ data [7: 0]
FEAETEAF Gl DX B0 6 sram _ data [7: 0] RSt i 4
DUT. [Am 4 DUT B3t SRAM 5 i iy £ 17 i 7 2 50
A S .

12) {ff PROM #i %0 .

B PROM F7 6 48 485 3%, MR HEH A MY sram _ addr
[11: 0], rom _ce., rom _ oe # & PROM itk i Tt i1y i} )%
PR, Myt sram _data [7: 0] %5 DUT, [EBH4R$E DUT #%
i+ PROM £ ) 7 647 I 2408 Sh

master _ agent

; cmd

master _ agent,

scoreboard) ,

master _ sequencer Al ykzd _

vsqrO

data [7: 0], sram _ cs. sram _ we fil sram _
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13) AL F #i] test case:

ML Bl 448 yhkad _ case, KK TIEAZ ykad _ base
_case, [fi ykzd _base _case #k &K T uvm _ test, & T &
M{%&UEJFE%‘E} my _ vsqrO,

14) Wz BT

T2 Ry top _ th, E T MDA ykad _if, jEH DUT
FEUE - &5 #ilfk T DUT Ml SRAM, PROM, RS422 _
rev, LVDS rev, BW2711 #5A, 244t R 48 A B 4p f |
HENfFS .

3.3 WIEER

Z BRI T £ sequence, 4% sequence B 4E 4 se-
quence _ lib, &t T Z MW B ykzd _ case, A~
il ykzd _ case X 1 4> sequence, 73 5] & ) 3.4 328 7 42 il
T8 PATINRE . T R 5 1 B0 B &R T RE LA R sk g AR L
AR, CRC K B4R . BCH 4 iR 2w 5ol .

¥ £ A sequence Ji] virtual sequence #1748 — & B, ¥
virtual sequence {E 5 AR 4] vkzd _ case B default _
sequence, XJCFRFE 4R S AT IIRE . i AR 45 i HodhE e &k b
REMIE R E AL, S i 0T A &M, @it RS422 _ rev
BEAVRI LVDS _ rev SRRSO AE 0 I R R 2 %
A i AT O AE 0 Al HEAT X B G A i R A R O
RIYBERIERA M it BM2711 BRI IR 4, R T
WG 0 A e PR 4R il 48 2 AT RS A0, Tl BM2711 K
TR ) kb o R L 3 Sk W AR TR RN S 2 T L B S ) B A
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