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Simulation/Emulation
Platform

A novel approach for experiments from lab testing to large
data center simulations

Connect. Collaborate. Accelerate.



Simulation/Emulation Platform

Jay Vargas

Principal Software Engineer, Scala Computing

Dan Mihailescu
System Architect, Keysight

Connect. Collaborate. Accelerate.



v
cee¥
ea-)-):nif
Re

Ya

i Compute
vsoeesakt Project®

)
252270 R

PR

Definitions

Actual data center

* Runs actual apps and services

Emulation

Compressed fabric, running on actual switch ASIC
Realistic workloads on the wire, not actuals apps

Simulation

Discrete event simulator
Realistic workloads simulated at DC scale




a:&:,‘ 354 Compute
”:»‘;‘«;«*L»’J Project® N
WYY N\

Why Simulation / Emulation?

Emulate anomaly
then simulate it

Emulate today’s devices
then simulate next
generation

Emulate small then
simulate large

* Especially for links speed and
device capacities not available
yet

* Large scale networks are
not practical to build until
deployment -
Hyperscalers/Cloud

* Exploit the ease of
instrumentation of simulations
where the engineer has
unlimited observability to root
cause production network
anomalies

Connect. Collaborate. Accelerate.
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Emulation
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Simulation Platform

Network
Stack
Model

Consortium

Scala Development ! Securely share with

Environment consortium members.
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Digital Twins

* A virtual representation of a physical system
* Allow testing and validation before the system exists

* Updated from real data
* Simulation/emulation calibration: a steppingstone towards real digital twin

* Uses simulation and reasoning to make decisions
* Fabric: Switches, NICs, Topology
* Data Flow: OS, Network App Stack

Connect. Collaborate. Accelerate.
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Demo Setup

Topology Tested

Test Cases

1. Emulated (executed on Keysight DISE)

50Gbps 50Gbps

2. Simulation with idealized host

POD POD . . .
r @ W r @ \ 3. Flow Fairness Queue Disc enabled with

NIH enabled

4. Disable CWnd Limited by Bytes in Flight

feature
o

wma m

Traffic Pattern: All to All TCP 250MB Request Size

Connect. Collaborate. Accelerate.
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& C' @& https://keysightsg.scalacomputing.com/projects/NS3-Fidelity-Demo/simulations (LS * ¢ B e 2 e »

it Apps |B Shortcut 4% Drive (I Meet - Standup (2 Google Meet B calendar §8 meeting notes scala-repos B3 cpp B3 python [5 patterns E5 networking [ES scalacomp_docs E5 ns3 E5 ScalaComputing E5 git B3 aws » [ Other Bookmarks Reading List
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NS3-Fidelity-Demo

Jobs  Workloads  Analytics Platforms ~ Logs  Users

C 2

USERS
USAGE
LOGS

DEV PLATFORMS

Name Cluster Status Type Created On Duration
& WORKSPACES

demo-run-setup-03-08-2022 Testing New DISE simulation 3/8/2022

el LA 1spn-2pods-2-fsw-4r-8n-250MB-100Gbps-32MB-gsb-2uplink-500kb-tcp-wlb-run1-emulation-... ~ EmulationProcessor COMPLETED 3/7/2022

1spn-2pods-2-fsw-4r-8n-250MB-100Gbps-32MB-gsb-2uplink-500kb-tcp-wlb-run1-02-09-2022 default COMPLETED simulation 3/7/12022

1spn-2pods-2-fsw-4r-8n-250MB-50Gbps-32MB-gsb-2uplink-500kb-tcp-wlb-run1-emulation-0...  EmulationProcessor COMPLETED 3/7/12022

EXTERNALS
1spn-2pods-2-fsw-4r-8n-250MB-50Gbps-32MB-gsb-2uplink-500kb-tcp-wlb-run1-02-09-2022 default COMPLETED simulation 3/7/12022

DOCUMENTATION 1spn-2pods-2-fsw-4r-8n-250MB-50Gbps-32MB-gsb-1uplink-500kb-tcp-wlb-run1-emulation-0...  EmulationProcessor COMPLETED 3/7/12022

CONTACT 1spn-2pods-2-fsw-4r-8n-250MB-50Gbps-32MB-gsb-1uplink-500kb-tcp-wlb-run1-02-09-2022 default COMPLETED simulation 3/7/2022
1-fsw-2r-8n-250MB-100Gbps-32MB-gsb-emulation-500KB-003-02-08-2022 EmulationProcessor COMPLETED 3/7/12022
1-fsw-2r-8n-250MB-100Gbps-32MB-gsb-2uplink-500kb-tcp-001-02-10-2022 default COMPLETED simulation 3/7/2022
1-fsw-2r-8n-250MB-100Gbps-32MB-gsb-1uplink-500kb-tcp-emulation-002-02-09-2022 EmulationProcessor COMPLETED 3/7/12022
1-fsw-2r-8n-250MB-100Gbps-32MB-gsb-1uplink-500kb-tcp-02-09-2022 default COMPLETED simulation 3/7/12022
1-fsw-2r-8n-250MB-50Gbps-32MB-gsb-1uplink-500kb-tcp-emulation-02-09-2022 EmulationProcessor COMPLETED 3/7/12022

@ Settings

2 Privacy Policy 1-fsw-2r-8n-250MB-50Gbps-32MB-gsb-1uplink-500kb-tcp-rerun-WLBased-02-09-2022 default COMPLETED simulation 3/7/2022
Terms & Conditions

© 2022 Scala Computing, Inc

All rights reserved
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Fidelity

Goal

Match simulation and emulation results
e <10% delta
* Flow completion times
» # bytes & packets on each link and port
* Initial target was to match in ideal conditions

Tuning

Used to establish base fidelity between emulated
system and simulation
No Drops
Model of Flow Fairness Traffic Control on the hosts
Limit CWnd by Bytes in Flight

e TCP increases CWnd enough to cover bytes in flight

(RFC 2861)

Non-ldeal host behaviors

NIC

P Queueing Driver Queue
Discipline
= stack [~{ DisciPine | LTTTTTITITIT -
e  CWnd BiF Limiting
[ e  ACK Ratio ] T
[e]
-]
272
&’ g Linux Traffic
O Z Control to/from
E (@] PCle Driver
= Processing

Connect. Collaborate. Accelerate.



Calibration Findings

Setup Topology ns-3

and Workload ~
EEN / Simulation Fidelity
EER Calibration

EEE —y M‘ o
t Emulation '

* Linux RX path (kernel/user context) « CWND relation to bytes in flight
* TCP ACK behavior  Qdisc fair queueing
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Successful Calibration

Run initial Execute c Simulate at
simulation wemss) | equivalent | me—) orr;pare with —) Datacenter Scale
emulation emulation across with Confidence
target metrics
g'ompadl;i:g con;es agg (A) and agg (B)
— - s oo ks Ao aEs )

6 Q+ BEX
: —=-| Run simulation Identify deltas “
N 25 = (A) FBAII2ANICoordi low
g‘ » — (®) Flow.
& . . N
o 100k 700k w

mmmmmmmmmmmmmmmmmm

Adjust model ‘ ‘ B - -
configurations

demo Video Of platform Operation Connect. Collaborate. Accelerate.
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& # keysightsg.scalacomputing.com

roge mln
NS3-Fidelity-Demo
& Jobs  Workloads  Analytics Platforms  Logs Users . .

USERS

USAGE

LOGS

DEV PLATFORMS

& WORKSPACES

NS3 MODELS

EXTERNALS

DOCUMENTATION

I CONTACT

¢ Settings

Privacy Palicy
Terms & Conditions

2022 Scata Computing, o
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Name

1spn-2pods-2-fsw-4r-8n-250MB-50Gbps-32MB-gsb-1uplink-500kb-tcp-wlb-nih-high-...
1spn-2pods-2-fsw-4r-8n-250MB-50Gbps-32MB-gsb-1uplink-500kb-tcp-wlb-nih-rxtx-...
1spn-2pods-2-fsw-4r-8n-250MB-50Gbps-32MB-gsb-2uplink-500kb-tcp-nih-high-app...
1spn-2pods-2-fsw-4r-8n-250MB-50Gbps-32MB-gsb-1uplink-500kb-tcp-wib-qd-highe...
1spn-2pods-2-fsw-4r-8n-250MB-50Gbps-32MB-gsb-1uplink-500kb-tcp-wlb-qd-highe...
1spn-2pods-2-fsw-4r-8n-250MB-50Gbps-32MB-gsb-1uplink-500kb-tcp-wlb-gd-highe...
1spn-2pods-2-fsw-4r-8n-250MB-50Gbps-32MB-gsb-1uplink-500kb-tcp-wlb-runi-no-...
1spn-2pods-2-fsw-4r-8n-250MB-50Gbps-32MB-gsb-2uplink-500kb-tcp-wib-runi-no-...
1spn-2pods-2-fsw-4r-8n-250MB-50Gbps-32MB-gsb-2uplink-500kb-tcp-wlb-run1-nih...
1-fsw-2r-8n-250MB-50Gbps-32MB-gsb-1uplink-500kb-tcp-rerun-WLBased-no-qd-02...
1spn-2pods-2-fsw-4r-8n-250MB-100Gbps-32MB-gsb-2uplink-500kb-tcp-wib-runi-e...

1spn-2pods-2-fsw-4r-8n-250MB-100Gbps-32MB-gsb-2uplink-500kb-tcp-wib-run1-0...

1spn-2pods-2-fsw-4r-8n-250MB-50Gbps-32MB-gsb-2uplink-500kb-tcp-wib-runi-em...

1spn-2pods-2-fsw-4r-8n-250MB-50Gbps-32MB-gsb-2uplink-500kb-tcp-wlb-run1-02-...

1spn-2pods-2-fsw-4r-8n-250MB-50Gbps-32MB-gsb-1uplink-500kb-tcp-wlb-runi-em...

Cluster
fidelity-cluster-1
default

default
fidelity-cluster-1
default
fidelity-cluster-1
default

default

default

default
EmulationProcessor
default
EmulationProcessor
default

EmulationProcessor

Status

COMPLETED

COMPLETED

COMPLETED

COMPLETED

COMPLETED

COMPLETED

COMPLETED

COMPLETED

COMPLETED

COMPLETED

COMPLETED

COMPLETED

COMPLETED

COMPLETED

COMPLETED

Type

simulation

simulation

simulation

simulation

simulation

simulation

simulation

simulation

simulation

simulation

simulation

simulation

Created On

4/25/2022

4/25/2022

4/24/2022

4/24/2022

4/24/2022

4/24/2022

4/24/2022

4/21/2022

4/20/2022

4/11/2022

3/7/2022

3/7/2022

3/7/2022

3/7/2022

3/7/2022

Duration

45:12

1:53:53

1:54:41

1:48:28

1:52:57

1:50:42

1:37:41

1:36:53

1:56:10

1:30:45
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Simulation Platform
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jvargas@scalacomputing.com
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Extended Demo
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