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ABSTRACT

Estimate breeding value can be used as single trait animal model was developed directly using the Fortran language program.
The program is based on data computed by using the indirect method repeatedly. The program develops a common algorithm and
imprves efficiency. Algorithm efficiency was compared between the two programs. Estimated using the solution is easy to farm
and brand the service, pedigree data base was associated with the development of an improved system.

The existing program that uses the single trait animal model and the comparative analysis of efficiency is weak because the
estimation of the solution and the conventional algorithm programmed through regular formulation involve many repetition;
therefore, the newly developed algorithm was conducted to improve speed by reducing the repetition.

Single trait animal model was used to analyze Gauss-Seidel iteration method, and the aforesaid two algorithms were compared
thorough the mixed model equation which is used the most commonly in estimating the current breeding value by applying the
procedures such as the preparation of information necessary for modelling, removal of duplicative data, verifying the parent
information of based population in the pedigree data, and assigning sequential numbers, etc. The existing conventional algorithm is
the method for reading and recording the data by utilizing the successive repetitive sentences, while new algorithm is the method
for directly generating the left hand side for estimation based on effect.

Two programs were developed to ensure the accurate evaluation. BLUPF90 and MTDFREML were compared using the
estimated solution. In relation to the pearson and spearman correlation, the estimated breeding value correlation coefficients were
highest among all traits over 99.5%. Depending on the breeding value of the high correlation in Model I and Model II,
accurate evaluation can be found. The number of iteration to convergence was 2,568 in Model 1 and 1,038 in Model I. The
speed of solving was 256.008 seconds in Model I and 235.729 seconds in Model II. Model II had a speed of approximately
10% more than Model I.

Therefore, it is considered to be much more effective to analyze large data through the improved algorithm than the existing
method. If the corresponding program is systemized and utilized for the consulting of farm and industrial services, it would make
contribution to the early selection of individual, shorten the generation, and cultivation of superior groups, and help develop the
Hanwoo industry further through the improvement of breeding value based enhancement, ultimately paving the way for the
country to evolve into an advanced livestock country.

(Key words : Single trait animal model, Gauss-Seidel iteration, Indirect method)
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Development of Single Trait Animal Model Algorithm
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1. Model I (conventional algorithm)
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Development of Single Trait Animal Model Algorithm

Ol T, =T~ Veclor €

Rhs(1.~-.n} ! Vector of RHS

ol eclor of solllion
Diag 1) * Vector of diagona
Egn(1,- Maxeffect) : Vector to nold one data record
+ Maxeffect), Endlevel(1, - Maxeffect) : Vector to store start and end level ot each effect

Startlevel(1,
Obs - variavle Lo store observation
Maxiter : Mumber of iteration
Maxaffect © Number of effects
Maxdata ! Number of data lines
Maxanim © Numoer of animals in pedigree
Cony © convergency

| 8ol =0, Comv =1 |

)

Iter = 1 to Maxiter and Conv > 1E-2
| Rhs =, Diag = 0. Conv =0 |
¥

CF = 1 to Maxeffect

CC = 1 to Maxdala

!

Read eguation{!, - Maxelfect), Cbs

Cffset = Eqn{CF}

F =1 to Maxeffect

Dian{Cttset) = Diag{Gttset)+1
Rns{Otfset) = Ans{Otfset]+Obs

Ans{Ottset) = Ans{Oftset)
—Bol(Ean(F}}

|

| = Startievel(CF) to Endlavel(CF)

!

Temp = Rhsil) / Ciag(l)
Conv = Corw + (Sal(l)-Temp)"2
Sal(l) = Temp

Print 3ol istore solution)

Fig. 1. Development of gauss seidel solver for fixed
effect model by conventional algorithm.
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Fig. 2. Extension of gauss-seidel solver for individual
animal model numerator relationship matrix
(NRM) by conventional algorithm.
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Sal(] A1) : Wectar of solution, Diagl1,
fnsit,~.n} © Vector of RHS, Ean(1,-- Maxetfect)  Vector to hold cne data record
Slarlevel(l.- debf[ecl) Erlulevel - Maxelfect) : Vector Lo slore starl and end leve| of each effect

+.n) * Vector of diagona

Maxiter © Numoer of iteration, Maxeffect : Number of effects
Maxdata : Numoer of data lines, Maxanim : Number of animals in oedigree
Cony : convergency
alpna : Yariance ratio, |0, SIRE, DAM : To store pedigres of one animal (10)

= varlabla 1o store observation \
Am'na\Fffecl variable Indicates which effect uses NRM /

| Sol =0, Conv =1 |

)
Iter = 1 to Maxiter and Conv > 1E-8
¥
I Rhs = 0, Diag = 0. Conv = @ I
¥
CF = 1 1o Maxelfecl

Rewind Data file

0 =1 10 Maxdala

/ Read eguationit, - Maxeffect}, Cbs /

Offset = Eqn{CF}

=1 lo Maxefiect

I*l

Diaa{Cffsat) = Diag(Offset)+1 AnRs(Offset) = Ahs(Offset)
Rns{Offsat) = Rhs{Offsat)+Obs Sol([Egn(F)}

[ I
¥

CF=AnimalEffect 7

Aewind Pedigree file

¥
Read ID, SIRE, DAM until EOF

[ ]
| = Stanieval(GF) to Endlevel(CF)

Temp = Rhs(l) / Ciagll)
Conv = Corw + (Sol(l)-Templ™2
Solll) = Temp

Prinl Sol (store solution]

Fig. 3. Extension of gauss-seidel solver for individual
animal model by conventional algorithm.
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¥py(1,--.n) : For Ahs, n = Number of equation
Effect{1,---.k) : For Effects. k = Mumber of effects
Obs © Observation

Maxdala : Number of data
Maxeffect © Number of effects
Maxanim ! Number of animal in pedigres
Maxequaticn | Number of equation

| =1l Maxdala

| Fiead Effect(l,...k), Obs |

L1
J =110 Maxeffect

’ Swao(Effect{1), Effect(J)) |

[2
Print Effect{1,--- ,Maxeffact). 1 to LHS file

| HowlElect(1)) = XpylEffect (1)) + Obs |

v

I =1 10 Maxequation

Print Xpy(l) to AHS file

.

I =1 to Maxanim

[ Read |0y, SIRE, Dk ]

Frint 10, SIRE, DWM, O, 2 to LHS file
v Print SIRE, 1D, DAM, 0, 3 to LHS tfile
™ Print DAM, 1D, SIRE, 0, 3 fo LHS file

Frint |0, SIRE, DAM, 0, 4 10 LHS file
e Print SIRE, (D, DAM, 0, 510 LHS file  f—

,_‘___‘___________,._.-—-—-'_'_‘_‘-—-—-..

N
N
Frint 10, SIRE, AN, 0, 4 10 LHS file
Y w Print DAM, 1D, SIRE, 0, 5 to LHS file —
L

Print ', SIRE, DAM, O, & ta LHS file

Sort LHS file

End

Fig. 4. Flow chart of data preprocessing to setup left
hand side (LHS) and right hand side (RHS) of
Model II.
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End if
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Table 1. Pearson and spearman correlations among estimated breeding values by different algorithms

Program BLUPF90 MTDFREML Model 1" Model 117
BLUPF90 0.9951 0.9950 0.9950
MTDFREML 0.9952 0.9999 0.9999
Model I 0.9950 0.9999 1.0000
Model TI 0.9950 0.9999 1.0000

YModel I : conventional algorithm,  Model I : improved algorithm

Above diagonal are pearson correlation coefficients and those below diagonal represent spearman correlation coefficients.

Sal{1,-~,n} * Solution vector with n order

RHS(1,--,n) = RHS veclor
LK) ¢ Wector to hold level of each effect of the equation
RHEadj : Variable to hold AHE of the equation
Diag © Variabe to ho'd diagonal of the eguation

Ceg  Hold old equalion number
Ceq * Hod currenl equalion numoer
Maxiter : Numoer of iteration

!

Sol = ¢
Cornv =1

]

.1 trom RHS file /

Iter = 1 to Maxiter and Conv > 10E-8

Effects(1,-

Read RHE(1, -

Rewind LHS file
Oeg = 1, Comv = 0, RHSad] = ©

l

k). type fram LHS file until EGF

Read Effects(1,-

| Ceq = Ffiectsil) |

Temo = RHSad] / Diag
Cony = Conw + (Temp - So0i(0eqg))2
Sol(Oeg) = Temp
AHSad] = RHS{Ceq)
Ciag =

]

\

HSadj = AHSadi — SUM(ScliEffects{2,-- k)

<o T L
T T H

FHSadj = RHSadj - SUM(-0.5=S0/(Effects(2.3)))
Diag = Diag + £ = alpha

RHSad] = RHSad]
SUM(-0.5=50/(Effects(2)),0.25+50l(Effects(3)) | —

@ o
Diag = Diag + 0.25+2 = alpha

FHSadj = RHSad]
e — SUMI-0.5=SallEMectsi2))+4/3«alpnal) 1
Diag = Diag + 4/3 = alpha
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Table 20l “FERAQITH

a7t 8 2 mrpx e HHESISRo) A Model 12 2,568 round,
Model IF 1,038 round2 58 HHa 314= Model 17} Model
[E} AL 3lgoA o] ¥ S FRIE 4 9dlon, £x
Model I 9] 256.008%, Model %% Model [XHrt}h

olr rlo _>‘:

0{‘ ob;) N
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Model TI7F ¢F 10% A= /fAE 38 g1 + Jdk

Table 2. Comparison of execute time and round of
iteration by different program algorithms

RHSadj = RHSad)
] - SUM(-0.5=S0/(Effects{2)«4/3+apnal) —
Diag = Diag + 0.25 = 4/32 * alpha

<o 5>
T > Y.{mag - Diag + apna }‘
|

T

Oeg = Ceg |

¥
Temo = RHSad] / Diag
Conv = Conv + (Temp - SoliOeqg))"2
Sol{0eq) = Temp

¥

v

Print Soi{1.--.n}

Fig. 5. Extension of gauss seidel solver for fixed effect
model to individual animal model by improved
algorithm.

Program algorithm

Source D 2
Model 1 Model II
Round of iteration 2,568 1,038
Execute time (second) 256.008 235.729

Y Model I : conventional algorithm,
* ModelIT: improved algorithm.
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