ASRERRRBESER

e S

RY

— 8 ERAE: T IP Bt + KA SoC Eax + ONN iz B + JTAG A %A
K+ AL%L UM 292 Je SoC [ HHE—IiE—22 4 | HiF 2.

SoC V3.0 #& V2.0 A J& E#73% PWM. DM/JTAG #A3X. ONN Az B, H 3| A
yrun/ycheck ® 2242 5 Spyglass/DC/FM Xt/ A . TAE4- 43228 UVM (QSPI .
ISP) . PINMUX FPV. SoC C/UVM % s MliX B & & F K & ; T testplan 5
closure E% i A4y & (AL soc/doc/testplan. md) .

i}

ik BZ

VNC TAZAR(H R 3R3%) /project/S0C3. 0/

SoC & mir AAND /project/S0C3. 0/soc/sim/ ( source env.csh /s & H
yrun)

SoC RTL T & soc/top/top. sv (17 E/% & VA top. sv 7 /)

HEPAAE] A cp —a /project/S0C3.0 ~/work/S0C3. 0

V3.0 483 V2.0 #9445

%E SoC V2.0 (# B SoC V3.0 CHstar)

A&
A F E2 % + QSPlI KMAELEK + Al mRE + ALFRX + X Flow
RAL + ISP DMA
#¥E P — 4 3% PWM. DM/JTAG. CNN (conv / pool / line_mul)
B &R 5 E /4 M 7 ¥ AHB £ (4 CONN. DM) /5 &M
%
M E L top.v top.sv (& CNN APB, W B, DM R4 %)
1
E )2 2 make run_%* yrun / ycheck / ydebug
g (soc/sim/script/flow_script/)
2 4% HEehER soc/env/agt mem bus+ % 4 X UVM  case
UVM (CNN/JTAG/PWM %)
% it — flow/spyglass. flow/dc. flow/fm

Flow



#H A T VLT UM Z kT V1.1 / V2.0 £—
b4 A

% EDA T REAMRAELZ &

1. VCS £V #2016 sa A VAL, VCS 2014 44147,

2. UM £ V2 UW-1.2 , UVM-1.1 %A B &H iR % B4,
3. 1& A YGPT '§ 259N R 5 5

— IP A48

1. QSPI
QSPI 5% Quad SPI 8975 5, %7~ 6 & spi, & Motorola /5] 469 SPI v éy
B, (WSPI R &A%,

Queued SPI #8%f T SPI sk4L3& 4 7 M4k 1/0 & (S102. S103) , #RA4ET K 4%
Hrég bit 3. QSPI T vA#9 TAE42 X Single-Bit SPI. Dual SPI. Quad SPI.
QSP1 &9 4k X

QSP1 3 & fEiaE X

ChiE Select :
QSPI Master & Serial Flash

MISO

eeee—————

QSP | £k 4% A X

Chip Select
Clock

eesss——
QSPI Master * Serial Flash
| 9!01 |

QSPI w9 & A% AL X



|

Mode 3 0 1 2 3 4 5 6 7 8 8 10 11 12 13 14 15 16 17 18 19 20 21

|

|l Instruction (E7h) »| AZ3-16 | A158 | AT0 | M7 inummy i 108 switch from

pral Input to Output

0, X 7 N | @@@eooo 0 (XXX [ —
o, 00000000 NE000
o, 0000000z =00 00 Gl
AEEEOEOO—H-DOOOE ] —
i 1 Byte 1 Byte 2 Byte 3
Chip Select
&
100
QSPI Master 101 Serial Flash
102

QSPI ®HFH

QSPI i@ i a4 5 Flash il {3, 5 a4 a#EHK45, ., IBFEAFH. =
154 %n#:a‘%ﬁ—ﬁ/\lf/‘ﬁx, r?ﬁi;ﬁ_/\F"fx@’: Mg, 220 26531545,
Wht, REFPRBENEZ —, nCS AEFIA TN TR, EELKL TR
JG Bk Bt

ELAKEG QSPI #iXT VA A #
Quad-SP1 (QSPI) interface on STM32 microcontrollers

2. 12C

12C i b & A %, AR B 120 REARLFHEEI ..
EE

PRE = Freq_12C / ((5%Freq_SCL) - 1)

Freg 12C is the clock frequency of [2C module.



(% START and STOP

START and STOP conditionsE=+EA~=4%, BR&INTE:

START: SCLASHEAE, SDAHS->K;
STOP : SCLy&HAIE, SDAHIE->H;

SDA --_‘_\il
S I N A N

START condition STOP condition
mba608

START and STOP conditions

Byte{&igi. ACKRIZ

S5 EHLByte AR, FIMFHEEHRIbIEINERES.
MSBStk, LSBRRfG (I2C/SPIEBEMSBLE, MUARTELSBRE) .

ZSlavelE M RE B BIMAIEEWI2C MasterZ{3ERT, Slaver]f{ESCLLAfFESEMasteriF NE
@ X E B
r— "| r— 5 —\
n men nowi men ‘
1?'9('12"“;!:3‘:3;63; & / E:gcr'l(al ﬁtie:?:c;v;r ‘

SCL lgorsr| 1 2 7 8 9 1 2 3108 9 lsrorp |
L__ 1 - - L 4

ACK ACK
START or STOP or
repeated START byte complete, clock line held LOW repeated START
condition interrupt within slave while interrupts are serviced condition

ﬂf ac861




<E 12CEREF

[EfSE S Fs i E NS E IR ER e

|:| Master Controls SDA Line
D Slave Controls SDA Line

Write to One Register in a Device

Device (Slave) Address (7 bits) Register Address N (8 bits) Data Byte to Register N (8 bits)

f 2 N N R
|S AﬁlﬁSlMlﬂ!lMlﬁllm UlA|B7|BGIBSIB‘|B3IB\ZIBIIBDIAlD?lDSlDSID‘lD!IDZIDlIDO AIPI

| t1

START R/W=0 ACK ACK ACK STOP

Figure 8. Example 1°C Write to Slave Device's Register

3. UART

BRI K E (Universal Asynchronous Receiver/Transmitter), il #&
Y£ UART, 2 —#®B4T. FF. 2R TH@EM, EHRAXBE R 2,
UART &5 B 4e T

—— MW T™FHF — -+ R ot TFER

WL | Bab FHEE B F1 WM Bah FFEE

1m1 | o [telrml..J1elie]l |1 11 1/o|1/0] ...

Bl 1 UART &8

A R B —ANEBE 07 WES, ETEMTIEGTS.

Al BRALBEZE. RFEZONIHTAR 4, 5, 6. 7. 8 F, Hm—"
Fi. WBFHKM ASCIL 2B, MmARLZ 454514, T4y ks,

BRI KBl L —2 6 GREHIBEERIR) , 5 17 HEHR
HABH (BAIR) B F K (FRIE), UL RRBHIEFEGE Ak,

iz CR—ANFHBEFEOERTRE, TUARL 1 {2, 1.5 12, 2 2693 &
FO(FHE 1)

TR ”RTEH 17 RE, R TS AT&% LA $IEGEE,

AT

KIEE R B RN RFERE T, 212 bps (bits per second) , ¥ W9k 4%
% 9600bps. 19200bps. 115200bps % %, 4w & 0 4+ E % F A 9600bps, AR
LAEH — /e 4% E 200 1A 2 1/9600~104. 2us, BP 1bit /F#ada K454
104us, % —NHIFEFRIFA 10 ANedF (F4512-8 NEABAZ—1F1042) |, 1£n
R 5 R A 9600%8/10=7680bps


https://so.csdn.net/so/search?q=UART&spm=1001.2101.3001.7020
https://so.csdn.net/so/search?q=%E9%80%9A%E4%BF%A1%E5%8D%8F%E8%AE%AE&spm=1001.2101.3001.7020

SO A RRREANFTERIN L, EEREBAFRN, F% UART_LCR[7] A
BAA AR A
4. DMA

SOC V2 #4351 B+ DMA 3% AHB master 321 % AHB slave 321, % DMA A 4 i@ id
RRAFHR) o T A&FHMAEX T2 5, I FP i fEam T, ERIETHRE, RFR
BEMM, kb, FHMHETRDEGET)ET,

Channel0 (—|_)
Slave Interface
Channell
DMA
CTR

Channel2

Master Interface

)

Channel3

DMA 2 #h i, SEAIRMALE F 69 memory 24k, RBEHF X HE B N B G HEEY
memory ‘:P o

5. ISP

AR E P, ISP €3 Demosaicing A= dgain MmAFH ik,

Demosaicing 2 —#r Az B A HE L, BWRREARIEEES] (Color
filter array, @ #& CFA) #9RX A MR TAEHTEY, TEH A

H#h. LA T,

‘%1‘5 : (k’ G’ é)

B KREAIG, AINTRIR A Z &R —ANRIEHET), & THEB KR4
W, EMEERARE—HEF.

(R 7S




HOSAIC :] AMALOGUETD RAW IMAGE
FILTER SENSOR DIGITAL CONVERTER

B SAA BB R R E BRI B R P HEAMEF R, R%dE, ZE e,
ATHREENMEZ SR 2, FEBKIRLEFHE. &M1E Z demosaicing
a3,

JRAE BAL 094 KARBR R SRR AR EH I T A W £, 552

BGGR, GBRG, GRBG #= RGGB, VAT & w9#4& X 69 B 1%,

T @ A~42 demosaicing 5. ISP demosaicing H k69 BLAK A &
AR BAMNFRRBA, 282, ATaEAPT.
EZANKIEE @

B11,G12,B13, G14, B15, G16¢

G21, R22, G23, R24, G25, R26¢

B31, G32, B33, G34, B35, G36¢

G41, R42, G43, R44, G45, R46¢ R,-G,=R, -G

B51, G52, B53, G54, B55, G56¢ BJ G B G""
G61, R62, G63, R64, G65, RH6: A e

HAVEARIE LR ATH, R &EAMEE RA9RGB =,

1. # F B33 it H # 633, R33
a. 5 G33 LLKEN A% 7w LA

diffA = abs (G32 - G34) K-F7 ) £14

diffB = abs(G23 - G43) £ A 7% £14

G33 = (632 + G34) / 2, L (diffA < diffB) EH 7 mE KK, I
K-F 75 @ ¥ 1E

G33 = (G23 + G43) / 2, LB (diffA > diffB) K-F7r £k kK, R
£A Fw ¥

G33 = (G32 + G34 + G23 + G43) / 4, L (diffA == diffB) Z/H—#
X, BHA



b. 7HH R33 NFEHERKA & EEEIEi
1.a 897 %1328 G33, Rl T+ H b G22, G24, G42, G44
R33 = G33 + (R22 + R24 + R42 + R44) / 4 - (G22 + G24 + G42 +
G44) / 4
2. A F G34 ++H 4 R34, B34
a. 75 R34
1. a 897 & T i 5 i G24, G44
R34 = G34 + (R24 + R44) / 2 - (G24 + G44) / 2
b. it B34
A 1. a 897 k7T 5 4 633, G35
B34 = G34 + (B33 + B35) / 2 - (G33 + G35) / 2
3. AT G43 i+ H b R43,B43 (B 7% 2)
4. ¥ T R44 i+ H 4 G44,B44 (B 7k 1)

Dgain Hikbi H 3, AN & AMMEZ SR VG R EBP T,
6. PINMUX

SOC M B F43E AT PINMUX. T @2 —A>PINMUX 8942 ] (U2 &34k A7 B AE
B .

;
i AON PWR domain

pinmux padring
TL-UL clock /
o H st pads
_l\ ' programmable " rst pad
<::—1/ CSRs s wakeup H &
i detectors b P
strap emecececseseasmmeme e m—n i
enable IE
i LC state HW strap
i sampling /
JTAGS .
JTAG muxing
MIO pads
MIO
| periphs [ x
‘ - X
muxing matrix Eﬂ
— retention &
logic
10 . o
3 periphs I,AOE?:.G.J
i

T @A —ABA G PINMUX AEE, *TVAE L ARRE N X 6912 5 A RFE 69 pad
*o
SOC V2 71 B &4 PINMUX 4E 4= TF



CSR

SPI0 {—
© M pai1
QsPIl  {— M rad2
12C0 ﬁ PINMUX
2C1 (—

M Pad24
UART

1% B # QSP10, QSPI1, 12C0 , 12C1, UART HAANIMX AR 24 A pad.
Pad Ao R B SMX 89 X A B4 T o

AF0 AF1 AF2 AF3 AF4
PIN QSPI0 QSPI1 12C0 12C1 UART
1 SPI0_CLK
2 SPI0_CSNO SPI1_CLK
3 SPI0_SDOO SPI1_CSNO 12C0_SDA UART_TXD
4 SPI0_SDIO SPI1_SDO0O 12C0_SCL UART RXD
5 SPI0_CSN1 SPI1 SDIO 12C1 SDA
6 SPI0 SDO1 SPI1 CSN1 12C1 SCL
7 SPI0_SDI1 SPI1 SDO1
8 SPI0 CSN2 SPIl1 SDI1
9 SPI0 SDO2 SPI1 CSN2
10 SPI0_SDI2 SPI1_SDO2
11 SPI0_CSN3 SPI1 SDI2
12 SPI0 SDO3 SPI1 CSN3
13 SPI0 SDI3 SPI1 SDO3
14 SPI1 SDI3
15 SPI0 CSNO SPI1 CSNO
16 SPI0_SDO0O SPI1 SDOO 12C1 SDA
17 SPI0_SDIO SPI1_SDIO 12C1 SCL
18 SPI0_CSN1 SPI1 CSNI1
19 SPI0 SDO1 SPI1 SDO1 12C0 SDA UART TXD
20 SPI0 _SDI1 SPI1 SDIL 12C0 SCL UART RXD
7l CPU CLK
22 CPU RST N
23 [PCLK
24 [PRST N

T F) pad H 3t 2 89 register ABECERFRBEG1Z5, LB AFO, AF1, AF2,
AF4, AF4 # pad R 69E£4F, A ETILE R PINMUX 895 587 %,

7. PWM
Pulse Width Modulation

kot ST IR A A AL I B A R T i RoT AR e s g AT R e — AR R
MEOBEAK, JTRERANNE, 8132 ) F2H 5T BT ST

W R ER], T A ERE & F AR .

[ A e T e B



https://m.hqchip.com/app/1382
https://www.elecfans.com/analog/
https://m.elecfans.com/v/tag/1301/

pulse #9 5% &, counter_max & PWM & 28,

B o |

S0C3.0 7 B + A 4 3% PWM,

T & % S0C3.0 PWM 694 4 %5 . pulse_width =2

AddrH Reset
AddrL [Register Field Bit A'l:tributevaI

s pt ue
0x00 [PWDO pulse width [31:0] RW 0x0
0x04 |PWDO counter_max [31:0] |RW 0x0
0x08 |PWD1 pulse width [31:0] |RW 0x0
0x0C |PWD1 counter_max [31:0] |RW 0x0

0x2007_0000
0x10 |PWD2 pulse width [31:0] RW 0x0
Ox14 |PWD2 counter_max [31:0] |RW 0x0
O0x18 [PWD3 pulse width [31:0] |RW 0x0
Ox1C |PWD3 counter_max [31:0] |RW 0x0

8. JTAG

Test Data Regislers

Instruction Register

TAP Controller
A

TDI TCK

TMS (TRST) TDO

JTAG 4244

JTAG A2 —#F B FRAR/AM X 3 (IEEE1149.1 # %) , T2 AT XK A0
Ko A LD HK 3B B X JTAG #4, 42 DSP. FPGA. ARM. 3[4 B L%



https://baike.baidu.com/item/IEEE

P&, ARRHE) JTAG 0% 4 & TMS, TCK. TDI, TDO, o A A X &4, W
. HIBEM AR BH &, 48% JTAG 3] Bred 2 LA . TCK A 5K B 4b #r
AN TDI AR E BN, IE@E T TDI 5] s A JTAG 3£ 0 ; TDO A X 3¢ 38
i, RAEET TDO 5] AN JTAG 4= dm s TMS A X A2 Xz 4F, TMS A kX
E JTAG 4 2 & T X A 45 2 49X AL X ; TRST A AKX 24z, A5 My, 1&KE-F

TREA JTAG 89K EH, @ FERNMNREZIKRSA Shift-DR F= Shift-IR,
IR: 45 5%, WTABAINIANFEE Tills JTAG TEHF. £/ TAP R
A—NIRFHEBMAKER—ZTW,

DR: TAP T AR S /ADRFAHE, 5 IRFHEAMM, A IRAXLEFFH DR

Test - Logic
Reset

Select
IR - Scan

D)

JTAG K &AL

DM (debug module)
DM AR A B XAE M, ZRHBERESH N, TRFRFZHRAE, B, FHELHE
Lk, LBRERRT R E R, T EARISCV 49 debug module


https://baike.baidu.com/item/JTAG%E6%8E%A5%E5%8F%A3
https://baike.baidu.com/item/TMS
https://baike.baidu.com/item/TCK
https://baike.baidu.com/item/TDI
https://baike.baidu.com/item/TDO
https://baike.baidu.com/item/%E6%95%B0%E6%8D%AE%E8%BE%93%E5%87%BA
https://baike.baidu.com/item/%E5%BC%95%E8%84%9A
https://baike.baidu.com/item/JTAG%E6%8E%A5%E5%8F%A3/8854374
https://baike.baidu.com/item/%E4%BD%8E%E7%94%B5%E5%B9%B3%E6%9C%89%E6%95%88/10176564
https://baike.baidu.com/item/%E4%BD%8E%E7%94%B5%E5%B9%B3%E6%9C%89%E6%95%88/10176564

JTAG Debug Transport Module (DTM)

JTAG Test Access
Port (TAP) ITAG
JTAG DTM
Registers
Debug Module
Interface (DMI) —
debug request (IRQ)
bus device RISC-V
Debug Memol (mem) et
| _— g y
Debug Module access L
Registers to bEJSS;fSJSt _
" System Bus Access (SBA) memory and
peripherals
system bus L

Debug Module (DM}

XTZ IPHEMAL, TULAFTH

[P ¥.hk https://github. com/pulp—platform/riscv—dbg/

IP LA%: https://github. com/pulp—-platform/riscv—
dbg/blob/master/doc/debug—system. md

9. CNN

CNN & 79 22 9 2% &9 1) AR o
— /A By 12 W G T B BT

A typical Convolutional Neural Network
Architecture

Ee®e

Input

Convolution

Pooling

A BEFRE, MALE, EIEE,
FE#A1S0C3.0 89 B By, EAANLL TR T,

32x32

Convolution Fun

ction

Convolution

30+30

30+30

Pooling

Fully Connected or

Dense

Pooling Function

- 30.30

30+30

Linear Function



S0C3.0 CNN AEZ2

internal register
< BEmR
SRAM —
oMA-AHE Ko | |common G HAR
SRAM A~ buffer
—— sumin
CNN

SOC3.0 CNN ¥ 5 A=A 54 /& SRAM F, i@ it DMA 3 EL CONN F7'E 54, CNN &

SRAM *F L E £E M4 T,

4183:3284 e ERE

4185:4184

SRAM HHEE 7B 7B
[1023:0] data
[2823:1024] data after convolution o
[3273:2824] data after max pooling
[4187:4186] data after line
[3281:3274] BERESH
[3283:3282] R ERE e
B SR
[ ]
[ ]

S AEIES i

CNN FH#ER, 2% S0C FHHIIE.

= SO0C 448
1. Pk

#iE
1024
1800
450
2
18
2
900

A SoC %+ 2 Z 45 5 69 RISC-V AL 2 £ SoC, .4 % & K &9 AMBA & % .

A RISC-V AR ZIFH [T .

CPU: RISC-V
& %% AMBA2. 0, AHB/APB

F 4Bt 4P . 50MHz
* 4: 128KB

Shi%: UART/12G/QSPI1/DMA/ISP/PINMUX/PWM/JTAG/CNN



2. CPUEA4:
ibex & —3k 32 {2k RISC-V &%, 2Ri7K, Z+#HRV32l, RV32C,
RV32M, RV32B ¥ 454, X 4+ M-Mode #= U-Mode.

Ibex Core

debug_req_i

IF Stage ID Stage EX Block
§
= < Prefetch o 5 0ph 1 )
g .- C ALU
2
2 oeaMULT & £
z XDV T 2
A ] po
ko
— (]

addr_o
. ! CSR \ ! LSU %wdata_ogz
_—I A A rdata_i 32

Ibex #8 % 697 HA45
Ibex Reference Guide — Ibex Documentation
0. 1. dev76+g056cb44. d20220830 documentation (ibex—core. readthedocs. io)

Ibex github JZE:
ibex/vendor/lowrisc ip/dv/sv/mem model at
master ¢ lowRISC/ibex * GitHub

l;‘:%'{% Og‘ .

https://github. com/1owRISC/ lowr isc—
toolchains/releases/download/20210412-1/lowr isc—toolchain—-gcc—
rv32imc—20210412-1. tar. xz

3. SOC £MIER
A SoC %76, RISC-V 4 32 %5 . AHB/APB ¥4 . SRAM, #Mi%¢.45 QSP1. UART.
12C, DMA, ISP, PINMUX, PWM, JTAG, CNN %4k & 4 AE 2 F A,


https://ibex-core.readthedocs.io/en/latest/03_reference/index.html
https://ibex-core.readthedocs.io/en/latest/03_reference/index.html
https://github.com/lowRISC/ibex
https://github.com/lowRISC/ibex

ahb2apb

4, MEZEDEFFTHA
FMAR TN ERZ S, AT 5. 125, M ANMmB B, Fmit
%,

Signal | Width | 1/0 | Description
SoC Interface

Pad_1 1 10 ARk eiFE A

Pad 2 1 10 PINMUX #3

Pad 3 1 10 table. #HAETF

Pad_4 1 10 8918 & ¥T VAZEAT

Pad 5 1 10 (&

Pad_6 1 10

Pad_7 1 10

Pad_8 1 10

Pad_9 1 10

Pad_10 1 10

Pad_11 1 10

Pad_12 1 10

Pad_13 1 10

Pad_14 1 10

Pad_15 1 10

Pad_16 1 10

Pad 17 1 10

Pad_18 1 10

Pad_19 1 10

Pad_20 1 10

Pad_21 1 | CPU_CLK




Pad_22 1 I CPU_RST_N

Pad_23 1 I PCLK

Pad_24 1 | PRST_N

5. BRI T HAR XA mH
B FE MBI _ER IP 3,
6. FAHEHA

£ SoC ¥ A B 7 &

7. memory Z3[A] 4

SRAM  32'h0000_0000~32'h00Tf_ffff
APB 32'h2000_0000~32'h2010_ffff
AHB  DMA  32'h3000_0000~ 32'h3010_ffff
ISP 32'h40000000~32'h4010ffff
DM 32'h5000_2000 ~32'h5010ffff
SPIO 32'h20000000~ 32'h2000FFFF
UARTO 32'h20010000~ 32'h2001FFFF
GPIO  32'h20020000~ 32'h2002FFFF
12C0 32'h20030000 ~ 32'h2003FFFF
APB  SPI1 32'h20040000~ 32'h2004FFFF
12C1 32'h20050000~ 32'h2005FFFF
PINMUX 32'h20060000~ 32'h2006FFFF
PWM  32'h20070000~ 32'h2007FFFF
CNN 32'h20080000 ~ 32'h2008FFFF

=, BE3RE
1. IP BBiE3R3E

QSPI &9 3 iE 3R 3%,

APB agent
QSPI scoreboard Regmodel

> XHEANSE:




QSPI/tb/env & #F QSP| testbench #9 ZH{}
QSPI/tb/tests M3X 17
QSPI/sim ¥4 simulation &9 H %

Y

L
%44 make comp
iZ 47484 make run_{test_name]}

Example : make run_qgspi_read_test

o

KEARYE A TFH K LK makefile LA

ISP &9 32 1E 3R 3%

ISP agent

ISP mon

> RN

ISP/tb/env & #t QSPI testbench &9 484+
ISP/tb/tests M|iX J 5]

ISP/sim $2 simulation 9 E

ISP/cmode| 7% ISP cmodel %9k AX 44

> A

%44 make comp

iZ4T 454 make run_{test name}

Example : make run_isp_test

KEARYE A TFH K LK makefile LA

Pinmux Formal 3&7E3R3%



Formal Emaronment

> LR~

PINMUX/rtl 7% pinmux 1% 34X &9 ¥ 7
ISP/FPV/assertion 7% assertion #= assumption 49X.7
ISP/solution 7% formal TCL J# & #=3¢ formal verification
BT o

> ard
vef —verdi —f batch. tcl

CNN #% 38 37 3%,

CNN env

Reg_model

AHB agt CNN scoreboard

CMODEL

APB agt

> LR

CNN/tb/env  &#F CNN testbench 49 Z{F
CNN/tb/tests |3, /7]

CNN/sim ¥ simulation &9 H &
CNN/cmode| %X CNN cmodel &9 4X 55

> o h:

%% 4y 4 make comp
iZ 47354 make run_{test_name}
Example : make run_cnn_test

KEMIEA T EKEK makefile LA



2. SOC IE3R3%
15 B BAE B

SOC C 3%

RISCV tool chain
D 1le

device

SOC UVM 3% B AHB AGT /X% RISCV

AHB AGT

SOC 3R LA A48



— agt_mem_bus

— soc_cfg.sv

— SOC_env.sw

— soc_pkg.sw

— SoC_sqr.sw

— soc_tb mod.sv

— soc_test.sv

— filelist

— apb_filelist.f
— busmatrix_filelist.f
— cnn_sram.T

— design_top.f

— dma.f

— dm.f

— ibex core.f

— ibex core other.f
— isp.f

— model.f

— top.f

— wuvm_tb.f

env: SOC UVM &93R35
filelist : 3R3EA filelist

— azure-pipelines.yml
— build

— check tool requirements.core
— ci

— CONTRIBUTING.md

— CREDITS.md

— doc

— dv

I— examples

— formal

— 1ibex_configs.yaml
— ibex core.core

— ibex_icache.core

— ibex multdiv.core
— ibex pkg.core

— ibex top.core

— ibex top tracing.core
—— ibex_tracer.core

— LICENSE

— lint

— Makefile

—— python-requirements.txt
— README.md

— rtl

— rtl test

— shared

—— src_files.yml

— syn

— tool_requirements.py
— util

— vendor

— apb_subsystem
— busmatrix

— cnn vl

—dm

— dma

— include

— isp

— pad




ibex : ibex cpu #%

ip : MERELSEE, 2IKRAT R,
— model

— cmsdk ahb ram.v

— i2c device.sv

— jtag_master.sv

— qspi_device.sv

— sram.sv

— wuart device.sv

— license
— output
— script
— test lib

|: s0¢_test ¢
soc_test_uvm

— test

L— test.v
— top
— chip.v.txt
— cmsdk ahb to sram.v
— corezahb.v
— 1i2c_device.sv
— monitior.wv
— gspi_device.sv
— top.sv
— top.v
— wvart_device.sv

model: &#FF4i% #= SRAM 49 mode|

SW : X EH & AEMX JH 69 C pattern A= UVM tests
test: 4% qgspi/uart/i2c % model

top: soc THE X, HILE/ LR,

SOC 1 IR3FE & 4>
7 S0C 3.0 2& &AM T yrun, ycheck, ypgt L E,

yrun: #AERiE {F A, ¥ regression FHht,

18 ) &5 yrun —testfile test _filell1

yrun % option A T fiX &

-sim_opt help="tmp add sim option from cmd" exmaple

: yrun -testfile test filel11 -

testname testl -sim_opt " +dump " to add the +dump plusagrs into the simultion option

-comp_opt help="tmp add sim option from cmd" exmaple

: yrun -testfile test filel11 -

testname testl -comp_opt " +define+SOC_SIM " to add the SOC_SIM into the compile option

—n

-repeat help
testname testl -repeat 10 run 10 different seed of this case

-seed help="random seed select " exmaple
testname testl -seed 1234  run select 1234 random seed of this case
-tag help="
testname testl -seed 1234  run select 1234 random seed of this case
-rerun_fail  help="rerun the fail case in the result file"

<test_report_file>(will print out when the last yrun end)

select case with special tag" exmaple :

repeat times" exmaple : yrun -testfile test filel11 -

: yrun -testfile test filel11 -

yrun -testfile test filel11 -

exmaple : yrun -rerun_fail



-coverage help="coverage option" exmaple : yrun -testfile test filel11 -coverage <hier
file>(collect what level's coverage)

-postsim help="post gate sim" exmaple : yrun -testfile test filel11 -postsim  will
auto change the <compile name> to <compile name>+" postsim"

-presim help="pre gate sim" exmaple : yrun -testfile test_filel11 -postsim  will
auto change the <compile name> to <compile name>+"_presim"

-fpga help="fpga sim" exmaple : yrun -testfile test filel11 -presim  will
auto change the <compile name> to <compile name>+" fpga "

-upf help="upf sim" exmaple : yrun -testfile test_filel11 -upf will auto
change the <compile name> to <compile name>+" upf"

-sim help="only simulation" exmaple : yrun -testfile test filel11 -sim  (skip the

compile only run simulation)
-co help="only compile" exmaple : yrun -testfile test filel11 -co (only

run compile)

EE:

1. Sw/soc_test ¢ K H sw/soc_test uvm T @I LR L F BFec H
uvm test #9 name — K, tb4m spi_test AP A spi_test XML Ty c a9 2F
" spi_test.c

—==50C test ¢

— cnn test

E_cnn_lnput .data
<an_test ¢
— Commaon

common. C

crto.d

crte.o

crte.s

dma test.data

link.1ld

Makeflle
—i2¢_read test

L— 17¢ read test.c

1i%e sarita ftoct

L__ L— uart_test.c
soc_test uvm
— cnn_uvm_test
W.data
cnn_uvm_test.sv
— i2c_Fead_uvm_test——
L— i2c read uvm test.sv
F— i2c_write_uvm_test
L i2c write uvm test.sv
— isp _uvm_ test
isp .C
isp uvm test.sv
— jtag uvm_test
L— jtag uvm test.sv

2. iZ4T soc #J toolchain & AT T #H., i i



https://github. com/lowRISC/ lowr isc—
toolchains/releases/download/20210412-1/lowr isc—toolchain—gcc—
rv32imc—20210412-1. tar. xz

ycheck: #24t% 14 regression k&
JB &£,
ycheck —list

[root@nyhost V3_PRJ_EXAMPLE]# ycheck -list

latest_date:20231007

file_name:test_filelll
dir:/root/pwd/work/github/SOC_v3.0_final6/v3_PR)_EXAMPLE/work/regression
date:20231007-093622

day:20231007

0

Regression Status

DATE TEST_FILE DIR STATUS DETAIL
20231007-893622 _ test_filelll regression done ycheck -status test filelll 20231007-993622

ycheck —status

[root@myhost V3 _PR]_EXAMPLE]# ycheck -status test filelll 20231007-093622
test file:test filelll
jate time:20231007-093622

test_name status

testl SIM FASS

test2 COMPILE FAIL,fail message: Error-[SE] Syntax error
b A e 3 BB EvAmn 1

vegpt : A H GPT 32 /% design , RIE A T FH KA testplan, testcase F

JB &),

[root@myhost sim]# ygpt -fname spi master rx.v

Please enter your question {(or type 'exit' to end): please provide testplan from this code
Answer:

Testplan:

1) verify that the module correctly handles the reception of data.

-Send data to the module and observe the outputs.
-Compare the expected output with the actual output.

2) verify that the module correctly handles the reception of data with the quad input enabled.

-Send data to the module with the quad input enabled and observe the outputs.
-Compare the expected output with the actual output.

3) verify that the module correctly handles the reception of data with the counter input update signal enabled.
-Send data to the module with the counter input update signal enabled and observe the outputs.

-Compare the expected output with the actual output.
IFlease enter your question (or type 'exit' to end): l

9. &+t flow



L %o
— dc
lib
Makefile
outputs
reports
sCcr
work
— env_centos.csh
— env_ubuntu.csh
— flow
— dc
— filelist
— fm
— spyglass
— fm
—— fm.log
— fm.tcl
— Makefile
— fm_read sverilog.man

LT flow P, HAVRAE T spyglass, dc, formal #4987 A,
Flow— Spyglass(lint)

make clean : FI%& log A= TAE LA
make |int : /&3 spyglass gui, ¥ BAT&4F BARHEIT,

{J) Run Goal(s): 1/49

Methodology : GuideWare Reference Methodology for ril_hanc

| Goal
E &1 GuideWareflatest'blockrtl_handoff
- [ & liht
S Jint_rtl
(] % lint_turbo_rtl
[] % lint_functional rtl
[ ] %® lint_abstract

Flow— DC
make clean : H# T4 TAE A, #rh L. RS L HF.
make syn : /a3 dc TAZEA
L2 AP R R A

Z24AF % de/scr/syn. tcl

4RI de/scr/soc_sdc. tcl
oMb xR:

dc/outputs #,35: 424589 netlist/ddc X /sdc L+
oW ERS:

dc/reports/ €.4&: area/power/timing/check design.

Flow— FM
make clean : F# T4/ TAEH., #Hrdh . RS L.
make rtlvssyn: #rtl vs syn_netlist

make rtlvspnr: # rtl vs pnr_netlist



make synvspnr: # syn_netlist vs pnr_netlist
A FERXRBETEEBRLER?

1. B&EE
AT B A env_ubuntu.csh #= env_centos. csh AL, HIEA T
BRERAARETELTZ,

o ®% it VERDI_HOME, e T @B &9 Miestit, B X AREZRTH
LB 9 H T R B T8 verdi %1%,

env_ubuntu.csh (~/pwd/work/github/SOC_V3.0_final6/To_Customer) - VIM

File Edit Tools Syntax Buffers Window Help

BRg s der a@3s 98 ¢ @8

4 alias )
alias
6 alias yche

alias
8 alias )
9 alias

X E Makefile 2@ T R4 % 42
7 soc/sw/soc_test_c/common Y 3% %] Makefile
42 T B 455642

File Edit Tools Syntax Buffers Window Help

Wall -g -0s

jisable compressed instructions
mon .

= fopt/tool/riscv toolchain/lowrisc-toolchain-gcc-rv32ime/bin/riscv32-unknown-elf-gcc
ILE = $(patsubst
ROSS_COMPILE)objcopy
MPILE)objdump
IPT ?= link.ld
-mabi=ilp32 - tic -mcmodel
-nostdlib -n artfiles PRO
DEPS
OUTFILES = $(PROGRAM).elf $(PROGRAM).vmem $(PROGRAM).bin $%$(PROGRAM).dis

9 all: $(OUTFILES)

$ (PROGRAM 1f: $ JS) $(LINKER SCRIPT)
$(CC) CFLAGS) -T $(LINKER SCRIPT) $(0BJS)

B AP @ B A kT BT,

2. source St B T34 £ 4% env_ubuntu. csh/env_centos. csh



Fe e TR AR e

st To Customer]# source env centos.csh
1st To_Customer]# ||

3. 4T yinfo , HiITHF B RO HEFRAELEM. RMN2 LR —4
signature. bin & X415

[ raot@m;'hust To:Cus tomer]# yinfo
random_id:
6e4chb90c687435161%a6e062a4 1247c5a.f2f?ff319d09539585b4a2&5e?db47&

¥ signature.bin 89 L5 %] soc/sim/license T @,
4. iz4T ydebug spil_test HAH A XA EFHALRK,

[root@myhost sim]# ydebug spil test

License is valid.

In pre_process now.

mkdir: cannot create directory ‘/root/pwd/work/github/SOC V3.8 final6/To Customer ok/soc/sim/output’: File exists

In pre_process step2.

work_location: /root/pwd/work/github/S0OC V3.8 final6/To_Customer ok/soc/sim/output

test_file name: soc_test

test _name: spil test

/opt/tool/riscv_toolchain/lowrisc-toolchain-gec-rv32ime/bin/riscv3z-unknown-elf-gcc -march=rv32imc -mabi=ilp32 -static -mcmodel=medany -fvisit

st.o spil_test.c

spil_test. In function 'main’:

spil_test.c:40:30: warning: initialization of 'wvolatile int *' from incompatible pointer type ‘'volatile uint8_t *' {aka 'volatile unsigned chz
40 | volatile int *uart_base = (volatile uint8_ t *) ©x20010008

spil_test.c:41:30: warning: initialization of 'volatile int *' from incompatible pointer type 'volatile uint8_t *' {aka 'volatile unsigned cha
41 | volatile int *qspi base = (volatile uint8 t *) ©x208000000

spil_test.c:60:3: warning: implicit declaration of function ‘write' [-wimplicit-function-declaration]
60 | write(0x90008,2); // jtag start

spil_test.c:62:3: warning: implicit declaration of function 'read' [-Wimplicit-function-declaration]
62 | read(0x20060004, &rdata) ;

spil_test.c:64:7: warning: implicit declaration of function 'puts' [-Wimplicit-function-declaration]
64 | puts("Get correct rdata \n");
| ® e
At top level:
spil_test.c 12: warning: 'usleep' defined but not used [-Wunused-function]
33 | static int usleep{unsigned long usec) {

/opt/tool/riscv_toolchain/lowrisc-toolchain-gcc-rv32ime/bin/riscv32-unknown-elf-gcc -march=rv32imc -mabi=ilp32 -static -mcmodel=medany -fvisit

o common.c

common.c:4:28: warning: initialization of 'volatile int *' from incompatible pointer type 'volatile uint8_t *' {aka 'volatile unsigned char *'
4 | volatile int *uart base = (volatile uint8 t *) ©x20018000;

/opt/tool/riscv_toolchain/lowrisc-toolchain-gcc-rv32ime/bin/riscv32-unknown-elf-gcc -march=rv32imc -mabi=ilp32 -static -mcmodel=medany -fvisik

t n Famman o FrtA o -a anil teat A1F



