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The p r ob l e discussed in t h i s paper i s t h folIo i ng . h 

breeder has a i l ab l e a se t of r cords , y , from which he wi sh 8 t o 

pred i ct the reI ti e magn it ude of future r ecords . Th se pI' dic ­

tio", r t it n us d to tIIske se l ction deci s i on . For examp l e , ~ 

. igh t be il k r cord of t he progeny of et of da iry bu ll s fr01ll 

ieh t he produc tion of future p rog ny of t h se ,bu ll i t o be 

predic l d . As cond exa I e , y cou l d r pI' s n t mil k r cord on 

a ll co s in 

t he pre en t. 

t hose cow 

on heifer 

herd fro t he ti t ha t ilk r cord i ng b g n un t il 

iry an w' she t o pr d ic fu t ure ilk yi s on 

till s i i ng t h t h ,,' r ecord as w 11 8 t he yields 

produc i ng age . A a thi d 

cxacp l. , y I' P I' s n t I' cord on each of three tr its on 8 se t of 

8nio 1 b ede r iah t o pr d iet e function (no t nece -

s ril)' linea r) of t h reco ds on future pro ny of t hese n1 1 

Now , of co r se , t he r.I t hod of preaie tio shoul d be d i e t t d 

by wh t we ant to do wi t h t he PI' d ictions , by co pu t ti ona l 

co t , nd by how well t h result are unders t ood by po t entia l 

use r s . FI' 

tion , t 

t he viewpoint of wha t w wan t 0 do with t h pI' d ic­

It rn tiv and no t nece. rily i ncoapa i b l e go I s ar : 

615 
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1. Maxi l zi n t h xp c t eel va l ue o f t he func U n o f fu ture 

r cor h n i n i v i dt I s r e a l ec t d upon t he b s i s o f 

t heir p r i c ti on . 

2 . Fi nd i ng t he 0 t ccu ra t e " s ti t .. o f func ti ons o f 

fu t u e r cord . 

I t nd t o con i d r t h s cond of t h se t he 

r spona i bilit y s r se rcher i s no t t o 

oo re i mpo rt n t s i nce my 

e l c tions b t 

r t h r t o ss i a t b r de r i n t ir e l c ti ons by p ro id i n~ ttl 

wit h t he b a t poas i bl e t oo l s f or s 1 c tion . On us t r lize t h t 

t he b s t se1 c tion o r one br d r y no t n c sa rily be t h bes t 

fo r o t h r br de r , for t he ir ~oa l s y d i ff r , pa rti cu l r l y 

wit r spec t t o r 1 tive mph s l t o be p l nc d on d i f f er n t 

tr it . Cons qu ntly , we shou l d 

each tra it nd t hen t e ll t he b r 

i de "b t" va l ua ti on f o [" 

r h t o u tili ze t h i in £0"""3-

tion t o t h i s goa l s . Fur t h r , t he qu tion of co t co~ li c t e 

t he 1 c ti on prob l em . The b s t se l ec ti on fr o t he t an po i nt of 
• gene tic n t i s no t n c s rily t h b s t fr o an cono lC 

v i wpo !n t. For xamp l , t he cos t of an i ns i n tion f r om on 

da iry bu ll y be er y d i ffe r en t f r om t h t f or no t he r one . 

t he abo e con i d r tion i n mi nd , y effort s have b nand 

Wit h 

ill 

conti nue t o b t o eoph s i ze mos t accu ra t e a l u ti on pos i bl e 

ith i n t he Ii it tion of co pu ti ng cos t s and t he cos t s of ob t ni n-

i ng r cords su itab l e fo r va l u't tion . ccord i ngl y , t h i s p per 

d I s it h e l u tioo t hod , wh i ch I choose t o ca ll p r d ic ti on . 

Th prob l of pr d i c ti ng fu t ur e r corda i a sp c i 1 c s o f 

pr d i c tion of nooobse r vab l e r ndam vec t o r , s y a, 
tribu t d j oi ntly wit h y . I n t he cas of pred i c tion 

t ha t i i s -

o f r cor d , B. 

i s some func ti on of fu t u r e r cord . 1 0 , a co 1d be 5 ria-

b Ie , t he pr d i c tion of wh i ch 1 ads t o p r i c ti on of fu t u e r e -

ods . xa p I s r gi v n It r . ( n under cor d l ow r c se 

1 tter d no t co c t or , n unde r co d upper case l e tt e r 

trix , nd n it c l icized 10 r case 1 tt r sc l a [" . Any o f 

t h se c n ha e 00 or more subscrip t s . ) 

On 
• 

OF F UT URE R ECOR 

~e wi h t o p r d i e t 

2 . BEST PRED I~T I( . 

(J . f r o 
1-

6 1 

func ti on o f y , 5 y fi (y) - 0i ' 
l og i c 1 t o tr y t o ~ i n i r. i ze t he 

o e func ti on of e rro r . The 
HoW hou l d t h i s be done? It 

pr ed i c ti on e rro r , gi-gi ' or 
. only used no ti on i s t o in i l ze , if pos i b1e , E(gi 

, ) 2 
~ . . 

1-

o t com­

Such a 

p ["e i c-t hod i ca ll ed " be t p r ed i c tion" (SP) , o r t h pr edi c ti on 
It t u r n ou t t p r d i c t o r" (a l so SP ) . t or it se l f i s c lI ed 

th.'lt 

" b 

ai - E«(Ji Iy) ; 

h i t h mi n i izing t il t ~ , 
l ue i s t h cond iti on 1 . n of (J . gi en 

1-

\' . 
~ 

50 additi on 1 p roperti es of BP nr e : 

1. EC ) - £ ( ). T us , t h pr di c t or i unb i as • 

2. 

3. 

4. 

5 . 

6 . 

E[(g- ),(~- g ) '] - v d ance - co a rianc . ma trix of t he pte-
~ --

di c tion erro r • Eu [ d a ly) ], t ha t i s , t h an i n r -
v 

pe t li ng o f t he con ition 1 ri nce 

ma trix of a gi n y . 

Co C ,S') • , d ' ) · 

Cov (t , Y, ') ~ Cov ( , y,'). 
~ 

Co rr e 1 tion be t~een (Ji nd (J . i 
1-

ma x i IllUCl nd i s o:.h l ag i ' 

I f v ' c n be p rtiti on b t [ v l' i n t o au ec o rs L ... 1.1] 
-

each of t h 1 ng t h nd wit h t he cot r spond i n~ e l -

n t s of E.. as [1 . . . ] uch t ha t t h d n it y func -

tion h ( . ,.,.) i s t he e for a ll i -I , ... , q n uch 

t t (1i : (Ji ) i s d i tribu t e i ndependen tly of ( ~j "j) f o r 

11 i + j , t h fo 1low ! n, prope rt y p rov d by Coch ran 

(1951) i s tr ue . If tr unc ti on i 

an of t h r e ulti ng xp c t ed 

any func ti on of y . 

c rri ed 0 

1 c t e 

t on g. , t he 
1-

(J . i s 
1-

ax! !II fo r 

Pr oo fs of p rop rti 1-5 abo e c n b f ound i n 5 rl e (1973) . 

• O'W , it wou l d appe r t o be i po s i b l e t o fi nd 

b i -e t hod t han t he one d scri b d abo e . I e pred i c t on " 

~r c des irn­

'nfo r t un t e -

ly , ho r , b t p r d i c t ors c n e 1do be fo n . .'o t t h t t he 

t h ti c 1 
f ' b ' t be kno n , e mu t t he ~ rm of d i s trl t lon 

t oo l s r equ ir fo r f i nd i ng t he condition 1 me.nn , and f i n lly t he 
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--------------------------------------------__ ~C~·lR~.JH~e~n~d~r 
~ ri ca l va l u a of t h 

known . 
e r of t he d i s t i bu tion u t be I t he l as t 

for p roper ty 6 t o b 
ever fu lfill d ? Fu rth r , 

i n o rd er 

can j d t 

d n ) no 

tr ue , !II ini 

for 5 l ee i on 
o l d b t ha t t he 

r e unr 1 t d (so t 
e i dep n-e ry c n i d t e U5 t h e t h 

ti on 
5 t ype o f info . 

and nu b r of r ecord ( o t ha t eer y li h 
t he j Oi nt d i tri b tion of [ e'er y li ,gi J i 

t he 

t he a 

e 1 ng t h 

) . 
nJ 

Fort un t e l y , if t he d ' l s tri bu i on i s 

pre ietion j plifi 8 gr 

i s li ne r i n y . nd t 

tly , 
u lti a cia t e nor 1.1 1 . bes t 

for t h n t he cond iti na l n of 

irs t a l u s n ed d r e th 
and s eond " t s . .8 t p r d i c t i on i n t h i c se i en tic 1 
co pu t a ti onally t o se l c t ion i nd x d i seu s 

in t he n x t ee i on . 

t h t 

3. BF.ST L1 EAR PRED rCTl 

Suppose e a r e willi ng t o r 

[ e li ne r i n y . Tha t i , 
tri e t 0 [ se l 

{;i - ai ... ~y 

s to 

sc Ia r nd b . 
-1-

wh r . a ~ i s s 
i s a v c t o r of w i gh t 

It i fund t h t 

redie ti on 

Ch08 n o 

k - E (l!) -+- f '_ -1 Cz: - E (1.) J 
whe e C' C ( - ov Z,y) and ( ) a r y . So u8efu l p roperti 
b s t li n a r pr d icti on (B P) r e : 

of 

1. 

2 . 

3 . 

4. 

5 . 

6 . 

E(g) • E(.!) . 

r (' -.!) z 

hu t he pr d ict or i s unbi ased . 

V r (i.) • 

he corr 

ar (.!) .£ '~-If . 

ove ,Sf) • f '_-I_ . 

1 tion be t A t!n !J i nd i i x i 
of lin r f ti 

L unc on8 of t he forn a . ... b !v 
When t he d 1- -1-.... . 

i n th c l ass 

i tri bu tion i Itiva ria t e no r 
B Y aian ti t e of a und r 

n , 19 71). 

1 , k i s t he 

(So l 
quad r tic 1 08 func t i on 

Wh n t h d i s tri bution i mu lt ivari 

b ility of a cor r ct chO i ce be t w n 
no 1, t e prob -

i and g . i 
J 

xi i z d 

PREDICTIO 

for ny li n ~ f unc U on of :t. ( e It nde r son , 19(1 ) . 

7 . BP of _'a, a li nea r f unc ti on of a, i !!", t t i s , t he 

e li ne r function of t h BP of a . 
Be t li nea r p r d iction i s e sy t o c pu t e hen t he nu be r of 

r ecord 11 and i e ll kno' by anhal r ed rs , t it doe 
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have t h e rious d f j ci ncy t t E(y ) i usua lly if no t 1 y un­

known . I n con tras t , r( ::::-) and Co (& , ~') a re o Ct en as u d t o 

ha e b n tiu t d qu it e accu ra t e l y , nd cons quen 1)' 1110 t an i 1 

breeder see willi g t o ub titut e t h e t he p r 

e t e r l ue nd t h n 0 pr oce d thou h the e r e t he tr ue 

'.1 l uC6 . wit h r 

de th t i h 

rd t o t t>e n of , t ~e assump ti on i usu Ily 

t he for • X8 , wh re X i s a known t Yix . d ~ i s 

.1 fix d , unknown vec t or . f n , ho e r , ceIt In of t he e l e n t s 

of ~ ha 'e bE-en t ed qu ite accu rat e l y fro pr i or d t and can 

be use accordi n l y . 3 for examp l e eff c t s of a e on n ilk produc-

ti.on . Le t ~ ' - [~l:~ l ad assu t h t .fl. l i s known . Th n , t he 

record ec t o r c n b. def i d as Y-~ l !!. l ' 

It i t un li ke l y . how, r, t h t a ll e l n t s of .!!. ha e 

been well e ti t ed . I n fac t, i so e cas s , t h sa a ~ h nd 

ro i d t he on ly i nformat i on . Cons quen tly , the u ua l pr o~edu e 

us d by br ('de r 1 t o es ti t e XB f r . t ed co u t e y- X~ , 

and t hen proc e t o pp l y e l e ction i dex (B P) as t hough i = .!!.. 
.he nex t ction d wit h the qu ti on of t he op ti um cho i ce of 

an e ti. t e of 

4 . BP.ST U 

t he r ec d i ng 5 c ti on t ha t t he b t It w po i n t ed ou t i 

line r p r d i c i on con t i n the nu ric 1 'a l ue of & 
and of e r cords . It h s 1 80 b n aS8U ed , n i 'e l y I tl i n 

th t t he an i I s t o be e l u t da r e 11 ber of t he opu-

Ia tion . Con quen tly , t he ir an h e been t o be zero . 

Of co r e , any o t r con t ant ~ou ld do qua lly w 11 s i nce it 
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cho i ce 10'0 1 1 no t ff c t tl r <nk i ng of pr d i ctions . Hav i ng III d t ho a su ti on of qu 1 an , t he p :.- . cUc h t h n b n t o ti-e XB by s by rit l tic e n. of l eve l of factor bu t of t 

w 
t qu r e . Th. crucia l que tj o~ 

i s t he be t es ti t e . 
. 0 use t o :ub tit t e i n 

Hender on (1963 ) so l e re dex . 
gene r a l pr ob l en ; e l y , he 

found t he li n ar func ti on of y wit h 

pred i cti on error 
an Q wh i ch. ini i ze t h 

he l ni i z d E(gi - J i ) 2 sub-
riance . 

ject t o E(gi ) - O. h esu1t 

o l ution t o t he gener li z d 1 

, ' 1 ' s a = £ _- (y - X6 ) whe r e ~ i • 

t squ [ qu ti on , ~'_ -l XB ~ 
h i t hO<! 

tion ( BLUP) . '0 t h t h i s i 

be t li ne r unb i e pred i c ­

t he e l ec tion i ndex r esu lt wit h 
ubs titut l.' fo r X6 . 
It i robably not s 'rpri s i ng t o find t ha t of a ll 

t 8 
of X/l , t he C (a 1 0 bes t l i ne r unb i ased ) es ti t e i s bes t t o u e 
i n se l ec tion i nde . Wha t i o i n t uiti e l y ob i ou o t 

aZl li ne r func tions of y t he bes t one i 
i s t h t a 

in f ct e l c tio i nd x 
us i ng CLS I.' ti t e of XB for t he pa r e t e r v l u So e u efu l 
proper ti of BL P < [ 1.' : 

1. 

2 . 

3. 

4. 

5 . 

6. 

7. 

E(i ) D E(a ) · Thj , of co ( se , va r eq ire in t he 
lIIe t ho . 

'a d i -,a) - ar (g) 

(! ' _-I~) - de at I.' 
- £ '_-l i:. + c ' -l X(X ' .-l X)-X ' ,-Ie 'here -- -- - - -- -

• rC) - Cov(' ,,a ' ) 
ny ge era li zed i n 'er I.' of X' . - I X. 

= £ '_-1£ _ £'_ lX(X' l X)-;,;-- l;. --- - - -- -
e correl a ti on be t lO n {} . 

'!. 

of li nea r functions of y t h t ha ez r a 
t'l i n t he c l as ' 

xp c ~ ~ i on 

When t he di tri bu ti on 

8 d HLE of E(a ly ) , t h 
u ltiv ri t e nor. 1 , a i BL E 

n of a for fixed y. 
When t he di tri bution is. Iti riate. a 1 , t he line r 
funct i on in t he c l ass of h f suc unct i ons with Me n zero 
t h t xi i ze t he prob bili y of elec ti 

gi an j gi - ) " 
B P of _'a is t:l ' 

t he be tt r of 

PREDl CTIO. OF FUTURE RECOR 

Predicted 

Suppa e no t ha t we c nno t a S I.' va li d ly t h t 11 n i I s 

c e frm the I.' ?O u l a tio Ra t her, I.e ssu 

k ~ e + ' i -~- -i-
wher u i s 8SSU e t o ha e n 11 ns . It see 

t ha t 

l ogi c 1 in t h i 
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ca I.' t o pr 

o f ~ u . H 
-'2,-

i c t ai by t he u of t he GLS e ti t e of ~i~ p l u BL P 

derson (1975c ) pTa ed t ha t t h i s 'lni i z E(g .-J .) 2 i n 
'!. '!. 

t he c l as of li ne r function of ~ t ha t a . unb i a d , t ha t i s , faT 

• .... hlch E ~i ) = E( i) = ~~. 

1.11 d . be t cn fro dif fe r en t pop-

ula tion with d iff nd ese ans a r e un~no ,t e use 

o f the e thod of t h i s .ec ti on h s no t. been ro ed t o ha e opU tl 

pr opcrt.i e with re ard t o r anki ng , as i s t he CClse with r ank i ng 

nor. lly d i tribu t d riab l e with known or wit h equa l neans . 

This one of t he unso 1 ed pTob l i n e l c U on . 

4. 2 . 

The faT go i ng t hods d scri b d fo r B P ( e l c ti on i ndex ) an 

BLUP a e diff i c It. compu t a ti on lly if t h r e r e ny e l n t i n 

y, t ha t :I s , if t heTe r e ny r cords . I.' d i ffic It y aT i es i n 

t hat t he 1 rFe nond i on 1 a trix mus t be i e rt ed . 1IIUch 

easier t hO<! ,"' 5 d scri bed by Hende r on (1950 ) faT cer t ain pre­

dict i on Toble 

Suppose ow t ha t a linear ~el f or y c n be wr itt en a 

1. u xs + Zu + ~ 
whe r X and Z a re known tri c ; ~ i a fixed ec t or , u ua lly un-

nown ; u and e 2 , l ando v c t ors it h ar(~) -

,,' r <,~) - !c;2 , an CO C,~') - O. 

tri ces ; 0 2 i a c 1a r , t h 

G and Ra r e kn wn , on i n 1 r 

1ue of wh i ch i no t needed i n pre-

dic tj on . ow write t he fo lIo i n equa t:l on 

X' R- 1Z 

Z' R- 1Z+{;-1 
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H nd r on e t , 1. (1959 ) prov t h t :i s a GLS o l ut:i on for 
nJ II nd r son (1 96 3) pro t hn t ~ i s BLUP o ( u . Th" o ( 

cou r e , b cause of t he i nv riance prope rty of BLUP, if ' 
BLUP f , .... ai lie _ ".!!. ' 

o {Ji :i ~~. ~ 

I so , if ~ i s knolo.'Il , _u, t he s 1 . o u tl on t o : he f oll owi ng 
tions , i s BLP ( e l c ti on i ndex ) ; 

(z. '!-I~~-I) .!l - z. ' ! - 1 (l.- XB ) 

I n 0 t pp li c ti on , ! 2 I , nd ~ h s 

qu -

f t t i s e s/ t o 
i n/er t. This 

for eXR:lIp l e , t h 
n pp li ed t o so eery 1 rge p ob I c~s , 

I ua ti on of approx< t 1 300 ~ e Y ires ( t he ~ 
ec t or ) wit pro ny i n t I e t 240 , 000 he d -y r- a ons c 

pri s i n , o t of t h .I e o t of th! c t or . 
he e t hod h : he fu rt he r dvan t ge i n t h t t he pIi ng 

v ri nces deri /e dir ct l y f r o a g-1 n er e of t he coeff i c i en t 28-

tr ix . Le t g-in e r e be 

The , if !'~ i ti 

[ 
fl1 

.£i2 
bI 

] . 
r (! '~) -! '~11 !o 2 

ov <- '! ,~ ' -~' ) = _ '~12 2 

'a r(.Q.-~) = .£2202 • 

It h be n aa i n t h pr ce i ng c t:i ons : h t t he n ed d 
va ri nc s nd co a ri oc 

e l) r e Jtnown . 
nd C (or G and R i n t he ix d lin 

How do we proc ed i f t he e p r a . unknown? G oe ti-
ci 

of 

coaaonl y u e comb i ti on of gene ti c t h o ry and es ti t 
rian es from wh t ever da t h 

1 t o deri e es-
ti t ea of t hese 

pH og v ri nc 

l egiti t e l y be r g 

If t h a prl o r U t e h e 11 
nd if t he d t t o be uaed for pred i ction can 

r ndo a p l e frolll t he e popu l -
tion 

r 

s t he da t a f r on 10Ih i ch t he pr i or es t.i 
101 re ob t a i ned , t he 

PREDICTIO. 

pr djc t ions hou l 

Sone \lork has b 

er rors in t h se 

RE RECORDS 

be bou t 

n done on t he 

good a if . knew t h v riances . 

naitivity of t he pr dic ti on t o 

riances . I n ge r I, it pp r s t h t ccu r cy 

of rank i g of s i ng l e tr it s i q it e i s n itive t o err or i n es -

rianc s , b t ~lti p l e tr it se l ec tio i s 

sen iti ve t o e rror 

ch co e 

, p rticu l rly dif f i cu lt prob l em i t ha t of pre iction f r 

body of d t t h t pr o i d t h on l y i nfo tj on v il b l e on t he 

var i an &ono 

with r e pec t t o 

cor r c tly , t ey c 

ri c i nn ha e b n cone r n d 10Ii t h t h i p r b I 0 

tion of If I under t nd lit er t ll 

o l y es t to t e t he rianc - co riance trix 
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of the err or 'ec t or by 

tors , r eg d 

o e t hoJ t ha t yie lds cons i t e t e t iQa ­

t he p r n t er v l u , and t hen p-

ply ~ ner li z d Jea t qu r e Th i tr nge t o e 

since con i s t ncy i s 

a~ple a r e no t l a r ge . 

very l arge 5 p I s , s 

1 rge pl pr op rty nd 

I n contras t, • n 1 br 

t o pr fer t o use unb i a 

ny of t 

de r , o ft 

d es ti t e 

ir 

wit h 

o f 

\ a ri nc i n t he ir se l ec ti on i ndex e thods and mor e r ce tly i n 

t heir BL P qu tion . 

du re t o f o llo ... if t he 

so l ab l e p ob I 

h que ti on a t o h i ch :1 s t he bes t p r oc -

ri nces e un nown i nd ed y be an un -

One po i b 'Iity i s 0 es ti t e I:i nc li ke li-

hood . Th n , if t hese 3 c ubs t.1t ut ed f or t he corr s -

pon i. g P r a t er va l u s 1.n t h !I ll( d l"Od 1 qu tion , t he r a 1-

ting o l uti on t o ~ i s x i mum like li hood , nd t he so l tion t o u i 

the xi u l1ke li ho e ti t e of t h con iti ona l n of ~ gi en 

1.. h lx d .ode l qu ti ons 0 1. ti on c n be u d con n i en t1y t o 

t he a r nc s po~,ted ou t by H nde r son (1973). 

~ne t h r or no t t he r esu lti n p red icti on a r e be tt r or or se t han 

those r au lti g from sub titution of a riances s ti t ed by eas i er 

e t hods such a H oder80n ' (1953 ) t hods i ot known . Of 

cou r se , i t i t ha t. li keli hood do a ha'e certain op-

ti P operti i n 1 Ite s p I e 
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The v r-iance cOIIIpon n t ode l i 

wher e • r (u .) _ 
-z. 

and Cov(Il. , ' ) 
-z. -

equ ti on beco 

_H~ I +1'1: 
of 

~I 

Let t he i er e ef t h i 

r

Ill 
I 

_12 

~ i c 

il t i x be 

Z l Z 

11 i " j , 
mi x d 0' e l 

The e ti 

~ an ~ 
t e ef 0e

2 
i s (~ 'y - _ '_ ' Y - _u1' _Zl' Y , , )/ 

- - - • -- - ~Z L n her e 
r e e l u tion 

of e l e n t in 1: he 

t he nu ber of 

t o' n ix d de l equa tiens nd n i s t he nu be r 

+ 02 trT .. )/q. whe r e ti t e ef o~ i (' 
"!. u~u~ e -1..1. L 

n ~s i n u .. 
-~ 

The e luti on t o ~ j ,LE of 
! , and t he so l ution 

hese equ t:l on 
0' ~ i s t he HLE ef t he cenditiona l me n of u . 

r eq ire , ef course , n it er :ive se l u tien . The 
proof ef t h se r es l: s i s gi en i n per 
by Hendersen , Uffer , nd Schaeffer . 

h i s sec ti en 

pp li c tien 

u l ar BLUP . 

6 . APPLIC ~IO, S 

nd : he r l i d r of t hi 

of t he p ri ncip l presen 

ubn itt d t o' Bio;"etY'-ica 

p per will d I with 

hove n in pa rtic-

UTURE RECOR 

Suppe e t h t e wi h t o' pred ict future r cord 

m Is , 5 e ef which ha e one r ecerd and e t h r s 

of 

ene . An 

t of on:l­

dd itive 

genetic mode l i s assumed . Let t he od 1 fer t he r cerds be 

1. ~ XB + Za + ~ 

w, Ie r pres n t s t he ec t or of add iti re genet ic m rits ef t he 

.:mi. I s t o' be l u t ed , nd Z i s trix with as ny r O\ol as 

there a r e r ece ds nd s ny ce l u s as n l. a l t o' be 

The co l umn per t a i i ng t o' n1 a l s wit h 0' r cerd h ~ 11 u ll 

e l ~ n t s . Fer ex t .ere a r e 5 an i I s , t he 2nd , 3rd , and 

~th on l y ha i ng r cerd , 

, -[ ~ 
1 

o 
o 

o 
1 

o 

o 
o 
I 

r (.!!) - Ah2at ; 
r(~) - ,!.<I-h2 )at 
Cov (.!! , ~ ' ) - 0 

o 
o 
o 

whe re!... i s t he n era t.or r e l a ti onsh i p trix ef t he n I s t o' be 

e a l u t d , h2 
2 herit b ili ty ef t he tr a it i n an unse l ec t ed , nen 1n-

bred pop 1 ti o , nd at i t he ri nee of r ecor s i n t h i pop 1a ­

riance ef t he r CO' d en t he i t h ni 1 i s (1+ tien . n , t h 

r ·;,:1 )0'5 , 1- _ 

an i I s i 

ith ni 

and t e covariance be t · en r cords on t he i t h and jth 

a - .1: 20 2 whe r e J" . :I s t he l nbr d i ng ceefficient ef t he 
tJ":J 1-

I nd a., ~ t l e nU1ller t o r r e l a i ons i p be t en t he ith 
~o) 

and j t h ani 1. h n , t he BLUP equ tion 

[ ~' ~ 

Zl '# ][ !l x ' Z 

z' z+ - 1 

The p r ed icti on ef fu t u r e r cerds 0 t he an 

qu ti ons i 8 i . 

for pree icti ng a are 

[ ~ ' 1. l . 
~' 1. 

18 e 1u d in t h se 

The dd iti e g ne tic 

1 net pp ri :I n t he 

rit (and pr d i c t ed r cord ) of an an1 -

v c t or abo e i s 

£ ' _-l~, 

625 
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wh r c ' i t he row - r. t or r 1 ti n h i ps b t w n t h I s 

n j 1 nd t ho e i n t h quo t j ons bo e . I n t h . P c i 1 c o f 

n n i 1 with no r cord nd no prog ny wit h r co r ds bu t with 

1u'l t d s ir 

it p r n t s . 

and d , c ' - \- j I i! i - - - t o t he n of t he • a . of 
1-

If t he numb r o f an i 1 i n _ i s l a r ge , t h r pi d e t hods 

d scri b d by H nder on (19 75a , 19 75b , 1976 , 19 76b) it h llIOd i! j -

c n be u d t o co pu t c ti on of one of t h m by Qu as (1976) 

In t h i s pp li c tion u i ng _ cnd i n ubs qu n t , it i 

- 1 

ss nti 1 t , 11 r cordc be l nc 1udieu t h t d i n ki ng 

se l c tion d c i s i on . 

cord . 

I n t h i s c tion , w d a 1 wit h tr it on wh i ch t30r t h none 

r cord c n be ob t i n d , 1ac t ti on y i e l d i n d iry cow 

p l . L t t he 1II0de l or 11 r cords be 

y .. x8 + z + ~ + !:.. 

, 

he r e i s t J~ v c t or of dditi e g ne ti c 111 rit 0 a ll an 

or 

I s , 

• 

-

£ i s t hc c t or of nen t nvir t a l e f fec t s , nl Z i a ma --
trix of l ' and 0 ' r 1 ti ng p rti c 1 r r cord t o p r ti c 11 r 

i nJ i v i du 1. If t he i nd i v i du 1 ha no r eco rd , t he co l u n of Z r e -

1 i nu ll. Fo r xa p I e , i f t h r e r e 3 n i -1 ti ng t o t h 

I s t o be a l u t ,the f ir t wit h 2 r cords , t he cond with 1 

r ecord , nd t he t h i rd wit h none , 

wher r = 

non i nbred popu l 

n 11 . The BLUP 

z .. 
1 

1 

o 

o 
o 
1 

o 
o 
o 

r( ) .. • 20 2 . 
- - Y ' 

r( ) z l(r-hZ ) o~ ; 

r r( e ) .. I (1-r )02 - - y 

• 

t ab ility nd o~ .. va ri nee of s i n I e r cord 

lion . Co (~,£ ' ) , Cov (~ , !:.. ' ), nd Co (~ , !:.. ' ) 

qu tion r e 

i n a 

a r e 

REDlCTl o F UT URE RECOR 62 

X
, . , . x' z x' z --- - --

z ' X , -\ Z z+ 1-1' -h2 z' z .. '!:.. ' :t.. • -- --- ---
·z ' X z' z - - --

'o t . t ha t 11 e l c n t s of ~ p r t a i n i ng t o n l. I s wit h no 

r co ds . 11 qu 1 O. Consequ n t1y , t he equ tion 

corr spond i ng t o £ of t l se n l I s can be d l e t d . 

nd co .ffici cn t s 

h p r d i c tion of t he fu t u r e pr oduc ti on o f t he i t h an i 1 i s 

a.+{l · . he i c Lion of p roduction of an i a l s withou t r eco rds i 
1.- 1.-

the e H i n t l prec d i ng s c tion . 

6. 3 . Pr i c t1.on 

n."lnce ode l 

Produc tion nder i ve Pl u 1.-

The 1 i s t he a e as i n S c ti on 6 . 2 exc p t now do 1-

nanc. t r ill ha e n dd d and t he i r e tric t 

e odel i s 

1. .. ~ + 7.a + Zd + zp + !:.. 

~he r d r fe r s t o dom i nance <l ue with p rtiti on i ng a d scribeJ 
-

by Cocker ham (1963) . 

;} r e nu ll. 

h co b t w en ~ and ~ , £ , and !:.. 

r ( a ) " 2 ; _ - a 
r(d ) .. pad 

wh re 0 i t he do i n nce r e I ti onsh i p trix ; -
a r(n ) .. 10 2 ; 

L - P 
a r( e ) .. 10 2 • -

Then t he riance of 2 ? + 02 . 2 r cord i s 0a + 0Ci P + 0 . ' 

be t w n t 0 r ecord on t ~ lIIe i nd i vi du 1 i s o~ + o~ 
on t he i t h oJ j t h an i 1 i s v ri nee b t w en r co rd 

d •. 0dZ' 'tJ 
h B P qua ti on r e 

Co a riance 

+ 0 2 Co­p ' 
a . . 0 2 + 

'tJ a 
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X' X 

Zl 

l ' x 

X' z 
2 

Z I z+ - 1 :!J.:. 
0 2 
a 

Z' Z 

Z' Z 

2 
ZI Z+i)-l Oe 

o 
a 

z l Z 

C. 

X' l 

l ' y _ .L. 

Z' Z 
2 

Z I Z+I £. ~ 
- - - 0 2 

The p r ed iction of a fu t u r e 
P 

r ecord (expr s ed s a deyi tio 

frOli 0) on t i t h n j 1 i nc l uded i n t he equ ti on above j s 

a. +d . + A • • 1. • t'. 

h pre icted pro uc ti on of an n i 1 no t 

qu ti on i s 

p ri ng i n t ese 

C I - 1· + ,1 I n- 1 a 
where c ' i s t h r o ec t o r of t he nu r a t or r e l a ti onsh i p be t ~ en 

t e an i 1 n t hose above nd ~' i 

i n nee r e I tion h i p . 

s 1 11 vector for t he dOll-

he .e t hod of t h i ec tion c n be ex t nd d t o at er c po -

n n t s of genet ic ri tion , e . g ., add iti e dd i t i e . 

6 . 4. ode1 

Thi sec i on dea 10 1th t he prob l of e s l u ti ng evera1 

corre l a t tr it fro r cor s on t he i nd i j du 1 and it s r e 1a -

tiv s . Suppose t ha t t he dd iti e gen tic ad nee trix of 

tr it s i n t h s e an i 1 i ~o , t he carr spond i ng nvir onm n t a l 

a d nc - co ri nee a trix i s ~O , t he gene tic and cnv i ODIII n t 1 

v ri b.1 s a r e uncorre l t d , and cons quen t1y t he ph no t yp l c 

v riance- co ri nee m rix i s G + R -~ , y . Suppose t ha t t h 

i t h n 1 has record on each of t he tr it s nd t h 

t he vec t or of r cords i s d no t d by Yi ' t he ode l for 

y . -X .S+a . +e . 
~ -:,.- --:.. -.... 

d !!,.) • G 

'ad !,: ) - R 

Co (.!.z: ,~ ) - Q 

ode 1 for 

i ch i 

, if ~ i s kn nd we do no t ~ish t o use r cords on r e 1 -

ti es of t he i t h ni ma 1 , t h r g 1ar se l ction i ndex l ua i on of 

E!tEDlCTIO. OF FUTURE RECORDS 

T n , i f t he net erit j def i n d a 

ani a 1 is !'! '~ . 
If c r t in r cords a r e i i ng , 

~ ' a ., 
- -1-

t he so l ut i on for t h i 

ub tit u t e or G nd ":''J ' 
t o r eco rds i s i ng . 

62 

th 8e na tricc r educ d sccordi n 
e ~ n t t o use records on r e I ti s nd \ole cannot 

upposc 

a8SU e t ha t ~ 1s k avo . 

ha e n n 1. 1 e ch with 

e first can i der t he c se in h i ch we 

record on 11 q of t he tr it s . TIl 

h d tr it s withi n sn l I s , if ~ orde r t e rear 
h e for a r 

nd 
rcne 1 1IL:P equ tion x' " 

l :~~~ 
G & 

a 1r~ 

~], Z - I , 

:~~'J 1 
ar:r~ 

u rato!' re1 tion h i p a trix . 
~here a; ; are e1e n t of~, t he 

·V eno t es the dlr c t can be wr itt n a ~_o where * roduct opera-

tion eSe rI e , 1966) . Sir 11 rly , 

R = 

R 

o 

o 

a 

o 

a 
a 

G 

ow , bee use of t he foro of C nd~, sc can be i n er t d ca ily ; 

wi re 

C- 1 
...!:J 

~- l _ ~- 1 "'_Ol 

b h Pid ~ t hods ci t d - 1 i easy t o eoapute y t e r a 
bO'e and 

11 111 trix . Sj il rly , 

- , • l '!.-' • [ Ri: O!._, 1 

Then , t he 11 UP q ti ons can be wr itt n , r 11zi g t h t because 

~' l -!' ; 
ZIZ • ! 

1::.. ' 1.. - 1.. 
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or r lis ti c s it u ti on i one i n wh ich cert a i n of t he 

n 1.. t o one or r e .j s I ng r cor ds . I n 

f c t , S e y ha e no r cords . I n t h t C se , ! + ! bu t r t h r 

i 'Jt" it t by de l e ti g fr o an nq<~ i d ntity trix 11 r o pe r -

t a i n i ng t o Mi ss i.ng r ecor ds . For ex pI e , if t he r e r e t hr e 8nl -

I s nd t t r it. 0 fin t 1: t n t he fi r t n l. '1 1 h r eco rds 

on bo t h tr it , t he e~on h r co rd on only t he fir s t tr i t , 

n t he t h ird n i 1 has no r ecord 

7. 

1 

o 
o 

o 
1 

o 

o 
o 
1 

o 
o 
o 

o 0 

o 0 

o 0 

Al so , ! i s od i f i d by de l e ti ng bo t h r ows nd co l u 

t o Mi s i ng r ecor d 

whe re r.. re e l e 
1..J 

i nfo tion cas 

be pr d ict 

I n t he ab 

R E 

[ 

I' ll 

1'1 2 

o 

e eX8Jql l e , 

1" 12 

1'22 

o 

o 
o 

1"11 

o f !~ . C and 

nd con equ ntly . 11 tr it 

6. 5 . Eva l u i on from Prog ny wit h One R 

on 

pert a ining 

s i n t he fu ll 

11 n 1. c n 

In thi s secti on , we re conce rned it h t he e a l ua i on of ani ­

ma l u i ng onl y pr og ny r eco rds . Each pr og ny h 5 onl y one r cord 

used in t he ana l ys i s . 

od I 

he vect or o f pr og ny r co rds , y , h t he 

The 0 

d iry ir s i n 

Y=~+L+~ · 

co.aon l y assu ed e l en t s i n ~ by t ho a l u ting 

rti f ici 1 i ns in tion pr ogr a re he r d- y r -

ason f fec t s nd Fr oup e ff ec t (gener a tion nd t ud , u ua lly) . 

r efe r t o a ec t or of s ire a 1ues , wit h poss i b l y o f t he 

s ir ha i ns no r og ny . ! r e I t es co ds t o s ir es . Fo r x 

, _ e r s t with pr o ny , the pIe , s ppOl t h r e : e t hr e ir ~ h fi 4 

s cond wi t h 2 , and t he t hir d wit h none . Then , if r eco rds re or ­

der ed wi th i n s ire , 

~EDICTIO. OF FUTURE RECORDS 

1 

1 

1 

1 

o 
o 

o 
o 
o 
o 
1 

1 

o 
o 
o 

o 
o 

he a5su~ption abou t nd !. a r . as f ollow i n dd iti o t o 

an : 

, d s ) • 4h 2 0 2 
- -11 

t he ssump ti on of n 11 

r(~) - (1 - Jd,2 )I.op 

Co <-,~') - Q . 

Then t h B UP eq i on e 

[ ~'~ 

7, ' X 

x' z 

7, ' 7.+ - 1 

If a ll s ir s re t o be ber of t he pop l a-

631 

t i.on , t he r e1a t e e rit of t he ir f u t ur e pr ogeny i s pr d i c t d by 
e i n t he .. ode l , the 

d i ffe r enc s i n t he e l ~ nt s 0 s . If gr oups 

pred icti.on of t he i t h ire i i + n e l 

t o t he gr oup in wh i ch t he s ir e fI l s . 

n t of ~ corr espond in 

6. 6 . i on f r oo Pr ogeny ds 

The pr ob l in t h i c ti on i s t he ~ 8S i n 6 . 5 xcep t t h t 

some o r a l l o f t he pr og ny ha e 1lIO r t han one r cor d . 

wr it e t he ode l f or t he r c.o ds as 

·ow w 

wher e l'.. r e fer t o in 

v - X8 + 7, + Z_p + e 
.L. - -s- -p- -

i i du I p r o ny . To ill us tr t e !s snd ~ , 

suppose t h r e r e t h r s ir s . The fir s t hs 3 p ro eny it h 3 , 2 , 

and 1 r cor d , r sp c t e l y . 

an 1 r co r ds , r espec i e l y , 

Ih n , if r ecor s r e or de r 

he second i e has 2 p rog ny wit h 2 

n t e t h ird ire no pr o ny . 

p r o ny within ir s , 
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Z -p 

1 

1 

1 

o 
o 
o 
o 
o 
o 

1 

1 

1 

1 

1 

1 

o 
o 
o 
o 
o 
o 
1 

1 

o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
1 

1 

1 

o 
o 
o 
o 
o 
1 

o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
1 

1 

o 

o 
o 
o 
o 
o 
o 
o 
o 
1 

~ , E, and ~ a re r andon c t o rs with nu ll 

r(~) - \h 2A02 • - Y , 

8.I'Is . 

a r(E ) ~ ( r - 4h 2 )J 2 
-y 

or (c ) - (l-r ) ..!. 2 

Cov ( , p ' ), Cov (s , e '), an Co (p , e ') nr e 11 nu ll . h i s , of 
cou r e , i s a 

u d un r e l 

u d . 

d iti e g ne ti c el, t he t e of s ir s re s -
d , nd t he us ua l s 1 pIe r epeQ t nb ility ode l i s n _ 

h n , i n non [nbred pop 1 tion , it i . s n t h t t he a ri nee 
ofa r eco ld i ( L1; 2 + LL 2 2 

~ • r - ~. + 1 - r )oy nat . The cov ri nce 
be t n t wo r co ds on t h 2 

( "h + r - ~2 ) at -
"'0 2 
• y ' e co 

be t \O en a pro 

~2a . . 0 2 • 
7..J Y 

hen t he 

ri nce b 

eny of t h i t h s ire 

BL equa tion e 

~ t. 2 2 h 
~, 0y ' e co r nee 

n t he pro eny of t he 't h ire 

EREDICTIO. 0 FUTURE RE COR DS 

z' x -4;-

z' -r-
Z' Z 

x' z - -s 
l ' Z + 4 (1-1") A- 1 
~ 1;2 -

Z' z 
~ 

l y diagon 1 

x' ?, 
--p 

l ' Z 
-s-p 

, 4 ( l - r 
ZZ+~h I -p-t> 41" - ':" ' v -r-

trix wit h t ot 1 numbe r of pr o eny 
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r ecord 

. t rix 

for a s ire i n t h d i a on 1. Si. 11 rly , Z' d i on 1 
~ 

ith t he d i gon, 1 e l n t b f ng t he n be r of r ecords on 

an i nd i vidu I pr og ny . ~ con t a i n i n ch r ow t he nu be r of 

r ecord on t he i nd i v i du 1 p rog ny of t he eire nd zer o . ~~ nd 

Z' v a re t ot 1 of r cor ds by s ire nnd prog ny , r e pec tive l y . 
~ 

I f wi h t o e a l u e s ir e wit h r e pec t t o e e r 1 corr e l a -

t e t rait f r oa r ecor d on t he ir pr o eny , a COD i na ti on of t h 

. thods of Sec ti on 6 . 4 nd 6 . 5 c n be us d . 

t ed by Hend r 0 (1976c ) . 

e t il a re pr s n-

6 . 8 . 

her e r e ome pr ac ti c 1 s it u tion i n h i ch t he ne t 

an i nd i vi du I i a non li . e r func ti on of cert a i n tra it s 

s t t ed i n Secti on 2, b 

rit o f 

ee , f or 

t pre-ex pI e , wil t on e a l. , 1968 ) . 

dic ti on au l d be t he l og i ca l hod t o use i n t h i c se , bu t it i 

unlike l y t ha t t he I qu ir d d i tri hu ti on nd it s re 

no~ . A f eas i bl e t hod i s ilab l e i f (y ,~) Ie j o i nt l y nor -

11y d i trihu t ed , if t h f ir t and cond n t 0 t he d i tri-

bution a e Ie , i f t he r1 f unc tion i s a pol ynoni 1 in~, nd 

if e a r e willi ng 0 accep t a pr ed iction t ha t i s po l yn ia l i n 

y . ] n t hi case one can descri be t he p ab l e a one of bes t 

lin r pI d i c tion whe r e t he da t a ec t or a a ilab l e for pr ed i c tion 

con ta i ns e l emen t s t h t re pr oduc t 

(: 1 co t s of y . 

For ex pI , suppose t ha t t h 

nd power s of t he i nd i i dua l 

rit func tion is 
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Suppo h t ~ - [YI !i2 ] nd choose a f t h form ~ - £(g ) + 

} d YI- E(Yl)] + 2 [Y2 - E(Y2 )] + b 3[Y1 - E(Yt )] ... b 4 [YIY2- E(YIY2)] + 

[ y2 _ E (y~ )] . h n h pr d icU on of thi s form t h • min i z 

pr d icti on e rror a ri nc r quir s for it s co p t ti on tile p r 

e t e r s 

E[Ul u2 

E[Yl Y2 

E[:11 Y2 

Y I Y2 

y 1 Y 2 

u~ Yl 

y2 ] [Yl 

y2 ] [ lq 

Y2 

1J2 

Y I Y2 

Y I Y2 

y~ ] ; 

y~ ] ' ; 

U ~ ]' • 

-

Fo rt una t l y , t he xp c t a ti ons of p roduc t s of no 11y d i s tribu t d 

r and riab l can be wri tt n a func ti on of t he ean nd o f 

t he a ri nee- co a ri nee trix of a riab l c ri i nll; t he pro -

duc t . Th se c n be deriv d fro t he momen t g n r ting func ti on . 

lti ' ri t e norraa l d i s trib ti on wlth Le t t h ctor M"" 

~ and v ria nee-c o ri ance "'Il trix ' . - hen t h nt g n r a ti ng 

function froc Mood (1950) i 

xp (i.' .l:!. + _' t ) . 

s i ng t h i s func ti on , 0 r su It s r e 

E (lJ IU2) - ~ 1 ~2 + • 12 ; 

E (UI W2W3) - ~ 1 ~2~ 3 + ~ l v23 + ~2 13 + ~3 12 ; 

E (lJ IlJ W3~4 ) - ~ 1 ~2~3~4 

+ ~ 1 ~2V 3 4 + 11 o t h r t rm o f t h i s t ype 

+ V12' 34 + 11 ot her t 

E ( l U W3W~WS ) - ~ 1 ~2~3~4~S 

+ ~ 1 ~2~3v4S + a ll o t h r t r 

+ ~ lV23' 5 + 11 o t h r t e 

~ 1 ~ 2 ~3~4~S\l6 

+ ~ 1 ~2~3~4vS6 + o t her t c 

+ ~ 1 ~2V3 vS6 + ot her t r 

+ V12 3 VS6 + o t he r t e r 

t ype ; 

of thi type 

of t h i s type ; 

ty pe 

of thi s t ype 

of thi s t ype . 

pt horn and ord leo (1 959 ) . 01 ' 

s tructl ng an i ndex t o se l ec t individual 

t he prob l of con-

uch t h t t he expected 

n 

• 

PREOICTIO. OF FUTURE R CORDS -
"" l ue of 

tr it . i 

func ti on . 

t of li ne r f u c ti on of dd lti e me rit o( r 1 

rit n 11 in t h i nd ivi du 1 sc i c t d for d .fi ne.! 

Qu n H nd r on (19 76) ha e g ne r liz d t h i s met hod 

to so 1\ e t I s prob l e""! bu t it h t h an o f r co rds unknown 

an u i ng I ecord on r e l a tl r . ey c 11 this e t od " • s tr1c-

ted t 1i.ne r unb i a d pred iction . " 

Le t 1 , be t he ub c t or of dd itive g ne ti c I u on Sl:' e r a l 
..-..~ 

tra it s on t h 

U":lcorre l t d 

i th n i Dla!. nt t o p r d iet lIl ' u . -­~ 

so t h t C' u . i s 
- '""l-

ith the p r i c t or 
, . 

m u ., 
- '""l-

o ' il . ha 
- '""l-

exp ctntion 

zero , and witl, t hese 2 r s tricti ons h 

o t h t 

mi n pr d i ction erIor 

... .J r i ance . The t hod for do ing thi i f ound t o be i den ti c 1 t o 

od f S i 6 4 ep t t ha t in p l ace of _~-l the _ t h 0 ect on . exc b l ock di-

a on'l l trix i u ed t ha t i s c t d fI ! ' ~o ' i:" and Z . 

6 .10. Pr ed i c tion of of S ' '8 t e 

the 

lnb! 

t ha t r nd of lI n s ha b n de riv d f 

e or i gi n 1 popu1 tion , t ha t h 

d i ng coe ffici nt , and a I nn, 

i ng l e cross s ong t h e U n s . 

line a ll ha e t he 

e t of pro~ ny i s ob tain d 

he pr ob l 1 t o pr edict 

35 

fro, 

th erit of cro (i nc 1ud i n~ t hose on wh i ch t he r e a r e no 

da t ) . I 1 t h t t he " pu r e" line da t a will not be u • 

Le t t he lIIoJe l for an obser tion on t he cr oss be t w n t he ith li ne 

us d a t h I e li ne 

y . ·k 1-J 

n t h 

x '. ,,6 + 
'""l-J~-

j t h li n 

. + d . 
1- J 

us d a 

+ r .. + 
1-J 

whe r e x ' .. ,l\_ de fi ne 
'""l-J ,,;-

t he fix d effec t In t h 

r( i ) - 0 2 ; 

d dj ) - oj ; 
Co ( . ,d .) mOd ; 

1. 1-

dr .. ) - 0 2 ; 
1-J r 

t he f 

ijk 
ode 1. 

Co (1' .. , r ' .. ) - 0 , f or i 
1-J .11. 1'1' 

.;. j ; 

VA r(Sijk) - 0 2 . 

riance - O. 

I e li ne be 
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Then t he BLUP qu ~j n for pr d i e ti ng ~, £, an ~ il re writ -

t n by f ir t writi ng I e s t squ r e equa ti ons a t hough ~ , £, n ~ 

re fix d . he e qu tion h ve t he for.n 

.': 11 .f12 .f13 .£14 i _ 1 

.fi 2 .£22 03 04 5 .!.2 
c ' _ 1 3 C 3 .£33 .f34 d .!:.3 

~h C 4 C 4 f l,4 r .!:.It 
ow aod i fy t hese equ ti on 5 fo l l ows : 

[ 
Cn ( 23 ) [I02 _Ia~d t o - - , add - "" 
f 3 f 3 3 ! O d !O~ )

-1 

O~ ; 

t o .£ It , dd ~-l where i s a trix wi t h 0 2 i n t he 
r 

di gona l s and orr ' in t he pos i t ion corr s ­

pond i ng t o 1' .. wit h r . . ,' a ll o t he r e1 nt s 
l..J J 

o( 'a re zero . 

From t h ol ution t o t hese qua tions , t he pr d ict i on 0 t he .!:i t 

of t he cro of li ne of s ire i by l i ne of dac . i s 

3 . +J . +i· .. 
1.. J 1-,J 

The p r cd ictio o( t he rit of t h i t h li ne of s ire i 

crosses with a random samp l e of dan foot cr rando li ne o( 

t he pop l a tion i ' . and s i ila d y fot" t .e p d i c tion of t he .t" i~ 

of t he j t h 1· e of dac . 
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