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Materials for the class

* Go to TIDA in your web-browser
* Find information about today’s class in the announcements
* Click on it

* In the description, there should be a dropbox link
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Materials for the class

* Go to TIDA in your web-browser
* Find information about the class in the announcements
e Click on it

* In the description, there should be a dropbox link

* Has everyone installed MATLAB to your laptop?
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The content of the class
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The content of the class

* MATLAB GUI (Graphical User Interface)

* Basics of programming in MATLAB

* Matrix computations

* Upload data to your computer

* Fitting of the model parameters to the data

* Plotting the results

E é?% OI S I OKINAWA INSTITUTE OF SCIENCE AND TECHNOLOGY GRADUATE UNIVERSITY



The content of the class

* MATLAB GUI (Graphical User Interface)
* Basics of programming in MATLAB

* Matrix computations

* Upload data to your computer

* Fitting of the model parameters to the data

* Plotting the results

E é% OI S I OKINAWA INSTITUTE OF SCIENCE AND TECHNOLOGY GRADUATE UNIVERSITY



The content of the class
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&l % i 55 = @) @IQSearch Documentation

|- o
Ifl}l % Open ¥ Rows Columns II.:E_A -_%:_A: 53 Transpose
New from (=i Print v |1:24 I B | Insert Delete @ sSort w
Selection ¥ N v
VARIABLE SELECTION EDIT a
<@ = E &l ¥ 9/ » Users » alexmart » Documents » STEPSmodell » P
Current Folder ® [#A Editor - plot_pf_pointA_27052021.m [ Variables - N_soma_BK_260 ® x Workspace ®
E Name Date ... ¥ : [ N_soma_BK_260 | N_soma_SK_260 Name &
£ long_run_simspikes_model_... 2021/0... =t = EH Ir_sim_spikes3_pointC
tH long_run_simspikes_model_... 2021/0... £H 361272x2 double HH Ir_sim_spikes3_pointD
% long_run_pointDRS_Ca05.jpg 2021/0... 1 2 3 6 7/ 10 Elr_sim_spikes3_pointDRS
] long_run_pointDRS_Ca05.fig 2021/0... 01.7156e- H Ir_sim_spikes3_pointE
% long_run_pointF_Ca05.jpg 2021/0... . . ... [ Ir_sim_spikes3_pointF
#) long_run_pointF_Ca05.fig  2021/0... 2 1.0000e-... 1.7156e-.. FH Ir_sim_spikes3_soma
% long_run_pointE_Ca05.jpg 2021/0... 3 0.0020 1.7161e-... HH Ir_sim_spikes4_pointA
%1 long_run_pointE_Ca05.fig 2021/0... 4 0.0030 1.7166e-... HH Ir_sim_spikes4_pointAlS
% long_run_pointD_Ca05.jpg 2021/0... 5 0.0040 1.7171e-... HH Ir_sim_spikes4_pointAlS2
ﬂ long_run_pointD_Ca05.fig 2021/0... 6 0.0050 1.7176e-..] H Ir_sim_spikes4_pointB
% long_run_pointC_Ca05.jpg 2021/0... HH Ir_sim_spikes4_pointC
%) long_run_pointC_Ca05.fig 2021/0... 7 CHINED| 7= H Ir_sim_spikes4_pointD
% long_run_pointB_Ca05.jpg 2021/0... 8 0.0070 1.7186e-... H Ir_sim_spikes4_pointDRS
%1 long_run_pointB_Ca05.fig 2021/0... 9 0.0080 1.7191e-... HH Ir_sim_spikes4_pointE
% long_run_pointA_Ca05.jpg 2021/0... 10 0.0090 1.7196e-... EEIr_sim_spikes4_pointF
) long_run_pointA_Ca05.fig 5031/0... 11 0.0100 1.7201e-..] Ir_sim_spikes4_soma
% long_run_soma_Ca05.jpg 021/0... _ mm N_pointA_BK_260
%) long_run_soma_Ca05.fig 2021/0... 12 DD 7200 - N_pointA_SK_260
= long_run_pointDRS_vO5.jpg  2021/0... 13 WOLZOL 7 FH N_pointB_BK_260
#) long_run_pointDRS_v05.fig ~ 2021/0... 14 0.01301.7215e-.. HH N_pointB_SK_260
% long_run_pointAlS2_v05.jpg 2021/0... HH N_pointC_BK_260
] long_run_pointAIS2_v05.fig  2021/0... Command Window ol - N_pointC_SK_260
% long_run_pointAlS_v05.jpg 2021/0... >>7SellLtogy Ul _SLI_SPLKESL_PULNUAL: , L), Ul _SLI_SPLKESL_POLNULAL: , /), Ul _SLI_SPLKESZ_POLINUAL: , L), Ul _ o+ N_pointD_BK_260
% long_run_pointAIS_v05.fig 2021/0... >> plot(lr_sim_spikesl_pointA(:,1),lr_sim_spikesl_pointA(:,7),lr_sim_spikes2_pointA(:,1),lr_sim_ FH N_pointD_SK_260
% long_run_pointF_v05.jpg 2021/0... >> plot(N_soma_BK_260(:,1),N_soma_BK_260(:,2),lr_sim_spikesl_soma(:,1),lr_sim_spikesl_soma(:,7), ] N_pointE_BK_260
%1 long_run_pointF_vO05.fig 2021/0... >> semilogy(N_soma_BK_260(:,1),N_soma_BK_260(:,2),lr_sim_spikesl_soma(:,1),lr_sim_spikes1_somaf(: HH N_pointE_SK_260
% long_run_pointE_v05.jpg 2021/0... >> plot(lr_sim_spikesl_soma(:,1),lr_sim_spikesl_soma(:,7),lr_sim_spikes2_soma(:,1),lr_sim_spikes HH N_pointF_BK_260
] long_run_pointE_v05.fig 2021/0... >> semilogy(lr_sim_spikesl_soma(:,1),lr_sim_spikesl_soma(:,7),lr_sim_spikes2_soma(:,1),lr_sim_sp H N_pointF_SK_260
% long_run_pointD_v05.jpg 2021/0... >> 50/1000 FH N_soma_260
%] long_run_pointD_v05.fig 2021/0... Hd N_soma_BK_260
% long_run_pointC_v05.jpg 2021/0... ans = Hd N_soma_SK_260
1) long_run_pointC_vO05.fig 2021/0... HH unnamed
HH long_run_simspikes_model_... 2021/0... 0.0500 H unnamedCopy
% long_run_pointB_v05.jpg 2021/0... H unnamedCopy7
L L PRI . SR .Y 20NN f{ >> FH unnamedConv®&
long_run_simspikes_model_4runs_3.... A

OI S I OKINAWA INSTITUTE OF SCIENCE AND TECHNOLOGY GRADUATE UNIVERSITY




MATLAB GUI (Graphical User Interface)

@ MATLAB Window Help

0

=3

W) 99% ) Fri13:28 Q @ =

Ifl}l % Open ¥ Rows

VARIABLE

oo ol
L
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&l % i 55 = @) @IQSearch Documentation

Columns i1 -_%:_A: 53 Transpose
New from (=i Print v |1:24 I B | Insert Delete @ sSort w
Selection ¥ v v
VARIABLE SELECTION EDIT =
<@ = [ gl & 89/ » Users » alexmart » Documents » STEPSmodell » P
Current Folder = =pr=, = 52021.m [ Variables - N_soma_BK_260 ® x Workspace ®
E Name [ N_soma_BK_260 | N_soma_SK_260 | Name &
H long_run_simspikes_mod et - EH Ir_sim_spikes3_pointC
HH long_run_simspikes £H 361272x2 double HH Ir_sim_spikes3_pointD
; 2021/0 1 2 3 4 5 6 7/ 10 H Ir_s?m_spikes3_po!ntDRS
g 2021/0 ; i e | H Ir_s!m_sp!kes3_po!ntE
= 2021/0 HH Ir_sim_spikes3_pointF
) 2021/0 2 1.0000e-... 1.7156e-... il I <lim_ = pikes3. sorma
= ¥ pointE_Ca05.jpg 2021/0 3 0.0020 1.7161e-... HH Ir_sim_spikes4_pointA
_run_pointE_Ca05.fig 2021/0 4 0.0030 1.7166e-... HH Ir_sim_spikes4_pointAlS
»long_run_pointD_Ca05.jpg 2021/0 5 0.0040 1.7171e-... HH Ir_sim_spikes4_pointAlS2
long_run_pointD_Ca05.fig 2021/0 6 0.0050 1.7176e-..] H Ir_sim_spikes4_pointB
% long_run_pointC_Ca05.jpg 2021/0 7 0.0060 1.7181e- [ Ir_sim_spikes4_pointC
W k f I d long_run_pointC_Ca05.fig 2021/0 - = H Ir_sim_spikes4_pointD
o r o e % long_run_pointB_Ca05.jpg 2021/0 8 0.0070 1.7186e-... H Ir_sim_spikes4_pointDRS
%1 long_run_pointB_Ca05.fig 2021/0 9 0.0080 1.7191e-... HH Ir_sim_spikes4_pointE
% long_run_pointA_Ca05.jpg 2021/0 10 0.0090 1.7196e-... EEIr_sim_spikes4_pointF
) long_run_pointA_Ca05.fig 2021/0 11 0.0100 1.7201e-..] Ir_sim_spikes4_soma
5 :ong_run_soma_CaOS.Jpg 2021/0 12 0.0110 1.7206e-... = N_pontA_BK_260
ong_run_soma_Ca05.fig 2021/0 1 N_pointA_SK_260
% long_run_pointDRS_v05.jpg  2021/0 13 WOLZOL 7 FH N_pointB_BK_260
#) long_run_pointDRS_v05.fig  2021/0 14 0.01301.7215e-.. HH N_pointB_SK_260
% long_run_pointAIS2_v05.jpg 2021/0 HH N_pointC_BK_260
] long_run_pointAIS2_v05.fig  2021/0 Command Window ol - N_pointC_SK_260
% long_run_pointAIS_v05.jpg 2021/0 >>7SellLtogy Ul _SLI_SPLKESL_PULNUAL: , L), Ul _SLI_SPLKESL_POLNULAL: , /), Ul _SLI_SPLKESZ_POLINUAL: , L), Ul _ o+ N_pointD_BK_260
% long_run_pointAIS_v05.fig 2021/0 >> plot(lr_sim_spikesl_pointA(:,1),lr_sim_spikesl_pointA(:,7),lr_sim_spikes2_pointA(:,1),lr_sim_ FH N_pointD_SK_260
% long_run_pointF_v05.jpg 2021/0 >> plot(N_soma_BK_260(:,1),N_soma_BK_260(:,2),lr_sim_spikesl_soma(:,1),lr_sim_spikesl_soma(:,7), ] N_pointE_BK_260
%1 long_run_pointF_vO05.fig 2021/0 >> semilogy(N_soma_BK_260(:,1),N_soma_BK_260(:,2),lr_sim_spikesl_soma(:,1),lr_sim_spikes1_somaf(: HH N_pointE_SK_260
% long_run_pointE_v05.jpg 2021/0 >> plot(lr_sim_spikesl_soma(:,1),lr_sim_spikesl_soma(:,7),lr_sim_spikes2_soma(:,1),lr_sim_spikes HH N_pointF_BK_260
] long_run_pointE_v05.fig 2021/0 >> semilogy(lr_sim_spikesl_soma(:,1),lr_sim_spikesl_soma(:,7),lr_sim_spikes2_soma(:,1),lr_sim_sp H N_pointF_SK_260
% long_run_pointD_v05.jpg 2021/0 >> 50/1000 FH N_soma_260
%] long_run_pointD_v05.fig 2021/0 Hd N_soma_BK_260
% long_run_pointC_v05.jpg 2021/0 ans = FH N_soma_sK_260
1) long_run_pointC_vO05.fig 2021/0 HH unnamed
long_run_simspikes_model_... 2021/0 0.05b0 H unnamedCopy
% long_run_pointB_v05.jpg 2021/0 » H unnamedCopy7
L L PRI . SR .Y 20NN f{ >> FH unnamedConv&
long_run_simspikes_model_4runs_3.... A
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% Open ¥ Rows Columns e, 53 Transpose
New from (= Print 124 | B | Insert Delete iusort -
Selection ¥ - -
VARIABLE SELECTION EDIT a
<@ = E &l ¥ 9/ » Users » alexmart » Documents » STEPSmodell » - R
Current Folder ) aItor = PlOt_pPT_POINA 052021.m [ Variables - N_soma_BK_260 ® x Workspace ®

[ N_soma_BK_260 | N_soma_SK_260 Name &
P long_run_simspikes_mod A b EH Ir_sim_spikes3_pointC
H long_run_simspikes_mg 021/0... 361272x2 double HH Ir_sim_spikes3_pointD
2021/0... 2 2 3 6 7/ 9 10 % Ir_sim_spikes3_pointDRS
2021/0... Ir_sim_spikes3_pointE
2021/0... g QL7lseen HH Ir_sim_spikes3_pointF
2021/0... 2 1.0000e-... 1.7156e-.. HH Ir_sim_spikes3_soma
¥ pointE_Ca05.jpg 2021/0... 3 0.0020 1.7161e-... EH Ir_sim_spikes4_pointA
g_run_pointE_Ca05.fig 2021/0... 4 0.0030 1.7166e-... HH Ir_sim_spikes4_pointAlS
»long_run_pointD_Ca05.jpg 2021/0... 5 0.0040 1.7171e-... HH Ir_sim_spikes4_pointAlS2
ﬂ long_run_pointD_Ca05.fig 2021/0... 6 0.0050 1.7176e-... HH Ir_sim_spikes4_pointB
% long_run_pointC_Ca05.jpg 2021/0... HH Ir_sim_spikes4_pointC
%) long_run_pointC_Ca05.fig 2021/0... 7 CHINED| 7= H Ir_sim_spikes4_pointD
% long_run_pointB_Ca05.jpg 2021/0... 8 0.0070 1.7186e-... EH Ir_sim_spikes4_pointDRS
%1 long_run_pointB_Ca05.fig 2021/0... 9 0.0080 1.7191e-... HH Ir_sim_spikes4_pointE
% long_run_pointA_Ca05.jpg 2021/0... 10 0.0090 1.7196e-... HH Ir_sim_spikes4_pointF
long_run_pointA_Ca05.fig 2021/0... 11 0.0100 1.7201e-..] HH Ir_sim_spikes4_soma
] Iong_run_soma_CaOS.Jpg 2021/0... 12 0.0110 1.7206e-... H N_pontA_BK_260
long_run_soma_Ca05.fig 2021/0... 1 N_pointA_SK_260
% long_run_pointDRS_v05.jpg  2021/0... 13 WOLZOL 7 FH N_pointB_BK_260
long_run_pointDRS_v05.fig  2021/0... 14 0.01301.7215e-.. HH N_pointB_SK_260
% long_run_pointAlS2_v05.jpg 2021/0... HH N_pointC_BK_260
long_run_pointAIS2_v05.fig  2021/0... ‘ ‘ommand Window ® HH N_pointC_SK_260
% long_run_pointAlS_v05.jpg 2021/0... >>7SENLL0yy ULl _SIN_SPLKESL_POLILAL: , 1), LI _SLI_SPLKESL_POLNLAU: , /), UI_SLI_SPLKESZ_POLIILAV:, L), Ul _ BH N_pointD_BK_260
long_run_pointAlS_v05.fig 2021/0... >> plot(lr_sim_spikesl_pointA(:,1),lr_sim_spikesl_pointA(:,7),lr_sim_spikes2_pointA(:,1),lr_sim_ FH N_pointD_SK_260
% long_run_pointF_v05.jpg 2021/0... >> plot(N_soma_BK_260(:,1),N_soma_BK_260(:,2),lr_sim_spikesl_soma(:,1),lr_sim_spikesl_soma(:,7), ] N_pointE_BK_260
long_run_pointF_v05.fig 2021/0... >> semilogy(N_soma_BK_260(:,1),N_soma_BK_260(:,2),lr_sim_spikesl_soma(:,1),lr_sim_spikes1_somaf(: HH N_pointE_SK_260
% long_run_pointE_v05.jpg 2021/0... >> plot(lr_sim_spikesl_soma(:,1),lr_sim_spikesl_soma(:,7),lr_sim_spikes2_soma(:,1),lr_sim_spikes HH N_pointF_BK_260
long_run_pointE_v05.fig 2021/0... >> semilogy(lr_sim_spikesl_soma(:,1),lr_sim_spikesl_soma(:,7),lr_sim_spikes2_soma(:,1),lr_sim_sp HH N_pointF_SK_260
% long_run_pointD_v05.jpg 2021/0... >> 50/1000 HH N_soma_260
long_run_pointD_v05.fig 2021/0... Hd N_soma_BK_260
% long_run_pointC_v05.jpg 2021/0... ans = Hd N_soma_SK_260
long_run_pointC_vO05.fig 2021/0... FH unnamed
HH long_run_simspikes_model_... 2021/0... 0.0500 H unnamedCopy
% long_run_pointB_v05.jpg 2021/0... H unnamedCopy7
R P AT fin 2001 N >> H unnamedConv&
g_run_simspikes_model_4runs_3.... A
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Z long_run_pointC_Ca05.jpg
Wo rk fo I d a m long_run_pointC_Ca05.fig
o % long_run_pointB_Ca05.jpg
'ﬂ long_run_pointB_Ca05.fig
% long_run_pointA_Ca05.jpg
%1 long_run_pointA_Ca05.fig
% long_run_soma_Ca05.jpg
%) long_run_soma_Ca05.fig
% long_run_pointDRS_v05.jpg
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. ~rur1_S|msp|kes»rnodel_élruns_B....

VARIABLE

[wm-)
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(W)

Insert

MATLAB R2018b - academic use
VIEW &l & @9

T
(] 53 Transpose

Delete i{.‘so"t -
v

EDIT

& =1 (2 @l Qsearch Documentation & Signin

Workspace ®

>>
>>
>>
>>
>>
>>
>>

TPT_POIMMA_27052021.m [ Variables - N_soma_BK_260 ® x
[ N_soma_BK_260 T\L N_soma_SK_260 1
361272x2 double
1 2 3 4 5 6 7 8 9 10
1 0 1.7156e-...
2 1.0000e-... 1.7156e-...
3 0.0020 1.7161e-...
4 0.0030 1.7166e-...
5 0.0040 1.7171e-...
6 0.0050 1.7176e-...
7 0.0060 1.7181e-...
8 0.0070 1.7186e-...
9 0.0080 1.7191e-...
10 0.0090 1.7196e-...
11 0.0100 1.7201e-...
12 0.0110 1.7206e-...
13 0.0120 1.7211e-...
14 0.0130 1.7215e-_..
| lommand Window ®

SEILLOYy\ Ll_SLI_SPLRESL _POLILAL:, L), U _SLIl_SPLRESL_POLNUAL:, /), Ul_SLI_SPLKESZ_POLIICAL:, L), CT_
plot(lr_sim_spikesl_pointA(:,1),lr_sim_spikesl_pointA(:,7),lr_sim_spikes2_pointA(:,1),lr_sim_
plot(N_soma_BK_260(:,1),N_soma_BK_260(:,2), 'Lr_sim_spikesl_soma( :,1),lr_sim_spikes1_soma(:,7),
semilogy(N_soma_BK_260(:,1),N_soma_BK_260(:,2),lr_sim_spikesl_soma(:,1),lr_sim_spikes1_soma(:
plot(lr_sim_spikesl_soma(:,1),lr_sim_spikesl_soma(:,7),lr_sim_spikes2_soma(:,1),lr_sim_spikes
semilogy(lr_sim_spikesl_soma(:,1),lr_sim_spikesl_soma(:,7),lr_sim_spikes2_soma(:,1),lr_sim_sp
50/1000

0.0500

>>

Name &

EH Ir_sim_spikes3_pointC
HH Ir_sim_spikes3_pointD
HH Ir_sim_spikes3_pointDRS
HH Ir_sim_spikes3_pointE
HH Ir_sim_spikes3_pointF
HH Ir_sim_spikes3_soma
EH Ir_sim_spikes4_pointA
HH Ir_sim_spikes4_pointAlS
HH Ir_sim_spikes4_pointAlS2
HH Ir_sim_spikes4_pointB
HH Ir_sim_spikes4_pointC
H Ir_sim_spikes4_pointD
HH Ir_sim_spikes4_pointDRS
HH Ir_sim_spikes4_pointE
HH Ir_sim_spikes4_pointF
HH Ir_sim_spikes4_soma

B8 N_pointA_BK_260

9 N_pointA_SK_260

FH N_pointB_BK_260

HH N_pointB_SK_260

HH N_pointC_BK_260

HH N_pointC_SK_260

HH N_pointD_BK_260

HH N_pointD_SK_260

HH N_pointE_BK_260

FH N_pointE_SK_260

HH N_pointF_BK_260

HH N_pointF_SK_260

FH N_soma_260

Hd N_soma_BK_260

Hd N_soma_SK_260

FH unnamed

H unnamedCopy

H unnamedCopy7

FH unnamedConvg
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Selection ¥ - -
VARIABLE SELECTION EDIT

MATLAB R2018b - academic use

<@ = E &l ¥ 9/ » Users » alexmart » Documents » STEPSmodell »

ME
Workspace ®

Current Folder ) aitor = PIOC_pPT_poIMtA_27052021.m [ Variables - N_soma_BK_260 ® x
[ N_soma_BK_260 T*L N_soma_SK_260
11 long_run_simspikes_mod A
H long_run_simspikes_mg 021/0... 361272x2 double
2021/0... -
2021/0... 1 | 0 1.7156e-...
2021/0 2 ‘1.00008—... 1.7156e-...
” pointE_Ca05.jpg 2021/0... 3 0.0020 1.7161e-...
g_run_pointE_Ca05.fig 2021/0... 4 0.0030 1.7166e-...
Plong_run_pointD_Ca05.jpg  2021/0... 5 0.0040 1.7171e-...
& :°”g—r””—p°!“ig—gag§'f'9 ;g;i;g"' 6 0.0050 1.7176e-...
% long_run_pointC_Ca05.jpg ~
%) long_run_pointC_Ca05.fig 2021/0... 7 L0 17Ny
% long_run_pointB_Ca05.jpg 2021/0... 8 0.0070 1.7186e-...
#) long_run_pointB_Ca05.fig 2021/0... 9 0.0080 1.7191e-...
% long_run_pointA_Ca05.jpg 2021/0... 10 0.0090 1.7196e-...
= Iong_run_pointA_CaOS.fig 2021/0... 11 0.0100 1.7201e-..]
) Iong_run_soma_CaOS.Jpg 2021/0... 12 0.0110 1.7206e-...
long_run_soma_Ca05.fig 2021/0... TG
% long_run_pointDRS_v05.jpg  2021/0... 13 E J2UE
long_run_pointDRS_v05.fig  2021/0... 14 0.0130 1.7215e-...
% long_run_pointAlS2_v05.jpg 2021/0...
long_run_pointAIS2_v05.fig  2021/0... ‘ ‘ommand Window ®
% long_run_pointAlS_v05.jpg 2021/0... >>7SellLtogy Ul _SLI_SPLKESL_PULNUAL: , L), Ul _SLI_SPLKESL_POLNULAL: , /), Ul _SLI_SPLKESZ_POLINUAL: , L), Ul _
long_run_pointAlS_v05.fig 2021/0... >> plot(lr_sim_spikesl_pointA(:,1),lr_sim_spikesl_pointA(:,7),lr_sim_spikes2_pointA(:,1),lr_sim_
% long_run_pointF_v05.jpg 2021/0... >> plot(N_soma_BK_260(:,1),N_soma_BK_260(:,2),lr_sim_spikesl_soma(:,1),lr_sim_spikesl_soma(:,7),
long_run_pointF_v05.fig 2021/0... >> semilogy(N_soma_BK_260(:,1),N_soma_BK_260(:,2),lr_sim_spikesl_soma(:,1),lr_sim_spikes1_somaf(:
% long_run_pointE_v05.jpg 2021/0..] >> plot(lr_sim_spikesl_soma(:,1),lr_sim_spikesl_soma(:,7),lr_sim_spikes2_soma(:,1),lr_sim_spikes
long_run_pointE_v05.fig 2021/0... >> semilogy(lr_sim_spikesl_soma(:,1),lr_sim_spikesl_soma(:,7),lr_sim_spikes2_soma(:,1),lr_sim_sp

% long_run_pointD_v05.jpg 2021/0... >> 50/1000
long_run_pointD_v05.fig 2021/0...

% long_run_pointC_v05.jpg 2021/0... ans =
long_run_pointC_vO05.fig 2021/0...

HH long_run_simspikes_model_... 2021/0... 0.0500

\ long_run_pointB_v05.jpg 2021/0...
’ <

........... <. £in ann1in >>

g_run_simspikes_model_4runs_3.... A

Name &

EH Ir_sim_spikes3_pointC
HH Ir_sim_spikes3_pointD
HH Ir_sim_spikes3_pointDRS
HH Ir_sim_spikes3_pointE
HH Ir_sim_spikes3_pointF
HH Ir_sim_spikes3_soma
EH Ir_sim_spikes4_pointA
HH Ir_sim_spikes4_pointAlS
HH Ir_sim_spikes4_pointAlS2
HH Ir_sim_spikes4_pointB
HH Ir_sim_spikes4_pointC
H Ir_sim_spikes4_pointD
HH Ir_sim_spikes4_pointDRS
HH Ir_sim_spikes4_pointE
HH Ir_sim_spikes4_pointF
HH Ir_sim_spikes4_soma

B8 N_pointA_BK_260

9 N_pointA_SK_260

H N_pointB_BK_260

HH N_pointB_SK_260

HH N_pointC_BK_260

HH N_pointC_SK_260

HH N_pointD_BK_260

HH N_pointD_SK_260

HH N_pointE_BK_260

FH N_pointE_SK_260

HH N_pointF_BK_260

HH N_pointF_SK_260

FH N_soma_260

Hd N_soma_BK_260

Hd N_soma_SK_260

FH unnamed

H unnamedCopy

H unnamedCopy7

FH unnamedConvg
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12



MATLAB GUI (Graphical User Interface)

@ MATLAB Window Help

O = o) 99% @ Fri13:28 Q @ =

VARIABLE

MATLAB R2018b - academic use

G s BED

(G4 E ® @IQSearch Documentation

Workspace

uuntalns data

laled LLLI

I:I‘:llj % Open ¥ Rows Columns DE:EDD EE-E\: 53 Transpose

New from (= Print 124 | B | Insert Delete z]_i.‘ Sort v

Selection ¥ - -

VARIABLE SELECTION EDIT

<@ = E &l ¥ 9/ » Users » alexmart » Documents » STEPSmodell »

Current Folder ® [#A Editor - plot_pf_pointA_27052021.m [ Variables - N_soma_BK_260 ® x Workspace
E Name Date ... ¥ : [ N_soma_BK_260 | N_soma_SK_260 ﬁ[ Name &
£ long_run_simspikes_model_... 2021/0... = b H Ir_sim_spikes3_pointC
H long_run_simspikes_model_... 2021/0... £H 361272x2 double HH Ir_sim_spikes3_pointD
; long_run_pointDRS_Ca05.jpg 2021/0... 2 2 3 4 5 6 7 8 9 10 L —po
£ long_run_pointDRS_Ca05.fig 2021/0... 1 01.7156e- Vi Ir_sim_spikes3_pointE
% long_run_pointF_Ca05.jpg 2021/0... 1 . H Ir_sim_spikes3_pointF
#) long_run_pointF_Ca05.fig  2021/0... 2 1.0000e-... 1.7156e-.. FH Ir_sim_spikes3_soma
% long_run_pointE_Ca05.jpg 2021/0... 3 0.0020 1.7161e-... H Ir_sim_spikes4_pointA
%1 long_run_pointE_Ca05.fig 2021/0... 4 0.0030 1.7166e-... HH Ir_sim_spikes4_pointAlS
1= long_run_pointD_Ca05.jpg 2021/0... 5 0.0040 1.7171e-... HH Ir_sim_spikes4_pointAIS2
%1 long_run_pointD_Ca05.fig 2021/0... 6 0.0050 1.7176e-... HH Ir_sim_spikes4_pointB
% long_run_pointC_Ca05.jpg 2021/0... HH Ir_sim_spikes4_pointC
%) long_run_pointC_Ca05.fig 2021/0... 7 CHINED| 7= H Ir_sim_spikes4_pointD
% long_run_pointB_Ca05.jpg 2021/0... 8 0.0070 1.7186e-... H Ir_sim_spikes4_pointDRS
%1 long_run_pointB_Ca05.fig 2021/0... 9 0.0080 1.7191e-... HH Ir_sim_spikes4_pointE
% long_run_pointA_Ca05.jpg 2021/0... 10 0.0090 1.7196e-... EEIr_sim_spikes4_pointF
) long_run_pointA_Ca05.fig 2021/0... 11 0.0100 1.7201e-..] Ir_sim_spikes4_soma
5 :ong_run_soma_CaOS.Jpg 2021/0... 12 0.0110 1.7206e-... . N_pontA_BK_260

ong_run_soma_Ca05.fig 2021/0... 1 N_pointA_SK_260
= long_run_pointDRS_vO5.jpg  2021/0... 13 WOLZOL 7 FH N_pointB_BK_260
#) long_run_pointDRS_v05.fig ~ 2021/0... 14 0.01301.7215e-.. FH N_pointB_SK_260
% long_run_pointAlS2_v05.jpg 2021/0... HH N_pointC_BK_260
] long_run_pointAIS2_v05.fig  2021/0... H N_pointC_SK_260
% long_run_pointAlS_v05.jpg 2021/0... SENLLOYy Ll _SLil_SPLKESL_POLILAN: , L), LI_ _SPLKESL_POLINULACG , /), Ul _ _SPLKESZ_POLINUALG , L), Ul _ o+ N_pointD_BK_260
%) long_run_pointAIS_v05.fig 2021/0... plot(lr_sim_spikesl_pointA(:,1),lr_sim splkesl pointA(:,7),lr_sim splkesz pointA(:,1),lr_sim_ HH N_pointD_SK_260
% long_run_pointF_v05.jpg 2021/0... plot(N_soma_BK_260(:,1) ,N_soma_BK_260( 52)5 'Lr_sm_splkesl_soma( 3 1)5 'Lr_sm_splkesl_soma( 2575 HH N_pointE_BK_260
%1 long_run_pointF_vO05.fig 2021/0... semilogy(N_soma_BK_260(:,1) ,N_soma_BK_260( 2. 2), lr_sim_spikesl_soma( :,1),lr_sim_spikes1_soma(: FH N_pointE_SK_260
% long_run_pointE_v05.jpg 2021/0... plot(lr_sim_spikes1_soma(:,1),lr_sim_spikesl_soma(:,7),lr_sim_spikes2_soma(:,1),lr_sim_spikes FH N_pointF_BK_260
] long_run_pointE_v05.fig 2021/0... semilogy(lr_sim_spikesl_soma(:,1),lr_sim_spikesl_soma(:,7),lr_sim_spikes2_soma(:,1),lr_sim_sp H N_pointF_SK_260
% long_run_pointD_v05.jpg 2021/0... 50/1000 HN_soma_260
%] long_run_pointD_v05.fig 2021/0... Hd N_soma_BK_260
% long_run_pointC_v05.jpg 2021/0... Hd N_soma_SK_260
1) long_run_pointC_vO05.fig 2021/0... H unnamed
long_run_simspikes_model_... 2021/0... HH unnamedCopy

% long_run pomtB vOSJpg 2021/0... 5 unnamedCopy7
i\‘! ........... +D ..AC fin 209110 A | innamedConv®&

Iongﬁrunﬁ5|msp|kes_model_4runs_3.... ~

you work with

OI S I OKINAWA INSTITUTE OF SCIENCE AND TECHNOLOGY GRADUATE UNIVERSITY
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MATLAB GUI (Graphical User Interface)

@ MATLAB Window Help

0

=3

W) 99% ) Fri13:28 Q @ =

VARIABLE

MATLAB R2018b - academic use

&l % i 55 = @) @IQSearch Documentation

J

dl}l o mm

% Open ¥ Rows Columns il [l 53 Transpose
New from = Print v 1:24 I B | Insert Delete @ sSort w
Selection v v v

VARIABLE SELECTION EDIT ry

<@ = & gl 3 9/ » Users » alexmart » Doci~- = @ 770ttt P
Current Folder ® [ -ditor - plot_pf_pointA_27052021.m [ Variables - N_soma_BK_260 ® Workspace ®

B Name Date ... ¥ [ N_soma_BK_260 | N_soma_SK_260 Name &

H long_run_simspikes_model_... 2021/0... -

tH long_run_simspikes_model_... 2021/0... £ 361272x2 double
% long_run_pointDRS_Ca05.jpg 2021/0... 2 2 3 6 2 10
] long_run_pointDRS_Ca05.fig 2021/0... 01.7156
% long_run_pointF_Ca05.jpg 2021/0... . : €=
#] long_run_pointF_Ca05.fig  2021/0... 2 1.0000e-... 1.7156e-...
% long_run_pointE_Ca05.jpg 2021/0... 3 0.0020 1.7161e-...
2] long_run_pointE_Ca05.fig 2021/0... 4 0.0030 1.7166e-...
% long_run_pointD_Ca05.jpg 2021/0.., 5 0.0040 1.7171e-...
1= :O“Q—V””—p°f“£—gag§'f‘9 ;g;i;g"' 6 0.0050 1.7176e-..
% long_run_pointC_Ca05.jpg
%) long_run_pointC_Ca05.fig 2021/0... 7 L0 17Ny
% long_run_pointB_Ca05.jpg 2021/0... 8 0.0070 1.7186e-...
B long_run_pointB_Ca05.fig 2021/0... 9 0.0080 1.7191e-...
% long_run_pointA_Ca05.jpg 2021/0... 10 0.0090 1.7196e-...
] long_run_pointA_Ca05.fig ~ 2021/0... 11 0.0100 1.7201e-...
5 :ong_run_soma_CaOS.jpg 2021/0... 12 0.0110 1.7206e-...
ong_run_soma_Ca05.fig 2021/0...
% long_run_pointDRS_v05.jpg  2021/0... 13 0.01201.7211e-...
#) long_run_pointDRS_v05.fig ~ 2021/0... 010 T 71 e
% long_run_pointAlS2_v05.jpg 2021/0...
ﬂ long_run_pointAIS2_v05.fig  2021/0... Command Window ®
% long_run_pointAIS_v05.jpg 2021/0... >>7SellLtogy Ul _SLI_SPLKESL_PULNUAL: , L), Ul _SLI_SPLKESL_POLNULAL: , /), Ul _SLI_SPLKESZ_POLINUAL: , L), Ul _
% long_run_pointAIS_v05.fig 2021/0... >> plot(lr_sim_spikesl_pointA(:,1),lr_sim_spikesl_pointA(:,7),lr_sim_spikes2_pointA(:,1),lr_sim_
% long_run_pointF_v05.jpg 2021/0... >> plot(N_soma_BK_260(:,1),N_soma_BK_260(:,2),lr_sim_spikesl_soma(:,1),lr_sim_spikesl_soma(:,7),
%1 long_run_pointF_vO05.fig 2021/0... >> semilogy(N_soma_BK_260(:,1),N_soma_BK_260(:,2),lr_sim_spikesl_soma(:,1),lr_sim_spikes1_somaf(:
% long_run_pointE_v05.jpg 2021/0..] >> plot(lr_sim_spikesl_soma(:,1),lr_sim_spikesl_soma(:,7),lr_sim_spikes2_soma(:,1),lr_sim_spikes
] long_run_pointE_v05.fig 2021/0... >> semilogy(lr_sim_spikesl_soma(:,1),lr_sim_spikesl_soma(:,7),lr_sim_spikes2_soma(:,1),lr_sim_sp
% long_run_pointD_v05.jpg 2021/0... >> 50/1000
%] long_run_pointD_v05.fig 2021/0...
% long_run_pointC_v05.jpg 2021/0... ans =
%1 long_run_pointC_v05.fig 2021/0...
HH long_run_simspikes_model_... 2021/0... 0.0500
% long_run_pointB_v05.jpg 2021/0...
L W PR e R e ann1 N f{ >>
long_run_simspikes_model_4runs_3.... A

EH Ir_sim_spikes3_pointC
HH Ir_sim_spikes3_pointD
HH Ir_sim_spikes3_pointDRS
HH Ir_sim_spikes3_pointE
HH Ir_sim_spikes3_pointF
HH Ir_sim_spikes3_soma
HH Ir_sim_spikes4_pointA
HH Ir_sim_spikes4_pointAlS
HH Ir_sim_spikes4_pointAlS2
HH Ir_sim_spikes4_pointB
[ Ir_sim_spikes4_pointC
H Ir_sim_spikes4_pointD
H Ir_sim_spikes4_pointDRS
HH Ir_sim_spikes4_pointE
HH Ir_sim_spikes4_pointF
HH Ir_sim_spikes4_soma

B8 N_pointA_BK_260

9 N_pointA_SK_260

H N_pointB_BK_260

FH N_pointB_SK_260

HH N_pointC_BK_260

HH N_pointC_SK_260

HH N_pointD_BK_260

HH N_pointD_SK_260

HH N_pointE_BK_260

FH N_pointE_SK_260

HH N_pointF_BK_260

HH N_pointF_SK_260

FH N_soma_260

Hd N_soma_BK_260

Hd N_soma_SK_260

HH unnamed

H unnamedCopy

H unnamedCopy7

FH unnamedConvg
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MATLAB GUI (Graphical User Interface)

@ MATLAB Window Help

0

=3

W) 99% ) Fri13:28 Q @ =

VARIABLE

MATLAB R2018b - academic use

&l % i 55 = @) @IQSearch Documentation

|- o
Ifl}l % Open ¥ Rows Columns II.:E_A -_%:_A: 53 Transpose
New from (=i Print v |1:24 I B | Insert Delete @ sSort w
Selection ¥ N v
VARIABLE SELECTION EDIT a
<@ = E &l ¥ 9/ » Users » alexmart » Documents » STEPSmodell » P
Current Folder ® [#A Editor - plot_pf_pointA_27052021.m [ Variables - N_soma_BK_260 ® x Workspace ®
E Name Date ... ¥ : [ N_soma_BK_260 | N_soma_SK_260 Name &
£ long_run_simspikes_model_... 2021/0... =t = EH Ir_sim_spikes3_pointC
tH long_run_simspikes_model_... 2021/0... £H 361272x2 double HH Ir_sim_spikes3_pointD
% long_run_pointDRS_Ca05.jpg 2021/0... 1 2 3 6 7/ 10 Elr_sim_spikes3_pointDRS
] long_run_pointDRS_Ca05.fig 2021/0... 01.7156e- H Ir_sim_spikes3_pointE
% long_run_pointF_Ca05.jpg 2021/0... . . ... [ Ir_sim_spikes3_pointF
#) long_run_pointF_Ca05.fig  2021/0... 2 1.0000e-... 1.7156e-.. FH Ir_sim_spikes3_soma
% long_run_pointE_Ca05.jpg 2021/0... 3 0.0020 1.7161e-... HH Ir_sim_spikes4_pointA
%1 long_run_pointE_Ca05.fig 2021/0... 4 0.0030 1.7166e-... HH Ir_sim_spikes4_pointAlS
% long_run_pointD_Ca05.jpg 2021/0... 5 0.0040 1.7171e-... HH Ir_sim_spikes4_pointAlS2
ﬂ long_run_pointD_Ca05.fig 2021/0... 6 0.0050 1.7176e-..] H Ir_sim_spikes4_pointB
% long_run_pointC_Ca05.jpg 2021/0... HH Ir_sim_spikes4_pointC
%) long_run_pointC_Ca05.fig 2021/0... 7 CHINED| 7= H Ir_sim_spikes4_pointD
% long_run_pointB_Ca05.jpg 2021/0... 8 0.0070 1.7186e-... H Ir_sim_spikes4_pointDRS
%1 long_run_pointB_Ca05.fig 2021/0... 9 0.0080 1.7191e-... HH Ir_sim_spikes4_pointE
% long_run_pointA_Ca05.jpg 2021/0... 10 0.0090 1.7196e-... EEIr_sim_spikes4_pointF
) long_run_pointA_Ca05.fig 5031/0... 11 0.0100 1.7201e-..] Ir_sim_spikes4_soma
% long_run_soma_Ca05.jpg 021/0... _ mm N_pointA_BK_260
%) long_run_soma_Ca05.fig 2021/0... 12 DD 7200 - N_pointA_SK_260
= long_run_pointDRS_vO5.jpg  2021/0... 13 WOLZOL 7 FH N_pointB_BK_260
#) long_run_pointDRS_v05.fig ~ 2021/0... 14 0.01301.7215e-.. HH N_pointB_SK_260
% long_run_pointAlS2_v05.jpg 2021/0... HH N_pointC_BK_260
] long_run_pointAIS2_v05.fig  2021/0... Command Window ol - N_pointC_SK_260
% long_run_pointAlS_v05.jpg 2021/0... >>7SellLtogy Ul _SLI_SPLKESL_PULNUAL: , L), Ul _SLI_SPLKESL_POLNULAL: , /), Ul _SLI_SPLKESZ_POLINUAL: , L), Ul _ o+ N_pointD_BK_260
% long_run_pointAIS_v05.fig 2021/0... >> plot(lr_sim_spikesl_pointA(:,1),lr_sim_spikesl_pointA(:,7),lr_sim_spikes2_pointA(:,1),lr_sim_ FH N_pointD_SK_260
% long_run_pointF_v05.jpg 2021/0... >> plot(N_soma_BK_260(:,1),N_soma_BK_260(:,2),lr_sim_spikesl_soma(:,1),lr_sim_spikesl_soma(:,7), ] N_pointE_BK_260
%1 long_run_pointF_vO05.fig 2021/0... >> semilogy(N_soma_BK_260(:,1),N_soma_BK_260(:,2),lr_sim_spikesl_soma(:,1),lr_sim_spikes1_somaf(: HH N_pointE_SK_260
% long_run_pointE_v05.jpg 2021/0... >> plot(lr_sim_spikesl_soma(:,1),lr_sim_spikesl_soma(:,7),lr_sim_spikes2_soma(:,1),lr_sim_spikes HH N_pointF_BK_260
] long_run_pointE_v05.fig 2021/0... >> semilogy(lr_sim_spikesl_soma(:,1),lr_sim_spikesl_soma(:,7),lr_sim_spikes2_soma(:,1),lr_sim_sp H N_pointF_SK_260
% long_run_pointD_v05.jpg 2021/0... >> 50/1000 FH N_soma_260
%] long_run_pointD_v05.fig 2021/0... Hd N_soma_BK_260
% long_run_pointC_v05.jpg 2021/0... ans = Hd N_soma_SK_260
1) long_run_pointC_vO05.fig 2021/0... HH unnamed
HH long_run_simspikes_model_... 2021/0... 0.0500 H unnamedCopy
% long_run_pointB_v05.jpg 2021/0... H unnamedCopy7
L L PRI . SR .Y 20NN f{ >> FH unnamedConv®&
long_run_simspikes_model_4runs_3.... A
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The content of the class

MATLAB GUI (Graphical User Interface)
Basics of programming in MATLAB
Matrix computations

Upload data to your computer

Fitting of the model parameters to the data

Plotting the results

E é% OI S I OKINAWA INSTITUTE OF SCIENCE AND TECHNOLOGY GRADUATE UNIVERSITY
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Basics of programming in MATLAB

ADVANTAGES (list of some, not all):
* GUI: easy access to data, plot editor, and other functions

* Toolboxes (see APPS tab in your MATLAB): more than 20

are available for various scientific, engineering and data
analysis needs (that requires you to do less coding)

* Easy debugging tools
DISADVANTAGES (list of some, not all):
* Organization of user-defined functions

* Some argue that it is slow, maybe...maybe...
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Basics of programming in MATLAB

BASICS OF CREATING YOUR MATLAB CODE:

* First, you need to create (or open an existing) script (function) file

* Data structures (VARIABLES) keep necessary information in your
code such as single variables, arrays, strings.

* After you assigned some value to a variable(s), you provided an input
to your code.

* If you wish the values of the variables been changed, as a result of
some computations, you should state this in your code.
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Basics of programming in MATLAB

DEFINING VARIABLES:

Not required, but may be necessary for some datatypes, like arrays, cells and other
complex data structures

NAMES OF VARIABLES:
Can’t begin with a number or other special characters (! @Q#$%"&*()_+=)

EXAMPLES (you may also type in the Command window):
>>n_v = |23; %integer variable
>> Duration_spikes = 0.785; %double variable
>> t_spikes = []; %eempty array

VARIABLES CAN BE CONVERTED FROM ONE TYPE TO ANOTHER (with

some conditions)
OI ST OKINAWA INSTITUTE OF SCIENCE AND TECHNOLOGY GRADUATE UNIVERSITY
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Basics of programming in MATLAB

If you want to print out a variable value, the simplest way is to
type the name in you SCRIPT or in the COMMAND WINDOW:

For example:
>>n v=123
>> |23
or
>>n_ Vv
>> |23
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Basics of programming in MATLAB

For example:

>>s v ='SOME TEXT" %this is a string variable, and the
text after % is just a comment stat will not be interpreted by
MATLAB

>> 'SOME TEXT
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Basics of programming in MATLAB

If you want to display a text message to the command window,
use this:

>> disp('SOME TEXT);
or if you want to display the content of a variable:
>> disp(s_vV);

Using disp for displaying a variable means it must be some text, if
a variable value is a number, you should convert it to string first:

>>n_v_text = num2str(n_v); disp(n_v_text);

E %?% OI S I OKINAWA INSTITUTE OF SCIENCE AND TECHNOLOGY GRADUATE UNIVERSITY
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Basics of programming in MATLAB

More scientific ways of displaying a variables involve using:
>> fprintf('n_v is equal to %i.\n', n_v);

Or more complex:
>> float_point_variable = 123456789.123456789

>> |.2346e+08

>> fprintf('ls equal to %6.2f.\n’, float _point_variable);
>> |23456789.12
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Basics of programming in MATLAB

Briefly about arrays:

arrayl =[I, 3, 4, 5, 7]; %is a row

array2 = [I; 2; 7; 8; 9]; %is a column

array3=1[Il, 2, 3,4; 5,6, 7, 8;9, 10, 11, 12]; %is a 3x4 matrix

Access to data in arrays:
IMPOTANT: indexes start from | retfrom-0.

>>array | (1)
>> |
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Basics of programming in MATLAB

Briefly about arrays:

arrayl =[I, 3, 4, 5, 7]; %is a row

array2 = [I; 2; 7; 8; 9]; %is a column
array3=1[Il, 2, 3,4; 5,6, 7, 8;9, 10, 11, 12]; %is a 3x4 matrix

arrayl =[1 345 7]; %is a row

NOTE: using of commas (,) for inputting
column elements in a row is NOT
necessary, but semicolon is required to
separate rows

array2 = [I; 2; 7; 8; 9]; %is a column
array3=[1234;5678;9 10 |l 12]; %is a 3x4 matrix

E é% OI S I OKINAWA INSTITUTE OF SCIENCE AND TECHNOLOGY GRADUATE UNIVERSITY
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Basics of programming in MATLAB

arrayl =[I, 3, 4, 5, 7]; %is a row
array2 = [I; 2; 7; 8; 9]; %is a column
array3=[1, 2, 3,4;5,6,7,8;9, 10, | I, 12]; %is a 3x4 matrix

>> array | (2)
>> 3
>> array?2(3)
>> 7
array3(row number, column number) to access an element in array
>> array3(3,2)

E é% OI S I OKINAWA INSTITUTE OF SCIENCE AND TECHNOLOGY GRADUATE UNIVERSITY



Basics of programming in MATLAB

arrayl =[I, 3, 4, 5, 7]; %is a row
array2 = [I; 2; 7; 8; 9]; %is a column
array3=[1, 2, 3,4;5,6,7,8;9, 10, | I, 12]; %is a 3x4 matrix

If you want to change an element in the arrays:
>>array | (2) = 123;
>> array | (2)
>> |23
>>array3(3,2) = | 11;
>> array3(3,2)
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Basics of programming in MATLAB

MATRIX OR VECTOR TRANSPOSITION:

use “ ° 7 apostrophe at the end of an array name
arrayl =[1I, 3, 4, 5, 7]; %is a row

array2 = [I; 2; 7; 8; 9]; %is a column

array3= 1[I, 2, 3,4; 5,6, 7, 8;9, 10, 11, 12]; %is a 3x4 matrix

For example, try to apply transposition to the above arrays:
>> arrayl’
>> array2’

g{ array3’
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Basics of programming in MATLAB

If you need to test some condition in your code, for example, a>b, a<b,
and a==b, then use the if-elseif-else statements.

7%AN EXAMPLE:

IF, ELSEIF, ELSE STATEMENTS: a=17,
if (expression) b= 1I;
statements; if (@ >b)
elseif (expression) disp(a is greater than b);
statements; elseif (cCI]' ==. b). to bY):
olce isp(‘a is equal to b');
else
statements;

disp(‘a is less than b');
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Basics of programming in MATLAB

If you need to test some condition in your code, for example, a>b, a<b,
and a==Db, then use the if-elseif-else statements.

IF, ELSEIF, ELSE STATEMENTS:
if (expression)

IMPORTANT: the block must start with

. statemefrts; If and end up with end.
elseif (expression) The key commands, as if, else, end
statements; are case-sensitive, don’t use CAPHAL

letter in them.
A statement should end up with
statements; semicolon “;” if you don’t want the

else

end result been printed to the screen
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Basics of programming in MATLAB

If you need to repeat, iterate or repeat doing something until a
condition is true, then use loop statements.

%AN EXAMPLE:
LOOPS: a=T,
n=10;
For, while, repeat until|fori=1:10
if (i>a)
AN EXAMPLE: | _fprintf(‘i = %i is greater than a = %i \n', i, a);
elseif (i == a)
for index = values fprintf('i = %i is equal to a = %i \n', i, a);
. else
statements, forintf('i = %i is less than a = %i \n', i, a);
end end
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Basics of programming in MATLAB

EXERCISE #1:

Let’s imagine a situation you need to count the number of users in the
age group between |8 and 24 (including person that are 18 and 24), and
printout to the screen: “The number of users of age between |18 and 24

is = the number’.

The input data comes as an array:
users_age = [I8, 65, 34, 40, 25, 24, 45, 21, 34, 27, 22, 16, 21];

You can count directly for a small dataset, but if you have thousands of
entries that is not easy.
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Basics of programming in MATLAB

EXERCISE #1
You have |0 minutes to do this task.

HINT:

Try to access the array elements in a “for” loop, use if-elseif-else
to filter them, and “disp” or “fprintf’ function to display the

result.

The number of elements in users_age can be provided with
"length”, “size” functions, see manual
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Basics of programming in MATLAB

EXERCISE #2:

(For students who quickly completed Exercise #I, or for
homework)

Try to pick first three elements from users_age that satisfy the
age criteria from EXERCISE #1. Then, save to another array
information about position of the picked elements in users_age.
At the end, print to screen, the picked elements and their

positions.
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Basics of programming in MATLAB

EXERCISE #2
You have 5 minutes to do this task.

HINT:

Try to use “while” or “repeat until” loops, and index variables to
determine the position of picked elements.
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Basics of programming in MATLAB

80 . T 60
55 ., "%
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Basics of programming in MATLAB

MY ANSWER (Exercise #1):
users_age = [18, 65, 34, 40, 25, 24, 45, 21, 34, 27, 22, 16, 21];

n = size(users_age,2); %or length(users_age)
count = 0;

for i=1l:n
if((users_age(i) >= 18) && (users_age(i) <= 24))
count = count + |[;
end
end

%i \n', count);

frrintf('The number of users between |18 and 24 years old is =
OI ST OKINAWA INSTITUTE OF SCIENCE AND TECHNOLOGY GRADUATE UNIVERSITY
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Basics of programming in MATLAB

MY ANSWVER (Exercise #2):
users_age = [18, 65, 34, 40, 25, 24, 45, 21, 34, 27, 22, 16, 21];
n = size(users_age,2); %or length(users_age)
i = 0;
count = 0;
age_array = zeros(l,3);
pos_array = zeros(l,3);
while (count<3)
i=i+ |;
if((users_age(i) >= 18) && (users_age(i) <= 24))
count = count + |;
age array(i) = users_age(i);
pos_array(i) = i
fprintf('User of age %i in position of %i of the array is found!\n', age_array(i), pos_array(i));
end
end
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The content of the class
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The content of the class

* MATLAB GUI (Graphical User Interface)

* Basics of programming in MATLAB

* Matrix computations

* Upload data to your computer

* Fitting of the model parameters to the data

* Plotting the results
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Matrix computations in MATLAB

SIMPLEST OPERATORS:

EXMAPLE:
A=1l1,2,3,456,7,8;9 10,11, 12];
b=1[I;2; 3;4];

>> A*b
>> ans =
30
70
|10
A*b = [I*] + 252 + 3*3 + 4%4; 5*| + 6%2 + 7*3 + 8%4; 9*| + [0*2 + | |*3 +

| 2%4];
’
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Matrix computations in MATLAB

SIMPLEST OPERATORS:

EXMAPLE:
A=1l,23,4,56,7,8;9 10, | I, 12];
b =1[1; 2; 3; 4];

>> A+ b

>> Matrix dimensions must agree.
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Matrix computations in MATLAB

SIMPLEST OPERATORS:

EXMAPLE:
A=1l,23,4,56,7,8;9 10, | I, 12];
b =1[1; 2; 3; 4];

>> A+ b

>> Matrix dimensions must agree. Why?

E %% OI S I OKINAWA INSTITUTE OF SCIENCE AND TECHNOLOGY GRADUATE UNIVERSITY



Matrix computations in MATLAB

SIMPLEST OPERATORS:

EXMAPLE:

A=1]l,23,456,7,8;9 10, |1, 12];
b=1[I;2; 3;4];

>> A +Db

>> Matrix dimensions must agree. Why?

Because “+” operator sums single elements in A and b. If the
number of single elements is different between A and b, the
error message pops up
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Matrix computations in MATLAB

SIMPLEST OPERATORS:

A correct method of using “+” operator will be for:
c=15,6,7,8];

d=[9 10, 11, 12];

>> ¢ + d

>>ans =
14 16 18 20
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Matrix computations in MATLAB

SIMPLEST OPERATORS:

Or for:

A — [I, 2, 3, 4’ 59 6’ 7’ 8’ 9’ IO’ I I’ |2]’
E=TI0, II,16,12;3,8,6,9; 2,1, 3, 0];

>> A+ E
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Matrix computations in MATLAB

SIMPLEST OPERATORS:

a = [I:5]; %[, 2, 3, 4, 5]

a>3; %[0, 0,0, I, I] %could also be <, >=, <=, ==
a(a>3); %[4, 5]

a.*a; %[, 4,9, 16, 25]




Matrix computations in MATLAB

Excersise #3:

You buy some quantity of apples, bananas, mango, and pineapples three
months in a row. The price of these fruits was constant during these
three months. Could we calculate the amount of money you spent on
fruits during that period!?

5 minutes to do

HINT:
Use matrix computations and “sum” function (check in the manual & )
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Matrix computations in MATLAB

Excersise #4 (optional):

Using matrix (or) vector operators, perform the task of Exercise
#| and #2 (optional).

|0 minutes to do

HINT: no hints to experts!
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Basics of programming in MATLAB

MY ANSWER (Exercise #3):
cost =[3.5 1.5 5 4.5];

quatity_monl| =[10 12 5 2];
quatity mon2 =[128 4 1];
quatity_mon3 = [I1 7 3 5];

Q_array = [quatity_mon|; quatity _mon2; quatity _mon3];
Spent_money = sum(Q_array*(cost'));
fprintf('The amount of money spent on fruits for the last three months

% %.2f\n', Spent_money);
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Basics of programming in MATLAB

MY ANSWVER (Exercise #4a):

In principle, with using MATLAB in a better way the whole code
for the task could be looking like this:

users_age = [|8, 65, 34, 40, 25, 24, 45, 21, 34, 27, 22, 16, 21];
count = sum((users_age >= |8).*(users_age <= 24));

fprintf("The number of users between |8 and 24 years old is = %i
\n', count);
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Basics of programming in MATLAB

MY ANSWER (Exercise #4b):

users_age = [18, 65, 34, 40, 25, 24, 45, 21, 34, 27, 22, 16, 21];
n = length(users_age);

pos = [I:n];

indexes = ((users_age >= |8).*(users_age <= 24));
picked users = users_age(indexes>0);
postions = pos(indexes>0);

picked users = picked users([1:3]);
postions = postions([ |:3]);

disp('Picked users:');
disp(picked_users);
disp('Their indexes:');

postions);
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The content of the class

 MATLAB GUI (Graphical User Interface)

* Basics of programming in MATLAB

* Matrix computations

* Data analysis: upload data to your computer
* Fitting of the model parameters to the data

* Plotting the results
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Upload data to your computer

* Please access .csv data files through the DropBox

* After download, you should have six files on your computer in
a folder:

|) antigenA control.csv 2) antigenB control.csv
3) antigenC_control.csv 4) antigenA treatment.csv

5) antigenB treatment.csv 6) antigenC_treatment.csv
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Upload data to your computer

* Go to the folder with the downloaded files in the MATLAB
interface, until you get the files listed in the left panel:

HOME PLOTS APPS VARIABLE VIEW S 4 & S e’
5 &
. Open ¥  Rows Columns | L] 53 Transpose
Newfrom (=i Print ~ 1 1 | Insert Delete ;‘_J_Ls()rt -
Selection ¥ v -
VARIABLE

<@ = [E ol B [/ » Users » alexmart » Downloads » MATLAB-class

Current Folder = ®. Variables - a X

E Name Date Modified ¥ J a l
#] ca_v_50000_iter_copy.... 2019/06/15 1... |-
#] ca_v_50000_iter.fig 2019/06/14 1... |0 1x1 double
B s b ! : 2 ‘ 2 ¢ ’ g 2 10
skill_pill_fitting1.sfit /05/
# fitted_antigenA_contro... 2019/05/20 1... X ;”
) fitted_antigenA_contro... 2019/05/20 1... 2
am| skill_pill_ses1.mat 2019/05/20 1... g
%] Figldogy).fig 2019/05/201... | 4
Z Figl.png 2019/05/20 1... 3
Figl.fig 2019/05/20 1... | ¢
antigenA_treatment.csv  2019/05/15 1:... 7
antigenB_treatment.csv  2019/05/15 1.... 8
antigenC_treatment.csv  2019/05/15 1:... 9
antigenC_control.csv 2019/05/15 1:.... B 10
antigenB_control.csv 2019/05/15 1:... B 11
antigenA_control.csv 2019/05/15 1:... 12
13
14
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Data interpretation

* Each of the six files is a time series of a specific antigen (A, B or
C) measured in hosts of a group (control or treatment)

* In other words, each csv file can be interpreted as a table of
two columns, the first column is the time when an antigen was
measured and the second column is the concentration of the

antigen)

Time 1 | <% | Conc 1
Time 2 | <= | Conc 2

We have 72 elements

%5‘ Time 72 | €<= | Conc 72 in each row of the data
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Uploading the data to the workspace

* Upload data to MATLAB (type or copy-paste to the Command
Window):
antigenA_control = csvread(‘antigenA_control.csv');

antigenB_control = csvread(‘antigenB_control.csv');

antigenC_control = csvread(‘antigenC_control.csv');

antigenA_treatment = csvread('antigenA_treatment.csv');

antigenB_treatment = csvread(‘antigenB_treatment.csv');

antigenC_treatment = csvread(‘antigenC_treatment.csv');
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Organizing the data

* If you want to merge all data to one big table (use console):

resTable = [antigenA_control(;,1), antigenA_control(:,2), Time column
antigenB_control(:,2), antigenC_control(:,2), antigenA_ treatment(:,Q),
antigenB_treatment(:,2), antigenC_treatment(:,2)]; Concentratior

*IMPORTANT: because column 2 in our csv data corresponds to the time column

column |, therefore, the merging as shown above is correct only when the first
column is the same across all tables to be merged (fortunately, this is our
case)

¢

* Use “,” for merging columns or
* Use ;" for merging rows into one row
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Organizing data in MATLAB

In the resulting table we will have the first column for the
measurement times, and other six columns for the antigen
concentrations:

Day tl
Day t2 # # # # # #

Double click on the resTable in the Workspace to
open (and-edit) the data.
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Organizing data in MATLAB

Double click on the resTable in the Workspace to
open (and-edit) the data.

VAKRIABLE SELECITION EDII
<@ = H gl = 9/ » Users » alexmart » Downloads » MATLAB-class
Current Folder @ ommaaas SESESIERSIESS L BVEEUN PP STV SYYPS Workspace
IE Name Date Modified ¥ Name &
#) ca_v_50000_iter_copy.... 2019/06/15 1... HHa
%] ca_v_50000_iter.fig 2019/06/14 1... HA

£ skill_pill_ses2.mat 2019/05/20 1... 1 2 3 4 5 6 7 EH Ab

sillplll fxtingl.stit. [2019/05)20 1 97.2500 282.3700 976.6300 104.7200 258.9000 1.0153e... t ans

# fitted_antigenA_contro... 2019/05/20 1... H antigenA_control
#) fitted_antigenA_contro... 2019/05/20 1... 90.1690 264.2700 935.2500 60.5980 197.9700 573.4000 FH antigenA_treatment

HH skill_pill_ses1.mat 2019/05/20 1... 84.5680 240.8000 885.9600  30.8020 154.8500 321.1100 FH antigenB_control
#] Figl(logy).fig 2019/05/20 1... 80.5370 235.1200 817.4400 19.7930 124.7200 183.9500 FH antigenB._treatment
% Figl.png 2019/05/20 1... 74.1510 250.5200 744.0900 10.8570  96.1530 108.5200 H antigenC_control
%:Eﬁ'fg)?lum ;gig;gggg i 73.4520 212.9700 700.0700  5.7139  83.4200 59.3770 %a"tiginc-tfeatme"t
| antigen treatment.csv | 2019/08/15 1o 65.2460 221.4900 655.7600  3.3581 62.1480  34.7180 832:252
STif|GeIiB Ereatmenticsy, 2019705715 1t 59.3320 204.0200 627.3800  1.9981 48.4640 19.5120 R array3
antigenC_ treatment.csv [2019/05/15 I:... 59.4340 222.7800 561.4000 12111 44.2650 11.6050 Hb
antigenC_control.csv ~ 2019/05/15 1:... 55.8140 207.6500 542.0600  0.6925 37.2090  6.5426 Hc
antigenB_control.csv  2019/05/15 1:... 49.3550 194.8300 500.1800  0.3508  29.0280 3.6980 EHd
antigenA_control.csv  2019/05/15 1.... 445010 187.8100 460.1500  0.2261 23.6350  2.1092 EHE , ,
42.1270 170.5800 425.0400  0.1289 21.0330  1.1800 Eiﬂoat—po'”t—"a”ame
39.8R50 1R1.7000 401.0800 0.0688 18.9880 0.6955 Ez‘n
Hn_v
Command Window ® n_v_text
H resTable
[l s_v
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A correct mathematical model of the data

* We can plot our data...
* In the Command Window, type this:
plot(resTable(:,1), resTable(:,R)); %plot the data
Or:
plot(resTable(:,1), resTable(:,Q), resTable(:,1), resTable(:,3));

* Also, you can use different plotting axis scales instead of linear
“plot” you can use “semilogy’’ (linear x-axis and logarithmic y-
axis), “semilogx” (logarithmic x-axis and linear y-axis),
loglog(both axis are logarithmic)
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A correct mathematical model of the data

* Plot all together by using plot(t, y1, t, ¥, t, ¥3, t, ¥4, t, ¥5, t,
y6);

* Note: you must use a time column (t) every time before the
data column in the input arguments of the plot functions

* Or, plot(resTable(:,1), resTable(:,[2:7]));
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A correct mathematical model of the data

e plot(resTable(:,1), resTable(:,[R:7]))

1200 | . \ | | \
- Antigen A (control) - Antigen A (control)
- Antigen B (control) - Antigen B (control)
Antigen C (control) Antigen C (control) |
- Antigen A (treatment) - Antigen A (treatment) |
= Antigen B (treatment) = Antigen B (treatment) |
"—'E\ Antigen C (treatment) "—'é\ —w\‘\\\ Antigen C (treatment) |
~~ 800 n — ~ E N\—Né
- -
- —
<~ ~— i
p— = ]
L )
> >
%) %)
p— =
= = 3
<%} %)
&N V)]
= 400 i =
= = i
< < ;
\ S
=1y
=)
N e E
M— \\VA
0 e L 1 g L L !
0 100 200 300 400 500 200 300 400 500
Time (days) Time (days)
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Exponential decay models

* Try to search in “Exponential models” in MATLAB help

* Let’s consider two types of the model, single-phase:
Antigen concentration (t) = A*ek!™ + plateau |

* and double-phase decay:
Antigen concentration (t) = B*ek?"t + C*ek3™ + plateau?

Note: in the models A>0,B>0,C>0and kl <0, k2 <0, k3 <

O (because the antigen concentration decays, for a growth k
should be positive). Also, plateaul > 0 and plateau2 > 0. The
plateaus represent detection limits of the assays.
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The content of the class

 MATLAB GUI (Graphical User Interface)

* Basics of programming in MATLAB

* Matrix computations

* Upload data to your computer

* Fitting of the model parameters to the data
* Plotting the results
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Fitting of the model parameters

* Use Curve Fitting Toolbox, go to APPS - > Curve Fitting
* Setting up the toolbox

e Results
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Fitting of the model parameters

e Use Curve Fitting Toolbox, go to APPS - > Curve Fitting

. MATLAB Window Help

8 &8 a

Get More Install Package
Apps App App
FILE

CURVE FITTING TOOL

O = & 10

MATLAB R2018b - academic use

Q

7 FAVORITES

M 8 @&

< 9 0L @ =
Current Folder

E Name

ﬂ ca_v_50000_iter_co
% ca_v_50000_iter.fig

% fitted_antig
R skill_pill_ses1.m
%] Figl(logy).fig

= Figl.png

#] Figl.fig

) skill_pill 1.m
antigenA_treatment
antigenB_treatment.
antigenC_treatment
antigenC_control.cs
antigenB_control.cs
antigenA_control.cs

Curve Fitting Optimization PID Tuner System
Identification

MACHINE LEARNING AND DEEP LEARNING

&) = & &

Classification Deep Network Neural Net
Learner Designer

Neural Net
Clustering Fitting

MATH, STATISTICS AND OPTIMIZATION

B @ & o8

Signal Wireless Image Instrument SimBiology MATLAB Application
Analyzer Waveform G...  Acquisition Control Coder Compiler

& & &

Neural Net
Pattern Rec...

Neural Net Regression
Time Series Learner

144
44

U* Curve Fitting
. Fit curves and surfaces to data (cftool)
CurveFitting | Curve Fitting Toolbox 3.5.8

TTCTeT

CONTROL SYSTEM DESIGN AND ANALYSIS

Control Control Fuzzy Logic  Linear System
System Desi... System Tuner Designer Analyzer

SIGNAL PROCESSING AND COMMUNICATIONS

T = )
Model MPC Designer Neuro-Fuzzy PID Tuner SLAM Map System
Reducer Designer Builder Identification

e e

e e

Bit Error Rate Eye Diagram  Filter Builder Filter LTE Downlink LTE Test LTE LTE Uplink Radar Radar RF Budget  Sensor Arra
Analysis Scope Designer RMC Gener... Model Gene... Throughpu... RMC Gener... Equation Ca... WaveformA... Analyzer Analyzer
— — — —
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Fitting of the model parameters

* Use Curve Fitting Toolbox, go to APPS - > Curve Fitting
* Setting up the toolbox

>> t = antigenA_control(,);
>>y = antigenA_control(:,2);

Command Window
>> plot(resTable(:,1), resTable(:,[2:7]));
>> t = antigenA_control(:,1);
>> y = antigenA_control(:,2);

Jfx >>

F o
()
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Fitting of the model parameters

* Use Curve Fitting Toolbox, go to APPS - > Curve Fitting

* Setting up the toolbox

File Fit View Tools Help
*é” *\'\W@_"":Eﬁ%
MENU AND TOOLBARS
= W/ » Users » alexmart » Downloads » MATLAB-class
® [=] Live Editor - Untitled.mlx * Variables - antigenA_control Curve Fitting Tool ® x
BatelModifledyy ¢ | untitled fit1 0| + |

Current Fold
B Name
#) ca_v_50000_iter_con
#1 ca_v_50000_iter.fig
H skill_pill_ses2.mat

skill_pill_fittingL.sfit
% fitted_antigenA_contro...

Exponential e Auto fit

Fit name: untitled fit 1

Number of terms: 1 Fit

) fitted_antigenA_contro... 2019/05/20 1... Equation: a*exp(b*x)

H skill_pill_ses1l.mat 2019/05/20 1...

#) Figl(logy).fig 2019/05/20 1... 7 data: (none) Center and scale

= Figl.png 2019/05/20 1... : Fit Options...
%] Figl.fig 2019/05/20 1... Ot (none)

) skill_pill1.m 2019/05/20 1... g

antigenA_treatment.csv. 2019/05/15 1:...
antigenB_treatment.csv  2019/05/15 1:...
antigenC_treatment.csv.  2019/05/15 1:... Results 100 F

antigenC_control.csv 2019/05/15 1.... X RAAT
. General model Exp1l: ntitied fit 1
antigenB_control.csv 2019/05/15 1.... f(x) = a*exp(b*x) 80 - 1
antigenA_control.csv 2019/05/15 1.... Coefficients (with 95% confid
a= 9837 (97.56, 9¢ eor )
b= -0.009878 (-0.00¢ > ol 1
Goodness of fit: 20l i
SSE: 48.62
R-square: 0.9989 o/
Adinctad R-canara: N QQRQ . . . . L . . L - L .
0 50 100 150 200 250 300 350 400 450 500
t
Table of Fits ®
Fit name &4 Data Fit type SSE R-square DFE AdjR-sq  RMSE # Coeff Validatio... Validatio... Validatio...
& untitl... yvs.t expl 48.6192 0.9989 70 0.9989 0.8334 2
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Fitting of the model parameters

* Use Curve Fitting Toolbox, go to APPS - > Curve Fitting
* Setting up the toolbox

e Results

MENU AND | UULBAKS

<@ = [E &l & [/ » Users » alexmart » Downloads » MATLAB-class

Current Folder ® [=] Live Editor - Untitled.mlx * A Variables - antigenA_control Curve Fitting Tool ® x
B Name Date Modified ¥ : [ untitled fit 1 ’T
‘j ca_v_50000_iter_copy.... 2019/06/15 1... [

%] ca_v_50000_iter.fig 2019/06/14 1... - )
H skill_pill_ses2.mat 2019/05/20 1... Fit name: untitled fit 1 Exgenentid B Atiofit
skill_pill_fittingL.sfit ~ 2019/05/20 1... A . _ - Fit

% fitted_antigenA_contro... 2019/05/20 1... X data: t ﬂ Number of terms: 1 B
# fitted antigenA_contro... 2019/05/20 1 < P
— - . Equation: a*exp(b*x) Stop
3 skill_pill_ses1.mat 2019/05/20 1... Y data: y 2] . > ;
#1 Figl(ogy).fig 2019/05/20 1... e Center and scale
= Figl.png 2019/05/20 1... AL es (none) o] e
) Figl.fig 2019/05/20 1... Weights: (none) E
9 skill_pill1.m 2019/05/20 1... :
antigenA_treatment.csv  2019/05/15 1:...

antigenB_treatment.csv  2019/05/15 1:...
antigenC_treatment.csv  2019/05/15 1:... Results T

antigenC_control.csv 2019/05/15 1.... . yvs.t
’ General model Exp1l: untitled fi
antigenB_control.csv 2019/05/15 1.... f(x) = a*exp(b*x) 80 S
antigenA_control.csv 2019/05/15 1.... Coefficients (with 95% confid
a= 9837 (97.56, 9¢ eor )
b= -0.009878 (-0.00¢ > )l |
Goodness of fit: 20 i
SSE: 48.62
R-square: 0.9989 |
Adinctad R_cnanara:- N Q0RO W L L L 5 L L L L L L L
0 50 100 150 200 250 300 350 400 450 500
t
Table of Fits ®
Fit name &4 Data Fit type SSE R-square DFE AdjR-sq  RMSE # Coeff Validatio... Validatio... Validatio...
& untitl... yvs.t expl 48.6192 0.9989 70 0.9989 0.8334 2
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Fitting of the model parameters

Excersise #5:

Do the same as for antigenA_control, but for:

antigenB control, antigenC_control, antigenA treatment,
antigenB _treatment, antigenC_treatment

5 minutes to do
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Fitting of the model parameters

* Group comparison tests to compare decay rates of antigens
between the groups (control and treatment)

* Correlation tests (Spearman, Pearson)

 All of them are available as functions in MATLAB, check in the
manual
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Thanks

Thank you all for visiting our class today!
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