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ARA Wireless Living Lab

e One of the U.S. National Science Foundation (NSF) Platforms for
Advanced Wireless Research (PAWR).

e Technology focus on long-distance, high-capacity wireless backhaul
and radio access network (RAN) platforms for rural broadband.

e Deployed and managed by the Center for Wireless, Communitites,
and Innovation (WiCl) at lowa State University (ISU).

e ARA is an acronym for Agriculture and ruRAI communities.

https://arawireless.org


https://advancedwireless.org
https://advancedwireless.org
https://wici.iastate.edu
https://wici.iastate.edu
https://www.youtube.com/watch?v=_MjqnZu0TuA
https://arawireless.org

ARA Vision
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o Experiment with advanced wireless technologies at-scale.

o Foster innovation in wireless solutions and applications.

o Address future challenges and opportunities in rural broadband.

e.g., precision agriculture; community services



ARA System Overview
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AraHaul is a multi-modal, multi-hop, wireless backhaul (x-haul) network
for long-distance, high-capacity, point-to-point communication between
nearby rural communities, farms, and the core ARA network at ISU.



ARA System Overview

Crop & Livestock Farms ISU Data Center,

AraCloud
o AraPortal
I * AraOS: experiment control,
MIMO, TVWS! resource management etc
sub-6GHz mmwave, () o AraStore: measurement,
emulation, data, co-creation,

Ag Cameras N )
& sensors  PR/COTS 5“’;\‘,::;\1 pa fiber (=2 \ sandbox, BYOD etc

=B P

Ag vehicles, robots etc
t

AraEdge

PAWR,
FABRIC,
NSFCloud,
Internet etc

AraHaul
(11GHz - 194THz,

some farms

mMIMO, TVWS/stib-
6GHz/mmWave, SDR/ _AraEdgy
COTS, satcom, LPWAN LT3,

©

A fiber™\p=gs
Aradeft -‘— - i L
Agent > ~200 AraHaul

User Equipment (UE) (11GHz - 194THy

@5 fiber () 6GHz/mmWave, SDR/
D8] fiber L COTS, satcom, LPWAN i

Rural Communities around Ames

Rural City of Ames

AraRAN is a heterogeneous radio access network (RAN) for
high-capacity, low-latency wireless communication between user
equipment (UE) in the field and base stations (BS) at AraHaul sites.
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AraCloud/AraSoft is an OpenStack-based platform that controls and
manages access, configuration, scheduling, and provisioning of the
resources deployed across ARA to support experimentation by researchers.



Current ARA Deployment
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ARA's Phase 2 deployment currently spans approximately 500 km? near
ISU, including campus, the City of Ames, local research and producer
farms, and neighboring rural communities in central lowa.


https://www.google.com/maps/d/viewer?mid=1MmTVzSlxQxJk24oCBj8Y3n48tQUaprQ&femb=1&ll=42.05%2C-93.7&z=12

AraHaul Platforms

........ ESOC Channel
________ mmWave &

MW channels

Wilson Hall Agronomy Farm
Band Frequency Wavelength Range Capacity
AraOptical (FSO) Near-IR 191.7 - 194.8 THz 1539 - 1564 nm 15 km 16 x 10 Gbps
Aviat WTM 4811 mmWave 81 - 86 GHz 3.49 - 3.70 mm 15 km 1 x 10 Gbps
71-76 GHz 3.95 - 4.22 mm
T pWave | 106-115GHz | 261-283cm | 20km | 2x15Gbps |
Hughes HL1120W p1Wave 14.0 - 14.5 GHz 2.06 - 2.14 cm 1200 km 32 Mbps (up)
Eutelsat OneWeb 10.7 - 12.7 GHz 2.36 - 2.80 cm LEO 195 Mbps (down)

AraHaul: Multi-Modal Wireless X-Haul Living Lab
for Long-Distance, High-Capacity Communications


https://www.ece.iastate.edu/~hongwei/group/publications/AraHaul_Aviat_FNWF23.pdf
https://www.ece.iastate.edu/~hongwei/group/publications/AraHaul_Aviat_FNWF23.pdf

AraRAN Platforms: AraMIMO, AraSDR

Skylark

Base Stations Band Frequency Wavelength Range Capacity
Ericsson AIR 5322 B261 mmWave 27.5-27.9 GHz 10.8 - 10.9 mm 500 m 3 Gbps
Ericsson AIR 6419 B77G pnWave 3.45 - 3.55 GHz 85-89cm 8.5 km 650 Mbps

Ettus USRP N320 pnWave 3.4-3.6 GHz 8.3-8.8cm 1.2 km 100+ Mbps
Skylark Faros v2 TVWS 539 - 593 MHz 0.51-0.56 m 10 km 100+ Mbps
User Equipment Frequency Wavelength Capacity
Quectel RG530F 600 MHz - 28 GHz | 10 mm - 0.5 m 3.4/8.8 Gbps (up/down)
Ettus USRP B210 70 MHz - 6 GHz 50 mm-4.3m 1.5 Gbps
Skylark Faros v2 CPE 100 MHz - 6 GHz 50 mm -3.0m 40/250 Mbps (up/down)

AraMIMO: Programmable TVWS mMIMO Living Lab for Rural Wireless
AraSDR: End-to-End, Fully-Programmable Living Lab for 5G and Beyond


https://www.ece.iastate.edu/~hongwei/group/publications/AraMIMO.pdf
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=10623061

Other ARA Infrastructure
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ARA System Architecture
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Design and Implementation of ARA Wireless Living Lab
for Rural Broadband and Applications


https://arxiv.org/pdf/2408.00913
https://arxiv.org/pdf/2408.00913

ARA Distributed Inference Experiments (ADIx)
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To demonstrate, characterize, and evaluate the use of distributed
inference for computer vision tasks in rural and remote regions ...



ADIx Design: MLPerf Inference Benchmarks

/ ML
MLPerf Commons.

https://mlcommons.org

MLPerf aims to be a representative benchmark suite for Al/ML
that evaluates system performance to meet five high-level goals:

e Enable fair comparison of competing systems while still
encouraging innovation.

Accelerate progress through fair and useful measurement.

Enforce reproducibility to ensure reliable results.

Serve both the commercial and research communities.

Keep benchmarking effort affordable so all can participate.


https://mlcommons.org
https://mlcommons.org

ADIx Design: MLPerf Inference Benchmarks
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All benchmarks measure how fast systems can process inputs and
produce results using a trained model. Each benchmark specifies:

e Task: Image Classification, Object Detection

e Model: Resnet50-v1.5, Retinanet

o Dataset: ImageNet (224x224), Openlmages (800x800)

e Quality: 99% of FP32 (76.46%), 99% of FP32 (0.3755 mAP)



ADIx Design: MLPerf Inference Benchmarks
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MLPerf also specifies the required inference workload scenarios
and how they must be implemented and measured.



ADIx Design: MLPerf Inference Benchmarks (Closed)
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o LoadGen (LG): Generates traffic for scenarios (with QSL index)
e Query Sample Library (QSL): Loads (dataset) samples into memory

o System Under Test (SUT): Hardware and software to be measured

https://docs.mlcommons.org/mlcflow


https://docs.mlcommons.org/mlcflow

ADIx Design: MLPerf Inference Benchmarks (Network)
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ADIx Design: MLPerf Inference Benchmarks (Open)
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If we break the rules, there is more compute to be had.

What then might be possible?




ADIx Implementation
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ADIx Implementation
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ADIx Implementation
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ADIx Implementation: Key HT Condor Features

o CONDOR_HOST: By default, ARA dynamcially allocates
management IPs to resources each time you spin up a new
experiment configuration; one IP need to know is helpful

o Python bindings imported as part of QDL to implement: (1) a
direct high-thoughput batch (HTB) mode that distributes QSL
samples to be processed by ORT-based SUTs; (2) warm start of
FastAPI-based (ORT-backed) SUTs

o Multi-homed support: Most ARA systems will have multiple
network interfaces in any given ADIx configuration

e Condor Connection Broker: Leverage compute resources beyond
ARA in the future (e.g., Voyager's Habana inference nodes)



AraHaul Demonstration (with HT Condor)
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AraHaul Demonstration (with HT Condor

[ Containers-Ara Dashbo  x  +

¢ A portal.arawireless.org/ngdetails/OS:Zun:Container/c4c365ed-b32a-45bc-93e5-66¢5085583aF P vy ¢ D [x3

& access | atlassian Bl blink @ chatgpt  dockerhub () github & gitlab @ google & grafana ¢ httpdever @ orcid

@  mccess-cioe~ & meances ~
v
Project / Container / Conair
nr >
DataCenter_ComputeNode_Compute_OOl_ACME Refresh |~
Network >
N cor
>
icicle@DataCenter-ComputeNode-Compute-001:~$ condor status
> 0pSys State Activity LoadAv Mem
ActvtyTime
>
slotl@AgronomyFarm-AraHaul-Host-000 LINUX X86_64 Unclaimed Idle 0.000 6376
Dat > 0+00:00:00

slotl@ataCenter-ComputeNode-Compute-001 LINUX X86_64 Unclaimed Idle ©.000 38640
0+00:34:28
slotl@ilsonHall-AraHaul-Host-000 LINUX X86_64 Unclaimed Idle 0.000 6376
0+00:14:27

Total Owner Claimed Unclaimed Matched Preempting Drain Backfill BkIdle
X86_64/LINUX 3 0 0 3 [} 0 0 0 0

[} [ 0 ] [}

otal ] [ 3
icicle@DataCenter-ComputeNode-Compute-001:~$

Status: Open



AraHaul Demonstration

[ Containers-Ara Dashbo  x  +
C @
& access

atlassian |y blink @ chatgpt

I ACCESS « ICICLE +

Project / Container / Contair

iciclegDataCenter-ComputeNode-Compute-081

portalarawireless.org/ngdetails/OS:ZunzContaine

dockerhub () github & gitlab @ google & grafana

with HT Condor

4c365ed-b322-45bc-93e5-66c5085583aF * 7 g

@ httpaever @ orcid

~$ s

htc  iperf3s.htc

DataCenter -ComputeNode-Compute-001:

~$ cat iperf3s.htc

# HTCondor Submit Description File
#

# Run iperf3 in server mode to handle one

universe = vanilla

getenv = FALSE
environment =

executable
arguments

iperf3

output
e

log

should transfer files =
when_to_transfer output

client connection then exit

/usr/bin/iperf3
-server --one-off --bind 192

.168.6.2 --json --verbose

ine)-$(JobId)-$(SUBMIT_TIME).stdout.json

r = iperf3s- 5:(l4ach1ne) $(JobId)-$(SUBMIT TIME).stderr
iperf3s-$ENV(SCHEDD_NAME)-$(JobId)-$(SUBMIT TIME).log

YES
= ON_EXIT

transfer_executable = FALSE

request_cpus = 1
request_memory = 128M
request_disk = 256M

requirements = (0pSys

run_as_owner = TRUE

Status: Open

INUX") & ( Machine == "AgronomyFarm-AraHaul-Host-606"

)

& mckandes

Refresh




AraHaul Demonstration (with HT Condor

[ Containers-Ara Dashbo  x  +

¢ A portal.arawireless.org/ngdetails/OS:Zun:Container/c4c365ed-b3; e5-665085583aF P vy ¢ O [x3

& access | atlassian Bl blink @ chatgpt  dockerhub () github & gitlab @ google & grafana ¢ httpdever @ orcid

D 5 ACCESS « ICICLE +

I DataCenter_ComputeNode Compute_001_ACME roren <
Network >

iciclegDataCenter-ComputeNode-Compute-01:~$ condor submit iperf3s.htc
Submitting job(s).

1 job(s) submitted to cluster 2.
icicle@DataCenter-ComputeNode-Compute-001:~$ condor q

- Schedd: DataCenter-ComputeNode-Compute-001 : <10.0.4.99:96187... @ 06/05/25 13:15:24
OWNER BATCH NAME ~ SUBMITTED DONE RUN  IDLE TOTAL JOB IDS
icicle ID: 2 6/5 13:15 1 12.0

Total for query: 1 jobs; O completed, © removed, 1 idle, @ running, © held, @ suspended
Total for icicle: 1 jobs; O completed, © removed, 1 idle, @ running, © held, © suspended
Total for all users: 1 jobs; © completed, 0 removed, 1 idle, 0 running, © held, 0 suspended

iciclegDataCenter-ComputeNode-Compute-001:~$ condor status
0pSys

Name Arch  State Activity LoadAv Mem
ActvtyTime

S'Loll‘ﬂAgrozomyFarm'AraHauerostrﬂﬂﬂ LINUX X86_64 Unclaimed Idle 0.000 63760
slg:ggl:);iézzmer—ComputeHode—Compute—Ml LINUX X86_64 Unclaimed Idle ©.000 386400
Slszgg\ﬁﬁgﬁ%{allrAraHaul—HDSIVOGG LINI X86_64 Unclaimed Idle 0.000 63760
0+00:29:27
Total Owner Claimed Unclaimed Matched Preempting Drain Backfill BkIdle
X86_64/LINUX 3 ] ] E ]

[}

otal ] ] 3
icicle@DataCenter-ComputeNode-Compute-001:~3 [
Status: Open




AraHaul Demonstration (with HT Condor)

[ Containers-Ara Dashbo  x  +

¢ A portal.arawireless.org/ngdetails/OS:Zun:Container/c4c365ed-b32a-45bc-93e5-66¢ 50! 3af P v in) [x3

access | atlassian |l blink @ chatgpt  dockerhub () github & gitlab @ google & grafana ¢ httpdever @ orcid

@  meccess-icce~ & meances ~
v
Project/ Contaner  Cortai
nr >

I DataCenter_ComputeNode Compute_001_ACME roren <

%loll gronomyFarm AraHaul-Host-000 LINUX X86_64 Unclaimed Idle 0.000 63760
slotl@Data(ente. ComputeNode-Compute-001 LINUX X86_64 Unclaimed Idle ©.000 386400
0+0

slotl@WilsonHall-AraHaul-Host-000 LINI X86_64 Unclaimed Idle 0.000 63760
0+0! 2

Total Owner Claimed Unclaimed Matched Preempting Drain Backfill BkIdle
X86_64/LINUX E] 0 3 E [ ] ] ] [
Total 3 ] ] 3 ] ] ] 0 ]
iciclegDataCenter-ComputeNode-Compute-001:~$ condor status
ame 0pSys Arch  State Activity LoadAv Mem
ActvtyTime
Slntl@ﬂgronomyFarmrAraHauercstr@ﬂﬂ LINUX X86_64 Unclaimed Idle 0.000 63632
0+0
slotl mAqronomyFarm AraHaul-Host-808  LINUX X86_64 Claimed  Busy 0.000 128

0+0|
slotl@Data(ente. ComputeNode - Compute-001 LINUX X86_64 Unclaimed Idle ©.000 386400

128
ﬁlotl\’d\rlllﬁonHall AraHaul-Host-000 LINUX X86_64 Unclaimed Idle 0.000 63760

Total Owner Claimed Unclaimed Matched Preempting Drain Backfill BkIdle
X86_64/LINUX 4 ] 1 E ]

otal [ 1 3 [}
icicle@DataCenter-ComputeNode-Compute-001:~$
Status: Open




AraHaul Demonstration (with HT Condor

[A Horizon - Ara Dashboard x  +

¢ A portal.arawireless.org/ngdetails/OS:Zun:Container/c4c365ed-b32a-45bc-93e5-66¢5085583aF P vy ¢ D [x3

& access | atlassian Bl blink @ chatgpt  dockerhub () github & gitlab @ google & grafana ¢ httpdever @ orcid

@  meccess-icce~ & meances ~
v
Project/ Contaner  Cortai
nr >

DataCenter_ComputeNode_Compute_001_ACME Reesh |«

Network

N cor
> icicle@DataCenter-ComputeNode-Compute-001:~$ cat iperf3c.htc
# HTCondor Submit Description File
> #
# Run iperf3 in client mode
>
universe = vanilla
Dat: >

getenv = FALSE
environment

executable = /usr/bin/iperf3
arguments = --client 192.168.6.2 --bind 192.168.0.130 --json --verbose

iperf3c-$$(Machine)-$(JobId)-$(SUBMIT TIME).stdout
= iperf3c-$$(Machine)-$(JobId)-$(SUBMIT_TIME).stderr
iperf3c-$ENV(SCHEDD_NAME) -$(JobId)-$(SUBMIT_TIME).log

should_transfer files = YES
when_to_transfer output = ON EXIT
transfer executable = FALSE

request cpus = 1
request_memory = 128M
request_disk

requirements INUX") && ( Machine “WilsonHall-AraHaul-Host-000" )

run_as _owner =

queue 1

Status: Open



AraHaul Demonstration (with HT Condor

[A Horizon - Ara Dashboard x  +

¢ A portal.arawireless.org/ngdetails/OS:Zun:Container/c4c365ed-b3; e5-665085583aF P vy ¢ O [x3

& access | atlassian Bl blink @ chatgpt  dockerhub () github & gitlab @ google & grafana ¢ httpdever @ orcid

@  meccess-icce~ & meances ~
v
Project/ Contaner  Cortai
ma >
Continer v

I DataCenter_ComputeNode Compute_001_ACME roren <
>

iciclegDataCenter-ComputeNode-Compute-01:~$ condor submit iperf3c.htc
Submitting job(s

1 job(s) submitted to cluster 3.
icicle@DataCenter-ComputeNode-Compute-001:~$ condor q

- Schedd: DataCenter-ComputeNode-Compute-001 : <10.0.4.99:96187... @ 06/05/25 13:19:21
OWNER BATCH NAME ~ SUBMITTED DONE RUN  IDLE TOTAL JOB IDS

icicle ID: 2 6/5 13:15 1 12.0

icicle ID: 3 6/5 13:19 1 13.0

Total for query: 2 jobs; @ completed, © removed, © idle, 2 running, @ held, 0 suspended
Total for icicle: 2 jobs; O completed, O removed, 0 idle, 2 running, O held, © suspended
Total for all users: 2 jobs; O completed, O removed, 0 idle, 2 running, © held, © suspended

icicle@DataCenter-ComputeNode-Compute-001:~$ cundnr status
Name 0pSy Arch  State Activity LoadAv Mem
ActvtyTime

slotl@AgronomyFarm-AraHaul -Host -000 LINUX X86_64 Unclaimed Idle 0.000 63632
0+00:24:27

slotl _l@AgronomyFarm-AraHaul-Host-000 LIN X86_64 Claimed Busy 0.000 128
0+00:02:30

slot: Datacenter ComputeNode -Compute-001 LINUX X86_64 Unclaimed Idle 0.000 386400
0+0!
slntl@WﬂsonNall AraHaul-Host-000 LINUX X86_64 Unclaimed Idle ©.000 63632
0+00:37:45
slotl 1@WilsonHall-AraHaul-Host-000 LINUX X86_64 Claimed Busy 0.000 128
0:00:00

Total Owner Claimed Unclaimed Matched Preempting Drain Backfill BkIdle

Status: Open



AraHaul Demonstration (with HT Condor)

[A Horizon - Ara Dashboard x  +

¢ A portal.arawireless.org/ngdetails/OS:Zun:Container/c4c365ed-b32a-45bc-9 P vy ¢ D [x3
access | atlassian Bl blink @ chatgpt  dockerhub () github & gitlab @ google 5 grafana ¢ httpever @ orcid
@  =rccesseiccie~ & meances ~
.
I DataCenter_ComputeNode Compute_001_ACME roren <
Network >

Total for all users: @ jobs; O completed, O removed, 0 idle, ® running, © held, ® suspended

icicle@DataCenter-ComputeNode-Compute-001:~$ 1s
iperf3c-UNDEFINED-3.0-1749129559. log
iperf3c-WilsonHall-AraHaul-Host-000-3.0-1749129559. stderr
iperf3c-WilsonHall-AraHaul-Host-000-3.0-1749129559. stdout
iperf3c.htc
iperf3s-AgronomyFarm-AraHaul -Host-000-2.0-1749129321. stderr
iperf3s-AgronomyFarm-AraHaul -Host-000-2.0-1749129321. stdout . json
iperf3s-UNDEFINED-2.0-1749129321. log
iperf3s.htc
-000-3.0-1749129559. stdout de-Compute-001:~$ cat iperf3c-WilsonHall-AraHaul-Host-
Control connection MSS 1448

“start"

{
onnected”:
"socket”:

192.168.0.130",
1153,

5
"192.168.0.2",
5201

perf 3.19",
“"system info": “Linux WilsonHall-AraHaul-Host-000 5.4.0-208-generic #228-U
buntu SMP Fri Feb 7 19:41:33 UTC 2025 x86 64",

timestam
" hu, 05 Jun 2025 13:19:20 GMT",
1749129560

Status: Open
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