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Four Key Directions

Â Fundamentally Secure/Reliable/Safe Architectures

Â Fundamentally Energy-Efficient Architectures

Ç Memory-centric (Data-centric) Architectures

Â Fundamentally Low-Latency Architectures

Â Architectures for Genomics, Medicine, Health
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A Motivating Detour:

Genome Sequence Analysis
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Our Dream (circa 2007)

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

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

Ç What is the likely genetic disposition of this patient to this 
drug?

Ç . . . 
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What Is a Genome Made Of?
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Cell
Nucleus

The discovery of DNAôs double-helical structure (Watson+, 1953) 
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human chromosome #12
from HeLaôs cell

DNA Under Electron Microscope



DNA Sequencing

Â Goal: 

Ç Find the complete sequence of A, C, G, Tôs in DNA.

Â Challenge: 

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

Ç All sequencing machines chop DNA into pieces and identify 
relatively small pieces (but not how they fit together)

7



Untangling Yarn Balls & DNA Sequencing
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Genome Sequencers

Χ ŀƴŘ ƳƻǊŜΗ !ƭƭ ǇǊƻŘǳŎŜ Řŀǘŀ ǿƛǘƘ 
different properties.

Roche/454

Illumina HiSeq2000

Ion Torrent PGM
Ion Torrent Proton

AB SOLiD

Oxford Nanopore GridION

Oxford Nanopore MinION

Complete
Genomics

Illumina MiSeq

Pacific Biosciences RS
Illumina 
NovaSeq
6000



The Genomic Era

Â 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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13 year-long
$3,000,000,000



The Genomic Era (continued)
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development of high-throughput 
sequencing (HTS) technologies

http://www.economist.com/news/21631808 -so-much-genetic-data-so-many-uses-genes-unzipped

Number of Genomes 
Sequenced

http://www.economist.com/news/21631808-so-much-genetic-data-so-many-uses-genes-unzipped


Genome 
Analysis

A C T T A G C A C T

0 1 2

A 1 0 1 2

C 2 1 0 1 2

T 2 1 0 1 2

A 2 1 2 1 2

G 2 2 2 1 2

A 3 2 2 2 2

A 3 3 3 2 3

C 4 3 3 2 3

T 4 4 3 2

T 5 4 3

Short Read
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TATATATACGTACTAGTACGT

ACGAC TTTAGTACGTACGT
TATATATACGTACTAGTACGT

ACGTACG CCCCTACGTA

ACGAC TTTAGTACGTACGT
TATATATACGTACT AAAGTACGT

CCCCCCTATATATACGTACTAGTACGT

TATATATACGTACTAGTACGT

TATATATACGTACTAGTACGT

ACG TTTTTAAAACGTA

ACGAC GGGGAGTACGTACGT

Billions of Short Reads

1 2Sequencing Read Mapping

3 4Variant Calling Scientific Discovery
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Example Question: If I give you a bunch of 
sequences, tell me where they are the same 

and where they are different.

Multiple sequence alignment



Genome Sequence Alignment: Example

14Source: By Aaron E. Darling, IstvánMiklós, Mark A. Ragan - Figure 1 from Darling AE, Miklós I, Ragan MA (2008). 
"Dynamics of Genome Rearrangement in Bacterial Populations". PLOS Genetics. DOI:10.1371/journal.pgen.1000128., CC BY 2.5, https://commons.wikimedia.org/w/index.php?curid=30550950


