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Forecasting Sow’s Productivity using the
Machine Learning Models
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Abstract

The Machine Learning has been identified as a promising approach to
knowledge-based system development. This study aims to examine the ability of
machine learning techniques for farmer's decision making and to develop the
reference model for using pig farm data. We compared five machine learning
techniques: logistic regression, decision tree, artificial neural network, k-nearest
neighbor, and ensemble. All models are well performed to predict the sow's
productivity in all parity, showing over 87.6% predictability. The model predictability
of total litter size are highest at 91.3% in third parity and decreasing as parity
increases. The ensemble is well performed to predict the sow's productivity. The
neural network and logistic regression is excellent classifier for all parity. The
decision tree and the k-nearest neighbor was not good classifier for all parity.
Performance of models varies over models used, showing up to 104% difference
in lift values. Artificial Neural network and ensemble models have resulted in

highest lift values implying best performance among models.

F20](Key words) : Hlzf-dMochine Leaning), E=5E2%Sow culing
dedision), XU Decision Treg), 122173 Neurd Network)
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At 1097 w949 2843 S Q8 sk FERIHAES
thekst ARA|AES F5ste] gtk ool uhel thEke| Ho|E7F HHA]
#8825 DRHEE 8% #4530 9} Gartner Group(1998)
2 dloJguo]~ 7|Hte A HRad AW 80%t W Querys F3
_'i__

= 7FsshARE, o & 7HRE A 20%9] ARFES flsiAe dlo]
Bl 7]9kg mAlely 7ol dastrhal AAska itk F okl A
T waEy 718S oS (prediction), ¥ (classification), Z@& &
Al(modeling problem)el A-&3sh= Aldl7} 718t JtHMcQueen
et al., 1995; Jayas et al., 2000; Schultz et., 2000; Pietersma,
2003). 198010l A& dHS wHshy] fjal waleld 7IHES 483t
Rom, 71 ATt ofF dtolu HETA =gl Hls) ot
Zlo] Br& FtHMcQueen et al., 1995).
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2. WA U3 I A%

Al HolH2RE A4 859 A& AFHE Folo] At

F= el gk dAtelH (Langley and Simon, 1995), A&AE

(artificial intelligence) ofell 7Hg 3iA=Q) d25 sfa o

(Mitchell, 1997). &5 wAl2d2 HeolHEM S A A4l =

olth. yAY & Eaf FrAIAEC] dolH= w3Ea, KU

I, THEL e, mAey 7S sE dige] dHolHE EAst
I

[e)
= o 7P A W Eo® (Kononenko, 2001), Al 719 F2 w

ol
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Al FokE U o Xt

A1 WA= Hunt et al.(1966)°l o8] AA1E 714 g5 (symbolic
learning) o™, F& ¢ugFE JAFAH U (induction of decision
tree), SJAFAATF2 (decision rules), +=gl2Z=213(induction of logic
programs) 5°| Ath T WHAE Nilsson(1965) <Js] A|AE FA
2 AP & (statistical methods) o™, EA] =& sER1A] 7HoR £
M, F2 duElEo R k-NN(knearest neighbors), HEE-2(discriminant
analysis), Hlo]x]ot #57](Bayesian classifiers) °| Itk vkx= A
HA= Hunt et al.(1962) 90 AAlE 18217 W (neural networks) "4
Zoly, duglForys usli(backpropagation learning), Kohonen
SOM(Kohonen's self-organizing network), Hofield <A Ee]
(Hofield's associative memory) 5°] t}.

HAlE Y 7S 1E)t Blz2Y20f 38 ool A it &8
of ot At T —ErOM]AL_ HAle gz dio|Eutoldg o835k A+
Eo] Eofvar k(e €9, 2004). FAAEEEe] Ay} fEo] vl

°]Q Qlyxug (Blo—lnformatics) Fofo A @o] &5 glon 7]
BREEAN, T FERA, AEEd Sl WAl g el 2§
i glok 2 AN B B9 abAAd MAle s 283 o
T BA &tk SAkEore] Artdlolyef F g HlolE ol MAle Y7
2183k A== McQueen et al.(1995), Scott Mitchell et al.(1996),

Pietersma et al.(2003), Kirchner et al.(2004a,b), Kirchner et
al.(2006) 52| 9+ 5ol Atk

McQueen et al.(1995)+= Z49] ZEjol] tgh SAPAA ] oJAEA
7S o] &ete] A7 e e I EARETR=, FolA] Aiks Y
(breeding index), 4= (production index)o] 83 ¥l
As BRon, ZEoAAA oA MAlYde] &Y S AT
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A= AAEATE Scott Mitchell et al.(1996)2 2JAFA A U7
¢l C4.5(Quinlan, 1992)¢} First Order Inductive Learner(FOIL)
(Quinlan, 1990)& #-83lo] AAe] WY 533t A< A
A RA ] et AR Bohe AbrERe] wske diglo] Y o5
awelow slels|glom (457 FOILRL ©2=ah 2w Lk}
Pietersma et al.(2003)2 AT ARE-sto] 7 Akxpd
(1, 2~3, 43 xfo)d) A9 vlf=tA (lactation curve), 7] A
A HAAMAT] 55 dS5she BYS ARSI o5 AAES
(Somatic Cell Count), THAAWH]&(Protein to Fat Ratio),
CAR 44 (CAR Code abortion) & & WMoz AMEsIo
], AP A A xS WA sEALY k-fold cross validation
719 T8 ARgol A s AT
Ferore] A 9 g ejaL Aol
et al.(2004a, b, 2006)] A7t At o594 AL A& B
Lol tigk ArAAS Adat] fsiA A AR Sarg]Ee] sh

5 7)ol 2
B2ge) Aol e Slal A, WirEUTE, BELUALTES,
Bitol 4 Ee, WBE, OLRALTE, ol F WHYIRL ALE 5L
Agarglom A% A A3} e 85% Juz |
Woluh Ak 1) AAE delEEe ASIE F, oA
& A3k 92~95%9] ASHEE Uik E T vbel w
Aol7h gl Az Uehth olgl AE Edm d7AEe sl
me olAbad Fxo) AolE WU, SAAPEE B AHEY

Aol 7Fs e Bl
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i%l d(loglstlc regression), 2JAFAA U (decision tree),
W (artificial neural network), kNN (k-nearest neighbor),
23 (ensemble) & MAIHY7|HE 0|83l o]59] EE&AS
shal H=o] QAALaL Aol it oS8-S v]aliAlste] e
[e)

ol e AR E AFsst & ¢ YA o RS ddetaat vt

ﬂ.llEI: o

it olN

o

Ay wopollA 7t dug|EE vug A8 d4ES BY darg

E i}o]ﬂ EAgcH(Michie et al. 1994).
(business domains)ollA <5
Ae] gl 47#94 TA9Y, = Asft(data
2 eIt (Wolpert, 1996).
sH(datasets) S o= 2071
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o wet ¢ dargas dikstete] stlou, ARFEe] AAel w
e} z} Azt ARl Aow vEbgow, Al Riivels e dnkst

7k Zrohigict,
AR, B2 wAlEd 7R 2A R o iAo gk A%
7h wokor s gk Ao Mol TR &S 49 o
’1‘_]31‘@ 7IHEe] EaFolehs As W3t &4, k-Nearest Neighbor
(kNN) 714 ] fﬂ 29 04\5} o] vlsf dnukHow i 4 o
o] 9gt o= yepgon, AlA, kNN &7 2 - o5 o] @

A= B¢ EH & AU A e 2 ARE UERSIY

Michie et al.(1994) o]2]gt A7 AxE Edj2 HlawdToA =
FH Aok 2AlRol} IR k-Nearest Neighbor, 2JAMEAUF
(decision tree) 7% °l E%Q‘HO? ghobar apiek. #H2ell= Lim et
al.(2000)°] 227HQ SAMARTE daEls, 78S SAZINY, 2709 <

FAAY daglEs 32709 dolEAl 1 85 A} dlolelAle] Ay
of wpe} 7} daglge] Adwe] AARl 2o dotslgict. mEkA, B
o] A o= 93 BARE o R Michie et al.(1994)0] A|AE

24 2y, kNN, AR daelse] sl CHAIDE A= sk
own oo} A 7|E MAlE Y HelA dE o] w5k Ay}
£ Yehd Aapt Beks-S 311831 (Bound and Ross ,1997: Mouninho
et al., 1994;, Bentz and Merunka, 2000), J&AHES —%—7}i
Aeieiaitt. olef 3 o5 4719 ByYE HHoE AR HE
7ML Frtste] 1 AR vl awskgit.
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a2 AR Vel HE TFE deA oF-E B8 AU (0=8F°l4,
=TFolsh) SYWJAoE FEjortel] JE
2 FJsts W (stepwise) & AHESl] 2
A (Maximum Likihood Estimation) u
entry) ¥ 4 (stay) ol &8 FoF=S 0.052 AT JrA
AT A$- FHie]7|Fo2E CHAID €ae5S AHE3Iith
[e)

2= 2 AAS =4 74]451 7}” 2L pi L(p Value)g Zh= 24
(split) & Mgt} shfel vidol] Ui W2 d=X7F ALY U 4

F7h Z7ke ek vk U Ao 9

& S AlE oF
SAE 7HAL Se Aol $AAR] Fodel FEeR e R 2
kel

T YT B A5XE M Aol o F2 wert AAEME 7
SRYH(1F &), ° W w7t ARENE 7FA (2F &) o] EA
gh(Levin and Zahavi, 2001). whebA] witlel] 23 #A54]9] 75
of gk dAe] ZashH, o]t A AR wet HE e A7t
AAY 24 Fes FETES Folof gtk vk Y A2 Wt A
AEW 80 oA, U B Wi dfAlo] ofef A7 9l
tH(Levin and Zahavi, 2001).

2 Aol A A T, AR, EEE vitle HAE 3071 ol
‘del ASAE 7HAof b, E“ﬂ, mhr] o] =7} 10078018k 7-5-0l

© U o] sk ke, Al U] Zol(depth of tree)e] FHUj
w602 AAsiglar, A, 22 BAA patel 0.2 o] A5l o

S EUE AYE SAAHUTE) B9E Fo AHgEA o



=EX TS} 7R Fl16H 435(2009) 939-965

& AEE ol 2 kA ke R (overfitting) o w41
7b EAE 4 vk webA frEd g dlolE (validation data)E &
ato] 7FA1X)7](Pruning)& AAIsH, 7EAX7] WS AR, SE13
o osf HE JAHEAUTE B, =4, HF AR
SFe1oAPA LTS (subtrees) & A3 AA, shelAPAA Y=
HEAN AT Sl(leal) 75 TAH LR shY Fo7baA] v
o} o] Af sde o FE 7Rl o 6%44/\} Ar7E v
Aol FEAHAAHCIEE A&ato] 7P & ERshs bt vk A
et A, o 7F sl E}ﬂJAPeZé‘/‘rTi—rEi Al Abste] 2 E9]
ATl FEAAAECIEE AEdte] ERAESEE AlAkeh,
olE](validation set)®] +F4L=7}F o)t &

= AFlellA 7HA A7) 5 gt
Sl FAlAY 2Eo] A9 thg HAEE (multi-layer perceptron)¥t
o985 (back-propagation) igjEo R JEAZ FHA% 1
2ol shue] 2Y9AISS 7K 3% HAEE(three layer perceptron)
& ARSI 2H s 5 A5 SlEA SHE FE 100A
= Az} 37] oldellA ¥ o) validation error”’h Srolx]A]|
‘B%%E‘r. WE}’H %‘#i T 3= Atk 5% validation set

= validation errorE %3t early

1o
2
v
_\;
ol
> N
o ﬂlf‘.{_,
oﬁ
J?‘J
)y
o
o,
4>«

stopping & }&omq.

kNN 74 |24 (Non-Parametric Analysis) &2 23S
AAsHA] etk A2 AR F4EWE 7P TR AE S FES)
of A2 ARH7E ool &8kAE AAgtt. oju) A = k
o] Jjgroltt. kE AMEiete =4l 71+
seto] AHEINGTY AlFds AREshH= Aelth(Dasarathy, 1991). 12
U k7b & Afole Ui B AlLbAge] g Enh wepa] 2 Aol

(rule of thumb)-2 training
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) ol MY
ey HQl A (T |1
FmateDay | Zaei¥%3(Q) |(Zumjd-E44
mic_Abrel | Ak | A e o
mic_Abrez | Ak |18 A 29
e Abre3 | Ak | G B
¥ mOd_Abrt | YAALLH(Y) | Pk -l
o[ mdm | #993Q) [end-aid
2l m0d_fw olfrdHE(d) |olfY - By
m0c_tpigs M) -
mOc_apigs ALHF) -
mOw_apigs | ABAATkg) |FAANAEAZ/ AL
mOc_wpigs OJf+F4(F) -
mOw_wpigs | ©lfrAF(ke) |FOIRAEAZG/IHTFS
mOc_mate wHl3)<(3]) B
EXWA | tPigs At 1=7F°l8}, 0=8%°]%

3.3. Aze| HAz|

[l

23g 75 %
40%, fra/ddlolel A
30%= Yrdth &4
AREEY | test setd B3-S Bl
B A(

o ﬂllO
ol

& G719 o R FaAH Y <

Ao ¢4 dHelHE
Al(validation set) 30%, 77ddolE] Al(test set)
tlole] Al(training set)> 23S AAsh=
-7kl AR
(validation set)e 13414 Y EP7} JAMAAHFAA] ALE-H

. fraAddlolE] Al(validation set)- <1
o]

Fddlo]E Al(training set)

FrEAHl

SAol = A3 overfitting)

F(validation error)E &3k %
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7] M#(early stopping)el AFEE PO AAAUTIME BEA
§H 971918 7FA1 2171 (pruning) ol ARS-H SATE,

A S] A= ASAE s AEE wolsdity ey
v B Aes ASATE s A BAdA AlLjdnt. webA
ZAEY, kNN, A ET B
T AREAUE 7S o83 diA(replacement)dF AFE7} Ao
AREEIITE KNNQ| 9ol 2170 2 el wpz A ghol & <)
W=tk webd SR &
skt

oo o

3.4. 2} Y

Calder and Malthous(2003)& R&S Hrlehs 7|02 fit'
‘performance & AASFATE fit > AA gt LFo] oS3 gk Ao
o] FAMEE 9u|slY, ‘performance ™ =39 o e HlEgoZ
AR S AAE A AA SHE Al
ot} ¥l fit'e oy WPow =
AL &% (accuracy) °Jth. FEE

Auh} BUSAE ZAe= AoR vEA o2 NEE A HEs

TP+ TN
TP+ TN+ FP+ FN

A 2= (accuracy) =

TP(true positive)v= E=9] Aibdo] e mE & FAAe7E 7
s

T olelel =S A4Sl A =3k Wik, FP(false positive)© AAH
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o] E2 v HES Aol 12 BE & TR TR o]

L

o7 o3 ¥% TN(true negative):= iAol =& m=g A3t
o
=

ol
2
[N
ot
=
I
=S|
Z
=
wn
[¢]
]
[¢)
oQ
%)
=
<
e
o
2
ox,
o,
'
flo
[l
il

PerformanceE =743t= x4l WHe SHE(response rate)
oty BEQ] IS dEste] BES] Feld sk rLAA ] AFES

= 9, Aol e BES sefsle] meolRE Agsior At %

>
>
=
ox
b
it
lo,
©
w
(@)}
X
N
)
o
2
oX,
o
HE
rlo
s
>
=
o
2
__)N_:(‘
>
f
it
>
>
op
Ol
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2

=4" A% (accuracy) & EUE ZES HYs=
webA] o] A9els RS EdE Arde] v gHEe] =2 10%E
=

FERS AT, o= wPol o A SHAT FENEAT ot
o o
s o

o,

ul
&
12
ol
ol
~N
Ho
et
N
=51
o,
=

245 (RR: response rate)&
S5 (RR: response rate)< AEE
< e, 2k 91 (quantile) oA 9] &

92 B SHAE H9Y 7
=

=2 a2

=

Ir
au!
ofl

RR.
I E — J
E]___.(L]FT]-) RE,

ol7]14 4= jHA 29l (quantile) X9 &H2Hresponder)?]
oW, B j¥A w9l (quantile)olxe] W-&HA(non-responder) 2]
Folth. Rr;= A HolHolM ] S5k HlEolut. g2 o] I
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4.1. =22 JlsH S

s
o] 3845 =ol7] fdl 20061 A Plgplan/l ARE717ke] 7V
e TradETE 23 e ARE Yo dvlen. F

=

10957t 21d01de] HolH S Bashal o= T967te] e Aug v

A BdEe] #A o] ettt Aol AM-E EETE 52,066

Ak 2FO HlaE= test setS 3l o] Folxh. R (train) HlolHE

ol test setS A83t] RS Hriskict 7+

2} train set, validation set, test set®] &
& (E 2914 AXE wpe} 2

Hl&
kel BESE AL ﬂé#é S7¥ehs %S
/\

[ of
ﬁNA
{0
I
il
¥
o
__(l)g
oft 1—11
r?L

AT T o B
ola =Hl, 34k A9 8,89%°] FAAFE Holil 9lom, 44k 5
Aede & AtelE HolA| ggkont 6’\P°1]"1L TroletE ks B
=9 7k S7¥ete] 10.49%% AHAskaL glow, Akl ol=uxs 1
Hlgo] TS 5ol 11.64%°] K=ol TFolate] FARE Kelal 9}
= A0E YegTh o) e Aol At ARSE itk o
W9l RS wkdska Qe Aoz Rofrin 3443 54k validation

seto] F4F 7% olae] Hlgo] WA RES A wuh w9k, 4403}
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64ke] 79+ train sete] FAF TF o8] Hl&o] Ha | vl =%
Th & AbapellA] 3 dloly Aol B4t T ofste] Hl&2 AA A
o7} §Aglem, 5Ake] 79+ validation set®] Ei=olA FAA T

olale] W go] 1% A% %& Aow UEko}, 243 Brle] dFe
20 goua Aol e Aow Halh wepd, 7} golgale] B
go] #3] olfoldl Ao wekAT

(& 2) tIAHE &4 75 ol B

FHTF o3t E)

AR} UAS A7) train validation Test

= (40%) (30%) (30%)
33t 19,135 8.89 8.88 9.09 871
4%k 16,285 899 921 895 8.74
54k 13482 84 9.09 959 9.35
64k 10,321 10.49 10.64 10.27 10.53
IEs 7,09 11.64 11.59 11.41 11.94

4.2, 2HY QAT Hete

ZA(Logit) 23, AFNAENN)EY, AR -DT)EY, &
‘45 (Ensemble) 23, k-Nearest Neighbor (kNN)E®&e] HIdEE
TahE (E 33 g2uh 33 42k HARe] A9 HSE RE &
90.5%-91.3%°] Ae=s HIom, 64k 9= 89.2%~89.5%<]
AEEE YA TAke] A9+ 87.6%~88.1%2 AEEE Yeh)
%At}h. k-Nearest Neighbor (kNN) =31 tf2 23 ]OH ”EHX“’
29 AL E BYly, 23 (Logit) 28, 93AET R

2 (NN
A4UF(DT)EE, 3= (Ensemble) 2852 X ’&7'401]/\1 E’_—Cr 4
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ARt A E HYtE Kirchner et al. (2006)2] C4.5 AU 30|
85%°] Q=g HRAY} Hlwsle] 1 Atolla] ARG THI7EA] Bejo] R
BE Aol 87.5%~91.3%9] =& AFER, 5~12% HE] QAE Ho|

31 9lo), HEHOE BE RIS ofEsh ghed weln gk weh,
vlEe] RS BF Gl SAFARALe] AR F 982 nol
AAHoZ wR, P 3A85S 2 e s e
sgott, BYEl dFge wsd A0 vekith ol WAt
IEEE BES RSO GLAA, TN 22 IS
Bhils RES] 57h Bolubd FAAGe] dEee] 234 Wl 3
o

Logit NN DT Ensemble kNN
3t 91.3% 91.3% 91.3% 91.3% 91.2%
44t 91.3% 91.3% 91.3% 91.3% 91.1%
5%t 90.7% 90.7% 90.7% 90.7% 90.5%
64t 89.5% 89.5% 89.5% 89.5% 89.2%
IEs 83.0% 83.1% 88.1% 83.1% 87.6%

4.3. 2 AL ofF2| pdle{dr | 28 28

A= o
AHNN) 2ol 71 9473 A5S Yeh) M—‘:q
7 o 7= oMAE (Ensemble) 28, 24 (Logit) 28, oAMAAUTE
(DT) 238 <=o|At}. k-Nearest Neighbor (kNN)<& th& ®2&o| B]a]
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