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ek, P, 3B AANGE BT Y 5 — SR T AE IR TR
BRI, . SERFRUE AT . ARERIN SR 15k
TR, Rl RS, KRFFIE T
SRAEIR [l B AR 1A O R RS TR A%k
HEMZ RN SRR — P00 2 200 TR,
(LIRS 2 G 2 4115 ) R i -0 o A 1| SR V2B

Edge nodes '__.. Edge devices

| Data centers

Bl Zi#smekbit Hadk R 4540

AICE T TR 2R R A T A R b
HEGERPI T FREREICEE, EEm R TR
MR FihgitEd iy, EMHRPAESRS . (E50
HE LA AR 55 A 75 5 i AFTERI BRI 7 58 TESIN

MV RZIG, THHITBEX LR R L5 | {E
F 5y 77 DRRESRERE  DrIERR BRI T R A A T
RZIARAL ., esh, TR TR 5 2 20 FHR
Mk, THREIERIE S PITI R T,
TR IG 4% T i TR BRI I .
REVIIER . ANREZEIRIN N LU R =il S0 A 5 b
AR . BB B 7 SR —Fh s i E . B
w, AERBUI BT b, AU B 1 S 5 1 5
FERIAS 734 B T AR R B R, T 2T i 2 SR AT
ol 2t — (i 2 B b O TR R R 4T
B, WOXRE TR AR LB AL 716
L, TERTEADTH, b GRS R AT RS
B2 2R RS, A L e B S ey
GaFEtsny (. ZIARES I AR TR )
H, HHHEEBIE MR % ( Offloading as a Servic
e) . S R TTIEE BLUR A SR S 1 A AT
PR SFUERF SRR, Ah, th TS SRR 500
EHJAG B S EMRRMEE, (i EES, Mg L
TIE) | AEREMFSRARP T AR S HPRR .
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REHER :

X T R PRI R T 5, R RRIR S — Pk
PRAEIR S50 7, MIRIZRThREMEALIIE ( Network Function
Virtualization, NFV ) (MBI WRE . it FI28ThiE
MERUEAE A, IZRAR 5 B ARt 5w LL LUK W40 15 24
AL IIZE ThAE ( Virtualized Network Functions, VNF ) i
Mith R E5 R %555 ( Network Service Chain, NSC ) , %
GRIFE TR LR RER L I VNE, ARlide 1%
LR AR 55 % R dA AR (o, FEfEE s mFiE . 6
itk . RIEPERRTY RS B E R .

Network Service Chain

flow 1 r=1

C Units

Resource allocation 1 with
total throughput of 1

" |I|I !ll -

F=

C Units

fow 2 JITTIH =3

2C/3 Units

Resource allocation 2 with
total throughput of 2/3
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FITE, WNLHX MR FHET RS FEORF AL
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P, — A9 NFV IR EE R T AR = ) .
1) BANVNFRAZGECE DT 2) MR REER T
T B TR R B LASVNF E AT 3) dunfar~F- i
BEANVNF B Fenk SRR 5500 2 P17 O 1 fgde bkl
R, ARSCRGE T NFVIRIZE T8 2 PRGNSR
MR TREEE R, e, TR S5 iR S5 hRe 2 ()i
FHAERIUFE, @7 T RTINS ERY, $ih
R TRE AT A AR R el o e . R, BT
HNTIERERY AR TR IR R AR, 11
T PR IR AL RN A PR I A A
ik, AR TR R RS E A RE A E
[EXBOWN), OV)EEHE ., wela, wit 7T—A 5T
DPDKAEAVOHESLHINFVIEE AR S, TR
BB R R ZIMAR AL R e h . SCR R
HEARGERIAL BN, IR SR T B Rgs REEATERE
RENSIKER, FFATRURAR 727%HNR 55 P4 -
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Lin Gu, Deze Zeng, Sheng Tao, Song Guo, Hai Jin, Albert
Y. Zomaya," Fairness-Aware Dynamic Rate Control and
Flow Scheduling for Network Utility Maximization in
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Risc-vir B X T H§ESEEk

(% T https://blog.csdn.net/ALLap97/article/details/103365502 )

RISC-Vi&Er:

RISC-Vz& H IR =AA e R 4042 F-20104F
TR W 24528210, EAEX86, ARM
—FE, [T EE ALY, W& LIBSDIF
WERAT, SERTFE, RIS, FETERT
W HLU T X86, ARMA IR A M AL, FFHERA
ik, ARk

I ARZAAA e R EAE201 S5 i 7 AR BRI
ARISC-VEEE S, %S BTER G 2RO )
SHAEEREIFI, SYEREEEFHX, FTiEERISC-
VSRS, WA Lo, TR, &
W, fmiE . IBM., HEARIR . NXP. VU ERELE
Microsemi, HRIBEITHEIT . BREFE 251005
AR WA IIN T RISC-VEEE 2

mE N AP SER GRSk, e A
bR AR A SR EEYE, RISC-V
XA BRI A A FA A AR ], X v
&l & MREFIPLZ . LAk, HERISC
VLIRS R GURISC-V)E
WA AT, RiSC-VAERE NHLEAR T e

RISC-V%§=:

H2 FRISC-VHAE S — N e sl K i)
B4 LK), 7EIX Z i A7 1% 1 openRISC 2
SPARCE JF Il (1948 4 824844 . {H R AT ARISC-
VB T FSX A2 KER? RISC-VAERTER T
R BRI AA IR Z A3 T AR Ll A6
FBRIFIERIAR 2 Bl 2 al A RHAR I, gk e
F 4 1w B A S T R S TR R e

1. i

X3 H A i ix86 SARMA , Zad )L+
SERRIE, HAW SRR ILEE T . Hp—

A B R R DA A LA ) % e i) i B A e
T IR SR BAN AN & S . RN
i AVSEHE . b T RESE CREF AL Y ] J5 25
T, HARAREE VF 21 B0 € a1 i
JERFARI R T2, Ml ih i,

e JLAEME I BIRISC-VAEY , MAZ T
B T ENA RS 2 FE0 L R
EL2ART RN, T RISC-VA R FE T |
REOE HLEE— S48 S B2 Bt B, JFH
WA Taln) Ja A0 Uy ALk, s A bR
PR

H#EH) “RISC-VEEH ST 40k “154 %
SO OF CHRAZEA SRS, ETERIE EA
WH—PE T, PORIA R TR —F
PIRAE NG w32 . AR “RISC-VAY 4244 3L
B ATEAWHEE, (HRERAHEE “x86HY 44 3L
B" 5 “ARMAYZEE SRS |, RISC-VAY R IEH]
PLisi RAR H /KGR

2. Bk

HLJ R0 RAISAARE, RISC-VARLER
Ry, BRIz A2 HRVI2IEERHISA, 12
FF—A e . RVI2DEREER), AEA
SR XA SmEE, BERGITEAN
SR il & F2 5 it TR e H bR,
PR T nl bRy J , RS R W
B AT DAL EOAVEL E X e X RS
HALFREEASRISC-VEA T HiE24k . REEFED
FFal, XA TN o RER R ESE, L
T AHIELEMA

o AR A4

RV32l: FEAREEARLE, g —A i
ZA 0[RRSI TR ARERERTE
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o BETEAEGTESS . #¥load. #Estore
FEHIRAE4 . 320ithhl 25 [w) 585384, £
FE324 38 H A e

RV32E: kAR RLIKITHHIRVI2IA LA
A, Vgl R AR AR U E 161

RV64l, RVI281: 5% 17 45 Fl X F5 i
F P Hhb 25 ()3 e 31 64/128437

o PRIfEY fe 444

M: bR CRIERIREY e, B TR
e fran P I TR R R 4

A: PRUERFIRAY R, W T X A0k &%
HATRFRY . BSOS #/Em T84, LU
ACFREE W . LR N AR R+ N2 AR B
1Z& A

F: Prif SR g8, W g %t
o WOREEITELSA . R load Mlistoref§ 4 .

D: PREACKEEEIE S84, R T s %1
o8, I URERE T E S 4 . loadHll store $54> -

C: JE4a154: fRPLICTG AR 3R i)
B, TR 160, J5—iRsr i
Hy32fi 52 b G R TR EHE, BREHEL
WA — S5 i) 32 fZRISC-V 454 ——X} W

V (EIMEEREME) . B. I, P......

3. BT mikaEeE:

EH T35 1 2 00 B U ) ke Ol B L R i 2
BRI, b TR R FRTERE, R8N I%
REFHAESF LA N, (HE i 2
T B R A SR A R R 2R, A ER
[FIFEL VTN A . X BEA V2 9 frae i i
fEAS B N 5, x86-32 WA 8 NAFFes,
ARM-32 f] 16 A~ fF45 ., MRISC-V F32 4~%%
B fran. BTN, 17T HEZMTH A8, W
PRESRNC AR D00 A S oA .

Risc-vT EL§ESE %

NRT X 4%, REFLinux FELE—T
Risc-vAH &) T HEE R HARZHE—T

B4 F#HiRiscv-tools

git clone https:/github.com/riscv/riscv—tools.git

cd riscv—tools

git submodule update —init ——recursive
Riscv-tools i PA T JLANE /4L «
1. riscv-isa-sim: £ Spike, —/"RISC-V ISA
IR
2. riscv-opcodes: L& T HRifE Y RISC-V4E
A PRAEN S R ST A as M
3. Riscv-pk: 85— RISC-VIRFEHNZ (pk)
BT EHERISC-V RGER) 5| LT (bbl )
4. Riscv-openocd: ik H b4 e ka0
BZ i
5. Riscv-tests: —SE4542 51| 0
RIE T EHIFHIFERISC-V e, c+HBESIZE
X 4% 1. Hriscv-gnu-toolchain.,

cd riscv-tools

git clone--recursive https://github.com/riscv/riscv-gnu-toolchain
# IR L
export RISCV="yourpath./riscv-tools/riscv-gnu-toolchain”
export PATH=$PATH:$RISCV/bin
#BRINER6A(IIERIE TH : riscv6d-unknown-elf-++*
Jconfigure --prefix=8RISCV
make -j4
#FAE 24 IE T H ;. riscv32-unknown-el f-*
Jeonfigure —prefix=SRISCV —with-arch=rv32gc —with- abi=ilp32d
make -j4

I B 5 3 45 F L H riscv64-unknown-elf-

gee, REMESNIE ¢ 3CfE, HAZRAY —3ERISCHA
ok EWz1T .
‘ riscvod-unknown-elf-gec helloworld.c -o helloworld ‘
H¢JGEriscv-tools H 3R T iZ217build.sh 17F %%
LR
FEEEA TR S ET LM THIETT |
— A i R SO T

spike pk helloworld

# 5ith
bbl loader
Hello World!
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( #8E$L https://arkingc.github.io/2017/12/26/2017-12-26-linux—code—overlayfs-read _write/ )

RNIZhRA: 4.4.68

M (SR E SR ) S RS
BIEMIEEANE , SCHAY G MER{E T inodeZk
f, FFEH Binode AE . T SCAFAY IS WA
T il P2 H 2 filedefE

W, BEE X MBS T XA,
ilidopen RG], NN HFBEAEFATFE
bifi s NAZSRIE AR F AT R B TR AR Ak, X
BE|— LR fileZb #) , IRl 5240k
FEARORHK, ZJE0iES XA fileZ 1 Sk ikt
17, ENEEE opTBrE— Ml ERTEER,
filefREOLE T 3RS BRI EA TR 5. OverlayFS
HOSCPFH RS WAMESh, (HRELEOverlayFSHr, —
J AR LS R H SRS AT X )

— SIS . fEOverlayFSHY, SO
U5 T upper/2 5% lower)2 . £ 4T JF 3C 44 i,
OverlayFSZE R _F 3T JF 14 & upper)Z 5%, & lower /2
B3, PSR JE & AR B 3 5 Al Xhupper 2
B lower /20930

HRMiES . 5B AR ZE, HF
B S M E 4. AR T — A [F B £ 7E
upper JZ2flllower/ 20 H®, X% H sk 1748
I}, OverlayFSZ: X} upper/Z fillower/Z i H 7%
Sl T R, RGeS AL, (HEX)
T [RIBfEAE Fupper/Z 8k lower 209 Uk, Hh
T “EREETE" , HHATE L R upper2
AT T .

IEW G, 33F HREEB, OverlayFSE
XT BEWfilelifE, mxF—RCHHES,
OverlayFSAREE X H CHIHRE

REL file $R4E

S Y 15 R L file At b 00 BR B TS B
Kemnl, WIS TSRS BREH T4
BRI SR A ST . AR A 2y
file 38 fF o i SC 1 04 filedse 15 2 ih fileZ 4 (0
f_op B8N, FrLILIEEERie TR
i, FRECE AR SO fileZE B, A Al A op
FEOR{E

TESCHHTIF R, T oA 4 R it
2R #vEs_ open()ERIZEL :

int vfs_open(const struct path *path, struct file *file,

const struct cred *cred)
i
struct inode *inode = vfs_select inode (path->dentry,
file->f flags);
if (IS_ERR(inode))
return PTR _ERR(inode);
file->f path = *path;
return do_dentry_open(file, inode, NULL, cred);
H
XA EL 2B —Ninode, 13 E fileflf path
B, f)a i fi%do_dentry _open(), iXANER
Bzt — i Efle) HEF B, BIEf op, &%
JEPAT ST IR
static int do_dentry open(struct file *f,
struct inode *inode,
int (*open)(struct inode *, struct file *),

const struct cred *cred)

f->f inode = inode;

f->f mapping = inode->1_mapping;

f->f op = fops_get(inode-=i_fop);
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if (lopen)
open = ->f op->open;
if (open) {
error = open(inode, f);
if (error)

goto cleanup_all;

}

MAREG T DL, fileZ5 ML opFBRfS
Hinodefi_fopTFBX#tATIRE . B Hinode
PUE T fileBRfE, it Eves_open()& B, &N
#inodeHivfs_select inode() R AE :

static inline struct inode *vfs select inode (struct dentry

*dentry,

unsigned open_flags)

struct inode *inode = d_inode(dentry); //dentry-
>d inode
if (inode && unlikely(dentry->d flags &
DCACHE OP_SELECT INODE))
inode = dentry->d op->d_select inode
(dentry, open_flags);
return inode;
}
dentry /R AR FAF I i fa — > ) H %
T, Wi&OverlayFSH, Frfd TIFHYSCIRE H =%
T, X FOverlayFSHH ) H I, pREADIEERIEIL
A, WS — 5 8 M dentryif: /E B9 A select
inode(ERI%L, OverlayFSSZH T 4t By pREL «
struct inode *ovl d select inode(struct dentry
*dentry, unsigned file flags)
{
int err;
struct path realpath;
enum ovl path type type;
if (d_is_dir(dentry))
return d_backing inode(dentry);
IARAS R ndir, WP T TR A
type = ovl path_real(dentry, &realpath); /3 HL

S
if (ovl open need copy up(file flags, type,
realpath.dentry)) {
err = ovl want write(dentry);
if (err)
return ERR PTR(err);
if (file_flags & O_TRUNC)
err=ovl_copy_up_truncate(dentry);

else
err = ovl _copy up(dentry);
ovl drop write(dentry);
if (err)
return ERR PTR(err);
ovl path upper(dentry, &realpath);
b

if (realpath.dentry->d flags & DCACHE OP
SELECT_INODE)
return realpath.dentry->d op->d_select
inode (realpath.dentry, file_flags);
return d_backing inode(realpath.dentry);

}

XA R, FATTLULBE, *FH R
F—fg i, R #)inode AN [w] ;

Hak: mRE—AHZ, WEREGR M dentry-
>d_inode. [ Adentry/&OverlayFSH FIr 24T 3L
P9 H %300, By DUH AR [9] 89 inoded Overlay FS
T, BrEATI SR R Y inode

— RS RO, 2R
53T I bR 38 LA BT B upperg lower )2 24409 H
SRIPE R T A Teopy-upteff . HITE, A0
R — N lower)Z2 W — M 3T HF, LLEE 7 3T
TF, MG A S U Fupper)Z . W5 &L
Mg g7 379, WIATE, RIGHIEEZupper
2 e lower /24 W SCHERY H SR d flags ¥ Erpkt
TE Ay ik — 1 H d_select_inode()RRI %X .
MR AT SR [0] upper /2 2% lower J2 #H W S
Hinode

B C T iggsie 7, M F—1H
%, BREGR I OverlayFSH % H sk Binode, 2R )IG
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=4k

fiAEinodefi_fop Bk e SR S HE. X
T, R A FHAS R OverlayFSH 3L
8 inode, %R0 T IR [l AY S uppersk
lowerJZX W S inode

—RXHEE

B EX OverlayFS Fifile #4718, 7E3C
PHTIRS R, 25— RoRfilel ifileiH) ,
PR &L vfs select inode()Z iR 1] upper H 5% F filel#)
inode, 4K J& M 4% JX 4~ inodei’ # fileZ¥ 14 1
f inode ¥ F¢, HiHfEinodefi fopv B R E X filets
i, PHie, SEbR EFTIFAY Rupper H SR T BYfilel 3C
. FupperH 7 F 09 filel  extd T A — 3L
1, PitfiletfdE textdsEBl, 45 1%E% OverlayFS
i filel, SEPR b JEXFupper H S Y file 1247

OverlayFs

BRiES

B2 OverlayFS T i H #di 71525, 7F
SHHTIFE R, 21338 —ANFRdibfileZtH .
M— i SCEAE, eR%EvEs select inode()iR [ i
inodeili #&OverlayFS T H 5 dX} W () inode.. %4
SRR X N inodei B fileZE ) (1 inodeF-E2,
Yiinodefli_fop ¥ BOKE X fileliefE, ik, S2bR
FATIFEY SR R OverlayFS F i) H 57d, A
upperH s F Y HRd. 4 J51%%5 OverlayFSHr i)
H R dFHA A i S upper T HRd, HNHY
fileffe th OverlayFSSEBI

i i OverlayFSI¥) inode4) i R Z L v LU
H, WERAZE A H 4 Bl inode, WA 2R E

inodefi_fop . [N A SERRIVIELS #HAE(EH T
upper/2 5 lower)2 (19 FH 7 SO, A G AS 75 22
OverlayFSH 3 #4 Y inode. {H & A H & 70 i
inodellf, £iX¥Ei fop¥E, fEHRIEZEH, A
fileZEFIHIE opF-BEIRAE -

struct inode *ovl new inode(struct super block *sb,

umode t mode,

struct ovl_entry *oe)

struct inode *inode;
inode =new_inode(sb);/7Esb 43—~ inode
if (!inode)
return NULL;
inode->i_ino = get_next_ino();//i% ¥ inode'>
inode->i_mode = mode;//i% ¥ mode
inode->i_flags = S NOATIME | S NOCMTIME;
/1 E flag
mode &= S [FMT;
/R YEInode 24T I B inodedifE
switch (mode) {
case S IFDIR:
inode->1_private = oe;
mode->1 op=&ovl dir inode operations;
inode->i_fop = &ovl dir operations;
break;
case S IFLNK:
inode->1_op=&ovl symlink inode operations;
break;
case S IFREG:
case S_IFSOCK:
case S IFBLK:
case S IFCHR:
case S_IFIFO:
inode->i_op = &ovl file inode operations;
break;
default:
WARN(1, "illegal file type: %i'\n", mode);
iput(inode);
inode = NULL;
i

return inode;
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RFAcc: A 3D ReRAM Associative Array
based Random Forest Accelerator
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Task Buffer

DRAM | | RFAcc |
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B= AsiERiLit

TEBCT G 7 —2em) @, TR iR
T 3R A RS SR KA RS PERE e
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DECAF++: Elastic Whole-System
Dynamic Taint Analysis
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Real-time Distributed Co-Movement
Pattern Detection on Streaming Trajectories
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