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) M Hello World iz

##include <stdio.h>

int main()

{
printf("Hello World!\n");

return 0;

iz{Thellold , I{ERFAER ?

bash$ gcc hello.c -o hello

# 1={T—"hello worldiEFF
bash$./hello
Hello World!

# EEsI Nhello worldfEfF
bash$ ./hello & ./hello
[1] 144

Hello World!

Hello World!

[1]+ Done




) RERFE BRI — LR

o hello XPMEHITNEFEEHAME ? 20EFERY ?
* hello XMNEJHITIEZNENNEE] CPU HimfT ?

* hello XA TIEZ290(E);

%"Hello World!" X7 HEIF= ?

B hello FEFFRIFTIETTHIIE

MERRFTE : 1.

Zhg{EE— CPU Fizf{T ?

2R

1]l

BRSSRH ; 2.
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— CPU : HE/Z18 | BEFZIECPURIMRE

- F  BUARE , KINAZYERFAIRS

— I/OIRE | BEMRBR—MF AN |, RHFx—iEO
- JANRBREESERNRS

— MAEAUASEIIE CHIEZERIE ( Wspinlock )

- BERFIEHTESHNELZRE ( S&ETEECS, Wpthread_mutex )
- JNRBIREHIZEEIAES

— NARTLAF B E R THZENES ( WloopbackiZss )

- BERFERHTESNAEETH ( BEEEFEENIENX , Wpipe )
 Shell PipeRJ{5—+F
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)  MASERMERANRER : RRRAM

+ TARRFEA?
— N AR R ER GRS FIARESEERATTIRE

« {540 : Printf() -> write()->sys_write()
— write(1, "Hello WorldI\n", 13)

- (ERARERIRMERFRINGEMIR S B R ERE R —*
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Helloilz1THRBIZR SR ( strace )

—,—

I* i&fThellofE= */
execve("./hello”, ["./hello"], Ox7ffed5a79e80 /* 64 vars */) =0

I*4& "Hello World\n"SZlfrfEmtR , X2 , 1 FinERL ( Eith
RIOFTIRERA | 2KFTiINEREIR ) | 13T —HE T13/MFR. ¥

write(1, "Hello World!\n", 13Hello World!) =13

I* ATEEREE | hellofEFFiBH/
exit_group(0)
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‘ | #include <stdio.h>
1int main() {
NZFE ! printf("Hello World!I\n");

2E return O;
}

=)= iwrite(] , "Hello WorldI\n” ,13) !
Hht1t 4 |
Z515] /SRR */ |
) rpush $__NR_write /* S—12%: RHIFRS ¥/ i

libc rpush $1 /* 58— ~a%4: file descriptor* / |

rpush  “Hello World!\n” |

rpush $13 l

:SYSCC;” (FREEEXNTHFIESTE, BIWARMAIEgsve, x8é6FHisysenter, RISC-VHH |

recall |
I |

| isys_syscall: :

/7 | aun :

ZE; icall syscall_tablel__NR_writel i

A% |
bk e
=1E] = isys_write { i
11502 I :
'return error_no; !

Zbz8 i T |

______________________________________________________________________________________________________




Rogue-1.c

) RMEZRFAITHAEE . ETH
. BE—NRIRMEMN SRS AR }

int main () {
while (1);

« BiE : B10msZE— IR
- RE 1B THHES

- ik - gLLEIESSHIESERMESHT (kill -9 1951)

16



IMERFNIIEE : EIF

Rogue-2.c

int main () {

while (1){
 UMA-RFE—10S? fork():
— f§ll: rogue-1.c BTLAfork HTCEAUHFE

o WRIRRRIXAMaIRE ?
— &RERER : cgroup/Linux

—~ EETL‘MJC R
BESIA ¢

APO!

E

=/

=G

— ﬁ:tlJEé’JEE AppStoreHIFE FFRE EA LT
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) XPERMELHY. ..

RIS7E(E3 , BABRFTERT

/‘4‘
* ERT—XABEM
* @return
*/
a5 T EaEE public s:atic Date getNextDay() {
ry
oy Thread.sleep(24*60%60*1000) ;
, } catch (InterruptedException e) {
w18l e.printStackTrace();
}

return new Date();

EAZEATEEER
BH3k8 : https://www.bilibili.com/read/cv1844639/

BEE
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) A AEINRMERR ?
. IRERGR— 1 AU

— Windows &2 —4% K N5
PR ER R 2R EYERY

- ik
- Bl

OB ERST ?

"B IR ER R AERLIR
— Linux, Mac OS. Android, iOS., ROS...

~- Ki8

T ABAFR S ? BIRED

/

] /|L\

= H

T ARG ?

20



) AT AFEINRMERSR ?

- RMERRERRFAMRMIES
-  RATEHBEXENLE

— M. BFk. IBM, EMC. VMware, %/, ...

- BIAPZOEA
- &8f GFS. MapReduce. BigTable
- FRRFIGAIMNLF LI
o ZPUWHR{EZRSE , for fun and profit
- UFNRAE , MHFIKRFE , BEZh=
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) ERESRERAIES

Maurice Wilkes Frederick Brooks Fernando J. Corbat6
1967FEIR2 19996 R 1990FERE
~ ~ J
EDSAC,1949 IBM System/360,1964 CTSS,1961 & Multics,1969
Multi-programming DERIERSR

F-EEEEF B FEN

P = = = -

Unix, 1971 Venus,1972 2019
SIS ZRAPERIERSR INYER AR B DI ER R DIRERR
ﬁ '®
L \”1
&
| E 3 \}..,.\’
ﬁb—\/\/—&
- . & a ©
Ken Thompson & Dennis Ritchie Barbara Liskov ’
1983FE| R 2008FE R
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) RERNRER  MRSRG

- FSIRIERFRSR
- 1 HSREEERE. HDTTSE

» IXEHRSRIBEE A A] B R R RR S
—7‘|:,H\ élbug?_ £ E’JEIﬂlae

“What I cannot create, I do not understand”
—— Richard Fynman (CIT) , Referred to by [#3F
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) BT AEERFELBEAER ?

RTAFIEAG . EEEEEYEYS
— b - STISIRERIESSFIE [ MER ERREE |, — 1 E0EFR ([F4)
— Pk . FEEESIREGAT | B EEREE
- "BERELSEC. BEEREHP
« X9tb : FAPE&E— 1 Hello WorldFIFEERER FZ A% 4iH—1"Hello World (Lab1)
R RGAR IS
- BEFNIRHTHRSMHWE
— BRI T M.A L HRENIRYEER
— ENRZEH30%HRENZMNRERZHHREY (13/41, greatprinciples.org)

MR ESHE D
— fd =open (); ... ; fork();
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- FREEELASS
— BRAPSSHcRIZ | NEEIEH. KA. SHPloTiRE

— M EEGHRKIREZY : A0AIrDrop,
VAR XREFHBR

- SIS E SRR , EHES

BEAZE Hiﬁéﬁg

RS

— XIFRRFRERERE | SR RS
+  FREOTE(FN R B I IR FR A SR AN

SE—HRIEMERSR
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) IRERFAITIH R ( Scale-up )

Bl : RERTTROT R el

L1 set_fd_used(fd);
fix_smallest_fd()
unlock(fd_table);

SCRRERE ML1ETFEERd |, EEE3/NCPUEHR.

3250 7
3000

anp
(8YaY
G

A

2750 1
ONC
20 fd_alloc(void) {
1750 - lock(fd_table);
) fd = get_free fd();
L1 i

1500
1250 1 set_fd_used(fd);
Y fix_smallest_fd()

1000 | ’
A ﬁl unlock(fd_table);
/

dup/close per second
1000s dup/close per second

3
<)

750
}

250

0 \

-1 i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 23 45 6 7 8 91011 1213 14 15 16 L

IWE | TE1211CPUEHA!
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) [RE5S4EEERYTradeoff

HZEEEEERES: LbE2iRRIE1615
- HRE W HIRAIB SRS T 30+4F
— IPCHKAATT EI30%HIFL RS TRYIA) (e.9., Sqlite-3)

°
e

Function call Synchronized IPC
Process Process-A Process-B )
*domain
u u means

a process

1. Prepare stack 1. Domain* switch  ~ 500 cycles (RISC-V)
2. Save registers  ~30 cycles 2. Message copying ~ 4000 cycles (4KB)
3. JMP

29
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5%3 FRFIBE  wmemm > UR > EX g~ T Q
LinuxF iR : 28 FBackspaceR] NZR S
2015E12521H 1650 SRl & &M &} O < & Kle

CVE-2016-4484

Linux#ha5iEil : I<IZEEE8270F RootipREIF
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WM ESE : 21 W yErE
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) Z2HkEE - do_brk() Bug

Asmlinkage unsigned long sys_brk(unsigned long brk) {

[* OK, looks good — let it rip. */
if (do_mmap(NULL, oldbrk, newbrk-oldbrk,
: PROT_READ|PROT_WRITE|PROT_EXEC,
- MAP_FIXED|MAP_PRIVATE, 0) != oldbrk)
+ if (do_brk(oldbrk, newbrk-oldbrk) != oldbrk)
goto out;

* Purpose of do_brk() was to speed up anonymous mmaps from sys_brk()

 do_mmap() checked things properly, do_brk() removed almost all checking

The brk and sbrk functions are historical curiosities left over from earlier days
before the advent of virtual memory management. --- man brk




) The do_brk() Fix

if (!len)
return addr;

+ if ((addr + len)) > TASK_SIZE || (addr + len) < addr)

+ return —EINVAL;
+

 The TASK_SIZE is typically set to 0xcO0000000 in
32-bit OS, the start of kernel memory



FhEHFAINE : IESKERTF
30 XPovr™ TECHNOLOGY

SRAM
Latency: 1X DRAM

Size of Data: 1X Latency: ~10X
Size of Data: ~100X 3D XPoint

Latency: ~100X
Size of Data: ~1,000X

m———mTa—— NAND
Wi b Al Latency: ~100,000X

o o Size of Data: ~1,000X HDD
. . q . - Latency: ~10 MillionX
\ . 5 Size of Data: ~10,000 X
— 7 .

Images from https://www.intel.com
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- RIERBIHREEE MRS

- IERKERATENE TIRMERFZZEEELT
— 5080 : BEIE—EUERUE ( fsck2EKIAIERA ? )
- B | (EEAYEEER R R ERREIRE — I SGF R A E

- IREEIFAYI/OTERE
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19764 : Apple |

Applefass— 1 SRHELTEVApple |
Apple | IOSE&HEH. &IR. :AFE. TE7obughy !

Apple | ;Z50S!

The cheapest, fastest, and most reliable components of a computer
system are those that aren’t there.
— Gordon Bell

Image from https://media.techeblog.com/images/apple-1-computer-steve-jobs-wozniak.jpg .,



) 19874F : §54H. #p4HFN Mac OS 7

[Tme

£

DigE

2 - EHERRR — HE KRR

1991.5 , TR4E|ITF HEAY SR &1ESS . Mac OS 7 &%h

XoREHENR  AUBRENTA , BRF L
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) 19944F : Copland

l

Copland

chkDraw

The "open ,
dialog"

: . '
[!Slmple Do one thing well!

KEZHBMBH IO ERICopland , B2 HR4&RLW ]

38



) 1998£F : HFS+

N\
-
»
- Y
-
( FileVault2 )

. Do it again. Make copies. Find consensus.
[T'me'y Dependable| ™ 52 smmm st ]

Images from https://apps.apple.com/
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) 2007£E : iPhone OS 1 (iOS 1)

H SpringBoard

Aqua
Application Frameworks Application Frameworks
Core Frameworks Core Frameworks
Darwin Darwin

1\
[Adaptablej TRV | ISR R MMacOSH{T4A
L IOS

Images from https://apple-history.com/




) 2007£F : LLVM-Clang

GCC:

ShEr (e 0 O s T t.c:3: error: two or more data types in declaration specifiers

typedef int bar;
Clang:

t.c:1:22: error: expected ‘;’ after struct

GCC:
t.c:2: error: expected =", “,’, %, ‘asm’or‘ _attribute ’before X’

#include <inttypes.h>

int64 Xx; Clang:

t.c:2:1: error: unknown type name ‘int64’; did you mean ‘int64_t'?
int64 x;A~~~~int64 _t

)
[Simple Yummy ClangiRE &R B AR E RS
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) 2008£F : Open CL

E2ESn

FRITEERES CPU B

TIEER > FENM—NG—H GPU RIEIES

BN FRRGRIE B TR N E
FE—HIRIEIN R
MER GPU T2FLLEZ CPU BEIR EHI+ZE8EE

[Efﬁcient

Adaptable

]

IRIERE AR FRTI S0 | 720 IR ERE

Images from https://www.dreamstime.com/illustration/gpu.html




iPhone 1 (2007)

[Adaptable

MiPhoneZlApple TV

iPod Touch 2 (2008) iPad (2010)

Apple TV (2010)

IOSERC R SMA BRI

Images from https://apple-history.com/
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) 2016£E : APFS

(= 8vd e =k
$HxtSSDifk

SiEsCEEIERIAFNINES

[ Efficient

[ Adaptable

[ Security

J

[Efﬁcient

Adaptable[ Dependable

GIEIE s

SRR, TERS

J
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) ChCore : A%

SRIEIMERSG

ooy || 528 |[| xtERE: || momnE i
25 RS IRz iy
BPS FRSS
A A
RS pizEEn | | trEEn ChCore
P
BESR | | neeE | | EREE | | amgeE

BE1F
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