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AvamTuén €vog AOYIGUIKOD 6E YAMGGU TPOYPUUUATLELOD
Python ywa v ektéleon d10.QOpMV TOTMOV TLYALOTTOINONG

(A, XTpopatomoinpuévi) kor MAoK)

Bed60mpoc MrpdTong

Axel Kowald H\iog Zwtlapag I'sdpyrog Payidtng
Humboldt Unversitaet zu  Tlavemotiuo @scooriog Iavemotiuio Oscoariog
Berlin

Hepiinyn: H mopovoa Aumhopatikn Epyacio 6toyxevel oty avantuén evog Aoyiokon
o€ YAdooo mpoypoppatiopod Python yia tyv ektéleon d1opdpmv TOT®V TLYOLOTOINOTG
Omwg eivor M amAf  TLYOOTMOINGY, T OCTPOUOTOTOMUEVY] TLYXOLOTOINGT KOl M

teTpayovicpuévn toyatoroinon (block randomization, permuted blocks).

AEEa1c-KAEWOWA:  TUYOOTOINGT, OMAN] TLYOLOTOINGY, TLYXOLOTOINCT KATO UTAOK,

GTPOUATOTOMUEVT] TUYOLOTOINGT, BEPaTEVTIKES AYWYEC.

IMepreyopevo: Keipevo, eikdveg, mpoypappa o yhwooo Python, tpotdtumo epopproync.
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1. Mepidiqym

H nmapovca Aumthopatikr Epyacia otoxevel oty aviamtuén evog AOyIGHIKOD 6€ YAMGGA
npoypappoticpod Python [5] yio v extéleon d10@opov TOT®V TLYXOLOTOINGNG OTMG
glva 11 oA TVYOLOTTOINGT], N CTPOLATOTONUEVT] TUYALOTOINGCT KAl 1) TUYOLOTOINGT ovVa

umhoxk (block randomization, permuted blocks).

2. Ewoayoy

Me tov 6po toyaomoinon (Randomization — random allocation) gvvoobpe v dadikacio
Kot v omoia yivetan Tuyaio avabeon OepanenTikdv aywydv (euBoiia, véeg Oepameiec)
oe acbeveic. H tuyoromoinon xotavépel tovg acbeveic o d1popeTikég opades piog
peAETNG He mapopoto kot dikaio Tpdmo. ‘Etot cuykpivovtag mapopotes opnddes aclevavy,
ot gpevvntéc eivor PBéPatot 0Tt M peEAETN TOvG EAEYYEL TNV JPOPA HETAED TMV
OepamevTIKdV ayoy®Vv Kot Oyt TNV 01apopd HeTabd TV acHEVOV TOV GUUUETEYOVV GTNV
perétn. To Paciké TAEOVEKTHUOTO THE TVYOLOTOMGNG eivan 1) eEdheryn g pepoinyiog
™¢ emhoyng (selection bias) tov acbevav. Agv gyyvdtol dpwg 6tL T dTopo og KaOe
opdoa Ba £xovv Yo Tapdderypo TV 10100 NATKIOKY KATOVOUT.

X€ YEVIKEG YPOUUES pio TOYXOMOTOMUEVT] KAVIKY] OOKIUT amoTEAEL Eva oNUAVTIKO EpYaAEio

Yo TOV €AeYY0 TNG amoTeAecATIKOTNTOG Lo Oepameiog.

2.1. Ztoyor

H vAomoinon g cvykekpiévng SmAmpaTikng epyaciog mepthapfavel Tovg akdéiovbovg

Baocikovg otdyov:

! MepoAnyio eivon n TpokatdAnymn 1 omoio pwopel va oSNy oeL 6€ AADOC GUUTEPUGLLOTOL Y10, TIC EMTTMGELS
pog Oepomeiog.
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e Ilpaypatomoinon ektetopévng UHEAETNG TG OxeTIKNG Piprloypagioc émov o
dtepeuynovv kot Bo TapovclacToHy ot HEB0d0L TVYaOTOINoNG.
o  Yyedloopdg Kot vAomoinot aAyopiBu®v yio TNV EKTEAECT] TOV SOPOP®Y TOTWOV
TLYOOTTOINGMG.
e AvdamtuEn evog TPOTOTVTOL Y10 TV EQAPLLOYN.
Zmv dumhopatikny gpyacio 6o vAomomBovv didpopot TOTOL TVYAOTTOINoNG OTMC Etvar N
amln Toyowomoinon (Simple randomization), m GTPOUATOTOMUEVY TLYOLOTOINGT|
(stratified randomization) xoi n tvxowomoinon katd umAiok (block randomization,

permuted blocks) ce mepiBaiiov mpoypoppaticpov Python.

2.2. M£00ooor
2V mapovca SumAmpatikn epyacio peremnOnkay ot e&ng pébodot Tuyaomoinong: amin
tuyatomtoinon (Simple randomization), otpouatomomuévny tuyotomoinon (stratified

randomization), tvyatomoinon kotd pmiok (block randomization, random permuted
blocks).

2.3. Zopnépoopa
2’ ot T SWAOUATIKY Epyacio VAoTomOnke pio epaproyn yio Ty eKTéAECT] S0pOpOV

TOTOV TLYOOTOINOTG OTTMG £ivol 1 ATAY TVYOLOTOINGT|, 1| CTPOUATONOINGCT KATH UTAOK

(block randomization, permuted blocks) ka1 1 otpopatonompévn Tuyaionoinon.

3. M£0ooor

3.1. Anl) Toyaromoinen (Simple randomization)

H toyoromoinon n omoia Pacileton og pia amAn akolovBio amd tvyaieg avabéoelg etvan

YVOOTH ©¢ 0] ToYaonoinon. H mo anin kot kovn pébodog g aming Tuyoromoineng
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elvar  prym evog vopiopatog. ‘Etot av £xovpe yio mapdderypo d00 BepamevtiKég opddeg
(control vs. treatment) n mAevpd TovL vopicpatog (w. ¥. Kopd@va — control, ypdupoto —
treatment) kaBopilel v avébeon tov kabe atduov. ITAéov Opmg ypNoomoloHvTa
nivakeg tuyaiov apBudv (Zyfua 1) ot omoiotl katackevalovial €161, GoTE Ot apdpoi vo
£yovv NV 1010 THOVOTNTU ELPAVIONG 1) TPOYPAULATO NAEKTPOVIKDV VITOAOYIGTMV.

‘Eva mapdoetypo viomoinong givat 1o €€ng: epapuolovpe v Bepamentikn ayoyn A yuo
o ynoeia 0 — 4 eved v OBepamevtiky ayoyn B ta ynoeia 5 — 9. 'H gpappdlovue v
BepamevTikn aymyn A yio povo ynoeio kot v Bepanevtikn ayoyn By Luyd ynoeio. Me
TOV TPOTO oVTO LIAPYEL Ouwg M mhavotta va €ovue Gvico aplud acbevov. H

avicdTNTa VTN TEIVEL Vo NV vITdpyeL 0Tav o aplipnog Tov acbevov sivorl peydroc.

=l B2 W D =] LA D D00 D D e
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Xympa 1: [Mivakag toyaiov apBuov
‘Etot av gpappocovpe adyopidpo yoo opbud acbevov n=24 kot yprion Bepomevtikdv
ayoyonv A ko B €govpe:
A (0-4), B (5-9)
2)ARBABBM@UAMOMAMOBGBBRAOVARGADLAMBMOLAMOBMOMA
@) B@®)BMOG)B(7)B(9B((7)B(7)B(1)A(6)B
na=11,ng =13
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3.2. Terpayoviepévn Toyamonoinon (Permuted Blocks)

H teTpaymviopévn Toyoromoinon £xel oyedlooTel €101, OGTE VO TUYOOTOLEL dTOUO OE

opLadeG (groups) ot omoieg Exovv Mg amotéAecpa icov peyébovg detypa.

‘Ecto yio mopdadetypa dvo Oepamevtikég ayoyég A ko B. TNa opddeg (block) peyébovg
dvo &yovpe dVo Tpdmovg Katavoung piag Oepaneioc: AB (yio ta ynoia 0 —4) kot BA (yu
o yneio 5 — 9). Ondte y 12 acbeveic Oa pmopovoape vo Exovpe v axdAoLON
TLYOOTTOINON:

Toyoio ymeia: 5 3 0 9 6 8

Onaodec: BA AB AB BA BA BA

AcBeviig 1 2 3 4 ) 6 7 8 9 10 11 12
dapuoxko B A A B A B B A B A B A

o dvo Oepamevtikég aywyés A ko B, ouddeg (block) peyébovg técoepa Exovpe €€
tpomovg kotavoung pia Oepanciag: AABB, ABAB, ABBA, BAAB, BABA, BBAA. H
Tuyoomoinomn Ba HIropovcE va Yivel GOUEMVO LE TNV TOPOKAT® avdadeon:
Tuyaio ynoeio Mmnlox
AABB
ABAB
ABBA
BAAB
BABA
BBAA

o o O A W N P

, 7-9 ayvooHvToL

3.3. Zrpopatomompuévny Toyaomoinen (Stratified randomization)
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2V GTPOUATOTOMUEV] TUYOIOTOINGT LOG EVOLPEPEL O EAEYYOG TMV GLYYVTIKOV
TOPAYOVTOV OTTMC £ivor Yo Tapddetypa to @O0 N N nAkia. Eniong, oe molvkevrpikég
UEAETEC 01 GOEVEIC TV KEVTP®V TLUYOOTOLOVVTOL YMPIGTA LLE OTOTELEGLO TO KEVTPO VOl
amotelel kol ovtd pio PeETAfANTN S00TPOUATOONC. ZVVETMG GTOV EAEYY0 UinG HEAETNG
Ba mpémetl va ppovtilovpie va eEXAEIPOVE TOVG CLYYVTIKOVG TOPEYOVTES, MDOTE Ol OUAOES
Oepameiog vo unv SlopEPOLY MG TPOS OLTOVS. ZTNV GLVEYELN Y®Pilove TOVG aobeveic o
OUAdES OVALOYX LLE TOVS GLYYVTIKOVS TALPAYOVTES KOl EQAPUOLOVLE TNV TUYOLOTOINGCT GE
KkdOe opdda ywpiotd. Eival onpovtikd oty oTpopatomompén Toyolonoinon o Kabs
opada (block) va yiveton yprion g teTpaymvicpuévng toxatomoinong (permuted blocks)
Kot Oyt Tng amAng tuyatomoiong (Simple randomization) kabmg étol draceoriletal n
ooppomia petatd tov Beponeutikdv aymymv. Onog avaeépbnke kot mapoamndvo, xprion
NG CTORATOTOUUEVIGS TVYOLOTOIN OGS YIVETAL GE TOAVKEVTPIKES LEAETEC.

H otpopatomompévny toyaromoinon pmopel vo emnektabel oe d00 01 TEPIGCOTEPEC
petafAntés orpoparonoinons. o mapdadetypa, Bo pmopovoape vo enekteivovpe v
OLCTPOUATOOT G€ pio LEAETT) TOV KOPKIVOL TOV HaGToV, ¢ TPog To PEYeBog Tov dykov
Kol otov aplud tov Betikov Aeppadévov. ‘Etol av glyape Vo peyédn oykov (m. y.
size<=4cm kon Size>4cm) kou tpeic opddeg Aeppadévov (0, 1-4, >4) kabmg Kot v
Kotdotaon g eppnvoravong (rpwv kot petd) Oo eiyape cvvolkd 2 X 3 X 2 = 12
otpopato. 'Eva onuavtikd Opmg TpoPANUa oty xpnon moALamA®V oTpopudtov eivat 0Tt
HePKOl GLVOLOGHOL TOV KOTNYOPLOV Umopel v €ivol GTAvVIOl e ATOTEAECHO VO UNV

emtvyyaveral 1 wooppomia (balance) peta&d tov Oepanevtikdv aywydv [2].

4. Aoyiopiko

4.1. Mpoodwrypapéc

H epapuoyn éxet avomrvybei €€ olokinpov oe yAdooa Python [5], ékdoon 2.7. To
gpyareio mov ypnoomombnke eivon o Eclipse, éxdoon Luna Release (4.4.0) [7].
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O1 Adyot mov ypnoponombnke n yhdooa tpoypoppaticpod Python giva:
1. AWdoketol 6TO HETAMTUYIOKO TPOYPOULLO CTOVIMV.
2. Amortelel pali pe v Java pio omd tig MMUoIAESTEPES YADOGEG
TPOYPUUUOTIGHOD.
3. 'Exet avamtoybei évag peydrog aptduog tomomomuévev Pifaodnkov (libraries)
oe Python [8] yia ) BromAnpogopiki.
4. Mmnopel va ypnoonomBOet yio Ty dnpovpyio avtdVoL®Y EQAPLOYDY KOl

epappoymv Web.
4.2. Khaogig
H egpappoyn anoteieiton and t1g e€Ng KAAGELG:
1. KAidom guiRandomization
. K\éon randomization

KX\don simpleRandomization

2

3

4. Kidon blockRandomization

5. K\don stratifiedRandomization
6

. K\éon permutedBlocks

H «\don guiRandomization eivor vrebbvuvn yoo v dnpovpyia tov Topadupicon

TEPPAALOVTOG TNG EQPOPUOYNG OTMG PAIVETOL OTO Ty 2.
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ZTPOUATOTOMUEVT KO TETPAYOVIGUEVT TVYOLOTTOINGN)’

MNumber of subjects: Copy output to clipboard

o
Murmnber of treatments:

o

Simple Randomization |

Size of blocks:

=

Block Randomization

Size of blocks:

=

Permuted Blocks

Strata 1:
(e.g male, fermnale):

Strata 2:
(e.g age<50, age>=>50):

Strata 3:
(e.g 1-3 +ve nodes, »=4 nodes)

& Permuted Blocks

 Simple Randomization

Stratified Randomization |

Yympa 2: To meptBdArov TG EQUpUOYNG

H «Adon randomization givotr n kopia KAAGT 1 07oia. KANPOVOUEITOL atd TIC VITOAOUTES
Kot meptEyel uebddovg mov pmopovv va ypnoyorombodv and tig vrorowmes. H kAidon
simpleRandomization vlomotel v Agrtovpyia ™¢ aming tvyalomoinong, n KAdon
blockRandomization kot permutedBlocks tv Agttovpyio. ¢ Tuyoomoinong xatd
onddeg wor Téhog m kAdon stratifiedRandomization tv Astwtovpyioc NG

GTPOUATOTOMUEVNG TUYALOTOIOG.

4.3. Ilapovciacn spopproyns
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H exxivnon g epapuoyng umopei va yiver omd 1o mepipdirov tov Eclipse (Run) and to

pevov Run (Zynua 3)

File Edit Navigate Search Project Pydew | Run | Window Help

- ERENE] &5 # Q- Set Next Statement Ctrl+Alt+R Quick &
1% PyDev Packege Bxplorer 52 | = O qui| @ Run Cirl+F11 mization | [F] blockRandomization | [f] stratifiedRandomization | [#] permutedBlocks
=] | o= é *, Debug F11
4 i rondomization 3 ReeE ] * licine, Biostatistics and Clinical Bicinformatics” at University of Thessaly)
» [F] blockRandomization.py 4 S .
& [F] guiRandemization.py 5 rforming different types of randomization (simple,
» ) permutedSlocks.py a Run Configurations...
& 4] randomization.py ; Debug History "
£} randomizationzip . Debug As .
5 JB] simpleRandomization.py 10 o
[ stratifiedRandemization. py 11 Debug Configurations... on
12
> B testpy 12 P1 | Manage Python Exception Breskpoints
&+ € python (C:\Python27\python. L.
14 Disable Step into properties idomization
15
16| @ Extemal Tools ¢ | stratifiedRandomization):
17
15 def _init_ (self, parent):
19 Frame.__init_ (self, parent)
20 self.parent = parent
21 self.inituI()
22
23 def initUI(self):
24
25 self.parent.title("Randomization")

Yympae 3: Exxivinon g epappoyng péca amd to mepipdriov tov Eclipse

Mo yivel  ekkivion g EQapproyNg eLeaviCeTal To Topdivpo g EMOUEVNS EIKOVAG
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MNumber of subjects: Copy output to clipboard

o
Murmnber of treatments:

o

Simple Randomization |

Size of blocks:

=

Block Randomization

Size of blocks:

=

Permuted Blocks

Strata 1:
(e.g male, fermnale):

Strata 2:
(e.g age<50, age>=>50):

Strata 3:
(e.g 1-3 +ve nodes, »=4 nodes)

& Permuted Blocks

 Simple Randomization

Stratified Randomization |

Yymna 4: H epoppoyn Randomization
H demagr] adAnienidpaong pe tov xpfiotn mepthapfavet:

e Number of Subjects: O apiBudc tov acbevorv mov Bo coprneptinebei otV
TLYOLOTTOINGM.

e Number of treatments: O ap1Budg tov Bepancvtikdv ayoydv (treatments) mov
Ba cuumeptAn@BovV TNV TVLYOMOTTOING.

e Simple Randomization: Extelel v Agttovpyio g amARS TLYOLOTOINGYG.
Xpnowonotei povo to medio Number of Subjects kow Number of treatments.

e Size of blocks: O apiBuog tov opddwv (blocks) katd v tvyatomoinon katd

opadeg (block randomization)
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¢ Block Randomization: ExteAei tnv Asttovpyia TG TUXOLOTOINGNS KOTH OPNGOES,
Xpnowomnotel ta nedioe Number of Subjects, Number of treatments ko Size of
blocks.

e Size of blocks: O apOuog twv opddwv mov Oa ypnoomomBodv otV
teTpayovicpévn toyatoroinon (permuted blocks). Ot dvvatég Tég eivar: 2, 4, 6,
8 vy 600 Bepamevtikég aywyéc, 3, 6, 9 yia tpeig Bepamevtikég aywyéc, 4, 8 yio
té60ep1g BepamenTikég aymyég kot S yia mévte Bepanevtikég aymyés. [ v T
. ). TOV TEGGAPWV OUAd®V YiveTar xpnom TV e&ng €1 opddmv: [ 'AABB', 'ABAB',
"ABBA', 'BAAB', 'BABA', 'BBAA'].

e Permuted Blocks: EkteAei v Aewtovpyic. TG TETPOUYOVIGHEVNG
Toyaomoinens. Xpnowonotei ta medio Number of Subjects kow Number of
treatments ko Size of blocks.

e Strata 1, Strata 2 kot Strata 3: Ta otpopata mov Oa dnpovpyndodv yo v
OTPOUATOTOUNUEVY] TVYOLOTTOIN o).

e Permuted Blocks, Simple Randomization: O tomog ¢ tv)atomoinong mov Ha
YPNOOTOMOEl GTNV GTPOUATOTOMNEVT] TVYOLOTOIN o).

e Stratified Randomization: Extelel tnv Agttovpyio TG 6TPOUATOTONUEVIG
TUYOLOTTOIN oG,

e Output: Xto medio avtd epgaviletor T0 AMOTEAEGHO TNG TLYOOTOINCNG 7OV
EKTEAECTNKE.

e Copy output to clipboard: Avtiypdest 1o amotédlesiio Tov OUtput oty pviun yio

YPNON GE AAAN £QapPLOYN.

5. Amoteréopata

2T mOpOKATO EKOVEG TOPOLCIALOVTOL TO. OTOTEAECUOTO OO TNV EKTEAECN NG

EQAPLOYNG.
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MNumber of subjects: OQutput Copy output to clipboard

|-|0 Simple Randomization

Number of treatments: Number of subjects: 10
Humber of treatments: 2
Group of digits: [[O, 1, 3, 41, [5, &, 7, 8, 911

Simple Randomization
Subject

Size of blocks: Subject
Subject

0 — | Subject
Subject

Subject
Subject

Size of blocks: Subject
Subject

0 — | Subject

Imbalance

i= allocated treatment (Random number:
i=s allocated treatment (Random number:
i=s allocated treatment (Random number:
i=s allocated treatment (Random number:
iz allocated treatment (Random number:
iz allocated treatment (Random number:
iz allocated treatment (Random number:
iz allocated treatment (Random number:
is allocated treatment (Random number:
is allocated treatment (Random number:

Block Randomization

O W o =] o N s W Ry

=

Permuted Blocks

Strata 1:
(e.g male, fermnale):

Strata 2:
(e.g age<50, age>=>50):

Strata 3:
(e.g 1-3 +ve nodes, »=4 nodes)

B / B
6 /o4

& Permuted Blocks
 Simple Randomization

Stratified Randomization |

Yypa 5: AmAn toyawomoinon (Simple randomization)
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MNumber of subjects: OQutput Copy output to clipboard

|-|0 Block Randomization

Number of treatments: Number of Subjects: 10
|2 Humber of Treatments: 2
Group of digits: [[0]1, [1]1]

Simple Randomization
Block 1: Subject

Size of blocks: Subject
Block 2: Subject
Subject
Blaock : Subject
Subject
Elock : Subject

Size of blocks: Subject
Elock : Subject

0 — | Subject

Permuted Blocks

i= allocated treatment (Random number:
i=z allocated treatment (Random number:
i= allocated treatment (Random number:
i= allocated treatment (Random number:
iz allocated treatment (Random number:
iz allocated treatment (Random number:
iz allocated treatment (Random number:
iz allocated treatment (Random number:
is allocated treatment (Random number:
is allocated treatment (Random number:

Block Randomization

O W o =] o N s W Ry

[

Strata 1:
(e.g male, fermnale):

Strata 2:
(e.g age<50, age>=>50):

Strata 3:
(e.g 1-3 +ve nodes, »=4 nodes)

& Permuted Blocks
 Simple Randomization

Stratified Randomization |

Yympoa 6: Toyaromoinon kotd opddes (Block randomization)
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MNumber of subjects: OQutput Copy output to clipboard

|-|0 Permuted Blocks

Number of treatments: Number of Subjects: 10
|2 Humber of Treatments: 2
Group of digits: [[1], [2], [3], [4]. [5]1, [€&]]

Simple Randomization
Block Size: 4 (['RABB', 'RBAB', 'ABEA', 'BRAB', 'BABA', 'BBRA'])

Size of blocks:
Subject

2 =i | Subject
Subject
Subject

Subject
Size of blocks: Subject

iz allocated to treatment B (Random number: 5)
is allocated to treatment
iz allocated to treatment
iz allocated to treatment
iz allocated to treatment
iz allocated to treatment
Subject is allocated to treatment
Subject is allocated to treatment
Subject is allocated to treatment
Subject is allocated to treatment
Subject is allocated to treatment
Subject is allocated to treatment

Block Randomization {Random number:

o =] on Nl W R b

(Random number:

Permuted Blocks

HFEDW WD W

Strata 1:
(e.g male, fermnale):

Strata 2:
(e.g age<50, age>=>50):

Strata 3:
(e.g 1-3 +ve nodes, »=4 nodes)

Imbalance

I
[

/
/

B
[

& Permuted Blocks
 Simple Randomization

Stratified Randomization |

Yympo 7: Tetpayoviouén tuyatomoinor (Permuted blocks)
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MNumber of subjects:

[10
MNumber of treatments:

2

Simple Randomization

Size of blocks:

=

Block Randomization

Size of blocks:

=

Permuted Blocks

Strata 1:
(e.g. male, female):

|ma|e, female

Strata 2:
(e.g. age< 30, age>=50):

Strata 3:

Output Copy output to clipboard

Stratified Randomization

Randomization between groups: Permuted Blocks
Humber of Subjects: 10

Humber of Treatments: 2

Group of digits: [[1], [2], [31, [4]., [3], [&]]
Block Size: 4 (['RRBB', 'RBAR', 'REEA', 'BLLB',

"BABA', 'BBAR'])

Subject
Subject
Subject
Subject
Subject
Subject
Subject
Subject
Subject
Subject
Subject
Subject

=1 o 0o L R

W WE W W
S+ v e - e I S S S * ]

Imbalance

male {A/B (&6/86)}
female {A/B (&/6)}

(e.g. 1-3 +ve nodes, >=4 nodes)

+ Permuted Blocks
(preferred for balance)

 Simple Randomization

Yympoa 8: rpopatomoinuévn tuyatonoinon (Stratified Randomization)

6. Topunépaocpo

2’ oot TN SAOUOTIKY €pyacio vAomomOnKe pio eQoproyn Yo TNV EKTELEST SLOPOP®V

TOnwv  toyowomoinong  (amhf]  TLXOMOTOINGT),  TETPAYMOVICUEVN]  TLYOLOTOINGT,

OTPOUOTOTOINGCT KOTA OUAOES KOl OTpOUOTOTOMUEVT] TuYotomoinon). H ypnon tng
yAdooog mpoypoupatiopod PYTHON  onuaiver 611 10 ovotnua  pmopel  va
ypnowonombei téco o meptPariiov Windows 6co kot oe tepipdirov UNIX. Akoua kot

av eMTEVYONKE O OKOMOG TNG TLYOLOTOINGCNG VIAPYEL OKOU YDPOS Yo UEAAOVTIKES
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TPOEKTAGEIS OTMOC Y10 TAPASEIY LA VO GUUTEPIANEHOVV Kot GAAOL TOTOL TVYOLOTOINONG

ommc covariate adaptive randomization, response-adaptive randomization.

7. Avagopég

[1]

[2]
[3]

[4]

[5]
[6]
[7]
[8]
[9]

Frane JW. A method of biased coin randomization, its implementation and
validation. Drug Inf J. 1998;32:423-32.

Altaman DG, Bland JM. How to use randomize. BMJ. 1999;319:703-4.

Altaman DG, Bland JM. Statistics notes. Treatment allocation in controlled trails:
Why randomize? BMJ. 1999;318:1209.

An overview of randomization techniques: An unbiased assessment of outcome in

clinical research http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3136079/

Python https://www.python.org/
The Python tutorial https://docs.python.org/2/tutorial/

Eclipse https://eclipse.org/
Biopython_http://biopython.org/wiki/Main_Page
py2exe http://www.py2exe.org

19

THovemotnuio Osooaliog: Aimlouatixy Epyacio

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 01:04:25 EEST - 18.227.105.135


http://www.google.gr/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=0CAgQjRwwAGoVChMIoO_pjYT0xgIVBd0sCh1HPAYF&url=http://www.3srbreeding.eu/ThenbspPartners/UniversityofThessaly.aspx&ei=61KyVeBNhbqzAcf4mCg&psig=AFQjCNHUchNpY9UTksqRwRGvFFhdEk2UUQ&ust=1437836395153403
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3136079/
https://www.python.org/
https://docs.python.org/2/tutorial/
https://eclipse.org/
http://biopython.org/wiki/Main_Page
http://www.py2exe.org/

B®e60wpog Mrpdtong, ‘AvamTuén evOc AOYIGLIKOD GE YADGGO TPOYPOLLLATIGLOV
Python yia tv extéleon S10popmv TOT®V TUYALOTOINONG (ATAN,
ZTPOUATOTOMUEVT KO TETPAYOVIGUEVT TVYOLOTTOINGN)’

8. Appendix — Kadwkag Python

8.1. Khaon guiRandomization

mwn

Author: Theodoros Mprotsis

(MSc Research Methodology 1in Biomedicine, Biostatistics and
Clinical Bioinformatics" at University of Thessaly)
Year: 2014/2015
Description: Develop a software in Python for performing different types of
randomization (simple, stratified and block randomization)

mn

from Tkinter import *

from ttk import Frame, Button, Label, Style

from simpleRandomization import simpleRandomization

from permutedBlocks import permutedBlocks

from blockRandomization import blockRandomization

from stratifiedRandomization import stratifiedRandomization

class guiRandomization(Frame):

def __init__(self, parent):

Frame.__init_ (self, parent)

self.parent = parent

self.randomizations={"'simple': simpleRandomization(), \
'block': blockRandomization(), \
'permuted’: permutedBlocks(), \
'stratified’: stratifiedRandomization()}

self.initUI()

def initUI(self):

self.parent.title("Randomization")
self.style = Style()
self.style.theme_use( "default")
self.pack(fill=BOTH, expand=TRUE)

maxRows=21

self.columnconfigure(1l, weight=1)
self.columnconfigure(3, pad=7)
self.rowconfigure(maxRows, weight=1)

self.rowconfigure(maxRows, pad=7)

rowNumber=0
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self.PERMUTED_LIST={'2': {2, 4, 6, 8}, '3': {3, 6, 9}, '4': {4, 8},

'5': {5}}
MODES = [
("Permuted Blocks\n(preferred for balance)", "PERMUTED"),
("Simple Randomization", "SIMPLE"),
]

1blOutput = Label(self, text="Output")
1blOutput.grid(row=0, column=3, sticky=W, pady=4, padx=5)

btncopyToClipboard=Button(self, text="Copy output to clipboard”,
command=self.copytoclipboard, width=29)
btncopyToClipboard.grid(row=0, column=3, sticky=E, pady=4, padx=5)

self.output = Text(self, wrap="none", height=20)

self.output.grid(row=1, column=3, columnspan=2, rowspan=maxRows,
padx=5, sticky=E+W+S+N)

hscrl = Scrollbar(self, orient=HORIZONTAL, command=self.output.xview)

vscrl = Scrollbar(self, command=self.output.yview)

vscrl.grid(row=rowNumber+1l, column=3, columnspan=2, rowspan=maxRows,
sticky="ens', padx=5)

hscrl.grid(row=maxRows+1l, column=3, columnspan=2, sticky='ew’,
padx=5)

self.output[ “xscrollcommand"]=hscrl.set
self.output[ "yscrollcommand"]=vscrl.set

lblsimpleNumberOfSubjects=Label(self, text="Number of subjects:")

lblsimpleNumberOfSubjects.grid(row=rowNumber, column=0, sticky=W,
pady=4, padx=5)

rowNumber=rowNumber+1

self.simpleNumberOfSubjects=IntVar()

self.simpleNumberOfSubjects.trace( 'w’', self.update_all options)

txtsimpleNumberOfSubjects=Entry(self, width=30,
textvariable=self.simpleNumberOfSubjects)

txtsimpleNumberOfSubjects.grid(row=rowNumber, column=0, sticky=W+N,
pady=4, padx=5)

rowNumber=rowNumber+1

1blsimpleNumberOfTreatments=Label(self, text="Number of treatments:")

1blsimpleNumberOfTreatments.grid(row=rowNumber, column=0, sticky=W+N,
pady=4, padx=5)

rowNumber=rowNumber+1
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self.simpleNumberOfTreatments=IntVar()

self.simpleNumberOfTreatments.trace( 'w’, self.update_all options)

txtsimpleNumberOfTreatments=Entry(self, width=30,
textvariable=self.simpleNumberOfTreatments)

txtsimpleNumberOfTreatments.grid(row=rowNumber, column=0, sticky=W+N,
pady=4, padx=5)

rowNumber=rowNumber+1

btnsimpleRandomization=Button(self, text="Simple Randomization",
command=self.simpleRandomization, width=29)

btnsimpleRandomization.grid(row=rowNumber, column=0, sticky=W+N,
pady=4, padx=5)

rowNumber=rowNumber+1

lblblockSizeOfBlocks=Label(self, text="Size of blocks:")

lblblockSizeOfBlocks.grid(row=rowNumber, column=0, sticky=W+N,
pady=4, padx=5)

rowNumber=rowNumber+1

self.blockSizeOfBlocks=IntVar()

self.optblockSizeOfBlocks=0OptionMenu(self, self.blockSizeOfBlocks,
II)

self.optblockSizeOfBlocks.grid(row=rowNumber, column=0, sticky=W+N,
pady=4, padx=5)

rowNumber=rowNumber+1

btnblockRandomization=Button(self, text="Block Randomization",
command=self.blockRandomization, width=29)

btnblockRandomization.grid(row=rowNumber, column=0, sticky=W+N,
pady=4, padx=5)

rowNumber=rowNumber+1

lblsizeOfBlocks=Label(self, text="Size of blocks:")

lblsizeOfBlocks.grid(row=rowNumber, column=0, sticky=W+N, pady=4,
padx=5)

rowNumber=rowNumber+1

self.SizeOfBlocks=IntVar()

self.optSizeOfBlocks=0OptionMenu(self, self.SizeOfBlocks, ')

self.optSizeOfBlocks.grid(row=rowNumber, column=0, sticky=W+N,
pady=4, padx=5)

rowNumber=rowNumber+1

btnpermutedBlocks=Button(self, text="Permuted Blocks",
command=self.permutedBlocks, width=29)
btnpermutedBlocks.grid(row=rowNumber, column=0, sticky=W+N, pady=4,

padx=5)
rowNumber=rowNumber+1
lblstratal=Label(self, text="Strata 1:\n(e.g. male, female):")
lblstratal.grid(row=rowNumber, column=0, sticky=W+N, pady=4, padx=5)
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rowNumber=rowNumber+1

self.stratal=StringVar()

txtstratal=Entry(self, width=30, textvariable=self.stratal)
txtstratal.grid(row=rowNumber, column=0, sticky=W+N, pady=4, padx=5)
rowNumber=rowNumber+1

lblstrata2=Label(self, text="Strata 2:\n(e.g. age<56, age>=50):")
lblstrata2.grid(row=rowNumber, column=0, sticky=W+N, pady=4, padx=5)
rowNumber=rowNumber+1

self.strata2=StringVar()

txtstrata2=Entry(self, width=30, textvariable=self.strata2)
txtstrata2.grid(row=rowNumber, column=0, sticky=W+N, pady=4, padx=5)
rowNumber=rowNumber+1

lblstrata3=Label(self, text="Strata 3:\n(e.g. 1-3 +ve nodes, >=4
nodes)")

lblstrata3.grid(row=rowNumber, column=0, sticky=W+N, pady=4, padx=5)

rowNumber=rowNumber+1

self.strata3=StringVar()

txtstrata3=Entry(self, width=30, textvariable=self.strata3)
txtstrata3.grid(row=rowNumber, column=0, sticky=W+N, pady=4, padx=5)
rowNumber=rowNumber+1

self.stratifiedOptions=StringVar()
self.stratifiedOptions.set("PERMUTED")
for text, mode in MODES:
b=Radiobutton(self, text=text, variable=self.stratifiedOptions,
value=mode, justify=LEFT, width=22, anchor=W)
b.grid(row=rowNumber, column=0, sticky=W+N, pady=4, padx=5)
rowNumber=rowNumber+1

btnstratifiedRandomization=Button(self, text="Stratified
Randomization"”, command=self.stratifiedRandomization, width=29)

btnstratifiedRandomization.grid(row=rowNumber, column=0, sticky=W+N,
pady=4, padx=5)

rowNumber=rowNumber+1

def simpleRandomization(self):
self.output.delete(1.0, END)
try:

self.randomizations[ 'simple'].setNumberOfSubjects(self.simpleNumberOfSubjects
-get())

self.randomizations[ 'simple’].setNumberOfTreatments(self.simpleNumberOfTreatm

ents.get())
self.randomizations[ 'simple'].allocateSubjects()
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self.output.insert(INSERT,
self.randomizations[ 'simple’].consoleOutput())
except ValueError as v:
self.output.insert(INSERT, "Please insert a valid
number.\n\nError message:%s"%v)
except Exception as e:
self.output.insert(INSERT, e)

def permutedBlocks(self):
self.output.delete(1.0, END)
try:

self.randomizations[ 'permuted’].setNumberOfTreatments(self.simpleNumberOfTrea
tments.get())

self.randomizations[ 'permuted’].setNumberOfSubjects(self.simpleNumberOfSubjec
ts.get())

self.randomizations[ 'permuted’].setSizeOfBlocks(self.SizeOfBlocks.get())
self.randomizations[ 'permuted’].allocateSubjects()
self.output.insert(INSERT,
self.randomizations[ ‘permuted’].consoleOutput())
except ValueError as v:
self.output.insert(INSERT, "Please insert a valid
number.\n\nError message: %s"%V)
except Exception as e:
self.output.insert(INSERT, e)

def blockRandomization(self):
self.output.delete(1.0, END)
try:

self.randomizations[ 'block’].setNumberOfSubjects(self.simpleNumberOfSubjects.
get())

self.randomizations[ ‘block'].setNumberOfTreatments(self.simpleNumberOfTreatme
nts.get())

self.randomizations[ 'block’'].setSizeOfBlocks(self.blockSizeOfBlocks.get())
self.randomizations[ ‘block'].allocateSubjects()
self.output.insert(INSERT,
self.randomizations[ '‘block'].consoleOutput())
except ValueError as v:
self.output.insert(INSERT, "Please insert a valid
number.\n\nError message: %s"%v)
except Exception as e:
self.output.insert(INSERT, e)

def stratifiedRandomization(self):
self.output.delete(1.0, END)
try:
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self.randomizations[ 'stratified’].setNumberOfTreatments(self.simpleNumberOfTr
eatments.get())

self.randomizations[ 'stratified’].setNumberOfSubjects(self.simpleNumberOfSubj
ects.get())
if self.stratifiedOptions.get()=="PERMUTED":

self.randomizations[ 'stratified’'].setSizeOfBlocks(self.SizeOfBlocks.get())

self.randomizations[ 'stratified’].setRandomization(self.stratifiedOptions.get
)
self.randomizations[ ‘stratified'].setStrata(self.stratal.get())
self.randomizations[ 'stratified’'].setStrata(self.strata2.get())
self.randomizations[ 'stratified’'].setStrata(self.strata3.get())
self.randomizations[ 'stratified’].allocateSubjects()
self.output.insert(INSERT,
self.randomizations[ ‘stratified’].consoleOutput())
except ValueError as v:
self.output.insert(INSERT, "Please insert a valid
number.\n\nError message: %s"%v)
except Exception as e:
self.output.insert(INSERT, e)

def copytoclipboard(self):
output_value=self.output.get("1.8", 'end-1c"')

self.parent.clipboard_clear()

self.parent.clipboard_append(output_value)

def update_all_options(self, *args):
try:
self.update_option_block_randomization(self, *args)
self.update_option_permuted_blocks(self, *args)
except Exception:
pass

def update_option_block_randomization(self, *args):
try:
x=blockRandomization()
X.setNumberOfSubjects(self.simpleNumberOfSubjects.get())
X.setNumberOfTreatments(self.simpleNumberOfTreatments.get())
menu=self.optblockSizeOfBlocks[ ‘menu "]
menu.delete(@, 'end’)

THovemotnuio Osooaliog: Aimlouatixy Epyacio
25

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 01:04:25 EEST - 18.227.105.135


http://www.google.gr/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=0CAgQjRwwAGoVChMIoO_pjYT0xgIVBd0sCh1HPAYF&url=http://www.3srbreeding.eu/ThenbspPartners/UniversityofThessaly.aspx&ei=61KyVeBNhbqzAcf4mCg&psig=AFQjCNHUchNpY9UTksqRwRGvFFhdEk2UUQ&ust=1437836395153403

B®e60wpog Mrpdtong, ‘AvamTuén evOc AOYIGLIKOD GE YADGGO TPOYPOLLLATIGLOV
Python yia tv extéleon S10popmv TOT®V TUYALOTOINONG (ATAN,
ZTPOUATOTOMUEVT KO TETPAYOVIGUEVT TVYOLOTTOINGN)’

for subjectsInBlock in
sorted(x.getNumbersOfSubjectsInBlock(self.simpleNumberOfSubjects.get())):
menu.add_command(label=subjectsInBlock, command=lambda
sib=subjectsInBlock: self.blockSizeOfBlocks.set(sib))
except Exception:
pass

def update_option_permuted_blocks(self, *args):
try:
menu=self.optSizeOfBlocks[ 'menu’]
menu.delete(@, 'end")
for blockNumber in
sorted(self.PERMUTED_LIST[str(self.simpleNumberOfTreatments.get())]):
menu.add_command(label=blockNumber, command=lambda
blkNr=blockNumber: self.SizeOfBlocks.set(blkNr))
except Exception:
pass

def main():

root = Tk()
root.geometry("+300+50")
root.resizable(0,0)
guiRandomization(root)
root.mainloop()

’ '

if __name__ == '__main__":

main()

8.2. Khaon randomization

mwn

Author: Theodoros Mprotsis

(MSc Research Methodology 1in Biomedicine, Biostatistics and
Clinical Bioinformatics" at University of Thessaly)
Year: 2014/2015
Description: Develop a software in Python for performing different types of
randomization (simple,

stratified and block randomization)

mwn

mun

Randomization

Main class.

Inheritaded by the other classes (simpleRandomization, permutedBlocks,
stratifiedRandomization,
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blockRandomaztion.

mn

class randomization(object):

_ERROR_MSG_NUMBER_OF_TREATMENTS= 'Number of treatments must be between 1
and 10'

_ERROR_MSG_NUMBER_OF_SUBIJECTS= ‘Number of subjects must be greater than @'

_ERROR_MSG_NUMBER_OF_BLOCKS= 'Number of blocks must be: '

_ERROR_MSG_STRATA_FORMAT='Strata must be in the format: groupl, group2
for 1instance: male, female'

_ERROR_MSG_STRATA_GROUPS_NOT_DEFINED="'Please define the strata groups
first'

_ERROR_MSG_STRATA_SUB_RANDOMIZATION= 'Possible values are SIMPLE and
PERMUTED'

_ERROR_MSG_NO_STRATA_DEFINED= ‘No strata where defined'’

_MAX_NUMBER_OF_TREATMENTS=10
_NUMBER_OF_DIGITS=10

def __init_ (self):
self.numberOfTreatments=2
self.numberOfSubjects=10
self.allocation=[]
self.randomNumber=[]

def possibleImbalance(self):

returnValuel=""

returnValue2=""

returnValuel=returnValuel+ "\nImbalance\n\n'

for i in range(9, self.numberOfTreatments):
returnValuel = returnValuel+ '{9:3s}'.format(chr(i+65))+" / '
returnValue2

returnValue2+'{0:3s}'.format(str(self.allocation.count(chr(i+65))))+" / '
return returnvValuel[:-3]+'\n +returnValue2[:-3]

def consoleOutput(self):
output=""
for i in range(9, len(self.allocation)):
output=output+'Subject {0:3d} is allocated to treatment {1}
(Random number: {2})\n'.format(i+l, self.allocation[i], self.randomNumber[i])
output=output+self.possibleImbalance()
return output

def createGroups(self):
self.groupOfDigis=[[]]
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numbersInEachGroup=self. NUMBER_OF_DIGITS / self.numberOfTreatments
currentGroup=1
numberInCurrentGroup=1
lbound=0
excludeDigits = self._NUMBER_OF_DIGITS % self.numberOfTreatments
if (excludeDigits > 9):
lbound = excludeDigits
for i in range(lbound, self. NUMBER_OF_DIGITS):
self.groupOfDigis[currentGroup-1].append(i)
if numberInCurrentGroup==numbersInEachGroup:
numberInCurrentGroup=1
self.number0OfGroups = currentGroup
currentGroup=currentGroup+1
if i<self. NUMBER_OF DIGITS-1:
self.groupOfDigis.append([])
else:
numberInCurrentGroup=numberInCurrentGroup+1
return

setNumberOfSubjects(self, numberOfSubjects):
if (numberOfSubjects<=0):

raise Exception(self. ERROR_MSG_NUMBER_OF_SUBJECTS)
else:

self.numberOfSubjects=number0OfSubjects

setNumberOfTreatments(self, numberOfTreatments):
if (numberOfTreatments>self. MAX_NUMBER_OF_TREATMENTS or
numberOfTreatments<=0):
raise Exception(self._ERROR_MSG_NUMBER_OF_TREATMENTS)
else:
self.numberOfTreatments=numberOfTreatments

getAllocation(self):
return self.allocation

getNumberOfTreatments(self):
return self.numberOfTreatments

8.3. Kihdon simpleRandomization

mon

Author:

Theodoros Mprotsis
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(MSc Research Methodology 1in Biomedicine, Biostatistics and
Clinical Bioinformatics" at University of Thessaly)
Year: 2014/2015
Description: Develop a software in Python for performing different types of
randomization (simple,

stratified and block randomization)

mwn

from randomization import randomization

import random

mwn

Simple Randomization

Randomization based on a single sequence of random assignments is known
as simple

randomization. This technique maintains complete randomness of the
assignment of

a subject to a particular group. The most common and basic method of
simple randomization

is flipping a coin (source:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3136079).

mn

class simpleRandomization(randomization):

def __init__(self):
randomization._ init_ (self)
self.groupOfDigis=[[]]
self.numberOfGroups=0

def allocateSubjects(self):
self.allocation=[]
self.randomNumber=[]

self.createGroups()
nOfGroups=self.numberOfTreatments
lbound=self._NUMBER_OF_DIGITS % self.numberOfTreatments
ubound=self._ NUMBER_OF_DIGITS-1
currentGroup=0
for i in range(lbound, self.numberOfSubjects+lbound):
randomNumber=random.randint(lbound, ubound)
for j in range(currentGroup, nOfGroups):
if randomNumber in self.groupOfDigis[j]:
self.allocation.append(chr(j+65))
self.randomNumber.append(randomNumber)
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def consoleOutput(self):
output=self.getOutputHeader()
output=output+randomization.consoleOutput(self)
return output

def getOutputHeader(self):
output=self.getName()+ '\n\n"'
output=output+ 'Number of subjects: %d\n'%(self.numberOfSubjects)
output=output+ 'Number of treatments: %d\n'%(self.numberOfTreatments)
output=output+ 'Group of digits: %s\n\n'%(str(self.group0fDigis))
return output

def getNumberOfTreatments(self):
return self.numberOfTreatments

def getNumberOfGroups(self):
return self.numberOfGroups

def getNrOfSubjectsInGroup(self, treatment):
return self.allocation.count(treatment)

def getName(self):
return 'Simple Randomization'

def getInternal(self):

return 'SIMPLE’
if __name__ == " _ main__":

try:
x=simpleRandomization()
x.setNumberOfTreatments(3)
X.setNumberOfSubjects(10)
x.allocateSubjects()
print x.consoleOutput()

except Exception as e:
print e

8.4. Khaon permutedBlocks

mon

Author: Theodoros Mprotsis
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(MSc Research Methodology 1in Biomedicine, Biostatistics and
Clinical Bioinformatics" at University of Thessaly)
Year: 2014/2015
Description: Develop a software in Python for performing different types of
randomization (simple,

stratified and block randomization)

mwn

from randomization import randomization

import random
import itertools

mon

Permuted Blocks

An alternative to table of random numbers procedure is to adopt a random
permutation procedure

(a random ordering of numbers). In this procedure, we consider all
possible ordering ways in defining

blocks of the same.

mwn

class permutedBlocks(randomization):

_ERROR_MSG_NUMBER_OF_TREATMENTS= 'Number of treatments must be 2, 3, 4 or

_MAX_NUMBER_OF_TREATMENTS=5

def __init__(self):
randomization.__init__ (self)

self.numberOfBlocks=2
self.newNumberOfBlocks=self.numberOfBlocks

self.group0fDigis=[[]]

self.treatmentGroups=[]

self.PERMUTED LIST={'2': {2, 4, 6, 8}, '3': {3, 6, 9}, '4': {4, 8},
50 {5}}
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def createCombinationsOfTreatments(self):

product=itertools.product(self.getASCIITreatments(),
repeat=self.numberOfBlocks)

uniqueBlocks=0
for s in product:

if self.checkTreatmentRatio(s):
uniqueBlocks=uniqueBlocks+1
self.treatmentGroups.append(’'’'.join(s))

if uniqueBlocks > self. NUMBER_OF_DIGITS:
self. NUMBER_OF_DIGITS=len(self.treatmentGroups)
uniqueBlocks=self. NUMBER_OF_DIGITS

return uniqueBlocks

def checkTreatmentRatio(self, arrayOfTreatments):
equal=True
i=1
while i<len(self.getASCIITreatments()) and equal:
if
arrayOfTreatments.count(chr(65+i))<>arrayOfTreatments.count(chr(65+i-1)):
equal=False
i=i+l
return equal

def defineNumbersInEachGroup(self):
numbersInEachGroup=5

if self.numberOfBlocks<>2:

numbersInEachGroup=1
return numbersInEachGroup

def createGroups(self):
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self.treatmentGroups = []

self.groupOfDigis=[[]]

lbound=0

currentGroup=1
numbersInEachGroup=self.defineNumbersInEachGroup()

uniqueBlocks=self.createCombinationsOfTreatments()
excludeDigits=self._NUMBER_OF_DIGITS % uniqueBlocks

ubound=self. NUMBER_OF_DIGITS-excludeDigits
if (excludeDigits>9):

lbound=1

ubound=ubound+1

numberInCurrentGroup=1
for i in range(lbound, ubound):
self.groupOfDigis[currentGroup-1].append(i)
if numberInCurrentGroup==numbersInEachGroup:
numberInCurrentGroup=1
self.numberOfGroups=currentGroup
currentGroup=currentGroup+1
if i<ubound-1:
self.groupOfDigis.append([])
else:
numberInCurrentGroup=numberInCurrentGroup+1

return uniqueBlocks

def allocateSubjects(self):

self.allocation=[]
self.randomNumber=[]

noOfGroups=self.createGroups()

lbound=self.groupOfDigis[0][Q]
ubound=self.groupOfDigis[len(self.groupOfDigis)-
1][len(self.groupOfDigis[len(self.groupOfDigis)-1])-1]
currentSubject=0
while currentSubject<self.numberOfSubjects:
randomNumber=random.randint(lbound, ubound)
currentGroup=0
while (currentGroup<noOfGroups):
if randomNumber in self.groupOfDigis[currentGroup]:
y=0
self.randomNumber.append(randomNumber)
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while (y<self.newNumberOfBlocks):

self.allocation.append(self.treatmentGroups[currentGroup][y])
y=y+l
currentSubject=currentSubject+1
currentGroup=currentGroup+1

def consoleOutput(self):
output=self.getOutputHeader()

for i in range(@, len(self.allocation)):
if 1 % self.newNumberOfBlocks==0:
output=output+ 'Subject {6:3d} is allocated to treatment {1}
(Random number: {2})\n'.format(i+l, self.allocation[i],
self.randomNumber[i/self.newNumberOfBlocks])
else:
output=output+ 'Subject {6:3d} is allocated to treatment
{1}\n'.format(i+l, self.allocation[i])

output=output+self.possibleImbalance()
return output

def getOutputHeader(self):
output=self.getName()+ '\n\n"'

output=output+ 'Number of Subjects: %d\n'%(self.numberOfSubjects)
output=output+ '‘Number of Treatments: %d\n'%(self.numberOfTreatments)
output=output+ 'Group of digits: %s\n\n'%(str(self.group0fDigis))

output=output+ 'Block Size: %d (%s)'%(self.numberOfBlocks,
str(self.treatmentGroups) )+ '\n\n'
return output

def getASCIITreatments(self):
ascii=""
for i in range (0, self.numberOfTreatments):
ascii=ascii+chr(65+i)
return ascii

def setSizeOfBlocks(self, numberOfBlocks):
if (numberOfBlocks in
self.PERMUTED_LIST[str(self.numberOfTreatments)]):
self.numberOfBlocks=numberOfBlocks
self.newNumberOfBlocks=self.numberOfBlocks
else:
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raise
Exception(self. ERROR_MSG_NUMBER_OF_BLOCKS+str(sorted(self.PERMUTED LIST[str(
self.numberOfTreatments)])))

def setNumberOfTreatments(self, numberOfTreatments):
if numberOfTreatments<2 or
numberOfTreatments>self. MAX_NUMBER_OF TREATMENTS:
raise Exception(self._ERROR_MSG_NUMBER_OF_TREATMENTS)
else:
self.numberOfTreatments=numberOfTreatments

def getName(self):
return 'Permuted Blocks'

def getInternal(self):
return 'PERMUTED'

def getSizeOfBlocks(self):
return self.newNumberOfBlocks

def getTreatmentGroups(self):
return self.treatmentGroups
if __name__ == "_main__
try:
x=permutedBlocks()
X.setNumberOfTreatments(5)
x.setSizeOfBlocks(5)
x.setNumberOfSubjects(12)
x.allocateSubjects()
print x.consoleOutput()
except Exception as e:
print e

8.5. Khaon stratifiedRandomization

mwn

Author: Theodoros Mprotsis

(MSc Research Methodology 1in Biomedicine, Biostatistics and
Clinical Bioinformatics" at University of Thessaly)
Year: 2014/2015
Description: Develop a software in Python for performing different types of
randomization (simple,

stratified and block randomization)

mwn
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from simpleRandomization import simpleRandomization
from permutedBlocks import permutedBlocks

import itertools

mn

Stratified Randomization

The stratified randomization method addresses the need to control and
balance the

influence of covariates. This method can be used to achieve

balance among groups 1in terms of subjects baseline characteristics
(covariates).

(source: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3136079)

Restriction: The stratified randomization class works for two, three,
four and five treatments

mwn

class stratifiedRandomization(simpleRandomization, permutedBlocks):

_ERROR_MSG_NUMBER_OF_TREATMENTS= 'Number of treatments must be 2, 3, 4 or
5

_MAX_NUMBER_OF_TREATMENTS=5
_LEFT_OUTPUT_SPACES=16

def __init_ (self):
simpleRandomization.__init__ (self)
permutedBlocks. init_ (self)
self.strata=[]
self.noOfSubjectsInEachGroup=0

def allocateSubjects(self):
self.allocation=[]
if self.strata:
self.numberOfStrata=self.getNumberOfStrata()
self.noOfSubjectsInEachGroup=self.numberOfSubjects

for i in range(9, self.getNumberOfStrata()):

self.strataRandomization.setNumberOfTreatments(self.numberOfTreatments)
if self.strataRandomization.getInternal()=='PERMUTED":

self.strataRandomization.setSizeOfBlocks(self.getSizeOfBlocks())
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self.strataRandomization.setNumberOfSubjects(self.no0fSubjectsInEachGroup)
self.strataRandomization.allocateSubjects()

self.allocation.append(self.strataRandomization.getAllocation())

self.strataRandomization.setNumberOfSubjects(self.numberOfSubjects)
else:
raise Exception(self._ERROR_MSG_NO_STRATA DEFINED)

def possibleImbalance(self):
returnvalue="Imbalance\n\n'
for i in range(9, self.numberOfStrata):
returnValuel=""
returnValue2=""
for j in range(©, self.numberOfTreatments):
returnValuel = returnValuel + chr(j+65) + '/’
returnvalue2 =
returnvValue2+str(self.allocation[i].count(chr(j+65)))+'/"’
returnvalue=returnvalue+ '%s '%(self.combineGroupHeaders()[i])+
{'+returnvValuel[:-1]+" ( "+returnvValue2[:-1]+")}\n"’
return returnvalue

def combineStrata(self, arrays):
out=[]
for t in itertools.product(*arrays):
out.append(t)
return out

def consoleOutput(self):

maximumLengthOfCombinedGroups=self.getMaximumLengthOfCombinedGroups()

output=self.getName()+'\n\n"’

output=output+ 'Randomization between groups:
%s '%(self.strataRandomization.getOutputHeader())+ ' '\n'
output=output+’ '*self. LEFT_OUTPUT_SPACES
for i in range(9, len(self.combineStrata(self.strata))):
output=output+'{0:{1}s}'.format(self.combineGroupHeaders()[i],
maximumLengthOfCombinedGroups)

output=output+'\n’

output=output+' "*self. LEFT_OUTPUT_SPACES+'-
"*(len(self.combineStrata(self.strata))*maximumLengthOfCombinedGroups-1)

output=output+'\n’
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for i in range(9, len(self.allocation[@0])):
output=output+ 'Subject {0:3d} ".format(i+1)
for j in range(©, len(self.allocation)):
output=output+'{0:{1}s} ' .format(self.allocation[j][i],
maximumLengthOfCombinedGroups)
output=output+'\n’

output=output+'\n'+self.possibleImbalance()

return output

def combineGroupHeaders(self):
groupHeaders=[]
for i in range(9, len(self.combineStrata(self.strata))):
header=""
for j in range(©, len(self.combineStrata(self.strata)[i])):
header=header+self.combineStrata(self.strata)[i][j]+ '/’

header=header[:-1]
groupHeaders.append(header)
return groupHeaders

def setStrata(self, strata):
if strata.strip()<>'":

strata=strata.replace(’, ', ', ").replace(’ ,"', ', ")

self.strata.append(strata.split(’, "))

maxgroups=1

for i in range(9, len(self.strata)):
maxgroups=maxgroups*len(self.strata[i])

if (maxgroups==1):
raise Exception(self. ERROR_MSG_STRATA_FORMAT)

def setRandomization(self, strataRandomization):
if strataRandomization=='SIMPLE":
self.strataRandomization=simpleRandomization()
elif strataRandomization=='PERMUTED":
self.strataRandomization=permutedBlocks()
else:
raise Exception(self. ERROR_MSG_STRATA_SUB_RANDOMIZATION)

def setNumberOfTreatments(self, numberOfTreatments):
if numberOfTreatments<2 or
numberOfTreatments>self. MAX_NUMBER_OF_TREATMENTS:
raise Exception(self._ERROR_MSG_NUMBER_OF_TREATMENTS)
else:
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self.strata=[]
self.numberOfTreatments = numberOfTreatments

def getNumberOfStrata(self):
n=1
for i in range(9, len(self.strata)):
n=n*len(self.strata[i])
return n

def getMaximumLengthOfCombinedGroups (self):
maxLength=0
for i in range(9, len(self.combineStrata(self.strata))):
groupName=""
for j in range(©, len(self.combineStrata(self.strata)[i])):
groupName=groupName+self.combineStrata(self.strata)[i][j]+ "'/’
groupName=groupName[:-1]
if len(groupName)>maxLength:
maxLength=1len(groupName)
return maxLength+1

def getName(self):
return 'Stratified Randomization'

def getInternal(self):
return 'STRATIFIED'
" main__":
try:
x=stratifiedRandomization()
.setNumberOfSubjects(12)
.setNumberOfTreatments(2)
.setSizeOfBlocks(2)
.setStrata( 'male, female")
.setStrata( 'age<50, age>=50")

X X X X X

X.setRandomization( 'PERMUTED")
x.allocateSubjects()
print x.consoleOutput()
except Exception as e:
print e

8.6. Khaon blockRandomization

mon

Author: Theodoros Mprotsis
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(MSc Research Methodology 1in Biomedicine, Biostatistics and
Clinical Bioinformatics" at University of Thessaly)
Year: 2014/2015
Description: Develop a software in Python for performing different types of
randomization (simple,

stratified and block randomization)

mwn

from randomization import randomization

import random

mwn

Block Randomization

Block randomization restricts randomization to ensure approximately equal

numbers

of patients on each treatment. In block randomization, we consider the
patients

in blocks of a specific size and we assign the treatments to blocks
randomly.

mwn

class blockRandomization(randomization):

def __init_ (self):
randomization._ init_ (self)
self.numberOfSubjectsInEachBlock=0
self.treatmentGroups=[]
self.groupOfDigis=[[]]
self.permutedDigits=[0,1,2,3,4,5,6,7,8,9]
self.numberOfBlocks=0

def createGroups(self):

self.groupOfDigis=[[]]

self.numberOfSubjectsInEachBlock=self.numberOfBlocks

numbersInEachTreatmentGroup=self.numberOfSubjectsInEachBlock/self.numberOfTre
atments

currentGroup=1
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numberInCurrentGroup=1
lbound=0

excludeDigits = self._NUMBER_OF_DIGITS % self.numberOfTreatments
ubound=self.numberOfSubjectsInEachBlock+excludeDigits

if (excludeDigits > 9):
lbound=excludeDigits

for i in range(lbound, ubound):
self.groupOfDigis[currentGroup-1].append(i)
if numberInCurrentGroup==numbersInEachTreatmentGroup:
numberInCurrentGroup=1
self.numberOfGroups=currentGroup
currentGroup=currentGroup+1
if i<ubound-1:
self.groupOfDigis.append([])
else:
numberInCurrentGroup=numberInCurrentGroup+1

return

def allocateSubjects(self):

self.randomNumber=[]
self.allocation=[]

self.createGroups()

currentTreatmentGroup=0
nOfTreatmentGroups=self.numberOfTreatments

nOfpermutedBlocks=self.numberOfSubjects/self.numberOfSubjectsInEachBlock

for i in range(©@, nOfpermutedBlocks):
random.shuffle(self.permutedDigits)
for j in self.permutedDigits:
for y in range(currentTreatmentGroup, nOfTreatmentGroups):
if j in self.groupOfDigis[y]:
self.randomNumber.append(j)
self.allocation.append(chr(y+65))

def consoleOutput(self):
output=self.getName()+ '\n\n"'
output=output+ '‘Number of Subjects: %d\n'%(self.numberOfSubjects)
output=output+ '‘Number of Treatments: %d\n'%(self.numberOfTreatments)
output=output+ 'Group of digits: %s\n\n'%(str(self.group0fDigis))
blockNumber=0
for i in range(©, len(self.allocation)):
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if 1 % self.numberOfSubjectsInEachBlock==0:
blockNumber=blockNumber+1
output=output+ 'Block {6:2d}: Subject {1:3d} is allocated to
treatment {2} (Random number: {3})\n'.format(blockNumber, i+1,
self.allocation[i], self.randomNumber[i])
else:
output=output+"’ Subject {0:3d} is allocated to
treatment {1} (Random number: {2})\n'.format(i+1l, self.allocation[i],
self.randomNumber[i])
output=output+self.possibleImbalance()
return output

def getName(self):
return 'Block Randomization'

def getInternal(self):
return 'BLOCK'

def getAllocation(self):
return self.allocation

def getNumbersOfSubjectsInBlock(self, numberOfSubjects):
subjectsInEachBlock=[]
permutedDigits=[o,1,2,3,4,5,6,7,8,9]
for i in [1e,9,8,7,6,5,4,3,2,1]:
if numberOfSubjects % i==0:
if i % self.numberOfTreatments==0:
self.numberOfSubjects=numberOfSubjects
subjectsInEachBlock.append(i)
else:
permutedDigits.pop()

if subjectsInEachBlock:
return subjectsInEachBlock
else:
return self.getNumbersOfSubjectsInBlock(numberOfSubjects+1)

def getMaxNumberOfSubjectsInBlock(self, numberOfSubjects):
return self.getNumbersOfSubjectsInBlock(numberOfSubjects)[0]

def setSizeOfBlocks(self, numberOfBlocks):
if (numberOfBlocks in
self.getNumbersOfSubjectsInBlock(self.numberOfSubjects)):
self.number0fBlocks=numberOfBlocks
else:
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B®e60wpog Mrpdtong, ‘AvamTuén evOc AOYIGLIKOD GE YADGGO TPOYPOLLLATIGLOV
Python yia tv extéleon S10popmv TOT®V TUYALOTOINONG (ATAN,
ZTPOUATOTOMUEVT KO TETPAYOVIGUEVT TVYOLOTTOINGN)’

raise

Exception(self. ERROR_MSG_NUMBER_OF BLOCKS+str(sorted(self.getNumbersOfSubjec
tsInBlock(self.numberOfSubjects))))

" "

if __name__ == "_ main__":
try:
x=blockRandomization()
x.setNumberOfSubjects(10)
X.setNumberOfTreatments(2)
x.setSizeOfBlocks(2)
x.allocateSubjects()
print x.consoleOutput()
except Exception as e:
print e

8.7. Module setup

Av vapyovv dikaumdpoto dtavoung tov apyeiov msverll0.dll, tote pmopel vo extedeotel
10 mopakdte module yio v dnuovpyia exteréouov apyeiov. H dnuovpyio tov
exkteléolpov apyeiov (python setup.py py2lexe) yivetar uéc® G YPOUUNS

evtormv (command line) otov @dxelo mov Ppickovtat ta apyeia Tov kddwka g Python

[9].

from distutils.core import setup

from glob import glob

import py2exe

data_files = [("Microsoft.VC11.CRT", glob(r'C:\Program Files (x86)\Microsoft
Visual Studio 11.0\VC\redist\x86\Microsoft.VC110.CRT\*.*"'))]

setup(console=[ 'guiRandomization.py'],
data_files=data_files)
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