)
)
|

19 s

F b K B TSR i EER

SUN YAT-SEN UNIVERSITY SCHOOL OF SOFTWARE ENGINEERING

SSE202/204:; & 5 R TE

suyx35@mail.sysu.edu.cn
B#E: RHEM BEFE ERM LS MBAlE RHEE




>

hRIUSE

' /—

FElT

50t ARG

> BARBRE: LETBEAYS
 https://ipads.se.sjtu.edu.cn/courses/os/
HE SRR

s BERFBRIERG AR

- _ 1924-2024
" , " F ok Bt
YAT-SEN UNIVERSITY

RAITRERGOR G

» https://open.163.com/newview/movie/courseintro?newurl=ME1INSA351

* NERERNT, EEE
A RANFITEYR R AT

 http://jyywiki.cn/OS/2025/

 https://space.bilibili.com/202224425/channel/collectiondetail?sid=192498

- LERE &


https://ipads.se.sjtu.edu.cn/courses/os/
https://open.163.com/newview/movie/courseintro?newurl=ME1NSA351
http://jyywiki.cn/OS/2025/
https://space.bilibili.com/202224425/channel/collectiondetail?sid=192498

K

> IREIEER

> REREHR
- PR
 HaE
. WG

> RESHRERFENXE

. G

£1/0

- HERFHE

> BERGIAIMN RS BT
« BT IEZR
o TE Rk
« XK

> RIERFIMITEIE RS
- IXFNFEFF
¢ DR EA

s IXEW




K

> IR EIEE

> IR REHR
- PR
. Shig
- W

> RESHRERFENXE

. G

£1/0

- HERFHE

> BERGIAIMN RS BT
« BT IEZR
o TE Rk
« XK

> RIERFIMITEIE RS
- IXFNFEFF
¢ DR EA

s IXEW




- M A B

IRMERFIEIEARSS Joanll %z

> REARBE KNG R, AMIXBTRETHES
- BIE. FiE. BEITE. RehEss

> SREEEEC I, W
o MEARAEIMEE O

> lx%’@—.[ £ FER
s MEFBRIMZBVRSFHIEE B IR




-

|5

1924-2024

N I R 2 ﬂiéE-.- i
100t1 ANNIVERSARY
T-SEN UNIVERSITY

=)

@ mEREEmMNESED

Choice of RAM

ic8] [268] [4ce][8c8] > FHE L

More powerful
processor

> TIREAN[E
',‘ > 0L I e
\ Gigabit Z: IE'I

Ethernet

j - ':". -
Use-c i
Power supply

| \ > BIERGMIEY:
preriigtx e daplogh \  BERBALE, 1
vse2 GET YN



IAFIIMEZ

> IRENEARRE (BERETATIEE)

> EOARREHER (BE7HIKME L)

> WA B E A2

L1 (R HY T 27

i AR 4AR)

)
)

“n



1924-2024

@ General Purpose I/O, GPIO Bimnll ftess

4 N
3V3 power o (1(2) o 5V power > ﬁ EH Q ) /‘;ﬁl' £ %
GPIO 2 (SDA) o GI(+) o 5V power ﬁ ZT I:I < =, 2% N E H l]y E
GPIO 3 (SCL) o (5)(6) o Ground
GPIO 4 (GPCLKO) o (7)(s) o> GPIO 14 (TXD) H ﬁ BE E/\J
Ground o (5310 o GPIO 15 (RXD) IE
GPIO17 o (11)(312) o GPIO 18 (PCM_CLK) % PJ_LI
GPIO 27 o (13)(14) o Ground > _’_Ql\iz b %ﬂLXjE g
GPI0 22 o (15)(15) o GPIO 23 r
3V3 power o (17)(18) o GPIO 24 -I] ; -LX I%
GPIO 10 (MOSI) o (19(20) o Ground
GPIO 9 (MISO) o DD o GPIO 25
GPIO 11 (SCLK) o G329 o GPIO 8 (CEO)
Ground o (25)(26) o GPIO 7 (CE1)
GPIO 0 (ID_SD) o DD o GPIO 1 (ID_SC)
GPIO 5 o (29)(30) o Ground
GPIO6 o (G1)(32) o GPIO 12 (PWMD)
GPIO 13 (PWMT) o (33)(34) o Ground
GPIO 19 (PCM_FS) o (35)(36) o GPIO16
GPIO 26 o (37)(38) o GPIO 20 (PCM_DIN)
Ground o (39)(40) o GPIO 21 (PCM_DOUT)
\_ J

Q00 ©00 ©000 © O©000O

9000 POQ0DO0O O000O0DO

Raspberry Pi A+ / B+ and Raspberry Pi 2/3/4 pin numbers
O GPIO . Ground O 3.3v . 5v 1D EEPROM.,

https://www.raspberrypi.com/documentation/computers/os.html#gpio-and-the-40-pin-header
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@ GPIOLED

> L1189 INPUT/OUTPUT %

> B E TR
> ‘!/\OlQﬂ SARAE—

FRZS

=yl

Equivalent Circuit for Raspberry Pi GPIO pins

3.3V % Output strength
Output
A Output enable

’\TO Hysteresis enable
GPIO = N
i X + T I_"{ > Input
A gso kQ =
3.3V
‘ID_ —o0 Pull-up
“I— —O Pull-down
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Intel 8042 (PS/2 fEf3iaEIs2) 11 EPREEEST
> B{ES - WFE= — Z%fL(Scan Code)
\/—, YN S — A
> R RABEBN—IFFF
MERKIR=WE?
1F |27 |2F] [SE| [08]]10 | |18 | [20] | 28] [30] |38 |40
05| (06| [04] [oc] [03] [oB| [83] [0A] [01] [09] [78] [07
eD| [sF| [oE|[16 | [1E | [26] [25] [2E] [36] [3D] [3E] [46] [45] [4E] [55] [2r66 |  [17 | koo o] [76] [77] [7C] Foed
39| Em| 0D |[15 | 1D | |24 |2D| [2C||35] |3C| |43| |44 [4D| (54| |5B| | (&D)| [Foes| Foro| pom| |6C||75] |7D|[79
53| [50] [ 58 |[1c|[18] 23] [28] [34][33] [3B] [42] [48] [ac] [52 \SD—‘SA Eos 68| (73] [74] |78
F07¢| |6F 12 | |61 rm‘ 22‘ 21 2A| 32| :;115 é;ﬂ 41| 49 4A‘ tor) 59| Fosy Fosc For4 |69 |72 |7A | EO5A
5C| |48 14 11 29 EO11 E014 £072 €02 70 | |71
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UART (810) limll 725 esemn
> BHARTIW A ZRHeS

* Universal Asynchronous Receiver/Transmitter

> | T
e TRANSMITTING RECEIVING
UART UART

>
0

> R ARERR—DFF

https://www.circuitbasics.com/basics-uart-communication/ 11
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\
> Wifi, 355 503451
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IREEE: SANHRAMR Il %2

> MR MER
s BRIER G IME AT A E EEE O AED

> R RBIARHEE ] Ls T EARERE L
- AN REFEENHERNHERED (XHEQ)

char buffer[256];

int read num = -1;

int fd = open("/dev/something"”, O RDWR);
write(fd, "something to device", 19);

while (read _num == -1) {

read_num = read(fd, buffer, 256);
}
close(fd);
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[ [ ] — "1924-2024 ————
"—1 " ¥l K Bt

AR

> SR EEITI RIS
* FFRE (char) © LED. ##. BAF e Qoo

- RiIx%F (block) : [NfF. FEEF
« M2Z1% % (network) Ethernetfy<. %
FMRF

> WX FIHITEE
s IR XHRZE (read/write )

« MF: XH&E% (read/write) , mmap
- LB socket, XHRGZEFRE (H

read/writet3 o] {5 5§ socket)

A5tz (syscall)

R

;
AR SE(VFS)
G B
Rz IS
. 2% 3
FrRE @ RIRE | NRIRE
-------- S
iRegEELN | | I’EED | | ’REEN
SR
VIR | | YIEIRE | | YEIRE

FFFFFFFFFFFF
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F &g sz (Char Device)

> 5l F:

- BE. BiR. B0, FTEINSF
> h AR

- B, SRER—AEH

- EREMEFMREEERE
> REERAXAHR

* open()

* read()

* write()

e close()

i

- _
"—" LR R Y-

e SUN YA “SEN UNIVERSITY

yxsu@Dell-T6401:~$ cat /proc/devices
Character devices:
1 mem
4 [dev/vc/O
4ity < T
4 ttyS
5 /devitty
5 /dev/console
5 /dev/ptmx
5 ttyprintk
SiPyese FTENH
7 VCS
10 misc
13 input
21 sg
29 fb < B
89 i2c
99 ppdev

108 ppp
128 ptm

Ak
136 pts USBis &
180 usb
189 usb_device 18

1924-2024 ————



F 28 (Char Device)
B EFFEEEFR, KUBEAR—ME

25 1(BFR Apts/9)

yxsu@Dell-T6401:/dev$ ps
PIDTTY TIME CMD
3140290 pts/9 00:00:00 bash
3141628 pts/9 00:00:00 ps
yxsu@Dell-T6401:/dev$ echo "hello world" > /dev/pts/15

- -
ligall £

e SUN YAT: -S.

“Zim2(FBFR A pts/15)

yxsu@Dell-T6401:~$ ps
PIDTTY TIME CMD
3141309 pts/15 00:00:00 bash
3141506 pts/15 00:00:00 ps
yxsu@Dell-T6401:~$ hello world

1924-2024 ————
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> f3]F
- B, UR. NEF (MEEEEAE
> 1A IR
C BEHLIE], SR TS
s HREEFZ LEIN—FEZH, BEENE
REMERXE
> BEERANFHER:
« NFIES X & (Memory-Mapped File):
BiEAOEE
- FEIRFT BT AR, ERFHRER
Ml (RIAMEEYS)

| 1
~——

- S AR =

24-2024
"—1 " LR R PR

yxsu@Dell-T6401:~$ cat /proc/devices

Block devices:
7 loop
8 sd
9 md
11 sr
65 sd -
66 sd
67 sd
68 sd
69 sd
70 sd
71sd +  SCSI disk /%

128 sd

129 sd

130 sd

131 sd

132 sd

133 sd -

20
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yxsu@Dell-T6401:/dev$ Isblk

NAME MAJ:MIN RM SIZE RO TYPE MOUNTPOINT
loopO 7:0 O 4K 1 loop /snhap/bare/5

loopl 7:1 0O 61.9M 1 loop /snap/core20/1405
loop2 7:2 0 55.5M 1 loop /snap/corel8/2284
loop3 7:3 0 43.6M 1 loop /snap/snapd/15177
loop7 7:7 0 55.5M 1 loop /snap/corel8/2344
loop8 7:8 0 9.6M 1 loop /snap/kubeadm/2417
loopl0 7:10 0O 44.7M 1 loop /snap/snapd/15534
loopll 7:11 0 54.2M 1 loop /shap/shap-store/558
loopl2 7:12 0 65.2M 1 loop /snhap/gtk-common-
themes/1519

loopl3 7:13 0 51M 1 loop /snap/snap-store/547
loopl4 7:14 0 9.6M 1 loop /snap/kubeadm/2461
loopl5 7:15 0 61.9M 1 loop /snap/core20/1434
sda 8.0 0 21.9T 0 disk/data

sdb  8:16 0893.8G 0 disk

—sdb1 8:17 0 512M O part /boot/efi

—sdb2 8:18 0893.3G 0 part/

srO 11:0 1 1024M O rom

1924-2024 ————
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eeesssssssss  SUN YAT-SEN UNIVERSITY

yxsu@Dell-T6401:/dev$ sudo fdisk /dev/sdb

Wt {d FH fdisk (util-linux 2.34).
Rk s AN T, BB E WS AL

fEHE NS HIE =1

2@ m3REFER): p

Disk /dev/sdb: 893.77 GiB, 959656755200 ¥, 1874329600 /™5 [X
Disk model: PERC H750 Adp

BT: X /1*512 =512 7%

Fi XK/N(Z /). 512 715 / 512 7

110 K/ M fE): 262144 775 | 262144 775

Wi gpt

WA kR R4 : 2330DA30-1ADD-4C37-98B6-87F666805186

B g2 KB EX K/ RAE

/dev/sdbl 2048 1050623 1048576 512M EFlI &%t
/dev/sdb2 1050624 1874327551 1873276928 893.3G Linux X & %:

21



. 1924-2024
g Ih_ﬂ I R XTES
i 100th ANNIVERSARY
—n o SUN YAT-SEN UNIVERSITY

> {5+

o KM, WIiFi, BF% (DUBEEEAT)
> 1h a1

s H[EIEIN IR XA &

s HIRFNEZ FAF SN, ZFEFARKREE
> BREFEHEETHR.

- SOCketO Headers (54 bytes)
° e —- =
send() - s - 100 bytes 1360 bytes A

o reCV() Ny Ny Ny — =i e e s

N A
64 bytes (Minimum ethernet frame size)
N .~ >
1518 bytes

(Maximum ethernet frame size) 22
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RTCSCAYRTHH
DS18B20;EE(EREE
USB
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Choice of RAM
More powerful
processor
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. R\\\‘-usss
Micro HDMI Ports
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CPUSIMERIEREREE Tl farneees

> o] 8% 1/0 (Programmable I/O)
 H13CPU in/out = load/store 355
* JEFECPURTSHE BAFIEIE = A IE L
- B TEE/NENEE

> B ANT7ipe) (Direct Memory Access, DMA)
» SME O] E IR0 R %
- DMASRREFEMEEmEIE, FalAsE2CPUSS
- B TSEMENO

25
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"—1 I LR R Y-

aJ 4wtz 1/0

> PIO (Port |0) S pR e a
« 101 EFE B M7 Ryt == (8]
ra = earl e s
C EFITRINIES (QIXBBHEGINOULES)  re o ot << 100

pa =2 ke 12
ra &= ~(7 << 15);
L. &2 << 15;
> MMIO (Memory_mapped |O) early put32(GPFSEL1, ra);
o ;I%iﬁ.%.ﬂy%gjﬁljﬁéifr%IEWﬁﬁP early put32(GPPUD, 0);
: S AL AL delay(150);
ERAFIAEIES early_putBT{]GPPUDCLK@, (1 << A8 | (1 << 15)5

* THSABFEAZE—H, EESFEIEA  delayse);

early put32(GPPUDCLK@, ©0);

}
BEGIN_FUNC(early put32) BEGIN_FUNC(early get32)
str wl, [x0] ldr wo, [x0]
et ret
END FUNC(early put32) END FUNC(early get32)

26



CPUSIMERIEIIRIZ T Tl 7% sens
> TRAXEEECPUSIMEEEBE

------------------------------------------------

> ﬁl\iﬁﬁﬁpcbb\gﬁlﬁ; CPU#ZL) MMU | TLB | | | cPU
%%Bﬁnﬁ s = = I
. de
e RFR&%
: 11%?
- TRk S e R e ~

> BE: ISpcl  &tF IOMMU | I0TLB DMA =528

PClelles | | [MENE

-------------------------------------------------------------------

PCleEi %

T S

IOTLB TS

o
-

https://www.intel.cn/content/www/cn/zh/products/sku/226254/intel-core-i71260p-processor-18m-cache-up-to-4-70-ghz/specifications.html
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CPUuSIMERIEIIREZE T Thgnll 1<% 5
> ZEPCIHE%

yxsu@Dell-T6402:~$ Ispci

00:00.0 Host bridge: Intel Corporation Sky Lake-E DMI3 Registers (rev 07)

00:05.0 System peripheral: Intel Corporation Sky Lake-E MM/Vt-d Configuration Registers (rev 07)

00:05.2 System peripheral: Intel Corporation Sky Lake-E RAS (rev 07)

00:05.4 PIC: Intel Corporation Sky Lake-E IOAPIC (rev 07)

00:08.0 System peripheral: Intel Corporation Sky Lake-E Ubox Registers (rev 07)

00:08.1 Performance counters: Intel Corporation Sky Lake-E Ubox Registers (rev 07)

00:08.2 System peripheral: Intel Corporation Sky Lake-E Ubox Registers (rev 07)

00:11.0 Unassigned class [ff00]: Intel Corporation C620 Series Chipset Family MROM O (rev 09)

00:11.5 SATA controller: Intel Corporation C620 Series Chipset Family SSATA Controller [AHCI mode] (rev 09)

00:14.0 USB controller: Intel Corporation C620 Series Chipset Family USB 3.0 xHCI Controller (rev 09)

00:14.2 Signal processing controller: Intel Corporation C620 Series Chipset Family Thermal Subsystem (rev 09)

00:17.0 SATA controller: Intel Corporation C620 Series Chipset Family SATA Controller [AHCI mode] (rev 09)

00:1c.0 PCI bridge: Intel Corporation C620 Series Chipset Family PCl Express Root Port #1 (rev f9)

00:1f.0 ISA bridge: Intel Corporation C621 Series Chipset LPC/eSPI Controller (rev 09)

00:1f.2 Memory controller: Intel Corporation C620 Series Chipset Family Power Management Controller (rev 09)

00:1f.4 SMBus: Intel Corporation C620 Series Chipset Family SMBus (rev 09)

00:1f.5 Serial bus controller [0c80]: Intel Corporation C620 Series Chipset Family SPI Controller (rev 09)

02:00.0 PCI bridge: PLDA PCI Express Bridge (rev 02)

03:00.0 VGA compatible controller: Matrox Electronics Systems Ltd. Integrated Matrox G200eW3 Graphics Controller (rev 04)
28
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> TR EFEECPUSIMEEIZEREE

> BHEMCPURER|SME F

------------------------------------------------

mm| :
CPUR) . CPU
IOTLB DMA =528 YITEINTE
£+< | I0TLB J-= =S oo
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. CPU
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> E B EEFEECPUSIMEEERE

------------------------------------------------

> Eﬁi;ﬁg%lﬁl'ﬂmiﬁ}ﬁ%wﬁcpuﬁg , CPURL» NS |_| TLB | ECPU

------------------------------------------------

-------------------------------------------------------------------

A | lommu | 0TLB | | | DMAZSHIE | | PCleihlE | | MmN

-------------------------------------------------------------------

|OTLB

3]
-
o
o
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@ EEAERIE DMA

> PRI EN R G FIMR ST

EERYERNT

., {BAfATSCHL? |

> CPUT] U EBMMERE

--------------------------------------------------

--------------------------------------

TLB | | | CPU

--------------

|IOTLB

DMA - ==&

-------------

YIERF

=il

o

|IOTLB

33



1924-2024
3 = Ih_ﬂ I LEE B F kS
;1 n i 100th ANNIVERSARY
e SUN YAT-SEN UNIVERSITY

» CPU[a] DMA#ZE 8% Z XDMATE X
* Tla. MERAGFMAE. K/

--------------------------------------------------

. CPU

------------------------------------

Fs.'eﬂ‘?% IOMMU | IOTLB DMA 1= | | PClefzil=g YIERE

------------------------------------------------------------------

o

B

-~ | |OTLB M= | BF
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