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Moore’s law scaling has approached the fun-
damental limit of physics and its end is
in sight. Consequently, integrating more

transistors and system components in a single
monolithic die has become cost ineffective and inef-
ficient. This has led to two innovations in: 1) integra-
tion and packaging technologies that integrate
multiple system components in separate dies into
a single chip package; and 2) heterogeneous com-
puting, which allows us to continue to scale
performance and energy efficiency with various
accelerators. In parallel, with proliferation of cloud
computing enabled by large-scale datacenters,
efficient use of compute, memory and storage
resources through disaggregation has become very
essential for cost-effective operation of the datacen-
ters. These changes have resulted in the emergence
of system interconnect technologies—chip-to-chip
(or die-to-die) interconnection networks that effi-
ciently connect dies within a chip package or
between chips in a system board and across boards
to cost-effectively scale out the system. These sys-
tem interconnect technologies present unique chal-
lenges and opportunities compared to large-scale
interconnection networks or network-on-chip. This
Special Issue on Emerging System Interconnects
addresses recent advances in system interconnect
technologies, with special emphasis on Compute
Express Link (CXL) as it becomes more widely
adopted in the industry. In particular, the special
issue comprises nine articles, with six of the articles
coming from the industry. Most of the articles
address the opportunities from the emerging CXL
interconnect but the special issue also includes
work on Universal Chiplet Interconnect express
(UCIe) interconnect technologies and promising use

cases for future computing systems as well as pho-
tonic interconnect for wafer-scale systems.

THIS SPECIAL ISSUE ON EMERGING
SYSTEM INTERCONNECTS
ADDRESSES RECENT ADVANCES IN
SYSTEM INTERCONNECT
TECHNOLOGIES, WITH SPECIAL
EMPHASIS ON COMPUTE EXPRESS
LINK (CXL) AS IT BECOMES MORE
WIDELY ADOPTED IN THE INDUSTRY.

CXL TECHNOLOGY AND USE
CASES

In the first article in this issue [A1], Das Sharma, who
has led the standardization effort of CXL at Intel, over-
views the CXL standard. This article describes Intel’s
CXL implementation, provides detailed performance
characteristics, and proposes a composable, scaleout
rack scale architecture based on CXL. In the second
article [A2], Kim et al. from Samsung present one of the
most anticipated use case of CXL where the authors
exploit CXL to expand both the bandwidth and the
capacity of the memory system for datacenter servers
through software-definedmemory tiering.

CXL MEMORY POOLING
The next three articles explore another much-antici-
pated CXL use case, memory pooling, or disaggre-
gation for public cloud servers. In [A3], Berger et al.
from Microsoft explore the design space of CXL-based
memory systems that not only considers the size,
reach, and topology of the memory pool for public
cloud servers, but also navigates complex design con-
straints around performance, virtualization, and man-
agement. In [A4], Ha et al. from SK Hynix present a
memory pooling system prototype that provides sup-
port for dynamic allocation or release of memory
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space in the pool based on memory demands of indi-
vidual servers. In [A5], Gouk et al. also demonstrate a
CXL-based memory pooling prototype by providing
the design of a CXL switch for memory pools, an
implementation of software runtime to manage the
memory pools in detail, along with detailed evalua-
tions and comparisons with a remote direct memory
access (RDMA)-based implementation for key-value-
store workloads.

CXL OPPORTUNITIES
CXL presents new opportunities beyond simply
interconnecting components together. In [A6],
Boles et al. from Micron and IBM introduce memory
functions, such as enhanced support for crash-con-
sistent transactions on persistent memory, logging
and tracing, data movement, and security in their
FPGA-based CXL memory controller. In [A7], Kwon
et al. propose TrainingCXL that integrated both a
central processing unit and persistent memory with
CXL and removes the overhead of storing periodic
checkpoints from the critical path of training rec-
ommendation models.

THE IMPACT OF COMMUNICATION
AND INTERCONNECTWILL ONLY
CONTINUE TO GROWAS SYSTEM
INTEGRATION AND SCALABILITY
INCREASES, ANDWE HOPE THESE
ARTICLES ENCOURAGE NEW
RESEARCH IN THIS EXCITING AREA.

INTERCONNECT FOR CHIPLETS
The next two articles address system interconnect
challenges when integrating chiplets. In [A8], Das
Sharma (Intel) introduces UCIe interconnect that is
an open industry standard interconnect that allows
chiplets from any supplier to be packaged in an
interoperable fashion. This article delves into the
architectural and protocol aspects of the UCIe
specification, and then presents results based on
Intel’s implementation. Another approach to inte-
grating chiplets is through wafer-scale integration.
In [A9], Zhang et al. introduce network-on-wafer
interconnect that exploits photonic interconnect
for wafer-scale systems and interconnects multi-
chiplet graphics processing units together.

We hope this collection of articles provides a great
overview on the challenges and opportunities from
emerging system interconnect. The impact of commu-
nication and interconnect will only continue to grow
as system integration and scalability increases, and
we hope these articles encourage new research in this
exciting area. We would like to thank all the authors
who submitted articles to this Special Issue on Emerg-
ing System Interconnects and the anonymous
reviewers, the Editor-in-Chief (Lizy Kurian John), and
IEEE Micro staff (Jaclyn Martin) for their support in
making this special issue happen.

APPENDIX: RELATED ARTICLES
[A1] D. D. Sharma, “Novel composable and scaleout

architectures using Compute Express Link,” IEEE
Micro, vol. 43, no. 2, pp. 9–19, Mar./Apr. 2023,
doi: 10.1109/MM.2023.3235972.

[A2] K. Kim et al., “SMT: Software-defined memory
tiering for heterogeneous computing systems
with CXL memory expander,” IEEE Micro, vol. 43,
no. 2, pp. 20–29, Mar./Apr. 2023, doi: 10.1109/
MM.2023.3240774.

[A3] D. S. Berger et al., “Design tradeoffs in CXL-based
memory pools for public cloud platforms,” IEEE
Micro, vol. 43, no. 2, pp. 30–38, Mar./Apr. 2023,
doi: 10.1109/MM.2023.3241586.

[A4] M. Ha et al., “Dynamic capacity service for
improving CXL pooled memory efficiency,” IEEE
Micro, vol. 43, no. 2, pp. 39–47, Mar./Apr. 2023,
doi: 10.1109/MM.2023.3237756.

[A5] D. Gouk, M. Kwon, H. Bae, S. Lee, and M. Jung,
“Memory pooling with CXL,” IEEE Micro, vol. 43,
no. 2, pp. 48–57, Mar./Apr. 2023, doi: 10.1109/
MM.2023.3237491.

[A6] D. Boles, D. Waddington, and D. A. Roberts, “CXL-
enabled enhanced memory functions,” IEEE
Micro, vol. 43, no. 2, pp. 58–65, Mar./Apr. 2023,
doi: 10.1109/MM.2022.3229627.

[A7] M. Kwon, J. Jang, H. Choi, S. Lee, and M. Jung,
“Failure tolerant training with persistent memory
disaggregation over CXL,” IEEE Micro, vol. 43,
no. 2, pp. 66–75, Mar./Apr. 2023, doi: 10.1109/
MM.2023.3237548.

[A8] D. D. Sharma, “System on a package innovations
with Universal Chiplet Interconnect Express
(UCIe) interconnect,” IEEE Micro, vol. 43, no. 2,
pp. 76–85, doi: 10.1109/MM.2023.3235770.

[A9] S. Zhang, “Photonic network-on-wafer for multi-
chiplet GPUs,” IEEE Micro, vol. 43, no. 2, pp. 86–95,
Mar./Apr. 2023, doi: 10.1109/MM.2023.3237927.

March/April 2023 IEEE Micro 7

GUEST EDITORS’ INTRODUCTION

http://dx.doi.org/10.1109/MM.2023.3235972
http://dx.doi.org/10.1109/MM.2023.3240774
http://dx.doi.org/10.1109/MM.2023.3240774
http://dx.doi.org/10.1109/MM.2023.3241586
http://dx.doi.org/10.1109/MM.2023.3237756
http://dx.doi.org/10.1109/MM.2023.3237491
http://dx.doi.org/10.1109/MM.2023.3237491
http://dx.doi.org/10.1109/MM.2022.3229627
http://dx.doi.org/10.1109/MM.2023.3237548
http://dx.doi.org/10.1109/MM.2023.3237548
http://dx.doi.org/10.1109/MM.2023.3235770
http://dx.doi.org/10.1109/MM.2023.3237927


JOHN KIM is a professor in the School of Electrical Engineer-

ing, Korea Advanced Institute of Science and Technology,

Daejeon, 34141, South Korea. His research interests include

computer architecture, interconnection networks, and large-

scale systems. Kim received a Ph.D. degree from Stanford

University, Stanford, CA, USA. He is a Senior Member of IEEE.

Contact him at jjk12@kaist.edu.

NAM SUNG KIM is the W.J. “Jerry” Sanders III-Advanced

Micro Devices Inc. Endowed Chair Professor at the University

of Illinois, Urbana, IL, 61801, USA. His research interests

include computer architecture and system software, focusing

on memory, storage, and network subsystems. He is a Fellow

of IEEE and ACM. Contact him at nskim@illinois.edu.

8 IEEE Micro March/April 2023

GUEST EDITORS’ INTRODUCTION



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


