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» How to make things Work better?
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- ERAFAZE "HEINES:
» Programming Assignment
- IESFELI— 1 I8esemAYEIUEENEMU(NJU EMUIator)
» ZHEX86(FFhRFE)/mips32/riscv32
- RZENEMULETESL Y SIS *RE"
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" (REX)BOFRIEI

» PAGIE—NERSLIG AR 62301 E R RYSED
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» LT E5ETH
- GNU/Linux + gcc + C
- HeTE: gdb, make, git
» SCIOTH N

- https://nju-projectn.github.io/ics-pa-gitbook

- TEZRICHD

- https://github.com/NJU-ProjectN/ics-pa

» TCEREEHE
- HITEEFPGAFEELIS
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PAHRE-NEMUL ZFitsEise

- Bz A EE(Monitor) - EAlighE
- BT, FIENS=F a%/lij?‘ FRIATUKIE, Sl
» CPU

- STREHIEEHE: BUE, 318, T

- FEEER
- k Navy-apps
> W??_F Newlib, libos
> Nanos-lite
B ( Nexus-am
NEMU




PAZHEL-Nexus-AM ISAHISRE

> TE*)-L%%];J%ETE%}EZCIEI =API, r_.ﬁii‘% F
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TRM 1+EHS

- _putc() i

_halt() R T

CTE L FXEIEHs
- FTRNRE/MRE

=

SRR

EVE R

ANt
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S ISAZHTS

Navy-apps

Newlib, libos

Nanos-lite

Nexus-am
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PAZHEL-Nanos-litef@ R Z{E520S

Nanos(Nanjing U OS)&E{4iR, BEZIZEESLIER
- ELFINZk=s

v

- P/ RESHD K
- 621 R
» open, read, write, Iseek, close, brk
» exit, exec
- TEHVFS T
- SR, KNEERE, REER S A
- XHRGETFramdisk, TRBAMN | NG, e
- IMRE M R R D) ___ Nanos-lite
- /dev/fb, /dev/events, /proc/dispinfo Nexus-am
- REHSRE NEMU

- BZPRFEEE (FoE, AN
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FEEFIMFAfERENavy-apps

» Newlib — C/E, SZ5POSIXiRE
» libos — ZRFERE

|II|'

- Navy-apps — MRS
- hello, {I&IE*{%, LiteNES (PAFR)

- Luafi#fEss, busyboxE{&(shell, vi)
- NWMZEOEESE, NtermZRimg

- NCCémiEas

Navy-apps

Newlib, libos

Nanos-lite

Nexus-am

NEMU
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PA1 - G5 iREIER

[TRM]

mgligzgetisng:‘;?n. Use the default build-in image. ?QE{I%: ifmﬁ%ﬁiﬁ%
éz;cﬁg{:ft:;érﬁnngiéﬁ;;c,23,welcume] Build time: 17:39:41, Jul 26 2017 fg%g%ﬁ%iﬂ—%aﬁlﬁg%z&*@m
(nemu) c 1 /—

nemu: HIT GOOD TRAP at eip = 8x00180826 ® Q/j:;l,‘fj- - PC

- }TENE1FES - Reg
HEmMOVIESHIRER . 13HNTE - Mem

Bt (EBEER), EJGESEFRZIT
o FIXRIUKEENZFRIXRI +1813)

o WU GEET, $ER)

Common data flow
= Debug information
Memory mapped I/O
m—— Port I/O

= |Nterrupt

NEMU 12




PA2 - BigikSiTHIRS

[TRM(x86/riscv32/mips32i§SEE)]

FHEES:
S IIEAIES -> cputestilidge
- FARTLEIES

AEPESE A

[src/monitor/cross-check/cross-check.c,97,init_check] Connect to QEMU succassfully\\\l

The image is /home/yuzihao/NJUCS-ComputerSystemLab/nexus-am/tests/cputest/build/matrix-mul-x86-nemu.bin
Welcome to NEMU!

[src/monitor/monitor.c,23,welcome] Build time: 17:39:41, Jul 26 2017

For help, type “"help"

(nemu) c

nemu: HIT GOOD TRAP at eip = 0xB010005e

“ore [

Common data flow
Debug information
Memory mapped I/O
Port 1/10

Interrupt

NEMU 13
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PA2 - BigikSiTEIRS

[TRM(x86/riscv32/mips32i5SEE) + ]

The image is_fhumefyuzihéufHJUES—Enmpuier A (LR

Welcome to NEMU! . TN EES -> testillizt e
[src/monitor/monitor.c,23,welcome] Build WINERES cputestiliiziEe

For help, type "help" - HERTLECIIES

(nemu) c | :;ﬁ}][”OE

Hello World! ! . o
Hello World! - UART(@%OI/0) -> putc() -> hellofeF

Hello World!
Hello World!
Hello World!
Hello World!
Hello World!
Hello World!
Hello World!
Hello World!
nemu: HIT GOOD TRAP at eip = 9x00108086e

/m

Nexus-AM /

Common data flow
Debug information
Memory mapped I/O

Port I/O
Interrupt

NEMU 14




PA2 - BigikSiTEIRS

[TRM(x86/riscv32/mips32i§SEE) + 10E]

Welcome to NEMU! FHES:
[src/monitor/monitor.c,30,welcome] Build time: SNES =2 MREE
(nemu) c - FARTLCIHES
2 seconds A INIOE
3 seconds. - UART(xOI/0O) -> _putc() -> hellof2=
4 seconds. e Timer -> im -> timer =
et e uptime() -> timertestiZfF
6 seconds.
7 seconds.
8 seconds.
9 seconds.
10 seconds.
11 seconds.
12 seconds.
13 seconds.
/ — : Nexus-AM /
\ I I
\ 1

: Common data flow
Debug information
Memory mapped I/O
Port 1/10

Interrupt

NEMU 15
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PA2 - BigikSiTEIRS

[TRM(x86/riscv32/mips32i§SEE) + 10E]

The image is /home/yuzihao/NJUCS-ComputerSystemlLab/nexus
Welcome to NEMU!
[src/monitor/monitor.c,23,welcome] Build time: 16:34:25,
For help, type "help"
{nemu) ¢
[gsort] Quick sort: * Passed.
min time: 2891 ms [190]
[queen] Queen placement: * Passed.
min time: 5205 ms [99]
[bf] Brainf**k interpreter: * Passed.
min time: 29526 ms [88]
[fib] Fibonacci number: * Passed.
min time: 57489 ms [49]
[sieve] Eratosthenes sieve: * Passed.
min time: 48906 ms [86]
[15pz] A* 15-puzzle search: * Passed.
min time: 9257 ms [62]
[dinic] Dinic's maxflow algorithm: * Passed.
min time: 8477 ms [159]
[lzip] Lzip compression: * Passed.
min time: 24113 ms [109]
[ssort] Suffix sort: * Passed.
min time: 4714 ms [125]
[md5] MD5 digest: * Passed.
min time: 45426 ms [43]

MicroBench PASS 101 Marks
vs. 108060 Marks (i7-6700 @ 3.40GHz)
nemu: HIT GOOD TRAP at eip = 0x08106032

FHES:
NINFEBIES -> cputestilifse
- FHRTLCIES
7 ANIOE
- UART(@mEI/O) -> putc() -> hellof2F
« Timer -> uptime() -> timertestfZfF
« J&{Tmicrobench

Common data flow
Debug information
Memory mapped I/O
Port 1/10

Interrupt

NEMU 16



PA2 - BigikSiTEIRS

[TRM(x86/riscv32/mips32i5SEE) + ]

Welcome to NEMU! SH(ES:
[src/monitor/monitor.c,30,welcome] ST EES -> testilizes

For help, type "help" INUH E"VI'I b/\CPU estAilSe

(nemu) ¢ - FARTLIECIES

Get key: 15 1 down 7~ I0IOE

g:g t:!ff ig 1 L UART(@#:[I/O) -> putc() -> hellofgFs
Get kE:; 49 7 down . Time\r_—i uptime() -> timertesti2fs
Get key: 43 A up « JIzfTmicrobench

Get key: 45 D down « Kbd ->read key() -> keytestt2F
Get key: 49 J up B

Get key: 45 D up

Get key: 54 RETURN down
Get key: 54 RETURN up
Get key: 70 SPACE down
Get key: 70 SPACE up

TRu [[TIoE
cre {INNEN

Common data flow
Debug information
Memory mapped I/O
Port 1/10

Interrupt

17




PA2 - BigikSiTEIRS

[TRM(x86/riscv32/mips32i§SEE) + 10E]

FHES:

NINFEBIES -> cputestilifse
- FARTLCIHES
,%%JJDIOE
UART(i%O1/0) -> putc() -> hellofEFz
 Timer -> uptime() -> timertestigfF
« J&{Tmicrobench
« Kbd ->read key() -> keytestiZFF
- VGA(RTFIETI/O) -> draw rect() ->
videotestiEF

“ore [

Common data flow
= Debug information
Memory mapped I/O
m—— Port I/O

= |Nterrupt

Nexus-AM
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PA2 - BigikSiTEIRS

[TRM(x86/riscv32/mips32i5SEE) + ]

FHAES:

SIIEIES -> cputestiline

- FRTLEZIHES

2~ JAIOE

- UART(@%OI/0) -> putc() -> hellofe=

 Timer -> uptime() -> timertestigfF

« J&{Tmicrobench

« Kbd ->read key() -> keytestiZFF

- VGA(RTFIETI/O) -> draw rect() ->
videotestiEF

Z1TF]=hxK, LiteNES

[ 1T (1] WNIRSL 1] 1
UPCR

- H1985 NINTEMCO
1 pLaw rIME
F 4

.........

| craw_rect)

//imm

e | oe
“ore [

Common data flow
= Debug information
Memory mapped I/O
m—— Port I/O

= |Nterrupt

NEMU 19
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PA3 - AR ERSE

ST 53
[TRM + IOE + CTE] SICTE -> yield(

//;f /4'/,5’ 27

Common data flow
Debug information
Memory mapped I/O

Port I/O
Interrupt

20




PA3 - AR ERSE

FHES:
[TRM + [OE + CTE] %JJ[ICT;'EJ» _yield()

SCINfE 2 0%k Es
-> RGFFASYS yield

. Navy-apps /

| rndisk

N

- 1 o
CEDIILCHILC

=R
RAFMKRE LT3

Common data flow

= Debug information
— \emory mapped I/O
m—— Port I/0
= |Nterrupt
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PA3 - AR ERSE

l'_?"—_i._ER'
*I)J%‘%b[likﬁ%
Hello World! _ > ZRERSYS yield

Hello World for the 2th time

Hello World for the 3th time ,,J“}][]SYS write
Hello World for the 4th time

Hello World for the 5th time -> hellohf‘

Hellof2 /%
malloc()/free() PR Navy-apps /

Newlib CJE
LibOS(%gﬁﬁFﬁ% D) ----------------- Tibfary—— :
|

i
Nanos—lite/i

s

ik

=R
RAFMKRE LT3

Nexus-AM

Common data flow

= Debug information
— \emory mapped I/O
m—— Port I/0
= |Nterrupt
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PA3 - AR ERSE

FHES:
[TRM + [OE + CTE] %DDCT;'EJ» _yield()

SCIN & 2 INEEs

-> REEARASYS yield
OASYS write

-> hellof&F
LB Z MRS

Hellof& /7
malloc()/free() AR B
— Navy-apps /
Newlib CFE
LIbOS(%%iEﬁJ?%D) ----------------- Tibfary—— :

Dsssss,500, Nanos-lite/i

I
I
I
HIHTH !
RAFRE £ T3

Common data flow

Debug information

— \emory mapped I/O

Port I/O
Interrupt

23




PA3 - AR ERSE

[TRM + IOE + CTE]

Hellof& 7

malloc()/free() AFERAE Navy-apps /

~e -

Newlib CEE
LIbOS(%%iEﬁJ?%D) ----------------- Tibfary—— :

o o : i

=R
RAFMKRE LT3

FHES:
WANCTE -> yield()
SCINE 2 INE=S

-> ZGiFFASYS yield
FRINSYS write

-> hellof&F
SCINEZ RS
s NIVFSHIR B SRR

- 1 o
CEDIILCHILC

Common data flow
Debug information
Memory mapped I/O

Port I/O
Interrupt
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PA3 - AR ERSE

FAEES:

SCHR B 22 D0k =S
->ZRFREFSYS yield
OASYS write

-> hellof&FF
e — 1] (%] 53 SL{E RS
. ;T;f(ﬁf;ffjﬁ”%@% : ' IOVFSTIZR S s =
=T LEIE{RE

Newlib CPE
Libos(R& D)

e = : i

=R
RAFMKRE LT3

Common data flow
Debug information
Memory mapped 1/O
Port 1/10

Interrupt
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PA4 - SBEIZ{ES

FH(ES:
[TRM + IOE + CTE + VME] T E RS

- ZiERER, KRBT
hellof2=FIMWLIS]

Hellof2 /7, Al & & fkf%... N\
malloc()/free() XA ERAE Navy-apps )&
Hello World!
Newlib CPE Hello World for the 2th time
- . Hello World for the 3th time
Libos(RGRAED) il Dl li b Ll ﬁbfér'y“ 1 Hello World for the 4th time
Hello World for the 5th time

o i :

D

JCEDIOUVC I

HETE BT
RAFMKE LT 3C :

“ore [

— COmmon data flow

= Debug information

— \emory mapped I/O
m—— Port I/O

= |Nterrupt
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PA4 - SBEIZ{ES

[TRM + IOE + CTE +

Hellof2 /%, il &) & fet ...

malloc()/free()

S FRAE

PHES:

LI _E TR

- ZBiERER HRIET
hellof2=FLLEN

SCHIVME -> SigEE

EERNZERER

Navy-apps

QM AR
HRE LT Huhk
BT R P Lk 2 [R]

HEHTR BT

RAFMKRE LT3

Hello World!

Hello World for the 2th time
Hello World for the 3th time
Hello World for the 4th time
Hello World for the 5th time

- 1 o
JTEINILCHIS T

CTE

Common data flow

= Debug information
— \emory mapped I/O
m——— Port 1/0
= |Nterrupt

27



PA4 - SBEIZ{ES

FH(ES:
[TRM + IOE + CTE + VME] ST E RS

L ZERER, FRIEIT
hellof2 FRHILS!

| SCHIVME -> ST

e |\ EmvsEms

N I0ART
Hellof2 R, AlgIZ it . -> AN IISES
malloc()/free() AR Navy-apps 7&

Hello World!

Hello World for the 2th time

Hello World for the 3th time

""""""""""" 1 Hello World for the 4th time
lerary I Hello World for the 5th time

|
|
|
o et [ 1
|
|
|

D

JCEDIOUVC I

CTE

HHTE  ETSUI#
RAEFMKRE LT3 £

Common data flow

= Debug information
— \emory mapped I/O
m——— Port 1/0
= |Nterrupt
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[(NDL_Render() |

O . ee Y& = :r; foite() Nav _a S
— 1 y-apps /
awlib CR write()
bo 4t e FH 7% H int $0x80/ecall/syscall
1
do_syscall
Sys_ write
fS erte ﬁmm 1 ,s = H
o wite oo ' ~-yenos-lite/ | [ pereietence
' g RN N N N 1
Yy 4N ; I
. sl irg_handle
1'..- g draw_rect() € (& F N Y TRM [o]=
: e \ =G asm_trap()
: /I ) T Nexts- CTE
1 R addr_write / = !
n -
- : " 1 I raise intr — COmMmon data flow
3 mmlo_erte()l vaddr write _intrQ l s Debug information
EEnE - 10 S m— \lemory mapped I/O
: I l e Port |/O
= |Nterrupt
I- »
| : "o NEMU
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. AR RISE 47
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JbEk1 - RRIRSCIN TS

. SCIRRIR

B RE

{3 REEBKIE £

-
SJL
IXB

T4
37N []52
- IBLERESR -> FREV/RME/FFS3R/ELF loader

-> [EFEHE -> BEEHIR -> /05

-> cache
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[BIER 34T
> R

- IBRRY -> FREUK

-> cache -> EEFEE ->

- FERR N LELS
- NABRE— AR ANEHAI LR IINE

Mias%/ S 3%/ELF loader
SEEHIR -> /055

R e ?

I‘UT

FETE?

> EIV9R B T RIXXX, Rl ATESEIS B EEHIXXX

I T

X LEATA R BN R FHIR X

- RZER - FEA
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- FERSREKEAVERMETF

A Z BB IEEMAYES

BT ENARRERIRER

34



B ES

>

ESRM

(28 RANNR R fESES e

BRI EERFHISE

- BRI > - > T
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PAZE

= - ITENIZERYE
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AM(Abstract Machine) - iTE#{iHi5 IS8

> IRIBIT BN A RS E X EHERAITIsEER
- [EF1(1936)
- EEHKE1(1945)

- BMERZGM-NAA 1/0(1956)
- (1961)

» M HEMNY2E LRI TEK B
- JiE - iR ST AP
- HAEREANES - BmANEIE
- AR RS - T RN E

LL

II.I.

Jiang and Yu, Building Computer Systems From Scratch Around AbstractMachine, CSEW'18

http://ics.nju.edu.cn/~jyy/teach/am-talk.pdf



AM(Abstract Machine) - iTE{ISEE

- AMIRHE - 338, BRTAE -y

» AM = TRM + |OE + CTE + + MPE & - &
- TRM(TuRing Machine) - ER#1
- |OE(1/O Extension) - BN &
_ CTE(ConText Extension) — 3

- MPE(Multi-Processor Extension) - Z4MEEEY B (PAFRE LK)

37



AMBIEX
- AM = —BIRIET Bl AR SERGTT B LI REE IR
S BIGESAP
- HEVIRESE - N\EXRIBEESZEENTA
- EFE(EXUEITE -> CHFHESER)EIRYL [TRM]
- IEFRZmAEE -> GiEEE [IOE]
> BHORIZITEZER -> HEIEZR S [CTE]
> BERNEITEZMER -> PETE{ESS [VME]
- API - BiEEIERIEFSITRIBIXR
> (NEMU)SCIUEEAIORE -> (AM)IRLAPIHHSR -> (APPR)I1TiERF
> (ENEMUSR)SCIER SR RRIRRAINEE -> (FEAMAR) IR FERIAPI
R -> ((EAPPR)IZITEEZRAVER
- SR - FFSMISA-ESRIAS
» x86-nemu, riscv32-sodor, mips32-gemu, ??-fpga, Linux native
> FEAM A RRIN A (BFR0S) I LB EERISMFEE
- FBRFEDRAZRIZEIEAIKHE
38
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AMBYEX
HENAERENIRFRED RitERER ST S

. 3503
AN

thay

K&

(1961)

(1936) -> (1945) -> GM-NAA 1/0(1956) ->
Apps - SAHERE . malloc, free
JE:= - Newlib C&E
Libos(R&ciRAEEO)

&7 RI5AFR
il | FEnEsE HEES: HERE | NES R/ EE
I fnzgse BEHSRE | TSR
R W | Nexus-AM |35, i uptime() | {R1Z/IEIA | SIRR/DRENIEHEZSE
TSR _putc() “read key() |=EHTE Bl STt s
f _halt() _draw_rect() CIEAFHELTX
stz | NEMU HEISSE | AEIET/0 | hieastE | ST

TI8E
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—BlF - EX@E i EEFHEIEMMU

- (BFERIARIR LIFMMURIEEHT

- FHGAETNE, BREMMURIRTL, SAETRRNIE
- BMFRGSREEEEFNEMTASMRER

- MMUZSEEARRGFH TS, S EREELATRAR

R
B

- {EPARR, £
- ENEMUASCIIMMU, FEAMASEI map(va, pa), £
Nanos-liteBYELF loaderdi@FH map()
- BEARSMMUBXRHE— TS

- HI1FHY
- FNAJRIRTELL, PAEES30SHIRIS IR
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ZHISARZ IS

> AMESSZMISAT LIEER—E LRI (0S + M)

» FHEATLATEPAREEEX86/mips32/riscv32

» WESH(12E-FYE, SE-B2)

- B 7 SISAIEEREAK
PA2 - BiEikSITENRESR * e Hkk
PA3 - EI:L-UL{EZ%QE * kKKK * Kk * KKKk
PA4 - /\Hj- ,EE& *hkkk * *kkk

- —EBAEEAREBISA, NREGERECEISARY

_ (B

IHI1PIR1HX86, KEPDFHE A E15EX86

Il'r
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k2 - SREEZ

- AHESCIIT AR SR IX — 42
- NSRS SRS, TR
AR RAVET AIRARE, AR MER:

=
- 304

i

» & =N - KISS(Keep It Simple, Stupid)

- Fo5ehk, fa5ess

- (1)

>

- (2)

Sl — 1 IR ENRIVTENR S
TRM+ IOE + CTE + VME

FE(NRYEM L, IEEitERIEe /2Ry ERE
> FREHL, profiling, JIT
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TIgEST

BIEIRSG

- SCHRRAEMIps32/riscv32ZRATER 17, FrEXS6EEHE
- FRRRUENETT -> IEMRBYREFRA{ANETT

- R

E

IPIEFASEIEETA

-> riscviitEs: IF SRR T (RS

> x86FIMIips32T AL HIRENFE, EIFRmIFRINEMZ T ERIHES
-> IR EERITORE

-> KIERIPHLH 5IR), R RIREERS

, SR R R BB AT H

==l

. EONSHE A B S
-> RENEEERS TR (page walk)
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Gl — 2= R hRAYx86

- BT - &Efa, RN, BFRIFEZLRS
- ISATSRAVEIL
- FEREAISF S BIPAS

- FeingE, £F53k, cache
» FBHPA, JR37Fk ALab(/\sCig)

CUEDL SR, AR DMA, SRETERE.
- LA REEhRAIX86 /951

=/

- %ﬁ::%ﬁi?‘aﬁ%\(gccﬂ’ﬂ-mstringop-stragety: loop)
- EFLAGSHRYPFFIDF

- IDTHRRAYGSHIRLT
77ER, TLB, BH-RIFALH

- **&'ﬁ AR LUz TE SRS EF (RIS

44



Htkk3 - REESSERERES
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