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8K
100 200 500 v
Mbps Mbps Mbps /ﬁ:;

@ e, Average  Peek  UHD VR 2018 2023
R=iE(UHD) To&ie R

Self
Application UHD UHD VR Driving Cloud UHD HD UHD
. Requirement | Cameras | Streamin Streamin Vehicle Gamln VR VR
s (Security) g g Diagnostic Vldeo
s
Average
9 16 16 17 20 100 167 500
’ (Mbps)

Source: Cisco Annual Internet Report, 2018-2023

The Las TOKYO Tigers Go Henosis(8
8K Videos from | - Asteroid | nopway | vegas | HDRTime | AngelFalls, | ey K Short
Youtube ry Strip Lapse Swim Film)

Average

(Mbps) 129.1 62.8 A .0 40.6
: 7 Peek
AR ZEEE (Mbps) 206.9 196.9 134.2 83.2 81.3 72.1 71.1

Source: Huawei iLab, 2017
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NEEZ Ll TCP/IPH EfREY

RTV= WA=
SIER HTTP Telnet FTP TFTP DNS SMTP
R TCP  UDP Y

IP ICMP RIP IGMP
ARP RARP IEEE802.3 PPP CSMA/CD
FEE1HE Manchester MLT-3 4A PAM5
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{&iEY . UDP/TCP

How TCP works

Have you received the packet?

How UDP works

Have you received the packet?

Sender Receiver

TCPEET AT HAIA

Sender Receiver

UDP: User Datagram Protocol
TCP: Transmission Control Protocol
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TCPVJ"LX:E HBt=E

1975 e 1904
Nagel’s algorithm
Three-way handshake o o 1987 1994 pcp 199
Raymond Tomlinson of small packets; Karn’s algorithm 1990 EFCI:Nd (Braden) SACKTCP 2013
In SIGCOMM 75 oredicts congestion to better estimate 4.3BSD Reno (Floyd) " transaction (Floyd etal) MPTCP
o . - Explicit Selective Ford et al
collapse round-trip time fast retransmit . TCP (Fo )
P Congestion Acknowledgement Multi-path TCP
delayed ACK’s Notificati
1983 otification
1974 supports TCP/IP Congestion 1988 TCP Vegas Hoe FACK TCP
TCP described by collapse Van Jacobson’s (Brakmo et al) Improving TCP | (Mathis et al)
Vint Cerf and Bob Kahn observed algorithms real congestion startup extension to SACK
In IEEE Trans Comm 1982 congestion avoidance | .00 ce
and congestion control

TCP &IP

RFC 793 & 791 (most implemented in

4.3BSD Tahoe)

1980 1985 1990 1995 2000 2010
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' LIA |[ OLIA [ BALIA || wVegas |

| Westwood | [ FAST | | Remy | | |
DEChbit [ Eifel |[ Veno |[ CompoundTCP |[ LEDBAT | [ PCC ][ Copa | [ Muses |
[ Tahoe |[ Reno |[ NewReno | [ BIC |[H-TCP || CUBIC | [Sprout][ Verus |[Indigo |[ PBR-CC |
1980s 1990s 2000s 2010s 2020s

HEITHIEX ( Congestion Control ) j&Ei#t

Delayed ACK | | SACK || FACK |

[ D-SACK |
1980s 1990s 2000s 2010s

iEiAtEl ( Acknowledgment Mechanism ) j&i#

2020s
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(Verizon LTE, one TCP download.)
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m EFIEEE 802.11iFAERIWiI-Fili R B RFHE

1999 2003 2013 (Wi-Fi 5) 2019 (Wi-Fi 6)
802.1Mbtr LR, T 802. MgtRELRM, T 802.11actrEwave 802. 1MaxtrAELR, TIEHER
TESER2.4G, AR TESMER2.4G, RAER WA, TESERSG, 2.4G#15G , X#FOFDMA,
T[4 11Mbps J1.54Mbps RAERTIA1.73G MU-MIMO, HA#&Z1]1%9.6G

q

D _DO© _D©

D
D O O

4

1997 1999 2009 (Wi-Fi 4) 2015 (Wi-Fi 5)
802. 1ML, T 801.MatrER®H, T 802.11ntr KA, T 802.11ackr A wave2
EIER2.4G, &RA&E EIERSG, mRAERK ESRER2.4GFN5G, % hRAR, THESEXTESG,
Z&2Mbps B]1£54Mbps FMIMO, FRFER XHMU-MIMO, &K
I:213£600Mbps R O3£3.47G
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Wi-FighiEfsts : FETSE "M F1 PR

SNERTHL « SMEBRIERS [RCRYTL ACK: #IARZ ( Acknowledgment )
kva - . =] /\.Y aw N s \ \
REBTIL « FETR—MEEPRIESIRR SRS Z ] IEEE - ?
802.11 9

IpERTFHL

- -

RERFIR

~
~
N
N
N
N
\
\
\

HUEMRIL - Data ™\

-
e

ACK: HRAIRSZ ( Acknowledgment )
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HT IEEE 802.11 medium access control (MAC) 1M

AN = S AN Y]

(IFS) HEEIRS : 1500 =15
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TCP ACK 5IANT "HIERFiI”

ACK: FAHRSZ ( Acknowledgment )

IEEE =
802.11 9

- ~~

RERFIR

BRI : Data

- |

Q “‘ ,',
© \ N /
) . WHMES : ACK

S~ oo -

FNERTHU

SR - SMERRIER S 2RI T
REFFIL : FEFR—N EEPRISIERSRIAR ZE
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> ACKREERGeiRA TS | AiaGESEIRAIIE

1.5 100

w0 e ACK path [ === Data path

a a

= 10 =

a 3 50-

& 5
0.5

§ 5 25 -

= = Eﬁiﬁlﬁiﬂ’\]ﬁﬂlﬁ?{:&ﬁiﬁéﬂj{>
"°Te1 81 41 21 11 "le1 81 41 21 11

# of data packets : ACKs # of data packets : ACKs
(a) BIARXXMEITE (b) #EIRNHEILE

IEEE 802.11n FT&iisiE EAYIAERTHUSEIR

*Data is collected by a UDP-based simulation tool Ackemu (https://github.com/fillthepipe/ackemu) 29



FATRR L ACKSRERRI A L

Byte-counting ACK

(L=23)

f: ACKIIER , BB\ 9Hz, i.e., BFVAIZAIACKEH
L: RE—1ACKZ BRI EER S AIEE

Periodic ACK

—
—

—
—
——  S—
—

MSS: EXIRNKE
bw: &

a: ACK&IXEHA






(AR TCPHITRANLEI SR IMEACKSRER

ACK%EEE : RFC 1122 & RFC 5681
bw j bw 1
ftcp_delayed — max I . MSS’ Cﬁ = max 2 - MSS 'S00
| |
: L-MSS _ L-MSS
if bw > if bw <
a a
(Byte-counting ACK) (Periodic ACK)
£ ACKIRE , BfiiHz, i.e., BRVARIEN - MSS: EAIRNKE
ACKZ18 « bw: FE
-+ L: RE—PACKZ BIKEIR SRR RIS E .« a: ACKKIX[EHR

&4t TCP BiMALEIHA S &R




FAiIa9B 3 : Tame ACK (TACK)

meClX ﬁ
L -MSS '’ RTT,,:,

| |
if bdp < L-[p-MSS if bdp = L-[p-MSS

(Byte-counting ACK) (Periodic ACK)

bw 1}

L-MSS =mm{

ftack — min{

BWnar! THAGHISARER o B: BRTT,, AR AIEHIACKEE
*  RTTpin : HEHS/INMERATZE *  bdp: HEAIER (bWnax XRTTimin)
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TACK fFIaI LA S E R ACKEYEH

25000 -
20000 - Af: fth — ftaCk
® RTT=10ms
150007 o RTT=80ms
100004 * RTT=200ms
50001 [ PHY rate increa ses>
0 - ﬁ-.J

| I I |
802.11b 802.11g 802.11n 802.11ac

(a) ACK frequency reduction

802.11b 802.11ac
e AR RS
10ms || 294 | 294 || 24777| 400
80ms | 294 50 [ 24777) 30
200 ms 294 20 247771 20

(b) ACK frequency (Hz)

IEEE 802.11 b/g/n/ac Fo&kikig FAIACKIEREE ST
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ERRT , TACKHLHRILAfSE

Improved Goodput (Mbps)

150
Goodputiacx — Goodputicp
® RTT=10ms
1007 ¢ RTT=80ms
%  RTT=200ms
50 -
0 -

I | | |
802.11b 802.11g 802.11n 802.11ac

(a) Goodput improvement

HERVRIACKER | sSEIERITERE

320
280+
Q. 240
= 200+
= 160
120
80
40

(

Goodpu

transport upper bound @
O = = = G = —:_—_
—r—r r

¢ Ideal Goodput

© UDP Baseline
- PHY Capacity

(b) Ideal goodput trend (rrr=80 ms, 1E€E 802.11n)

1 1 1 1 1 J
TCP TCP TCP TCP TCP TACK
L=1 L=2 L=4 L=8 L=16' L=2

B LR Eait AR ACKS B MZEIR NG
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EfFERT . RADACKRIZIE | IRETCPRITERE

P ACKREBARNE " , B8

/8_\ --- 1999, RFC 2525, Vern Paxson et.al

@]

Z

= POSitill‘;z;ﬁ Effect g‘ﬁ'ﬁﬂch Pﬂgiﬁﬁ-

2 w negarive ertect gy WG SRR SIS
=l

5 2I{EF ACK

o

.

R TCPRY R ACKRS AMSEEHAL
SERRIERE AR T4 RE R ACKSRYSERRTERE
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B F TACKRITHERIALE

B FSRRIACK

- BRTTACK, [ERY5|IN—FRRIAYACK , FRAIACK (“Instant ACK” ) , FBF M RPATES{4
- IACK 1 TACK 25%MY , IACKRIUEMATM , TACK{RIERIGHIE#EE

.AC K;E g ) Eg m«%g‘nm»
- WACKER FNESBFBITHER , TACKERSEZSHEYREIHNESEE
- EUCAEN G 28] , BEFZACKEER, BYE)EK. %’@ L EEREEFR

REPRIACKEE, (BIEFEERMTEER
- FrENXHY IACK RiaBIRIEM | FrLAZRYMEIIRACKE BESERE , al2EAT




B F TACKRITHERIALE

20 unskilled
workers push

Hurdle
Legacy TCP

1 skilled 1 skilled
worker pushes worker pulls
[ Y o
— Hurdle

TACK-based ACK Mechanism

IRITIRIE : KLb
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EFTACKAYINGE T
m Ea RS

- Packet number, TACK+IACK

m BIEEERRTeH

- One-way delay as auxiliary

. iy S
W RS HEIRYE
— Congestion control: Pacing
- Flow control: IACK

Bix: B MERE SIS
AIACKBYIAFR

[FIB : B/ DACKEHG | &=
igﬁ%tbﬁiﬁéﬁﬁiﬁﬁ N ESE
=E

BE . mXimika] > =i
Xz

%&f& P33 i 1
RiE =
s[67[a] %2 1]2]3]a] 2t
ﬂu
Ll ‘—[_]%W I
v AR
G -
FEiRS

R ATLASIERE X

Tong Li et al. TACK: Improving Wireless Transport Performance by Taming Acknowledgments.
ACM SIGCOMM, 2020.

P iEE
https://blog.csdn.net/sbmye/article/details/110175789



SR TACKIELZZ BRI LR 28 %R F

i
il

802.11b 802.11g 802.11n 802.11ac

AHIRIeg | 905% 05400 owave 998

Goodputimproved | 20.0%  263% 27.7%  28.1%
7EWLAN | TCP-TACK #8EK, TCP-BBR

6

HeFtHYR] A EE L)

oW,
.l
=

802.11 802.11 802.11 802.11
b g n ac
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Ranking (smaller is better)

Indigo
Verus -
Sprout -

TCP Vegas -
TCP-TACK -
PCC-Vivace -
Copa

TCP BBR -
PCC-Allegro -
QUIC CUBIC -

MEREHER ( 200 RHIZEURE )
(EHESRR : HMBEEAF MU L& https://pantheon.stanford.edu/summary)
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TAbsERE : EFTACKRIDNEEI—FillP-TACK

FillP-TACK QUIC-TACK

TCP-TACK TCP-TACK

BN BN

UDP UDP

2 ez

B RS

QUIC : Quick UDP Internet Connection

Z=Socket [

FillP-TACK

s
=
==

FilPSEIA
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SIGCOMM 2018

WEBARS | REAHEH SIGCOMM 2019 :
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REESIE EHERE, o EEAE AT
NSDI 2018 NSDI 2019 .
WHBAIAY © EETREAR B3 28 15 5 ST A 2 Keith NSDI 2020
HaRART R R Winsteinfg35S, BH#TLiT4] HENBATPCR AL R,

; MARMT. ERH AR BRAWHPKTR

o o ° ° o . o

2017.9 2018.1

50



%y Contact Shield
Fheims iRt P L

SIS —




L1 E5IRS ( Huawei Mobile Servie, HMS )

m HMS Core2#H1RiE=IRSE ( HUAWEI Mobile Services ) FFilaE & E
MASIMERSZIE , RANBHLZREEMRSIFES. FRT, 4K
Coreth A XLARSBIRE=IREES] , HFSZRSBHFE. SRS

NIFHERSE
TEARMRSS . HMS

—

HMS Apps REAFFARE TR
HUAWEI Apps BHERMUTmAE
3% Party Apps AppGallary | HUAWEI
video [
HMS C HUAWEI
o s A RS TR s
App Services  Media Graphics System Al Security  Smart Device SINASHI RS XZFEizeE5EE
HMS Framework
oS JEEF'

Chipsets&Hardware
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® Nearby Service: IEIEEiE(SIRSS
u Contact Shield: FirgmaiEitR2 1
m Offline Find Network: B E1XRI4E

Application

HMS Core API

HMS Core Cloud
Nearby Contact j Offline Find Service
Service Shield Network [

OpenHarmony AQOSP

Hardware




O Updates 1>

Pk iEft P+ Contact Shieldfl
= £ HHMS CorelRftALAEIFAFISTADRIRAY. EFBLEEM @ 404307410301 ~

EEE%EE*BE% Released today
\ NS N N New Contact Shield APIs t id
® L)J%j:)j }EEF' B:%\*Ajg EUTEE ! Tﬁ{ﬁlﬁﬁlﬂ}ﬁﬁmﬁﬁggﬁﬂjﬁg fu(:l\(/jvar:;ntae; caplsbiIitiesstoohzgvr;iiimise

the spread of COVID-19.

o LHFHRHFSHERE. ERFIAFEERREE
o ZEAH DN LAAESL P TAPIH & #aimes iR ERAI N A

UNINSTALL  IGNORE

B st =%
SR BMIE | Contact Tracing
HMS Core s s s - . :
nITERER Proximity Tracin
Nearby Contact Offline Find %ng IrERER y g
Service Shield Network [
o Google FEEEIEA Exposure Notification
OpenHarmony AON)
Huawei 223 Contact Shield

Hardware
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Shared Key

DSC

SD

AFANIEE CEERE | BAEER/AER 7IER

AT ERE  FERAFBIEIRSs# T ABARIE

iR

EERMEER, AT IRIPEPRRRFAERN—FMEN, ZEPEREH—R.

HEZH, FHMERHENTE. ARETHNANRSEMESE ( "&REBF" ) 52
COVID-19EERES, EEREBPIFINEHET, FAEETERETMAANIN
BBa HEEREA—ERMEERMESE, it HEREEREER M=,
HSHZHE (Dynamic Sharing Code, fE#RDSC) , MEHAMZEIRERI AT R
FANHZ, (EABEF BIRTEUERT &, HZ=BS109WMaEm—, BLE
BASHEREA 155,

iHENTCEUE (Supplementary Data, {&FRSD) , {RIFFSFARITTEURE, 1ZTcdUBSRAT

FEIMARAZEFFEHINZR (Tx_power) , LISLIIEFIGZARIEREITE. THIEXL
BISHHER R, EESHSHEZGER, BN T IHIERRE.
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@ B HEIRIDSC, RSSHFME
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@ BREGEE (PEAM)

FRIOEAT .
mENERAEN

Immuni (Italy)

Health Passport Scan (Ireland)

THE
POWER
ISIN
YOUR

HANDS

Help stop
the spread
and protect

lives

accenture | ._...:...,...

STOPP CORONA
APP

COVID-19 Digitale
Kontakeveriolgung it
die Kurve

Stop Corona (Austria)
| 2n@ap.  mwcsd

J

Koronavilkku kdytdssa

Sovelius todmii, vaddca suljet sen.

Ei havaittuja altistumisia

Et ole ollut tartunnasta ilmeittaneen °

henkilén lahells

Epailetko tartuntaa? ﬂ

Tee koronydrustaudn oireanio ‘
MRln soinlniidae

Cuonman taislbllnnnna

Koronavilkku (Finland)

18:08 all )

~© CORONA ®

WARN-APP

) Exposure Logging Active

Increased Risk

Exposures on 7 days with
increased risk

Most recently on 19 May 2022

Updated: Today, 14:53

Manage Your Tests

Find testing centers near you r
and register a test, so you can
warn others more quickly, or

to request your digital COVID
test certificate.

Corona Warn-App (Germany)
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Feel free to contact me

Email: tong.li@ruc.edu.cn




