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BT —AEZEQOEBMLZTONIL

| -y DV Wi

BT —A%HEERICERETH LHADLOICERET
BAELFERS
BTCPOEARLIERIITTRARY T TCP/IP |15 EI(Z

& C | ® www.geekpage,jp/blog/?id=2008/1/29
geekpage.Jp, g

TOP > J 04 » NEDETIHTCPIPICF AT

.7;(/5“)‘/7“TCP/|F))\FE]%E Leek&EN-L Joo ﬁfrww’ sHat

AEDETIITCP/IPICEAR
1. IHESL
TCRERY RO — FEEEMOTCPEY S5 > EBDAVNET, TCPCld, Ry FI—oht ﬁggo 16411

BHEZRSCEDLTLR L, EESNE/ Wy FEFRETHES'ENET. C0ED BEesS
BEWHENECE, REQA 27—y FRESOAFFEBCEXTVET.

EfFIC, REERICOVTHRERRLSVWEITSLNEEDEVWEIT oA AT -5
UFABLELET.

2. EHREEHHPHRERLETRASNS L

TCPTlZ., (EEMEEET 3/t Ack(Acknowledgement, JERIGEVEIEEL TT —Y0E
BELAFET. TCPOTYIIVARILTWEHE. AN ESESNRTEY.
DEHEN IR ENMEEDRR TE S EE -2 TEBETRENEEA.

BEERICBNTS, TOENEERTIENERETT. A IREEFFHoTE. £
<IREF LBVMEFEOEEBHRERERE LV EINERA.

FreeBit Co., Ltd. 3 ¥ Geek#ER—L: http://www.geekpage.jp/blog/?id=2008/1/29



TCPEREE I 1H O freebit

BT —RE X EZ L CERERZ MR ST
BTCPEREF| MDA
] %1%15“ 'Cgrﬁu fﬁﬂ—;- %)7'3— :T:t ECN(Explicit Congestion Notification)& &
= Host Only (Senderx"—X) =) ‘
ENW{E CECNZF AL CTEEEMEHSHIAN ‘
= Host + Router(ECN)E#

c FURIT—ODBEEIUR/—FITRASIEEA
- BAFYEDNITLVEL,
- EEM?

XECNDHAHRYRT—Y
TE@FE (CRIAVATLIERE)
JANOG LT Night #1 2015488

Host Only Reno, Vegas, NewReno, E{EfI(H—/\—)DEED

(SenderrX—X) Westwood, CUBIC, ... &+ TxF it Al BE

Host + Routers&E# ECN, CoDel(with ECN), NW(L—%—), RRANE A
XCP, DCTCP DXt DL E

2 Wikipedia: TCP congestion control
https://en.wikipedia.org/wiki/TCP_congestion_control

FreeBit Co., Ltd. 4



TCPEREEHIM T LT X LDTELE e
BN G HRERFIE 7 LTV X L

(New)Reno 19904 ~ Loss FreeBSD
(19964 ~)
Vegas 19944 ~ Delay
Westwood 2001 ~ Hybrid
(Loss/Delay)
CUBIC 20054 ~ Loss Linux (2.6.19 L1k)
Windows 10
Mac OS X
WS ENERE R
Ml ossN—X
WNryhORZEBIL, OZANEZNFEENRELEERGLTEEEZMNASAR
EDelay"—X

INTYRDRTTZEAIL., EIEEZHIET HAK

FreeBit Co., Ltd. 5
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BHT=-5LWEEEFRIE 7 LT X L

L

YeAH 20074 Hybrid University of Roma
Remy 20134 Computer-generated? MIT
TIMELY 20154 RTT(Delay) Google

Congestion-based Google

w7 EERE R
HLossN—X
NryrORZERIL, OXRNMEINILTEELNFRAELI-ERLGLTEEEZNZSAK
EDelay"—X
INTYRDRTTZEAIL RTTABZ - oiRER BB CH o= HIBL TEEEZINZ AR

FreeBit Co., Ltd. 6
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BBBR Congestion Control
BMBBR = Bottleneck Bandwidth & Round-trip propagation time (BtIBw & RTprop)
BGoogleNFF. IETFO7THNSICCRGANIRESN TLAEREF|EH 7L X L
mLinux kernel v4.9M 5 h—RILAT— 3N T (20165128 —XR)
BGoogleldH—E X TELVEDH TSR
Hinternal WANs(B4), Google.com, YouTube
BENETFLIXAFreeBSDAA 2T .. (GoogleTL £ &Y)
BQUICHEEEEFIE 7 LT X LIZELBBRMNREHIND T E

Implementation and deployment status

BBR Congestion Control o Llinuxv49TCP

o  Acongestion control module with dual GPL/BSD licence
> Requires fg/pacing qdisc (BBR needs pacing support)
> Employed for vast majority of traffic for Google's WAN.
©  Being deployed on Google.com and YouTube
QUIC implementation under way
o Production experiments have started
> {vasilvv,ianswett,jri}@google.com

Neal Cardwell, Yuchung Cheng, .

C. Stephen Gunn, Soheil Hassas Yeganeh,

Van Jacobson e FreeBSD implementation under way

o rrs@netflix.com

Google

IETF 97: Seoul, Nov 2016

% IETF97 ICCRG Presentation Slides

FreeBit Co., Ltd. 7



Open Networking Summit 2017 (Apr, 2017 @Santa Clara) Ofreebit

BKeynote: Networking Challenges for the Next Decade - Google Cloud

Google Cloud

Open Source

Networking Challenges
for the Next Decade

AAAAAA
AAAAAA

APRIL 4,2017

Next Decade

Challenges in Networking Open Source

i “ ~
The next wave of computing p
*  Serverless compute in Cloud 3.0 a D E _‘
* loT ; 4 | TCP Open
*  Tightly coupled, general purpose " - = BBR Config
distributed computing o 3 - 4

It's time to put it all together

*  Agile Scale %
e Jitter 1 ‘fl] = |'|
* Isolati { “

solation . x ; lll'/ T
*  Performance is great, but only L Pl

meaningful with availability,
manageability, and velocity

FreeBit Co., Ltd. 8 3% ONS2017
https://ons2017.sched.com/
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BBR state transition diagram

!

STARTUP

1

DRAIN

!

N PROBE_RTT

BBR FAQ

Is BBR fair to Cubic/Reno?

Buffer >= 1.5*BDP: Yes; Else: WIP

Is BBR 1/sqrt(p)? No

Is BBR {delay|loss|ECN]AIMD}-based?

No. It is congestion-based

Is BBR ack-clocked? No

Does BBR require pacing? Yes

Does BBR require an FQ scheduler? No, but it helps
Does BBR require receiver or network changes No

Does BBR improve latency on short flows? Yes

STARTUP: exponential BW search

Delivery Rate

Delivery Rate

O freebit

wBH. XAT =4

DRAIN: drain the queue created during startup

———a

PROBE_BW: explore max BW, drain queue, cruise

Amount Inflight

Delivery Rate

Bytes

" BBR:

Delivery Rate

Amount Inflight

PROBE_RTT drains queue to refresh min_RTT

| Minimize packets in flight for max(0.2s, 1 round trip)
| after actively sending for 10s. Key for faimess among
multiple BBR flows.

Amount Inflight

life of a typical bulk flow

PROBE | -
BW

PROBE | -
BW =~

oM STARTUP

= 300
PROBE |~
BW.
PROBE | 200 \

Bw_{
DRAIN | 100 LLA—A—A—LA—A—A—A—A—AL—Z =

Amount Inflight

PROBERTT

bw =100 Mbit/sec
rtt=100ms
buffer =10 BDP

RTT (ms) vs time

28 om

Time (sec)

Time (sec)

T

2 3 4 3 6 7

8 H 10 1

FreeBit Co., Ltd.

X IETF87 ICCRG Presentation :
https://www.ietf.org/proceedings/97/slides/slides-97-iccrg-bbr-congestion-control-02. pdf
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O freebit

TAMRIE (BRLITIERBENWIRIEZEE)

miE R X ELinux tcE%E
R o BN ORBESELHHTE
BBR HTTPH—/\— CUBIC HTTPH—/\— . :
(Linux 411.2 BBR, Nginx) _ (Linux 4.4 CUBIC, Ngin) # tc qdisc add dev <ifname> root netem delay 200ms
WEEZRASEDHRTE

U5 IRRE
(R—952%) | — # tc qdisc add dev <ifname> root netem loss 20%
(S — — —

T

NWIRE

RTT 3ms

BW 100Mbps
Linux PC

(Linux tcTiEEE, /Ny bAORFEA)

HTTPOSA4 72k
(Linux 4.4, curl)

FreeBit Co., Ltd. 11



RIL—TyRNEIE

m/\/7ybARRIE T TOHRITE

W{cE% F T0%, 5%,10%, 20%, 40%_ &) Packet Loss Rate T

EBBR, CUBIC 3[a]51;HI

Average Throughput (Mbps)

Throughput / Packet Loss Rate

o
o
o
o
o
o
g
v
H
| B
0 5 10 15 20 25 30 35

Packet Loss Rate (%)

Sme o

® BBR
ECUBIC

O freebit

wBH. XAT =4

FreeBit Co., Ltd.
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B/ \yhORBETTOAIE
W{cE% F T0%, 5%,10%, 20%, 40%_ &) Packet Loss Rate T
EBBR, CUBIC 3[a]&t;Al

Throughput / Packet Loss Rate W |ETF97 Google BBRLR—hTOEH iR
90.0 |
7 80.0 l Fully use bandwidth, despite high loss
Q
2 70.0
é : 100 . - ——EBR
*g‘_ 60.0 ® °
Z*;;, 50.0 ® - 1
o ® g
E 40.0 ® BBR _—::50‘
o 30.0 ECUBIC %;
§ 20.0 5 £
= e
< 10.0 N ° |
0.0 O B & 5 5 5 - % & o 2RR898
0O 5 10 15 20 25 30 35 40 ° Loss Rt () - Log Scae
Packet Loss Rate (%) BBER vs CUBIC: synthetic bulk TCP test with 1 flow, bottleneck_bw 100Mbps, RTT 100ms

FreeBit Co., Ltd. 13
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S LATUVIRET CTOHEIE
mtc:% %E T none(3ms), 50, 100, 200msZEDRTTT
EBBR, CUBIC 3[EI &

Throughput / Delay

90.0

80.0 I

70.0
m
Iy a
s 60.0 e
H
=50.0
(@]
S BBR
£ 40.0 L 5 o
© m ECUBIC
(@]
@ |
5 30.0
I
20.0 I :
10.0
|
m
0.0
0 20 40 60 80 100 120 140 160 180 200
RTT (msec)

FreeBit Co., Ltd. 14
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pingd B &lNZv—A 1EIRTH—E X @kooshinEA < freetlt

P

pinggd & [[Cy—Al ZIRITH—EX,
S 2 )L—F 5 [ping ping.kooshin.net
repeat 14001 TOK

e sequence t abort.
400, 100-byte IOMP Echos to
TITTRRITIT000L1Y 11111111

TTUTEEREREL TIRERE

LRI VT TTTTTERRRR
TTTTTTTTIRRRERE:

i 11

T10111 11188038011 1I8882281238

UITTTUUUUUDRDU Y ]

https://twitter.com/kooshin/status/900923276049891328

FreeBit Co., Ltd.




m/\45ykAXR 20%, RTT 200msec IRiE

R|/EE F|]FNV) MMUFIW) AILT(H)

T74 JUF)

Router#

[—]
[ —]
-
—
——
©
-4
=2
a
—
-
@«
=
=
¥ =
I
o
o
-
oo
=
o
=
=
oo
[—
(=18
=
[
@
—-——
=
[=]
oo

https://twitter.com/kooshin/status/900923276049891328

Type escape sequence to abort.

FreeBit Co., Ltd.
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B/ N\ ykOXR 20%, RTT 200msec IRiE
BRIMBDEE I7AILEHTTPA o O—K

TCP BBR TCP CUBIC

& C @ D) QW » = X | ® 202

BS99 O0—KRZETET
#1150 #3400%) ~ timeout

FreeBit Co., Ltd. 18
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TCP BBR RZE -FIAAE e
mLinux kernel®E#H (BBRYR—K & Linux kernel v4.9L1 k)

¥ Ubuntuig &
http://kernel.ubuntu.com/~kernel-ppa/mainline/ MS&REFHA—RILESE D O—K

# Is
linux-headers-4.13.7-041307-generic_4.13.7-041307.201710141430_amd64.deb

linux-image-4.13.7-041307-generic_4.13.7-041307.201710141430_amd64.deb
linux-headers-4.13.7-041307_4.13.7-041307.201710141430 _all.deb

# dpkg -i *.deb
# reboot

Wsysctl CH| AR RE/EgEE R 7 )L X AIZBBRAVGEMEN TULND L& FER

$ sysctl net.ipv4.tcp_available_congestion_control
net.ipv4.tcp_available congestion_control = bbr cubic reno

BTCPBBROAMIEE. Fa—A2 T F7ITYXLEF fQIEE

# vi letc/sysctl.conf

net.ipv4.tcp_congestion_control = bbr
net.core.default_qdisc = fq

FreeBit Co., Ltd. 19
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miEEa<T R

# sysctl net.ipv4.tcp_congestion_control
net.ipv4.tcp_congestion_control = bbr

# tc qdisc
gdisc noqueue 0: dev lo root refcnt 2
gdisc mqg O: dev ethO root

gdisc fg O: dev ethO parent :1 limit 20000p flow_limit 200p buckets 1024 orphan_mask 1023 quantum 3028
initial_quantum 15140 refill_delay 40.0ms

#ss --tcp -i

State Recv-Q Send-Q Local Address:Port Peer Address:Port
ESTAB 0 132 10.246.68.4:ssh 10.1.0.1:63134
bbr wscale:8,7 rto:240 rtt:38.647/13.194 ato:40 mss:1460 cwnd:147 bytes acked:17717

byteC..received:7395 segs_out:325 segs_in:391 send 44.4Mbps lastrcv:4 lastack:4 pacing_rate 107.0Mbps
unacked.2.rcv_space:29200

[ S—

FreeBit Co., Ltd. 20
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T AMRERE (QoSIRIR)

Wi kX

BBR HTTPH—/\—
(Linux 4.11.2 BBR, Nginx)

93RRI
(R—9352%)

=

=

NWIRLE
RTT 3ms
BW 100Mbps

- Cisco Router
(QOSE&RTE)

== =V HTTPOSAT7>k

(curl)

CUBIC HTTPH—/\—
(Linux 4.4 CUBIC, Nginx)

O freebit

wBH. XAT =4

BCisco QoS TE

BRI TERE
(CIR 2Mbps, exceed-action drop)
|

policy-map class-based-policing
class class-default
police 200000 conform-action transmit exceed-action
drop violate-action drop
|
interface GigabitEthernet0/0/0
ip address 10.0.0.1 255.255.255.0

service-policy output class-based-policing
!

B T—EVTERTE
(CIR 2Mbps, target shape rate 4Mbps)
|

policy-map class-based-shaping
class class-default
shape peak 2000000
!
interface GigabitEthernet0/0/0
ip address 10.0.0.1 255.255.255.0

service-policy output class-based-shaping
!

FreeBit Co., Ltd.
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B HE (7RSS CIR 2Mbps)
mpolicer CIR 2Mbps, exceed-action drop (Cisco ASR QoS#égE% {3 )
mEHHIARE
WBBR *4
ECUBIC *4
EBBR *2 + CUBIC *2

EBBR *4 ECUBIC *4 EBBR *2, CUBIC *2

o
w0
=
w0

o
co
=
co

o
-.‘J
o
-..J
|

o
o

=]
o
|

o
)
|

©
en
|

]
.
|

=]
=
|

o
e
|

=]
3%
|

Average Throughput (Mpbs

=
[

Average Throughput (Mpbs

o
M
|

]
—
|
=]
—

[t
o

=

o

BBR BBR BBR BBR CUBIC CUBIC CUBIC CUBIC BBR BBR CUBICCUB|C|
BBR x4 CUBIC x4 BBR x2, CUBIC x2 |

FreeBit Co., Ltd. 23
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B HE (7RSS CIR 2Mbps)
mpolicer CIR 2Mbps, exceed-action drop (Cisco ASR QoS#&EEZ )
R Rl ES
EBBR *2 + CUBIC *2

PR REE 'RV UFOW)  ALTH)
ishizaki@telemetry: ~ ishizaki@telemetry: ™ ishizaki@telemetry: ™ ishizaki@telemetry:

ishizaki@telemetry:™S curl http://bbr/100MB > /dev/null =
% Total % Received % Xferd Average Speed Time Time Time Current WBBR *2, CUBIC *2

Dioad Upload Total Spent Left Speed 09
65 97.6M 65 63. 5M 0 0 98575 0 0:17:18 0:11:15 0:06:03 122k
0.8
ishizakiGtelemetry: S curl http://bbr/100MB > /dev/null — 0.7 |—

% Total % Received % Xferd Average Speed Time Time Time Current
Dload Upload Total Spent Left Speed
65 97.6M 65 64. 4M 0 0 99858 0 0:17:05 0:11:16 0:05:49 99457

=
o
|

o
en
|

=)
=
|

ishizaki@telemetry:™$ curl http://cubic/100MB > /dev/nul| e
% Total % Received % Xferd Average Speed Time Time Time Current
Dload Upload Total Spent Left Speed
11 97.6M 11 11. 3M 0 0 17530 0 1:37:21 0:11:17 1:26:04 11645

=
e
|

Average Throughput (Mpbs

02 —
ishizaki@telemetry: § curl http://cubic/100MB > /dev/null = 01 7 B
% Total % Received % Xferd Average Speed Time Time Time Current
Dload Upload Total Spent  Left Speed 0.0 |
12 97.6M 12 12. 1M 0 0 18768 0 1:30:56 0:11:18 1:19:38 328 BBR BBR CUBIC CUBIC
> BBR x2, CUBIC x2 |

FreeBit Co., Ltd. 24
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B HIE (S z—E >4 CIR 2Mbps)
Emshape CIR 2Mbps, target shape rate 4Mbps (Cisco ASR QoS#&sEZ{E )
mEHHIARE
WBBR *4
ECUBIC *4
EBBR *2 + CUBIC *2

EBBR *4 ECUBIC *4 EmBBR *2, CUBIC *2
14 1.4
1.2 12
2 a
10 (—
2 s
5 5
Bos | Bos —
(=} (=]
g g
£06 [— £06 (— -
18] 48]
g 5
S04 T 04 — —
= =
<L <
02 |- 02 — -
0.0 0.0
BBR BBR BBR BBR CUBICCUBICCUBICCUBIC BBR BBR CUBICCUBIC
BBR x4 CUBIC x4 BBR x2, CUBIC x2 |

FreeBit Co., Ltd. 25
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g ElE (S —E>% CIR 2Mbps)
Bmshape CIR 2Mbps, target shape rate 4Mbps (Cisco ASR QoSHgEZ{E )
mEHAAA
EMBBR *2 + CUBIC *2

T |EE F|TENV 214VE2W) ALT(H)
OH QA NBYE | xmamaDnE |00

ishizaki@telemetry: ~ ishizaki@telemetry: ~ ishizaki@telemetry: ~ ishizaki@telemetry: ™
ishizaki@telemetry:™$ curl http://bbr/100MB > /dev/nul| =
% Total % Received % Xferd Average Speed Time Time Time Current WBBR *2, CUBIC *2
Dload Upload Total Spent  Left Speed 1.4

70 97.6M 70 68.5M O 0 141k 0 0:11:46 0:08:16 0:03:30 122k
1.2

ishizaki@telemetry:™$ curl http://bbr/100MB > /dev/null =t

% Total % Received % Xferd Average Speed Time Time Time Current
Dload Upload Total Spent Left Speed

72 97.6M 72 70.8M 0 0 146k 0 0:11:20 0:08:13 0:03:07 127k

A
]
=
5
208 (—
(=]
-
ishizaki@telemetry:~$ curl http://cubic/100MB > /dev/null —  F06 — —
% Total % Received % Xferd Average Speed Time  Time Time Current g
Dload Upload Total Spent Left Speed 504 | |
44 97.6M 44 43.0M O 0 90831 0 0:18:47 0:08:17 0:10:30 101k z
- il ¥ 02 — |
ishizaki@telemetry: S curl http://cubic/100MB > /dev/null =
% Total % Received % Xferd S\IlergueUS;l)eeg }iTel gimet Iitﬁ gurrgnt 00
0a ploa ota pen 2 pee :
41 97.6M 41 40.2M O 0 85272 0 0:20:00 0:08:14 0:11:46 108k BBR BBR CUB'CCUB'C|

BBR x2, CUBIC x2 |

FreeBit Co., Ltd. 26
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B HIE (S z—E >4 CIR 2Mbps)

Emshape CIR 2Mbps, target shape rate 4Mbps (Cisco ASR QoS#gE% & )
CHREISES

EBBR *4 + CUBIC *4

©c o o
N o © o

o
o

Average Throughput (Mbps)
o o o o o
O S N NS

o
o

" FCDORI T4V IEE

EBBR *4, CUBIC *4

BBR BBR BBR BBR CUBIC

BBR x4, CUBIC x4

CuBIC

CuBIC

CUBIC |

O freebit

wBH. XAT =4

FreeBit Co., Ltd.

27



iR EHIRIE T TN I v EE Ofreebit

mEigElE (S —E>% CIR 2Mbps)
Emshape CIR 2Mbps, target shape rate 4Mbps (Cisco ASR QoS#gE% & )
mEHAAS
EBBR *4 + Reno *4

EBBR *4, Reno *4

1.0
0.9
0.8
A
0.7
=3
5 0.6
o
e
305
£
o 0.4
o
@
g 0.3
0.2
0.0
Reno Reno Reno Reno
BBR x4 + Reno x4
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HMIEEE 25" International Conference on Network Protocols (ICNP) 2017 @Toronto
BEXxperimental evaluation of BBR Congestion Control - KIT

ﬂ(IT -‘/ELEMATIG,

Im —
Karlsruhe Institute of Technology Lt

Experimental Evaluation of  NET
BBR Congestion Control 000y
Mario Hock, Roland Bless, Martina Zitterbart
Published at IEE
g 2 BBR vs. 2 CUBIC Flows SKIT
§ ® Model mismatch: multiple BBR flows behar “(IT
B} i A\
= ® Loss-based congestion control flows get s¢ Summary =\l i
— 1.6G, . : . ‘ . : ;
— - — @ BBR: model-based congestion control
S = 146G Total CUBIC 1+2 ® Works well if no congestion present (e.g., single flow at the bottleneck)
"KITrTheResearmUnive E 1.26’ - BBR 1 - BBR 2
= 1G et ® Multiple flows: BBR steadily increases the amount of inflight data
. 800M B Large buffers: BBR operates at inflight cap, RTT unfairness
'gjsoorw ® Small buffers: high amount of packet losses
O 400M
Sooom  [EUPRLCLLLT ® No consistent fairness behavior
. W . ‘ e ® Unfairness to flows with loss-based congestion control, e.g., CUBIC
0 120 200 .. 300 ® BBRis already in use: but probably application-limited
Time gy :
Start 2nd BBR flow Start 2nd CUBIC flow ® BBR is still under development
15 IETF 100 - ICCRG, Singapore
) 18 IETF 100 - ICCRG, Singapore i_jaz”m’\?, Institute of Eg\er;;‘?'(‘mksﬂ(;hrlﬂ),
FreeBit Co., Ltd. i ey

% http://iqua.ece.toronto.edu/icnpl7/
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BENETDEV 2.2 @Seoul, Korea — Nov, 2017
B Analysis and Evaluation of TCP Congestion Algorithms - Lawrence Brakmo

Netconf

Netdev 2.2 venue

Seoul, Korea

Previous edition

Twitter

Tweets

NE, netdevconf
s

Thank you to @NIPAkr

Back-to-back with NETCONF
(November 6-7, 2017)

{devi®

Session

NETDEV

2.2

on Linus stioridng

Analysis and Evaluation of TCP Congestion

Algorithms

Speaker
Lawrence Brakmo

Session Type
Talk

Contents

Description

As the number of TCP|
to increase, it is impol
of their strengths and
demonstrated its abili
throughput under ma
massive retransmissio|

The Tzsunlsal Cunfsranss

HOME NEWS REGISTRATION TRAVELGHOTEL SESSIONS SCHEDULE PARTICIPATE SPONSORS ABOUT US

Recent News

New Sil

[Novs e'nt:er 7

O freebit

mA. XBT 354

STREAMING GOODPUT

25K

Streaming Goodput and Retransmissions

+*

1s3c01i.rs

1s3c02irs

153c0eirs
Test

1s3c08irs

Congestion Algorithm
- cubic
— bbr

FreeBit Co., Ltd.

X ﬁ’t?ps

[0G-10MS RESULTS

No CA is perfect

Yeah suffers against Cubic

BBR and BIC hurt Cubic

BBR is good at using available bandwidth
BBR does well when it is the only flow
BBR hurts itself

BBR has a lot of retransmissions

/limww.netdevconf.org/2.2/session.html?brakmo-tcpcongestionanalysis-talk
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BGoogle Groups - BBR Development

O freebit

wBH. XAT =4

B} (52) BBR Developmer

x

piitaka] -

& (= | & (RESNEE | httpsy/groups.google.com/forum/#!forum/bbr-dev
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BER Congestion Control Development

BBR is a new congestion contral algarithm developed at Google.

20~

A2 — - COTA—FLICNT @

s There is a blog post on the launch of BER for Google.com, YouTube, and Google Cloud Platiorm
» There is a paper describing EBR in the February 2017 issue of CACM (the same content is in the ACM Queue BEBR article from Oct 2016).
« There are Internet Drafts specifying the EER algaorithm and the delivery rate estimation algorithm used by BER.

« BER is available for Linux TCP in Linux v4.9 (main commit).
BER is also available for QUIC: cc| .h

There is a quick start guide available for the Linux TCP BER implementation.
[YouTube] [slides] for a BBR talk at the Linux netdev 1.2 conference (Oct 2018)
S IS - PR [YouTube] (BER starts at 57:35) [slides] for a BBR talk in the ICCRG session at IETF 97 (Nov 2016)
[YouTube] (BBR starts at 1:35:40) [slides] for a BER talk at the ICCRG session at IETF 98 (Mar 2017)
[YouTube] (BER starts at 23:26) [slides] for a BBR talk at the ICCRG session at IETF 99 (Jul 2017)

s [YouTube] (BER starts at 44:00) [slides] for a BER talk at the ICCRG session at IETF 100 (Mov 2017)

[ BBR v2 talk at ICCRG session at IETF 100 (1)

F BBR for IDC Environment

[ Questions, issues and feedback arising from an implementation (2}

F implementing EBR 1.0 on top of UDP

2 How does one BBR connection's PROBE_RTT mode expires other BBR's RTprop estimation?  (4)
2 Doubt in TCP-BER, Pacing and RTO

I Evaluation of BER congestion control

[Videno] (talk starts at 55:10) [slides] for a talk covering policers and BBR's handling of policers, in the MAPRG session at IETF 97 (Nov 2016)
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HIETF 100 ICCRG
HA quick BBR update: BBR in shallow buffers - Google

BBR Congestion Control:

IETF 100 Update: BBR in shallow buffers

reeeaanee BBR v2.0: changes related to shallow buffers

C. Stephen Gunn, Soheil Hassa

lan Swett, Jana lyengar, Victd - Goal: reduce queuing delay & packet loss, allow loss-based CC to maintain higher rates
- Generalized and simplified the long-term bandwidth estimator

- Previously only targeted at policers

- Now applied from start of any fast recovery until next bandwidth probe phase

- Estimates long_term_bw = windowed average bandwidth over last 2-3 round trips
- New algorithm parameters to adant ta shallow b

IETF 100: Singapore, Nov 13, 2017 g ) V;ﬁ:eif":a‘g:lt BBR in shallow buffers: before (v1.0) and after (v2.0)

- New "full pipe+buffer’

Van Jacobson

https://aroups.goodgle.com/d/fo

- Triggers if loss rats
- Upon "full plPe+buf Throughput (Mbps) Retransmit Rate (%)
Set estimate - 2000%
Multiplicative
Before re-pro| 1500%
20
- WIP: further work und
10.00%
10
5.00%
0 0.00%
- CUBIC BBRV1.0 BBR 2.0 CUBIC BBR v1.0 BBR v2.0
e 88.9 93.5 89.9 0.3% 15% 1.4%
t=20-60s: 90.4 93.8 92.0 0.06% 14% 1.3%
60-sec bulk TCP netperf, 6 flows (t=0,2,4,6,8,10), bw = 100Mbps, RTT 100ms, buffer = 5% of BDP (41 packets) 10
.
FreeBit Co., Ltd. 32 % IETF100 Singapore Nov,2017

ICCRGhttps://datatracker.ietf.org/meeting/100/session/iccrg
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