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A. Exact Pattern Matching in Genome Analysis
1) Genome Analysis
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2) Exact Pattern Matching
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B. FM-Index
1) Data Structure
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284



k

|G| G
G = ATCCGTA$ BWT (G) =

AT$TCCGA
Count(s) Occ(s, i)

Count(s)
s

Count(T ) = 6 Occ(s, i) s
i− 1 Occ(C, 5) = 1

Count(s) Occ(s, i)

Occ
d d = 4 Occ

d
d Occ

s
table

Count

F |Σ|

Occ
|G| = 3G |Σ| = 4 d = 128

F =
4 · |G| · |Σ|

d
+

|G| · �log2(|Σ|+ 1)�
8

bytes

2) Backward Search
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3) The FM-Index for k-Mismatch Search
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4) FM-Index Applications
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∼ 0.2%

0.1%
74% 100 22.4%

3.3%
k

2

•
Σ

•

70%
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C. ReRAM for Big Genomic Data
1) Processing Genomic Data in ReRAM

4F2

2) Basics

HfOx
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∼ 100μs

bipolar switching
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3) The Incompatibility of ReRAM and Logic Processes
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A. ReRAM-based Hamming Distance Unit
1) An RHU for the FM-Index
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2) The Fabricated RHU Demonstration

3) The RHU Latency

Cell1
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4) The RHU Endurance
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5) The RHU Accuracy
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B. ReRAM Lookup Table-based Adder

A7 ∼ A0 B7 ∼ B0 Cin A7 ∼ A0
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B7 ∼ B0

Cin
O7 ∼ O0 Ccout
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C. Pipeline Design
1) Pipeline Details
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2) Enabling Strip-Level Parallelism

D. FindeR PIM
1) Design Space Exploration

log2(d)
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≤ 512
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2) Search Iteration Scheduling
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low high
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low == high low high
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high
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3) System Support

con guration

programmers

execute

low high

low
high
4) Hardware Overhead

d = 128

135mm2 0.279W 32nm
7.1nJ

d

0.0012mm2 0.2mW
0.00014mm2 0.001mW

A. Simulation and evaluation

290



TP/(TP + FN)

TP/(TP + FP )

TP FP FN

B. Workloads

C. Datasets

∼ X Y
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D. Schemes
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A. FM-Index in Genome Analysis
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B. FM-Index on Various Hardware Platforms

>
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28.2× 9.75×
C. FM-Index for Short Read Alignment

1) Performance

k
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83.8% 4.9×

2) Seed Quality
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k =
12 ≤ 24
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D. FM-Index for Long Read Alignment
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