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2.

2. 1

AR(Auto Regression)
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2. 2 ChangeFinder Algorithm

ChangeFinder SDAR

(Sequentially Discounting Auto-Regression model learning)

1 ChangeFinder

[3] SDAR

1 ChangeFinder

ChangeFinder

Step 1 ( ) t xt

Step 2 ( ) t SDAR

pt(x) : t = 1, 2, ...

pt(x) : t = 1, 2, ...

t

Score(xt) = − log pt−1(xt) (5)

Step 3 ( ) t

yt : t = 0, 1, 2...

yt =
1

T

t∑
i=t−T+1

Score(xi), (6)

T

Steps 4 & 5 ( ) t

yt : t = 0, 1, 2, ... SDAR

qt(x) : t = 1, 2, ...

zt : t = 0, 1, 2, ...

t

zt =
1

T

t∑
i=t−T+1

(− ln qt−1(yt)) (7)
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2. 2. 1 SDAR Model

SDAR AR

ChangeFinder

pt(x) qt(x) AR

at Σ SDAR
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2 ChangeFinder

SDAR

μ̂ := (1− r)μ̂+ r xt (8)

Cj := (1− r)Cj + r(xt − μ̂)(xt−j − μ̂)T (9)

âi :=

k∑
i=1

âi(xt−i − μ̂) + μ̂ (10)

Σ̂ := (1− r)Σ̂ + r(xt − x̂t)(xt − x̂t)
T (11)

r r

8 t r

μ̂ xt

9 Cj : j = 1, ..., k AR

a1, ..., ak â1, ..., âk

k∑
i=1

AiCj−i = Cj (12)

â1, ..., âk Σ Σ̂ 11

â1, ..., âk Σ̂

SDAR

AR O(n)

2. 3 FPGA NIC

FPGA PCIe

CPU

[4] [5] FPGA

FPGA

FPGA

[6]

Spark Streaming

FPGA NIC

[7]

FPGA NIC

Changefinder FPGA NIC

3 ChangeFinder

FPGA

FPGA [8]

NPCUSUM (Non-Parametric Cumulative SUM)

FPGA NIC

S0 = 0 (13)

Sn = max{0, Sn−1 +Xn − μ̂− εθ̂}, (14)

Xn μ̂ Xn

θ̂ ε Sn

μ̂ θ̂

FPGA [9]

FPGA NIC

FPGA NIC

3.

3. 1 FPGA NIC

[2]

Changedfinder NIC 3

Changefinder 6

32bit

• sdar1: xt pt(x)

• log1: pt(x)

• smooth1: pt(x) yt
• sdar2, log2, smooth2: sdar1, log1, smooth1

Changefinder 125MHz 8

Changefinder

NetFPGA [10] Reference NIC

4 FPGA

NetFPGA SUME

10Gbit Ethernet

PCI-Express Gen3 x8
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4 ChageFinder NIC

Reference NIC Input Arbiter

Output Port Lookup

Output Queue NIC FPGA

Changefinder Input Arbiter

Output Port Lookup

NIC

16.8

3

3. 2 FPGA NIC

3. 1 NIC

NIC

Changefinder

AR
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1 Levinson-Durbin

AR

Changefinder 8

AR ai

ai

Algorithm 1 Levinson-Durbin Algorithm

AR k

t AR ati(i = 1, 2, ..., k)

ci(i = 1, 2, ..., k)

a
(0)
0 ⇐ 1

a
(0)
1 ⇐ 0

ω0 ⇐ c1

u0 ⇐ c0

m ⇐ 1

while m |= k do

km ⇐ ωm−1/um−1

um ⇐ um−1/(1− k2m)

for i = 1 to m do

a
(m)
i ⇐ a

(m−1)
i − kma

(m−1)
m−i

end for

ωm ⇐ ∑m
i=0 a

(m)
i cm+1−i

m ⇐ m+ 1

end while

sdar1

4.

3. 1

SDAR

4. 1 SDAR

5 σ x x̂

sdar

5 SDAR

r xt xt 32bit

n

sdar

xt pastData BRAM k

AR AR
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xt r (1− r) update mu

update mu 8 μ μ

update c update estx

update c 9 Ci

update R

R Ci

qr inverse Vivado HLS

R

update a 12 R

AR ai update R qr inverse up-

date a 1

update estx 10 ai pastData

μ xt x̂t update sigma

11 x̂t xt Σ̂

4. 2 FPGA NIC

3. 1 NIC NIC

NetFPGA Reference NIC

Changefinder

6 Changefinder NIC

6 Reference NIC AXI-Stream

256bit

Reference NIC 160MHz

Changefinder 80MHz

CLK gen

FIFO Changefinder

AR

3

32bit

256bit 8 FIFO

Changefinder

256bit Changefinder

BRAM

32bit

FIFO AXI

5.

5. 1

1

1

OS CentOS release 6.9

CPU Intel Xeon E5-1620v2 (4C) × 2 @3.70GHz

128GB

• Xilinx Vivado Design Suite 2016.4

• Xilinx Virtex-7 VX690T (NetFPGA-SUME)

5. 2 AR

AR k

k

2

k=2,4

0.008 8

• 1 0.05 2 1.5

• 0.1 0.1

-0.1,0.05

0.02 0.1,-0.1

7 8

k = 2 k

7

5. 3 Changefinder

n AR k

Changefinder

[2] 2 3 4

Changefinder k=2 6 k=3

4 k=4 2 FPGA

5. 4 ChangefinderNIC

Changefinder FPGA NIC
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8

2 Changefinder k=2

LUT FF DSP BRAM

1 10% 11% 11% 0%

2 10% 4% 9% 0.1%

3 18% 8% 17% 0.2%

4 29% 13% 30% 0.2%

5 51% 27% 68% 0.3%

6 84% 44% 98% 0.3%

3 Changefinder k=3

LUT FF DSP BRAM

1 10% 11% 11% 0%

2 10% 4% 9% 0.1%

3 44% 22% 49% 0.2%

4 78% 41% 90% 0.2%

4 Changefinder k=4

LUT FF DSP BRAM

1 12% 5% 13% 0%

2 27% 12% 28% 0.4%

3 133% 74 180% 1.2%

k=2 5

5 6 FPGA

NIC

5 Changefinder NIC (k=2 5)

LUT FF DSP BRAM

63% 35% 68% 16%

2 3 4 k = 2 5

5. 5

n AR k

9

AR

k = 2

0.82Gbps 5 79Mbps

6.

Changefinder NIC FPGA

5
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