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. Benchmarks Gate count | # Spare Cells Chd((nl:)e gt # ECO Paths |# Critical Gates| WNS (ns) TNS (ns)
. CO n CI u S I O n S Design_1 19342 569 41 16 9938 443 31.99
Design_2 31154 1049 68 10 1073 724 35.83
Design_3 10657 624 2 96 3675 1.87 93.82
Design_4 77297 2919 30 32 11979 2.75 58.83
Design_5 30825 839 14 38 1984 0.55 8.37




Engineering Change Orders (ECOs)

e ECOs are for incremental changes of a design

¢ |[n view of optimization stages:
— Pre-mask ECOs

=« Done before chip-mask being manufactured

_ Post-mask ECOs

=« Done after chip-mask being manufactured

¢ |[n view of optimization goals
— Functional ECOs

= Applied for functional rectification

— Timing ECOs
« Applied for timing repair
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Engineering Change Orders (ECOs)

e ECOs are for incremental changes of a design

e Generally, ECOs can be divided into two categories,

¢ Pre-mask ECOs

— Done before chip-mask being manufactured
— Usually for design-time saving

e Post-mask ECOs

— Done after chip-mask being manufactured
— Usually for design-cost saving

e Spare cells are redundant cells reserved in a chip
design and mainly used for post-mask ECOs



More on Post-Mask ECOs

¢ Since masks for transistors are much more expensive
than those for metal layers,
— Metal-only ECO, which performs design changes on metal

layers, is the mainstream
¢ To enable metal-only ECO, spare cells
are spread over the circuit layout
after placement

Previous Work

Source: Faraday Technology

e Functional ECOs Cooperation
— Technology remapping considering wirelength minimziation
e Timing ECOs

— Gate sizing, buffer insertion, and/or technology remapping



Timing-Aware Functional ECO Problem

e Given
— A placed and routed circuit netlist
— A set of placed spare cells
— Acell library
— A timing constraint
— A set of correction logic netlists for functional rectification

e Our goal is to rewire the design such that
— The whole circuit functionality is corrected
— The timing constraint is satisfied

¢ \When functional rectification is not needed, the problem
reduces to timing ECO problem
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Table Generation: NPN-Subtable

e Two functions are in the same NPN equivalence class
If they can be equivalent by
— Negation of any variable(s)
— Permutation of variables and/or
— Negation of the function

ex. F=a+bc _
Fand G are NPN-equivalent
G=b+ac
# inputs # Functions # NPN classes
1 4 2 222 pattern graphs are
; 21566 144 enough to form all 4-input
4 65.536 222 Boolean functions
5 4,294,967,296 616,126

Our pattern graphs are composed of NAND, NOR, and inverters



Table Generation: PLG

-Subtable

¢ To enhance the diversity of pattern graphs, we further
construct a table called PLG-subtable

D
D -
1D o

AND gate > D>

— gate sizing

— buffer insertion

B> -

simple logic

Ao — decomposition

All gate types in the given cell library are considered



Lookup Table Overview
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Design Flow
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Cut Enumeration

e A set of gates C is a cut for a gate g if

— Each path from primary inputs (Pls) to g must go through at
least one node of C

e A cutis called k-feasible if
— # of gates in C does not exceed the bound, k

cut cut
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Table Lookup

L A critical gate

v

Spare cell collection

Few # of Spare cell
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Challenges of Remapping (1/2)

e Spare-cell selection problem

¢ |n the following example
~ C; choices
— Complexity: O(n?) if there are n spare cells

.

pattern graph

2

::} spaie;)ell
D = 1
D

T B:

normal cell
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Challenges of Remapping (2/2)

1) D:
—~ | e )
D B

Larger wiring cost

Even if the same spare cells are chosen...

| p
1

D— P

Smaller wiring cost

The wiring cost might be quite different!
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Algorithm of Technology Remapping

Technology Remapping Rip-up the target sub-circuit
Rip-up & Map Map to a new circuit with a
l given pattern graph randomly
Iterative wirelength reduction _
l Reduce total wirelength
lterative timing optimization Optimize timing of the new
circuit

s
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Remapping — Timing Optimization
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Extension: Timing-Aware Functional ECO

e By NPN-subtable and the remapping techniques,
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Experimental Setup

e C++ programming language

e | inux workstation

— 2.4 GHz CPU and 8 GB memory

¢ Five industrial designs using 180nm technology

Benchmarks Gate count # Spare Cells Clocl((nls’)e riod # ECO Paths |# Critical Gates| WNS (ns) TNS (ns)
Design_1 19342 569 41 16 9938 4.43 31.99
Design_2 31154 1049 68 10 1073 7.24 35.83
Design_3 10657 624 22 96 3675 1.87 98.82
Design 4 77297 2919 30 32 11979 2.75 58.83
Design_5 30825 839 14 38 1984 0.55 8.37

e The spare-cell types considered were AND, OR,
NAND, NOR, buffer, and inverter
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Experimental Results

¢ The execution time of TRECO depends on several

factors, such as
— # of critical gates,
— Cut size and cut volume of each critical gate,
— # of subgraphs being considered,
— Success rate and effectiveness of remapping on a gate,
— Spare-cell density, etc.

Initial Technology Remapping Part of [4] TRECO
Benchmarks #P?tcll? WNS (ns)| TNS (ns) #Pftcll? WNS (ns) RI';':O TNS (ns) RI';‘:O Time (s) #Pfﬁl(s) WNS (ns) Rh;ltll)o TNS (ns) Rh;l:o Time (s)
Design_1 16 4.43 31.99 1 299 | 3255% | 2003 | 37.40% | 543 9 269 | 3935% | 12.82 | 59.94% | 192
Design_2 10 7.24 35.83 4 321 | 55.60% | 654 | 81.73% | 221 3 242 | 66.58% | 392 | 89.07% | 121
Design_3 96 1.87 98.82 80 134 | 2848% | 61.06 | 3821% 78 78 116 | 3807% | 5560 | 43.74% 16
Design 4 32 2.75 58.83 32 257 | 653% | 5463 | 7.13% | 1071 32 220 | 2007% | 4996 | 15.08% | 759
Design_5 38 0.55 8.37 12 0.10 | 81.57% | 051 | 93.90% | 124 9 007 | 86.96% | 033 | 96.03% 19
Ave. 0.73x 0.77x | 3.5Ix 1 1 1

[4] Y.-P. Chen, “ECO Timing Optimization using Spare Cells and Technology
Remapping,” M.S. Thesis, National Taiwan University, July 2006.
(Thesis version of [Chen et al., ICCAD’2007])
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Conclusions

¢ \We have presented a post-mask ECO technique, called
TRECO, which supports timing as well as functional
ECOs.

e Compared with prior work, it offers a more effective and
efficient solution on timing optimization using
technology remapping.

e Experimental results based on five industrial designs
show that TRECO can alleviate timing violations under
reasonable CPU times

27



28

uan-Hsien Ho
eda.ee.ntu.edu.tw

National Taiwan University



	TRECO: Dynamic Technology Remapping for Timing Engineering Change Orders
	Outline
	Engineering Change Orders (ECOs)
	Engineering Change Orders (ECOs)
	Engineering Change Orders (ECOs)
	More on Post-Mask ECOs
	Timing-Aware Functional ECO Problem
	Design Flow
	Design Flow
	Table Generation: NPN-Subtable
	Table Generation: PLG-Subtable
	Lookup Table Overview
	Design Flow
	Cut Enumeration
	Design Flow
	Table Lookup
	Design Flow
	Challenges of Remapping (1/2)
	Challenges of Remapping (2/2)
	Algorithm of Technology Remapping
	Remapping – Rip-Up & Map
	Remapping – Wirelength Reduction
	Remapping – Timing Optimization
	Extension: Timing-Aware Functional ECO
	Experimental Setup
	Experimental Results
	Conclusions


<<
  /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 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /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

  /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.)
    /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 "Required"  settings for PDF Specification 4.0)
    /JPN <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


