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. NEMU £ R Zist8e

miEtfRRMonitor (82217, HIENEFes/AE RATUK(E, BIlR)

B ~ Navy-apps
-  Newlib, libos
- Nanos-lite

» Nexus-AM ISAHRIEZE(CGE=API) | Nexus-AM
_ NEMU




PAZHRY
» Nanos-lite EZ3Z{E5Z0S

- ELF0Z=g
- HUREEESR
- 81 E AR (open, read, write, Iseek, close, brk, exit, exec)

VRS RSB AIER
- XHE, KNEREE RBER f
. YR GEFramdisk, TR, ___Navy-apps
. INRE A TR ) _ Newlib, libos
- BENTFHAER(RFSE, A | Nanos-lite
- W NARENEZREEE _ Nexus-AM
» Navy-apps FEEFE \ NEMU

— |IbOS - 2 \éﬁiﬂa _j:%
- Newlib — CZ&, St #;POSIXHRE
— hello, {L&IEFIE, LiteNES




PAl

[TRM]

No image is given.
Welcome to MEMU!

Sl Bl RS

Use the default build-in image.

[src/monitor/monitor.c,23,welcome] Build time: 17:39:41,
For help, type "help"

(nemu) c

nemu: HIT GOOD TRAP at eip = 0x080100026

Jul 26 2017

7/

15 load/store

IRSHIER

FH(ES: L& S e
Ei%’q’fﬂﬁ%ﬁr% S %A

o BRHYT -

- }JENETFER - Reg

o HiEAF - Mem

Bttt (EEE), EJCESERRIT
o FIATUKIEGE)

ST U6t L)

Common data flow
Debug information
Memory mapped I/O
Port 1/0O
Interrupt

NEM




PA2 - BigikSiTRBINZER

[TRM(x86/riscv32/mips32i5S )]

FHEES:
HINEAIES -> cputestlife

RTLSCHES

FEfEIe A

[src/monitor/cross-check/cross-check.c,97,init _check] Connect to QEMU ﬂuccasﬂfully\\\x
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 = 0x00160085e

Nexus-AM/ | |

"
{111

NEM

Common data flow
Debug information
Memory mapped I/O

Port 1/0O
Interrupt



PA2 - BigikSiTRBINZER

[TRM(x86/riscv32/mips32i5SEE) + ]

The image 15-fhumefyuzihﬁufHJUES—EumpuiEl :%ét:f{éZn
o o
Welcome to NEMU! Tehs EHES A R
[src/monitor/monitor.c,23,welcome] Build wINEHiES -> CpUteSt:lUIﬂz%
For help, type "help" . RTLEEEIJIUJ:E@
(nemu) c s=hAT
Hello World! ’gﬁb'IC)E
Hello World! « UART -> _putc() -> hellof2=

Hello World!
Hello World!
Hello World!
Hello World!
Hello World!
Hello World!
Hello World!
Hello World!
nemu: HIT GOOD TRAP at eip = Gx0016006e

- TRM | 10E
Nexus-AM/ |

Common data flow
Debug information
Memory mapped I/O
Port 1/0O
Interrupt
NEM
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PA2 - BigikSiTRBINZER

[TRM(x86/riscv32/mips32i5SEE) + ]

Welcome to NEMU! FEES:
éz;cﬁrﬂng:ﬂ:;érzug;:?;;c,Eﬂ,welcumel Build time: wilERES -> Cputest;}l]ﬂﬁtﬁ%
I < A
(nemu) ¢ * .RTL%EIJ_HE/V\
1 second. ;%ﬁb:IC)E
2 seconds. I8
2 seconds. « UART -> _putc() -> hellofgR
; 5ecungﬁ. « Timer -> uptime() -> timertesti2=
Sseconds.
6 seconds.
7 seconds.
8 seconds.
9 seconds.
18 seconds.
11 seconds.
12 seconds.
13 seconds.

Nexus-AM/

Common data flow
Debug information
Memory mapped I/O
Port 1/0O
Interrupt

NEM




PA2 - BigikSiTRBINZER

[TRM(x86/riscv32/mips32i5SEE) + ]

The image is /home/yuzihao/NJUCS-ComputerSystemlab/nexus

Welcome to NEMU! =AM [T AZ.
[src/monitor/monitor.c,23,welcome] Build time: 16:34:25, %——1Ejj°
For help, type “"help"® N — le, =P S S = =
Egig:‘*f}clcﬂuick sort: * Passed ;I;J\_t\}‘]_ I% ';E % -2 Cpu.teSt;)n\Uﬁ:tg%
min time: 2891 ms [190] o RTL;‘EEWJ:E:/\\
[queen] Queen placement: * Passed. - BHY
min time: 5285 ms [99] N -
[bf] Brainf**k interpreter: * Passed. ;%\_t\jJ-IOE
min time: 29526 ms [88] .
. . . - |
[fib] Fibonacci number: * Passed. [ ) - - X
min time: 57489 ms [49] UART > —pUtC() > h@”O@E%
[sieve] Eratosthenes sieve: * Passed. . : : =
min time: 48906 ms [86] « Timer-> Uptlme() -> tlmerteSt*EEg
[15pz] A* 15-puzzle search: * Passed. \Z_:/_ . b h
min time: 9257 ms [62] ®
[dinic] Dinic's maxflow algorithm: * Passed. 1—1Tmlcro enc

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 181 Marks
vs. 100060 Marks (i7-6700 @ 3.40GHz)
nemu: HIT GOOD TRAP at eip = GxBO18BB32

TRV | IOE
[ Nexus-AM/ | |

Common data flow

Debug information
Memory mapped I/O
Port I/O
Interrupt

NEM
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PA2 - BigikSiTRBINZER

[TRM(x86/riscv32/mips32i5SEE) + ]

Welcome to NEMU! A
For hetp, type mhetpt IOl SIMBIES > cputestlitse
! 'T‘_' \
(nemu) c ° JRTLSCIES
Get key: 15 1 down < AAIOE
EEE E:rf E i ;E-..m » UART -> _putc() -> he[loiiir%‘
i kE;: T . Timer -> uptime() -> timertesti&=
Get key: 45 D down « Kbd ->read_key() -> keytesttEFr
Get key: 49 J up
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

TRV | IOE
[ Nexus-AM/ | |

Common data flow
Debug information
Memory mapped I/O
Port 1/0O
Interrupt

NEM
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PA2 - Bk TRILRS

[TRMI(x86/riscv32/mips32i§SEE) + 10E]

=155

RTL;&E)L,]E
7 I0IOE

Vs
wINEAES -> cputest,Ach’éE

UART -> _putc() -> helloj

—/—

e 1={Tmicrobench

NEM/

I

B2

Timer -> uptime() -> timertesti&fF

Kbd ->read_key() -> keytestfZF
VGA -> draw _rect() -> videotestiEF

Common data flow
Debug information

Memory mapped I/O

Port 1/0O
Interrupt
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FAZ - BaIkSITEILRS

(x86/riscv32/mips32i5SEE) + ]

FHAESE:

MR RES -> cputest,Ach’EE
. RTL,&I}JE

RIMIOE

UART -> _putc() -> hellofg&®
Timer -> uptime() -> timertesttg/F
" " « j={Tmicrobench

Teupem » Kbd ->read_key() -> keytestiZf7
IIIIlIIIII IIIIIIS * VGA -> draw_rect() -> videotestiZFF

............. E1TFIERERK, Litenes

[ R SR E S s e s B R s T PR S T s S A
||||||||||||||

I | |
_halg_ | ] Nexus- A'V' - cTE | |

E Common data flow

Debug information
Memory mapped I/O
Port I/O
Interrupt

%
w\;_
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PA3 - #t2 2R

TS
[TRM(SEE) + 10E + CTE] j:JJ[ILTE > yield()

il Y o
BHENR Nanos-lit /sz/% 7

\

------- IRAFRE LT3

Common data flow
Debug information
Memory mapped I/O
Port I/O
Interrupt
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PA3 - #t2 2R

AT 42
[TRM(SEE) + 10E + CTE] j:b[l1CTE > yield()

SKINEEZYIIES RS
-> ZAARSYS _yield

/ _ ounvEE Navy-apps /

Libos(RAAEEL) iibrary ,

o
HESR Nanos-lit

\
\
\

HHETE
RIEFMRE LT SEEE

[T News-AM

_persistence

A;/é;ﬁé{f/‘—ffﬁr},

------- draw_rect()

I

Common data flow

—  Debug information

—  Memory mapped I/O
Port I/O

—— Interrupt
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PA3 - LA IR R %

\Vﬁ_ I&_
[TRM(}ESEE) + IOE + CTE] j:b[l1CTE > yield()
SCINE A INEES

Hello World! ->Z \jf‘,'l,l__l 1SYS yleld

Hello World for the 2th time
Hello World for the 3th time j7Zn/JASYS write

Hello World for the 4th ti
H:ll: w:::m f::: :h: 5:h Eiﬁ -> heIIo%EF'
Hellof2 /%
malloc()/free() A ERAE =
/ — Navy-apps /
Newlib C/E
/ LiboS(REAEN) iibrary

o
HESR Nanos-lit

\
\

HHETE
PRAFRE £ T X

) Nexus-AW

------- draw_rect()

_cte JIVNEN

Common data flow

—  Debug information

—  Memory mapped I/O
Port 1/0O

—_— Interrupt
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PA3 - LA IR R %

AT 42
[TRM(SEE) + 10E + CTE] j:b[l1CTE > yield()

SKINEEZYIIES RS

-> REFASYS_yield
SOOSYS write

-> heIIo%EF'
SLEZ GRS

Hellof2 /%

malloc()/free() AR AE -
/ — Navy-apps /
Newlib CP&
Libos(RATAHEH) 1'rbretry7/:

..
_ramdisk |

HHTH
-------

Common data flow

—  Debug information

—  Memory mapped I/O
Port I/O

—_— Interrupt

19




PA3 - #t2 2R

AT 42
[TRM(SEE) + 10E + CTE] j:b[l1CTE > yield()

) _ SCIlEZ0EEE
->RGEMASYS_yield
’ SIASYS write
\/ -> helloifz}"
Hellofaf: ;Ef)u%@j1¢§iﬁ
= RHIOVES =
/ malloc()fee() ﬁgﬁ; Navy-apps / I ] }JD *D %}EE%
T C
Libos(RZAFEEL) = EEaEEtErEErerttr et rrrrre

g .
 BausE | modisk | : Nanos-lit

,// i /f"x"f"
_ persistence

5
=

HHTR
"""" RAEIRE LT3 —===1

) Nexus-AW

Common data flow

—  Debug information

—  Memory mapped I/O
Port I/O

—_— Interrupt
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PA3 - LA IR R %

.
[TRM(§SEE) + 10E + CTE] j:b[IEITE > yield()

SKINEEZYIIES RS
-> R FEFASYS yield
SOOSYS write
-> heIIo%EF'
SCIEZ RS
: INVFSINIZ B HSRE
Navy-apps / iz{7llif)&5k4E

Hellof2 ¢, fli&]&ff. ..
malloc()/free() A ERAE

-
> N

-

Newlib CJ#E
Libos(R%AA#E:0)

//////////f”i’fjﬁy//////// "
 BENSE | ramdisk | ; Nanos-lit

.4" AR
_ persistence

5
=

T
"""" _ BRAFIRE L F X0

_cte JIVNEN

Common data flow
Debug information
Memory mapped I/O
Port 1/0O
Interrupt
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PA4 - SHIZ{ESS

S/ FHES:
[TRM(#§S5) + 10 + CTE + VIVE] PEES s

- ZiEiER, FRIET
hell o2 ALY

N :mmﬁkﬁﬁ\\\\
Navy-apps %
Hello World!

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

""""""""""""" 1|‘brm'y7(} Hello World for the 4th time

Hello World for the 5th time

Hellof2 ¢, fli&]&ff. ..
malloc()/free() A ERAE

-
> N

-

Newlib CJE
Libos(R&AAEND)

FHTE LTS
"""" _ il P

Common data flow
Debug information
Memory mapped I/O
Port 1/0O
Interrupt
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PA4 - SHIZ{ESS

S/ FHES:
[TRM(#§S5) + 10 + CTE + VIVE] PEES s

- ZERER FRIEIT
hellof2FF0MLE!
SCHIVME -> i@

BBV IETEF

Hellof2 ¢, fli&]&ff. ..
malloc()/free() A ERAE

-
ﬁ‘\ ”,—‘

Newlib CJE
Libos(R&AAEND)

Navy-apps %
Hello World!

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

""""""""""""" 1|‘brm'y7li Hello World for the 4th time

Hello World for the 5th time

%fém,,/ //”’"’;f % ——

GH, AlEgEsE :
HELETI  HuhbBREY 2T B
"""" = A3 /45 R 4 ik 2 ] PRAFRE £ T X

Common data flow
Debug information
Memory mapped I/O
Port 1/0O
Interrupt
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PA4 - SHIZ{ESS

SOt LTSS,
[TRM(HESHE) + 1OF + CTE + VIVIE] FEES

- SR, HRIET
) he”O?FEr_ ﬂ: m.I_LJ

,,,,,,

*EJUVME > ﬁj:‘.l‘)_iﬁ

&IEEIEIIJ;& EF_

— IIJ\\)J:IE:I"
BN RAROHSES

Navy- appsx

Hello World!

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

""""""""""""" 1|'brg|'y7li Hello World for the 4th time

Hello World for the 5th time

_ f’f’%’?é%////////
%fé/ | amdisk

Wy
_ persistence

‘ %ﬁﬁﬂ@ FF e
------- :

_cte JIVNEN

Common data flow
Debug information
Memory mapped I/O
Port 1/0O
Interrupt
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BlF - (SIS RIEEF RS

FAEFHEXMTENR SR
ALERER ERET"

Hellof& %, Al 7 feft. .. NDL_Render()
/ malloc()/free() fwrite() N avy-apps /

Newlib CJ write()
Libos(R 4 A H#ENO) int $0x80/ecall/syscall

do_syscall()

. oy vy N2
fs Wre) //i%’f;;’/g%//////// T TH e £ rh i
IR ARl Jl 5 T e

HE TR

I h Port I/0

Interrupt
W NEMUY

i---l-rr C:.dW draw reCtO ﬁﬁ/%ﬁ_ﬁ—ﬁ‘j‘c :—
—————————————————————————— asm trap()

WA o =) ) NexuseAw

\ ] I
b paddr_write() | !
1 bMem — £ . : PC ' ‘ Common data flow
o mmio_write() ] vaddr write( — Debug information
1---- n AR A : Pvég , /‘\LU Tlmer Memory mappEd /O
1
1
1

<
Q)
A

UART




PAS ZHEHREMFRIESEICAIEE

.\N

jEJZF?"IE;@A = FE{4IRAINEMU
£ S MEE M ROSTIARS (PAT R TESAE)

Hellof2 /7, A&l & feft. ..
malloc()/free() AR

-
> N

-

Newlib CJ#E
Libos(R%AA#E:0)

Navy-apps /

___BEXnEE | s : ik
 BEmEE | ramdisk / : Nanos-lite/"

| WA BT
""" s BRAEHRE LT

\‘ Mem :

"UART

Reg

< ALU

_kbd il

Cietence

‘?’/,,4 1oL} /A;Q}’

_cte JIVNEN

Common data flow
Debug information
Memory mapped I/O
Port 1/0O
Interrupt
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PASRGH REMRIZESEISAIETE(2)

T 1’E2% FtsLhs = SoaehRAINanos-lite
= ch ST OSHIRIOEES: - EEHlL, 3R, 15K (PAEZITIESE)

/IIII

Hellof2 ¢, fli&]&ff. ..

malloc()/free() A ERAE -
/ — Navy-apps /
Newlib CEE
Libos(RAWAEN) Sttt bbbt 1'rbretry'/:

_Bwapas | WEAR
 BBMEE | ramdisk

------- - l %{QE mﬁ?&
_cTe | VEN

Common data flow
Debug information
Memory mapped I/O
Port 1/0O
Interrupt

D

‘?’/,,4 ST TIUC ,

Py
D
(@]
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PASRGH REMRIZESEISAIETE(3)

G ERIESCIG A I3EINavy-appsHr (FEXSIEZ
o O[ESANAIERETIERFESE St EAIRT I T3S (fB{LABI)

/ Navy-apps /

5
=

e :
NCTAY
% Bree 1 B vl
HOLC NI

2T B
PRAFRE £ T X

TRM IOE

_cte JIVNEN

------- draw_rect()

_halt()
v
\
\

A Y

\
ead key)
| I
I
I

PC

Common data flow
Debug information

I
I
I
I

Reg g ALU ——— Memory mapped I/O
I L —_— Port 1/0O
. W ——  Interrupt
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- IRt R ZRERBNINE (GBS Z BRI~ iEFSITTENRNXR

(1936) -> (1945) -> GM-NAA [/O(1956) -> (1961)
Apps - SAHERE - malloc, free
JEE - Newlib CJZE
Libos(RG A= O)
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w5 || Nanosiite SRS WIEEE | ESE/EE
A Inges REMKE | E T
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_halt() _draw _rect() SIEFAFPEELTX
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» RTLAYAJRR: (FEXSEE) S HEEI
- DEIZESUEI(PA—=HE) vs Ai/KEiE??? (4H/RSCi—=HA)

- BEZRY0IRR: PR EFIER
- BHRINBFRRFIFEF T, NMHKEDE, B ZETTERNIERE
- BERFRIEEERFRNER T HIMER, FERR -X’EL)&E% "R BURERLE

» NEMUENCHES) 28
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» TEBEEHOSSMMURZBENE— 1T

IS

OSHYRISR

- FIE[RFEELL, PARES




XJriscv32BEEBY

- SCHIARERTriscv322RRT 251
- REER(—EE), FEERE LHER

- EFAEETETLDEIT -> EREFRNAIETTEN DE1T
- RKAFEFASEIEETH

_ -> RV32IM, 18R 5 {E R
- x86FIMips32TSAAHIES IR T, (HISmTENEMLTERNIZS

- -> BIZFASFHIINEE

— -> Ef-’%"/ \1%%5/ \é}Eiﬁ_ Jecal I, '::'P_Iéﬁ/ \1%%5'3‘_ %EIJ'::'EEE
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Fs4EadiE)/ B | FtEERd/ e
PAO - FFRINEECE 1 10 7C
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FESERIF(2014-2016)
- BUFROEIAIES, 82, SFRRITE

FHI M F95/40 | REPA2  SEREPA3  FHEATSHELS

2014%k 174 23.07 51.72% 10.92% 2.87%
20158k 186 29.50 70.43% 57.53%  25.81%
20168k 190 30.88 72.11% 56.84% 14.21%
Aé& ics2014 . | i =
s ———————————— _/ ;
— B _// B X
~ % -
/’/ [

10 b 20 - 2 |
| ]
5r . H H H 10 o —
0 11 12 13 14 21 22 23 24 25 31 32 33 34 354 41 42 4.3 0 1112 13 21 22 2.3 24 25 31 3.2 3.3

3)|Ex




FHESERKIFI(2017FFK)

- 584, 55| ANexus-AM, IRitEHERE

120
100

it -

40

Chart Title
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FHERZRE(2018FEFZE)
> 35BN [EIE

RAE T IEEINY" ARt SN LEiT" BV 2-97 (10 -SoETEAR)
IRrEEmEXy” ERUMIEITEYLLET" BViIERE 6.94 (10-21E47)
PAXYIERE" FZERANAEITEN Liz1T" BYESED 7.88 (10-IFEEF:HD)

(PABTHIGAE 3.68 (10-3E24535)
(IPASHO4RDAE 6.06 (10-3E2525)
R PARS XTSI A0S 5.00 (10-JERERLH)

)
SohkPAIRSIIRIER S, mMIFsmSRRGRE  7.12 (10-IFERE<E)
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