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INTRODUCTION

Executive Summary
Artificial intelligence (AI) is transforming industries and driving 
innovation. As AI evolves and more participants enter the field, it 
places increasing demands on data centers to manage unique traffic 
patterns, dynamic workloads, and relentless performance pressures. 

Unlike traditional data centers, AI data centers require seamless 
integration of components like graphics processing units (GPUs), 
cables, and servers. Furthermore, component-level validation does 
not guarantee system-level performance. Even minor integration 
issues can escalate into critical problems. Traditional validation 
methods often fail to meet the demands of real-world AI workloads, 
pushing the boundaries of established industry standards. This 
eBook outlines practical solutions to optimize AI data center 
performance for modern applications. 
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CHALLENGE

AI Is a Transformative 
Force
Artificial intelligence (AI) is rapidly emerging as a transformative 
force across industries, driving innovation, enhancing efficiency, 
and reshaping business strategies. As organizations increasingly 
adopt AI technologies to gain a competitive edge, the market is 
experiencing unprecedented growth. 

Projections show that this expansion will have a profound economic 
impact, fueling both global and domestic markets at an accelerating 
pace. This economic potential draws more startups and established 
industry players into the fold. As the number of users and providers 
continues to grow, the demand for AI-ready computational power 
has never been greater. With no end in sight to this market’s growth, 
AI data centers must be able to evolve and scale at the rapid pace of 
AI innovation. Figure 1 represents the projected scale and significant 
impact of AI’s economic growth.

Figure 1. Market growth predictions for AI

Market growth in AI projected to contribute 
a 21% net increase to US GDP by 2030. 

Forbes

21% 
Increase

$1.3 
Trillion

AI market predicted to reach $1.3T by 
2030 — up from 86.9 billion in 2022. 

Bloomberg

35.7% 
Growth

AI market projected to grow at a 35.7% 
annual rate from 2024 to 2030.  

MarketsandMarkets
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AI Is Changing the Way We Design, 
Deploy, and Validate Data Centers 

Meeting growing demands means delivering unprecedented 
performance, reliability, and efficiency. An AI data center is only as 
reliable as its weakest link. On the forefront of performance, every 
chip, cable, interconnect, switch, server, and graphics processing 
unit (GPU) represents both potential and risk. Individual components 
must not only have to work independently but also operate 
cohesively as a system, even under relentless demand.

While industry standards provide a baseline, real-world AI workloads 
operate far beyond those limits. When transactions occur billions 
of times per second across thousands of interconnected resources, 
even the smallest degradation can create bottlenecks that 
jeopardize performance, effectiveness, and return on investment 
(ROI), as illustrated in Figure 1. 

In AI data centers, these challenges are not exceptions; they are 
the norm. This eBook examines some of the key challenges AI data 
centers present and the practical strategies and recommendations 
to overcome them.

Figure 2. Illustration of an AI data center cluster
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KEY 1

Scaling AI-ready Data Centers
The Challenges

Training large language models (LLMs) demands thousands of 
connected compute nodes, making network performance vital for 
cost efficiency. However, distributed multi-GPU servers, such as 
those used in GPT-4, can suffer bandwidth limitations due to slower 
inter-server links, resulting in resource inefficiencies. In addition, 
these constant high-scale workloads stress data center components 
— leading to degradation and unexpected network failures. Figure 
3 illustrates that in one study, failure rates reach up to 43.4% for the 
most resource-intensive LLM training tasks.

That is why it is crucial to identify and strengthen weak data center 
links before deployment. However, traditional component-level testing 
struggles to accurately model traffic patterns, workload distributions, 
and hardware interactions — causing inefficient GPU utilization and 
elevated operational costs. Cohesive, system-level validation ensures 
AI training’s scalability, reliability, and cost-effectiveness. 

A model like GPT-4 took roughly three months and $100 
million to train, yet an estimated $30 million of that was 
wasted due to graphics processing units (GPUs) sitting 
idle waiting for data.

Morningstar
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The Recommendation

Emulate AI workloads and benchmark performance to gain insights 
into system efficiency and potential bottlenecks. Figure 4 depicts 
how replicating AI data center behavior across physical, protocol, and 
application layers is essential for network architects and equipment 
manufacturers to optimize data center infrastructure, improve scalability, 
and ensure reliable system-wide performance.

Streamline AI data center development

Accelerate AI infrastructure design and data center deployment by 
emulating real-world AI workloads with measurable fidelity using the 
Keysight AI (KAI) Data Center Builder. With pre-packaged benchmarking 
applications developed with leading AI operators and infrastructure 
vendors, you can evaluate how new algorithms, components, and 
protocols improve AI training performance. The solution supports 
flexible test engines for comparative benchmarking, including hardware 
load appliances, software endpoints, and real AI accelerators.

Finish successfully (56.6%)
Others (3.3%)

Illegal memory access (2.1%)
Task hang (3.1%)

NVLink errors (4.5%)

Invalid DMA mapping (2.1%)

Other network errors (4.0%)
Connection reset (1.0%)

 
CUDA errors (1.6%)

GPU driver errors (0.6%)

ECC errors (5.0%)

Link flapping (3.9%)

Connection refused (2.1%)
NCCL timeout (10.1%)

Figure 3. Success Rate Distribution of the Top 5% Most Resource-Intensive Tasks – Failure 
Rates Reach Up to 43.4% 

Source: Unicron: Economizing Self-Healing LLM Training at Scale, Tao He, Xue Li, Zhibin 
Wang, Kun Qian, Jinabo Xu, Wenyuan Yu, Jingren Zhou, Alibab Group, Nanjing University

Success Rate Distribution of the Most 
Resource-Intensive LLM Training Tasks

Failure rate  
43.4% 

Success rate  
56.6% 
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Figure 4. Depiction of AI infrastructure hierarchy — from chiplets 
to the network’s edge

Call to Action
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KEY 2

Designing AI-ready 
High-speed Digital 
Compute Products

The Challenges

The rapid evolution of standards highlighted in Figure 5, such 
as Ethernet, memory technologies double data rate (DDR), high 
bandwidth memory (HBM), PCIe®, and Compute Express Link (CXL), 
demonstrates the increasing demand for higher bandwidth and 
lower latency driven by AI applications. 

For example, Ethernet speeds are set to quadruple from 400G / 
800G to 1.6T / 3.2T, while PCIe transitions from Gen5 at 32 GT/s to 
Gen7 at 128 GT/s — a fourfold increase. These advancements amplify 
challenges such as noise, jitter, and crosstalk — particularly at higher 
frequencies and data rates.

Technologies like PAM4 signaling used in Ethernet and PCIe® 6.0 
achieve higher data rates but compromise signal-to-noise ratios, 
necessitating innovations such as forward error correction (FEC) to 
maintain reliable performance.

Major AI hyperscalers have started developing their 
own custom AI chips to reduce the costs of delivering 
AI-based services and applications.

Gartner
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Major AI hyperscalers are also developing custom AI chips to cut costs 
and optimize workloads, increasing the need for rigorous testing to meet 
evolving standards. At this pivotal point in technology, companies face 
challenges and opportunities to overcome existing limitations and drive 
innovation in AI-centric applications, as illustrated in Figure 5.

The Recommendation

Invest in AI-ready design and validation tools. Designing 
semiconductors, debugging cutting-edge high-speed digital designs, 
and meeting — or exceeding — the latest PCIe, DDR, and CXL standards 
are all crucial tasks for delivering AI-optimized data center infrastructure. 
That is why semiconductor producers and network equipment 
manufacturers alike rely on Keysight AI Compute solutions.

Design and simulation software  

Ensure reliability with electronic design automation (EDA) software suite 
for high-speed signal and power integrity simulation and analysis of 
printed circuit boards (PCBs) and integrated circuits, including signal 
integrity tools for minimizing electromagnetic errors, designers for DDR 
and PCIe, and optimizing energy-efficient power delivery.

Ethernet

Memory

Copper / optical

PCIe® and CXL

1.6 / 3.2T

400 / 800G 

DDR6 / HBM3 12.8 GT/s

DDR5 8.4 GT/s

Next 3 years Today

224 / 448 Gb/s

100 Gb/s

PCIe 7 128 GT/s

PCIe 5 32 GT/s

Figure 5. AI technical inflection points

AI: A Technical Inflection Point 
AI pressures for high bandwidth and low latency, offer companies a 
chance to leapfrog current technologies
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Figure 6. Keysight UXR-B Series oscilloscope showing PAM4 
modulated signal, with eye diagram displayed

Call to Action

Ultra-high-performance oscilloscopes 

Experience up to 110 GHz bandwidth with Keysight Pro+ high-
performance oscilloscopes featuring a 10-bit analog-to-digital converter 
(ADC) for precise measurements and advanced tools like jitter analysis 
and protocol decoding. Our oscilloscopes are compatible with 
compliance test software, which automates performance validation for 
high-speed standards, including PCIe, USB Type-C, and DDR5, as shown 
in Figure 6.
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KEY 3

Optimizing Interconnects 
for 1.6T and Beyond

The Challenges 

AI data center interconnects also face growing challenges with 
demand for higher bandwidth and lower latency. As transceiver 
speeds increase, there is pressure to reduce power consumption 
and investigate new technologies — such as linear-drive pluggable 
optics (LPO) and co-packaged optics (CPO). In addition, evolving 
IEEE and Optical Internetworking Forum (OIF) standards requiring 
error correction and complex equalizations further complicate 
design and testing. 

For example, 56 GBd PAM4 signals enable 112 Gb/s lanes for 800G 
networks, doubling to 224 Gb/s lanes for 1.6T networks. As a result, 
organizations must navigate complex compliance testing across 
various link configurations. 

By 2029, 1.6T and 3.2T transceivers will make up the bulk 
of the data center optics market for AI — totaling almost 
$10 billion.

LightCounting — LightTrends Newsletter
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Key metrics Definition
Reference 
document Equipment requirement Keysight hardware platforms 

Optical Transmitter and 
dispersion eye closure 
quaternary (TDECQ)

TDECQ is the signal-to-noise (SNR) penalty compared with a noise-free version of the captured 
optical PAM4 waveform to achieve a specific BER (4.8e-4/9.6e-3 for IEEE 802.3dj). The captured 
waveform is analyzed after a reference receiver optical front end and equalization (TDECQ 
reference equalizer) using a specific SSPRQ pattern. 

IEEE 802.3dj clause 
180.9.5

• Emulate a fourth-order Bessel-Thomson filter 
response with a bandwidth of baud rate / 2.

• Optimize n-tap feed-forward equalization (FFE) 
toward minimum TDECQ (n = 15 for IEEE 802.3dj).

• N109x-Series DCA-M sampling oscilloscope and 
clock recovery 

• N103x optical plug-in module for the DCA-X 
sampling oscilloscope mainframe

• Infiniium UXR-Series real-time oscilloscope with 
N7005A optical-to-electrical converter

Extinction ratio (ER) and 
outer optical modulation 
amplitude (OMA outer)

For PAM4 optical signals, ER is defined as the ratio (P3/P0) and OMA the difference (P3-P0) with P3 
being the average optical launch power level measured over the central 2 UI of a run of 7 threes, and 
P0 the average optical launch power level measured over the central 2 UI of a run of 6 zeros. 

IEEE 802.3dj clauses 
180.9.4 and 180.9.9

• Typically performed using the same waveform and 
setup used for TDECQ (above) but viewed prior to 
passing through the TDECQ virtual equalizer.

Transmitter Power 
Excursion (TPE)

For PAM4 optical signals, TPE is defined as max(Pmax - Pavg, Pavg - Pmin), where Pmax /Pmin is the 
smallest/largest power levels resulting in number of samples above/below that level not exceeding 
hit ratio of 1e-2, respectively.

IEEE 802.3dj clause 
180.9.8

Relative Intensity Noise 
(RINxxOMA)

For PAM4 optical signals, RINxxOMA is defined as the ratio of the electrical noise power of 
unmodulated signal to the modulation power, normalized to the noise bandwidth of the measurement 
system expressed in dB/Hz. RINxxOMA is measured using an SSPRQ pattern.  

IEEE 802.3dj clause 
180.9.11

Stressed receiver 
sensitivity (SRS) 

Ability for an optical digital receiver to operate below a target BER when subjected to a stressed input 
signal with defined characteristics. You can measure BER using PRBS31Q pattern. 

IEEE 802.3dj clause 
180.9.13

• Calibrate an optical stress signal (TDECQ, OMA, rise 
time, and so on) by injecting random and sinusoidal 
jitter, as well as broadband noise (up to the Nyquist 
frequency) and sinusoidal interference. 

• N7718C Reference transmitter
• N777-C Family of tunable laser sources
• M8040A or M8050A high-performance BERT 

Electrical
Output jitter Four parameters characterize output jitter: JRMS, Jnu, Jnu03, and even-odd jitter. You can measure 

these parameters on 12 specific edges of an electrical PRBS13Q (PAM4) pattern. 

IEEE 802.3 Annex 
120F.3.1.6 and Clause 
162.9.4.7

• 40 GHz fourth-order Bessel-Thomson filter.
• 12-edge output jitter measurements.
• Clock recovery capability after > 16 dB channel.

• Infiniium UXR-Series real-time oscilloscope 
• N1000A DCA-X wide-bandwidth oscilloscope 

mainframe with N1060A precision waveform 
analyzer

Signal-to-noise and 
distortion ratio (SNDR)

The SNDR is the ratio of the electrical signal peak amplitude to noise and distortion amplitude, based 
on the pulse response analysis. 

IEEE 802.3 Annex 
120D.3.1.6

• 40 GHz fourth-order Bessel Thompson filter
• Linear fit pulse response computation.
• Clock recovery capability after > 16 dB channel.

Eye height (EH) and 
vertical eye closure (VEC) 

EH is the vertical eye opening on each eye measured at a specific probability over a weighted 
histogram around the DFE sampling point defined by the Mueller-Muller CDR algorithm. VEC 
measurement is the ratio of the EH to the signal level. 

IEEE 802.3 Annex 
120G.5.2

• 40 GHz fourth-order Butterworth filter.
• Emulate reference receiver (input referred noise, CTLE, 

DFE)
• Gaussian window shape with 10% of time interval.
• Clock recovery capability after > 16 dB channel

Channel operating 
margin (COM)

COM is the ratio of available signal amplitude to noise amplitude at the receiver after optimal 
equalization through a reference receiver. The noise and equalization capabilities of the reference 
receiver depend on the considered standard. The noise term includes the transmitter and 
reference receiver noise, as well as channel-induced impairments. You would calculate COM out 
of the transmitter and channel characterization

IEEE Annex 93.A
• Measure transmitter characteristics (Jnu, Jrms, SNDR, 

linearity) and channel response (S4p up to baudrate) 
necessary for COM computation. 

• N1000A DCA-X wide-bandwidth oscilloscope 
mainframe with N1060A precision waveform 
analyzer 

• 12-port PXI-VNA with Physical Layer Test System (PLTS)

Stressed input tolerance
Stressed input tolerance is the ability for a digital receiver to operate below a target BER or frame loss 
ratio in the presence of a defined stress signal. The frame loss ratio includes the impact of forward 
error correction (FEC). 

IEEE 802.3 clause 
120G.3.3.5 and 
120G.3.4.3 

• Perform stress signal calibration (EH, VEC) by 
injecting sinusoidal jitter, random jitter, and bounded 
uncorrelated jitter. • N1000A DCA-X wide-bandwidth oscilloscope 

mainframe with N1060A precision waveform 
analyzer

• Infiniium UXR-Series real-time oscilloscope 
• M8040A or M8050A high-performance BERT

Receiver interference 
tolerance 

Receiver interference tolerance is the ability for a digital receiver to operate below a target BER or 
FEC symbol error ratio for a link with given COM (usually 3 dB). The link consists of the reference 
transmitter, and the test channel is fixed. The target COM is achieved by injecting broadband noise 
into the link.

IEEE Annex 93.A

• Generate a test signal with jitter profile and SNDR 
approaching the one of a worst-case reference 
transmitter.

• Inject broadband noise (up to Nyquist frequency) into 
the link to achieve target COM for a specific test channel.

System
Bit error ratio (BER) BER is the ratio of the number of bit errors received to the number of total bits sent. The confidence 

level of the BER estimation increases with the number of detected errors and target BER.
IEEE802.3-2022 
1.4.221

• Measure BER using random or long pseudo-random bit 
sequence (for example, PRBS31). 

• G800GE, OSFP800 & QSFP-DD800 800GE BERT, 
FEC, L2 Test Systems

• AresONE 800GE, 2/4/8-port QSFP-DD800 and 
OSFP800 test solution

• Infiniium UXR-Series real-time oscilloscope
• M8040A or M8050A high-performance BERT

Frame loss ratio (FLR) 
FLR is defined as the ratio of the number of 64-octet service frames not received as valid by the 
MAC to the total number of service frames sent, during a specific time period. The FLR includes the 
contribution of forward error correction (FEC). 

IEEE802.3-2022 
1.4.334

• Measured FLR on 64-octet Ethernet frame traffic with 
minimum interpacket gap or by using line rate FEC 
scrambled idles on all electrical lanes.

Application space Form factor No. of lanes Max lane speed Aggregate speed

• Pluggable optical 
transceivers

• Active optical cables
• Active electrical cables
• Active copper cable  
• Direct-attached copper 

cables
• Linear Pluggable 

Optics (LPO)
• Linear Receive Optics (LRO)
• Coherent Optics (e.g. 800ZR)

QSFP-DD800  
Quad small-form-factor 
pluggable double density

8 112 Gb/s at  
56 Gbaud PAM4 800 Gb/s

OSFP800  
Octal small-form-factor 
pluggable double density

8 112 Gb/s at  
56 Gbaud PAM4 800 Gb/s

• Pluggable optical 
transceivers

• Active optical cables

• Active electrical cables

• Active copper cable

• Direct-attached copper 
cables

• Coherent Optics (e.g. 
1600ZR)*

QSFP-DD1600
Quad small-form-factor 
pluggable double density

8 224 Gb/s at  
106 Gbaud PAM4  1600 Gb/s

OSFP1600
Octal small-form-factor 
pluggable double density

8 224 Gb/s at  
106 Gbaud PAM4 1600 Gb/s

OSFP-XD1600 
Octal small-form-factor 
pluggable extra densit

16 Up to 224 Gb/s at  
106 Gbaud PAM4 Up to 3200 Gb/s

• Energy Efficient Interfaces*
Industry standard form 
factors in an array of 
applications

8 Up to 224 Gb/s at 
106 Gbaud PAM4   1600 Gb/s

Interface Lane modulation Max distance Medium Standard / MSA Key Tx criteria Key Rx criteria

Optical  
interface

800GBASE-VR8/SR8 53.125 Gbaud PAM4 50 / 100 m 8xMM (850 nm) IEEE 802.3df

TDECQ, OMA, ER, RIN, OS/US, TPE, SMSR 
  at   TP2  

Stress signal injected  at  TP3 .  
Pre-FEC BER measured at PHY chip, post-FEC BER 
and FLR measured at host chip 

800G PSM8 53.125 Gbaud PAM4 100 m 8xSM (1311 nm) 800G pluggable MSA

1.6TBASE-DR8/DR8-2 106.25/113.4375 Gbaud PAM4 500 m / 2 km 8xSM (1311 nm) IEEE 802.3df/dj

800GBASE-FR4-500/FR4 106.25/113.4375 Gbaud PAM4 500 m / 2 km 1xSM (1271, 1291, 1311, 1331 nm) IEEE 802.3dj

800GBASE-LR4 113.4375 Gbaud PAM4 10 km 1xSM (1295.56, 1300.05, 1304.58, 1309.14 nm) IEEE 802.3dj

800LR 123.7 Gbaud 16QAM 2 – 10 km 1xSM DWDM OIF 800LR

ETCC, RIN, phase noise, jitter, IQ / X-Y skew, 
OSNR, power, wavelength   at  TP2  800GBASE-ER1 118.2 Gbaud 16QAM 2 m – 40km 1xSM (1550 nm) IEEE 802.3dj

800ZR 118.2 Gbaud 16QAM 100 km 1xSM DWDM OIF 800ZR

Interface Lane modulation
Max  
insertion loss Medium Standard / MSA Key Tx criteria Key Rx criteria

Electrical 
interface 800GBASE-CR8 53.125 Gbaud PAM4 28 dB Tx / Rx packages, connectors, PCB or cable 

assembly IEEE 802.3df SNDR and jitter   at   TP2   and COM
Stress signal and broadband noise injected  
  at   TP0   
Pre-FEC & post FEC BER and FLR measured at host chip

800GAUI-8 C2C 53.125 Gbaud PAM4 20 dB Tx / Rx packages PCB IEEE 802.3df SNDR and jitter   at   TP0   and COM

Stress signal injected   at   TP0   and broadband 
noise injected   at   TP5   

800GBASE-KR8 53.125 Gbaud PAM4 28 dB Tx / Rx packages, connectors, PCB or cable 
assembly IEEE 802.3df SNDR and jitter   at   TP0   and COM

112G-XSR 58 Gbaud PAM4 8 / 10 dB 50 mm of package substrate trace / package 
on package OIF CEI-112G SNDR and jitter   at   TP0   and COM

112G-MR 58 Gbaud PAM4 20 dB 500 mm PCB and 1 connector OIF CEI-112G SNDR and jitter   at   TP0   and COM

112G-LR 58 Gbaud PAM4 28 dB 1000 mm PCB and 2 connectors OIF CEI-112G SNDR and jitter   at   TP0   and COM

200GAUI C2C 106.5 Gbaud PAM4 Under development Tx / Rx packages and advanced material IEEE 802.3dj SNDR and jitter   at   TP0   and COM

224G MR / LR 116 Gbaud PAM4 35 dB / 40 dB 500 mm and 1 connector / 1000 mm and  
2 connectors over advanced materials OIF CEI-224G SNDR and jitter   at   TP0   and COM

224G XSR 116 Gbaud PAM4 12 dB 50 mm of package substrate trace, or 
package on package OIF CEI-224G Under development

800GAUI-8 C2M 53.125 Gbaud PAM4 16 dB Tx / Rx packages and fixtures IEEE 802.3df VEC, EH   at    TP1a /   TP4  

Stress signal injected   at    TP1  /   TP4a   and 
calibrated   at    TP1a   /   TP4   (for module/host 
respectively)
Pre-FEC BER measured at PHY chip, post-FEC BER 
and FLR measured at host chip 

112G-VSR 58 Gbaud PAM4 16 dB 220 mm and 1 connector OIF CEI-112G VEC, EH, eye linearity   at   TP1a /   TP4  

112G-Linear 58 Gbaud PAM4 13 dB 120 mm of PCB and 1 connector OIF CEI-112G EECQ, CEQ VMA   at   TP1a /   TP4  

IBTA NDR 53.125 Gbaud PAM4 N/A 7 m active copper, 100 m optics InfiniBand NDR VEC, EH, Mask   at   TP1a /   TP4  

200GAUI C2M 106.5 Gbaud PAM4 33 dB Under development IEEE 802.3dj SNDR and jitter   at   TP1a /   TP4  

224G VSR 116 Gbaud PAM4 Under development 220 mm and 1 connector OIF CEI-224G Under development

Test Points
Cable test

Chip-to-module test

Form Factors

Timelines

1.6T Solutions from  
Design to Manufacturing

TP0 TP1 TP2

TP4

TP5

TP3

Cable assembly

CR channel

Module
connector

Module
connector

MCB

HCB

Module
connector

Host ASICHost ASIC

MDI MDI

* Under development by the OIF

Drivers

Key Measurements and Methods

Physical Interfaces

Double every 
three years

ICT consumes 4% 
worldwide energy

5G, AI / 
machine learning, 

VR, digital twin

Growing
tra�ic

Energy
consumption

Consumer
ecosystem

CO2

2022

2023

2024

2025

R&D: 
200G SerDes 

turn on

R&D: 
400G SerDes 

turn onStandards
IEEE P802.3dj3

LPO MSA

Products
1.6T TRX 

Standards
IEEE P802.3dj4

Products
102.4T switch with 
co-packaged optics 

second gen

Standards
IEEE 802.3df
OIF-CEI 6.03
800G MSA
IBTA XDR3

Products
51.2T switch with 

co-packaged optics
first gen

Standards
OIF-CEI 5.0

IEEE 802.3ck

Products
51.2T switch ASIC

800G TRX

2026

Standards
IEEE P802.3dj5

Products
3.2T TRX 

3. Initial draft
4. Later draft
5. Final release

Acronyms

C2C Chip-to-chip
C2M  Chip-to-module
HCB Host compliance board
MCB Module compliance board
MDI Medium-dependent interface
PHY  Physical layer chip
TP   Test point
TROSA  Transmitter and Receiver  

Optical Sub-Assembly

Your Path to 1.6T

Source: Weissberger A. (2022). Telegeography: Global internet bandwidth rose by 28% in 2022. IEEE ComSoc.  
https://techblog.comsoc.org/2022/09/19/telegeography-global-internet-bandwidth-rose-by-28-in-2022/

Banet C., Pollitt M., Covatariu A., and Duma D. (2021). Data centers and the grid, greening ICT in Europe.  
https://cerre.eu/wp-content/uploads/2021/10/211013_CERRE_Report_Data-Centres-Greening-ICT_FINAL.pdf 
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OIF-CPO

Explore the technology, standards, and solutions  
powering the expansion of 800G and evolution to 1.6T 

Design and verification

Channel / interconnect

Conformance test

Network test

Manufacturing test
Virtual design verification

800G / 1.6T
design cycle

PIC test

These standards are continually evolving. For the latest version of this poster, visit keysight.com/find/1.6T

Visit us at www.keysight.com/find/1.6T

Figure 7 illustrates the 800G / 1.6T design cycle — highlighting 
critical stages such as channel / interconnect testing, conformance 
validation, network analysis, and manufacturing verification. 
Addressing these challenges requires robust simulation, validation, 
and testing solutions to ensure reliable interconnect performance in 
AI-driven environments.

The Recommendation 

Deploy future-proof test and measurement tools designed for the 
AI data center, as illustrated in Figure 7. Validating individual high-
speed links is the first step toward ensuring system-level data center 
performance. Network equipment manufacturers and hyperscalers 
rely on Keysight AI Interconnect solutions to validate performance, 
compliance, and efficiency.

Figure 7. Example of a comprehensive workflow from design and verification to 
manufacturing and conformance testing for next-generation interconnects
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Optical and electrical digital communication 
analyzer sampling oscilloscopes 

Ensure interconnect compliance, validate signal integrity, and optimize 
optical transceiver performance. Analyze PAM4 signals, measuring 
TDECQ, jitter, and other specifications to improve transceiver 
interoperability in 800G / 1.6T systems, as highlighted in Figure 8.

Bit error ratio testers 

Confirm physical layer receiver compliance with PCIe, USB, and 
Ethernet standards with up to 120 Gbaud highly-integrated bit error 
ratio (BER) test solutions for physical layer characterization,  
validation, and compliance testing. 

BERT, FEC, and packet test solution

Validate high-speed Ethernet technologies like 800G / 1.6T is  
essential to ensure performance, interoperability, reliability, and 
scalability in modern network systems. This solution enables BERT, 
FEC analysis, and Layer 2 protocols across optical transceiver lanes for 
various configurations, ensuring reliable, high-speed performance in 
data centers.

Figure 8. Keysight DCA-X wide-bandwidth sampling oscilloscopes 
provide accurate and precise measurements of high-speed digital 
designs from 50 Mb/s to 224 Gb/s.

Call to Action
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Speeds and 
Bandwidths

KEY 4
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Tech giants and beyond are set to spend over $1T on AI 
CapEx in coming years.

Goldman Sachs

KEY 4

Adapting to Higher Network 
Speeds and Bandwidths

The Challenges

Growing workloads for AI data centers drive demand for high-
performance networks and the infrastructure and equipment that 
powers them. Achieving speeds of 1.6T and beyond begins at the 
component level. 

Proper protocol support and rigorous testing are necessary to 
ensure reliability, but that is just the beginning. Optical transceivers 
require precise 224 Gbps transmission and receiver testing, as well 
as comprehensive testing at Layer 1.5 to ensure data integrity across 
striped 8-lane transmissions. Moreover, FEC data needs careful 
review to ensure optics meet the required specifications for reliable 
transmission in demanding AI networks. 
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At the system level, avoiding network bottlenecks and maximizing 
GPU utilization are essential to maintaining efficient AI workflows. For 
example, as shown in Figure 9, uneven workload completion across 
GPUs can create bottlenecks, emphasizing the need for precise testing 
and optimization. Addressing these challenges is vital to eliminating 
weak links and delivering efficient, reliable AI data center performance.

The Recommendation

Enhance performance, efficiency, and security across AI network 
environments with a holistic, end-to-end network test strategy. Network 
traffic generators, application and security testing tools, and distributed 
traffic emulators can all help pinpoint bottlenecks, inefficiencies, and 
performance degradations across AI data centers. That is why network 
architects and AI hypervisors trust Keysight AI Network solutions to 
maintain peak performance.

Validate AI network fabrics efficiently

Accelerate AI infrastructure design and data center deployment by 
emulating real-world AI workloads with measurable fidelity with the KAI 
Data Center Builder. With pre-packaged benchmarking applications 
developed with leading AI operators and infrastructure vendors, you 
can evaluate how new algorithms, components, and protocols improve 
AI training performance. The platform supports flexible test engines 
for comparative benchmarking, including hardware load appliances, 
software endpoints, and real AI accelerators. 

Figure 9. Example of test results of workload progress across eight GPUs using the all-
reduce halving doubling algorithm, showing uneven completion times with some GPUs 
finishing later and adding delays
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Test the performance and reliability of high-
speed network interconnects 

Consolidate Layer 1-bit error ratio testing and Layer 2 / 3 switch and 
router performance validation in a single test platform. The Keysight 
Interconnect and Network Performance Tester Benchtop 800G is a 
portable, high-performance Ethernet network emulator. The platform 
supports 30W optics and offers key capabilities, measurements, and 
workflows at Layer 1.5. The solution is optimized for validating AI- and 
ML-ready optical and active cable interconnects, as demonstrated in 
Figure 10.

Test security and performance 

Model dynamic application traffic, user behavior, and threat vectors at 
scale to ensure robust performance, security, and user experience in 
complex network environments. Recreate every aspect of a realistic 
workload across various physical and cloud-based environments. 
Keysight CyPerf is an instantly scalable, cloud-native network test 
solution that delivers unprecedented insights into the end-user 
experience, security posture, and performance bottlenecks of 
distributed, hybrid networks — including AI / ML cloud platforms.

Figure 10. Keysight Interconnect and Network Performance Tester 800G testing 
network protocols

Call to Action
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to Scale AI 
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AI power demands will surge as high as 652 TWh by 
2030 — an 8,050% increase from projected 2024 levels. 

Forbes

KEY 5

Improving Power Efficiency 
to Scale AI Workloads

The Challenges

Scaling AI workloads is increasingly limited by power efficiency and 
thermal constraints. Growing AI model complexity drives exponential 
energy demands from compute nodes, storage, and networking — 
often exceeding current power and cooling capacities. 

Crosstalk, electromagnetic interference (EMI), and power integrity 
issues degrade performance, while high-frequency switching 
in AI accelerators introduces electrical noise. However, thermal 
constraints might be the most important performance constraint 
in AI data centers. Overworked cooling systems, which constantly 
struggle to dissipate heat from dense hardware deployments, not 
only increase costs but also hinder the scalability of AI workloads.
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The Recommendation

Optimize power efficiency and management across all components 
and infrastructure within AI data centers. The best way to do this is by 
investing in a comprehensive range of power products like Keysight 
AI Power solutions — which are designed for precise measurement, 
reliable performance, and efficient energy management across AI 
data center applications.

Power analyzer

Combine DC power supplies and loads with the capabilities of a 
multimeter, an oscilloscope, a waveform generator, and a data logger 
into a single instrument. Keysight power analyzers enable precise 
voltage and current measurements, waveform generation, and data 
logging, as shown in Figure 11.

Oscilloscope with power analysis software, 
power rail probes

Quickly resolve the root causes of power integrity issues in network 
equipment. Keysight oscilloscopes enable you to analyze noise, 
ripple, and crosstalk accurately. Measure power rails and high-speed 
data signals to reduce crosstalk between high-speed data traces and 
high-voltage power rails — which cause issues with power efficiency 
and signal integrity.

Figure 11. Keysight power analyzer displaying voltage and current waveforms in real time

5 Key Strategies to Optimize and Scale AI Data Centers    |    25



Power integrity design and simulation 
software  

Optimize power reliability and thermal performance early in the 
design using electronic design automation (EDA) software. Analyze 
power delivery networks, predict reliability, and optimize thermal 
performance, streamlining the power integrity workflow.

Call to Action
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Build AI-ready Data Centers  
with KAI Solutions

Building data centers capable of managing the demands of AI 
workloads means validating every component, connection, and 
configuration. With the stakes — and scale — this high, even the 
smallest efficiency gain, operational improvement, or performance 
enhancement can unlock significant returns, reducing disruptions 
and preventing cascading failures.

AI-ready semiconductors, networks, and data center infrastructure 
demand AI-ready test and emulation tools. With a full-stack portfolio 
of emulators and test hardware, KAI solutions make it easy to 
replicate real-world AI workloads, validate network components, 
and optimize system-level performance across every layer — from 
physical hardware to application-level behavior.

Figure 12. Keysight AI Data Center Solutions

Call to Action

With Keysight, you can emulate anything and 
optimize everything — ensuring your AI data 
center meets today’s benchmarks and tomorrow’s 
breakthroughs.
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