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Problem 1 The dice

It is suspected that the dice used in a casino are manipulated, so the chances of
getting “1” and “6” are changed, while the other outcomes are not affected.

Let p; be the probability of achieving ¢ “eyes” with a dice from the casino. The
following model will be studied:

1 1 1

s p=p3=pa=ps =, pe= o0,

Pr=7x 6 6

where 6 is an unknown parameter with |6| < 1/6.

One such dice is thrown n times, where X; of these throws end with i “eyes”
(1=1,2,...,6).

a) What assumptions must be made to ensure that the observed vector X =
(X1, Xo, ..., Xg) is multinomially distributed? Assume in the following that
these assumptions hold.

Note that results from the course book that assume independent and identi-
cally distributed observations also apply to multinomial trials like the ones
considered in this problem.

Show that the joint probability mass function (pmf) for X can be written
as an exponential family on the following form:

f(x]0) = h(x) exp {xl In (é — 9) + 26 In (é + 9)} forx € A.

Specify the function h(x) and the set A of possible values of X.

Explain why the two-dimensional statistic T'(X) = (X, Xg) is sufficient
for 6.

b) Show that 7'(X) is minimal sufficient.

c) Show that the maximum likelihood estimator (MLE) for 6 is given by

éfl Tg — T1
_6 Tg+ 1

if xg + 1 > 0,

and that § is undetermined if re+ x1 = 0.
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d)

f)

g)

In order to prove that the dice is manipulated, one wants to test
Hy: 6=0vs. H : 0 #0.

Find an expression for the likelihood ratio A(a) for this situation.

What is the conclusion of the likelihood ratio test (LRT) if n = 100 and the
observed vector is
(10,14,17,21,16,22) ?

You shall here use the asymptotic distribution of the likelihood ratio. Use
significance level a = 0.05.

Show that Cramér-Rao’s lower bound of the variance of unbiased estimators

of 0 is
1 — 3662

12n

Use this to write down the asymptotic distribution of the maximum likeli-
hood estimator 6.

Find an approximate 95% confidence interval for 8, and compute the interval
when the observations are as in the previous subpoint.

Also explain briefly, without doing all the calculations, how to derive an
approximate 95% confidence set for 6 by inverting a likelihood ratio test.

Show that the estimator
Xe — X3

2n
is unbiased for #, and find an expression for its variance.

é:

Why cannot this estimator be improved by using Rao-Blackwell’s theorem?

The estimator 0 from the previous subpoint is unbiased, and is also a function
of the sufficient statistic 7(X). A natural question is then whether it is a
UMVU estimator.

Can you use Cramér-Rao’s lower bound from subpoint e) to determine this?
Give reasons for your answer.

If the answer is no, it is natural to check whether Theorem 7.3.23 of the
attachment can be used to determine whether ¢ is UMVU. (This theorem is
essentially what has in the lectures been called Lehmann-Scheffé’s theorem).

Show that T'(X) is not complete, by using the definition of completeness.

Can you conclude anything from Theorem 7.3.237
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Problem 2 Time to failure

A machine is started at the beginning of day number 1 and is observed until it
fails for the first time. Let ¥ = y mean that this happens on day number y,

(y=1,2,...).

a) Write down conditions under which Y is geometrically distributed with pa-
rameter p, 0 < p < 1, i.e., Y has pmf

fly) =1 —p)¥tp fory=12,...

In the following it is assumed that these conditions are met.

Show that the moment generating function (mgf) for Y is given by

I
11— (1-p)et
Show how this can be used to show that the time to failure, Y, has expected
value 1 = 1/p (days).

My (t) for t < —In(1 —p).

In order to register the failure time more accurately one divides the day into n
parts (for integers n > 1), so that the time Y,, to failure now is measured with unit
1/n days (e.g., hours if n = 24).

It is natural to assume that Y,, is geometrically distributed with parameter p, =
p/n, while the time to failure, measured by the unit days, is

1
X, =-Y,
n

b) Show that X,, converges in distribution to a random variable X, i.e., X, N
X. Which known distribution does X have? What is E(X)?

(Hint: Calculate the mgf of X,, and find the limit as n — o0).



Page i of iv

TMA4295 Statistical Inference, December 2, 2014

*(X),.L o uorduny ® st (X) 7 ‘(X)L 211s1®Is JuaRins 1aj0 Lue 10f ‘Jt
ouspys Juaffns pwtunu B pa[ed St (X)J, A195198IS JUAYNS ¥ TT°Z°9 uomuga
"@ 40f ousyvys Jurnfns v st

1=f

1=f
Fxm{(xow | =0z
g "y >p(Pet %9 1) = g auoym
1=
g Tﬁ;@? Hv dxa (@)o(z)y = (g|)S
¥

fiq uaaib fipwof ppyusuodza uv 0} sbuojaq
1041 (g|2){ fusd 40 [pd 0 wouf suoypasasqo pu ag Uy oy g7 Q1’9 WRIORY],

‘(x)y(gl(x).L)6 = (g|x)f (e'z'9)

‘g syurod
4awrand o puv x spured apdwos o dof oy yons (x)y puo (g|1)6 suonounf 1s1z9
a3y fi Ajuo puv fi g sof ousygs uaroyfns © st (X)L osuois ¥ "X ajdwos o fo fud
40 fpd qurol ayp ajouap (g|x)f 127 (woelody], UOEZIIONE]) §'7'9 WAI0IY]L,

*g fo uonounf v sv guvsuoo st (g|(x).z)b/(g|x)d orywu ayp
‘sovds ajdwos ayg ur x Auzea tof fi g 10f onsyvis unnfns o 1 (X)L uay (X)L fo
fud 1o pd 2y &1 (g|2)b puv X fo fuid 10 fpd qutof g &1 (g|x)d f1  z'g'9 weIoRYL

g uo puadap j0u seop (X)), Jo enfen ay) uaaid ¥ oydwes ay} JO UOHNGLIISIP
[BUCTITPUOD 3y JT g 4of dxsyvys Juaralffns © st (X)J, S1slieis ¥ T'Z'9 uonugaq

‘voynquisip ut (,1(9) B0 0)u — [(9)8 — (“A)6Juf (ores)

uaty g, ‘0 j0u §1 puo gs1z2 ()6 yoy3 asoddns ‘g fo anpon

2f1oods © puv 5 uonounS uamb v 10 “UOHNQLYSIP UL Hub ‘0)u — (g — “g)u/ saysypos
oY1 $a)qomDR wWopuvs fo 2ouanbas © 39 YL 327 (POYIRIN BHAQ) PT'S'g WAI0AYL
uounqLISIp UL D+ X — YL+ U)X "q

uopnQLIeIP ur X0 — “x'4 e

uayp “Appgoqosd ur qupisuon

? ‘D Y puv uonnquistp ut x « “x J (weroayy, s A3SINIS) L1°g"g Waloay,

UOHNQLISIP [DULIOU PuDpuDys butpiwy © soy of (i — :NEM\' ‘s1 307

00—u

Yg N o
B gy n- 2= \H (=)*p wy
Ed

‘00 > T > 00— ‘z fiup Jof ‘uayf
o/ (= vx)up fo fpo ayp ajouap (z)“9 197 “tx I (/1) = “X suyaqg "0 > L0
= 'Y IBA > O pur 1 = 'Y yIM §2]qULIDA WopuDs pu fo auanbes v aq *TY 'Ly
7 (wetosyy Wwy] [eaua) 9y} jo wuioy JaBuodyg) QUGG WRIOIYL

‘SnNONUIUd 81 (Z) X4 a1aym z sjutod [ j8

00U

(2)Xq = (2) "Xy wry

J1 X 9[qULIvA WOpURI ® 0} UONg
-wgstp wi sabuanuoo - Ty ‘ly ‘sojqelrea wopusl Jo sousnbes v Q1°'g g uorpuyeq

1l 07 fijaans jsowo sabianuoa “x ‘st 30y}

00U,

=0 =y wy g

‘0 < 3 fuaaa dof ‘uay],
xS (u/1) = vy suyfep pup ‘oo > 0 = 'Y 1wA pup 7 = 'X{ ypm §3)qoM08
wopuos pyr 9 'y 'y 197 (stoquuny] a8re] Jo me Buoalg) §'g'g WBIOAYL

00U

T=0>|x - x| u)g

‘0 < 2 A19A9 10§ ‘J1 X O[qRLIEA WOPUEI € 0} fijauns
owpp sabuanuod Ty ‘ly ‘sgjqerrea wopuel jo duenbas y  9'g'g uorpruye(q

oC—u o0~ u

T=0>|x —"x[)d wy ‘Apuerambe xo 0= (3 < |x — “x|)d
‘0 < 7 £1049 10§ ‘J1 X 9qeLrRA wopuwrl v 03 g
-vqosd ut sabusauoy - Ty ‘ly ‘seqellea WOpUEI jo sousnbes v 1°g g wonluye(
1=t
g T@ﬁ Hv dxe [(g)0)(Mn - T) g = (gt M) (9gg)
4

uwiof a7 fo fipnunf pyuauodrs uo st (AL - ‘1) fo uonnquisip
ayp uaty * 3 Jo jasqns uado uv suwiuoo {3 g*((g)Im '+ (9)*m (g)'m)} 195 oy Jy
1={
g =1 .Ahku.ww - ﬁ_._h\,...._k.:ﬁ

fig At - *1p soysymys awyfaq Ajpwnf wrusuedss uv fo saquirw v 51

?E@.a Wv&a (0)2(z)y = (gl=)f
¥

asaym
‘(glx) f frud 1o fpd © wouf apdwivs wopuvs v s1 Yy ' -1y asoddng [1°g"g WAI0aYT,

I95.10¢ 2 e[[ose)) WO.IJ SOV[NULIO]

ANIN/ANI/AINI
U] [LINSHYIS S6TF VINLL



TMA4295 Statistical Inference, December 2, 2014

Page ii of iv

(92 < 1) = ® asaym 959} 0 1203] NN 0 8¢ O < L fr fiuo
puv i Op s123(al 1oyp 3591 oy ‘07 huw sof udyy, YTW uv sy I Jo {© > ¢ : (9]3)6}
sfwd 40 sfpd fo Apwnf ayy puv g Jof 2usywIs JuWYns v s1 T, Joy; asoddng 09 < g
Py snsuon 0 S g : Oy buysay sopsuop  (wiquyg-uriredy]) L1°E8 WOI0dY[

9 > () J1 00 52 pauyap st 0/2 381 10N {0 < (%|#)6 10 0 < (g[#)6 :2} uo 7 jo uonouUNy
(Buiswaroepuou Io Juiseazoutuou) auojouowr B St (1g7)6/ ()16 ‘19 < %y Aiwaa 10§
‘U (UTIN) ouos pooyiayy suojouows & sey ¢ 1djourered pon[eA-[eal Yim [ d[qBLIeA
wopuRl dyeLIeAIUN B 10§ {@ 3 @ :(g[#)6} sywd 10 sypd jo Aqnwey v 9T'g’8 wontuged

*D SSR[O UI 159) ® JO
uorgouny 1emod ® s1 18Y1 (g) ¢ A10na pue Jg 3 g L1919 10] (), < (9)g I 1597 D 5012
(dWn) mfsamod gsow Apuwsofiun e st ‘()¢ uonouny remod yim ‘) ssep ur 3593 y 99
3 g 'H snsiaa 09 S ¢ 1Oy Bunse) 10j 53159) Jo ssEP B 9q ) 19T IT'E'8 Uouyaq

09 3,6 pue 9 3 4 A1onl
105 (,0)8 < (,0)¢ 3t pasmrqun st (g)¢ uonyouny 1amod Yim 1593 ¥ 6°¢'8 uonUYad

05 (g)g *©0dus
183} 0 )203] ® 1 ()¢ worpuny mod PIM 183} B ‘T S0 S (10]  9'¢'S uonIUysq

0 = (g)g "©¢dns 51
159) 0 2218 © st (g)g uonouny 1amod Ym Jsa1 R ‘1 S O S ()10  €'¢'R uoIUYS(

(4 3 X)% = ()¢ 4q pauydp g Jo uonouny oY) 81

¥ uorBa1 uopoalor Ypm 1593 sisayjodAy ® jo uopounf somod Y], T°'g'§ uorprUye(

"200ds 2)dwvs a1y
w x Auana sof (x)y = ((X).1).Y uayr ‘Aranyosdsas ‘Y pup I uo pasoq sousymis Iy7
243 240 (X)Y puv (3).X puv g 40f ysyvys quaroyfns v st (X)Ll ¥'g'8 W0y,

‘150 S o Sukystyes Joqumu Aue st o aoya o S
(%)Y :x} w0y ay3 jo uorBox uor3oa(o1 v sy JY) 3593 Aue St (TAT) 7597 0204 PooyYRYY Y

(x|g)7 dus
LTS _ (g

°9
(xjg)7 dus

si13926:'H
Sns1eA 0g 3 g : 0 Burse} 10] 91ysYDIS 1897 0PDL pooyyyy I,  T°'Z'8 UOUPIJ

“anjoa pagoadza st fo wopuLysa
pasmiqun 3saq anbiun ay 81 ()¢ uayy "I uo fiuo pasoq wopwysa fuo aq (L)@ 13)
puv ‘g uappwvand v sof svIs yuINfns 932)dwod v 29 I 327 €£7°¢"L WLI09Y T,

. (g)+ fo
L0j0WiLIS? PasIQUN Japaq fijwofiun v s1 (L)@ ‘St Joyp ‘g v 4of M C1eA S ()9 frep
puv (9)+ = (L)9% uayL “(LlM)d = (L) 2uy2q “g 1of ousyvis juaroyfs © 39 [ 3]
pup ‘(g)+ fo wojowysa pasoqun fuv 39 M 127 (ITPMNOR[H—OBY) LT'E"L WII0YT,

*(g)v uorgounf auios iof
()7 501 = [(9)+ - (x) (o) erew)

i fipuo puw fi punog wamoT ovy—swws) ayp suwpw (X) M uay
“(6)4 Jo 4oppunrgsa pasvrqun fiuw s (X TX) M = (X) M ST uonounf pooyyayy ayi
apouap (gl'x)J 'S = (X[g)7 197 ‘wasoay], ovy-spwin.) ayp fo suowpuod ayp sayfst
-os (g|2)f asaym “(g|z)f pr 2q Mx Y T (JuUSWIURRIIV) ST'EL AXel[0i0D

98 ) o
.Eﬁ#ﬁwm < ((X)4) bxep (ee2)
uayg
00 > (X) morep
puo (rer)
op
p

burhfsiyos sojpugss fuv aq (Mx X)) M = (X)M 991 puv ‘(g|x)f
Jpd ypm aqdwos v 3q Myt Ty go7  (Ajyenbau] oey—Jpwrea)) §'g'L WaIodyy,

(9000122 [ = 0mea

(6)+ Jo (ANAWN) +opowizysa
PISDIQUN IDUDIDA WNWIULUL ULLOSIUN © PITED OSTE St , M "4 8 10} M OIeA S , A O18A
vy am ‘(g)L = MO Ynm 44 10jBuiSe Joyjo Aue 1of ‘pue g [[e 10} QVL = . M%
S2YSITes 1 J1 (@)L JO 40IDUWLISD PISDIQUN 153 B ST , A1 JOJRWIISa Uy L°g"L uopiuga(g
.Qf st ()4 Jo TN ayp ‘(9)+ uonounf fuv uof
uayy ‘g fo AT Y1 s Qb (sFTN Jo A3aedoad ooumireAu]) QT'Z"L WSIOYT,

*(X)g st X o[dures & uo paseq g 1jowrered ayy jo (FATIN) L030wS?
PoOYHaY wWnuiTOUL Y “PIXY P[AY X Y31m ‘g JO UOOUN} © SE wnLXewW S} Surey e (x|g)7T
[Prym 98 anfea 19jowwied 8 aq ?&@ 99[ ‘X jufod a[dures yowe 104 P'Z'L UOIIUYA

“OUSHDIS JUAGYINS VUL D OS]D 51
oysgs 239)dwos Auv uayy ‘s181T2 01S1DIS JUNVYINS UL D [ 8Z'Z'Q WDI0AYT,

“0ysYD)s 2921dwioo © pay[ed st (X).J, ‘Apusrsaiby ‘g (e 10§ 1 = (0 = (L)6)8g
saydunt g [[e 10} 0 = ()67 jt 972dwod pa|[ed st suonnqusIp Ayqiqeqoid jo A[rurey
YL *(X).L onsivess 10§ sjud 10 sppd jo Ajure) 8 9q (g)7)f 191 12°Z°9 uonuysq

"9 Jof oysyvs quatoyfJns
unuiw v 51 (X)L wayl (LK) = (X)L St fjuo puv fi g fo uonpounf v sv juvjsuco st
(61£)f/(0]%)f owms a3 A puv x spurod adwins omy fisana 4of ‘yoyy yons (X)L uorpounf
0 §35272 auayy asoddng X 9pdwivs v Jo [pd so fued ayy 3¢ (g|%)f 127 €1°2"9 WAI0AUL



Page iii of iv

TMA4295 Statistical Inference, December 2, 2014

“(9)+ Jo sopowpsa uarayffo fijuono;
-duwifiso puo juagsisuos v st (g)L ‘st oy, "punog LamoT ovY LWL Y1 st ()0 Loy

‘[(e)a‘0lu « [(9)+ — (g)L]up
(xlg)T1 ‘souay ‘puo (g|z)f uo 901 1199SIT UL SU0LPU0D Apuonbas ayy

4opuq) g fo uonounf snonunuod v aq (9)L 19) puv ‘g fo FTW 41 Aouap g1 ‘(glx)f
PR o2q 'ty Ty a7 (SETIN Jo Aduaroyge onoydwidsy) ZIT°0T Wadoayy,

‘PuUnoOg JoMOT OBRY—IFUIBI)) 3Y) SIAJIYIE “4q JO souelIeA drj0jduidse ayj ‘st Jeq)

(,((6lx)1301%)) oa "
E—t = (g)a
zl(6)4]
pue uoynquysip ut [(g)e‘ofu — [(g)+ - “smu/t 1 (9)+ ojourered
® 10§ juaroyfa fyuoyordwifisp st Y44 s10jewINss Jo duaNbes ¥ TT'T'0T uontuyaqg

ML JO uOUNQLISIP JRWY
3y} fo aouvtivn 10 uvLLA d1oydwfisy 3q) PA[[Rd St o 1%ewered ay ], ‘UONNGLISIP
ut (z2°0)u « ((g)+ — “L)“y yey) asoddns ‘%[ 03ewyiso ue 104 6 T°0T UoBIUYeQ

"SIOUDLIDA
ayy fo quuy 10 UMD Buynuy Y3 PITEO ST ,L USY) ‘sjueIsuod jo sousnbas © st { Uy}
2I9YM ‘00 > oL = YLIBA MY TVwy gt ‘Y[ J0jRWNSe U 10 L'I°0T uUonuyeq

()« Jo woyprungso quarsisuod v st (g)+ ‘st vy
0= (< [(g)+ — (g)+1)ed > uun

‘Q 3 g fuana puv < 3 fuana wof (x|g)T ‘Gousy ‘puv (g|z)f uo
G°9°0T DaUD)IISI Ul SUOIPUOD aw.ﬁsanz Yy J2pU) 9 Nﬁ ﬁo,&uﬁd\ SMONULIU0I D 39
(0)+£ 127 *0 Jo AT ay3 210uap ¢ 127 “uonaunf pooyrpayy ayz 29 (g|'z)f "II1 = (xlo)7
19] puv ‘(g|x)f pr aq *r Ty 1X 197 (SHTIIN JO Adue)sisuo)) 9 T°0T WLI0dYJ,

¥,

UIPST D §1 Y4 uayp ‘@ 3 g fusna uof
‘0 = “mserg v uy u
0 =" frep oty 1

'g fo soppuysa fo

buififs1gos g uajpwolvd v fo sioppwysa fo ousnbas v st VM fI €'T°0T WLI0BYT,

1=0> g~ “ml)oq > Humy (11°01)

‘'Q 3 g A1ana pue ( < 2 L1348 10 ‘JI g 19j9wered 8YJ JO §L070WSI fo Fouanbas

uasteuoo e st (Yt Ty )Yy = %y siojewinss jo souanbas v 1'1°01 uonugeq

{42 (x|g)x:9} _
0 — 1= gp(x|g)L aym  {y Z (x[g)« : g}

fig uanib sz g 10f DALIIUL )QUPALI 18I}L0YS Y} ‘D fo
anoa uanib v uof uayy ‘powun st (x|g)L Ansuap sowaysed ayp [ 01°¢°6 ATe[[oi0)

*(3) Afsyos joy3 spaujur o buowv gsarsoys ayp st [q D] uayp
“(2)f Jo spows v &1 ;T uoym 9> x50 W
puv 0 < (9)f = ()4 u
o—1=ap@)f [ 1
sayfsyws [q ‘v pasayur ayp fT fpd opounun v aq (T)f 197 7' 6 WRI0dYT,
'@ 30 SAN[BA [[€ 20§ UOHNQLIYSIP dwwes 343 sey (4 X)) udys ‘(g[x)d ~ X It
‘st Jey T, 's1aqourered e Jo juapuadaput st (g ‘¥ JO wornquusip ayj ju (1onid 10) figg
-uonb pojorsd e st (9 X+ IX)D = (9°X)O SIqeHes WOpURL Y 9°3'6 UonmMERQ

109 = g :0H fo 1833 © 13a3) v Jo uorbas aouvdadon ay st (Og)y uayy
{(x)0 3 % :x} = (%)y

auyfap ‘Q D Y fAup uoyg 195 ouapyucy
0 —1 299 (X)) 19 ‘Rassaauo) 128 22uapyuod 0 — [ v st (X)) 198 WOPUDL Y] UYL,

{(%)y > x:9} = (x)0 (1'2°6)

fiq 200ds 1a30wviDd Y] w' (%) 728 D auyfap ‘¥ 3 X yova Lo ‘09 = g :OH Jo 1897
© jan9) © fo uobau 2ouvydaoov Ay 39 (Og)y 9] ‘Q D 09 Yova Lof T'T'6 WRIoSYT,

() (X)17] 2 9)d yw
‘sanyiiqeqord afeIeaod ayy jo wnurgur oy} St :uﬁ n ,Gnv‘d Jo ua10ff200 3UaPYUCO
ayy ‘g 1eypurered ® jo [(X)(X)7] 10jRUNySe [RAIJUI UR 10§ G'['6 WOINUYL(

(0ll(x)2(x)7] 2 ) 20 ([(x)2°(x)7)
3 §)°d 19y £q pajouap st 3 ‘sjoquifs uf ‘g ‘1ejeurered onay ayy 19400 [(X) 2 (X)7]
[easgur wopuer oYy jeyy Aypqeqord eyy st [(X)2°(X)7] o firpqogoud abo
-43000 3y) ‘g 1@jeurered e Jo [(X) ) (X)7] 107ewnss [eATRIUL UR 10 FI°6 UOHIUPR(

P B

“1070W1789 VAU W POY[ed ST [(X)1°(X)7] 1eatou
wopuel dYJ, "9pew st (X)/] S g S (X)7 eoudIdyur oy} ‘PaaIesqo sI X = X JI ‘¥ 3 X [
10§ (x) > (x)7 Aystyes jeyy opdures 8 jo ‘(¥ ‘- ‘1z) ) pue (¥z - ‘1z)7T ‘suoroury
Jo 1red Aue st g rojourered pan[eA-[eal B JO 2j0wisa joasaiur Uy  [°T°6 UONIUYe(

‘ama-d pyoa v st (X)d ‘uayg,

_ %939

()M 2 (X)) o dns = (x)d (6'¢'8)

uyfap ‘x jured 2qdwvs yova Lo andy st L j0y; DuUIPMa

aub M fo sanpon 2buv] Joy; yons dusyvys 1593 v 39 (X)M @7 LT'E'S8 WY T,
0> (05 (X)) L (se8)

‘1505 £19n0 pue 0g > g L1940 10§ ‘31 pyoa St
anea-d y -onuy st T 1eYy) 29uapIae 2A1d (X)d Jo senyea [reurg X juiod ajdwes L19a2
105 1 > (x)d > 0 Bukysnes onsiyess 1say e st (X)d ampoa-d v gzrg'g womiugad



TMA4295 Statistical Inference, December 2, 2014

Page iv of iv

'© 3 ¢ fig payfoads
suapawiniond 2a4f fo saquinu oyl puv 0g S g fiq payfroads siarownund aif fo saqunu 3yl
u2aM)aq UL Y3 51 uoNQuIsIp Sunpruy) ayp fo wopaalf [o saaubap YT ‘00 «— U
az1s 9]dws 2y} SO UOUNQLISTP PaLonbs 1o D 07 sablaaucd (X)y 80]z— Jusuors ayp Jo
UOWNQIISIP Y7 UYE ‘0Q D g f1 ‘g 9 0 VIUD]29SYN UL sU0IPUCY Apuvinbas ayg sapuy)
(glx) [ Jud a0 fpd © wouf apdwos wopuvs © 2q Y ' Ty 797  ¢'€0T WRI0dY]T,

“wopaaLf fo aaubap T ypm 9)qumiva wopuvs X v st IX auaym
‘uoynquusip wi JX — (X)Y Jo1g—

‘00— u v ‘Of
dapun uayJ, 'g'9'0] veuv)aIsyy i suowpuod Apuombal ayy safsyos (g|z)f puv ‘g fo
AT 21 5t g ‘(glx) f pu aaw ¥x oo~ *Tx asoddns ‘0 # g : V[ snsian Og = g : Off bur
-3897 40N ?m.m apduis—Jy'T @43 jo uornquisip o1303dwiAsy) [°g 01 W9I09Y T,

Ao
= (“m“A)aav
z
SI Y44 03 30adsal1 yum ¥4 jo (YY) fiouaroyfa aayvpos onopdwifisp sy 'uoynqulsip ut
(22 0ju «— [(g)+ — “Alup
(%o ‘0lu — [(g)+ — “mlup

Ajsuyes ¥4 pue “4q siojBuwillse om) JjI 9T°T'0T uoniugeq



