“Deﬁ.n(«)—-'\on (28) Ler X and y be any 4w o Aiscvete
v-Vvi3. The realwalued Lunc\on F- R—1R s
called +he joint cumulabing probab ity dishitburton
Lunchon o f X and Y ¢ FF :
F(xy) = P( K\cx,‘/éj) /
s L
From Hhis A&-f-\n»}\‘on ‘b Can b showmn that Poyv q"\r

veal nuw\};eo—; Qa ,\b/ C.‘.O\né C~

Flasx sb, csysd) = Feab) + Feo c)-—FC‘?‘*/ ':CGH

@‘BN&V"«G&G Conkinwous Random Vet a\:lg{g ‘ :
Defmition (29 ) The jaint prababibhy densdy funchiox
ol the -V’ X and Y is an §n\~e5rq\>\e Lunclon )

sach Hha

Q
€Y) £ y) 3o Porall (% 9) &R ; and

B) 7 (° Loy dxdy=1.

N T EE
E‘Zouv?‘p/[g (22 ) Let the Joink densily of the Continwous
\r--\r/-s X O\V'LA \/ bQ 4 ¢

Fx. = ?(“k’“i"&.osxs\; o<y
¢ , 0.W.

whal is the P%obqbﬂ,ﬂ:\j of +he <vent C){SY o

g“galwh'on’, Let A = (X€Y), we wank +o &1 , ‘

P(A) = SS Fo,y)dxd
g C

A
- S [c{/(g—f—_—(x"+7_x\j) J%_]Jj
a B
: %§’ [?wﬂ_oéj : §5§ T4 dy
4 _
) —i: [—%]o = _;__ /

AR RO D S



Delini¥ion(30) ! Lek (X,¥) Be o continuwous bivariote (. 73
Lot £ u) bethe j-p-d-boaf X oand Y The Punohon

F,C'x):g 0, 9) dYy e,
vy

'S CS\\\QA Hhe ™ -P‘A’\“- of- x . %'\m:\O\v“j , the g-qncf-\‘ov\

Ly = Royy) dx
[ 8

s, coaMled the 'l'Y\vP-"A-C.C)Y‘\I,

S\

=Xam P\S_( 23)

At ‘he §- P‘d"v‘- tﬂv- XU\V\_A Y s 8‘\\,% by .

,:(Xﬂb):{%—, o<5z<x<\ {O
st e }

: o -\wJ \> 7
then whak s the m-F-A-‘L.o? X fov o<x<1? (y%<7<,]\r
8/éc\w\|—‘\an.' Jx
& du - 3. .
f—‘l (X)) z é\i F vy Yy = X——J‘.x % é\j z«ﬁ <\‘9 <_(’)’C

\
N = [—; & q_[\fv_c«— ] = =

Example (24), Let (1Y) be a:sw:\mwm on

';*:V\C Circul o~ s cenre@ved at (0,0) with vadiws ‘]E___.
whakis Fhe M- p-d L. sb X Whee nontero 7 ~,

SC\M/H Q V) v \ ' -
(& = )yl /7}\9\ ced "

The eﬂv\od-‘( on of & civenlay with V,:ﬁ\é(‘f\s Z_ ot Center b
J=zw

. (L/AA}/& s
x+y* :@} \J<r, (=

Yae o V\‘\Si‘_\(;_\ Vg

then Yhe m-P-d~‘1-=\R)< 'S

\/E_’:;ﬁ \

4 _x2 m
(:\ (%) 2 o
Y4 _x? Y _x*t ova a% civcle



2
-

1

'\‘ _rr»x

o Foy = @gj 4 /
[ 5]+‘/T',L
B = L

m

,‘7

L=

_Fl_

DefiniHon (31) Let X and Y be +he conbinuons y-v. wih
§-p 48 £c%iy). The joint Camulative dishrbulion Fmoh'oq-

Fcx,y) o f X arnd Y s defined as / j

¥y = i

—

»? \f‘, &—:r("l,gJ:P( %SX; 7’53) - j 3 fu N) O‘Wi\_/ 47 ;
o B U

é/’"b -~ 2
Fram the ‘F&Ar\&emenjrﬁ\ reovem o F Cox\Qw\us we_sd— /J
;3?)\ c,.’s;y-«’:*-’\,‘:(’x,t5) % Fcx,97.
e X3
O\

/Q:b\t(lExarrvp(c (25) 3F the J:Cd-f ol X qnd ¥y oo 3(\:{;»,7\)\/&\3

3 2 2 >
Fex y) - ‘-5:(213 +3XY) , oacx,y <
(@] / QAU)

bhen whak is the j-p-d-b.oF X and ¥ ?

e

Sstnton ¢

2 (250y +32%4°)

xX :'—;é__
£ 0%, y) 5 =

X Ty
= L3 (a2 nen)
2 _’b:( 8 X +|zv<»)) = %(cﬁrzm)
Fhem Bx,9) -% ”ﬁ“—(%“r?ﬂj) ‘ o<'7<\,$<s
=

- 30—




e

cxmmk\e(zé) - Let X and ¥ have Fhe joink Ams\\-s funchion

Q(X.\s):{"‘ﬂ r @ SXEL; 08 y<)
(8] ' o-w

what is the P C2x g0 ) Xy 1) ?

V/Solwon /A

/ TR E ey 2= _PLOGICy )
P(X+Y <)

‘P( XxY < \) ""l“& (_"6& (')(-k\ﬁ)tt_‘j] 3%

2 1\~ X
‘—*&‘.7“5*1_ dx
= o 2 ‘o
\
- XK (\- ’l)zléx
&[x i,,r%f] dx /
‘ Qfssufiwqp A f(ln =57 v
éV>)‘, = 2({‘_3" 6-"-'3-13"?»3
- B w s
&
'P[( %)n(x—\-yﬂ)] S S (x+y ) 4y 1\ " W\Zf
It, b 2 e
J T i
= S ‘_?('5*'—]6 Jx @
(-]
z ' =
XV[ x_ %+ (_L"_l)-zJ §x ﬁ
= 2
o
xt 2«3 (t-1)3]l/2
= —E:—_-T-— —_O:__d 4(\— |
: &
i i TN
= g7 24 48 T 4qg T V6 /C/g
|
\vd i
CP(2xsi/ xxy) = __‘-'5-—— = TE"}L
=
g C/@/
2
w 3=



M‘ (32) Leek X andyY be any 4wo it i 8 efnk
densihy £0%y) and marginals R cx) and R at)- The
Cond\Honal ?Y‘qub;lﬁ‘;ﬁ A{YLS{H’P“V\CHJV; 3 o X ; ﬁﬂ\VQ,V)
Y:j \_yﬂé&?ﬁy\d,,o\s

— e

loely) = =D Ry e |

ey -

Sim'larly , the Condihonal waagn‘l.H JtnS\'Lj Foddon
‘\ of '7’; S'W'CVI X =x : ) c)'l[‘;nta é\;r_

S5 T St g e R

N\ P
Emfg(e (2%) Lek X and Y be r-us such dhok X has
Aensity fanclHon
‘Fle):ﬂz_’-fle ) o('Z<!/2

a_ ( — 0 -w

(e iR

and e Cpn{n\"\cvu:\\ AQhF’\H o R Y Qiven )( =%« iy

h(y/x) = z—ii , o <Y< 2x
r—'/

o ry W

what s e cond' honal A‘A"Sjﬁj of X 9lwn Y=j °"<"“"<E

Qp?ropn‘;oﬁ*t A-QMV\? "

™
5 56L‘-‘\A—\\°V’ 4 G L/\p Qr{/ AeL

Pexgy= Wiy lx) H0O o (LX< &
~ = 24 x '

22t

2012 4
o .
The moped-foP X ts ahue vy Voo, = B

Fl(‘jJ:: Scﬂ {L(’l,\j)Jp( ::X 12 4 é')( 2,
-0 8o

:(75'50‘3)' P 6 <Y<\ P

0 ’ G‘W

—32 -




wence , the Cm“d'\¥\ona\ AU\SH‘J of Xal’w“Y:“j "y

/
8(7(13)3 ‘gC'xl‘J) o \23
£, (y) 8y (1-y)
P t23 ., o<y c2x<|
i o ’ a W

| o~ ' ~ b e o~

M (231 Le} X and Y be and two v.yvs with Joind

yensthy F(z,y) and marginds £ 00 and £, (4). TThe

wandorm variables X and Y are SM:} ‘ndif{”dm*"
For all (z,y) € Ry X Ry

/—

cumE\e (28 ) 'LQ‘. Y and Y betweo %ndepen_étrﬁ'\r-v”s wﬂl‘Ho
\dm\—\ch\ p-ad.T. glven by

£ ) :ﬂe"‘ , K> %w //
® ¢ o W J Z
whak 9s the PNL-nb'u\{b lenS‘)hj Lanchion © F W = min (X,\/)?
Z/SQ\(AHQY) v et C;‘\(_“’\\Jot the ¢-d-%. o L W . Then

7 ew) = P(WEw) , &
— " b e s ) ,jj“

LA ¢ min VY] yw)

— (—PCX>5Ww and y>w)

_ 1= POXSWIPCYOW)  (Since X and ¥ are
= ~ independent ).
-X ~y

- 4

l(&ei)(&eda) \"bv@

*-2\10

= -
Thauws , the pad-fl o bW ois
-2
9(w)= E\w Gw) = mc‘--iw) s~ 2e

8

kAN
15( 1 ’ o uw

=335 =



o
S

e

®

T whare /4?( and }/\\/ ark mean o F X and Y/ VQFQMW\:’ .

DefintRon34) | oy ad Y be oy Fwo vvs with opdi b

—ch,g) T he proc\ud— moment o F X and 9’ dencked by

= (XYY, s delind as: [/,,

= (X - > \
/——7\) X &Ry ;,ZQ_EY xy P(xY) 1 F Xand Y are

= - S, ‘ disCrehe Yev s
S S %y Lxyydndy LR Xand ¥ are
—X s Convpous ¥-v3
_—/’\_ > N S
DeliniHon{35) Leb X and ¥ be ony bwo r.va wrth §-p-3-F

.F(l,g) . Thc Cvariance bt.ﬂuﬂ:h X o\v\,& Y/JQno).{gl \03 cav (X,y).

av ( Sxy), is defined as

‘he mean o F X s 6\“’;”\‘95‘. o
/"x = EMX) = f xF\Cx)Jz :S S 'x‘ﬁ(z,‘,).gxgj 4
= -0

amd s\m.\«v\5 ; the: M ean oY is s’wm b‘:l

My = _Eﬁj): g 3?(5)33 = S 85 @(9(,\5)&-347(-
N TRk \_/\,.—/
Theovern (I5) Lebk X and Y be Ay ~wo ‘\'-Vf . Then,

T cov(X,y) = E(Xy) - E(X) E)
7 o S A —\_/_/__,__4
¥\ ]
Example (29 ) @ Let X and Y be conkinwous r.yvs with
j:p.d-F L |

F('x,tg) :{ 2 1 0<Yy<l-x, o<XK<)

9 0-W
what is the covariance bRbweesn A anvd ¥ ?

L T

0 S i o o s ¥ S Lt 2 oo AV A e o, S o a2 A T P T

s i e S T A g A 0D i N

i S T R R S

by s SR R o

o et Lo Do




‘l/m LTT™he marginal AJLY\S\‘F3 Lunelan ol X s a'\unbj

£ o(x) = "%
VX So 235 = 2(~-x)

Hence , +he ex?ec alue o X i
E(X ) = S B/exydx = S\ ¢ _x)@éx = 1
/A)(“ = B g L6 | 3

Siwilarly , the m-p- Y Y Vst >4‘
£ = 5 dx = 2(1-3) 7 -

o — 0))»\/

\'\tr\u the Qxfec)ﬁqg‘ value o F Y 1¢ ',\ ‘/))
Ay = EY) = \5?(3)45—3230-3)43:@
— r— F N /_—_// i

The Produck momen¥ o F X oand Y ts given oy

E()(‘/) ,(5 -{-CX,g)AjéN

- \ 2 Y dydx ; 9%5
_2_3 « [£] 79 - 2.1 ¢ (1) 4

(=
-2 ) <\'z

L
[ -] -

"

"

\
12

Then: CoviX,y) =z B(XY)— E.-QX)E(y)
R A
19 3 3 36

Theorem (16 )
If X and Y ave any +wa randorm Voariables and a,b ¢
oand d are veal constante., Fhen

Cov(aX +b, ¢y ¥d) = &€ Cov(RA/Y).

us 35~
£ _@B@M



O C '
\/o £ (x Y/ ;
t:XamP\e (30) St 4he pm:\u.d— 7momen\- oF )< omc\_‘/ :s@_
amd ‘he m-e.f‘—ii& X and Y are both U\M\ Fo@ “+hen |
what (s Hhe Covarlance o V- the vrandonm vartaklcs
(ZX +\0) and (‘g_-\l-l—S)? 1
sa\\%oy\a s-\p\cq E (X\!) 3 CL"\Q\ E(X) =2 = E(\,), “'L\—(

C/C.ouomancg of X and ¥ 1t 9iven by- |
CoviX,;y) = E(XY)~ ECX)ECY)Y = 34 = =\ k
Then bhe C_Q)UG:OD\KQ( of (2X XY omd (- yyi3z) ¢ |
Slven by | (6 T QL}Q 6 3
cov(ZX Hd, ~5y ),(z)(—g)cwcx,n
(—(=1)

(,/ S =g T R

Theovrenm ( ) S £ X and \/ are \’/Ags,smdevﬁ Y- VS -'c-\q(n.,
N\ E(xy) = EX) ECY) '
Example (31 ) Lek X and ¥ e +wa indepeadent Vs W ,

(’f m‘_—s.—\;?c—\:w dansity fanckons ; !
(/ Fcx) :i 3xt , acx<) 4
o p 8 3\ lir\
{ and 293 Elﬁl
flca)'-i « %=
2 / ¢ - W

T

whal s (—)?

t SL\&H_O".' SincCe X ond Y o \na{PmAey\\-\rVJ
f-p-d-f. of X and Y is given by

h(xy) = Fox) By .
S =g \’\(')()‘J)d’)tc)j‘/—i’/ |

Thedere, E( 2 )_
| s
-~ SOSG 3--{:(’&) F(ﬂ)g‘xéj

R

then +he

~34 - j



k3 Yy
ﬂ\‘ = (T)( 3) —
Remar K 1 |
— X 1 "
' @) e(F) + Er_fg’) \:w\-en\j i i
( ) E(x) 0y
=y il =
B} BT £

he

Theovem (1212 A% X and ¥ awe independent v, then Yhe
Covariance bebueen A amd Y ts always Zewro, bhat
‘/ 3 COV(XY):éM \)\\;/
wil /_/1—(// )//wudc (J-«\,«h\
Theorem (13 ) Let X and Y b< any fwo . Vs ond leb

\Q A amd b be a /ﬂ\%wo vea\l numbes Then

_"/&_2‘
\)ow(on('—\- \oY ) = a UO\Y‘CX) +b \)Qw()I) _i.‘z_q\; Qov(x'\/) <
\1)97 o e —
‘f(&mp\f_ 3
Se vor cx-sc\{_)_:h_&, U o LX \n

ECy)=2. whak ¢ s »EO(‘N k2

=\, EWM)=|

and

Gar ( XAy )= ol;x "i;"‘ += Couﬂﬂzy)

> Cov (X,y) = .q\_[uowcx -»rxf)i._\vow(x-—\,)]
~—— = -—L‘-\:S-t] :Cz/
Cov (X (Y ) = EXYy) —E(X)E(Y)v
‘\;: = EBLXY) — C\)cz)
= B&xY)= 5

~ [S/2
2+2_@
’_él

~3%-



2 : ';.‘
Theovem (20) 34 X and Y are .‘mdeptna\-,en} r-vs el
—_— 5 } -

E(X) =o = EC¢¥), -then ¢ PN T
Var ¢ Xy ) s Var (X)vav(y)

DQ&:Y\‘|)‘|‘6V) (36) LQ*" X QY\.A Y b{ “MO Y‘-V’-\ .'—‘-\’\CV\ *'\f\—(
cavve\oR on Co=ficient ([3 Y behwesnn A and Yy Sé“’w‘ b3

/Q L ocevry) S VL
A v e e T B 4
(Cvy Oy c;"ri/

,V,J . "thn =

And, v& X avd Y o %‘::/ii_\ EQY)A—Q.Y'L\‘ v )
/™ =0 — -l ¢

2 \

Q,’J..s’& B> e NS /L_}/)AZ“’:‘?
Moment Generaling FunchHons: (yj/‘fﬂ"/_‘d’:‘y )
Definlion €¢37) Let X and Y be +wWo r.v i with 301\&1"@
density funerten £ex,9) . A rea) valued Lunchon

Mo CEZ‘__‘..[P\_, AQQ-\‘V\QA ‘93

+
MeE b)) = E ¢ SPXT Yy
\ 2

z
!
|
is called the joint moment %{Y\EMHAS fanchios, ad& X °\'\A;§
Y P the <xXpeaked values axishs for all o and by o o]
_h<ti<h and —K<Er<K Bor seme poniHw b and |

T (Aon X RemariKs £ 3
D Mk ,0) = MCE) = Eie
M (B, k) s M(ty) = E"f’fz\/ ;
= oKy = DML € . Ho 2, T
é E (X \{,‘K I(ﬁ:o,'bz:o) ks =t !
Ky _ Sk M, +)
(Y ) = nﬁ\(
\/ ‘B{:; L|:°,¥zzo)

= S M, %) | !
3 = (X = =M, ::
Q R =4 2k, \(t-,-:o,l-,_:a) .

, and

Por K=210,2,-~2|

TR

@ 1P X and Y are \'\df/]bCYLd ant v.v'i , then

iz Hoy‘H = M, tat) My (by)

— 38—

mf" !\.‘-ﬁa\{‘ri‘wécisal.-}u's‘.e e



O
h

E"LC\YTLE‘IQ (33 ) ; g“ '\‘kt A\Q‘Y\“ mOMQV\,\" %tn(\'qh'\‘\'\ﬁ ¥~WH°“
FA amd Y
& am vs o - 2
by 3t 428541842 t
M(&, k) = é : 2 ¥ 2574188, azhit,)
whak is +he Cavariance o & X and ¥ 7

o Bolution () +3+, +28 4194, 4 126b2)
M ,(Jq)-lv?_) - &

> M

= (1 +4¢ '+\Zl-7_) M (4 ,42)
2 by )
‘GM = - — ,Z/:_(_
T%T\“eo) = Moy =i /)57/
p = (31-36i-2+|7-l'\)"M “?JLL-?_)
= &, :
- M ‘

— =3
>k W) — = M(O‘O) /

Ay =3
Hence | M = [ and }"A/‘lf/

= M (rA) ~» - M )
2L, wb, - 2h

_ v [Mk ) Ut +i2h)]

2k,

dM . ;
o (1ud +2k) JT o+ MG 0D
& M Cky by

= n

= M)GBY+ ()0 =15 =E (XY)
"'b&h“‘él?l

e ——

cov ( X,y V= ECXY) ~ E(X) EC)

(2. -

——

[

< 29 =



J//“”P Ny

Conditional Expectation
Definitlon (38 ). The conditianal mean 8 £ X given Y=y
i s defined as

x
’ A L
where Z % 9(x/y) PP X s Jdiscredy :
E(/y) = [X6Re — — |
5_: oK 3(9(/5)(47( l:p X s Cmrva»LowJ 0
——— ey m=———
Slm:\a\r\s , The condiFonal mean o0 Y 3;ven X =x "SJ'QRV\CA
&
4 hy/x) ey Gr disude
E(Y/Z) = _’_2,,___‘¢ == 2
R [] ’ ] /
B S | ¢
(
Definhon €39) ., The exlacc\-eﬂ Jvalue o f Hhe random variab .
E( Y/X) 1S eqlkal +o the exfed'u.\ vorlur o b y , Yhakis ”?:

EN( Ey (Y/N) = EyY) -

R\m e
(:MMP‘e (34 ). An ‘nsect \0.35 Y namber of Qg9 s, where ¥ has|
"‘"P’éT{_ng&\ﬁmkwhon o i+h P Arameher (A). AL the Probab; Wial
ab each 299 Survwm3 1s (P), thon an the averoge Yraud many 2555
Un W Suruive ©

¢ Sa\ Let X denste the number of swuivy 2938, T hen, given +hy |
\f =X\ ( hat s SN‘{Y\ *\\p\," +‘n< mSec* L\M \Qu)« Y -QSSS) er humW

Variable X has abinonmil (Y, p ) Thus
X/YNBMC'Y)‘P) /

N A Poi (A) - | :
"Tktu—geve? +he Q.b(?e,d“?A nuvabe- of S"\W;VUVS ‘g GA\W’V\("L']\

—Ho —



E,,((X):Etj[Ex (x/v)]
Iy
:ESEP‘/] /

Theorem (2| )
Lot X and ¥ be fure Fovs W ih mean My and My and standard
deviation 67 and o7, respedhvely . J £ the cond i Fional Q'»(Teg’rcd%o\«
o Y given X =x s Linesr tn ¢, the

Where (2 Jdenores the Cove oelbicient o X and Y.

(\\
I:Mmpﬁa (357) Suppose X ond Y ave randsm yoarables andh
E (V/%=%) = —x+3 and E (XY= ):—{—f-jfj'-whw* 85 the
Cavve\aon Qoaﬁ'—.o\en\' ot X o\y\d yi2 @

g}__‘ My z Lol +3

ﬂwdle»( qu«dc\-'ns e md's:\uen*‘s of % {:mes we/qgek

2__\ _\.A
L =7 P=E 5 |
SInce /)?G:‘L:—l PR SYUyo  weqek /0:~E_
7 X




BeRnow ¢ 40) Ler X and Y be two v-vs with §-p-d4-§. fox
and F(Y7%) bethe condiMonad densiby af ¥ given Kzx. The |
Condi\aral Vartance o Y atvan A=X d eno Fed bj Jar (‘/Io(j)
s denated by

var (Y1) = E(Y1%) - [E¢y10]"

. .

Eza,n-\,‘p[e(g() S“PPQSQ*‘M‘("Q“OW'\’T)J 3!&3*5-9-'.

P e y 9 <X<Y (™
('Xz‘d)—' o 5 a.W
.
Compure var(y/=x). -
g/Se\.u,Hov\" ) Y = , )
£ (vu:j Pexindy = [ edy - e . i
L @
heylx)= oy &P e e g > |
= . - 9eEn.. . e . . ° |
29 ’ ™ -(Yy-=x)
EW) =] Y hiyix)dy = dre dy
/\\ - o Lx——///

2 aq
//“7 /” = fZ—e diz +9<Je dz
5
o7 >
- - +

O /°d = [Tea + 2 [ 2 + 1
P4 ¢ e, T o o0 mﬁ
b7 2 [ 4o 2~ (Y-=)
4 ECYilzy = 4= hey/x) JJ = J y e dy
OO X) 9 >
%C fd 2 -Z .
(/ = . (2+X) e CI?- ;wh-b;,( Z::j__z
. D/ Aa ag ‘

ol
. v -2 7 - ~Z
) \’,’\ ﬂt Jz..,.!%e o2 —l—Z’J(J'Ze 47
[]
i z (7 = %[y +[3) +2x I(2) :
éj Lz atiaqex = Qe

— H2—




o var(Yix) = ECY/x) - [ 6C¢Yx)]°
< — X3 - )t

= |

———

Theorem ( 22:) Letr X and ¥ be fwo r.u’s with mean quno‘
My, and Strandord Jevieion o qnd oy vuPQoHvd_xj ~Trthe
Condr Fonal '&XFC_Q\*QH 8N of Y 31'\4#\ Xax is \ineg— 100 K, Yhey

@”(“[/'X)]: (I*[)z) uq,(y)_&}’,?
D

 examplef3F). Leb E(Y/Xzz) = 2% and Var(¥)xz2)= b

= and U0, .who\F~5 the UM? 5
‘ N
[36\\&HOV\ 1‘7%) é Y 5 V |

gr oOF EC(Y/KX=x) s \IHQQV-EAVLQl’)OH -z')ﬂ?( Lhea
E(N/X=x) = Py + 2 —= (- Hy)

) E Loa-(YV/K)] = 0— C-pP") (
\NV\+\'\9\+

we arR g

y r w e 'd‘
Hence, QC"V\O\“IV\S -\-\\Q cpﬁ’\lc'\ mmlr s b ox termiv 9 P )j
/’D oYy - Z
&/
T
which s P =z 2 =
=

F (Y /X s%) = =

o r’+W wWe arg N RN $ho b \Ja

S‘&ncq g u(o’l)qa UJQ_,%d_ Yhe AQY\S{}':) o K hbe .F(’,()_)\
mee pnJ BR810/

arithe inYeroed| (o yids T\NMQGH

\
E, [uar(Y/X)] fM"(‘”X ")Fﬁ‘“ g\/

7 b
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