n}”ﬁ' ( Q>

University of Chinese Academy of Sciences

MEF AR

fEEWA:

FHIRH

ERE L. SEER R TR

B IR AL ok e AN 2 i W e A

2021 4 6 H



Design and Implementation of Highly Reusable Verification

Platform Based on UVM

A thesis submitted to
University of Chinese Academy of Sciences
in partial fulfillment of the requirement
for the degree of
Master of Engineering
in Integrated Circuit Engineering
By

Cong Wei

Supervisor: Professor Hao Zhang

School of Microelectronics, University of Chinese Academy of

Sciences

June 2021



| hENEEAY
FST S SR

ANFBEFEH: BT 2T ZAIRSORA AL SR S TR ETH A TR
FrEVE R R . REFTR, BRI CEAEI ARNES, ARSI EEMH
fli A N Bk B4 R R B E I AT AR R « SRS K BT 7 T AR 40 TTRRk
R A AFIERR, ¥ E7E 30 LU B 07 AR B BB -

st 1555
B . pUF4A 151

PEMNEFERAE
FAL IR ER FRIA

ANFEA T MRH FRE S o E R A R M 22 A0 SO RLE , B
E R 2B AR R AR SR, RV ZIRSCRE R, AT LR
ONFE IR AR ER =AU W AR IR SR AR EER WA, AT LICRARCEL.
R EN B AR B FBRARTE LA AR

W RIEB AT FALR AR E B IR ERA S .

fes: bl S %4: %é, /@
B . o fY8isa B8 0y &yRis)



" R

BEEER BB ANARERRE, & PR E R ERFEEm, FEER%
T TAERIMERE 2R ERI K, LMRIETE DS LS BRI RIER K, &
Fr BRSOV S TR R R ISR R R B, T SRR A IR AR,
I35 B W W] 2 A R IR IR B AR U ] R SR B

AW SCE X FRAE B IT AT 5T, %3 SystemVerilog {EARIEES, UL UVM
e S TSR A AR TERENRIETFE. FETEDT:

()%3E SPI /R AT, BETET UVM MWRIETF & . B aiRiE SPI
EAAThE IR ISF Bh B i, AREXTIE T & 3T BRI B, WRE &AM
SRR, AT RBRIE RSN, EXREERAMNEEERER.
SRR E LSRR A E, BRI IEDT % UVM B9 LA, 5
DURAIEF & M AT E A .

QT SPIBIET4&, UL UART fEARMNRTE, SEREIET & HIEE T,
A2 EF SPI WL & PRI E A4, 3B UART Hhill A& e B IET &
HitEEAARE L. MAABKHEIZH sequence ML, A5 ETHA5E K
P& . T VAE RS RITE M FTE A M, AR XS SPI M UART #T 7
SAIIE, FHEHAR T EMKIIESR.

ACANF MR UVM BE 7 3% SRS &, FES AT
EH, B#—SRATARSAFMTTERME, MR TRIET/ENKE, RN
RAZNRIFBER —EREIE L.

Rg@E: UVM, M3, SystemVerilog, SPI, UART



EF UVM @i B ARIET & RITSEN



Abstract

Abstract

With the continuous development of integrated circuit technology, the scale and
complexity, of chips continue to ‘increase, making the difficulty of chip verification
explode. Traditional verification methods have been unable to meet the current
verification needs, and chip verification has gradually become a key factor affecting
the rate of chip development. Therefore, in order to improve the efficiency of chip
verification, how to build a verification platform with higher reusability has become
the key to solving the problem.

This thesis focuses on chip verification, choosing SystemVerilog as the
verification language, and UVM as the guiding methodology to build a highly
reusable verification platform.The main work is as follows:

(1) Choose SPI as the design under test and build a verification platform based
on UVM. First, the verification function points are extracted according to the specific
functions of the SPIL, and then the verification platform is hierarchically processed,
and each component of the bottom layer is modeled separately. In order to ensure the
completeness of the verification work, a functional coverage component is defined to
collect coverage information. In the process, the content of the software design pattern
was used for reference, and the random verification method and various mechanisms
in UVM were used to realize the high reusability of the verification platform.

(2) Based on the SPI verification platform, the UART is used as the design under
test to complete the construction of the verification platform. In the process, reusable
components within the SPI verification platform are reused, and the definition of
other underlying components in the verification platform is completed according to
the content of the UART protocol. The construction of test cases uses the sequence
mechanism, then complete the simulation through scripts. In order to illustrate the
reusability of verification at the system level, this article tries to comprehensively

verify SPI and UART, and get the correct verification results.
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This thesis innovatively combines the UVM verification methodology with the
software design mode. Compared with the traditional verification platform, it further
improves the reusability of internal components, speeds up the efficiency of

verification work, and also has guiding significance for system-level verification.

Key Words: UVM,Software Design Mode,SystemVerilog, SPL,UART
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Figure 2.2 No mediation object communication process
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Figure 2.3 Introducing the mediation object communication process
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Some_Method3{);
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Figure 2.4 Introduce a template class into the program
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Figure 2.5 No facade object access procedure
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Figure 2.6 Introduce a facade object access procedure
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Figure 2.7 Schematic diagram of adapter mode
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Figure 3.1 Chip front-end design flow chart
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Figure 3.2 Coverage analysis
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Figure 3.3 Typical UVM verification platform structure
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Figure 3.4 Three operations in TLM
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Figure 3.5 TLM uses FIFO communication
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Figure 3.6 virtual sequence diagram
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Figure 3.7 Two ways to read the register
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4, %4 SPI T/ETF HIRASH, HA4 TSN SCLK. MOSI #1 CSN {55, MISO

27



EF UVM &7 ERRIETF &Rt 5590

ESEHMANGES; 5 SPITAETARER, KR M3 MISO 55, SCLK,
MOSI #1 CSN 55 &H 2HBNES-

SCLK ' |__

MISO 'X'bit() X bithbitZXbitBXbitiXbitSX bitﬁ)@iﬂ){

MOSI :><'bit0><bitl><bit2><bit3x bitd X bitSX bit-6>< bit?)(
(a)SPI0

SCLK _|

MISO :><b1't0>< bith bith bit3 X bitéXbitS bitgx bitOC

MOSI :><bit(} X bitl X bitz‘X bitS)GitLlX bitSXbitGXbit? X
(b)SPI1

SCLK I_

MISO }(bitOXbithbitz'X bitBXbitzix bit5 XbitﬁXme:

MOSI :><bit0 X bithbitZXbitSXbit4XbitS X bit.6><bit7><:
(c)SPI2

SCLK —I

MISO :><bit.0 X bit1 X bit2 XbitS X bit4 Xbit5><bit6><bit7><:

MOSI }(bitox me bitZX bit3x bit4x bitSXbitGX bit7><:

(d)SPI3

4.2 SPI f& 4Rt 7
Figure 4.2 SPI transmission timing

SPL N ETFHANEER.: WM (CPOL)FI £ 541 (CPHA)BY, XHAHER
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WAL 2648 SPL T LU YR TAET R, BRI T AR
(1) SPIO: Mgt AEALFNET £ AR I ER N 0;
(2) SPI1: EFERARAIJ 1, BHERHRYE 05
(3) SPI2: RHHHARALA 0, BEMRYENA 1:
(4) SPI3: B4 ARAGLAIET BRARIEREDY 1.

I 42 Fraasr oA SPL VR TAE T A& 5 7, ,\EF' SPIO F! SPI1 f
SCLK 15 S 7E 5 RARZS T 4E3F(K A7, SPI2 A1 SPI3 AR s SPTO 1 SPI2 ZE55—
A VS SR BESHE,  SPI1 A0 SPI3 AR .

FESZBRM A S, SPI Master # SPI Slave 7 ZELE NF —F LT, HBIW
E1E R — /NSRS IREN R, 7ER— N EIERAEEUEE, BN SRR s
RIErREE.

412 SPI&EHESH

SPI Wil T EH WA 32 U F 78, 479 SPLCTL. SPIL_WDATA .
SPI RDATA Al SPI_STATD H ot SPI CTL F % REE SPI i TERE,
SPI WDATA % 7758 R Fl T 8 fr, FIRAFIK SPI Z [ 4h KX B 348
SPI RDATA 2577581 R3] T 8 fir, FASRAEAL SPI IS, SPI_STAT &
TSR RISk R SPI MATATALRIRAS . T HDKESS H b 340 S A 28 AT TF AN 42

SPI CTL &7 535413 SPI M TIERES, HEHMASWT:

(1) SPI_CTL[15:0]: R7E SPI #ME NF XN F R, FREE SCLK 5
5 [y A SR

(2) SPI CTL[16]: FRE SPI T{EFEMREEH MERX;

(3) SPI_ CTL[17]: P& SPI LAERS RS BHARAL;

(4) SPL CTL[18]: R7E SPI M ENF AR AR, FREE CSNRES
ey H A

(5) SPL CTL[19]: ACE SPIHITEENL;

(6) SPI CTL[20]: FC& SPI ﬁﬁéﬁzﬁ%iﬁumﬁmﬁuﬁn%ﬁ

(7) SPL CTL[21]: FCE SPI T{ERT (At efiR ik,

(8) SPI_CTL[22]: FEE CSN 55 R EHEHE:

(9) SPL CTL[23]: ACE SPI A=£EIU;
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(10 SPI_CTL[25:24]: ECE SPI it BE I HORT: |

(11) SPI CTL[27:26]: BECE SPI P& FIFO 1y B {E ;

(12) SPI CTL[28]: EArleddE FIFO, Hrra# FIFO Mikigst. 1
ORI RS |

(13) SPI_CTL[29]: SALKIEHIE FIFO, HH B4 FIFO L0 = N ]
BRI AR,

(14) SPI_CTL[30]: f#seszliEdE FIFO;

(15) SPI_CTL[31]: {fE&KIZEIRE FIFO.

SPI STAT & f7#8% 7~ SPI 431 TIERAE, HEHABTIWT:

(1) SPI_STAT[0]: FREWHIE FIFO AR EHFELIE, L FIFO AZE
WAL E “0”

(2) SPI STAT[1]: FREWHE FIFO &%, 2 FIFO AW E SPL A
HBANEFERNFREENE “17 ;

(3) SPI STAT[2]: FmKEHIE FIFO £ 5, 24 FIFO Jyisif B SPI
WHBAFERNFERENE “17 ;

(4) SPI_STAT[4]: FREEHIE FIFO iR EERE, HAh “17 B

anp
a4y

(5) SPI STAT[5]: FRKEHIE FIFO £REANT, 2 FIFO AT KAE
“r

(6) SPI_STAT[6]: R FIFO H W2 G HEE, BALy “17 I AERE;

(7) SPI_STAT[7]: FEE R FIFO WHEUERTERIBE, =ik BH
ERFIAIE “17 5

(8) SPI STAT[15:8]: RN EIE FIFO &7 1H4L;

(9) SPI STAT[23:16]: FRKIZEFIE FIFO W4

(10) SPI STAT[24]: Fm 2480 SPI IEFE TR MR, AR HFE;

(11) SPI_STAT[25]: F =M CSN 15 SiLEAI{E, FNREHFRE:

(12) SPI STAT[26]: FRIEEIF| CSNE5MME, ARELFL;

(13) SPI STAT[27]: 7= SPI IE7E%4F CSN G 5him, NRLFFS;

(14) SPI STAT[30:28]: FRLBIEEMARNFTDRLEHRE, N

30



Bam SIRIETFEREHSSI

RiEEEaE; _
(15) SPI_STAT[31]: LA A &R 28T SPI M WORES, #5E “17
KGR SPI B BRIRES .

413 IhRESAIREX

ThEE 5 BT TR B ERTIRIER A, MRER N E L FEURNES,
Bk S, DIEEEEANIEEEANE N EEEREE RS, HREIRE
R RN EBN, DK, STIREREATE AR ER.

FESZBRIBAIE TAER, ThAs SRR BEA AR A RAIBTH A R 3L
IR, SECEEDIFTE BERIENIIR A . ANBIERIhERRET EXX A
HISFERsIR K, FEAUTILA:

(1) HFHEE|MEESIEERE;

(2) ENEREARTIRERE;

(3) SPI JURh TAE T RAGHE:

(4) AR T AR RALAR S T AR

(5) CSN 555t 7 X E;

(6) B AEEER FIFO HRERE:

(7)) =LA E.

42 WIEF&BRRE

A S FTHE IR 7 & T USRI T (0 B Se AR, A RRAES
WA, A4V B TS AT bL B Bttt 4 SR, T ELRT L R E B
TR E HA T E A

ThEskE kR UVM BiE S MhB . —. ERERIET A 200, BN
AR THELG BA T T &ML, A 4.3 fix, RIEEH B T KITVER
R T 2 AR A 5E S
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top_env

v v

apb_env spi_env

B 4.3 SPI RiEF & RXEM
Figure 4.3 SPI verification platform hierarchy

apb_env: K apb MERIIIT N, 5ERT SPI WEIF AR MRS HE, Jy SPI
RS R, RN USRS BiR TLM BE NSRS I & i
fihZH 1

spi_env: 3L, SPI Master 8% SPI Slave fI1T 4, 24 SPI #%EC B 9 F AR AT
4L SPI Slave KI4T A, 52 MOSI {5 S HIKAE, R IKz) MISO {555 = SPI
W B A MBI B SPT Master (1474, S8R MISO 155 HIRFE, RIS IE3)
SCLK 5. MOSI {55/ CSNE 5.

top_env: WEREIETSRMINEEEZREERESHM, HT AR
REEHME, RS0 E i EREKE.

43 WHERHFHIT

IET & AR L AR AR, ARSI S, 4 R EA R H5E
RRISE TAE, FrUSTFEPEEIEAGRRITERER,

A5 A B UL SE T T i, L E XN BIEIER AT S, T UVM
WE VRSB T T E 4.4 Bl SPIRIET &, TR & s A
PER AT R BT AN 4B
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test_lib - Top

testo testl jessl tesin

¥ k4 h 4 ) v

config vseq_lib seq_lib

e

vseql || vseql o=+ vseqn

¥ 3

seqQ || seql =+ seqn

env
veqr

™~

func_cov scorebodyd
Y 3 FY A

v /
apb_;:gcny spi_master_age\ spi_slave_agent
A 4 . -

sequencer sequencer T sequencer

v Y

driver moenitor driver monitor driver monitor

F N A

v Y

b A

apb_interface spi_interface

F F 3

¥ i SPI i L4

4.4 SPI BFF &8 EHWE

Figure 4.4 SPI verification platform structure diagram

43.1 E%5 transaction

FEAF MBI B module Z 18], 15 B EHE DL EHIE M FITH, T
ERIEFEE T, &H M2 8K ESH R U ransaction A PEATH, B
transaction P EFERE 3 T L EHIE, NFARY transaction R T A B RT3,
transaction BLZ R — M EFER, HEM T RIEEERR SRS R — A A,
A HF Xt transaction FATE .

fE 8% UVM BFEF & 1 transaction &%k 2 WA 4.5 FT7R. sequence 7£

A i transaction 2 J5 £ K 1% 45 sequencer, driver 7F 7 2 transaction ff £ [A] sequencer
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R HTER, sequencer 7E 1A f@ﬂ“‘/l\ e ¥EM{ER . monitor 55 reference models
reference model 5 scoreboard. monitor 5 scoreboard Z ] {15 B E B EET
transaction BH{THI, WIRINFF & F AR &R ERER, HHERERE

F monitor /&%) transaction.

env

reference model pb—&——» scoreboard

% i

in_agent out_agent
sequence [—@» sequencer a8
driver monitor mon1tor
A
\ 4 :- __________ 1
1 DUT !
)

4.5 transaction f6 5 B8 1%
Figure 4.5 transaction transmission path

ERRAIEF BB EF, —He X THMARFEM transaction, —2
1% 8 APB Wi Y apb_transaction, —/ M2 B SPI ¥ #Y spi_transaction.
H. i apb_transaction FI5E 1T -

class apb_transaction extends uvm_sequence_item;

rand bit [31:0] addr;
rand bit direction;
rand bit [31:0] data;

‘uvm_object utils_begin(apb_transaction)
‘uvm_field int(addr, UVM_DEFAULT)
‘uvm_field int(direction, UVM_DEFAULT)
‘uvm_field int(data, UVM_DEFAULT)

‘uvm_object utils_end

function new (string name = "apb_transaction");

super.new(name);
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endfunction

endclass : apb_transaction

Horf addr. direction il data 7~ APB Wl BEEAIIE S, B Y rand
KT Ry RA rand 2% (095 B B randmize B BEALIL, A5 66
uvm_object_utils Xf =422 EHATIEA Ve JE AT LAE A copy prepare A print
SERMTLEE DTN . new RECAMERS, T LB —4 transaction FIXT
%. |

spi_ transaction fJ%E X 15 apb_transaction fJ I ZEAHML, R ERRY rand S8R
BEARR, BT ELZNH.

432 #£0 interface

GBI TS, WAEFRE S AN ST 2 RE R E TE ST SR, £
ZEA UM BIE TS BRERITEFE2)E, SHEMNRT K ERT Ed
interface 52BN, MRIREE DML AIATE, interface A ERFE BI(E 5 A

AP RITET & R, —J6 LT AR interface, — /2
F apb_agent 545 %13 4TIE B apb_interface, — N2 T spi_agent Sl
B AT E B spi_interface, MENAIEFEEL, REABESAR. HA
apb_interface P &R BIHIED apb MMM A EME S, W FHIR:

logic [31:0] paddr;

logic prwd;

logic [31:0] pwdata;

logic [31:0] prdata;

logic penable;
logic psel;
logic pready;

5 F interface B AIPLS B R AT UM ERARS E MR 88, I R 7 EAE =l
RIS S, REEEY interface II5E LK AE FX A interface HIEREIHT, 1)
KPR T FUEBOERAS 5T AR IR .

FE4% A interface B, FEEETE top_tb HIEIT config_db LI interface f£iX4%
AETF & N EAME. EARIEFEET, 7 EW apb_interface f£iX%5 apb_agent
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{9 driver 1 monitor Z14F, HTF & NAFEMW spi_agent, Jf U\ EFEAWA
spi_agent A1 driver 1 monitor ZH 443 51%1% spi_interface.

433 3l sequence

sequence 7E 3 IE T & i F K24 transaction, 494 sequence PN #BH] LAAE A%,
—/I\Eig/l\‘transaction, X ¥ transaction #] LB uvm_do_on ZZ# K &4 [F—A
8i# Z A A sequencers

FEARBAIE T & MR REF, BT AR R transaction E X T £ FH]
sequence, AW RA K SPI W FARNEERER, AMARER SPI M
ANRIERIBAE, A 0 RA B SPT WA BE I EdE - 7E sequence HE T FEH
RIFR T gk, HARRKRAE 4.6 Brow.

uvm_base sequernce

A 4

spi_base_sequence

RN

seql seq?2 sese | seqn

4.6 sequence [ 4k 7K
Figure 4.6 Inheritance of sequence

H H uvm_base_sequence H5E X T — L@ MK task, ELAN apb_write_data Al
apb_read data 25, DI 3ESS, 4k H spi base sequence JRAEZE, TERIEE X
— 6% T SPI B0AIE R task, FFHH L4k H £ 4> sequence, 7EAEREIT M Lid
task 754 A7 & E K Y transaction, B /JE 2. —> sequence . WL 4kA&, F15
uvm_base_sequence A IFEAN [EHIIIFFE R EMH . Eik sequence NHRE X0
F7s

class uvm_base sequence extends uvm_sequence #(apb_transaction);

extern task apb_read(input [31:0] ad, output [31:0] rd);
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extern task apb_write(inpufﬁ [31:0] ad, input [31:0] wd);

endclass:uvm_base_sequence

class spi_base_sequence extends uvm_base sequence;
extern task apb_write_item();

endclass : spi_base_sequence

class sequencel extends spi_base_sequence;
apb_write_item();

endclass : seqﬁencel

NTH—BEERIETENTERNE, HAH SRR TR /AR
7, B] A\ virtual sequence 25T 3B sequence IR F , FERIEF & 7 J2 3] sequence
i S2BR_E SRR virtual sequence. virtual sequence 45 sequence HJTH A< R0 &
4.7 Fis.

vseql vseq?2 vseql

B 4.7 vseq 55 seq AR <R E
Figure 4.7 vseq and seq call relationship diagram

ERIEFE S, 4 virtual sequence WERAA T 3 4 sequence, 437l Sk
EREEREE. REFIEMEWEIE, Hh LR E(S B sequence #H J6/5
0, BT SPI RiEFMBUEIRRF LN, BTl S HA> sequence 1L fork -
join_any [ fE3), H PyHEEARSEHLAETT 00 TR

class spi_master_vsequence extends uvm_sequence;
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apb_config_seq apb_config_seq;
apb_transfer seq apb_transfer_seq;
spi_transfer_seq - spi_transfer_seq;
task body();

‘uvm_do_on(apb_config_seq, p_sequencer.apb_master_sqr)

fork
‘uvm_do_on(apb_transfer_seq, p_sequencer.apb_master_sqr)
‘uvm_do_on(spi_transfer_seq, p_sequencer.spi_slave_sqr)

join_any

endtask

endclass:spi_master_vsequence

43.4 58 sequencer

sequencer TEUIEF & Ff = E 4 37 driver 1 sequence Z [A] transaction AR,
Hpu#pe LA EE, B R FE4SKE um sequencer 235, AR5 A
uvm_component_utils VEM—F, FEE A function $AT— T LRI 3 B F AN
build phase Ef 7],

AU FE F — 3 FE X T 3 4 sequencer : apb_sequencer .
spi_master_sequencer 1l spi_slave_sequencer, 433|587 XA-48 3 25 sequence #f
SR, fAEY% transaction 3@Bid TLM EE WG| KIEL MR driver.

297 24 virtual sequence, BEIAEF & H 5| AT virtual sequencer, HAHIE
M 5—f&H sequencer AH{EL, SR T XFIRUETF & H AR sequencer B .

4.3.5 IREHES driver

driver ZEBRIE T & v 2 f TUK IR B 1Y transaction 1% B AR M P HY HTJ_P
I O IREI A M B, RIEFEF—ILE X T 3 4> driver: apb_driver.
spi_master_driver 1 spi_slave_driver, ™ apb_driver #1373} apb HhiliF 5, 7E

38



HaE SPIRIFFEMEITSEM

B ERER BT, %%ﬁAmwaJ%%ﬂﬂmwuh?,ﬁwaH
WIEE Y9 E KR TAE.

b3k 3 4 driver W 283 Z 52 X T F A phase: build_phase A1 run_phase .
build_phase &5 EZ R B config_db HURIZE RN — S HuriBalk, Heh @A
O, T run_phase N2 3 A driver I EERFEZ AL,

fE apb_driver P #BM run_phase #, V@A T —AMMES: get and_drive, 7EU
(4% 52 Bt transaction KOS REIREN. 9 T RAWRIET & RO BRI, HAME
W e BRSO RERR 7 VRS, 7EBB3) transaction . BT 3\ callback HL#,
SCRL BT BAZEIRS) apb A2 2 8T, IR BRI transaction R
HiER, AR RIIET & F ARG T . HE TR ATz

class apb_driver extends uvm_driver #(apb_transaction);

task run_phase(uvm_phase phase);
get and drive();
endtask : run_phase
task get and_drive();
while (1) begin
forever begin
@(posedge vif.pclk iff (vif.preset))
seq_item _port.get‘_next_item(req);
‘uvm_do_callbacks(apb_driver, A, pre_tran(this, req))
drive transfer(req);
seq_item_port.item_done();
end
end

endtask : get and_drive

endclass:apb_driver

HEL transaction B fE1%IE 3K, apb_driver #hZAG HIKBNE BT, FTLL
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M AR T while(1)JE3R, seq_item_port 55 apb_sequencer Hifs CIAHZE, FTHUX
ransaction, ENENCE A1, REHERES X pre_tan MIAZ, HLLH
Xt transaction N & HIMETL.

spi_master_driver A spi_slave_driver ffj P %5H apb_driver fIPIAAE{L, R
/E%H‘JEB%}JE%%W\iXKEWﬁE%wUO H o spi_master driver R7E SPI #%AC
= MR T/E, 3= IR3N SCLK. MOSI Al CSN {55, spi_slave_driver R7E
SPI IR B S E A TE, 4 3TIRE) MISO (55 . Ak 2 5 SURTE
A it 2 41

4.3.6 I5#LES monitor

monitor 76 3 1E S & o & B 4 5T 8 05 5 % IR A AV W E BT T SRR
transaction IR, AREWHKIEAT 6 MHMBAAE., KEIETF 65—
7 3/ monitor: apb_monitor. spi_master_monitor 1 spi_slave_monitor, FH
apb_monitor J\fj:T@; apb EOES, EBNMIARBEF—EILE, HHAWA
monitor S 5T spi P &S, 2HI7E SPI g B v E S MR TIE.

A0 driver 26481, & 3 4> monitor PI&FtHE L T P4~ phase: build_phase Ff
run_phase. build phase P8Rk T @i config_db AL FE N — S H LB O K]
R Ah, V55 T8 I R SR RLNT analysis_port 3 [ 9S24k, 7£ run_phase
#P#T 4 transaction 2 JEBIL Ik 4K %o 7E run_phase 7, EEFREH T
—AME4: collect transactions, 7EMAT S A O B RS, R fA3Tm
ShRi%. HAMEZRNFWTHUR:

class apb_monitor extends uvm_monitor;

uvm_analysis_port #(apb_transaction) ap;

task run_phase(uvm_phase phase),
collect_transactions();

endtask : run_phase

task collect_transactions();

apb_transaction tr;

forever begin
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* /ldo something té collect transaction
ap.write(tr);
end
endtask : collect_transactions
endclass: apb_monitor
monitor A I A/MERMBARMTER, FrLAFEH T —A uvm_analysis port ZEE ]
BT, [ apb_driver —Af, monitor ZEEAT EUL R H T AL, B hULALGEF T
forever B4, TEWEE5E—2E transaction 2 J& » A FH ¥ T write B#0# transaction
RIEET G R HAR A .
spi_master_monitor 1 spi_slave_monitor f¥] P4 %% apb_monitor f A ZAH{L,
R R EE transaction BF SR PR AT AFAEZ A H - spi_master_monitor
H7E SPI #HAC B W MBS A T/E, spi_slave monitor R 7E SPI e & A F 5N
TAE. HABREM AR E SCNERL M 2

437 {RIBE agent |

agent ZEIEF & FERBSHEMIERAP), —KIHEH driver. monitor i
sequencer =AM, HAMEE—ANRALTE: is_active, FEEFFMAFREL
A EHE, LRSS A, ARIETF AT —ILENT 3 4 agent:
apb_agent. spi_master_agent I spi_slave agent, ' apb_agent $1 37403 apb e
QXSS , ERMIERET—EIE, 55FA agent FSTAHE spi 820
M 5S, 43HI7E SPIBEHC & 9 F B A U TAE.

B3k 34 agent WEREEA =AM, REAGWAEBRENH, LA
%52 T HA phase: build phase Fl connect_phase. build_phase P #53EZE 5k
IREER . MV AFESI R =B A K EGIL TE, connect phase 52K #i %
RI=A AP & O REETIE. RABEZENFWNTIUR:

class apb_agent eXtends uvm_agent;

apb_sequencer apb_sqr;
apb_driver apb_drv;

apb_monitor  apb_mon;
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function void build_phase(uvm_phase phase);
super.build_phase(phase);

apb_sqr = apb_sequencer::type_id::create("apb_sqr",this);

endfunction : build phase
function void connect_phase(uvm_phase phase);
super.connect_phase(phase);
apb_drv.seq_item_port.connect(apb_sqr.seq_item_export);
ap=apb_mon.ap;
endfunction : connect_phase
endclass : apb_agent
BT N = A 4 #AF B uvm_component_utils 22 ¥E M i, B ELAE
build phase # {3 i type_id::create R 4T SE 4k, 7E connect phase i id
connect J4 apb_drv Fl apb_sqr FIs EREN, R agent P& A HEEHHE 1
apb_mon HEBIMI 0. XEMEE T BRI F A EEN, HH agent 1
SAEGEEE—RE, WA SIMNPEMZ ARG 2MMET agent HFR5%
B, XEBHE T MR AR RS, Re T HWEME.
spi_master_agent Fll spi_slave agent FI{EF K P E L# 5 apb_agent ZR1EL,
AT HARAR A 21

43.8 143K scoreboard

scoreboard T ZE 47 TG B4 TR Z S AU BL A5 AT LU, ek B3
— A R FHAEAR, — 3B R EHRHIRN, E—RWBIETF &b, TSERE
F MR, (BRI RN R AT EuE &%, ThaeiF AR, bt
HIIANSHZHER, IS EH H monitor FEAI A I AT YRLSR.

gL — A PRI, AR AR P R g SRR, 05 R A B
it SR B B 75 AT AZE— B R R 3RS B Sk, (BARVIRTEFT AT test T K
W B A, FTULRRIM RS By, HN#MEZEE LT —4 run_phase, 7
run_phase F15ENT transaction FMRAE K LL3 TAE. HAMEZANFW T HR:

class spi_scoreboard extends uvm_scoreboard,;
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uvm_blocking get port I#(apb_transaction) apb_port;
spi_transaction 'spi_sénd__datal [$];
taskrup _phase(uvm_phase phase);

fork
while(1) begin
apb_port.get(apb_tr);

write_master_apb_ap(apb_tr);

end

while(1) begin
spi_slave_port.get(spi_slave_tr);
write_master_spi_ap(spi_slave_tr);

end

while(1) begin
spi_master_port.get(spi_master_tr);
write_slave_spi_ap(spi_master_tr);

end

join

endtask : run_phase

endclass : spi_scoreboard

BT SPI A NFA T/EMR, FIFESH 3 MmO, 725 kgl
apb_monitor. spi_master_monitor F1 spi_slave_monitor &% transaction, A 7 &
TEFTA SPL R BRI B ¥R, —FEF A T AABAS. £ run_phase 1B
i fork...join IR BB =/ while {83, B— while 753 P4 #8#EIL—1> monitor
HRI% 1 transaction JFREATARAE, FEHHBMEMEE R G AR HAl B & S 5e st
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xF TAE

43.9 FBERE coverage

BRSO NIEE RRNRBEER, KA RDEEEATEEG TR
& 24 A AT LA ST B, TS RE R A SR AL A T B i R AE BRAEA A BE
SERUEN, RSB BRI RIS RERNTE S, Rt e
IOV AR 3 R AR . |

RIS & 47 T T e T 36 R 15 BSR4y fune_cov, H P EE A E
2% 4 (cover_group)H1% 35 15 (cover_point), ZR7E # A TIRE R, ZJEE run_phase
i H AR 5 e R TAE . HAMEZNEWD FHIR:

class spi_func_cov extends uvm_component;

uvm_blocking_get_port #(apb_transaction) apb_port;

task run_phase (uvm_phase phase);
apb_transacﬁon tr;
while(1) begin
apb_port.get(tr);
sample spi_register(tr);
end
endtask

function void sample_spi_register(apb_transaction tr);

cov_spi_ctrl.sample();

endfunction

endclass

func_cov FHE 5 apb_monitor FHATHIEERE, FrURERP— i H T
UK transaction. 7E run_phase 4 F T —> while /&3, ZETEH P HRE H om0 B
get RHL, A get BMEEMR, FSRARRIIESNERFSHELZIE
4], 2%k get B —% transaction I £ sample_spi_register {£5%, 7E1ZAE5
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AR I 34 cov_spi_ctrl {0 sample BHTERIR & HIRAE Tk, BHALHIFIE
SAER A, BAEEAEEE B0n), WERNES G ET
BHEE.
43.10 T env

env METE B TR IETF GATEE, EXAHEERRIIET & 54
PR BIE TR, LU ST & A B B TR, A E B AR T AT
R

class spi_env extends uvm_env;

uvm_tlm_analysis_fifo #(apb_transaction) apb_master_scb_fifo;

function void build_phase(uvm_phase phase);
super.build_phase(phase);

apb_master=apb_agent::type_id::create("apb_master",this);
apb_master scb_fifo=new("apb_master_scb_{fifo",this);

endfunction
function void connect_phase(uvm_phase phase);
super.connect_phase(phase);

spi_vsqr.apb_sqr = apb_master.apb_sqr;
apb_master.ap.connect(apb_master_scb_fifo.analysis_export);

endfunction

endclass:spi_env ‘

I8ESF 4 1 monitor. scoreboard 1 func_cov 22 8] {Ji@ (5 #F 2@ id TLM HLH
SERU, HhAbERE FIFO K7, —HFM T A FIFO AT L A RIELE,
4R J5 7E build_phase 1 58 Bx H A 40 44 F1 P94 FIFO FjsEfi4k, 7E connect phase
52 JUA FIFO 5 08 MR 28 4 40 4 o D ERE, RIS 5E A T virtual sequencer
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EF UvM Bm AT EARIET & iRit 535KH

=/ sequencer T4 5ITEF & H =" sequencer AJZEE .

43.11 FHFR1RE reg_model

RN AEEEERENTER, WAFIRE T ERERRIE R IR
KBRS ], BT ALE SCPRA IR IE TR, — AR 5 i RS SO R SE AT A7 45
R 8 X,

TEXT S A7 A M A AT S U7 MU, #4381 sequence ML R —ANSRUT
transaction 25 A uvm_reg_bus op B, EFAAEA N AR AR 2R 9 9E,
(B RI6F & i ol 2E 44 R BE 4L FE apb_transaction B, spi_transaction ZE 8 {25
&, BTl B SR ERERSER, SINT — A {Las (adapter),
ZHEH BT LYY uvm_reg bus_op LR BARAM T LA RA, [F W
Al LA 7 B

W EE LT HA function: reg2bus F1 bus2reg, 7EXT & At B AT 13X
B [ 3 /BT, reg2bus T LUK uvm_reg_bus op R K apb_transaction 283,
bmmgﬂw&wummmm%ﬁ%ﬁ&wmﬁ&mgmﬁic

44 WIEFEEIET

ERIETEHRERRZ G, AREREIIR ARSI, R IETSR
% sequence WL, ZJEIBITHTA M test case, LAHAREMSIBHFITAIITIRE .
WELERZ G, RIEABITEOE EEE N ESERSERIEITEIA R BIT debug,
REEEESREL, HWRIIE TN &E. T DRB N REE—

MHEHS .

4.4.1 HgEMi A5
AT HAEFTA MThAE s, — S8 T NSRS, X BRI T RN RIE

S = REHEZ — 14k K, BDEJEE X T — base_test FE, FEMERPEH—
NSERE, R E T SSIRAE B ARG F & A E BT

(1) spi_master test: U test fENEHEMIR, RIIE SPI BRFEAKITIEE, iE
AR T JR B R B4 R

(2) spi_master_burst test: I test MK SPI A4 burst {£4iTIRE, UL SPI
BB A RE L H NI REHIEY FIFO Ak, CSNESFTaSmhia;

46

& o



%45 SPIRITFFEMNEITSLIN

(3) spi_master_disﬁfo_tést: it test U3k SPI pY & B2 ICEEE FIFO F1AE
HU4E FIFO RE7 E R (288 53R |

(4) spi_master nocsn test: 1k test IR SPI AR {EF CSN /E ik E(E S A,
WA AT | |

(5) spi_master_3wire_test: I test Mk SPI W =26 e G 1IE 7 TAE;

(6) spi_master 3burst_test: It test MK SPI A B =M AT, H burst
fEHR R BT ERIB AT |

(7) spi_slave test: Bt test JUIA SPI e B A MR BETS IEH T0F;

(8) spi_slave burst test: B test MR SPI AL B MRS, H burst &5
HART EEEBIT;

(9) spi_slave 3wire test: It test MR SPI HEFC B MR, H =2l
Rl IEH BT,

5 iR test SR, & HHE X T SLA virtual sequence, A test HEFERE
¥ —™ virtual sequence % & Jy default_sequence, #RJ5EITHRE sequence K17
[#41, [ virtual sequence M sequence JiE T A TE NI sequence, FFE A AT A4
() fork...join B 77 AT H AT F5 ,

it 27 7798 TH AL 8 UF 7T DL B 3268 F BT SCAY 4B 9 UVM 7 P93 sequence SR 58
B, TR RAEL TR

442 EITMRASG

AT 48T 7E tb_top T run_test (25 /830, ZEFH —NFHRE
KBS H, WIFTFSRELSEE LUSTH R IA G4, AT RERIET
SHIRIEN, 7ESCBRRE A ARE N un_test RS IRMESH, — B EHE A
UVM_TESTNAME JyF i i Pl F 41 /0 48 AR 1L,

N TIEERIET/EN BSMERE, BB REE A SRR 7
ORISR P43 Al Makefile JIASE R, FEHAIRIMERBERREBN@L.
Z EHE— shell i, 7E shell A {8 Fl make 184, IR 8 JUXH 614
AR FHATE, — MRS EE R EEEF R T —RIE, @A
SO — R SRR R G B, B ¥ L0 B 7 25 R EE merge £ —
BB —A vdb U, FEUEEEERRER.
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EF UVM B E ARIET & &t 53500

A RIGAE TR VCS EATE LR, £/ DVE EBF BB ERER.

FEBATIR B EIRS, R S — AN ) 5 2242 MR Se 4 13 )5 07 AR 2
7, HANAMRARBEHE - RWHEESR, EBITHATER
UVM_TESTNAME 2% BN A] #4705 L

443 {HEL

ERAANMRABGBITER A, HREB A log MIDFIHF, W&
EEHXRGTELENEE, X3P E+F UVM_INFO. UVM_WARNING .
UVM_ERROR #1 UVM_FATAL &5 B, T H&E £ Bin EidE R Bk E RIET
B A

UM _INFO ../verif/spi_master vsequence.sv(20) @ 243758:

uvm_ _test_top.env.spi vsqr@@spi_master_vsequence [spi_master_vsequence]
Cconfiguration is done!

UVM INFO ../verif/spi_scoreboard.sv(118) @ 35668750: uvm_test top.env.scb
{scb} Write finish data

uvM_INFO ../verif/spi scoreboard.sv{265) @ 35668758: uvm_test top.env.scb
[scb] APB compare SUCCESSFULLY

UVM INFO ../verif/spi scoreboard.sv{202) @ 35668750: uvm_ test top.env.scb
[schl SPI compare SUCCESSFULLY

UV¥M_INFO /home/uncle_root/Desktop/synopsys_softwares/ves2016.06/etc/uvm-1.1/
base/uvm_objection.svh{1267) @ 1035668758: reporter [TEST DONE] ‘run' phase
is ready te proceed to the ‘extract® phase

UVM INFO ../verif/base test.sv(73}) @ 1835668756: uvm_test top
{spi_master_test] this test case passed!

--- UV¥M Report Summary ---

** Report counts by severity

UVM_INFO : 7

UVM WARNING : ¢

UvM ERROR  : G

UVM FATAL : ¢

** Report counts by id
[RNTST] 1

[TEST DONE] 1

[schl 3

fspi master_ test] 1

[spi master vsequence] 1

4.8 SPI fi Hidm 3

Figure 4.8 SPI simulation record file

4.8 AR B spi_master_test B4 FALKI A, AR BLEHARGE
FEH T B4 UVM_INFO 5 B, &A% UVM_WARNING. UVM_ERROR A
UVM _FATAL {25, £4 UVM_INFO 15 2575 =4 K H scoreboard 411,
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Fag PIBIEFANRISEN

3B spi_master_test ZHF, :‘@57%‘*/[\%@ spi_master_vsequence. FHHHE—AKH
spi master vsequence 115 M7 24 DASHA SPI A MHEHNWEE, BT
F=AKE scoreboard KIS B, H—AFR UM DA TREURERITS, LN
THREE RN, F-NRFE i SPI A R MO BUE bt i, s =AN R
SPI Bl (B4 L i sh, B — %5k B spi_master_test FI{5 BRANA KT HIK
B RELMEIR
E49%Wﬁ%%ﬂiquﬁﬁ%ﬁEﬁ%,M¢ﬂﬁ%&%%ﬁﬁ%%
st SPI Py 25 HLE 2 32°h00 F1 32°h0c i) SPI_CTL 1 SPI_STAT #Ff#s#t{TECE
T B R B BT SO 4B 1Y virtual sequence T =4 sequence IEE—AN A BT
et kA 32°h04 ) SPL WDATA S H 8T SH#E, LHEETTHEATR
~ . SPIEOIF A b7 7 @it sig_mosi FISMRIE; B4 7
%&%E‘z)ﬁ%ﬁéxﬂﬂﬁhk?g 32°hOc ) SPIL STAT % 77 28 #F 1T iR ME, = iEHE
Sﬂﬁnﬂﬁwﬁﬂf’WH%E%@%FEO%?WFE*%N,ﬁ%*%ﬁ%
RIE “17 JEE, SRJE3THIER 32°h04 ) SPI_RDATA FF 77 3BT I #E, AR
¥4 SPI UK fY 4 i SUR TR 3R, 2 JE 4k 4L SPI_WDATA #7451 5 A HUE,

FHES FEPEE.

- B-polk

B preset N
4 B paddr{3Li6]  32%0000_000 E A [

-8 psel 1% [ V“’[_l’“{_
- B penalle: 1% M
B prwd’ 1b FF‘#—WM
4 B pwdata[31:0}  32%0000 DO T_Eun_ﬂ}h——f—"—éi.u_o‘(ﬁﬁ_—‘“ {"»0_00cS J0000_00sF, *6_0004 |

-8 pready 1%

i B sigosk 1%

=@ sig-mosi

- @ dgmiso

~- sig-esm

B 4.9 spi_master_test {ij EIKEE

Figure 4.9 spi_master_test simulation waveform

et AR ST A S AN IR R 51 0 0 B LR RAEAR IR TR > AT LA

DVE éﬁﬁx}‘ﬁ’lﬁizﬁi S, MBEHRREBERAEEIER, WATLSES
L2 WEATU RG], 2w DR E mR A .

THE 4.10 PR B4R e REESRER, EhE— a8 iunE
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EF UVM (ST EARIETF & RIT5EN

BRER. NEFTUEY, FRBIETERETERENY B RREAEL
100%, HEeMBEREER, RESREERULAEZHBEERX=AHFHWEE T
100%%E 35 % .

i 72%

regi spi inst

s fapb_wif

Bl 4.10 SPI BAEAURS B 5 R
Figure 4.10 SPI verification code coverage

THE 411 FOR A EEREHIDIREREEN, BT RraNEERE
B, FHEHARTESESER FHNHERTXELEREE. APEERE
BRRWZBANTEHREWRAERIRIER, TRITEBMEBH{ERNE], 7
RN BHEEBRTORZNMERRAEMMIAG HIANHFIL. WEFTE
H, AKIGE TAERTA B 3 RS R HAAR] T 100%75 55K .
‘& th-wpmeobj. $unitspl v
- P cov_active..,
- cov_bidire., .

:&cov_élk_di...

A cov:inacti...

100,00% 100%
100,009 100%
100,009 100%
100.00%% 100%
100.00% 100%
100.00% 100%
100.00% 100%
100.00% 100%.

- B cov_maste...
= cov_miste..,
- Bcovrx_fif...

oy, rx_tri.., 100:00% 100%
- cov: oftri, 00, 0go% 100%
- cov_spl._ba... .100.00% 100%
- Brecov.mx_fifo... § 100.00% 180%
- P eov use_rd... 100,00% 100%
- E= sl master 3100.00% 100%

1100.00% 100%
00.009%¢ 100%
3100,009¢ 100%
3100.00% 1060%
1100.00% 100%
00.00% 100%
00,309t 100%
22 100.00% 100%

- 2= spi_tnaster...
25 spi miaster....
- 2= wpi._master...

-~ Z= spi_master...
B spi_dave

spi; slave ...

] spi_slave_..

B 4.11 SPI BiFThEe EH= R

Figure 4.11 SPI verification function coverage

50



#£4E Spl Bﬁﬁ%éﬁ@ﬁﬁ'—ﬁ%ﬂ

4.5 ERMER |

Tk 4.1 Fim A A B MRET & 1 S5 (e AT & P L i
A AL, AR TTLAE A SOTS B R £ P9 SR 4L LE OB AR R0
WL & B B R i E |

® 4.1 EREILY

Table 4.1 Reusability comparison

HAMAEXT
IOUESH
AXWIEFE  ERRIETE
env v
apb_agent 4
apb_driver v
apb_monitor v |/
| apb_sequencer v v
apb_interface v 4
sequence v
adapter v
apb_transaction v v
virtual sequencer v

¥ ‘v’ RRWERAUER.

o env EEMRIER R BB HEE 24 K230 apb_agent & HAFHHK
BB T A2 R HI3EA T, apb_driver &S EMRITER NG T callback
L&, H—B3RE TR EMAM, sequence 5% THMIAE, & virtual sequence
(938 R A2 RS TR R38R, adapter 45 4B ACE8 4820, SEBL T ANH transaction 2 [F]
R
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g5E RWEFANERENA

BE RIEPATERMERE

fEES s SPI WIIEFE S 2 G, ANTIEHETTERAM, FENHHTNA,
A E =k UART BiFT & IS TIE, IR b L E RSN BH) SPLIIET
SNTEME, NTiEARITETFENETERESENEN.

5.1 UART YN 4B

UART W{EHEEEIST SPI, HHAGESRBHEBNR S, FEEGHN
A e B m B X R E E R AE &, T H UART o] AsEURS TR F
B AT S, AT FVEE AR ), R R ZEX UART RIT AR 4.

5.1.1 UART¥EQOES
UART 0 REHMEESHTF/MBEEE, B 5.1 PR, IMESaHN
TX A1 RX, Hr TX AFAIPRIEHIE, RX f5Tm AZIEEE.

RX [« ™
TX: » RX

5.1 UART #AREHA
Figure 5.1 UART interface diagram

UART BAFHEREMER, £ TENFERBFRER, S2EREHEN
£ Dl iR IR AT M AT A, SRR At AR A

UART #: 05 S RAIERES, FIUHSEEEEERNER, ATAH
BliafEait iR, BEXNS FEATFARNEE DER—ERFER.
512 UART IT{EH

UART W TR A 5.2 s, BOESETRRERERET, 3
EERERN, ESSREIRBTHNEREN, ZEREANSTERLE, £
w0y 5-8 RIEEHERL, FERRAREILS, FIEARFEREET, kR HfRr—EH
R |
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A bit0 X hitl >< =+« X bitn par

5.2 UART &4t 7 B

Figure 5.2 UART transmissioﬁ timing diagram
UART FEAE— N R R e e, R AR — LR IR R 26 B 4 16 A
JE, TR £ apb 2 LI S AU R ¢ R B P B0 a2 A0,

5.1.3 UART 7588

UART W35 1=EH LA 8 AL B 7 8%, X o 27 47 7% FI SR IC & UART Ry LR,
{RIF RS FE I A EE UL R UART 810 TAERES . R EF TR
IR 5.1 fioR:

£ 5.1 UART 7558

Table 5.1 UART register

l«

g

2R % Hi sk f R/W Eiiipa

RXD 0X00 8 RO L FIFO %t S 7 48
TXD 0X00 8 WO &% FIFO BN 17 4%
IER 0X04 8 R/W T R AT AR

IR 0X08 8 RO PR E R A

FCR 0X08 8 WO FIFO £ %5 4%
LCR 0X0C 8 R/W RS 2 4%

LSR 0X10 8 RO TERRS AT 4
DIV1 0X14 8 R/W Vi EsES e
DIV2 0X18 8 R/W B REEH T4 2

52 WNEFRER

BISC/AR T SPLEGIEF B EMRE, IR 780 % E T i it & i it
AR ERME. TESETHEGKN SPLRIEFE, EAANTS4ME, T
UART SEF & MR T/, DSHIEBRAEF & fm T ER .
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52.1 WEFESEEIT

UART S0E & i3 SPT RO, KA T B 5.3 FiamBuiLiit, =
BAEEIFE . APB HHif1 UART =44, RIEF & MBEREET I
HE 52 SR R AL I L |

top_env

Y h 4

apb_env uart_env

5.3 UART RIEF S EREH
Figure 5.3 UART verification platform hierarchy

ETF UVM i UART BiFFE&EMmE 5.4 Fix. NEFEUESH, &FE
75 SPI (F & i R AR, REHT UART #1 SPI AR, #AFBHIEMN
TR, FrCABRIEF & H R —1 vart_agent.
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E£F UVM B A EARIEFERITSENR

- ‘test_lib Top
test0 testl f+oe| festn
L \d A 4 v
config vseq lib seq_lib
| vseq0 || vseql |+ | vseqn || seqOifseql| - [seqn
4 ' env
vsqr
func_cov scoreboard
F N 3 F

<apﬂ>/agey( uart_agent
sequencer ¥ sequencer

driver monitor driver monitor
F 3 A

v A4

apb_interface uart_interface

» A

4 ) } UART 1 L 4

54 UART iEFEEHE

Figure 5.4 UART verification platform structure diagram

522 WHEAHER

RIS EANAT SPIIIET & W& AR, b2 X T
IR A B AR T ARSI, Z Rl AR AR IR A, 7% UART 3
BT & B 2 H

B VKBS AE T/ I56E B 4% UART 5 SPI #3 R H47E APB B2k EHISME, APB
VESIE A B S 2 W, SPI RAETF & FF Y apb_agent 4H 4 2 H N BB EF 241G driver
monitor FI sequencer 414 7] LA B # 5 F #| UART Sk &, M H driver Aff lj‘] il
3| NT callback W&, #—H N3k T % transaction FIEMH. BRikZ 4, SPI &
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i & H1#9 apb_transaction %Qvapb_interface HERMER H APB BB, HTEL
WA BT EN.

I UART RIFFEBIANT FAERME, FrLlN T A ERIEF A X FFaiR
RUBEATYI A, A AEE| N adapter B4, B TEREZEAE transaction Z (B BT H
. SPLIRIEF & T adapter 7] BAXS uvm_reg bus op 2K AIFN apb_transaction 28
R ATEEH, Tk UART B F & A HRAMFER, FrLlit adapter AT ULE
BT A |

UART F1 SPI BiFT & HBEREW 22080 3T env AN BRMAR A
ER, ERSPEMML, HEEXS agent. virtual sequencer F1 scoreboard &4 4
AT B 3R S24L, BT LR B0t SPT B8R & HH env 444 P9 8 XUAEIE BB
7T 25 F 3l UART WIBREF &

ST uart_agent Fl scoreboard Z4114, 5 UART Ml KB R =, EH
RISEBER R, FrLAfEX Bk E E Y.

53 WIEFAIET

BATIAE T & BT FEARN SPT A—HF, R FZE 5 sequence HLAISRHE XA
51, SR j5i@ 3T virtual sequencer F1 virtual sequence FIFR-A 3R AE FRIE 24 HIBURI LR -
BETEBERMER, KIS TENTEME. TR LRENREE—
NN
53.1 A

AT RATHe% A IR TR, —IEME T =AMIRKA, 250 RIEAT
UART 3R o7 SRR AR A, AT SCA A0 SPL MR P
PIEM, NT 5 EREA test ¥R, TR LT =4 virtual sequence, B4
test P ZFHR 24 — 4 virtual sequence % B A default_sequence, A J5EITRE
sequence HI 55, HI virtual sequence M uart JEF & Y sequence FE G F A IE
(] sequence, JE{# A fork..join 77 XS HHATF

7r 52 M. sequence B, TJLAEH SPI BiEF & 1) uvm_base_sequence, B4
HNMAAEET APB B &R ERS, 5 SPLRAMEMKIBIRR, Frolal il
FEMACHHTEEER, RAEET WY RBHAMIRERMT UART KIE.
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ET UVM W EARIET &R’ 5K

T XEWIINT FAREE, BTN T &7 28 Dy REE IR IE o] LA BB A
UVM H £ sequence SR5EMK, TR A8 % [THIMNEA B,
St T U R B (B AT AR B L B A Sk 52 i, K6 SPT B IR 5 T AR VA S 1
EM sk, FEHEA 6 IR T84T UART R A 6.

532 {HE4%

B 5.5 9P 4] vart_basic_test H0F BEARRICMF, MR LIEHAR TR
724 7 A UVM_INFO £ &, &A% UVM_WARNING. UVM_ERROR A
UVM FATAL {5, FA UVM_INFO g BHA—/SREESEREAF, WD
sk B scoreboard 24, B —A KB uvart_basic_test ZAfF. HAPE I RE K
TR A A RS B RS LR OI R E R ERSRER, ?%Tﬂ%wi/l\ﬂ%a
scoreboard [¥1{Z B2 @ it UART [I4H &% M BERFE I BRI Luxt Bl &
JE—2&K H uart_basic_test {15 BR RN BIRAE REALTHE R

UV INFO ../verif/env/baud_rate_checker.svh{122) @ 8555800: uvm_test top.m_env.br_sb
{baud rate checker] This’'s no baud rate errors

UVM.INFO . /verlf/env/uart rx_scoreboard.svh{133} @ 8555860: uvm_test Top.m_env.rx_ sb
[uart rx_scaoreboard] Characters received with no errors

VM INFG .. /verif/env/uart_ tx_scoreboard. svh(114) @ 8555800: uvm_test_top.m_env.tx_sb
[ua:t tx:_scoreboard}l Characters transmitted with no errors’

UVM INFO .. /verif/tests/word_format poll test. svh{30) @ 8555800: uvm_test_top
{uart_basic_test] this test case passed!

--- UV¥M Report Summary ---

#% Report counts by severity
UVM_INFO : 5
UVM_WARNING : e
UVM_ERROR : 0
UVM_FATAL : 8

*x Report counts by id
[RNTST] 1

[baud_rate checker] 1
[uart_basic_test] 1
[uart_rx_scoreboard] 1
[uart_tx. scoreboard] 1

B 5.5 UART fhEIEZ X

Figure 5.5 UART simulation record file

B 5.6 Uik 45 vart_basic test AR, MR LE H & L#THE
%t UART P934t A 32°hoc 1 32°h08 ) LCR 1 FCR &7 8T E, Mihik
39 32°h14 F132°h18 MR EHI S A S HTEE, HREREHIT XA ER
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virtual sequence H1 55— sequénce P s ARG ST HERE DY 32°h10 # LSR HF fEasit
(U, B UART SRTHIRAS, 2 EAFFAR ML 32°h00 ) TXD #7255
FEBE, SANGEEERY UART AAMNSENME, YXEFRBALE
TX 8 OGS B RARHE IR, TFEE FRER T, SHEm, RX 0
tHYEf& 4 UART ZHE A HEE .

"&pcnc'

B prest §
& paddr[3h0)  32hodco coio UGG
-0 pecl '

—. [ penible §

L 0w 2o T

4 Bopwdata[3Li0]  32h0000_00 ; i i

5i-.B ‘prdata[31:0] 32Mzzzz 270
L f pready 1
B elk
-8 sdata
‘e B 'sdata

B 5.6 uart_basic_test {f ¥

Figure 5.6 vart_basic_test simulation waveform

FE 48 F A S S R IR R B IS AT 2 J5 . BRI LLild DVE BEE &5 &
HRER, AFEABERENIRERR.

TE 5.7 irARERENRBESREEN AEPTUEN, FRKRKIE
THEREFBEENS B HEREAEE 100%, HRZTTHPEES] 100%%E &

98.03%
98.03%
96.83%
98.61%
08,529

100.009%
100.00%;

5.7 UART B iE ARG 55
Figure 5.7 UART verification code coverage

TE 5.8 iR M EERGEHTHEEEREN, NEPALEH, FKRIIE
TAEFTA M 5 S AT B S #IAE] T 100%E 3 .
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100.00% _
100.00%  100%
100.00%  100%
W 100,00%

100.00%  100%
100.00%  100%

uart_env_phguba.,

= {5 vart_env_pkg:.
w&dw
uart_env_pkgiua...
= () uart_env_pkg:.
e A rx_int_thre,

uart_env _pkgiiua.,
S uart_env_pkg:, 7 100,00% 100%
b A parity 100,00% 100%%
- 2% swp_bits 100,00%  100%
-~ 22 word_format 100.00% 100%
i B word_length 100.00% 100%%6

5.8 UART RIEThREE &
Figure 5.8 UART verification function coverage

WIEU EEERTUESY, SPIBRIFFERNNHsAGTEETUERT
UART MBEF 4, 3 H UART BiFF & 584 7T LUA k5 UART 1381k
Tk

54 ERMSH

ST S A SRR MW AT R T 40T, DA UART B4
e 23 0p 8 L4 (AT B AT o 9 5.3 UART B & R KA Mo art_env
A A KT AR, BT e R RN, B e ERE A5
Geth, BRI RIS R 52 iR

I FRAMITIE, BT & A i A E g 1080 17, &R
HATE % 311 45, JEEFIRTEE N 769 17, B E AR RIET 4 N E
FlZE1k 2] 28.8%.

CERIET & AT, A 14 (R LA, BAT BER K
SRR PR LT & MR, IR IE TR, NTTE S A S SR R A
Yol T & S B T G T S
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% 52 KBRS

Table 5.2 Code volume statistics

IR A1 SAHEE EAREE
apb_agent ' 38 38
apb_driver 71 71
apb_monitor 41 41
apb_sequencer 13 13
apb_interface 19 19
apb_transaction 28 28
virtual sequencer 15 11
env 71 31
adapter 32 32
base_sequence 27 27
uart_env 725 0

5.5 RGERFTEMRR

S TAE— M5 R RAE AR S HOBTE), — A KIS Py O 3
TRAE AN, AT OUE T A A B SR S s PR B R
B TR IET & (OHH T e — AR BRI O 52 5 6050, 2 BT B
THESEH, BETFRRIET RE SR IIET AR

top_env

apb_env spi_env |uart_env

5.9 REERIFTFEE R

Figure 5.9 System-level verification platform level design
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£F UVM iE T ERRIET 6§t 5E0

B SCEZ 58T % SPI M UART ARSI IRIE, T AR E A LA e
TFT S HAT RE R T/E. B 5.9 NRGHIIETFEHEREH, LHEH
7 SPI 1 UART Kl 4 i apb_agent.spi_agent 1 uart_agent, Bl } scoreboard
l func_cov e fF, &AM EMARIEME 5.3 Fian, Ho% agent AL FBTN
RTHAHE RO AN Xt F R F AL A G, " LGET virtual
sequence {3 F #L (I 7%E, M SPI sequence JEEFI UART sequence FE F i #3824
sequence, 13 fork---join 177 4T RL .

F£ 53 RGHBIET EAHMARKIE

Table 5.3 Source of system-level verification platform components

ERAMRIE
LOE4E 1
SPI WIEFE  UARTRIETF&
apb_agent v v
spi_env 4
uart_env v
spi_master_agent v

spi_slave agent

uart_agent v
spi_scoreboard v

uart_scoreboard v
spi_func_cov v

vart_func_cov v

B 510 i N RS H A ENSRICH, bR B e A ol 2 f
spi_master_test F1 uart_basic_test A& T . MEHH LUE HARGE4E T 784D
UVM_INFO 55, EFaiFMEERTRGETH SPI LIFEH, F=TREEX
REZGE R UART TEEHR.
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UVM_INFO . /verlf/scoreboaré&ccvlspi scoreboard.sv{264) @ 312868758:

uvm test top.env.sch [scb] SPI Receive compare SUCCESSFULLY

UvM INFO . /verlffscoreboard&cov/spl scoreéboard.sv{261) @ 312868750

uvin_ test _top.env.scb [scb] SPI Transmit compare SUCCESSFULLY

UVM INFO . ./verif/scoreboardacov/baud rate checker:svh(122) @ 1312868756‘
uvm_ test top.m env.br_sb [br_sb] BAUD RATE. check ‘SUCCESSFULLY

UVM INFO /verlffscoreboard&cov/uart rx scoreboard.svh{134) @ 1312868750:
uvm_test top m_env.rx_sb [rx sb} UART Receive compare SUCCESSFULLY

UM INFO . fverlf/scoreboaré&cov/uart tx_scoreboard. svh({115} @ 1312868750:
uvm test top.m_env.tx sb [tx_sb] UART Transmit compare SUCCESSFULLY

--- UVM Report Summary ---

% Report counts by severity

UVM_INFO : 6

UVM WARNING : ]
UvM_ERROR &

UVM FATAL : 6

*¥ peport -counts by . id
[RNTST] 1

[br_sbl 1

[rx. sbl 1

[scbl 2

[tx_sb] 1

B 510 REFGEICE XM

Figure 5.10 System-level simulation record file
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Bem ZRWSRE

LoE BiLSRE

6.1 #5ig

EICRMAET UVM RIEFESE, SRR 4, T UL
SPI {95 M IRET &, 2 5 BRI & WAL T UART W&
M E TR, DUIEMIEFEME T ERAN. A EEERIIENT:

(1)3%E$ SPL VE AR, BEET UVM MRRIEFE. BREE SPIAYLY
e RN ISAE ThAE &5, R B XTI T & AT BRI AL B, W R B &N A0 AR .
SRR SRR N 2, B FEALIAE FYER UVM S R, 52
MBETFENEATERAME. ERIBEITHER, MIFBIETIRE R, 1B sequence
WL 58 B PR 5 M e, 38 S A 8 O IR AR B 384T - 9 7 ARERIRTIE TARRY
FEM, AXFIANBERENEEKE, 2NN, REIhEESEREE
100%, X373 F1LE] 99.6%.

(2)ET SPL WiFF &, Ll UART {EAMFETT, SEREUET &R ETE.
iEFEHE R SPI WL & R AT E A A M, B UART AR ERBIET & F
At EA M E L. TR B IZE A sequence AL, X5 B BIA SERL
E, RANAEESRIET 100%, RIBEZRLH 99.39%, CALHARIETE
TERLER R IOTE R P A 9 T UL SCRT B BT G 7E R AR IERT R
M, AR SP A UART #H4T T 4&-&WIE, 3 B3 T IERMIIE
g5

62 RE

VERBIE T IESE RG22 TE, A3ET UVM RIETTESE, SEHANR
B R R B BT R B R R F &, #—PiRm T HA
HEHM.

RCBRIBET SPLRIETF &, FHHEETHWNIEET UART NBIET G,
{EREFER A 25 FHE LR HTT -

(1) W7 (assertion)fE A SystemVerilog & 5 HI— 843, 7T LA# 5l N IR

WAE LA, WEORFHTRE, DOEHIE RN, Br5 e RIER %
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EF UVM WS TERARIET SR 530

HEAT L |

() AXBERXNAREYATERET LRENETR, (BREFR - REH
BIFEWXERAE, £ F— SIS, TE RGN E AT ERAMN
9

(3) MFREAMEI, ST AR S A AR eHE, Bk
S TR AR, LTRSS B TR, TS T
ferr, ATCAMEERE 2 M Th AL SOF R RO B, SE3 N T T2
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