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In tbir v o l u ,  .n a t t r p t  hr k.n mula to capi la  m m l  

-trr program developed by thrr rtrff af tba Strtirticr 

Unit to mt the mpecific n d r  of ICRISAT rcicrrtiotr far: 

thrlc data amlyris.  thr prog;urvritten i n W I R A T d  

KWTWt cover four ujor rrerr n m l y ,  (1) Diowtticrl 

genetics; (2) ~ultilocatlonrl trri lr;  (3) Incomplrta block 

design8 ; and (4) Randomi tat ion8 for Incomplete block 

designs. The rample run8 hrva barn includd in many eurr. 

Them program can be easily copied for urr vl th  tho hrlp of  

the statistics unit. We welcome your cawrmtr and 
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T C C A ~ ~ , ~ ~ , T I I E C ~ , C ~ ( I C C A , C ( I I W ~ , C O I I ~ I W : , ~ ~ ~ ~ , M ~ ~ , ~ ~ ~ # ~ , ~ ~ P , R C C A ~  
'?ACT' U P  $ mt 
'PACT' MU $ DSIZE t llWAU $ DSIZB 
' INW' 2 
' WADI?' MU, WU,RtP ,Tl tSIVMIABU(MU)  
'CAE' MPwOSIZt*DSIZE 
'1NPU1 1 
'HEAD' H I *  
" WURCE DP S S 
' HWD' HZ ' REPLI CAT1 ON' ' 
'HEAD' H3m"TRBATMBKfS" 
' H W '  RC-"RESIDUAL" 
' R W D '  H5a "TQTAL" 
'I11U.D' H6*" M E A N  DATA OF PULL DIALUL 
'fillW)' R7-" CCA I t 

'HUD' #a*" SCA ' t 
'HUD' H99" RECIPIOWILS " 
'm' H10-" RBSIWAL " 

'HEAD' Rl4= 
" CCA EFFECTS (Dl A C M L  VALUES ) , SCA EFFECTS ( UIVER DIM'rONbt VALUES " 
' W D '  H15- 
" CCA EFFECTS (DIAGONAL VALUES), RECIPROCAL EPPECTS (LOVER DIAGONAL 
VAbUES) * ' 
'##ADt H16a" VAR (G(3)) " : H 1 7 ~ "  SE G ( 1 )  " 
'HIAD' H18.1" VAR ( S ( J , 1 ) )  " : R19-" SE S(J,I) " 
'HIAD' H 2 0 a ' V A R  ( S ( 1 , J ) )  ' *  : H ? l v H  SE S ( 1 , J )  ' ' 
'H$ADt H22-" VAR (R(1,J)) " : H 2 3 ~ "  SE R((1,J)) " 
' H W '  H24mtf VAR (G(1)-C(3)) ' ?  H251" SE (G(1)-G(J)) " 

' B W '  A26." VAR ( S ( 1 , I ) - S ( J , I ) )  " : H27-" SE ( S ( 1 , I ) - S ( J , I ) )  " 
'HW' R280" VAR ( S ( 1 , I ) - S ( 1 , J ) )  " : H29mtf SE S ( 1 , I ) - S ( I , J )  " 

'mD' R3Om" VAR ( S ( 1 , I ) - S ( J , K ) )  " : H31=" SE S(1 , I ) -S (J ,K)  " 
'HUD' R32." VAR (S(1,J)-S(I , K ) )  " : H33-" SB S(1 , I ) -S (1 ,K)  " 
'HEAD' 834." VAR (S(1,J)-S(K,L)) " : H35*" SE S(1,J)-S(K,L) " 

'H$ADq3ba" VAR (R(1, J)-R(K,L)) " : H37=" SE R ( 1 ,  J)-R(K,L) " 
'IRIIUD1 H R l m  
" WURCR OF HS B(HS) 
'8UD'H4]1" RATIO OF GCA VARIANCE TO SCA VAR1A))CE " 
' R S  
I * CALCUWTION OF suns OF SQUARES 
'VARI' RIiPm)T S NREP 
*p@' TSET~VARIABLE(WNVAR) ; J J I z l ,  . . H f l  



'REST' TSFF 
t o ~ l  nrrtrr,umsrur s nr 
'?OR' I~l~..bSIZB r J-l..,DSIU 
'RBST' Y S m  $ HALEIFENAM-1,J 
'W' fJmJ*DSIZB*(I-1) 
' CAU '  JJ-SttN(TSET) 
'CAU' NS-)I(EAN(YSET) 
'COPT' !(?TOT SIJ-JJ 
'COPT1 UPHEAN $ IJ-NS 
* 8 ' : 
'REST' Ism 
'CALC1 RDP-WRBP-1 : ~ D P - M P L ~  t WFPP-(NUHM?)-l t 1Dlm~?-Ull-r0? 
'CALC' CPrnSU)I(REPTOT) : Ct-(C?+C?)/(~P+nt) 
' C A U '  TOTSS-SUM(TSlkT*Y Sm) 
'CAW' I"OTSS=TOTSS-CP : R%PTOTmRtfiM'+RE~ 
'CALC' REPSS-(SUn(REn0T)lHF)-CF r UPTOT-H?'TOT*HlMIT 
'CALC' TSS-(SUn(MPTOT)/NRkP)-C? : ESS-TOTSS-TSS-Ml8S 
'CALC' TOTWS-TOTSS/TOTDP t REPUS-RtPSS/RDP r MS-#SS/tD? I TWOITSI/TD? 
'CALC' FR*TMS/EHS . 
'CAP?' 
I t 

*f* RBD ANALYSIS *** 
I I 

"IHT' HI 
'LINE' 2 
'PRLNT/C,UBR-1,LABC-1 iI2,RDP,RePSS,REPHS S 0,1(10~0),20~3,13~3 
'PRINT/C,LABC-1,LABR-1 A3,TDPpTSS,THS,Plt $ 0 ~ 1 ( 1 1 ~ 0 ) ~ 2 0 ~ 3 ~ 1 5 ~ 3 ~ 1 3 . 3  
'PRIKT/C,LABR-1,LABC-l R4,EDP,ESS,EHS $ 0,1(13.0),20,3,15.3 
'PRIUl'/C, LABR-1, LABC-1 RS,TOTDP,TOTSS $ 0,16n0,20.3 
'LINe' 5 
'CALC' FTAB-PPROB(O.05 ; TDP ; BDP) 
I t CALCULATION OF Il#OVA FOR HODEL I HeTtlOD I t I 

' UATR ' PREPHAT, TREPMAT , RBFWAT , RECREPUA , RECREPM , UATCC , IIATIT, IUm ,TIUTCBT, 
MTCRTT , PREPMA, SCAR $ DSI ZE , DSI ZE 

' EQUA ' REPMAT-REPMEAN 
' CALC' TREFHAT=TRANS(REPHAT) 
'CAW' PREPUA=REPHAT+TREPHAT 
'CALC' PREPHAT-REPMT*PREPHA 
'CALC' RECREPH-REPHAT-TREMAT 
' C A E '  RECREPHA=RECREPN*R&CREPH 
'VARI1 mCT,HRCP,mT,UR(l ... DSIZE),GCAE S DSIZE 
'VARI' ABC,DEP $ HF 
' EWA' ABC-PREPHAT 
' EQUA ' DEP*RECREPWA 
'EOUA' HR(1 ... DSIZE)*REPMAT 
'CALC' HRRT=VSUH(CCR(l...DSI2E)) 
 TALC^ n-svn(m) 
'CALI=' mCT(1 ... DS1ZE)-Sm(m(1 ... DSIZB)) 
'W' 
J # 



' tllWE' 1 
'PJkIW7/?,WIR=I,UbCII1' ntrf l (1. .  .DSIZE),CT S (8.3)DSIZB,11.3 
'&xu' mcT*mcT(l.. .DSIZE) 
'BauA'  MTcT-WRCT 
l w ~  NA~XT~HRRT 
' W U  )UTCT*tMWS(NATCT) 
'CALX: wmmwS(WAm) 
'CALC MAM=ltT-HAArlltT*RATCT 
'CALC mATCRtmTMNS(HAATCllt) 
' C A E  WAFCRlS-NATCR+171ATCRT 
'CAE M R R C T ~ ( N R C T + ~ T ) ~ ~ ~ R C T ~ ~ T )  
' S~a(SW(wRR~)/(Z*PSI2E))-((CT*CT*2)/(DSI215*bSIZ~)) 
'CAK ~S~~(SW(A~)/~)-(SU~(~~~~RCF)J(~*~SX~E))+((C~+CT)/(DSS~*DSIZB)) 
' C A E  SSRlbCaSUU(DEt)/4 
'CAE CDPrDSIZE-1 t SOP-(DSIZB*(DSIZE-1))/2 r REDf=(DSIZE+(DSfZE-l))/2 
'CAU: WSPmBHS/NREP 
'CALC WSCCA*SSCCA/CDP 
' C A E  NSSCA*SSSCA/SDP 
' CAK NSRECmSSRECIRfiDF 
'CAW TCCAEdlSGCA/(&nSP) 
'CAU: TSCAE-HSSCA/(EWSP) 
' CALC TRECE*MSREC/ (EMSP ) 
'CAM COwCAm(MSCvCA-EnsP)/(Z*DSIZE) 
'CALC CONSCA*(HSSCA-EMSP) 
'CAW COMRECw(WSRRC-EHSP) 12 
'CALC RCCASCA~COKCA/COHSCA 
'LIME 5 
'MPT 
I * 

**& ANALYSIS OF VARIANCE FOR CCA AND SCA *** 

'PRINT' Htll 
'LfWE' ? 
' ~ N T / C , U B R * ~ , ~ A B C P I *  H7,CDF,WSCCA,COM;CAlTCCAE 5 

0,1(18.0) ,20.3,15.3,11.3 
' PAXNT/C, U B R w  1 , LABCw 1 ' H8, SDF, HSSCA , COHSCA, TSCAE 

$ C),1(18.0),?0.7,15. j,11.3 
*PA~KT/C,lhBR*l,tABC*l' HQ,REDF,MSREC,CONREC,TRECE 

$ ~ ~ , 1 ( 1 0 . 0 ) , ? ~ . ~ , 1 5 . 3 , 1 1 . 3  
' P R I H l ~ C , l , A B R ~ l ,  LABC-1' H10,EDF1ENSP S 0,1(13.0),20.3 
' LJINEf 2 
'PRIM'/C,lAIFR*l' H6'1 ,RCKASCA $ 0.10.6 
' LINE " 
'CALC' CCAE*((MRCT+URRT)!(2*DSIZE))-(GT/(DSIZPDSIZE)) 
' DIAG'  CCAH , M A T  S DSI ZE 
'MATR' HAT S RSIZE,DSlZE 
' SYHH' SCAM, RECH $ DSIZE 
' CALCt MATmO 
' CALC ' RECRRPH=RECREPW / ? 
'CAE' SCAB~(PREPRA/2)-(HATCRTTP(2*DSJZE))+(~/MF) 
' C A N  ' D n A T m  SCAE 



'W' SCIIUIISCUI-WT 
CXWXAB 

'CMcC' IUT-)IAT+CCA)I 
'CALC' )tGQltlW-IIBQUCPM+MT 
'U' SCII1;SCAI*uAT 
'CIUC' S C I U l m X A I  
t ~ t  m-ltltQUrn 
'WIIR1 2 
'?UJW 014 
'mfIAEC-1,LAbR-1' SCU $ 8.3 
'LIU' 2 
'?UlW' If15 
')MMTltAbl\-1,W-1' RBCH $ 8.3 
' U1 VARG , VARS 1 , VARS2 VARR p VARCC t VMSS1 , V M S 2  9 OMSIC3 p VAWM p VUSS5  VAlUZ 

,J#;,SBSl, SESZ ,SeR,StU;C,SESSl f i S S g 2 , S 1 S S 3 ~ S B W , W 1 ) 3 p W t W v ~ t  
F I W 1 2 , C O W 2 , C O n S C A 2 , ~ 2 , f f i S , S I G ) U r S I ~  

'CAt(c' VARG-( (DsIzE-l)/(2*DSIZB*DSIWt) )*CWSP t S & ~ ( V A n c )  
'CAI&' VARSl-((D!$IZB-1 )*(MJIZ1C-l)/(DSIZt*DSXEU))*lDts t 8881a1#YI(VAIISl) 
'CALC' VARS2-( ((DSI ZI*DSIZB)-(2*DSIZB)+2)/(2+8P 

: SES2=sORT(VMS2 ) 
' W' VUUIm(1/2)*B)ISP t SMl-SORT(VAM) 
'CALCt VARCC*(l/DSIZR)*EHSP r SECGmSQRT(VUIIGC) 
'CALC' VARSSl-( (2*(DSIzl;-2))/DSIZ15)*MSt t slrSSlmSQRT(VARS81) 
CALCf VARSS2-( ( 3*DSIZE-2) /(2*DSIZE))*lMSP r SISSZ~SQWY(VMbS2) 
CALC' VARSS3m( (3*(DSIZE-2))/ (2*DSIZB))*eEnSP a SBSS3mdlQbT(VIU1I$3) 
CALC' VAJtGS4- ( (DSIZE- 1 ) /DSIZB)*BMP I SISSImSORT(VIUB84) 
' CALC' VARSSS=( (DSIZE- 2 ) /DSIZE)*EMSP : SESS5-SQRT(VARSS5) 
' EQUA1 VARR2oEHSP ' CALC' SaR2mSORT(VARR2) 
'CAPT' 
I I 

*** STANDARD ERRORS ***** 
t I 

'PRINT/C,LABR=l* H16,VARGVl!17,SEG $ 0,23.3,10,22.3 
'PRI~/C,LABR=l* H18,VARSl,R19,SESl $ 0,21.3,10,20.3 
'PRXHI/C,LABR*l' H20,VARS2,R21,SES2 $ 0,21.3,10,20.3 
lPRINT/C,LABR-lt H22,VARR,U23,SER $ 0,21.3,10,18.3 
'PRIHT/C,LABR-1' H24,VARGC,R25,SeCG S 0,18.3,10,15.3 
'PRINT/C,UBR-l' H26,VMSSl,H27,SESSl $ 0,14,3,10,11.3 
'PIUNT/C,UBR*lt H28pVARSSZpR29,SESSZ $ 0,14*3,10,13*3 
'PUIHT/C,UBR*l' H30,VARSS3,H31,SESS3 $ 0,14.3,10,13.3 
'BIW/C,UBR-1' H32,VARSS4,H33,SESS4 $ 0,14,3,10,13*3 
' ~ I ~ / C , L A B R = l t  H34,VARSSS,H3S,SESSS $ 0,14~3,10,13*3 
'PRIHT/C,LABR=lt H36,VARR2,H37,SER2 $ 0,14.3,10,13.3 
'CALC1 KCA2=HSGCA/HSSCA 
' C A U '  TSCA2=WSSCA/EUSP 
'CAW' TRW2=MSREC/EHSP 
' CAkCt COHCCA~ = (HSCCA- (EHSP+DSI ZE* (DSIZE-1 ) * H S ~ ) / ( M I ~ * B I ~ M I ~ + l )  )/ 

(2*DSIZB) 
' CAE' COlSCA2 = ( ( DSI ZE*DS IZE) / ( 2* ( DSIZEtDSI ZB-DSI Wkl ) ) )*()(PIWA-mSP) 
'W1 COMREC~P(HSREC-EHSP)/~ 
' CALC' SIGMA- 2*COKCA2 : SICHDICOUSCA~ 
' CAM' RCS-COnCCA2 /COHSCA2 
'CAP?' 
t I 

*** MALYSIS OF VARIANCE POR GCA AND SCA FOR M L  2 *** 



'Urn' 2 
C 1 I7,GD?,IIGU,CMW;CAZ,rCC*2 S 0,18*0,20@3r15*3*11*3 
'PRIWIIC,WR~I,WC.I' M~,~DI,HSSCA,A,CO~~W,TSCA~ $ 0*18*0+20*3r15*3v11*3 
'PUIltT/C,~~I~WC~It R9tMD?,ISREICMalC2,1UC2 S 0110*0 20*'*15*3,11*3 
'PoU[tR/CpLABR*l,tAW:s1' l?lO,tD?,glSP S 0,13.0,20.3 
Urn' 2 
'i!UDt 839*' ' SICU A ' ' r H401' ' SIW mm D ' ' 
'RW' 1341." MTtO OF GCA VARIANCE TO SCA V A R I M  I '  

'LIRE* 2 
'PRI#T/C,WR~l,LAbC-l' 839,SIW $ 0,10.3 
'?UI#r/C*Ub!bl ,UKml' ACO,S1CIID $ 0,10.3 
' f l l f n ? l C , t U M I ~ l , f f i I '  IEI1,M;S S 0,10.3 
' H U D '  HXI *"  * fi fi RMD O? AIIALYSIS ?OR VARIABLE * * * " 
'LZWE' 2 
'PRXtB/C,tAbll*l' RX1 , J t l  $ 0,lO.O 
'LfNE' 2 
' DWAL' 
MP,TaTSS,CP,REPSS,TSSIESS,RDF,TDF,EDF,~P,TOTnS,R8PnS,EnS,PR,~AB, 

CDP,SDF,REDF,TnS,NN,NS,lJq J J  ,N!i 
,HRGT(l...DSIZE),SSCCA,SSScA,CT,SSUC, 

HATCRTT , PREPHA, SCAE , SCAH , RECH , llRRCT. MRCT , HUT, HR ( 1. . . DSIZE) , OCU, AM:, 
DEF 

' MPE ' 
' R '  
' ems ' 
' STOP' 





hhA ANUYSfS OF VARUNCE FOR GCA AM) 9CA f O R  WaEL 2 

S I W  SQUAREA -28.863 
S I W  SQUARE D 426.158 
R A T I O  OF GCA VARIMCE M SCA VARIANCE -0.034 



W ~ / ~ I U ~ ~ ~ W Q , ~ V X D - ~ ~ , P R I T R T - Z ~  DIALWL~ 
'WYTS' $ 144 
'W' CllS.36 r ltRBP.4 t O S I W  ' X A L '  Mlr 
'PACT' mos s as-(l.*.cRS)rnP I REP s N1RltP~CRS1(1,,.~) 
' CALC' l4?mDSIZE*DSXZE 
'xu' w.1 
'Xm' WWAR-l.*rNV 
' I r n '  2 
'READ' V A l t I M t B t ( W A R )  
' I r n '  1 
' R' 
' SCAL ' 
C T ~ C P , O B S , ~ S S ~ T S S ~ R S S ~ N ~ K , ~ F ~ R D P , ~ P , E D P ~ E S S , T I I S ~ U I S t 1 C I ( S ~ ~ , ~ U O  

,ms 
'VARI '  TRTOT,TRTW $ CRS z R'WT $ W P  
' POR' TSET-VARIABLE(NUMVAR) 
'CALC' GT-SUn(YSET) : OESmCRS*NREP : CPmCT%T/ObS t TOTSSmSUW(YSEWYS~)-CI  
*?OR' Ialr *NREP 
'REST' YSET $ REPmI 
'CALC' N*SUN(YSM) 
'COPY' RTOT $ ImN 
'REPE' 
'REST' YSET 
'FOR' Jml...CRS 
'REST' YSET $ CROS-J 
'CAM=' N-SUH(YSLST) : K-HBAW(YSET) 
'COPY' TRTOT $ J=N : TRTXN $ J m K  

"EPE ' 
'REST' YSET 
' C A E '  TSS-(SUH(TRTOT*TRTOT)/NREP)-CF : RSS-(SUH(RTOT+R~)/~S)-C? 
'CALC' ESS-TOTSS-TSS-RSS r TOTDP-00s-1 I RDPmNREP-1 t 'YDIoCRS-1 t 
EDP-RDP*TDF 
'CALC' THS-TSS/TDP : RHSaRSS/RDP : EHSmESS/EDF : FCALoTMS/ENS 
'READ' HI- 
" SOURCE D f SS 
I I 

ns 

' READ' ti21 " REPLICATION " 
'HEAD' H3tMTREATHENTS " 

' HEAD' A4- "RESIDUAL. f t  

' HEAD' H5= " TOTAL t t 

'LINE' 3 
'PRINT' H1 
'LINE' 2 
'PRIKT/C,UBR=T,LABC=l' HZ,RDP,RSS,RUS $ 0,15.0,19.3,17.3 
'PRIHT/C,WBR=l,LABC*l' H3,TDF,TSS9THS,PCAL $ 0,16*0,19*3,17*3,12.3 
'PRINT/C,LABR=l,LABC-l' Hl,EDP,ESS,BUS $ 0,18.0,19.3,17*3 
'PRINT/C,UBR=l,LABC~l' H5,TOTDF,TOTSS $ 0,21.0,19,3 
'CALC' FTAB=PRATIO(O.O5 ; TDF ; EDF) 
'VARI '  REPW $ MF 
'SCAL' Kl,KZ,K3 'CALC' Klml : K 2 1 1  : K3-1 
' SCAL' I J, IK1, IK2, IK3 



'toa' I*I..*Dsta;B t .J*l...wrXwe 
"LC' IJ-J+DS1Zk+(I-l) 
'JUI(P"%B~*(I.M.J) 
'JUMP' U2*(t.Lt.J) 
'SUN?' W13+(I.CT.J) 
'W' LB1 
' W U A *  XKl-Kl 
"PI' RtPWN S IJ-TM)gl $ XI1 
'CAW' K 1 m K 1  +DSIZ%-I+1 
' JWP' L84 
'LAB&' LS12 
'CAW' f a - K 2 * 1  
'COPT' R k W  $ I J m T R T W N  S XU 
'CALC' lC21KZ*1 
* JUMP ' LB4 
' U B E '  LB3 
' CAW' I K3*K3+ 1 
"COPY' R2Pnre S I J w T R Z M U  $ IK3 
'CALC' K3=K3+DSIZE-J 
' WBE* LB4 
"EEPE ' 
' C A N '  K2-#?+I : K3-I 
' RBPE'  
'VARI' Yl,YZ,YII,YXWT,REPMNS(l . . .  DSlZE) S DSIZE 
'SYWN' HA?%EP $ DSIZE 
'HATR' REPMNHA,Yl~MAT,YIIHATS,Yf1:NA S DSIZE,DSIZE 
' EQUA ' REP)(N)IA REPUN 
'CALC' HATREPwREPMHMA 
'HEAD' H12= MEAN DATA OVER REPLICATIONS 
*LINE* 5 
*PRINT1 HI2 
I N E  2 
'PRINT/LABR~l LABCnl MATREP $ 8 . 3  
'DIAG' YIIS $ DSXZE 
'CAM* YITSWREPNNHA 
'EQUA* YII*YITS 
'ROUA' RFPNNS(1 . . .  DS1ZE)-REPWNMA 
'CA1,C:' YIDOT~VSUW(PIF:PMNS(l.. .DSlZE)) 
'CALC' Yl*YlMIT Y f  I : Y ? ~ Y I W I " T Y I I  
'EOUA' YIXUAT* Y ?  
'CALC' YIEHATS-TRANS(Y1IHAT) 
'CALC' YIlMA-Yl IHAT4YlTHATS 
' SCAL' GCASS , SCASS, EMSP , (;CAI)F, SCAOF , TGCA , TSCA 
'CALC' CTSt&T/NREF 
'CALC* CCASSm (SUM( Y ? ' Y 2 )  - ( G * C T S * ( T S )  ~DSIZE)/(DSIZE+2) 
'CALr'  SCASSnSC;IIN(TRTMN*TRTMN) - SUn(Y?*YZ. )J(DSIZE+2 )+(2*GTS+c;"rs) 

1 ((DSIZE* 1 )*(DSITE+2) 1 
'CALC ENSPnEWS/NREP : CCADF=DSIZE- 1 : SCADF-DSIZE*(DSIZE-1)/2 
' SCAL CCAMS . SCAMS, CmCA. CWSCA RGCYASCA 
'CAM GCAHSaCCASSJGCADF : SCAHS=SCASS/SCADF 
' C A W  COKCA=(CCANS-ENSF)/(DSIZE42) : COHSCA-(SCAMS-EHSP) 

RCCASCA = c(JM( ;CA (COM SC A 
TGCAmCKAHSi EMSF' : TSCA=SCAMStEHSP 

HEAD' H6* 
* ' SOURCE DF ns 



vAZIm9 ' 
a?." GCA * I 

'W' gg." S;CA 1 # 

'ItMD' 09-" RBSIWAt " 
'W' 111b" RATIO OF CCA V U l l A C S t  TO SCA VARIAWCs Ib" 
'rnfrn' %6 
'LINE' 2 
'mIm/Ct LABbl,UM;.l' ~7,CCAPF,WS,TCCAgCONU $ 0,21~0,20,3,19,3,11,3 
' ~ I ~ / C , ~ - l t L A M : m l '  fl8,SCADF,SCMSgTSCA,cOnXA $ 0,21.0,20,3,19~3,11.3 
'?RINT/C,~~l,LABC-l' RZ,ED?,RHSP $ O,l7.0,20,3 
'Lila' 2 
~ m r m / c , u b n = i ,  wbc-i1 R~O,RGCASCA s 0~10.4 
'VARI' CCAB S DSIZE 
'NATR' SCAE,HAT S DSIZE,DSIZB 
'CAI&' GCAB~(Y2-((2*GTS)/DSI~))/(DSIZB+'2) 
'CALC' ~=RE~HA-(YIIMA/(DSIZE+2))t((2~S)~((DSI~+l)*(~I~B+2))) 
'DIM;' C W T , D S C A  S DSIZE 
COPY ' CCMATICCAE 

'CAW=' H A T 4  
' CALC' HAT-HAT +CCAHAT 
' CALC' DSCA-SCAE 
'CALC' SCAR-SCAE-DSCA 
' CALC ' SCAE- SCAE+ MAT 
'gymnl CCASCAE $ DSIZE 
'CALC' CCASCAEwSCAE 
'(EEAD' !Ill=" CCA EFFECTS (DIAGONAL) AND SCA EFFECTS (OF? Dl-) " 
"INT' H11 
#LINE' 1 
' HINT/ LABR- 1 , LABCII' CCASCAE $ 8 . 3  
'ICAL' SEG,SES1,SECC,SES2,SESS1tSESS2tSESS3 
'CALC' SEG=SORT((EHSP*(DSIZE-l))/(DSIZE*(DSIZE+Z))) 
'CALC' SESl=SQRT( ( (DSIZE*DSIZE+DSIZE+2)*EnSP)/ ((DSIZE+l)*(MIZE+2))) 
'CALC' SEGC=SQRT((2*EHSP)/(DSIZE+2)) 
'CALC1 SES2~SQRT((DSIZE*EUSP*(DSIZE-1))~((DSIZE+l)*(DSIZt+2))) 
'CALC' SESSl=SQRT((2*BHSP*(DSIZE-Z))/(DSIZE+2)) 
'CALC' SESS2-SORT((?*EHSP*(DSIZE+l))/(DSIZE+2)) 
'CALC' SESS3=SORT((?*EMSP*DSIZE)/(DSIZE+2)) 
'BEAD' H13=" SE OF C(1) t t  

'HEAD' H14=" SE OF S(1,I) I t 

'HEAD' H15Pt' SE OF (;(I)-G(J) I I 

*HEAD1 H16=" SE OF S(1,J) I 1 

'HEAD' H171" SF. OF S(1,I)-S(J,J) " 
'HEAD' HIS=" SE OF S(1,J)-S(ItK) " 
'BEAD' H19=" SE OF S(ItJ)-S(K,L) " 
'LINE' 3 
'PRI~/C,LABR=l,LABC=L1 H13,SEC $ 0,19.3 
'PRINT/C, LABR=l, LABCI1' WIG, SES1 $ O,17.3 
'PRINT/C,UBR=l,LABC=I1 H15,SeCC $ 0,14.3 
'PRINT/C,LABRZl,tABC=l' R16,SES? 5 0,17.3 
'PRINT/C,LABR=l,LABC=l' H17,SESSl $ Ot10*3 
'PRIHT/C,LABR=l,LABC:=ll Hl8,SESSZ $ 0,10.3 
'PRIKT/C, LABRsl , tABC=l ' H19, SESS3 $ 0,lO. 3 
I I MODEL I I . . 

' SCAL ' 
COHGCA2, COHSCA2 , RGCASCAZ SIGA SCALI , SCAL2 7 SCALJ p SCAM 9 SWCSCA, SWCGCA, 



s m  
' C A E '  WWCA2~(6CAHS-WS) / (DSf  Zt+2 1 
'CAE' OaWSCA2*(BCAIIS-mSP) 
'CAIX:' M;CASCA2mCY)tlCCA2/C*XW(SCA2 
'CALC' S ~ A L ~ ~ ( ~ ~ S * W S ) / ( ( D S I ~ - ~ ) ~ ( D $ X W C * ~ ) * ( D S ~ ~ ~ ) )  
'CALC' ~~~(~*WS*SCWS)/(DSIZ,E*(DSIU-I)~(DSIW+~)*(~I~+~)) 
'CAE' ~L~~(4*US*WS)/(DSIZE~(DSIZIE.-l}) 
'GAIL' ~L4=(2 f r tWS?+BnsP) /~ t '  
'W' SEVCGCA*SW((SCALl+W))  
'CAE' S&VCSCA~&Q9tr((SCALS+SCAM)) 
aw savalmT( ( 2+ens~~:ensp I&PP ) 
'LfNa' 3 
'PRINT' H6 
'LINE' 1 
' CAPT ' " FOR MODEL I I ' ' 
'LImt' 2 
'PBfNT/C,IAIRml,WIM:tl* R7,CCADF,CCAnS,TCCAlCUnCCA2 $ 0 , 2 1 1 0 , 2 0 . 3 ,  19*3,11*3 
'PRINTIC,lAbRm1 ,LAbCI1'  H8,SCADF,SCAHS,TSCA,COHXA2 S 0 , 2 1 . 0 , 2 0 . 3 , 1 9 . 3 , 1 1 ~ 3  
' P R I ~ / C I L A B R - l , L A M : ~ l '  Rl,EDP,EMSP S 0,17.0,20.3 
'LINE' 2 
'PRINT/CpUBR*l ,LABC*l'  R1O,RCCASCA? S 0,lO.G 
' CAK' S f  GAL 2*COM;CA2 
'READ' H20. " SICHA A " : BPI*" SlGHA D " 
' P R I K t / C , L A B R * l , t A B C I I '  H20,SIGA $ 0 , 1 0 . 4  
' P R I N T J C ~ W ~ R = l ~ W B C * l '  H?l,COHSCA? $ 0,10.4 

HEAD* BURHI. - sc OF vARcon DUE TO CCA - 
' WUD' HHHH?. " SE OF VARCOM DUE TO SCA " 
' HEAD' HHHH 3- " SE OF VARCOH DUE TO RES " 
' PRINT/C, LABR* 1 ,  IARC* 1 ' HHHHl , SEVCCCA $ 0 , l O .  4 
' PRINT/C 1 WBR* 1 IABCm 1 ' HHHHZ SEVCSCA $ 0,lQ. 4 
' P R I K T / C , U B R ~ l , L A R C * I '  HHHH3,SEVCR $ O , I O . 4  
'DEVAL' CCAMAT,DSCA,MAT,DSCA,SCAE,CCASCAE 
' REPE ' 
' R '  
' CLOS' 
' STOP ' 



# p t r m o l  3 m?.tso ar)*.tw 
'slllld?)dnn 35 15473.136 442.0@9 0.068 
KgIOOIL 105 SUQO . 000 $11 333 
TOTAL 143 7@030.875 

RATIO OF OCA VARUUIC=E TO bCA VARUUC=E 18.1 -0.1679 

SOURCE DF )39 F Vu3ccm 

RATIO OF GCA VZLRIWlCE TO SCA VARIWCe 13- -0 ,3679 
SICHA A 48,3375 
SIGMA D -65.5493 
8E OF V W O M  WE TO GCA 16.3064 
SE OP VARCOM WE T?O 8CA 24.2% 1 
S E O F V A J l C M D V E T O  RE6 17.6427 



PROCMW l'OR CRI FQIK; * S APPltOACB Df A U L  AnALY SIS 
mTRm3-1106et1m2 

*RBFE/Wu#NmJOO, NIDm300, PIII ?lT-2' DIALWtL3 
'VNfTiF' S 224 
' W L '  NREPmL : CRSm96 : DSIZE.8 ' SCAL' IrQ,llv? 
'$CAI,' Wml 
' I r n '  NUWVARmI...WV 
'PACT' CROS S CRS-WPI(1 ... CRS) : REP S NRePm(1. . .MREP)QS 
'CAM' UP * D $ X Z E * D S I  ZE 
'CALC' WPP=(DSTZE*(DSIZ&*l))/2 
'INPUI" 2 
'READ' VARIABLE(NUMVAR) 
'INPW' 1 
'R' 
' SCAL' 
C T , C P , O B S , T O T S S , T S S , R S S , N , K , T W D F , R D P ,  

, CTS 
'VARI' TRTOT,TR?')(N $ CRS : RTOT $ MtEP 
'FOR' VSET*VARIABLE(NV)IVAR) 
'CALC' CT*SUH(VSET) : OBSmCRS*NREP : CF=GT*CT/OBS : TOTSSmSUH(VSET*VSET)-CF 

* GTS-Crr / 4 

'FOR' 111.. .NREP 
'REST' VSET $ REP*] 
'CALC' N*SUH(VSET) 
'COPY' RTrn $ I m N  
'REPE' 
'REST' VSET 
'FOR' .I-1 . . .  CRS 
'REST' VSET $ CR0S.J 
'CALC' NnSlJH(VSFT) : II*!lEAN(VSET) 
'COPY' TRTOT 5 J m N  : TRTHN S .l=b' 
' REPE ' 
'REST' VSET 
'CALC' TSSm(SUH(TRTOT*TRT(lT)/NREP)-CF : RSSm(SUH(RTOT*RTOT)/CRS)-CF 
'CA1.X' ESSmTOTSS TSS R S S  : T(ITDFmOBS- 1 : RDFmNREP-1 : T D F a S - 1  : 
EDFmRDF*TDF 
'CA1.C' THSwTSCiTDF : RM\-RSSJRDF : EHS=ESS/EDF : FCALmTHS/SHS 
' HEAD' H1 el " 
SOURCE 111 ss ns 
FR 
4 I 

' READ' H 2  - ' ' HEP1,I r 'ATI  ' ' 

'AEAD' H3r"TREATHENTP " 

' MEAD' H 4 m "  RESI DIIAI. , 

' AEAD' H5- "TOTAI , r 

' L I N E '  3 
'PRINT' HI 
'LINE' F 
'PRINT/C,LABR 1 , I , A B (  : '  tI.',R[lF,RSS,RMS $ 0,14.0,22.3,21.3 
'PRItJTCCLLABR~, I.ARC 1 '  HS,TI)F,TSS,TH7,FCAL $ 0,15.0,22.3,21.3,12.3 
'PRIKT/C,LABR: l,i.A H C r l 1  H4,EDF,ESS,ENS 5 0,17.0,22.3,21.3 
'PRINT/C,IABR. : , : . A & C . I '  HS,TOTDF,TOTSS 5 0,?0,0,22.3 
'CALC' FTAR-FRAT1 r1 (0 .05  : TDF ; EIIF)  



' JWP' tblO*(QCAL. U. PfAB) 
'VARI' RBmN $ UF 
' V I U I '  MJUgP $ MFF 
' X A L '  I1 'CALC' K1-0 
'SCAL' f3,IK 
'POI' Iml...DSIZE : JI~...DSIWE 
' C A E '  IJ-J+DSIZB*(I-1) 
'JUMP' LBl+(I .BQ.J) 
"JJU)IP1 LB2*(I .NE. J )  
' W E '  LBl 
'COPY' RIPHN $ IJ-0 
'JUMP' t 03  
"BE' LB2 
'CALC' IK-K1+1 
'COPY' REPHN $ IJmTRTHN $ IK 
'CALC' Kl-K1+1 
'WEE' LB3 
' REPE ' 
' REPE ' 

'SYHM' SYREPHN $ DSIZE 
'EQUA' REPIINHA-REPHN 
'CALC' NATREP1-TRANS(REPWl4A) 
'CALC' MATREPS-REPWM+ICA,TREPl 
'CALC' MATREPwREPHNHA-HATREP1 
'CALC' SYREPHN-HATREPS 
'EQUA' nMlEPmSYREPMN 
' HEAD' Hb* " HEAN DATA OVER REPLICATION ' ' 
'PRINT' H6 
'LINE' 1 
' PRIKT/LABR- 1, LABC= 1 ' REPMUHA $ 10.2 
' VARI ' REPHNS( 1 . . . DSI ZE) $ DSIZE 
' EQUA ' REPHNS( I . . . DSIZE) *REPMNHA 
'VARI' YIDOT,YJDOT,YIJDOT $ DSIZE 'CALC' YIWT~VSUU(Ul)lClb(I* e oDSIZE)) 
'SCAL' YJ(1. . .DSIZE) ' C A U '  YJ(1. . .DS12E)mSUM(REFUM8(le. ,DSIWd)) 
'EQUA' YJDOTtYJ(1.. . DSIZE) 
'CALC' YIJDOT=YIDOT+YJDOT 
'EQUA' YIJDOTHl-YIJDOT 
'CALC' YIJM)TH2mTRANS(YIJDOTnl) 
'CALC' YIJDOTHA=YTJDoTMl+YIJDOTH2 
' SCAL' 
SSGCA,SSSCA,SSREC,HCT,GCAMS,SCAMS,RECMS,EMSP,GCADP,WP,~?,~A 

,COHSCA,COHREC,TGCA,TSCA,TREC 
'CALC' EMSP=ENS/NREP 
'CALC' CCADP=DSIZE-1 : SCADF=(DSlZE*(DSIZE-3))/2 r RECormDSIZlr*(DSIZg1)/2 
'CALC' HGT=SUW(YIM)T) 
'CALC' SSC;CA-SUH(YIJWT*YIJMIT)/(2*(DSIZE-2))-((2*~*~)/(BZZE* 

(DSIZE-2))) 
'CALC' SSSCA=(SUH(HNREP*~NREP)/~)-(SUH(YIJDOT*YIJDQ~)/(~*(~~~I~-~))) 

+((KT*HCT)/((DSIZE-l)*(DSIZE-2))) 
'CALC' SSREC=SUM(HATREP*HATRW)/4 
'CAK' GCAWS=SSCICA/GCADF : SCAHSmSSSCA/SCADP : R ~ r ~ ~ ?  
'CALC' C0HGCA=(GCAHS-EHSP)/(2+(DSIZE-Z)) 
'CAW' COHSCAI (SCAMS-RMSP)/ 2 



'CALC' COEIReC-(R&CWS-WSP) /2 
'CALC' TGCAICCAWS/E)ISP 
'CAW' TSCA-SCAUS/EWSP 
'CALC' TREC-RECHSIEHSP 
'IUD' U7." 
SOURCE DP 
tR 
I I 

'READ' B81 " GCA I t  

'IUD' H9m" XA I I 

'WAD' R101" RECIPROCALS " 
'RW' 8111" RESIDUAL t I 

'PRINT' H7 
'LINE* 1 
'PRINT/C,UBR-1,LABC-l' HB,GCADF,CCAHS,CO%CA,TCCA $ 0,22.0,22.3,20.3,10.3 
'PRXNT/C,UBR=l,LABC-1' H9,SCADF,SCJlHS,COHSCA,TSCA $ 0,22.0,22.3,20.3,10.3 
'PRINT/C,LABR-1 ,LABCIIq RlO,RECDF,RECUS,COWIIEC,ThEC $ 0,15.0,22.3,20~3,10.3 
'PRINT/C,LABR-1,LABC-l' H1l,EDPIEWSP S 0,18.0,22.3 
' SCAL' RGCASCA 
'CALC' RCCASCA-COHCCA/COHSCA 
'HEAD' H12*" RATIO OP CCA VARIANCE TO SCA VARIANCE I" 

'LINE' 2 
*PRINT/C,WBR-1,LABC.I' H12,RCCASCA $ 0,1014 
'VARI' CCAE $ DSIZE 
' HATR' SCAE, RECE $ DSIZE, DSIZE 
'CALC' CCAE* (DSIZEIYI J W T -  ?*MGT)/ (2*DSIZE*(DSIZE-2) ) 
' CALC ' 
SCAE=(HATREPS/2)- (YTJDOTUA/(2*(DSI2E-2)))+(MGT/((DSIZE-l)*(DSIZE-2))) 
' CALC' RECE-HATREPI 2 
'CALC' RECE* -RECE 
'HEAD' H 1 3 ~ "  CCA EFFECTS (DIAGONAL) SCA EFFECTS ( OFF D I O C W L )  " 
'HEAD' H141" CCA EFFECTS (DIAGONAL) RECIPROCAL EFFECTS ( OFF DIOGONAL) " 
'DIAC' CCAM,DMAT $ DSTZE 
'HATR' MAT $ DSIZE,DSIZE 
'SYMM' SCAH,RECH $ DSIZE 
'CALC* HATmO 
'COPY' GCAMmCCAE 
'CALC' DHATJ SCAE 
'CALC' SCAE-ScAE DMAT 
'CALC' MAT-MAT+CC'AM 
'CALC' RECE-RECEtNAT 
'CALC' SCAE~SCAEIMAT 
' CALC ' SCAH= SCAE 
'CALC' RECM-RECF 
'LINE' 3 
'PRINT' H13 
'PRINT/LABR-1, LABC-1' SCAM $ 8 .  3 
'LINE' 3 
'PRINT' HI4 
' PRINT/LABR= 1 , LABC.1' RECH $ 8. 7 
' SCAL' SEG, SES, SER , SEGl , SES1, SES2 
'CALC' SECRSORT(((DSI~E-l)*EMSP)/(2'DSIZE*(DSIZE-2))) 
'CALC' SESmSQRT(((DSI7F 7)*EHSP)/(2*(DSIZE-1))) 
'CALC' SER=SQRT(EHSP/?) 
'CALC' SEGl=SoRT(EMSP/(DSIZE-2)) 



t 0180" S&OPG(I)-G(J) " r 119." S I O ?  8(183)-S(I,K) " 

: 8200" S B O P S ( 1 , J ) - S ( K , L )  " 
'PRI~/C,LABR-l,WM:al' R15,SUG $ 0,19+3 
'?RINT/C,LAIIR~l,UBC11' B16,S&S S 0,17,3 
'PUIWt/C,LA8R*l,LA8C-l' Hl?,StSR S 0,17.3 
'?RIWt/C,IABRml,UBCII' Hl8,SECl $ 0,14.3 
'PUrNT/C,LAiaRml,LABC~l' I19,SESl $ 0,10*3 
'PrUNT/C,~-l,WBC~l' ll2OIS8S2 $ O1lO83 
t ' HODBL I1 # 1 

'Wt COm;CAl,CQHSCAl,eO)(REC1,SICFCAIRCCASCA1 
'CAW1 CO%CAlm(GCANS-S~)/(2*(0SIZEm2)) t C O l l b C A l e ( ~ # S ? ) / Z  
'CALC' COHRBC1-(RECNS-BHSP)/Z 
' CALC ' RGCASCA 1 -COMCCA 1 / COMSCA 1 
* PRIUT' ti7 
'LINE' 1 
'PRIKf/C,UBR-l,LABC*l' H 8 , C C A D ~ , C C A ~ S , C O n C C A l , W  $ 0,22*0,22e3t20*3,1003 
'PRIKT/C,LABRml, LABC.1' H9,SCADFtSCAMS,COWSCAltTSCA $ 0,22~0,22.3,20~3~10~3 
' PRINT/C, UBR- 1,  L A B C m l  * HIO,RECDP, RRCHS, COWEI,ECl ,'TUEC $ 
0,15.0,22,3,20.3,10,3 
'PRINT/C,LABR*l,LABC-l' Hll,EDF,EMSP $ 0,18.0,22,3 
'CALC' SIGMA=2*COtlCCAl 
'READ' H 2 . 1 m "  SICMA A " : H 2 2 w "  SICHA D " 
'LINE' 1 
'PRI~/C,LABR=l,UBCI1' H21,SIGHA $ 0,10.3 
'LINE' 1 
'PRINT/C, WBC=l, LABR11'  t i22  ,COHSCAl $ 0,lO. 3 
'LINE' 1 
'PRINT/C,LABR*l,tARC*lt H12,RGCASCAI $ 0,10,4 
'LABE' LBlO 
' REPE ' 
'R' 
'CLOS' 
' STOP ' 



HEM MTA O m  REPLICATION 

SOURCE W MS FR 

CCA 7 801.964 64.302 26.436 
SCA 20 916.769 443.217 30 .221  
RECIPROCALS 28 13.034 -8.651 0.430 
REBIWAL 165 30 .336  

RATIO OF GCA VARIANCE TO SCA VARIANCE 0.1451 

GCA (DIAGONAL) SCA DTECTS ( OFF DIOCONfi) 



$E OF G( 
SE OF 8( 
SE OF R( 
SE OF G( 
SE OF' 8t 
SF, OF 8( 

RATIO OF GCA VARIANCE TO SCA VARIANCE -0.0216 

187 'CLOS' 
hhkkhhkh MD OF DIALLEL3. WIWM OF 14910 DATA WIT8 AT LIRE 
126 (312770 LEFX') 



'REPE/WUEONw1000,#fI)I1ooO~ I'RfWT=Z' DIALLeUl 
'UWITS' $ 112 
'SCAL' C S I S m 2 8  r I M P 1 4  1 PSIU-0 'W' MP 
'SCAL' W-1 
' IHn'  H W A R ~ l . r r W  
'PACT' CROS $ C1IS-(l0. .CltS)!tREP : REP S NREP-CRSI(1. . . H U P )  
' C A U '  MP*DSI ZE*DSIZE 
'fRPuI" 2 
'RBADIP' VARIAbtE(WWAR) 
'INPUT' 1 
'R' 
' SCAL' 
CT~CPlOBS~TOTSS~TSS~RSS~NlK~TOTDP~RDP~TDP~BDP~ESS~T)ISlMS~E)IS~PCAL~ffAB 

,as 
'VARX' TRTOT,TRTW $ CRS r RTOT $ NREP 
' FOR ' VSET~VARIABLE(NUHVAR ; SETW-  1. . . W 
' CALC' GFaSUH(VSET) t 00s-CRS*NREP : CF-GT*CT/OBS I TOTSSSUH(VSET+VSET)-CP 
'FOR' 1-1.. .NREP 
'REST' VSET $ REP=X 
'CALC' NaSUH(VSET) 
'COPY' RTOT $ 1.N 
' REPE ' 
'REST' VSET 
'FOR' J e I . .  .CRS 
'REST' V S M  $ CROSmJ 
' CALC' NmSUH(VSET) : K-HEAN(VSET) 
'COPY' TRTOT $ J-N : TRTMN $ J-K 
' REPE ' 
'REST' VSET 
'CALC' TSSa (SUH(TRTOT*TRTOT) /NREP)-CF : RSSm(SUn(RTOT+Rm)/CRS)-CP 
'CALC' ESSaTOTSS-TSS-RSS : TOTDP-OBS-1 : RDF-NREP-1 : TDPlCRS-L : 
8DF-RDF*TDF 
'CALC' TMS-TSSITDF : RMSsRSS/RDF : EHS=ESS/EDF : FCALmTUS/EUS 
'HEAD' VARNO=" * * * ANALYSIS FOR THE VARIABLE * * * " 
'HEAD' H l m '  ' 
SOURCE D F SS 
PR 
f I 

'READ' H2rt'REPLICATION " 
'HEAD' H3m"TREATHENTS " 
'BEAD' H4m"RESIDUAL t t 

'HEAD' HSI-TOTAL t t 

'LINE' 2 
'PRINT/C1 VARN0,SETNO $ 0,5,0 
'LINE' 3 
'PRINT' H1 
'LINE' 1 
'PRINT/C,UBR=l,LABC=l' H2,RDF,RSS,RHS $ 0,12.0,22.3,22.3 
'PRINT/C,LABR=l,I,ABC=l' H3,TDP,TSS,TMS,FCAL $ 0,13.0,22.3,22,3,12.3 
'PRIW/ClLABR~lILABCml' H4,EDPIESS,EHS $ OI1S*O,22.3,22.3 
'PRINT/C,LABR=l ,LAM& HS,TOTDF,TOTSS 5 0,18.0,22.3 



'CAtC' RAB~FRATIO(0.05 1 TDQ. ; BDP) 
'VMI' urn s nr 
'XAL' U,K3 'CAW' K2-0 : K h O  
' SCAL' IJ, 1 0 ,  IK3 
*mt I-~.,.DSIZE ! ~~i...~sne 
'CAW' IJ*J+DSIZB*(I-1) 
'JUMP' tbl*(I .EQ.J) 
'JWP' LBZ+(I. LT.J) 
'JUMP' LBJ*(I.GT.J) 
'UIIII' La1 
'COPY'URGPWN $ IJ-0 
'JUMP' tb4 
'WB' LB2 
'CAE' IK2mK2+1 
'COPT' REPW S IJ=TRTW $ IK2 
'CALC' K2-K2*1 
'JUMP' LB4 
'LABE' LB3 
'CALC' IK3-K3+1 
'COPY' REPHN $ XJmTRTMN $ IK3 
'CAM' K3mK3+DSIZE-J- 1 
' LABE' LBO 
' RBPE ' 
'CALC' K2-K2 : K3-1 -1  
' REPE ' 
' VARI ' RBPHNS( 1. . . DSI ZE) S DSI ZE 
'SYMH' MATREP $ DSIZE 
'HATR' SCAE,REPHNWA,YTIHAT,YIIHATS,YIIMA,MAT $ DSIWC,DSfZB 
'CALC' MAT4 
'BQUA' REPMA-REPMN 
'CALC' MATREP-REPHNMA 
'VARI' CCAE,TREPMN,REPHNS(l ... DSIZE) $ DSIZE 
'EQUA' REPUNS(l..,DSIZE)mREPHNHA 
'CALC' TREPMNmVSUM(REPMNS(1.. .DSIZE)) 
' EQUA' YT IHAT=TREPMN 
'CALC' YIIMATS-TRANS(YI1MAT) 
'CALC' YIIWA=YTIHAT+YIIWATS 
'HEAD' R 2 1 5 "  MEAN DATA OVER REPLICATIONS 
'LINE' 3 
'PRINT' H 2 1  
'LINE' 1 
'PRIKT/LABR=l,LABCml' MATREP $ 8.3 
' SCAL' SSGCA, SSSCA , K T  (;CAMS, SCAMS, EHSP GCADF SCAD?, COWCCA, COHSCAITWA,TSCA 

, RCCASCA 
'CALC' HGT=SUH(REPMN)/2 
'CAE' SSGCA*(SUM(TREPMN*TREPHN)/(DSIZE-2)) 
-((4*nCT*HGT)/(DSIZE*(DSISE-2))) 
' CALC' SSSCA* SUM(ntTnN*TRTlfN) - ( SUM( TREPMN*TREPC(N) / (DSIZE-2) ) +( (2*UCT*nCr) 

/((DSIZE-l)*(DSIZE-2))) 
'CALC' GCADFsDSIZE-I : SCADF=DSIZE*(DSIZE-3)/2 
'CAE' GCAMSmS%GA/CCADF : SCAHSmSSSCA/SCADF : EHSPmEnS/NILEtP 
'CALC' TGCA=GCAHS/EMSP : TSCA=SCAMS/EHSP 
'CALC' COffCCA=(GCAHS-EHSP)/(DSIZE-2) 
'CALC' COHSCA=(SCAHS- EMSP) 
' CALC' RGCASCAsCOHGCA COHSCA 



'HEAD' R 7 m "  CCA " 

' 8 W t  R 8 a f '  SCA " 
'READ' H9-" RESIDUAL " 
'LINE' 2 
'PRINT' H6 
'LINE' 1 
'PRXNT/C,LABC-1,LABR-1' R?,CCADP,CCAPlS,rCCA,COSCA $ 0,20.0,22.3,18.3,12.3 
'PRIM'/C,UBC-1 ,UBR-1' RB,SCADP,XAHS,TSCA,COWSCA Q 0,20.0,22.3,18.3,12.3 
'PRINT/C,LABC=l, WBR-1' #9,EDP,EHSP S 0,15.0,22.3 
'HEAD' HlOa" RATIO OF GCA VARIANCE TO SCA VARIANCE " 
'LINE' 2 
'PRINT/C,UBR-1,UBCml' H10,RCCASCA $ 0,10.4 
'LINE' 2 
'CALC' GCAEa((TREPHN+DSIZE)-(2*nCT))/(DSIZE*(DSlZE-2)) 
'DIAC' CCAH,DnAT $ DSXZE 
'COPY' CCAH-GCAE 
'CALC' SCAE~REP~NnA-(YIIHA/(DSXZE-2))+((2*nCT)/((DSIZE-I)*(DSIZE-2))) 
' CALC ' DHAT* SCAE 
' CALC ' SCAE- SCAE -OMAT 
'CALC' MAT*MAT*GCAN 
'CALC' SCAEmSCAE+MAT 
' SYHH' SCAN $ DSIZE 
'CALC' SCAHwSCAE 
'HEAU' Hllr" GCA EFFECTS (DIAGONAL) SCA EFFECTS (OPP DIAGONAL) " 
'LINE' ? 
'PRINT' HI1 
'LINE' 1 
'PRIKT/LABC~1,LABR=I' SCAM $ 8.3 
' SCAL' SEG, SES, SECI , SESI , SES2 
'CALC' SEG*SQRT(((DSIZE-I)*EnSP)/(DSIZE*(DSIZE-2))) 
'CALlC' SESmSQRT(((DS1ZE 3)*EHSP)/(DSIZE-1)) 
'CA1,Ct SECl~SQRT((?*EMSP) /(OSTZE-2)) 
'CALC' SESI *SORT((2*(DSIZ€ 7)*EMSP)/(DSIZE 2)) 
'CALC' SES?sSQRT((?*(DSIZE 4)*EMSP)/(DSIZE- 2)) 
'READ' HI?+" SE OF ( ; ( I )  " : H13r" SF, OF q(1,J) " 
'HEAD' H11=" SE OF C(1)-C(J) " : H15." SE OF S(1,J)-S(1,K) " 
'HEAD' H16." SE OF S(1,J)-S(K,L) " 
'PRINT/CtLARR.:l,LABC=l' H12,SEG ,C 0 , 1 9 . 4  
'PRINT/C,LABR=l,WrBCrl' H13,SES $ U,17.4 
'PRINT/CILABR~l,LABCJ' H13,SECl S 0 9 1 7 . 4  
'PRINT/C,LABR=l,W\BC-1' H14.SESl $ 0 ,11 .4  
'PRINT/CILARR=l, IABCs1 H16,SES? $ C),10.4 
I I MODEL 1 1  
' SCAL' COKCAl , COHSCAl , RGCAXA 1 , T W  , TGCA2. SIGHA, VCOKCA1 , VCOHSCAl , VEHSP , 

SECQHG SECOHS , SEHSP ,SCALI,SCAL? 
'CALC' COHCCAI*(GCAMS- SCAMS)/(DSIZE-2) 
'CALC' CUNSCAI-(SCAMS-EMSP) 
'CALC' RGCASCAlmCOHGCAI/COnSCAl 
'CALC' SICWA=?*CONCCAI 
' CALC' SCALlF( (?*GCAHc*CCAMS)/ ( (  DSl ZE- 1 )*(DSIZE-Z)*(DSIZE-2))) 
'CAL,Ct SCAL??( ( I ~ * S C A H S *  SCAHC)/(DSIZE* (DSIZE-2)*(DSIZE-2)f (DSIZE-3))) 



' C A E '  ~ l ~ ~ L l 4 ~  
f ~ t  ~ X A I  (4*SCAnS*WS)t(DSI28*(OSI~-3)))+(2~WSPIIIISP)/~? 
'ULC' W S P a  (2*E)ISP+BWSP) /8W 
'CALC' SBCOm;~SORT(VCMW1) t S ~ ~ S O l t T ( V c t O n § C A 1 )  I 3#lll)mW't(Wtn$P) 
'W' Mfi*" SE Olb V A R I W  Can'lLONgnrS OF C " 
' U W '  SCOIISR*" SE OF VMXAllCB CWlWUWTS OF S " 
'BUD' WUBR*" SE OF VARIW5C1G MIEIPWEWS OF B " 
'Urn' 3 
'an' * * ANALYSIS FOR n o w  XI * * c 
'Urn' 2 
'PRINTt I46 
'LINB' 1 
C l B R l  R7,CCAW,CWIS,TCCA,CMWA1 $ 0,20.0,22+3r18.3p12e3 
'?RIKIIC,UM.l , L A E R m l '  B(l,SWP,SWIS,TSCA,COHSUl S 0120.0,22.3r10.3,12.3 
P R  ff9,LD?,UISP S ~ , I ~ . O , Z Z . ~  
ftrme 2 
'PUINT/C, LABRw1, UBC-1' Rl0,RCCASCAl $ 0,108 4 
'LINE' 2 
'BUD' H17w" SIGMA A " : H180" SICMA D " 
'PRINTlC,LABC-l,tABR*ll B11,SICMA $ 0,10.4 
'LINE' 2 
'PRIM/C, LABC.1, t A B R . 1 '  R18,COHSCAl $ 0,10,4 
'LINE' 2 
'PRINT/C,UBR-I' SCOHCH,SECOffi $ 0,IO.b 
'PRIKT/C,UBRo1' SCOMSR,SUCOHS $ 0,1014 
'PRtKT/C,WBR*l' SCOHEH,SEMSP $ 0,lQ.l 
' REPE ' 
' R ' 
' CLOS ' 
' STOP ' 
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'RXPB/HU)rRSmUK),NID-500' DIAUEL 
'tnrrrt s 200 
' X A L '  HRBP-2 : DSIZE- 10 
'PACT' REP $ bSRBP 
'PACT' HALE $ 10 : FEHALE S 10 
' INPUIRECL- 132 ' 2 
'WAD' PlULE,MLE,REP,W(1...14) 
'SCAL' TVAL,Hr,W,CF,ESS,REPSS,TSS,TM'SS,RHS,mS,MS,MPlr,T?? 
' CALC' HP-DSIZE*DSIZE 
'XNPU' 1 
'RUN' 
'VARI' REPTOT $ NREP 
'SET' YSETmW(1) 
'FOR' l = l . .  .MIEP 
'REST' YSET S R E P a l  
'CALC' NN-SUn(YSET) 
'COPY' RBPTOT S I=NN 
' REP€' 
'REST' YSET 
'VARI' MPTOT1,MfTOT $ MF 
'FOR' 111 .. .DSIZE : J m 1  ... DSIZE 
' REST' YSET $ HALE, FEMALE- I ,  J 
'SCAL' 15,JJ 
'CALC' IJ-J+DSIZE*(I 1 ) 
'CALC' JJ-SUH(YSET) 
'COPY' HFTOT SIJmJJ 
'REPE' : 
'REST' YSET 
' CALC' CFaSUH(REPT0T) : C F m  (CFhCF)  / (NREPtHF) :TOTSS=SlM(YSET*YSET) 
' CALC' TOTSS-TOTSS - CF : REPTOTmREPTOT*REPTOT 
'CALC' RePSS=(SUH(R&PTOT)/HF) -CF r HPTOT1-HFTOT*HPTOT 
'CAK' TSS=(SUH(MfTOTl)/NRW)-CF : ESSmTOTSS-TSS-REPSS : TVAL=NVAL(PSET) 
'CALC' TVALmTVAL-1: RDFmMEP-1:TDFwHF-1: EDFqTVAL-RDP-TDP 
'CALC1 RHS-REPSS/RUF : T?!S*TSS/TDP : EHSIESS/EDF IREPP-RHS/EMS t 

TFF=TMS/EHS 
'OVTP' 2 
' CAPT ' 
+ '  *** ANALYSIS OF VARIANCE *** 
SOURCE D.F. 5,s. n.s. 
' HEAD' TITLE1 a " R E P L l  CATION " : TITLE2 1 ' ' TREATHEW ' ' 
'READ' TITLE3g" ERROR " : TITLELw" TOTAL " 
'PRIN/C,LABR=l,LhBC=l' TITLEl,RDF,REPSStRHS,REPF $ Q,15,(15,4)3 
'PRIN/C,tABC=l ,LARH7l1 TITLE2 ,TDF,TSS,TMS,TFF $ 0,17t3(15.4) 
'PRIN/CtWBC=l,LARR-I' TTTI.E'J,EDF,ESS,EHS $ 0,21,3(15.4) 
'PRIN/C,LABC*l,I.ABRpl' TTTLE4,TVAL,TOTSS $ 0,21,15.4 'LINEf 1 
' I 

FULL, DIALLEL YR(GRAW STARTS FROH HERE 
I I 



N6,N5,SED,SEP,SEU1,SER2,SEoOn,SEE,~R~T,VDVD\1Rl VA1 VD.Tl,T2 TT,TD,YRR, 
C T ~ A L ,  PRM , cn , TDP , ED?, RDP 

'MTRI' X3,Xl , X 2  $ DSIZE,DSIZE 
'EQUA' XldV"f'O? 
'ULC' X Z m T R A N S ( X 1 )  : X3-(Xl+X2)/(2*NMEP) 
'DZAGHAT' PR S DSIZE 
'CALC' PRmXl/NREP 
'VARI' VW,WA,PRT,PUtmS,P(l**eDSIZE) $ DSIZE 
'EQUA' P(l ... DSIZE)aX3 'SYHH* H E M S S D S I Z E  
'CALC' MeANSaX3 'BQUA' PARENTSmPR 
I ' 

E t  t i ma t ion o f  Varlrncsr md Covrr irncor 
of parents and arrays 

I 1 

'SCAL' PRS 'CALC' PRS*SUC((PARENTS) 
'SCAL' PRV,VR(l.. VDSIZE) 'CALC' PRVtVR(l, . . D S I Z C ) - V A R ( P m S I P ( l * o * D S I Z E ) )  
'SCAL' PRTOT(1 .. .DSIZE) 'CALC' PRTOT(l..,DSIZE)-SUH(P(l0.*DSIZE)) 
'SCAL' PRW(I . . .  DSIZE) 'CALC' PRW(1 . . .  DSI2E)-UEAN(P(l,,*NIZt)) 
'EQUA' PRTwPRTOT(1. + ,DSIZE) 
'CALC' GTOTALmSUH(PRT) : PRM-HEAN(PhRem'S) 
'CALC' GM-GTOTALIDSIZE 'EQUA' VHmPRMN(1 ... DSIZE) : HVAmVR(1 ... DSIZE) 
'HEAD' HI-" *** MEAN DATA OVER REP1,lCATIONS AND RECIPROCALS *** " 

'HEAD' HZm" TOTAL." : H3wf'MEAN " :H4a1" PARENTAL NUN'' 
'HEAD' H5." VARIANCE OF PARENTS" 
'PRIN' HI 
'PRINILHMR~,LABC.~' MEANS $ 10.3 'LINE' 1 
'PRId/C,MBR=l,LABC~I' HZ,PRTOT(I.. ,DSIZE) $ 0,13.3,(10.3)DSIZE 
'PRIN/C,LABRsl ,LAB(:-]' H?,PRHN(I.. .DSIZE) $ 0,14.3,(10,3)DSIZE 'LINE' 1 
'PRIN/C, L A R R n l  , LABC 1 ' H4, PRM $ 0 , ? 0 . 3  
'PRIN/C,LARR*I,LAR('ml' H5,PRV $ 0 , 2 0 . 1  
' I 

variance of the mean arlsys 
' I 
'SCAL' VMA  ('AL(," VWAPVAR(VM) ' SCAI,' HVAl ' C A E '  WAlmHEAN(UVA) 
I I 

(:ovarian( r b  hetvectr parents and off-spring Ur .  
t '  

'VARI' FR,WRVRltVRVR2,VR,U1(1 . . .  DSIZE),FITTED,I $ DSIZE 
'CALC' Vl(1.. . D S 1 7 , E ) = P ( I . .  . DS17.E)*PAR€NTS 
'CALC' PRT(1 , . .  DSIZE)r(FRToT(l . . .  DSIZE)*PRS)/DSIZE 
'CALC' VR(1  . . .  DSI7f ) (SUI I (UI (1  . . .  DSIZE)) PRT(1,. ,DSIZE))/(DSIZE-1) 
'$QUA' V R n V R (  I . . . I3S1 ZF,) ' ( ' A l l ( ' '  : WRVRl=UR+HVA : VRVR2rYR-NVA : 
VUl HmMEAN(vR ) 
'VARI' ARRAY S 1 ) S I L E . l . .  . l ) S I T F  
'HEAD' Hh* 
' I 

** ARRAY VARIANCES AND CUVARIANCES * *  
- w e . .  - - . .  . -  - . .  * - - - - ------------  
ARRA I VR VR UR VH URt VR YR 
--..----- . - . - -  ...-..----------- I t  

'READ' H46: 
I ' 
--- . . - - - .  - "  - "  - - - - - - * - - - - - - - - - - - - - - -  t I 

'PRIN' H6 
'PRIN/P,LARR.rl.LAP('-If ARHAS,UR,MVA,VRVR?,URVRI,PARENTS $ 5, (10*3)5  



Difference between tho man of parents and the man of their 
nwn progeny 

I ' 

'CALC' w'bVAR(VR) r WR*VAR(MVA) r 
W ~ - ( S ~ ( v R + W A ) - ( W V A l * ~ l M )  )/(OSIZE-1) 
I d 

I t 

CALCULATION OF INTERCEPT 

'READ' R 7 m "  INTERCEPT VALUE A* " 
'SCAL' 0,IHTCPT 
'TERMS' WR,UVA 
'Y' VR 
' FIT' HVA; COEFmCCI; FVAL-FITTED 
'COPY' INTCPT * CC1 $ 1 : B -CCl $ 2 
'GRAPH/ATX*HX,ATYwHY' FTTTED,VR;NVA $ HH 
'CAPT' 
' ' 

+** ESTIMATION OF COHPOHaKTS O F  VARIATION **+ 
I I 

'READ' HB-" EXPECTED ENVIRONMENTAL COMPONENT OF V A R I A ' I W  (a) m " 
'HEAD' H9-" VARIATION DWE TO ADDITIVE EPQECT (D) I " 
'HEAD' H10=" MEAN OF 'FR' OVER ARRAYS (P) m " 
'HEAD' H11-" COMPONENT OF VARIATION DUE TO DOMINANCE E??, O? GENES r" 

'HEAD' H12a" MUTNANCE EFFECT (h2) 1 " 
'CALC' ERROR=((ESS+REPSS)/(EDP+RDP))/NREP 
'CALC' DuPRV-ERROR : F~(2~PRV)-(4*VRlH)-(P(DSIZE-2)*ERROR/DSIZE) 
'CALC' HHl=PRV-(4'VRlH)+(4*MVA1)-((3*DSIZE-2)*~OR/DSIZE) 
'CALC' HH2*(4*HVAI)-(4*VMA)-(2*ERROR) 
'CALC' DOMEFF~(4+HLO)-(~~DSIZE-1)*ERROR/(DSIZE*DSIZE) 
'PRIN/CpLABR*l,LARCr1' H8,ERROA $ 0920.3 : H9,D $ Q,20.3 :HIOIP $ 0g20.3 
'PRIN/Ct H11,HHl S 6.7 : Hll,HH? $ 6.3 
'PRIN/C,LABC=l9LARR4' H 1 2 , D O t t E F F  $ O,R.3 'LINE' 1 
I I 

' SCAL' COHLTPL 'CALC' COHLTPLm( VAR(VRVR~ ) ) / 2  
I I 

CALCULATION OF SPECIFIC NULTIPL~RRS 
I f 

'CALC' N2-DSIZE*DSIZE: N3mDSIZE*DSIZE*DSIZE: N4rN2+N2 : NS-N4*DSlZE 
'CAE' DD-(N5+N4)/N5 : PP=( (4*N5)+( ZO*N4)-(16*N3)+(16*N2))/WS 
'CALC' HlH=(N5*(41*N4)-(12*N3)+(4*N2))/NS : E2-N4/Ns 
'CALC' H2H-(36*N4)/N5 : UOH2=( ( 16*N4)+ ( 16*N2)- (32fOSIZE)+16)/~5 



rCAI,C'  S~BOrr(DDIC0ntTPL) 1 SIC!'-SOItT(PP*COnLTPL) 
'CALC' StPIl=SO#r(llB*eOnLTPL) : S~Z-SORT(82%+COnLTI'L) 
'CAI&' SEOOn-SOIT(DOn2+CO)(CTPL) a SSE=bOBT(E2*COIILTtL) 
f!!MDf R E A D 2 m U  SE(D) - rRUD3-" SB(P) - " : A & U M m t t  SE(I1) -" 
'HEAD' RBAD5mt' SE(82) ":BEAD6-'t SB(DOWBPP) 
*Wt Elubtm'l SE(k) " 'LIMB' 1 
'CAPT' 
I t+ * *  STAMMUD ERRORS OF DIP- P-S w* 'LIl#t 1 
'nIN/C,LABR~1,LAM:*l1 flUD21SM) $ 0,10.3 t W 3 , S B F  8 0,10.3 
'PRIN/C,IAIR-1tLADC-1' EEAD4,SEfll S 0,10.31 BUDS,SB82 $ 0,10.3 
lPUI)SIC,LABR-l,LABC*l' fWUM,Sg0011 $ 0,10.3 ttlUD7,SW $ 0,10.3 'LINE' 1 
'IUD' B Z l = " W  DEam Of D O W I W W  " 
'BEAD' fl229"PROPORTI0)10P GENUS VITtl + AND - EntCFS IN Tar P-S l " 

'ISMD' H23="PROPORTI011 O? m I N A N T  MD RM=BSSIVE GENES IH P-S " 

'IUD' RZ4- 
t t  COBPFICINT OF CORREUTION (SHALL R) BEm&&)J 
THE PARENTAL ORDER OP DOUINANCE (VRtVR) AND 
PARENTAL CIEASUrnrn YR " 

' !!BADt HZS- ' ' PRBDICTION POR HEASUR8Hl5NT OP M I W  AND lECISS1 VB PAWNTS - 
I I 

'READ' H26-"N09 OF CROUPS OF GENES VBICB CONTROL TEE CUMCTER AND 
EXHIBIT me rnINANC& . " 

'BEAD' BZ7-"THE COVARIANCE OF ADDITIVE DOHINANCB BFFBCTS IN A SIffiU 
ARRAY ' ' 
'HEAD* H Z 8 m 1 '  HEAN OF PR rRZ9-tt UBRITABILITY 
'CALC' HDD-SORT(flHl/D) t CEF-R82/(4*HHl) 
'CALC' PDRm(SQRT(4*D*HUl)+F)/(SQRT(4*D*HRl)-P) 
tsrnnl c o ~ i  $ 2 ~ D S S P ~  CQR $ VRVRI, P A R ~ S  
'SSP/PRINT-Z' COR 
'CALC' COR1 mCORHAT(C0R) ' EQUA' COR2mCORl $ X ,  1 ,2X 
'CAM' COR2SQ=COR2*COR2 
'CALC' P R m 2 * ( P R V - V R l M + N V A l - V R V R 1 ) - 2 * ( D S I Z E - 2 ) r ( )  
'CALC' HPR-NEAN(PR) : CCNmDOHEPF/HH2 'LINE' 1 
tPRIN/C,LABR-l,LABC=l' HZ1,MDD $ 0,5.3 : HZ2,CEP $ 0,5,3 
' PRIN/C, LABR- 1, WBCII' HZ3, PDR $ 0,s. 3 ' LINE' 1 
'PRIN/C,WBR-1,LABC-1' HZ4,COR2 $0,5.3 'LINE' 1 
'PRIN/C,LABRml ,LABC-1' HZ5,COR2SQ $0,5.3 : BZ6,CCN $ 0,5.3 1 827 
'PRIN/C,LABR-1,WBC-1' PR S 10.3 r HZ8,HPR $ 0,8.3 'LINE' 1 
t 1 

CALCULATION OF HERITABILITY 
t I 

** BSTIUATION OF HOST DOHINAKT AND RECESSIVE PARRNT ** 
t I 

'CAE' TT-(PRV+SQRT((PRV*PRV)-(4*PRV*(VRlM-HVA1))))/(2*PRV) 
'CALC' TI-TT-1 : T2.1-T1 
'CAE' VDmPRV*(T2*T2) : UD-PRV*T2 : VR1-PRV*(Tl*Tl) 
'CALC' VAlmPRV*Tl : YD=PRH+B*((VD+VD)-(VRlM+UVAl)) 
'CALC' YRR*PRH+B*((VAl+VRl)-(WRlU.*HVAl)) 
'HEAD' HL1=" VALUE OF CONPLETELY DOMINANT PARENT YD = " 
'HRADt HL2m1' VALUE OF COMPLETELY RECESSIVE PARENT YR " 
'PRIN/C,LABR-l,LABC=ll HL1,YD $ 0,10.3 : HL2,YRR $ 0,10.3 
'RUN' 

CLOSE ' 
' STOP ' 



RESULTS ?OR R A M ' S  APPROAC4 DIALWkL ANALYSIS 

**+ ANALYSXS OF VARIANCE *** 
SOURCB D.F. S . S .  n.s. P 
MPLI CATIOCI 3 1037.0000 345.4667 3.0026 
T R M m  63 104924,0000 1665.4762 16.4668 
ElWIOR 189 21  758.5Qa) 115. 1243 
TOTAL 2 5 5  12 7720.5000 

*** HEAN DATA OVER REPLICATIONS AND RECIPROCALS *** 

PARENTAL neAN 8 0 , 6 3 {  
VARIANCE OF PARENTS ? ? k .  PRh 

** ARRAY VARIANCES AND COVARIANCES h *  

. . . . . . . . . . . . . . . . . . . . . .  - 
ARRAY VR VR 
- - - - - - - - - - - - - . - - - - - - .  - - 

1 - 1 2 4 . 1 4 2  5 4 6 . Q 0 7  
2 -98.412 1 2 9 . 3 1 0  
3 97.340 1 7 1 . 9 3 5  
4 39.070 5 4 9 . 6 9 8  
5 1 5 5 . 8 0 4  317.612 
6 4 3 . 1 2 2  655 .954  
7 64 .363  4 2 8 . 0 2  1 
8 -160.305 824.103 

HEAN - 0 . 3 9 5  427.91h 

***** RECRESSION ANALYSIS * * W b  

Y-VARIATE: VR 

*** REGRESSION COEPPICIENTS * *+  
EST I MATF. '..F, 



" * -  . 
" t ' L .  *.* .. .. . * .---.*... 

\nil .4t 12c 4 ot tno 
VR 



BJtPWl'tD m R m A L  COWPONWt O? VMIAW ( 6 )  29 * 682 
VARIATION DUU tb ADDITTVE WPaCI (0) m 193,305 
nw 01 tnt o v n  m r s  (PI = 407.091 
COMPONEHT 01 VARIATION DUE TO POMINARE B??. 01' GENES . tlsl 1856,44)8 
COHPWWT OF VARIATIOll DUE TO DWINMCE BPP. OF CBNtS m MI2 1516a39Q 
DO)(INANCE 6P?WT (h2) 1 135.253 

MEAN DECREE OF OOHINANCE 3.083 
PROPORTIONOF CENES WITH AND - EFFECTS IN THE PARENTS 0. 204 
PROPORTION OF DOHINANT AND R E C E S S I V E  GENES IN PARENTS m 2.021 

COEFFICINT OF CORRELATION (SHALL R )  BETYEEN 
THE PARENTAL ORDER OF DOMINANCE (WR+VR) AND 
PARENTAL HEASUREMeNT YR -0.155 

P R E D I C T I O N  FOR MEASUREMENT O F  DOMINANT AND RECESSIVE PARENTS 0.024 
NO. OF GROUPS OF CENES WHICH CONTROL THE CHARACTER AND 

EXHIBIT THE DCJHINANCE * 0.089 
THE COVARIANCE O F  ADDITIVE WTHINANCE EFFECTS IN A SINGLE ARRAY 

416.542  
1200.279 
723.542 

84 .938  
315.241 
363.921 
317.307 
-65 .521 

MEAN OF FR 407.031 

H E R I T A B I L I T Y  0.1 36 

** ESTXMTION OF HOST MIHINANT AND RECESSIVE PARENT ** 

VALUE OF COMPLETELY wrn r NANT PARENT YD 1 8 f j . h 4 7  
VALUE OF COMPLETELY RtC'ESSIVF PARENT 'IR 8 4 . 1 4 3  



'REPE/NUW#=2000,NIb2000'  CNEUTIW11&ANANALYSIS 
"ASSIGNED ARE REPLICATE SIZES IN PROCRAMWE PIU IN HZ U2 N3 
READ VALUES PROW DS?fURTI,TXT X ( l ) , X ( 2 ) , X ( 3 )  
CROSSES GENERATIONS ARE AS UNDm 

CROSS GEfmtRATION I (  I PI) 8 10 13 
2 (  r P2) 
3( : PI) 
4( : P2) 
5 (  : BC1) 
6 (  : BC2) 

NOTE THAT VE SET P1 AS BETTER(H1GRER IN uCNITUDE)'PAREMT 
rnAN P2 

DOES THE POLLOVING 
0. HOMOGENEITY TEST FOR PER P M  VARIATION OVER 

BLOCKS 
1. REPLICATE VISE AND POOLED l4EAN,VARS,SKEV,KUIRT 
2 .  GENERATION VISE HEAN,SE USING 8 SCHEMES 
3. F I T S  MODELS ON EACH REP,POOLED 
4. FITS MODELS ON 8 SCHEMES HEANS,VAR 

1 I 

' SCAL' NREP-3 
'SCAL' NCtPl,P2,BETA1,BETA2,ALFA1,ALFA2 
'SCAL' N , X U N , X V A R , S K E V , K U R T , G S K E V , G K U R T , P R S K E V ,  
' SCAL' REPCEN 
'SCAL' Hl,H2,H3,Hb,H5,H6,H7,H8,H9,HlO 
' SCAL' 
R1tR11,R2,NR2,A,H,K,L.,R,H1,H2,C,S1C,MU,JJ,Al,A2,A3,A4,Wl,H2,M3,H4 
: Hf4,H(1...10) 

'SCAL' H(11,1?) 
'CALC' PIm.1 : RETAIv.8313 : ALFAlw.6896 : P25.1 : B E T A 2 1 . 8 3 1 3  

: ALFA? I. .  OR96 
N G * 6  

'RUN' 
*SCAL1 NlS(1.. .NG) , N 2 S ( 1 .  . , N C )  ,N3S( 1 . .  .Nc;) ,NNS( 1 . .  .NG) 
'INPU' 2 
'HEAD' HEAD= " ***<ROSS NIIMRER " : HEAD1a" **+* " 
'FOR' SETStl . . .  6 
' P R I N / C ,  LHH-25' H E A D ,  SETS, HEAD1 S 0 , 5  
'LINE' 2 
'FOR' Nl-NlS(1 . . .  NC) : N2xN3S(I . . .  N ( t )  ; N3=N3S(1 . . . N G )  ; 
NN-NNS(1 ... NG); 

D H N I = C N N ( I  . . .  NG): DVRIsGVR(1 . . .  N C ) ;  
GENSETml ... NG;DFAC-RLr,K(l. . . N G )  
'READ/P,NUN=Q' N I , N ? , N 7  5 C  , ? X ,  3 , /  
'CALC' NN=Nl +N2+ N 1 
'PRIN/P' Nl,NZ,NI 5 ' 1  

'VARI' 2FlSN1 :ZF?SP!l' :ZFI SN3 : ZFSNN 
'CALC' ZF1-I :ZF? ? :?&Fl- 
'EQUA' ZF=XTl,ZF?,ZF" 
'CROUP' DFAC-INTPT(7tF) 
'VARI' X(1)S N l  : X ( . ' ) S  Ei:' : X ( 3 ) S  N3 : XXS NN 

: MN,VR S 8 



'READlS,PRIN=D,NWwQ' X ( 1 . .  . 3 )  
'Bout'  XX-X(1 . . . 3 )  
' C A E '  X ( 1 -  .. 3).XX-Am;(X(l ... 3 ) , X X )  
' V A R f '  G W ( 1  ...&), CVR(1 ...NC;) S 8 
'VARI' GMNl(1 ... lrK;),CVRl(I ...ffi) S 8 
"AME' WAM=Pl,P2,Fl,FZ,B1,02 
'FACT' GENAHSCNAM-4(1 ...NG) 
'NAME' BNAnm1.2.3.A 
'FACT' B L K K S W A H = ( l  . . .m 
'VARI' SSIZE,VSIGMAZ,VSK,VWI,XbAR,SEXBM,St~UC,VRXBM,VHUC, 

VRCIW,PRSIP,PRKR $ 24 
'SCAL' PVAL,FPRGT 
'HEAD' B f l - "  DEGREES OP FREEDOM " 
'HEAD' BT21" F-VALUE " 
'READ' BT3-" PROBABILITY " 
I ? COMPUTES BLOCKS CONT;IIXBUTIONS 

AND 

# 

TEST OF HOMOGENTTY OF PER P W N T  VARIANCES 

' TREAT' DFAC 
*ANOVA/PR-OWlO'XX 
"LINE' 2 
I r TEST FOR HOMOCENBITY IN CASE OF 2 REPLICATIONS 
'SCAt' H ( l  . . .  6),NCG,DFI,DF? 
'CALC' H(1,2)=VAR(X(I,?)) 
'CALC' FVAL=H(l)/H(?) 
'CALC' DFI-Nl- 1 : DF2*N?- 1 
'CALC' FPRCTml-FPROB(FVALJOFI;DF~) 
'PRTN/C,WBR-l,LABC*l' BT2,FPRGT $ 0,10.4 
'PRIN/C,LABR=l,I.ABC'rl' RTZ,DFl,DF? $ 0 , 8 , 8  
# ' 
' 0 

TEST FOR H0M(EC:F:NEITmr TN (:AS) OF 1 o H  M)RE REPLICATIONS 
* * 

'HEAD' BT21" CHI SQUARE VALUE " 
' V A R I  ' DFSET, VAR I ANC:ES $ NRF f' 
'CALC' H(l . . .  3)-HEAN(X(l.., 5 ) )  
'CALC' H(C,5,6)=VAR(X(l.., 4 ) )  
'EQUA' DFSET=NI,N?,N7 : 'dARIANCES*H(4,5.b) 
'CALC' DFSETmDFSET 1 
' SCAL' 0, PROB , N W  
CALC' f ) m I * ( S U l l ( 1 / D F S E l  )-t/SUM(DFSET) ) /  i/(NREP-1) 
'CALC' QP(SUM(DFSE?')*~.~~~~(SOM(DFSEI'*VARICINCES)/SUH(DFSET))- 

SUH(DFSET*L(K;t VAHI ANCES) ) ) / ( J  

'CALC' NGCmNREP 1 
CALC' P R O B t l - C P P O B ( Q ; N c * f * )  
' CAPT ' 
" *** TEST FOR HOMfK.FNElTY O F  VARIANCES * * *  " 
'LINE' 2 
'PRIN/VARmlt VARfAN( 'Fr ;  f 1 0 . 4  
' PRIN/VAR= 1 ' DFSET S I l l  
'LINE' 2 
'PRIN/C,UBR=I,UHC' 1 '  RTI,Nr;C; S ( i . 8  
'PRIN/C,LABR=l,LkBC~1' HT2,O $ 0 , l O .  3 
' P R I N / C , U B R = l , L A B C -  1 '  BTI,PROB S ( J , lO.5  



'FOR' X-X(l ... 3),XX;REPSnml.. . I  
'CALC' REPCEN-4*(CP;NSET-I)+REPSET 
'CALC' N=NVAL(X) 
' COPY' SSIZESREPGEUIN 
' C A E '  SESU*SQRT(6*N*(N-l)/((N-2)*()J*1)*(N+?I))) 
: SeKR*(N-l)*SORT(26*N/((N-2)*(N-3)*(N+3)*(N+S))) 
1 m-)IIEAN(X) 
: XVAR-SUH(X*X)/N 
: SKEW-SUM(X*X*X)/N : KURT-SUN(X**4)/N 
: K~T-KURT-4*SKEV*XHN+6*XVAR*X)(N*XHN-3*XMN**4 
! SKEVLSKEW-~*XVAR*XWN+~*XHN**~ 
t XVARmXVAR-XMN*X?fN : SKEVmSKEU/!X)RT(XVAR+*3) : 

KURTmK1IRT/(XVlsR*XVAR)-3 
: CSKEW-SKEVISESK : CKURTmKURT/SEKR 
: PRSKEW=(CSKEV .GT. Q.O)*NPI(CSKEV)*((GSKEV .LE. 0.0)-(GSKEV .CT. 

0.0)) 
: PRKURTw (GKURT .GT. O.O)+NPT(GKURT)*((CKURT .LE. 0.0)-(CIILURT .CT 

0.0)) 
: XVAR-N*XVAR/(N- I ) 
: SDEV=SQRT( XVAR) : XVARw XVAR/N 

'COPY' VSKSREPGEN-SKEW :VKRSREPGEN-KURT : XBARSREPGPIN-XHN 
* * VRXBAR$REPCEN=XVAR 
: PRSR $ REPGEN=PRSKEV 
t PRKR $ REPGEN-PRKURT 
'REPE' 

' t CLASSICAL ESTIHATES OF GENERATION H E M S  VARS " 
'CALC' Hl=MEAN(X(l)) : HZwVAR(X(l))/Nl 
: H3mMEAN(X(2)) : H4=VAR(X(2))/N2 . 
@ HSmNEAN(X( 3)) : H6mVAR(X( 3))/N3 

H8=1/(l/W?+l/H4+1/H6) : H 7 = ( H l / H 2 + H 3 / H 4 + H 5 / H 6 ) * m  
'COPY' HNSluH7 : VR S l c H R  
'CALC' H ~ P ( N ~ * H I * N ? * H > + N ~ * H ~ ) / N N  

t H R I ( N I * N I + H ~ * N ? * N ~ * H ~ + N ~ + N ~ * N ~ * H ~ ) / ( N N * N N )  
'COPY' HNS2mH7 : VRS2uH8 
'CALC' H8=((Nl l)*Nl*H?+(N?--1)*N?+H4+(N3-1 )*N3*H6)/((-) 
'COPY' HNS3mH7 : VR$3=H8 
'CALC' H7=HEAN(XX) : HB=VAR(XX)/NN 
'COPY' tlN$4=H7 : VR$4=H8 
t t 

ROBUST ESTIMATES OF GENERATION MEANS VARS 
1 I 

'FOR' X-X(1.. .3),XX 
;WNDM=H(l) ,H(~),H(S),H(Q);VRDMFH(!,,H(~),H(~),H(~O) 

; A D M = A ~ , A ~ , A ~ , A ~ ; H D H = H ~ , H ~ , H ~ , H ~  ;REPSET=l ... 6 
' V A R I  ' XORD S X  
'CALC' N=NVAL(X) 
'CALC' REPGENT~*((;FNSET I ) +REPSF7 
'CALC' XC)Rt$.rr lRDER(X) 
'CALC' R~zINTPT(PI*N+. 11) : R?TINTPT(P~*N* .5) : tJR2sN-R2 . . A=N HI P:' : H=A+RI*BETAI *R?*BETAZ . 

4 ADM-A : HDN-M 
: HI=(): H ? - l i :  l i - W 1  : Rll-RI+1 



' LABB' tb3 
'CALC' JJ-,3341 
*corr8 a ~ - x o r n  ~ J J  
'CALC' 81-81+83 R2aH2+83*U3 
'JUUP' LII3+(JJ,LT.NR2) 
'COPY' RI-XORD SR11 : Fl5-XQRD SHIt2 
'W' Ka(Sll r R l * B ~ A l + H C + R 2 * 8 1 6 1 A 2 * H S ) / N  

t L-(R2*ALPA?-Rl*AtFAl)/M 
a B~R2*ALfAZ*(HS-K)-RPALFAl*(RcL~K) 
: C = ~ ~ + R ~ * B E T A ~ * ~ ~ * ~ ~ + R ~ + B ~ T A ~ * H ~ * H ~ - H * I [ * U  

SIGe(B+~RT(0*0+4*A*C))/Z,saRT(A*(A-1)) 
I IICUmK+L+SIC, 

TALC* nrrw-nu : non-src*src/n 
'COPY' VMWCSREKENIMU : VRHUCSREPCEN-VRPn 
' REPE ' 
' CALC ' 
R8ml/(l/H(2)+l/H(h)+l /H(6} 1 :H7*(H(l)fM(2)+H(3)/H(4)+8(5)/H(6))*H8 
'COPY' HNSS*H7 : VR!$5*H0 
'CALC' MW-Wl+H24W3 
'CALC' H?m(Ml*H(l)+MZ*H(3)+M3*R(5))/MM 

* H8~(Ml+Ml*H(2)+M2*H2*H(4)~M3*~3*H(6))/(U~*MM) 
'COPY' n N S 6 m H 7  : VRS6-flR 
'CALC' H8=(~1-1)*Hl*H(?)+(A?-l)*M2*H(4)+(A3-1)*H3*H(6) 

* H8mH8/(MH*(Al+A?+A3-3)) 
'COPY HW$7mH7 : VR$7-H8 
'COPY MNS8mH(9) : VR$0=H(10) 
'CALC DHNl*HN:DVRlmVR 
' REP€ 
'CALC VSIGMAZ~SSIZE+VRXBAR 

SEXBAR SORT ( VRXBAR ) SEHUC*SQRT(VRHUC) 
I t PRINT OIJTPUT 1 I J 

'PRINT/P' G E N A N ,  SLJoc'lc, SS1ZEtVSICMk2,VSK, PRSK,VKR,PRKR,XBAR, 
SEXBAR,VMUC,SEMUC$~.O 

,S.0,6.0,?.~l?.31~.~,?.?16.3111.~,8.4,11.~,~.~ 
'FACT' SCHM $ R = ? ( 1 , 2  . . .  8) 
' V A R I '  GWNSE(1 . . .  NC) $16 
' FOR' DCtfN=GHN( 1 . . . NG 1 ; [X;VRmGVR( 1 .  . . NG ) ; M;WNSE-GHNSE( 1. . . M> 
'FOR' J-1.. .8 
'CALC' H2=2*J : H 3 m H 2 - 1  
'COPY' HlmDCVRSJ : M;HNCE$HSpW;HN$J 
'CALC' H l a S Q R T ( H 1 )  
'COPY' DCUNSE S H ?  ti1 
' REPE' 
' REPE' 
' I PRIN'r (jII'T'PUT ? I I 

' PRINT/P' SCHkI,(;HNSk,( , . . .+I) $ I c ) l O , h ( I O , k )  
' V A R I '  REP(l)ml,5.. . . ' i  :REP(2)=2,6,. . 2 2  :REP(3)-3,7.. . 23  
: R E P ( 4 ) = 4 ,  g . . .  ? 4  i 
' V A R I '  PH=h(l) :F'D- 1 .  I , I J , ~ ) ,  . 5 , t . 5  :PH*O,O,l,.5, . 5 ,  . 5  
:PIps2(1,0,.?3): Y I - 4 ( 0 ) , . 2 5 , - . 2 5  :PL*O,0,1,3(.2S) 
' V A R I '  YWN,'i'JR,'fVT,FTT,PE5 S b , 
' I PRTNT UlfTPLIT ? 

FITTINC M(lUZ:L(i REPVI SE, POQLED AND CLASSICAL ,ROBUST EST1 HATES 
I I 



*FOR' DRP;P=REP(l..  .1);JJJrl.. . S  
'PRINT/P' f I : ,JJJ  3 2(10 .0 )  
'COPYf YHN * DDHSDREP :YVR=ioovSDREP 
@CALC' W u l / Y V R  
TERX/VT=YVT' YMN,PM,PD,Pfl,PI,PJ,PL 
' Y~SCALE-i ~m 
' PIT' PD; WAL-FIT;  RESIRES 
'PRINT/P' YHN,FIT,YVR,TVT,RES $ 1 0 . 4  
' PrT/XNT-N f PH * PD, PH ; WAL-PIT; RESIRES 
'PRXW/P' Y M N , F I T , Y V R , Y V T , R E S  S10.4  
'IPTT/INT=N' PM, PD, PHt PI 4 W A L P I T  ;RESIRES 
* PRINT/P' YMN, F I T ,  YVR,  YVT,RES S10 .  I 
' FIT/l[NT-N' PM , PD, OH, PJ ; WAL-FIT;  RBS-RES 
'PRINT/P' Y U N , F I T , Y V R , Y V T , R E S  $10.4 
* PIT/INT-N' I'M, PD, PH, PL; PVAL-FTT;RES-RES 
'PRINTIP' YMN,PTT,YVR,YVT,RES $10.1 
' T I N  pHt PD, PH, PI, PJ 4 FVAL=FIT;RES-RES 
*PRINT/P' YCIN,FIT,YVR,'ltvT,RES $ 1 0 . 4  
F I T / I N T = N *  PH,PD,PW,Pf,PL;PVAL-FTT;RES-RES 
*PRXNT/P8 YlICN,FTT,YVR,YVT,RES $ 1 0 . 4  
'FTT/1NT~Nr PH, PD, PH PJ PL; W A L - F I T ;  RESIRES 
'PRXNT/P8 Y)IIN,FIT,YVR,YVT,RES SlCl.4 
' FTT/INT-N' Ptl,  PD, PH, PI, PJ , PL; FVAL-FIT;RES-RES 
*PRrNT/Pf YHN,FTT,YVR,YVT,RES $ 1 0 . 4  
* R E P € '  
'REPE' 
I I PRINT OUTPUT 4 

FITTING HODEl,S OVER EACH SCHEME AND CROSS 
I ' 
'FOR' 3 - 1 . .  . 8  
' READ' HHXm ' ' SCHEME NUMBER - I * 

'PR1NT/Ct HHX,J $ 10.0 
*COPYfH(l . . .  6)-CHN(1 . . .  6 )  $ J . H ( 7 . R  . . .  1 2 ) = G m ( 1  . . .  6) S J 
'$QUATr YWN-H(l . . .  6):YVR-H(7, 8 . . . 1 ? )  
'CALC' YUTw 1 / Y V R  
*TERH/VT=WT' YHN,PM,FD,PH,PT ,PJ,PL 
' P/SCALE= 1 ' YMN 
' PIT'  PD; FVAI..7 F I T ;  R E S w R E S  
'PRINT/P' YHN, F T T , Y V R , Y U T , R E S  $ 1 0 . 4  
' FTT/INT-N' P M ,  PD, FH ; FVALF FTT;RES=RES 
'PRXNT/P' Y M N ,  F I T , Y V R ,  YVT,RES S l O . 4  
* PIT/IN?'=N' PM,  PD, PH, P I  ; FVAL-FIT:  R E S = R E S  
* PR1NT/Pf YHN, F I T ,  YVR, YVT, R K S  S l o . 4  
' FIT/INT=N' PH, P D ,  PH. P,J ; FVALAsFIT;RES=RES 
'PRINT/P' YHN.FIT,YVR,YWT,RES $10.4 
' P1T/INT=Nr FM. PD, PH. PL: FVAL-FIT;RES=RES 
PRINT/P' YMN, F I T .  Y V H ,  Yd'I'.KES S 1 0 . 4  
FXT/XNT=NV PH,PD,PH,Fl,PJ;FVAL=FIT;RES=RES 
' P R T N T / P '  YHN,FTT,YVR,YVT,RES S 1 0 . 4  
'FIT/TNT==N' PH,PD.PH,FT,Pl.;FVAL=FTT;RES-RES 
'PRINT/Pr Y H N ,  FTT, YVR, YVT,RES S 1 0 . 4  
*FITfINT=NC PU,PD,PH,P,J,PL;PVAlc-F1T;RES-RES 
'PRINTIP* YtlN.FI"T,YVR.YVT,HES SS1(-).4 
'FTT/INT=N' PM. PK>.FH, PT , PJ. PL:FVAt. FIT;RES=RES 





nrrrpfl(n O f  FwmxM 2 
CHI-SQUARE V U U E  2.323 
QROMbXLXTT 0.31301 . 

011Bt32WfGNA2 PRSI VI(R PWOl MMR SP3PIR VMK: SMUC 
P1 1 5 23.204 0 .015  0 .493 - 1 . 5 3  0 .222 50.080 2.1543 49.700 2.8997 
P1 2 5 76.136 -0 .326 0 .361 -1 .80  0 .184  49.700 3.9022 49.669 6.5135 
P1 3 5 17.571 0 5 2  0 ,276 - 1 . 3 9  0 .243 53.196 1 4 6  53.585 2.2608 
Pl A 15 36.031 -0 .629 0 .139 - 0 . 9 5  0.197 50.992 4 9  51.559 1.6971 
P2 1 5 32.291 0 .059  0 ,474 - 1 . 3 9  0 .243  28.003 2.5413 27.253 2.9629 
PZ 2 5 33.596 0 .545 0 .275 -0 .92  0.322 25.451 2.5921 24.339 2.4158 
P2 3 5 8 .086 0 .835  0 .180 - 0 . 5 3  0 .396 27.112 1.2717 26.658 0.7111 
P2 A 1 s  22.333 0 .269 0.321 - 0 . 0 3  0.229 26.855 1.2202 26.621 1.3105 
Fl  1 5 34.715 -1 .201 0 .094 - 0 . 0 5  0.490 61.957 2 ,6390 63.582 0.4431 
F l  2 5 24.171 0 .441 0 ,315  -1 .27  0 .263 64.645 2.1987 6 4 1 7  2.53% 
P1 3 S 92.534 -0 .847 0.177 -0 .82  0 .341 59.741 4.3020 61.952 4.2031 
Pl A 15 47.570 -1 .204 0 .019 1 . 0 3  0.100 62.114 1 .7808 62.916 1.4761 
F2 1 22 60.043 0 .224 0 .324 - 0 . 2 5  0 .398 57.6% 1.6510 57.977 1.6460 
F2 2 28 210.785 -0 .746  0 ,045  0 .24  0 .392 47.932 2 .7405 47.943 2.6965 
F2 3 25 77.055 0 . 0 5 9  0 .449  - 0 . 7 3  0 . 2 0 8  54.114 1.7647 51.180 1.0969 
F2 A 75 135.688 -1 .003  0 ,000  1 . 8 5  0 . 0 0 0  52,857 1.3451 53.616 1.2108 
01 1 12 35.595 -0.744 0 .122 1 . 3 7  0 .133  63,447 1.7223 63.893 1 .1358 
Dl 2 14 32.446 0 .049  0.468 - 1 . 5 5  0 .090 59.618 1.5224 59.676 1.6502 
81 3 16 79,835 -0 .055 0 .461 -0 .63  0 .283 57.074 2.2336 57.500 2.2052 
B1 A 43 55.845 -0 .427 0 .121  -0 .15  0 . 4 1 9  59.743 1 ,1531 59,848 1.1176 
02 1 16 45.172 -0 .369 0 .256 0 . 8 5  0 .219 60.224 1.6803 6 0 . 2 7 9  1.3970 
82 2 16 55.131 0 .115  0 . 4 1 9  -0.92 0 .200 53.400 1.8563 53.427 2.1005 
82 3 11 34.587 -0 .317 0.316 -0 .96  0 .227 58.290 1.7732 58,766 1.0058 
82 A 4 3  53.331 -0,251 0.243 - 0 . 3 9  0 .293  5 7 . 1 9 3  1.1137 57.308 1.1471 



V-VARIATE: YWEJ 
WIGHT VARIATE: YWT 

COISTANT 55.702 0.799 69.73 
PD 6-60  1.36 4.85 
A STANDARD ERRORS  BAS^ ON scu P- n r n  vum 1, ooo 

hhh ANALYSIS OF VARIANCE 
SCALE PARMEER I S  1 .000 

REGRESSN 1 ' 23.6 23.55 
RESIWAL 4 136.5 34.14 

TOTAL 5 160.1 32.02 

RESIDUAL VARIANCE EXCEEDS VARSIUICE OF Y -VARIATE 

YW FIT WR YWT RES 
50.0800 62.2973 4.6409 0,2155 -5.6712 
28,0026 49.1067 6.4582 0.1548 -8.3044 
61.9566 55.7020 6.9431 0 ,1440 2.3737 
57.6960 55.7020 2 . 7 2 9 2  0.3664 1.2070 
63.4465 58.9996 2.9662 0.3371 2.5820 
60.2239 52.4043 2.8233 0.3542 4,4538 

-_.,--- SIHIMLY OTHER MODEL FOR EMM REPLICATIONS MID 
EACH E l ' t i O D  WILL BE DONE 



COImTAlCT 52.231 0.467 l l l . ~ "  
PD 12.356 0.717 17.23 

3 T w  ERRORS WED OH SCALE PmAmTER MYTH mUE 1,000 

REXm3SI 1 296.8 296,8 
REilIMJAL 4 431.4 107.8 

TOTAL 5 728.1 145.6 

P-AGE VARIANCE ACCOUNTED FOR 25.9 

?Mi FIT YVR VUT RE8 
51.6035 64.6268 1.7677 0.5657 -9.7953 
26,9933 39.9148 1.0845 0.9220 -12.4076 
63,0343 52,2708 2,4696 0.4049 6.8492 
54,7304 5 2 . 2 7 0 8  1.2185 0.8207 2 2101 
60,4238 58.4480 1,0320 0.9690 1.9441 
57,5295 46.0928 1.0390 0 . 9 6 2 5  11.2200 

SIMILARLY F O R  OTHER SCMMES AND MODELS WILL BE DONE. 



'Uk?E' UIIUCWALYSIS 
'WITS ' S 12 
'XAL' m-12 
'VARIr  CASltrl.,,TOT 
'NAIIB' PnASIPQWm1,C 
'PA-' PBASE $ PRASW ' I 

BEFORE usrm; mrs nm~n n u t  suut u mmmmm rn 
BEIRK 

DONE RME, 
INPUTS IN ORWI A118 

A ( 1 )  : O F M B B  typrs 
A ( 2 )  : OF M b b  typoa 
A ( 3 )  : OPrrBB t y p r  
A ( 4 )  : of  r rbb  typal 

PRASENN : R , C ( f o r  Repulsion or Coupling ) 
PRASE t VECTOR OF P I I A S W E S  
OUTPUTS ARE 

CHIA 4hf-equaro f o r  Atr t t  3rl ( d . f . . l )  
CHI0 -Chi-square for Btb ;I 321 ( d . f *  -1) 
CHIL -Chi-square for linkage ( d , f .  11) 
P E s t i u t ~ s  of rconbinrtion fraction 
SEP I Standard error o f  P 

I f  

'READ/P1 A ( l  ... 4),PHASE 
'CALC' N = A ( l ) + A { 2 ) + A ( J ) + A ( b )  
I . CRIAm(A(l)+A(2)-3*(A(3)+A(4)))++2 : Ct l lAmCIS IA / (3 *W)  
r CHIB=(A(l)tA(3)-3*(A(2)+A(4)))**2 t CI1IBmCtlfb/(3+N) 
* CHILa(A(1)-3+A(2)-3*A(3)+9*A(4))r+2 IC#I~CWIL/(OW) 

. &A(  1 > * A ( G ) / ( A ( 2 ) * A ( 3 ) )  : THETAr(lt0-SQRT(l+j+O))/(Q-1) 
VTflETA~?*THETA*(l-THETA)*(2+THETA)/(N*(l+Z*~~A)) 

t t 

FOR REPULSION PHASE USE PI SORT( THETA) 
rOUPLIff i  P- I-SQRT(THETA) 

t t 

' CA LC ' P. l(Kr*SQRT(TWaTA) 
SEPm IIM)*SQRT(nHlflTA/THETA)/2 
P=P+(PHASE,I?O.I ) 4 ( l W * P ) * ( P H A S E . E O v 2 )  

'PRINT/Pt  c~SE,k(l . . .  ~),N,THRTA,VTH~A,CHIA,CHIB,CHIL,P,SEP ,PHASE 
$6(5.~),2(10.~),3(10.3),2(12~6),8 

'RUNt 
' EOD * 
'CLOS' 
' STOP ' 



CASE A( 1) A ( 2 )  A( 3 )  A(6)  N n t F T A  V M E l A  C)IU CRIB CHIL P 
1 267 6~ % 35 462 0.3102 0.0013 2.104 2.427 2.502 w.mr29 
2 493 89 328 53 963 0.2346 0.0006 108.938 S4.007 9.111 SL.560951 
3 894 145 517 66 1622 0.2174 0.0003 103.5% 124.390 16.989 53.373848 
4 558 208 187 71 1024 0.2526 0.0006 0.021 2.755 0.016 49.741215 
5 794 273 3 38 1400 0.2778 0.0005 1.101 1.480 1.834 47.297020 
6 612 1% 214 72 10% 0.2570 0.000j 0.762 0. 14 7 0.091 49.307495 
7 566 203 185 70 1024 0.2576 0.0006 0.005 1.KH 0.111 49.2481% 
8 789 261 248 102 lGOO 0.2814 0.0004 0.000 0.644 2.571 46.951748 
9 614 194 207 761091 0.2715 0.0005 0.514 0.037 0.919 47.891699 
10 3 0 7  87 92 33 519 0.2811 0.0011 0.232 0.977 0.961 53.296669 
11 576 195 187 63 1021 0.2493 0.0006 0.144 0.010 0.001 19.932419 
12 266 80 68 24 436 0.2718 0.0013 3.535 0.306 0.330 52.137684 
33 'CLOS' 

a*****- M) OF LlMWE. HAXMH W 1440 MTA WITS W AT tt)li! 41 (326240 W) 



gSCAL1 Nt-5 : HT-3 : N R m 4  1 tWl.23 r WN,NOBS 
'cAtC1 ?4N=NL*KT 
' CAW' m)BSaHR*NE 
' R' 
lNAT)I' n s NL,KT 
'VMI' LINBS*I...NL I TESlWtml0..#r t 

WCT-16,26,36~46,56,17,27,37,47,57,18,20, 
38,48,58 

'VARIt CCALS S NL : CCATS $ UT : SCALT $ NN r SCALTS(1, .,m) $ WL 
'SCAL' HSE~NSL~HST,HSLT,SECCAL~SEGCAT~SESCA~SffDL~S1WT~JU)~S3C~CCL~Cer~CC5,T 

f 

COVHSL , COVIIST , COVHSA , COVFS1, COVPSi! , COVPS , SSOAO, SW1, Swm, SW1, 
: COVRSA) 

'WITS' $ NOBS 
'INPUT' 2 
'READ' YLD 
'INPUT' 1 
'R' 
'PACT' REP $ NR-NE!(l...NR) 
'PACT' TREAT $ Ne=( l...NE)NR 
'PACT' PLOTS $ NE-(I . . .  NE)NR 
* * 

enter your parents, l i nes and tes t t r s  accordingly. 
t I 

'INTE' 1011 ... 14,-l5,16,17 ... 22,-23 
'IKTE' I211 ...14,-15,-16,-17.r.-23 
'INTE' IOI1=1,4-,7,1O, - 1 3 ~ 2 ~ 5 ~ 8 ~ 1 1 ~ - 1 4 , 3 ~ 6 , 9 1 1 2 ~ - 1 5 , 1 6 ~ 1 7 ~ ~  . 2 2 # - 2 3  
'IKTB' I 0 I 2 ~ 1 ~ 2 ~ - 3 ~ ~ 1 5 ~ - 6 ~ 7 ~ 8 ~ - 9 ~ 1 0 ~ 1 1 ~ - 1 2 ~ 1 3 ~ 1 ~ ~ - 1 5 ~ 1 6 ~ 1 7 ~  *22,-23 
'READ' HI-" CCA EFFECTS FOR LINES I t 

'BEAD' H2-" GCA EPPECTS FOR T E S T E R S  t t 

'RUD' H3-" SCA EFFECTS t ' 
'HEAD' H4-" STANDARD ERROR (CCA FOR LINE) I t 

'HEAD' H5=" STANDARD ERROR (CCA FOR TESTER) " 
'BEAD' B6=" STANDARD ERROR (SCA EFFECTS) ' I 
'HEAD' H71" STANDARD ERROR (G(1)-G(.J)) L I N E  " 
'HEAD' a8=" STANDARD ERROR (G(1 ) -G(J ) )  TESTER " 
' R W '  891" STANDARD ERRQR ' * 
'HEAD' RlOo" COV H.S. ( L I N E )  I t 

'HEAD' H11-" COV H.S .  (TESTER) I I 

'BUD' H121" COV H . S .  (AVERAGE) ' t 
'HEAD' H13m" COV F . S .  t I 

'READ' H14=" SIGMA SQUARE A WREN F n O  I I 

'HWD' fl15n" SIGMA SQUARE A VIlEN F a 1  
I t 

'RUD' H16-" SICHA SOUARE D UHF4 F=C) ? # 





*rnI'lS1/C,UlrlKZ-1.LAblt-1' 
' ~ ~ I C , ~ - l  ,tAbR*Ie 
'PRIHT~C,1AblC-1,tAM-l' 
'PRIY@T/C,LAIIU=rl .LABRrI' 
'IMlfWX'/C,LAbC-l.LABRaf' 
' P'RIIS1/C, LAW- 1 , MR.. 1 * 
* I + R f K T / C , ~ - l , ~ R - L '  
'fRI~/C,LUMZ-1,LAbR=I4 
PRxm/c, tUbC-1 L,A%Rrclt 

' P R x ~ l C , L A B C - 1  .tElaR*l' 
' P R f / C , L A B C - 1  , L A l l l R m 1 '  
'PRZU?'/C, U b C - 1 ,  LABR-I ' 
'PRIKTfC,LABC*l,LABR-1' 
'PRfWT/CtLACIC-1, LABR-1' 
'PRIWT/C,LAbC-1,LABR-1' 
' PRIWT/C, LABC-1, LABR-I ' 
'PRINT/C,LABC-1.tABR-I' 
' R '  
'CU)S'  
STOP' 



$0- OF VARIATIOM DIP 98 33% nS VR 

REP 8TRATUH 3 83.18 0 .22  27.73 

REP* PLOT8 mm 
IPXC 1 53.04 O *  14 53.04 0 .582 
IPX%, IP 7 6303.70 16.31 900.53 9,881 
IPXC. IL I 10318.36 26.69 257q,59 28.304 
IPXC. I T  2 1718.93 4.45 8 5 9 . 4 t  ' , 430  
IPXC. I L .  I T  8 14162.37 36.64 1770.30 19 a 1 4  
RE8 IDUAt 66 6015.14 15.56 q1.14 

TOTAL 88 38571.54 99.78 4 3 0 . 3 .  

GRAND TOTAL 91 38654.71 100.00 

CRAHDW;EIW 85.60 
TOTU NUHBER OF OBSERVATIONS 92 

VARIANCE RATIO OF GCA TO LINE X TlERSTER VRGCA 1.457 
VARIANCE RATIO OF SCA TO LINE X TERSTER VRSCII 0.485 

GCAL 
IL 1 2 3 4 5 6 

I PXC 
1 -9.96 - 0 . 7 2  23.82 - 1 3 . 8 7  0 .73  0.00 
2 0.00 0.00 0.00 0.00 0, 00 0.00 

GCAT 
IT 1 2 3 4 

IPXC 
1 0 . 2 9  6 . 4 0  -6 .70  0 . 00 
2 0.00 u.00 0 ,oo  0.00 

IPXC 
1 

SCA 
1 

- 0 . 2 ;  
" 1;. 3 5  
-3.4h 
3;.  1 4  
- 3 . 1 1  

1 , .  00 
rj, 30 
0.00 
'. 00 
9 . 0 0  
0.00 
0.00 



a m FOR LIlGS 

STMMRD ERROR (GCA FOR LINE) 
S T '  ERROR (GCA FOR TESTER 
STA#DARD ERROR (SCA 
STANDARD ERROR (G(1)-G(J)) LINE 
STMMRD ERROR (C(I)-C(J)) TESTER 
ST- ERROR 
COV H.S. (LI-WE) 
COV H.S. (TESTER) 
COV H.S. (A-E) 
COV F.S. 
SICEU SQUARE A WIEN F=O 
SIGM SQUAW A WEN F=l 
SICMA SQUARE D WCEN F=O 
SIGMA SQUARE D WlHEN F=1 
CONTaIBUTIO# OF LINES 
C0)STRIBUTIOW OF TESTERS 
COHTRIBVTIOW OF LINE X TESTEZ 

129 'CLOS' 
A L I A ( C I L I L I A ~  LI OF LINDCT. MAXIMUM OF 12000 DATA 
WITS USED AT LINE 68 (315680 LE2T1 



' R E P E / N U N N m 3 0 0 , N I ~ 3 ~ '  GEWTYPIC ... CORREUTIWS 
'UNITv S 24 
'SCAL' NREP-6: WI'REAT-4: WAR-3 
'PAC!" REP $ 6-4(1,2),2(3),~(4),2(3),2(6),4(5),2(6): TREAT $ 4 
I NSU/RECLm 132 ' 2 
'READIF'' T R E A T , V ( l  ... W A R )  5 S ,3,6X,l,lX,/ 
'CALC' V ( 1  ... W A R ) * V ( l  . . .  W A R ) / &  
'XNPU' 1 
' V A R I '  'lW?4(1,2 ... WAR) S NTREAT 
' BLOCKS' REPITREAT 
'TREAT' TREAT 
'FOR' 2 - V ( 1 , 2  . . .  W A R ) ;  H N D - T M N ( 1 . 2 .  . .  WAR);RDIR(1,2 ... Wm) 
'ANOVA/PR=O' 2; RES-RD; 0 U T m D C ) U T  
'EXTR' DOUT; TREAT $ M W - X D  
' EQUA' MNDmXD 
' REPE' 
'SYHW' CENVAR,FENVAR,ERRVAR,GENCOR,FENCOR,P.RRCQR S WAR 
'DSSP' H$R(l.. . W A R )  
' S S P *  n 
* EOUA * eRRvm~n 
'CALC' ERRVAR*ERRVAR/(NREF-l)/(NTREAT-1) 
' CALC' ERRCORnCORMAT( ERRVAH ) 
'DSSP' UH s TW(l,2.. .NVAR)  
'SSP' MH 
' EQUA ' FENVAR u t lM 
'CALC' FEWAR*NREP*FENVAR/(NTREAT-I) 
' CALC' FENCOR-CORMAT ( F E W A R  1 
'CALC' GEWAR-(FEWAR-ERRVAR)/NRFr 
' CALC' GENCORa.CORMAT(GENVAR) 
'CAPT' 
' t 
GENOTYPIC, P E N P  , ENV; RONUENTA: L'XRI ANCES 
CORRELATIONS PHYNOTYP'J ( '  rRc 1?4 TREATMENT SS I N  
ANALYSIS OF VARIANCE 

' ' 
' P R T N / S t  GENVAR,FKNVAH.fRlrL~H,~.ENTOP.FF~('(~R,ERRCOR S 8 7 
'CALr:, FEwAR*( ;k :Y I 'AR* !  R H V A f i  
' CALC ' FENCOR - c( )RuAT ( FEN\'/\!' 
' CAPT ' 
I I 

PHYNOTYPI C' VAH 1 AN F! . I'~)KREL.,;T? ()NC ; !?I )F f:RROR AND 
GENOTY Y I (: V n  l , l l t . '  

r # 

' P R I N T '  FENVAH.FFN( ( F ' t: i 
' R U N '  
'CI OSR' 
' STOP ' 







NO. OF OBSRRVATIONS (N) 
Y IS THE D8PMDBIHT VARIMLE 

NO9 OF INDSP- VARIABLES (NIV) 

'XAL' N.81 NIV.3 :NIVlrRESDSO,NUmTV(l.. 9NIV),V1UXV(1(. . , N U ) ,  
HBANY,VMY ,NIV2 

' CAtC' NIVlm#IV* 1 : NIVZ.NIV*(NTQ+ 1) / 2 
'HBAD' HI='"  MEAN " :HZ.' ' VARIANCE" 
' R' 
'UNIT' $ NIV 
'VARI' O B S m l , .  .N : Y  , V (  1,. , N I V )  S N 
' INPU/RECL* 132 ' 2 
'READ' Y ,V(l.. .NTV) 
'INPU' 1 
'VARI' 00 $ NIVl 
'SYn!!' B,CONT,RI $ NIV: CORRNAT $ NIVl 
'UATR' AtC,UNVEC,TflT $ N I V I I  : CORRHT $ NIV1,NIVl 
'UATR' EFFECT $ NIV,NIV: EF $ N I V 1  , N I V  : EFFECTS $ NIV,NIVl 
'DIAC' DPATH,DD S NIV 
' R' 
'CALC' MEANXV(l., .NIV) ,llEANYdlEAN(V( 1 I I *NIV) , Y )  
'CALC' VARXV(l., .NIV),VARY*VAR(V(lll .NIV),Y)*(N-i)/N 
'DSSP' COT $ V(1.. .NIV),Y 
'SSP' COT 
' CALC ' CORRHATmCORMAT (COT ) 
' EQUA' 0,  BBmCORRMAT: CC=BB 
'CALC' PATH=PDT(INV(B) ; CC) 
' EOUA' DPATHa PATH : IJNVEC. 1 
' CALC' EFFECT= PDT(0 ; DPATH) : RESDSQ. 1. SUM( PATHICC) 

: TOTsPDT( EFFFf-T ;UNVEf' ) 
' CALC' EFFECTaTRANS( EFFEf '1)  
' EQUA' EFmEFFECT, TnT 
'CALC' EFFECTS ITRAN';( E F )  
'EOUA' DDm(1)NIV 
'CALC' RI=?*B-DD : ( '~)NTIPDT(DPATH ; RI) : UflHTaPDT(C0NT ;DPATW) 
'PRIN/Pt OBS,V(I.. .NIV),i' $ 12,?9(1?.4) 
' LINE' 1 
'PRIN/C,UBRol,LABf' 1 '  H1,HEANXV(lO..NIV),HEkNY $ 12.4 
'LINE' 1 
'PRINIC,LABRml,LkBC-1 H2,'JhRXV( 1 , .  ,NIV),VkHY 12.4 
'LINE' 2 
' PRIN/uHs8' CORRHAT l ?  . 
'LINE' 1 
'CAPT' 
I I 

I 'TH ROY GIVES THE DIRECT AND 1NI)IRECT EFFECTS ~f X ( Z )  ON Y 
DIAGONAL-PATHCOFFFFCTENTS (OR) DIREC"I EFFECTS 
(UST COLUHN IS TOTAL, EFFECT 1 

I '  



'PRIN/W1Mm20' COKT S 12 . C  
'LINIE' 1 
' P a X N / L @ ? b l l '  RLSDSQ $ 1 2 . 1  
' LINE' 3 
' RUN'  
' cms' 
'STOP' 



VAR I ANCE 640.1254 1001.1356 165.0945 819.1682 

I'TH ROW GIVES THE Dim MID INDIREXT OF X ( I )  ON Y 
D I A G O N A L - P A T H C O ~ I W T S  ( OR 1 DIRECT ERWT8 

1 LAST COLUHN IS TOTAL EFFECT 

CONTR I H~JT!IJN~' : ( U I R K T - D I W ~ ~ N A [ , :  INI)JREKT-NONDIOGONAL) 

67 'CLOS' 
~ A A A A A A A  OF P A M A .  HAXIHUH Of'  4690 DATA UNITS USED 

AT L I E  4 2  (31794~ KFI'J 



' REPB/WW- 300, HI I)- 300 ' JOI RTSCALf KTEST 
'UNfTt $ 6 
' R W / P t  AM,W,AVAR,BVAR,AM=01V 
'CALC' V l m l / A V A R :  VZal/bVAR 
' V M X '  COlllBCWktgW $ 6 
' C A M '  ~ W a E S n m A b c o V / S o R T ( A V A R * C 3 V A R )  
'PRIW/Pt AMH,bnn,AVAR,bVAlt,AbCOV S 12.1 
'PRXWJP' Vl,V2,CORELESN $ 12.4 
' V A R I  ' WSf W1 ,?ITEDl $ 6: B e T A l  S 3 
'SCAC' 0 
'SYMU' Sl s 3 
'SYMH' D $ 6 m 2 1 ( 0 )  
' V A R I '  IR2 S 6-1,3,6,10,15,21 
'COPY' D S IRZmU1 
'NATRX' RESW1 $ 6 , l :  RESU2 S 6 , 1  
'MATRIr X I  S 6,3-l,l,O,l* . 5 1  .5,1,0, l,lvO, *5,1,-.5,.5~lt-l,0 
?CAM' SlmRSYnRI(TRANS(X1);D) 
'CALC' SlaINV(S1) 
'CAW"B~A~IPDT(TPM'(X~;D);A%N) 
'CALC' BETAlmPDT(S1 ;BETAl) 
'CALC' PITEDlmPDT(X1; BETA1 ) 
'CALC' RESIDUI-AHN- FITED1 
' EOUA' PESM 1 aRES1 I 
'CAE' O=RSYMRI(TRANS(RESUl);D) 
'PRINJP' BETA1 S 1 0 . 4  
'PRIN/P' S1 S 10.4 
'PRTN/P' AHN,PlTEDl,RESIDUl $ 10.4 
'PRIN/P' 0 $ 10.4 
' I 

FOR THE SECOND TRAIT 
* * 

'VARI' RESJDU2, FITED? $ h :  BETA2 S 3 
' SUM' S2 $ 3 
'SYHM' D $ 6121(0) 
'COPY' DS J R Z n U 2  
'HATRI' X 2  $ 6 ~ 3 = 1 , ~ , ~ , 1 ~ . 5 ~ ~ 5 ~ 1 ~ 0 , 1 ~ 1 ~ ~ , ~ 5 ~ 1 ~ - . 5 ~ ~ 5 , 1 ~ - 1 ~ O  
'CALC '  S?=RSYHRI(TRANS(X2);D) . S2-INV(S2) 

BETA2uPDT(TPDT(X2;D);BHN) . BETA2mPM'(S?;BETA:) 
* F ITED2mPDT( X 2  ; BETA2 1 

REST W2mRHN FITED2 
' EQUA' RESW~RRESI 
'CALC' Om RSYMRI ( T H A N S ( H E V l . '  ,;U) 
'PRTW/Pt BETA2 S 1 ( 1 . . *  
'PRIN/Pr S? $ I n . *  
'PRINJP' BHN, FTTFD.', Rt'C;lWt.: ] ( I .  .I 

'PRIN/Pt c) S 1(1.:4 
I I 

SIHllLl'ANEUUS A N A l  iSI!, 
('r)HPltTE V INVERSE 



' V M f '  8,111,012,822 $ 6 
'CAU' I ~ V M + B V A I I - A l I C O V ~ * 2  
'CAUT' I l l*bVAII/ I  t R l 2 m - A b C 0 0 f b t  M 2 2 * 1 V M / I  
' S W '  U l l  S 6-21(0)t V12 8 6mtl(O)r W22 $ 6 m 2 1 ( 0 )  
'CX)PY" V11 SfltZ-811: V12 S1RZdI12t V22SIR2di22 
'PltXNI?' V l l  $ 10.4 
#rnrn/p* v12 s 10.4 
'PRIM/?' V22 $ 10.4 
* * 

' CAU* Sl-msmr (nwuS(X1) ; V l l )  
'CAW' Sl-fWY(S1) 
'UTR' m s 3 * 3  
'CALL' IMt-TPM(X1;PMT(V12;%2)) 
'PRIW/P' XVX $ 10.4 
' C A W *  S2*RS~I(tMnS(X2);V22)-RSmRI~(TMNS(XVX)~Sl) 
'CALC' S 2 - I W ( S 2 )  
'MATRIX' Pll,P12,P22 $ 3 , 3  
' C A E *  P11-Sl*RSYMRI(PMI(SI;XvX);S2) 
'CALC' P12m-PM(Sl;PDT(XVX;S2)) 
'CALC' P22-S2 
'PRIN/P1 P I 1  $ 10.4 
' P R I N / P 8  PI2  $ 1 0 . 4  
' P R I N / P 1  P 2 2  S 1 0 . 4  
r f  

COMPUTE B E T A ' S  
I I 

'CALC' BETAl=PDT(Pll;Ul)+PDT(P12;U2) 
'CALC' BeTA2mPM'(TRANS(Pl?);U1)+Pm(P22;U2) 
' 4 

'CAI&' Q=TPDT(~;PDT(Wll;AMN~)+Z*TPDT(A)SN;PL]T(Vl2;B~)) 
'CALC' O=O+TPDT(BH?U; P D T ( V 2 2 ; W ) )  
' C A E '  Q-Q-TP~(BETAl;UI)-TPDT(BeTA2;UZ) 
'CALC' PITEDI-PM(X1;BETAl) 
'CALC' RESIW1-MN-PITEQ1 
' C A E '  FITED2=POT(X2;BETA2) 
'CALC' RBSIDUZ=BHN-FITED2 
' PRINIP'  BETA1 , BETA2 S 1 0 . 4  
' P R I N / f '  A~,PITEDl,RBSIDUl,~,PITED2,RESIWZ $ 10.6 
'PRIN/P'  0 $ 10.4 
'CALC' 0-TFWC(RESIDU1; P M ( U l 1  ;RESIDO1))+2*TPDT(RBSIDUl;PllT(V12;ItESIMI2)) 
' C A E '  0-Q+TPM(RESIDU2; PLTT(U22; RESIDUZ)) 
'PRIN/Pt  0 $ 10.4 
' RVN' 
1.2170~2 1.1338~1 7 . m o ~ n  8.3710~-2 2.7655~~1 
1.223382 1.170981 3.3083E1 4.1743E-1 2.0921E0 



1.2206&2 1.0960E1 8.0S33t1 1.0085W 4.7102BO 
1.2230itZ 1.1448EI 9.3890BO 1.45528-1 l.1739B-2 
1.013082 1.0039E1 1.3570E1 1,2133W 1.512900 
9.370QIC1 1.099991 3.09001CO 9.753OB-2 8.8215B-2 
' BOD' 
' CLOSE' 
' STOP' 



A V M  bVAR AI)COV 
7.6340 0.0837 0.2764 

33.0830 0.4174 1,0924 
80.5330 1 .*Mi$!, 4.7102 

9.3890 0.14S5 0.0117 
13.5700 1 e 2133 1.5129 
3.0900 0.0375 0.0982 

CQRBLESN 
0 . 3 4 5 9  
0.2940 
0.5227 
0.0100 
0 .3729  
0 . 2 3 2 9  



BHN PITED2 RESIWZ 
11.3380 11.3923 -0.0343 
11.7090 11.6042 0.3018 
10.9600 11.4162 -0.4562 
11.4680 11.3031 0.1619 
10.0390 11.2020 -1.1630 
10.9990 10.9877 0.0113 



113 @CLOSE@ 
*****++* EWD OF JOINTSC. NAXIHW OF 4346 DATA UHITS USgD AT 



PROGRAMS FOR HULTI -COCATIONAL TR INS 



r- &a 
l;;-E 
-LLn 
a n -  < - =  
5 - W  



' 1101 
# # 

# # 
- ~ ' ~ r r r n ? m . r ' k " " C w v O U t U l Q I -  

#W mr8e r-Y"Llm OI) * '  
'W mbrr C l f - S # W U V ~ ' '  
#W mbrr ~ t f t l "  
*-' 0pm.m 
#CAI&# oll+(Ogl(1/#lrlSI)-IlrWMt(DIPUT))/34(rBYllfflCl) 
*crsc' *(8m(atn)+UIO(J\llS,--)tU)I(m)) 

-ran(orsnr+W(nrsJr)))/o 
' r 1  
#cat' -14mmtQ:aC) 
' ?uM'  BQ 
' ~ I C , ~ l , ~ l '  mlpm $ QeW*O 
* n Z D t / C p I A R m l , ~ l '  #U,O $ 0,SZ.I 
' P U R t C p ~ l p ~ l '  mwm $ 0.3704 
'Bwa' 
'ntlclt' 
e ~ ~ '  vEUnn+umnmat.mcmOEr,umnolevlJum 

+ I t l ) m ~ ? I ~ . V ~  
'AJmUM' Tsar; OVIIlMllll 
'urn' kersrt rwnr S 8s-8sv; Wmvw 
#ICFnO AW1; UKATZO)l$ S8-881U; W m L W  
'm' -11 ' R 8 t m ~ t I -  $ SS-8 W d W  
'UXR* M V l ;  m ? I Q W . V A U W Y  $ SS-SSV8t #r-?BWr 
@ s m 4  - 4  r p e w n o a , v l l s m  s ss-rtrr; w a  
'me v w 8 , m w , m , ~ 1 s , m a , m , ~ , ~  
'CAI&' ~ l b l t l / v D ? 8 l r n n s - ~ t  UlltQ1'-rltOllt l#)rmwm? 
'CALE' ~ 1 1 1 / m ? t T D ? ~ 9 D I * I l Y I + U I l l + ~ + m ?  
'cauc' tSS1s804sSu+ssu+SSVksS1.r ICIClkl&rsum 
' V I U I '  tlrrru $ JJ 
 mu^^ wmmm-rnl 
oroor' wc(l...n)-txracurr 
'IACI' 1 
'LIMB' 5 
' TUAT' 
'UPT' 
I I 

kk.Iy#il ~f VU~ULSII of b a d  b t 8  ' t 



')lltEJn,r.l[r..9' Illlll,wcgl..*I&),- I !b*0,20.2,~rO.Z) 
'eCI[I/P,Uk),r'-.-1,JAmbl# WI.. e r n )  $ ~.P,20(10.2) 
I I 

I v 
Vuiely --.UI 

#m' L1.e.W 
'RUT' rm $ V r u s n - 8  
'=' -tn)mmm=) 
'rn' 
'ma' QYIu 
'as&* -(nnr&wr, 
'IUIT' TjlFI 
'ICAIL' Ul,m~,~3,~~,Dlt,on,#S1i#C,~,sU~,rOll,~1 
'?me lllll~~til m-(i...w)ltt 1 ~ l l f b ~  1 n w v t ( ~ . , , m . )  
' r m '  umm $ I I P , W m I  . . .m 
'Tmu' ~ l l k l D I P T ~ ~ B s . P l l l 1 E O  
'IJQIUmdP - ; m=m 
' U l ' R *  OCILTI8 $ 8S-Mlt WmWl 
'lDlflltO Am( bnrrrrr 8 S B m s 8 2 1  D?rDlrt 
'rrn' 1 4 1 1  0enrm.IJIILtQW $ *w3; muw3 

Ib)l) lEESWWlt W2UbSSZ/OMr !I%3US-S83tW3 
r T#td?l*W2+0?3 

' C A W  ~ 2 - 1 U b S S 2 * 8 1 3  
' I  

Carri)otrrtl.a of  8avlto#wrt.l frJor 
v 0 

'ma&' Br(1.e .U),C?? 
'W' u?-lbUI(ummM) I J4 

~ ( 1 , ~  .aa)-w(i,cc(~. . .a))-en 
'csu' ~2~1* . *nL) -#1(1 . *  .NL) 
'UWI' 1 
'W' 
' ' D m I ~ A L  Inmx " 
' ~ f P , ~ l , W - l '  RI(1 . .  .NL) $ 1 4 - 4  
'Un' 1 
' l rur'  X(1. .la) $ mr 

z-mc(1 . . . t a b ;  ZI.LI(~ ...a)$ at-r(i...m) 
' V M I '  m $ m 

nmz*zi 
'UVI' 
0 # 

Cbmputing rwrerriob coefficimtr for wb 
v I 

' V r u r '  IT  $ rv 
'CAI&' R.Y&UI(X(I .  ..a)) 
'mu' =A $ m 
'mu '  B e ? A & I ( l * .  .a) 
'W' m T A l  
'CAWg D Z T A l = ~ ( B # t A * * Z )  
' V U I '  - $ Wp 
ICAW~ rtsocor-n~urrr 
'CAPT' 
'' ~ T I W  blCN13R MUS;iClfal ~ C U P n  

Am m.m w m B 2 i  " 
' Ip# Is IC '  Il)ICSD,RBOCOI 



' M I  ' 
'CAW' 
'CAK' 
' C A U '  
' VARI  ' 
'CALC' 
'CALL' 
'CAK' 
' SOL' 
' CALC' 
' I 

' t 
' SCAL' 
'CALC' 
' V A R I  ' 
' &QUA ' 
' CALC ' 
'CALC' 
' SCAL' 
' CALC' 
' SCAL' 
'CAW' 
' CALC ' 
' C A W '  
' HEAD' 

wl,m(r ... m),m s w 
~11(1...m)~(tm(i...m)*+z) 
VMrV!WU(VM(l ... NL)) 
VWlrY"SW(tOC( 1.. .#L)) 
vrunw s w 
VARMMN-m-((Vnl*+Z)/WL) 
DBVlmTT'R~COF 
DW2-VARMEAN-DBVI 
SD&Vl, SDdV2 
SDevlnsW(DWl)~ S D ~ V ~ D S W ( D ~ V ~ )  

SS due to rnvironmant (linear) 

L(l . . .  NL),SSELIW,SSVLL 
L ( l  ... NL)*SlJU(LOC(l ... NL))  
LS $ NL 
LSuL(1.. .NL) 
SSELTN= ( 1 /NV)*(SUn(LS*BETA)*rZ)/IeTAl 
SSVLLSDEVI-SSELIN 
PDMS, EVDF, EVSS , S S V L M S  , PDPF, PEDP, DDF, PWSI 
EVDFwDFZ*DF3: EVSSmSS2rSS3 
SSELDF. 1 
SSVLWISmSSVLLIDFI: PDQP-NV*(NL-2)8 PtDPmNL*()JlltP-l)*(#V-l) 
PDnSmSDEV2IPDFF : DDCYNL- 2 : PEWS1 DPESSIPED? 
DEDFvDDF 
TITLEa 

Source of Variation 

' I 
'HEAD' TTLm 
' ' 

'READ H(5)m" EW+(VARIETI&S X ENVIROHWTS) " 
'HEAD H(6)m" ENVIR1MENT (LINEAR) " 
'HEAD H(7)=" VARIETY X EWIROWENT (LINEAR) " 
'WEAD fl(8)=" PWUD DEVIATION " 
'HEAD H ( 1 )  ' P(M"1LED ERROR " 
'HEAD HH*" ANALYSTS OF VARIANCE I I 

'PAGE 1 
'PRIN HH 
'PRIN TITLE 
'PRIN/C,LABR=~,LABCI~' H1,DPl,SSl,SSLHS $ 0,30,2(15.3) 
'PRIN/C,LABR-l,LABC;-I' H(5),EVDP,EVSS S 0,10,2(15.3) 
'PRIN/C,LABRI~,LABC~ I ,LHW= 3' H(6),SSELDP,SSELIN S 0,16,2(15*3) 
'PRIN/C,LABR~1,tABCl,LHM~3F H(I),VDFrSSVLL $ Or6,2(15*3) 
'PRIN/C,UBR-l,LABC'-1,LHH-f' H(8),PDPP,SDEV2,PD)IS $ 0,20(2(15.3) 
'PRIN/UIW=30' Hi 
'PRIN/P,LAW=l, 1,ARR I ,  L H U w l O '  ENTRY ,DEDP,DBY2 S 10.0120,2(1S.3) 



%A 
*a 
'rn 
*m 
' Wt 
'CA ' ' *  
T V A  
PAR 
WCV 
++ 
' LI 
'm 
' JllIg 
' lg 
' I1E 
' PA 
' GR 
' PA 
' GR 
' PA 

w, smmMn.(DmlDOC)-muL 
I"fn ,v .  

mr.almkmum t w m m w o , r r r r n r ~ u a ~ ~ ~  
U' mmAL,)I1(1 * a  e r n )  4 w 
UT6 m c t b  * . I l t ) . V + ( ~ l . r  .U)-mmw) 
s' - q j Y a , * * 1 Q . n  
W P f i ~ ~ , ~ ( l * * . ~ ) ~ ~  S 34,2Q(8*2). 
1451' ?u(l.p.16) 
~JCVU(II .  .n ,au (n ( r , .  ,a)) 
rWt9-1,IUTI1' -1. e *a) $ 13*2,20(8*2) 

jrJT - TADWO? StAWzm taAmtm8 *+ " 

R 5 
mfl* j D m r ~ , ~ , ~ , S M b l ~  $ 10~(10*3)3 
WI' 1 
w ~ , ~ 1 , ~ 1 ~  n7,amn s 0 ~ 0 . 4  
Uo St lSCIA 
LC' SBBEl'AmSOIIT(JL#U/BETAl) 
#* 1 
AB' ,St$." SYIAl'iDAIUD &Rm 01' BETA" 
w 3)lr'"srlJRMltO tXCQI (IRACI)" 
' 3 
kt' TstAm,tRlE,UgWuS(l*..nt) $ MV 
LC* u w t s ( ~ . .  e n ) m n u n ( ~ ( ~ .  . .m)) 
3 f t  W S  $ JJ 
m* LHWSI~)QUIIS(I.. .n) 
U' TR8&(lL)eCCOI?-I)/SWFTA 
rUL' sm 
Il;ic4 SBn-SOltT(P~S/(HG 1)) 
W' TSTAB-(STAI)PARH/P€HSl) + 1 
I W / C , U W * l , L A B R m l '  SES,SEbaA $ 0,lO.A 
X N / C , ~ - ~ , L A B R = ~ ~  sn,sen s o , i o . 4  
He' 3 
PT' 
* TEST POR REGR. COEFF. AGAINST 1 : COnPARe TRW; AiGAIlqSl 
LUE VrTR ITS DEVIATION DEGREES OF PRBBOOll AND STABWII  
METERS AGAINST 0 : COMPARE TSTAT AGAINST P - V U  V I I l l  
IATION DECREES OF FREEDOM AND POOLED BD? 
I I 

NB' 1 
XNIP' BFCI"IIT,REC~F,TREC,STABPARn,tSTM $ 10.0,10(10.3) 
AD' Tl-"LOCATLON HEWS " : T2-"VARIETY HEANS YIELDS" 
AD' T3m"REGRESSION C O E F ) ? I C I ~ "  
AD' T4-" S2 Do 
GE' 1 
APB/ATX=TI,ATYmT?' L0CMEXN;LMEANS $ ;ENl'RIES 
CE' 1 
APB/AIX-T2,ATY*T3' RKC0F;TRTHEAW $ ;CEWO 
GB' 1 





AAA BA~LE~T's TEST FOR HOClOCDEEITY OF 9 A R I W Z  h A A  





hkh TABLE OP STABLITV PARMEERS hhh 

STABPARM 
3.112 

-9 . 630 
46.989 
15 .906 

7.661 
5 .732  

- 8 . 7 2 5  
- 8 , 8 0 5  

0 . 5 7 2  
23 ,488  

STlVIZXllRD EROR OF BETA 0 . 4 8 3 5  
S T W D  ERROR (WEAN) 2.0933 

" TEST FOR RER, CQEFF, AGAINST 1 AND STABLIT'Y P-S AGAINST 0 

mll?Y RECCOF 
1 1 , 5 5 5  
2 1 .412  
3 0  387 
4  0.856 
5 1 . 3 0 1  
6 0 .508  
7 1 . 3 4 9  
8 0.899 
9 0 . 9 4 ~  

1 0  0 . 7 8 9  

TRM; STABPARM 
1 , 1 4 7  3 . 1 4 2  
0 .853  -9 .630  

- 1 , 2 6 8  46 ,989  
- 0 , 2 9 8  15,906 

0,  b 2 2  7.661 
-1 .018 5 .732  

0 . 7 2 2  - 8 . 7 2 5  
- 6 , 2 1 0  -8 ,805  
-0,112 0 , 5 7 2  
- 0 . 4 3 7  23.488 

AAhAhhhA END OF STABILIT, HAXINUH OF 10212 DATA UNITS USED 
AT LINE 261 (317568 LEFT) 



-- --*m***-**------ 

llOW 
?AcmRs 8 
nur a 
I&U 1 k ef mplLeatlwrr, w d  ir a 8  

n t  t *rtiaUe 
w 1 k o  P m- 
MnUI 8 Lava1 of rtgnlfL~lmr 

- * - - * - - - - - - - L - - - l - l - I I I I I . . - U \ . . I I - I - u 1 ~ I . . -  

# I 

o?Acr' m1mn5 taw$!3 
#leu' m m m 3 t l l l s r p l r  1 ~ . O )  
'090' IDR,Dmr,UI 
'CAW* 
r tEk23+45 . *W(3211&WRAlWolr  W ) + M ~ ( 4 1 1 4 0 ) - 3 l r W Q l t ( 2 8  tCO) 
' V n M *  m?,rrwmw 
'me 1 m l  ...M&W *am* " tOl #nRmmtr*' 
*turn* I 
*m' ftP,VZtSIWY-I 
'#ma' utttnnt 
'TwAt' m m T  
* W A *  I L D ~ O U T I . T ~  
'SCAL' ocn,tss,TDr,rss 
*~*rovtiut/~r+#n~-rDlr,mJ,r8h~8,flu 
'CALC' VET-BSltWUHtgSS 

I BLm(WCW;l)-U)? r t L t n ( H S ~ t ) r ~ S / l l D ?  
'U?ef 
I I nsr mm#rrrrn or aur v u w # t r  

' # 

o m  L I ~ ~ ~ C I  m- 
,mrn/r* w , n a  
'SCAL' O,rROD,WPnl 
*ax* mml-mm-1 
~cnrrf 01i+(~nr(i/rrat)-r/m(u))/3/10111 

1 ol.(sun(mr)*llX;(StM(mt*m)/SUn(llPI))-WII(~U#(III)))/O 
I ?RO8-l-C?ROD(O;mtlvI) 

~ I W T / P *  m i  ,o, man 
'Usr' rLD,m,IRIV 
~ ~ u n r ~  m r ~ ( r r t o r . c r . m u m )  tun' # #  t U o r r O U ~ U R B 1 # 1 0  

S I G W ~ ~ I W L Y  nntll-SI ' * mOEO UhLms #II]I 

' u n r 8 u ? / m U T  
'Tn#ATt m*mY 
' A I W A / ~ - W l "  Y U )  
' W 8 ~ B  'am' " t m m  mum vu1- ut meanom oa 

vltI(;SRd IcbcOlttb rn OWPUIIWIII vnr v#t- 

f * AMALYSI S 

'BWfIIlPlgllRY 
'-7" D N * W T R Y  
'AWOVA' YLD 
' ROl ' 
'CWS' 
' StOP' 



QUYDCIPllW 37 . 5 
TOTAL Ir9UWBER OF OMERVATIOMS 15 

&&&*& STMMRD ERRORS OF O I M C E S  OF HEWS hhhkA 

&Mlth -Tun STANMRD EXRORS AND COEFFICIRdTS OP VARUTIOlll 

neNl 3.0OOOE 0 Q 5.44OOE 0 PROB 1.4070E -1 
EITHER ERROR VARIANCES ARE HO-US OR 





' ltZtFB/NuIyDJ-300, NIO-300, PRINTmZ' COnblWBO 
'WIT' $ 208 
'W1 HZrL r NF-13 
'W' 
~l~~7223,Jll,U~-~~-7,UP?l513,PI33739~?,V~27,fCCBAfSB,fOOSUt8, 

~2,P1-SlDJCAC1?Q90,CANGA~,NCACl7090,1EC76~(292) 
~ r ~ c r ~  REP s 1-(1...4)52 : TRT s ~~1-4(1...13)4 t mna Q 
4a52(1 ...4) 
OVAU' REPLICATES-4,4,4,4 
'INPU' 2 
'LtEII)/P' AP,OF,YIEtD,An 
'TNPU' 1 
'RUN' 
'SCAL' t(l  ... NL),D(l ... NL),SE(l ... NL),CV(l ... NL) 
~ P O R ~  YSETIAF,OF,YIELD,API 
'VARI' W(1 ... NL) S NT 
'SCAL' R(1.. .NL) 
'EQUA' R(lb. .NL)aREPLICATES 
'FUR' 211. .. Nt;ESl-B(l ... NL);DFl-D(l ..,Nt); W P m R ( 1  ... NL)! 

M-=(I ... NL); SEmSE(1 ... NL); CVSmCV(1 ... NL) 
'REST' YSBT $ WATTON-2 
' BUKX' REP/TRT 
' W T 1  TRT 
'AWOVAIPR-0' YSET ; OUT-AOV 
'EXTR' AOV; REP.TRT S SSmSS1;DFmDFI 
'EXTR AOV; TRT $ H E A N m t l N  
'EQUA N-MN 
' SCAL ES2, ES1, SE 
'CALC ESl-(SSl/DFl) 
'CALC CVS-SORT(ESl)/NEAN(H)*lOO 
'CALC SBmSQRT(ESl/NREP) 
' REP€ 
'REST YSET 
'VARI  DPSUn,DPSET,VARSET $ NL 
'EQUA DFSET-D(I. ..NL) : VARSETxE(1 ... NL) 
'READ HQ- 
I t 

*** BARTLETT'S TEST FOR HOMOGENEITY OF VARIANCB +** 
I # 

'HEAD' EIQlt 
" BARTL&T'I"S TEST FOR HOMOGENEITY OF VARIANCE. 
THIS IS PISTRIBUTED APPROXIMATELY AS CRI-SQUARED VITR D . P .  " 
'HEAD' H Q 2 m f '  CHI-SOUARE VALUE " 
' SCAL' TABCHI , O ,  PROR ,NC 
'CALC' Oml+(SUN(I/DFSET)-l/SUN(DFSET))/3/(NL-1) 
'CAM' Q-(SUH(DFSET)*LOC(SlJH (DFSET*VARSET) /SUH(DFSET) )- 

SUH(DFSET*LOG(VARSET)))/Q 
' C A E '  f f i -NL-1  
"CALC' TABCHI-CHISQ(0.95;NC) 

PAGE' 1 
"RIB' HO 
'LINB' 3 



Error vrr irneer rro hemogenwtlr hance 
pooled error 1.8. ia tho 
error 8 . s .  at arch locrtion weiahted 
by their corrsrpondin# dOgt8e8 
of freedom *+***********************************~ 

**l*****~+*+++**+t*t***t***1*~~****C**** 

Error vrriancer are hetorogaruaur hence 
pooled error ..a. is the 
error 8 . s .  at each location wrightd 
by t h c i  r corresponding replicat ion8 
****+t*****+++*tC*+********************* 

I t 

@CAI&' NPLOTmVSUN(R(1. ..NL)) 
@CALCt E ( 1  ,.. Nt)-E(1 . . .  NL)*R(l ... NL) 
@CAI&' Ens-VSUH(E(l...NL))/NPWT 
'LABE' L2 
'CAW' VR1-THS/EWS: VRZ=WI(S/ENS: VR3=TMS/EMS 
@PAGEr 1 
'CA?T@ 
f ' 

*+ AWALYSIS OF ~ULTIWCATIWAL DATA VITR UNEQUAL RePWCAnO## 
ACROSS SITES (COCHRAN Am) COX PACE NO. 5 5 5 )  ** 

I r 

1flEAt)f SOURCE OF VARIATION DP SS us 
YR' ' 
'HEAD' tl(1)d * Genotypesf ' 
@ e W t  R ( Z ) - "  Environments 



'RB 
'RB 
In 
'm 
' tR 
'?m 
' ra 
'U 
' C A  
'rn 
'?A 
'rc 
' C A  
'a 
' C A  
'tu 
' Wt 
'n 
'PA 
'111 
'PR 
'MI 
' RU 
' CL 
'ST 

AD' E(3)m" Csn.litnvu 
AD' ll(4)-" P o o l e d  Errorw 
ZWT' $ 
IM/C,UlbA~l,LAsc~l~ l!(l),Dt2,SS2,THS,tlll1 $ 0,17.0,2(1S,9),10.1 
IH/C,IABR-1 , W m l '  1(2),0P3,SS3,US,YLtZ $ 0,14.0,2(1S,3),10.1 
r w ~ c , ~ - i , w r l l c - i ~  ~ ( ~ ) , D P ~ , S S , ~ ~ S , V U ~  s o, i9 ,2( is .3) , to . i  
IM/C,WllR~l,UM=~l' #(4),&DP,gWS S 0,14.0,30.3 
Ilt' 3 
no +** TABLE OF nsus *** 
' l ' S / - "  t FZ-"WEAN" t PJm"CV(X)" t ?4rWlltl)dl" 
CT' Tnrs s NN1,NT-1 ...NT 
AL' MS(1 ... N L )  
U' mS(1 ... NL)-UEAN(W(1 ... NL)) 
LC' LOC(1.. .Nt)-10*1NTPf((tOC(1...NL)/lO)*O.S) 
I&' MS(1..  .NL)=lO*INTPT((~S(l...Nt)/10)+0.5) 
f l / t '  TRTS,U)C(l.. .NL) S 10.0 
mt i 
IH/C,UBC-l,UBR-l,LHM~5' Pl,SE(l ... NL)  $ 10,10,20(10) 
fW/C,LAbC~l,LABR=l,LHH~6' FZ,HS(l ... NL) $ 10,lOt20(1O) 
XN/C,UBC-1,UBR-l,LHM& P4,R(l...NL) $ 10,20(10) 
IN/C,tAbC-l,tABRml,LHHm5' F 3 , C V ( 1  ... N L )  $ 10,10,20(10) 
#PE ' 
N' 
OSE ' 
'OP' 



amA(w) vTm(18) ,TAU(M) , S B ~ A ( K ) ) , S T l f i ( l 8 ) , ~ A U ( U I ) f i ~ ( I b )  
RBAL D(!50,18) ,Y (50 ,18 ) ,WAWU(U) )  

C 
C THIS FRbCMW COUPUTES ES"tflUTES PROM JOINT ~ $ I O W ( ~ I ? I B D )  
C ANALTSI S 
C 
C NISSINC VALUES ARE INDXCATBD BY -9999 

502 SrORMAt(2OX,F20.10) 
503 ?ORH#I"I'lOX, I4,5F13.6) 
SO4 ~ T ( l 5 X , I 5 , F 1 3 . 6 )  
500 PORCIAT(lOX, 1 4 , 2 F 1 3 . 6 )  
5-01 POIVUT( lOX,I4 ,1"13 .6 )  

700 POR)(AT(/' DATA OF' HEMS ROVS.TRMTnWl'S, C O L U H & l t l l V f R ~ 8 '  ) 
7 0 1  POR)(AT(/' ITERATION NUHdeR m ' , I & )  
7 0 2  QOIVIAT( / ' LACRAKE UULTIPLIGRS rn ' , F22.10) 
7 0 3  FORMAT(/' TREATMENT MEAN SBNSITIVITY ' ) 
7 0 4  FORMAT(/' TREAT ENVIROWnENT tQPltCTS' ) 
705 FORMAT(/' TOTAL NO. O F  ObS, COMMON ERROR VA)II-S8 ,1SX,Ib9f13,6) 
706 FORMAT(/' TREAT HEAN SE(UBAN) S'tCNSITITY S8(S?lirrvm) 

+TVALUE(SNSmTY I 1 ' ) 
707 FORMAT(/' TREAT ENV. EFFECTS S B ( W .  E ? M $ ) ' )  

Wm25 
NL-8 
I r n - 2  
HTOT- 200 

C C;FNtHALLY D IS SET TO ZERO FOR A B S M E  OF C M  X @W 
VRITE(6,700 ) 
DO 1 0  I m 1 , N V  

DO 10 J . I I ~ , N ~ .  
D ( I , J ) = l .  

10 Y ( 1 , J ) m O .  
c READ HERE Y AND D------------------ 

DO 1 In1,Ni' 
R E A D ( S , R W )  ( Y ( I , J ) , J - l V Q )  
VRITE(b,H!,1 1 t Y (  1 ,  J ) * .1 .1*9 )  

1 CONTXNlEF 
800 FORHAT( X * Q f ' H .  * '  ) 
801 FORUAT(X,UFH-d') 

C READING Of DATA OVER ------------------ 
C 
C I N T T T A L I Z F  THE PARAMETEES 
C 

H3=0. 
HG-0. 
Do 20 J * l , N l .  
HIv0 .  
H2-0. 
DO 30 3 * 1 , N; 
Hl=HI*D(  I , J )  
H2=H2*Y(19J)*D(Z*J) 

30 COKTINUF 
H3=R3+HI  



E4mEC+P12 
~ ( J ) - H 2 / I S l  

2 0  rnIPM5 
R5d4 183 
DO 10 J-S,Nt 

0 TIFF(J)-TI1S(J)-H5 
C 
C START ITERATION 

DO 2 ITR-1,XTRNO 
VRITE(6,701) ITR 

C 
C 
C LEAST - SQUARE SOLUT'ION 

Do so 1-l,w 
SDIO.0 
SDY-0.0 
SDTHT=O.O 
S m Y  10.0 
SDTHT2-0.0 
DO 60 J=I,NL 
012-D(1, J )  
THTJ-THT( J ) 
Y X J m Y ( 1 ,  J )  
SO-SD+DI J 
SDYmSDY+DIJ*YIJ 
SDTHT- SDTHT+ DI J *THT J 
SDTHTY-SDTHTY+DIJ*TmJ*YIJ 
SDTHT2 wSDTWT2 + DI J*THTJ*THTJ 

60 CONTINUE 
DET- SD* SDTHT2 - SDTHT* SDTHT 
TAU(I)=(SDTfJT2*SDY- SDTHT*SDTHTY)/DET 
BETA(1 )=(-SDTHT*SDY+SD*SDTHTY)/DET 

SO CONTINUE 
C 
C 

SNUH a m 0  . 
SDEN-0 . 
DO 70 J=I,NL. 
SDBYnT 1. t ' . 
SDB? m 0 .  

Do 80 Im1,NV 
SDBYHT-SDBYUT+D(I,J)*BETA(I)*(Y(I,J)-TAU(1)) 
cDB2rSDB?*[)( I ,  J)*BETA(1 )*re2 

80 CtlNTINUE 
THT(J)vSDRYMTJSDR? 
THTD(.I ) = 1 . I  SDR? 
SNUH-SNUH+THT( 3 ) 
SDEN* SDEN * THTD( J ) 

70 CONTINUE 
ALMDA= SNUM SDEN 
Do 8 5  3-l,NLd 

85 THT( J ) -THT( J ) - ALHDA*THTD( J ) 
VRITE(6.7Cj2) ALMDk 

C 
C PRINT EST1 MATES 



nrn(6,703) 
n~r(a,sloo)( x,rAu(r ),m~(r) ,I.~,NV) 
-(6,?M) 
nm(6,Ml) (J,T!lT(J),Jll,NL) 

2catrnm 
C FIND StGtCA-WAR8 t SIW 

m.0. 
DO 45 Ial,llV 
DO 45 Ja1,NL 
H=M+D(I, J)*(Y(I, J)-TAU(I)-~(J)*B~A(I)]**~ 

45 cownwvs 
SIGMA~~S)I/(~OT-NL~~*WC~) 

C 
C VARIANCE COI1ARIW *ASltl(PTaTIC 
C 

Do 90 101,Nv 
80-0 * 0 
SDY-0.0 
Srn.O.0 
s m - 0  0 
SDlWl'2rO.O 
DO 100 Jm1,NL 
DlJmD(1, J) 
rrrrJm"r(J) 
YIJrnY(I@ J) 
SPISD*DI J 
SDY=SDY+DIJ*YIJ 
S ~ o S D T R T + D I  JcTllTJ 
S ~ Y m S ~ Y + D I J * T I J T J ~ Y I J  
SMIIT2mSMllT2+DIJ*THTJ~J 

100 CrnINUE 
DETaSD*SDTHT2 - SM'HT* SDTHT 
STAU(I)mSORT(SMVT2*SIGtlA2/DET) 
SBETA(1) mWRT(SotSIGMA2/DET) 
TVALU(I)*(BETA(I)-1. )/SaCrA(I) 

90 CONTINUE 
C 
C 

DO 110 J=l,NL 
sTsr(J)=SORT(SICCUZ*TMP(J)) 

110 CrnINUE 
URITE(6,705) 
VRITE(6,XN) HTOT,SICHA2 
URITE(6,706) 
URITE(6,503)( I,TAU(I),STAU(I)+B~A(I),SlliEFA(I),NAWI(I) v I m l t W  
WRITE(6,707) 
URITE(6,5OQ) ( J , T H T ( J ) , m ( J ) , J W )  
STOP 
END 



USULTS lrMm JOIIW MGUS810W rrrl-TSfS 

DATA 01' lttAllS RWS-fltBAmS,00-S 

ITERATION NU)(bgR 1 

LACMNCE MULTIPLIERS = -0.0000631218 

TREATWENT n w  
1 44.462502 
2 48.200005 
3 39.287506 
4 41.187500 
5 42.537502 
6 44.912498 
7 50. 787SO2 
8 44.212502 
9 42.775002 

10 43.8510006 
11 43.075001 
12 63.087502 
13 44.962505 
16 41.700005 
15 41.237503 
16 51.662496 
17 51.2331503 
18 37.412502 
19 35.850002 
20 38.787502 
21 SO. 350002 
22 51.229002 
23 53.262508 
21 75.875000 
25 77.875008 

SENSITIVITY 
0.908156 
0.960134 
0.813196 
0.948357 
1.154732 
0.959397 
1,078941 
1 155694 
1 261824 
1,079240 
0.938164 
1.057553 
0.932323 
1 ,187460 
1 189973 
1,033039 
1 ,145955 
1,088364 
1.080776 
1.256269 
1 . m 2 9 3  
1.179292 
1.015093 
0.444197 
0.122457 



TOTAL No. or oss, com*m mon V A u I q C 8 s  

w s & ( n w )  S ~ S I T I ~  S ~ ~ S I Q ~ )  T V A U I I C ( ~ M G ~ ~ T - ~ )  
44.462502 3.787601 0.904791 0.178735 -0.532 
48.200005 3.787601 0.966199 0.178755 -0,167 
39.287502 3.787601 0.817193 0.178755 -1.022 
41.107300 3.787601 0.956885 0.178755 -0.241 
42.537502 3.787601 1.157769 0.178755 0.882 
44.912498 3.787601 0.973724 0.178795 -0.146 
50.787502 3.787601 1.080828 0.178755 0.452 
44.Zl2509 3.787601 1.160562 0.1787515 0.898 
42.775002 3.787601 1.2691 10 0.178755 1#505 
43.8-2 3.7876Ql 1.089403 0.178759 0.500 
43.075001 3.787601 0.942605 0017875!5 -0.321 
43.087494 3.787601 1.048280 0.178755 0.270 
44.962505 3.7874101 0.939465 0.178755 -0.338 
61.700005 3.787601 1.177432 0.178755 0,992 
41.237503 3.787601 1,190920 0.178755 1.068 
51.662502 3.787605 1. 01 5985 0.178755 0.089 
51 -237503 3.787601 1.139248 0.178755 0,778 
37.412502 3.787601 1.090031 0.178755 0.503 
35.81$0002 3.787601 1.081774 0.178755 0.457 
38,787498 3.787601 1.254398 0.178755 1.423 
SO. 340002 3.787601 1,005088 0.178755 0.028 
51.223102 3.787601 1.173991 0.178755 0.973 
53.262505 3.787601 1,012802 0.178755 0,071 
75.875000 3.787601 0.427628 0.178755 -3.201 
77.875000 3,787601 0.084139 0.178755 -5.123 

TREAT EW. EFFECTS SE(EN11. EFFECTS) 
1 -29.832323 2.081927 
2 -8.656723 2.081927 
3 -15.477040 2.081927 
4 16.611414 2.081927 
5 12.634023 2.081927 
6 28.658119 2.Q82927 
7 21.723637 2.081927 
8 -25.661104 2.081927 



Il&AL BffA(10) ,TE1T(8) ,TAU(lO), SBnA(10) ,SI'tW(8), StAU(l0) ,iglP(0) 
REAL 0(10,8) ,Y(10,8)~TVAUI(lO) ,REP(@) 

C 
C TRIS PROCRA)I COHWTES E!FTIHATES PROM VEXlCBFlgD JOIWT 
w s s r  aht(noDxrrm) 
C ANALYSI S 
C 
701 ?ORNAT(' 'TREAT LOCATION VlIN? VZIW VlSOL HRBP') 
702 FOAMAT( ' ' ENV ENSVlINT EnSVZINT ERE0 D? BIISSOLt ) 
703 PORUT(' ' UCtWGB WLTf PLIER' , Pl3.8) 
704 tORXAT( ' 'TREAT TAU(MgAN) bETA(STABC0EPf) ' ) 
705 POR)IAT(' 'ENV EFPECTS' ) 
706 POMAT(' 'TRT HEMJ(EPP) SE(HEAN) S&NST SB(Slb#ST) TVAL(SEHST)-1') 
707 POWAT(' 'BW E P P ( W )  SE(EW)' ) 

w- 10 
NLm8 
r m m  1 
VRITe(6,701) 
00 10 I*l,HV 
DO 10 J-1,NL 
D(1,J)wO. 

10 Y(1,J)d. 
C 

IOTOT-69 
C READ IN ORDER INTERCROP SORCII,PIGEANPBA,SOL I;atGB,RBPLXCATION 
C ENTER HISSING VALUES AS -9999 

DO 1 IIm1,NTOT 
READ(5,BOO) J,I,SI,Pf ,SSL,RP 
VRITE(6,801) I,J,SI,PP,SSL,RP 
Y(1, J)-SSL 
IP(SSL+BO*-9999) D(1,J)-0. 
D(1 J)ml *  

REP( J ) *RP 
1 CONTINUE 
800 PORHAT(I~,I~,X,F~.~,X,P~.O,X,F~.O,X,F~.~) 
801 FORHAT(' ',15,19,4F7,1) 

C READ IN ORDER N U N  SQUARE ERROR POR IKI1PRCRO? 
SORGA,PP,CORR,DF,SOLS 

VRITE(6,702) 
DO 3 JLm1,NL 
READ(5,802) J,SI,PP,CORR,DF,SSL 
VRITE(6,803) J,SI,PP,CURR,DF,SSL 
VaREP(J)/SSL 
DO 3 Im1,NV 

3 D(1, J)*D(I, J)*V 
802 PORnAT(I1,X,F6.0,X,F5.0,X,F7.5,X,P2.0,X,F6.0) 
803 FORHAT(' ' ,13,2?9.1,F9.S,2F9,1) 

C 
C INITIALIZB T?iE PARAnETBBS 
C 

A3-0. 
E14r0. 
DO 20 J-1,NL 



START 11CIMUTfOH 
I X l  2 TTR-1,ITRNO 
WkITE(6.506) TTR 

LEAST -- SOUARE SOLUTION 
DO 50 I-I,NV 
SD-0 . 0 
SDYmO.0 
SDTHTrO .0 
SDTUTY*O. 0 
SDTHTZ=O.O 
DO 60 J-1,NL 
DIJmD(1 , J )  
THTJaTHT( J ) 
YIJ=Y(I, J )  
SD=SD+DIJ 
SDY*SDY+DIJ*YIJ 
SM'HTa SDTHT + DI J *THTJ 
SVl"HTY=SDTHTY+DIJ*mtTJ*YIJ 
SMTHT2*SDTHT2*DIJ*THTJ*THTJ 
CONTINUE 
Dm-SDfSDTHT2-SM'HT*SmHT 
T A U ( I ) = ( S D T H T 2 * S D Y - S m * S O T H T Y ) / D e T  
BETA(I)=(-SrnWT*SDY+SWSIlTHTY)/DlIT 
IP(ITR.NE.ITRN0) GO TO 58 
STAU(I)=SQRT(SDTHTZ/DET) 
SBETA(I )=SORT(SD/DET) 
WALU(1)-(BeTA(1)-l.)/SB=A(I) 
CONTINUE 



~(J)~SWEYWl'/SDBZ 
TUTD(J)ml. /SOD2 
S N 1 1 W m r n + T f f T ( J )  
sbElJ.sDm+m(J) 
IF(ITR.NE.1~) CO TO 70 
sTHT(J).WRT(rn(J)) 

70 CONTINUE 
AUIMmSWUtt/SDW 
00 85 3-1,NL 

85 Tf!T(J)-TBT(J)-ALADA+TI?TD(J) 
VRITE(6,703) ALNPA 

C 
C PRIm ESTIHATeS 

VRITE(6,706) 
URITR(6,SOO)( I ,TAU(X),BETA(I) , I = l , W )  
YRITE(6,705) 
WRITE(6,501) (J,'IVT(J),J-1,NL) 

500 PORHAT(lX,I6,P16.6,P16.6) 
SO1 PORWAT(lX,f5,F15.6) 

2 mIwE 
URITE(6,706) 
VRITE(6,503)( I,TAU(I),STAU(I),BETA(I),SBBTA(f),NAUI(I) ,I-1,NV) 
VRITE(6,707) 
VRITE(6,500) (J,THT(J) ,ST?fT(J),J*l,NL) 

503 FORMAT(lX,IL,5F13.6) 
501 FORMT(lSX,'ITERATION NO IS :*,IS) 

STOP 
END 



EHSV~INT E M S V ~ X I U T  ERHO 
288105 .0  8 3 4 3 2 . 0  , O  30918 
175595 .0  3 6 0 3 7 . 0  0 37773  
609756.0 39556.0 0 12341 
751131 .0  31301 0 -0.17176 
2 2 6 4 8 4 . 0  32618.0 .0.0$867 
417639 .0  26929.0 0 .21511 
1 3 8 6 2 6 . 0  70525 .0  0 .15931 
517584 .0  3 4 2 3 2 . 0  0.35979 

ITERATION NO IS : 1 
L A G W E  HULTI PLT ER 0 .03507650  





RBAL 0 ( 1 0 , 8 ) , Y 1 1 0 , 8 ) , 2 ( 1 0 , 8 )  
TLI1(~)~TJI2(0)~~1(1O)~TU1(10)p1112(10)~rV2(10) 

R8AL M(l6) ,80(4)  
DIHE?4SION L$PAC(4), RSPAC(4) 

~ 1 ( 8 ) , f l f l 2 ( 8 ) , ~ 3 ( 8 ) , ~ 1 ( 8 ) , C C 3 ( 8 )  pOrtK;(B),PYTl(S) 
R U L  VRT2(8),COVT(B) 

C 
C THIS PROCUM COMPUTES ESTIeUTES FRW DIVARIATt JOINT 
RW;RESSION(UODI PI ED) 
C ANALYSIS 
C 
?MI PORUT( 'TREAT glCV S Y W - I m  PYU-LWT ' ) 
701 POIMAT( 'ITERATION ' )  
702 FORMAT( 'TRT H M # ( ~ )  s m s r ~ ( 1 )  ~ ( 2 )  s ~ s T v ( ~ ) # )  
7 0 3  FORMAT( '1P*WV E P P K T ( 1 )  EFPECT(2)') 
704 PORNAT( 'RDF RMS(1) MS(2) lWIHO LMW1 W') 
70s P ~ R ~ A T (  ILTREAT MEAN(I) S ~ S T ( I )  nawn(2) 8 # ~ r ( 2 )  

+2. 4x4 VARIANCE COVARIANCE HATRIX OF EPPgCT AND SIWSMIVXTI') 
706 FORMAT(' ' , 'ON TUO VARIABLES IN ORDER OP t??tCT(1), 8-1 

+TIVT?Y(l),EFPECT(2),S&NSITTVITY(2) AND ' )  
707 FORMAT(' ' , ' 3 .  VALUE OF CHIQUaS D . P * 2  AND F-TRST STATISrrC 

+D.F,-2,ERROR DF FOR TESTING TUO SWSITZVITES 
+EQUAL T'O UNTTIES' ) 

714 FORHAT(' ' , 'EDF R H S ( 1 )  RHS(2) ERHQ LAHM2 ') 
715  FORMAT(' ' , ' E N V  EPF(1) COFF(2) VAR(EPF1) VAR(E??2) COVAR*) 

WRITE(6,700) 
NV- 10 
NL-8 
ITRWO- 3 
mOTm69 
DEGFR-NTOT-NL- 2*NV+ I 
DO 10 I 4 , N V  
DO 10 J=l,NL 
D(1, J ) - 0 .  
Z(1, J)mO. 

10 Y(1,J)-0. 
C 

DO 1 II*l,NTf)T 
READ(5,80o) J,I,A,B 
VRITE(6p801) I,J,A,B 

801 PORMAT(215,2FIO.1) 
Y(I,J)=A 
Z(1 ,  J)=B 
D(1,J)pl .  

1 CONTINUE 
800 PORHAT(I~ ,IZ,X,F4*o*X,F4*C)) 

C 
C INITIALIZE THE PARAHETERS 
C 
C THETA1 AND THETA2 



sm1.0. 
SbPT-9. 
SDZZ-0 
DO 20 J = l , k l L  
81-0. 
HZ-0. 
193-0. 
DO 30 I - l , W  
DIJ-D(1.J) 
YIJ=Y(I, J )  
213-Z(X.3) 
Rl-Rl+DI J 
HZ-HZ+DIJ+YIJ 
R3mR3+DIJ*ZXJ 
SDYY-SDYY+DIJ*YIJ+YIJ 
SDZZ-SDZZ+DfJ*ZIJ*ZIJ 
SDYZ-SDYZ+DfJ*YIJ*ZIJ 
COrnZNUE 
SD-SD+Hl 
SDY-SDY+H2 
SDS=SDZ+H3 
THl(3)-H2/H1 
TR2(J)-H3/Hl 
CONTINUE 
DO 10 3-1,UL 
TXl(J)=THl(J)-SDY/SD 
THZ(J)=THZ(J)-SDZ/SD 

S I G l  S I C 2  RHO 
SIGll-(SDYY-SDY*SDY/SD)/SD 
SIG22-(SDZZ-SDZ*SOZfSD)/SD 
SIG1-SQRT(SIG11) 
SIC2=SQRT(SIG22) 
SIGlZ=SIGl*SfC2 
RHO=(SDYZ-SDYfSDZ/SD)/SD/SIGllSIG2 

START ITERATION 
VRITE(6,701) 
DO 2 ITRm1,ITRNO 
RlRO2-1-RHO*RHO 
WRITE(6.500) ITR 

LEAST - SQUARE SOLUTION 
RITE(6.702) 
3 50 1-1,W 
3 - 0 .  
>Y -0. 
32-0. 
YrlmO. 
n'2-0.  
Xll-0. 
Yr12-0. 
Tr2210 .  
Y r l Y - 0 .  
n1z-0 - 



IF(ITR,NE.ITRNO) GO tO 51 
COMPUTE VAR OQV HATRI X OF TAU1 , BETA1 ,TAUZ, BmU 

CALL HINV(AA,h,DD~,LSPAC,HSPAC) 
TUl(1 ) = A A (  1 ) * B B ( l  )+M(S)*BB(Z)+AA(9)-(4) 
BT~(~)EAA(~)*BB(~)*AA(~)*~B(~)+M(~~)*B~(~)+M{~~)*~)(~) 



TU2(I)-M(3)~00(l)*M(7)*BB(2)+M(11)*~(3)+M(15)*~(1) 
BT2(I)=AA(4)+BB(l)*AA(8)*BB(2)+M(12)*BB(3)+M(l6)*~(4) 
VRITE(6,705) 
VRITE(6,706) 
VRITE(6.707) 
VRITE(6,500) I,TU1(1),BT1(1),rt12(1),~2(1) 
DO 52 ILll,lb 

52 M(1 L ) - R l H O 2 * M ( f  t) 
VRITE(6.503) ( M ( I L ) , X L = l ,  16) 

C 
C COMPUTE TEST STATISTIC TO TEST HII r ~ A l r l l l C S A Z * l  

Hlla(BTl(1)-1)**2 
822m(BTl(I)-,l)**2 
Hl2*(BTl(l)-l)*(BTZ(r)-1) 
CHISTAT-(H1l*M(16)-2.*H12*M(8)+I22*M(6)) 
CHXSTATWCHISTAT/(AA(~)*M(~~)-M(~)**~) 
PSTAT-CHTSTAT*(DEGPR-2)/2./DECPR 
VRITE(6.503) CHXSTAT,PSTAT 
GOT0 50 

51 CALL SIHQ(AA,BB,N,KS) 
TUl(I)-BB(l) 
BTl(I)mBB(?) 
TU?(I)=BB( 1 )  
BT2(I)*BB(L) 
l JRITF,(6 ,5(~(~)  I ,TUl(I) ,BTl(I),TU2(I),BT2(1) 

50 CONTINUE 
C 
C COMPUTE THETA1, THETA2 AMBOA1 ALNBDAZ 

S G L ~ E O .  
SCL2 0 0 .  
SC;L4=0.  
SCHl to. 
SCH2=0. 
Do 7 0  .I -, 1 , N1. 
HlnO. 
H2-0 .  
H3-0. 
H4=0.  
HS-0. 
DO RO I x l , N V  
DIJ=D(I,J) 
YIJTm(Y(1,J)-TUl(I))/SICI 
ZIJT=(Z(l , J )  TU?(I))/SIC2 
H l - H l + D T J * B T l ( I ) * ( Y I J T - R H W J T )  
H2=H?+DIJ*RTl(I)**2 
H3-H3+DlJ*BTl(I)*BT2(1) 
H4-H4+Dl J*BT?(I)*(ZIJT- RHO*'r'lJT) 
HSLH~+DIJ*BT?(I)**? 

80 CONTINUE 
HHl(J)=HI/SICl 
Htl2(J)~H2/SIGlI 
HW3(J)=-RHIl*HI/SJ(W 
C&l(J)= l i44  Sl(;? 
GC3( j)=HS/S1C.?3 
DTHCJ=HH?(J)*r;G3(J)-HH3(J)**? 





RESULTS PROn BIVARIATE JOINT f B S I 0 ( l  W f S f  S 

. . 
1 8 3630. 0 
3 8 3410.0 
4 8 4110.0 
5 8 3868.0 
6 8 3856.0 
7 8 3490.0 
R 8 3756.0 
9 8 3850.0 

ITERATTON 1 . S1 
TRT MEAN ( 1 ) 

1 O.OR350Q 
3 0.075943 
3 0.071023 
4 0.084898 
5 0.073373 
6 0.076127 
7 O.Oh1798 
8 O.f\63166 
9 O.Oh5417 

I cr 0.07 lhO7 

ENV EFFECT ( I ) EFFECT(? ) 
1 -476,33518? -55.4??718 
2 -46.Q?QQhh 101.785881 
3 165.788208 1 1  .Oh4734 
4 254. ? 5 ! 1 4 7  - 3.697899 
5 53.05509? it8.954983 
6 77,001+601 16. 735373 
7 44.  (4 71174 1 9,077755 
8 -67.Q06723 O.B8?253  

EDF RHS(1) RNS( 2 ) ERHO M D A 1  UHM2 
42.0  5750.h30184 1 0 4 7 . 7 8 2 2 2 7  0,934605 0.464470 0.314934 



* *un(l) -(I) W ( l )  -(2) 
1, TImT IIMW(1) SmsT(1) W ( 2 )  S#ST(2)2. 484 vm- 

mWUMCI: llATllIX OF R m  AND 33W15ITIVTlT OW tt)O V~~ IN 
o m  or smsn(l), s ~ ~ ( Q s T I ~ ' F T ( I ) , u ~ ( z ) , ~ ( ~ )  MD 
3 .  V A L n  OF CRIQUBS 0,112 AIQ F-TICSF STATIST1CD.?~r2,1UOQ W W 
TESTING TUO Slg(SIT1VfTWlQUAL TO UNITTES 

1 4314.lS8203 0.019814 813.131469 0.053144 
3701971 .oooaK) -0.000001 701627.687UK) 0~~ 

- 0 . m 1  o.oQo089 o*b0000 01006040 
701627.687500 0.aKKKM 138773.953125 0.moQO 

0.aKwXw) 0.00004Q O,Q00600 Ob000C32 
11673.588067 5S38.852051 





BDP RHS(1) RllS(2)  nlI0 WllMI WSCDA2 
42.0 929.980164 228.796Q97 0.724956 0,000000 -0,WOOOS 



PROGRAM FOR UEICllTED BIVARf ATE JOIlll RI#;WBSSIOW UrUtrSIS 

RBAL D(10,8),T(10,8),2(10,8) 
IUL Tt11(8) ,TI;12(8) ,BTl(lO) ,TUl(lO) ,BT2(10) ,TU2(10) 
REAL M(16) ,8B(4 ,R110(8),SIC1(8),SfC2(8),SIC12(8),lt&P(8) 
DIHERSION LSPAC(4) ,HSPAC(4) 
REAL IMl(8) ,11R2(8) ,RA3(8 ) ,C I ;1 (8 ) , (X3 (8 ) ,~ (8 ) ,~1 (8 )  
REAL VRT2(8),COVT(8) 

C 
C TEIS P R W  COMPUTES ESTIMATES FROU BIVARIATe JOINT 
REGRESSION (HOD1 FI ED) 
C ANALYSIS 
C 

701 PORHAT ( ' ' , ' TRT WV VARl VAR2 REPS' ) 
702 FORMAT(' ' ,"W EHS(VAR1) EMS(VAR2) EWiO ED?' ) 
703 FORMAT(' ' , 'TRT WUN(VAR1) SMST(VAR1) M ( V A R 2 )  StNST(VIUZ)' ) 
704 ?ORMAT(' ' , ' ENV EFP(VAR1) EFP(VAR2) * ) 
705 FORHAT( ' ' , ' EDF LAnDAl LMDAZ' ) 

706 POWT(' ' , ' I .  TREAT MEAN(1) SENST(1) M W ( 2 )  SENST(2) 
+ 2 .  4x4 VARIANCE COVARIANCE HATRIX OF EFFECT AND SBNSITIVITY' ) 

707 FORMAT( ' ' , ' ON TWO VARIABLES IN ORDER OF EPPECT(1) , SBNSI 
+TIVITY(l ) , EPFECT(2 ) ,SENSITIVITY (2) Am) ' ) 

708 FORHAT(' ' , ' 3 .  VALUE OF CHIQUES D.F-2 AND P-TEST STATISTIC 
+D. F . r 2, ERROR DF FOR TESTING TVO SENSITIVITES 
+EQUAL TO W$lTIES' ) 

715 FORHAT( ' ' , ' ENV COEF(1) COFP(2 ) VAR(EFF1) VAR(EPP2) COVAR' ) 
NV* 10 
Ntw8 
I r n - 4  
NTOT * 6 9 . 
DECFR-NTOT-NL-?*NV+ 1 
DO I0 Is1,NV 
DO 10 J m l , N L  
D(1, J ) * O r  
Z(X, J)=O. 

10 Y(I, J ) - 0 .  
C 

WRITE(6,701) 
DO 1 II=l,NTOT 
READ(5,800) J, I,A,B,C 
WRITE(6,801) I,J,A,B,C 

801 PORHAT(215,3F7.1) 
Y(1,J)-A 
2(I, J ) m B  
D(I, .I)=]. 
RBP(J)=C 

1 CONTINUE 
800 PoRHAT(I~, I? ,X ,F4 .O ,X ,  F4.(l,bX,Fl.O) 

C READ VARIABLE VARIANCES AND CORRELATIONS 
VRITE(6,702 ) 
DQ 2 JLr 1 ,  N1. 
READ(5,8(12)J, HI,H?,Hl,H4 
WRITE(6,RC13) J,Hl,H?,Hl,Hb 
H33*(l-Hl*H3)/REP(J) 



SIG1( J)-833+11 
SIC2 ( 3 )  -833+b2 
WD( J)m13 
SIGl2(J)-H33*solrrr(sr+a2) 

2 COWTIWUB 
802 P ~ T ( I 1 , X , P 6 * 0 ~ X , ? 3 . 0 , X ~ ? 7 . 5 ~ X , ? 2 * 0 )  
803 COSVUT(~X~IS~?1O*l,FlO.l~?12~6,Irl)~l) 

C 
C fWfTIAtlZ8 TIIB PAMU-S T B W t A I  -A2 

SD-0 . 
SDT-0. 
SDZmO . 
DO 20 J-1,NL 
Il-0. 
R2mO. 
83-0. 
00 30 1-l,NV 
013-D(1, J) 
YIJ=Y(I,J) 
ZIJ=Z(I,J) 
Il=Bl+DIJ 
H2=H2+DTJ*YIJ 
H3aH3+DI J*ZIJ 

30 CONTINUE 
SD=SD+Hl 
SDY-SDY+H2 
SDZmSDZ+H3 
THl(J)-H2/H1 
TH2(J)aH3/H1 

20 CONTINUE 
DO 40 J-1,NL 
THl(J)=THI(J)-SDYISD 

40 TR2(J)-TH2(J)-SDZISD 
C 
C START ITERAllCM 

DO 2 2 2 2  ITR=l,IrnO 
VRITE(6,499) ITR 

C 
C 
C LEAST - SQUARE SOUJTf ON 

VRITE(6,703) 
DO 50 I-1,NV 

C 
SDYZTl-0. 
SDYZB1=0. 
SDYZT2 S O .  
SDYZBZmO. 

C 
A l m O .  
A2-0. 
A3-0. 
A4=0. 
A6=0. 
A 7 s O .  
A 8 d .  



A1-Al+DIJ/SIClJ 
A2-A2+DIJ*TBlJ/SIGlJ 
A3-A3-DIJ*RflOJ/SIG12J 
A4-A4-DIJ*RHOJ*TU2J/SIC12J 
A6mA6+D1 J*THlJ*THlJ/SIGl J 
A?.A7-DIJ*THlJ*RHOJfSIG12J 
ABmA8-DIJ*RHOJ+THlJ*TH2J/SICI2J 
A 1  1 -All+DI JISIC2J 
A12mA12tDIJ*THZJ/SIGZJ 
Al6-A164 DI J*TH2J*THZJ/SIG2 J 
CONTINUE 

COMPUTE COEFFIENT MATRIX M ( 4 , 4 )  ,V=R BB(4) 

AA X .m BB : X (  TU19BT1,TU2,BT2 ) ?OR ITE VARIETY 



M(2)-SOYZbl 
all( 3)msDYrn? 
BB(4)=SDYZB2 

C 
IF(ITR.NE. ITMIO) GO TO 31 

C colr~m vu wv ~ ~ 1 1 1 ~  OF ~ ~ u l , n n ~ l , l ~ ~ ~ 2 , ~ l r t ~  
CALL HINv(AA,4,oMa;,LSPAC*HSCAC) 
Wl(1  )-AA( 1 )*BIN1 )+M(S)*BB(2)*M(9)*88(3)+M(I3)*~(4j 
BTl(I)~M(2~*BB(l)*M(6)+DB(2)+M(llt))+lllb(3)+M(1I)+U(4) 
~2(I)*M(3)+BB(l )*M(7)*DB(2)+M(ll)*BB(3)+M(llj)*B8(4) 
BT2(1)-~(4)+DB(l )+M(~)*BB(~~+M(~~)*BD(~)+M(I~)*~(~) 
URITE(6,703) 
VRITE(6,5W) I,TUl(I),Btl(1 ),TUZ(I),%T2(I) 
VRITE(6,706) 
WRITE(6,70?) 
URITE(6,708) 
VRITB(6,503) (M(IL),IL-1.16) 

C 
C COMPUTE TEST STATISTIC TO TEST HYP : BlFTAl rBETA2r l  

Hll~(BTI(1)-1)**2 
H22-(BTl(1)-1)*+2 
H12~(B?l(I)-l)*(BT?(I)-1) 
CHISTAT*(Hll+AA(l6)-2.*Hl2*AA(8)+H22*M(6)) 
CHISTAT~CHTSTAT/(AA(~)*AA(~~)-AA(8)**2) 
PSTAT-CHISTAT*(DECFR-Z)/?./DGGFR 
vRITE(6,503) CHISTAT,FSTAT 
GOTf) 50 

51 CALL SIHO(AA,RB,4,KS) 
TUl(I)mBB(I) 
BTl(X)=BB(?) 
TU2(I)=EB( 3 )  
BT2(I)-BB(4) 
VRITE(6,5c,H)) I,TUl(I),BTl(I),TU2(I),BTZ(I) 

50 CONTINUE 
C 
C COHPUTE THETA1, THETA? kI4HBDAl ALHBDA2 

SGLl-0 .  
SCL2 -0 * -  

SC:L1=0. 
SCHl*Q. 
SCH2-0. 
DI) 70 J,l,NI. 
SIClJ=SI( ; l  ( J )  
SIGZJ=SIG2( J )  
SIC12J:SI(*I ? ( J  ) 
RHOJ=RHO( J 1 
H1=61. 
H2 =n. 
H3-0. 
H 4 w O .  
H5=O. 
DO 80 Iz1.NV 
DIJ*D(I , J j  

YIJT-Y(1.J) * ! U l ( I )  
ZIJT=Z(I,J) TIj?( I )  



SCLl rSCL1 +CC3( J ) /M"RGJ 
SGLZmSGLZ+HH3(J)/DTRCJ 
SGL4-SCL4+HfiZ(J)/DTHCJ 
s C H l - s C H l + ( C c 3 ( J ) * R R I ( J ) - I B 3 ( J ) + C C 1 ( J ) ) / ~  
S H 2 = S G H 2 + ( - H H 3 ( J ) * H H l ( J ) + R H 2 ( J ) * C C 1 ( J ) ) / ~  
IF(ITR.NE.ITRN0) GO TO 70 

C 
VRTl(J)-CtC3(J)/DTHGJ 
VRT2(J)=HH2(J)/DT#CJ 
COVT(J)m-HH3(J)/DTHCJ 

70 CONTINUE 
C 
C COMPUTE LAMBDA1 tANBDA2 

DETSG-SGLl*SCL4-SGL2*XL2 
ALHl=(SCLb*SGHl +SCL2*SGH2) /DETSC 
ALN2-(SGL2*SGHl +SCLl*SCH2)/DETS(; 

C COHPUTE THETA1 THETA2 
DO 90 J-1,NL 
DET J - DTHG ( J ) 
AB1-HHl(J)-ALHl 
ABZ=CCl(J)- ALM2 
TH1 (J)-(X3(J)*ABl -HH3(J)*AB2)/DETJ 
THZ(J)~(-HH3(J)*ABl+HH2(J)*AB2)/MTJ 

90 CONTINUE 
C 
C PRINT ESTIHATES 

VRITE(6,704) 
URITE(6,501) (J,THl(J),THZ(J),J-1,NL) 
VRITE(6,'IOS) 
URITE(6,50? ) DECFR, ALH1, A M 2  

2222  CONTINUE 
499 FORHAT(lQX,'ITERATION NO I S  :*,I41 
500 PORHAT(lOX,I4,4F13.6) 
501 FOR!4AT(lOX,T4,2F13.6,/) 
502 FORHAT(lOX,F6.1,5F13.6,/) 
SO3 PORHAT(15X,4F13.6,/) 

VRITE(6,715) 
vRITE(6,504) (J,THl(J),THZ(J),V#TI(J)~VRTZ(J),COYT(J)~J~1~NL) 

504 FORMAT(lOX,14,5F13.6,/) 
C 

ST0 P 
END 



TRT EIQIl VAR1 VAR? RIPS 
1 1 3804.0 850.0 4 . 0  
2 1 3632.0 815.0 4 . 0  
3 1 3 6 4 2 . 0  742.0 4 . 0  
4 1 3387.0 759.0 4 . 0  

10 1 3933.0 813.0 4 . 0  

ITERATION NO IS r 
HEAN(VAR1) SENST(VAR1) 
4410 .149414  0.633202 
4370 .578613  1.121467 
4418 .928711  1 . 0 2 1 1 7 0  
4421.537598 1.14B939 
4 2 7 6 . 8 9 0 1 3 7  0.981668 
4 2 9 8 . 7 5 1 9 5 3  1 . 4 6 5 7 5 1  
4375.071?89 1.371924 
6289.876465 0 .781387 
4 4 7 8 . 2 6 3 1 8 4  1  . (HI5689 
4 2 6 2 . 1  30371  0.765906 



EDP UnMl LAFJDAZ 
42.0 -0. MI2652 0.014039 

TREAT MEAN( I ) SENST( 1 ) HEAN(2) S a S T ( 2 )  
2 ,  4x4 VARIANCE COVARIANCE NATRIX OP EPFKT UlOD SBNSITTVfTY 
ON TWO VARIABLES I N  ORDER OF EFP&CT(l), SEe(SXTIVITY(l), 
EPPEn(2),SENSITIVITY(2) AND 
3. VALUE OF CHIQUES D. F m 2  AND P-TEST STATISTICD~P.-2,ERROR DP ?OR 
TESTINC; TVO SENSITIVITESEQUAL TO UNITIES 

1 r lQ3.178711 0.6037or 822.096619, 0.799379 
10649.613281 5,010652 409.492859 1'. 795509 

5,010ti52 0.039584 0.236263 -0.000196 
409.492851) ( 1 . 3  3676 t 1DOC).6?Q810 0.017958 

1 . 7 ~ 5 5 0 9  -o.o00196 0.01 7952 0.012953 
l t ) , ~ ~ n l c  7 , 6 9 1 4 3 5  





EDF' LAHDA 1 LAHDA? 
42.0 -0 .  or10294 ( 1 .00669 

ENV COEF ( 1 ) 
1 - 7 5 4 . 5 5 1 2 0 8  
2 - 2 1 . % 1 4 7 0  
3 958.239492 
4 1 0 2 1 . 0 5 4 3 3 1  
5 3lt;.Q5RrroF1 
6 -96. \li)(J%j - 
7 282.481064 
8 -497.01 1 1  (9 

PP2) COVAR 
0195 -2376.548340 
!# I70  795.287048 
'6025 343.013824 
,5454 -993,176819 
15557 -184.075211 
19690 661.455750 
13760 457.986725 
12524 1808.043823 



PROGRAMS FOR 1 NCOHPtE TE BLOCK DES 1 GNS 





PROGRAM FOR TNCOUPL.ETE BLOCK DESIGN ANALYSIS 

'REFE/NID=BW,NWP:*8(Q~,PRTW.Z' KUIPERSE 
'UNITS" 60 
'FACT' BLOK S 5 : TREAT S 16 
'SCAL' NV-4 
'SET' PPSETnl,l,l? : WSET*2,12,13 
' SCAL' NUNIT St60 
'SCAL' NBLOKm5 : NTREAT-16 
'VARI' TREATNU!!-1 . . .  1 b  
'READ/P' BLOK,TREAT,VARIABLE(l . . .  NV) 
'FOR' 22-VARIABLE(1) 
' SET' YSETm22 
" PROGRAMME FOR KUI PER -CQRSTE€N INTERACT I ON 
GENERATE INCIDENCE WATRf X FROM BLOCK AND TREATHENl ST1IVCTWRE4 ' 

'MATR' NMAT 5 NTREAT,NRLflK 
:JR,RVEC $ NTRF.AT,l 
: JK , KVEC S NRI nlI, : 
'SCAL' HI,H2,H4 
'TALC' NMAT-(1 
' F'I.R~.oC'~F~,~~AT(RI,OI;):F~TREAT~ FL.OAT(TREAT) 
' FOR' ! - I . . . N11NTT5 
' COPY ' M 1 F'1.RL;oC.S I : Hi' ).'l.TKf.:k"f'I 
* ~ A L C '  ~ 3 - H I  + (H; I ) * N B I . ~ I .  
: € ~ . , E M ( N M A ~ ' ; H ~ ) - E ~ ~ E H ( N H A T ; H ~ ) + ~  
' REPE ' 
" CAL('1JL.ATF REf'I.1 ('AT1 ON h N I )  RLO('Y C11 zl.', VE(ToRS " 
' C : A l , C ' J R - I :  IV 1 
: RVECPPDT(NHAT;JK) 
: KVEC-TPTrr(NHA7; J P )  
' S(.:AL,' YO85 
' CALC' NORS VIM( RVEC' 1 
' A , '  PVF'f' I 'P'v't ( 

YVF,I I C"dF ( 
'VARI' foINT15Y'TPI:AT: I'(IINT:'TNBI 
I # 

~ - T ) H P I ~ F :  0 VEITUR rlF AO.IUSTED TOTALS 

SCAL' GRHN , w:: 
' CALC' GRMN-HEAN( YSFT 
' MATR "~Vci' , TRTOTqNTRF./\? , I : P,1,T(rTCyNRl.f~Y , 1 
'FOR' 1 - 1  . . .  NTRFAT 
' REST ' Y SETSTREA? 1 
'CALC '  Hl=SUH(YSET) 
: ELEH(TRT0T; I ) - H I  
'CALC' H l = I + ( I  I)*NTPEAT . ELEH(POTNT1; I )-HI 
' REPE' 
FOR' J = l . .  . N B U W  
' REST' YSETSBLrW-2 J 
'CALC' Hl=SUH('fSET) 
: ELEM(BLT0T; J ) - H I  
'CALC' H I - J d ( . 1  I)*NRL40)'  

E l ,E* ,n (P(~ lNT?: . j  ) 7 H 1  



' REPE ' 
'REST' YSET 
'SET' NITER* 5 
'HATR' U(1) S NRl,nK,NTREAT 
:V(l),CINV S NTRF.;AT,WREAT 
'MATR' TRNWATSNBtOK,NTREAT 
'CAW TRNMATaTRANS(NMAT) 
' HATR RHATSNTR EAT, NTREAT : KHATSNBWK , H B U I K  
'CALC RHATwO tKMAT.0 
' COPY RMATSPOI NTI *RVEC: KWAT$POINT? nKVEC 
'CALC QVEC*TRTOT-PDT(PDT(NHAT;KnAT);BtTOT) 
: V(1)mRMAT I /NCtRS:CINVeO 
'FOR' I1=Ib..NITER 
'CAL4Ct U( 1 ) = P D T (  PDT(KMAT;TRNNAT) : V(l) ) 
:CINVmV(l) *CI NV 
'JUMP' LBI*(II.EO.NITER) 
'CALC' V(l)~f'DT(PDT(RNAT;NMAT);U(l)) 
'LABE' LB1 ' R E P E '  
t 1 

f SUED0 - EST1 MATES OF TREATMENTS EFFECT 
t I 

' HATR ' TRTMN , TRFFFSNTREAT , I 
'CALC' TREFF PPT(CTNV;OV€C)+GRMN . TRTHN- RVE('*TRTOT 
'SCAI,' SS(l,d',~,4,5),MS(1,?,\,4),DF(l,7,3,4) ,VRAS 
'CALC' SS( 1 ) TFDT(0VEC;TREFF) : SS(? ) TPDT(0LTOT; PDT(KNAT;BtTOT)) 
: SS(S)wNORS*GRMN*" 7: S S ( ? ) r S S ( ? )  SS(5) : SS(4)=SUM(YSET*YSET)-SS(S) 
: SS(J)t!iS(4) SS(l)-SS(?):DF(l)=NTRFAT-I:DF(2)=NBLOK*l :DF(4)=NOBS-1 
: DF(3)=DF(G)-DF(l) DF(?) • 

: MS(1 )~Sc(l )/DF(l) :MS(?)-SS(?)JDF(?) ~flS(3)S(3)DP() VRASuHS(l)/HS(3) 
' HEAD' HHX- " ANALYSl S OF VARIANCE 1 

' HEAD1 
HXrl' - - * . -- - I---I -. ------ - - - - - - -  - - - - - - - - - -  I I 
I HEAD' H'I'. w SO(JR(.F O F  V A R I  ATI ON D F s s ns 
VRATIO' ' 
'HEAD X(1) " RRO('VS ( I ( ; N O R I N ( :  THTS) " 
'HEAD X ( ? ) - "  ENTRIES ( E L J I H I N A T I N ( ;  BLOCKS) " 
'HEAD X ( 7 )  " WITHIN ENTRIES (ERROR) " 
'HEAD X ( 4 )  " TOI'AI, " 
'HEAD X ( 5 )  " TOTAL OBSERVATIONS " 
'HEAD X ( 6 ) - "  TREAT NIJM llNADJHN ADJMN SE(ADJERJ) " 
'PRIN HH): 
'PRIN HX 
'PRIN HY 
'PRIN HX 
'PRINT/C,LABR-I ' X ( 1 )  ,DF(2),SS(?),HS(2) S 0,12.0,10.3,9.3 
'PRINTJC,LARR-1' X ( ? )  ,DF(l) ,SS(I) ,HS(I) ,VRAS $ 0,6.0, IO.3,2(9-3) 
. X( ) ) , O F (  \),ss( ~),IIs(~) s 0,1?.0,10.3,9.3 
'PRINT/C,LABRzl ' X(4),DF(4) , S S ( 4 )  $ 0,2Q,0, 10.3 
' P R I N '  HX 
' SCAL,' I POS, PPOS, OFOS, PUPOS, SED 
'VARI1 SE S NTRFAT 
'FOR' 1-1 . . .  NTREAT 
'CALC' I POS= 1 4  ( I I )*NTREAT 
'CALC' IPOS:ELFM(CINV; IFOS)  



'CALL' IPOS*SQRT(IP~~S*MS(~)) 
'COPY' SESI=I:PoS 
' REP€ * 
"mR' PP-PFSET ; ilfl*OOSET 
'CALC' PPOS* PP* ( f P I ) *WTREAT 
' C A W '  C ) P O S m ( S I } *  ([MI I ) *NTRF,AT 
TALC' PoPns=pP+(oo-I )*NTREAT 
'CALC' SED-ELEn(('INV: PPDS)+ELBI((CIW;OPOS)-~*LLBII(cIW~ PQ~OS) 
'CALC' SED-SQRT(MS( 1)*SCD) 
'PRINIP' PF,c)c2.SED S lO.cl,lri.~, 1 0 . 4  
* REPE ' 
'CALC' C V X * l ~ ~ * S r ) R T ( M S (  I))/CRnN 
'HEAD' H ( 3 ) p "  CRAND MEAN " 
'HEAD' H ( 4 ) * '  ' SoEFFICIENT IbF VARIATION " 
'PRIN/C,tABR~l' X ( 5 ) ,  NO0S $ O , 1 6 . O  
'PRIN/C,LABR*le H(J),GRMN S 0 . 3 6 . 1  
'PRXN/C,tABR=lf H(41,CVX S Q,l:.I 
' P R T N '  X ( 6 )  
'PRINT/P,I,ABRh 1 ,  l.kRrt 1 ' TREATNElM,THTWN,TREFF,SE $ l O . r ) , J ( I I ) ,  3 )  
' RBPE ' 
' R U N f  

I 1 t 1 ' i i S  i H ~ I H  t J  

1 ? 1 7 7 > , 7 , , 
1 r : ' J 3 r r 4  t ~ ~ H H  H q l  H1, 
1 4 . ! ' 1 'I t t ~ . '  $4 
1 ', ; ' - f j( l  > . 5 ? ( j  7 ' J t )  h'4 
I h ?i,?,'J ) ,? ! I '  f+ ( 1 )  I ?  
1 )7 ' I , ' , , )  I "I}{ CJ 4 '  , *  . h li 
1 R 4 d o r i  t , 1 4 # ,  ti', 
1 0 ?",r,,7 , t 4 1 4 .  ' 
1 If t :+ ) t ,  7 i , 4 f ,  h ' 7 1  
1 I j . ' t  i t j t ,  .' i .' 1 ! I  $ 1  I 

7 I 1 >yf4h .' .'o J * 4 [ ! '  i t  

3 ' " '3 : ' ' ' 4  1 % I P , ~  4 : . . ,  
3 i J,Hf t :I1 :t ' 4  ,' 8 \ .  ' 1  

r' 3 3 '> 
4 4  . . r I l t  ' d t l l  8'1 

1 ' t  
4 , i , t ,  , 1 11, ., f t r  
3 i"~ I P,'./+ . ' + 2  ' ' ' J ] H  5'4 
2 ' 4 ' 4  p R& 160 
7 , \of41 1 7 7  
3 rl , " H H ~  ?',H I .  1 r 
? , 0 ;  ' 4  ,",l, f )&}  

I f  ~ ~ ~ ' ' ' / 4 ~ 7  4 ? / ,  1 1 1  

1 'I t ,  4 I 0 ' 4  
4 

? I L , , ~ $  .' ]l t , t  l ' 4 t)tt 

3 i : , I J ~ T  ' 4 ' .  8 q . 3  
3 ! ) ) ; 1 (  1 80'' 8 :  
3 3 ] a h ?  2 ' )  ':' 3'  18 
3 4% '1  78 Zf,trh H 5 7  81 
3 : ;rHf)h J , i ; - ; ' h  t + / . ' .  7 r 1  

3 8 ???': .?'" ) 1,'l:' fit, 

3 7 %  1 1  F , r l ( *  9 :??- -  * 7: . ? 
3 j ' ' ~ ( ~ 0  H ' 4  IS ,' 
3 1 1 3 79' 4 R ( I ?  1 
4 ] 1 7  { q ,  >74:  610 () 





AIQALVSTS OF VARIANCE 

SOURCE OF VARIATION DF SS I43 VRATIO 

BLOCKS t IGNORING TRTSI 4 136992.000 34248.000 
ENTRIlES (ELIHINATING BLOCKS) 15 6326060.300 921737,375 1,917 
WITH1 N ENFRIES (ERROR ) 40 8001 740,000 220043.703 
TOTAL 59 15264800.000 

TOTAL OBSERVATZ ONS 60 
GRAND HEAN 2302.0 
COEFFICIENT OF VARIATION 2 0 . 4  

TREAT-NUM [INADJMN ADJW SE( ADJMN ) 

189 'CLOS' 
AhhAAk&h END OF KUIPERSE. H1U(IWJ4 OF 12494 DATA WITS USED 
AT LINE 70 (315186 LEFT)  



'r8fatnunn-XM.nidl200' SOUt 
'tmitrt $ 243 
'fact' S U P  $ 1=243(l)tUIW $ 341(1 . . ,3 )  

t PUrr $ 9-(1.. .9)27zlUA? $ 811 IM $ 9-(9(1.. .9))3 
'inpwt12 
'read/?' TRUT,YLD 
'rn' T m - T L D  
#rcrla $R : ZERO-0 r OlYB-1 r TY012 : 'fllUB.3 t -10 
'8-1' S S 1 , D F l , D P 2 , B U , F Z , R ~ K p ~ ~ ~ p ~ 1 p ~ p # I g C l t ~ a n S e S S S p ~  
'real1 Ul,Lb2 
'arril KKmYSET $ ONe 
'vrri' AAI)IWS,RS,F $ lllt 
'vari' OATW,MK,T'WATUQ $ TRMT 
'heed' B X - ~ P I l T l D  VAW8Sw 

: RY-"RESIDUALS" 
t PO- " TMATMBNTS CONCtRUIIllC TfWtS" 
: PI*"TR&Amt)CTS~IffiOWCI" 
: P2mW'IR&ATMEWTS COWC1JIUING" 
: ~ 3 = -  rtnesf 
: P4m"AVERACB" 
: P5-" EFFECTIVE FSIIROR WW SQUUIB " 
: P6=" ST-RD ERROR " 
: ~ 7 - * *  COEPPICIEKT OF v m u t x r n  
: PSI" EFFBCIWCY OF TRIS DgSICn OYgt RDD " 

'tablee% Q SRtP,UREP,BVR,PLOT : BZ $ SUIP,mP,bU 
' ~ 8 1 ~ '  6ATn-OM! S RNR*CUn(OA?'U) 
S P-?UIAT(SREP) $ S R - U X ( P )  
$ P-(PM)AT(URBP) OWe)*SRtP 

'grout RBP-IWPT(F) 
'crlc' F-FLOAT(TREAT) 
'tabu' P ; X 
'aqua' Q-X 
'groul TRT-IKTP't(F) 
a t  YS I YSET 
'calc' AWNNSmYS 
* bloc ' TRBAT/REP 
'treat' REP t REP.BWR//(SREP+WP*BUR) 
'mova/acon-zl,pr=TISN' YS ; OVTmAOY ; lrVAtr? 1 R B S U  
'extr/atrr-WO' AOV ; REP+BVRt(~P*~P).b# $ IVldD(3,1,2,4,5) ; 

SS-S0(3,1,2,4,5) ; OF*DQ(3,1,2,4,5) 
'extr '  AOV ; TREAT.REP $ SS-SSZ ; DPIWZ 
' crlcl AZ-bD(1 )+BD(2)+BD(C)+BD(S) 

S SSl=so(l)+so(2)+so(4)+SO(S) 
$ OPl-oo(l)+Do(2)+oo(~)+m(S) 
$ ADJHNS=REPW(F) 
$ SSS=(SSl +SS?)/(DFl+DF2) 

' bloc ' 
' trw' UaBP+UREP * Bun 
~urov/~eon=z3,pr=TBN' ADJWS ; OOT=M)lp2 
' a t ? '  AOV2 ; UREP.BVR $ SS-W 
'tcki' ADJWS ; X 



' equa ' UNANMNS=X 
' bloc ' 
' treat '  TRT 
' r n o v a i p r ~ M E , a c o n ~ x 4 , S E ~ N *  UNAAJWS; OUT-AQV3 
' e x t r '  AOV3; TRT S MEANLUATM 
' calc'  SSlmSSl/DFl $ SS?mSS2/DP7 

S RmDO(l)+QNE S K*ONE*DFl/R 
S fZm(SS1-SSZ)J((R-SR)*SSI+(SR-C~E)*SS~) 
S FZnFZ*(SSl .tT.SS?) + Z E R O * ( S S l . L E , S S 2 )  

' c r l r '  X-X-F2*B?*(R SR) 
' equa ' ADJHNS - X 
' b l o c '  
' t r e a t '  TRT 
'snova/pr=ONE,se~n,~con~t2' ADJCINS ; OUTIAOV~ 
' e x t r '  AOVl ; TRT S HEAN*ATH 
' EQUA ' OATM ATH 
'CALC' OATM. -OATH 
' CALC' TREATNOsRNY 
' CALC ' TREATNOmOHDER (TREATNU ; OATH) 
'CALC' OATMwORDER(0ATM) 
' CA1,C ' f )ATH - fbATH 
' CAPT ' 
t ' ORDERED A[l.lUSTED TREATMENT MEANS 

ORDER TR EATNO AD3 USTED MEAN 
I I 

'PRIN/P,LABC=l,LABR~l' RNY.,TREATNO,OATH $ 13.0,13.0,23.3 
' CALC' F Z m  FZ/K 

$ SEDOvTUO*SS?*(ONE+R*PZ) /R 
$ SEDl-~TUo*SS?*(T)NF.*(R-SR)*F7.)/R 
$ EEMS=SS1*(ONE+H*Y+PZ/(Y+ONt:)) 
$ SEDArTUo*SS?*(ONE+RfiIr*FZ/(Y +(JNE))/R 
$ SEMI, SEDl , SEUA. SORT(Si:Do, SEDl, SEDA) 
$ S S ~ . - S I , ( I  * s w 4 )  
$ EFFF: (SSIt!FaF,H!:) * lOll 

'line' ONF' 
'HEAD' X Y X - "  ***sTANtbitWI) P,RI(oRS OF THE DIFFERENCE BETWEEN TREATMENTS *** 
I I 

'PRIN' X'IX * 

' l ine '  ONE 
' p r i n / c ,  labr 1 '  PO,SET>(I S 16.4 
'line' ONE 
'julnp' LB1VSP.i;T.ONE) 
'prin/c,labt 1 '  PI,?EDI $ 1 6 . 4  
j ump ' I.R? 

' I sbe '  LRI 
'prin/c,lahl I '  P?,TP,F!,SEDl S r 1 , 5 . 0 , 0 , 1 6 . 4  
'labe' I , R ?  
'line' ONE 
' p r i n / c ,  lab1 - 1 '  P:,,SEDA T 16.4  
' l ine' ONE 
'HMO' YXY: " 4PPHOXlHkTF F TEST UTTH DECREES OF FREEDOH DPI AND DP2 " 
'PRIN' YXY 
' e x t r / s t ~ a ~ I '  A O V  : TREAT r RVR + (SREP*UREP).BWR S 

Tq f*O(l,1,2,4,5) ; DFrtX](3,1,2,4,5) 
' c a l c '  VR-SO(  ' ) + S O ( 1 )  e SQ(2) 4 SQ(4) + SQ(5) 





VARIATE: V l  

SOURCE OF VARIATION DF SS SSI I48 VR 

TREAT m m  
REP.BirlR 8 270.16 18.11 33 ,77  1 . 069 
RESIDUAL 16 289.12 19.38 18.07 

TOTAL 24  559.28 ' 3 7 . 4 9  23.30 

TREAT. REP STRATOM 
REP 1 212.18 14.22 212.18 15,539 
REP,BWR 8 501.84 33.64 62 .73  4 .594  
RE3 I DUN, 16 218.48 14.65 13.66 

TOTAL 25 932.50 62,5l 37.30 

ZRAND TOTAL 4 9  1491.78 100.00 

1;RAND MXN 13.62 
TOTAL NUMBED OF OBSERVATI ON3 50 

INFORMATION S U M R Y  hfikhr 

MODT3, 'IW?H IT NON-ORTHOGONAL TERMS 

TREAT STRATUH 
BWW 
BWR . UREP 

TREAT.REP STRATUM 
BHR 
BWR , UREY 

ALIASED HODEL TERMS 
SREP 
mEP 
BHR . SREP 
SREP , UREP 
m . SREP. UREF 
REP.BWR . 

0.500 TREAT 
0.500 TREAT 

hkA SINGLE D. F. 'IFRMS MAY 'VERY OCCASIONALLY 
FAIL TO BE DETECED DUE TO NUWERXCAL 
COINCIDENCES IN THE W W  WORKING VARIATE. 
IF IN DOUBT ABOUT THE ABOVE ANALYSIS, RUN 
AGAIN RESETTING OPTION SEED OF M O V A .  



TRT 14 I5 16 17 18 19 
20 .75  1 9 . 3 3  12.62 10.53 10.70 7 . 3 2  

21  2 2  23 24 
11.63 

25 
18.33 12.20 1 7 . 3 3  15.40 



STANDARD ERROR 2.934 

EFFlXIENCY OF T H T S  DESIGN OVER RBI7 1 7 4 .  ( 

179  r2,qsf: 
****Lrc*r mr I I ~  591,AT. MAXIMUM OF : ~ & h A 7 /  DATA llNITS USEa AT LINE 66 

, ri O B O R  LEFT' 



llEH'I'IFTGk NINIMUH W WAXI)IIu)( VALUES )'tISSI& 
V1 0.730 1.595 2.260 36 0 

SOURCE OF VARIATION DF SS 33% MS 

'JXEAT STRATUM 
REP.BISR 8 3.22610 54 .12  0.40326 

TOTAL 8 3.22610 5 4 . 1 2  0.40326 
TREAT. R E P  STRATUM 

R E F  3 0 .07739  1.30' 0.02580 0.: 
REF.BWT( 8 1.42060 2 3 . 8 2  Q.17758 :.: 
R E 3  IDOhL 16 1.23681 2 0 . 7 5  u. 07730 

TOTAL 27 2.734630 4 5 . 0 6  0,10129 

GRAND TOTAL 35 5.96090 100.0C 

GRAND MEAN 1 .595  
TOTAL NIIMBD 1 )F ORSERVATTONS 3 c 

INFORMATTON SUMMARY + t A k A b  

MODEL "ERN ET NON-ORTHOGONAL TERMS 

TREAT. REP STRA'KIM 
BWF 
WR . TIREF 

ALLASEP MOT'lEi, I 3 M P  
SREP 
UREP 
BWR. SREF 
SREF . IJRET' 
RWR, SREP, lWEF 
REP. RWI. 

l1.750 TREAT 
0 . 0  TFiEA?' 



~ ~ ~ ! I T M M R D  ERRORS OF T)P: DI- ' I R l h m  Ah* 

APPROXIMATE F TEST WIT74 WCREM OF Wl MI DF2 

ERECTIVE ERROR HEN SQUARE 0.0919 

COETFICIm OF VARIATIOW 19.0  

STAmMD ERROR 0.152 

DTECIPICY OF THIS m 1 G W  O V D I  RBD 120.5 



PROGRAM FOR UTTlCE SQUARE DESIGN ANALSYS 

'REPE/#VNN-60Q~WID-600~PII.I~-2' LATTICSSQUARE 
'UNITS' $ 80 
'SCAL' NT-16: N R E P m 5 :  NSXTES-1: NVARml: NROUCOL-6 
'IKTE' NLOC-1 ... NSITES 
'IKTE' NUMVAR-1 . .  .WAR 
'FACT' SREP S 1*80(1) 

: UREP $ NREP - 1 6 ( 1 . . . 5 ) :  TREAT S NT 
: RWR $ NROWCOL-4(l.. . 4 ) 5  
: CVR S NROVCOL=(l.. . L ) 2 0  

'INPU' 2 
'READ/PINVN~Qf TREATVYLD 
'FOR' YSET-YLD 
'SCALAR' SR : ZERO rn 0 : ONE 1 : TYO = 2 : THREE 1 3 

: TEN.10 : LARCEm1.OE30 
'SCAL'SSlR,SSI(~,SED1RlSEDlC,DFIR,DFlC,FZR,FZC,R,K,SE~~SEDAlLBl,LB2,~ 
'SCAL' Ll,PSlC,FSlK,UR,MM,CV 
'ASSI' W-mYSET $ ONE 
' V A R I '  ADJHNS,RS,F $ KK 
' V A R I  ' OATH , RNF , TREATNO S TREAT 
' HEAD' HX ' ' FITTED VALUES" 

HYw"RES1DUALS" 
PO 2 "TREATMENTS CONCURRING ZERO TIMES" 
PI "TREATMENTS CONCURRING ONCE" 
P? : "TREATMENTS CONCURRING" 
P 3 r "  TIHFS" 
P 4 x  " IN HOUS " 
Y S - "  I N  ['OLUHNS " 
P6 - "AVERAGE" 
F 7 m "  EFFFCTIVE EMOR VARIANCE " 
P8. F F F  I ( ' 1  EN(:Y C:OMPAREi? To RBD " 
ps- I PERCENT " 
PI 1: " ( 'OEFFlCIENT OF VARlATION" 
PI ?: ' ' STANDARD ERROR ' ' 

'CALbC1 OATH- ONF .C RNK-CUM( OATI" ) 

$ FmFLOAT(SRFP1 
,C SR = t l A X ( F )  

S F=(FLOAT( 1IRFP)  -ONE)% F 
'CROU' REI'-TN'T'P7( T I 

' CALK'' F-FI , ( lAT(  I'RF,A'! 1 

'TABU' F ; :r 
'EQUA'  F=X 
'GROU' TRT.INTP? I F I 

'SET' YS = YSFT 
' CALC' ADJMNSr ' fS 
'BLOCK' UREP 
'TREAT' TREAT+TREAT.llREP 
'ANOVA/PR=ZERO' ADJNNS; OlJT=AOV7 
' E X T R '  AOV7: TRkAT.UHEF S SS=SST ; I)F=DFT 
'BLOCKS' TREAT/RFF 
'TREAT'REP+REP.RVRf (SREP*UREP*RUR)+REP.CVR//(SREP*UREP*CYR) 
'ANOVA/PRPTEN,ACON=Z~'YS;OVTIAOC' 
' EXTR/STRA=TVO' AOV ; REP + RVR+ ( SREP*UREP) RVR + CVR+ (SREPWREP) * CVR S 



~ l r f ~ ~ ( 3 * l r 2 r 4 , S ~ ~ , 7 , 8 , 9 ) j  SS-JM(3,1,2,4,S,6r7,0t9) I 
WmDQ(3,1,,2,4,5,6,7,8,9) 
' IltneaACZ" M)V : TREAT.M? $ SSIIS2 I DI-OF2 
' ~ ~ ~ M T ' ~ ~ ~ P * R ~ P * ~ ~ ~ ( S U ~ P * ~ P ~ ) + I ~ ~ P . R ~ ~ ~ ( ~ ~ * M U I + I I ~ )  
'AHOVAIPR~TBN,ACWIZ~' YS 1 OllTmAOV 4 WAb? 4 US-RS 
' m C T / S T R A - T V o t  AOV;RWR+(SREPI,VRBP) dRVlts~~-SQ(l, 2,4$3)  
' ~ ~ / S T M - ~ O ' A O V ; C Y I I + ( ~ ) + W P ) . ~ ~ ? ? - B O ( ~ , ~ ~ ~ ~ ~ )  
'TABLE' X S SREP,UREP,Rvit,CYII r BW s suP,UMP,Rult 
a BUSSREP, UREP , CVR 
'CALC'BZR-BD( 1 )+BD(2 )+BD(b)+BD(5) 9 12C-BD(6)+BD(?)*BD(8)+BD(9) 
$ sslR-sQ( 1 )+SQ(2 )+SQ(4) *SQ(5) $ SSlCmSO(b)+W(7)+SQ(8)+110(9) 
S DFlR=W( 1 )+DO( 2 ) * O Q ( L ) + b Q ( 5 )  S O?lC-00(6)*DQ(7)+PO(B)+~(P) 
$ ADJWNSaREPUV(F) 

'TABULATE' ARIHNS ; X d 

' C A N '  SSlR-SSlR/DPlR S SSlC*SS1C/D?lC S SSZmSS2/DF2 
$ R-D0(3)*ONE $ K=ONE+DFlR/R 
S PZRm(SS1R-SS2 ) ( (R-SR)*SS1R+(SR-ONE)*SS2) 

S PZC*( SSlC-SS2) / (  (R-SR)*SSlG+(SR-Om)*SS2) 
$ UR-R/SR 
$ uR~uR-(K+oNE)*IM'PT(uR/(K+m)) 
'JUMP' Ll*(UR.GT.ZERO) 
' C A E '  PSXC*SS2/ (SSIC-SS? ) $ PSIR*SSZ/(SSIR-SSZ) 
$ PSIC,PSIR*PSIC,PSIR*(SR*K-l)/(SR*K) 
$ PS~C,PSIRPPSIC,PSIR + ONe 
$ PSICmPSICY(SSlC.CT.SS2) LAJlCE*(SS1C.LEISS2) 
$ PSIR=PSIR*(SS1R.GTISS2) + LARCE*(SSlR.LE.SSZ) 
$ PZC=(K+ONE)*PSTR*PSIC- PSIR-PSIC 
$ PZR-PSIC/FZC $ FZC-PSIR/FZC 
'LABEL' L1 
' C A M '  FZRIZERO*(SS~R.LE.SS~)+PZR*(SS~RICT,SS~) 
$ FZC-ZERO*(SS~C.LE.SS~)+PZC*(SS~C.CT~SS~) 

' BQUA ' UNADJMNS - X 
'BLOCKS' 
'TREATS' TRT 
'ANOVA/PR=ONE,ACON=Z3' UNADJUNS; OUTwAOV3 
'EXTR' AOV3; TRT S MEANwUATM 

'CALC' X-X-(PZR*BZR*FZC*BZC)*(R-SR) 
'EQUATE' ADJWNSzX 
' BLOCKS' 
'TREATS' TRT 
' M V A / P R m O N E , A C O N = Z 3 1  ADJMS ; OUTmAOV2 
'EXTR' AOV2 ; TRT SSxSSl ; DP-DFl ; MEAN-ATH 
'CALC'PW(,FZC-FZR,FZC/K 
$ SEDO=TVO*SS~*(~)NE+ ( FZR*FZC)*R) /R 
$ SED~R~TVO*SS~*(ONE+FZR*(R-SR)+FZC*R)/R 
$ SED~C~~O*SS~*(ONE+FZC*(R-SR)+FZR*R)/R 
$ s ~ D A ~ ~ ~ * s s ? * ( o N E + R * Y  *(  PZR+PZC)/(K+ONe))lR 
$ SSl=SSl/DFI 

'PRIN'  FZR,FZC $ 1 0 . 4  
'SCAL' EE 
'CALC' EE-R*SEDA 
'PRIN' EE $ 10.4 
'CALC' VRoTVO*SSI/EE 

$ SEDO,SED~R,SEDIC,SEDA=SURT(SE~,SLDIR,SED~C,S~DA) 
'LINE' TVO 



'UpT' " 
*+* STANDARD ERRORS OF THE DIFFERENCE B M E N  T R e A m S  **+ 
I ' 
'JWP' tSZ*(m.EO.ZERo) 
'LIblE' TVO 
'PRIN/C,LABRmOINE' PO,SEDO $ 0,16.3 
'LIN)P' Two 
'JUMP' LBl*(SR.GT.ONF,) 
'PRtN/C,LABRmQNE' Pl,PL,SEDlR $ 0,16.3 
' LINE' Two 
'PRIN/C,LABRcONE' Pl,PS,SEDlC $ 0 ,16 ,3  
' JUHP' LB2 
'LABEL' LBl  
'PRIN/C,LABR=ONE' P2,SR,P3,P4,SEDlR S 0,5.0,0,0,16.3 
'LINE' TVO 
'PRIN/C,LABR-ONE'P2,SR,P3,P51SED1C $ 0,5.0,0,0,16.3 
'LABEL' LB2 
' LINE' TWO 
'PRIN/C,LABR=ONE' P6,SEDA $ 0,16.3 
' LINE' TVO 
'CAPT' ' '  
APPROXIMATE F TEST VITH DEGREES OF FREEDOM DF1 AND DF2" 
' PRfN/Pt V R , D ? I  , U F ?  5 1 3 . 3 , 1 0 . 0 , 1 U . O  

*GRAPHf RS;F 
'FOR' 1-1 . . .  4 
'REST' RS $ UREPol 
'TABLE' TABLES $ RVR,  CWR 
'TABU' RS; TABLES 
'PRINT' TABLESS 8.1 
' REPE ' 
'REST* RS 
'LINE' TVO 
'CALC' VR-SSl/VR 
'PRIN/C,LABR=ONE' P7,VR $ 16.3 
' SCAL' EFER , SST, SE , CV. MH 
'CALC' HHmHEAN(ATM) 
'CALC' EFER=VR 
'CALC' CV=(SORT(EFER)/MM)*lOO 
'PRIN/C,LABR=ONE' P11,CV $ 0,16.1 
'CALC' SE=SEDA/SORT(?) 
'PRIN/C*LABR=ONE' Pl?,SE $ 16.2 
'CALC' SST=SST/DFT 
'CALC' VR=(SST/VR)*IOO 
'LINE' 2 
'PRIN/C,LABR=ONE' P8,VR,P9 $ 12.0 
' REPE ' 
'LABEL' L5 
'LINE' 1 
'INPU' 1 
' RUN' 
' CLOSE ' 
' STOP' 





BOURCE OF VARIATION IF SS S S I  )SS VR 
r n T  mm 
REmWR 12 273.318 12 .36  22.776 
REPbRHl 12 337.764 15 .27  28.147 

TOTAL 24 611.082 27 .63  25.462 - 

TREhT.REz' m m  
REP 2 546.877 24 .73  273.438 28.556 
~ . c b ! R  12 238.211 10 .77  19 .851  2.073 
REP. RWR 12 585.630 26.48 40.803 5 .  097 
RE8 I DUAL 24 229.796 1 0 . 3 9  9 . 5 7 5  

‘Kmi 50 1600.513 72 .37  32 .010  

GRAM) TOT& 

GRAND rn 
TOT& NUnBER OF OBSERVATIONS 

*Ark4 INFORMATION SUMMARY r * h k *  

MODEL TERM 

TRDT STRATUM 
m 
CWR . UREP 
RWR 
UREP . RWR 

EF NON-OR'RIOGONAL TERMS 

TREAT. REP STRATUM 
cwR 0.667 TREAT 
~ . U R E P  0 . 6 6 7  TREAT 
RM? 0.667 TREAT 
UREP . RWR 0.667 TREAT 

U I A S G P  MODEL TERMS 
SAUp 
UREP 

SREP 
SREPaUREp 
CWR. SREP. UREP 
R E P m C l i J R  
SREP . RCJR 
SREP . UREP . RbR 
REP . RliW 



TRT 1 2 3 4 5 6 7 
27.90 28.55 39.31 29.64 31.78 2814  27.22 

T R E A ~  CONWtRfllG ZERO TI= 2.986 
COICURRING O K E  IIQ ROU8 2.8984E 0 
COW3flRRI#C OCKTE IR C O L W  2,92978 0 

hmAG& 2.914 
hPPROX1)IlbTE F HIM OF PWe3eWln IF1 IVQD DP2 

VR 1.755 Wl 24 DF2 2 4 
EFFECTIVE ERROR VARIMCE 12.738 
COFFICIHUT OF VARIATION 12.2 
STANDARD ERROR OF EM 2.06 
EFFICIMCY COWARED TO RBD 172 PER= 

150 'CLOSE' 
~ ~ C A A I I C I  OF UTTICES, nMICWn OF 168888 DATA WITS USED AT 



P R W  FOR RECT'ANGULAR LATTICE DESIGN ANALYSlS 

' R E F E / N V N N - l ~ , N I D ~ l O O O '  REC7'Am;ULARLATfICE 
'UNITS' $ 36 
'PACT' SREP S 1*36(1) : UREP S 3 

BUR S 5* 3(4,1,3,2,1,2,3,1,1,2,3,4) 
I . TREAT S 12 

'READ/P1 UREP,TREAT,Vl 
'FORt YSET-Vl 
'READ' RX * " PTn'ED VALUES' * 

: HY - "RESIDUALS" 
: HRB-" RANDOHISED BLOCK ANALYSfS" 
: PO "TREATMENTS CONCURRING ZERO TIHES" 
: P 1  "TREATMENTS CONCURRING ONCE" 
I P2 - "TREATMENTS CONCURRING" 
: P3 = " TIMES" 
: P4 "AVERAGE' ' 
: Hl*" EFFECTIVE ERROR VARIANCE " 
: H 2 m "  EFFICIENCY OF THIS DESIGN OVER RBD " 

'SCAL' BU,SR,LBl,LB2,LB3 
: ZEROmO : ONE-1 : TWO12 : THREEm3 : TEN-10 

' SCAL' 
R,S,K,SSl,DFl,PM,FA,FB,IU,SEDO,SEDI,SEDA,VR,T,EEHS,SSSl,SSS2,SSS,DFF, 
EFFE 
'ASSI' KK-YSET $ ONE 
' V A R I '  DATA,F,FF,RH,RS,UH,ZH $ KK 
'VARI' OATM,RNK,TREATNO $ TREAT 
'CALC' OATH-ONE $ RNK=CUH(OATM) 
$ F=FLOAT(SREP) S SR=t4AX(F)  
$ Fw(FLOAT(IIREP) ONE)*SR*F 
'GROU' REPmINTPT(F) 
'FOR' Y = YSET 
'CALC' DATA-Y 
' BLOC' TREATIREP 
'TREAT' REP+REP.BUR//(SREP*UREP*BUR) 
'ANOVA/PRITEN,ACON*~I'Y: OUT A O V  ; F V A L a F  ; R E S I R S  
'EXTR/STRA=TVO1 AOV ; REP+BVR+(SREP*UREP).BVR $ SS-S0(3,1,2,4,5) ; 

DF=DQ(3,1,1,4,'\) 
'EXTRACT' A O V :  TRF,AT.REP $ S S = S S 2  ; DF=DF2 
'CALC' SSS2=SS? 
'CALC' DFleW(1 )+[MI(,? ) + 0 0 ( 4 ) + D 0 ( 5 )  

$ sSSl~(so(1 )+sc,(?)+SQ(4)*sQ(3)) 
$ ssl-(so(l)+so(2,+soc4)+SQ~5})/~ 
$ SS~PSS~/DF? 
$ SSS*SSSl+SSS: 
$ DFF=DFl+DF? 
$ SSS=SSS/DFF 
S R=W(j)+ONF S S.IW)(l)+ONE 

'JUNPt LB3*(SSl.LF.SS2) 
'CALC' T*NMV(DATA) 
$ K=(DFZ+T+R*S-ONE)/(S*(R-nNE)) 5 ID=S-k' $ PH=(R-ONE)/R*SS2/(SSl-SS2) 
$ DATA=REPHV( F) 
' BLOCKS' 
'TREAT' TREAT 



,~?'Irn' 'rvo 
~RINIC,LABR-ONE* P(1,SRI.K) S 16.2 
LINE* mo 
PRIW/C,LABR-ONE,LABCIONE' R1,EEMS S ?0.0,10.2 
i#INe' TVO 
PRIN/C,WBR-ONE,WBC-ONE' H2,EPFE $ 20.0,10,2 
PRTN/C,UBR-ME' P1,SEDl S 16.2 
JUMP' LBl*(SR.GT.ONE) 
4PRIN/C,LABR-ONE' P1,SEDl $ 16.2 
l ~ ~ P t  LB2 
*LABEL' tB1 
t~~IN/C,tABR-ONE' P2,SR,P3,SEDl $ 0,4.0,0,16.2 
4EINB' TVO 
sPRIN/C,WIBR-ONE,WBC=ONE* H1,EEMS $ 20.0,lQ.Z 
l ~ I N E *  TWO 
4PRINJC,LABR-ONE,WBC-ONE' H2,EPFE S 20.0,10,2 
JUMP* LB2 

+ LABE' LB3 
' L I N E '  TEN 
ITAPT' " 

BLOCK MEAN SQUARE LESS THAN OR EOUAL TO ERROR MEAN SQUARE. 
RECOVERY OF TNTERR1,OCK INFORMATION VXLL NOT BE PERFORMED. 
DATA WILL BE ANALYSED A?* A RANDOHISED BLOCK. 

'RLOC' SREP/UREP/TREAT 
'TREAT' TREAT 
'DESC' Y $ ; HRB 
'ANOVA/ACONmZ5' Y ; F V A t w F  ; RESIRS 
LABEL' LB? 
'CRAP/ATX*HX,ATY=HY1 RS ; F 
' REPE' 
' REPE' 
'R' 
1 10 7 
1 12 12 
1 11 11 
1 2 9  
1 3 4  
1 1 16 
1 7 16 
1 9 15 
1 8 2 3  
1 4 0  
1 5 3  
1 6 11 
7 1 11 
2 6 20 
2 9 1 7  
2 1 1 7  
2 11 8 
2 R l Q  
2 12 Q 

2 2 11, 
2 5 6  
2 10 6 
2 4 5 



'ANOVA/PR*ZERO,ACONI22'DATA;RES-RW 
'TREAT' BWR.REP 
'~OVA/PR=ZeRO,ACONI23'RH;WALmFF 
'TREAT' BVR 
'ANOVA/PRmZERO, ACBN*Zh' FF;?VALIVW 
'TREAT' REP + REP.BUR 
'ANOV/PR*ZERO,ACON*Z6' DATA ; OUT-AOV2 
'EXTR' AOV2 ; REP.BUR S SSmBU 
'CALC' PA*R+K+( PM*ONE)-S+SRSFB-ID/(FA*(PA+R)) 
$ ZH-R*K*(FP/FA-R*VH*PB) $ DATA-DATA-2H 
'TREAT' TREAT 
'ANOVA/PR=ONE,SE=N,ACON-22' DATA ; OUTmAOVl 
'EXTR' AOYl ; TREAT $ HEANeATM 
' EQUA ' OATH-ATH 
' C A W '  OATH=-OATH 
$ TREATNO*RNI( 
$ TREATNO-ORDER(TREATN0 ; OATH) 
$ OATHmORDER(0ATM) 
$ OATH*-OATH 
'LINE' TWO 
'CAPT' " 

**** ORDERED ADJUSTED TREATMENT MEANS **+* 
ORDER TREATMENT ADJUSTED 

NUMBER MEAN t I 

'PRIN/P,LABC=ONE' RNK,TREATNO,OATH $ 13.0,13.0,13.1 
'JUMP' LB2*(SS2.LE.ZERO) 
' CALC' SEDO rn R*?B* ( SR*S-R)*(SR*S-R) 
$ SEW~SEDO/(SR*(S*K-ONE)-R*(S-TUO)) 
$ SEW m TVO*SS2*(ONE+R/FA-SEDO)/R 
$ SEDI=FB*(R-SR)*(S*SR-R)/(S-TWO) 
$ SEDl=TUO*SS?"ONE+(R-SR)/FA-SEDl)/R 
$ SEDA=Rf ( S - O N E ) W / ( ( S ' K  ONE)*FA) 
$ SEDA SEDA FR*Rf(SR*S R)*(S-ONE)/(S*K-ONE) 
$ EEMS=SS?*(ONE45FDA) 
$ SEDA=TVO*SS2* ( ( j N E *  SEDA) /R 
$ S E M ,  SEDl , SFDA SORT( SEDO, SEDI , SEDA) 
$ EFFE=(SSS/EEHS) * 100  
'CAPT' " 
APPROXInATE ( I  NTRAfll OCK) F TEST WITH DECREES OF FREEDOM DF1 AND DF2 " 
'EXTR/STRArONE' AOV ; TREAT l BVR + (SREP*UREP).BWR $ 

S S - C O (  3,1,?,4,5) ; DFsDQ(3,1,2,4,S) 
'CALC '  SS1-SSI*DFI 
$ VR = S(I (3 )  + ' ; O ( l )  + SQ(2) 4 SQ(4) + S Q ( 5 )  
$ DFl = D U ( 3 )  + D O ( 2 )  DQ(2) + W ( 4 )  + DQ(5) 
$ VR r VR + SS1 bit 
$ VR = VR/(DFl*SS?) 
' LINE' THREE 
'PRINIP' VR,DFl,I)F? 13.5,10.0,10.0 
' LINE' TWO 
'CAPT' " 
*** STANDARD ERRORS O F  THE DIFFERENCE BETVE04 TREATMENTS *** 
' ? 

' LINE' TWO 
'PRIN/C,LABR=ONFf P4,SEDA S 16.2 



2 7 14 
3 8 20 
3 6 15 
3 12 10 
3 9 16 
3 10 9 
3 2 If 
3 11 6 
3 3 3  
3 4 1  
3 5 11 
3 1 2 2  
3 7 1 7  
' EOD' 
' CLOS ' 
' STOP ' 



SOURCE OF VARIATION DF SS SS% HS VR 

TREIST mm 
Fm.m 
RESIDUAL 

TOTAL 

TREAT, REP STRATVN 
REP 2 1,SSOE 1 1 . 2 2  7.750E 0 
REP.BWR 9 1.885E 2 14.83 2.094E 1 
RESIDUAL 13 0.000E 0 0.00 0.000E 0 

TOTAL 24 2.04OE 2 16.05 8.5OOE 0 

GRAND TOTAL 35 1.271E 3 100.00 

GRAND MEAN 11.50 
TOTAL NUMBER OF OBSE3VATIONS 36 

INFORMATION SUMMARY h h k A A  

MODEL TERM D. NON-ORTHOGOIYAL TERHS 

TREAT STRATUN 
m 
m.UREP 

uxllsrn MODEL TERMS 
3REP 
UREP 
m , SREP 
SREP . UREP 
BWR . SREP . UREP 
R€P,BWR 

0.889 TRUT 
0.556 TREAT 





DIHEIUSIoFs LINE(8O),REP(3),VAR(5l2),BLU(l92)IV~W(8,8,8),D(64), 
le(64)*G(8) ,F(6~),fl(8),W(64),ZK(64),Bl(8),Al(8)~YJl(8)~0(8)~ 
2m(0),c(e),cl(0) ,zL(6~),yL(64)*IKl(e),YLl(0),A(8),YJ(8)p 
3~Bl(8),C~l(8)vM=l(8)~YJlL(8),YKt1(8),YJKl(8)~~~(?),~~(4)~ 
4ND?(7),SH(7),ALPW(8),BeTA(8),CAn(B),SV(7) 
DATA NREP,LBL/3,'*'/ 
REALf8 S O V P  REPS. l,fCOWP, A1,lCOMP. Bf ,'COHP. C t , ' V ~ ~ 1 ~ y 1 ,  
1' ERROR ' , '  TOTAL ' /  
QORUAT(2X,I2,1X,I3,2P3.0) 
PQRHAT(BOA1) 
FORHAT(1H ,79A1) 
FORMAT(212) 
FORHAT(13H OUT OF RANGE) 
PORHAT(7XvA7,8X,14,2XvF12.2,2X,F12.2) 
F0RMAT(//5X934H UNADJUSTEDIAWUSTED VARIETY MEANS//) 
FORHAT(215,8F10.0) 
FORMAT(lOX,8PlO.O) 
READ(9,lOl) LINE 
HEADLINE 
IF(LINE(l).NE.LOL) GOTO 1000 
I F ( I . J N E ( 7 ) .  EO. tol.) STOP 
WRITE(3,10?)(LTNE(J), Jr2,80) 
WRITE(3,102) 
READ(9,103)NU 
SIZE OF LATTICE 
I F ( N U . L E . R ) ( ; O T O  1030 
URITE( 3, ll14) 
ST0 P 
NU2 L-NU*NII 
Ntll-NU? * N/I 
NVAR = NU 3 *  3 
TVvNVAR 
UN NIJ 
UNI NU- 1 
UN2 7 NU2 
U N 3 m N l J  3 
NZU2=NU2+NU2 
N3U?rN?U?+NIJ? 
NU1 =NU- 1 
N3U1=3*NUl 
NDF( I ) 7NREP- I 
NDF( ? ) =N3Ul 
NDF( 3)=N3U1 
NDF(4)=N3UI*NUl 
NDF(5) zNU3- 1 
NDF(7) -NVAR-1 
NDF(6)=NDF(7)-NDF( 1 ) -NDF(2)-NDF(3)-NDF(L)-NDF(5) 
W 230 J=l,NREP 
REF(J)=O.O 
Do 351 .l*l,NU'3 
VAR(J)=O,f) 
DO 252 J=l9N3U2 



bW(3)=0.0 
DO 253 J-1,NU 
DO 233 It-1,NU 
DO 253 L-1,W 
V A W I ( J v K . L ) - 0 . 0  
DO 254 J=l,NU2 
D(J)-0.0 
E(J)-0.0 
F(3)mO.O 
YL(J)-0.0 
DO 2 5 5  J=l.NU 
G(J)=CJ.O 
Sl(J)=O.O 
H(J)=O.O 
A l ( J ) - 0 . ( . 3  
YJl(J)=O.O 
a(J)=rr.r,  
Y K ( J ) = O . O  
C ( J ) - 0 . 0  
C l ( J ) - f ~ . O  
YK1 (J) m c , .  0 
YLl(J) 0.0 
A ( J ) m O . O  
YJ(.f  ) = C ) . O  
DO 2 5 6  J = l , '  
SOS( J ) - 0 .  C) 
AIJmO. 0 
S A * (  J .  0 
S B = O .  0 
sc=o.o 
SJ SO. 0 
SJI ~ 0 . 0  
S K = O .  f )  

SKI r-0. f) 

SL=(! . 0 
SLl=O. (-3 
c:F=o. 0 

M, 5 IR-1,NREP 
[X, 5 I V W s 1 , N U 3  
READ(9, * ) I  0 ,  I .JY , Dl, D l  ,DATACD1 * D l  , D l  , D l  ,Dl,Dl 
IlO=lJK/ 1(1 

IVXI IOr'10 
XU=I l O - I V * l ~ ~  
IV=I  J K -  I f  O*If l  
T F ( I R - - 2 )  3 0 , 3 1 , 3 ?  
I B = N U * (  XU 1 ) + I V  
GO Tn 3 3  
IB=NU*(IV- I)+IU+NU2 
GO TO 3 3  
I B = ~ * N U ~ + N U * ( I U - ~ ) + ~ V  
CO.NT I N1JE 
~VAR=NU2*(IV-1)+NU*(fv-1)+~u 
REP(IR)=REPCXR)+DATA 
REP TOTALS 
VAR(IVAR)=VAR(IVAR)+OATA 



VARIETY TOTALS 
BLU(IB)*BLU(XB)+DATk 
UNADJUSTED BLOCK TOTALS 
VAW(XV,IU,IV)=VAW(fV,fU,IV)+DATA 
VARf E T Y  TOTALS IN TWO VAY TABLE ' ' VALUES 
IDmNU*(IV-l)+fV 
D(ID)-D< ID)+OATA 
D VALUES FORMED 
ZE=NU*(IV 1 ) 1 U 
B(XE)=E(TE)*DATA 
G(IU)~G(fW)*DATA 
E VALUES FORMED 
JF=NU*(IU-l)*IV 
F ( J F ) - F (  JF)+DATA 
H(TV)=H(IV)+DATA 
F VALIJES FORMED 
CFmCF+DATA 
TIT* DATA*DATA 
CClNTT NtJE 
CF.mCF*CF/TV 
SQS(7)rT-CF 
CORREfTED SUM OF SOIIARES FOR TOTAl..S 
MI b )C?I,NW? 
ZJ(K)  D(K) 7 . 0 * B L U ( Y )  
J VALUES CAI,CUt,ATED FROM J=D- 3A 
Z K ( K ) =  E ( K )  1 . (b+BL.U(NU?*K) 
K V A L U E S  CAIdOULATEU FROM K = E - 3B 
Z I . (K )  - F{K ) 3 . ( ~ * B I . [ I ( N ? l J ? + K )  
La V A L U E S  C:ALCtJIAATEI) FROM L.; F-- 3C 
CONTI NtJF 
JR*N11? 
) 7 1 1 ,NU 
Do 7 . J - 1  , N \ J  
.1B* .JR+ 1 
Bl(1)-Bl(I)+BLU(JB) 
R1 CAL,ClILATED 
CI(1 ) - C l ( I ) + R L U ( N U ? 4 )  
C VAL.UES CAL.CULATEP 
J R w O  
DO 8 I - - I , N I J  
Do 8 .J : l , N11 
JR=3R* 1 
Al(J)=AI (J )+BLU(JR) 
YJI(J)-YJl(J)*ZJ(JB) 
S ( J ) o B ( J  )+BLU(NUZ+Js) 
YK(J)=YK(J)+ZK(JB) 
C(J)*C(J)+BLU(N2U2+Js) 
YL(J)mYL(J)+ZL(JB) 
ntl(1)-nrl(Z)+zrt(Jb) 
n a t r  > - n i < x > + a ( m >  
A(1 )  4 ( f )  +StU(JB) 
T.J(3;)-13(1)+~(31)) 
n - f m m  
Al,JI,B,C,An) K V m  rrtrm_lm 
t,KI,Ll AUlb A V m  -m 



c u e  
%BE 
& W h )  gb& 
3 3 3  
A h h  

BSTP gs; 
N *  * * +  
^wRR 

c r u  

JkL r m r 4  
+ * +  
w W e  
w 

d 5 i  
CIWW 

i i ib  runa 

- *  8% 
Y a k  
n m -  #=: 
+ 

: 8 e r n  
O I h  - w a- 

46  
wcn 
W h  

G, 
u 
I 
A 
h 

Yf 
i 
w 

2 
N 
4 
n 
V, 

E 
V * * 
H + 
h 

P 
E 
V * * 
m 
V 

Ann 
N W N  
w u w  

hhh 
N W h )  
Y W Y  \ +  

nu m *  
u *  

u r n  
2 
W 



m r r w  
urn -  

@ .  . . 
-)3h)h) 

Y W W  







DTR&NSION N(3,25,25),IA(625),NT(625),IB(25),X0(25),1G(25) 
+,NPLAN(3*2~~2~),NP~(3,25,25),fP~~(3,62S)~I~T(3p62S)vIT(625)~ 
+1P(3,625) 

INTEGER X 
CHARACTCR*lZ ALOC,AFI LEI , A F I L E 2 ,  AFILE3 
TYPE *,'THIS PROCRAn WRITTEN BY C.SVAH1NATHAN G-TES 

RANWHISED FIELD PLAN FOR K X K TRIPLE OR SINPU WT'I'ICB 
+ DESIGN IN BLOCKS OF K UNITS VHERE K <r 25 AND K >- 3' 

791 TYPE *, 'EWER THE SEED VALUES (THE VALUES SHOULD BB ODD MICIBWS 
+ AND CONSISTS OF 000 NUMBER OF DIGITS Ex 931 10785)' 
ACCEPT *,HA,HB 
TYPE *,'ENTER THE NUHBER OF REPLICATIONS' 
ACCEPT * , N R E P  
IP(NREP.GT. 3 ) COT0 901 
TYPE *, 'ENTER THE SIZE OF THE DESICN (Ex. FOR A K X K 
+TRIPLAT IT IS K ) '  
ACCEPT * , N S I Z  
IF(NSIZ.CT.25) GOT0 901 
TYPE *,'ENTER THE NUMBER REPEATS OF THE DESICN (FOR NO R8PXTITION 

4 TYPE 1 ) '  
ACCEPT "NREPE 
TYPE *,'TYPE THE LOCATION NAME (MAX 12 CHARACTERS) ' 
ACCEPT 221 ,AL40C 

221 FORHAT(Al?) 
TYPE * , ' T Y P E  A F I L E  NAME FOR FIELD PLAN' 
ACCEPT 223,AFIL,E1 

223 FORMAT(A13) 
TYPE *, 'TYPE A F I L E  NAHF FOR CREATING FIELD LABELS' 
ACCEPT 224,AFILE: 

2 2 4  FORMAT(AI?) 
TYPE *,  'TYPE A FILE NAME FOR CREATING FIELD BOOKS' 
ACCEPT 2?5,AFILE3 

225 FORMAT(A12) 
OPEN(ONI?=6, FT L E - A F I L E l  , X"I'TUSLINEV' ) 
OPEN(UN1T~R,FILE~AFILeZ,STATUS*'NEWD) 
OPEN(UNIT=ll,FILE-AFILE3,STATUS 'NEU') 
URITE(6,l) EIA,tlR 

1 FORHAT(//,ZX,'THE SEED VALUES ARE-' ,110, ' , ' ,110, / / )  
URITE(O,227 ALOC 

227 FORHAT(I/,ZX,'LOCATXoN; ' ,A12,//) 
NBL=NS I Z 
NTRT=NRI *NSI 7 
IF(NTRT.GT.99) KKr1000 
IF(NTRT. L E . Q q )  KK=lOO 
DO 2 I=I,NSI;! 
DO 3 J=l,NSIZ 
N(l,I,J) J+NSIZ*(I-1) 
N(2,I,J)-!4NSIZ*(J-1) 

3 CONTINUE 
2 CONTINUE 

DO 77 J=1,NBI 



7 7  N(3,  J,J)*J 
00 200 Jm1,NBL 
KlmJ 
K2-J-1 
X m O  
00 110 K * K l ,  NSIZ 
IP(K.EQ.J) GOT0 110 
N(3, J,K)=X+N(3, J,K-I)+(NSIZ.I) 

110 CONTINUE 
00 111 K-1,KZ 
IP(K.EQ.J) GOT0 111 
N(3~3~K)~N(!~J-l~NSIZ)-NSIZ*I *(K--1)+(NSI2*1) 

1 1 1  COlJTINUE 
200 CONTINUE 
C - - - ". - - - - - . - - - - - - RUD(-jNf SE TREATMENTS - - " "" - .- - - - - .. - - - - ." - .. - - - - - - 

DO 15 IIm1,NTRT 
15 IA(I1)-0 

DO 20 JJ*l,NTRT 
2 5  JA-RAN(HA, MB)+NTRT+l 

IF(IA(JA).EQ.l) GOTO 7 5  
I A ( J A )  * 1 
NT(JJ)* IA 

20 CONTINUE 
C - . - -  ̂ - " - - ^  - - - . - -  - "  . - - - -  

(XI 999 I I = 1 , N R E P E  
WRJTE(6,7) I 1  

7 FORHAT(/I,?X,'REPEAT OF THE PESIGN1,J4,//) 
VRITE(6,870) NRlo,NST7 

830 F O R H A T ( '  ' , 5 X 1 '  RANDCMlZED PLAN F O R ' ,  1X,13,1X,'X1 ,1X,I3,1Xl1T 
* R l P L E  LATTlCE DESIGN' , I / )  
MI 30 I - 1 , NREP 

30 IB(I)=n 
DO 35 I r I , N R E P  

40 lCrRAN(MA,MR)*NREP+ I 
I F ( I B ( I T ) . E O .  1) GOT0 40 
IR(IC)- I 

C 



NPLJW(1, J ,K)-HPtm,(f , J  .K)+(K+NSIZ*( J-1)) 
RIwNPLNO(~.JvK) 
Jill-lt*NSIZ*(J-1) 
I?WT(I, JK)-HI 
r n ( 1  ,.TK)=HJ 

75 m 1 N U B  
!m ~ I W €  
35 m1m 

DQ 116 I-1,NREP 
DO 117 J=l,NTRT 
fT(ITRT(1.J))-J 

117 C3mrINUE 
DO 118 J - l , m T  
IP(1,  J)-IPUrr(1, XT(J)) 

118 COHTlNUE 
116 CONTINUE 

Do 100 I m 1 , N R E P  
VRfTE(b,102) 1 

102 PORMT(//,2X,'REP',I5,8X,'P~OS AND TakATMlPCTS9,//) 
00 101 3-1,NBL 
VRITB(6.103) J,(NPLNO(I,J,K),Itrl,NSIZ) 
URITE(6,lW) (NPLAN(I,J,K),K-1,NSIZ) 

101 CONTINUE 
VRITE(6;337 ) 

1 0  CONTINUE 
VRITE(8,227) ALCKJ 
VRITE(8,7) I 1  
URITE(8,833) 

833 P O M A T ( '  ' , 'TREAT NO. PLOT N O . ' , / )  
DO 119 J - I  ,KTRT 

119 VRITE(8,832) J,(IP(I,J),Iml,NREP) 
DO 798 Im1,NREP 
DO 798 Jm1,NBL 
DO 798 K-1,NSIZ 

798 UlU'fE(11,769) WPUI)(I,J,K) 
999 coarrlrwa 
832 FORMAT(' ',19,6X,318) 
769 POitflAT(' @-.X6) 
103 PODUT(/,lX, 'BLOC' ,I3,2515) 
106 FORMAT(' ' , 7 X , 2 5 1 5 )  
337 FORHAT(' ','---------------------------------------------- 

+ _ _ _ - I _ _ _ _ - _  - - - -  . - - - . r - - - - - - - - - - - * - - - - - - . C - C - - . . - - - '  1 
YRITE(6,78) 

78 PORMAT(I ' , I / )  
TYPE *, 'HAVE YOU PINISHW) USINC THIS P R M ?  (nS OR 110)' 
ACCEPT 7 9 , A S  

79 POWAT(A3) 
IP(AS.EO. 'YES' ) STOP 
V R I T E ( ~ , ~ ~ I )  

881 FORMAT('+' ) 
GOT0 791 

901 TYPE *, 'PLEASE ASK FOR ASSISTANCE' 
END 



RMDOMfZED P U N  FOR 5 X 5 SIMPLE UTTfCB D8SIG)i 

THE SEED VALUES ARE+ 761, 34 5 

LOCATION I ICRISAT, PAT 

REPRAT OF THE DESIGN 1 

REP 1 PLOTNOS AND TREATMENTS 

BtOC 1 101 102 103 104 105 
I A 1 I f ,  18 72 

B t O C  2 106 107 108 IOQ l l o  
4 24 2 1  3 3  2 

BLOC 3 111 112 113 114 115 
3 1 7  I ?  1 0  11 

BLOC 5 1 2 1  123 1 1 7  1 ? 4  1 ? 5  
6 8 7 0  ? 5  0 

REP P1,OTNoS AN!) TREATMENTS 

BLOC 4 7 l h  ? "  ?'1H ? I Q  :?o 
J 8 3 .' 1 



RANDOMIZED PLAN FOR S X 5 TRI?UI LATTIU OIillIQl 

TtlB SEW VALUES ARE- 111, 333 

LOCATION: ICRISAT, PAT 

RgPBAT OF TflE DESIGN 1 

REP 1 PMTNOS AND TRUTMGHTS 

BLOC 2 106 107 1011 109 110 
6 12 17 5 2 3  

BLOC 3 111 112 111 114 115 
11 I4 16 4 21 

BLOC I 116 117 118 119 120 
13 25 15 9 18 

BLOC 5 121 122 123 124 125 
19 20 21 7 2 

REP 2 PLOTNOS AND TREATMENTS 

BLOC 1 201 202 303 204 205 
15 R 7 16 ' J 

BLOC 2 206 207  ilnR 209 210 
2 2 9 14 10 17 

BLOC 3 211 2 1 2  3 1 3  2 1 4  215 
1 4 19 b 18 

BLOC 4 216 2 1 7  118 219 220 
25 2 1  2 0  24 12 



REP 3 PU3TNOS AJYD TREATHEW'S 

BLOC 

BLOC 

0 LOC 

BLOC 

BLOC 

. -..--- 



SUIIROVI'INE G12(HA,MB,NREP,NSfZ,NREPB,NTRT,~L,~I) 
CFWUCCER* 12 AUK:, AFT 1 4  1, AFI LE2 
C0n)IOM N(10,25,25) 
1)JTEGER B(20,2Q) ,NN(322 ) 
TYPE *,'THIS PROCRAH VRlTTEN BY C1. SVAMINArtlAN CENtRATUS 
+RANDOMISED FIELD PLANS FOR K X (K+l) UTTZCI W11Q( IN BLOCKS OF 
+SIZE K WHERE KC-9  AND K > - 3 . ) '  

TYPE *,'ENTER THE SEED VALUES [THESE V A L W  SMTVLD 
+ ODD NUMBERS AND CONSISTS OF ODD NUMBER OF DIGITS 
+ Ex. 381 901871' 

ACCEPT * ,HA,HB 
TYPE *, 'ENTER THE NUMBER O F  REPLICATIONS' 
ACCEPT * , NREP 
TYPE * , ' E N T E R  THE NUMBER OF PLOTS PER BLOCK Ex,( roR K X ( K + l )  
+RECLAT IT IS K ) . '  
ACCEPT *,NSIZ 
TYPE * , ' E N T E R  THE NUMBER REPEATS OF THE DESIGN [Nla NO REPXTITION 

+ T Y P E  1 1 '  
ACCEPT *,NREPE 
TYPE *,'ENTER THE LoCATlON NAME (MAX 12 CHAMCTIAS)' 
ACCEPT 2 98, ALM' 

298 FORHAT(AI1) 
TYPE * , ' TYPE THE F I  LE NAME FOR FI EL0 P U N  1 ' 
ACCEPT 278, AFI LEI 

2 78 FORHAT(A12 ) 
TYPE *,'TYPE THE F I L E  NAME FOP F1E14D PLAN 2 ' 
ACCEPT 2 7 ~ , A F I L E ?  

279 FORHAT(A13) 
OPEN(UN1T-b, F I L E y A F I  LEI , S T k l  \IS 'NEV' ) 
OPEN(UN3T.8, FI I . E * A F I l . E 2 ,  STAI'UCl 'NEW' ) 
VRITE(6,l) HA,MB 

1 FORHAT(//,?X,'THE SEED VALUE!) k R E m 1  ,110,', ',110,//) 
VFIITE(6,?99) ALOC 

299 FORHAT(//,?X,'LOcATInN: ' , A 1 2 )  
WRITE(8, 302) ALW 

302 FORMAT( / / , ? X  , ' LOCATION : ' , A 1 2 )  
NBL=NSXZd I 
NTRT=NBL*NSI 2 
DO 2 I=l,NBL 
DO 3 J*I,NB! 
IF(J.GT.1) B ( f  ,J)=(J+NBLfi(I-1))-I 
IF(J.LT.1) B(I,J)z(J+NBLt(I-1))-(l-1) 

3 CONTINUE 
2 CONTINUE 

M) 19 2=1,NBL 
J l = I  
DU 2 1  J x J 1 , N B L  
IF(J.LE.1) GOTO 21 
N(l,r,J-l)*B(I,J) 



N(2,I,J-l)=B(J,T) 
2 1  CONTlNtJF 

J 2 m I  

DO 26 J p l , J ?  
IF(J.CE.1) GOTO 76 
N(l,I,J)-B(lqJI 
N(2,I,J)*B(J,I) 

26 CONTINUE 
19 CONTINUE 

IF(NTRT.EO.12) GOT0 50 
IF(NTRT.EO.70) GOTO 51 
IF(NTRT.E0.30) GOTO 51 
IF(NTRT.EQ.42) GOTO 5 1  
I F(IJTRT. FYI 56 $ GOTO 54 
IF(NTRT.E(j.72) GOTO "5 
IP(NTRT.EQ.W) GOT0 56 
TYPE * , ' PLEASE A S V  FOR ASS1 STANCE' 
STOP 

30 I I u O  
cnro tic r 

51  l l a l ?  
COT0 t>I I 

1 11 1;7 

(;(\To t A 1  

f 2 I I r ( 1 :  

,if IT0 ! ) I  1 

54 1 1 * 1 0 4  
CnTO or 1 

5[3 1 1 .  l t , o  
GOT0 00 

3h 1 1 - d ' \ ?  
60 1 1 1 1 ,NRI 

Dc.1 1 . 4  l' 1 , N T > I 7  
I T I + K + N S I ' ? J I (  I 1 )  
N (  !, l , F )  NN(1 1 

1 4  ('ONTINllT 
I I A T A  (NN( I ) ,  1 -  1 ,  \.!.I) 

+ r b , 8 ,  l , ' , . ' , ' J ,  I f \ ,  1 . 4 ,  1 1  , I  ,'>, ., 
+R,ll, 1 5 , 1 R , ~ , ' ~ , 1 ~ ~ , ~ ~ ~ , ~ ~ ~ ~ , ~ ~ ~ , 1 ~ , 1 , 5 , 1 ~ , 1 9 , ~ , 6 , 1 ~ , 1 ~ ,  
* ? , I  ~ , l ~ , ~ ' L ~ . . ' 7 , 1 ~ , ~ ~ ~ l ~ , ? ~ . ? Q , l . 8 ~ ? ~ ~ , ~ l , ~ ~ ~ , 2 , Q , l 5 , 2 2 , 2 6 , 3 , l O , l l , l ? ,  
4 ? R ,  4 ,  t l ,  1 .' , 1 f3, , ' M ,  

+12,17 ,? , ' ,?8 ,  ' r ,  ?8,?,13,?i:,?Q, 35,AO,$,9,?fl,25,36,1(2,6,1lr16,?7,32, 
+ ~ ' , l , ~ ,  l 8 , ? \ ,  ! Q ,  ~ , 8 . 1 ~ , l Q v  ~ ~ ~ , 4 1 . ~ , 1 ~ ~ , 1 5 , ? 1 , ? 6 , 3 ~ ,  
+9,17 , . '5 ,  13 ,41 , 6 4 % 5 1 , ? ,  I,1R,.'6, 3 4 , 3 8 , 4 3 , 5 3 , 1 , 1 0 , ? 7 , 3 5 , 3 6 , 4 7 , f i ~ ,  
' 1 1 , 1 ' ~ , ~ ' ( ' , . ~ , ? , 4 4 , 5 t , ,  1,1?,.7O.?R. ~ 7 , 4 5 , 5 0 , 4 , 1 3 , ? 1 , 2 2 , 3 0 , 4 6 , 5 2 ,  * .  . 

+ 5 , 1 4 , 1 5 , ?  { .  { l ,  \ Q , 5 4 , t t q 8 ,  li),?4. 1 2 , ~ 0 , 4 8 ,  
+16,?3. \Ov3?,4?,5?,SQ,hb,2,17, J~?,3~,16,~4t61,68,4,11,26,33,48,~5, 
* 6 3 , 7 r ~ , h ,  t 3 , ? o ,  3 5 . 4 2 , 4 Q , 6 4 , 7 ? , ~ , 1 5 , 2 ~ , ? 9 1 4 k , 5 1 , 5 8 , 6 5 , 1 , 9 , 2 4 ,  
+ 3 1 ,  M , ~ ~ , b ( ~ , ~ ? ,  ~ , l ~ ~ ,  lH,.'5,4(/,., ',b?,6~,5,1~,l~,27,3~,41B56,71,7, 
+14, .71 ,?H,  \ 0 , 4  i l 5 ( l , 5 ' ,  
1 1 . ? 1 ,  3 1 , 4 1 , 1 . 1 , 0 1 , ' 1 , 8 1 , R l , r ~ , 7 . 7 ,  3 2 , 4 2 . 5 ? , 6 ? , 6 4 , 7 6 , 8 4 , 1 , 1 2 , 3 3 ,  
+ 4 3 , 5 1 , b ~ . b R , ? ~ , 8 7 , 2 , l  ~ , ? ~ , ~ 4 , ~ 4 , 5 L ~ , ~ 5 , 7 ~ , 8 ~ , 3 , 1 4 , 2 4 ~ 3 4 , 4 6 , 5 6 ,  
+ 7 ? , ; 5 , Q ~ ~ , - , 1 5 , . ' " r 1  15,+4~~,';.',t~7,74,8~,:,16,?6,16,3?,47,66,77,85, 
+ t , , i 7 , ? " , . ' R ,  ~R,AH,~8,78,Rt~,7,18,1Q.L7r~.3Q,4Q,59,69,88,8,10,20, 
+ 30,4t l ,  5~1,t>(l. ' ~ ~ " H O !  



RGTURN 
m 
DIMENSION NT(625),IA(625),ID(lO),fD(2S)pIC(23) 

+ , N P m (  l o , 2 5 , 2 ~ ) , N P L M O ( l O , 2 5 ~ ~ 5 ) , 1 ~ ( 3 ~ 6 2 5 )  
+,IT(625),IP(3,625) 

C W C T E R  AS*3  
COMBON N(10,25,25) 

7 9 0  CALL G12(MA,MB,NREP,NSIZ,NREPE,NTRt,NbLpNSI) 
IF(HTRT.CI"I'99) KK=lOC)IO 
IF(KCFIT. LE. 99) KK*lOC) 

C - - - - - - - - - - - - - -  - -  R A N m f S E  TRmTMmS ------------------------ 
DO 15 II*l.NTRT 

15 IA(II)=O e 

DO 20 JJ=I,NTRT 
25 JA-RAN(HA, HB)*NTRT+ 1 

IF(IA( JA).  EQ. I ) GOTO 2 5  
IA(JA)=l 
NT(JJ)mJA 

20 CONTINUE 
C ---". - - -  - *  - - -  I - -  - - - - - - - . - - - - - - - - - - - - - 1 - - - - - ~ - ~ . . C C - L L - . - " I , ~ - - - - -  

DO 999 11-1,NREPE 
W R I T E ( ~ , ~ )  11 

7 FORllAT(//,?X,'REPEAT OF THE DESIGN',I4,//) 
VRITE(6,83O) NSIZ,NBL 

830 FORMAT('  ' , 5 X , '  RANDOMIZED PLAN FOR',1K,13,1X,'K',1X,I3,1X,'R 
+ECTAMGIILAR 1,ATTI (YE DESIGN' , / / ) 
DC, 3n I I,NREP 

30 I R ( 1 ) - 1 1  
DO 75 I-1,NRET 

60 ICPRAN(HA,HR)*NREP*I 
TF(IB(IC).E~.I r;mo ~ro  
IB(IC)+ I 

C 

- - - - - - - - - -  - -  . - .  - - - - -  . -  - *  --------------*----------------- 

DC) 7 0  K 1,NSIZ 
70 I C ( K ) * o  

Do 75 K l,N<I% 
76 IH=RAN(HA,HR)*NSI%+I 

IF(IC(IH).E{I.~) COT0 76 
IC;(IH).-I 
HJ=NT(N(IC, IF, IH)) 
NPLANCI, J , K ) - M I  
NPLNO(I,.J,Y)-YK*(T+NHEP*(II I ) )  

NPLNo(l,J,K)cNrl,Nn(ILJ,K)+(K*NSIZ*(J-l)) 
HI =NPLNO( I ,  J , P ) 
JK=K+NSI?.*( I I ) 
ITRT( I ,  JY ) -M .J  



IPU)T(  S ,JK)-MI 
75 CONTINUE 
50 CT))(TlNVE 
35 CfrnINUR 

UO 116 1-1,NREP 
'50 9 1 7  J m 1 , N T R T  

1 1 7  IT(XTRT(1,J)). J 
DO 118 J u l , J Y M \ T  

118 l P ( T ,  J)*IPLQl(f. TT(3 1 )  
116 CONTINUE 

CH) 100 1-1,NREF 
VRITE(6,102) I 

102 P O R M A T ( / / , ? X , r R E P ' . 1 5 , 8 X , ' P ~ S  AWD TUAT?4pNTSa,//) 
Do 101 J=l,NBL 
VRTTT:(6,103) J,(NP14N~(I,J,K),Km1,NS12) 
VRITE(6,lQb) (Nl"I. ,AN(I,  J,K) ,K=l,NSIZ) 

101 CONTINUE 
VRITE(6,77R) 

778 FORHAT(//,'- - . - - - -  ..-------- - - - - -  ---- -------- - - - . - * -  . 

' 1  
100 C f N T l N U F ,  

VRITE(R,7) 11  
VRITE(R, 1 7 3 )  

123  FORHAT(' ','TREAT MI. PLOT NO.') 
Do 1 2 1  . J * l , N T R ' l  

121 URITE(8.1??) J,(IP(I,J),I-1,NREP) 
122 FORHAT( ' , I ( J , b X . 3 1 8 )  
999 CONTINUE 
103 F0RMAT(/,?X,~BLloCK',13,2~15) 
104 FORPlA!( '  ' , q X , ? 3 1 5 , / / )  

VRITE(6,7Q1) 
791 F O R H A T (  ' ' , / / )  

TYPE *.'HAVF Y O l l  FINISHE[) USING T H I S  PROGRAM? (YES OR NO) 
ACr'Elrf 7 Q Q , A S  

799 FORHA ? A 1 ) 
IF(AS.iO. ' Y E S '  ) STOP 
GI )TO 700 
END 



MWOOnIWeD PLAN ton 4 X 1) mmm tATTIC1C; mSIGEO 

TRI SEED VALUES ARB- 777,  333 

RBP 1 P U Y O S  AND l l U A w S  

BLOCK 1 101 102 103 101 
14 6 7 3 

BLOCK 4 113 114 115 116 
20 8 1 16 

REP 2 PLOTNOS AND T R M W T S  

BLOCK 1 201 202 203 204 
14 4 16 12 

BLOCK 2 205 206 207 208 
5 7 13 11 

BLOCK 4 213 2 1 4  215 216 
17 20 10 9 



PRWM TO GENERATE RANOOn M b m S  
DIHEtQSXON IE(1O) 
DIWWSION IA(l~),IB(l~),LL~l000),IC(l600),ID(l~) 
ClJAMCTeR *I2 AFILEl  
JU(It JtK)*ID(I*NS*J*NP+K-WS-m) 
TYPE *,*=ER WO SEED VALUILS' 
ACCEPT * , N A , ~  
TYPE *,*NO. OF TRIALS, NO. OP REPS, SfZB OJ LATTICE' 
ACCEPT *,WI1ZIAL,NR&P,NP 
TYPE *, *lr+KTeR OVTPUT PILE HAHE' 
ACCEPT 278, AFILEI 
PORMAT(Al2 ) 
OPEN(UNXT-6, P f  LE-AFf LEI, STATUSa * NEW' ) 
IP(HTRIAL.EQ.0~ 999 
MAmNA 
n ~ ~ m  
NS*NP*NP 
CN-NS 
DPwNP 
NQ=NS*NP 
DO 2 0 0  I*I,NTRIAL 
DO 14 I I e l , N O  
I C ( 1 1 ) ~ l  
DO 16 11-1,NO 
K-RAN(NA,NB)*NQ+l 
IF(IC(K).EQ.O) GOTO 15 
I('(K)-0 
ID(I J I=).' 
DCI 100 J-1,NREP 
VRITE(6,lOI 11 
FORHAT(l5X,t~HTRIAL=,T4,5XtdHRFPL~-tI4~lOX,2(S%9S(ZH--))) 
FORWAT(9(6X,3T?,Tb)) 
Po ID K * l , N S  
Ih (K3 .1  
no 100 k'- 1 ,NS 
W;RAN(Hk,tIB)*CN*l.C~ 
1 F( I A ( K K ) .  F ' O . 0 )  GO TO 11 
1 A ( K K ) - 0  
Dr) 2 0  1,=1 ,NF' 
I R ( L ) = !  
I)() (JO L- I ,NF' 
LLAla- RAN ( HA,  M R  ) *DP* I 0 
IF(IB(LLt). FO. ( I )  CO TO 1 2  
1 B{ \#L'L>) = ( \  

I.IJ{ 1 ) = LL.L 
CONTINUE 
K I r ( K K  l)/NP 
K2=KK Kl*N!' 
KI - K 1  I 
I F ( J - ? ) I  , ? .  \ 
DO 2 0 1  L.- 1 , NF 
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