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Research on compatibility of high-performance network stack
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Abstract: The massive data processing in artificial intelligence system requires the support of high-throughput net-
work. As a bridge between the upper artificial intelligence applications and the underlying high-speed hardware net-
work adapter, the network stack plays a crucial role in the performance of the whole network system. Through de-
tailed analysis and comparison of the compatibility of mainstream network stacks, it is found that the compatibility of
various network stacks is generally low, which leads to difficulties in transplantation of artificial intelligence applica-
tions. The idea of achieving both high-compatibility and high-performance of user-level network stack were proposed.
In this way, legacy applications could directly attain the improvement of performance without modification of the
source code. Path for the subsequent development of network stack was lit up.

Key words: compatibility, network stack, high-performance

TS, DA PR RE T P 25 B UHORT N T3 REAL B

ROEREE . BIEM YN EIAELfR 5, k

AR EPERAN TR ASH R WA, TR (best-effort) J5illl
MmOy, MM mrEREIR S ds REEHITERE AP IUH L 00006 A2 I TS K . AR s i

ks HER: 2019-02-12; fEEIAH: 2019-05-06
EE&WA: ERAARBFIEERIINE (No.61772305, No.61432002)
Foundation Items: The National Natural Science Foundation of China (No.61772305, No.61432002)

1 35l

jillf3

2019096-1



' s kS
S5 BB EEARL

26«

I O RN T8 i P PRl A e Al A 50 rh o TR T %
Vi KAk, HTTP. RPC 255 WiB A5 MUAEALE
FHIK R TCP MIERAE MG S A E /7, &
seagAEgIt, 7E 8 AN N il TensorFlow X%
AN TARZE ML VGG19 #4740 A 2Ll 2k
90% 1S54 I (] Y FEAE P 28 A% Lo 55 bR,
40 GB. 100 GB 77 5L ¥y iy P BE M I~ CE i
B 25 T D R e A4 v P e N T3 e IR 55 4%
RGN BRI s ) 8 380 W9 248 P 13UAK: I

fE 48 Linux A A% W 2% B R EAT T 3% &
Accept FEEZEASIPI, gt A Bl 2
254k o Affinity-Accept” 5T+ 2.6.35 FiAH Linux
WAZIE it Accept PAAIAMIAL . ¥8/NiEH: Hash B
SR B IRDRLE S5 AR AL AR AE — AN TCP 4l fE 1
A CPU AL BE . MegaPipe! i 1tk 7 4 1% (4 2%
APL 5 W 4% N FH 2 (8]l 37 3 40 1 FH i b 2 1
B KRR JE PR I 4% R G T T 10 L ST 48
H¥s EISCIE R S VES M4 Socket FAIER, ¥
T AR B0 Socket APL. FastSocket! % T 3k
Ry EERAMALS VES bz 4k, 5k
DA BN B R A A, 8k 5 TCP %idl
7 CPU Z [A]#5#% Cache Miss 1 JT4 . SR 1M IX L84
WAL AT BRSBTS TR M RESR THECA AT BR

RS RO S I e I 4 P 1SURR A I
BANEATRI LT, FRAR BT H P 2 W 25 L
AT VO Bl oy AAR 2SI v FE e AR 15
ML M BRI N (0 Nginx. Rediss
N LA e RS A1 782 AN 7 S SO 1) 1y
B B2 WU s Ay ke R W &

PESM LRI R

W28 B O B 2B A IR T AR ERE R LI
gy, BN T ORUER R N A R RE
EEATHERLRA, EACIIKARBE. BARE 20 1
20 80 AFEAEMT TN T2 AW 2 AN ), Ky
DO S 2 Aok s, R R AR

2 =tgE

TN BUR I 2 kR, FEARAR 5 DR 2 vt
Gt W% BB N ISR S LI i PR e
R, PEAM P SEAT A2 Cpacket
demultiplex) 1) FF 3C - kM. DPDK!'™ |
Netmap'™!. PF RING ZC!"4& 23 1/0 Wk s 41HE
ZRI1) HEAEAS o AR 52 L 56 4 vl LSS A% AT
AE A S I R Y 2 SR AR S T AT
R &R gad W% (kernel bypass) AR
Je s HP A ISR BT J LA A 27 AR S b S S
P53 K A JiE o mTCPL L T Le4E 25 R L 745
KIFCTFIEIH SRR, B T EA L
S BRIEIR S W SR 2 Sk, mTCP
JEEJZ 1O oy 2 A5 4% APL #R Itk b
PR, I B RO R S TR Se BB
ROCAEFARAL He W, PRTHRIELRE T 2R S%
PERe LT etk . HLRGHMWE 1 iR, K
J2 FH P 28 Ve ) 68 WA 3 A B ERCR RSB 11 15
i, W RIEHEF PSIO. DPDK. Netmap 545k,
f—A> CPU KA AL B2 TCP Wik, 2
HERAETTIR, WESBE SR IR . 2 N
e CPU # &, ZiltREag 4
mTCP YU SRR —AN W 28 NI 2 f, i 6 52
P8 503 43 AL MR L B TCP/IP 45 i U2 e Ak
L, AR TS N AR BT 4, P BA
FIK T8 AR )T B AR BB A5 . AR, AHIF CPU
W BIPIANRRE T RER AT E () CPU B IRSHH,
Xt mTCP @3t pthread 451478 5K 58 N AN A
(RS o EL U {E mTCP WU F2 58 B—He 5t 4
L HUG = HE T EEE B oy A E 2 A
fF (event), FFHEIHIIN event P\FI5, H4HH
pthread cond_signal 2% M i % 2% [ ] 2 12 7
epoll_wait PRECFHZERIHATIR, 11 mTCP Pk
Pk SR . mTCP @i ixXFh E3hik CPU 11
S SRS f R Mk /> CPU W SE 4. (R 2k
FEUR B LA R ST TTARY, AT mTCP i@ i x4
SCHARL, event A ANEAT FLAL B AE RS W4 .

2019096-2



« D7 o

BIERE 20194554

SR AR R, E 8 AR ZE mTCP ALSE Linux
26 D B PR RESE T 25 i

CPUO
N7 FHHEFRO 7 FH R L
B 220 B LR
E | mTCP sockletepoll | i
mTCPZF20 mTCPZ;F&1

| P &SRR VO (DPDK) I

K1 mTCP RZHH

XU LR B0 P 1542 S P T 43 8 1) S s
PP S D0 CPU M A BRI RCE . Hih .
FERRAR, B V- 1057 DT 1 2% W SRR (1) 12 A Ab 1L
IR VO RE A AR B - 1h AN [R] 194 28 )3
AT E, DMRUEZ At . IX B 1 i i oy
MR E M BXETA V0 BT, X
FE T LAY o WA e 20 2058 A v e ek I 28 47
AR AR A WG CPU 3 R ) o IX AE—A
ZFE K run-to-completion [ TAERE, %A
A e B 2 Por, A8 A R Bl
IR VISNE 5% 1 TN R R A E IR NA R B PR I U
N Pl dt el R AR A S5 .
[ — 4 s o0 21 AN o R AR B e A AT R — itk
P AR, Dhb R A B SEAT RS,
NI S5 KA BRI P £ I8 4E oAb TX 0PI 43 20 A
RGO AT A R AL FE,  RI% AR
WL RO, FEIRE B SCUIR T4 .

LIS A AL L

K] 2 IX run-to-completion #5 7

ZygOS!' e IX HEfill b fift v P 28 SR AT W AE AR
(A% 2 D) FR) O 55 1) 0, AT SIS AR 204 I S 5375
S AR I SE b5 1) P28 PERE SR . Arrakis! ™ [F]
T SR FREE0H T i AN A A% R B TR S, R
I VO REAUALAN P A7 B A5 A, {45 I £ 1 i
AL EEARE R VO W gt WX . S5
S5 R WRHAT T EAE M 2 PERETR T T

MultiStack!"” 55 StackMap27E & 1tk B ] 7 4
PSR 5 e A B8 X 265 )3 FH 2 Ta) SR T o S mgs
PR A% O SERELHR S K FH P 2 Uk 5 A e ) %
M IEAT 444 . MultiStack FLARSZELANE 3 Fr
7w, HEIKEMH V0 BRMLE AT/ AR
L) BB P A U iSO RN P9 A% By iSOk R b
R, H P ABARR NI A R Netmap
YEAWOR T AAESE, N AZ AR ER AT WYL IR 0L 9 -
i AL e T il 7 4B AL StackMap 71
TV SR A 30 0 R0 47 o T ) 25 1 SRR, 4K
PEIMIEE IS Netmap w1k RECUR 7> A BLHOR J /D>
Hid 5

R e NN mmmmmm e
AR i | Socket API &

.......... ﬁNmpAPiﬁ AL
&b é% AL O

r@
|
= &

WAR A 5 HRE F |

3 MultiStack RG24

NPT LA T AR AT P A
ORI 2 BT Al 0 2% R 45 P A, v IR T
i) F-stack™ 3L DPDK w53k 1O Wi & 43 1 HE 2
JFFEHH FreeBSD 9 45 Wi 30 e >k S5 LMk 9 £8% il
%, I LA AE DNS IR 55 2 45 S B A2 e 55 vh 7 1
Seastar™ L TR 4l D gm0 P A
WSk, FIH futures F promises G P2 A ) 2%
VO WA 1O 2548 —Hh % A b AT St

2019096-3



' 3 \
BVl L. SNBSS AR R

28

B, 2R g e BE NoSQL % % .
3 MEHIRRE ST ST

PP 2 Bl el TR A v e VO ok
I HNESR B ERME /O BBt Wiz M 3k A3 2
ZI PR PERE ST, (H 2 HA% e A7 AE A A AR
e LARE FE A% G0 T 1 i g, A 00 I 48 32 900 1 Y
L5V IEAT AR () 73 BT S AL
3.1 WM ARFRA ST

mTCPU i 74 (K17 2 TCP W45 sk,
FOTCVESCHE UDP W JFHE LR 8 L 1) 194 4% 40
i o) BRIl POSIX ¥ S RE LK) 9 4%
Socket AP P& epoll #HICHAF#E I, BIRSH
BR[ 15148 HY 27 S0 90 28 [ H] i 47 /b S A 18 2
RI0] 58 O FH R A, (AT R4 4 20
AL, mTCP WALSHF T Lighttpd — M0 32
(R 14 28 N R 55 2, AR 2 JF K N i) Nginx
AT T 2B R, B SLRRHIE, WL
PE R BT EE YEREAS & Linux A% 30 . 1XHO)
5% 1 Nibix 22 )b 2 N FH 3R At APT, £93E connect.
accept. sendv. recv_done. close 254211, IR
45 POSIX WEERELIAHFE, HiBT IX N H
il TR IEHIAHE R, 3 libix AP 113 X
RAESAS, Hilhn sendv pREGR [FIE A TR U
GAF I 8 A s C & i R AE )
B4 #1540, Event Conditions J2& FH P IS E 4 °F
T A AR 3 5 W 28 N FH R AH OGS4, B0 recv
sent 51 A1 FH B i D) Bl ok 1% . A
THEKTE S PERe, 1X BER AT POSIX API (1)
S, AT S epoll AHICH H 1 M 4% API,
W HA BRI GRS, AF 24 U M 45 Ik 55 25 B
H Nginx. Lighttpd 253 AR AE 2] 1X |

MultiStack!' 55 StackMap "% F 45 4y 47 v 1)
W, B0 ARG R 2% N AT ] A% B s IR R &6
VR, A R N BRI M 4 APL.
VAN SEIL T JE o] LS AT 4% 48 W 2 3 FH S fgia

TR FE R I e RE 28 B IR E b SR04 R
PMEEAR AR B, BIESH M R RILRIZ AT mi itk
HE 19 236 W2 H PR ARG, T LA v 1) e vk AR
BOOEARKR, I ARS8 N 257 AR P &
PSR SR DT AR 75 ZEAR Y B APL 1 SUiEAT
T, FERA MARAS sl 71 il

Arrakis!  HHLL 2 PR ME T M T 2
&, 254 N ] %4 % Native Arrakis API fI1 POSIX
APT PRREE 11, 13 fH T EHT s v 2l 1/0 s
MSEHL T BCIE M Bl 420, 54 T POSIX
API " recv. send ZECR RPN buffer
(V38 SO JEVESE L ECIE R ], (AR A L
48 Linux WAZ PR SUHAE M 2 Pk e LI T
3.2 MEWHIERTRA ST L

H P 25 e RE M 2 U mTCP! i TR 4
P 2% I FH 75 16 o LR A 5 B0 R A U T B 7
Lighttpd — A M0 ) (1 W9 28 iR 252 T o,
A M2 iUk FastSocket! DAL 4% v B 3 FH 3
M O BRSO S T . AN
HEFE 0] v I B 9 28 B S0RR 1) i 4 R e AR OG R
TEo AR SCR GG P AR A P IORR R e 2 P R
WILAELL R LA T 1H

o, PR SCRE POSIX APL, L4011
WX 2% W FH K 22 /& 3T Socket. Bind. Listen Z5iX 48
2 HL[1) POSIX M4 APL AT, FrLlJe s Bk
Y FF POSIX API 804 #2118t 2 A 2548l POSIX
APL {EAR KFRFE ks T b e b SR B A 19 2%
I PRI T A o

HW, AT 5 B M 4% 3 F R0 2 1 i
WO 75 4% e JE N S A e B bR, & T
FH P 25 P i30S S I I 4% I FH 6% A 11 2 5 16 o B
TP D E % B POSIX API 84—
B, MHZEN B R G 4R ] APT HEAT B,
T LR B ER 4% AP X 3E W 2% ST R R 4
(RS HFAE ), AR B AR Bk Pk

B J s P USORR SRR I i A ) % 4 R A 2 [

2019096-4



29

BIERE 20194554

FER WA R 25 . A% BI2% Socket I
BEHEAEAGE R, RIS HAT E) recv. send
EMLE 1O MREUN BRI ERAE RS R Ay
/0 45 %3& 9], Nginx. Lighttpd. Redis 25 & Ff%4
25 N H#AIH VO 2 EH (Epoll VO) SEIL S I
R LSRR, FT LLSCRE Epoll e I g 4 1
I SRS R AL S8 N T AN IR RS IR b B A 5K
DU IR M 44 JE B AL BRI H AR BR T Epoll /O £ i
BH, 248 72 V0 Bl hEPLHISE,
ARLE 1 T2 0 9 28 N HH A Y A2

ASCH UL b 3 U Rl v P e ) 4 P LR
FHEANVER T 2R, X 0PSO AT XS LL 24
IR 228 T &M SR BAR SRR IR R 2% APL.
W 1, Hrh Affinity- Accept”™. MegaPipel®.
FastSocket! & 78 A 1% &6 B R HEAT L 52 TCP 3%
PRGNy« RIS RS HIFR . A M
AEEDEAY, A TGV e N 1% 2R S8 FH IR T4
DL TCEERIH SPERE VO WOR S AR ER,  1X 88y
AU PR REFE THE AT LU IR, (H BT
Linux W #% M 28 B sCRde AT A7 1) 1 S BB
R IR B M, RO BRAIG 190 25 3 FH (R RS A AR
mTCP", IX!"®) F-stack!®!, Seastar®"13 & 7F H
JUARET itk Re O o A RERLSEBL I P sk, 7
RAG IR PR BEFE TH 1) (7] Fsf 2500 3 LA e oy o9 24 W
HF &

4 APSRIEHRALRE

F P 25 B BORR AT BUICAS S =25 110D 9 246 1P i 4
T, HEAwmAEENA, RIEERE. BHETn
POSIX API ifi LEEHRAEAF, DA SR e H]
F 25 S B e L v Ik A R v B e A M 1 1K 4% I
Mo FH P A EMSOE: BLARSEIL A 4y D 3R 5 19X 45 1
MALH CPU #% 570 &% W b vk S 2%, i
mTCP 7 R T P BT I 5 . B AT U ) &
PRURPE, BTSRRI LR SOOI IR I 75 AL b
PR AR A T BB AT S, AR 1T I b S s o

CPU U IR 545 50 TsoStack” MK 1
WO FHAZOR B, /b b R SC U () 4
AEL[] ISty R B s A AN [F) A% AT B 3 1K) CPU
Gz AN i A TT A o

WAL, ARSCHE R P 2 B SORR S e B e 1k
AT N LRI AR, O IR U A s ER it
BBk

(1) Xt POSIX APT [{J# J7 Il ity 224 Bl UK
e Aoy g B A BERE so L R A
LD_PRELOAD FRIAR & 0] 9 28 W FH 2 24 B 4 g
TN HEAT A8, B P S T e B {1 9 2% API
(1) 3 A& 8B FE LS T POSIX M 4% 3 4e i H (1)
Glibe FEBEATINEL, AT 58 BOW 5 /E R 98 N A% M 2%
LB

(2) T read. write. epoll &5 PR 1) SCLF
AT HEANE Socket 4% fd CCHHREIRTT) , L
WAL N Y FH read 0 W48 SO AR FF BEA T 15045
P, XA AR R T 2R M 4% fd SAF
W 2% fd BEATIX 70 HL, 6 2% fd AT PSR AR A
PIRAE, 0T AEM 2% fd 5 AR N2 RS H
DRI A SCAR IR A D A 45 B A, 3k el e ik
TR IE B s 1 UL 2% S A — 40 b =, FEAERT
AW B W 48 SCAERR A R BRI AN 1R [ AT
FHN RIS, 5 £d T BIE BRI F P A P s i 3
] Socket M 4% fd. A1 Redis. Lighttpd %54 4% i
F# Socket fd 1A% FARAEH], ik fd 25 [\
b WA/ R SR v LT NTTRE %
Tt B LA bevt— P a8 s 7y 2R BE fd BEUA.

(3) Nginx. Lighttpd. Memcached %5V H7E
IR 2 PR 3l FH 22 0F R Bl 2 R AR A Ak
T2y Re, XS P AT fork
pthread FHICHL 1, IFAEIF AR B N BERF HL 0 &
TEGIEN CPU #% L, B7il- 34 R Ge i A FEHLHIAE
Z AW 48 N HIPAT I A4 [7] — CPU B85 1138 B
PERE N BF. UbAk, T fork QUEREERERT, FHEFRE
EAgD O < | Rl |15 S A i =

2019096-5



BVl L. SNBSS AR R

«30 -

F1 SRR AMEITE

Sy ke REZH REHEEHR mitRmMgs ° .
PG EL S POSIX AP F e SRR HARCSZHFY API
Affinity- Accept™™ = N Epoll Linux 2.6.35 AR P 25 #H ¢ POSIX API
MegaPipe!® i T FFEM T FHAEM ML mp_create. mp_register mp_unregister-
IR mp_accept. mp_dispatch. mp read. mp_ write 2§
FastSocket'! P R Epoll Linux 2.6.32 WA B 2% AH 5% POSIX API
mTCP!' POSIX-Like e Epoll mtcp_Socket. mtcp_bind. mtcp_listen. mtcp_accept. mtcp_connect.
mitcp_read. mtep_write S5 M 4% API LLJ mtcp_epoll_wait.
mtcp_epoll_ctl 25 epoll AHIHZ 1
X %5 g ToE XMt AP ETE 3842 1 connect, accept. sendv. recv_done.
fhy BAPEZEFE  close LASCEH T S 4211 knock connected. recv. sent. dead
F-stack!™! POSIX-Like E=Li Epoll. ff_Socket. ff bind. ff listen. ff accept. ff connect. ff shutdown.
Kqueue ff send. ff writev. ff sendto. ff sendmsg. ff dup %5 & H.[F
WSZ¥E TCP 5 UDP KB M4 APT LLK ff select. ff poll.
ff_kqueue. ff _epoll_wait %2 Fl /O £ % 52 FI ML 1
Seastar’**! i Toae sk 5 1/0 H AR B . JF BH ZE 3L T future [ 4l 7 B gw FEOHE 4,

seastar::make ready future. seastar:future. seastar::sleep().then()

(copy-on-write) , BI-FHEFER] LLH close <1414
UEFEI) Socket, MLHRAELE A AZ S 2 75 R LA
ARG K% Socket XV 15 H Tk 1, IF:
ANSIIERMZ Socketo IXAETT LM P AW
ARG A Socket A GIHTHEHE, DURkAE 2 1
FEIE LT Socket #1551 (14 ] 851 o

LRSI P A U SO 1) v P Sl e v A7 58
Z B ME R TT B, L ) 288 3 AT 3 57
W AT [ ORI 2 fd B, Te] S
dup. dup2 XFE0} fd FEATH E ) ()48 5. HR
S PEA A E N, (HIH A DAk s
JIAS UL F R BOAS B B0 5 AIG, T A 9 29 . ] T
R, XA LA R 2 R G TR T .

5 ZRiE

AR SCINHERAE: (1025 T3 TGS AN [ v 1 e 19 4%
PRSCRRHEAT XS LA Ao B 0) H i 2 0 s 1k e
FRACANEA ALK ), A SCHR AR P 2556 )

it

=

He AP B AR, O W 25 iR DAL T A1t
BRI I

B3 3k -

[1] ZHANG H, ZHENG Z, XU S, et al. Poseidon: an efficient
communication architecture for distributed deep learning on
GPU clusters[C]//Annual Technical Conference, July 12-14,
2017, Santa Clara, CA, USA. [S.l.:s.n.], 2017: 181-193.

[2] KERRISKK M. The so_reuseport Socket option[EB]. 2013.

[3] BARON J. Epoll: add EPOLLEXLUSIVE flag[EB]. 2015.

[4] Socket sendmsg MSG_ZEROCOPY[EB]. 2017.

[S] PESTEREV A, STRAUSS J, ZELDOVICH N, et al. Improving
network connection locality on multicore systems[C]//The 7th
ACM European Conference on Computer Systems, Apr 10-13,
2012, Bem, Switzerland. New York: ACM Press, 2012:
337-350.

[6] HAN S, MARSHALL S, CHUN B G, et al. MegaPipe: a new
programming interface for scalable network I/O[C]/The 10th
USENIX Conference on Operating Systems Design and Imple-
mentation, Oct 8-10, 2012, Hollywood, CA, USA. New York:
ACM Press, 2012: 135-148.

[7] LIN X, CHEN Y, LI X, et al. Scalable kernel TCP design and
implementation for short-lived connections[J]. ACM SIGPLAN

2019096-6



31

BIERIE 2019 5 5

Notices, 2016, 51(4): 339-352.

[8] THEKKATH C A, NGUYEN T D, MOY E, et al. Implementing
network protocols at user level[J]. IEEE/ACM Transactions on
Networking, 1993, 1(5): 554-565.

[9] BASU A. A user-level network interface for parallel and dis-
tributed computing[C]//The 15th ACM Symposium on Operat-
ing Systems Principles (SOSP), Dec 3-6, 1995, Copper Moun-
tain, Colorado, USA. New York: ACM Press, 1995: 40-53.

[10] EDWARDS A, MUIR S. Experiences implementing a high

performance TCP in user-space[J]. ACM SIGCOMM Computer

Communication Review, 1995, 25(4):196-205.

MOGUL J, RASHID R, ACCETTA M. The packer filter: an

efficient mechanism for user-level network code[C]//The Elev-

[11

—

enth ACM Symposium on Operating Systems Principles, Nov
8-11, 1987, Austin, USA. New York: ACM Press, 1987: 39-51.

[12] Intel. Data plane development kit project page[EB]. 2012.

[13] RIZZO L. Netmap: a novel framework for fast packet I/O[C]//
21st USENIX Security Symposium, Aug 8-10, 2012, Bellevue,
WA, USA. New York: ACM Press, 2012: 101-112.

[14] NTOP. Multi-10 Gbit RX/TX packet processing from hosts and
virtual machines[EB]. 2016.

[15] JEONG E Y, WOOD S, JANSHED M, et al. mTCP: a highly
scalable user-level TCP stack for multicore systems[C]/
USENIX Conference on Netwoked Systems Design &
Implentation, Apr 2-4, 2014, Seattle, WA, USA. New York:
ACM Press, 2014: 489-502.

[16] BELAY A, PREKAS G, KLIMOVIC A, et al. IX: a protected
dataplane operating system for high throughput and low laten-
cy[C]//USENIX Conference on Operating Systems Design &
Implementation, Oct 6-8, 2014, Broomfield, CO, USA. New
York: ACM Press, 2014: 49-65.

[17] PREKAS G, KOGIAS M, BUGION E. ZygOS: achieving low
tail latency for microsecond-scale networked tasks[C]//The 26th
Symposium on Operating Systems Principles, Oct 28-31, 2017,
Shanghai, China. New York: ACM Press, 2017: 325-341.

[18] PETER S, LI J, ZHANG 1, et al. Arrakis: the operating system
is the control plane[J]. ACM Transactions on Computer Systems
(TOCS), 2016, 33(4): 11.

[19] HONDA M, HUICI F, RAICIU C, et al. Rekindling network
protocol innovation with user-level stacks[J]. ACM SIGCOMM
Computer Communication Review, 2014, 44(2): 52-58.

[20] YASUKATA K, HONDA M, SANTRY D, et al. StackMap:
low-latency networking with the OSstack and dedicated

NICs[C]//2016 USENIX Annual Technical Conference, Jun 22-24,
2016, Denver, CO, USA. New York: ACM Press, 2016: 43-56.

[21] POPE S, RIDDOCH D. Introduction to OpenOnload—building
application transparency and protocol conformance into appli-
cation acceleration middleware[R]. 2011.

[22] PKELSEY. A library version of FreeBSD’s TCP/IP stack plus
extras[EB]. 2016.

[23] TECENTE. F-stack[EB]. 2018.

[24] SCYLLADB. High performance server-side application
framework[EB]. 2014.

[25] YULINTAO. Nginx with mTCP and DPDK[EB]. 2016.

[26] SHALEV L, SATRAN J, BOROCIK E, et al. IsoStack-highly
efficient network processing on dedicated cores[C]//USENIX
Annual Technical Conference, June 23-25, 2010, Boston, MA,
USA. New York: ACM Press, 2010: 5.

[fEE RN
: W EEE (1994 ), B, HEEREITFRENA
R, RSO ) A A U .

Figlg (1992- ) , W, EERFISHLR
T, SERETFTIT ) D 226 i 6 0 224 )
BURPEREIEAL -

=H (1981- ) , B, HERFTHILRK
MR A S B KT
CHAE2ED R RIAER, FEERA
RRPEILE T A “RB T RIS %,
FEZ “973” IHRITH (EEREREED B
RERFERK e RIS 0]k IR R o

2019096-7



	04-19096-ÜàË

