2TOTLOTLKN |

Nwpyoc¢ Tolpoylavvng

Tunua Atoiknong Emiixelpnoewv AypoTtikwy

Mpoiovtwv kat Tpodipwy,

Maverotnuto Natpwv

Akadnuaiko €tog: 2020-2021



ALdAeén 8n

BaolKEG SLAKPLTEG KOTOVOUEG

‘]‘ i.(ih XVOTNTEG

ZTOTIOTIK)

e

6.1-6.5




Katavoun Bernoulli

* Neipapa TUXNG Y€ povo dVO, apoLBaiwg amokAeOpeva, duvata
aroTeEAECUATAL.

* JuvnOwg To €va arnotéAecpua ovopaletal emituyia (success) kal to
dA\\o armotuyia (failure).

* Y& pa dokwun Bernoulli o aplBuog twy emtuyiwyv ipodavwg sivat i
uLaL n Kapia.

* Av n mBavotnta erttuyiog elval p kat n Bavotnta anotuxiog sival g,
nmpopavwgp +g=1ng=1-p



Mapadeiypata

* H emitAoyn evog {wou Kall n e€ETaon TOU ylo va SLATILOTWOEL av €XEL
TPooPBANBOEeL Ao Lo cuyKekpLueVn aoBevela ival SoKLun
Bernoulli yiati ta duvata amoteAéopata gival pévo dvo: 1o {wo
clte €xeL pooPANOet (ertuyxia) ite Sev €xel ipooPAnBel
(artotuyla).



Mapadeiypata

* H AqUn deiypatog eAatoAadou kat 0 EAEYXOG yLa TO av €iva
voBeupévo eivat Sokwur Bernoulli yiati to ehatddado eite eivat
voBeupévo (emituyia) eite dev eival voBeupévo (amotuyia).

* H etithoyn Kat 0 EAeyxog evog GuUTOU yLa To av n &npn padla tou
temepvacl ta 150gr eivar ok Bernoulli ylati to puto €xel
&npn pala eite peyadutepn amo 150gr (emtuyia) ite to TTOAU
150gr (amotuyia).



Mapadeiypata

* QuteloUE Eva OTIOPO TILTIEPLAG KAl EAEYXOUHE av BAAOTNOE.
Npokettal ywa dokwun Bernoulli ylati o omiopog eite 6a BAaotroel
(ermituyia) ette ¢ Bo BAaotnoeL (arotuyio).

* H etttAoyn Kol 0 EAeyxog evog GUTOU yLa TO av €XEL Alyotepa atto 6
dUAa eival dokwun Bernoulli yiati to puto €xel elte Ayotepa amod
6 (emtuyia) eite Toulaylotov 6 VAN (arotuyia).



Mapadeiypata

* H erithoyn evog padnti A° AnpoTtikou Kat 0 EAEYX0G TNG
OUYKEVTPWONC TNC TIPOOOXNC Tou Kata ta ipwta 20 AeTtd TG
MPWTING WPAC TOU TIPOYPALUATOC UTIOPEL (UE CUYKEKPLUEVA
KPLTNPLOL) VO XOPAKTNPLOOEL £iTe LKAVOTIONTIKA £LTE OXL
LkavoTtoLnNTikr. Elvat emopévwg yta dokwun Bernoulli.



Katavoun Bernoulli

* Eotw X n dlakpiti tuxaia petaPAntn mov ekdppaletl tov aplOuo
Twv ertuxtwy og pla dokn Bernoulli pe mBavotnta emnttuyiag
p. H katavoun tng X ovopaletal katavoun Bernoulli (Bernoulli
distribution) pe mapapetpo p kat cupPoAiletal ye X~b(p) .

e Juvaptnon mbavotntag

J'pj x=1

f(x):P(X:x):'h_p v =0

W f()=P(X=x)=p"(l-p)'™, x=0, L



Meon tun Kot dltakupavon

* H ygon TN p tng X giva
H=EX)=0-f(O)+1-fD=p

* H StakUpavon o2

o’ =E(X*)—-[E(X] =07 f()+1*- f()-p* = p—p* = p(—p) = pq



Mapadelyua

* O yewTrovocg evog dutwplou oxupiletal otL ot BoABol TovAlroag tou
TapAayovtolL oto ¢putwplo BAaoctavouv o tocooto 20%.

* Evag aypotng mou eixe mpounBeuBel amo to CUYKEKPLUEVO GUTWPLO
pueyalo aplBuo BoABwv toulinag BeAnoe va eAeyEeL TOV LOXUPLOUO TOU
VEWTIOVOU.

o ErtéAee tuyala 52 amno toucg BoABoulc ou puTePE Kal dariotwoe OTL
BAdotnoav povo ot 38.

* Eivauw Sikatoloynpueveg ot apdLBoAieg Tou aypotn;



MNapadeypa L(’:’

* H tuxaia erttdoyn kot o eAeyxoc evoc BoABou yia to av PAaotnoE N
oxL, elvat pa dokwun Bernoulli.

* O gAeyxog 52 BoAPBwv eival pla oelpd-akolouBia 52 dokiwv
Bernoulli.

* Erituyia ovopaloupe to anoteAecpa «o BoABog BAaotnoe» Kall
arotuyia to anoteAeopa «o BoABOg dev BAaoTnGE



Mapadelyua

* ZKEMTLKO: Av artodeXBoUE TOV LOXUPLOUO TOU YEWTIOVOU, TIOCO
AOYLKO-TILBAVO €lval TO ATIOTEAEGUA TOU EAEYXOU TIOU EKOVE O

aypotng;
* Mg 6ebopevo OTL T0 TT0000TO Twv BoABwv TTou BAactavouv gival

90%, nooo mBavo eival arod toug S2 tuxaia emAeyUEVOUG
BoABoUc¢ va BpeBouv va €xouv BAaotnost ot 38;




MNapadeypa L(’:’

* Mola eival n mBavotnta, oe 52 enmavaANPeLlg plag SOKLUAG
Bernoulli va cupBouv 38 emituyieg, ue 6edopévo OtL o€ KAOe
ertavaAndn n mBavotnta emtvyioag p eival ion pe 0.9;

* 'H yevikotepa:

* Av X 0 0plBOG TwV ETILITUXLWY O€ pla akoAouBia v avetaptnTwy
Sokwpwv Bernoulli pe otaBepn mBavotnta emtuyiag p o OAEG
TLG OOKLUEG, TIWG UTIOPOUHE VO UTIOAOYLOOUE TIG TILOaVOTNTEG

P(X =x), x=012,....v



Mapadelyua

v

X

P(X = x) =[ J pd=p)y—, x=012..v
52 38 14
POY =38)=| | 0.97(1-09)" =0.0003

H mbavomra va BAactmoovy uovo 38

Zuvduacopol (yevikad) , y y I'4 14
oo Tovg 52 BoAPov¢ elval TOAD Likpn

« Eotw X ob . ue 'crmxe'wfkmaké'pmoqxsv.Iqu?uacpo'q , ,

oo e S (TEPITOV UNOEVIKT))

* To MARBoc¢ Twv dla bopeTikwv ouvbuao pwv elvat

W
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ALwVUULKN KoTtavoun
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ALWVUPLKN KaTovoun

* Av X 0 aplBuog twyv emituytwy o€ pLa akoAouBia v aveéaptntwy
Sokwwv Bernoulli pe otaBepn mBavotnta emttuxiag p o OAEG
TLG OOKLUEG, TOTE N KOaTtavoun TG tuxatag petaBAntng X
ovopaletat Stwvuutkn katavoun (binomial distribution) pe
TIOPAPETPOUG V KoL P Kot cupPoAietal pe B(v, p) n X~ B(v, p).

* H cuvaptnon nmboavotntac elvad:

V .
f(l) — P(X — I) — ( } px (1 _ p)v—:q _., v = 0,,1,,2,,..._.,1/
N

(a+pB) :Z‘?] @ P v =12,
=\ X



hip)

Meon twun kai n dtakvpavon
* H péon tun kot n Stakvpavon sivat: g =wp ka6~ =1p(l- p) =wpg

* H dtakuuavaon eAdattwvetatl 0co 1o p nAnotalet to 0 n to 1 kau
ueytotoroteitat yioe p = 1/2

f(x)
f(x)
04
0.2
| v=1]8
v=18 | v=18 0.3 p =095
p=0.1 0.16 p=05 E
0.12 02 |
0.08 | i
| 0.1 }
0.04 | .
6 9 12 15 18 0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18

F(x) =P(X =x) = [‘J P U—p) . x=012...v
N



Mapadelyua

* M Bropnxovia Kataokeualel HETAAALKA EAQTAPLA YLOL VOL OVTEXOUV OE
OUYKEKPLUEVN KATATIOVNON.

* J0udwva e TG Tipodlaypadeg mapaywyng, KAOE TETOLO EAaoua AVIEXEL OTN
OUYKEKPLUEVN Katarovnon pe mbavotnta 0.8.

* ETAEyoupe Tuxaia 9 Tétola eAdopata kat Ta uTtoBaAAoupE oTn
OUYKEKPLUEVN KOTATIOVNON.

Mola eival n mBavotnta va aviééouy a) to oAU 2 eAdouata B) meplooodtepa
amnod / eAdopata y)tovAdyxlotov 2 eAdopata kat 8) Alyotepa aro 6 kal
TouAayLotov 4 eAdcparta.

9/4/20XX Presentation Title 18



Mapadelypa

* Eotw X 0 aplBuog twv eAacpatwy tou Ba avteéouy tnv
KOLTALTIOVN O

° X ~ B(QI 08) Awwvupik katavoph

’ 7 * Av X 0 aplBuog Twv emTuxlwy o Pl akoAouBia v avefdptntwy
® a) TO .I-[OAU 2 EAGGIJ ata: Sokwwv Bernoulli pe otaBepr mBavotnta emtuyiog p oe A

1L SOKIHEG, TOTE N Katavopn tng tuxaiog petapinthg X

P(X 'C_: 2) — P(X — 0) _I_ P(X — l) + P(X — 2) — ovopdZetat Swwvupikn katavopn (binomial distribution) pe

Tapap£tpoug v Kat p kot oupBoAietat pe B(v, p) i X~ B(v, p).

9' ; ; 9 1 . 9 i i | * H ouvdptnon mBavotntag eival:
=| [-08°027 +| -08'02° +| | ]-0.8°0.27 200003 cosneeafrnr s
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Mapadelyua

* B) neplocotepa amnod / eAacpata:
P(X>T7)=P(X =8)+P(X =9)= (ZJ .0.8°0.2" + (3} .0.870.2° =0.436207
* y)touldylotov 2 eAdopota: | |
PXz22)=1-P(X <2)=1-P(X = O) -P(X =1 = =1-0.000019 = 0.999981
* §) Ayotepa amod 6 kal touhdylotov 4 eAacpoata:

9 . (9 .
PA<X<6)=P(X =4)+ P(X =)5) = (4) -0.87°0.2° + (SJ -0.8°0.2% =0.0825754
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Mo mlavA TN plag SLWVUPLKAG T. 4.

* Av X ~ B(v, p), mowa givat n o mBavn amo tgtpeg 0, 1, 2,....,v
TIOU UTIOPEL va TIApEL N X;

Otav 1o ywopevo (v + 1)p 6ev elval aképalog aplBuog, n TiLo

mBavn twn xo tng X ~ B(v, p) elval to aképalo pépog Tou, EVw

otav 1o ywopevo (v +1) p eival aképatog aplOuog, ot o TOAVEG

TIEG elva dVo, nxyg = (v+ Dpkaunxy =(v+1Dp—1.



Napadeyua (cuv)

* O yewTrovocg evog dutwplou oxupiletal otL ot BoABol TovAlroag tou
TapAayovtolL oto ¢putwplo BAaoctavouv o tocooto 20%.

* Evag aypotng mou eixe mpounBeuBel amo to CUYKEKPLUEVO GUTWPLO
pueyalo aplBuo BoABwv toulinag BeAnoe va eAeyEeL TOV LOXUPLOUO TOU
VEWTIOVOU.

o ErtéAee tuyala 52 amno toucg BoABoulc ou puTePE Kal dariotwoe OTL
BAdotnoav povo ot 38.

* Eivauw Sikatoloynpueveg ot apdLBoAieg Tou aypotn;



Napadeyua (cuv)

* To ywopevo (v +1) p =53- 0.9 = 47/.7 bev gival aképalog

* Omnote n o Bavn TN eivat to 4/

Mo Tlavr) TN pLog SLwVUPLKAG T.J.

* Av X ~ B(v, p), mowa etvat n o mBavn and g upeg 0, 1, 2,....v
Tou propel va TapeL n X;

Otav 1o ywopevo (v+ 1)p dev sival axépaiog aplBudg, n o

mbavi Tn xp tNg X ~ B(v , p) elvan 1o aképaio PEpog Tou, EVw

otav 1o ywopevo (v +1) p elvar aképalog aptBuog, ot o TBaveg

Tpeg elvat8vo, nxg = (v+ Dpraunxy =(v+Dp—1.
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Katavoun Poisson

////////



Kivntpo - napadeyua

* Ktnvotpoodikn eptoxn pe 300000 awyompoPfata
* OAa ta awyorpofata epBoAialovral kabe xpovo

* Mikpn mBavotnta 2 -10e—5 1o epPoAilo va TipokaAEoeL pLa TTOAU
cofapn TTaApEVEPYELA

* MMowa n m@avotnta va epdaviocouv x {wa TV TIOPEVEPYELD
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Kivntpo - napadeyua

* O apBuog X twv {wwv 1tou epdavifouv TNV TTOPEVEPYELA OTN
OUYKEKPLUEVN TIEPLOXN OE EVAL £TOG ELVOL SLWVUULKN TUXOLA
uetaBAntn X~B(300000, 2*1e-5)

* Moc evlladépouv ot iiBavotntec P(X = x) , oTou x =
0,1,...,300000

ALWVUPLKA KATAVOUN

TG SOKLMEG, TOTE N KATAVOWI TNG TUXalag METABANTAG X
ovoldetan Stwvupkn katavopn (binomial distribution) pe

X0 s o s o i st e 300000 _ o
Sokiwv Bernoulli ue otaBepr mBavétta emituyiag p oe dAeg P(X - 0‘) = ( 0 J * (2 * ].O : )O (]. - 2 " 10 ° )300000 = 1 " 1 * (0.99998)300000 = 00024786

MaPApETPOUG V Kat P Kat oupBoAiletal ye B(v, p)n X~ B(v, p).

* H ouvdptnon mbavotntag eivat: . .
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f(x)=P(X =x)= [ J prl-p)", x=012..,v



I Kivntpo - napadeyua

300000!

-(0.00002)” - (0.99998) 7> =
21299998

300000
P(X—Z)—( N J,(z,lo—ﬁ)i(l2_10—5)299993_

299999-300000 )
= -(0.00002)" - (0.99998)*"”° = 0.0446165.

2
300000 —5415 —5 299985 .,
P(X =15)= 5 (2-107)"(A=2-107)7"" = E€apetikd SUOKOAOC 0
UTTOAOYLOUOG
3 ] :

_ 300000 -(0.00002)" - (0.99998) %% —

151299989

299986-299987- ...- 300000 )
= -(0.00002)" - (0.99998*""% =....=0.0008912

1-2-3-...-15
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OpLako Bewpnua Poisson

* Eotw OTL N tuxaia petaBAntn X akohouBel tn dtwvupLkn Katavoun
B(v, p) ue ouvaptnon mbavotntog
V

X

P(X=x)=( J P A=p)", x=0,12,..v

Av yla v — +o0 10 p —0 €101 WOTE N peEon upﬁ NG X val CUYKALVEL
TpoG pLa Betikn otaBepa A , 6nAadn, €10l wote vp —A |, T0tTE

(v | A |
lim pd=-p) 7 =e"—, x=01.2...
v—+wo| X I!

Meon Twun Kat n Stakopoveon

* H péon npn ko n Stakdpavon eivat g =1wp xm o’ =p(l= p) =1pg

H diakupiavan eAattwvetal 6go to p nAnowddet to 0 r) to 1 kat
peylotonoeitat yra p = 1/2



H katavour Poisson

* Eotw X pia dtakpurn tuxata petaBAntn pe cuvaptnon mbavotntag

f)=P(X =x)=e" =
X.

x=0,12,..

ortou A > 0O . H katavopn ¢ tuxaiag petaBAntig X ovopddletal
katavopn Poisson pe mapdpetpo A kat cupBoAiletal pe P(A).

* H SLWVUHLKN KATovoHr Itpooeyyiletal arno tnv katavourn Poisson
av yLo v Jeyaho (BewpnTikd v —oo), n TiBavOTNTA ETILITUXLOG P
ouykAivel oto O (6nA. p —0 ) €toL woTe n Peon TR TNG va CUYKALVEL O€
ula Betikn otabepa A (vp —A ).



2XOALOL
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* [1060 pEyAAO TIPETIEL VA ELVAL TO V KOLL TIOCO PLKPO TO P;

* v =20 kot p<s10/v

* A\=vp=2otavv=10,20,1700,200 kaup = 0.2, 0.1,

0.02, 0.01 avtiotowa

S(x)

0.3

0.25

0.15
0.1}

0.05

0.3
0.25

0.2
0.15

0.1

0.05

- (10,0.2)
p(2)

- B (100, 0.02)
p(2)

f(x)

0.3
0.25
0.2
0.15
0.1

0.05

03

0.25

0.2

0.1

0.05

- B(20,0.1)
p Q)

w3 (200, 0.01)

p(2)
‘ |5

4 6 8 10

30



Meon tun Kot dltakupavon

* H peon tn kat n dtakupavon tng katavoung Poisson pe
TIAPAUEPO A, avtloToa eival

u=EX)=4
KOL

o’ =Var(X) = /
o , ‘ar(X) =4
Meaon Tpn kat n Stakvpaven

* H péon tpn kau n Saklpavan eivac  w=1p ko o =p(l= p)=1pg

* H diakupavon edattwvetal 6o to p nAnowadet to 0 rj to 1 ket
pHeyloronoitat pia p = 1/2



XpNOELG

* XpNOLUOTIOLELTAL YLA TN POVTIEAOTIOINON «OLWVU LKWV
KOTAOTACEWV» OTIOU evOLADEPEL O aplOUOG EpPAVIcCEWY OTIOVLWY
evoeXOUEVWY € PeYAAoug TTAnBuououg

* [VWOTN WG KATOVOUN TWV OTIOVLWY EVOEXOUEVWVY



XpNOELG

* O aplBpuog X twv tpoxaiwv atuxnUAatwy o€ éva Tunua (Ue peyain
KukAodopia) tou 0dkou Siktlou plag xwpag otn SLapkeLa eVOq
YapBatokuplakou (N pLag nuéEpag, N pLag eBdouadag, n evog unva
KTA.)

* O apBuog X twv tuttoypadikwyv Aabwv o€ pla daktuloypadnuevn
oeAlda (N og €va cuvoAo ceAldwV).



XpNOELG

* O aplBuoc X twv kKAnoswv oto help desk evog peydhou Internet
provider oe pla nuépa (| o€ yla wpa, 1 oe pLa eBdopada KTA.).

* O apBpuog X twv PAaBwv plag pnxavig o€ pla nuépa (n o€ pla
eBdopada KtA.).

* O aplBuog X TwV EPYATIKWY ATUXNHATWY TIOU CUPPBALVOUV GE PLa NUEPQ
OE OUYKEKPLUEVN Blopnxavikn {wvn.

* O apBuog X twv atopwv evog TTAnBucopou Tou {ouv TIEPLOCOTEPA ATIO
100 xpovia.



XpNOELG

* O apBuog X twv nadtwv evog TAnBuopou mou Ba yivouv YnAotepa
amno 1.95ugtpa.

* O aplBuoc X tTwv meAatwy evog super market og pla nuépa, ou Ba
QyopPAOOUV COKOAQTAKLO YLoL OKUAOUC.

* O apBuog X twv puoaAidbwv o€ UAAOTILVOKO CUYKEKPLUEVNG
eTILPAVELOC.

* O apBuog X twv emPatwy PLaG AEPOTIOPLKNG TITAONG TIOU EVW EXOUV
KAVEL Kpatnon Bgong 6ev epdavifovtal TNV wpa avaxwpnone.



[TOAUWVULLKN KATOVOUN
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[MoAuwvupLKn Katavoun

* Avadépetal oe mieipapa pe k = 2 apolBaiwg amokAsldpeva
duvarta anoteAeopuara.

* [evikeuon NG SLWVULKNG KATOWVOUNG.



[MoAuwvupLKn Katavoun

* Eotw €va melpapa TUXNG TIOU ATTOTEAELTAL ATIO V AvEEAPTNTEG TIOAUWVUULKEG
SOKLUEG, OTTou o€ KABe Sokiun ta duvartd arnoteAéopata ival k, £otw
71,19, 13, ..., T KAl N TOavoTnTa va epdavioBel to anotéecpar; ,i=1,2,...,
k og pla (omtotadnmote) Sokiun ival p;.

s AvX;(i=1,2,..., k)tuxaia pyetaBAnt mou ekbpalel ooeg hopEg
epdavicOnke to amoteAeopa 1; OTLG vV aveéaptnteg emavaAnPeLg g
MoAUWVULILKNG Soktunc, Tote n tuxaia petapfAnti (X1, X5, X3, ..., Xi ) Aépe oTL
akoAouBel tnv moAuwvupikn katavopn (polynomial distribution), pe
TIAPOPETPOUG V KAL P1, P2, P3) ) Pk -

* JupPBoAitetau pe (X1, X5, X3, ..., X )~M(v, p1, D2, D3, ) D)



[MoAuwvupLKn Katavoun

Zuvaptnon méavotntog

V! 1/" - ¥

— — — — 1 V2 Vi

PX =v,X =v,,....X, =v,)= — PPy Py
Vll'V':ll.llll'Vkl

k k
LLE va =V Kol ZP;- =1
i=l1 =1

Méon TLHn Kot Stakopoveon

E(X:) =Vp, Kdi I”T{}'I"(Xj) =1p. (l — pl)



Mapadelyua

* J0pdwva PE Eva POVTEAO KANPOVOULKOTNTOG, OL TPELG TUTIOL
artoyovwy A, B kat I TTou TIpOKUTITOUV QTTO PLal OPLOPEVN
Slaotavpwon melpapatdolwwy, Bpiokovtal og avatoyia 9:3:4,
avtiotouya.

* Av 0TO TTAQLLOLO EVOG TIELPAPATOG TIpOEKUP OV ATIO LA TETOLA
Staotavpwaon 64 aroyovol, TT00O0L AVAUEVETAL VO ELvaL TUTIOU A,
TooolL TuTov B kot mooot tutou I



Mapadelyua é N

* H ta€lvopnon evog armoyovou o€ (akplPwe) pla arod TPELG
katnyopieg (tUTog A, TUTTOC B, TUTIOG IM) €lval pla TTOAUWVUPLKN
Sokwun pe k = 3 duvata amoteAéopara.

* Eva nelpapa iou amnoteAeitol arno v = 64 TTOAUWVUULKEG SOKLUEG
n kABe pla aro tig omolieg €xel k = 3 duvartd anoteAéopata:
e TUTIOC A
e TUTIOC B
e TUTIOC I



Mapadelyua

* H mBavotnta npaypatonoinong kabevog armo ta tpia duvata
aroTeEAESUATA ElvaL avTioTowya:

, , , 9
* TUTIOC A €L TIBavoTnTa P = T

I 4 I 3
* TUTTIOq B €xeL TBavOTNTA Py = T

I ! 7 4‘
e TUTIOC I €xeL TIBAvVOTNTA P3 = P

* Eotw X;, i = 1,2,3 tuxaieg yetaPAnteg mou avtiotoa ekppdlouv
mooeq Ppopeg otig 64 emavaAnels epdavicOnke amoyovog Tutou A,
turtou B ko tuTtou T.
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Mapadelyua

* [loooL avapeveTal va glval TUTIoU A, TToooL TuTtou B kat mocot tutou T;
* ZNTAPE TNV PECN TN

E(X,)=64(9/16) =36

E(X,)=64(3/16)=12

E(X,) = 64(4/16) =16

MoAuwVUPLKN KaTtavopn

* Ao toug 64 amoyovoug ot 36 aVaEVETAL VA Elval
tuTou A, ot 12 turou B ka ot 16 tumou T.

Méon T kot Sitaki pavon

E(X,)=wp, ka1 Var(X,) =wp,(1-p,)



Backup




Juvbuaopol (yevika)

* Eotw X oUVOAO PE V OTOLKELA KOL AKEPALOG K < V. 2UVOUACOHOG
TWV V OTOXELWV ava K ovopaletal kaBe pn dLatetayuevo
UTTOOUVOAO Tou X PE K OTOLXELQL.

* To mMANBo¢ twv dladopetikwy cuvduacpwy gival

V!

(Z) - (V;r)!= ! (:!-K)!




