
Difference in Brain Activity by Variable and Conditional Branch in
Source Code

∗ †

NIRS

20 NIRS

NIRS

1

[1] [2]
NIRS(Near-Infrared Spectroscopy) [3] [4]

fMRI(functional magnetic resonance imaging)
EEG(Electroencephalogram)

[5] [6]

1

NIRS NIRS

2
2.1 NIRS

NIRS
BMI(Brain Machine Interface)

[7] [8] NIRS
[9] fMRI

∗Yoshiharu Ikutani,
†Hidetake Uwano,



FOSE2014

NIRS
[10]

NIRS

[11]

[12]

NIRS
NIRS

2.2
Siegmunt fMRI

[5]

NIRS
[6]

3 NIRS
3.1 NIRS
NIRS

(Oxy-Hb) (deOxy-Hb)
[4] [13] NIRS Oxy-Hb

deOxy-Hb Oxy-Hb [13]

NIRS
NIRS

NIRS
[10]

3.2
1 NIRS

Oxy-Hb NIRS



Time [sec]

O
xy

-H
b

0 100 200 300 400 500 600

178000

176000

174000

172000

1 NIRS

[12]
2 1

d1 d15
1Hz d1 d7

0.015-0.50Hz d8 d9
0.005-0.15Hz d10 d11 Mayer

[10]
d1 d11

3.3
NIRS

[12]

0 1 X
µ σ

Z =
X − µ

σ
(1)

4
4.1

2 1ch-NIRS
20 ( 18 2 ) 17

20
32

32

4.2
3

3
3

• 3



FOSE2014

0 64 128 192 256 320 384 448 512 576
-200

0

200

d15(256-512s)

0 64 128 192 256 320 384 448 512 576
-200

0

200

d14(128-256s)

0 64 128 192 256 320 384 448 512 576
-400

0

400

d13(64-128s)

0 64 128 192 256 320 384 448 512 576
-500

0

500

d12(32-64s)

0 64 128 192 256 320 384 448 512 576
-600

0

600

d11(16-32s)

0 64 128 192 256 320 384 448 512 576
-500

0

500

d10(8-16s)

0 64 128 192 256 320 384 448 512 576
-700

0

700

d9(4-8s)

0 64 128 192 256 320 384 448 512 576
-1000

0

1000

d8(2-4s)

0 64 128 192 256 320 384 448 512 576
-2000

0

2000

d7(1-2s)

0 64 128 192 256 320 384 448 512 576
-2000

0

2000

d6(0.5-1s)

0 64 128 192 256 320 384 448 512 576
-2000

0

2000

d5(0.25-0.5s)

0 64 128 192 256 320 384 448 512 576
-1000

0

1000

d4(0.12-0.25s)

0 64 128 192 256 320 384 448 512 576
-1000

0

1000

d3(0.06-0.12s)

0 64 128 192 256 320 384 448 512 576
-900

0

900

d2(0.03-0.06s)

0 64 128 192 256 320 384 448 512 576
-900

0

900

d1(0.02-0.03s)

2

• 3

• 3
if–eles

1



a =  3 + 4 + 5 
b =  7 + 4 + 2
c =  8 + 6 + 5 

a =  3 + 4 + 5 
b =  9 + a + 5 
c =  a + 4 + b 

a =  6 + 1 + 7 
if ( a  >  10 ) 
b =  a + 4 + 5 

else
b =  3 + 4 + a 

c =  a + 5 + b

(a) (b) (c) 

3

3 + 5

(a) !"#$%&' (b) !"#(%&' (c) !"#)%&'

6 + 5 + 9 234 / (0.61-0.35)

4

32 4 1
8 3 1 10.6 2 1
16

4.3
4 3

• 1 2
• 1 3
•

32
16 1 2 10 1

3.2 2 1 16

4.4
3 1

3



FOSE2014

(a) (b)

5

TMS international BV NeXus10 5
1 2

128Hz

4.5
Oxy-Hb

32 32
2 64 d13

d13 d12 d14

Oxy-Hb
d12, d13 d14

3.3

Oxy-Hb
0 Oxy-Hb fi [i = 0, 1, . . . , n]

Oxy-Hb ri [i = 0, 1, . . . , n]
rest activity

rest =
1

n

n∑

i=0

r(t)

activity =
n∑

i=0

(fi − rest) · τ

τ activity

5
5.1

6
Oxy-Hb



Oxy-Hb

7 activity
activity

(Ryan ) –
– (p < 0.05)

5.2
8 1

2
9

activity
(Ryan )

Time [sec]

Z-
Sc

or
e 

(O
xy

-H
b)

N : V : C : 

N V C N V C N V C

0.5

-0.5

0.0

0 100 200 300 400 500 600

6

ac
tiv
ity

*
n.s.

100

50

0

-50

-100

: p < 0.01

** *** : p < 0.05

7



FOSE2014

Time [sec]

Z-
Sc

or
e 

(O
xy

-H
b)

L : !"#$%&' M : !"#(%&' H : !"#)%&'
L M H L M H L M H

0.5

-0.5

0.0

0 100 200 300 400 500 600

8

ac
tiv
ity

!"#$ !"#% !"#&

n.s.n.s.
n.s.

100

50

0

-50

-100

9

5.3

[6]

1
2



Time [sec]

Z-
Sc

or
e 

(O
xy

-H
b)

N V C N V C N V C

0.5

-0.5

0.0

0 100 200 300 400 500 600

N : V : C : 

10 d10 d11

4
3 2

5.4

NIRS

NIRS

8 32 d10,d11
10 d10

d14 d10 d11
6

activity d10 d11
– – (p < 0.05)

d10 d11

6

2 NIRS



FOSE2014

JSPS (B) 24700038

[ 1 ] E.C.Ferstl, D.Y. von Cremon, “The role of coherence and cohesion in text comprehen-
sion:an event-related fMRI study”, Cognitive Brain Research, Vol.11, pp.325–340, 2001.

[ 2 ] B.Horwitz, K.Amunts, R.Bhattacharyya, D.Patkin, K Jeffries, K.Zilles, A.R.Braun, “Ac-
tivation of Broca’s area during the production of spoken and signed langurage:a combined
cytoarchtectonic mapping and PET analysis”, Neuropsychologia, Vol.41, pp.1868–1876, 2003.

[ 3 ] E. Watanabe, Y. Yamashita, A. Maki, Y. Ito, H. Koizumi, “Non-invasive Functional Map-
ping with Multi-channel Near Infra-red Spectroscopic Topography in Humans,” Neuroscience
Letters, Vol.205, pp.41–44, 1996.

[ 4 ] , “MEG, NIRS ,” , Vol.111, No.1080, pp.10–13, 2008.
[ 5 ] J. Siegmund, C. Kastner, S. Apel, C. Parnin, A. Bethmann, T. Leich, G. Saake, A. Brech-
mann, “Understanding understanding source code with functional magnetic resonance imag-
ing,” In Proceedings of the 36th International Conference on Software Engineering(ICSE2014),
pp.378–389, 2014.

[ 6 ] T. Nakagawa, Y. Kamei, H. Uwano, A. Monden, K. Matsumoto, D. M. German, “Quanti-
fying programmers’ mental workload during program comprehension based on cerebral blood
flow measurement: a controlled experiment,” In Proceedings of the 36th International Con-
ference on Software Engineering(ICSE2014), pp.448–451, 2014.

[ 7 ] M. Ferrari, V. Quaresima, “A Brief Review on the History of Human Functional Near-
Infrared Spectroscopy(fNIRS) Development and Fields of Application,” Neuroimage, Vol.63,
No.2, pp.921–35, 2012.

[ 8 ] S. Coyle, T. Ward, C. Markham, G. McDarby, “On the Suitability of Near-Infrared(NIR)
Systems for Next-Generation Brain-Computer Interfaces,” Physiological Measurement, Vol.25,
pp.815–822, 2004.

[ 9 ] G. Strangman, J. P. Culver, J. H. Thompson, D. A. Boas, “A Quantitative Compari-
son of Simultaneous BOLD fMRI and NIRS Recordings during Functional Brain Activation,”
Neuroimage, Vol.17, No.2, pp.719–731, 2002.

[10] S. Coyle, T. Ward, C. Markham, “Physiological Noise in Near-infrared Spectroscopy:
Implications for Optical Brain Computer Interfacing,” In Proceedings of the 26th Annual
International Conference on Engineering in Medicine and Biology, pp.4540–4543, 2004.

[11] , , , , , “ NIRS
,” , Vol.11, No.2, pp.163–172, 2009.

[12] H. tsunashima, K. Yanagisawa, M. Iwadate, “Measurement of Brain Function Using Near-
Infrared Spectroscopy (NIRS),” Neuroimaging-Methods, Prof. Peter Bright (Ed.), 2012.

[13] Y. Hoshi, N. Kobayashi, M. Tamura, “Interpretation of Near-Infrared Spectroscopy Sig-
nals: A Study with A Newly Developed Perfused Rat Brain Model,” Journal of Applied
Physiolosy, Vol.90, No.5, pp.1657–1662, 2001.


