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The first time I paid attention to interconnects in
computing systems was during my graduate
studies in the early 1990s at the University of

Michigan, where I conducted research in parallel com-
puting under the supervision of Professor Ed Davidson.
In Ed’s research group, most of us focused on perfor-
mance analysis methodology (which Ed called “a func-
tional approach”) and parallelization techniques to
understand and to accelerate large-scale simulation
applications. The two projects I worked on included a
car crash simulator sponsored by a nearby automobile
company and an Indian Ocean circulation simulator,
both were targeted to run on the Kendall Square
Researchmachines and IBM SP2, a distributedmemory
machine using message-passing for shared data com-
munication. Performance overheads due to node-to-
node interprocessor communication, particularly in the
IBM SP2, were always a top priority left to application
programmers to manage, hide, and mitigate.

Then, in 2001, a seminal paper written by Ho, Mai,
and Horowitz—“The Future of Wires”—was published in
the Proceedings of the IEEE, which offered an outlook
into wire delays as well as their profound implications
on chip architecture design amid escalating wire scaling
challenges. The insight of this paper prompted proces-
sor architects to reconsider the role and impact of wires,
especially the long wires traversing across a large chip.
This paradigm shift revolutionized processor design from

monolithic single-core architectures to modular building
blocks, ushering into the era of multicore architectures.

Fast-forward three decades, similar communication
challenges continue to expand, from on-chip wires, to
interconnects in larger systems integrating multiple
(heterogeneous) chiplets using fancy, advanced pack-
aging technology, and all the way to package-to-
package communication and beyond. For example, to
expedite on-chip communication, technology such as
sub-NUMA clustering was introduced to reduce the
latency of data movements across a large CPU die. In
the modern cloud computing era, service-oriented
architecture based on microservices, tensor parallelism
exploitation, or model sharding for artificial intelligence/
machine learning (AI/ML) training and inferences, and
so on, rely on reliable, low-latency, and energy-efficient
interconnects to achieve efficient computation and
deliver accountable services. Furthermore, it is not just
the interconnect latency that matters; interconnect
bandwidth also plays a critical role in ensuring sufficient
data to sustain high computational throughput. As
shown by a recent study, “AI and Memory Wall” (to be
published in our next Special Issue on Hot Chips), over
the last 20 years, while dynamic random-accessmemory
bandwidth and the FLOPS offered by hardware have
been substantially improved by 100 times and 60,000
times, respectively, interconnect bandwidth has only
increased by a modest factor of 30. This considerable
mismatch could lead to imbalanced designs and
thereby hinder the maximal performance achievable
for modern applications that are bandwidth-limited.

In this Special Issue, we bring to you five selected
worksA1,A2,A3,A4,A5 from the 2023 Hot Interconnects
Symposium (HotI30), which is also celebrating its 30th
anniversary. I would like to extend my gratitude to
Dr. Scott Levy and Dr. Whit Schonbein, who served as
the journal chairs of the symposium and also acted as
our guest co-editors for reviewing and selecting invited
papers to appear this issue from the 2023 Hot Inter-
connects program. The research scopes of these
selected works include industry solutions BlueField
data processing units (DPUs) to accelerate both lossy
and lossless compression algorithms, techniques for
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offloading compression to SmartNIC to reduce critical
path latency, performance characterization of distributed
large language models (LLMs) over different intercon-
nects and communication protocols, high-throughput
domain-specific interconnection network for modern AI
workloads, and low-latency forward error correction
and cyclic redundancy check in PCIe 6.0 and CXL 3.0.
Please read the Guest Editorial messageA6 by Dr. Levy
and Dr. Schonbein to get a preview of these articles.

Additionally, we feature an article fromMeta Reality
Labs’ researchers demonstrating a cutting-edge fully
digital compute-in-memory accelerator architecture
crafted to enhance energy efficiency for augmented
reality/virtual reality applications.A7 This article is fol-
lowed by aMicro Law department pieceA8 by Dr. Joshua
Yi, part of a series exploring the patenting behavior
and patent characteristics of computer architecture

companies. In the article, Yi analyzes the characteris-
tics of patent families, particularly the number of
issued patents for each patent family. Finally, do not
miss the compelling Micro Economics departmental
articleA9 by Prof. Shane Greenstein of Harvard Busi-
ness School titled “Party like it’s 1999?” In it, Green-
stein draws a striking parallel between the current
industry-wide tsunami of feverish enthusiasm trig-
gered by generative AI—or “gold rush” in his own
terms—and the infamous dotcom bubble and the tele-
com bubble of the late 1990s, which led to financial
fiascos across the globe. Could history repeat itself?
This article leaves the question to the readers’
discretion.
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APPENDIX: RELATED
ARTICLES
A1. Y. Li, A. Kashyap, Y. Guo, and X. Lu,

“Compression analysis for BlueField-2/-3

data processing units: Lossy and lossless

perspectives,” IEEE Micro, vol. 44, no. 2,

pp. 8–19, Mar./Apr. 2024, doi: 10.1109/MM.2023.

3343636.

A2. R. Oliveira and A. Gavrilovska, “Comprex:

In-network compression for accelerating IoT

analytics at scale,” IEEE Micro, vol. 44, no. 2,

pp. 20–30, Mar./Apr. 2024, doi: 10.1109/

MM.2023.3343498.

A3. L. Dai, H. Qi, W. Chen, and X. Lu, “High-speed

data communication with advanced networks

in large language model training,” IEEE Micro,

vol. 44, no. 2, pp. 31–40, Mar./Apr. 2024,

doi: 10.1109/MM.2024.3360081.
A4. D. Abts and J. Kim, “Enabling artificial

intelligence supercomputers with domain-

specific networks,” IEEE Micro, vol. 44, no. 2,

pp. 41–49, Mar./Apr. 2024, doi: 10.1109/

MM.2023.3330079.
A5. D. Das Sharma and S. Choudhary, “Pipelined and

partitionable forward error correction and cyclic

redundancy check circuitry implementation

for PCI Express 6.0 and Compute Express

Link 3.0,” IEEE Micro, vol. 44, no. 2, pp. 50–59,

Mar./Apr. 2024, doi: 10.1109/MM.2023.

3328832.

A6. S. Levy and W. Schonbein, “Special Issue on Hot

Interconnects 30,” IEEE Micro, vol. 44, no. 2,

pp. 6–7, Mar./Apr. 2024, doi: 10.1109/MM.2024.

3373338.

A7. H. E. Sumbul, J.-s. Seo, D. H. Morris, and

E. Beigne, “A fully digital and row-pipelined

compute-in-memory neural network

accelerator with system-on-chip-level

benchmarking for augmented/virtual reality

applications,” IEEE Micro, vol. 44, no. 2,

pp. 61–70, Mar./Apr. 2024, doi: 10.1109/

MM.2023.3338059.

A8. J. J. Yi, “Analysis of historical patenting behavior

and patent characteristics of computer

architecture companies—Part IX: Patent

families,” IEEE Micro, vol. 44, no. 2, pp. 72–77,

Mar./Apr. 2024, doi: 10.1109/MM.2024.3373342.

A9. S. Greenstein, “Party like it’s 1999?” IEEE Micro,

vol. 44, no. 2, pp. 78–80, Mar./Apr. 2024,

doi: 10.1109/MM.2024.3372349.

FROM THE EDITOR-IN-CHIEF

March/April 2024 IEEE Micro 5

mailto:lee.sean@gmail.com
http://dx.doi.org/10.1109/MM.2023.3343636
http://dx.doi.org/10.1109/MM.2023.3343636
http://dx.doi.org/10.1109/MM.2023.3343498
http://dx.doi.org/10.1109/MM.2023.3343498
http://dx.doi.org/10.1109/MM.2024.3360081
http://dx.doi.org/10.1109/MM.2023.3330079
http://dx.doi.org/10.1109/MM.2023.3330079
http://dx.doi.org/10.1109/MM.2023.3328832
http://dx.doi.org/10.1109/MM.2023.3328832
http://dx.doi.org/10.1109/MM.2024.3373338
http://dx.doi.org/10.1109/MM.2024.3373338
http://dx.doi.org/10.1109/MM.2023.3338059
http://dx.doi.org/10.1109/MM.2023.3338059
http://dx.doi.org/10.1109/MM.2024.3373342
http://dx.doi.org/10.1109/MM.2024.3372349


<<
	/CompressObjects /Off
	/ParseDSCCommentsForDocInfo false
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 200
	/GrayImageResolution 300
	/DoThumbnails false
	/ColorConversionStrategy /sRGB
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (Adobe RGB \0501998\051)
	/MonoImageMinResolutionPolicy /OK
	/AllowPSXObjects false
	/LockDistillerParams true
	/ImageMemory 1048576
	/DownsampleMonoImages true
	/ColorSettingsFile (None)
	/PassThroughJPEGImages true
	/AutoRotatePages /None
	/Optimize false
	/ParseDSCComments false
	/MonoImageDepth -1
	/AntiAliasGrayImages false
	/GrayImageMinResolutionPolicy /OK
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 400
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness false
	/OtherNamespaces [
		<<
			/IncludeSlug false
			/CropImagesToFrames true
			/IncludeNonPrinting false
			/OmitPlacedBitmaps false
			/AsReaderSpreads false
			/Namespace [
				(Adobe)
				(InDesign)
				(4.0)
			]
			/FlattenerIgnoreSpreadOverrides false
			/OmitPlacedEPS false
			/OmitPlacedPDF false
			/SimulateOverprint /Legacy
			/IncludeGuidesGrids false
			/ErrorControl /WarnAndContinue
		>>
		<<
			/IgnoreHTMLPageBreaks false
			/IncludeHeaderFooter false
			/AllowTableBreaks true
			/UseHTMLTitleAsMetadata true
			/MetadataTitle /
			/ShrinkContent true
			/UseEmbeddedProfiles false
			/TreatColorsAs /MainMonitorColors
			/MetricUnit /inch
			/RemoveBackground false
			/HonorBaseURL true
			/ExpandPage false
			/AllowImageBreaks true
			/MetadataSubject /
			/MarginOffset [
				0.0
				0.0
				0.0
				0.0
			]
			/Namespace [
				(Adobe)
				(GoLive)
				(8.0)
			]
			/OpenZoomToHTMLFontSize false
			/PageOrientation /Portrait
			/MetadataAuthor /
			/MobileCompatible 0.0
			/MetadataKeywords /
			/MetricPageSize [
				0.0
				0.0
			]
			/HonorRolloverEffect false
		>>
		<<
			/IncludeProfiles true
			/ConvertColors /NoConversion
			/FormElements true
			/MarksOffset 6.0
			/FlattenerPreset <<
				/PresetSelector /MediumResolution
			>>
			/DestinationProfileSelector /UseName
			/MultimediaHandling /UseObjectSettings
			/PreserveEditing true
			/PDFXOutputIntentProfileSelector /UseName
			/BleedOffset [
				0.0
				0.0
				0.0
				0.0
			]
			/UntaggedRGBHandling /LeaveUntagged
			/GenerateStructure false
			/AddRegMarks false
			/IncludeHyperlinks false
			/IncludeBookmarks false
			/MarksWeight 0.25
			/PageMarksFile /RomanDefault
			/UntaggedCMYKHandling /LeaveUntagged
			/AddPageInfo false
			/AddBleedMarks false
			/IncludeLayers false
			/IncludeInteractive false
			/AddColorBars false
			/UseDocumentBleed false
			/AddCropMarks false
			/DestinationProfileName (U.S. Web Coated \050SWOP\051 v2)
			/Namespace [
				(Adobe)
				(CreativeSuite)
				(2.0)
			]
			/Downsample16BitImages true
		>>
	]
	/CompressPages true
	/GrayImageMinResolution 200
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages false
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.7
	/MonoImageResolution 600
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Error
	/PreserveOPIComments false
	/AutoPositionEPSFiles false
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
	/EmbedJobOptions true
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/MonoImageDownsampleType /Bicubic
	/DetectBlends true
	/EmitDSCWarnings false
	/ColorImageDownsampleType /Bicubic
	/EncodeGrayImages true
	/Namespace [
		(Adobe)
		(Common)
		(1.0)
	]
	/AutoFilterColorImages false
	/DownsampleGrayImages true
	/GrayImageDict <<
		/QFactor 0.76
		/HSamples [
			2.0
			1.0
			1.0
			2.0
		]
		/VSamples [
			2.0
			1.0
			1.0
			2.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/QFactor 0.76
		/HSamples [
			2.0
			1.0
			1.0
			2.0
		]
		/VSamples [
			2.0
			1.0
			1.0
			2.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 300
	/PDFXRegistryName (http://www.color.org)
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Dot Gain 15%)
	/ColorImageMinDownsampleDepth 1
	/PDFXTrapped /False
	/DetectCurves 0.0
	/ColorImageDepth -1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/TransferFunctionInfo /Remove
	/ColorImageFilter /DCTEncode
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/DSCReportingLevel 0
	/ColorACSImageDict <<
		/QFactor 0.76
		/HSamples [
			2.0
			1.0
			1.0
			2.0
		]
		/VSamples [
			2.0
			1.0
			1.0
			2.0
		]
	>>
	/PDFXOutputConditionIdentifier (CGATS TR 001)
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/UsePrologue false
	/PreserveCopyPage true
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Preserve
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Bicubic
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
		
		/FRA <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/HUN <>
		/NOR <>
		/DEU <>
		/CZE <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
		/DAN <>
		/JPN <>
		
		/SUO <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		
		
		
		/PTB <>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
		/TUR <>
		/POL <>
		
		/SVE <>
		
		/ESP <>
	>>
	/CropMonoImages false
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo true
	/ColorImageDict <<
		/QFactor 0.76
		/HSamples [
			2.0
			1.0
			1.0
			2.0
		]
		/VSamples [
			2.0
			1.0
			1.0
			2.0
		]
	>>
	/CropGrayImages false
	/PDFXOutputCondition ()
	/SubsetFonts false
	/EncodeMonoImages true
	/CropColorImages false
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


