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Four Key Directions

A Fundamentally Secure/Reliable/SafeArchitectures

A Fundamentally Energy-Efficient Architectures
¢ Memory-centric (Data-centric) Architectures

A Fundamentally Low-Latency Architectures

Al Architectures for Genomics, Medicine, Health
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A Motivating Detour:
Genome Seguence AnalyFi:




Our Dream (circ2007

An embedded device that can perform comprehensive
genome analysis in real time (within a minute)

¢ Which of these DNAs does this DNA segment match with?

¢ What is the likely genetic disposition of this patient to this
drug?
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What Is a Genome Made Of?

The genes consist of DNA

The chromosome is

made up of genes \

Bases
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DNA Under Electron Microscope

human chromosome #12
|from HelLaos
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DNA Sequencing

Goal:
¢c Find the complete seqguence of

Challenge:

¢ There is no machine that takes long DNA as an input, and gives
the complete sequence as output

¢ All sequencing machines chop DNA into pieces and identify
relatively small pieces (but not how they fit together)
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Untangling Yarn Balls & DNA Sequenci
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Genome Sequenc:erc
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The Genomic Era

A 1990-2003: The Human Genome Project (HGP) provides a complete
and accurate sequence of all DNA base pairs that make up the
human genome and finds 20,000 to 25,000 human genes.
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The Genomic Era (continued)

development of high-throughput
sequencing (HTS) technologies

costs
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Billions of Short Reads
"ATATATACGTACTAGTACGT

TTTAGTACGTACGT
ATACGTACTAGTACGT

G TACGTA Short Read

ACGTACTAGTACGT
TTAGTACGTACGT
TACGTACTAAAGTACGT
[ TACGTACTAGTACGT
TTTAAAACGTA

GTACTAGTACGT
SGGAGTACGTACGT
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Analysis
reference: TTTATCGCTTCCATGACGCAG
readl: ATCGCATCC
read2: TATCGCATC
read3: CATCCATGA
read4: CGCTTCCAT
read5: CCATGACGC
read6: TTCCATGAC

Variant Calling Scientific Discovery



Multiple sequence alignment

PHDH:m —————————————————————————————————————— Moo aaeviveye v = = = = ——

16082¢¢ T acid 10 ----MaspresscFQSGAGL I".GPaL DI TLVVYIMGIAVAIIVEIARKIFWPP——— (99)
1354115 =' 0 T volec 10 ----MaspxusscFQSGAGL LVVYIGIAVAIMVELAXIFWPP——- (55)
RFACO01077 F acid 13 -MrsuaxpnonsnFQSGAGL LIIYIGIAMGVIVELARVEWRPV--- (58)
157913 3 € H NRC1l 10 ----msseconsccLMSSAGLVIY SVVAVGAFFGLVVLLAQFFA-———— (53)
RnG:: 19 A fulg 14 nmaxapxeraxrerLMSSAGI TILAAGIVTGVLIIILNAYYGLWPD- (€8)
RPCO1000 P abys 9 —=--- MaxExTTLPPTGAG -I‘ "AIHI I GAVALTLILIIFEIILEVVGPRIFG (56)
RPEO1741 P hori 9 -----MaxzxrT2PPTGAGL - T RATINI TN GATATVLILIIFEIL iVVGPRI G (56)
AED00914 M ther 10 ----maxxoxxrzPPSGAGLWVS BTRGERs LT QVVVMSIILAVEFCLVLRFSG————— (S2)
RMJ09857 M jann I MsxRs5T¢LATSAGL IS : % I HVICGVEVAFVIIEAILTYGREFL——— (53)
15920503 &S toko 13 -mpssxkxxsTveLASMAGL p FLLIIISIIMVAGVIVASILIPPP-—- (58)
RAEQO€EEZ2 &S solf 11 -mpssxxxxsrveVMSMAGL IVIGASLALTIIVIVITRLF----- (S3)
RPRO24S1 P asro 12 --MasRRxysGINPEFVAAGL RARVVISLAIIGLLIAINLLLPPL-- (58)
RAPDO437 A pern IVVGEAT LVSAWAAAE IFLPAVD- (59)
5803165 H sapi VGVEVLVMSLLFIASVEMLE IWGKYTRS (96)
13324684 M nmusc WEHVPVLVMSLLFIAAVEMLES IWGEYTRS (86)
6002114 D mela F VEVLVMSLLFIAS is IWGEYNRS (100)
14574310 C eleg STV PVLVMSLVEIASV IWGEEFTRS (81)
10697176 Y lipo DIVVVMVLSLGFIFSVVALS ILAFKVSTE (91)
320857 S c=sre SLVVLEFLSVGFIFSVIALSLLTEEFTEI (88)
320932 S c=sre VVLFLAVGFIFSVVALEVISEVAGE (82)

Example Question: If | give you a bunch of
sequences, tell me where they are the same
and where they are different.
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Genome Sequence Alignment: Exampl

Source: By Aaron E. DarlitgfyanMiklés, Mark A. RaganFigure 1 from Darling AEliklés|, Ragan MA (2008). 14
"Dynamics of Genome Rearrangement in Bacterial Populations". PLOS Genetics. DOI:10.1371/journal.pgen.1000128.h@E :BYo2a50ons.wikimedia.org/w/index.php?curid=30550950




