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APNIC brOGRAM COMMITTEE
PC Chairs

o Mark Duffell - Telstra
¢ Mark Tinka - SAFNOG
 Vincent "Achie" Atienza - Globe

Committee

* Amante Alvaran - Google

¢ Dave Phelan - APNIC

¢ Dhruv Dhody - Huawei

« Fakrul Alam - Cloudflare

¢ Fraser McGlinn - RISE

¢ GZ Kabir - BDCOM

« Jose Dante Santiago - University of Guam/MARIIX
¢ Kabindra Shrestha - PCH

o Kevin Meynell

* Mawatari Masataka - JPIX

¢ Ooi Cong Jen - MyNOG

¢ Paresh Khatri - Nokia

 Patrick Okui - Workonline

* Philip Paeps - Alternative Enterprises
* René Fichtmdiller - FlexOptix
 Shaila Sharmin - Prime Bank Ltd.

¢ Sheryl Hermoso - APNIC

 Shishio Tsuchiya - Arista

* Srimal Rajapaksha - Vuba Technologies Ltd
¢ Tashi Phuntsho - btNOG

 Ulsbold Enkhtaivan - Mobicom

Thank you to all the attendees, sponsors, and everyone else who contribu
to APRICOT 2024.

View Program
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CBWFQ(Class—Based Weighted Fair Queueing)

https://www.cisco.com/en/US/docs/ios/12 0t/12 0t5/feature/guide/cbwfg.html#twp17641
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20004F LLHI @ Queueing— Link Fragmentation Interleaving

https://www.cisco.com/c/en/us/support/docs/voice/voice—quality/7111-voip—mlppp.htm|?dtid=osscdc000283#link frag
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Frame Relay Congestion Notification
https://en.wikipedia.org/wiki/Frame Relay

FECN
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— congestion!

BECN

c JL—L)L—H—ERIFEEEHMDAD=_XLFFHF-LTLV:

« FECN(Forward Explicit Congestion Notification) &BECN(Backward
Explicit Congestion Notification)[&~y+cJ—2o DEREEFEENZ A
BIZTTHELHEKS
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LLQ(Low Latency Queueing)

https://www.cisco.com/c/en/us/td/docs/ios—xml/ios/qos conmgt/configuration/xe—16-12/qos—conmgt—xe—16-12—

book/gos—conmgt—llg—pps.html
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Head—of-line blocking/HOL

https://en.wikipedia.org/wiki/Head—of-line_blocking
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RFC4594 Guidelines for DiffServ Service
H—ERDISR4 r209 %5 (iR
Ox EHE IyRA—
Network Control/vk BRRIGEHAZXDINTIR, LY &L =4
J—2 1 (FEAEIFINSNVHA X
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9+ AEHA XD/ My 52 | BL ELY (EY{A
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MEERGE, OXIZx0G
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RFC4594 Guidelines for DiffServ Service Classes
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Service Provider Network Configuration Example 1

| Service | DSCP | Conditioning at | PHB | | |
| Class | | DS Edge | Used | Queuing| AQM|
| ===============4=======4===================4==—=======4=—======={——==|
|[Network Control] CSo6 | See Section 3.1 | RFC2474 | Rate | Yes|
| ———— - e Fom e fomm fomm - +-———|
| Telephony | EF |Police using sr+bs | RFC3246 |Priority]| No |
| ———— - e Fom e fomm fomm - +-———|
| Signaling | CS5 |Police using sr+bs | REFC2474 | Rate | No |
| ———— - e Fom e fomm fomm - +-———|
| Low-— | AF21 | Using single-rate, | | | Yes|
| Latency | AF22 | three-color marker | RFC2597 | Rate | per|
| Data | AF23 | (such as RFC 2697) | | | DSCP |
| ———— - e Fom e fomm fomm - +-———|
| OAM | CS2 |Police using sr+bs | REFC2474 | Rate | Yes|
| ———— - e Fom e fomm fomm - +-———|
| Standard |DF (CS0) | Not applicable | RFC2474 | Rate | Yes|
| | +other| | | | |

« T ILDQoSEETEHIFIR T

23 Public. Copyright © Arista 2023. All rights reserved.




AQM/Active Queue Management RED

https://en.wikipedia.org/wiki/Random early detection

RANDOM EARLY DETECTION

Incoming
packet Avr = average queue length .
5 mmesprassmessy © RED(Random Early Detection)
I gﬁfé(bueue?* DAVNF
compute average /

queue length

ﬁ -)b—’;‘l’G‘lzt/%' % R]BEZL R

MinThres<Avr<MaxThres  Avr>MaxThres l:) 5%] &) J‘A ﬂ S I\T B *l' b\ O T‘
N ) LIETTL

dropping probabilty * REDTIXQueue® Eé%%*ﬁ L.
é FEEICEDVTEELLL

else high probability 7 #/7 -d— é

a N
Enqueue Drop
packet packet

C -

O
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https://en.wikipedia.org/wiki/Random_early_detection
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64512 64513 64514 64515 64516 64517

: ?E?P’&ﬁof:%—ﬁxlr—)bv‘-“—’slty'st—v‘-“*f»r*/(iinformational RFCELTRFC7938T20164E 124y
It

« ZBLDT—HEUEA—TIIRIGEY—ERZREHBLTS
o T—AREUI—RALYFTQoSEERTELTEHAMN? >THKE. [FEAEDT—AT/—EZFEZBNS
« CNIFEETIEHSEN. QoSEF->TULVELVD IFTIEAELIET
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for an interface : ! Traffic Classes 1 to I((Jgeues I COS/DSCP :
! Use ACLs to . : . (kbps) Perform per !
Police Traffic on ass(i)grnCE§CP Defl Efal-;afﬁc Traffi?;cehue?juling Shape Traffic on
Ingress Interface values to to Queue Map* - Strict Priority & Egress Interface
Packets Weighted Round

Robin (%)
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Virtual Output Queuing&EEIIT—T/\w I 7—
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NETWORK 1/0 IS KEY FOR RECOMMENDATION WORKLOADS

Time Spent in Networking

57.24%

' 2FYZ ORI GPUIL
HLAIEE LWL B> TA

oz

Ranking requires high injection & bisection bandwidth

Infrastructure for Large Scale Al: "Empowering Open” Alexis Bjorlin (Meta)

https://www.youtube.com/watch?v=miv5PExXTmc
https://drive.google.com/file/d/1ggjo-5JtYAcRIK LWYuQFH-b9MoFOP02/view?usp=sharing
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RDMA

TCP Traffic
CPU Involved

o
NIC

e LT TN

RMDA Traffic
CPU NOT Involved

NIC

-

b
1
1
1
1
1
1
1
1
1
1
1
1

o
NIC

- RDMATIXCPUZNT BT YT —0@E
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RoCEv2

RoCE Frame

Eth L2 g

IB GRH+
(L4 Header)

IB Payload

iCRC FCS

RoCEv2 Frame

Protocol #

Ethertype

UDP Header

D Port #

IB GRH+
(L4 Header)

IB Payload

iCRC

Eth L2
IP Header
'

o IPAYA —FEDETIL—T 429 A[EE
« UDPAYA —[ZKYECMPELAT KT S
* RoCEV2D T 7 AAIZIZPFCELECNANHE
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PFC

Destination MAC | 01:80:02:00:00:01 |
Source MAC | Station MAC |
Ethertype o 0x8808 |
OpCode o 0x0101 |
Class Enable V T_____5;56_;;_TTT;5_____T - Class-enable vector, 8 bits for each class
Time Class 0 | 0x0000 |
Time Class 1 | 0x0000 |
Time Class 7 | 0x0000 |

RHIEDAD=X Ls

- PFCIZIEEE 802.1Qbb CEHE N1t
« DSREOT7O—HIEHEIT
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BIRA U~

Spine Layer

Bt
Bl

Al Spine Al Spine

Leaf Layer
1

Al Leaf Al Leaf Al Leaf Al Leaf

GPU GPU GPU GPU

If Uplinks from Leaf to Spine
GPU are oversubscribed there GPU GPU GPU
GPU GPU GPU GPU

could be congestion, many to
one

A Congestion point
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Vg ok
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DFOIOE—MNDENEET/\Y
T7DEWVWRAYF[EQueuehHY; iUimiﬁ
MIBES

QR—XIL—LD KM

~  Leaf®@SpinelZ@ M/ NI 7HBEYIRD
BN T, Leaf TIXGPUIZx L TEPFCT
L—L%F%ED

- PauseZL—LALIEARXL RXQueue&L TR
FaNT=4HEClassDH TELN . GPUIE

%%éﬁf:@uantamf‘l‘ﬁ?'f“}7€¢&)

100GIZ0.01nsec/E v FEEE] :bl,quanta
R AIED65535-tyhL-1BE&
100GDPFCOUSRIZE

-~ MaxQuantaValue*512/(10711) =65535%51

2/100000000000=0.003355392seconds=0.
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GPU
GPU
GPU

Congestion point

=R >/k2 Spine

Spine Layer

GPU GPU
GPU GPU
GPU GPU
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57K A>3 Ingress Leaf

- VERERAR b

* GPUM B Leaf~D k
2497

= 1AVASI S LWL
AF1=&lngress

Leaf CQueue M BTE

' '
GPU l GPU GPU GPU é

GPU GPU GPU GPU
GPU GPU GPU GPU
A Congestion point
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ECN/Explicit Congestion Notification

Pr=1

)

Mark Probability

————

Pr=0

iy N —

Pmax

ECN Min

Threshold [ Egress Queue Size ]

ECN Max
Threshold

c INTYNERETHIEBLIVNY—IURTRYNI—VDEEEZEHT S
TCP/IPDYL5E
© EHQueue Y A ADNR/NAL YL aR—ILENLRRAL YL 2R— LR E TOIHE
[(EY—VERFERYICLEAOTIKES FRALYYaR—)LRLKYELRENES
2T RTD/ N yMIECNEYRET—IT 5
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ECN/Explicit Congestion Notification

C )

o ZEAIIZECNE YD DN/ 4y % Z(THLS ECNP(Congestion Notification Packet)Z1%({59 %

. cr\épg;éjiagg—l:@?’é'l‘ﬂ& QPAEFENTHY . ZERIZEDTO—HIEEICH>=DHEMD
CEAH

o FEEMIIEBENEEINSIFEFTIOA—DL—IZHIEL. TURFY—I O 7O0—Hl{HZEEITRT 5
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ECN/Explicit Congestion Notification

* ECPN[IIPAYSZ —DToS/\
ALD2EVREFERT S

S * Weighted Random Early
T Detection(WRED)Z #lik 3k L 7=
S o S S LOTEH T2 —RIVFEE

DUENMEEBZ-BEI
| INTYRERFET DR NYIC
pinary Kewwerd ;327’&11(7’%)&“’):60)'6

00 Not-ECT (Not ECN-Capable Transport)

01 ECT (1) (ECN-Capable Transport(l)) >

10 ECT(0) (ECN-Capable Transport(0)) ° WRED?’J“'%IHE % \1 %
11 CE (Congestion Experienced) Eif:/ \0/7-\\ %r_ ﬁj’é{-ﬁ

~
DYIZR—07F1T5
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DCQCN/Data Center Quantized Congestion Notification

Congestion Point (CP) Notification Point (NP)

 vectonpone ) S -
C )
Congestion Point(CP):ECNZY—-L1=A A vF

Notification Point(NP):ECNZ<Y—4 L1=/\ryb% 2 (TE>T. CNPEXIET S ZIEGPUMDNIC
Reaction Point(RP):NPMSCNPZESZITERY . /Ny I 7A—/\—2O0—SFHWEIIL—FEEE
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RoCEv2 POC

https://tech-library.arista.com/data_center/rocev2/deployment_guide/rocev2_poc/

Physical Topology

» POC(Proof Of Concept/a>t 7k
DEH1Y

- YRR OY—

- GPU POD&Non GPU PODAEALEE
RIIZFE R
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BGP Logical Topology

BGP Logical Topology . B GP 0) EE I\ 7I_\ D oS
* 3 Stage IP ClosTH A

Super Spine Layer

BGP AS 64580

Super Spine1 Super Spine2

BGP AS 64570 BGP AS 64571
GPU GPU
Spine1 Spine2

Non-GPU
GPU-Leaf1 GPU-Leaf1

BGP AS 64561 BGP AS 64562 BGP AS 64563
GPU POD - POD1 FrontEnd DC (Non-GPU) POD - POD2
Legend
-------- eBGP IPv4
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QoS Logical Topology

QoS Logical Topology

Super Spine Layer

Super Spinel Super Spine2

GPU PODA\5#MEENW
~MDQoS

Don’ t trust
DSCP/TC1ZMGMTk
F7149 LS Iset
aVbA—ILEST4vY
g%

Non-GPU
DC Spine

GPU POD ROCEv3

QOSAK—

ROCE/MGMT/A>
B—FI/NRT

TA—rZ#R Ingress

TA=—YHBTCAtY

S
SP Queue ROCE_CNP
WRR D57 199
ROCEV2%ECN

GPU POD - POD1

FrontEnd DC (Non-GPU) POD - POD2

Legend
100G Link

——— 400G Link
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DC POD QOS Policy

Ingress|ZT

J8>kTUR DC NW MGMT/avk
A—JLb5T499/SDNFST109 &
RRPTTH—F

GPU PODANSIBFIIIZCIFN Tz
ROCEV2D 5749 % RBEDTC
(I8 ] S Y

ROCEV2 QoS Policy plan on GPU POD Leafs

Egress|ZT
AVPA—ILNST19D%SP Q
DT RTORZT1vI%EWRR
ROCEV2D 57490 %RBEIZTL
THERIEELIZT S
DCPODIZDCrS 7494 LIS Tldhd
SEGLY

Traffic Types Marking Method Input Markings ‘Queueing Behavior ECN Enabled ? TC/Queue
Best Effort Trust Application Marking cso WRR N 1
Control Traffic Trust Application Marking Ccs7 WRR N 7
Management Traffic ~ Trust Application Marking cs5 WRR N 4
ROCE CNP Trust Application Marking CS2 SP N 6
ROCEv2 Trust Application Marking cs3 WRR Y 2
Virtual Cloud Traffic Trust Application Marking Cs4 WRR N 5
ROCEv2 QoS Policy plan on GPU POD Spines
Traffic Types Marking Method Input Markings Queueing Behavior ECN Enabled ? TC/Queue
Best Effort Trust Application Marking Cso WRR N 1
Management Traffic Trust Application Marking CS5 WRR N 4
ROCE CNP Trust Application Marking Cs2 SP N 6
ROCEv2 Trust Application Marking cs3 WRR Y 2
Virtual Cloud Traffic Trust Application Marking Cs4 WRR N 5
Control Traffic Trust Application Marking cs7 WRR N 7




Leaf (GPU Pod):

class-map
match
class-map
match
class-map
match
class-map
match
class-map
match
class-map
match
|

interface

type
dscp
type
dscp
type
dscp
type
dscp
type
dscp
type
dscp

gos
cs0
gos
cs’/
gos
csb
gos
cs2
gos
cs3
gos
cs4

match-any
match-any
match-any
match-any
match-any

match-any

Ethernetl/1
service-profile GPU-LEAF-SCHEDULER
|

uc-tx-queue 2
random-detect ecn count

Best Effort

Control Traffic cs’
Internal Management cs5
ROCE_CNP

ROCEvV2

SDN_VCN

Class-Map Config/Interface Config

49
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policy-map type quality-of-service PM-GPU
class ROCEvV2
set traffic-class 2
|
class SDN_VCN
set traffic-class 5
|
class Best Effort
set traffic-class 1
|
class ROCE CNP
set traffic-class 6
|
class Internal Management cs5
set traffic-class 4
|
class Control Traffic cs7
set traffic-class 7
|
class class-default
set traffic-class 1

Policy-Map Config




L eaf (GPU P0d>2 QoS Profile config

gos profile GPU-LEAF-SCHEDULER
service-policy type gos input PM-GPU
|

uc-tx—-queue 1
!'l Best-Effort
bandwidth percent 40

|

uc-tx-queue 2
'l ROCEv2
no priority
bandwidth percent 54
random-detect ecn minimum-threshold 256 kbytes maximum-threshold 512 kbytes max-mark-probability 100

weight O

|

uc-tx—-queue 4
!'l Internal-Management
no priority
bandwidth percent 1

|

uc-tx-queue 5
!l SDN_VCN
no priority
bandwidth percent 5
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Egress"'J—A5SP QueueEBRR QueueE 7 A4 —2 3> DHE

EOS# show gos interfaces ethernet 28/1
Ethernet28/1:
Trust Mode: DSCP
Default COS: O
Default DSCP: 0
DSCP rewrite for MPLS encap packets: Disabled

Port shaping rate: disabled

Tx Bandwidth Bandwidth Shape Rate Priority Priority ECN/WRED
Queue (percent) Guaranteed (units) (units) Group

uc’7 -/ - -/ - (=) -/ - =) Sp / SP 0 D
uce -/ - -/ - (=) -/ - =) Sp / SP 0 D
MC1 -/ - -/ - (- -/ - (- SP / SP 0 N/A
ucs 5/ - -/ - (= -/ - =) RR / SP 0 D
uc4 1/ - -/ - (= -/ - =) RR / SP 0 D
uc3 -/ - -/ - (=) -/ - =) RR / SP 0 D
uc2 54 / - -/ - (=) -/ - =) RR / SP 0 L
Ucl 40 / - -/ - (= -/ - =) RR / SP 0 D
uco -/ - -/ - (= -/ - =) RR / SP 0 D
MCO -/ - -/ - (- -/ - (- RR / SP 0 N/A

Note: Values are displayed as Operational/Configured

Legend:
RR -> Round Robin
SP -> Strict Priority
- -> Not Applicable / Not Configured

% -> Percentage of reference
ECN/WRED: L -> Queue Length ECN Enabled W -> WRED Enabled D -> Disabled

Service-policy PM-GPU input ( programming: Successful )

Public. Copyright © Arista 2023. All rights reserved.
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Tx QueueBDH) U A—EEEMETOHERR

EOS# show interfaces ethernet 1/1 counters queue detail

Port

TxQ Counter/pkts Counter/bytes
Uuco 0 0
UCl 17018275 7370231514
uc2 17018762 7366037948
uc3 10372468 4493654012
uc4 11581601 7369606444
UucSh 17018574 7370116628
Uceo 17012761 7365945326
uc7 0 0
ucs 0 0
MCO 0 0
MC1 0 0

Drop/pkts

O OO OO O OO oo o

Drop/bytes

O OO OO O OO oo o
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ECNa> 445 DiEER

ECN ECN
Delay Mark-Prob
Threshold

- -/ -

- 80 / 80
- -/ -

- -/ -

- -/ -

- -/ -

- -/ -

- -/ -

Local

EOS# show gos interfaces ethernet 10/1 ecn
Ethernetl10/1:
Tx-Queue Threshold Unit ECN ECN
Minimum Maximum
Threshold Threshold
7_ — —
6 kbytes 120 150
5_ — —
4_ — —
3_ — —
2_ — —
l_ — —
O_ — —
Delay Threshold Type: G -> Global L —>
Note: Values are displayed as Configured/Operational
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ECNY—F 2 snf=/\ry b DiER

EOS# show gos interfaces ethernet 32/1 ecn counters gueue

Ethernet32/1:
Tx-Queue Marked Packets
O —
l —
2 134929208
3 —
4 —
5 —
6 —
'7 —

Public. Copyright © Arista 2023. All rights reserved.
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PFCOERTE

interface Ethernetl/1
priority-flow-control mode on
priority-flow-control priority 2 no-drop
I
tx-queue 2
no priority
bandwidth percent 40
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PFCODE=_A—

EOS# show priority-flow-control interfaces ethernet 3/1/1

The hardware supports PEC on priorities 0 1 2 3 4
PFC receive processing is enabled on priorities O
The PFC watchdog timeout is 1.0 second(s)

The PFC watchdog recovery-time is 2.0 second(s) (auto)
The PFC watchdog polling-interval is 0.2 second(s)

The PFC watchdog action is drop

The PFC watchdog override action drop is false

Global PFC : Disabled

E: PFC Enabled, D: PFC Disabled, A: PFC Active, W: PFC Watchdog Active
Port Status Priorities Action Timeout Recovery Polling Note
Interval/Mode Config/Oper

Et3/1/1 E - - 01 - - -/ - -/ - DCBX disabled
Port RxPfc TxPfc
Et3/1/1 0 0
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PFCODE=_A—

EOS# show priority-flow-control counters history
Last Clear Timestamp: never

RX PFC Off Max RX PFC
Interface Priority to On Count On Time (ns)
Etl/1 PFCO 0 0
Etl/1 PFC1 0 0
Etl/1 PFC2 0 0
Etl/1 PFC3 1 272,376,473,453
Etl/1 PFC4 0 0
Etl/1 PFC5 0 0
Etl/1 PFC6 0 0
Etl/1 PEFC7 0 0
Et2/1 PEFCO 0 0
Et2/1 PFC1 0 0
Et2/1 PFC2 0 0
Et2/1 PFC3 0 0
Et2/1 PFC4 0 0
Et2/1 PFC5 0 0
Et2/1 PFC6 0 0
Et2/1 PEFC7 0 0

Max RX PFC
Timestamp

never
never
never

2023-04-26 11:50:44

never
never
never
never
never
never
never
never
never
never
never
never

Total RX PFC
On Time (ns)

272,376,473,45

O O OO OO O OO O O o NO OO
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PFCODE=_A—

EOS# show priority-flow-control interfaces Etl/1 counters history

Last Clear Timestamp: never

RX PFC Off
Interface Priority to On Count
Etl/1 PFCO 0
Etl/1 PFC1 0
Etl/1 PFC2 0
Etl/1 PFC3 1
Etl/1 PFC4 0
Etl/1 PFC5 0
Etl/1 PFC6 0
Etl/1 PEFC7 0

Max RX PFC
On Time (ns)

272,376,473,45

OO O O W oo o

Total RX PFC
On Time (ns)

Max RX PFC
Timestamp

never
never
never
2023-04-26 11:50:44
never
never
never
never

272,376,473,45

OO OO N OO O

Public. Copyright © Arista 2023. All rights reserved.




FED

c Y= T—ZUT DAV —ITEARICEBAL
HHO>TIRAEEFEEDTHI=
- BEECLRETEHELHLLERKREWNS 7T r— 3y
- mEBEEEITFEEDHSN T
- FOVAIERTRIEDRAYFIETIHILETQoSHEZNZLE->TLNS
- 2L—L)L—TIIFIZEDLNEN1=(EES) ERER A D AT

“ AL ANTHIEECPRDMANE A A F2v 0 {FE->TLS

- EEFREIINEZEEIZILAT=6HEVRETEDRoCEV2ADPOC

IEERZ$EIT

Public. Copyright © Arista 2023. All rights reserved. AR I STA



RENRYNT =D D EERELHH

° %E:>Ab§ = —C“:EEWL.\L/—CL\T’
- RE=>ANB EE TRHEZELTL =
* AI/ML=>---GPUBE B H'JCT(Job Complete Time) &

CCL(Collective Communication Library) D> 74y
DINZA—2 % N2> TH

Fas

= =

= S B
Q0 RE e — — —
@ﬂ_

Public. Copyright © Arista 2023. Al rights reserved. ARIS



Jericho3—Al Ethernet Fabric

Line Crd Fabric Card Line Card
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Broadcom Jericho3 Al Ethernet Fabric
https://youtu.be/fMKq0Y0jPHk?si=lwyoQBTvgTSIXLp6

Traffic Flow
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ZZURL

* Al Network WP

 Congestion Control for Large-Scale RDMA Deployments
* Arista Booadcom RoCE DSv6

EOQOS DCBX and Flow Control

Configure ECN Max Mark Probability and Weight

ECN Counters per Tx Queue

ECN Counters

Priority Flow Control (PFC)

PFC Global Knob

PFC History Counters
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