D*Z:-U JEW

&$1/DE 5SHSRVLWRU\ *XLGH

OLVVLRRQSURYLGH D JXLGH WKDW KROGV \RXU KDQG WKURXJK DOO WKH VWHSV RI &$1/DE GI
VWHS -

7KLY GRFXPHQW LV PDLQWDLQHG E\ ODULDQQH 5HGGDQ
ERQWIPBPWLDQQH UHGGDQ#FRORUDGR HGX

JRU PRUH LQIRUPDWLRQ RQ WKW W ¥ R IMZPQMHE FRHFHNURDODWM WKHGRFV RUJ

,17(51%/ 352&('85(6

*(77,1% 6F57(" ., 7+ %/$1&$
'KDWR7.QRZ ORUH" &KZHRN WKH
« J/RJLQ

e 5SHILVWHU IRU DQ DFFRXQW Z LKMKWSBSHVUBIBPIBRIO RBBSRWEX DFFRXQWUHTXHVW

e | \RX FDQQRW DFFHVV ZRUN LFV \RX QHHG WR HPDODIDQGMKNOS#FRORUDGR HGX DQG FF
o &RXOG \RX JLYH PH SHUPLVVLRQV WR WRZD JUS DQG DFFHVV WR ZRUN LFV"

¢« 'R\RX KDYH RQH RI WKRVIRXRROQHHGRBEW"&RQWDFW 2,7 LI QRW

e VVK <285,'(17,.(<#EORJLQ UF FRORUDGR HGX

e« 3DVVZRUG LV \RXU GLJLW SLQ IROORZHG E\ ZKDWHYHU VHULHV RI QXPEHUV DSSHDUYV :
« VDYH EODQFD DV DQ DOLDV VR \RX W\SH OHVV LQ WKH IXWXUH

¢« HPDFV EDVKBSURAOH
e« DW WKH ERWWRP RI WKDW DGG

« DOLDV EOD@VR®PDIK - #EORJLQ UF FRORUDGR HGX-
o &175/ ;6 WR VDYH
o &175/ ;& WR TXLW HPDFV HGLWRU

e« QRZ \RX FDQ MXVW QFBGRRIPAW LQ LQ WKH IXWXUH

¢« +RZ WR WDON WR %ODQFD
e« 6WDUW WHUPLQDO GLUHFWO\ LQ WKH H\H DQG W\SH VRPHWKLQJ LQ

= VOXUP LV QRZ WKH TXHXH VXEPLVLRQ V\VWHP RQ EODQFD
e &RQAJXULQJ \RXU %ODQFD

e WKLV LV RQ WKH ZLNL
HGLW \RXU EDVK SURAOH

« HPDFV PODVKUF
e« SDVWH DOOIRUIQWKLYV VWXI
. 127( 5 PRGXOH UHPRYHG EHFDXVH %YODQFD FDQ-W ORFDWH LW

H[SRUW 02'87¢3 02'8/(3%7+ SURMHFWV LFV PRGXOHYV
PRGXOH DGG WRUTXH WRUTXH GHIDXOW EODQFD
PRGXOH DGG PRDE PRDE

PRGXOH DGG PDWODE PDWODE D

PRGXOH DGG IVO

PRGXOH DGG VSP VSP BU

PRGXOH DGG DIQL

PRGXOH DGG FDUHW

PRGXOH DGG PULFURQ

DGGLQJ WKH VSLULW RI OXND

37+ KRPH UX]LF WWWLSWV ~3

DGGLQJ GLFRP VFULSWYV

PRGXOH DGG GFPWN

H[SRUW '&0$&73 GLUQDPH ZKLFK GFPGXPS VKDUH GFPWN GLFRP GLF
DGGLQJ 91%&325
H[SRUW 91& EHFKR ',83FRXW G- - I C

DOLDV TUVK -TVXE T EODQEMDREFNQ, WVIBRIZBZDOOWLPH

1RWH WKDW WKHUH DUH QHZHU YHUVLRQV IRU PRVW RI WKH VRIWZDUH OLVWHG DERYH
IRU VOXUP PRGXOH DGG PRGXOH ORDG VOXUP EODQFD WR EDVK UF

127( ZKHQ , XVH TUVK- VHW XS OLNH WKLV P\ MRE RQO\ ODVWYV KRXUV IRU VRPH UHDVRQ
91&32% WR P\ YQF SRUW P\ MRE ODVWYV GD\V
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1R ORQJHU FXUUHQW ZLWK VOXUP 7KH RQO\ zD\ , KDYH EHHQ DEOH WR JHW DQ LQWHUDFW
8 &% QRWH WKDW WKH DFFRXQW QXPEHU LV IRU WKH EODQFD LFV DOORFDWLRQ 'RH\

! LQWHUDFWLYH MREV VKRXOG QRW UXQ IRU PRUH WKH KRXUV
e« FRQAJXUHW$@®$IRU 630 WRR
7R HGLW WKLV LQ WKH IXWXUH JRPODINHN VI RQM R KDIQH H\WP D R\G MAGKLWCR W/ \ S H
e« VRXUFHEPVKUF
e« 6WDUW 91& 6HUYHU
e« <RX RQO\ QHHG WR GR WKLV RQFH
e« YQFVHUYHU
« LQ DQRWKHU WHUPLQDO R ® GRYWUEKR/KH SBURAMEGMW-R U\
« HPDFV EDVKBSURAOH
¢ DGGannnnaaaaaaaaaaaaaa0a009a99999099 9999909999999 0090999990999 09099900
« DOLDV EODQYKDYQF -ORFDOKRVW >,'(17,.(<@#EORJLQ UF FRORUDGR HGX-
¢« 1R RQH HOVH FDQ XVH \RXU 91& SRUW QRREFQG WKQWIHBMHURD @QHQ FD
e SV HI _ JUHS >,'(17,.(<@ _ JUHS YQF
e ,Q WKH SULQW RXW ORRN IRU
e« UIESRUW -
DQG AQG \RXU SRUW QXPEHU

e« \RX FDQ DGG WKLV \RXWWSDXPERUG ORFDOKRVW WR FKLFNHQ WR YQF OLNH WKDW
¢« QRZ PDNH VXUH \RX VRXUFH WKLV EDVKBSURAOH

¢« VRXUFH EDVKBSURAOH
e S5HVWDUWLQJ \RXU 91& 6HUYHU

e« VVK LQWR %ODQFD
e« WKHQ WHUPLQDWH \RXU YQF VHVVLRQ

e YQFVHUYHU NLOD 1882§5@2RQ0O\ ODVW WZR GLJLWV

e 127( RXU SRUW QXPEHU SUREDEO\ FKDQJHG ZKHQ WKLV KDSSHQHG VR VFUROO EDFN XS
AQG RXW \RXU QHZ SRUW QXPEHU =

e SV HI _ JUHS >,'(17,.(<@ _ JUHS YQF

e ,| LW FKDQJHG XSGDWH \RXU YQF DOLDV HGLW \RXU EDVKBSURAOH OLNH LW GHVFULE
¢« 7TKHQ VWDUW D QHZ YQF VHVVLRQ XVLQJ WKH FRUUHFW SRUW QXPEHU

e YQFVHUYHU- ><288%EH@ RQO\ WKH ODVW WZR GLJLWYV

‘2 127 78 2 5(6B57 25 /2* 287 :+,/( 91& ,1* ,1 7+( B3((£9,5210(17<28 :,// 49 $ *,$17 +($'$&+( 7+B&
+(/3 &$1-7 6%/ 86( 7(50,1$/ ZLWK WKH LQVWUXFWLRQV ULJKW DERYH WKLV UDQW

/LPLWLQJ 273 8VH ZLWK 66+ 6RFNHWYVY DQG 6FUHHQ

$GG WKH IROORZLQJ WR \RXU VVK FRQAJ KIOH ZR @ ORXOORZFIRX MRP ®RWHQ ZLWK 273 RQO\ RC
WHUPLQDOV DQG UV\QF HWF - , AQG WKLV SUHWW\ KHOSIXO

e« +tRVW EORJLQ UF
« SRQWUROODVWHU DXWR
« ERQWURO3DWK a VVK VRFNHWV U# K S

:LOO DGG QRWH DERXW 6FUHHQ ODWHU
e 1DYLJDWLQJ %ODQFD
e« RXU GDWD DUH VWRUHG LQ WKH DUFKLYH IROGHU
« DUFKLYH ZDJHUODE
e ORYLQJ\RXU GDWD
8VH UVIQF WR PRYH GDWD 7KH AUVW AOHSDWK LV ZKHUH \RX ZDQW WR PRYH GDWD )520 7
e I \RX QHHG WR PRA/I$ 1&GHWRP DQRWKHUW HARPENWROORZLQJ UVIQF FRPPDQG
e« FG >IROGHU \RX ZDQW WR PRYH@
e UVI\QF DXY5 >\RXUBXVHUQDPH@#EORJLQ UF FRORUDGR HGX ZRUN LFV GDWD SURMHF
o <RXU XVHUQDPH KHUH LV \RXU LGHQWLNH\
o 3DVVZRUG SURPSW ZLOO EH \RXU EODQFD SDVVZRUG ZLWK WKH NH\ IRE
« . \RX QHHG WR PRYH AOHV )520 %/$1&$% XVH WKH IROORZLQJ UV\QF FRPPDQG
« UVIQF DXY5 >\RXUBXVHUQDRE@PHY HQJUD® ODEGDWD GDWD

o <RX QHHG WR SXW WKH ,3 DGGUHWRRI & REROBRDBXPR RHG & DSTRUK
= &ODXVWUXP -
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= &DORU -
o <RXU XVHUQDPH KHUH LV \RXU QDPH RQ &DORU RU &ODXVWUXP L H PDULDQQH
o 3: SURPSW ZLOO EH IRU \RXU HQJUDP SDVVZRUG
o )RU PRUH LQIRUPDWLRQ RQ HQJUDP DAQGLWY P\WWHULHV FKHFN WKH
¢« . \RX IROORZHG WKH QHZ AOH VWUXFWXUH FKDQFHV DUH =R) XHDNVGDWR HIGWDV\QW HG \

e +RZ WR BQRA&XU 'DWD

e« WDU [Y| DUFKLYH ZDJHUODE ,PDJLQDWLRQ WDU & ZRUN LFV GDWD SURMHFWV ZDJHUO
~Q (QJOLVK
«» [ H[WUDFW XQWDU
= Y YHUERVH
= | VSHFLI\ ZKDW AOH
= H{DPSOH AOH LV FDOOHG ,PDJLQDWLRQ
= & VSHFLAHV GHVWLQDWLRQ WR XQWDU WR RWKHUZLVH LW ZLOO KDSSHQ LQ WK

%DFNLQJ XS \RXU GDWD
<RX VKRXOG WDU DQG EDFN XS DOO RI \RXU GDWD IURP HQJUDP RQWR EODQFD 7KLV LV LP¢
7R GR WKLV WDU \RXU GDWD RQ HQJUDP 7KHQ UV\QF WR WKLV IROGHU RQ EODQFD
e DUFKLYH ZDJHUODE
e 2XU /IDEGDWD AOHSDWK
e ZRUN LFV GDWD SURMHFWYV ZDJHUODE ODEGDWD
e 5XQQLQJY/BH MREV RQ %ODQFD
,17(5%$&7,9( -2%6
2SHQ XS WHUPLQDO W\SH
« PDWODE
7KLV ZLOO ODXQFK WKH PDWODE HQYLURQPHQW DQG \RX FDQ PHVV DURXQG ZLWK WKLQJV
e %$&.*5281' -2%6

+RZ WR UXQ PDWODE VFULSWV IURP WKH WHUPLQDO
<RX AUVW PDNH D VKHOO VFULSW WKDW ZLOO FDOO XS PDWODE DQG UXQ \RXU PDWO
0 \RX-UH UXQQLQJ WKURXJK WKH WHUPLQDO \RX ZLOO ZDQW WR VXSSUHVV WKH"
VDYH \RX WLPH DQG FRPSXWDWLRQDO UHVRXUFHWRR XY ZQGO RPODNNRE HD\C OB
NLFNHGVRH QRGH IRU EHLQJ D PHPRU\ KRJ

« PDWODE QRVSODVK QRGHVNWRS QR)LJXUH:LQGRZV U 6&5,371$0(
Q (QJOLVK

» QRVSODVK 1R VWDUW XS VFUHHQ

» QRGHVNWRS7/$ORMWQOLURQPHQW

» QR)LIXUH:LQGRZV QR SRS XSV RI JUDSKV HWF EXW WKH\ VKRXOG EH VDYHG
» 127( QR)LIXUH:LQGRZV LV QRW FXUUHQWO\ ZRUNLQJ RQ XQL]

= LW ZRUNV AQH RQ %ODQFD

" 127( -

= QRMYP +$6 %((1 '735,&$

DQRWKHU H[DPSOH ZKHUH \RX FDQ WDON WR PDWODE LQ WKH ZD\ \RX DUH XVHG WR E\ XVL

ELQ EDVK
HFKR VWDUWLQJ
PDWODE QRVSODVK QRGHVNWRS (2)
FG \RXU SDWK WR
[
VFULSWQDPH
HILW
(2)

+HUH ZH GR [ WR GHPRQVWUDWH WKDW \RX FDQ XVH WKH PDWODE FRPPDQG OLQH LQ WK

3XW \RXU VFULSW RU IXQFWLRQ LQ WKHUH
1RWH WKBOGIXILWR WKLV

YRU PRUH KHOS ZIZ¥WKo X\ @D 0K
KWWS PIAZKZRUNV FRP KHOS PDWODE UHI PDWODEXQL[ KWPO"UHIUHVK WUXH
$GGLQJ SDWKYV
%ODQFD LVQ-W JRLQJ WR FRPPLWR\REN H5 DWK\W MSRVPHRRIUD OO WKH SDWKV \RX QHHG
\RX-00 QHHG
e« DGGSDWK JHQSDWK -ZRUN LFV GDWD SURMHFWV ZDJHUODE 5HVSRVLWRU\-
1RZ \RX ZDQW WR VHQG WKLV MRE WR %ODQFD 6D\ \RX VDYHG WKLV EDVK VFULSW DV U
« TVXE T EODQFD LFV UXQBP\PDWODEMRE VK

e ,W ZLOO VSLW RXW WKH QXPEHU RI \RXU MRE =
KWWSV FDQODEUHSRVJXLGH KDFW$BPW FRP HS SDG VWDWLF D*7
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« To check on the status of your job:

« gstat -u [USERNAME]
+ On Walltime
Walltime is the amount of time you can run a job on the cluster.

* The default is 24 hours
e Max is 7 days aka 168 hours
« you must specify your walltime if your jobs takes a long ass time to run, or it will stop early on you without warning

e #PBS -l nodes=1:ppn=1,walltime=168:00:00
Q: can insert that into a bash script? anywhere? just before the script call? or this has to go into gsub?
aren’t hashtags comments in bash?
A: You can either specify the PBS directive in your script (as with "#PBS -m ae") OR include it in the gsub command.
Blanca Problems
Common oddities and how to solve them.

Q: I'm getting a weird 'Authenticat’ applet popping up, wanting a password for root in order to download some package. | didn’t try to download
anything and it won’t accept my password anyway. Make it go away?

A: You can disable this popup window by continuing your login, then running
e gnome-session-properties

at the command line and un-checking "PackageKit Update Applet" in the resulting window. Then next time you start a vnc server the message should
not appear.

Q: | want to write a new script in emacs but the buffer is read-only.
A: Toggle read-only permissions with CNTRL-c CNTRL-q. Don't forget to save with CNTRL-x CNTRL-s
Parallel Jobs on Blanca
Motivation: reducing processing time by submitting jobs in parallel, e.g. for each subject
There are several possibilities to do that, here is one option sing bash scripts:
1. have your matlab function /script ready working on blanca

This kind of loop will use a lot of resources at once - one core and lots of mem per job/subject. it may be more fair to bundle subjects and have
each job run several subjects serially. Right now | only have a workaround where | hardcode the number of subjects per job and have all
subjects for one job in a row in subs.txt. | found that first PBS command is not necessary.

According to RC 4GB per core should not be exceeded in order to not crash a node. setting the SPM.stats.maxmem=233 allows for 8GB of
RAM and the job may actually use more than 10GB on blanca. You want to then request 3-4 cores for your job to not use up the memory of
other people.

#!/bin/bash

while read sub # this loops through the variable sub (input for matlab function)

do

#PBS -l nodes=1:ppn=1,walltime=24:00:00 # set the walltime, here 24hrs
JOB="gsub -q blanca-ics -m abe -N Big_run - <<EOJ # outer job description

#!/bin/bash

#PBS -l nodes=1:ppn=1,walltime=24:00:00 # set the walltime, here 24hrs

#PBS N ANSpredict # Job submission name

#PBS o ANSpredict.out # Output file name

#PBS -A <account> ! l# Allocation

#PBS -m bea # Send Email on beginning completion and abortion

#PBS M <hedwig.eisenbarth@colorado.edu> # Email address

cd /data/projects/wagerlab/labdata/projects/ANSpredict/Scripts

matlab << M_PROG

run_run_ans_predict(${sub}); %my matlab function

exit

M_PROG

EOJ

echo "JobID = ${JOB} for parameters ${sub} submitted"
done <subs.ixt
exit

for slurm:

while read sub

do

#SBATCH -N 1

#SBATCH --time=00:10:00
echo "got to line before JOB"
#SBATCH --qos=blanca-ics
#SBATCH -J

JOB="sbatch <<EOF
#!/bin/bash

echo "got into the bash part"
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6%%&+ 1

6%%&+ F

6%8&+ WLPH

6%%&+ TRV EODQFD LFV

6%%&+ - $16SUHGBUXQBUROOLQJ
6%8&+ RXWSXW $16SUHGBUXQB M RXW

PRGXOH ORDG PDWODE PDWODE D

FG GDWD SURMHFWY ZDJHUODE ODEGDWD SURMHFWYVY $16SUHGLFW 6FULSWV
PDWODE 0B352*

UXQBUXQBDQVBSUHGLFWBHES$16]%5] AVXE"

HILW

0B352*

(2)

C

HFKR -RE," ~-2% IRU SDUDPHWHUV A~VXE  VXEPLWWHG
GRQH VXEV W[W

HILW =

\RX VWDUW WKH MXVW E\ VXEPLWWLQJ WKH EDVKVFULSW
e« | EDVKVFULSWQDPH VK
\RX FDQ FKHFN IRU WKH VWDWXV RI \RXU MREV XVLQJ TVWDW

e | TVWDW X \RXUXVHUQDPH
e | VTXHXH X \RXUXVHUQDPH

DQG ZLWK WKLV FRPPDQG \RX FDQ FKHFN RQ KRZ PXFK PHPRU\ \RX XVH

e« | TVWDW | -2%," _ JUHS XVHG PHP
LI \RX XVH PRUH WKHQ *% XVH PRUH SURFHVVRUV

e _3%6 O QRGHVY SSQ ZDOOWLPH VHW SSQ WR IRU SURFHVVRUV PD[ *% WRW
ORUH FRPPHQWYV RQ VXEPLWWLQJ MREV RQ EODQFD

¢ XVH VY' 63/BORJLQ 7323 \RX XVH DQ LQWHUDFWLYH MRE , WKLV VHHPV WR VSHHG XS

Y520 7+( 6&$11(R <285 2)),&(
127(_ LI \RX XVW DEWR DQDO\VLY LW GRHV DOO RI WKH EHORZ IRU \RX

ORWLYDWIRKRQGHUVWDQG WKH FRPSRQHQWYV RI WKH GDWD \RX FROOHFWHG DQG KRZ WR SU
¢ GB6FULSWV RIXOH&®O<1HHG )RU 7KLV 6HFWLRQ

¢« GLFRPVGLFRPVGLFRPV VK
« GFPGXPS VK
o FDOOHG E\ GLFRPVGLFRPVGLFRPV
« FROQOYHUWBDQGBGLVWULEXWH VK=
o PXVW EH FKDQJHG IRU HDFK VWXG\
¢« UXQBFRQYHUWBDQGBGLVWULEXWH VK
o ZUDSSHU RU FRQYHUW GLVWULEXWH ORRNV IRU WKH VXEMHFWY WKDW KDYHQ-W E
e DFFHVVLRQBLGBFRUUHFWLRQV W[W

e 6WHSV

/REDWH \RX$¥GOWD \RXU GDWD ZLOO EH RQ %ODQFD
21 '5($0
'DWD FROOHFWHG DW &,1& LV VWRUHG LQ 'UHDP

¢ GUHDPLR DUFKLYH KXPDQ GLFRP WULRWLP WZDJHU
ARWKHYHU\RQHHID¥F FHVV QR RQUHNWKDHN V
&RQIXVHEDG OMERXW KRZ WR ORJ RQWR '"UHDP
21 %/$1&$%
'DWD VWRUHG LQ ZRUN LFV GDWD DUFKLYH KXPDQ GLFRP WULRWLP WZDJHU
,Q WHUPLQDO W\SH

e« FG ZRUN LFV GDWD DUFKLYH KXPDQ GLFRP WULRWLP WZDJHU
¢« OV

1RZ \RX VKRXOG VHH D IROGHU ZLWK \RXU SURMHFW QDPH
&KHFN KHUH WR HQVXUH SURSHU QDPLQJ DQG VWRUDJH RI \RXU UDZ LPDJHV EXW \R
GLFRPVGLFRPVGLFRPV VFULSWV GRHV WKDW IRU \RX
21 &2,16
$OWHUQDRX VFD@\ SXOO \R&U IGDVMIDODERUDWLYH ,QIRUPDWLFV DQG 1HXQRHPDERQODIBE
ZURWH XS DQG QRZ FRPPHUFLDOO\ GLVWULEXWH
:KDW GRHV &2,16 GR"

.HHSV WUDFN RI UHFUXLWPHQW UDZ FRSLHV

OLYH VXSSRUW

QHXURLQIRUPDWLFY GDWDEDVH VHUYHU

FDQ EH XVHG WR DFTXLUH GDWD RQOLQH TXDOWULFV

RFFDVLRQ ,'

UHOHYDQW EDVK WLSV
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e pushd /popd
maintains current location, while going into another new directory temporarily, until you pop out of it

missing a mv files line?

1. Organize Your Subjects

Do you have access to the CANLab Subject Data Base?
canlab.colorado.edu/db
If no:
= sign up at that link
= remind <R Qd confirm your new account

Why?
o This contains study questionnaires (however many have switched to qualtrics).
o This is useful to track subjects
o Here you can register subjects with basic demographic info & subj id for that person & occasion id for the day they came in (you can get
more occasion IDs for every visit)

goto: GUHDPLR SURMHFWYV ZDJHUODE ODEGDWD FXUUHQW
You need to link URSI numbers (from MICIS [Medical Imaging Computer Information System] in the COINS system) with internal numbers. Do
this by accessing DFFHVVLRQBLGBFRUUHFWLRQV W[W
o type:
= P R Uddcession_id_corrections.txt
where:
6=subject; number after is subj id #
2 &=occasion number; number after is the occasion # you get from the CANLab database
Note: This text file is manually updated & called upon by dicomsdicomsdicoms.sh
You need access to the fMRI data collection log Google Doc for CANLab
o this log includes URSI number and IDs and basic infos
o can use for URSI to ID conversion

How many subject folders are in your directory? Let bash count:

. Is -l we -l

needs more explaining here, what are the acronyms?

1. Copy. rename, and move the data from the scanner

Use this script from ODEGDWD FXUUHQW

dicomsdicomsdicoms.sh

Example Usage:

./dicomsdicomsdicoms.dh bmrk5 -u -b bmrk5

Comment: if you want to create a merged nifti file without copying all dicoms, you can change the dcm2nii command to be "dcm2nii -o (directory
you want to output to)"
This script [created by Luka] pulls data from the archives in Dream, changes the format of the names to conform with CANLab style, and creates
the folders it needs to go into. The options used above all you to identify the source & target, and to confirm the nameage (by saying "Y" for yes,
interactively).

Want to know more? Type:

« dicomsdiscomsdicoms.sh --help

You can also use this script to print out all the dicom files you have for a specific study. You might want to do this so you can see if you need to
correct some of the accession numbers.

Common Errors:

NOT FOUND : means there isn’'t an accession number

edit/watch dicomsdicomsdicoms.sh : emacs

Creating a dot profile on Dream or Blanca
./ = hidden by standard Is

'$7$% 35(%59%7,21

e &219(57 '$$

0RW LY bW¢larayze Nifti but collect in Dicom format. You must convert appropriately.
. 6FULSWV RIXOH®O<1HHG )RU 7KLV 6HFWLRQ

e convert_and_distribute.sh
e disdaqg.sh

e 6WHSV

1. Convert dicoms to nifti

Use this script from ODEGDWD FXUUHQW

You will have to move the script to that folder. A copy of itisin &$1/DE5HSRYV WUXQN OLVF 'dsd Ddan\w&fdund ik Fuzic/scripts
or in other experiment folders

on blanca, this scriptisat GDWD SURMHFWY ZDJHUODE JLW 5HSRVLWRU\ &DQODE3ULYDWH OLVF 'U
on blanca, this scriptisat GDWD SURMHFWYVY ZDJHUODE JLW 5HSRVLWRU\ &DQODE3ULYDWH OLVF 'U
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e FRQYHUWBDQGBGLVWULEXWH VK R
o WKLVWXG\ VSIDRLAAPXVW EH PRGLAHGRIBR WKIULVVWX&SN LQ WHUPLQDO

e« HPDFV FRQYHUWBDQGBGLVWULEXWH VK
o \RX VKRXOG FKDQJH
" 75,0 >QXPEHU RI VFDQV WR GLVFDUG@
» 127( 6LHPHQV DXWRPDWLFDOO\ WKURZV RXW WKH UDPS XS VFDQV VR \RX OLN
XVLQJ GDWD FROOHFWHG HOVHZKHUH FKHFN ZLWK WKHP LI WKLV KDSSHQV
VHFRQGV RI DQ\ IXQFWLRQDO UXQ
= )81& 1$0(
» VSHFLI\ VRPH VWULQJ LW ZLOO DXWRPDWLFDOO\ DSSHQG D ZLOGFDUG VR LW
\RXU IXQFWLRQDO UXQ IROGHUYV
" 6758&7 1$0(
» VSHFLI\ VRPH VWULQJ DOVR DXWR DSSHQGV ZLOGFDUH WR LGHQWLI\ \RXU D
0 127( RX PLJKW QHHG WR FKDQJH WKH SHUPR\GR R®YV IR WHULRL DD OKWABBILSW 7

« FKPRG FRQYHUWBDQGBGLVWULEXWH VK-

e <RX FDQ <21UXQ FRQYHUWBDQGBGLVWULEXWH RQ %YODQFD 1RW HQJUDP R
¢ %HIRUH \RX FDQ UXQ LW \RX PRXWKBEOB KSBOWHBHDWK V<LQ \RXU EDVKBSURAOH DV ZHC

e 337+ GDWD SURMHFWV ZDJHUODE GDEGDWD FXUUHQW VFULSWV ~3
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« to check statistical assumptions and transform the data to meet assumptions
« to standardize the locations of brain regions across subjects to achieve validity and sensitivity in group analysis

e Scripts & Files You Will Need For This Section

e canlab_preproc_2012_batch.m
e run_canlab_preproc_2012.m

o wrapper written by Luka that allows you to more flexibly determine the preprocessing streamline (particularly useful for batch mode).
« both will call upon:

o canlab_preproc_2012 (Note: help contains useful documentation)

o preproc parti

o preproc part2

e Steps
1- Edit run_canlab_preproc_2012 or create your own batch script for preproc. In this script you will need to specify:
« the base directory of your project

* basedir="/Volumes/engram/labdata/current/PROJECTNAME’;

e cd(basedir)
o note: you might need to cd to the Imaging folder (sometimes there are path errors)
o the TR in seconds

o tr=2;
o the type of acquisition sequence (crucial for slice timing correction). options for this are built in, and are as follows:

acq="interleaved_BU’ %interleaved, bottom-up (default)
acq="interleaved_TD’ %interleaved, top-down
acg="ascending’ %sequential, bottom to top
acq="descending’ %sequential, top to bottom
acq="interleaved MT’ %interleaved, middle to top
o a wildcard for subject folder names, commonly denoted as: subjwc

« subjwc=filesnames(fullfile(IE*’));
Put it all together:

« canlab_preproc_2012(basedir, runFOLDERname_wildcard, BOLDimageNAME_wildcard, TR, STRUCTURALimageNAME_wildcard, [options])
see

« help canlab_preproc_2012
for more optional arguments (mainly skipping certain parts of preproc or skipping the creation of certain outputs).

Here’s an example script:

basedir="/Volumes/engram/labdata/current/PROJECTNAME’;
cd(basedir)
tr=2;
acq="interleaved_BU’
subjwc=filesnames(fullfile("IE*’));
for s=1:numel(subjwc)
canlab_preproc_2012_batch(basedir,’r*’,™*.ni’, *mprage™*.nii,tr,acq,0, subjwc’,[subjwc{s}
end

%y

1,’'wh_subjs’,1);

Note: There’s a bug in the script when it tries to move the implicit mask images. It will give you an error (but not quit) saying it failed to move the file.
You can ignore this.

However, we should fix this.

Tip: close all & clear all before and after running this batch operation

2- User Input

This preprocessing script is interactive. You can’t set it and forget it. Now we will discuss user input it takes.

 A) Reorientation

Motivation: Within subjects you want to make sure the data are in the proper alignment. Preproc will give you the option to reorient your images. If
'gslhead is tilted, or the brain is being displayed improperly (R/L swap), or something else is funky, now is the time to fix the orientation in the SPM
Steps:

Manually alter pitch/roll/yaw. May involve some trial and error. Best to try small numbers like: 0.1-0.5 first.

If your images are dark, change the image brightness/contrast. In the SPM GUI during the orientation interactive sessions click

SPM Figure --> colours --> effects --> brighten

https://canlabreposguide.hackpad.com/ep/pad/static/aGTiW JrOzbt 8/51
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Note: Do not be alarmed when you see mean functional plots widely off the anatomical SPM template during preprocessing BEFORE coregistration.
The plotting during that time is arbitrary. Do be alarmed if your coregistration plots are wildly off kilter.

D) Coregistration
Motivation: Within subjects you the BOLD to align spatially on the anatomical.

You will be asked to confirm that coregistration looks okay. If something is drastically wrong, it is highly recommended that you deleted all the preproc
files and start over with this subject. There are probably issues with original orientation or alignment (possibly corrupted header information).

UNDERSTANDING THE OUTPUT

Motivation: Preproc spits out a lot of images. These are very useful in determined the quality of your data and the quality of the preprocessing
procedures. You want to verify things are in order. This section will break down what you need to look for.

e Scripts & Files You Will Need For This Section

« folder: qc_images [found in subject’s folder]
o containing:
= coregistration.png
« folder: HTML_output [directory holding preprocessed output of each subject neatly organized into HTML files]

« SPM terminology
American SPM
session N/A

run session

volume/image scan

Letter Preprocessing Step

a slice-timing acquisition correction
r motion correction (realignment)
w warping/normalization

S smoothing

this below needs cleaning up

Preprocessing QC checklist

Images: Confirm that mean imgs from each run look like brains

Dropout: Look at SNR across the brain. Expect it to be lower in certain areas (i.e. OFC), but know that areas with SNR < about 30 could be
quite problematic

Orientation: Check orientation -- confirm L is L (occipital will be larger on L)

Raw data quality: Successive differences movie is a way of identifying gradient artifacts in raw data. It is a movie (* tiff file) produced and saved
(though it might not be saved if you skip the movie run in your preproc pipeline)

Head motion: Check that head motion is minimal (one rule of thumb is < 2mm overall or < 1mm within run)

Coregistration: For each subj, check structural-functional coreg visually (our preproc code makes you do this, too)

More image registration: confirm that warped anatomical, warped mean func, and template are all in register (normalization.png?)
Normalization: scnlab_norm_check to check normalization (takes template (avg152T1.nii), should be copied to a directory where you have
permissions, warped T1s for each person, mean functional files, and subject folders as cell array)

Individual subject brain segmentation: check that each subject’s mask looks like expected

is successive differences being used to construct the nuisance covariates? have to check the code
« anything that is extreme here should be removed before continuing preproc cause come to slice timing correction, a spike will get blurred in time
& the motion correction will think it is movement & shift all voxels up
« still a problem if you don’t do slice timing corr
Using scnlab_norm check:

takes template (avg152T1.nii), should be copied to a directory where you have permissions, warped T1s for each person, mean functional files, and
subject folders as cell array)

Example plot:

https://canlabreposguide.hackpad.com/ep/pad/static/aGTiW JrOzbt 11/51
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This plot shows the multivariate distance of the subjects (which images? warped normalization or functional files)? you entered in to the function,

allows you diagnose outliers.

scnlab_norm_check also produces a plot like this for the structurals and for the functionals:

—— Dist. from group, actual chi2

—— Mutual info with template
—— Correlation with template

-4 -2

0 2 4 6

Value (higher is worse for black and blue lines)

Here, high green and high red is good (i.e., more correlation and more mututal info). High blad is bad (further from group mean). Black is a
composite measure, including all three measures of norming (distance, mutual info, corr.), such that higher black indicates worse norming. To the
best of Yoni’s knowledge, there is no cut-off values for any of these measures; rather, look at the worst subjects’ normalization and see how bad it is.
Images of the best and worst subjects are saved in the directory in which this function is run.

Visualization & Artifact Removal

Motivation: fMRI data often contain transient spike artifacts and slow drift over time. You should make sure you data are relatively clean. You can use
exploratory techniques like principal components analysis (PCA) to look at spike-related artifacts. (Lindquist coursera).

Note: canlab_preproc can produce a movie that displays spikes (example still below), but it is currently disabled due to time & space constraints.

option to change the threshold for removing crap volumes -- visually determine by watching RMSSD movies and then adjust SD (determine

PRIOR to preproc)
look at ART

https://canlabreposguide.hackpad.com/ep/pad/static/aGTiW JrOzbt 12/51
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Transient spike artifacts in the data

during isolated volume acquisitions are

apparent in certain slices, as shown by

the bright bands in the saggital slices
°.~. (bottom). This suggests that gradient
performance was affected during
acquisition of some echo-planar
images, which were acquired slice-by-
slice in interleaved order in this
experiment.

Slice Time Correction

Motivation: Each slice is sampled at a slightly different time point. Slice time correction shifts each voxel’s time series so that they all appear to have
been sampled simultaneously. Want to know more? (Linquist coursera). The movie shows the Root Mean Square Successive Differences (RMSDs)

in the data, not the raw data itself.

Options for Correction:

« Temporal Interpolation: use information from nearby time points to estimate the amplitude of the MR signal at the onset of the TR; using a
linear, spline or sinc function.
« Phase Shift: slide the time course by applying a phase shift to the Fourier transform of the time course.
* Neither: incorporate the measurement time in your models later.
Note: We do linear temporal interpolation based on a specified slice (and your sequence).
Motion Correction
Motivation: Very small movements during an experiment can be a major source of error if not treated correctly. When analyzing the time series
associated with a voxel, we assume that it depicts the same region of the brain at every time point. Head motion could render this assumption as
invalid. You can correct this in several ways. We use __.
we use rigid body, correct?
Rigid Body Transformation: involves 6 variable parameters: 3 sets of translations, X, y, & z, and 3 sets of rotations, pitch, roll, & yaw (6 df total).
Alternatives are: translation, rotation, scaling, shearing.
We register to the first volume [in each run? or first volume of first run for all?]

what do we use as the target image (first or mean?)

output example:

Building and saving nuisan g s in PREPROC.Nuisance

ans

e T i —
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, Time
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What to Look For: Small deviations from zero with no sharp spikes. Ideally motion parameters should not exceed the range of -2 to +2 mm (but the

smaller the range around zero, the better).
Coregistration

Motivations: We want the structural image and fMRI image to be aligned as closely as possible. This allows us to visualize single-subject task
activations overload on the individual’s anatomical information. This simplifies later transformations of the fMRI images to a standard coordinate
system, which will allow us to say where the activations are located.

Example:

https://canlabreposguide.hackpad.com/ep/pad/static/aGTiW JrOzbt
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what to look for: Try to visually verify (and you can move through the maps in space) that the functional is covering appropriate parts of the
anatomical. For example, outer cortex is covered, and functional isn’t off the scalp, etc.

put a better image in where anatomical isn’t so dark
Normalization/Warping

Motivation: All brains are different. We can stretch, squeeze & warp each brain so that it fits on a standard coordinate system. This facilitates
interpretation of results, makes results more generalizable, and allows results to be averaged across subjects. Unfortunately it can hurt spatial
resolution and create errors as you warp.

We normalize to the Montreal Neurological Institute (MNI) template, which is a combination of 152 MRI scans on normal, right-handed control
subjects.

Options:

« landmarked based: like taliarch

« volume-based: overlap brain volume onto each other in an efficient manner typically using affine transformation or nonlinear transformations
« computational anatomy approached: diffeomorphic transformations

» surface-based methods: work on cortical surfaces

https://canlabreposguide.hackpad.com/ep/pad/static/aGTiW JrOzbt 14/51
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what do we use?

Example:

VI )
\ 2= et \
7

W

what to look for:
add what to look fort
Questions about your normalization? You can check it within subjects in your experiment:
scnlab_norm_check(template,wTls,mean_func_files,subjs)
where:

« template: copy the avg spm template to your directory and put its name here avg152T1
« wTls is a cell array of paths to structure wmprage.nii files
o warped anatomical
« mean_func_files char array of paths to functional swr*.nii
o mean functional
« subjs: array of the subject folder

https://canlabreposguide.hackpad.com/ep/pad/static/aGTiW JrOzbt
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outputs:

mutual info with template (subj to drop out)

malhalanobis dist : is it representative of your data set (find outliers within your subjects)
shows you the outlier images -- which ones might be the worst/best

in the preproc steps:

warp struct to the functional, warp struct to template, all that warp to all functional
canlab_gim_getinfo(’conw’) - returns a figure of your design matrix

Spatial Filtering/Smoothing

Motivation: Spatial smoothing can increase signal-to-noise ratio, validate distributional assumptions, and remove artifacts. Helps to overcome
limitations in normalization by blurring any residual anatomical differences. It comes at a cost of image resolution.

We smooth at 6mm ??
check this

The Gaussian kernel is determined by the full width at half maximum (FWHM): the width of the kernel at 50% of its peak value. Usually measured in
terms of mm (typically 4 - 12mm range).

Matched filter theorem: filter that is matched to the signal will give optimum signal to noise.
Implicit Mask

description: a neon green mask superimposed over the subject’s EPI BOLD data
example:

Implicit Mask, lines are in-brain threhold
Dashed is ;%I?babove mean value (actually used), Solid is "dip-based" (currently unused).
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By default, SPM masks the images that contribute to an analysis at the Estimation stage. If a voxel is masked out because it fails to exceed an
arbitrary analysis threshold (set to a default of 0.8 in SPM5), then its values are replaced with NaNs, and that voxel does not contribute to the final
output. Incidentally, this masking contributes to the non-analysis of orbitofrontal and frontopolar regions as a consequence of signal dropout. (source).
We removed this threshold completely (see edit spm_defaults.m to Tor’s preferences above).

Shows voxels -- one close to zero are outside of brain.

what’s a good range?

what to look for: You can scan this for general functional coverage, but you don’t have to pay too much attention to this.

fMRI Data Matrix

description:
example:

https://canlabreposguide.hackpad.com/ep/pad/static/aGTiW JrOzbt 16/51
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fmri data .dat Data matrix Histﬁgam of valuémage meal
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replace this image with an ideal version
what to look for:

Top L: all the data should be in the same reasonable range, especially if it is in brain data, aka, the full color scale should be used. If there are outliers
or very extreme values, it might look all the same color.

Color scale: blue (200) to red (550) that’s the range we get signal. You would not want scale to go to 1000.

Top M: look for normal distribution in the many hundreds or thousands, rather than low hundreds (this could depend on how the gain is set during
acq). If all the image data are compressed in a very low range, it might be because there are extreme intensities in some parts of the acquired images
and this could lead to loss of resolution.

If you're looking at a brain that has not been masked for out of the brain voxels, the distribution will look bimodal. That’s ok, but it should be normally
distributed for in-brain voxels.

Top R: as you turn up the gain the mean should go up & the STD should go up in proportion

>you may want to rescale the image (divide by image mean to reduce noise)

>spm (session by session scaling so that global mean is about 100 per analysis) & fsl do some version of scaling

Bottom L: look for a bright (red) diagonal band. You want strong correlations within a run and negative correlations across runs.
Bottom R: looks like more run to run noise than we want

>the larger the circle the more different the values in that image are across voxels (STD)

>ideally this would be same across runs, you'd want a flat tine

https://canlabreposguide.hackpad.com/ep/pad/static/aGTiW JrOzbt 17/51



4/23/2017 /8073$aGTiWIr0zbt
to add to preproc output: how many unique values are there in the functional image in brain? (in implicit mask)

4096 unique values in dicoms
how many discrete levels is it possible to have in this data set? if it is low, this is a problem.
e this plot?
description:
example:

what to look for:

functional is on the brain, but does not have to be in register because this is pre-coregistration & pre-normalization
homogeneity across the brain

signal value reasonably high in cortex & regions you really want to analyze

bright line in brainstem --> likely movement

[insert the Outliers based on mahalanobis dist of global vals/satial RSSMD)

SNR maps: high, over 60s (drops to 30s you are losing signal)

¢ mean image?

description:

example:

what to look for: ideally they should look very similar

>scaling changed for each run?

Outlier Detection

description:

example:

what to look for:

drift in bottom slices but not top, we can see the first images of the run are different
mahalanobis: how different is the slice across all the slices in all runs

>so0 if image is atypical inmean or STD it will have a high Mahalanobis dist

plots after slice timing & motion correction

https://canlabreposguide.hackpad.com/ep/pad/static/aGTiW JrOzbt 18/51
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description:

example:

fmri data .dat Data matrix H*s*gpram of valuebnage mean vs. std across voxels
'l 75
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Case number

what to look for:

there’s a section of data in run 3 that are substantially different from the rest (you can see in STD plot from previous & from the bright yellows in the
cov plot here)

SNR Visualization

description: Look at the mean signal in your functional images as well as the standard deviation in order to have a sense of how robust your signal is
to noise.

STANDARD DEVIATION

Run1
ERO0V0V000 e
Run2

45000000 @

240000000 e

What to look for: "Assuming you don’t have a major problem in your data, the first thing you’ll notice in the std dev images is that brain edges will have
higher std dev than central brain regions. This is perfectly normal and is the product of small, typical head movements. (These artifacts are usually
well contained with a rigid body realignment in post-processing.) Furthermore, gray matter has higher std dev than white matter, because it's more
active metabolically and so its physiologic "noise" level is higher. (Hence the correspondingly lower TSNR for gray matter.) So far so good. But the std

dev images will also reveal severe acquisition imperfections to casual inspection, too (e.g. motion-related reconstruction artifacts as can plague
GRAPPA)." From PractiCal fmri

. e

MEAN SIGNAL

https://canlabreposguide.hackpad.com/ep/pad/static/aGTiW JrOzbt 19/51
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2%-(&725,(17(' 35(352&(66,12276

ORWLYDWLRQ
'KDW LV REMHFW RULHQWHG SURJUDPPLQJ"
<RX FDQ WKLQN RI DQ REMHFW DV D VLQJOH GDWD VWUXFWXUH WKDW FRQWDLQV GDWD DV
YXQFWLRQV RI REMARWYRGM FDOOHG
7\SH
« PHWKRGV IPULBGDWD
WR VHH WKH PHWKRGYV DVVRFLDWHG ZLWK WKDW REMHFW
SUHSURFHVV
UHVFDOH
IPXOWLBOHWHKRG IRU VHVVLRQ E\ VHVVLRHWVERORDOLH® RIXVQ &Rl UXQV DUH FRPSDUDEOH
IRXWOLHU LGHQWLAFDWLRQ-

WKLV REY QHHGV PRUH=

35(352&(66,1* 08/%%$1" '$$

&+$11(/ $87 $1$K6,6 3,3(/,1(

ORWLYDWKRYLEDQG LPDJHV VKRXOG QRW EH SUHSURFHVVHG LQ WKH VWDQGDUGRXE\ DX\H 0BG
GHYHORIXXGWB@QDO\VLVWKSHUSHOYL PRUH LQIRUPDWLRQ DERXW LPSOKHAHWDWLRQ RI WKLV SL

&RQWDEWO )ULHV MIULHV#PUQ RUJ
ARWHKHQ \RX EHJLQ D QHHPIA O/ WX WR VHW XS \RXU VWXG\ LQ WKHLU SUHSURFHVVLQJ SL
JRU PRUH LQIRUPDWLRQ RQ PXOWQEIHEWKPIXIL@®H YLVLW WKLV
051 3UHSURFHVVLQJ VWHSV IRU OXOWLEDQG 105, VFDQV

"LVWRUWLRQ FRUUHFWLRQ

ORWLRQ FRUUHFWLRQ

6SDWLDO QRUPDOL]DWLRQ YLD VXEMHFW QDWLYH 7 LPDJH

6PRRWKLQJ PP
JLQDO )LOHV .H\
G GLVWRUWLRQ FRUUHFWHG
Z PRWLRQ FRUUHFWHG QRUPDOL]HG
V. VPRRWKHG-
JLOH 6WUXFWXUH
<RXU GDWD SUHSURFHVVHG GDWD FDQ EH IRXQG LQ

e« - GDWD DXWRBDQDO\VLV KXPDQ WRBBHISHG 6FWESVRWLP-$87
,Q WKH WX ERGHGRX) ZLOO AQG -

e« DOO UDZ LPDJHV FRQYHUWHG IURP GLFRP WR QLL

e QHZ IROGHUV

o DQDO\VLV
= IVB
» DXWR DQDO\VLV RI \RXU VWUXFWXUDO GDWD ZLWK IUHHVXUIHU

KWWSV FDQODEUHSRVJXLGH KDFW$BPW FRP HS SDG VWDWLF D*7
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= YEP
» DXWR DQDO\VLV RI WKH JUH\ PDWWHU YROXPH RI \RXU VWUXFWXUDO GDWD
o DXWRBORJ
= WH[W AOHV FRQWDLQLQJ ORJ QRWHV RQ WKH DXWR SURFHVVLQJ SLSHOLQH
o SUHSURFHVV~
= AOHV ZKLFK ZHUH XVHG DQG SURGXFHG WR SUHSURFHVV \RXU IXQFWLRQDO GDW!|
e LQVLGH \RXU IXQFWLRQDO UXQV
o >UDZBUXQBQDPH@ QLL J]
= WKH UDZ LQ QLIWL
o G>UDZBUXQBQDPH@ QLL J]
» GLVWRUWLRQ FRUUHFWHG LPDJH
o ZG>UDZBUXQBQDPH@ QLL
= PRWLRQ FRUUHFWHG QRUPDOL]JHG DQG GLVWRUWLRQ FRUUHFWHG LPDJH
o VZG>UDZBUXQBQDPH®@ QLL VZG>UDZBUXQBQDPH@ PDW
= VPRRWKHG PRWLRQ FRUUHFWHG QRUPDOL]JHG DQG GLVWRUWLRQ FRUUHFWHG L
o WKH IRODIRAOA Y
= VDQDWBDOBH DBIRQOABPDWW DI
» FRQWDLQV DIAQH WUDQVIRUPDWLRQ WKDW DOLJQV VXEMHFW (3, WR DQDWRPI
= VHSLBDOBPDW DI
« FRQWDLQV ULJLG ERG\ WUDQVIRUPDWLRQV IURP DOLJQLQJ (3, YROXPHV WR E
= VHSLBDOBUHJIBPDW DI
» FRPELQHG RXWSXW RI WKH DERYH WZR WUDQVIRUPDWLRQV WKDW LV FRPELQH!
VSDFH LQ D VLQJOH LQWHUSRODWLRQ VWHS
= VHSLBYUBPRWLRQ
» 7ZKHVH DUH WKH ULJLG ERG\ KHDG PRWLRQ HVWLPDWHYV
» 7KHVH DUH FDOOHG ODWHG RQ E\ PUQBWRBFDQODE
= IRWHKH SLSHOLQH GRHVY QRW LGHQWLI\ DQ\ VSLNHV
e« LQVLGH \RXU DQDWRPLFDO VFDQ
o DZS\
» SUHSURFHVVHG DQ®MERP PRI ACHHWD L O @

ORUH 051 &RGH 1RWHYV

e 2Q WKHLU VFULSWYV

&EXUUHQWO\ , KDYH LW VHWXS WKLV ZD\ LQ FDVH DQ\ DGGLWLRQDO RU LQGLYLGXDOL]HG DW
7KLV PD\ FKDQJH DV ZH LPSURYH WKH VFULSWV

7KHUH LV D ORJ GLUHFWRU\ ZKLFK KDV AOHV RQH ZLWK DOO VWDQGDUG RXW IURP VHVVL
WKDW WKH AOH WKDW ZDV VXEPLWWHG

¢« GDWD DXWRBDQDO\VLV VFULSWV WULRWLP WZDJHU LFDSVB F K
e 2Q 105, SURFHVVLQJ

'.&20 2 1,,

DXWR BFRQYHUWB GFP VK DXWRVSFRIXWHR VBBRQ WHKUWB GFP IVK DYXW & IBFFRRFQ WHRUMB W L V K

7 &+(&. +($'(5 )25$5%06

.- DXWR BSUHSURFBW VK FKHFNV IRU SUHVFDQ QRUPDOL]DWLRQ LQ KHDGHU

35(352&66 105,

e« DXWR BSURFHVVBHSL VK-~
o UXQ IRU HDFK WDVN
e &KHFNV IRU SUHVFDQ QRUPDOL]DWLRQ LQ KHDGHU
e &KHFNV KHDGHU IRU G,Q30DQH5RW DQG G L{UHAWEBRHG B VMNWHANI XRHWGS BREB B LVWRUW
« ERQWLQXHV WR DXWR BFEURSUREBGRUWERQUFRUUHFWLRQ XVLQJ WKH GLVWRUWLRQ LP
HSLBSDUDPHWBOY BW3® AOH ARQH3

$)1. 687.%/ 1250$/.ZR1 T 7 - 86.1* 6%5()

a=a--- DXWR QEBVSBQRUPBHSL VK

amaa- DXWR BQRUPDOL]JHBHSL VK

Aaaaaaaaaaaaa 6HH QRWHY RQ ORWLRQ &RUUHFWLRQ DQG 6SDWLDO 1RUPDOL]DWLRQ EHORZ
60227+ 1%

aaaaa 630 6PRRWK *XDVVLDQ VPRRWKLQJ PP

2Q 9%0
630 6HIJPHQWDWLRQ
YEP VPRRWK PP

YEPBFRUUBYDI®XRPEXWH: D TXLFN ORRN FRUUHODWLRQ YDOXH ZKLFK GRHWYVE5 DWIGD OQERY
XQPRGXODWHG VPRRWKHG QRUPDOL]JHG LPDJH -, YDOXH LV OHVV WKDQ ZH UHFRPPHQG

6(77,1%6 3(®,1,1*Z 6(*(0(17$7,21

KWWSV FDQODEUHSRVJXLGH KDFW$BPW FRP HS SDG VWDWLF D*7
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FVSUHIV VHIJPHQW SDWWHUQ W ZB FKBPSUB PPB QLL:
*UH\ PDWWHU

2SWLRQV DUH DV IROORZV

> @ PHDQV -1RQH-

> PHDQV -1DWLYH 6SDFH-

PHDQV -8QPRGXODWHG 1RUPDOLVHG-

PHDQV -ORGXODWHG 1RUPDOLVHG-

PHDQV -1DWLYH B8QPRGXODWHG 1RUPDOLVHG-

PHDQV -1DWLYH ORGXODWHG 1RUPDOLVHG-

\"
® ® ® ® ® ®

> PHDQV -1DWLYH ORGXODWHG 8QPRGXODWHG:-
> @ PHDQV -ORGXODWHG 8QPRGXODWHG 1RUPDOLVHG-

EVSUHIV VHIPHQWRXWSS XFW SWUHIV VHIPHYW RX& SXW *0

‘KLWH ODWWHU
2SWLRQV DUH WKH VDPH DV JUH\ PDWWHU
FVSUHIV VHIJPHQW RXWSXW :0 > @
&6)
2SWLRQV DUH WKH VDPH DV JUH\ PDWWHU
FVSUHIV VHIJPHQW RXWSXW &6) > @
%LDV FRUUHFWLRQ
2SWLRQV DUH DV IROORZV
PHDQV -6DYH %LDV &RUUHFWHG-
PHDQV ~“W®@DYH &RUUHFWHG-
FVSUHIV VHIJPHQW RXWSXW ELDVFRU
&OHDQ XS DQ\ SDUWLWLRQV
2SWLRQV DUH DV IROORZV
PHDQV -'RQW GR FOHDQXS-
PHDQV -/LJKW &OHDQ-
PHDQV -7KRURXJK &OHDQ-
FVSUHIV VHIJPHQW RXWSXW FOHDQXS
352&(66,1* )25 '7,
%LDV FRUUHFWLRQ LI QHHBHG &XVWRP 0%
'LVWRUWLRQ FRUDBEIWLRQ )6/ 7
ORWLRQ DQG (GG\ FXUUHQW FRUUHFWLRQ )6/ '7,
4XDOLW\ &RQWURD$%BXVWRP 08
)$ 5° $' FDOFXODWLRQ )6/ GWLAW
6SDWLDO QRUUQDOL]DWLRQ WR7D70466WHPSODWH )6/ )1,5
2Q &KDQQHO $XWR$QDO\VLV
e« ORWLRQ &RUUHFWLRQ DQG 6SDWLDO 1RUPDOL]DWLRQ
6XEMHFW (3, 6% UHI YROXPH LV DOLJQHG WR VXEMHFW 7 -

$00 (3, YROXPHV DUH UHDOLJQHG- DIAQH WR (3, 6%UHI DQG HVWLPDWHG PRWLRQ SDUD
WKDW VFDQ 7KLV AOH KDV RQH H[WUD WLPH SRLQW AUVW WLPH SRLQW ZKLFK LV (3, 6%Utl

QRUPDOL]JH VXEMHFW 7 WR- 01, UHIHUHQFH 7 = QRQOLQHDU WUDQVIRUP

7KH WUDQVIRUPV LQ DQG DUH FRPELQHG WRUB$SSHU PREPDRIO LMK IR \WH DGIRUPDOLI]H
QLIWL AOH LV ZULWWHQ DIWHU MXVW PRWLRQ FRUUHFWLRQ UHDOLJQPHQW

6HWWLQJ \RXU GDWD XS LQWR WKH &$1/DE AOH VWUXFWXUH
QRWH WKLV LV VWLOO XQGHU FRQVWUXFWLRQ
8VH WKH EDVK VFULSW

7KLV LV GRQF

KWWSV FDQODEUHSRVJXLGH KDFW$BPW FRP HS SDG VWDWLF D*7
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« PUQBWRBFDQODE VK

UXQ LW LQ WKH PDLQ GLUHFWRU\ ZKHUH DOO RI \RXU 0 VXEMHFW IROGHUV DUH
WKLV ZLOO PRYH \RXU SUHSURFHVVHG IXQFWLRQDO LPDJHV LQWR WKH SURSHU AOH VWUXF
$VVHVVLQJ \RXU GDWD TXDOLW\

7KH DXWRDQDO\VLV SLSHOLQH VDYHV XV D ORW RI KHDGDFKHV %XW ZH VWLOO QHMNG/WRQ?
RI DFFHSWDEOH TXDOLW\

QRWH WKLV LV VWLOO XQGHU FRQVWUXFWLRQ
8VH WKLY PDWODE VFULSW
e« PUQBFDQODEBGDWDBTXDOBUHSRUW P

$IWHU \RXU AOHV DUH LQ WKH DSSURSULDWH VWUXFWXUH D®Q WWNLAL ®0VEXED LU X R ARWLAR® WH
HDFK VFDQRW WRROV 7KHVH UHSRUWYV DUH DNLQ WR WKH GDWD TXDOLW\ RXWSXW GLVFXV

7KLV WRRO ZLOO DVVHVV
e 615

&RQJIJUDWXODWLRQV QRZ \RX DUH UHDG\ WR UXQ VRPH PRGHOV

7KLQJV WR .QRZR¥ERWDPR $Q® yJREG7I 7TKHP 2XW

ARWHRX PD\ KDYH WR FRQVXOW \RXUI0O5 WHFK DERXW WKLV VWXI
+RZ PDQ\ VOLFHV GR \RX KDYH"~
AQG RXW -
LQ WHUPLQDO
e« IVOLQIR IXQFWLRQDOBGDWDBAOHBKHUH
RU
« IVOYDO IXQFWLRQDOBGDWDBAOHBKHUH GLP =

$OVR WR FKHFN WKH DFTXLVLWLRQ RI \RXU LPDJHV \RX FDQ XVH WKH VFULSW FKHFNBDFT!:
DFTXLVLWLRQ \RX KDYH

<RX ZDQW WR ORRN DW WKH YDOXH RI GLP 7KLV YDOXH FDQ KHOS \RX GHWHUPLQH \RXU PI
+RSHIX®RGGBN-7KHQ \RX VKRXOG AJXUH RXW ZKDW SRLQW LQ WLPH WKH VSDWLDOO\ PLGGOI
VOLFHVY ,Q RUGHU RI WLPH ODEHOHG E\ VSDWLDO RUGHU

7KH VSDWLDO PLGGOH LV DFTXLUHG WKV RI WKH ZD\ WKURXJK WKH YROXPH DFTXLVLW
PLFURWLPH RQVHW

, WKLQN WKLV LV ULJKW EXW ,-G AUVW ZDQW WR ORRN DW WKH 630 VOLFH WLPLQJ FRUUHF
WLPH ,I \RX KDYH DQ HYHQ QXPEHU RI VOLFHV ,-G DOVR KDYH WR ORRN XS KRZ WKH UHIHL

),567 /(9(/ 02'(/6

02'(/ 48%/,7< &+(&./,67

JRRG IXQFWLRQV WR UXQ
VFQODEBVSPBGHVLJQBFKHFN-
FDQODEBJOPBVXEMHFWBOHYHOV E\ GHIDXOW UXQV WKH DERYH RQ DOO \RXU VXEMHI
GR \RX KDYH DOO WKH UXQV \RX H[SHFW"
FKHFN FROLQHDULW\ DPRQJ UHJUHVVRUYV
JHWYLI VFQODEBVSPBGHVLJQBB®HRANGMHYFWKEW WRBW GRHV LW ZLWK ORZHU RYHL
UHJUHVVRUV RI LQWHUHVW VKRXOG QRW EH FRUUHODWHG ZLWK UHJUHVVRUV RI QR
RWKHU
FKHFEN PDVN KDYH \RX DQDO\]HG WKH YR[HOV \RX WKLQN \RX DQDO\]HG"
ORRN DW GHVLJQ PDWUL[ GRHV LW ORRN DV H[SHFWHG"~ UXQ PHDQV" HWF
FKHFN IRU RXWOLHU LPDJHV - QXPEHU RY PRIYNHY ORRN DW VXFFHVVLYH GLI

29(59,(:

FDQODEBJOPB DUH D VHW RI IXQFWLRQV WR KDQGOH WKH UXQQLQJ RI JOP DQDO\VHVRRI IP
:DIMWUUREXVW UHJUHVVLRQ IXQFWLRQV UREAW IRU JURXS OHYHO DQDO\VLV =

30HDVH UHDG PRUH DERXW WKH FDQODEBJOPBODEBEORPBHN 'BHMWH \RX EHILQ

&216758&7,1* '(6,%1 ),/ (6
ORWLYDWRLRRQVWUXFW JHQHUDO OLQHDU PRGHOV IRU VLQJOH VXEMHFWYV IBERSNH KR E& VRNV
e« G6FULSWV RIXOH®O<1HHG )RU 7KLV 6HFWLRQ

« FDQODEBJOPBH[DPSOHB*1BVHWXS W[W -

« FDQODEBJOPBVXEMHFWBOHYHOV P
o IRULQIR FDQODEBJOPBVXEMHFWBOHYHOV -5($'0(-

KWWSV FDQODEUHSRVJXLGH KDFW$BPW FRP HS SDG VWDWLF D*7
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o ZUDSSHU IRU WKH YDULRXV RWKHU FDQODEBJOP IDPLO\ PHPEHUYV
e« FDQODEBJOPBGWVWIQLQIR W[W

e« G6WHSYV

JLQG WKH W HPE@®MEB AORB H[DPSOHB'6QBWKMW XS S\HW RSHQ LW DQG FRS\ LWV FRQWHQWV
IRU \RXU RXX3I\OO HGLW WKLV VFULSW WR VXLW \RXU QHHGV LQ WKH IROORZLQJ VWHSYV

+DYH UHDG\ \RXU H[SHULPRMQ ML WL\P KDY NOMIP 1<QJ AOHV XQLTXH WR HDFK VXEMHFW WKUR
H[SHULPHQW WLPLQJ HYHQW VWUXFWXUH ZKLFK ZDV DS S GLE EHERWIROOR QXEWIKFM D . H&RE W
WLPHV LQ VHFRQGY 6HFRQGV VWDUW FRXQWLQJ DW

1IRWIBVHIXO WRROV IRU FRQYHUWLQJ HSULPH AOHV WR PDWODE

KWWS WPUL QO VRIWZDUH HSULPH WR VSP XVLQJ PDWODE

7KLV ZLOO DOORZ \RX WR H[SRUW HGDW AOHV LQWR D FVY WKDW FDQ EH UHDG ZLWK PD
7KH HDVLHVW PHWKRG ,-YH IRXQG IRU UHDGLQJ WKHVH FVYV VR IDU LV XVLQJ SDQGDV 1
FROXPQV LQ WKH FVY LQ DUUD\V ODWODE ZRUNV WRR EXW ,-YH IRXQG LW HDVLHVW WR

1RZ WHMUHDWWWRRKXO XV RQQ’\I—P\NV)ZKOIHE ZKLFK ZLOO EH FDOOHG E\ WKH GHVLJQ AOH ZKLFK
GRQH LQ 630 VW\OH ,Q WKLV AOH \RX QHHG WR EXLOG DQG VDYH PDWODE FHOOV ZKLFK ZL

« GXUDWURHYHQWYV LQ VHFRQGYV LI WKLV LV FRQVWDQW IRU DOO WULDOV \RX FDQ VSHFL
« QDPRI WKH WULDOV RI LQWHUHVW
« RQVAWLPHY RI HDFK WULDO RI LQWHUHVW LQ VHFRQGV ZKLFK EHLQJ FRXQWLQJ DW -
o IRWHYHQ LI \RX SODQ WR FRQFDWHQDWH UXQV FUHDWH VHSDUDWH PRGHO AOHV IRI
WKHP EHIRUH WKLV SRLQW ZKLFK OLNHO\ \RX KDYH QRW L H ,I \RX KDYH UXQV \
RQFH IURP WKH AUVW UXQ WR WKH HQG

([DPSOH &RGH

GXUDWLRQ" * > @
VHF VWLPXOL SUHVHQWDWLRQV FRQVWDQW WKURXJKRXW ZKROH WDVN

$&4 % FRQGLWLRQV
QDPH”A > -DFTBFVBPLQBHDUO\:
RQVHWA ° >

@
VDYH WR ZRUNVDSFH DV VHSDUDWH PDWAOH
IRXW QDPH"
VDYH IRXW -QDPH:- -RQVHW.- -GXUDWLRQ-

<RX ZLOO UHSHDW WKLV H[DFW VWUXFWXUH IRU DOO HYHQWV \RX ZDQW WR PRGHO 'R QRW
FRQGLWLRQV ZLOO ODWHU FDOO WKHVH VDYHG AOHV

1IRWHKLY PHWKRG PRGHOV HYHQWY DV ER[ IXQFWLRQV 7KLV LV UHFRPPHQGHG LI VWLPXOL
IXQFWLRQ ZKHUH GXUDWLRQ

$QRWKHU ([DPSOH IURP 630

_ A ([DPSOH 630 VW\OH FRQGLWLRQ e e e B e B B R e B B R B e B B B B e B B
QDPHA EEEE -KHDW: aa=a=aaa3aaaaaaaaaa0aa0aaa0aa0aaaaaa0
RQVHWA Taana > @ bl B B B T T B |
GXUDWLRQA " > = - @

IRU PRUH LQIRUPDWLRQ VHH VSP IPUL ! KHOS ! VSP VWDWYV IPULBVSHF ! SDJHV

E RX VKRXOG GLVWULEXWH WKH PDW AOHV FRQWDLQLQJ RQVHW WLPHV VSHFLAF WR VXEMF
JRU H[DPSOH D AOH VWUXFWXUH OLNH

ODEGDWD FXUUHQW 352-(&7 ,PDJLQJ ,( 1& )XQFWLRQDO 3UHSURFHVVHG U VSPBPRGHC

,Q RUGHU WR GR WKLV \RX FDQ PDNH D EDVK VFULSWS W% R RXLGKU MER W K H RAUH B DUM VA DHHRAM IUYF
H[DPSOH VFULSW) IWKENORALSW RQH RQVHW AOH VWUXFWXUH ZDV QHHXEGHRW\WDQQ YMEMH
LO WKH WH[W GRFXPHQW FDOOHG LQ WKH AUVW OLQH -, UDQ P\ RQVHW FUHDWLRQ VFULSW
IROGHU DQG VWXFN WKH DSSURSULDWH PDW AOHV LQWR LW

IRULLQ FDW ,(68%-Y% W[W GR-

FG RODXPHV HQJUDP ODEGDWD FXUUHQW ,PDJLQDWLRQ ,PDJLQJ L

PNGLU )XQFWLRQDO 3UHSURFHVVHG U (;7 VSPBPRGHOLQJ

FS a 'RFXPHQ@W% OS[W PDW )XQFWLRQDO 3UHSURFHVVHG U (;7 VSPBPRGHOLQJ
HFKR L GRQH

%DFN WR \RXU GHVLJQ AOH 7KHUH DUH PDQ\ RSWLRQV \RX ZLOO QWHE W R URDQIHKFWKDIFPF B (
D /HDYH \RXUVHOI D KDQG\ GHVFULSWLYH QRWH DERXW WKLV PRGHO GHVLJQ
e '6*1 PHWDGDWD QRWHYV 7KLV */0 '6*1 AOH LV IRU VWXG\ ; FRQFDWHQDWHG UXQV:
E 'HQRWH DQ DEVROXWH AOH SDWK WR \RXU VXEMHFW OHYHO DQDO\VHV IROGHU UHYLHZ .
e '6*1 PRGHOGROXPBY HQJUDP ODEGDWD FXUUHQW 678'<1$0( ,PDJLQJ $QDO\WVHV AUVWBOH

:DUQLQ@JI\RX GR QRW VSHFLI\ WRRGHO FRIQUHEWRU\DV LW DVVXPHV DQRWKHU GLUHFWRU
SHUPDQHOWRIHOHWIIRDVXEM GDWD IROGHUYV

F *LYH LW D OLVW RI DOO WKH VXEMHFWYV \RX DUH JRLQJ WR UXQ E\ FUHDWLQJ D FHOO DU
DOWHUQDWLYHYV

KWWSV FDQODEUHSRVJXLGH KDFW$BPW FRP HS SDG VWDWLF D*7
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e '6*1 VXEMHFWY AORQEPHV HQJUDP ODEGDWD FXUUHQW 678'<1$0( ,PDJLQJ 68%- - -DEVR!

G $W WKLV SRLQW LI \RX KDYH PRUH WKDQ RQH %2/' UXQ \RX PLJKW ZDQW WR FRQVLGHU
WKHP WRJIGIRWK WWH S RXDIMHOA JLYH RQVHW WLPHV IRU WKH ZKROH H[SHULPHQW LQ WKH RQVH

:KHQ WR FRQFDWHQDWH

e .| \RXU UXQV DUH UHODWHG \RX PRVW OLNHO\ VKRXOG WKHQ \RX FDQ FRQWUDVW FRQC

e | \RX KDYH ORWV RI VSLNHV LQ \RXU GDWD WKDW JHW PRGHOHG RXW OHDYLQJ \RX ZLW
XS WKH GDWD LQ \RXU PRGHO

e ,.Q JHQHRIW® X3IIJIHVWY FRQFDWHQDWLRQ DFURVV UXQV LV PRUH VWDWLVWLFDOO\ VRXQG"

¢« IRWHRX VKRXOG PRGHO WKH PHDQ IRU HDFK UXQ 6FULSW DXWRPDWLFDOO\ DGGV LQWHLI
DXWRPDWLFDOO\ ,I \RX ZDQW WR DGG FXVWRP LQWHUFHSW UHJUHVVRUV WKHUH LV D(

:KHQ QRW WR FRQFDWHQDWH

e ,I\RX KDG YHU\ XQUHODWHG UXQV D VWURRS WDVN DQG PD\EH DIGHBQWGHIERXICADIOQT)
XQUHODWHG WR HDFK RWKHU
e $Q\ WLPH \RX-G ZDQW VHSDUDWH */0V IRU VHSDUDWH UXQV

1RZ \RX ZLOO GHQRWH D FHOO DUUD\ RI VWULQJV WKDW VSHFLI\ ORFDWLRQ RI "IXQFWLRQ
FRQFDWHQDWLQJ VSHFLI\ DOO RI WKH UXQV \RX ZLOO FDOO 2WKHUZLVH MXVW RQH -

e '6*1 IXQFQDPHVA ~ A~ )XQFWLRQDO 3UHSURFHVVHG U VZUD,( QLL-°
e '6*1 IXQFQDPHVA ~ A~ )XQFWLRQDO 3UHSURFHVVHG U VZUD,( QLL-°
e '6*1 IXQFQDPHVA ~ A~ )XQFWLRQDO 3UHSURFHVVHG U VZUD,( QLL-°

H 'R \RX ZDQW WKH GHVLJQ AOH WR HUURU LI D IXQFWLRQDO UXQ LV PLVVLQJ IURP VRPH V
DOWHU WR WUXH EXW \RX VKRXOG KDYH D JRRG UHDVRQ IRU GRLQJ VR %HLQJ VORSS\ KHL

e '6*1 DOORZPLVVLQIJIXQF IDOVH

| 'LG \RX GHFLGH WR FRQFDWHQDWH" ,| VR WKLV VHFWLRQ LV IRU \RX 7KLV ZLOO FUHDWH
FRUUHVSRQG WR WKH IXQFWLRQD®RX XQQ VEGHEWMLAHG QY NWIHEO 06 >< @ WR FRQRRW H@IWRL
WKLQJV PRUH FRPSOH[ OLNH ~> @-> @ ZKLFK ZLOO SXW WRJHWKHU UXQV OHDYH

$GGHG E\ WKLV VFULSW DUH =

e LQWHUFHSW UHJUHVVRUV IRU HDFK UXQ 630 GRHV WKH AUVW WKLV LV QRW GXSOLFDW
¢« OLQHDU WUHQG UHJUHVVRUV IRU HDFK UXQ
¢ UHJUHVVRUV DUH PHUJHG LQ D EORFN GLDJRQDO IDVKLRQ '6*1 PXOWLUHJ

QHHGV VRPH FODULAFDWLRQ

e '6*1 FRQFDWHQDWLRQ 7> @ -~
. FRQFDWHQDWH FRQGLWLRQV '6*1 FRQGLWLRQV ====---

. -~ 127( LW LV DVVXPHG WKDW FRQFDWHQDWHG UXQV HDFK KDYH WKH VDPH FRQGLWL
-DVN OXND DERXW WKH FRQFDWHQHDWHG FRQGLWLRQ RUGHU FRPPHQW DERYH

J 1RZ \RX QHHG WR VHW SDUDPHWHUV VSHRKLRB\WEFHHGEX W S DWKBI DFKTIX®R X MWARD RAIR ZYV/$ERKVR @ L
KRZ WR GHWHUPLQH ZKDW YDOXHRX\RXKRXRX DG LR FRWY WHIM \RXU 05 WHFK LI \RX DUH FRQI

SDUDPHWHUY WR EH VHW

e 75 LQ VHFRQGV
e« '6*1 WU

e 9DOXH RI KLJK SDVV AOWHU LQ VHFRQGYV
o 1RWH 7KLV ZDV FKWD QQHEEB WRHIMXOWYV IURP WR VHF 8VH VHF

e '6*1 KSI

e OLFURWLPH UHVROXWLRQ
7KLV LV WKH QXPEHU RI WLPH ELQV 630 GLYLGHV HDFK 75 LQWR IRU FDOFXODWLQJ L
9DOXH LV GHIDXOWHG WR WLV UHFRPPHQGHG WKDW \RX OHDYH LW DW WKH GHID
&RPPRQ@WKLY QXPEHU FRUUHVSRQGV WR WKH QXPEHU RI VOLFHV DFTXLUHG SHU 75
GHWHUPLQLQJ PLFURWLPH UHVROXWLRQ

= NQRZ \RXU DFTXLVLWLRQ VHTXHQFH LQWHUOHDYHG VHTXHQWLDO HWF
ZKLFK VOLFH LV VHOHFWHG DV WKH UHIHUHQW VOLFH GHIDXOW LV WKH PLGGOH
KRZ ORQJ \RXU 75 LV WKH ORQJHU WKH 75 WKH PRUH PLFURWLPH UHVROXWLRQ \
, \RX KDYH VHFRQG 75V RU OHVV D YDOXH RI LV AQH

o o0 0o o

e '6*1 IPULBW

¢« OLFURWLPH RQVHW
o 7KLV LV WKH ERQ IQRPHHHU PDQ\ \RX:-YH VSHFLAHG LQ WKH PLFURWLPH UHVROXWLRQ
HQWHUHG LQWR WKH PRGHO $ND \RX DUH GHQRWLQJ WKH UHIHUHQFH VOLFH 6HOH
o ([DPSOH \RX VHW PLFURWLPH UHVROXWLRQ WR DQG PLFURWLPH RQVHW WR WKH
UHJUHVVRU LQ WKH AUVW ELQ LV HQWHUHG LQWR WKH PRGHO
o &RPPRQDNVOLFH WLPLQJ FRUUHFWLRQ LV SHUIRUPHG GXULQJ SUISSWR-HFWYV 7L VWK/H
= WKH PLGGOH VOLFH LQ WLPH LV QHYHU PRUH WKDQ 75 DZD\ IURP DQ\ RWKHU V
= LI \RX VHW WKH PLFURWLPH RQVHW WR WKH AUVW VOLFH MRXUNRQ HPRLBORWEZRRHUY
RQVHW LQIRUPDWLRQ UHFRPPHQGDWLRQV LQ DGGLWLRQ WR /XND
o ,Q WKH H[DPSOHQ BHQW\RHZUOHDYHG VHTXHQFH ZDV XVHG DQG VOLFH WLPH FRUUHFWLRI
WLPH FRUUHFWLRQ DQG LV URXJKO\ WKH PLGGOH VOLFH =

e '6*1 IPULBW -2 PLFURWLPH RQVHWaa--aaaaaaaaa2222-
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K , \RX GLG QRW FUHDWH D VHSDUDWH RQVHW AOH DV GLVFXVVHG LQ 6WHS \RX FDQ LQ¢
VHVVLRQ RI FHOO DUUD\V RQH FHOO SHU FRQGLWLRQ

e '6*1 FRQGLWLRQV
7KHVH FRQGLWLRQ AOHV VKRXOG EH FUHDWHG DQG VDY H® @ RV HBIFEJI VLVE MG FAM ALRQ'GY1 @ R @/t
L 6SHFLI\ ZKHUH WKH- FRQGLWLRQV SDUDPHWULF PRGXODWRUVY DQG UHJUHVVRUV IRU HL
e '6*1 PRGHOLQJAVHR/EARGHOLQJ-

M +RZHYHU \RX FUHDWHG \RXU FRQGLWLRQV DQG RQVHW AOHV \RX ZLOO FDOO WKH QDPH"
LQIRUPDWLRQ LQ WKH IROORZLQJ FRGH

. F
« FF '6*1 FRQGLWLRQV” "AF' .DFTBFVBPLQBHDUO\:
« FF '6*1 FRQGLWLRQV" "AF° .DFTBFVBPLQBODWH-
« FF '6*1 FRQGLWLRQVA ‘AF° .DFTBFVBSOXVBHDUO\-

1IRWMWKH XVH RI WKH YDOXH -F- KHUH LV PHUHO\ WR IDFLOLWDWH HGLWLQJ DV LW DOORZV
DVVLIJQHG WR WKH H[LVLWLQJ UHPDLQLQJ FRQGLWLRQV

7KH QDPHVY FDOOHG LQ WKRVH FHOOV KDYH WR FRUUHVSRQG ZLWK WKH QDPHV JLYHQ WR W
\RX PLIKW JHW HUURUV ,I WKLY KDSSHQV DGG ZLOGFDUGVY WR WKH HQG RI WKH FRQGLWLF

N RX FDQ DOVR VSHFLI\ SDUDPHWULF PRGXODWRUV LQ WKH VDPH ZD\
e '6*1 SPRGV” ""F° ~.SDLQBUDWLQJB+:"
3$5%0(75,& $1' 7,0( 02'87%56
ORWLYDWLRQGHUVWDQG ZKHQ WR XVH SDUDPHWULF RU WLPH PRGXODWLRQ

15

100 200 300 400 500 00 700

7LPH SDUDPHWULF PRGXODWLRQV DUH XVHG WR UHODWH WKH VL]H RI D UHVSRQVH LQ D F
FRQGLWLRQ WKURXJKRXW WKH H[SHULPHQW WR D WKLUG YDULDEOH 7KLV WKLUG YDULDEO
HJ EH D OLQHDU GRZQZDUG WUHQG HJ ZKHQ UHVSRQVHYV DUH H[SHFWHG WR KDELWXDYV
WKLV LV DQ H[DPSOH RI D WLPH PRGXODWLRQ RU UHDFWLRQ WLPH PHDVXUHPHQWYV ZKHQ
HJ D VKRUWHU UHDFWLRQ WLPH LV H[SHFWHG WR DFFRPSDQ\ D ODUJHU %2/' UHVSRQVH

WKLV LV DQ H[DPSOH RI D SDVBRHWHILF PRGXODWLRQ

3DUDPHWULF P FOGXIDRYWLIRRQY WULDO VSHFLAF YDULDWLRQ LQ DPSOLWXGH 2IWHQ D VWLPXO)
WKRXJKW WKDW WKLV PD\ EH UHAHFWHG LQ WKH VWUHQJWK RI QHXURQDO UHVSRQVH )RU
UHFHLYHV WKH VDPH WULDO W RYXH FIOYH UQIFQG GRIY 1D DIDMIQH B Q B IOWIHFWRR B R DPRXVERWH @ W @ HIX
UHVSRQVHV ZLWKLQ WULDOV

:KHQ WR XVH SDUDPHWULF PRGXODWRUV

e $GG SDUDPHWULF PRGXODWRUV SPRGV LI \RX ZDQW WR DGG VRPHWKLQJ OLNH SDLQ U!
WLPH HWF-
e« <RX FDQ DGG DQ\WKLQJ QRQ FRQWLQXRXV HYHQW UHODWHG

:KHA@MRWR XVH SDUDPHWULF PRGXODWRUYV

e« , \RX ZDQW WR DGG VRPHWKLQJ FRQWLQXRXW FCRANFHOPARMWLEREE KB B UMWWFD WRIX B DX PIGIGFMW
VHH QXLVDQFH UHJUHVVRUV %XW \RX FDQ-W DGG WKLV DV D SPRG

EHORZ QHHGV FOHDQLQJ XS FODULAFDWLRQ

GR \RX ZDQW WR GR

GHPHDQLQJ"

WR PDQXDOO\ GR WKLV IRU HDFK SPRG VXEWUDFW WKH PHDQ RI HDFK SPRBUWR PRI)D®D
EHORZ

RUWKRJRQDOL]DWLRQ "

$QRWKHU RSWLRQ LV WR PDNH 630 QRW RUWKRJRQDOL]JH 7KLV LQYROYHV FRPPHQWLQJ
DQG LQ VSPBJHWBRQV P WKHUH DUH FDOOV WR VSPBRUWK IURP

KWWS ZDJHUODE FRORUDGR HGX ZLNL GRNX SKS KHOS |[PULBKHO® IPDUBF WU WKWt @DE

KWWSV FDQODEUHSRVJXLGH KDFW$BPW FRP HS SDG VWDWLF D*7
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(good idea to turn this off, SPM defaults to stepwise regression where it regresses the first pmod out and then regresses the effect of the other
pmods on the residuals)

e Scripts & Files You Will Need For This Section
« inside your design file, DSGN.pmods & DSGN.notimemod

« Steps
1. Do you want a time modulator? If you don’t expect habituation, and don’t want this, set the following option to TRUE.
* DSGN.notimemod = false;

1. Making Parametric Modulators

% DSGN.pmods (DEFAULT: no pmods) |
% | cell array (one cell per session) of cell arrays (one cell per condition) |
% | of cell arrays (one cell per modulator) of MAT-file names |

% | each MAT-file contains cell arrays of SPM pmod fields: name, param, poly. |

% | example mat contents: |
% | name{1} =’rating’;

% | param{1} =[50 13 32 69 54 71 10 6]; I

% | poly{1} =1; |

% | (note: these cell arrays of pmod fields will be converted into arrays of I
% | pmod structs for SPM (e.g., name{2} -> pmod(2).name)) |
% | location of MAT-files: DSGN.modelingfilesdir (see below) |
% | EX: DSGN.pmods{2}4} = {temp’ rating’}; |

% | if the 2nd functional file is .../r2/swraPAINTASK.nii, the 4th condition |

% | will get the pmods defined in: |
% | ...Ir2IDSGN.modelingfilesdir/temp.mat I
% | ...Ir2IDSGN.modelingfilesdir/rating.mat

I) Do you want the gim to allow empty conditions? You can change this following option to true if you do. You may want to do this if you want to model
errors for some subjects but not all subjects have errors. However, skipped conditions should not be included in contrasts (unless you balance the
weights).

 DSGN.allowemptycond = false;

m) Create your nuisance regressors and add them to the model in this section. Here you want to put the name of an SPM style regressor file that can
be found in your modeling files directory.

« DSGN.multireg = 'noise_model_1’;
NOTE: You must give something to DSGN.multireg or your first level models with break with the current code.
MAKE SOME NOISE (MODELS)

Motivation: In order to better analyze BOLD signal, we should construct models that explain known causes of variance which are not of interest to
your hypothesis. Functional MRI data typically exhibit significant autocorrelation caused by physiological noise, low frequency drift, and motion-related
‘spin history’ artifacts. These known sources of variance can be added to a noise model, which can be added to your first level GLM.

Note: If you have a continuous regressor of interest (not noise) don’t put them into this model because it will be a pain to try and run contrasts on it
later.

* Scripts & Files You Will Need For This Section
« make_noise_model_1_2012.txt
« Steps

1. Find the text file in the repository make_noise_model_1_2012.txt Copy its contents into a matlab script specific for your study. This script will
create your noise models (noise_model_1.mat) that will store a SPM-style R matrix containing:
o spikes from scn_spike_id
= number: variable per functional run
o realignment parameters
= number of parameters: 6
o squared realignment parameters
= number of parameters: 6
o derivatives of realignment parameters
= number of parameters: 6
o squared derivatives of realignment parameters
= number of parameters: 6

These parameters around found in the Functional/Preprocessed/Nuisance_covariates_R.mat which are output after canlab_preproc_2012. They
are in R{1} and R{2} unconcatenated, and redundant spikes are removed.

https://canlabreposguide.hackpad.com/ep/pad/static/aGTiW JrOzbt 27/51
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1. Pay attention to the top part where the comments indicate that the following bits of code should be fitted to your study. You will have to maybe
change the output directory name (if not 'spm_modeling’), as well as the path to your imaging directory, etc.

2. Run it. If you catch an error like assignment A(l)=B right away, peep around, see if the problem is that maltab is having trouble calling fslval.

Make sure you have fsl installed, and on path in your matlab. To fix this, add the full path to fslval.

{usr/local/fsl/bin/fslval
Alternatively, find out the path of fslval in terminal by typing:

e type -p fslval

CONVOLUTION OPTIONS

Motivation: Not all parts of the brain have the same HRF. To allow for different types of HRFs we use temporal basis functions. A linear combination

of function can be used to account for delays and dispersions in the HRF. There are several options to be considered here.

e Scripts & Files You Will Need For This Section

¢ inside of the DSGN file, DSGN.convolution

o this provides more theoretical detail for creating this setting

e« Options

There are two available convolution types:

1. Hemodynamic Response Function - hrf’

1. Canonical HRF: the shape is fixed and only the amplitude is allowed to vary. This is not very flexible.
2. This is the spm default.
3. Reliable but not accurate.

ask luka if this is canonical hrf

1. Finite Impulse Response Function - "fir’

e Steps

1. FIR basis set: contains one free parameter for every timepoint following the stimulation for every cognitive event type. More flexible.
2. luka: FIR usually isn’'t usually a starting place, but you'd want windowlength to equal your tr, and order can be between 8 and 20 seconds, |

guess. Maybe depends on expectations about the hrf and vifs and such.

3. Really really accurate, but not reliable. It has low power and you risk overfitting the data.

1. Inside your design file...

I) Convolution

%
%
%
%
%
%
%
%
%
%
%
%
% |
%
%

%]
%]

% |
% |
% |
% |

%|

% |
% |

%| -

%| -

%| -

%| -

%| -

DSGN.convolution (DEFAULT: hrf.derivs = [0 0]) |
structure specifying the convolution to use for conditions |
different fields required depending on convolution type |
AVAILABLE TYPES (declared as string DSGN.convolution.type) |

'hrf’ (Hemodynamic Response Function) |
convolution.time (1/0 switches for time derivatives) |
convolution.dispersion (1/0 switches for dispersion derivatives) |
EX: DSGN.convolution.hrf.derivs = [1 0]; % HRF w/ time deriv |

fir' (Finite Impulse Response function)
convolution.windowlength (post-stimulus window length (in seconds)) |
convolution.order (number of basis functions)
convolution.keepduration (optional flag. DEFAULT: FALSE) |
if FALSE, set all durations for all conditions to 0 |
EX: DSGN.convolution.type = 'fir’; |
DSGN.convolution.windowlength = 46; |
DSGN.convolution.order = 23; |

DSGN.arl (DEFAULT: false) |
if true, use autoregressive AR(1) to model serial correlations

(see SPM manual) %%itor turns this off in spm_defaults

DSGN.singletrials

a cell array (1 cell per session) of cell arrays (1 cell per condition) of |
(corresponding to DSGN.conditions) of true/false values indicating |
whether to convert specified condition to set of single trial conditions |
(e.g., from 1 condition with n onsets to n conditions with 1 onset each) |

DSGN.singletrialsall (DEFAULT: false) |
set DSGN.singletrials to true for all conditions |

DSGN.allowmissingcondfiles (DEFAULT: false) |
if true, throw warning instead of error when no file(s) are found |

corresponding to a MAT-file name/wildcard

SPECIFYING CONTRASTS

Motivation: X

e Scripts & Files You Will Need For This Section

e canlab_spm_contrast_job

o help function useful here
o do not have to run directly, will be called by canlab_glm_subject_levels later
o It does 6 things by default:

1. Construct contrast vectors and names across all sessions and add to matlabbatch SPM job structure
2. Scale contrast vectors according to the number of regressors/sessions included.

3. Check the contrast vectors to make sure they sum to zero

4. Save the matlabbatch job file in the SPM directory

5. Runs the job, which adds contrasts to the SPM.xCon field and creates con*imgs, t*imgs

6. Old (pre-existing) contrasts are removed by default!

https://canlabreposguide.hackpad.com/ep/pad/static/aGTiW JrOzbt
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e« RQVHW AOHV ZLWK FRQGLWLRQ QDPHV DOUHDG\ VSHFLAHG

e Steps

'"HFLGH ZKDW FRQWUDVWV \RX ZDQW WR UXQ
,QVLGH WKH GHVLJQ AOH \RX FDQ VSHFLI\ WKHP LQ WKH IROORZLQJ IDVKLRQ

+HUH LV D ZD\ WR VSHFLI\ DQ DYHUDJH DFURVYV RQH UHJUHVVRU RU D VHW RI WKHP
-~ WKDW VKDUH D FRPPRQ QDPH

- LQSXWBFRQWUDVWVHFW ODPSRVLWLYH HI

-~ HJ LI\RX KDYH WZR VRFBHWYVRQY BRERKHED EHE GBSRVW -

-~ 7KLV FRQWUDVW ZLOO VSHFLI\ WKH DYHUDJH DFURVV ERWK UHJUHVVRUV

- LQSXWBFRQWURNBMVULHQG~ ~-

7KLV ZLOO GR WKH VDPH WKLQJ
LOQSXWBFRQWVURNBMULH YBRBEBUMHLHQGBSRVW: == °

RX FDQ XVH RQO\ VRPH VWULQJV LQ WKH PLGGOH RI UHJUHVVRU QDPHV =
HJ LQSXWBFRQWUDVWVA © A5 A JULHQG:" °

7KLV ZLOO VSHFLI\ D ',))(5(1&( SUH SRVW EHFDXVH WKH AUVW FHOO KDV RQH SRVLW
DQG WKH VHFRQG FHOO KDV RQH QHJDWLYH FRQGLWLRQ SRVW
LQSXWBFRQWURKNBIVULHQ@BBBIM/LHQGBSRVW . =~ °

6LQFH ZH KDYH HQWHUHG LW DV LQSXWBFRQWUDVWV" * LW ZLOO EH DGGHG DV D
VHFRQG FRQWUDVW DIWHU WKH AUVW RQH

7KH FRQWUDVW EHORZ VSHFLAHYV DQ LQWHUDFWLRQ 5HM )JULHQG [ 3UH 3RVW
LQSXWBFRQWURABNMWHMH RAMREBBSIUHHQ G B RRBWHM K FWVRFBBGIULHHQ GBSRVW - "~ @

6LQFH ZH KDYH HQWHUHG LW DV LQSXWBFRQWUDVWVA " LW ZLOO EH DGGHG DV D W

4 1 11 111 111111111111

- &XVWRP:- RSWLRQ H[DPSOH -

- 7KLV LV DQ H[DPSOH WR XVH \RXU FXVWRPL]JHG FRQWUDVW H J VW FRQWUDVW VRF
- VRFBUHMHFWRUBSUH VRFBUHMHFWRUBSRVW QG FRQWUDVW VRFBIULHQGBSUH
=== LQSXWBFRQWRFBYWIW YRES YUHL H Q\GBBEIRYWHM H PMRFFB BISIUHHQ GBS RV W - °

=== LQSXWBFRQWRFBYWIWYRES DYWL H QGBPSIRVMWMHFWRUBSUH -~

-2~ FDQODEBVSPBFRQWUD®YWWEREQRREGIHOGLU-FXVWRP- ~> @ > @

+RZHYHQ@ WKH GHVLJQ AOH \RX UHSODFH LQSXWBFRQWUDVW"" ZLWK '6*1 FRQWUDVWV"F" O

. F
« FF '6*1 FRQWUDVWVAF' AA.DFTBFVBSOXV."" &6 DOO DT Y EDVHOLQH

«+ FF '6*1 FRQWUDVWVAF' AA.DFTBFVBSOXVBHDUO\-" A-DFTBFVBPLQBHDUO\-"> HDUO\ &I
« FF '6*1 FRQWUDVWVAF' AA.DFTBFVBSOXVBODWH.-' "-DFTBFVBPLQBODWH "

VFQBGHVLJQBFKHFN
Variance Inflation Factor
Motivation FUHGLW DVVLJQPHQW LVVXH KRZ GR \RX GLVWULEXWH FUHGLW IRU VXFFHVV DPRQ

5XQ D UHJUHVVLRQ ZLWK HYHU\ UHJUHV VLR QDRAGH GIL FRAXL R D YHHVBIOK G WVHIHHY D BIH UWKH\AIKRY FRUUF
VRPH LVVXHV )RU H[DPSOH PRWLRQ UHJUHVVRUV FRXOG EH KLJKO\ FRUUHODWHG WR WDV

,Q WKH 9,) JUDSKV RXWSXW DIWHU WKH JOP EHORZ DERYWHHIHUDWORQHHWYMNH® ---+b3Q@ EH

e RUNNING THE MODEL
¢ Motivation

e 7LPH WR OHW \RXU KDUG ZRUN FKXUQ RXW VRPH UHVXOWYVY 1RW GRQH \HW EXW QRZ \R>
« Scripts & Files You Will Need For This Section

e FDQODEBJOPBVXEMHFWBOHYHOV
o 3HUIRUPV ORZHU OHYHO */0 DQDO\VLV ZLWK 630
-~ VSHFLAHVY PRGHO
HVWLPDWHY PRGHO
JHQHUDWHY FRQWUDVW LPDJHV IRU PRGHO
FUHDWHYV GLUHFWRU\ ZLWK QDPHG OLQNV WR VSP7 DQG FRQ PDSV
SXEOLVKHVY DQDO\VHV ZLWK VFQBVSPBGHVLJQBFKHFEN

4 1 1 1

« \RXU GHVLJQ AOH
« Steps
OXND UXOHV IRU PRGHOLQJ
- LI \RX-UH JRLQJ WR FRQWUDVW DJDLQVW EDVHOLQH PDNH VXUH \RX PRGHO DOO \RXU W
UXOHV IRU FRQWUDVWLQJ
-~ PDNH VXUH WKDW UHODWLYH ZHLJKWLQJ RI FRQGLWLRQV LV FRQVLVWHQW DFURVV VXENM
UXOHV IRU FRQFDWHQDWLQJ

KWWSV FDQODEUHSRVJXLGH KDFW$BPW FRP HS SDG VWDWLF D*7
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- RQO\ FRQFDWHQDWH ZKHQ \RX KDYH UHJUHMMHRUW WXOW ZLOO GHVFULEH GDWD LQ GLI

81'(567$1',1* 7+( 287387
« ORWLYDWLRQ
e I
e« 6FULSWV RIXOH®O<1HHG )RU 7KLV 6HFWLRQ
o [[[ [l
« B6WHSV
HUURU WR GLVFXVV
6DYHBWLDQFHB,QADWLRQ SQJ LQ 630 GLUHFWRU\
: DUQLQIHUHIQW QXPEHUV RI HYHQWYV RI LQWHUHVW LQ HDFK UXQ
0 WKLV LV ZKDW \RX LQWHQGHG 2. EXW ZLOO XVH PD[ YDO DQG VR ZLOO LQFOXGH VRPH R
(UURU XVLQJ FDW
‘LPHQVLRQV RI PDWULFHV EHLQJ FRQFDWHQDWHG DUH QRW FRQVLVWHQW
(UURU LQ VFQBVSPBFKRRVHBKSAOWHU OLQH
:BAOWHUHG AOWHUB; ;BLQWHUHVW FDW 630 [; .
(UURU LQ VFQBVSPBGHVLJQBFKHFN OLQH
--- VFQBVSPBFKRRVHBKSAOWYHQEVBRIQOAOWVBGLU
(UURU LQ FDQODEBJOPBSXEOLVKBYVXEMHFWBOHYHOV OLQH
~2a---- VFQBVSPBGHVLJQBFKHFN VXEOHYVAL" -HYHQWVBRQO\-
(UURU LQ HYDOP[GRP!LQVWUXPHQWS$QG5XQ OLQH
WH[W HYDOF HYDOVWU
(UURU LQ HYDOP[GRP OLQH
>GDWD WH[W ODVWH@ LQVWUXPHQWS$QIGBXIHAOHAFHHRGOWARRYGDULHY LPDJH'LU
(UURU LQ SXEOLVK OLQH
-~-- GRP HYDOP[GRP AOH GRP FHO O/RRKXNOREMHR@UHA[ LPDJH'LU
(UURU LQ FDQODEBJOPBSXEOLVKIVSPORZHUBUHSRUW OLQH
--- IRXW SXEOLVK -FDQODEBJOPBSXEOLVKBVXEMHFWBOHYHOV P- S
(UURU LQ FDQODEBJOPBSXEOLVK OLQH
Ammmmmanaananan GSPARZEH YBWIDSRUYAE T
(UURU LQ FDQODEBJOPBVXEMHFWBOHYHOV OLQH
Aaanananaaa- FDQUDERIOPBGHEG LYK -
4a=-a-a2-2- IlURP- FDQODEBJOPBVXEMHFWOHYHOVBSXEOLVK KWPO
4mamamamaa- RUVRX FDQ UXQ VFQBGHVLJQ FKHFN VROR WR JHW WKHVH

~maaaaaa-22 KRZ PXFK RI \RXU WDVN UHODWH G| YZLWLKD QREXU\ R X UDUHHD B/RAOHD AL B Q@ ES00K DRAX WRN
GHVLJQ

127( VRPH EXJ H[LVWV WKDW ZRQ-W RXWSXW WKLV LI \RX KDYH DQ XQHYHQ DPRXQW RI FRCQC
DQG WKH FRGH HUURUYV

VWLFN LQ +3 UHFRPPHQGDWLRQ JUDSK MHVYV

LQVHW VFUHHQVKRW Rl 9,) RXWSXW
Ammmmaaaaana 9,)V
2aa---aa-a-- ORRNLQJ DW PRWLRQ UHJUHVVLRQV
aa=aaaaaaa LW LV RNDY LI ARX KDYH KLJK 9,)V MXVW LQ PRWLRQ UHJUHVVRUV DV WKH\ PLJ
An~~-RX-WKRXOG EH FRQFHUQHG LI D UHJUHVVRU \RX ZDQW WR LQWHUSUHW VXUSDVVHV >
Ammmanaaaaal KDUG FXW RI

b B B B W M M M M B B | ORRN LQWR LW
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Samaananaaa |QR/F LMK BY MNHDW - AOH RXWSXW ZLWK DOO WKH 9,)

4amananma-29,) LV WKH FRUUHODWLRQ ZLWK DOO WKH RWKHU UHJUHVVRUV \RX ZRQ-W NQ

42---R%-++>Q@ ©RRN DW WKH FRYDU PDWUL[ WR ORRN SDULZLVH EHWZHHQ UHJUHVVRUV
DGGD:QL9,) FRGH

([DPSOH RXWSXW RI FDQODEBJOPBVXEMHFWBOHYHOV

3ULQWY DQ KWPO SDJH ZLWK WKH GHVLJQ PDUL[ DQG YLIV IRU HDFK VXEMHFW FUHDWHG E

Full Design Matrix (zscorBdsign Matrix: Of-interest (zscorec
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3ORW RI KLJK ERVNKAD®VHRIZY \RX WR FRPSDUH \RXU FXUUHQW KS AOWHU WR WKH UHFRPPH(
SRZHU IRU \RXU UHJUHVVRUW DHGWFRQWOMHWY DW GLI

| ask regressors: Black = betore tiltering, Red = after current 372 s HP filter

T

Blue = filteriqg with <=5% variance Iosls at 124 sec
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3 _E —
0 0.1 0.2 o 0 0.1 0.2
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FDQODEBJOPBJHWLQIR

e RXWSXWV LQIRUPDWLRQ DERXW VXEM OHYHOV IURP D VSHFLAHG JURXS OHYHO PRGHO -
o FDQODEBJOPBJHWLQIR -FRQZ- LW ZLOO SXOO RXW DOO WKH FRQWUDVWY DQG ZHLJ

SECOND LEVEL MODELS
5811,1* 7+( *5283 $ K%/, 6
« ORWLYDWLRQ
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« you want to represent the group; not the individual

* Scripts & Files You Will Need For This Section

« DSGN file
e canlab_glm_group_levels.m

« Steps
1. If you don’t have anything specific you need to specify, you can feed this your design file. Simply:
« canlab_glm_group_levels(DSGN)

you can also be in the model folder and do not need to specify DSGN. Advantage: if you had subjects that had issues in the first level, they will
not be included in the second level.

UNDERSTANDING THE OUTPUT
+ Motivation

o Xxxx
* Scripts & Files You Will Need For This Section
e Steps

1.
2nd level:
robust_regression_batch output --
> enter as robust_regression_batch('SETUP.mat’)
>shows you the mask
>check into images (do they look okay, ae they all the same orientation)
>shows you the weights -- see what was downweighted

if a subj is totally downweighted you can find outliers easier

add:
>larger, just easier to figure out titels
>add a ’suppress output’ of text // 'no verbose’

contribution each subject makes is the weight in the rob regression (weight according to if you think it is an outlier or not) -- talking about first frmi data
plots

>what to make of color bars in wright maps -- should be 0 to 1?

rob_results_threshold

canlab_glm_publish add the 't’ option to specify threshold

what to look for

>green covers brain [mask is 0 & 1]
bug? there are lighter parts of the overlay

[insert image of mask] -- why does it cover outside of the brain?

>histograms: look for normdistributions that look uniform across subjects (take note of subjects who are off the mean)
>why are some blue?

>in fmri data objects:

for group analysis cov(image) you wat to make sure indepdnence of subjects exists, you want a bright line diagnol, darker blue in corners
look at global w across subjs

same plot style for weights
weight of 1 = good things (no outliers)

sanity check robfit (see that global mean case by case graph with the weight one, see that outliers in mean (with high SD) are downweighted
appropriately

rec: plot avg weight map -- luka showed that in fslview
to do: create an output table that gives you contiguous clusters of activation (would be smaller/less in there as most are connected)
**weights are different for every contrast

analyses

KWWSV FDQODEUHSRVJXLGH KDFW$BPW FRP HS SDG VWDWLF D*7
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>to do 2-way ttest in robfit use contrast coded regressor 1 & -1

on thresholding

>how is it done at the group level?

>how do we correct for multiple comparisons?

>does increasing the number of contrasts in your model change power? change the number of tests to correct for?
on dsgn files //

Referencing real files on dream, here are my steps to running a GLM analysis (steps 1 and 2 are one-time-only, steps 3-5 are done on a per-analysis
basis):

% 1. Make multiple regressors file (for me this is just noise (spikes + motion))

% (you can make a copy and adapt to your data, assuming canlab_preproc was used... might need adjustment for canlab_preproc_2012)
>> cd /data/projects/wagerlab/labdata/current/ilcp/Imaging

>> make_noise_model_1.m

% 2. Make conditions files (I make everything | can think of and then mix and match when setting up individual analyses)

>> cd /data/projects/wagerlab/labdata/current/ilcp/Imaging/experiment_logs

>> make_timing_files.m

% 3. Set up analysis

>> cd /data/projects/wagerlab/labdata/current/ilcp/Imaging/analyses/modelscripts

>> setup_pr_model2.m

% (this creates pr_model2.mat and makes the structure "DSGN" in the working environment, either of which can be passed to the model-running
functions)

>> addpath(genpath(’~ruzicl/matlab_codes_in_flux’))

% 4. Run subject levels

>> canlab_glm_subject_levels('pr_model2’, 'dream’, ’'email’, 'ruzic@colorado.edu’);

% 5. Run group levels

>> canlab_glm_group_levels(DSGN, '0’, ../second_level/pr_model2’, 'invp’, ’dream’, 'email’, 'ruzic@colorado.edu’);
Consider this a "beta" release, so be wary and check things carefully.

Also, the optional DSGN.contrastnames is still under review with Tor (may not be an option long term, so perhaps best to not use it and get default
contrast-naming instead).

preproc//
| think I've got the preproc pipeline streamlined.

dicoms will be in Imaging/<subdir>/raw. Raw and Preprocessed data will be in Imaging/tr{1300,460}/<subdir>/{Preprocessed,Raw} (because
preprocessing must be done separately).

/data/projects/wagerlab/labdata/current/dicomsdicomsdicoms.sh
bash script to transfer dicoms (see help, but generally you should be able to specify bmrk5 and use the -u option)
.../omrk5/Imaging/run_convert_and_distribute.sh

bash script to do dicom -> NIfTI conversion and populate canlab-style directory structure. It will try to run convert_and_distrubute.sh on all subjects
(which will bail out on subjects that appear to already have been done given the existence of a directory for them in .../bmrk5/Imaging/tr[0-9]*[0-9]/).

.../[bmrk5/Imaging/run_canlab_preproc_2012.m

matlab function that can take any vector of numbers 1, 2, 3 (which stand for part1, interactive, part2, respectively). Has help if you forget. It should
figure out what subjects need the specified phase, but could get messed up if there are partial file products from canceled preproc jobs.

Motion

Motivation: Motion can impair the detection of real functional activation. Random motions of the head appear as additive noise in the voxel time-series
and decrease the detectability of functional activation. Task-correlated motion can mask real activation in cortical regions and can also appear as false
positive activation at the brain edges and high-contrast regions of the brain. (lifted from HBM, Briggs et al, 2009)

robust regression

>mean centering (default -- do it unless contrast coded groups have unequal Ns, then manually do the mean centering -- can ask scott for steps/code
here)

Predict toolbox (copied from Psych 7215 hackpad)
What: Using fMRI data to predict pain intensity level (1-4) in new subjects.

First step: Load in data to predict!

KWWSV FDQODEUHSRVJXLGH KDFW$BPW FRP HS SDG VWDWLF D*7



4/23/2017 /8073$aGTiWIr0zbt
GDW IPULBGDWD LPJV ORDG DOO LPDJHV DV DQ IPULBGDWD REMHFW

&UHDWH D YHFWRU LQGLFDWLQJ OLQHDU LQFUHDVLQJ LQWHQVLW\

\

RQHV

GDW < >\ \ \ \@

8V

H 35(',&7 PHWKRG WR SUHGLFW RXWFRPH IRU QHZ VXEMHFWYV

1RZ ZH KDYH PXOWLSOH YR[HOV WRJHWKHU SUHGLFWLQJ WKH RXWFRPH

>F

Al

YHYUWDWV RSWRXW@ SUHGLFW GDWQI|R®MIR-ULWHKRBULROPHN\SHY B PUH -
XUH SORWBFRUUHODWIWQBWDRMAJ VWDWYV <

[ODEHO -$FWXDO-

\ODEHO 3UHGLFWHG:-

+2

(9(5 7+,6 $166,6 ,6 12%/9 % (&$86( :( ',' 127 /96287 21( 68%-(&7 ,1 &5R/E6$P,21 352&('85(

"HAQH FXVWRP KROGRXW VHW

/HDYH RQH VXEMHFW RXW HQWLUHO\

KR
>F
&U
AJ
'R

>F

OGRXW UHSPDW

YHUWDWYVY RSWRXW@ SUHGLFW GDWQ | RGEWR-U LKWRKOREERXDONP H-H URNRBJBRVASH: PV H-
RVV YDOLGDWHG SUHGLFWLRQ IRAWXKXVDOJRULWKP FYBSFU

XUH SORWBFRUUHODWIWQBWDWRPWAJ VWDWYV <

WKH VDPH WKLQJ ZLWK VXSSRUW YHFWRU UHJUHVVLRQ

YHUWDWY RSWRXW@ SUHGLFW GDWQ | RBO0DGWR U KR IORBERXMP H-H U RBRABYMASH: -PVH-

VWDWV SUHGBRXWFRPHBU

Al

XUH SORWWD\IWVYAYN -NR- SORW RXWFRPH GDWD < DQG SUHGLFWHG RXWFRPH GDWD

UHALQH

[O
\O

DEHO -$FWXDO-
DEHO -B3UHGLFWHG:-

7+5(6+2/',1*

FIRST PHASE

Motivation ;[[[

Scripts & Files You Will Need For This Section
WR FKDQJH S YDOXHV XVLQJ IVO
FDQODEBJOPBPDVNVWDWYV
VWDWLVWLFBLPDJH WKUHVKROG

Steps

HOW TO MAKE A MASK

Motivation ;[[[

RQ WKH ZLNL

KWWS ZDJHUODE FRORUDGR HGX ZLNL GRNX SKS KHOS IPULBKHOS IPULBVWDWLVWLFDOBP

FD

QODEBJOPBSXEOLVK
Scripts & Files You Will Need For This Section

7KHVH DUH VFUVSKRP HQGIXNDFWRUR®RIQ GIRBOP - RQ GUHDP DOVR FRSLHG WKHP WR KLV
VXEFRUW  WKU R P\BOBDP\
PNPDVN
[\] FRRUGLDQWH LQ 01, VSDFH
PDNHV VSKHUH E\ GHIDXOW
PNFOXVWHUPDVN
DOO Rl WKHVH DUH VKHOO VFULSWV E\ OXND LQ WKH WRROV EDQLFK ODE PRGXOH R
IVOPDVN ELQ-
ELQDUL]H PDVNYV

BUREDELOLVWLF PDVN - L H FUHDWH D ELQDU\ PDVN RI DOO YR[HOV WKDW KDYH D F
RSHQ XS IVAKSH®@DWODV VKRZ OD\HU RI LQWHUHVW WKHQ VDYH DV LPDJH
IVOPDWKY PDVN QDPH! WKU SHUFHQW GHVLUHG! ELQ ;;; VRPHWKLQJ WR ELQDUL]H

PNDWODVPDVN ZLOO GR DOO WKLV IRU XV LI GHVLUHG GRQ-W QHHG WR GR LW PDQX
WR DSSO\ PDVN
IVOPDWKY LPDJH! PXO PDVN!aaa-aa- - LI PDVN LV ZLOO JHUR RXW QRQ PDVN Y
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FDQODE WRROV KDV DQ HTXLYDOHQW =
&DQODE WRROV
VSKHUH URL WRRO

e B6WHSV

ZKDW LV D PDVN" ELQDU\ PDVNV LQ WKH UHJLRQ LV QRW

SDWWHUQ PDVNV" OLNH 136

PDVN DQ LPDJH ZLWK QR LQWULQVLF YDOXH EXW KDV UHODWLYH YDOXH WR RWKHU LPDJH\
FDQODE WKUHVKROGLQJ IXQFWLRQV

PHGLDWLRQBEUDLQBUHVXOWYV

I'TMHV KDV TXHV DERXW IGU

'l UHQDPH WKLV IXQFWLRQ" QRW UHODWHG WR PHGLDWLRQ

(IWHQW EDVHG FRUUHFWLRQ

+RZWR RQ FOXVWHU H[WHQW WRROER]

KWWS ZDJHUODE FRORUDGR HGX ZLNL GRNX SKS FOXVWHUBH[WHQWBWKUHVKROGLQJ
UREXVWBUHVXOWVBWKUHVKROG )'5 FRUUHFWLRQ-

52, DQDO\VLV PHWKRGV

(I WUDFW PHDQ RI WKH EHWD LPDJHV LQ D 52, LQ HDFK VXEMHFW

ODUVEDU LV D XVHIXO 630 WRROER[ WKDW FDQ FDOFXODWH SHUFHQW VLJQDO FKDQJH IRU \
KWWS PBRXEBDMIRUJH QHW LQGH[ KWPO

REMHFW RULHQWHG

IPULGDWD LV RQH VWUXFWXUH

SORW SOMSURF RQ LWV ZD\

PHWKRGV IPULBGDWD

PHWKRGV VWDWLVWLFBLPDJH

PHWKRGV UHJLRQV

*5$< 0$77(5 0$6.

WKH IROORZR QD JNUE\

:KHQ FRUUHFWLQJ IRU PXOWLSOH FRPSDULVRQV LW LV DGYLVDEOH WR XVH D JUD\ PDWWH!
DOVR FRYHUV DOO RI WKRY¥ H WDAHBDMWWGHIT RDWN EDVHG RQ WKH FDQRQLFDO WHPSODWH FDG
FOHDQ XS WR PDNH VXUH WKDW DOO UHOHYDQW DUHDV DUH LQFOXGHG DQG RWKHU YR[HO
7KHUH LV QRZ D JUD\ PDWWHU PDVN LQ WKH UHSRVLWRU\ FDOOHG

JUD\BPDWWHUBPDVN LPJ

JRU PRUH LQIR DQG FRGH XVHG WR PDNH LW VHH KHUH

KWWS ZDJHUODE FRORUDGR HGX ZLNL GRNX SKS KHOS FRUH EUDLQBPDVNYV
7RU UHFRPPHQGV ZH XVH WKLV ZKHQ JHWWLQJ )'5 RU ):( WKUHVKROGHG PDSV
ULYDWH ODVNYV
PDVNVBSULYDWH LQ WKH UHSRVLWRU\
HPRWLRQ FDWHJRU\ PDSV IURP RXU IRUWKFRPLQJ PHWD DQDO\VLV
SODFHEHRWISUHGLFWLYH PDSV IURP ZDJHU
ZROA-EDVDO JDQJOLD FOXVWHU DQDO\VLV VWLOO LQ SUHS

WKLV LV D JUHDW SODFH IRU WKH UHMHFWLRQ DQG 3,1(6 PDSV LI WKH\ DUH QRW WKHUH \H)
DYDLODEOH WKURXJK LQ EURZVHU DQDO\WHV EXW QRW \HW

PREDICTIONS

86,1* 35(',&7

ORWLYDWVYR@PDFKLQH OHDUQLQJ WHFKQLTXHYVY WUDLQHG RQ \RXU GDWD WR PDNH SUHGLF\
SUHGLFW EUDLQ DFWLYDWLRQ LQ RWKHU FRQGLWLRQV WDVNV

e G6FULSWV RIXOH®O<1HHG )RU 7KLV 6HFWLRQ

e I[IPULBGDWD SUHGLFW P >QRWH GRQ-W FRQIXVHG ZLWK PDWODE IXQFWLRQ SUHGLFW@
e« VSLGHU WRROER]
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« B6WHSV

WR XVH WKH FURVV YDOLGDWHG ZHLJKW PDS \RX KDYH WR JR LQWR RWKHUBRXWSXW GRQ-
WHFKQLTXHV

VHQVLWLYLW\ VSHFLAFW\ SORW DUHD XQGHU WKH FXUYH LV KRZ JRRG LW LV
\RX GRQ-W ZDQW WR VHH VWUDLJKW GLDJRQDOV \RX ZDQW LW DV\PPSWRWLF WR <=
VWROHQ IURP ZLNLSHGLD

High Sensitivity Low Spec
Few False Negatives (blue) Many False Pos

O O O ® O

<—— Failed Test —> «<—— Passed
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Low Sensitivity High Specificity
Many False Negatives (blue) Few False Positives (red)
O O O
& O O 5 ° O o
5 O
5 0 0 5 o 0
o o) o o) o
o @) & O o @)
O o ° O 0O
O O
o o] o) o) ° 0
o) O o
o O
O O o) o 0o O O
o) O
i o © o o * o
O
o © o) o) @ o) o) @
o
o) e O °© o o) o)

> €

<—— Failed Test Passed Test —

H[DPSOH FRGH IURP OXNH
/IRDG GDWD

I3DWK - 8VHUV OXNHFKDQJ '"URSER[ &DQODE'DWD5HSRVLWRU\ 'DWD .ULVKQDQ3DLQ -
KLJK IPULBGDWD IXOO‘/:\OH ISDWK -.ULVKQDQB+LJKB3DLQ QLL-

ORZ IPULBGDWD IXOOAOH I3BDWK -.ULVKQDQB/RZB3DLQ QLL-

KLIKYORZ KLJK ORZ

W WWHVW KLIXZPRZ
ZULWH W -WKUHVK:- - IQDPH- - 8VHUV OXNHFKDQJ 'RZQORDGV WHVW QLL- WKUHVKROGH
ZULWH W -IQDPH- - 8VHUV OXNHFKDQJ 'RZQORDGV WHVW . XQWKUHVKROGHG

G KLJK
G GDwW W GDW

FRPELQH DQG UXQ VYP
KLJKBORZ >KLJK ORZ@

KLJKBORZRQHV VL]H KLJK GDW GDWRQHV V@]H ORZ
>FYHUWDWV RSWRXW@ -BOHBUEWKWPRBEBPRZ -FYBVYP.- -QIROGV-

"HUURUBW\SH- -PFL

8QLYDULDWH UHJUHVVLRQ
U UHJUHVV KLJKBORZ
RXW KLJK

RXW GEW U

ZULWH RXW -1IQDPH- -

'$7$ 9,68%/,7$21

0%.,1* ),*85(6

8VHUV OXNHFKDQJ 'RZQORDGV WHVW QLL-

ORWLYDWDR® EHWWHU AJXUHV IRU SXEOLFDWLRQV
e 6FULSWV RIXOH&®O<1HHG )RU 7KLV 6HFWLRQ

e $00 UHVRXUFHV DUH LQ WKH IROORZLQJ GURSER[ IROGHU
o KWWSV GBRBER[ FRP VK GYUL[ NJ]SI X $$& BQ/ZR] QZ 56H[J$ ZOD
e 7KHUH DUH D IHZ IXQFWLRQV DQIQH[EPSWRBERBEWYKDQFOXGLQJ VHSSORW EDUBZDQL
IXQFWLRQV WR WKH UHSRVLWRU\ DQG DGGHRKWWKSH P ZIMMR QD E UFR 0OROO B R\ HRG XR X UNZL 8 R N
e VFOBH[SRUWBSDSRUVHWXS E\ 7
e« VHSSORW H[DPSOH I\L , DGGHG OHJHQGYV DQG D[LV ODEHOV LQ SSW QRW LQ PDWODE |
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O

-@- Regulate-up
150¢ -@- Passive experiencez
©- Regulate-down /

o
100 s :/
/’/ ¢
oo $
o

44.3 45.3 46.3 47.3 48.3
Stimulus intensity (°C)

Pain rating

o)l
(=]

« EDUBZDQL H[DPSOH

B (a) Regions for Pain > Rejection  (b) Regions for Rejection > Pain
Pain Rejection Pain Rejection
£ 0002 ... .. e
8 000! i Hadan
= 0 T
o ~0.002] M
QL L0008 LOLLL00> BLOODE  LLCD P
FETTTE ST CLOERE CLKOKRS
ST TCEE FFFFTFE LA SI&E
SETTT ST & & &8 S

< <

e« URLBFRQWRXUBPDS H[DPSOH

pattern map

.
(dot product)

e

e« 6RPH FRORUPDBQLWRUIHDWHG PLIKW EH KHOSIXO =
o FRORUPDSBEOLQGBZDQL PDW KWMEVERDRWH FRREWQ PHRPK MRXUQDO Y Q IXO0 QPHW

o FRORUPDSBFRORUEUKWWISBZFRDRDEWHZHU RUJ
o FRORUPDSBPLFURVRIW PDW WKLV LV IURP PLFURVRIW FRORU SDOOHW =

e 7LSV DQG &RQVLGHUDWLRQV

o GSL IRU LPDJHV DYRLG SQJ JR HSV SGI ZKLFK DUH IRU FUHDWLQJ YHFWRUL]JHG L

¢ .- SDIJHVHWXS JFI

¢ === VDYHDV JFI -)LIXUHBQDPH SGI
o ,Q SRZHUSRLQW FRS\ AJXUHV DQG ULJKW FOLFN 3DVWH 6SHFLDO WKHQ SDVWH

« EDODQFHG OD\RXW

e 6WHSV

S5HVRXUFHV

e %DQJIRQJ 1DWXUH OHWKRGV PRQWKO\ UHYLHZV RQ KRZ WR RSWLPL]H SXEOLVKDEOH AJ:

o RYHUYLHZ AJXUHV
o KWWS EORJV QDWXUH FRP PHWKDJRUD EOWPD YLVXDOL]DWLRQ SRLQWYV RI YLH

e 037/$% WXWRULDOV
o KWWS EORJV PDWKZRUNV FPONDRUBQHWW\ JUDSKV
e 05,FUR*/
o KWWS PFFDXVODQGFHGWHWLFURJIO
o 1RWH FKHFN WKDW \RX DUH RYHUOD\LQJ LPDJHV LQ WKH VDPH VSDFH ZLOO QRW JH

e &DUHW
o KWWS EUDLQYLV ZXVWO HGX ZLNL LQGH[ SKS &DUHW 'RZQORDG

¢« 7TRURROVT7 /3P
o WRUB G P FDQODEBUHPXOWWFBEOREML PSODINXQFWLRQ RI D IPULGLVSOD\ REMHFW

FDQODE WRROV WR YLVXDOL]H

e R IPULGLVSOD\ FUHDWH D IPULGLVSOD\ REMHFW

o [\] > @ - VOLGHV IRU VDJJLWDO YLHZ [

o [\

*« R PRQWDYBXRLWDO: -ZKBVOLFH:- [\] ‘RQHURZ. FUHDWH VDJJLWDO PRQWDJHV

e R PRQWDJH RVODFHB@DQJIH.- > VI FIRQPHURZ- FUHDWH D[LV YLHZ PRQWDJHYV

« GDW IPULBGDWD LPDJHB\RXBZDQWBWRBYLVXDOL]H QLL- ZKLFK -PDVNBFROLQ LPJ-
« FO UHJLRQ GDW

« R UHPRYHEOREV R FOHDQ XS WKH DFWLYDWLRQV

*« R DGGEOREWSRLWERORU@ > @ > @ > @" Y LRX O Q] B ¥MWKHEQIWVF WR. @ R W/\L
e R DGGEOREV R >0 -@RORXWOLQH:- -OLQHZLGWK: GUDZ RXWOLQH

e VITXHHIJHBD[HV R PRQWDJH” " D[LVBKDQGOHYV LQWHUYDO EHWZHHQ EUDLQV
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. FDQODEBUHVXOWVBIPULGLVSOD\
e R FDQODEBUHVXOWVBIPULGLVSOD\ -LPDJHB\RXBZDQWBWRBYLVXDOL]H QLL- RQH OL

$'",1* 3+<6,2/2*<

6.,1 &21'8&F1&(
ORWLYDWRRQNR DGG 6&5 GDWD DV QXLVDQFH FR YDULDWHV RU SDUDPHWULF PRGXODWRUYV
8VLQJ SK\WLRORJLFDO UHJUHVVRUV WR LQFUHDVH VLJQDO WR QRLVH UDWLR
5(63,5%,21 $1' +($57 BS
e G6FULSWV RIXOHWO<1HHG )RU 7KLV 6HFWLRQ
e 3+/HO WRRIOEW[SY VLWHV JRRJOH FRP VLWH SKOHPWRROER[ +RPH
o IRWH PRVWO\ ZULWWHQ IRU XVHUV RI SK\VLR IURP 6LHPHQV & \&LWHKLY+$0HOLDN\H O
PRGLAKMBWS SV\FK ] ZLNLVSDFHV FRP /DE )6/ LQFOXGHV VOLGLQJ ZLQGRZ FRG
o &DQ GR 5(75,2,825.DWLRQ PRGH50V' REAQNIBD BSOHG PRGHO
e )6/ WRROERKWIWMS IVO IPULE R[ DF XN IVO IVOZLNL 310 310 B3K\WLRORJLFDOB1RLVHBOR
o BHTXLUHV FROXPQ RI VFDQQHU WULJIJHUW&KRZ WR VHW WKHVH XS ZLWK %,23
= EHVW WR KDYH D WULJJHU VHQW IRU HDFK 75+
» ,Q $FT AOH 6HW XS OWHUVDY WRELIIHULQJ
= \RX ZLOO KDYH WR VHW XS D FKDQQHO WKDW WDNHY WKRVH SXOVHV HDFK 75
o ,QSXWV 3K\VLR LQ IRUPDW RQH OLQH SHU VDPSOH 105, WLPHVHULHV VDPSOLQJ U
o 2XWSXWV 5HWILWE®MEU(IY LQ VO |RUP-HHD UMG \&DRGIDIQ G &65 UHJV
'LIHUHQW PRGHOV RI DGGLQJ SK\VLRORJLFDO QXLVDQFH UHJUHVVRUV
59+5 PRUH GHWDLOV RI &KDQJKMW ® OVFLHROWFWERGHFW FRP VFLHQFH DUWLFOH SLL 6

59 UHVSLUDWLRQ YROXPH FDOFXODWHG EDVHG RQ VWDQGDUG GHYLDWLRQ RI UHVSLUL
+5 $HUDJH RI (&* LQ VOLGLQJ ZLQGRZ IRU 75V GLYLGHG E\ WR FRQYHUW WR EHDWYV

'"HWDLOV RI WKLV PHWKRG VHH VFULSW PDNHBSK\WLRBUHJUHVVRUV LQ 3+/HO

FRPSX®H 5
FRQYROYH ZLWK 55) UHVSLUDWLRQ UHVSRQVH IXQFWLRQ

([SODLQHG YDULD®PHREGHIRQG 5

597 %LURWWS VFZHQFHGLUHFW FRP VFLHQFH DUWLFOWSBUDWLRQ YROXPHESZ K& QW BLB B
SRVLWLRQV DW SHDNV RI LQVSLUDWLRQ DQG H[SLUDWLRQ GLYLGHG E\ WLPH EHWZHHQ SHI

ORGHO RI 105, VLIQDO FKDQJHV LQGXFHG E\ YDULDWLRQV LQ UHVSLUDWLRQ YROXPH FKDQ.
KROGLQJ DQG FXHG GHSWK DQG UDWH FKDQJHV

2IWHQ 05, VLJQDO FKDQJHV IURP EUHDWKLQJ DUH ELPRGDO HDUO\ GHFUHDVH IROORZHG E
5(752,&25 ,PDJH EDVHG UHWURVSHFWLYKWWRESUHMHVIVRDHERRYWUXWH[DVY HGX SGI *ORYHUBS5}H

'"HWHUPLQH WKH FDUGLDF DQG UHVSLUDWRU\ SKDVH RI HDFK VOLFH LQ HDFK YROXPH
+RZ WR LGHQWLI\ FDUGLDF SKDVH FRQVEAVWHRW®EHON LQ SXOVH R[LPHWHU
+RZ WR LGHQWLI\ UHVSLUDWRU\ SKDVH QHHG WR DFFRXQW IRU WLPLQJ GHSWK RI EUHDWK

7KHVH SKDVHV DUH WKHQ HQWHUHG LQ D IRXULHU WUDQVIRUPDWLRQ DQG FDQ HLWKHU E
*/0 OLNHO\ EHAWDMWW FKDQJHV GHJUHHV RI IUHHGRP

+RZ ZRXOG WKLV FKDQJH LI PXOWLSOH VOLFHVY DFTXLUHG DW VDPH WLPH" 1HHG WR JHW VC
'LVDGYDQWDJH GRHV QRW UHPRYH VORZ FKDQJHV LQ UDWH DQG GHSWK RI EUHDWKLQJ
BUDFWLFDO DSSOLFDWLRQ
:KDW WR GR ZLWK FROOHFWHG GDWD

7ULP H[WUD WLPH IURP SK\VLR GDWD DGG LQ DSSUR[LPDWH VFDQQHU WULJJHUV ZDVQ-\

YRU IXWXUH +RZ WR DGG VFDQQHU VS&EJAHUWNWWEY IV KRQ XPMDDUQY Q23D FT XLV LW ER G DK PAOUO
WRROER[HV UHTXLUH WKLV

+RZ WR XVH RWKHU GDWD EUHDWK KROG D QF W @R VLR Q@ DSK VR RDOH JH B V WRUW H 8 RIVWHIQW HD C
K\ DGG SK\VLR"
5HGXFHG IDOVH SRVLWLYHV DQG H[WHQW RI FRQQHFWLYLW\ LQ GHIDXOW QHWZRUN

KWWSV FDQODEUHSRVJXLGH KDFW$BPW FRP HS SDG VWDWLF D*7
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JURP *ORYHU H[DPSOH RI DUHDV ZLWK KHDUW UDWH WRS DQG UHVSLUDWRU\ QRLVH

&RPSDULVLRQ RI GDWD ZLWK SK\VLR UHJUHVVRUV IURP &KDQJ

Fig. 5.

Group-level DMN connectivity maps (A) without comrection for physiological noise, and (B) with correction using RETROICOR

and RVHR. Color bars depict T-values.
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e ZD\V WR GR GLVWRUWLRQ FRUUHFWLRQ
o AHOG PDS LV RQH-~ RWKHUV XVH WKLV ZH GRQIWUHQMZHEKDNVS$SHRBRE LLYJ VGR IDISFEVWD L RA
VFDQV
%LDV FRUUHFWLRQ VFDQV DUH IRU K\SHU LQWHQVLWLHV ZLWK FK FDQ MXVW XVH WKI
6ZLWFK IURP $!3 WR 3!$ UHGXFHV GLVWRUWLRQ LQ IURQWDO FRUWH]
6%UHI VFDQV DUH FROOHFWHG EHIRUH AUVW UHDO YROXPH KDV OHDVW GLVWRUWLRQYV
$!3 EUDLQ LV VTXLVKHG LQ WKH IURQW DQG 3!$ VWUHWFKHVWRXXW W KE-H FIDRQW RU HADKWH &/ |
LQ 2)&
BWUHWFKHG RXW EUDLQ LQ UHJXODU VHTXHQFH LV HDVLHU WR FRUUHFW IRU VTXLVK W
6XVFHSWDELOLW\ JUDGLHQW DFURVV VOLFH FDXVHV GURSRXW ZLWKLQ VOLFH FDXVHV
GHJ DQJOH XS IURP $& 3& LV EHWWHU IRU PLQLPL]LQJ GURSRXW
RU PV IRU 7( VDPH IRU PXOWLEDQG DQG QRQ PXOWLEDQG KLJKHU 7( WKDQ WKDW
+LJKHU RUGHU VKLPV WR WU\ WR IXUWKHU FBBWHOVKHW SDBWRXRV MK R)EBUBXQ @ DDWRIY
(FKR VSDFLQJ PXVW EH VDPH LQ GLVWRUWLRQ FRUUHFWLRQ VFDQV DQG PDLQ VFDQ-

6,1*/( 75,%/ 02'(/6

63(&,)<,1* 6,1*/( 75,8/ 02'(/6 ,1 <285 '6*1 ),/(

ORWLYDWNMRQXO IRU UXQQLQJ PXOWLOHYHO PHGIHFWIMRRIB®E @ RRWEQJ DW VLQJOH WULDO H
¢ 6B6FULSWV RIXOH&®O<1HHG )RU 7KLV 6HFWLRQ

« '6*1 AOH
e« FDQODEBJOPBVXEMHFWBOHYHOV

e O6WHSYV

ODNH D VLQJOH WULDO RQVHW AOH 6KRXOG FRQWDLQ RQH FRQGLWLRQ WKRXJK \RX PL
RQVHWY LQ 75V RU VHFRQGV IRU HDFK WULDO )RU H[DPSOH LQ WKH VFULSW EHORZ ,
WKH AUVW 75 DQG WKHQ UHFRUG WKH VWDUW WLPH RI HDFK WULDO UHODWLYH WR WKL

H[SBGLROX®HVY HQJUDP ODEGDWD GDWD ,$36BODULDQQH ([SHULPHQW/RJV:
DGGSDWK JHQSDWK H[SBGLU
VXEV AOHQ REXXWPHWY HQJUDP ODEGDWD GDWD ,$36BODULDQQH ([SHULPHQW/RJV ,&%$36

IRU L OHQJWK VXEV

--- FG VXEVAL®

--- U LQIRBAOH AOHQDPHV -,$360RJBU PDW-
-2 U LQIRBAOH AOHQDPHV -,$360RJBU PDW-
-2 ORDG FKDU U LQIRBAOH =

=== QDPH" -LDSVBLPDJHBU -
== GXUDWLRQ" ° >DEV H[SORJ HQG @ DFWXDO GXUU
2= RQVHWA ° >H[SORJ HQG H[SORJ HQG @ VXEWUDFW WLPH RI VWDUW WU IURF

=== IRXW QDPH" °

== VDYH IRXW -QDPH- -RQVHW. -GXUDWLRQ-
~-- FOHDU H[SORJ QDPH GXUU RQVHW IRXW
-~~~ ORDG FKDU U LQIRBAOH -

--- QDPH” " .LDSVBLPDJHBU -
--- GXUDWLRQ" " >DEV H[SORJ HQG @ DFWXDO GXUU
-=- RQVHW” ° >H[SORJ HQG H[SORJ HQG @

== IRXW QDPHA °
~=- VDYH IRXW -QDPH- -RQVHW. -GXUDWLRQ-

HQG

*R LQWR \RXU AUVW OHYHO PRGHO '6*1 AOH DQG DGG WKLV DIWHU \RXU '6*RXF RQG LLVDIGALC
D LI\RX ZDQW WKDW FRQGLWLRQ WR EH PRGHOHG DV VLQJOH WULDOV RU QRW (DV\
6,1%/( 75,$/
"6*1 VLQJOHWULDOVA * ~
WKLV VSHFLAHV ZKLFK FRQGLWLRQV ZLOO EH PRGHOHG DV VLQJOH WULDOV LQ WI
HJ LQ WKLV FDVH WKH AUVW FRQGLWLRQV ZRXOG EH PRGHOHG DV VLQJOH WULL

<RX GR QRW QHHG WR VSHFLI\ FRQWUDVWY LQ \RXU VFULSW XVXDOO\ QRW XVHIXO RQ V
1RZ \RX DUH UHDG\ WR UXQ \RXW RWR/GHNEGID O/RHRG MH HVF VGIRFXPHQW IRU PRUH LQIRUPDWL

,VVXHV DQG &RQFHUQV
« :DWFRXU 9,)6
e« +LJK 9,)V JUHDWHU WKDQ RU GHSHQGLQJ RQ ZKRP \RX DVN FDQ EH KDUPIXO WF
« 5DSLG (YHQW 5HODWHG 'HVLJIQV
8VH ZKDW ZRUNV EHVW IRU \RXU GHVLJQ
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Xsp X . X B
By B, B,
S\ b AN (@ Y162
XB options } >> . { % .
|| {
‘ | ‘ £\ P / ) P
L ( {1
Trial 1 Trial N
Regularization
Model Estimation parameter Name
Y=Xp+e Least Squares None LS-A
Y=X B+ Ridge Regression A: Hoerl-Kennard Ridge (HKB)
Approaches Y=X e Ridge Regression A: 2 fold CV Ridge (CV)
Y=X,p+e Partial Least Squares #components: 2 fold CV  PLS
Y=X,p+e Support Vector Regression e & C: 2 fold CV SVR
Y=Xyggel+€ Least Squares None Add6
Y=Xpsqe58+€  Least Squares None Add4-6
Y=X;B+e Least Squares None LS-S

0 \RXU ,7, LV YHU\ VKRUW \RX PLJKW KDYH ORWV RI RYHUODS EHWZHHQ WULDOV DQG KLJ}
GHVFULBDX®IRWUG JLIXUH LV IURP WKHUH

67%1'$5",=,1* '¥$
+2: 72 352'8&( 6,1*/( 75,8/ 02'(/6 )25 &5266 678'< &2//FY2156

7KH IROORZLQJ LOQVWIRAFWPRQU DUH IURP 7

:KDW LV QHBIGBHWBH IPULBGDWD REMHFWY IRU HDFK VXEMHFW ZLWK VLQJOH WULDO GDWD DQ
¢ 7KLV LV VKDUHG RQ 'URSER[ DQG FRS\ PDQXDOO\ XSEEDPWID® EPPRARID ER AEMUHQW LV

KHUH
e ROXPHV 5%, OMEGDWD E B LLQIMBHETL QB ' DWDVHWYV
« 7R VKDUH GDWD ZLWK\ RWKADWQHSRWLBMRWD IURP LQGLYLGXDO VWXGLHV LQ WKH 'DWD IROG
e« : DJHUODEBGLLQN®BEEYLQB'DWDVHWY 'DWD VWXG\QDPH
¢« /HWRU NQRZ ZKHQ \RX KDYH VKDUHG RU XSGDWHG GDWD WKHUH

67(36

IPULBGDWD REMHFWYV
o :+$7 - IRU HDFK VXEMHFW DQ 105, GDWD REMHFW ZLWK VLQJOH WULDO HVWLPDWHYV
o +2:
= ORFDWH VLQJOH WULDO PRGHO GLUHFWRU\
= LGHQWLI\ VLQJOH WULDO UHJUHVVRUV IRU WULDOV RI LQWHUHVW EH FDUHIXO \
GLHUHQW QXPEHUV RI WKHVH IRU HDFK UXQ
«= |[RU KHOS VHH KHOS DQG FRGH LQ-
= VFQBVSPBGHVLJQBFKHFN P=
« VFQBVSPBIJHWBHYHQWVBRIBLQWHUHVW P
= FUHDWH D OLVW RI AOHQDPHV IRU VLQJOH WULDO EHWD LPDJHV H J ZLWK AOH(
= GDW IPULBGDWD AOHQDPHBOLVW
= IRWHV-KIHMSIXO LI \RX FDOO WKLV "GDWp IRU FRPSDWLELOLW\ DFURVV VWXGL
= VDYH AOH DV VWXG\QDPHBVXEMQDPH PDW - DQG VDYH AOHQDPH LQ PHWD GDWD

OHWD 'DWD 6WUXFWXUH
o :+$7 D VWUXFWXUH ZLWK GDWD IRU HDFK WULDO ZLWK WHPSHUDWXUHYV UDWLQJV
o :KDW LV LQVLGH

« EPUNBVWBFRPE-
o 7KLV LV DQ H[DPSOH VWUXFWXUH -~

e« WHPS ~ FHOO"
o WHPSHUDWXUHY RQH FHOO SHU VXEMHFW LQ WKH FHOO LV D FROXPQ YHFWRU IRU

e« UDWLQJV FHDO -
o UDWLQJV RQH FHOO SHU VXEMHFW LQ WKH FHOO LV D FROXPQ YHFWRU IRU Q WULD

e KLIJKBYLIBWULDGWHBLG|[ ~ [
o LQGLFDWRU IRU ZKLFK DUH KLJK 9,) WUDLDOV RQH FHOO SHU VXEMHFW

« LPJV ~[ FHOO'=
o ,PDJH QDPHV , GRQ-W UHDOO\ QHHG WKHVH MXVW WKH 105, GDWD REMHFWYV

e KLJKBYLIBGHVFULSW -YLI!
e« VXEMHFWVFHJO -~
o 6XEMHFW QDPHV RQH FHOO SHU VXEM

e« GDWBREMFMQ®O -
o 1DPH Rl GDWD REM AOHQDPH IRU HDFK VXEMHFW
o 127( ®X FDQ DOVR DGG RWKHU AHOGV DQG FDOO WKHP ZKDWHYHU \RX OLNH -~ ,W ZF
HDFK WULDO HJ UHJXODWLRQ SODFHER SULPLQJ VWDWXV GHSHQGLQJ RQ \RXU HJ[
WH[W VWULQJ GHVFULELQJ ZKDW WKH YDULDEOH LV DQG KRZ LW LV FRGHG ZKDW WI

3XW LQGLYLGXDO IPULBGDWD REMHFW AOHV DQ®WPHWKXIEDWD RQHURSERIJGRU DEQ G ¢ K\DK
VHH DERYH
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e Checking results and quality control

If you don’t see the results expected, or are otherwise checking the quality of subjects (essential!), then here is a list of “troubleshooting” things to look
at.

1. Do meta-data match up with data file names?
- Check subject names in meta-data objects against (a) names of data .mat files, and (b) list of images in those .mat files. Are subject
names consistent in all cases?
- Are trial images ordered sequentially in all .mat files, as expected?
2. Do data files look reasonable?
- Use plot(dat) to plot all single-trial objects for each subject.
(a) Do the average orthviews maps look like brains?
(b) Are they in the correct orientation?
(c) Any dramatic outliers in the data plot (top left)?
(d) Any dramatic covariance (off-diagonal) in the covariance plot (bottom left)?
(e) Any dramatic global outliers?
3. Do meta-data pain ratings look reasonable?
(a) Plot for each subject. Are they in the expected range?
(b) Are there any unusual values (e.g., 0) that could signal invalid or excluded trials, that are not appropriately handled in the analysis?
4. Examine the design matrix used to estimate single trial responses
(a) Plot and save VIFs for each subject in meta-data structure, for single-trial regressors, with and without covariates added
(b) Are there unusually high VIFs (>2 or so) in the basic design matrix, without covariates? If so, design may be modeled inappropriately
(c) Are there unusually high VIFs (> 4 or so) after including covariates? If so, task-related head motion or artifacts could be problematic
* It is a really good idea to save VIFS for all studies in the meta-data object
5. Consider other misc errors
(a) Check the results of standard, non-single trial models. How strong are the NPS responses there? What is the effect size? If results are
strong, something may be wrong with the single-trial model or data management.
6. Consider the possibility of timing errors or mismodeling
(a) Are you sure you adjusted for the discarded acquisitions correctly when you specified onset times?
(b) Extract NPS responses from original preprocessed time series data (e.g., swravols), after removing run intercepts, high-pass filter
covariates, and nuisance regressors. Use an FIR model to extract peri-stimulus HRF time courses locked to pain onset
- Is there a response?
- Is its timing typical or unusual?
- Examine cross-correlations. Do some subjects show evidence for a time-shifted response?

« Consider reasons why your results may not match the NPS or be significant in cross-validated analyses even if the data quality is
good:

- Atypical type of stimulation/modality?

- Small number of trials per subject (small training dataset?)
- Atypical duration?

- Lower intensities than most studies?

- Atypical site of stimulation?

- Different imaging/acquisition sequence?

- Different population?

* Including meta-data about these things in the meta-data structure will be really helpful as we move forward comparing studies
HOW TO BRING YOUR DATA INTO THE CANLAB_DATASET OBJECT FORMAT

The following instructions are from Tor’s google doc

What is needed: Your data, your predictors, demographic info on your subjects, and canlab_dataset
« Canlab_dataset object format

canlab_dataset is an object specialized for storing information about behavioral and fMRI datasets. Some advantages include the ability to write data
to a flat text file with one command. This allows us to store data in a format that we can use in imaging analyses, and also easily store a copy in a
format that is readable by anyone in any program. Another important feature is standardized fields for storing information at multiple levels: The
experiment level, the subject level, the event or trial level, and a sub-event level (e.g., for physio data).

STEPS
Create an empty one:

e dat = canlab_dataset();
« dat

Now you have a canlab_dataset with properties:

Description: [1x1 struct]
Subj_Level: [1x1 struct]
Event_Level: [1x1 struct]
Sub_Event_Level: [1x1 struct]
Continuous: [1x1 struct]
wh_keep: [1x1 struct]

Methods are operations you can run on the object.
Some are:
write_text
« writes a flat text file (data across all subjects)
concatenate

« returns flat matrix of data across all subjects to the workspace
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get_var

« get event-level data from one variable and return in matrix and cell formats
scatterplot
« standard or multi-line scatterplot of relationship between two variables
scattermatrix
e Scatterplot matrix of pairwise event-level variables
All methods for class canlab dataset:

add_var
mediation

bars

plot_var
canlab_dataset
print_summary
concatenate
scattermatrix
get_var
scatterplot

glm

ttest2
glm_multilevel
write_text
histogram

Adding Experiment Design Info:

There is a matlab script that auto generates these csv files from the EPrime files:
D edat_to_inscanner_behav(edat_in_fname, csv_out_fname, varargin)

There will be a matlab script that reads in these .csv files and creates a struct. The struct has one field per column. Each field contains a cell array,
dimensions = 1 x num-rows/trials-in-csv-file.

CANLab Pipeline:

- generate .csvs for in-scanner behav data in aforementioned format. each Functional/Preprocessed/run* folder will have one such file. The script for
doing this is complete for EPrime users and can be run in batch mode to bring existing data up to standards.

- use a simple shared script to read those csv files in to a matlab struct

- write custom script for each study to create SPM regressor files (for Luka’s GLM scripts) from the matlab structs created in step 2

MEDIATION TOOLBOX

This section on mediation is brought to you by Leonie Koban
OVERVIEW

Motivation: Mediation is a useful tool for inferring causality between changes in brain activity and changes in behavior. It is also allows us to study
individual differences. The typical mediation framework looks like this:

4

INDEPENDENT DEPENDENT
VARIABLE — VARIABLE
’ L

Figure 1

Mediation model.

vw.anmualreicss.arg » Mediation Analysis 595

Y=/ +cX+e,
Y=iH+X+IM+e,,
M =i 4+ aX +e3,
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X should be a manipulated variable. It is important to note that this analysis cannot prove causality. Causality is a logical, theoretical, & experimental

issue. For more theoretical information click here.

e Scripts & Files You Will Need For This Section

e mediation.m

o use this with single dim dta (behav or avg ROI resp)

e mediation_brain.m

o use this for voxel wise data
e mediation_brain_multilevel.m

o every cell is one subject, and each have M (betas), X (e.g. -1/1 trial type), & Y (e.g. pain rating)
« mediation_brain_results.m

« Alternate Resources

« http://wagerlab.colorado.edu/wiki/doku.php/help/mediation/m3_mediation_fmri_toolbox

« Kenny, David A., Josephine D. Korchmaros, and Niall Bolger. "Lower level mediation in multilevel models." Psychological methods 8.2 (2003):

115.

e MacKinnon, David P., Amanda J. Fairchild, and Matthew S. Fritz.

SINGLE LEVEL MEDIATION

"Mediation analysis.

" Annual review of psychology 58 (2007): 593.

Motivation: Example Question: Do individual differences in treatment expectations mediate placebo effects? Employ this analysis when you have one
measure per individual for X, M, & Y (or additional mediators and covariates).

e Steps

1. define your X, Y, & M and load them into matlab as row vectors
2. optional: install geom2d toolbox for plotting the path diagram. If not, you’ll get this message:

« Warning: To create a mediation path diagram, you must have theexternal geom2d toolbox on your path. | can’t find it, so thee path diagram will

be skipped.

1. Note on Bootstrapping: not necessary at the first level. It is more computationally demanding without the payoff.

« Example (by Tor):

e X=rand(20,1);M=X+rand(20,1);Y=M+rand(20,1);
« [paths, stats] = mediation(X, Y, M, plots’, 'verbose’, ‘boot’, ‘bootsamples’, 10000)

Output:
Seed predicting mediator
2
r=0.48 .
1.5y PR
2 ..:
g /. )
i *
0.5 .
0 0.5 1
X
histograms
a:X->M b: M->Y
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500-
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400-
300- 400-
200-
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100-
o W ol TR
-05 0 05 1 0o 1 2
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optional path diagram

M
0,66 (0.23) o
0.48/(0.15) *= 1.36 (0.16) =

-015(0.17)

MULTI LEVEL MEDIATION
Motivation: you have repeated measures nested within subjects
Advantages:
« handles uneven group sizes, missing data
Example questions:
Do trial-by-trial expectation mediate social influences on SCR?
e Steps

1. setup up your mediation by preparing cell arrays for your variables. You need one cell per subj (1xN), each cell contains a vector with X & Y
predictors (X) must be mean centered

output
>look at the covariance between path A & B
Note on Bootstrapping: We bootstrap because the analysis is over conservative.
« We use 10 thousand samples because we are concerned with differences in the tails.
« We sample from the whole row vector: sepcific subjects’ X, Y, & M vectors stay together, and therefore we preserve their covariance.
« With 1000 samples, our minimum possible p value is 0.001.
MULTI LEVEL BRAIN MEDIATION
Motivation: You have repeated measures and brain data... same thing as multilvel, but for each voxel in the brain
Steps
1. setup up your mediation by preparing cell arrays for your X, Y, & M variables. You need one cell per subj (1xN)
you need:
>cell arrays (1xN) for X,Y & M
M typically sinlge trial beta est

Here is an example script by Leonie Koban

% by LK July, 2014, based on DPSP scripts
% prepare data to see what mediates social influences on pain

clear all
close all

« addpath(genpath(’/dreamio/home/maje3857/src/spm8’))

« addpath(genpath(’/dreamio3/wagerlab/Repository/’))

¢ % addpath(genpath(’/dreamio/home/leko6010/LeonieScripts’))

e %% SOCIAL PAIN

« behdir = (/dreamio3/wagerlab/labdata/current/scebl1/Imaging/analyses/behavior/’);

« basedir = (/dreamio3/wagerlab/labdata/current/scebl1/Imaging/analyses/mediation/SimHC_WBgenpain_painrate/’);
« st1dir =(’/dreamio3/wagerlab/labdata/current/scebl1/Imaging/analyses/first_level/model1_gen_ST/);

e % addpath(maskdir)

« subjects = filenames([st1dir, 'SCEBL*");

cd (behdir)
load SCEBLmri_data_gen24.mat;

for sub = 1:numel(subjects)

cd (st1dir)
cd (subjects{sub})

allbetas = filenames(’beta_*.img’, ’absolute’);
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~~- ORDG 630 PDW

--- SBLQG UHJH[S 630 [; QDPH -$003DLQ-

~-- IRU LL QXPHO SBLQG

~aa---- Ll aLVHPSW\ SBLQGALL®

~aaaaaa-aaa- GXPPLL SBLQGALL®

4maa--- HQG

B HQG

--- SDLQEHWDV DOOEHWDV AQG GXPP\ A
--- WDNH RQO\ WKRVH WKDW DUH DFWXDOO\ SDLQ
--- 6(7®BWD 0~ VXE' FKDU SDLQEHWDV

~-- FOHDU SDLQEHWDY DOOEHWDV GXPP\ SBLQG
HQG

6(783GDWD ; 6&(%/PULBJHQGDWD VLPBKF
6(783GDWD < 6&(%/PULBJHQGDWD SDLQ

6(783 RI PHGLDWLRQ
PDVN ZKLFK -EUDLQPDVN QLL-

FG EDVHGLU
VDYH PHGYDUV 6(783 PDVN

PHGLDWLRQBEUDLQBPEDWDRQHEEM@BWBB{E33DWD 0 VWUXFW -PDVN:- PDVN "-ERRW- -QRSU
%RRWVWUDSSLQJ
¢« 7RU UHFRPPHQGYV VDPSOHV IRU AQDO DQDO\VLV RQ FRPSOHWH GDWD VHW

'DVN WRU DERXW WKH UDWLRQDOH EMKEHI® EERWRWWWDOSISHGE KHAKA LAKWWDW WKH UHFRI
IKRZ GRHV ERRWVMWMFWD 3\ KILWHIVKROGLQJ RI UHVXOWV™"

ODNH LW IDVWHU
ISDUDOOHO KDFN E\ ZDQL GR LW LQ WREVHD QGHOHF RKEHLQPELFHY WR GLI
IOHVV ERRWVWUDS VDPSOHV
IPDVN RXW WKH ZKLWH PDWWHU
FRQMXQFWLRQ ADJ FRQM
IDGGY DQRWKHU SDQHO WR WKH RXWSXW ZLWK WKH FRQMXQFWLRQ UHVXOWYV
GLVW P VXE | MRE WDNHV RYHU KU VR KDYH WR PDNH VXUH GUHDP EODQFD GRHVQ-W F
AQG EODQFD HTXLYDOHQW
ORRNLQJ DW WKH UHVXOWYV
¢« PHGLDWLRQBEUDLQBUHVXOWYV
'LVSOD\ UHVXOWYV DQG VHW XS LQWHUDFWLYH YLHZLQJ SORWYV
o - PHGLDWLRQBUHVXOWVBLQWHUDFWLYHBYLHZBLQLW
RSWLRQV WR H[SORUH
e« .QDPHV-
o QDPLQJ FOXVWHUV FDQ VHOHFW YPSIF FOXVWHU \RXOO VHH WKH QDPH LQ WKH RX
o QDPH FOXVWHUV RQH E\ RQH EHIRUH UHWXUQLQJ FOXVWHU WDEOH RXWSXW
e -RYHUOD\-
o EUDLQ WR EH RYHUODLG RQ" GHIDXOW FROLQ"

¢« WKUHVKROG
o VHW WKH S YDOXH

o PRUH
o IGU FRUUHFW WKH PDSV
= *HW

» ZDUQLQJ XQNQRZQ LQSXW VWULQJ RSWLRQ IGUWKUHVK IRU WKH IROORZLQJ
PHGLDWLRQBEUDLQBUHVXOWY -DOO- -WKUHVK: >,QI-
WKLV SDUWLFXODU FRPER VHHPHG WR ZRUN IRU PH WR JHW IGU WKUHVKR
PHGLDWLRQBEUDLQBUHVXOWMH[PY> GWKGHWKUHVKI-@ - -SUXQH-
‘FRQM- -RYHUOPDVRY EUODQBPDVN -WDEOHV-

» PHGLDWLRQBEUDLQBFRUUHFWHGBWKUHVKROG

e VLI]H
o HIWHQW WKUHVKROG
o LV WKLV FOXVWHU VL]H"

e -WDEOH-
o JHW D WDEOH SULQW RXW RI FOXVWHUYV
« -PDVN-

o DGG D PDVN
B7+ 0(', 9,21
E\ :DQL
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35,1& % &20321(176 $1%6,6 3&3
UNDERSTANDING IT

3&%$ LV D PHWKRG RI GLPHQVLRQDOLW\ UHGXFWLRQ ZKLFK ZLOO KHOS XV AQG SDWWHUQV L
FDSWXUHV WKH PRVW YDULDQFH SRVVLEOH 3&% DWWHPSWV WR SUHVHUYH OLQHDU VWUX

TKIBUHDNGRZRHOSIXO

Motivation -

e Scripts & Files You Will Need For This Section

o [[[II

« Steps

VHWXSBIDVW53&$

IURP WRBDLO

[ GDW GDW

FDQ GHFRPSRVH [ RU [- EXW IDVWHU ZKHQ URZV Il FROV
VROYHUV YDULDQWYV

FRQVWUDLQHG

ODJUD‘QJLDQ WZR YHUVLRQV VXP RI/ 6 RU PD[/ 6 - WZR SDUDPV ODPEGD / 6
63*/ A[HG HSVLORQ 66( ERXQG JHW ULG RI RQH SDUDPHWHU

B3LFN 66( FXWIRHSVLORQ
FDQ FKRRVH EDVHG RQ KRZ PXFK UHVLGXDO YDULDQFH XQH[SODLQHG ZH ZDQW

6 VYG [ -HFRQ-:

AJXUH SORW FXPVXP 6 A
SORW FXPVXP 6 A VXP 6 A
FXWRI

HSV VTUW VXPH® GEXWRI
FKRRVH ORZHU HSV LQ SUDFWLFH

RSWV WRO- WROHUDQFH IRU FRQYHUJHQFH KLJKHU LV IDVWHU
KLJKHU HSV IDVWHU

RSWV >@

RSWV PD[ WUXH = PD[ RU VXP PHWKRG PD[ PHWKRG SUHIHUUHG LQ JHQHUDO EHFDXV
$BFHOO >@ - WKLV LV IRU SDUWLDO REVHUYDWLRQV PLVVLQJ GDWD RU SDUWLDO Z|
ODPEGDBG®6 == FRQVWUDLQRR S B UL/ISHHRDEOWMHVYU J H U

R EEEEEEE WR ,Ql VKRXOG EH QR SHQDOW\ GRQ-W GR LW

>/ 6 HUU+LVW WDX@ VROYHUB53&$B63*/ [ ODPEGDB6 HSV $BFHOO RSWYV
WU\IBUHQW ODPGDB6 YDOXHV
RQFH \RX AQG JRRG WDX YDOXH XVH LW WR LQLWLDOL]H
VSDUVLW\ LQ RXWSXW ! LI WKHQ 6 LV ]JHUR DOO VSDUVH UHGXFH ODPEGDBG®6
FRXOG XVH $,& %,& WR RSWLPL]H VSDUVHQHVV DSSUR[LPDWHO\

/'LV -GHQRLVHG- GDWD PDWUL[ UXQ 69' WR JHW GLVWULEXWHG FRPSRQHQWYV
6 LV VSDUVH GDWD PDWUL[ RI HIFOXGHG IURP /

FRPSOH[LW\ VORZQHVV = PA Y

691 &200,77,1* &+$1*267#( 5(3262B<

:H DUH QR ORQJHU PDLQWDLQLSOHUKH BYH WHSHR . DWRDE & R KW WIS R VILIWRANX ERRRPL WK e C
INSTALLING THE REPOSITORY FOR THE FIRST TIME
Motivation - RX ZDQW WKH FRGHV
« Steps
RSHQ WHUPLQDO DQG PDNH VXUH \RX KDYH VYQ LQVWDOOHG
e VYQ FRWWKYYQFOLHQWHFORODEROKBMW 5%, UHVRXUFHV VYQ 5HSRVLWRU\ 1RRHRIDRADOS5
<RX PLIJIKW QHHG WR HQWHU WKH FRPPRQ SDVVZRUG VHYHUDO WLPHYV
UPDATING YOUR LOCAL COPY
Motivation - RX ZDQW WR XSGDWH \RXU ORFDO FRS\ RI WKH UHSRVLWRU\
« Steps

RSHQ WHUPLQDO
FG WR \RXU UHSRV IROGHU

e FG a &$1/DE5HSRV
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1. update

* svn update
1. the password is the lab password
[22.,1% $7 7+( &+$1*(6 <28-9( 0$'(
0ORWLY D Véu &lifed your local scripts, maybe you want to share these edits, maybe you don’t want to yet. This lets you see what you’ve done.

e 6WHSV

—_

. open terminal
2. cd to your repos folder:

« cd ~/CANLabRepos

1. check what you’ve changed... this will print out all the files you’ve edited to

e svn status

1. You don’t remember what you changed in one of the files listed? Let svn tell you, using 'diff’ then the full path to the file
» svn diff trunk/SCN_Core_Support/Visualization_functions/barplot_columns3.m

1. You want to go back to the way things were? Use 'revert’ and give the full path to the file

« svn revert trunk/SCN_Core_Support/Visualization_functions/barplot_columns3.m

1. You think your edits are golden and should be shared with everyone? Use ’commit’ and give a little message about what you have changed.
Important: make sure you check your status. You will commit everything you have changed, so revert things you do not want to commit.

« svn commit -m "Added info on single trial models to the README -marianne”
' 3ULQWLQJ %UDLQV
5HFRQVWUXFW WKH FRUWLFDO VXUIDFH RI \RXU EUDLQ
0 RW LY bYauwaQ the shape of the outside printed, not the skull, not the insides.
Note: These instructions, though adapted for our lab environment, were really put together by this guy.
. 6FULSWV RIXOH®O<1HHG )RU 7KLV 6HFWLRQ

« freesurfer: recon-all

e G6WHSYV

_

. Log onto blanca. You can just ssh.
2. Add the freesurfer module. You can add this to your bash_profile if you want to use it always and forever in all terminals.

* $ module add freesurfer/5.3.0

1. Rsync your raw t1 weighted structural images into this folder. Make a new directory with your name or your subject’s name.
« /work/ics/data/projects/wagerlab/labdata/projects/3DPrint/[NAME]

1. In terminal, set up the reconstruction of your brain’s cortical surface! This might take a while...

« recon-all -i ./02+t1mprage/methisisme+02+t1mprage+00001.dcm -s MR101 -sd ./
o -all
o where:
= ltakes the first image of the structural .dcm
= \is some made up subj ID
=V @ the folder you want the reconstructed files to go in
= D jogbcomes at the end, I'm not sure why. Someone google why.
o for more information: http:/ftp.nmr.mgh.harvard.edu/fswiki/recon-all

Note: If your data went through the MRN autopreprocessing pipeline then this has already been done for you and you can find these files in your
subject’s data folder in:

e analysis/fs_5.3_*_mprage/M*/surf/
&RQYHUW WKH UHFRQVWUXFWHG LPDJH LQWR VWO
0ORWLY BYduwRq it in a file format 3D printer’s understand.
. 6FULSWV RIXOH&®O<1HHG )RU 7KLV 6HFWLRQ
« freesurfer: mris_convert
. 6WHSV
1. cd to the directory where your reconstructed images are
« cd /work/ics/data/projects/wagerlab/labdata/projects/3DPrint/[NAME]/surf
1. Now call this command for each hemisphere:
« mris_convert Ih.pial Ih.pial.stl

KWWSV FDQODEUHSRVJXLGH KDFW$BPW FRP HS SDG VWDWLF D*7
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« mris_convert rh.pial rh.pial.stl
1. Now you want to rsync this onto claustrum or calor or your own machine, anywhere where you can download Meshlab and use it easily.
e rsync -auvR . [your_username]@10.224.20.7:/Volumes/engram/labdata/data/
'"RZQVDPSOH \RXU VWO AOH LQ OHVKODE DQG 60LFH LW
0 RW LY BblinbkderQo help prevent your printer from crashing, reduce the size of the image to have less than 20,000 faces.

OD\EH DOVR Qrbut@en\WsR a slicing program to cut the model into thin horizontal segments. Slic3r and Cura are open source free options, but
use whatever your printer suggests. The slicing program generates the tool path based on the characteristics of the model and your extrusion
settings. This program will generate the G-Code that drives the printer. You then pass that file to a program that controls and operates the printer, we

recommend Printrun/Pronterface.

Additionally, you can use an option in Slic3r called "Brim" to extrude a thin, one layer surface to help the edges of the print adhere to the print bed.
. 6FULSWV RIXOH&®O<1HHG )RU 7KLV 6HFWLRQ

¢ Meshlab
. 6WHSV

1. Open meshlab and load your stl file
1. Open --> Import Mesh --> select for R & L hemisphere stl files and import

2. If it asks about merges vertices say yes
2. Filters --> Remeshing, Simplification, and Reconstruction --> Quadric Edge Collapse Decimation
1. Target Number of Faces: 19999 (or smaller)
2. hit Apply, close window
3. Save new file:
1. Export Mesh As... save

6OLFRIXY %UDLQ ODNH 3ULQWHU 5HDG\

0 RW LY DWherRyQu 3D print something, you want to make sure it has a stable structure (like won’t topple over mid print) and that internally it has a
stable structure to keep it from caving in). Programs do this for you. You also need to translate the files into G-Code which is what printers read.

2 Y H U Y:lUskza slicing program to cut the model into thin horizontal segments. A popular open source software is Slic3r. The slicing program
generates the tool path based on the characteristics of the model and your extrusion settings. This program will generate the G-Code that drives the
printer. You then pass that file to a program that controls and operates the printer, like Printrun/Pronterface. Lulzbot comes with its own program called

Cura. Makerbot also has its own.

e G6FULSWV RIXOH®O<1HHG )RU 7KLV 6HFWLRQ

o Slic3r
e Printrun/Pronterface

. 6WHSV
1. Install or update Slic3r, in terminal:

« §$ git clone git://github.com/alexrj/Slic3r
o $ cd Slic3r

* $ sudo perl Build.PL

» $ sudo perl Build.PL --gui

Or just install the dmg here: http://dl.slic3r.org/mac/
1. Open Slic3r, drag the .stl file onto it.
SULQRXX Y %UDLQ
0 RW LY DTWelLmo@ent you've been waiting for.
. 6FULSWV RIXOHWO<1HHG )RU 7KLV 6HFWLRQ

« A 3D Printer (one currently by Marianne’s desk until July, but not ours so please don’t use without asking!) Alternatively, Solid State Depot has
printers, you can come by on Tuesdays (open nights). Also, ATLAS has printers.

e G6WHSYV

. Launch Cura.

. Load your model into lulzbot (button on upper left of Cura)

You can rescale

. select material you want to print with

. hit control

set head to 210 degrees (for ABS, PLA, etc) research temp for filaments
. How to change filament

. Hit print

CONOUTAWN =

723 ,&

),567 3+$6(
ORWLYDWLRQ

KWWSV FDQODEUHSRVJXLGH KDFW$BPW FRP HS SDG VWDWLF D*7



D*Z:-U JEW
e 6FULSWV RIXOH®O<1HHG )RU 7KLV 6HFWLRQ

o [ILII
. 6WHSV
2EMHFW RULHQWHG WRROV
GDW IPULBGDWD SDWK
WWHVWBLPJ WWHVW GDW - XQF- WKLV ZLOO FUHDWH D VWDWLVWLFBLPDJH
WR ZULWH RXW WKH WKUHVKROGHG LPDJH
GDW IXOOSDWK -ZULWHSDWK QLL-
ZULWH GDW
WR ZULWH WKUHVKROGHG VWDWLVWLF LPDJH
ZULWH GDW -WKUHVK:- -IQDPH- SDWK
WR YLHZ
RUWKYLHZV GDW
WR UHSODFH GDWD ZLWK D YHBWRW RI DQRWKHU LPDJH-
GDW IPULBGDWD -QHZBLPDJH QLL-
GDW GDW GDW GDW
GDW < YHFWRU RI YDOXHVY WR SUHGLFW OHQJWK RI QXPEHU RI LPDJHV \RX KDYH LQ IPULB
IRU VYP IRU PHPEHU RI FODVV RU QRW
IRU UHJUHVVLRQ SUHGLFWHG YDOXH
IRU ORJLVWLF UHJUHVVLRQ
XQLYDULDWH UHJUHVVLRQ
U UHJUHVY GDW VKRXOG RXWSXW VWDWLVWLF LPDJH FODVV
UE EHWD YDOXH IRU WKH UHJUHVVLRQ
QR DXWRFRUUHODWLRQ DFFRXQWHG IRU VKRXOGQ-W XVH IRU AUVW OHYHO DQDO\VLV \HW
UU UHVLGXDOV
DOVR SRVVLEOH WR UHVLGXDOL]H Z SUHSURFHVV=
3&5 SULQFLSOH FRPSRQHQWY UHJUHVVLRQ
RSWLRQV IRU UHJUHVVLRQ ODVVR ULGJH JRRG IRU FROOLQHDULW\
FURVYVY YDOLGDWLRQ GRHV N IROGV E\ GHIDXOW UDQGRPO\ SLFNV WKHP WR GR FXVWRP K
< FODVVHYV
<AW =
FYHUU FURVV YDOLGDWHU HUURU FYHUU DFFXUDF\
LI DSSOLHG WR QHZ GDWD KRZ DFFXUDWH QRW H[DFWO\ DFFXUDWH GRHVQ-W FRUUHFW
VWDWV FYSDUWLWLRQ
WH,QG[ WHVW DQG WUDLQLQJ LQGLFH]
RWKHUBRXWSXW ZHLJKWV IRU HYHU\ WHVW
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