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Li
ense 
onditionsThis program is distributed under the 
onditions of the GNU GENERAL PUBLICLICENSE. You will �nd the details of the li
ense in the en
losed �le li
ense. Pleaseread this �le 
arefully. Espe
ially noti
e the following part of the li
ense:NO WARRANTY11. BECAUSE THE PROGRAM IS LICENSED FREE OF CHARGE, THEREIS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTEDBY APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRIT-ING THE COPYRIGHT HOLDERS AND/OROTHER PARTIES PROVIDE THEPROGRAM "AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER EX-PRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IM-PLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PAR-TICULAR PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PER-FORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE PROGRAMPROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SER-VICING, REPAIR OR CORRECTION.12. IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAWOR AGREEDTO INWRITINGWILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTYWHO MAY MODIFY AND/OR REDISTRIBUTE THE PROGRAM AS PER-MITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANYGENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARIS-ING OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUD-ING BUT NOT LIMITED TO LOSS OF DATA OR DATA BEING RENDEREDINACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD PARTIES ORA FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PRO-GRAMS), EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISEDOF THE POSSIBILITY OF SUCH DAMAGES.
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Chapter 1Introdu
tionThe program pa
kage ECOWEIGHT is intended for the 
al
ulation of e
onomi
values of e
onomi
ally important traits in livesto
k. At the given stage, in its �fthversion, two programs for 
attle and three programs for sheep are available (seeTable 1.1). The two programs for 
attle (EWBC and EWDC) are des
ribed inthe present part of the do
umentation whi
h is the �rst part of the manual. These
ond part of the program pa
kage is a stand-alone program (EWSH1) for sheepwith one lambing per year [16℄. The third part of the program pa
kage whi
h isdo
umented in two manuals is formed by the program EWSH2 for sheep [17℄ whi
his a modi�
ation of EWSH1 and by the program GFSH [15℄ whi
h models gene �owin sheep. As the programs EWSH2 and GFSH are run together they are in a jointinstallation pa
kage.Table 1.1: Survey on the program pa
kage ECOWEIGHT, version 5.0.1Parta Installation Pa
kageb Program(s) Spe
ies, remarks01 ECOWEIGHT01_5_0_1.tgz EWBC beef 
attleEWDC dairy 
attle02 ECOWEIGHT02_5_0_1.tgz EWSH1 sheep, one lambing peryear, stand-aloneprogram03A ECOWEIGHT03_5_0_1.tgzfor both parts 03A and 03B EWSH2 sheep, one lambing peryear, used in 
ombinationwith GFSH03B GFSH sheep, program for gene�ow, used in 
ombinationwith EWSH2aThere is one manual for ea
h part; its name is ECOWEIGHT[part℄.pdf where [part℄is to be repla
ed by the two or three digits given in this 
olumn.bRepla
e 'tgz' by 'zip' for Windows.Several pasture produ
tion systems for beef 
attle without produ
tion limitationand the dairy produ
tion system applying terminal 
rossing with beef bulls aretreated with in the two programs EWBC and EWDC. E
onomi
 values 
an be
al
ulated for beef and dairy 
attle. Pure-bred dairy produ
tion systems withoutterminal 
rossing and without produ
tion limitation or with milk and fat quota 
anbe handled.The in
lusion of the gene-�ow pro
edure makes it possible to 
al
ulate relativee
onomi
 weights for maternal and dire
t 
omponents of traits as well as for di�erentsele
tion paths. These weights are intended to be used for the 
onstru
tion of10



CHAPTER 1. INTRODUCTION 11sele
tion indi
es to evaluate breeding animals (in beef 
attle above all for bulls andbull dams). A survey of 
attle produ
tion systems 
urrently 
overed by the programis given in Figure 1.1.Besides this, the program will be useful for some e
onomi
 analyses in di�erentprodu
tion systems. The impa
t of produ
tion, management and e
onomi
 
ir
um-stan
es on the e
onomi
 e�
ien
y of a given produ
tion system 
an be studied.The users of the programs EWBC and EWDC are re
ommended to read thepapers of Wolfová et al. published 2005 in Livesto
k Produ
tion S
ien
e [22, 23℄and 2007 in the Journal of Dairy S
ien
e [20, 21℄ whi
h des
ribe the basi
 theoryunderlying the program and show appli
ations. Furthermore, we re
ommend thepaper of Wolfová and Nitter [18℄ where the number of dis
ounted expressions aredis
ussed.At the given stage, the program EWBC is restri
ted to systems with winter andearly spring 
alving before the pasture season. Problems may o

ur when using theprogram on the southern hemisphere. You 
an over
ome these problems in a simpleway: add to all dates in INPUT01.TXT half a year and everything should work
orre
tly. We are aware of this problem. During the following development of theprogram pa
kage, we intend to make the program for beef 
attle run for arbitrary
alving date within the year. Furthermore, we would like to in
lude in-door systemsfor beef 
attle.Version 5.0.1 of the program pa
kage ECOWEIGHT 
ontains version 2.0.4 ofthe EWDC program and version 2.1.2 of the EWBC program.
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Chapter 2Basi
 des
ription of thebio-e
onomi
 modelA bio-e
onomi
 model is used to des
ribe the four main produ
tion systems in
attle (Fig. 1.1). The �rst three systems are beef produ
tion systems based on a
ow-
alf pasture system with integrated intensive (indoor) or extensive (on pasture)fattening. The fourth system is a traditional dairy produ
tion system with dairy
ow herds and integrated intensive fattening. The possibility to do no fattening butto sell all weaned 
alves or breeding bulls and heifers outside the system (export)is also given.The model in
ludes both deterministi
 and sto
hasti
 
omponents. Most per-forman
es of animals are simulated as herd averages, but phenotypi
 variation in
ar
ass quality (des
ribed by the distribution over 
ommer
ial 
lasses), in milk pro-du
tion and weight of heifers at mating (des
ribed by mean and standard deviation)are in
luded. The model is non-integer (fra
tions of animals are allowed) and the
ow herd size is given by a �xed number of 
ows entering the 
alving season in thepasture system or by a �xed number of 
ow 
alving per year in the dairy system.Only when applying limitations to the input of produ
tion fa
tors or outputs ofprodu
ts the number of 
ows is res
aled when 
al
ulating the e
onomi
 weights.For the basi
 features of the model see also [22℄. An appli
ation of the model toprodu
tion systems with the Charolais breed in given in [23℄.2.1 Produ
tion systems2.1.1 Cow-
alf pasture systems (Produ
tion Systems 1 to 3)These systems are run by the program EWBC. The management of the beef
ow-
alf produ
tion systems is modelled a

ording to the typi
al situation in CentralEurope. The reprodu
tive 
y
le of 
ows is determined by the seasons in temperate
limate. Calves are born in the winter period (in the Northern hemisphere usuallyfrom November to Mar
h) and weaned all at the same date. The length of thepasture period depends on the 
limati
 
onditions (the begin and the end of thepasture period are input parameters and 
an be freely 
hosen). In Central Europe,pasture is mostly available from the beginning of May to the end of O
tober orNovember. The model 
an be applied also for beef 
attle produ
tion systems in thetropi
s, if no more than two nutrition periods per year are distinguished or 
an besimulated (e.g. dry and wet periods will 
orrespond to winter and summer periodsin temperate 
limate).All females (heifers and 
ows) are mated to beef bulls. The breeding season is13
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onstant length 
overing three oestrus 
y
les of females. One oestrus 
y
leis assumed to last 20 days. In the pure-bred beef herds produ
ing breeding animals,the mating starts usually with arti�
ial insemination by sperm of top-bulls. Afterthe insemination period, a break in the mating is made with a length of aboutone weak. This is ne
essary for the identi�
ation of 
alves born after insemination.Natural mating follows on the pasture. In 
ommer
ial herds that produ
e 
alvesfor fattening, only natural mating is used in most 
ases. The user of the presentprogram has the opportunity to de�ne his own mating poli
y. Ex
lusively insem-ination or natural mating 
an be used throughout. The fra
tions of inseminatedheifers and 
ows of the animals entering the mating period 
an be freely 
hosen.But the total length of the mating period should not ex
eed the length of threeoestrus 
y
les to minimise the variability in the age of weaned 
alves. The lengthof the reprodu
tive 
y
le is assumed to be �xed to one year. The average date of
on
eption of all females in the herd as well as the average date at 
alving and atweaning is 
al
ulated on the base of a assumed 
on
eption rate (input parameter)in ea
h oestrus 
y
le within the mating period.Weaned 
alves are utilised a

ording to the repla
ement poli
y for the herd.Three possible poli
ies are in
luded in the model. They are designated as Produ
-tion Systems 1 to 3.
• Produ
tion System 1 in
ludes pure-bred beef herds that produ
e breedingheifers for its own repla
ement and eventually for sale, and breeding bulls(performan
e-tested on station or in the �eld) for repla
ement in all 
onne
tedsystems.
• Produ
tion System 2 are beef herds with 
ross-breeding that produ
e breedingheifers for its own repla
ement and eventually for sale but pur
hase spermfor arti�
ial insemination and/or the breeding bulls for natural mating (e.g.rotational 
rossing).
• Produ
tion System 3 in
ludes herds that pur
hase pure-bred or 
ross-bredrepla
ement heifers and bulls or sperm for terminal 
rossing.For all these systems, integrated fattening of ex
essive progeny is generally assumed,but the possibility to sale weaned 
alves outside the systems (for export) is alsogiven. The sale of breeding heifers in Systems 1 or 2 is allowed only if the numberof reared heifers ex
eed the number of heifers needed for own repla
ement. Thenumber of the produ
tion system and several options 
onne
ted with the produ
tionsystem are input parameters in the �le PARA.TXT - see Se
tion 4.1.2.All male and female 
alves not sold and not needed as repla
ements are fattenedas heifers, bulls or 
astrates. The proportion of fattened 
astrates from the maleweaned 
alves is 
hosen by the user. Two possible fattening systems are in
ludedin the model: (i) intensive fattening indoor or (ii) extensive fattening on pasture(for heifers and 
astrates only). Fattening is performed to a �xed optimal slaughterweight that depends on the maturity type of the animals (that means on the breedof 
ows and the breed of bulls used for mating). The optimal slaughter weight of
ross-bred animals is 
al
ulated as the average of the optimal slaughter weight ofthe parental breeds.Repla
ement heifers are put on the same regime as 
ows and are bred a

ordingto the breed type that determines the optimal weight at breeding. The weight ofheifers at �rst breeding is assumed to follow a normal distribution whose parameters(mean and standard deviation) are input parameters in the �le INPUT13.TXT (seeSe
tion 4.2.10). This pro
edure allows to 
al
ulate the fra
tion of heifers of the latematurity type (i.e. from breeds as Fren
h Charolais, whi
h are assumed to be bred
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ir
a at an age of two years) whi
h 
an be mated already at an age of approximatelyone year. This fra
tion depends on the growth rate from birth to mating.Heifers and 
ows not pregnant after the mating period are generally slaughteredafter the �nishing period on the pasture. The possibility to stay to the next matingperiod for non-pregnant females with a high breeding value is in
luded in the model.A maximum of three mating periods is allowed. The number of reprodu
tive 
y-
les per 
ow is an input parameter in the parameter �le PARA.TXT (see Se
tion4.1.2). A value of approximately 15 should be a reasonable 
hoi
e in most 
ases,as only a very small fra
tion of 
ows is assumed to have more than 15 reprodu
-tive 
y
les. Values lower than 4 or greater than 20 are not allowed. Ea
h of these
y
les 
an be des
ribed separately through inserting the appropriate input param-eters for the 
alving performan
e, losses of 
ows and 
alves, 
ulling of 
ows duehealth problems or no pregnan
y and the proportion of insemination. It is assumedthat performan
e-tested bulls are possession of the herd owners. Therefore, 
osts oftesting and revenues from selling breeding bulls as well as from 
ulling negativelysele
ted bulls are part of the herd pro�t.The performan
e test of bulls is assumed to be of �xed length. Sele
ted bulls aresold to the insemination stations or to the herd that uses them for natural mating.Bulls not sele
ted are slaughtered. The sele
ted bulls are expe
ted to be progenytested in the �eld. In the 
ontrolled herds, the progeny is weighed four times: atbirth and usually at the age of about 120, 210 and 365 days. These weights andages are used for the 
al
ulation of daily gain of 
alves in di�erent growth periods inthe model. The age of 
alves at individual weighings (growth periods) are variablesin the program and 
an be 
ontrolled by the user.2.1.2 Dairy produ
tion system (Produ
tion System 4)This system is run by the program EWDC. A 
lassi
al indoor produ
tionsystem with dairy or dual purpose 
ows produ
ing milk with integrated intensiveindoor fattening is handled in the model. The 
alving is assumed to be equallydistributed over the whole year. A rate of arti�
ial insemination of 100% is assumed.Cows not pregnant after a �xed number of inseminations are 
ulled at the endof the la
tation. Maximally 15 la
tations for a 
ow are in
luded in the model.The maximal number of la
tions is a input parameter in the �le PARAD.TXT(see Se
tion 4.1.3 on page 51) Ea
h of these la
tations 
an be des
ribed separatelythrough inserting the appropriate input parameters as des
ribed for the pasturesystem (see Se
tion 2.1.1).A part of the 
ow herd 
an be inseminated with sperm of beef bulls to improvethe fattening performan
e of progeny. Cows with low milk produ
tion are used forthis 
rossing.All born 
alves are reared together under equal 
onditins until rea
hing a given�xed age. Selling reared 
alves outside the system (export) is possible. Pure-bredheifers for repla
ement are mated at an optimal weight for the given breed, so thattheir age at mating depends on the growth rate in the previous period. Heifersnot pregnant after a �xed number of inseminations are slaughtered after a givennumber of days. Cross-bred females 
an be �nished to a �xed slaughter weight,sold outside the system (export) or transferred (sold) as repla
ement heifers to ajoined or separate 
ow-
alf Produ
tion System 3.Pure-bred male 
alves for repla
ement are performan
e tested on station. Se-le
ted bulls are sold to the insemination stations and the animals not sele
ted areslaughtered. Breeding male 
alves are sold to the test station at a 
ertain age (3months in Cze
hia). Therefore, only 
osts and revenues for breeding male 
alvestill their selling to the test station are in
luded in the 
al
ulation of the pro�t. Allremaining 
ross-bred progeny and the ex
essive pure-bred progeny are fattened to



CHAPTER 2. BASIC DESCRIPTION OF THE BIO-ECONOMIC MODEL 16a �xed optimal slaughter weight that depends on the maturity type of the progeny(that means on the breed of the parents).The dairy produ
tion system 
an be handled independently of the beef produ
-tion systems as a pure-bred system without terminal 
rossing and 
an be used to
al
ulate e
onomi
 weights for traits of dairy 
attle. In this spe
ial 
ase, the inputparameters that give the proportion of terminal 
rossing in individual la
tations ininput �le INPUT07.TXT (see on page 72) must be set to zeros.2.2 Stru
ture of the 
ow herdFor 
al
ulating the stru
ture of the 
ow herd, di�erent 
ategories of animals werede�ned. The number of the reprodu
tive 
y
les is an input parameter (LL) whi
his expe
ted to be in the range from 4 to 15 (program EWDC) or to 20 (programEWBC). Low numbers of LL may 
ause problems as the 
ow herd might not beable to produ
e su�
ient repla
ement.Categories distinguished are related to the reprodu
tive 
y
les of 
ows that 
overthe intervals between two subsequent 
alvings. A repla
ement female enters theherd at her 
alving and 
an stay in the herd until she is repla
ed or has rea
hed themaximum of allowable 
alvings. Ea
h 
ategory is 
hara
terised as a 
ombination oftwo variables: the number of the reprodu
tive 
y
le r (r = 1, ..., LL) and the de�nedstage s the 
ow is in within the given reprodu
tive 
y
le (s = 1, ..., 6 for r < LL or
s = 1, ...4 for r = LL). The total number of 
ow 
ategories (TT ) is therefore

TT = 6(LL − 1) + 4 . (2.1)There are 24 
ategories of progeny de�ned (see below) and the numbering of 
at-egories starts with the progeny whi
h takes numbers 1 to 24. Thus the appropriate
ow 
ategory i (i = 25, ..., CC) for given r and s is:
i = 6(r + 3) + s (2.2)where CC = TT + 24. That means, CC is the total number of animal 
ategoriesin Systems 1 to 3. In System 4, all 
ategories of progeny may o

ur as pure-bredor as 
ross-bred 
ategories. Therefore, the number of progeny 
ategories is 48 andthe total number of 
ategories CT is 
al
ulated as CT = TT + 48. See below forthe numbering of the 
ategories. The six stages for 
ows are de�ned as given inSe
tion 2.2.2.3. Just a short 
omment to the formula given here. This formulahas no deeper sense, it is just a pra
ti
al solution how to 
al
ulate i for the (fullyarbitrary) system of numbering 
ategories of animals used in the present program.The 
ow herd stru
ture in all systems was derived using Markov 
hains. Theherd dynami
s was des
ribed in terms of 
ategories animals 
an belong to andprobabilities of possible transitions between these 
ategories. The pro
edure issimilar to those des
ribed by Jalvingh et al. [6℄ or Reins
h and Demp�e [9℄. Let

T be the quadrati
 transition matrix of dimension TT with elements tij being theprobability that an animal 
hanges in a given time unit ∆t from 
ategory i to
ategory j (∆t 
an be i.g. the length of the reprodu
tive 
y
le). Assume furtherthat c[t] is the row ve
tor with elements being the probability that an animal belongsto 
ategory i at time t. Then the same ve
tor at time t + ∆t, c[t+∆t], is 
al
ulatedas:
c[t+∆t] = c[t]T (2.3)For t → ∞, the Markov 
hain rea
hes its stationary state, that means thedi�eren
e c[t+∆t] − c[t] 
onverges to zero. In the program, the stationary state is
al
ulated by an iteration pro
edure. For more details see Wolfová et al. [22℄.



CHAPTER 2. BASIC DESCRIPTION OF THE BIO-ECONOMIC MODEL 172.2.1 De�nition of reprodu
tive 
y
lesA maximal number of LL 
alvings per 
ow is assumed (LL is in the interval from4 to 20 in systems 1 to 3 or from 4 to 15 in System 4). On this basis, the following
LL reprodu
tive 
y
les are de�ned:1 Cows between 1st and 2nd 
alving2 Cows between 2nd and 3rd 
alving3 ...... ...
LL − 1 Cows between (LL − 1)th and LLth 
alving
LL Cows from LLth 
alving to slaughter2.2.2 De�nition of 
ategories of animals2.2.2.1 Categories of progenyThere are 24 
ategories of pure-bred progeny whi
h are numbered from 1 to 24.In several of the 
ategories, sub
ategories are formed in Systems 1 to 3 (programEWBC) whi
h are numbered from CC + 1 to CC + 10 (see below). In programEWDC (System 4), all 24 
ategories of progeny may o

ur also as 
ross-bred ani-mals. The 
ross-bred 
ategories are numbered from CC+1 to CT (CT = CC +24).That means if the pure-bred 
ategory has number i (i = 1, ..., 24), then the appro-priate 
ategory of 
ross-bred animals has number CC + i.1 Still born 
alves of both sexes (in
luding aborts)2 Calves of both sexes whi
h died during 48 hours after birth3 Calves of both sexes whi
h died from 2 days of age till weaning (beef
attle) or the end of the rearing period (dairy 
attle)4 Bulls whi
h died within the fattening period (from birth to death)5 Castrates whi
h died in the fattening period (from birth to death)6 Heifers whi
h died in the fattening period (from birth to death)7 Heifers for repla
ement whi
h died from weaning (beef 
attle) or fromthe end of the rearing period (dairy 
attle) to entering the 
ow herd(from birth to death)8 Female 
alves sold at weaning (beef 
attle) or at the end of the rearingperiod (dairy 
attle)9 Male 
alves sold at weaning (beef 
attle) or at the end of the rearingperiod (dairy 
attle)10 Bulls transmitted or sold to the test stations and sele
ted as breedinganimals (from birth to selling)11 Bulls transmitted or sold to the test stations and slaughtered after thetest (from birth to slaughter)12 Fattened heifers (from birth to slaughter)



CHAPTER 2. BASIC DESCRIPTION OF THE BIO-ECONOMIC MODEL 1813 Fattened heifers slaughtered due to health problems before rea
hing theslaughter weight (from birth to slaughter)14 Fattened bulls (from birth to slaughter)15 Fattened bulls slaughtered before rea
hing slaughter weight due to healthproblems (from birth to slaughter)16 Fattened 
astrates slaughtered before rea
hing slaughter weight due tohealth problems (from birth to slaughter)17 Fattened 
astrates (from birth to slaughter)18 Heifers for repla
ement sele
ted before �rst mating and slaughtered(from birth to the age of female at �rst mating)19 Heifers for repla
ement slaughtered after the mating periods be
auseof la
k of pregnan
y (from birth to the age at mating plus time toslaughter)20 Heifers pur
hased for herd repla
ement (for Produ
tion System 3 always,for Systems 1 to 2 and 4 only if not enough female animals are rearedand pregnant for herd repla
ement)21 Program EWBC (Systems 1 to 3): empty 
ategory (not de�ned), Pro-gram EWDC (System 4): reserved for veal 
alves in a later version ofthe program (not used yet in the present version)22 Heifers for repla
ement 
on
eived in the mating periods and entered the�rst reprodu
tive 
y
le (from birth to 1st 
alving)23 Breeding heifers sold to other produ
tion systems before mating24 Pregnant heifers sold to other produ
tion systemsIn Produ
tion Systems 1 to 3 (program EWBC), sub
ategories were de�ned forseveral 
ategories of heifers (see on page 15). The sub
ategories for 
ategory 19 are:
CC + 1 Heifers slaughtered after the �rst mating period
CC + 2 Heifers slaughtered after the se
ond mating period
CC + 3 Heifers slaughtered after the third mating periodThe sub
ategories for 
ategory 22 are:
CC + 4 Heifers 
on
eived in the �rst mating period
CC + 5 Heifers 
on
eived in the se
ond mating period
CC + 6 Heifers 
on
eived in the third mating periodThe sub
ategories for 
ategory 23 are:
CC + 7 Heifers sold before the �rst mating period
CC + 8 Heifers sold before the se
ond mating periodThe sub
ategories for 
ategory 24 are:
CC + 9 Pregnant heifers sold after the �rst mating period
CC + 10 Pregnant heifers sold after the se
ond mating period



CHAPTER 2. BASIC DESCRIPTION OF THE BIO-ECONOMIC MODEL 192.2.2.2 Categories of 
ows (or developmental stages) within reprodu
-tive 
y
le r (r = 1, ..., LL − 1)
19 + 6r Cows died within the reprodu
tive 
y
le (stage 1)
20 + 6r Cows 
ulled between 
alving and mating period due to health problemsafter dysto
ia1 (stage 2)
21 + 6r Cows 
ulled within the reprodu
tive 
y
le due to health problems otherthan dysto
ia. In System 4, this 
ategory in
ludes 
ows 
ulled for lowmilk produ
tion. (stage 3)
22 + 6r Cows 
ulled after weaning 
alves (or after la
tation in Produ
tion Sys-tem 4) be
ause of la
k of pregnan
y (stage 4)
23 + 6r In Produ
tion Systems 1 to 3 (program EWBC): not pregnant 
ows en-tering the next reprodu
tive 
y
le (only 
ows with high breeding value);empty 
ategory in program EWDC - Produ
tion System 4 (stage 5)
24 + 6r Pregnant 
ows entering the next reprodu
tive 
y
le (stage 6)2.2.2.3 Categories of 
ows (or developmental stages) within reprodu
-tive 
y
le LL

19 + 6LL Cows died within the reprodu
tive 
y
le (stage 1)
20 + 6LL Cows 
ulled between 
alving and mating period due to health problemsafter dysto
ia (stage 2)
21 + 6LL Cows 
ulled within the reprodu
tive 
y
le due to health problems otherthan dysto
ia. In System 4 (program EWDC), this 
ategory in
ludes
ows 
ulled for low milk produ
tion. (stage 3)
22 + 6LL Cows 
ulled after weaning 
alves (or after la
tation in Produ
tion Sys-tem 4) (stage 4)2.3 La
tation 
urveIn Produ
tion Systems 1 to 3 (program EWBC), the Wood fun
tion is used for thedes
ription of the la
tation 
urve. Its general form looks like this [24℄:

MP (t) = a(t + C)bexp(−c(t + C)) (2.4)where MP (t) is the milk yield at day t of la
tation, a, b, c are parameters and C isa 
onstant. The value 14 was inserted for C [4℄.If the parameters a, b, c are available, they 
an be inserted in the input �leINPUT20.TXT (see Se
tion 4.2.16 on page 71). Option 1 should be 
hosen in the�le PARA.TXT (see Se
tion 4.1.1.7). Otherwise option 2 should be 
hosen for theparameters of the la
tation 
urve. The estimation of the parameters is then 
arriedout as given in the subsequent se
tion.In System 4 (program EWDC), a further modi�
ation of the Wood fun
tionproposed by Fox et al. [4℄ and taking into a

ount days in pregnan
y was used:
MP (t) = atbexp(−ct)exp(−dp) (2.5)where a, b, c and d are parameters and p are days in pregnan
y. A simple way fora rough 
al
ulation of the parameters is given in Se
tion 2.3.2 on the next page.1For the de�nition of dysto
ia see paragraph 2.6.3.1 on page 32.
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ulation of the parameters of the la
tation 
urve inprogram EWBC (for Produ
tion Systems 1 to 3)The 
oe�
ients of the la
tation 
urve are estimated a

ording to the pro
edure ofFox et al. [4℄. In 
ase that there is su�
ient information available, parametersdire
tly estimated from la
tation data 
an be inserted in the program. This optionis 
ontrolled by a parameter in the input �le PARA.TXT (see Se
tion 4.1.2).The 
on
ept of Fox et al. [4℄ is based on the peak milk yield of a mature 
ow(Mpm0) of the given breed on the average produ
tion level. For the produ
tionlevel itself (PL) values between 1 and 9 are allowed, 1 representing the lowest, 5the average and 9 the highest produ
tion level, respe
tively. The peak milk yieldfor a mature 
ow (Mpm) on produ
tion level PL is then 
al
ulated as
Mpm = (0.125PL + 0.375)Mpm0 (2.6)The peak milk yields for 
ows being two, three or four years old whi
h areassumed to be on the �rst, se
ond and third la
tations, respe
tively, are:

Mp2 = 0.6Mpm, Mp3 = 0.825Mpm, Mp4 = 0.925Mpm. (2.7)Mature 
ows are supposed to rea
h the peak milk yield after LMm = Mpm + 40days of la
tation. The appropriate values for two, three and four year old 
ows are:
LM2 = LMm + 10, LM3 = LMm − 10, LM4 = LMm − 5. (2.8)The 
oe�
ient a of the Wood fun
tion is for two, three, four year old and mature
ows, respe
tively:

a2 = (4.0 − 0.05LM2)Mp2/k2 with k2 = 6

a3 = (6.65 − 0.11LM3Mp3/k3 with k3 = 8.25

a4 = (5.85 − 0.09LM4)Mp4/k4 with k4 = 9.25

am = (5.3 − 0.075LMm)Mpm/km with km = 10 (2.9)For the given values of k2, k3, k4 and km is
Mp2/k2 = Mp3/k3 = Mp4/k4 = Mpm/km = Mpm/10 (2.10)The appropriate 
oe�
ients b and c for the Wood fun
tion are:

bi =
lnMpi − ln ai

ln(LMi + 14) − 1

ci =
bi

LMi + 14
(2.11)with index i in both equations taking the values 2, 3, 4 or m.2.3.2 Cal
ulation of the parameters of the la
tation 
urve inprogram EWDC (for Produ
tion System 4)In the present version of the program, parameter values a

ording to Fox et al. [4℄are used. Parameter a is 
al
ulated from the average yearly milk produ
tion per
ow (Y MP ) as follows:

a = (0.01Y MP − 20 × 0.454)/2.96 (2.12)for the �rst la
tation and
a = (0.01Y MP + 14 × 0.454)/2.96 (2.13)
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ond and subsequent la
tations.The 
onstant 0.454 not 
ontained in the original equations of Fox et al. [4℄ is the
onversion 
onstant between lb and kg. Please have in mind that in the presentprogram the unit kg is used throughout.Parameter b is set to 0.08, 0.12 and 0.16 for the 1st, 2nd, 3rd and subsequentla
tations, respe
tively. Parameter c takes values -0.002, -.004 and -0.005 for the 1st,2nd, 3rd and subsequent la
tations, respe
tively, and parameter d is -0.001 for the1st la
tation and -0,002 for the 2nd and subsequent la
tations. All these values aretaken from [4℄ and are 
ontained as default values in the input �le INPUT22.TXT(Se
tion 4.3.6 on page 81).2.4 Cal
ulation of daily net energy and protein re-quirements per animal2.4.1 Calves from birth to 3 months of age (energy and pro-tein requirements for growth and maintenan
e)The average daily net energy (NE) and protein (PDI) requirements are 
al
ulatedas follows [11℄:
NE = −2.67 + 0.4184W 0.75 + 5.6854ADG + 1.7526ADG2 [in MJ NE/day℄
PDI = −8.88 + 3.2527W 0.75 + 274.4842ADG− 16.5273ADG2 [in g/day℄where W is weight in kg at the given day and ADG is average daily gain for thegiven period in kg/day.2.4.2 Calves from 3 months of age to weaning (beef 
attle) orto the end of the rearing period (dairy 
attle): Growthand maintenan
eThe following equations for energy and protein requirements were proposed byPetrikovi£ and Sommer [8℄:
NE = 0.570W 0.75(0.530 + 0.400ADG) [in MJ NE/day℄
PDI = 3.25W 0.75 + (220.50 + 0.976W 0.75)ADG [in g/day℄2.4.3 Fattened heifers (growth and maintenan
e)Equations a

ording to Sommer et al. [11℄ (the �rst equation for NE refers toheifers of the beef type, the se
ond equation for NE is valid for heifers of the dairytype):
NE = khe(0.348ktW

0.75 + 0.004W 1.3 + 5.584ADG2) [in MJ NE/day℄
NE = khe(0.35ktW

0.75 + 0.0022W 1.4 + 7.254ADG1.75) [in MJ NE/day℄
PDI = khp(3.25W 0.75 + 0.147W + 216.3ADG− 5) [in g/day℄where khe is a 
orre
tion 
oe�
ient for energy requirement of heifers referring totheir maturity type, kt is a 
orre
tion 
oe�
ient for housing te
hnology and khp isa 
orre
tion 
oe�
ient for protein requirement of heifers referring to their maturitytype.2.4.4 Fattened bulls (growth and maintenan
e)All equations were derived by Petrikovi£ and Sommer [8℄.Equations for bulls of dairy type:
NE = (0.34kt + 0.25ADG)W 0.75 [in MJ NE/day℄
PDI = 3.25W 0.75 + (220 + 0.70W 0.75)ADG [in g/day℄Equations for bulls of dual purpose type:
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NE = 0.34ktW

0.75 + (2.5 + 0.16W 0.75)ADG [in MJ NE/day℄
PDI = 3.25W 0.75 + (220 + 0.85W 0.75)ADG [in g/day℄Equations for bulls of beef type:
NE = 0.34ktW

0.75 + (3.0 + 0.13W 0.75)ADG [in MJ NE/day℄
PDI = 3.25W 0.75 + (220 + 0.975W 0.75)ADG [in g/day℄2.4.5 Fattened 
astrates (growth and maintenan
e)Equations a

ording to Petrikovi£ and Sommer [8℄:
NE = kceW

0.75(0.34kt + 0.275ADG) [in MJ NE/day℄
PDI = kcp[3.25W 0.75 + (220 + 1.050W 0.75)ADG] [in g/day℄where kce and kcp are 
orre
tion 
oe�
ients for energy requirement and proteinrequirement, respe
tively, of 
astrates referring to their maturity type.2.4.6 Repla
ement heifers from weaning (beef 
attle) or fromthe end of the rearing period (dairy 
attle) to 
alving(growth, maintenan
e and pregnan
y)Equations a

ording to Petrikovi£ and Sommer [8℄:Heifers of dairy type:
NE = 0.587W 0.75(0.53kt + 0.445ADG) + NEp [in MJ NE/day℄
PDI = 3.25W 0.75 + (220.5 + 0.976W 0.75)ADG + PDIp [in g/day℄where NEp and PDIp are the additional daily net energy and protein requirements,respe
tively, 
aused by pregnan
y. They are 
al
ulated as in Se
tion 2.4.8.Heifers of dual purpose type:
NE = 0.580W 0.75(0.53kt + 0.415ADG) + NEp [in MJ NE/day℄
PDI = 3.25W 0.75 + (220.5 + 0.976W 0.75)ADG + PDIp [in g/day℄Heifers of beef type:
NE = 0.570W 0.75(0.53kt + 0.400ADG) + NEp [in MJ NE/day℄
PDI = 3.25W 0.75 + (220.5 + 0.976W 0.75)ADG + PDIp [in g/day℄2.4.7 Repla
ement breeding bulls from weaning (beef 
attle)or from the end of the rearing period (dairy 
attle) tomature weight (growth and maintenan
e)The same equations as for fattened bulls were used until bulls rea
hed mature weight(see Se
tion 2.4.4). The net energy and protein requirements for maintenan
e afterrea
hing mature body weight were 
al
ulated as follows [11℄:
NE = 14.35 + 0.044W [in MJ NE/day℄
PDI = 153 + 0.511W [in g/day℄2.4.8 Cows (growth, maintenan
e, pregnan
y and la
tation)The overall daily net energy and digestible protein requirements for 
ows wereassumed to be:
NE = ktkbNEm + NEg + NEl + NEp [in MJ NE/day℄
PDI = PDIm + PDIg + PDIl + PDIp [in g/day℄where kb is a 
orre
tion 
oe�
ient for breed, kt is a 
orre
tion 
oe�
ient for housingte
hnology, NEm, NEg, NEl and NEp are the daily net energy requirements formaintenan
e, growth, la
tation and pregnan
y, respe
tively, PDIm, PDIg, PDIland PDIp are the appropriate terms for digestible protein requirements.The energy and protein requirements for maintenan
e and growth were 
al
u-lated as [13℄:
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NEm = 0.293W 0.75 [in MJ NE/day℄
PDIm = 3.25W 0.75 [in g/day℄
NEg = 22ADG [in MJ NE/day℄
PDIg = 230ADG [in g/day℄The energy and protein requirements for la
tation were estimated from the dailymilk produ
tion 
orre
ted for a fat and protein 
ontent [8℄:
NEl = MP (0.95 + 0.37fat + 0.21prot + 0.07) [in MJ NE/day℄
PDIl = 6.7 + 1.05fat + 11.5prot [in g/day℄where MP is the daily milk produ
tion with the milk fat per
entage fat and milkprotein per
entage prot. The 
al
ulation of the daily milk produ
tion is treatedwith in Se
tion 2.3.The energy and protein requirements for pregnan
y were 
al
ulated as follows[12℄:
NEp = 0.0024116BW (0.4504−0.000766dp)e

(0.03233−0.0000275dp)dp [in MJ NE/day℄
PDIp = 1.64∗6.25BW (0.001669−0.00000211dp)e

(0.0278−0.0000176dp)dp [in g/day℄where BW is the birth weight of 
alves in kg and dp is the duration of pregnan
yin days. The 
oe�
ient 1.64 transforms the net protein values originally 
al
ulatedin [12℄ into PDI values.2.4.9 Examples for feed rations and their energy and protein
ontentSeveral examples for feed rations and their energy and protein 
ontent (for theCharolais breed) are given in Tables 2.1 to 2.8 (see pages 23 to 25).Table 2.1: Example for energy and protein 
ontent in feed rations for 
owsFeed ration Pri
e Dry matter Net energy ProteinComponent Proportion K£/kg kg/kg MJ/kg DM g PDI/kg DMSummer Pasture 1.00 0.25 0.20 6.15 95.1Winter Lu
erne hay 0.30 0.70 0.85 5.07 112.4Corn silage 0.58 0.50 0.24 6.13 58.9Mashed barley 0.12 3.10 0.91 8.25 92.4Total 1.00 0.87 0.50 6.06 93.2DM: dry matter, K£: Cze
h 
urren
y unit, 1 euro is about 30 K£.Table 2.2: Example for energy and protein 
ontent in feed rations for 
alves tillweaning if milk yield is insu�
ientFeed ration Pri
e Dry matter Net energy ProteinComponent Proportion K£/kg kg/kg MJ/kg DM g PDI/kg DMSummer Pasture 0.67 0.25 0.20 6.15 95.1Mashed oats 0.33 2.50 0.88 7.45 86.2Total 1.00 1.03 0.42 7.04 89.0Winter Mashed oats 1.00 2.50 0.88 7.45 86.2



CHAPTER 2. BASIC DESCRIPTION OF THE BIO-ECONOMIC MODEL 24Table 2.3: Example for energy and protein 
ontent in feed rations for heifers fromweaning to 
alving Feed ration Pri
e Dry matter Net energy ProteinComponent Proportion K£/kg kg/kg MJ/kg DM g PDI/kg DMSummer Pasture 1.00 0.25 0.20 6.15 95.1Winter Lu
erne hay 0.18 0.70 0.85 5.07 112.4Corn silage 0.78 0.50 0.24 6.13 58.9Mashed barley 0.04 3.10 0.91 8.25 92.4Total 1.00 0.64 0.38 5.91 83.8Table 2.4: Example for energy and protein 
ontent in feed rations for breeding bullsfor natural mating Feed ration Pri
e Dry matter Net energy ProteinComponent Proportion K£/kg kg/kg MJ/kg DM g PDI/kg DMSummer Pasture 1.00 0.25 0.20 6.15 95.1Winter Lu
erne hay 0.10 0.70 0.85 5.07 112.4Mashed oats 0.14 2.50 0.88 7.45 86.2Corn silage 0.73 0.50 0.24 6.13 58.9Wheat straw 0.03 0.20 0.87 3.15 24.3Total 1.00 0.79 0.41 6.12 74.5Table 2.5: Example for energy and protein 
ontent in feed rations for heifers and
astrates in extensive fatteningFeed ration Pri
e Dry matter Net energy ProteinComponent Proportion K£/kg kg/kg MJ/kg DM g PDI/kg DMSummer Pasture 1.00 0.25 0.20 6.15 95.1Winter Lu
erne hay 0.18 0.70 0.85 5.07 112.4after Corn silage 0.78 0.50 0.24 6.13 58.9weaning Mashed barley 0.04 3.10 0.91 8.25 92.4Total 1.00 0.64 0.38 5.91 83.8Intensive Corn silage 0.58 0.50 0.24 6.13 58.9feeding Pulses-grain haylage 0.16 0.70 0.47 5.02 79.0after Extra
ted soya 
ake 0.07 12.00 0.88 8.38 352.8pasture Winter barley 0.18 3.10 0.88 8.30 77.8Di
al
ium phosphate 0.01 13.00 1.00 0.00 0.0Total 1.00 1.90 0.50 6.70 114.4Table 2.6: Example for energy and protein 
ontent in feed rations for bulls and
astrates in intensive fatteningFeed ration Pri
e Dry matter Net energy ProteinComponent Proportion K£/kg kg/kg MJ/kg DM g PDI/kg DMCorn silage 0.56 0.50 0.24 6.13 58.9Pulses-grain haylage 0.15 0.70 0.47 5.02 79.0Extra
ted soya 
ake 0.07 12.00 0.88 8.38 352.8Winter barley 0.22 3.10 0.88 8.30 77.8Di
al
ium phosphate 0.01 13.00 1.00 0.00 0.00Total 1.00 1.99 0.47 7.08 107.9
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ontent in feed rations for heifers inintensive fatteningFeed ration Pri
e Dry matter Net energy ProteinComponent Proportion K£/kg kg/kg MJ/kg DM g PDI/kg DMCorn silage 0.58 0.50 0.24 6.13 58.9Lu
erne haylage 0.16 0.70 0.85 5.07 112.4Winter barley 0.18 3.10 0.88 8.30 77.8Extra
ted soya 
ake 0.07 12.00 0.88 8.38 352.8Di
al
ium phosphate 0.01 13.00 1.00 0.00 0.00Total 1.00 1.90 0.50 6.70 114.4Table 2.8: Example for energy and protein 
ontent in feed rations for breeding bullson test stationFeed ration Pri
e Dry matter Net energy ProteinComponent Proportion K£/kg kg/kg MJ/kg DM g PDI/kg DMCorn silage 0.56 0.50 0.24 6.13 58.9Pulses-grain haylage 0.14 0.70 0.47 5.02 79.0Extra
ted soya 
ake 0.07 12.00 0.88 8.38 352.8Winter barley 0.22 3.10 0.88 8.30 77.8Di
al
ium phosphate 0.01 13.00 1.00 0.00 0.0Total 1.00 1.99 0.47 7.08 107.92.5 Revenues and 
ost of the integrated produ
tionsystems2.5.1 RevenuesThe revenues in all integrated 
attle produ
tion systems 
ome from the sale ofweaned or reared 
alves, pregnant or not pregnant breeding heifers, sele
ted breed-ing bulls, slaughtered heifers, bulls, 
astrates, 
ulled 
ows, sale of manure and gov-ernmental subsidies. The revenues from milk and sale of 
ross-bred breeding heifersare to be added in the dairy system. Revenues from slaughtered animals are 
al-
ulated from the live weight at slaughter, dressing per
entage and average pri
ere
eived per kg of 
ar
ass weight.2.5.1.1 Cal
ulation of the pri
e per kg 
ar
ass weightThe average pri
e per kg of 
ar
ass depends on the distribution of 
ar
asses overthe 
ommer
ial 
ar
ass grading 
lasses a

ording to �eshiness and fat 
overing.Assuming nFL 
lasses for �eshiness and nFC 
lasses for fat 
overing, a nFL × nFCmatrix Pi is 
onstru
ted for ea
h 
ategory i of animals whose elements Pijk are thefrequen
ies of animals belonging to the jth 
lass of �eshiness and kth 
lass of fat
overing. The pri
e for the 
ombination of �eshiness 
lass j and fat 
overing 
lass kis 
al
ulated as the produ
t from a base pri
e and a 
oe�
ient for this 
ombinationof 
lasses. In the default set of parameters for the program, the SEUROP gradingsystem with 6 
lasses for �eshiness (originally S, E, U, R, O, P, in the program the�gures 1 to 6 are used instead) and 5 
lasses for fat 
overing (1 to 5) is used. Itmakes sense to use as base pri
e the pri
e for the best 
ombination of 
lasses whi
hmight be S1 in the SEUROP system. But the base pri
e may be the pri
e for any
ombination of 
lasses.The nFL × nFC matrix of these 
oe�
ients for multiplying the base pri
e withis 
alled Ki with the elements kijk. The 
oe�
ient for the 
ombination of 
lasses
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j′ × k′with base pri
e (kij′k′) must be naturally set to 1. If the base pri
e is 
hosenas the maximal pri
e, all remaining elements of the matrix will be not greater than1. The average pri
e per kg 
ar
ass for 
ategory i of fattened animals and 
ulled
ows (pri) is then 
al
ulated as

pri = prbasei

nF L
∑

j=1

nF C
∑

k=1

kijkPijk (2.14)where prbasei is the base pri
e (see also [22℄).In the program, animals 
ulled before rea
hing the demanded slaughter weight
an be given a lower pri
e per kg 
ar
ass and a lower value for dressing per
entagethan animals rea
hing the demanded slaughter weight.2.5.1.2 Cal
ulation of the milk pri
eThe milk pri
e depends on the paying system used. There is a great variety inpaying systems for milk. Usually, the pri
e for milk that is payed farmers by dairiesdepends on milk quality and on milk 
omposition. The program allows a

ountingthe average milk pri
e for somati
 
ell 
ount, milk fat and milk protein 
ontent. Fivedi�erent options are taken into a

ount (see Se
tion 4.1.1.14 for details). Chooseamong these options that one whi
h is adequate for your system. If you will not �ndan appropriate option des
ribing the situation in your produ
tion system, 
onta
tthe authors of the program. In the following se
tions, the 
al
ulation of milk pri
efor ea
h of the �ve options is des
ribed in some detail.2.5.1.2.1 Option 1 for milkprice: the milk pri
e does neither depend onthe somati
 
ell 
ount nor on the protein and/or the fat 
ontent. Themilk pri
e is an input parameter. Prepare input �le INPUT28.TXT as shown inExample 1 for INPUT28.TXT on page 85. The number of milk quality 
lassesa

ording to somati
 
ell 
ount (nSCC) is automati
ally set to 1 in the program.2.5.1.2.2 Option 2 for milkprice: The milk pri
e (prmilk) depends (only)on somati
 
ell 
ount. Several milk quality 
lasses for the somati
 
ell 
ountare assumed. Insert a number >1 for the number of these 
lasses (nSCC) in the�le INPUT28.TXT. In the same input �le, insert nSCC numbers in the ve
tor ofbasi
 pri
es per kg milk in quality 
lass i (prSCC[i]) and nSCC − 1 numbers inthe ve
tor of upper limits for the somati
 
ell 
ount in the individual milk quality
lasses. Further input parameters are the mean somati
 
ell s
ore and the pheno-typi
 standard deviation of the somati
 
ell s
ore. Assuming a normal distributionfor the somati
 
ell s
ore, the proportions of sold milk in quality 
lass i (pSCC[i])are 
al
ulated. Then, the milk pri
e is 
al
ulated as follows:
prmilk =

nSCC−1
∑

i=0

pSCC[i] · prSCC[i] (2.15)2.5.1.2.3 Option 3 for milkprice: The milk pri
e depends (only) on thefat and/or the protein 
ontent. Assume that there are nfat and/or nprotthreshold values for fat and/or protein 
ontent (a spe
ial 
ase is a zero number ofthreshold values). That means there will be nfat+1 (nprot + 1) 
lasses (intervals)for fat (protein) 
ontent. Within ea
h 
lass (interval), a linear regression on fat(protein) 
ontent is assumed whi
h is des
ribed by three parameters: a 
onstant(b0), the regression 
oe�
ient (b1) and a referen
e value (xr) for fat or protein
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ontent for whi
h the basi
 milk pri
e is payed:
y = b0 + b1(x − xr) (2.16)where y is the value to be added to the basi
 milk pri
e (prmilkb), the �rst inputparameter in �le INPUT28.TXT, for the given value of x, x being milk fat or milkprotein 
ontent. For some more details and for the way how to des
ribe a 
on
retesituation in the input �le INPUT28.TXT see Se
tion 4.3.11.The milk pri
e is 
al
ulated as

prmilk = prmilkb +

nfat+1
∑

i=1

Fi +

nprot+1
∑

i=1

Pi (2.17)where Fi is the value from the ith 
lass of fat 
ontent whi
h is added to the basi
milk pri
e and Pi is the appropriate value from the ith 
lass of protein 
ontent. For
al
ulating these values, it is assumed that the milk fat and milk protein 
ontentare normally distributed with a given mean and standard deviation (input parame-ters). From this normal distribution, the proportion of the individual 
lasses 
an be
al
ulated. For the spe
ial 
ase that b0 6= 0 and b1 = 0, Fi or Pi are simply 
al
u-lated by multiplying the proportion of fat (protein) 
ontent values in 
lass i by the
onstant b0. If the regression 
oe�
ient b1 is di�erent from zero, the given intervalis subdivided into 500 intervals of equal width. For ea
h interval, the proportion offat (protein) 
ontent values being within is 
al
ulated and multiplied by the mean
x-value of the interval and the regression 
oe�
ient b1. Fi or Pi are then 
al
ulatedas the sum of these 500 values.2.5.1.2.4 Option 4 for milkprice: The milk pri
e (prmilk) depends bothon somati
 
ell 
ount (SCC) and fat and/or protein 
ontent. The basepri
es for quality 
lasses a

ording to SCC are set �rst and then thesepri
es are 
orre
ted for fat and/or protein 
ontent. First, a preliminarymilk pri
e is 
al
ulated a

ording to equation (2.15). The further 
orre
tion on thefat and/or protein 
ontent of the milk is 
arried out using equation (2.17) wherethe preliminary milk pri
e 
al
ulated before is inserted for the variable prmilkb.2.5.1.2.5 Option 5 for milkprice: The milk pri
e (prmilk) depends bothon somati
 
ell 
ount (SCC) and fat and/or protein 
ontent. The basepri
e for milk (milk 
arrier or milk with given fat and/or protein 
ontent)is determined �rst. Then this pri
e is 
orre
ted for the real fat and/orprotein 
ontent. At the last step, a further 
orre
tion of the pri
e formilk quality 
lasses based on SCC is 
arried out. First, a basi
 milk pri
e(prmilkb, �rst input parameter in INPUT28.TXT) must be given. Then equation(2.17) is used to 
orre
t the pri
e for the fat and/or protein 
ontent of the milk.Let us write prmilkfp for the resulting (preliminary) milk pri
e. For ea
h quality
lass i of milk a

ording to somati
 
ell 
ount, a multipli
ative (facSCC[i]) andan additive (prSCC[i]) pri
e 
orre
tion fa
tor are read from INPUT28.TXT. Thenthe �nal milk pri
e is:

prmilk =

nSCC−1
∑

i=0

pSCC[i] (prmilkfp · facSCC[i] + prSCC[i]) (2.18)where pSCC[i] has the same meaning as in (2.15). Several of the multipli
ative(facSCC[i]) and additive (prSCC[i]) pri
e 
orre
tion fa
tors may take a value ofzero. No 
hange of the milk pri
e means that the multipli
ative 
orre
tion fa
tor is1 and the additive fa
tor zero. If you want add or subtra
t a 
onstant to or from
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e in the given milk quality 
lass, the multipli
ative 
orre
tion fa
tor is1 and the additive fa
tor is a positive or a negative 
onstant, respe
tively. If youwant the �nal milk pri
e to be 30% of the preliminary pri
e, set the multipli
ative
onstant to 0.3 and the additive 
onstant to 0. If you desire to set the milk pri
eto a 
onstant independent o� the preliminary pri
e, set the multipli
ative fa
torto zero and the additive fa
tor to the 
onstant. See also examples for input �leINPUT28.TXT in Se
tion 4.3.11 on page 84.2.5.2 CostsThe 
osts are related to feeding of animals, housing, veterinary treatment, dysto
ia,other 
osts and �xed 
osts. The 
ost for feeding are 
al
ulated on the base of dailynet energy and protein requirement of animals and from the pri
e for feed withgiven dry matter, net energy and protein 
ontent (see Se
tion 2.4). Daily net energyand protein requirement 
over requirements for maintenan
e, growth, la
tation andpregnan
y. Feeding for su
kler 
ows with 
alves, breeding heifers, bulls and forextensively fattened young animals is assumed to be di�erent between the summerand winter periods. Basi
ally, it is expe
ted that energy and protein requirementsare supplied entirely by pasture during summer, but the summer and winter feedrations as well as the feed rations in intensive fattening and the appropriate lossesof feed 
an be set by the user of the program.An example of feeding rations for pure-bred Charolais is given in Tables 2.1-2.8.The values printed in itali
s are the input parameters that were used as defaultvalues for the program. The feeding 
osts in
lude also 
osts for water and minerals.The 
osts for feed from the pasture should be estimated only on the base of dire
t
osts per ha of pasture per year (fertilisation, labour, ma
hinery, repairing 
osts forfolding).When 
al
ulating feed 
osts, two di�erent feeding periods a

ording to the season(summer and winter or dry and wet periods) 
an be distinguished in beef 
attle(program EWBC). In the dairy system (program EWDC), two feeding periods forrearing 
alves are distinguished. The feeding ration for the �rst feeding period isusually based on milk mainly.If phase feeding with di�erent feeding rations will be applied for an animal
ategory (e.g. for bulls in fattening) the stru
ture of the average feeding rationshould be 
al
ulated on the base of the total amount of the di�erent feed 
omponentsin the whole period for whi
h the feeding 
ost should be 
al
ulated.Depre
iation 
osts for buildings are in
luded in �xed 
osts per 
ow and dependon the size of the 
ow herd. The 
osts for housing are the di�eren
e between the
osts for straw and the revenues for manure and are expressed per animal and day.In the 
ow herds on pasture and in extensive fattening, they are 
al
ulated onlyfor the winter period, whereas for intensive fattening, they are taken into a

ountthroughout. The amount of straw needed depends on the housing te
hnology. Asthe pri
e per kg manure is usually higher than for straw, these 
osts have generallya negative sign.The 
osts for veterinary treatment in
lude veterinary fees and drugs and areexpressed per animal of a given 
ategory. Therefore, they are not expe
ted to 
hangewith a small alteration in the length of the fattening or rearing period. Dysto
ia
osts are 
al
ulated per 
alving in the herd. They depend on the proportion of
alvings in ea
h 
alving s
ore and on veterinary and labour 
osts 
onne
ted withthese s
ores.Other 
osts are expressed per animal of a given 
ategory and in
lude 
osts forremoving and damming dead animals (for 
ategories that died) or breeding 
ostsfor heifers and 
ows. Breeding 
osts are 
osts for insemination and natural mating.Costs for natural mating per female are 
al
ulated on the base of the pri
e for
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osts for keeping this bulls in the herd and from the number offemales per bull and per reprodu
tive 
y
le. The breeding 
osts are lowered by therevenues from 
ulled breeding bulls.Fixed 
osts are all remaining 
osts in the system: 
osts for labour, energy, insur-an
e, interest of investment et
. They depend mainly on the farm size and housingte
hnology and are expressed per animal of the given 
ategory and per day. Theyare treated as variable 
osts in respe
t to the length of the fattening or rearing pe-riod. For example, they 
hange with 
hanging growth rates of animals in fatteningor in the rearing period of heifers. That means that an alternative use of savedprodu
tion fa
tors (e.g. fattening pla
es) is expe
ted 
onsidering the produ
tion inlong-range terms.Culling animals of a given 
ategory for health problems and death of animals isexpe
ted to be equally distributed over the period for whi
h the 
osts are 
al
ulated.Therefore, for simpli
ity, it is assumed that these animals are 
ulled or died onaverage in the middle of the period and all 
osts of these 
ategories of animals referto this date.2.5.3 E
onomi
 e�
ien
y of the produ
tion systems (pro�t)The e
onomi
 e�
ien
y of all produ
tion systems is expressed as pro�t per 
owentering a reprodu
tive 
y
le and per year. Pro�t is 
al
ulated as the di�eren
ebetween the total revenues and total 
osts obtained per 
ow and her progeny bornper year.The possibility to take into a

ount the time delay between the birth of progenyof a 
ow and the o

urren
e of revenues and 
osts from these progeny is givenin the model. This possibility is used if a value di�erent of zero is put for theinput parameter dis
ount rate in the input �le INPUT03.TXT of program EWBC(Systems 1 to 3, see Se
tion 4.2.3) or the input �le INPUT11.TXT of programEWDC (System 4, see Se
tion 4.3.2). In this 
ase, all revenues and 
osts o

urringin the herd within a year and in the whole life of progeny born in the herd duringthe year are dis
ounted to the birth of the progeny by the given dis
ount rate. Thedis
ount rate should be a 
ombination of the average yearly interest and in�ation.In mathemati
al terms, the total pro�t (TP ) is 
al
ulated as
TP = rev′NDE[rev] − cost′NDE[cost] + Subsidies (2.19)with
NDE[rev] = l ⊙ q[rev], NDE[cost] = l ⊙ q[cost] (2.20)the elements of ve
tors q[rev] and q[cost] being

q
[rev]
i = (1 + u)−t

[rev]
i , q

[cost]
i = (1 + u)−t

[cost]
i (2.21)where rev and cost are the 
olumn ve
tors of revenues and 
osts, respe
tively,per animal, the elements of whi
h are revi and costi, i being the 
ategory of ani-mals (i = 1, ..., CC in program EWBC and i = 1, ..., CT for program EWDC), theapostrophe stands for the transpose (i.e. rev′ and cost′ are the appropriate rowve
tors), NDE

[rev] and NDE
[cost] are the 
olumn ve
tors of the number of dis-
ounted expressions 
onne
ted with revenues and 
osts, respe
tively, the elementsof whi
h are NDE

[rev]
i and NDE

[cost]
i , l is a 
olumn ve
tor whi
h elements li arethe numbers of animals in 
ategory i per 
ow and year in the stationary state ofthe produ
tion system, q[rev] and q[cost] are the 
olumn ve
tors of dis
ounting 
o-e�
ients for revenues and 
osts, respe
tively, with elements q

[rev]
i and q

[cost]
i , u isthe annual dis
ount rate, t

[rev]
i and t

[cost]
i are the intervals between 
alving and the
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osts o

ur in 
ategory i, and ⊙ is the Hadamard produ
t(element-wise produ
t) of the two ve
tors. The Subsidies are per 
ow and year.Using this approa
h, all revenues and 
osts o

urring in the 
ow herd duringthe year and in the life of progeny born in this herd per year are dis
ounted to thedate of 
alving (birth of progeny). The life of progeny 
overs the time from birth toslaughter, to death, to selling or to 1st 
alving of heifers. The time delay betweenbirth and the o

urren
e of revenues and 
osts 
an be negle
ted when setting thedis
ount rate zero. In this 
ase the NDEs redu
e to the number of animals per 
owand year in the given 
ategories.The pro�tability in
luding subsidies (Profitabd) is 
al
ulated as
Profitabd = 100 × TP/TC (2.22)where TP is the total pro�t and TC is the total 
ost. In addition, the pro�tabilitywithout subsidies (Profitab) is 
al
ulated as

Profitab = 100(TP − Subsidies)/TC (2.23)The subsidies are per 
ow and year.2.6 Traits the e
onomi
 values are 
al
ulated for2.6.1 Growth traitsAll growth traits are mostly measured in both sexes. When 
al
ulating the e
onomi
weights, the appropriate traits for females are 
onsidered �rst. Generally, 
hanges ofthe same trait in male animals are assumed to be proportional to the 
hanges in thefemale animals. The same proportions between female and male traits as given bythe input data are used in all 
al
ulations. The e
onomi
 values are then expressedper unit of the trait on females and per 
ow and year. The e
onomi
 values of allgrowth traits depend on feed 
ost be
ause no e
onomi
 values are 
al
ulated bothfor feed intake and for feed 
onversion.Normally, three weighings are assumed. If only two weighings are available, thefollowing tri
k 
an help to make the program work. Set the input parameters inINPUT06.TXT (see Se
tion 4.2.6) as follows:
• Insert your �rst known age and weight of male and female 
alves (e.g. ageand weight at weaning) as values for the �rst weighing.
• Insert the values for your se
ond weighing as input parameters for the thirdweighing.
• Constru
t a �
tive se
ond weighing very 
lose to the �rst weighing. Use asinput parameters age at �rst weighing + 1 and weight as �rst weighing + gainin weight for one day 
al
ulated from the average daily gain from birth to �rstweighing.
• Ignore the e
onomi
 weight for daily gain from 1st to 2nd weighing and forweight of 
alves at 2nd weighing in the results.
• The e
onomi
 weight for daily gain from your 1st to 2nd weighing is printedas the e
onomi
 weight for daily gain from 2nd to 3rd weighing. The e
onomi
weight for weight of 
alves at your 2nd weighing is printed as the e
onomi
weight for weight of 
alves at 3rd weighing.
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ows, mature weight is de�ned as the average weight after 3rd 
alving. Anin
rease in mature weight of 
ows is assumed to evoke a proportional in
rease inmature weight of bulls of the same breed. A 
orrelated in
rease in the optimalslaughter weight of fattened animals is assumed as well. Furthermore, in produ
tionsystem 4 (program EWDC) a 
orrelated in
rease of the weight of heifers at �rstmating is taken into a

ount.2.6.1.2 Birth weight of 
alfThe e�e
t of birth weight on 
alving performan
e or 
alf mortality is not in
ludedwhen 
al
ulating the e
onomi
 weight of birth weight as 
alving performan
e and
alf mortality are evaluated separately.2.6.1.3 Average daily gain of 
alves from birth to 1st weighing or weightof 
alves at 1st weighing as alternative trait (only in programEWBC)The average daily gain in the following periods is held 
onstant when 
al
ulatingthe e
onomi
 weight of this trait. Alternatively, the weight of 
alves at the 1st
ontrol weighing 
an be de�ned as trait the e
onomi
 weight is 
al
ulated for. Theweights at the following 
ontrols are then held 
onstant during the 
al
ulation.2.6.1.4 Average daily gain of 
alves from 1st to 2nd weighing or weightof 
alves at 2nd weighing as alternative trait (only in programEWBC)The average daily gain or the weights, respe
tively, in the previous and the followingperiods are held 
onstant when 
al
ulating the e
onomi
 weight of this daily gain.2.6.1.5 Average daily gain of 
alves from 2nd to 3rd weighing or weightof 
alves at 3rd weighing as an alternative trait (only in programEWBC)The average daily gain or the weights, respe
tively, in the previous and the followingperiods are held 
onstant when 
al
ulating the e
onomi
 weight of this daily gain.2.6.1.6 Average daily gain of 
alves in the rearing period (only in pro-gram EWDC)This trait is evaluated only in Produ
tion System 4. The e
onomi
 value of thistraits takes into a

ount 
orrelated 
hanges in daily gain of heifers until 
alving andof breeding bulls till selling (if bulls are reared on farm). Also the e�e
t of averagedaily gain on the age of heifers at �rst mating is 
onsidered when 
al
ulating thee
onomi
 value as heifers are mated at �xed weight.2.6.1.7 Average daily gain in the fattening period to 
onstant slaughterweight.The average daily gain in the previous periods is held 
onstant when 
al
ulatingthe e
onomi
 weight of this daily gain.
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ass traits2.6.2.1 Dressing per
entageThe 
al
ulation of dressing per
entage is based on similar prin
iples as the 
al
u-lation of growth traits (starting with 
hanges in females and taking into a

ountproportional 
hanges in males). In systems produ
ing their own repla
ement (Pro-du
tion Systems 1, 2 and 4) a proportional in
rease in dressing per
entage of 
owsis also assumed.2.6.2.2 Average 
lass of �eshiness and fat 
overing of 
ar
assThe traits are de�ned as average 
lasses for �eshiness and fat 
overing in fattenedanimals and 
ulled 
ows and heifers. The numbers of 
lasses for �eshiness and fat
overing are input parameters in the input �le INPUT08.TXT (see Se
tion 4.2.7).2.6.3 Fun
tional traits2.6.3.1 Average s
ore for 
alving performan
eCalving performan
e is measured by a s
ore between one (
alving without assis-tan
e) and a value up to six. For de�ning dysto
ia, the user of the program has togive the lowest number of the s
ore of 
alving performan
e whi
h is 
onsidered tobe dysto
ia (in input �le INPUT11.TXT, see on page 74). S
ores higher or equalto that value (mostly 3) are 
alled dysto
ia, s
ores less than this value are 
alled
alving ease. The trait is expressed as average s
ore for 
alving performan
e.When 
al
ulating the e
onomi
 value of 
alving s
ore, primarily the average
alving s
ore for female 
alves is 
hanged, but the proportional 
hange in the 
alv-ing s
ore for male 
alves is taken into 
onsideration too. A modi�
ation of theaverage s
ore for 
alving performan
e has an impa
t on the 
ulling rate of 
ows,the proportion of 
alves stillborn and died until 48 hours after birth and on the
on
eption rate.2.6.3.2 Losses of 
alves at 
alvingLosses of 
alves at 
alving in
luded 
ow aborts, 
alves born dead and 
alves diedtill 48 hours after 
alving. Calf losses at 
alving are de�ned as the number of dead
alves expressed as proportion of the number of 
alvings in one reprodu
tive 
y
leof the 
ow herd for the given dysto
ia rate.2.6.3.3 Losses of 
alves from 48 hours till weaning or till the end of therearing periodThis trait is de�ned as number of dead 
alves expressed as proportion of the numberof 
alves alive after 48 hours after 
alving in one reprodu
tive 
y
le of the 
ow herd.2.6.3.4 Con
eption rate of heifersCon
eption rate is de�ned as the number of heifers 
on
eived in their 1st oestrusin the given mating period expressed as proportion of the heifers mated in thismating period. A proportional in
rease in the 
on
eption rates of heifers in theirnext oestrus 
y
les in the same mating period is assumed.
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eption rate of 
owsCon
eption rate is de�ned as the number of 
ows 
on
eived in their 1st oestrusin the given mating period expressed as proportion of the 
ows mated after easy
alving in this mating period. A proportional in
rease in 
on
eption rates of 
owsin their next oestrus 
y
les in the same mating period is assumed.2.6.3.6 Cow losses or average lifetime of 
ows (
ow longevity) as analternative traitCow losses are de�ned as 
ows not surviving to the next reprodu
tive 
y
le expressedas proportion of the 
ows entering the given reprodu
tive 
y
le ex
luding the 
ows
ulled due to problems 
aused by dysto
ia, due to low milk produ
tion or due tofailure to 
on
eive. Cow losses in ea
h reprodu
tive 
y
le are 
al
ulated as the sumof 
ows died and 
ows 
ulled for health problems other than dysto
ia.The average lifetime of a 
ow (in years) is an alternative de�nition of this trait.It is 
al
ulated as the average produ
tive lifetime of all heifers that entered theherd.2.6.4 Milk produ
tion traitsThese traits are 
al
ulated only in produ
tion system 4 (program EWDC).2.6.4.1 Milk yieldThe trait is de�ned as the average 305-day milk yield per 
ow in the herd. Thee
onomi
 value of this trait is 
al
ulated by multiplying the whole la
tation 
urvewith a fa
tor (1.005: for in
reasing the trait, 0.995: for de
reasing the trait). Thispro
edure preserves the shape of the la
tation 
urve.2.6.4.2 Fat 
ontent or fat yield as an alternative traitThe trait is de�ned as fat yield per kg milk at 
onstant milk yield and is expressedin per 
ent. An alternative trait expression is fat yield in kg in a 305d-la
tation,but also in this 
ase the milk yield is held 
onstant that means that an in
rease infat yield is given through in
reasing the fat 
ontent.2.6.4.3 Protein 
ontent or protein yield as an alternative traitThe de�nition of these traits is in the same sense as for fat 
ontent and fat yield.2.6.4.4 Somati
 
ell s
oreSomati
 
ell 
ount (SCC) is de�ned as the average number of somati
 
ells per mlmilk. The somati
 
ell s
ore (SCS) is 
al
ulated from the somati
 
ell 
ount asfollows [2, 10℄:
SCS = log2

(

SCC

100000

)

+ 3 (2.24)In the opposite way, the somati
 
ell 
ount 
an be 
al
ulated from the somati

ell s
ore:
SCC = 100000× 2SCS−3 (2.25)2.6.5 Mastitis in
iden
eMastitis in
iden
e is de�ned as the average 
lini
al mastitis in
iden
e (number of
lini
al mastitis 
ases per 
ow-year at risk in the herd).
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ulation of e
onomi
 values2.7.1 Traits with 
ontinuous variation - standard situationThe marginal e
onomi
 value ev is de�ned as the partial derivative of the pro�twith respe
t to the trait 
onsidered. Let TVh be the value of the trait 
onsideredwhi
h was derived as TVh = 1.005TVav that means by in
reasing the average valueof the trait TVav by 0.5%. Similarly, TVl is 
al
ulated by de
reasing the averagetrait value by the same amount: TVl = 0.995TVav. Furthermore, let TPh and TPlbe the total pro�t belonging to the �rst or the se
ond of these values, respe
tively.The partial derivative is then approximated by the following di�eren
e quotient:
ev =

TPh − TPl

TVh − TVl

. (2.26)The marginal e
onomi
 value is expressed in monetary units (MU) per unit of thetrait.2.7.2 Traits with 
ontinuous variation - atypi
al situationwith zero average valuesMainly in traits whi
h are measured as a fra
tion whi
h is in the interval betweenzero and one, as in traits 2 (losses of 
alves at 
alving), 3 (losses of 
alves from48 hours till weaning or till the end of the rearing period) and 11 (
ow losses), itmight happen in extreme situations that the average value of this trait is zero. (Fornumbering of traits in the program see Appendix A.2 on page 98.) This 
ase ishandled in the following way in the program:
TVh is set 0.01 and TVl is set 0.00. These values are used to 
al
ulate theappropriate values of the total pro�t (TPh and TPl) and the e
onomi
 value is
al
ulated by equation (2.26) given in the pre
eding Se
tion 2.7.1.2.7.3 Categori
al traits - standard situationThe e
onomi
 values for 
ategori
al traits (
alving performan
e, �eshiness and fat
overing) were 
al
ulated a

ording to [19℄. The 
al
ulation was based on a thresh-old model. The underlying normal distribution was shifted to the left and to theright, ea
h time by 0.05 standard deviations. The resulting 
hanges in the distribu-tion were re
al
ulated to 
hanges in the average 
lass. For the numeri
al expressionof the average 
lass, the numbers 1 to N were assigned to the individual 
lasses. Let

pi be the frequen
y of animals in 
lass i. Then the average 
lass AC was 
al
ulatedsimply as
AC =

N
∑

i=1

ipi . (2.27)Let ACh be the average 
lass for shifting the distribution to higher values of thetrait and let ACl be the average 
lass for shifting the distribution to lower valuesof the trait. Furthermore, let TPh and TPl be the total pro�t belonging to the �rstor the se
ond of these values, respe
tively. Then the marginal e
onomi
 value ev is
al
ulated as 
hange of total pro�t related to a 
hange in the average 
lass by 0.01:
ev = 0.01

TPh − TPl

ACh − ACl

. (2.28)
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al traits - atypi
al situation: only one 
lassIn extreme situations it 
an happen that all data are in one 
lass only. In this
ase it will not be possible to estimate the thresholds of the underlying normaldistribution. We suppose to develop an automati
 pro
edure in the program forthis 
ase in future. At the moment, we re
ommend the following pro
edure to getout of this situation. Change your input values in the way that you allo
ate a verysmall amount of data to the neighbouring 
lasses. For example, there are 100% datain 
lass 2. Then the situation will not 
onsiderably 
hange when assigning 1% toea
h of 
lasses 1 and 3 and leave 98% in 
lass 2. The mean 
lass will be the same asbefore and the 
al
ulation of the e
onomi
 values will work. But you should ponderif it will make sense to 
al
ulate an e
onomi
 weight in su
h a situation withoutmeasurable variability.2.7.5 Cal
ulation of e
onomi
 values in the situation withmilk quotaFor 
al
ulating e
onomi
 values under the situation with quota, the total pro�t willbe rewritten as
TP = ncowTP0 (2.29)where ncow is the number of 
ows and TP0 the total pro�t per 
ow. Generally, thee
onomi
 value is de�ned as partial derivation of the total pro�t with respe
t of thegiven trait whi
h 
an be numeri
ally approximated by the di�eren
e quotient (seeequation (2.26)). If there is a milk quota, the total amount of milk is assumed tostay 
onstant. An in
rease in the amount of milk is then re�e
ted by a de
rease inthe number of 
ows. We 
an write

ev =
∂TP

∂TV

∣

∣

∣

∣

TV =TVav

=
∂ncow

∂TV
TP0[av] +

∂TP0

∂TV
ncow[av] (2.30)where TV is the value of the given trait, TVav is the average of the given trait inthe population, TP0[av] is the value of the total pro�t per 
ow when all traits taketheir average values and ncow[av] is the number of 
ows when all traits take theiraverage values. As the total pro�t is 
al
ulated per 
ow, ncow[av] = 1.Numeri
ally the marginal e
onomi
 value is then 
al
ulated as

ev =
ncow[h] − ncow[l]

TVh − TVl

TP0[av] +
TPh − TPl

TVh − TVl

(2.31)where TVh, TVl, TPh and TPl have the same meaning as in (2.26) and ncow[h] and
ncow[l] are the number of 
ows for the high or the low value of the trait (TVh or
TVl, respe
tively). The �rst term in equation(2.31) is zero for all traits the 
hangeof the value of whi
h is of no in�uen
e on the total amount of milk and thereforeon the number of 
ows.A fat quota has only impa
t on the 
al
ulation of the e
onomi
 weight for milkfat 
ontent and milk fat yield. A 
hange in the fat 
ontent will 
ause a 
hange inthe total amount of fat whi
h must be 
ounterbalan
ed by an adequate 
hange inthe number of 
ows.2.7.6 Remark to the 
al
ulation of e
onomi
 weights in Pro-du
tion System 4In System 4, traits expressed in pure-bred (dairy) and 
ross-bred (dairy x beef)animals are treated separately. That means, the e
onomi
 values are 
al
ulated inseparate runs for pure-bred and 
ross-bred animals and expressed per pure-bred or
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ross-bred 
alving. The reason for this approa
h is the fa
t shown in manystudies that the e
onomi
 values depend on the level of the trait (e.g. Wilton et al.2002 [14℄). As there are mostly 
onsiderable di�eren
es between the performan
eof pure-bred and 
ross-bred animals this pro
edure seems to be justi�ed.2.7.7 Final remarksRead 
arefully the output of the program when 
onsidering the e
onomi
 values.The e
onomi
 values for daily gain will be given per gramme, the trait itself hasthe unit kg. Therefore, do not read only the numbers, but also the units belongingto them. Furthermore, an in
rease in the average value of a trait does not alwaysmean an improvement of the trait. Take this fa
t into a

ount when interpretingthe sign of the e
onomi
 values.2.8 Gene �ow, number of dis
ounted expressionsfor maternal and dire
t e�e
ts of traits and e
o-nomi
 weight for dire
t and maternal e�e
ts oftraitsIn general, all traits 
an be divided in two main groups: (i) dire
t traits realizedon
e in the life of an animal and (ii) maternal traits realized repeatedly during thelife of dams [18℄. Some traits have both dire
t and maternal 
omponents (
alvingperforman
e, growth). Although the e
onomi
 values for both 
omponents of a trait
ould be the same (e.g. for 
alving performan
e), the number of expressions for these
omponents transmitted by bulls are di�erent and depend also on the produ
tionsystem (e.g. the number of expressions for maternal 
alving performan
e of beefbulls is zero in Produ
tion System 3). To take this fa
t into a

ount when de�ningthe breeding goal for beef bulls for di�erent produ
tion systems, the 
al
ulation ofthe number of dis
ounted expressions for the two groups of traits and the sele
tiongroups of interest (e.g. beef bulls) has been in
luded in the program. The gene�ow method developed by Hill [5℄ and Elsen and Mo
quot [3℄ is applied for this
al
ulation. The number of dis
ounted expressions for trait group j and sele
tiongroup k in produ
tion system p is 
al
ulated as follows (see also Nitter et al. [7℄):
NDEjkp = h′

j

T
∑

t=1

m
[t]
k (1 + u)−t (2.32)with

m
[t]
k = Ppm

[t−1]
k = P2

pm
[t−2]
k = · · · = Pt

pm
[0]
k (2.33)where T is the investment period (in years) during whi
h the gene expressions aresummarised, m[t]

k is a ve
tor whose elements de�ne the proportion of genes in ea
hsex-age 
lass at time t that 
ome from the original group k of sele
ted animals attime 0, Pp is the matrix of transition probabilities for produ
tion system p whi
hrelates the proportion of genes in ea
h sex-age 
lass represented in m
[t−1]
k to theproportion of genes of the sex-age 
lasses in m

[t]
k , hj is a ve
tor whi
h des
ribes therealization of trait group j (h′

j is the transpose of hj) and u is the dis
ount rateper year.Noti
e that within both groups of traits the NDEjkp are equal for all traits be-
ause the marginal e
onomi
 values of all traits are expressed per 
ow and year and
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ounted to the time of 
alving (to birth of progeny). The number of animals indi�erent 
ategories (born per 
ow and year) expressing a 
ertain trait and the timedelay between the expression of this trait and the animal's birth are already takeninto a

ount in the 
al
ulation of the marginal e
onomi
 values. Therefore, the
NDE in Se
tion 2.5 represent di�eren
es in expressions of traits within one gener-ation of progeny. The NDEjkp 
al
ulated in this se
tion, on the other hand, showthe transmission of geneti
 superiority of sele
ted animals for dire
t or maternaltraits to subsequent generations during the investment period.2.8.1 Matrix Pp for Systems 1 to 3Matrix Pp di�ers between produ
tion systems. In Produ
tion System 1, it looks asfollows: SlaughterSires Dams animals
Pp = P1 =

























































x x x · · · x x x x x · · · x x 0
1 0 0 · · · 0 0 0 0 0 · · · 0 0 0
0 1 0 · · · 0 0 0 0 0 · · · 0 0 0
0 0 1 · · · 0 0 0 0 0 · · · 0 0 0

0 0 0
. . . 0 0 0 0 0

. . . 0 0 0
0 0 0 · · · 1 0 0 0 0 · · · 0 0 0x x x · · · x x x x x · · · x x 0
0 0 0 · · · 0 0 1 0 0 · · · 0 0 0
0 0 0 · · · 0 0 0 1 0 · · · 0 0 0
0 0 0 · · · 0 0 0 0 1 · · · 0 0 0

0 0 0
. . . 0 0 0 0 0

. . . 0 0 0
0 0 0 · · · 0 0 0 0 0 · · · 1 0 0x x x · · · x x x x x · · · x x 0

























































Sires
DamsSlaughteranimalsThe matrix has a blo
k stru
ture 
ontaining 3x3 blo
ks in Produ
tion Systems1 to 3. The blo
ks are made up by age 
lasses of sires, age 
lasses of dams and one
lass of slaughter animals. The elements Pii′ of Pp are the proportions of genes inthe sex-age 
lass i at time t whi
h 
ome from the sex-age 
lass i′ at time t− 1. Thesum of all elements Pii′ within ea
h row is 1 and the sum of all elements Pii′ withinea
h row belonging to the same sex is 0.5. The symbol �x� stands in the matrix forelements whi
h 
an be di�erent from zero (The values of �x� are in the range from0 to 0.5).In Produ
tion System 2, matrix Pp has the following stru
ture:
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Pp = P2 =

























































0 0 0 · · · 0 0 0 0 0 · · · 0 0 0
0 0 0 · · · 0 0 0 0 0 · · · 0 0 0
0 0 0 · · · 0 0 0 0 0 · · · 0 0 0
0 0 0 · · · 0 0 0 0 0 · · · 0 0 0

0 0 0
. . . 0 0 0 0 0

. . . 0 0 0
0 0 0 · · · 0 0 0 0 0 · · · 0 0 0x x x · · · x x x x x · · · x x 0
0 0 0 · · · 0 0 1 0 0 · · · 0 0 0
0 0 0 · · · 0 0 0 1 0 · · · 0 0 0
0 0 0 · · · 0 0 0 0 1 · · · 0 0 0

0 0 0
. . . 0 0 0 0 0

. . . 0 0 0
0 0 0 · · · 0 0 0 0 0 · · · 1 0 0x x x · · · x x x x x · · · x x 0

























































Sires
DamsSlaughteranimalsand in Produ
tion System 3 non-zero elements are 
onserved only in the last rowof the matrix.2.8.2 Matrix Pp for System 4In Produ
tion System 4 with terminal 
rossing and with 
onne
tion to System 3 (if
ross-bred beef x dairy heifers from Produ
tion System 4 are transferred to 
ow-
alfpasture System 3), matrix Pp has 7 x 7 blo
k stru
ture:

Pp = P4 =







P11 · · · P17... . . . ...
P71 · · · P77






(2.34)The blo
ks represent age 
lasses of beef sires, dairy dams, dairy sires (in System4), 
ross-bred dams (in System 3), dairy slaughter progeny, 
ross-bred slaughterprogeny of dairy dams (in System 4) and 
ross-bred slaughter progeny of 
ross-breddams (in System 3). In the latter three blo
ks, there is always only one 
lass. Allsubmatri
es of Pp have one of the following stru
tures:

S1 =



















x x x · · · x x
1 0 0 · · · 0 0
0 1 0 · · · 0 0
0 0 1 · · · 0 0

0 0 0
. . . 0 0

0 0 0 · · · 1 0



















, S2 =



















x x x · · · x x
0 0 0 · · · 0 0
0 0 0 · · · 0 0
0 0 0 · · · 0 0

0 0 0
. . . 0 0

0 0 0 · · · 0 0



















,

S3 =
[

x x x · · · x x
]

, S4 =



















0 0 0 · · · 0 0
1 0 0 · · · 0 0
0 1 0 · · · 0 0
0 0 1 · · · 0 0

0 0 0
. . . 0 0

0 0 0 · · · 1 0



















.
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es P22, P33 are of stru
ture S1, the sub-matri
es P23, P32, P41and P42 are of stru
ture S2, the sub-matri
es P11 and P44 are of stru
ture S4and the blo
ks P52, P53, P61, P62 and P74 are of stru
ture S3. All other blo
ks
onsist of only elements being zero. The elements of P74 sum up to 0.5 and notto one or zero as in all other rows of matrix Pp. If no 
onne
tion exists betweenSystems 4 and 3 (all 
ross-bred progeny are fattened in System 4) all elements ofthe sub-matri
es P41, P42, P44 and P74 are zero.The potential non-zero elements in matri
es Pp designated with the symbol �x�depend on the breeding program and are input parameters. There is an ex
eptionin the path dams to breed dams. The non-zero elements in this blo
k are a resultof the herd stru
ture in the stationary state and are 
al
ulated by the program onthe basis of the input parameters determining the herd stru
ture.2.8.3 Ve
tors mk, hd and hm for Produ
tion Systems 1 to 3(Program EWBC)Assume that k = 2 that means the sele
tion group of interest are bulls in the se
ondage 
lass. Then the transpose of ve
tor m
[0]
k is:

m
[0]′
2 =

[

0 1 0 · · · 0 0 0 0 0 · · · 0 0 0
] (2.35)The realization ve
tors for dire
t traits (h′

d) and for maternal traits (h′

m) havethe same dimension as m
[0]
k and are of the following form:

h′

d =
[

0 0 0 · · · 0 0 0 0 0 · · · 0 0 1
] (2.36)

h′

m =
[

0 0 0 · · · 0 0 pf1 pf2 pf3 · · · pfn−1 pfn 0
](2.37)where pfi is the proportion of 
ows 
alving in age 
lasses 1 to n. The elements of

h′

m sum up to 1.2.8.4 Ve
tors mk, hd and hm for Produ
tion System 4In Produ
tion System 4 with a possible 
onne
tion to Produ
tion System 3, therealization ve
tors for dire
t traits hd and for maternal traits hm are of the followingform:
h′

d =
[

0′ 0′ 0′ 0′ pdd pdb pcr

] (2.38)
h′

m =
[

0′ p′

d4 0′ p′

cr 0 0 0
] (2.39)with 0′ being a row ve
tor with zeros

0′ =
[

0 0 · · · 0
] (2.40)and

p′

d4 =
[

pd41 pd42 · · · pd4n4

] (2.41)
p′

cr =
[

pcr1 pcr2 · · · pcrnc

] (2.42)



CHAPTER 2. BASIC DESCRIPTION OF THE BIO-ECONOMIC MODEL 40where pdd and pdb are the proportions of dairy 
ows in System 4 mated to dairy andbeef bulls, respe
tively, (pdd +pdb = 1), pcr is the number of 
ross-bred dams in Sys-tem 3 per dairy 
ow in System 4, the element pd4i of the ve
tor pd4 is the proportionof pure-bred 
alvings in age 
lass i (i = 1, ..., n4) in System 4 (∑n4

i=1 pd4i = 1) andthe element pcri of the ve
tor pcr is the proportion of 
ross-bred 
ows in System 3
alving in age 
lass i (i = 1, ..., nc) per dairy 
ow in System 4 (∑nc

i=1 pcri = pcr). Ifno 
onne
tion exists between Systems 4 and 3, all pcri and 
onsequently pcr takethe value of zero. Note: Di�erentiate between the ve
tor pcr printed in bold and thesum of its elements pcr printed in itali
s.The ve
tors of e
onomi
 values for dire
t (evsd) and maternal (evsm) e�e
ts oftrait s are as follows:
ev′

sd =
[

0′ 0′ 0′ 0′ evsdd evsdb evs3

] (2.43)
ev′

sm =
[

0′ 1′evsdd 0′ 1′evs3 0 0 0
] (2.44)with 0′ and 1′ being a row ve
tor with zeros and ones, respe
tively:

0′ =
[

0 0 · · · 0
]

, 1′ =
[

1 1 · · · 1
] (2.45)where evsdd is the e
onomi
 value for trait s expressed in pure-bred dairy progeny(per one pure-bred dairy 
alving), evsdb is the e
onomi
 value for the same traitexpressed in 
ross-bred progeny (per one 
ross-bred 
alving) and evs3 is the e
onomi
value for this trait expressed in 
ross-bred progeny in System 3 (per 
ross-bred 
owin System 3).2.8.5 Cal
ulation of e
onomi
 weightsThe e
onomi
 weight ews(j)kp for trait s within trait group j (two groups: dire
t andmaternal traits) and sele
tion group k in produ
tion system p (where p = 1, 2 or 3)is 
al
ulated as

ews(j)kp = evsNDEjkp (2.46)where evs is the appropriate e
onomi
 value 
al
ulated as des
ribed in Se
tion 2.7and NDEjkp is the number of dis
ounted expressions for the given group of traits
j and the given sele
tion group k in produ
tion system p from equation (2.32).In System 4 where 
ross-bred repla
ement females for System 3 
an be supplied,a somewhat di�erent approa
h is used for the 
al
ulation of the e
onomi
 weights,be
ause the e
onomi
 value for a given trait will be di�erent when expressed in
ross-bred progeny of System 4 or of System 3. Therefore, the realization ve
tors
hj have to be multiplied by the ve
tors of e
onomi
 values for traits expressed inthe di�erent progeny group. In this 
ase, the e
onomi
 weights in System 4 are
al
ulated as

ews(j)k4 = h′

j ⊙ ev′

sj

T
∑

t=1

mk[t](1 + u)−t (2.47)where evsj is the joint ve
tor of e
onomi
 values for trait s within trait group j inSystems 3 and 4. Its form is given above in Se
tion 2.8.4. The symbol ⊙ stands forthe element-wise produ
t of ve
tors.The e
onomi
 weight ews(j)k for the general breeding goal of the evaluated breedand its sele
tion group k for trait s a
ross all produ
tion systems 
an then beestimated as
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ews(j)k =

∑

p

ews(j)kpncp (2.48)where ncp is the proportion of 
ows in produ
tion system p with ∑

p ncp = 1. This
al
ulation is not a part of the program yet.



Chapter 3Installing and running theprogram3.1 List of �les in the installation pa
kagePARA.TXT, PARAD.TXT Parameter �les for the programEWBC and EWDC,respe
tively (see Se
tion 4.1) .INPUTxx.TXT with xx = 01, 02, 03, 04, 05, 06, 07, 08, 09, 10, 11, 13,14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 Datainput �les. Not all �les are required for ea
h run. A survey whi
h data input �lesare needed for a given 
ombination of parameters in the parameter �le is presentedin Table 4.1. A detailed des
ription of the data input �les for program EWBC isgiven in Se
tion 4.2. The input �les for program EWDC are des
ribed in Se
tion4.3.FROM1_3.TXT Input �le for EWDC whi
h transfers preliminary results fromEWBC 
al
ulated for System 3.TEXT_OUT.TXT, TEXTD_OUT.TXT These �les 
ontain text for writingthe results for the program EWBC or EWDC, respe
tively. For details see Se
tion4.4.ewb
.exe, ewd
.exe Exe
utable program �les for program EWBC and EWDC,respe
tively.li
ense (in subdire
tory DOC) This �le 
ontains the li
ense 
onditions. Readthem 
arefully and do not use the program pa
kage ECOWEIGHT if you do notagree with the li
ense 
onditions.e
oweight.pdf (in subdire
tory DOC) Manual of the program pa
kage. You
an read and print it with the A
robatReader or any other program whi
h 
anhandle pdf-�les.ewb
.
, ewd
.
 (in subdire
tory SRC) Sour
e 
odes of the programs EWBCand EWDC, respe
tively. 42



CHAPTER 3. INSTALLING AND RUNNING THE PROGRAM 433.2 Installation3.2.1 Under LINUXThe program pa
kage 
omes to you as a 
ompressed tar-�le with the name ew{#of version}.tgz, for example ew1_0_21.tgz is version 1.0.21 of the program. Copythis �le to a dire
tory and enter the 
ommandtar xvf ew{# of version}.tgzfor un
ompressing and unar
hiving the �le. All �les ne
essary for running the pro-grams EWBC and EWDC will be installed in the same dire
tory. The subdire
toryDOC will 
ontain the �le with the li
ense 
onditions and the manual of the pro-gram as pdf-�le. The subdire
tory SRC will 
ontain the sour
e 
ode of the programsEWBC and EWDC.For 
ompiling the sour
e 
ode using the 
ompiler g

 you must use the option-lm, be
ause otherwise the mathemati
al fun
tions would not work. For example,for 
ompiling the sour
e �le ewb
.
 to re
eive the exe
utable �le ewb
.exe, type:g

 -lm -o ewb
.exe ewb
.
3.2.2 Under Mi
rosoft WindowsThe Windows version of the program is distributed as zip �le. It 
ontains the
ompiled programs ewb
.exe and ewd
.exe. The programs were 
ompiled underCygwin (http:// www.
ygwin.
om) and run only in the presen
e of the �le 
yg-win1.dll whi
h is part of the Windows distribution. If you intend to 
hange thesour
e 
ode and to 
ompile the program you are re
ommended to install Cygwinwhi
h is freely available. When 
ompiling the sour
e 
ode, omit the option -lm:g

 -o ewb
.exe ewb
.
Alternatively it should be possible to use 
ommer
ial C 
ompilers (we did nottest 
ommer
ial 
ompilers).3.3 Running programs EWBC and EWDCYou are re
ommended to 
reate one dire
tory for ea
h 
al
ulation where you will
opy and edit all �les you will need. The �rst thing you have to do is to 
hoi
e aprodu
tion system. Have a look to Table 4.1 and de
ide whi
h input �les you need.All these input �les must be edited and you have to insert the values of the systemyou are going to model.3.3.1 Running program EWBC - Cal
ulations for Produ
tionSystems 1 to 3All data input �les ne
essary for Systems 1 to 3 (see Table 4.1 on page 54), the �lesPARA.TXT, TEXT_OUT.TXT and the exe
utable program �le should be lo
atedin the same dire
tory (alternatively, the exe
utable program �le 
an be lo
ated in/usr/lo
al/bin under LINUX). Edit the parameter �le PARA.TXT and the datainput �les as des
ribed in Chapter 4. Enter under LINUX./ewb
.exeor under Windowsewb
.exeto start the program.The program will ask you to type the name of the output �le the results will bewritten to. Press ENTER after typing the name of the �le.After �nishing the program, you will �nd all results in the result �le. This �leis a text �le and 
an be edited by any text editor or word pro
essor.



CHAPTER 3. INSTALLING AND RUNNING THE PROGRAM 443.3.2 Running program EWDC - Cal
ulations for Produ
-tion System 4If a 
onne
tion exists between the Produ
tion Systems 4 and 3, some results ofSystem 3 are needed for the 
al
ulation of e
onomi
 weights of traits for beef bullsin System 4. Therefore, in this 
ase, System 3 had to be de�ned and EWBC hadto be run before doing the 
al
ulation for System 4. The results from System 3 willbe written to �le FROM1_3.TXT. If there is no 
onne
tion with System 3, datafrom �le FROM1_3.TXT will be ignored.All data input �les ne
essary for Systems 4 (see Table 4.1 on page 54), the �lesPARAD.TXT, TEXTD_OUT.TXT, FROM1_3.TXT and the exe
utable program�le ewd
.exe should be lo
ated in the same dire
tory (alternatively, the exe
utableprogram �le 
an be lo
ated in /usr/lo
al/bin under LINUX). Edit the parameter�le PARAD.TXT and the data input �les as des
ribed in Chapter 4. Enter underLINUX./ewd
.exeor under Windowsewd
.exeto start the program.The program will ask you to type the name of the output �le the results will bewritten to. Press ENTER after typing the name of the �le.After �nishing the program, you will �nd all results in the result �le. This �leis a text �le and 
an be edited by any text editor or word pro
essor.3.3.3 ExampleAssume you want to 
al
ulate Produ
tion System 3 for variant 1 of fattening (seeSe
tion 4.1.1.3) and for the 
ase that the parameters of the la
tation 
urve are readin. Then you should have in the dire
tory for the 
al
ulation the following �les (Emeans that you have to edit these �les before starting the program):
• ewb
.exe
• PARA.TXT (E)
• INPUT01.TXT (E)
• INPUT02.TXT (E)
• INPUT03.TXT (E)
• INPUT04.TXT (E)
• INPUT06.TXT (E)
• INPUT08.TXT (E)
• INPUT10.TXT (E)
• INPUT14.TXT (E)
• INPUT16.TXT (E)
• INPUT17.TXT (E)
• INPUT20.TXT (E)
• INPUT26.TXT (E)
• TEXT_OUT.TXT



CHAPTER 3. INSTALLING AND RUNNING THE PROGRAM 453.3.4 General remarksSeveral 
he
ks of input parameters are in
luded in the programs. For example,
ertain input parameters have to sum to one. A warning will appear if these inputparameters are invalid and the program will stop. You will be told whi
h inputparameters to 
orre
t before restarting the program. In general, it is your respon-sibility to use input parameters whi
h are realisti
 and �t together, be
ause it isimpossible to predi
t any possible erroneous 
ombinations of input parameters. Donot forget to have always a 
riti
al look on your results before using them for furtherpurposes.



Chapter 4Input �lesImportant remark: When editing the input �les, keep attention not to 
hangequotation marks. All �les are read as sequential �les and the program re
og-nises the beginning and the end of texts on the basis of quotation marks.Adding or deleting a quotation mark will 
ause the program to break downor to 
al
ulate wrong results.Monetary unit: In all input �les the abbreviation MU is used for monetary unit.All values in the distributed version of the program refer to Cze
h 
rowns (1euro is approximately 30 Cze
h 
rowns). You 
an globally repla
e the abbrevi-ation MU by the abbreviation of your monetary unit in all data input �les (IN-PUTxx.TXT) and in the input �les TEXT_OUT.TXT or TEXTD_OUT.TXTusing any text editor; the results �le will then 
ontain the monetary unit spe
-i�ed by you.Language of the program: The program will need just the numbers for 
al
u-lations. The texts are read in and printed out to the result �le as they are.Therefore, you 
an freely 
hange the text in all input �les as long as you donot modify the quotation marks. For example, you 
an translate all texts inthe input �les to another language what will 
ause the appropriate part of theresult �le to be printed in the same language as the input �les (may be thereare some ex
eptions where the English text will be remained). The lengthof the texts 
an be 
hanged, but ea
h text must start and �nish with quota-tion marks. A great part of the text for the results �le is read from the �lesTEXT_OUT.TXT or TEXTD_OUT.TXT. You 
an translate all the text inthese two �les. But be very 
areful not to 
hange quotation marks.4.1 Parameter �lesThe �les PARA.TXT and PARAD.TXT 
ontain basi
 information for the programsEWBC and EWDC, respe
tively. One row 
ontains the value of the given param-eter followed by a row with its des
ription. Modify the values of the parametersa

ording to the instru
tions given below. At the very beginning of ea
h �le thereis spa
e for writing a 
omment whi
h helps you to identify the results. Repla
ethe text in the example �le by any text whi
h must begin and end with quotationmarks; quotation marks are not allowed to o

ur within the text.
46



CHAPTER 4. INPUT FILES 474.1.1 Basi
 options of the produ
tion systems and for the
al
ulation of e
onomi
 weightsThe following options are used as parameters in the parameter �les PARA.TXTand PARAD.TXT.4.1.1.1 Produ
tion system for 
ow herdsA 
ow-
alf produ
tion system with fattening is mostly assumed. The followingvariants are 
onsidered (see also Figure 1.1):1 Closed pure-bred beef herd with pasture system produ
ing breedingheifers for its own repla
ement and eventually for sale, and breeding bullsfor repla
ement in all 
onne
ted systems or for insemination stations2 Closed beef herd with pasture system applying 
ross-breeding that pro-du
e breeding heifers for its own repla
ement and eventually for sale butpur
hase sperm for arti�
ial insemination and/or the breeding bulls fornatural mating (e.g. rotational 
rossing)3 Open herd with pasture system that pur
hase pure-bred or 
ross-bredrepla
ement heifers and bulls or sperm for terminal 
rossing4 Dairy or dual purpose 
ow herd with milk produ
tion used partly for
ross-breeding with beef bulls; integrated fattening or selling of all 
ross-bred and ex
essive dairy progeny.In PARA.TXT, the parameter �le for program EWBC, values 1 to 3 are allowed. InPARAD.TXT, the parameter �le for the program EWDC, this parameter is always�xed to 4.4.1.1.2 Crossing in the system (only for program EWDC)Two variants are di�erentiated:0 No 
rossbreeding in the system1 Crossbreeding in the system4.1.1.3 Variants for fattening (only for program EWBC - Produ
tionSystems 1 to 3)1 Intensive fattening of bulls, heifers or 
astrates2 Intensive fattening of bulls, extensive fattening of heifers and 
astrateson pasture.4.1.1.4 Variants for housing te
hnology in fattening1 Bind te
hnology2 Free te
hnology3 Pasture (only in program EWBC, not allowed in program EWDC)



CHAPTER 4. INPUT FILES 484.1.1.5 Maturity type of progenyIn Produ
tion System 4, a di�erentiation is made between the maturity type ofpure-bred and the maturity type of 
ross-bred progeny.1 Early (animals of small or middle body size of British or Ameri
anbreeds as Aberdeen Angus, Holstein and 
rosses between them)2 Medium (breeds Hereford, Sussex and 
rosses between them as well as
rosses between maturity types 1 and 3)3 Late (animals of large body size of European breeds as Charolais, Limousin,Simmental and 
rosses between them)4.1.1.6 Base 
onditions of the milk market (quota - Produ
tion System4 only)1 Free market for milk and milk 
omponents (fat and protein)2 Quota system for milk yield only3 Quota system for milk yield and fat 
ontent4.1.1.7 Parameters of the la
tation 
urveBoth options work only in program EWBC (for Produ
tion Systems 1 to 3), usealways 1 in program EWDC (for produ
tion System 4).1 The values are read from input �le INPUT20.TXT in the programEWBC or from input �le INPUT22.TXT in the program EWDC. Thisoption should be used if the user of the program has su�
ient infor-mation to estimate the parameters of the la
tation 
urve dire
tly. It ispreferable to option 2.2 The parameters are approximately estimated as des
ribed in Se
tion2.3.1. This option should be used when there is not enough informationto estimate the parameters of the la
tation 
urve dire
tly.4.1.1.8 Utilisation of pure-bred female dairy 
alves whi
h are not neededfor repla
ement (only in program EWDC - System 4)The following options are available:1 Selling of surplus reared female 
alves outside the systems (export)2 Fattening of surplus reared female 
alves3 Selling of surplus breeding heifers before mating4 Selling of surplus pregnant breeding heifers4.1.1.9 Utilisation of 
ross-bred female dairy x beef 
alves whi
h arenot needed for repla
ement (only in program EWDC - System4)1 Selling of reared 
ross-bred female 
alves outside the systems (export)2 Fattening of reared 
ross-bred female 
alves



CHAPTER 4. INPUT FILES 493 Selling (transferring) of 
ross-bred heifers to the 
ow-
alf Produ
tionSystem 34 Combination of fattening and selling of 
ross-bred female 
alvesIf 
hoi
e 4 is made, the proportion of sold female 
alves has to be given (in input�le INPUT23.TXT - viz Se
tion 4.3.7 on page 81)4.1.1.10 Cal
ulation of feeding 
osts1 Feeding 
osts are 
al
ulated on the base of the net energy 
ontent (ex-pressed in MJ NE) and protein 
ontent (expressed in grammes proteindigestible in intestine [protéines digestibles dans l'intestin℄ - PDI) in thefeeding rations.2 Feeding 
osts are 
al
ulated on the base of net energy 
ontent in feed(expressed in MJ NE); protein 
ontent in feed in PDI units is not avail-able.4.1.1.11 Mating type (only in program EWBC - for Produ
tion Systems1 to 3)Mating type o

urs twi
e in the input �le PARA.TXT (for heifers and for 
ows -see Se
tion 4.1.2). The options whi
h are allowed for are equal for both 
ategoriesof animals (you 
an 
hoose di�erent options for heifers and 
ows, of 
ourse):1 Arti�
ial insemination is used in the �rst oestrus at least within onemating period.2 Natural mating is used throughout.4.1.1.12 Gene �owGene �ow 
an be 
al
ulated for both sexes. The options are for Systems 1 to 3(program EWBC):1 Gene �ow is 
al
ulated for beef sires2 Gene �ow is 
al
ulated for beef damsIn System 4 (program EWDC), there are three options:1 Gene �ow is 
al
ulated for dairy sires2 Gene �ow is 
al
ulated for dairy dams3 Gene �ow is 
al
ulated for beef siresMore information on gene �ow is given in Se
tion 2.8 and in the papers 
ited there.4.1.1.13 Options for the 
al
ulation of e
onomi
 weights in programEWDC (System 4)0 E
onomi
 weights are 
al
ulated only for traits expressed in pure-breddairy progeny (when no terminal 
rossing is used)1 E
onomi
 weights are 
al
ulated only for traits expressed in 
ross-bredprogeny (when only e
onomi
 weights for beef 
attle are of interest)2 E
onomi
 weight are 
al
ulated for traits both expressed in pure-bredand 
ross-bred progeny (when e
onomi
 weights for dairy 
attle are ofinterest and terminal 
rossing in dairy herds is used)
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al
ulation of the milk pri
e in program EWDC(System 4)1 The milk pri
e does neither depend on the somati
 
ell 
ount nor on theprotein and/or the fat 
ontent.2 The milk pri
e depends only on somati
 
ell 
ount.3 The milk pri
e depends only on the protein and/or fat 
ontent.4 The milk pri
e depends on both somati
 
ell 
ount (SCC) and fat and/orprotein 
ontent. The base pri
es for quality 
lasses a

ording to SCCare set �rst and then these pri
es are 
orre
ted for fat and/or protein
ontent.5 The milk pri
e depends on both somati
 
ell 
ount (SCC) and fat and/orprotein 
ontent. The base pri
e for milk (milk 
arrier or milk withgiven fat and/or protein 
ontent) is determined �rst. Then this pri
eis 
orre
ted for the real fat and/or protein 
ontent. At the last step, afurther 
orre
tion of the pri
e for milk quality 
lasses based on SCC is
arried out.4.1.2 Parameter �le PARA.TXT for Produ
tion Systems 1to 3 (program EWBC)An example of the �le is:"Between these two quotation marks you 
an write any 
omment whi
h helps you toidentify the results"1"Produ
tion System(1 Closed purebred ...2 Closed 
rossbred ...3 Open beef x dairy ...)"1"Fattening(...)"2"Housing te
hnology in fattening(...)"3"Maturity type of progeny(...)"2"Way of 
al
ulating parameters for la
tation 
urve(...)"1"Way of 
al
ulating feeding 
ost(...)"1"Mating type for heifers(...)"1"Mating type for 
ows(...)"2"Sex for whi
h gene flow is 
al
ulated(...)"20
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tive 
y
les (... )"There are 
ertain dependen
ies between the parameters in the parameter �leand further parameters in the data input �les whi
h must be taken into a

ount.The following paragraphs list these dependen
ies.4.1.2.1 Consequen
es of 
hanging the parameter 'Mating type for heifers'The 
hange of this parameter requires an appropriate alteration of the value of'Heifers mated in 1st oestrus as proportion of mated heifers' in the input �le IN-PUT13.TXT.4.1.2.2 Consequen
es of 
hanging the parameter 'Mating type for 
ows'Conne
t please the 
hange of this parameter with a modi�
ation of the followingparameters from input �le INPUT02.TXT:
• Ve
tor of 
ows having dysto
ia that were inseminated in 1st oestrus withinreprodu
tive 
y
les 1 to LL− 1, respe
tively, as proportion of all mated 
owshaving dysto
ia in these 
y
les (if natural mating is used only, set all elementsof the ve
tor 1)
• Ve
tor of 
ows without dysto
ia that were inseminated in 1st oestrus withinreprodu
tive 
y
les 1 to LL − 1 as proportion of all mated 
ows not havingdysto
ia in these 
y
les (if natural mating is used only, set all elements of theve
tor 1)4.1.2.3 Consequen
es of 
hanging the parameter 'Number of reprodu
-tive 
y
les'When 
hanging the number of reprodu
tive 
y
les and 
al
ulating Produ
tion Sys-tem 3 with the intension to use the results in program EWDC, 
hange the parameter'Number of age 
lasses for 
ross-bred dams' in input �le INPUT27.TXT for programEWDC. This parameter is 
al
ulated as Number of reprodu
tive 
y
les in System3 + age at 
alving in years - 1.4.1.3 Parameter �le PARAD.TXT for Produ
tion System 4(program EWDC)An example of the parameter �le for program EWDC is:4 "Produ
tion SystemKeep always value 4"1 "Crossbreeding in the system(0 No 
rossbreeding used1 Crossbreeding used)"2"Housing te
hnology in feedlot(...)"3"Housing te
hnology in 
ow herds(...)"3"Maturity type of pure-bred progeny(...)"2"Maturity type of 
ross-bred progeny
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al
ulating parameters for la
tation 
urve - keep always value 1(1 The values are read from the input file INPUT22.TXT)"2"Utilisation of pure-bred female 
alves whi
h are not needed for repla
ement(...)"3"Utilisation of 
ross-bred female 
alves whi
h are not needed for repla
ement(...)"1"Way of 
al
ulating feeding 
ost(...)"2"Option for 
al
ulating e
onomi
 weights(0 E
onomi
 weights are 
al
ulated only for traits expressed inpure-bred dairy progeny (when no terminal 
rossing is used)1 E
onomi
 weights are 
al
ulated only for traits expressed in
ross-bred progeny (when only e
onomi
 weights for beef 
attleare of interest)2 E
onomi
 weight are 
al
ulated for traits both expressed inpure-bred and 
ross-bred progeny (when e
onomi
 weights fordairy 
attle are of interest and terminal 
rossing in dairyherds is used))"1"Sele
tion group for whi
h gene flow is 
al
ulated(...)"1"Data for mastitis in
iden
e(0 are not available1 are available)3"Quota for milk market(...)"1"Option for the 
al
ulation of the milk pri
e(...)"10"Number of reprodu
tive 
y
les (should be in the range from 4 to 15)"As stated above for PARA.TXT, there are also 
ertain dependen
ies betweenthe parameters in the parameter �le PARAD.TXT and further parameters in thedata input �les whi
h must be taken into a

ount. The following paragraphs listsome important dependen
ies.4.1.3.1 Consequen
es of 
hanging the parameter Crossbreeding in thesystemIf there is no 
rossbreeding in the system (cb = 0), the option for 
al
ulating e
o-nomi
 weights is automati
ally set to zero (ewopt = 0) independent of the valuegiven in PARAD.TXT. Furthermore, the proportion of dairy 
ows in reprodu
tive
y
le i + 1 (i = 0, ..., LL − 2) mated with beef bulls (pcross[i], read from IN-PUT07.TXT) and the proportion of dairy heifers mated with beef bulls (pcrossh,read from INPUT11.TXT) will be automati
ally set to zero. In input �le IN-PUT27.TXT, the number of age 
lasses for beef sires (acsb) and the number of age
lasses for 
ross-bred dams (acdc) must be both zero for systems without 
ross-breeding, otherwise an error message will o

ur when running the program and theprogram will stop.
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es of 
hanging the parameter Utilisation of 
ross-bred female 
alves whi
h are not needed for repla
ement'Che
k always the following input parameter from input �le INPUT23.TXT to bein a

ordan
e with the given option:
• Exported 
ross-bred female 
alves as proportion of reared 
ross-bred female
alves4.1.3.3 Consequen
es of 
hanging the parameter 'Option for 
al
ulatinge
onomi
 weights'In the �le PARAD.TXT, the 'Sele
tion group for whi
h gene �ow is 
al
ulated' mustbe in agreement with the option for 
al
ulating e
onomi
 weights. Furthermore, youhave to 
onsider the values for the
• Ve
tor of females mated with beef bulls as proportion of females mated inreprodu
tive 
y
les 0 to LL − 1 in input �le INPUT07.TXTand for
• Dairy heifers mated with beef bulls as proportion of all mated dairy heifers ininput �le INPUT11.TXT.4.1.3.4 Consequen
es of 
hanging the parameter 'Sele
tion group forwhi
h gene �ow is 
al
ulated'This parameter must be in a

ordan
e with the 'Option for 
al
ulating e
onomi
weight' in PARAD.TXT and with the values of the two quantities from input �lesINPUT07.TXT and INPUT11.TXT as given above in Se
tion 4.1.3.3.4.1.3.5 Consequen
es of 
hanging the parameter 'Data for mastitis in-
iden
e'For option 1 of this parameter data from input �les INPUT29.TXT and INPUT30.TXTmust be available. If option zero is used, these two �les are not read and you neednot 
are about the values given in these �les.4.1.3.6 Consequen
es of 
hanging the parameter 'Number of reprodu
-tive 
y
les'When 
hanging the number of la
tations (reprodu
tive 
y
les) take 
are to 
hangeall other input parameters in the appropriate way, espe
ially in INPUT07.TXT,INPUT27.TXT and INPUT29.TXT.4.2 Data input �les for program EWBC (Produ
-tion Systems 1 to 3)A survey of data input �les for all Produ
tion Systems is given in Table 4.1. Input�les for Produ
tion Systems 1 to 3 are needed for running the program EWBC,input �les for Produ
tion System 4 are needed for running the program EWDC.The latter are treated with in the following Se
tion 4.3. At the beginning of ea
hinput �le a 
omment is pla
ed starting with /* and ending with */. The programre
ognises the slash (/) as the beginning and the end of the 
omment. When
hanging this text, do not use slashes within the 
omment (stars 
an be used withinthe 
omment).
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Table 4.1: Survey of input �les for Produ
tion Systems (PS) 1 to 4Input �le PS1 PS2 PS3 PS4 RemarkINPUT01.TXT x x xINPUT02.TXT x x xINPUT03.TXT x x xINPUT04.TXT x x xINPUT05.TXT xINPUT06.TXT x x xINPUT07.TXT xINPUT08.TXT x x xINPUT09.TXT x x x only for variant 2 of feedlot (see Se
-tion 4.1.1.3)INPUT10.TXT x x x only for variant 1 of feedlot (see Se
-tion 4.1.1.3)INPUT11.TXT xINPUT12.TXT xINPUT13.TXT x xINPUT14.TXT xINPUT15.TXT xINPUT16.TXT x x xINPUT17.TXT x x x only for variant 1 of feedlot (see Se
-tion 4.1.1.3)INPUT18.TXT x x x only for variant 2 of feedlot (see Se
-tion 4.1.1.3)INPUT19.TXT x x x only if the parameters of the la
ta-tion 
urve are 
al
ulated by the pro-gram (see Se
tion 4.1.1.7)INPUT20.TXT x x x only if the parameters of the la
ta-tion 
urve are read in (see Se
tion4.1.1.7)INPUT21.TXT xINPUT22.TXT xINPUT23.TXT xINPUT24.TXT xINPUT25.TXT xINPUT26.TXT x x xINPUT27.TXT xINPUT28.TXT xINPUT29.TXT x only if data for mastitis are availableINPUT30.TXT x only if data for mastitis are availableFROM1_3.TXT (x) needed only in 
ase that there is atransfer of data between programsEWBC and EWDC



CHAPTER 4. INPUT FILES 554.2.1 Input �le INPUT01.TXTThis �le is ne
essary for Produ
tion Systems 1 to 3, the last parameter only forProdu
tion System 1. It in
ludes input parameters des
ribing the reprodu
tive
y
le in pasture systems through a year. All dates are given as two numbers (month,day) separated by one blank (or more blanks).The following parameters are read from this �le:
• Date of beginning pasture
• Date of ending pasture
• Date of starting the mating period
• Date of ending the �rst part of the mating period 
overing the �rst possibilityof a female to 
on
eive (previous date + approximately 20 days)
• Date of starting the se
ond part of the mating period
• Date of ending the se
ond part the mating period 
overing the se
ond possi-bility of females to 
on
eive (previous date + approximately 20 days)
• Date of starting the third part of the mating period
• Date of ending the third part of the mating period (end of the mating pe-riod) 
overing the third possibility of females to 
on
eive (previous date +approximately 20 days)
• Date of weaning 
alves
• Starting date for the test of bulls (only needed for Produ
tion System 1)4.2.2 Input �le INPUT02.TXTThis �le is ne
essary for Produ
tion Systems 1 to 3. It in
ludes input parametersdes
ribing reprodu
tive 
y
les of the 
ow herd in pasture systems. For ea
h repro-du
tive 
y
le, 
ows entering this 
y
le are di�erentiated in pregnant 
ows and 
owsnot being pregnant. Losses of 
ows, 
ulling et
. 
an be di�erent in both groups.Two groups of 
ows are di�erentiated a

ording to 
alving performan
e: 
ows witheasy 
alving and 
ows with dysto
ia. Input parameters for losses of 
ows and 
alves,for insemination et
. 
an di�er in both groups. The length of the ve
tor (numberof elements in the ve
tor) is given by the number of reprodu
tive 
y
les LL. Be
areful when inserting the values, be
ause the index may run from 1 to LL, from 2to LL, from 1 to LL − 1, from 2 to LL − 1 et
.The following parameters are read from this �le:
• Ve
tor of 
ow losses within reprodu
tive 
y
les 1 to LL as proportion of 
owsentered the reprodu
tive 
y
le as pregnant 
ows
• Ve
tor of 
ow losses within reprodu
tive 
y
les 2 to LL as proportion of 
owsentered the reprodu
tive 
y
le as not pregnant 
ows
• Ve
tor of 
ows 
ulled within reprodu
tive 
y
les 1 to LL for other healthproblems than dysto
ia as proportion of 
ows whi
h entered these 
y
les aspregnant 
ows
• Ve
tor of 
ows 
ulled within reprodu
tive 
y
les 2 to LL for other healthproblems than dysto
ia as proportion of 
ows whi
h entered these 
y
les asnot pregnant 
ows
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• Ve
tor of not pregnant 
ows whi
h stayed in the herd for the next matingperiod as proportion of all not pregnant 
ows in reprodu
tive 
y
les 1 to

LL − 1 that entered these 
y
les as pregnant 
ows
• Ve
tor of not pregnant 
ows whi
h stayed in the herd for the next matingperiod as proportion of all not pregnant 
ows in reprodu
tive 
y
les 2 to

LL − 1 that entered these 
y
les as not pregnant 
ows
• Ve
tor of 
ows having dysto
ia that were inseminated in 1st oestrus withinreprodu
tive 
y
les 1 to LL− 1, respe
tively, as proportion of all mated 
owshaving dysto
ia in these 
y
les (if natural mating is used only, set all elementsof the ve
tor 1)
• Ve
tor of 
ows without dysto
ia that were inseminated in 1st oestrus withinreprodu
tive 
y
les 1 to LL − 1 as proportion of all mated 
ows not havingdysto
ia in these 
y
les (if natural mating is used only, set all elements of theve
tor 1)
• Ve
tor of probabilities of abortion for 
ows 
on
eived in reprodu
tive 
y
les 1to LL

• Ve
tor of still born 
alves after dysto
ia as proportion of 
ows having dysto
iain reprodu
tive 
y
les 1 to LL

• Ve
tor of still born 
alves after easy 
alving as proportion of 
ows having easy
alving in reprodu
tive 
y
les 1 to LL

• Ve
tor of 
alves died to 48 hours as proportion of 
alves born alive afterdysto
ia in reprodu
tive 
y
les 1 to LL

• Ve
tor of 
alves died to 48 hours as proportion of 
alves born alive after easy
alving in reprodu
tive 
y
les 1 to LL

• Ve
tor of probabilities of 
alving s
ore 2 when female is born in reprodu
tive
y
les 1 to LL

• Ve
tor of probabilities of 
alving s
ore 3 when female is born in reprodu
tive
y
les 1 to LL

• Ve
tor of probabilities of 
alving s
ore 4 when female is born in reprodu
tive
y
les 1 to LL

• Ve
tor of probabilities of 
alving s
ore 2 when male is born in reprodu
tive
y
les 1 to LL

• Ve
tor of probabilities of 
alving s
ore 3 when male is born in reprodu
tive
y
les 1 to LL

• Ve
tor of probabilities of 
alving s
ore 4 when male is born in reprodu
tive
y
les 1 to LL4.2.3 Input �le INPUT03.TXTThis �le is ne
essary for Produ
tion Systems 1 to 3. It in
ludes input parametersdes
ribing the 
ow herd in pasture systems.The following parameters are read from this �le:
• Con
eption rate of heifers in the 1st oestrus during the �rst part of matingperiod expressed as proportion of heifers mated in this oestrus
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• Con
eption rate of heifers in the 2nd oestrus during the se
ond part of matingperiod expressed as proportion of heifers not being pregnant after the 1stoestrus
• Con
eption rate of heifers in the 3rd oestrus during the third part of matingperiod expressed as proportion of heifers not being pregnant after the 2ndoestrus
• Con
eption rate of 
ows in the 1st oestrus during the �rst part of mating pe-riod for 
ows not having dysto
ia in reprodu
tive 
y
les 1 to LL−1 expressedas proportion of 
ows mated in this oestrus
• Con
eption rate of 
ows in the 2nd oestrus during the se
ond part of mat-ing period for 
ows not having dysto
ia in reprodu
tive 
y
les 1 to LL − 1expressed as proportion of 
ows not being pregnant after the 1st oestrus
• Con
eption rate of 
ows in the 3rd oestrus during the third part of mating pe-riod for 
ows not having dysto
ia in reprodu
tive 
y
les 1 to LL−1 expressedas proportion of 
ows not being pregnant after the 2nd oestrus
• Length of pregnan
y
• Average de
rease in 
on
eption rate of 
ows after having dysto
ia in repro-du
tive 
y
les 1 to LL

• Number of 
ows per bull for natural mating
• Number of re-inseminations per one AI
• Average length of the interval between 
alving and the beginning of the matingperiod
• Fat 
ontent in milk
• Protein 
ontent in milk
• Cow weight after se
ond 
alving
• Mature weight of 
ows (= 
ow weight after 3rd 
alving)
• Weight gain for pregnan
y (= loss of 
ow weight after 
alving) in reprodu
tive
y
les 1 to LL

• Dressing per
entage of 
ows
• Mortality rate of 
ows after dysto
ia in reprodu
tive 
y
les 1 to LL

• Losses of 
alves from 48 hours after 
alving to weaning in reprodu
tive 
y
les1 to LL (averaged over sexes)
• Losses of feed in winter feeding
• Losses of feed on the pasture
• Amount of dry matter produ
ed per ha pasture
• Dry matter per kg summer feed ration for su
kling 
alves (without milk)
• Dry matter 
ontent per kg winter feed ration of su
kling 
alves (without milk)
• Dry matter per kg summer feed ration of 
ows
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• Dry matter per kg winter feed ration of 
ows
• Net energy per kg dry matter of summer feed ration for 
ows
• Net energy per kg dry matter of summer feed ration (without milk) for su
kling
alves
• Net energy per kg dry matter of winter feed ration of 
ows
• Net energy per kg dry matter of winter feed ration (without milk) of su
kling
alves
• Protein per kg dry matter of summer feed ration for 
ows
• Protein per kg dry matter of summer feed ration (without milk) for su
kling
alves
• Protein per kg dry matter of winter feed ration for 
ows
• Protein per kg dry matter of winter feed ration (without milk) for su
kling
alves
• Corre
tion 
oe�
ient for breed energy requirement for maintenan
e - dry 
ows
• Corre
tion 
oe�
ient for breed energy requirement for maintenan
e - la
tating
ows
• Corre
tion 
oe�
ient for energy requirement for maintenan
e a

ording tote
hnology - pasture
• Corre
tion 
oe�
ient for energy requirement for maintenan
e a

ording tote
hnology - bind te
hnology
• Corre
tion 
oe�
ient for energy requirement for maintenan
e a

ording tote
hnology - free te
hnology
• Amount of minerals per 
ow (in
luding 
alf) and day
• Amount of water per 
ow (in
luding 
alf) and day
• Amount of straw per 
ow (in
luding 
alf) and day during the winter housingperiod
• Amount of dung per 
ow (with 
alf) and day during the winter housing
• Pri
e per portion of semen for AI
• Pri
e per re-insemination
• Pri
e per kg fresh matter of winter feed ration for 
ows
• Pri
e per kg fresh matter of winter feed ration for su
kling 
alves (withoutmilk)
• Pri
e per kg fresh matter of summer feed ration for 
ows
• Pri
e per kg fresh matter of summer feed ration for su
kling 
alves (withoutmilk)
• Pri
e per kg dung
• Pri
e per kg minerals for 
ows
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• Pri
e per kg minerals for repla
ement heifers
• Pri
e per kg straw
• Pri
e per l water
• Pri
e for sold female weaned 
alf
• Pri
e for sold male weaned 
alf
• Pri
e per kg slaughter weight of 
ows in the base 
lass for �eshiness and fat
overing. 1
• Ratio of pri
e per kg slaughter weight of 
ows involuntarily 
ulled to the pri
eper kg slaughter weight of 
ows voluntarily 
ulled
• Governmental �nan
ial support per weaned 
alf
• Governmental �nan
ial support per performan
e-tested 
ow and year
• Additional governmental �nan
ial support per 
ow and year
• Governmental �nan
ial support per 
ulled 
ow
• Governmental �nan
ial support per exported male 
alf
• Fra
tion of performan
e-tested 
ows
• Cost for removing and rendering a dead 
ow
• Cost for removing and rendering a dead young animal
• Cost for veterinary treatment per 
ow and reprodu
tive 
y
le (in
luding 
alfto weaning)
• Veterinary 
ost 
onne
ted with 
alving s
ore 1
• Veterinary 
ost 
onne
ted with 
alving s
ore 2
• Veterinary 
ost 
onne
ted with 
alving s
ore 3
• Veterinary 
ost 
onne
ted with 
alving s
ore 4
• Sto
k-man hours 
onne
ted with 
alving s
ore 1
• Sto
k-man hours 
onne
ted with 
alving s
ore 2
• Sto
k-man hours 
onne
ted with 
alving s
ore 3
• Sto
k-man hours 
onne
ted with 
alving s
ore 4
• Cost per sto
k-man hour (needed for dysto
ia 
ost)
• Fixed 
ost per 
ow and day (in
luding 
alf to weaning)
• Dis
ount rate
• Barren heifers 
ulled after their 1st mating period expressed as proportion ofheifers not being pregnant in their 1st mating period1The �base� 
lass will mostly be the best 
lass. The pri
es for all other 
lasses are then 
al
ulatedby multiplying the pri
e of the base 
lass with a 
oe�
ient. These 
oe�
ients will be given in theinput �le INPUT16.TXT on page 70.
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• Barren heifers 
ulled after their 2nd mating period expressed as proportion ofheifers not being pregnant in their 2nd mating period
• Female 
alves sold expressed as proportion of surplus female 
alves2
• Male 
alves sold expressed as proportion of male weaned 
alves
• Proportion of weaned male 
alves whi
h are performan
e tested
• Fattened 
astrates expressed as proportion of male 
alves determined for fat-tening
• Proportion of surplus female 
alves for fattening34.2.4 Input �le INPUT04.TXTThis �le is ne
essary for Produ
tion Systems 1 to 3 if natural mating is performed.It in
ludes input parameters referring to breeding bulls kept in the 
ow herd fornatural mating. The �rst two numbers in the �le are ignored in Produ
tion System1. The following parameters are read from this �le:
• Age of breeding bulls at pur
hase for the herd (only for Systems 2 to 3)
• Weight of breeding bulls at pur
hase for the herd (only for Systems 2 to 3)
• Produ
tive lifetime of breeding bulls in numbers of reprodu
tive 
y
les of 
ows
• Age of breeding bulls at rea
hing mature body weight
• Mature body weight of bulls used in the herd
• Dry matter per kg summer feed ration for breeding bulls in the herds
• Dry matter per kg winter feed ration for breeding bulls in the herds
• Net energy 
ontent per kg dry matter of summer feed ration for breeding bullsin the herds
• Net energy 
ontent per kg dry matter of winter feed ration for breeding bullsin the herds
• Protein 
ontent per kg dry matter of summer feed ration in breeding bulls inherds
• Protein 
ontent per kg dry matter of winter feed ration in breeding bulls inherds
• Pri
e per kg fresh matter of winter feed ration for breeding bulls in the herds
• Pri
e per kg fresh matter of summer feed ration for breeding bulls in the herds
• Amount of minerals per day and breeding bull
• Pri
e per kg minerals for breeding bulls2In systems 1 and 2, the sum of the folling input parameters must be one: Female 
alvessold expressed as proportion of surplus female 
alves, Female 
alves for fattening expressed asproportion of surplus female 
alves, Pregnant heifers sold expressed as proportion of surplus female
alves (INPUT13.TXT) and Breeding heifers sold before mating expressed as proportion of surplusfemale 
alves (INPUT13.TXT). In system 3, the �rst two parameters must sum to one.3See footnote 2.
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• Amount of straw per breeding bull in the herd in winter housing per day
• Amount of dung per breeding bull in the herd in winter housing per day
• Amount of water per day and breeding bull
• Average pri
e per breeding bull pur
hased for natural mating
• Cost for veterinary treatment per breeding bull in the herd per reprodu
tive
y
le
• Fixed 
ost per breeding bull in the herd per day
• Average pri
e per kg 
ar
ass weight of 
ulled (old) breeding bulls4.2.5 Input �le INPUT05.TXTThis �le is ne
essary only for Produ
tion System 1. It in
ludes input parametersreferring to performan
e tested breeding bulls. The feed rations as well as other
osts refer to three time periods. The �rst period is before the test when the weaned
alves are getting used to the intensive feed ration. The se
ond period is the testwith a �xed length, and the third period, in whi
h the exterior and sperm qualityis proved, is from the test end to the sele
tion and selling of bulls.The following parameters are read from this �le:
• Daily gain of bulls in test
• Length of the test
• Days from the end of the test to selling bulls
• Proportion of bulls sele
ted from the bulls tested at station
• Pri
e per kg fresh matter of feed ration for breeding bulls before test
• Pri
e per kg fresh matter of feed ration for breeding bulls in test
• Pri
e per kg fresh matter of feed ration for breeding bulls after test
• Protein 
ontent per kg dry matter of feed ration for breeding bulls before test
• Protein 
ontent per kg dry matter of feed ration for breeding bulls in test
• Protein 
ontent per kg dry matter of winter feed ration for breeding bulls aftertest
• Net energy 
ontent per kg dry matter of feed ration for breeding bulls beforetest
• Net energy 
ontent per kg dry matter of feed ration for breeding bulls in test
• Net energy 
ontent per kg dry matter of feed ration for breeding bulls aftertest
• Dry matter per kg feed ration for breeding bulls before test
• Dry matter per kg feed ration for breeding bulls in test
• Dry matter per kg feed ration for breeding bulls after test
• Amount of dung per breeding bull at station per day
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• Amount of straw per breeding bull at station per day
• Cost for veterinary treatment per bull at test station till selling
• Fixed 
osts per breeding bull on the test station per day
• Governmental support per bull on test station per day
• Average pri
e for sele
ted bulls at selling4.2.6 Input �le INPUT06.TXTThis �le is ne
essary for Produ
tion Systems 1 to 3. It in
ludes input parametersmainly 
onne
ted with the progeny testing system for beef bulls.The following parameters are read from this �le:
• Age of 
alves at �rst weighing (�rst 
ontrol)
• Age of 
alves at se
ond weighing (se
ond 
ontrol)
• Age of 
alves at third weighing (third 
ontrol)
• Weight of female 
alves at �rst weighing
• Weight of male 
alves at �rst weighing
• Weight of male 
alves at se
ond weighing
• Weight of male 
alves at third weighing
• Weight of female 
alves at se
ond weighing
• Weight of female 
alves at third weighing
• Weight of female 
alves at birth
• Weight of male 
alves at birth
• Mature weight of bulls used in the herd4.2.7 Input �le INPUT08.TXTThis �le is ne
essary for Produ
tion Systems 1 to 3, for both variants of fattening.It in
ludes input parameters valid for both variants of fattening. Furthermore, this�le 
overs parameters for fattening bulls that are expe
ted to be always intensivelyfattened independently on the variant for fattening of heifers or 
astrates.The 
oe�
ients for pri
e de
rease of involuntarily 
ulled animals are the ratiosbetween the pri
e per kg slaughter weight of involuntarily 
ulled animals and thepri
e per kg slaughter weight of animals that rea
hed the given �xed slaughterweight. Losses of animals are given as number of animals died4 during the fatteningperiod expressed as proportion of the number of animals that entered fattening.Dressing per
entage is expressed as ratio of the 
ar
ass weight and live weight ofanimals at slaughter.If all surplus weaned 
alves are sold, the parameters 
onne
ted ex
lusively withfattening are ignored in the 
al
ulations. But some of the parameters (as dressingper
entage, pri
e for slaughter animals, number of 
lasses for �eshiness and fat
overing) will be needed in ea
h 
al
ulation, as there will be always 
ulled heifersand bulls in the 
ow herd.The following parameters are read from this �le:4For simpli
ity of the 
al
ulation, it is assumed that animals died in the middle of the timeperiod under 
onsideration. The same was assumed for animals slaughtered for health problems.
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• Daily gain of bulls in intensive fattening
• Live weight of bulls at slaughter in intensive fattening
• Dressing per
entage of bulls
• Dressing per
entage of 
astrates
• Dressing per
entage of heifers
• Dressing per
entage of bulls not rea
hing slaughter weight as proportion ofdressing per
entage of bulls rea
hing slaughter weight
• Number of fattened bulls slaughtered before rea
hing slaughter weight ex-pressed as proportion of the total number of fattened bulls
• Losses of bulls in intensive fattening period
• Amount of water per day and animal in intensive fattening
• Amount of dung per animal and day in intensive fattening
• Amount of straw per animal and day in intensive fattening
• Dry matter per kg feed ration for fattened bulls
• Net energy 
ontent per kg dry matter of feed ration for fattened bulls
• Protein 
ontent per kg dry matter of feed ration for fattened bulls
• Pri
e per kg fresh matter of feed ration for fattened bulls
• Losses of feed in intensive fattening
• Pri
e per kg slaughter weight of bulls in the base 
lass5
• Coe�
ient for pri
e de
rease for bulls involuntarily 
ulled
• Cost for veterinary treatment per animal in intensive fattening
• Fixed 
ost per animal and day in intensive fattening
• Number of 
lasses for �eshiness
• Number of 
lasses for fat 
overing4.2.8 Input �le INPUT09.TXTThis �le is ne
essary only for extensive fattening (variant 2 for fattening - see Se
tion4.1.1.3) of heifers and 
astrates in Produ
tion Systems 1 to 3. If no 
astrates arefattened the input parameters referring to 
astrates will be ignored by the program.Three time periods are di�erentiated in fattening. The �rst period is the winterfeeding period after weaning, the se
ond one is summer feeding usually only onpasture, and the third period is an intensive feeding period after pasture. The thirdperiod is needed only if the animals do not rea
h the required slaughter weight atthe end of the pasture period. Coe�
ients for pri
e de
rease of involuntarily 
ulledanimals are the ratios of the pri
e per kg slaughter weight of involuntarily 
ulled5The �base� 
lass will mostly be the best 
lass. The pri
es for all other 
lasses are then 
al
ulatedby multiplying the pri
e of the base 
lass with a 
oe�
ient. These 
oe�
ients will be given in theinput �le INPUT16.TXT on page 70.
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e per kg slaughter weight of animals that rea
hed the required�xed slaughter weight.Losses of animals are de�ned as animals died6 during the fattening period asproportion of all animals entering fattening.The following parameters are read from this �le:
• Daily gain of 
astrates in the winter period after weaning in extensive fattening
• Daily gain of 
astrates in the summer period on pasture
• Daily gain of 
astrates in the intensive fattening period after pasture
• Daily gain of heifers in the winter period after weaning in extensive fattening
• Daily gain of heifers in the summer period on pasture
• Daily gain of heifers in the intensive fattening period after pasture
• Live weight of 
astrates at slaughter in extensive fattening
• Live weight of heifers at slaughter in extensive fattening
• Dressing per
entage of 
astrates not rea
hing the slaughter weight as propor-tion of the dressing per
entage of 
astrates rea
hing the required slaughterweight
• Dressing per
entage of heifers not rea
hing the slaughter weight as proportionof the dressing per
entage of heifers rea
hing the required slaughter weight
• Fattened 
astrates slaughtered before rea
hing the required slaughter weightexpressed as proportion of all extensively fattened 
astrates
• Fattened heifers slaughtered before rea
hing the required slaughter weightexpressed as proportion of all extensively fattened heifers
• Losses of 
astrates in extensive fattening
• Losses of heifers in extensive fattening
• Dry matter per kg feed ration for fattening 
astrates after pasture
• Dry matter per kg feed ration for fattening heifers after pasture
• Dry matter per kg winter feed ration (�rst winter after weaning) for exten-sively fattened 
astrates
• Dry matter per kg winter feed ration (�rst winter after weaning) for exten-sively fattened heifers
• Dry matter per kg summer feed ration for extensively fattened 
astrates
• Dry matter per kg summer feed ration for extensively fattened heifers
• Net energy 
ontent per kg dry matter of feed ration for fattened 
astratesafter pasture
• Net energy 
ontent per kg dry matter of feed ration for fattened heifers afterpasture
• Net energy 
ontent per kg dry matter of summer feed ration for extensivelyfattened 
astrates6see footnote 4 on page 62
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• Net energy 
ontent per kg dry matter of summer feed ration for extensivelyfattened heifers
• Net energy 
ontent per kg dry matter of winter feed ration for extensivelyfattened 
astrates
• Net energy 
ontent per kg dry matter of winter feed ration for extensivelyfattened heifers
• Protein 
ontent per kg dry matter of feed ration in fattened 
astrates afterpasture
• Protein 
ontent per kg dry matter of feed ration in fattened heifers afterpasture
• Protein 
ontent per kg dry matter of summer feed ration in extensively fat-tened 
astrates
• Protein 
ontent per kg dry matter of summer feed ration in extensively fat-tened heifers
• Protein 
ontent per kg dry matter of winter feed ration in extensively fattened
astrates
• Protein 
ontent per kg dry matter of winter feed ration in extensively fattenedheifers
• Pri
e per kg fresh matter of feed ration for fattened 
astrates after pasture
• Pri
e per kg fresh matter of feed ration for fattened heifers after pasture
• Pri
e per kg fresh matter in summer feed ration for extensively fattened 
as-trates
• Pri
e per kg fresh matter in summer feed ration for extensively fattened heifers
• Pri
e per kg fresh matter in winter feed ration for extensively fattened 
as-trates
• Pri
e per kg fresh matter in winter feed ration for extensively fattened heifers
• Pri
e per kg minerals for extensively fattened 
astrates
• Pri
e per kg minerals for extensively fattened heifers
• Amount of minerals per day per extensively fattened 
astrate
• Amount of minerals per day per extensively fattened heifer
• Amount of water per 
astrate and day in extensive fattening
• Amount of water per heifer and day in extensive fattening
• Amount of dung per animal and day in extensive fattening in winter housing
• Amount of straw per animal and day in extensive fattening in winter housing
• Cost for veterinary treatment per animal in extensive fattening
• Fixed 
ost per animal and day in extensive fattening
• Coe�
ient for pri
e de
rease for 
astrates involuntarily 
ulled
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• Coe�
ient for pri
e de
rease for heifers involuntarily 
ulled
• Governmental support per fattened animal
• Pri
e per kg slaughter weight of extensively fattened 
astrates for the base
lass7
• Pri
e per kg slaughter weight of extensively fattened heifers for the base 
lass84.2.9 Input �le INPUT10.TXTThis �le is ne
essary for intensive fattening (option 1 for fattening) of heifers and
astrates in Produ
tion Systems 1 to 3. If no 
astrates are fattened the inputparameters referring to 
astrates will be ignored.Coe�
ients for pri
e de
rease of involuntary 
ulled animals are the ratios ofthe pri
e per kg slaughter weight of involuntary 
ulled animals and the pri
e per kgslaughter weight of animals that rea
hed the required �xed slaughter weight. Lossesof animals are de�ned as animals died9 during the fattening period as proportionof all animals entering fattening.If all surplus weaned 
alves are sold, the parameters 
onne
ted ex
lusively withfattening are ignored in the 
al
ulations. But some of the parameters (as dressingper
entage, pri
e for slaughter animals, number of 
lasses for �eshiness and fat
ov-ering) will be needed in ea
h 
al
ulation, as there will be always 
ulled heifers andbulls in the 
ow herd.The following parameters are read from this �le:
• Daily gain of 
astrates in intensive fattening
• Daily gain of heifers in intensive fattening
• Live weight of 
astrates at slaughter
• Live weight of heifers at slaughter
• Fattened 
astrates slaughtered before the required slaughter weight expressedas proportion of all intensively fattened 
astrates
• Fattened heifers slaughtered before the required slaughter weight expressed asproportion of all intensively fattened heifers
• Dressing per
entage of 
astrates not rea
hing the slaughter weight as propor-tion of the dressing per
entage of 
astrates rea
hing the required slaughterweight
• Dressing per
entage of heifers not rea
hing the slaughter weight as proportionof the dressing per
entage of heifers rea
hing the required slaughter weight
• Losses of 
astrates in intensive fattening
• Losses of heifers in intensive fattening
• Amount of water per day and 
astrate in intensive fattening
• Amount of water per day and heifer in intensive fattening7The �base� 
lass will mostly be the best 
lass. The pri
es for all other 
lasses are then 
al
ulatedby multiplying the pri
e of the base 
lass with a 
oe�
ient. These 
oe�
ients will be given in theinput �le INPUT18.TXT on page 71.8see footnote 79see footnote 4 on page 62
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• Dry matter per kg feed ration for intensively fattened 
astrates
• Dry matter per kg feed ration for intensively fattened heifers
• Net energy 
ontent per kg dry matter of feed ration for intensively fattened
astrates
• Net energy 
ontent per kg dry matter of feed ration for intensively fattenedheifers
• Protein 
ontent per kg dry matter of feed ration in intensively fattened 
as-trates
• Protein 
ontent per kg dry matter of feed ration in intensively fattened heifers
• Pri
e per kg fresh matter of feed ration for intensively fattened 
astrates
• Pri
e per kg fresh matter of feed ration for intensively fattened heifers
• Pri
e per kg slaughter weight of intensively fattened 
astrates for the base
lass10
• Pri
e per kg slaughter weight of intensively fattened heifers for the base 
lass11
• Coe�
ient for pri
e de
rease for 
astrates involuntarily 
ulled
• Coe�
ient for pri
e de
rease for heifers involuntarily 
ulled
• Governmental support per fattened animal4.2.10 Input �le INPUT13.TXTThis �le is ne
essary for Produ
tion Systems 1 and 2 only. It in
ludes input param-eters referring to repla
ement heifers from weaning to 
alving or to selling. Sellingof pregnant or not mated heifers is possible. If not enough female 
alves are rearedfor repla
ement the input parameters referring to pur
hased repla
ement heifers areto be �lled in. The pur
hased repla
ements are assumed to be pregnant heifers.The following parameters are read from this �le:
• Daily gain of repla
ement heifers in the 1st summer season after weaning (afterrea
hing the age of 1 year)
• Daily gain of repla
ement heifers in the 2nd winter season after weaning (afterrea
hing the age of 1 year)
• Daily gain of repla
ement heifers in the 2nd summer season after weaning(after rea
hing the age of 2 years)
• Daily gain of repla
ement heifers in the 3rd winter season after weaning (afterrea
hing the age of 2 years)
• Daily gain of repla
ement heifers in the 3rd summer season after weaning(after rea
hing the age of 3 years)
• Daily gain of repla
ement heifers in the 4th winter season after weaning (afterrea
hing the age of 3 years)10The �base� 
lass will mostly be the best 
lass. The pri
es for all other 
lasses are then 
al
ulatedby multiplying the pri
e of the base 
lass with a 
oe�
ient. These 
oe�
ients will be given in theinput �le INPUT17.TXT on page 70.11see footnote 10
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• Minimal live weight of heifers at �rst mating
• Phenotypi
 standard deviation of the weight of heifers at the �rst matingperiod after weaning (at an age of about 1 year)
• Losses in the rearing period of heifers (from weaning to 
on
eption)
• Heifers sele
ted on health and exterior before mating as proportion of rearedheifers
• Pregnant heifers sold expressed as proportion of surplus female 
alves12
• Breeding heifers sold before mating expressed as proportion of surplus female
alves13
• Number of days from the average date of mating heifers to the date of 
ullingof not pregnant heifers
• Days of pregnan
y of a pur
hased (or sold) female for repla
ement
• Heifers mated in 1st oestrus within the mating period as proportion of matedheifers (set this value to 1 if only natural mating is used)
• Dry matter per kg summer feed ration for breeding heifers
• Dry matter per kg winter feed ration for breeding heifers
• Net energy 
ontent per kg dry matter of summer feed ration for repla
ementheifers
• Net energy 
ontent per kg dry matter of winter feed ration for repla
ementheifers
• Protein 
ontent per kg dry matter of summer feed ration in repla
ement heifers
• Protein 
ontent per kg dry matter of winter feed ration in repla
ement heifers
• Pri
e per kg fresh matter of winter feed ration for repla
ement heifers
• Pri
e per kg fresh matter of summer feed ration for repla
ement heifers
• Amount of straw per repla
ement heifer in winter housing per day
• Amount of dung per repla
ement heifer in winter housing per day
• Amount of minerals per day and repla
ement heifer
• Amount of water per day and repla
ement heifer
• Costs for veterinary treatment per repla
ement heifer from weaning to 
alving
• Fixed 
osts from weaning to 
alving per repla
ement heifer and day
• Pri
e per kg live weight of repla
ement heifers at pur
hase
• Pri
e per kg live weight of not pregnant breeding heifers at selling12In systems 1 and 2, the sum of the folling input parameters must be one: Female 
alves soldexpressed as proportion of surplus female 
alves (INPUT03.TXT), Female 
alves for fattening ex-pressed as proportion of surplus female 
alves (INPUT03.TXT), Pregnant heifers sold expressedas proportion of surplus female 
alves and Breeding heifers sold before mating expressed as pro-portion of surplus female 
alves. In system 3, the �rst two parameters must sum to one and thelast two parameters are not de�ned.13See footnote 12.
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• Pri
e per kg live weight of pregnant heifers at selling
• Average age of non-pregnant breeding heifers sold before the �rst mating pe-riod after their weaning
• Average age of non-pregnant breeding heifers sold between the �rst and se
ondmating period after their weaning
• Proportion of non-pregnant breeding heifers sold before the �rst mating periodafter their weaning
• Proportion of non-pregnant breeding heifers sold between the �rst and se
ondmating period after their weaning4.2.11 Input �le INPUT14.TXTThis �le is ne
essary for Produ
tion System 3 only. It in
ludes input parametersreferring to the 
osts from pur
hase to 
alving for repla
ement females that arepur
hased at 
ertain age, weight and days of pregnan
y (days of pregnan
y may bezero).The following parameters are read from this �le:
• Age of female for repla
ement at pur
hase
• Weight of female for repla
ement at pur
hase
• Days of pregnan
y of pur
hased females for repla
ement
• Age of 
ows at �rst 
alving
• Weight of 
ows after 1st 
alving
• Weight of 
ows after 2nd 
alving
• Amount of dung in winter housing per repla
ement heifer and day
• Amount of minerals per repla
ement heifer and day
• Amount of straw in winter housing per repla
ement heifer and day
• Amount of water per repla
ement heifer and day
• Dry matter per kg summer feed ration for breeding heifers
• Dry matter per kg winter feed ration for breeding heifers
• Net energy 
ontent per kg dry matter of summer feed ration for repla
ementheifers
• Net energy 
ontent per kg dry matter of winter feed ration for repla
ementheifers
• Protein 
ontent per kg dry matter of summer feed ration for repla
ementheifers
• Protein 
ontent per kg dry matter of winter feed ration for repla
ement heifers
• Pri
e per kg fresh matter of winter feed ration for repla
ement heifers
• Pri
e per kg fresh matter of summer feed ration for repla
ement heifers
• Pri
e per kg live weight of repla
ement heifers at pur
hase
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• Fixed 
ost from weaning to 
alving per repla
ement heifer and day
• Cost for veterinary treatment for one repla
ement heifer from pur
hase to
alving
• Heifers mated in 1st oestrus in the mating period as proportion of matedheifers (Set this value to 1 if only natural mating is used)4.2.12 Input �le INPUT16.TXTThis �le 
ontains input parameters for program EWBC (Produ
tion Systems 1to 3) and both options 1 and 2 for fattening. For 
hanging input data, 
hangethe number(s) in the matri
es. Be 
areful when 
hanging input parameters. Pleasenoti
e that the des
ription of the given matrix is posted under the matrix. The rowsrepresent the 
ommer
ial 
lasses for �eshiness, the 
olumns represent the 
lasses forfat 
overing. The matri
es of 
oe�
ients of 
ar
ass pri
es show the ratio of the pri
eper kg 
ar
ass in the given 
lass to the pri
e in the base 
lass. The pri
e of the base
lass is an input parameter in the input �les INPUT03.TXT and INPUT08.TXT(see Se
tions 4.2.3 and 4.2.7, respe
tively).The following parameters are read from this �le:
• Matrix Pb - proportions of bull 
ar
asses in 
ommer
ial 
lasses for �eshinessand fat 
overing
• Matrix Pc - proportions of 
ow 
ar
asses in 
ommer
ial 
lasses for �eshinessand fat 
overing
• Matrix Prb - 
oe�
ients of 
ar
ass pri
es in 
ommer
ial 
lasses for �eshinessand fat 
overing for bulls relative to the base 
lass (insert value 1 for the base
lass)
• Matrix Prc - 
oe�
ients of 
ar
ass pri
es in 
ommer
ial 
lasses for �eshinessand fat 
overing for 
ows relative to the base 
lass (insert value 1 for the base
lass)Example: A short example will be given. Assume that there are three 
lasses for�eshiness (1,2,3) and two 
lasses for fat 
overing (1,2). Let us write the pri
es forbulls (in MU per kg slaughter weight) in the individual 
lasses as matrix wherethe three rows refer to the three 
lasses for �eshiness and the three 
olumns to the
lasses for fat 
overing:





50 48
45 42
40 38



Assume the 
ombination of the �rst 
lass for �eshiness and the �rst 
lass for fat
overing is 
onsidered as base 
lass (with the value 50). Then the elements of matrix
Prb are simply obtained by dividing all elements of the matrix of pri
es by this value50:

Prb =





1 0.96
0.90 0.84
0.80 0.76



4.2.13 Input �le INPUT17.TXTThis �le 
ontains input parameters for Produ
tion Systems 1 to 3, only for option1 for fattening. For 
hanging input data, 
hange the number(s) in the matri
es.Be 
areful when 
hanging input parameters. Please noti
e that the des
ription of
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ommer
ial
lasses for �eshiness, the 
olumns represent the 
lasses for fat 
overing. The matrixof 
oe�
ients of 
ar
ass pri
es shows the ratio of the pri
e per kg 
ar
ass in thegiven 
lass to the pri
e in the base 
lass. The pri
e of the base 
lass is an inputparameter in the input �le INPUT10.TXT (see Se
tion 4.2.9).The following parameters are read from this �le:
• Matrix Ph - proportions of heifer 
ar
asses in 
ommer
ial 
lasses for �eshinessand fat 
overing
• Matrix P
s - proportions of 
astrate 
ar
asses in 
ommer
ial 
lasses for �eshi-ness and fat 
overing
• Matrix Prh - 
oe�
ients of 
ar
ass pri
es in 
ommer
ial 
lasses for �eshinessand fat 
overing for heifers relative to the base 
lass
• Matrix Pr
s - 
oe�
ients of 
ar
ass pri
es in 
ommer
ial 
lasses for �eshinessand fat 
overing for 
astrates relative to the base 
lassSee also example in the se
tion for input �le INPUT16.TXT on the previous page.4.2.14 Input �le INPUT18.TXTThis �le 
ontains input parameters for Produ
tion Systems 1 to 3, only for option 2of fattening. The parameters are the same as in INPUT17.TXT (see Se
tion 4.2.13).The pri
e of the base 
lass is an input parameter in the input �le INPUT09.TXT(see Se
tion 4.2.8). See also example in the se
tion for input �le INPUT16.TXT onthe pre
eding page.4.2.15 Input �le INPUT19.TXTThis �le 
ontains two parameters of the la
tation 
urve. They are needed for Pro-du
tion Systems 1 to 3. The �le is only read if the parameters are 
al
ulateda

ording to Fox et al. [4℄. For details see Se
tion 2.3.1.The two parameters are:
• Peak milk yield in kg per day (at the pasture with su
kling 
alf)
• Expe
ted milk produ
tion level of the herd (1 - lowest, 9 - highest)4.2.16 Input �le INPUT20.TXTThis �le 
ontains parameters for the la
tation 
urve. The �le is needed for Pro-du
tion Systems 1 to 3. The �le is only read if the parameters are not 
al
ulateda

ording to Fox et al. [4℄. The parameters are parameters of the Wood fun
tion([24℄, see equation (2.4) in Se
tion 2.3).The following parameters are read from this �le:
• Parameter a for two year old 
ows
• Parameter a for three year old 
ows
• Parameter a for four year old 
ows
• Parameter a for mature 
ows
• Parameter b for two year old 
ows
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• Parameter b for three year old 
ows
• Parameter b for four year old 
ows
• Parameter b for mature 
ows
• Parameter c for two year old 
ows
• Parameter c for three year old 
ows
• Parameter c for four year old 
ows
• Parameter c for mature 
ows4.2.17 Input �le INPUT26.TXTThis �le is needed for Produ
tion Systems 1 to 3 and for both options 1 and 2 offattening. It 
ontains input parameters for gene �ow(see Se
tion 2.8). For 
hanginginput data, 
hange the number(s). Be 
areful when 
hanging input parameters.Please noti
e that the des
ription of the given parameter or ve
tor is posted underthe number(s). The following parameters are read:
• Number of age 
lasses for sires
• Number of age 
lasses for dams (number of reprodu
tive 
y
les + age at
alving in years - 1)
• Number of the sex-age 
lass for whi
h the gene �ow will be 
al
ulated (seeSe
tion 2.8 for further explanation)
• Length of the investment period
• Proportion of genes from individual age 
lasses of sires in the male progeny(path sires to sires, the numbers must sum to 0.5)
• Proportion of genes from individual age 
lasses of sires in the female progeny(path sires to dams) or in slaughter progeny (the numbers must sum to 0.5)
• Proportion of genes from individual age 
lasses of dams in the male progeny(path dames to sires, the numbers must sum to 0.5)4.3 Data input �les for program EWDC (Produ
-tion System 4)4.3.1 Input �le INPUT07.TXTThis �le in
ludes input parameters des
ribing reprodu
tive 
y
les (la
tations) ofthe dairy 
ow herd. In ea
h reprodu
tive 
y
le, 
ows 
an be mated to dairy bullsor to beef bulls. Losses of 
ows, 
ulling, 
on
eption rate and abortion are assumedto be the same in both groups of 
ows, but di�eren
es are possible for dysto
iao

urren
e. Therefore altogether four groups of 
ows are di�erentiated a

ording to
alving performan
e: 
ows with easy 
alving and 
ows with dysto
ia in both matingtypes. The input parameters for losses of 
ows and 
alves, for 
on
eption rate et
.
an di�er between the groups with and without dysto
ia o

urren
e.All input data are arranged in the following way: ea
h parameter takes threerows. The ve
tor of its values for reprodu
tive 
y
les 1 to LL or 1 to LL− 1 standsin the �rst row, the string expression in the se
ond row des
ribes the parameter and
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ontains the units of the parameter. This �eld maybe an empty string.Some of the probabilities of 
alving s
ore x at the end of the input �le may beof no 
on
ern. For example, if the number of 
lasses for 
alving performan
e is 4,all values for 
alving s
ores 5 and 6 are ignored. If there is no 
rossbreeding in thesystem, the 
alving s
ores for 
ross-bred animals are not read. Do not omit rowswith unne
essary information in the input �le. The program will skip the inputswhi
h are not needed.The following parameters are given in the �le:
• Ve
tor of 
ow losses within reprodu
tive 
y
les 1 to LL as proportion of 
owsentered the reprodu
tive 
y
le
• Ve
tor of 
ows 
ulled within reprodu
tive 
y
les 1 to LL for other healthproblems than dysto
ia as proportion of 
ows entered the reprodu
tive 
y
le
• Ve
tor of 
ows 
ulled within reprodu
tive 
y
les 1 to LL for low milk produ
-tion as proportion of 
ows entered the reprodu
tive 
y
le
• Ve
tor of probability of abortion for 
ows 
on
eived in reprodu
tive 
y
les 1to LL

• Ve
tor of still born 
alves after dysto
ia as proportion of 
ows having dysto
iain reprodu
tive 
y
les 1 to LL

• Ve
tor of still born 
alves after easy 
alving as proportion of 
ows having easy
alving in reprodu
tive 
y
les 1 to LL

• Ve
tor of 
alves died to 48 hours from 
alves born alive after dysto
ia inreprodu
tive 
y
les 1 to LL

• Ve
tor of 
alves died to 48 hours from 
alves born alive after easy 
alving inreprodu
tive 
y
les 1 to LL

• Ve
tor of females mated with beef bulls as proportion of females mated inreprodu
tive 
y
les 1 to LL − 1

• Ve
tor of 
on
eption rate after ith insemination for 
ows not having dysto
ia(i = 1 to inmax where inmax is the maximal number of inseminations for
ows - see INPUT11.TXT on the next page)
• Ve
tor of 
on
eption rate after ith insemination for heifers (i = 1 to inmaxhwhere inmaxh is the maximal number of inseminations for heifers - see IN-PUT11.TXT on the following page)
• Probability of 
alving s
ore 2 when a pure-bred dairy female 
alf is born inreprodu
tive 
y
les 1 to LL (see Se
tion 2.6.3.1 for the de�nition of 
alvings
ores)
• Probability of 
alving s
ore 2 when a pure-bred dairy male 
alf is born inreprodu
tive 
y
les 1 to LL

• Probability of 
alving s
ore 3 when a pure-bred dairy female 
alf is born inreprodu
tive 
y
les 1 to LL

• Probability of 
alving s
ore 3 when a pure-bred dairy male 
alf is born inreprodu
tive 
y
les 1 to LL

• Probability of 
alving s
ore 4 when a pure-bred dairy female 
alf is born inreprodu
tive 
y
les 1 to LL
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• Probability of 
alving s
ore 4 when a pure-bred dairy male 
alf is born inreprodu
tive 
y
les 1 to LL

• Probability of 
alving s
ore 5 when a pure-bred dairy female 
alf is born inreprodu
tive 
y
les 1 to LL

• Probability of 
alving s
ore 5 when a pure-bred dairy male 
alf is born inreprodu
tive 
y
les 1 to LL

• Probability of 
alving s
ore 6 when a pure-bred dairy female 
alf is born inreprodu
tive 
y
les 1 to LL

• Probability of 
alving s
ore 6 when a pure-bred dairy male 
alf is born inreprodu
tive 
y
les 1 to LL

• Probability of 
alving s
ore 2 when a 
ross-bred (beef x dairy) female 
alf isborn in reprodu
tive 
y
les 1 to LL

• Probability of 
alving s
ore 2 when a 
ross-bred (beef x dairy) male 
alf isborn in reprodu
tive 
y
les 1 to LL

• Probability of 
alving s
ore 3 when a 
ross-bred (beef x dairy) female 
alf isborn in reprodu
tive 
y
les 1 to LL

• Probability of 
alving s
ore 3 when a 
ross-bred (beef x dairy) male 
alf isborn in reprodu
tive 
y
les 1 to LL

• Probability of 
alving s
ore 4 when a 
ross-bred (beef x dairy) female 
alf isborn in reprodu
tive 
y
les 1 to LL

• Probability of 
alving s
ore 4 when a 
ross-bred (beef x dairy) male 
alf isborn in reprodu
tive 
y
les 1 to LL

• Probability of 
alving s
ore 5 when a 
ross-bred (beef x dairy) female 
alf isborn in reprodu
tive 
y
les 1 to LL

• Probability of 
alving s
ore 5 when a 
ross-bred (beef x dairy) male 
alf isborn in reprodu
tive 
y
les 1 to LL

• Probability of 
alving s
ore 6 when a 
ross-bred (beef x dairy) female 
alf isborn in reprodu
tive 
y
les 1 to LL

• Probability of 
alving s
ore 6 when a 
ross-bred (beef x dairy) male 
alf isborn in reprodu
tive 
y
les 1 to LL4.3.2 Input �le INPUT11.TXTThis �le in
ludes the following input parameters des
ribing the dairy 
ow herd whi
hare arranged in the following way: parameters for reprodu
tion, growth, mortality,feeding, pri
es and 
osts:
• Number of 
lasses for 
alving s
ore
• For de�ning dysto
ia give the lowest s
ore of 
alving performan
e whi
h is
onsidered to be dysto
ia. For example, if there are s
ores 1 to 5 and s
ores3 to 5 will be 
onsidered as dysto
ia your input will be 3.
• Gestation length
• Average interval between 
alving and �rst insemination
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• Average interval between two subsequent inseminations
• Number of days dry
• Maximal number of inseminations per 
ow after 
alving
• Maximal number of inseminations per heifer
• Number of re-inseminations per AI
• De
rease in 
on
eption rate of 
ows after dysto
ia averaged over reprodu
tive
y
les 1 to LL

• Culling rate of 
ows after dysto
ia
• Geneti
 standard deviation for la
tational milk yield
• Fat 
ontent in milk
• Protein 
ontent in milk
• Mature weight of dairy 
ows (weight of 
ows after 3rd 
alving)
• Mature weight of beef 
ows of the same breed the bulls of whi
h are used forterminal 
rossing (weight of 
ows after 3rd 
alving)
• Weight gain for pregnan
y (= loss of 
ow weight after 
alving) averaged overreprodu
tive 
y
les 1 to LL

• Average daily gain of 
ows in the 1st reprodu
tive 
y
le
• Average number of days between 
alving and 
ulling 
ows due to dysto
ia
• Dressing per
entage of 
ows
• Losses of feed in 
ow herds or in rearing of young animals
• Losses of feed in fattening
• Dry matter per kg feed for 
ows (average feed ration through the whole 
alvinginterval)
• Net energy per kg dry matter of feed ration for 
ows
• Protein per kg dry matter of feed ration for 
ows
• Corre
tion 
oe�
ient for breed energy requirement for maintenan
e - dry 
ows
• Corre
tion 
oe�
ient for breed energy requirement for maintenan
e - la
tating
ows
• Corre
tion 
oe�
ient for energy requirement for maintenan
e a

ording tote
hnology - pasture
• Corre
tion 
oe�
ient for energy requirement for maintenan
e a

ording tote
hnology - bind te
hnology
• Corre
tion 
oe�
ient for energy requirement for maintenan
e a

ording tote
hnology - free te
hnology
• Amount of water per 
ow and day
• Amount of straw per 
ow and day
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• Amount of dung per 
ow and day
• Pri
e per kg fresh matter of feed ration for 
ows
• Pri
e per kg dung
• Pri
e per kg straw
• Pri
e per l water
• Pri
e of one portion of semen from AI dairy bulls in
luding external labourfor insemination
• Pri
e per re-insemination from dairy bulls in
luding external labour for in-semination
• Pri
e of one portion of semen from AI beef bulls in
luding external labour forinsemination
• Pri
e per re-insemination from beef bulls in
luding external labour for insem-ination
• Pri
e per kg slaughter weight of 
ows in the base 
lass14 for 
ar
ass grading
• Ratio of pri
e per kg slaughter weight of 
ows involuntarily 
ulled to the pri
eper kg slaughter weight of 
ows voluntarily 
ulled
• Cost for removing and rendering of a dead 
ow
• Cost for veterinary treatment per 
ow and reprodu
tive 
y
le
• Veterinary 
ost 
onne
ted with 
alving s
ore 1
• Veterinary 
ost 
onne
ted with 
alving s
ore 2
• Veterinary 
ost 
onne
ted with 
alving s
ore 3
• Veterinary 
ost 
onne
ted with 
alving s
ore 4
• Veterinary 
ost 
onne
ted with 
alving s
ore 5
• Veterinary 
ost 
onne
ted with 
alving s
ore 6
• Sto
k-man hours 
onne
ted with 
alving s
ore 1
• Sto
k-man hours 
onne
ted with 
alving s
ore 2
• Sto
k-man hours 
onne
ted with 
alving s
ore 3
• Sto
k-man hours 
onne
ted with 
alving s
ore 4
• Sto
k-man hours 
onne
ted with 
alving s
ore 5
• Sto
k-man hours 
onne
ted with 
alving s
ore 6
• Cost per sto
k-man hour (needed for dysto
ia 
ost)
• Variable 
osts for milk when in
reasing the milk yield above average
• Fixed 
ost per 
ow and day14The �base� 
lass may be the most frequent 
lass or the best 
lass for example. The pri
es forall other 
lasses are then 
al
ulated by multiplying the pri
e of the base 
lass with a 
oe�
ient.These 
oe�
ients will be given in the input �le INPUT24.TXT on page 82.
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• Dis
ount rate
• Governmental �nan
ial support per kg milk
• Governmental �nan
ial support per 
ow and year (e.g. for 
ulled 
ows)
• Governmental �nan
ial support per 
ow in performan
e test and year
• Governmental �nan
ial support per exported male 
alf
• Governmental �nan
ial support per fattened animal
• Proportion of 
ows performan
e tested
• Dairy heifers mated with beef bulls as proportion of all mated dairy heifers(this parameter is read only if there is 
rossbreeding in the system)4.3.3 Input �le INPUT12.TXTThis �le is ne
essary for program EWDC only if reared breeding male 
alves arekept to higher age at farms, that means stay at farms after the rearing period of
alves till their selling to AI stations. The following parameters are read:
• Daily gain of bulls from the end of the rearing period of 
alves till selling
• Pri
e per kg fresh matter of feed ration for breeding bulls from the end of therearing period of 
alves till selling
• Protein 
ontent per kg dry matter of feed ration for breeding bulls from theend of the rearing period of 
alves till selling
• Net energy 
ontent per kg dry matter of feed ration for breeding bulls fromthe end of the rearing period of 
alves till selling
• Dry matter per kg feed ration for breeding bulls from the end of the rearingperiod of 
alves till selling
• Amount of dung per breeding bull per day
• Amount of straw per breeding bull per day
• Amount of water per breeding bull per day
• Cost for veterinary treatment per bull from the end of rearing period of 
alvestill selling
• Fixed 
osts per breeding bull per day
• Governmental support per breeding bull per day4.3.4 Input �le INPUT15.TXTThis �le in
ludes input parameters 
onne
ted with progeny. Two types of 
alv-ing (after pure-bred and 
ross-bred mating) are distinguished giving two types ofprogeny (pure-bred and 
ross-bred). The �rst number refers to pure-bred (dairy)progeny and must be always given. The se
ond number is for 
ross-bred progenyand 
an be omitted if there is no 
rossbreeding in the system. If a se
ond numberis given in a system without 
rossbreeding, this number is ignored and its value isof no importan
e (that means you 
an insert any value for it). Here is a list of theparameters read from this �le:
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• Weight of female 
alves at birth
• Weight of male 
alves at birth
• Age of 
alves at the end of the �rst feeding period
• Age of 
alves at the end of the rearing period
• Age of female 
alves sold
• Age of male 
alves sold
• Daily gain of female 
alves in the rearing period
• Daily gain of male 
alves in the rearing period
• Age of male breeding 
alves at selling to the performan
e test stations
• Weight of heifers at 1st mating
• Daily gain of repla
ement heifers from the end of the rearing period to 1stmating
• Daily gain of repla
ement heifers from the 1st mating to 
alving (withoutfoetus)
• Days from mating heifer to slaughter be
ause of no pregnan
y
• Age of unpregnant breeding heifers at selling
• Age of pregnant heifers at selling
• Daily gain of heifers in fattening
• Daily gain of bulls in fattening
• Daily gain of 
astrates in fattening
• Dressing per
entage of heifers
• Dressing per
entage of bulls
• Dressing per
entage of 
astrates
• Losses of 
alves in the rearing period
• Proportion of male 
alves alive at 48 hours after birth that are determined forselling outside of the evaluated produ
tion system
• Proportion of male 
alves alive at 48 hours after birth that are sold as breedingmales (e.g. to test stations or AI stations)
• Fra
tion of 
astrates for fattening from male 
alves available for fattening
• Losses of bulls in fattening
• Fattened bulls slaughtered before rea
hing the slaughter weight as proportionof all fattened bulls
• Losses of 
astrates in fattening
• Fattened 
astrates slaughtered before rea
hing the slaughter weight as pro-portion of all fattened 
astrates
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• Losses of heifers in fattening
• Fattened heifers slaughtered before rea
hing the slaughter weight as propor-tion of all fattened heifers
• Losses of heifers from the end of the rearing period to 1st insemination
• Heifers negatively sele
ted before mating as proportion of reared heifers4.3.5 Input �le INPUT21.TXTThis �le in
ludes input parameters for nutrition and other 
osts for reared andfattened progeny and for 
ows. Two groups of progeny are di�erentiated: pure-breddairy progeny and 
ross-bred progeny so that up to two numbers are given for ea
hinput. The �rst number refers to pure-bred (dairy) progeny and must be alwaysgiven. The se
ond number is for 
ross-bred progeny and 
an be omitted if there isno 
rossbreeding in the system. If the se
ond number is given in a system without
rossbreeding, this number is ignored and its value is of no importan
e (that meansyou 
an insert any value for it).In ea
h input, the �rst number is always for dairy progeny, the se
ond number for
ross-bred progeny. If 
ross-bred progeny does not exist the appropriate parameterswill be ignored when reading data. The input parameters are:
• Dry matter per kg feed ration for reared 
alves in the �rst feeding period
• Net energy 
ontent per kg dry matter of feed ration for reared 
alves in the�rst feeding period
• Protein 
ontent per kg dry matter of feed ration for reared 
alves in the �rstfeeding period
• Pri
e per kg fresh matter of feed ration for reared 
alves in the �rst feedingperiod
• Dry matter per kg feed ration for reared 
alves in the se
ond feeding period
• Net energy 
ontent per kg dry matter of feed ration for reared 
alves in these
ond feeding period
• Protein 
ontent per kg dry matter of feed ration for reared 
alves in the se
ondfeeding period
• Pri
e per kg fresh matter of feed ration for reared 
alves in the se
ond feedingperiod
• Amount of water per reared 
alf and day
• Amount of dung per reared 
alf and day
• Amount of straw per reared 
alf and day
• Cost for veterinary treatment per reared 
alf
• Fixed 
ost per reared 
alf and day
• Dry matter per kg feed ration for reared heifers
• Net energy 
ontent per kg dry matter of feed ration for reared heifers
• Protein 
ontent per kg dry matter of feed ration for reared heifers
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• Pri
e per kg fresh matter of feed ration for reared heifers
• Amount of water per reared heifer and day
• Amount of dung per reared heifer and day
• Amount of straw per reared heifer and day
• Cost for veterinary treatment per reared heifer from the end of rearing periodto 
alving
• Fixed 
ost per reared heifer from the end of rearing period to 
alving and perday
• Dry matter per kg feed ration for fattened bulls
• Net energy 
ontent per kg dry matter of feed ration for fattened bulls
• Protein 
ontent per kg dry matter of feed ration in fattened bulls
• Pri
e per kg fresh matter of feed ration in fattening of bulls
• Amount of water per bull and day in fattening
• Amount of dung per bull and day in fattening
• Amount of straw per bull and day in fattening
• Cost for veterinary treatment per bull in fattening
• Fixed 
ost per bull and day in fattening
• Dry matter per kg feed ration for fattened 
astrates
• Net energy 
ontent per kg dry matter of feed ration for fattened 
astrates
• Protein 
ontent per kg dry matter of feed ration in fattened 
astrates
• Pri
e per kg fresh matter of feed ration in fattening of 
astrates
• Amount of water per 
astrate and day in fattening
• Amount of dung per 
astrate and day in fattening
• Amount of straw per 
astrate and day in fattening
• Cost for veterinary treatment per 
astrate in fattening
• Fixed 
ost per 
astrate and day in fattening
• Dry matter per kg feed ration for fattened heifers
• Net energy 
ontent per kg dry matter of feed ration for fattened heifers
• Protein 
ontent per kg dry matter of feed ration in fattened heifers
• Pri
e per kg fresh matter of feed ration in fattening of heifers
• Amount of water per fattened heifer and day
• Amount of dung per heifer and day in fattening
• Amount of straw per heifer and day in fattening
• Cost for veterinary treatment per heifer in fattening
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• Fixed 
ost per heifer and day in fattening
• Costs for removing and rendering of a dead young animal (repla
ement heiferor animal in fattening)
• Costs for removing and rendering of a dead 
alf in the rearing period
• Pri
e of a female reared 
alf for selling (per kg live weight or per animal)
• Pri
e of a male reared 
alf for selling (per kg live weight or per animal)
• Pri
e of a male breeding 
alf sold to the test station or to A.I. station (per kglive weight or per animal)
• Pri
e of a not pregnant breeding heifer at selling (per kg live weight or peranimal)
• Pri
e of a pregnant heifer at selling (per kg live weight or per animal)4.3.6 Input �le INPUT22.TXTThis �le 
ontains the parameters b, c and d for the la
tation 
urve (2.5) for dairy
ows:
• Average milk yield per 
ow and year
• Parameter b for the �rst la
tation
• Parameter b for the se
ond la
tation
• Parameter b for third and higher la
tations
• Parameter c for the �rst la
tation
• Parameter c for the se
ond la
tation
• Parameter c for the third and higher la
tations
• Parameter d for the �rst la
tation
• Parameter d for the se
ond la
tation
• Parameter d for the third and higher la
tations4.3.7 Input �le INPUT23.TXTThis �le in
ludes e
onomi
, management and biologi
al input parameters. Equalvalues of the parameters are expe
ted for both progeny groups (dairy and 
ross-bred progeny). If a di�eren
e o

urs, insert the weighted average of the two values(weighted by the number of progeny in both groups). The parameters are:
• Coe�
ient for pri
e de
rease for heifers involuntarily 
ulled
• Coe�
ient for pri
e de
rease for bulls involuntarily 
ulled
• Coe�
ient for pri
e de
rease for 
astrates involuntarily 
ulled
• Dressing per
entage of heifers not rea
hing slaughter weight as proportion ofdressing per
entage of heifers rea
hing slaughter weight
• Dressing per
entage of bulls not rea
hing slaughter weight as proportion ofdressing per
entage of bulls rea
hing slaughter weight
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• Dressing per
entage of 
astrates not rea
hing slaughter weight as proportionof dressing per
entage of 
astrates rea
hing slaughter weight
• Pri
e per kg slaughter weight of heifers in the base 
lass for 
ar
ass grading15
• Pri
e per kg slaughter weight of bulls in the base 
lass for 
ar
ass grading16
• Pri
e per kg slaughter weight of 
astrates in the base 
lass for 
ar
ass grading17
• Sold 
ross-bred female 
alves as proportion of reared 
ross-bred female 
alves
• Number of 
ommer
ial 
lasses for �eshiness
• Number of 
ommer
ial 
lasses for fat 
overing
• Slaughter weight of pure-bred beef bulls at the end of fattening
• Slaughter weight of pure-bred beef heifers at the end of fattening
• Slaughter weight of pure-bred beef 
astrates at the end of fattening
• Slaughter weight of pure-bred dairy heifers at the end of fattening
• Slaughter weight of pure-bred dairy bulls at the end of fattening
• Slaughter weight of pure-bred dairy 
astrates at the end of fattening4.3.8 Input �le INPUT24.TXTIn its �rst part, this input �le 
ontains matri
es des
ribing the distribution of thepure-bred dairy progeny over the individual 
ommer
ial 
lasses for �eshiness andfat 
overing. In the se
ond part, the �le 
ontains the matri
es of 
oe�
ients of
ar
ass pri
es whi
h are valid both for pure-bred and 
ross-bred animals. Pleasenoti
e that the des
ription of the given matrix is posted under the matrix. Therows represent the 
ommer
ial 
lasses for �eshiness, the 
olumns the 
lasses for fat
overing. The matri
es of 
oe�
ients of 
ar
ass pri
es show the ratio of the pri
eper kg 
ar
ass in the given 
lass to the pri
e in the base 
lass. The pri
e of the base
lass is an input parameter in the input �les INPUT11.TXT and INPUT23.TXT(see Se
tions 4.3.2 and 4.3.7, respe
tively). The matri
es are as follows:
• Matrix Pbp: proportions of bull 
ar
asses in 
ommer
ial 
lasses for �eshinessand fat 
overing
• Matrix Php: proportions of heifer 
ar
asses in 
ommer
ial 
lasses for �eshinessand fat 
overing
• Matrix Pcsp: proportions of 
astrate 
ar
asses in 
ommer
ial 
lasses for �eshi-ness and fat 
overing
• Matrix Pcp: proportions of 
ow 
ar
asses in 
ommer
ial 
lasses for �eshinessand fat 
overing
• Matrix Prb: 
oe�
ients of 
ar
ass pri
es in 
ommer
ial 
lasses for �eshinessand fat 
overing for bulls relative to the base 
lass (insert value 1 for the base
lass)15The �base� 
lass may be the most frequent 
lass or the best 
lass, for example. The pri
es forall other 
lasses are then 
al
ulated by multiplying the pri
e of the base 
lass with a 
oe�
ient.These 
oe�
ients will be given in the input �le INPUT24.TXT on this page.16see footnote 1517see footnote 15
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• Matrix Prh: 
oe�
ients of 
ar
ass pri
es in 
ommer
ial 
lasses for �eshinessand fat 
overing for heifers relative to the base 
lass (insert value 1 for thebase 
lass)
• Matrix Prcs: 
oe�
ients of 
ar
ass pri
es in 
ommer
ial 
lasses for �eshinessand fat 
overing for 
astrates relative to the base 
lass (insert value 1 for thebase 
lass)
• Matrix Prc: 
oe�
ients of 
ar
ass pri
es in 
ommer
ial 
lasses for �eshinessand fat 
overing for 
ows relative to the base 
lass (insert value 1 for the base
lass)See example in Se
tion 4.2.12 on page 70.4.3.9 Input �le INPUT25.TXTThis input �le 
ontains matri
es des
ribing the distribution of the 
ross-bred (beef xdairy) progeny over the individual 
ommer
ial 
lasses for �eshiness and fat 
overing.The �le is only read if there is 
rossbreeding in the system, otherwise it is ignored.The matri
es have the same stru
ture as in input �le INPUT24.TXT (see Se
tion4.3.8). The matri
es are as follows:
• Matrix Pbc - proportions of bull 
ar
asses in 
ommer
ial 
lasses for �eshinessand fat 
overing
• Matrix Phc - proportions of heifer 
ar
asses in 
ommer
ial 
lasses for �eshinessand fat 
overing
• Matrix Pcsc - proportions of 
astrate 
ar
asses in 
ommer
ial 
lasses for �eshi-ness and fat 
overing4.3.10 Input �le INPUT27.TXTThis �le 
ontains the input parameters for gene �ow (see Se
tion 2.8). The pa-rameter 'Number of age 
lasses for 
ross-bred dams' depends on the number ofreprodu
tive 
y
les in program EWBC. Modify this parameter in the appropriateway if ne
essary.The parameters in the �le are:
• Number of age 
lasses for dairy sires
• Number of age 
lasses for dairy dams (LL − 1+ age at 
alving in years18)
• Number of age 
lasses for beef sires
• Number of age 
lasses for 
ross-bred dams (Cal
ulate as: Number of repro-du
tive 
y
les in System 3 + age at 
alving in years - 1)
• Number of the sex-age 
lass for whi
h the gene �ow will be 
al
ulated
• Length of the investment period
• Proportion of genes from individual age 
lasses of dairy sires in male progeny(path sires to sires, the numbers must sum to 0.5)
• Proportion of genes from individual age 
lasses of dairy sires in female progeny(path sires to dams, the numbers must sum to 0.5)18When 
al
ulating the age in years, round always up to the next full year. For example, 1.1years should be rounded up to 2 years et
.
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• Proportion of genes from individual age 
lasses of dairy dams in male progeny(path dames to sires, the numbers must sum to 0.5)
• Proportion of genes from individual age 
lasses of beef sires in 
ross-bredprogeny (the numbers must sum to 0.5)4.3.11 Input �le INPUT28.TXTThis �le 
ontains parameters whi
h are needed for the 
al
ulation of the milk pri
e.A

ording to the option for the 
al
ulation of the milk pri
e (see Paragraph 4.1.1.14),di�erent sets of parameters are read. The value of the parameters whi
h are notread in the given run is of no impa
t on the results; they 
an be simply ignored.The parameters mainly refer to fat and protein 
ontent in milk and to somati
 
ell
ount or somati
 
ell s
ore. A great variety of pri
ing systems 
an be parametrisedby this �le. The following input parameters are to be spe
i�ed in dependen
e ofthe parameter milkprice, the option for the 
al
ulation of the milk pri
e:Part A
• Base pri
e for milk (prmilkb). This is the milk pri
e not taking into a

ountthe fat and protein 
ontent and the somati
 
ell s
ore. Its value is read for

milkprice = 1, 3 or 5. The base pri
e for milk is set to zero if milkprice =
2 or 4.Part B The following part of the input �le (until the next 
omment 
ommen
ingwith �/*�) is read only if the option for the 
al
ulation of the milk pri
e (milkprice)takes one of the following values: 3, 4 or 5.

• Parameter nfat for the dependen
e of the milk pri
e on the milk fat 
ontent.Insert -1 if the milk pri
e does not depend on fat 
ontent. Insert 0 if the milkpri
e depends linearly over the whole range on fat 
ontent (there is only oneregression equation). Insert a positive integer (number of threshold values) ifthe dependen
e 
hanges at one or more values (threshold values) of the fat
ontent.
• Threshold values for milk fat. If nfat takes values -1 or 0 insert zero. If

nfat > 0 insert nfat threshold values.
• Parameter nprot for the dependen
e of the milk pri
e on the milk protein
ontent. Insert -1 if the milk pri
e does not depend on protein 
ontent. Insert0 if the milk pri
e depends linearly over the whole range on protein 
ontent(there is only one regression equation). Insert a positive integer (number ofthreshold values) if the dependen
e 
hanges at one or more values (thresholdvalues) of the protein 
ontent.
• Threshold values for milk protein. If nprot takes values -1 or 0 insert zero. If

nprot > 0 insert nprot threshold values.
• Constants (inter
epts), regression 
oe�
ients and referen
e values for fat 
on-tent in individual 
lasses. The whole range of the fat 
ontent is divided bythe nfat threshold values into nfat + 1 
lasses where the �rst 
lass is therange between 0% and the �rst threshold value, the se
ond 
lass in the rangebetween the �rst and the se
ond threshold value, ..., and the last 
lass is therange between the last threshold value and 100%. For all 
lasses (rows in thematrix), three numbers have to be given. The �rst number b0 is a 
onstant(inter
ept). The se
ond number b1 is the regression 
oe�
ient. The third
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e value whi
h is subtra
ted from the fat 
ontent. Theregression equation has therefore the following form:
y = b0 + b1(x − xr) (4.1)where x is the milk fat 
ontent and y is the value whi
h is to be added to thebasi
 milk pri
e.

• Constants (inter
epts), regression 
oe�
ients and referen
e values for protein
ontent in individual 
lasses. See explanations above.
• Phenotypi
 standard deviation for milk fat 
ontent
• Phenotypi
 standard deviation for milk protein 
ontentPart C The next part of the input �le is read only if the option for the 
al
ulationof the milk pri
e (milkprice) takes one of the following values: 2, 4 or 5.
• Mean of somati
 
ell s
ore in the dairy 
ow population
• Phenotypi
 standard deviation of somati
 
ell s
ore in the dairy 
ow popula-tion
• Number of milk quality 
lasses a

ording to somati
 
ell 
ount (this value isautomati
ally set to 1 for milkprice = 1 or 3)
• Upper limits for somati
 
ell 
ount in the individual milk quality 
lasses (the1st 
lass being the best)Part D The following ve
tor of parameters is read for milkprice = 2 or 4:
• Ve
tor of basi
 pri
es per kg milk in quality 
lass i (i = 0 to nSCC − 1 where

nSCC is the number of milk quality 
lasses a

ording to somati
 
ell 
ount)Part E The last matrix of parameters is read only for milkprice = 5:
• Multipli
ative and additive 
orre
tion fa
tors for milk quality 
lasses on thebasis of SCC. Two parameters must be given for ea
h milk quality 
lass. The�rst one is used to multiply the milk pri
e 
al
ulated before and the se
ondparameter is added to the milk pri
e. For more details see Se
tion 2.5.1.2 andthe following examples.Some examples will be given. Example 1 refers to Part A of the input �le, examples2 to 5 refer to Part B of the input �le. Examples 6, 7 and 8 are for Parts C, D andE, respe
tively.4.3.11.1 Example 1 for INPUT28.TXT for �lling in Part A of the input�leAssume that the milk pri
e does neither depend on the somati
 
ell 
ount nor onthe protein and/or the fat 
ontent. That means, the option for the 
al
ulation ofthe milk pri
e (milkprice) is 1 in PARAD.TXT. Then the only parameter read fromthe �le is the basi
 milk pri
e (prmilkb). That means, only Part A of the �le isrelevant:/* Input parameters for program EWDC (Produ
tion System 4):Parameters for the 
al
ulation of the milk pri
e.For examples see the Manual.MU: monetary unit */
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e for milk (is read if the option for the 
al
ulation of the milk pri
etakes one of the following values: 1, 3 or 5; for details see the manual.)""MU/kg"The rest of the input �le is ignored and it does not matter how it looks like.4.3.11.2 Example 2 for INPUT28.TXT for �lling in Part B of the input�leThis is an example for modelling the dependen
e of the milk pri
e on the fat and/orprotein 
ontent. It is relevant if the option for the 
al
ulation of the milk pri
e19(variable milkprice) takes one of the following values: 3, 4 or 5.The pri
ing system looks as follows: There is a penalty of 1 MU (monetary unit)if the fat 
ontent is below 3.6%. This penalty does not depend on the fat 
ontent.Only the basi
 milk pri
e20 is paid if the fat 
ontent is between 3.6% and 3.9%.For the fat 
ontent greater than 3.9%, 0.5 MU are paid for ea
h additional per
ent. That means, the parameter for the dependen
e of the milk pri
e on the milkfat 
ontent takes the value 2 (two threshold values, 3.6% and 3.9%). There arethree 
lasses for regression with the following equations:
y = −1 + 0(x − 0) = −1

y = 0 + 0(x − 0) = 0

y = 0 + 0.5(x − 3.9) = 0.5(x − 3.9) (4.2)Therefore, in the �rst 
lass, b0 = −1, b1 = 0 and xr = 0. In the se
ond 
lass, allthree parameters are zero and in the third 
lass, b0 = 0, b1 = 0.5 and xr = 3.9.In a similar way, there is a penalty of 1 MU if the protein 
ontent is below 2.8%.Only the basi
 milk pri
e is paid if the protein 
ontent is between 2.8% and 3.3%.For the protein 
ontent greater than 3.3%, 0.5 MU are paid for ea
h additional per
ent. That means, the parameter for the dependen
e of the milk pri
e on the milkprotein 
ontent takes also the value 2 and there are three 
lasses for regression.The equations are similar as for fat 
ontent. In the �rst 
lass, b0 = −1, b1 = 0 and
xr = 0. In the se
ond 
lass, all three parameters are zero and in the third 
lass,
b0 = 0, b1 = 0.5 and xr = 3.3.The standard deviations for fat and protein 
ontent are 0.45 and 0.213, respe
-tively. Then the relevant part of the input �le looks as follows:/* Input parameters for program EWDC (Produ
tion System 4):... */.../* ... */2"Parameter for the dependen
e of the milk pri
e on the milk fat 
ontent..."" "3.6 3.9"Threshold values for milk fat...""%"2"Parameter for the dependen
e of the milk pri
e on the milk protein 
ontent ..."" "2.8 3.3"Threshold values for milk protein...""%"-1 0 00 0 019see Paragraph 4.1.1.14 on page 5020The basi
 milk pri
e is the �rst input parameter in INPUT28.TXT (milkprice = 3 or 5) or is
al
ulated from the pri
es of the individual milk quality 
lasses (milkprice = 4).



CHAPTER 4. INPUT FILES 870 0.5 3.9"Constants (inter
epts), regression 
oeffi
ients and referen
e values for fat 
ontentin individual 
lasses""MU/% fat"-1 0 00 0 00 0.5 3.3"Constants (inter
epts), regression 
oeffi
ients and referen
e values for protein 
on-tent in individual 
lasses""MU/% protein"0.45"Standard deviation for milk fat 
ontent""%"0.213"Standard deviation for milk protein 
ontent""%"...4.3.11.3 Example 3 for INPUT28.TXT for �lling in Part B of the input�leThis is a se
ond example for modelling the dependen
e of the milk pri
e on the fatand/or protein 
ontent. It is relevant if the option for the 
al
ulation of the milkpri
e21 (variable milkprice) takes one of the following values: 3, 4 or 5.Assume that there is a basi
 milk pri
e22 paid for milk 
arrier (milk without fatand protein).For ea
h kg of milk fat, 141 MU is paid, that means 1.41 MU per per 
ent fat(= 10 g fat/kg milk). For ea
h kg of milk protein, 226.1 MU is paid, that means2.261 MU per per 
ent protein. Both for fat and protein 
ontent, the regression isover the whole range and there is no threshold value. The regression equation forfat 
ontent is:
y = 0 + 1.41(x− 0) = 1.41x (4.3)Therefore, b0 = 0, b1 = 1.41 and xr = 0. For protein 
ontent we get

y = 0 + 2.261(x− 0) = 2.261x (4.4)so that b0 = 0, b1 = 2.261 and xr = 0.The appropriate part of the input �le looks therefore as follows:/* ... */.../* ... */0"Parameter for the dependen
e of the milk pri
e on the milk fat 
ontent ..."" "0"Threshold values for milk fat ...""%"0"Parameter for the dependen
e of the milk pri
e on the milk protein 
ontent ..."" "0"Threshold values for milk protein ...""%"0 1.41 0"Constants (inter
epts), regression 
oeffi
ients and referen
e values for fat 
ontentin individual 
lasses""MU/% fat"0 2.261 0"Constants (inter
epts), regression 
oeffi
ients and referen
e values for protein 
on-21see Paragraph 4.1.1.14 on page 5022see footnote 20 on the pre
eding page
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lasses""MU/% protein"0.45"Standard deviation for milk fat 
ontent""%"0.213"Standard deviation for milk protein 
ontent""%"...4.3.11.4 Example 4 for INPUT28.TXT for �lling in Part B of the input�leThis is a third example for modelling the dependen
e of the milk pri
e on the fatand/or protein 
ontent. It is relevant if the option for the 
al
ulation of the milkpri
e23 (variable milkprice) takes one of the following values: 3, 4 or 5.There is a basi
 milk pri
e24 paid for milk with given fat (4.2%) and protein(3.4%) 
ontent. For fat 
ontent greater than 4.2%, 1.155 MU is paid for ea
hadditional per 
ent, for fat 
ontent lower than 4.2%, the same value is subtra
tedfrom the base pri
e for ea
h per 
ent. For protein 
ontent greater than 3.4%, 1.575MU is paid for ea
h additional per 
ent, for protein 
ontent lower than 3.4%, thesame value is subtra
ted from the base pri
e for ea
h per 
ent. There is again onlyone 
lass for regression. The regression equation for fat 
ontent is:
y = 0 + 1.155(x− 4.2) = 1.155(x− 4.2) (4.5)so that b0 = 0, b1 = 1.155 and xr = 4.2. For protein 
ontent we get
y = 0 + 1.575(x− 3.4) = 1.575(x− 3.4) (4.6)that means b0 = 0, b1 = 1.575 and xr = 3.4.The relevant part of the input �le looks therefore as follows:/* ... */.../* ... */0"Parameter for the dependen
e of the milk pri
e on the milk fat 
ontent ..."" "0"Threshold values for milk fat ...""%"0"Parameter for the dependen
e of the milk pri
e on the milk protein 
ontent ..."" "0"Threshold values for milk protein ...""%"0 1.155 4.2"Constants (inter
epts), regression 
oeffi
ients and referen
e values for fat 
ontentin individual 
lasses""MU/% fat"0 1.575 3.4"Constants (inter
epts), regression 
oeffi
ients and referen
e values for protein 
on-tent in individual 
lasses""MU/% protein"0.45"Standard deviation for milk fat 
ontent""%"0.213"Standard deviation for milk protein 
ontent""%"...23see Paragraph 4.1.1.14 on page 5024see footnote 20 on page 86



CHAPTER 4. INPUT FILES 894.3.11.5 Example 5 for INPUT28.TXT for �lling in Part B of the input�leThis is the last example for modelling the dependen
e of the milk pri
e on the fatand/or protein 
ontent. It is relevant if the option for the 
al
ulation of the milkpri
e25 (variable milkprice) takes one of the following values: 3, 4 or 5.In this example, there is a penalty of 0.1 MU per per 
ent of fat 
ontent below3.8%. If fat 
ontent is between 3.8 and 4.5%, a bonus of 0.1 MU per per
ent of fatis paid. For fat 
ontent greater than 4.5% no bonus is paid (milk pri
e with fat
ontent above 4.5% is the same as the pri
e for milk with 4.5% fat). This systemmay be des
ribed by one threshold value (4.5%). The payment below and above3.8% fat (until 4.5% fat) 
an be des
ribed by the following equation:
y = 0 + 0.1(x − 3.8) = 0.1(x − 3.8) (4.7)so that b0 = 0, b1 = 0.1 and xr = 3.8. From this equation we 
al
ulate for x = 4.5a value of y = 0.1(4.5 − 3.8) = 0.07. Therefore, for a fat 
ontent greater than thethreshold value 4.5% we get the se
ond regression equation as

y = 0.07 + 0(x − 0) = 0.07 (4.8)That means that b0 = 0.07, b1 = 0 and xr = 0.For milk with a protein 
ontent of 3.2%, the basi
 milk pri
e is paid.Comment: The basi
 milk pri
e is the �rst input parameter in IN-PUT28.TXT (milkprice = 3 or 5) or is 
al
ulated from the pri
es ofthe individual milk quality 
lasses (milkprice = 4).For ea
h per 
ent of protein above this value, additional 0.78 MU are paid; for ea
hper 
ent of protein below this value, the same penalty is subtra
ted. Therefore, forprotein no threshold value is given and the regression is over the whole interval ofprotein 
ontent:
y = 0 + 0.78(x − 3.2) = 0.78(x − 3.2) (4.9)so that b0 = 0, b1 = 0.78 and xr = 3.2.The appropriate part of input �le INPUT28.TXT is then:/* ... */.../* ... */1"Parameter for the dependen
e of the milk pri
e on the milk fat 
ontent ..."" "4.5"Threshold values for milk fat ...""%"0"Parameter for the dependen
e of the milk pri
e on the milk protein 
ontent ..."" "0"Threshold values for milk protein ...""%"0 0.1 3.80.07 0 0"Constants (inter
epts), regression 
oeffi
ients and referen
e values for fat 
ontentin individual 
lasses""MU/% fat"0 0.78 3.2"Constants (inter
epts), regression 
oeffi
ients and referen
e values for protein 
on-tent in individual 
lasses"25see footnote 23



CHAPTER 4. INPUT FILES 90"MU/% protein"0.45"Standard deviation for milk fat 
ontent""%"0.213"Standard deviation for milk protein 
ontent""%"...4.3.11.6 Example 6 for INPUT28.TXT for �lling in part C of the input�leThis part of the input �le is read if the option for the 
al
ulation of the milkpri
e26 (variable milkprice) takes one of the following values: 2, 4 or 5. The textof the input �le should be su�
iently self-explanatory. Just a short 
omment. Ifthe number of 
lasses for somati
 
ell 
ount is 4 then there are 4-1=3 boundariesbetween the 
lasses. Therefore, the upper limits are given only for 
lasses 1 to 3./* The following part of the input file until the next 
omment is read only if theoption for the 
al
ulation of the milk pri
e takes one of the following values: 2, 4or 5. For details see the manual. */4.51765"Mean of somati
 
ell s
ore in the dairy 
ow population"" "0.23529"Phenotypi
 standard deviation of somati
 
ell s
ore in the dairy 
ow population"" "4"Number of milk quality 
lasses a

ording to somati
 
ell 
ontent"" "250000 400000 600000"Upper limits for somati
 
ell 
ount in the individual milk quality 
lasses (the 1st
lass being the best)""Number of somati
 
ells/ml milk"4.3.11.7 Example 7 for INPUT28.TXT for �lling in part D of the input�leThis part of the input �le is read if the option for the 
al
ulation of the milk pri
e27(variable milkprice) is 2 or 4. The number of values given is identi
al to the numberof 
lasses for somati
 
ell 
ount de�ned in Part C of the input �le. For four 
lasses,Part D looks like that:/* The ve
tor of basi
 pri
es is read only if the option for the 
al
ulation of themilk pri
e takes one of the following values: 2 or 4. For details see the manual. */8.20 8.10 2.30 1.00"Ve
tor of basi
 pri
es per kg milk in quality 
lass i (i=0 to nSCC-1 where nSCC isthe number of milk quality 
lasses a

ording to somati
 
ell 
ount)""MU/kg"4.3.11.8 Example 8 for INPUT28.TXT for �lling in part E of the input�leThis part of the input �le is read if the option for the 
al
ulation of the milk pri
e28(variable milkprice) is 5. In the example, four milk quality 
lasses on the basis ofsomati
 
ell 
ount are assumed. The �rst 
lass is always assumed to be the best.Assume that the basi
 milk pri
e was read and 
orre
ted for fat and/or protein
ontent. This value be 8.15 MU29/kg. In the �rst 
lass, it is assumed that 0.05MU/kg were added to this pri
e. That means, the multipli
ative 
oe�
ient is 126see Paragraph 4.1.1.14 on page 5027see footnote 2628see footnote 2629monetary units
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orre
tion fa
tor is 0.05. The milk pri
e in this 
lass is then:
1 · 8.15+0.05 = 8.20 MU/kg. In the se
ond 
lass, no 
orre
tion is assumed, i.e. themultipli
ative 
orre
tion fa
tor is 1 and the additive 
orre
tion fa
tor is 0. The �nalmilk pri
e is therefore 
al
ulated as 1 · 8.15 + 0 = 8.15 MU/kg. In the third andthe forth 
lasses, 30% and 10%, respe
tively, of the original pri
e are payed. Themultipli
ative 
orre
tion fa
tors are therefore 0.3 and 0.1, respe
tively. The milkpri
e in these 
lasses is 0.3 · 8.15 + 0 = 2.45 MU/kg or 0.1 · 8.15 + 0 = 0.82 MU/kg,respe
tively. The part of the input �le looks then as follows:/* The 
orre
tion fa
tors are read only if the option for the 
al
ulation of the milkpri
e takes the value 5. For details see the manual. */1.0 0.051.0 0.00.3 0.00.1 0.0"Multipli
ative and additive 
orre
tion fa
tors for milk quality 
lasses on the basisof SCC""- MU/kg"See also Paragraph 2.5.1.2.5 on page 27 for further examples.4.3.12 Input �le INPUT29.TXTThis �le 
ontains input parameters for the 
al
ulation of 
ost due to 
lini
al mastitis(CM) in the 
ow herd. It is ne
essary only if the e
onomi
 weight for 
lini
almastitis is to be 
al
ulated (option 1 for 'Data for mastitis in
iden
e' in parameter�le PARAD.TXT - see Se
tion 4.1.3 on page 51). The parameters in the �le are:

• Cost for drugs per average CM 
ase
• Veterinarian's time spend per average CM 
ase
• Average 
harge for veterinary servi
e
• Herdsman's time dealing with an average CM 
ase (treatment, separate milk-ing et
.)
• Value of herdsman's time
• Depre
iation 
ost for a separate milking ma
hine per year and per ill 
ow
• Pri
e per dose of drug for drying 
ows
• Proportion of 
ows that are dried with antibioti
s per 
alving interval
• Ve
tor of in
iden
e rate of CM (number of CM 
ases) per 
ow-year at risk inla
tations 1 to LL4.3.13 Input �le INPUT30.TXTThis �le 
ontains the daily mastitis in
iden
e (number of 
ows having mastitisdivided by the total number of 
ows in the herd for the given day) for days 1 to 400of 1st, 2nd and 3rd and subsequent la
tations. The �rst number in ea
h row is theday of la
tation, the following three numbers are the mastitits in
iden
e for the 1st,2nd and 3rd and subsequent la
tations, respe
tively. The �le is ne
essary only ifthe e
onomi
 weight for 
lini
al mastitis is to be 
al
ulated (option 1 for 'Data formastitis in
iden
e' in parameter �le PARAD.TXT - see Se
tion 4.1.3 on page 51).



CHAPTER 4. INPUT FILES 924.3.14 Input �le FROM1_3.TXTThis �le is produ
ed from the program EWBC (see Se
tion 5.1.3 on page 94). It isne
essary if there is a 
onne
tion between the dairy system and a produ
tion systemof type 3. In this 
ase, Produ
tion System 3 has to be 
al
ulated in the programEWBC before running the program EWDC.4.4 TEXT_OUT.TXT and TEXTD_OUT.TXT: �les
ontaining text for writing resultsThese �les 
ontain texts whi
h are used for printing the results. They 
ontain head-ings of se
tions of the results �les, 
omments and names of variables the values ofwhi
h are printed in the results �les. For editing the �les read 
arefully the remarksat the beginning of Se
tion 4 on page 46. The �le TEXT_OUT.TXT is needed forProdu
tion Systems 1 to 3 (program EWBC) and the �le TEXTD_OUT.TXT isne
essary for Produ
tion System 4 (program EWDC).



Chapter 5Program output5.1 Output �les for Produ
tion Systems 1 to 3 (pro-gram EWBC)5.1.1 The results �leThe name of the �le the results are written to is determined by the user whenstarting the program. The �rst part of the �le 
ontains the following information:
• Version of the program, 
opyright and 
onta
t to the authors
• System variables (read from PARA.TXT, see Se
tion 4.1.2)
• Input parameters read from the individual input �lesThe se
ond part 
ontains the following results:
• Stru
ture of the 
ow herd in the stationary state
• Reprodu
tion 
hara
teristi
s of the herd
• Growth of 
ows in reprodu
tive 
y
les 1 to 3
• Chara
teristi
s of progeny born in the herd
• Nutrition 
ost
• Further 
ost 
omponents and total 
osts per animal in ea
h 
ategory
• Cost for dysto
ia
• Revenues
• Number of dis
ounted expressions (
overing only one generation of o�springwhere heifers are in
luded till 
alving) for revenues and 
osts of all 
ategoriesof 
attle per 
ow and year
• Pro�t
• Marginal e
onomi
 values for all traits
• E
onomi
 weights for dire
t and maternal 
omponents for the sele
tion group
hosen 93



CHAPTER 5. PROGRAM OUTPUT 94Remark. It may happen that some values are printed whi
h have no relevan
e forthe given 
al
ulation. These preliminary results are automati
ally 
al
ulated fromthe default values in the input �les. They are ignored in the 
al
ulation of total
osts, revenues, pro�t and e
onomi
 values. For example, feed 
osts for 
astratesmay be printed even if there are no 
astrates. When 
al
ulating total 
osts, these
osts are multiplied by the proportion of animals in the given 
ategory. So, if thereare no 
astrates, this produ
t will be zero. Therefore, just ignore all quantitieswhi
h have no relevan
e to your 
al
ulation.5.1.2 File CHECKThis �le is of importan
e mainly for people who are interested in a further devel-opment of the program. The �le lists the values of all variables (ex
ept some indexvariables and temporary variables) used in the program. The �le 
an be useful for�nding bugs in the program. A good way of 
he
king the program was to 
al
ulatetwo versions of e
onomi
 values - one for a 
hange of 0.5% down and upwards inthe trait (variables ew[i℄) and a se
ond one for a 
hange of 1% to both sides in thetrait (variables ew0[i℄). The di�eren
e between these two numbers expressed in per
ent (ewdi�[i℄) should be reasonably low, generally less than one per 
ent.5.1.3 File FROM1_3.TXTThis �le is needed for Produ
tion System 4 (program EWDC) in several 
ases. It
ontains the following information:
• A short 
omment.
• The number of the produ
tion system (see Se
tion 4.1.1.1).
• The number of reprodu
tive 
y
les (LL in program EWBC, read as L3 inprogram EWDC)
• Ve
tor l3 (LL elements: 
ows 
alving in reprodu
tive 
y
les 1 to LL expressedas proportion of 
ows entering any reprodu
tive 
y
le)
• Ve
tor ew (e
onomi
 values, 29 elements, see numbering of traits in the Ap-pendix on page 98). The values are read in as ew[i℄[2℄ with i = 1, ..., 29.5.2 Output �les for Produ
tion System 4 (programEWDC)5.2.1 The results �leThe name of the �le the results are written to is determined by the user whenstarting the program. The �rst part of the �le 
ontains the following information:
• Version of the program, 
opyright and 
onta
t to the authors
• System variables (read from PARAD.TXT, see Se
tion 4.1.3)
• Input parameters read from the individual input �lesThe se
ond part 
ontains the following results:
• Stru
ture of the 
ow herd in the stationary state
• Reprodu
tion 
hara
teristi
s of the herd
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• Growth of 
ows in reprodu
tive 
y
les 1 to 3
• Chara
teristi
s of progeny born in the herd
• Nutrition 
ost
• Cost per animal in ea
h 
ategory
• Cost for dysto
ia
• Revenues
• Number of dis
ounted expressions for revenues and 
osts for all 
ategories of
attle per SFU (
overing only one generation of progeny, where heifers arein
luded till 
alving)
• Pro�t
• Marginal e
onomi
 values
• E
onomi
 weights for dire
t and maternal 
omponents for the sele
tion group
hosenRemark. See remark at the end of Se
tion 5.1.1 on page 93.5.2.2 File CHECKDThis �le is of importan
e mainly for people who are interested in a further devel-opment of the program. The �le lists the values of all variables (ex
ept some indexvariables and temporary variables) used in the program.
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Appendix ALists of traits and of variablesin EWBC and EWDCA.1 Some useful 
ommentsIndi
es are used in di�erent manners for distin
t arrays. The index variable referringto the reprodu
tive 
y
le is always identi
al with the number of the reprodu
tive
y
le de
remented by one; reprodu
tive 
y
les 1 to LL are represented by the values0 to LL−1 of the appropriate index variable. The same prin
iple is applied to most
ases when the dimension is less or equal to 10. In arrays with higher dimension,the value of the index variable in the program is, as a rule, identi
al to its real value;the index used for the 
ategory of animals in the program, for example, is alwaysidenti
al with the numbers given in the manual in Se
tion 2.2.2. When the indexfor the 
ategory of animals is 
al
ulated from the number of the reprodu
tive 
y
le(symbol r is used in these 
ases) the real number of the reprodu
tive 
y
le as givenin Se
tion 2.2.1 is to be inserted.Proportions are usually understood as fra
tions. Deviations from this generalprin
iple are spe
i�ed in the des
ription of the variable (in some 
ases, proportionsare given as per
entage).For �nding possible bugs in the program, the e
onomi
 values are 
al
ulatedtwi
e. The values 
al
ulated as des
ribed in Se
tion 2.7 and printed to the results�le will be found in the ve
tor ew[i] for Program EWBC and in the ve
tor ew[i][j]for Program EWDC. For ea
h trait a se
ond value is 
al
ulated by shifting thevalue of the trait by twi
e the value it was shifted for ew[i] or ew[i][j], respe
tively.These latter values will be found in the ve
tor ew0[i] or ew0[i][j], respe
tively. Ifthe program works well, the di�eren
e between these two values given in the ve
tor
ewdiff [i] or ewdiff [i][j], respe
tively, in per 
ent should be small, to our experien
emostly 1% or less. Nevertheless, in some traits where the pro�t depends stronglynonlinearly on the trait value, the di�eren
e may be somewhat greater (2 to 3%). Ifyou will observe greater values for these di�eren
es (all these values are printed inthe �les CHECK or CHECKD - see Se
tions 5.1.2 or 5.2.2, respe
tively), somethingis probably going wrong. Inform please the authors of the program in this 
ase.A.2 Numbering of traitsThe following numbering of traits is used in the program:1 Average s
ore for 
alving performan
e (male and female 
alves together)98



APPENDIX A. LISTS OF TRAITS AND VARIABLES 992 Losses of 
alves at 
alving3 Losses of 
alves from 48 hours till weaning or till the end of the rearingperiod4 Mature weight of 
ows5 Birth weight of 
alves6 Program EWBC: Average daily gain of 
alves from birth to 1st weighing7 Program EWBC: Average daily gain of 
alves from 1st to 2nd weighing8 Program EWBC: Average daily gain of 
alves from 2nd to 3rd weighing9 Average daily gain in fattening period to 
onstant slaughter weight10 Dressing per
entage11 Cow losses12 Con
eption rate of heifers13 Con
eption rate of 
ows14 Mean 
lass of �eshiness for 
ows15 Mean 
lass of �eshiness for bulls16 Mean 
lass of �eshiness for heifers17 Mean 
lass of �eshiness for 
astrates18 Mean 
lass of �eshiness for all 
ategories together19 Mean 
lass of fat 
overing for 
ows20 Mean 
lass of fat 
overing for bulls21 Mean 
lass of fat 
overing for heifers22 Mean 
lass of fat 
overing for 
astrates23 Mean 
lass of fat 
overing for all 
ategories together24 Average s
ore for 
alving performan
e (female 
alves)25 Average s
ore for 
alving performan
e (male 
alves)26 Program EWBC: Weight of 
alves at 1st weighing27 Program EWBC: Weight of 
alves at 2nd weighing28 Program EWBC: Weight of 
alves at 3rd weighing29 Average lifetime of 
ows30 Program EWDC: Average daily gain from birth till the end of the rearingperiod31 Program EWDC: 305d milk produ
tion32 Program EWDC: Fat per
entage33 Program EWDC: 305d fat yield (kg)



APPENDIX A. LISTS OF TRAITS AND VARIABLES 10034 Program EWDC: Protein per
entage35 Program EWDC: 305d protein yield (kg)36 Program EWDC: Somati
 
ell s
ore37 Program EWDC: Mastitis in
iden
eA.3 List of variablesa Temporary variablea1 Program EWBC: Temporary variable (e.g. 
onvergen
e 
riterion foriteration). Program EWDC: Parameter a in the la
tation 
urve for the1st la
tation1a2 Program EWBC: Parameter a in the la
tation 
urve (see equation (2.4)in Se
tion 2.3) for two year old 
ows. Program EWDC: Parameter a inthe la
tation 
urve for the 2nd and higher la
tations2a3 Program EWBC: Parameter a in the la
tation 
urve for three year old
ows3. Program EWDC: Temporary variablea4 Program EWBC: Parameter a in the la
tation 
urve for four year old
ows4a9 Temporary variableaa1 Temporary variableaa2 Temporary variableaa3 Temporary variableaa4 Temporary variableaa5 Temporary variableaa6 Temporary variableaa11 Temporary variableab[i℄ Probability of abortion for 
ows 
on
eived in reprodu
tive 
y
le i + 1(i = 0, ..., LL − 1)ACD Program EWBC: Maximal number of age 
lasses for damsa
d Number of age 
lasses for damsACDC Program EWDC: Maximal number of age 
lasses for 
ross-bred damsa
d
 Program EWDC: Number of age 
lasses for 
ross-bred dams (Cal
ulatedas: Number of reprodu
tive 
y
les in System 3 + age at 
alving in years- 1)ACDD Program EWDC: Maximal number of age 
lasses for dairy dams1See Se
tion 2.3 for the la
tation 
urves and for the derivation of their parameters2see footnote 13see footnote 14see footnote 1



APPENDIX A. LISTS OF TRAITS AND VARIABLES 101a
dd Program EWDC: Number of age 
lasses for dairy dams (LL − 1+ ageat 
alving in years)ACM Maximal dimension of the matrix for gene �owa
m Dimension of matrix PM (transition matrix for gene-�ow)ACS Program EWBC: Maximal number of age 
lasses for siresa
s Number of age 
lasses for siresACSB Program EWDC: Maximal number of age 
lasses for beef siresa
sb Program EWDC: Number of age 
lasses for beef siresACSD Program EWDC: Maximal number of age 
lasses for dairy siresa
sd Program EWDC: Number of age 
lasses for dairy siresadg[i℄ Average daily gain of 
ategory i (Program EWBC: i = 1, ..., CC + 10,Program EWDC: i = 1, ..., CT )adg10 Daily gain of bulls from the end of the rearing period of 
alves till sellingadg1
ow Average daily gain of 
ows in the 1st reprodu
tive 
y
leadg2
ow Average daily gain of 
ows in the 2nd reprodu
tive 
y
leadgbbt Daily gain of bulls in testadg
f[i℄ Daily gain of female 
alves in the rearing period (i = 0 for pure-bredanimals, i = 1 for 
ross-bred animals)adg
m[i℄ Daily gain of male 
alves in the rearing period (i = 0 for pure-bredanimals, i = 1 for 
ross-bred animals)adg
on1f Average daily gain of females from birth to the �rst 
ontrol weighingadg
on1m Average daily gain of males from birth to the �rst 
ontrol weighingadg
on2f Average daily gain of females from �rst to the se
ond 
ontrol weighingadg
on2m Average daily gain of males from �rst to the se
ond 
ontrol weighingadg
on3f Average daily gain of females from se
ond to the third 
ontrol weighingadg
on3m Average daily gain of males from se
ond to the third 
ontrol weighingadgfrep Average daily gain (without foetus) from pur
hase of a breeding heiferto 
alvingadgh1s Daily gain of repla
ement heifers in the 1st summer season after theirweaningadgh2s Daily gain of repla
ement heifers in the 2nd summer season after theirweaningadgh2w Daily gain of repla
ement heifers in the 2nd winter season after theirweaningadgh3s Daily gain of repla
ement heifers in the 3rd summer season after theirweaning
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ement heifers in the 3rd winter season after theirweaningadgh4w Daily gain of repla
ement heifers in the 4th winter season after theirweaningadgh
al Average daily gain of heifers from weaning to the 1st 
alving (withoutgain for foetus - average of heifers 
on
eived in all 3 mating periods afterweaning)adghm
[i℄ Daily gain of repla
ement heifers from the 1st mating to 
alving (withoutfoetus) (i = 0 for pure-bred animals, i = 1 for 
ross-bred animals)adghm[i℄ Daily gain of repla
ement heifers from the end of rearing period to the1st mating (i = 0 for pure-bred animals, i = 1 for 
ross-bred animals)adgs Average daily gain in the summer period after weaning for 
ategory
CC + 1adgs0[i℄ Average daily gain in the �zeroeth� summer period5 after weaning for
ategory i (i = CC + 1, . . . , CC + 10).adgs1[i℄ Average daily gain in the 1st summer period after weaning for 
ategory
i (i = CC + 2, CC + 9)adgs2[i℄ Average daily gain in the 2nd summer period after weaning for 
ategory
i (i = CC + 2, CC + 3)adgs3[i℄ Average daily gain in the 3rd summer period after weaning for 
ategory
i (i = CC + 2, CC + 4)adgst Average daily gain from weaning to the start of the bull test in 
ategory10adgtm Average daily gain of bulls from the test end to rea
hing mature weightadgw[i℄ Average daily gain in the winter period after weaning for 
ategory i(i = 18, CC + 1)adgw1[i℄ Average daily gain in the 1st winter period after weaning for 
ategory i(i = CC + 2, CC + 5)adgw2[i℄ Average daily gain in the 2nd winter period after weaning for 
ategory
i (i = CC + 2, CC + 4, CC + 8)adgw3[i℄ Average daily gain in the 3rd winter period after weaning for 
ategory i(i = CC + 3, CC + 5)adgw4 Average daily gain in the 4th winter period after weaning for 
ategory
CC + 6adgws
 Program EWBC: Daily gain of 
astrates in intensive fatteningadgws
[i℄ Program EWDC: Daily gain of pure-bred (i = 0) and 
ross-bred (i = 1)
astrates in intensive fatteningadgwsf Program EWBC: Daily gain of heifers in intensive fatteningadgwsf[i℄ Program EWDC: Daily gain of pure-bred (i = 0) and 
ross-bred (i = 1)heifers in intensive fattening5This period o

urs only if 
alves are weaned before the end of the pasture period.



APPENDIX A. LISTS OF TRAITS AND VARIABLES 103adgwsm Program EWBC: Daily gain of bulls in intensive fatteningadgwsm[i℄ Program EWDC: Daily gain of pure-bred (i = 0) and 
ross-bred (i = 1)bulls in intensive fatteningadgwt Average daily gain of bulls in test (
ategory 10)age[i℄ Program EWDC: Age of animals in 
ategory i (i = 1, . . . , CT )agebb
ull Age of breeding bulls at 
ullingagebbm Age of breeding bulls when rea
hing mature body weightagebbse Average age of performan
e-tested bulls at selling to the herd or insem-ination stationsagebbse Age of breeding bulls at pur
hase for the herdagebbst Average age of breeding bulls at the begin of the performan
e testagebbt Average age of breeding bulls at the end of the performan
e testage
1[i℄ Age of 
alves at the end of the �rst feeding period during rearing (i = 0for pure-bred animals, i = 1 for 
ross-bred animals)age
al Age of 
ows at �rst 
alvingage
ws
 Program EWBC: Average age of 
astrates 
ulled in the fattening periodbefore rea
hing slaughter weightage
ws
[i℄ Program EWDC: Average age of of pure-bred (i = 0) and 
ross-bred
(i = 1) 
astrates 
ulled in the fattening period before rea
hing slaughterweightage
wsf Program EWBC: Average age of heifers 
ulled in the fattening periodbefore rea
hing slaughter weightage
wsf[i℄ Program EWDC: Average age of pure-bred (i = 0) and 
ross-bred (i =
1) heifers 
ulled in the fattening period before rea
hing slaughter weightage
wsm Program EWBC: Average age of bulls 
ulled in the fattening periodbefore rea
hing slaughter weightage
wsm[i℄ Program EWDC: Average age of pure-bred (i = 0) and 
ross-bred (i =
1) bulls 
ulled in the fattening period before rea
hing slaughter weightaged
w Program EWBC: Average age of 
alves died from 2 days of age to wean-ingaged
w[i℄ Program EWDC: Average age of pure-bred (i = 0) and 
ross-bred (i =
1) female 
alves died from 2 days of age to the end of the rearing periodagedmh Program EWBC: Average age of breeding heifers died from weaning toentering the herdagedmh[i℄ Program EWDC: Average age of breeding pure-bred (i = 0) and 
ross-bred (i = 1) heifers died from the end of the rearing period to enteringthe herdagedws
 Program EWBC: Average age of 
astrates died in the fattening period
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[i℄ Program EWDC: Average age of pure-bred (i = 0) and 
ross-bred (i =
1) 
astrates died in the fattening periodagedwsf Program EWBC: Average age of heifers died in the fattening periodagedwsf[i℄ Program EWDC: Average age of pure-bred (i = 0) and 
ross-bred (i =
1) heifers died in the fattening periodagedwsm Program EWBC: Average age of bulls died in the fattening periodagedwsm[i℄ Program EWDC: Average age of pure-bred (i = 0) and 
ross-bred (i =
1) bulls died in the fattening periodagefrep Age of female for repla
ement at pur
haseageh1
al Program EWBC: Average age at 
alving for heifers 
on
eived in the 1stmating period after weaningageh1
al[0℄ Program EWDC: Average age of pure-bred heifers at 
alvingageh2
al Average age at 
alving for heifers 
on
eived in their 2nd mating periodafter weaningageh3
al Average age at 
alving for heifers 
on
eived in their 3rd mating periodafter weaningageh
mat Average age of heifers 
ulled after the 1st, 2nd and 3rd mating periodsafter weaning be
ause of no pregnan
yageh
mat1 Program EWBC: Average age of heifers 
ulled after their 1st matingperiod after weaning be
ause of no pregnan
yageh
mat1[0℄ Program EWDC: Average age of pure-bred heifers 
ulled after theirmating period be
ause of no pregnan
yageh
mat2 Average age of heifers 
ulled after their 2nd mating period after weaningbe
ause of no pregnan
yageh
mat3 Average age of heifers 
ulled after their 3rd mating period after weaningbe
ause of no pregnan
yagehmat Average age of heifers at mating (weighted average from all 3 matingperiods)agehmat1 Program EWBC: Average age at mating for heifers mated in their 1stmating period after weaning.agehmat1[i℄ Program EWDC: Average age of heifers at their 1st mating (1st insem-ination) (i = 0 for pure-bred heifers, i = 1 for 
ross-bred heifers)agehmat2 Average age at mating for heifers mated in their 2nd mating period afterweaningagehmat3 Average age at mating for heifers mated in their 3rd mating period afterweaningages
 Program EWBC: Average age of 
astrates at the end of the fatteningperiodages
[i℄ Program EWDC: Average age of pure-bred (i = 0) and 
ross-bred (i =
1) 
astrates at the end of the fattening period



APPENDIX A. LISTS OF TRAITS AND VARIABLES 105agesf Program EWBC: Average age of heifers at the end of the fatteningperiodagesf[i℄ Program EWDC: Average age of pure-bred (i = 0) and 
ross-bred (i =
1) heifers at the end of the fattening periodagesm Program EWBC: Average age of bulls at the end of the fattening periodagesm[i℄ Program EWDC: Average age of pure-bred (i = 0) and 
ross-bred (i =
1) bulls at the end of the fattening periodagew Program EWBC: Average age of 
alves at weaningagew[i℄ Program EWDC: Average age of pure-bred (i = 0) and 
ross-bred (i =
1) 
alves at the end of rearing periodai
 Proportion of insemination in 
owsaih Heifers mated in their 1st oestrus within the given mating period asproportion of all mated heifers in this periodaih
 Heifers pregnant in their 1st oestrus within the given mating period asproportion of all heifers whi
h entered this mating periodam Parameter a in the la
tation 
urve for 
ows older than four years6anphse Program EWBC: Average age of non-pregnant breeding heifers at sellinganphse1 Program EWBC: Average age of breeding heifers sold before the �rstmating period after their weaninganphse2 Program EWBC: Average age of non-pregnant breeding heifers sold be-tween the �rst and se
ond mating period after their weaningaphse Program EWBC: Average age of pregnant breeding heifers at sellingaphse1 Program EWBC: Average age of pregnant breeding heifers sold after the�rst mating period after their weaningaphse1 Program EWBC: Average age of pregnant breeding heifers sold after these
ond mating period after their weaningave
al
 Average number of 
ross-bred 
alvings in the herd per 
ow and repro-du
tive 
y
leavelife

 Average produ
tive life time of 
ows (in numbers of 
alvings)avelife
l Average produ
tive lifetime of 
ows in number of la
tations (not takinginto a

ount that some 
ows had shorter la
tations due to 
ulling ordeath during the reprodu
tive 
y
le)avelife
y Average produ
tive life time of 
ows (in years)avh Temporary variable used in the 
al
ulation of e
onomi
 values of severaltraitsavl Temporary variable used in the 
al
ulation of e
onomi
 values of severaltraits6See Se
tion 2.3 for the la
tation 
urves and for the derivation of their parameters
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tation 
urve for the 1st la
ta-tion7b2 Program EWBC: Parameter b in the la
tation 
urve for two year old
ows. Program EWDC: Parameter b in the la
tation 
urve for the 2ndla
tation8b3 Program EWBC: Parameter b in the la
tation 
urve for three year old
ows. Program EWDC: Parameter b in the la
tation 
urve for the 3rdand higher la
tations9b4 Program EWBC: Parameter b in the la
tation 
urve for four year old
ows10b9 Temporary variablebm Program EWBC: Parameter b in the la
tation 
urve for 
ows older than4 years11bw[i℄ Program EWBC: Average birth weight of 
alves (female 
alves (i = 8),male 
alves (i = 9), averaged over sexes (i = 3)). Program EWDC:Average birth weight of 
alves (i = 3, 8, 9, 10, CC + 3, CC + 8, CC + 9)bwf Program EWBC: Weight of female 
alves at birthbwf[i℄ Program EWDC: Weight of pure-bred (i = 0) and 
ross-bred (i = 1)female 
alves at birthbwm Program EWBC: Weight of male 
alves at birthbwm[i℄ Program EWDC: Weight of pure-bred (i = 0) and 
ross-bred (i = 1)male 
alves at birthC Program EWBC: Maximal number of 
ategories of animals + 1, Pro-gram EWDC: Total number of 
ategories of animals + 1C1 Program EWDC: Total number of pure-bred 
ategories of animals + 1
1 Program EWDC: Parameter c in the la
tation 
urve for the 1st la
ta-tion12
2 Program EWBC: Parameter c in the la
tation 
urve for two year old
ows. Program EWDC: Parameter c in the la
tation 
urve for the 2ndla
tation13
3 Program EWBC: Parameter c in the la
tation 
urve for three year old
ows. Program EWDC: Parameter c in the la
tation 
urve for the 3rdand higher la
tations14
4 Program EWBC: Parameter c in the la
tation 
urve for four year old
ows157see footnote 68see footnote 69see footnote 610see footnote 611see footnote 612see footnote 613see footnote 614see footnote 615see footnote 6
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9 Temporary variable
al[j℄[i℄ Number of pure-bred (j = 0) and 
ross-bred (j = 1) 
alvings per 
owand reprodu
tive 
y
le i + 1 (i = 0, ...LL − 1)
al�oss Total 
alf losses at 
alving (abort, stillbirth, death till 48 hours after
alving)
al�oss[i℄ Total 
alf losses at 
alving (abort, stillbirth, death till 48 hours after
alving) for pure-bred (i = 0) and 
ross-bred (i = 1) 
alves
b Program EWDC: The parameter indi
ates if 
rossbreeding is used (cb =
1) or not (cb = 0)CC Program EWBC: Number of 
ategories of animals, CC = 6(LL − 1) +
4 + 24 = TT + 24. Program EWDC: Number of 
ategories of animals ifthere is no 
rossbreeding

ul
m[i℄ Cows 
ulled from 
alving to mating for health problems other than dys-to
ia in reprodu
tive 
y
le i+1 (i = 0, ..., LL−1) as proportion of 
owsentering the 
y
le

ulm
[i℄ Cows 
ulled from mating to 
alving for health problems other than dys-to
ia in reprodu
tive 
y
le i+1 (i = 0, ..., LL−1) as proportion of 
owsentering the 
y
le
iav Average 
alving interval in the herd 
al
ulated only for the 
ows thatentered the next reprodu
tive 
y
le
i[i℄ Calving interval for reprodu
tive 
y
le i + 1 (i = 0, ...LL − 1)
l
m[i℄ Cow losses from 
alving to mating for reprodu
tive 
y
le i + 1 (i =
0, ..., LL − 1)
lm
[i℄ Cow losses from mating to next 
alving for reprodu
tive 
y
le i + 1(i = 0, ..., LL − 1)
m Program EWBC: Parameter c in the la
tation 
urve for 
ows older than4 years16
mat[i℄ Cows entering the mating period in reprodu
tive 
y
le i + 1 expressedas proportion of the number of 
ows at the beginning of this 
y
le (i =
0, ..., LL − 1)
md Culling rate of 
ows after dysto
ia (assumed to be equal in all repro-du
tive 
y
les)
on_1 Age of 
alves at �rst weighing
on_2 Age of 
alves at se
ond weighing
on_3 Age of 
alves at third weighing
onh[i℄ Heifers 
on
eived after the ith insemination (i = 0, ..., inmaxh) as pro-portion of �rstly inseminated heifers
onh1 Heifers 
on
eived in the 1st mating period after their weaning expressedas proportion of all heifers whi
h entered the 1st mating period16See Se
tion 2.3 for the la
tation 
urves and for the derivation of their parameters
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onh2 Heifers 
on
eived in the 2nd mating period after their weaning expressedas proportion of all heifers whi
h entered the 1st mating period
onh3 Heifers 
on
eived in the 3rd mating period after their weaning expressedas proportion of all heifers whi
h entered the 1st mating period
ost[i℄ Ve
tor of total 
ost for 
ategory i (Program EWBC: i = 1, ..., CC, Pro-gram EWDC: i = 1, ..., CT )
ostbb Total 
ost for a breeding bull for natural mating in the herd from pur-
hase to slaughter
ost
 Total 
osts per 
ow and year (averaged over all 
ow 
ategories)
ost
owy Average 
ost per 
ow and year in the 
ow-
alf pasture system (in
luding
ost for repla
ement and dead 
alves without additional feeding 
ostsfor 
alves weaned) 
orre
ted for revenues from 
ulled 
ows and heifers
ost
w Average 
ost in the 
ow-
alf pasture system per weaned 
alf withoutadditional feeding 
ost for 
alf
ost
wf Average 
ost in the 
ow-
alf pasture system in
luding additional feeding
ost per weaned female 
alf
ost
wfkg Average 
ost in the 
ow-
alf pasture system per kg life weight of weanedfemale 
alves
ost
wm Average 
ost in the 
ow-
alf pasture system in
luding additional feeding
ost per weaned male 
alf
ost
wmkg Average 
ost in the 
ow-
alf pasture system per kg life weight of weanedmale 
alves
ostd[i℄ Cost for removing and rendering a dead mature animal of 
ategory i
ostd
 Cost for removing and rendering a dead 
ow
ostd
f[i℄ Program EWDC: Average 
ost for removing and rendering of a deadpure-bred (i = 0) or 
ross-bred (i = 1) 
alf in the rearing period
ostdf Program EWBC: Cost for removing and rendering of one young animal(in fattening or rearing)
ostdf[i℄ Program EWDC: Average 
ost for removing and rendering of a deadyoung pure-bred (i = 0) or 
ross-bred (i = 1) animal (repla
ementheifer or animal in fattening)
ostdrug Cost for drugs per average CM 
ase
ostdys Average 
ost of dysto
ia per 
ow and year
ostdys
 Average 
ost for dysto
ia per 
alving
ostf[i℄ Total 
ost for feeding (in
luding water and minerals) per animal of 
at-egory i (Program EWBC: i = 1, ..., CC, Program EWDC: i = 1, ..., CT )
ostfas[i℄ Cost for feeding after extensive fattening on pasture if the requiredslaughter weight was not rea
hed at the end of this fattening period,per animal of 
ategory i (i = 5, 6, 12, 13, 15, 16, 17)
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ostfatb Average 
ost in fattening per slaughtered bull rea
hing the given slaugh-ter weight (in
luding 
osts for losses and 
ulling for health, without 
ostsfor pur
hased weaned male 
alf for fattening)
ostfatbkg Average 
ost in fattening per kg 
ar
ass weight of bulls (without 
ostsfor pur
hased weaned male 
alf for fattening)
ostfat
 Average 
ost in fattening per slaughtered 
astrate rea
hing the givenslaughter weight (in
luding 
osts for losses and 
ulling for health, with-out 
osts for pur
hased male 
alf for fattening)
ostfat
kg Average 
ost in fattening per kg 
ar
ass weight of 
astrates (without
osts for pur
hased weaned male 
alf for fattening)
ostfath Average 
ost in fattening per slaughtered heifer rea
hing the given slaugh-ter weight (in
luding 
osts for losses and 
ulling for health, without 
ostsfor pur
hased female 
alf for fattening)
ostfathkg Average 
ost in fattening per kg 
ar
ass weight of heifers (without 
ostsfor pur
hased weaned female 
alf for fattening)
ostfbb Total 
ost for feeding per breeding bull from pur
hase to slaughter
ostfbbs Cost for summer feeding per breeding bull from pur
hase to slaughter
ostfbbw Cost for winter feeding per breeding bull from pur
hase to slaughter
ostf
 Cost for feeding (in
luding water and minerals) per 
ow and year (av-eraged over all 
ow 
ategories)
ost�[i℄ Cost for feeding in intensive fattening per animal of 
ategory i (i =
4, 5, 6, 12, 13, 14, 15, 16, 17)
ost�x[i℄ Fixed 
ost per animal of 
ategory i (Program EWBC: i = 1, ..., CC,Program EWDC: i = 1, ..., CT )
ost�x
 Fixed 
ost per 
ow and year (averaged over all 
ow 
ategories)
ost�xwf[i℄ Fixed 
ost in the rearing period per female 
alves (i = 0: pure-bredanimals, i = 1: 
ross-bred animals)
ost�xwm[i℄ Fixed 
ost in the rearing period per male 
alves (i = 0: pure-bredanimals, i = 1: 
ross-bred animals)
ostfs[i℄ Cost for summer feeding per animal of 
ategory i (i = 1, ..., CC ex
ept
i = 4, 14, 15)
ostft Cost for feeding per breeding bull in the performan
e test
ostftb Cost for feeding per breeding bull before the performan
e test
ostftse Cost for feeding per breeding bull from the end of the performan
e testto selling
ostfw[i℄ Cost for winter feeding per animal of 
ategory i (i = 1, ..., CC ex
ept
i = 4, 14, 15)
ostfwf[i℄ Cost for nutrition (food and water) in the rearing period per female
alve (i = 0: pure-bred animals, i = 1: 
ross-bred animals)
ostfwm[i℄ Cost for nutrition (food and water) in the rearing period per male 
alve(i = 0: pure-bred animals, i = 1: 
ross-bred animals)
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osth[i℄ Cost for housing (di�eren
e of 
ost for straw and revenues for dung) peranimal of 
ategory i (Program EWBC: i = 1, ..., CC, Program EWDC:
i = 1, ..., CT )
osthbb Cost for housing (di�eren
e of 
ost for straw and revenues for dung) perbreeding bull in the herd from pur
hase to slaughter
osth
 Cost for housing (di�eren
e of 
ost for straw and revenues for dung) per
ow and year (averaged over all 
ow 
ategories)
osthnpr Average 
ost for breeding heifers sold to other systems before mating(in
luding proportional 
ost per 
ow)
osthnprkg Average 
ost per kg live weight of breeding heifers sold to other systemsbefore mating (in
luding proportional 
ost per 
ow)
osthpr Average 
ost for pregnant breeding heifers sold to other systems (in
lud-ing proportional 
ost per 
ow)
osthprkg Average 
ost per kg live weight of pregnant breeding heifers sold to othersystems (in
luding proportional 
ost per 
ow)
osthwf[i℄ Cost for housing (di�eren
e of 
ost for straw and revenues for dung) inthe rearing period per female 
alves (i = 0: pure-bred animals, i = 1:
ross-bred animals)
osthwm[i℄ Cost for housing (di�eren
e of 
ost for straw and revenues for dung) inthe rearing period per male 
alves (i = 0: pure-bred animals, i = 1:
ross-bred animals)
osti Program EWBC: Cost for breeding bulls (natural mating) per femaleand reprodu
tive 
y
le
osti[i℄ Program EWDC: Cost for insemination per 
ategory i
ostim
 Cost for insemination and natural mating per 
ow and reprodu
tive
y
le
ostimh Cost for insemination and natural mating per heifer and mating period
ostlab Cost per sto
k-man hour (needed for dysto
ia 
ost)
ostlabm Labour 
ost for herdsman's time dealing with CM per 
ow and year
ostm[i℄ Cost for minerals per animal of 
ategory i (i = 1, ..., CC ex
ept i =
4, 14, 15)
ostma
h Depre
iation 
ost for a separate milking ma
hine per year and per 
owill with 
lini
al mastitis
ostmbb Cost for minerals per breeding bull from pur
hase to slaughter
ostmilkv[i℄ Part of variable 
osts for milk for 
ategory i (i = NCP, ..., CC)
osto[i℄ Other 
ost in 
ategory i (Program EWBC: i = 1, ..., CC, ProgramEWDC: i = 1, ..., CT )
osto
 Other 
ost (breeding 
ost, 
ost for removing and rendering of dead 
ows)per 
ow and year (averaged over all 
ow 
ategories)
ostom other 
osts 
onne
ted with 
lini
al mastitis per 
ow and year
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ostv[i℄ Cost for veterinary treatment per animal of 
ategory i (i = 1, ..., CC),in program EWDC only de�ned for i = 30.
ostvbb Cost for veterinary treatment per bull in the herd per reprodu
tive 
y
le
ostvbbt Total veterinary 
ost per breeding bull in the herd from pur
hase to
ulling
ostvet[i℄ Cost for veterinary treatment per animal of 
ategory i (Program EWBC:
i = 1, ..., CC, Program EWDC: i = 1, ..., CT )
ostvet10 Cost for veterinary treatment per bull from the end of rearing period of
alves till selling
ostvet
 Cost for veterinary treatment per 
ow and year (averaged over all 
ow
ategories)
ostvetm 
ost for drugs and veterinary servi
e for mastitis treatment, per 
ow andyear
ostvetwf[i℄ Veterinary 
ost per female 
alve in the rearing period (i = 0: pure-bredanimals, i = 1: 
ross-bred animals)
ostvetwm[i℄ Veterinary 
ost per male 
alves in the rearing period (i = 0: pure-bredanimals, i = 1: 
ross-bred animals)
ostv� Cost for veterinary treatment per animal in intensive fattening
ostvfx Cost for veterinary treatment per animal in extensive fattening
ostwf[i℄ Total 
ost per female 
alves in the rearing period (i = 0: pure-bredanimals, i = 1: 
ross-bred animals)
ostwm[i℄ Total 
ost per male 
alves in the rearing period (i = 0: pure-bred ani-mals, i = 1: 
ross-bred animals)
ostwt[i℄ Cost for water per animal of 
ategory i (Program EWBC: i = 1, ..., CC,Program EWDC: i = 1, ..., CT )
ostwtbb Cost for water per breeding bull from pur
hase to slaughter
ostwwf[i℄ Cost for water per female 
alves in the rearing period (i = 0: pure-bredanimals, i = 1: 
ross-bred animals)
ostwwm[i℄ Cost for water per male 
alves in the rearing period (i = 0: pure-bredanimals, i = 1: 
ross-bred animals)
owb Number of 
ows per bull for natural mating
owyear Number of stable pla
es needed per 
ow and reprodu
tive 
y
le
p[i℄ Total number of pregnant 
ows (weighted for 
ows with and withoutdysto
ia) in the mating period of reprodu
tive 
y
le i+1 (i = 0, ..., LL−

2) as proportion of 
ows 
alved in this 
y
le
p2nm[i℄ Probability that a 
ow (weighted average for 
ows with and without dys-to
ia) not pregnant in the 1st oestrus will be pregnant in the 2nd oestruswithin the mating period of reprodu
tive 
y
le i + 1 (i = 0, ..., LL − 2)
p3nm[i℄ Probability that a 
ow (weighted average for 
ows with and without dys-to
ia) not pregnant in the 2nd oestrus will be pregnant in the 3rd oestruswithin the mating period of reprodu
tive 
y
le i + 1 (i = 0, ..., LL − 2)
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pin[i℄ Program EWBC: Probability that a 
alved 
ow (weighted average for
ows with and without dysto
ia) will be pregnant in the 1st oestrus inthe mating period of reprodu
tive 
y
le i + 1 (i = 0, ..., LL − 2)
pin[i℄[j℄ Program EWDC: Probability that a 
alved 
ow in 
y
le i + 1 (i =
0, ..., LL−2) will be pregnant after insemination j (j = 0, ..., inmax−1)(weighted average for 
ows with and without dysto
ia)
pindys[i℄[j℄ Cows having dysto
ia in reprodu
tive 
y
le i + 1 (i = 0, ..., LL − 1)and be
oming pregnant after insemination j (j = 0, ..., inmax − 1) asproportion of all pregnant 
ows in reprodu
tive 
y
le i + 1.
pinndys[i℄[j℄ Cows without dysto
ia in reprodu
tive 
y
le i + 1 (i = 0, ..., LL −

1) be
oming pregnant after insemination j (j = 0, ..., inmax − 1) asproportion of all pregnant 
ows in reprodu
tive 
y
le i + 1.
r2nmh Con
eption rate of heifers in the 2nd oestrus within a mating period ex-pressed as proportion of heifers not being pregnant after the 1st oestrusin this mating period
r3nmh Con
eption rate of heifers in the 3rd oestrus within a mating period ex-pressed as proportion of heifers not being pregnant after the 2nd oestrusin this mating period
r
mp[i℄ Cows 
on
eived after the mating period of reprodu
tive 
y
le i + 1 ex-pressed as proportion of all mated 
ows in this 
y
le (i = 0, ..., LL − 2)
rdys Average de
rease in 
on
eption rate of 
ows 
aused by dysto
ia (averageover all oestrus and reprodu
tive 
y
les)
rh1mp Total 
on
eption rate of heifers in a mating period
rhmp Heifers 
on
eived in one of the three mating periods after their weaningexpressed as proportion of all heifers whi
h entered the 1st mating period(only three subsequent mating periods are allowed for heifers after theirweaning)
rinh Program EWBC: Con
eption rate of heifers in the 1st oestrus duringthe �rst part of the mating period expressed as proportion of heifersmated in this oestrus
rinh[i℄ Program EWDC: Con
eption rate of heifers after insemination i (i =
0, ..., inmaxh− 1)CT Program EWDC: Total number of animal 
ategories (CT = TT + 48)
ulh[i℄ Ve
tor of 
ows involuntarily 
ulled within reprodu
tive 
y
le i + 1 (i =
0, ..., LL − 1) for other health problems than dysto
ia as proportion of
ows whi
h entered this reprodu
tive 
y
le
ulvol[i℄ Ve
tor of 
ows voluntarily 
ulled within reprodu
tive 
y
le i + 1 (i =
0, ..., LL−1) for low milk produ
tion as proportion of 
ows whi
h enteredthis reprodu
tive 
y
leD Program EWDC: Maximal number of 
lasses for 
alving performan
ed[i℄ Days for whi
h the 
osts per animal of 
ategory i are 
al
ulated (Pro-gram EWBC: i = 1, ..., CC, Program EWDC: i = 1, ..., CT )
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tation 
urve for the �rst la
tation17d1w[i℄ Length of the �rst feeding period in the rearing period of 
alves (i = 0:pure-bred animals, i = 1: 
ross-bred animals)d2 Parameter d for the la
tation 
urve for the se
ond la
tation18d3 Parameter d for the la
tation 
urve for the third and higher la
tations19d9 Temporary variableda Temporary variabledas
 Days of feeding 
astrates after pasture in extensive fattening to rea
hthe required slaughter weightdasf Days of feeding heifers after pasture in extensive fattening to rea
h therequired slaughter weightdav
al Average 
alving date for all females (heifers and 
ows) 
alving in theherddav
al
 Average date of 
alving for 
ows in the herddav
alh Average date of 
alving for heifers in the herddavmat Average date of mating for all females (heifers and 
ows) in the herddavmat
 Average date of mating for 
ows in the herddavmath Average date of the 1st mating for heifers in the herddays
 Days from pur
hase of a pregnant female to 
alvingdaysh
 Program EWBC: Number of days from the average date of mating tothe date of 
ulling of not pregnant heifersdaysh
[i℄ Program EWDC: Number of days from the average date of mating tothe date of 
ulling of not pregnant pure-bred (i = 0) and 
ross-bred
(i = 1) heifersdaysla
[i℄ Length of the whole la
tation in reprodu
tive 
y
le i+1 (i = 0, ..., LL−1)(di�eren
e of the length of the 
alving interval and days dry)dbb[i℄ Number of days breeding bulls are kept in the herd (from pur
hase to
ulling)dbpas Date of beginning pastured
1[i℄ Length of the �rst feeding period for a 
alf of 
ategory i (i = 3, 8, 9, 10, CC+
3, CC + 8, CC + 9, CC + 10)d
alai Average date of 
alving for females 
on
eived in the 1st oestrus in themating periodd
almat Average interval in days from date of 
alving to date of matingd
alnm2 Average date of 
alving for females 
on
eived in the 2st oestrus in themating period17See Se
tion 2.3 for the la
tation 
urves and for the derivation of their parameters18see footnote 1719see footnote 17
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alnm3 Average date of 
alving for females 
on
eived in the 3st oestrus in themating periodd

f Program EWBC: Losses of 
astrates in the fattening periodd

f[i℄ Program EWDC: Losses of pure-bred (i = 0) and 
ross-bred (i = 1)
astrates in the fattening periodd
d[i℄ Calves died to 48 hours expressed as proportion of 
alves born alive afterdysto
ia in reprodu
tive 
y
le i + 1 (i = 0, ..., LL − 1)d
e[i℄ Calves died to 48 hours expressed as proportion of 
alves born alive aftereasy 
alving in reprodu
tive 
y
le i + 1 (i = 0, ..., LL − 1)d
onai Average date of 
on
eption for 
ows 
on
eived in the 1st oestrus in themating periodd
onnm2 Average date of 
on
eption for 
ows 
on
eived in the 2st oestrus in themating periodd
onnm3 Average date of 
on
eption for 
ows 
on
eived in the 3st oestrus in themating periodd
ost[i℄ Length of the period for whi
h the 
osts are 
al
ulated for 
ategory i(i = 1, ..., CC)d
ostw[i℄ Length of the winter period for whi
h the 
osts are 
al
ulated for 
ate-gory i (i = 1, ..., CC ex
ept 
ategories 4, 14, 15)d
w Program EWBC: Losses of 
alves from 48 hours after 
alving to weaning(averaged over sexes and reprodu
tive 
y
les)d
w[i℄ Program EWDC: Losses of pure-bred (i = 0) and 
ross-bred (i = 1)
alves from 48 hours after 
alving to the end of the rearing period (av-eraged over sexes and reprodu
tive 
y
les)DD Program EWDC: Number of 
lasses for 
alving performan
edd Average days dry per 
owdead48[i℄ Probability that a 
alf born alive dies till 48 hours after 
alving in re-produ
tive 
y
le i + 1 (i = 0, ..., LL − 1)dead48f[i℄ Program EWBC: Probability that a female 
alf born alive dies till 48hours after 
alving in reprodu
tive 
y
le i + 1 (i = 0, ..., LL − 1)dead48f[i℄[j℄ Program EWDC: Probability that a pure-bred (i = 0) or 
ross-bred
(i = 1) female 
alf born alive dies till 48 hours after 
alving in repro-du
tive 
y
le j + 1 (j = 0, ..., LL − 1)dead48m[i℄ Program EWBC: Probability that a male 
alf born alive dies till 48hours after 
alving in reprodu
tive 
y
le i + 1 (i = 0, ..., LL − 1)dead48m[i℄[j℄ Program EWDC: Probability that a pure-bred (i = 0) or 
ross-bred
(i = 1) male 
alf born alive dies till 48 hours after 
alving in reprodu
tive
y
le j + 1 (j = 0, ..., LL − 1)dead
[i℄ Probability that a 
ow in reprodu
tive 
y
le i+1 (i = 0, ..., LL−1) willbear a dead 
alf
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[i℄ Program EWBC: Probability that a 
ow in reprodu
tive 
y
le i + 1(i = 0, ..., LL − 1) will bear a dead female 
alfdeadf
[i℄[j℄ Program EWDC: Probability that a 
ow in reprodu
tive 
y
le j + 1(j = 0, ..., LL − 1) will bear a dead pure-bred (i = 0) or 
ross-bred
(i = 1) female 
alfdeadm
[i℄ Program EWBC: Probability that a 
ow in reprodu
tive 
y
le i + 1(i = 0, ..., LL − 1) will bear a dead male 
alfdeadm
[i℄[j℄ Program EWDC: Probability that a 
ow in reprodu
tive 
y
le j + 1(j = 0, ..., LL − 1) will bear a dead pure-bred (i = 0) or 
ross-bred
(i = 1) male 
alfdeai Date of ending the �rst part of the mating period 
overing the �rstpossibility of a female to be
ome pregnant (1st oestrus)delta
ow In the 
al
ulation of e
onomi
 weights: 
hange in the number of 
owsdeltamilk In the 
al
ulation of e
onomi
 weights: 
hange in milktotdenm2 Date of ending the 2nd part of the mating period 
overing the se
ondpossibility of females to be
ome pregnant (2nd oestrus)denm3 Date of ending the 3rd part of the mating period (end of the matingperiod) 
overing the 3rd possibility of females to be
ome pregnant (3rdoestrus)depas Date of ending pasturedf
f Program EWBC: Losses of heifers in the fattening perioddf
f[i℄ Program EWDC: Losses of pure-bred (i = 0) and 
ross-bred (i = 1)heifers in the fattening perioddfrp Losses of heifers in the rearing period (from weaning to mating)dg
xas Daily gain of 
astrates in the fattening period after extensive fatteningon pasturedg
xs Daily gain of 
astrates in the summer period on pasture in extensivefatteningdg
xw Daily gain of 
astrates in the winter period after their weaning in ex-tensive fatteningdgfxas Daily gain of heifers in the fattening period after extensive fattening onpasturedgfxs Daily gain of heifers in the summer period on pasture in extensive fat-teningdgfxw Daily gain of heifers in the winter period after their weaning in extensivefatteningdis
ow[i℄ dis
arded milk due to 
lini
al mastitis per 
ow of 
ategory i (i = NCP, ..., CC)dismilk total dis
arded milk due to 
lini
al mastitis per 
ow and yearDL Parameter: maximal number of days in la
tation (DL = 400)
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tation for 
ow of 
ategory idm Days from pur
hase to rea
hing mature weight of breeding bullsdmatpas Average interval in days from average date of mating to the end of thesummer seasondm
f Program EWBC: Losses of bulls in the intensive fattening perioddm
f[i℄ Program EWDC: Losses of pure-bred (i = 0) or 
ross-bred (i = 1) bullsin the fattening perioddmi[i℄[j℄ In
iden
e of 
lini
al mastitis on day j +1 (j = 0, ..., DL−1) of la
tation
i + 1 (i = 0, ..., LL − 1)dmilksum[i℄ Change in milk produ
tion per 
ow of 
ategory i per reprodu
tive 
y
le(used for the 
al
ulation of the e
onomi
 weight for milk produ
tion),
i = NCP, ...CCdot Total governmental subsidy in the integrated produ
tion system per 
owand yeardot
alf Governmental subsidies per weaned 
alfdot
owh Governmental subsidies per performan
e-tested 
ow and yeardot
owo Additional governmental subsidies per 
ow and yeardot
ows Governmental subsidies per slaughter 
owdotexpm Governmental subsidies per exported male 
alfdotfati Governmental subsidies per intensively fattened animaldotfatx Governmental subsidies per extensively fattened animaldotmilk Governmental subsidies per kg milkdottest Program EWBC: Governmental subsidies per bull on performan
e testand per day. Program EWDC: Governmental support for rearing perbreeding bull per daydp[i℄ Days in pregnan
y for 
ategory i (i = 22, 24, 25, ..., CC − 4)dpas
al Average interval in days from the end of the summer season to 
alvingdpasmat Average interval in days from the end of the summer season to the nextmating perioddprfrep Days of pregnan
y of a pur
hased female for repla
ementdresb Program EWBC: Dressing per
entage of bullsdresb[i℄ Program EWDC: Dressing per
entage of pure-bred (i = 0) or 
ross-bred
(i = 1) bullsdres
 Program EWBC: Dressing per
entage of 
astratesdres
[i℄ Program EWDC: Dressing per
entage of pure-bred (i = 0) or 
ross-bred
(i = 1) 
astratesdres
w Dressing per
entage of 
ows
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entage of heifersdresh[i℄ Program EWDC: Dressing per
entage of pure-bred (i = 0) and 
ross-bred (i = 1) heifersdryf[i℄ Dry matter per kg feed ration for intensively fattened animals of 
ate-gory i (Program EWBC: i = 4, 5, 6, 12, 13, 14, 15, 16, 17, ProgramEWDC:
i = 1, ..., CT )dryf10 Dry matter per kg feed ration for breeding bulls from the end of therearing period of 
alves till sellingdryf2[i℄ Dry matter per kg feed ration for 
alves of 
ategory i (i = 3, 8, 9, 10, CC+
3, CC+8, CC+9, CC+10) in the se
ond feeding period within the rear-ing perioddryfwf[i℄ Dry matter per kg feed ration for reared female 
alves in the �rst feedingperiod within the rearing period (i = 0: pure-bred animals, i = 1: 
ross-bred animals)dryfwf2[i℄ Dry matter per kg feed ration for reared female 
alves in the se
ondfeeding period within the rearing period (i = 0: pure-bred animals,
i = 1: 
ross-bred animals)dryfwm[i℄ Dry matter per kg feed ration for reared male 
alves in the �rst feedingperiod within the rearing period (i = 0: pure-bred animals, i = 1:
ross-bred animals)dryfwm2[i℄ Dry matter per kg feed ration for reared male 
alves in the se
ondfeeding period within the rearing period (i = 0: pure-bred animals,
i = 1: 
ross-bred animals)dryfx[i℄ Dry matter per kg feed ration for fattening animals of 
ategory i (i =
5, 6, 12, 13, 16, 17) after extensive fattening on pasturedryhayha Amount of dry matter per ha of pasture land (without losses 
aused bygrazing animals)drys[i℄ Dry matter per kg summer feed ration for animals of 
ategory i (i =
1, ..., CC ex
ept 4, 14, 15)dryt Dry matter per kg feed ration of breeding bulls in the performan
e testdrytb Dry matter 
ontent per kg winter feed ration of breeding bulls beforethe performan
e testdrytse Dry matter per kg feed ration of breeding bulls after the performan
etestdryw[i℄ Dry matter per kg winter feed ration for animals of 
ategory i (i =
1, ..., CC ex
ept 4, 14, 15)ds[i℄ Lenght (in days) of the summer period for 
ategory i (i = 3, 8, 9, 25, ..., CC)ds0[i℄ Lenght (in days) of the �zeroeth� summer feeding period20 after weaningfor 
ategory i (i = CC + 1, . . . , CC + 10)ds1[i℄ Lenght (in days) of the 1st summer feeding period after weaning for
ategory i (i = CC + 1, CC + 2, CC + 9)20This period o

urs only if 
alves are weaned before the end of the pasture period.



APPENDIX A. LISTS OF TRAITS AND VARIABLES 118ds2[i℄ Lenght (in days) of the 2nd summer feeding period after weaning for
ategory i (i = CC + 2, CC + 3, CC + 10)ds3[i℄ Lenght (in days) of the 3rd summer feeding period after weaning for
ategory i (i = CC + 3, CC + 6)dsd[i℄ Days dry in the summer period for 
ategory i (i = 25, ..., CC)dsl[i℄ Days of la
tation in the summer period for 
ow 
ategory i (i = 25, ..., CC)and available for 
alves of 
ategory i (i = 3, 8, 9)dslg Days from rea
hing mature weight to 
ulling of breeding bullsdsmp Date of starting the mating perioddsnm2 Date of starting the se
ond part of mating period (start of 2nd oestruswithin the mating period)dsnm3 Date of starting the third part of mating period (start of 3rd oestruswithin the mating period)dsp[i℄ Days of pregnan
y in the summer period for 
ategory i (i = 22, CC +9)dst Days from weaning to the start of the performan
e test for bullsdsx Days of the pasture summer period in extensive feeding of heifers or
astratesdt Duration (in days) of the performan
e test for bullsdtse Days from the end of the performan
e test to selling bullsdung[i℄ Amount of dung produ
ed per animal of 
ategory i (i = 1, ...CT ) perdaydung10 Amount of dung per breeding bull per day (program EWDC)dungbb Amount of dung per breeding bull in the herd during the winter housingperiod and per daydung� Amount of dung per animal in intensive fattening and per daydungfx Amount of dung per animal in extensive fattening during the winterhousing period and per daydungwf[i℄ Amount of dung produ
ed per female 
alf and per day in the rearingperiod (i = 0: pure-bred animals, i = 1: 
ross-bred animals)dungwm[i℄ Amount of dung produ
ed per male 
alf and per day in the rearingperiod (i = 0: pure-bred animals, i = 1: 
ross-bred animals)dw[i℄ Length (in days) of the winter period for 
ategory i (i = 3, 8, 9, 18)dw0 Date of weaning 
alvesdw1[i℄ Length (in days) of the 1st winter feeding period after weaning for 
at-egory i (i = 25, ..., CC + 2, CC + 7)dw2[i℄ Length (in days) of the 2nd winter feeding period after weaning for
ategory i (i = 25, ..., CC, CC + 2, CC + 4, CC + 8)



APPENDIX A. LISTS OF TRAITS AND VARIABLES 119dw3[i℄ Length (in days) of the 3rd winter feeding period after weaning for
ategory i (i = CC + 3, CC + 5)dw4 Length (in days) of the 4th winter feeding period after weaning for
ategory CC + 6dwd[i℄ Days dry in the winter period for 
ategory i (i = 25, ..., CC)dwl[i℄ Days of la
tation in the winter period for 
ategory i (i = 25, ..., CC)dwx Days in the winter period in extensive fattening of heifers or 
astratesdys[i℄ Program EWBC: Ve
tor of probabilities of dysto
ia o

urren
e in re-produ
tive 
y
le i + 1 (i = 0, ..., LL − 1)dys[i℄[j℄ ProgramEWDC: Ve
tor of probabilities of dysto
ia o

urren
e per pure-bred (i = 0) or 
ross-bred (i = 1) 
alving in reprodu
tive 
y
le j + 1(j = 0, ..., LL− 1)dysav Program EWBC: Average probability of dysto
ia per 
alving in the herdof the given stru
turedysav[i℄ Program EWDC: Average probability of dysto
ia per pure-bred (i = 0)and 
ross-bred (i = 1) 
alving in the herd of the given stru
turedysavave Average dysto
ia in
iden
e (
alving s
ores ≥ dyscl) in the herd per
alvingdysavh[i℄ Average in
iden
e of 
alving s
ore i + 1 (i = 0, ..., DD − 1) per 
alvingin the herddysavs[i℄[j℄[k℄ In
iden
e of 
alving s
ore i+1 (i = 0, ..., DD−1) per pure-bred (j = 0)or 
ross-bred (j = 1) 
alving in reprodu
tive 
y
le k+1 (k = 0, ...LL−1)averaged over sexesdys
[i℄ Average dysto
ia in
iden
e (
alving s
ores ≥ dyscl) per 
alving in re-produ
tive 
y
le i + 1 (i = 0, ...LL − 1)dys
l Lowest 
alving s
ore whi
h is 
onsidered to be dysto
iadysf[i℄ Program EWBC: Ve
tor of probabilities of dysto
ia o

urren
e whenfemale is born in reprodu
tive 
y
le i + 1 (i = 0, ..., LL − 1)dysf[i℄[j℄ Program EWDC: Ve
tor of probabilities of dysto
ia o

urren
e whenpure-bred (i = 0) or 
ross-bred (i = 1) female is born in reprodu
tive
y
le j + 1 (j = 0, ..., LL − 1)dys�[j℄[i℄ Program EWBC: Ve
tor of probabilities of 
alving s
ore j + 1 (j =
0, ..., DD − 1) when female is born in reprodu
tive 
y
le i + 1 (i =
0, ..., LL − 1)dys�[j℄[k℄[i℄ Program EWDC: Ve
tor of probabilities of 
alving s
ore j + 1 (j =
0, ..., DD − 1) when pure-bred (k = 0) or 
ross-bred (k = 1) female isborn in reprodu
tive 
y
le i + 1 (i = 0, ..., LL − 1)dys�0[j℄[i℄ Original values of dysff [j][i] (Must be stored during the 
al
ulation ofe
onomi
 weights.)dys�[j℄ Needed for the 
al
ulation of e
onomi
 weightsdys�d[j℄ Needed for the 
al
ulation of e
onomi
 weights
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al
ulation of e
onomi
 weightsdys�dr[j℄ Needed for the 
al
ulation of e
onomi
 weightsdys�l[j℄ Needed for the 
al
ulation of e
onomi
 weightsdys�m
 Program EWBC: Mean s
ore for 
alving performan
e for female 
alvesdys�m
[j℄ Program EWDC: Mean s
ore for 
alving performan
e for pure-bred (j =
0) or 
ross-bred (j = 1) female 
alvesdys�ql[j℄ Needed for the 
al
ulation of e
onomi
 weightsdys�qm[j℄ Needed for the 
al
ulation of e
onomi
 weightsdys�qr[j℄ Needed for the 
al
ulation of e
onomi
 weightsdys�r[j℄ Needed for the 
al
ulation of e
onomi
 weightsdysm[i℄ Program EWBC: Ve
tor of probabilities of dysto
ia o

urren
e whenmale is born in reprodu
tive 
y
le i + 1 (i = 0, ..., LL − 1)dysm[i℄[j℄ Program EWDC: Ve
tor of probabilities of dysto
ia o

urren
e whenpure-bred (i = 0) or 
ross-bred (i = 1) male is born in reprodu
tive
y
le j + 1 (j = 0, ..., LL − 1)dysmat[i℄ Ve
tor of probabilities that 
ows having dysto
ia in reprodu
tive 
y
le
i + 1 (i = 0, ..., LL − 1) will be mated in the following mating perioddysmm[j℄[i℄ Program EWBC: Ve
tor of probabilities of 
alving s
ore j + 1 (j =
0, ..., DD − 1) when male is born in reprodu
tive 
y
le i + 1 (i =
0, ..., LL − 1)dysmm[j℄[k℄[i℄ Program EWDC: Ve
tor of probabilities of 
alving s
ore j + 1 (j =
0, ..., DD − 1) when pure-bred (k = 0) or 
ross-bred (k = 1) male isborn in reprodu
tive 
y
le i + 1 (i = 0, ..., LL − 1)dysmm0[j℄[i℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weightfor 
alving performan
edysmm0[j℄[k℄[i℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weightfor 
alving performan
edysmml[j℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weight for
alving performan
edysmml[j℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weightfor 
alving performan
edysmmld[j℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weight for
alving performan
edysmmld[j℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weightfor 
alving performan
edysmmldl[j℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weightfor 
alving performan
edysmmldl[j℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weightfor 
alving performan
e
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al
ulation of the e
onomi
 weightfor 
alving performan
edysmmldr[j℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weightfor 
alving performan
edysmmll[j℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weight for
alving performan
edysmmll[j℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weightfor 
alving performan
edysmmlm
 Program EWBC: Mean s
ore for 
alving performan
e for male 
alvesdysmmlm
[j℄ Program EWDC: Mean s
ore for 
alving performan
e for pure-bred
(j = 0) or 
ross-bred (j = 1) male 
alvesdysmmlql[j℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weightfor 
alving performan
edysmmlql[j℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weightfor 
alving performan
edysmmlqm[j℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weightfor 
alving performan
edysmmlqm[j℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weightfor 
alving performan
edysmmlqr[j℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weightfor 
alving performan
edysmmlqr[j℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weightfor 
alving performan
edysmmlr[j℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weight for
alving performan
edysmmlr[j℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weightfor 
alving performan
edyss
ore[j℄ O

urren
e of 
alving s
ore j + 1 per 
alving (j = 0, ..., DD − 1)dyss
oreav Program EWBC: Average 
alving s
ore in the herddyss
oreav[i℄ Program EWDC: Average 
alving s
ore in the herd for pure-bred (i =
0) or 
ross-bred (i = 1) 
alvesdyss
oreavf[i℄ Program EWDC: Average 
alving s
ore in the herd for pure-bred(i = 0) or 
ross-bred (i = 1) female 
alvesdyss
oreavm[i℄ Program EWDC: Average 
alving s
ore in the herd for pure-bred(i = 0) or 
ross-bred (i = 1) male 
alvese
m Energy and protein requirement per kg milk with given fat and protein
ontente
r2nm
 Con
eption rate of 
ows in the 2nd oestrus during the se
ond part ofthe mating period for 
ows not having dysto
ia in reprodu
tive 
y
les 1to LL− 1 expressed as proportion of 
ows not being pregnant after the1st oestrus
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r3nm
 Con
eption rate of 
ows in the 3rd oestrus during the third part of themating period for 
ows not having dysto
ia in reprodu
tive 
y
les 1 to
LL−1 expressed as proportion of 
ows not being pregnant after the 2ndoestruse
rin
 Program EWBC: Con
eption rate of 
ows in the 1st oestrus during the�rst part of the mating period for 
ows not having dysto
ia in repro-du
tive 
y
les 1 to LL−1 expressed as proportion of 
ows mated in thisoestruse
rin
[i℄ ProgramEWDC: Con
eption rate after insemination i+1 (i = 0, ..., inmax−
1) for 
ows not having dysto
ia in reprodu
tive 
y
les 1 to LLedf[i℄ Net energy per kg dry matter of feed ration for animal of 
ategory i(Program EWBC:i = 4, 5, 6, 12, 13, 14, 15, 16, 17, Program EWDC: i =
1, ..., CT )edf10 Net energy 
ontent per kg dry matter of feed ration for breeding bullsfrom the end of the rearing period of 
alves till sellingedf2[i℄ Net energy per kg dry matter of feed ration for 
alves of 
ategory i(i = 3, 8, 9, 10, CC + 3, CC + 8, CC + 9, CC + 10) in the se
ond feedingperiod within the rearing periodedfwf[i℄ Net energy per kg dry matter of feed ration for female 
alves in the�rst feeding period within the rearing period (i = 0: pure-bred animals,
i = 1: 
ross-bred animals)edfwf2[i℄ Net energy per kg dry matter of feed ration for female 
alves in the se
-ond feeding period within the rearing period (i = 0: pure-bred animals,
i = 1: 
ross-bred animals)edfwm[i℄ Net energy per kg dry matter of feed ration for male 
alves in the �rstfeeding period within the rearing period (i = 0: pure-bred animals,
i = 1: 
ross-bred animals)edfwm2[i℄ Net energy per kg dry matter of feed ration for male 
alves in the se
ondfeeding period within the rearing period (i = 0: pure-bred animals,
i = 1: 
ross-bred animals)edfx[i℄ Net energy per kg dry matter of feed ration for fattened animals of
ategory i (i = 12, 17) after extensive fattening on pastureeds[i℄ Net energy per kg dry matter of summer feed ration for animals of
ategory i (i = 1, ..., CC ex
ept 4, 14, 15)edt Net energy per kg dry matter of feed ration for breeding bulls in theperforman
e testedtb Net energy per kg dry matter of feed ration for breeding bulls beforethe performan
e testedtse Net energy per kg dry matter of feed ration for breeding bulls after theperforman
e testedw[i℄ Net energy per kg dry matter of winter feed ration for animals of 
ate-gory i (i = 1, ..., CC ex
ept 4, 14, 15)
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onomi
 value for trait i (i = 1, ..., 29) 
al
ulated fora 
hange in the trait of ±0.5% (for numbering of traits see Se
tion A.2on page 98)ew[i℄[j℄ Program EWDC: E
onomi
 values for trait i 
al
ulated for a 
hange inthe trait of ±0.5% (i = 1, ..., 37, for numbering of traits see Se
tion A.2on page 98) in progeny group j (pure-bred dairy progeny: j = 0, 
ross-bred beef x dairy progeny: j = 1, 
ross-bred progeny of 
ows in System3: j = 2) expressed per dairy 
ow in Produ
tion System 4 (for j = 0and j = 1) or per 
ross-bred 
ow in System 3 (for j = 2)ew0[i℄ Program EWBC: E
onomi
 value for trait i (i = 1, ..., 29) 
al
ulated fora 
hange in the trait of ±1%ew0[i℄[j℄ Program EWDC: E
onomi
 value for trait i (i = 1, ..., 37) 
al
ulated fora 
hange in the trait of ±1%ew
[i℄[j℄ Program EWDC: E
onomi
 values for trait i in pure-bred dairy progenyexpressed per pure-bred dairy 
alving (per 
ow 
alved after mating withdairy bulls, j = 0) or in 
ross-bred progeny expressed per 
ross-bred
alving (per 
ow 
alved after mating with beef bulls, j = 1)ewd[i℄ E
onomi
 weight for dire
t traits i (Program EWBC: i = 1, ..., 29, Pro-gram EWDC: i = 1, ..., 37)ewdi�[i℄ Program EWBC: Di�eren
e in e
onomi
 values for trait i (i = 1, ..., 29)expressed in per 
ent: ewdiff [i] = 100 ∗ (ew0[i] − ew[i])/ew[i]ewdi�[i℄[j℄ Program EWDC: Di�eren
e in e
onomi
 values for trait i (i = 1, ..., 37)and progeny group j (j = 0, 1), for detail see variable ew[i℄[j℄) expressedin per 
ent: ewdiff [i][j] = 100 ∗ (ew0[i][j] − ew[i][j])/ew[i][j]ewm[i℄ E
onomi
 weight for maternal traits (Program EWBC: i = 1, ..., 29,Program EWDC: i = 1, ..., 37)ewopt Program EWDC: Option for the 
al
ulation of e
onomi
 values (seeSe
tion 4.1.3)ewwd[i℄[j℄ Program EWDC: Temporary variable needed for the 
al
ulation of e
o-nomi
 values of dire
t e�e
tsewwm[i℄[j℄ Program EWDC: Temporary variable needed for the 
al
ulation of e
o-nomi
 values of maternal e�e
tsexf
 Program EWBC: Female 
alves sold expressed as proportion of surplusfemale 
alves. Program EWDC: 
ross-bred female 
alves sold expressedas proportion of surplus 
ross-bred female 
alvesexm
 Male 
alves sold expressed as proportion of male weaned 
alvesf[i℄ Program EWBC: Fresh feed requirement per animal in intensive fat-tening for 
ategory i (i = 4, 5, 6, 12, 13, 14, 15, 16, 17). Program EWDC:Fresh feed requirement per animal of 
ategory i (i = 1, ..., CT )f10 Program EWDC: Fresh feed requirement per animal of 
ategory 10 fromthe end of the rearing period of 
alves till sellingf2[i℄ Fresh feed requirement per 
alf of 
ategory i (i = 3, 8, 9, 10, CC+3, CC+
8, CC+9, CC+10) in the se
ond feeding period within the rearing period



APPENDIX A. LISTS OF TRAITS AND VARIABLES 124fas[i℄ Winter fresh feed requirement per animal of 
ategory i (i = 5, 6, 12, 13, 16, 17)for extensively fattened animals after pasturefase[i℄ Winter fresh feed requirement per animal of 
ategory i (i = 5, 6, 12, 13, 16, 17)for extensively fattened animals after pasture 
al
ulated on the base ofthe energy requirementfaspdi[i℄ Winter fresh feed requirement per animal of 
ategory i (i = 5, 6, 12, 13, 16, 17)for extensively fattened animals after pasture 
al
ulated on the base ofthe protein requirementfat Fat 
ontent in milkfat305ave 305d fat yield (kg)fatkg Fat yield (kg) produ
ed over the whole la
tationfbbs Fresh feed requirement in the summer period per breeding bull frompur
hase to 
ullingfbbse Fresh feed requirement in the summer period 
al
ulated on the base ofthe energy requirement per breeding bull from pur
hase to 
ullingfbbspdi Fresh feed requirement in the summer period 
al
ulated on the base ofthe protein requirement per breeding bull from pur
hase to 
ullingfbbw Fresh feed requirement in the winter period per bull from pur
hase to
ullingfbbwe Fresh feed requirement in the winter period 
al
ulated on the base ofthe energy requirement per breeding bull from pur
hase to 
ullingfbbwpdi Fresh feed requirement the in winter period 
al
ulated on the base ofthe protein requirement per breeding bull from pur
hase to 
ullingfe[i℄ Program EWBC: Fresh feed requirement per animal of 
ategory i (i =
4, 5, 6, 12, 13, 14, 15, 16, 17) in intensive fattening 
al
ulated on the baseof the energy requirement. Program EWDC: Fresh feed requirement peranimal of 
ategory i (i = 1, ..., CT ) 
al
ulated on the base of the energyrequirementfe10 Program EWDC: Fresh feed requirement 
al
ulated on the base of theenergy requirement per animal of 
ategory 10 from the end of the rearingperiod of 
alves till sellingfe2[i℄ Fresh feed requirement per 
alf of 
ategory i (i = 3, 8, 9, 10, CC+3, CC+
8, CC+9, CC+10) in the se
ond feeding period within the rearing period
al
ulated on the base of the net energy requirementfeed
ost Way of 
al
ulating the feeding 
ostfeedlot Program EWBC: Type of fattening (1-intensive, 2-extensive)fewf[i℄ Fresh feed requirement per female 
alf in the �rst feeding period withinthe rearing period 
al
ulated on the base of the net energy requirement(i = 0: pure-bred animals, i = 1: 
ross-bred animals)fewf2[i℄ Fresh feed requirement per female 
alf in the se
ond feeding periodwithin the rearing period 
al
ulated on the base of the net energy re-quirement (i = 0: pure-bred animals, i = 1: 
ross-bred animals)
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alf in the �rst feeding period withinthe rearing period 
al
ulated on the base of the net energy requirement(i = 0: pure-bred animals, i = 1: 
ross-bred animals)fewm2[i℄ Fresh feed requirement per male 
alf in the se
ond feeding period 
al-
ulated on the base of the net energy requirement (i = 0: pure-bredanimals, i = 1: 
ross-bred animals)�ww[i℄ Fresh feed requirement in the winter period per animal of 
ategory i(i = 1, ..., CC ex
ept 4, 14, 15)�x[i℄ Fixed 
ost per day and animal of 
ategory i (i = 1, ...CT )�x10 Fixed 
ost per breeding bull per day�xwf[i℄ Fixed 
ost per day per female reared 
alf (i = 0: pure-bred animals,
i = 1: 
ross-bred animals)�xwm[i℄ Fixed 
ost per day per male reared 
alf (i = 0: pure-bred animals, i = 1:
ross-bred animals)�x
bb Fixed 
ost per breeding bull in the herd per day�x
bbt Total �xed 
ost per breeding bull from pur
hase to 
ulling�x
bt Fixed 
ost per breeding bull in performan
e test, per day�x

 Fixed 
ost per 
ow and day (in
luding 
alf to weaning)�x
� Fixed 
ost per animal and day in intensive fattening�x
fx Fixed 
ost per animal and day in extensive fattening�x
rh Fixed 
ost per repla
ement heifer and day, from weaning to 
alvingfpdi[i℄ Program EWBC: Fresh feed requirement per animal of 
ategory i (i =
4, 5, 6, 12, 13, 14, 15, 16, 17) in intensive fattening 
al
ulated on the baseof the protein requirement. Program EWDC: Fresh feed requirementper animal of 
ategory i (i = 1, ..., CT ) 
al
ulated on the base of theprotein requirementfpdi10 Program EWDC: Fresh feed requirement 
al
ulated on the base of theprotein requirement per animal of 
ategory 10 from the end of the rear-ing period of 
alves till sellingfpdi2[i℄ Fresh feed requirement per 
alf of 
ategory i (i = 3, 8, 9, 10, CC+3, CC+
8, CC+9, CC+10) in the se
ond feeding period within the rearing period
al
ulated on the base of the protein requirementfpdiwf[i℄ Fresh feed requirement per female 
alf in the �rst feeding period withinthe rearing period 
al
ulated on the base of the protein requirement(i = 0: pure-bred animals, i = 1: 
ross-bred animals)fpdiwf2[i℄ Fresh feed requirement per female 
alf in the se
ond feeding periodwithin the rearing period 
al
ulated on the base of the protein require-ment (i = 0: pure-bred animals, i = 1: 
ross-bred animals)fpdiwm[i℄ Fresh feed requirement per male 
alf in the �rst feeding period withinthe rearing period 
al
ulated on the base of the protein requirement(i = 0: pure-bred animals, i = 1: 
ross-bred animals)
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alf in the se
ond feeding period withinthe rearing period 
al
ulated on the base of the protein requirement(i = 0: pure-bred animals, i = 1: 
ross-bred animals)fs[i℄ Fresh feed requirement in the summer period per animal of 
ategory i(i = 1, ..., CC ex
ept 4, 14, 15)fse[i℄ Fresh feed requirement in the summer period 
al
ulated on the base ofthe energy requirement per animal of 
ategory i (i = 1, ..., CC ex
ept
4, 14, 15)fspdi[i℄ Fresh feed requirement in the summer period 
al
ulated on the base ofthe protein requirement per animal of 
ategory i (i = 1, ..., CC ex
ept
4, 14, 15)ft Fresh feed requirement per bull in the performan
e testftb Fresh feed requirement per bull from weaning to the begin of the per-forman
e testftbe Fresh feed requirement 
al
ulated on the base of the energy requirementper bull from weaning to the begin of the performan
e testftbpdi Fresh feed requirement in the summer period 
al
ulated on the baseof the protein requirement per bull from weaning to the begin of theperforman
e testfte Fresh feed requirement 
al
ulated on the base of the energy requirementper bull in the performan
e testftpdi Fresh feed requirement in the summer period 
al
ulated on the base ofthe protein requirement per bull in the performan
e testfts Fresh feed requirement per bull from the end of the performan
e test tosellingftse Fresh feed requirement per bull from the end of the performan
e test toselling 
al
ulated on the base of the energy requirementftsepdi Fresh feed requirement per bull from the end of the performan
e test toselling 
al
ulated on the base of the protein requirementfwe[i℄ Fresh feed requirement in the winter period 
al
ulated on the base ofthe energy requirement per animal of 
ategory i (i = 1, ..., CC ex
ept
4, 14, 15)fwf[i℄ Fresh feed requirement per female 
alf in the �rst feeding period withinthe rearing period (i = 0: pure-bred animals, i = 1: 
ross-bred animals)fwf2[i℄ Fresh feed requirement per female 
alf in the se
ond feeding periodwithin the rearing period (i = 0: pure-bred animals, i = 1: 
ross-bredanimals)fwm[i℄ Fresh feed requirement per male 
alf in the �rst feeding period withinthe rearing period (i = 0: pure-bred animals, i = 1
ross-bred animals)fwm2[i℄ Fresh feed requirement per male 
alf in the se
ond feeding period withinthe rearing period (i = 0: pure-bred animals, i = 1
ross-bred animals)



APPENDIX A. LISTS OF TRAITS AND VARIABLES 127fwpdi[i℄ Fresh feed requirement in the winter period 
al
ulated on the base ofthe protein requirement per animal of 
ategory i (i = 1, ..., CC ex
ept
4, 14, 15)gene_�ow Sex group for whi
h gene �ow is 
al
ulated (Program EWBC: 1-sires,2-dams, Program EWDC: 1-dairy sires, 2-dairy dams, 3-beef sires)G Program EWBC: Maximal number of 
ategories of animals in
ludingsub
ategories + 1GG Number of 
ategories of animals in
luding sub
ategories of progeny,
GG = 6(LL − 1) + 4 + 24 + 10 = CC + 10h1mpf Heifers 
ulled after the 1st mating period after their weaning for failureto 
on
eive expressed as proportion of heifers whi
h entered the 1stmating periodh1mprp Heifers staying in the herd to the 2nd mating period (not pregnant ornot mated) expressed as proportion of heifers whi
h entered the 1stmating periodh2mpf Heifers 
ulled after the 2nd mating period for failure to 
on
eive ex-pressed as proportion of heifers whi
h entered the 1st mating periodh2mprp Heifers staying in the herd to the 3rd mating period (not pregnant or notmated) expressed as proportion of heifers whi
h entered the 1st matingperiodh3mpf Heifers 
ulled after the 3rd mating period for failure to 
on
eive ex-pressed as proportion of heifers entered the 1st mating periodh
mat1 Heifers 
ulled for failure to 
on
eive after their 1st mating period ex-pressed as proportion of heifers not being pregnant in their 1st matingperiodh
mat1p Heifers 
ulled after the 1st mating period for failure to 
on
eive ex-pressed as proportion of heifers 
ulled after all mating periods for heifers(maximally 3 periods)h
mat2 Heifers 
ulled for failure to 
on
eive after their 2nd mating period ex-pressed as proportion of heifers not being pregnant in their 2nd matingperiodh
mat2p Heifers 
ulled for failure to 
on
eive after their 2nd mating period ex-pressed as proportion of heifers 
ulled after all mating periods for heifers(maximally 3 periods)h
mat3p Heifers 
ulled for failure to 
on
eive after their 3rd mating period ex-pressed as proportion of heifers 
ulled after all mating periods for heifers(maximally 3 periods)h
on1mat Heifers pregnant in their 1st mating period after weaning expressed asproportion of heifers having 1st 
alving (from all pregnant heifers)h
on2mat Heifers 
on
eived in their 2nd mating period expressed as proportion ofheifers having 1st 
alvingh
on3mat Heifers 
on
eived in their 3rd mating period expressed as proportion ofheifers having 1st 
alving
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tor of the numbers of expressions for dire
t traits (i = 1, ..., acd +
acs + 2), see Se
tion 2.8herdbook Fra
tion of performan
e-tested 
owshm[i℄ Ve
tor of the numbers of expressions for maternal traits (i = 1, ..., acd+
acs + 2), see Se
tion 2.8hmpf Program EWBC: Heifers totally 
ulled after the 1st, 2nd and 3rd matingperiods expressed as proportion of heifers entered the 1st mating period.Program EWDC: Heifers 
ulled be
ause of no pregnan
y after maximumnumber of inseminationsi Index variablei1 Index variablei2 Index variablei3 Index variablei4 Upper limit for the number of 
ategories (i4 = C1 for cb = 0 and i4 = Cfor cb = 1)inint Interval between two subsequent inseminationsinmax Maximal number of inseminations per 
ow after 
alvinginmaxh Maximal number of inseminations per heiferINS Program EWDC: Maximal number of inseminationsins
 Mating type for 
ows (1: AI is applied at least in the 1st oestrus in themating period, 2: natural mating only)insh Mating type for heifers (1: AI is applied at least in the 1st oestrus inthe mating period, 2: natural mating only)int
m Average length of interval between 
alving and the beginning of themating periodint
m
 Average length of interval from 
alving to mating for 
ows (average fromall reprodu
tive 
y
les)int
on
[i℄ Interval between the 1st insemination and 
on
eption of 
ows in repro-du
tive 
y
le i + 1 (i = 0, ...LL − 2)int
onh Interval between the 1st insemination and 
on
eption of heifersir
my[i℄ In
iden
e rate of 
lini
al mastitis (number of 
lini
al mastitis 
ases) per
ow-year at risk in la
tation i + 1 (i = 0, ..., LL − 1)J Program EWDC: Takes value 2j Index variablej1 Index variableja Temporary variable in Program EWDCjb Temporary variable in Program EWDCJJ Program EWBC: Number of 
lasses for 
alving performan
e
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ient 
onne
ted with the la
tation 
urve (for details see Se
tion2.3.1)k3 Coe�
ient 
onne
ted with the la
tation 
urve (for details see Se
tion2.3.1)k4 Coe�
ient 
onne
ted with the la
tation 
urve (for details see Se
tion2.3.1)kbd Corre
tion 
oe�
ient for breed energy requirement for maintenan
e fordry 
owskbl Corre
tion 
oe�
ient for breed energy requirement for maintenan
e forla
tating 
owskbwmf Program EWBC: Ratio of birth weight of male 
alves to birth weight offemale 
alveskbwmf[i℄ Program EWDC: Ratio of birth weight of male 
alves to birth weightof female 
alves (i = 0: pure-bred animals, i = 1: 
ross-bred animals)k
e Program EWBC: Corre
tion 
oe�
ient for energy requirement a

ord-ing to the maturity type of 
astrates in fattening (�xed value in theprogram a

ording to the maturity type of progeny)k
e[i℄ Program EWDC: Corre
tion 
oe�
ient for energy requirement a

ord-ing to the maturity type of 
astrates (i = 0: pure-bred animals, i = 1:
ross-bred animals)k
on2
 Ratio of 
on
eption rate in the 2nd oestrus to 
on
eption rate in the 1stoestrus of 
owsk
on2h Ratio of 
on
eption rate in the 2nd oestrus to 
on
eption rate in the 1stoestrus of heifersk
on3
 Ratio of 
on
eption rate in the 3rd oestrus to 
on
eption rate in the 1stoestrus of 
owsk
on3h Ratio of 
on
eption rate in the 3rd oestrus to 
on
eption rate in the 1stoestrus of heifersk
on
[i℄ Ratio of the 
on
eption rate of 
ows after insemination i + 1 (i =
0, ..., inmax− 1) to 
on
eption rate after the 1st inseminationk
onh[i℄ Ratio of the 
on
eption rate of heifers after insemination i + 1 (i =
0, ..., inmax− 1) to 
on
eption rate after the 1st inseminationk
p Program EWBC: Corre
tion 
oe�
ient for protein requirement a

ord-ing to the maturity type of 
astrates in fattening (�xed value in theprogram a

ording to the maturity type of progeny)k
p[i℄ Program EWDC: Corre
tion 
oe�
ient for protein requirement a

ord-ing to the maturity type of 
astrates (i = 0: pure-bred animals, i = 1:
ross-bred animals)kdgfxwas Ratio of average daily gain of heifers in extensive fattening after pastureto average daily gain of heifers in the winter period after weaning



APPENDIX A. LISTS OF TRAITS AND VARIABLES 130kdgfxws Ratio of average daily gain of heifers in extensive fattening in the pastureperiod to average daily gain of heifers in the winter period after weaningkdgxas
f Ratio of average daily gain of 
astrates after pasture to average dailygain of heifers in the winter period after weaning, extensive fatteningkdgxs
f Ratio of average daily gain of 
astrates on pasture to average daily gainof heifers in the winter period after weaning, extensive fatteningkdgxw
f Ratio of average daily gain of 
astrates in the winter period to aver-age daily gain of heifers in the winter period after weaning, extensivefatteningkdresb Dressing per
entage of bulls not rea
hing the demanded slaughter weightas proportion of dressing per
entage of bulls rea
hing slaughter weightkdresbh Program EWBC: Ratio of dressing per
entage of bulls at slaughter todressing per
entage of heifers at slaughterkdresbh[i℄ Program EWDC: Ratio of dressing per
entage of bulls at slaughter todressing per
entage of heifers at slaughter (i = 0: pure-bred animals,
i = 1: 
ross-bred animals)kdres
 Dressing per
entage of 
astrates not rea
hing the demanded slaughterweight as proportion of dressing per
entage of 
astrates rea
hing slaugh-ter weightkdres
h Program EWBC: Ratio of dressing per
entage of 
astrates at slaughterto dressing per
entage of heifers at slaughterkdres
h[i℄ Program EWDC: Ratio of dressing per
entage of 
astrates at slaughterto dressing per
entage of heifers at slaughter (i = 0: pure-bred animals,
i = 1: 
ross-bred animals)kdresh Dressing per
entage of heifers not rea
hing the demanded slaughterweight as proportion of dressing per
entage of heifers rea
hing slaughterweightkdrs
wh Ratio of dressing per
entage of 
ows at slaughter to dressing per
entageof heifers at slaughterkdysf
 Ratio of dysto
ia o

urren
e in heifers to dysto
ia o

urren
e in 
owsk� Corre
tion 
oe�
ient for feed requirement a

ording to feed losses inintensive fatteningkfpa Corre
tion 
oe�
ient for feed requirement a

ording to feed losses forgrazing animalskfw Program EWBC: Corre
tion 
oe�
ient for feed requirement a

ordingto feed losses for winter feeding in the pasture system. Program EWDC:Corre
tion 
oe�
ient for feed requirement a

ording to feed losses forindoor systems (
ows, heifers and 
alves)kg10 Program EWDC: Ratio of average daily gain of breeding bulls to averagedaily gain of heifers in fatteningkgain
f Program EWBC: Ratio of average daily gain of 
astrates in fattening toaverage daily gain of heifers in fattening
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f[i℄ Program EWDC: Ratio of average daily gain of 
astrates in fatteningto average daily gain of heifers in fattening (i = 0: pure-bred animals,
i = 1: 
ross-bred animals)kgainmf Program EWBC: Ratio of average daily gain of bulls in fattening toaverage daily gain of heifers in fatteningkgainmf[i℄ Program EWDC: Ratio of average daily gain of bulls in fattening toaverage daily gain of heifers in fattening (i = 0: pure-bred animals,
i = 1: 
ross-bred animals)kg
mf[i℄ Ratio of average daily gain of male 
alves to average daily gain of female
alves from birth to the end of the rearing period (i = 0: pure-bredanimals, i = 1: 
ross-bred animals)kg
on1mf Ratio of average daily gain of male 
alves to average daily gain of female
alves from birth to the �rst 
ontrolkg
on2mf Ratio of average daily gain of male 
alves to average daily gain of female
alves from the �rst to the se
ond 
ontrolkg
on3mf Ratio of average daily gain of male 
alves to average daily gain of female
alves from the se
ond to the third 
ontrolkgh

f[i℄ Ratio of average daily gain of heifers from the 1st mating to 
alving toaverage daily gain of female 
alves in the rearing period (i = 0: pure-bred animals, i = 1: 
ross-bred animals)kgh
f[i℄ Ratio of average daily gain of heifers from the end of the rearing periodto the 1st mating to average daily gain of female 
alves in the rearingperiod (i = 0: pure-bred animals, i = 1: 
ross-bred animals)khe Program EWBC: Corre
tion 
oe�
ient for energy requirement a

ord-ing to the maturity type of heifers in fattening (�xed value in the pro-gram a

ording to the maturity type of progeny)khp Program EWBC: Corre
tion 
oe�
ient for protein requirement a

ord-ing to the maturity type of heifers in fattening (�xed value in the pro-gram a

ording to the maturity type of progeny)km Coe�
ient 
onne
ted with the la
tation 
urve (for details see Se
tion2.3.1)kmat
 Ratio of the weight of dairy heifers at the 1st mating to mature weightof dairy 
owskm
whmin Program EWBC: Coe�
ient (= whmin/mcw)kmwb
 Ratio of mature weight of bulls to mature weight of 
ows of the samebreedkp21 Program EWBC: Ratio of the probability that a life born 
alf dies from
alving to 48 hours after 
alving to the probability of still born 
alveskp21[i℄ Program EWDC: Ratio of the probability that a life born dairy (i = 0)or 
ross-bred (i = 1) 
alf dies from 
alving to 48 hours after 
alving tothe probability of still born 
alveskpm1 Program EWBC: Ratio of the probability of still born male 
alves tothe probability of still born female 
alves



APPENDIX A. LISTS OF TRAITS AND VARIABLES 132kpm1[i℄ Program EWDC: Ratio of the probability of still born male 
alves to theprobability of still born female 
alves (i = 0 : pure-bred 
alves, i = 1:
ross-bred 
alves)kpm2 Program EWBC: Ratio of the probability that a life born male 
alf diesfrom 
alving to 48 hours after 
alving to the probability that a life bornfemale 
alf dies from 
alving to 48 hours after 
alvingkpm2[i℄ Program EWDC: Ratio of the probability that a life born male 
alf diesfrom 
alving to 48 hours after 
alving to the probability that a life bornfemale 
alf dies from 
alving to 48 hours after 
alving (i = 0: pure-bred
alves, i = 1: 
ross-bred 
alves)kpr[i℄ Coe�
ient for pri
e de
rease for animals of 
ategory i (i = 13, 15, 16,and 21 + 6 ∗ r with r = 1, ..., LL in programs EWBC and EWDC, and
i = CC + 13, CC + 15, CC + 16 in Program EWDC only) involuntarily
ulledkslb Program EWBC: Coe�
ient to 
al
ulate the optimal slaughter weightof intensively fattened bulls from the mature weight of 
ows (ratio ofslaughter weight of fattened bulls to mature weight of 
ows)kslb[i℄ Program EWDC: Coe�
ient to 
al
ulate the optimal slaughter weightof intensively fattened bulls from the mature weight of 
ows (ratio ofslaughter weight of fattened bulls to mature weight of 
ows, i = 0:pure-bred animals, i = 1: 
ross-bred animals)ksl
 Program EWBC: Coe�
ient to 
al
ulate the optimal slaughter weightof intensively fattened 
astrates from the mature weight of 
ows (ratioof slaughter weight of fattened 
astrates to mature weight of 
ows)ksl
[i℄ Program EWDC: Coe�
ient to 
al
ulate the optimal slaughter weightof intensively fattened 
astrates from the mature weight of 
ows (ratioof slaughter weight of fattened 
astrates to mature weight of 
ows, i = 0:pure-bred animals, i = 1: 
ross-bred animals)ksl
x Coe�
ient to 
al
ulate the optimal slaughter weight of extensively fat-tened 
astrates from the mature weight of 
owskslh Program EWBC: Coe�
ient to 
al
ulate the optimal slaughter weightof intensively fattened heifers from the mature weight of 
ows (ratio ofslaughter weight of fattened heifers to mature weight of 
ows)kslh[i℄ Program EWDC: Coe�
ient to 
al
ulate the optimal slaughter weightof intensively fattened heifers from the mature weight of 
ows (ratio ofslaughter weight of fattened heifers to mature weight of 
ows, i = 0:pure-bred animals, i = 1: 
ross-bred animals)kslhx Coe�
ient to 
al
ulate the optimal slaughter weight of extensively fat-tened heifers from the mature weight of 
owskt Corre
tion 
oe�
ient for energy requirement for maintenan
e a

ordingto te
hnology (kt takes either the value of ktb or of ktf)ktb Corre
tion 
oe�
ient for energy requirement for maintenan
e a

ordingto te
hnology - bind te
hnologyktf Corre
tion 
oe�
ient for energy requirement for maintenan
e a

ordingto te
hnology - free te
hnology
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tion 
oe�
ient for energy requirement for maintenan
e a

ordingto te
hnology - pastureL Maximal number of reprodu
tive 
y
leslabherd Herdsman's time dealing with an average 
lini
al mastitis 
ase (treat-ment, separate milking et
.)labvet Veterinarian's time spend per average 
lini
al mastitis 
asel_inv Length of the investment period (symbol T is used for this variable inSe
tion 2.8)l1[i℄ Ve
tor of relative frequen
ies of the individual 
ategories of animalswhen the 
ow herd is in the stationary state. For i = 25, ..., CC, itholds l1[i] = l2[i − 24] with ∑CC

i=25 l1[i] = 1. The remaining elementsof the ve
tor (i = 1, ..., 24 for all systems and i = CC + 1, ..., CT forProgram EWDC only) are the relative frequen
ies of the progeny (ona per year basis) whi
h are derived from the frequen
ies of the 
ow
ategories. Assuming that a 
ow has one 
alf per year on average, thesum of all elements will be approximately 2.l2[i℄ Probability that in the stationary state of the whole produ
tion system,a 
ow belongs to 
ategory i + 24 (i = 1, ..., TT )l2_0[i℄ The same as beforeL3 Program EWDC: Number of reprodu
tive 
y
les in System 3 (read from�le FROM1_3.TXT - see Se
tion 5.1.3 on page 94)l3[i℄ Cows 
alving in reprodu
tive 
y
le i + 1 (i = 0, ..., LL− 1) expressed asproportion of 
ows entering any reprodu
tive 
y
le ( ∑LL−1
i=0 l3[i] ≤ 1)l4[i℄ Cows entering reprodu
tive 
y
le i + 1 (i = 0, ..., LL − 1) expressed asproportion of 
ows entering any reprodu
tive 
y
le ( ∑LL−1
i=0 l4[i] = 1)labdys[j℄ Sto
k-man hours 
onne
ted with 
alving di�
ulty s
ore j + 1 (j =

0, ..., DD − 1)la
t
ur Way of 
al
ulating the parameters for the la
tation 
urve (1: parametersare known and are input parameters, 2: parameters are 
al
ulated inthe program)lengbt Length of the performan
e test for bullslghr
y
 Length of the reprodu
tive 
y
le (�xed value in the program)lgpre Length of pregnan
ylife[i℄ Produ
tive lifetime of a 
ow of 
ategory i (i = 25, ..., CC)lifebb Produ
tive lifetime of breeding bulls in numbers of reprodu
tive 
y
lesof 
owsLL Number of la
tations (reprodu
tive 
y
les)lm2 Day of peak milk of two-years old 
ows (parameter LM2 in Se
tion 2.3.1)lm3 Day of peak milk of three-years old 
ows (parameter LM3 in Se
tion2.3.1)
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ows (parameter LM4 in Se
tion2.3.1)lmm Day of peak milk of 
ows older than four years (parameter LMm inSe
tion 2.3.1)los
 Average 
ow losses in the herd (sum of 
ows died and 
ows 
ulled forhealth problems other than dysto
ia)los� Losses of feed in intensive fatteninglosfpa Losses of feed on pasturelosfw Program EWBC: Probability that a born female 
alf dies from 48 hoursafter 
alving to weaninglosfw[i℄ Program EWDC: Probability that a born female 
alf dies from 48 hoursafter 
alving to the end of the rearing period (i = 0: pure-bred animals,
i = 1: 
ross-bred animals)loshin[i℄ Losses of heifers from the end of the rearing period to the 1st insemina-tion (i = 0: pure-bred animals, i = 1: 
ross-bred animals)losmw Program EWBC: Probability that a born male 
alf dies from 48 hoursafter 
alving to weaninglosmw[i℄ Program EWDC: Probability that a born male 
alf dies from 48 hoursafter 
alving to the end of the rearing period (i = 0: pure-bred animals,
i = 1: 
ross-bred animals)lossmilk losses for dis
arded milk due to 
lini
al mastitis per 
ow and yearlosstotal total �nan
ial loss from 
lini
al mastitis per 
ow and yearloswf Losses of feed in winter feeding (Program EWBC) or in indoor feedingof 
ows, 
alves and heifers (Program EWDC)m_gf[i℄ Ve
tor of dimension acs + acd + 2 (in Program EWBC) or of dimen-sion acm (in Program EWDC) used in the 
al
ulation of gene �ow (seeSe
tion 2.8)m_gf0[i℄ Ve
tor m

[t]
k of dimension acs + acd + 2 (in Program EWBC) or of di-mension acm (in Program EWDC) used in the 
al
ulation of gene �owat the end of the investment period (t = T , see Se
tion 2.8)m_sum[i℄ Ve
tor∑T

t=1 m
[t]
k (1+r)−t of dimension acs+acd+2 (in Program EWBC)or of dimension acm (in Program EWDC) used in the 
al
ulation of gene�ow (see Se
tion 2.8). The ve
tor 
ontains the number of dis
ountedexpressions for the individual age-sex groups.mast_in
 Program EWDC: Variable indi
ating if data from mastitis in
iden
e areavailable (mast_inc = 1) or not (mast_inc = 0)mat
ross Maturity type of 
ross-bred progeny (1-early, 2-middle, 3-late)matpur Maturity type of pure-bred progeny (1-early, 2-middle, 3-late)maturity Maturity type of progeny (1-early, 2-middle, 3-late)m
w Mature weight of 
ows (weight of 
ows after the 3rd 
alving)
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wb Mature weight of beef 
ows their sons are used for terminal 
rossing(weight of 
ows after the 3rd 
alving)m
wd Mature weight of dairy 
ows (weight of 
ows after the 3rd 
alving)milk Average milk yield per 
ow and yearmilk21 milk21 = milk305[1]/milk305[0]milk31 milk31 = milk305[2]/milk305[0]milk305[i℄ 305-d milk yield in la
tation i + 1 (i = 0, ..., LL − 1)milk305ave 305-d milk yield averaged over la
tationsmilkpri
e Option for the 
al
ulation of the milkpri
e (see Se
tion 4.1.1.14)milkquota Indi
ator variable for quota for milk market (0: no quota, 1: quota formilk yield only, 2: quota for milk yield and fat 
ontent)milksum[i℄ Milk produ
tion per 
ow of 
ategory i (i = 25, ...CC)milktot Total milk produ
tion in the herdmilktoth In the 
al
ulation of e
onomi
 weights: the value of milktot for thein
reased value of the given traitmilktotl In the 
al
ulation of e
onomi
 weights: the value of milktot for thede
reased value of the given traitmilktotm In the 
al
ulation of e
onomi
 weights: keeps the value of milktotmin[i℄ Mineral requirement per animal of 
ategory i (i = 1, ..., CC ex
ept
4, 14, 15) and per daymo Temporary variable (month - part of the date)mp2 Peak milk yield in kg per day for 2-year old 
ows (on pasture withsu
kling 
alf - parameter Mp2 in Se
tion 2.3.1)mp3 Peak milk yield in kg per day for 3-year old 
ows (on pasture withsu
kling 
alf - parameter Mp3 in Se
tion 2.3.1)mp4 Peak milk yield in kg per day for 4-year old 
ows (on pasture withsu
kling 
alf - parameter Mp4 in Se
tion 2.3.1)mpm Peak milk yield in kg per day for 
ows older than 4 years (on pasturewith su
kling 
alf - parameter Mpm in Se
tion 2.3.1)mpm0 Peak milk in kg per day (on pasture with su
kling 
alf - parameter Mpm0in Se
tion 2.3.1)mSCS Mean of somati
 
ell s
ore in the dairy 
ow populationmsel Bulls sele
ted expressed as proportion of performan
e-tested bullsmtest Program EWBC: Proportion of male weaned 
alves performan
e testedmtest[i℄ Program EWDC: Proportion of male 
alves alive at 48 hours after birththat are sold as breeding males (e.g. to test stations or AI stations,
i = 0: pure-bred animals, i = 1: 
ross-bred animals)mwb Mature weight of bulls
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[i℄ Proportion of male 
alves alive at 48 hours after birth that are deter-mined for selling outside of the evaluated produ
tion system within ea
hprogeny group i (i = 0: pure-bred animals, i = 1: 
ross-bred animals)n Number of 
ow 
ategoriesn_sa
 Number of sex-age 
lass for whi
h the gene �ow will be 
al
ulatedn1 Temporary variable (number of variables in the input �le)n2 Temporary variable (number of the input �le)N
al Program EWBC: Number of 
alvings in the herd per 
ow and repro-du
tive 
y
leN
al[i℄ Program EWDC: Number of 
alvings in the herd per 
ow and repro-du
tive 
y
le (i = 0: 
alvings after pure-bred mating, i = 1: 
alvingsafter 
ross-bred mating)N
alt Program EWDC: Total number of 
alvings in the herd per 
ow andreprodu
tive 
y
le (Ncalt = Ncal[0] + Ncal[1])n

f Program EWBC: Number of fattened 
astrates slaughtered before rea
h-ing the required slaughter weight expressed as proportion of the totalnumber of fattened 
astratesn

f[i℄ ProgramEWDC: Number of fattened 
astrates slaughtered before rea
h-ing the required slaughter weight expressed as proportion of the totalnumber of fattened 
astrates (i = 0: pure-bred animals, i = 1: 
ross-bred animals)n
ows Number of slaughtered 
ows per 
ow and yearNCP ProgramEWBC: Number of 
ategories of progeny+ 1. ProgramEWDC:Number of 
ategories of pure-bred (or 
ross-bred) progeny + 1n
p[i℄ Probability that a 
alved 
ow in reprodu
tive 
y
le i+1 (i = 0, ..., LL−1)will be not pregnant after the maximal number of inseminationsnd[i℄ Ratio days dry to 
alving interval in reprodu
tive 
y
le i + 1 (i =
0, ..., LL − 1)nday

 Program EWBC: Average number of days that a 
ow 
ulled within thereprodu
tive 
y
le for health problems ex
luding dysto
ia stayed in theherd from previous 
alvingnday

[i℄ Program EWDC: Average number of days that a 
ow 
ulled within re-produ
tive 
y
le i + 1 (i = 0, ..., LL − 1) for health problems ex
ludingdysto
ia stayed in the herd from previous 
alvingnday
d Program EWBC: Average number of days that a 
ow died within thereprodu
tive 
y
le stayed in the herd from previous 
alvingnday
d[i℄ Program EWDC: Average number of days that a 
ow died within repro-du
tive 
y
le i + 1 (i = 0, ..., LL − 1) stayed in the herd from previous
alvingnday
w Average number of days that a 
ow 
ulled after 
alf weaning due tofailure to 
on
eive stayed in the herd from previous 
alving (assumingthe 
ows are 
ulled at the end of the summer season)
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ow 
ulled due to dysto
ia stayed inthe herd from previous 
alvingNDE
[i℄ Number of dis
ounted expressions for 
ost in 
ategory i (ProgramEWBC:
i = 1, ..., CC, Program EWDC: i = 1, ..., CT ) per 
ow and reprodu
tive
y
leNDEd Number of dis
ounted expressions for dire
t traits for the sele
tion group(sires, dams), per 
ow and reprodu
tive 
y
leNDEdys Number of dis
ounted expressions for dysto
ia 
ost for the sele
tiongroup (sires, dams), per 
ow and reprodu
tive 
y
leNDEm Number of dis
ounted expressions for maternal traits for the sele
tiongroup (sires, dams), per 
ow and reprodu
tive 
y
leNDEr[i℄ Number of dis
ounted expressions for revenues in 
ategory i (ProgramEWBC: i = 1, ..., CC, Program EWDC: (i = 1, ..., CT ), per 
ow andreprodu
tive 
y
lene[i℄ Total net energy requirement per animal of 
ategory i (Program EWBC:
i = 1, ..., CC, Program EWDC: i = 1, ..., CT )ne10 Program EWDC: Net energy requirement per animal of 
ategory 10from the end of the rearing period of 
alves till sellingne2[i℄ Net energy requirement for a 
alf of 
ategory i (i = 3, 8, 9, 10, CC +
3, CC + 8, CC + 9, CC + 10) in the se
ond feeding period within therearing period of 
alvesneas[i℄ Energy requirement needed for rea
hing the required slaughter weight ofextensively fattened animals of 
ategory i (i = 12, 17) after the summerfattening period on pasturenebbm Energy requirement from pur
hase to rea
hing mature weight for breed-ing bullsnebbs Energy requirement from pur
hase to slaughter for breeding bulls in thesummer feeding periodnebbsl Energy requirement from rea
hing mature weight to slaughter for breed-ing bullsnebbw Energy requirement from pur
hase to slaughter for breeding bulls in thewinter feeding periodnebt Energy requirement from weaning to the start of the performan
e testfor bullsneg[i℄ Net energy requirement for growth per 
ow of 
ategory i (i = 25, ...CC)negs[i℄ Energy requirement per 
ow of 
ategory i (i = 25, ..., CC) for growth inthe summer feeding periodnegw[i℄ Energy requirement per 
ow of 
ategory i (i = 25, ..., CC) for growth inthe winter feeding periodnel[i℄ Net energy requirement for la
tation per 
ow of 
ategory i (i = 25, ..., CC)nem[i℄ Net energy requirement for maintenan
e per 
ow of 
ategory i (i =
25, ..., CC)



APPENDIX A. LISTS OF TRAITS AND VARIABLES 138nems[i℄ Energy requirement per 
ow of 
ategory i (i = 25, ..., CC) for mainte-nan
e in the summer feeding periodnemw[i℄ Energy requirement per 
ow of 
ategory i (i = 25, ..., CC) for mainte-nan
e in the winter feeding periodnep
[i℄ Total energy requirement for pregnan
y per animal of 
ategory i (i =
22, 25, ..., CC)nes[i℄ Net energy requirement per animal of 
ategory i (i = 1, ..., CC + 10ex
ept 4, 14, 15) in the summer feeding periodnes0[i℄ Energy requirement in the �zeroeth� summer feeding period21 after wean-ing per animal of 
ategory i (i = CC + 1, ..., CC + 10)nes1[i℄ Energy requirement in the 1st summer feeding period after weaning peranimal of 
ategory i (i = CC + 2, ..., CC + 6, CC + 8, CC + 10)nes2[i℄ Energy requirement in the 2nd summer feeding period after weaning peranimal of 
ategory i (i = CC + 2, CC + 3, CC + 5, CC + 6, CC + 10)nes3[i℄ Energy requirement in the 3rd summer feeding period after weaning peranimal of 
ategory i (i = CC + 3, CC + 5, CC + 6)nes
al[i℄ Total energy requirement in the summer feeding period per 
ow of 
at-egory i (i = 25, ..., CC) that had 
alved in a reprodu
tive 
y
lenesl[i℄ Energy available per 
alf of 
ategory i (i = 3, 8, 9) in the summer feedingperiod from 
ows' milk (i = 25, ..., CC)nesn
al[i℄ Total energy requirement in the summer feeding period per 
ow of 
at-egory i (i = 25, ..., CC) that had not 
alved at the entran
e of a repro-du
tive 
y
lenesp[i℄ Energy requirement for pregnan
y in the summer feeding period peranimal of 
ategory i (i = 20, 22, 25− CC, CC + 9, CC + 10)net Energy requirement per bull in the performan
e testnetse Energy requirement per bull from the end of the performan
e test toselling (
ategory 10)new[i℄ Net energy requirement per animal of 
ategory i (i = 1, ..., CC + 10ex
ept 4, 14, 15) in the winter feeding periodnew1[i℄ Energy requirement in the 1st winter feeding period after weaning peranimal of 
ategory i (i = CC + 2, ..., CC + 6, CC + 8, CC + 10)new2[i℄ Energy requirement in the 2nd winter feeding period after weaning peranimal of 
ategory i (i = CC + 2, ..., CC + 6, CC + 8, CC + 10)new3[i℄ Energy requirement in the 3rd winter feeding period after weaning peranimal of 
ategory i (i = CC + 3, CC + 5, CC + 6)new4 Energy requirement in the 4th winter feeding period after weaning for
ategory CC + 4new
al[i℄ Total energy requirement in the winter feeding per 
ow of 
ategory i(i = 25, ..., CC) that had 
alved in a reprodu
tive 
y
le21This period o

urs only if 
alves are weaned before the end of the pasture period.
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alf from birth to the end of the�rst feeding period in rearing 
alves (i = 0: pure-bred animals, i = 1:
ross-bred animals)newf2[i℄ Net energy requirement per female 
alf in the se
ond feeding period inrearing 
alves (i = 0: pure-bred animals, i = 1: 
ross-bred animals)newl[i℄ Energy available per 
alf of 
ategory i (i = 3, 8, 9) in the the winterfeeding period from 
ows' milk (i = 25, ..., CC)newm[i℄ Net energy requirement per male 
alf from birth to the end of the �rstfeeding period in rearing 
alves (i = 0: pure-bred animals, i = 1: 
ross-bred animals)newm2[i℄ Net energy requirement per male 
alf in the se
ond feeding period inrearing 
alves (i = 0: pure-bred animals, i = 1: 
ross-bred animals)newn
al[i℄ Total energy requirement in the winter feeding period per 
ow of 
at-egory i (i = 25, ..., CC) that had not 
alved at the entran
e of thereprodu
tive 
y
lenewp[i℄ Energy requirement for pregnan
y in the the winter period per animalof 
ategory i (i = 22, 25, ..., CC)NFAT Program EWDC: Maximal number of threshold values for milk fat 
on-tent in the milk paying systemnfat Number of thresholds for milk fat 
ontent in the milk paying systemNfav Female 
alves available for fattening or selling as proportion of weanedor reared female 
alvesNf
48a Program EWBC: Number of female 
alves staying alive 48 hours after
alving per 
ow and reprodu
tive 
y
leNf
48a[i℄ Program EWDC: Number of female 
alves staying alive 48 hours after
alving per 
ow and reprodu
tive 
y
le (i = 0: pure-bred animals, i = 1:
ross-bred animals)Nf
ba Program EWBC: Number of female 
alves born alive per 
ow and re-produ
tive 
y
leNf
ba[i℄ Program EWDC: Number of female 
alves born alive per 
ow and re-produ
tive 
y
le (i = 0: pure-bred animals, i = 1: 
ross-bred animals)nf
f Program EWBC: Fattened heifers slaughtered before rea
hing the re-quired slaughter weight expressed as proportion of the total number offattened heifersnf
f[i℄ Program EWDC: Fattened heifers slaughtered before rea
hing the re-quired slaughter weight expressed as proportion of the total number offattened heifers (i = 0: pure-bred animals, i = 1: 
ross-bred animals)Nf
w Program EWBC: Number of female 
alves weaned per 
ow and repro-du
tive 
y
leNf
w[i℄ Program EWDC: Number of female 
alves reared per 
ow and repro-du
tive 
y
le (i = 0: pure-bred animals, i = 1: 
ross-bred animals)



APPENDIX A. LISTS OF TRAITS AND VARIABLES 140N�a Program EWBC: Heifers available for fattening per 
ow and reprodu
-tive 
y
leN�a[i℄ Program EWDC: Heifers available for fattening per 
ow and reprodu
-tive 
y
le (i = 0: pure-bred animals, i = 1: 
ross-bred animals)Nfmat Program EWBC: Number of heifers per 
ow and reprodu
tive 
y
le thatmust enter the �rst mating period after weaning if no heifers are soldpregnant. Program EWDC: Number of pure-bred heifers per 
ow andreprodu
tive 
y
le that must be �rstly inseminated if no heifers are soldpregnantNfrer Number of heifers that must be reared per 
ow and year for herd re-pla
ement if no breeding heifers are soldNfrp Repla
ement heifers expressed as proportion of all born 
alvesnin[i℄ Number of inseminations per female of 
ategory i (i = 22, 24, 25, ...CC−

3)ninr[i℄ Number of inseminations per 
ow in reprodu
tive 
y
le i + 1 (i =
0, ..., LL − 2)nl[i℄ Ratio of days in la
tation to 
alving interval in reprodu
tive 
y
le i + 1(i = 0, ..., LL − 1)Nm
48a Program EWBC: Number of male 
alves staying alive 48 hours after
alving per 
ow and reprodu
tive 
y
leNm
48a[i℄ Program EWDC: Number of male 
alves staying alive 48 hours after
alving per 
ow and reprodu
tive 
y
le (i = 0: pure-bred animals, i = 1:
ross-bred animals)Nm
ba Program EWBC: Number of male 
alves born alive per 
ow and repro-du
tive 
y
leNm
ba[i℄ Program EWDC: Number of male 
alves born alive per 
ow and repro-du
tive 
y
le (i = 0: pure-bred animals, i = 1: 
ross-bred animals)Nm
f Program EWBC: Number of male 
alves determined for fattening per
ow and reprodu
tive 
y
leNm
f[i℄ Program EWDC: Number of male 
alves reared and determined forfattening per 
ow and reprodu
tive 
y
le (i = 0: pure-bred animals,
i = 1: 
ross-bred animals)nm
f Program EWBC: Number of fattened bulls slaughtered before rea
hingslaughter weight expressed as proportion of the total number of fattenedbullsnm
f[i℄ Program EWDC: Number of fattened bulls slaughtered before rea
hingslaughter weight expressed as proportion of the total number of fattenedbulls (i = 0: pure-bred animals, i = 1: 
ross-bred animals)Nm
fb Program EWBC: Number of male 
alves fattened as bulls per 
ow andreprodu
tive 
y
leNm
fb[i℄ Program EWDC: Number of male 
alves fattened as bulls per 
ow andreprodu
tive 
y
le (i = 0: pure-bred animals, i = 1: 
ross-bred animals)
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f
 Program EWBC: Number of male 
alves fattened as 
astrates per 
owand reprodu
tive 
y
leNm
f
[i℄ Program EWDC: Number of male 
alves fattened as 
astrates per 
owand reprodu
tive 
y
le (i = 0: pure-bred animals, i = 1: 
ross-bredanimals)Nm
w Program EWBC: Number of male 
alves weaned per 
ow and reprodu
-tive 
y
lenp[i℄ Probability within the given reprodu
tive 
y
le r that a 
ow whi
h en-tered this 
y
le as a not pregnant 
ow belongs to the given stage s (formore details see Se
tion 2.2). Let r (r = 1, ..., LL) be the number ofthe reprodu
tive 
y
le and s (s = 1, ..., 6 for r < LL or s = 1, .., 4 for
r = LL) the number of the stage, then i = 6(r + 3) + s and

i=6(r+3)+S
∑

i=6(r+3)+1

np[i] = 1for all r and S = 6 (for r < LL) or S = 4 (for r = LL). The variable isde�ned for i = 25, ..., CC.np
[i℄ Cows not pregnant after the mating period in reprodu
tive 
y
le i + 1(i = 0, ..., LL − 2) expressed as proportion of 
ows 
alving in this 
y
lenp
sn[i℄ Not pregnant 
ows whi
h stayed in the herd for the next mating periodas proportion of all not pregnant 
ows in reprodu
tive 
y
le i + 1 (i =
0, ..., LL− 2) that entered this reprodu
tive 
y
le as not pregnant 
owsnp
sp[i℄ Not pregnant 
ows whi
h stayed in the herd for the next mating periodas proportion of all not pregnant 
ows in 
y
le i + 1 (i = 0, ..., LL − 2)that entered this reprodu
tive 
y
le as pregnant 
owsnphs Breeding heifers sold before mating expressed as proportion of surplusfemale 
alvesanphsold1 Program EWBC: Proportion of non-pregnant breeding heifers sold be-fore the �rst mating period after their weaninganphsold2 Program EWBC: Proportion of non-pregnant breeding heifers sold be-tween the �rst and se
ond mating period after their weaningNPROT Program EWDC: Maximal number of threshold values for milk protein
ontent in the milk paying systemnprot Number of thresholds for milk protein 
ontent in the milk paying systemnr Number of re-inseminations per AINSCC Maximal number of milk quality 
lasses a

ording to somati
 
ell 
ontentin the dairy 
ow populationnSCC Number of milk quality 
lasses a

ording to somati
 
ell 
ontent in thedairy 
ow populationNT Number of traits + 1
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tor of relative frequen
ies of the individual 
ate-gories of progeny when the 
ow herd is in the stationary state. Theelements of the ve
tor (i = 1, ..., 24) are derived from the frequen
ies ofthe 
ow 
ategories. Assuming that a 
ow has one 
alf per year on av-erage, then the sum of all elements will be approximately 1. The value
an be enlarged by pur
hased animals. The values of p[i] are identi
alto the values of l[i] for i = 1, ..., 24.p[j℄[i℄ Program EWDC: The same as p[i] in Program EWBC with additionaldi�erentiation between pure-bred (j = 0) and 
ross-bred progeny (j =
1), i = 1, ..., 24. It holds: l[i] = p[0][i] + p[1][i] for all i.P1 Maximal number of 
lasses for �eshinessp1 Number of 
lasses for �eshinessP2 Maximal number of 
lasses for fat 
overingp2 Number of 
lasses for fat 
overingPb[i℄[j℄ Program EWBC: Matrix of proportions (in per 
ent) of bull 
ar
asses inthe ith 
lass of �eshiness and the jth 
lass of fat 
overing; the elementsof the matrix add up to 100Pb[i℄[j℄[k℄ Program EWDC: Matrix of proportions (in per 
ent) of bull 
ar
assesin 
ommer
ial 
lasses for �eshiness (i) and fat 
overing (j) for pure-bred(k = 0) or 
ross-bred animals (k = 1)p
 Program EWDC: (when the 
ross-bred 
ows in System 3 
ame from Sys-tem 4) Number of 
ross-bred 
ows in System 3 expressed as proportionof dairy 
ows in System 4 (that means per dairy 
ow in System 4)P
[i℄[j℄ Program EWBC: Matrix of proportions (in per 
ent) of 
ow 
ar
asses inthe ith 
lass of �eshiness and the jth 
lass of fat 
overing; the elementsof the matrix add up to 100P
[i℄[j℄[k℄ Program EWDC: Matrix of proportions (in per 
ent) of 
ow 
ar
assesin the ith 
lass of �eshiness and the j
lass of fat 
overing for pure-bred(k = 0) or 
ross-bred animals (k = 1); the elements of the matrix addup to 10022P
0[i℄[j℄ Program EWBC: Temporary variable needed for the 
al
ulation of e
o-nomi
 weights of �eshiness and fat 
overingP
0[i℄[j℄[k℄ Program EWDC: Temporary variable needed for the 
al
ulation of e
o-nomi
 weights of �eshiness and fat 
overingp
al[i℄ Calved 
ows (pregnant in the previous reprodu
tive 
y
le) in reprodu
-tive 
y
le i + 1 (i = 0, ..., LL − 1) expressed as proportion of all 
owsentered this 
y
lep
al
[i℄ Calved 
ows (pregnant in the previous reprodu
tive 
y
le) in 
ategory i(i = 25, ..., CC) as proportion of all 
ows in this 
ategoryp
dys[i℄ Probability that a 
ow will be 
ulled due to health problems after dys-to
ia in reprodu
tive 
y
le i + 1 (i = 0, ..., LL − 1)22In the modeled system, only pure-bred 
ows o

ur and the matrix is 
al
ulated only for k = 0.
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f
[j℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weight forfat 
overingP
f
[j℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weight forfat 
overingP
f
d[j℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weight forfat 
overingP
f
d[j℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weight forfat 
overingP
f
dl[j℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weight forfat 
overingP
f
dl[j℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weight forfat 
overingP
f
dr[j℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weight forfat 
overingP
f
dr[j℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weight forfat 
overingP
f
l[j℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weight forfat 
overingP
f
l[j℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weight forfat 
overingP
f
m
 Program EWBC: Needed for the 
al
ulation of the e
onomi
 weight forfat 
overingP
f
m
[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weight forfat 
overingP
f
m
b Program EWBC: Mean 
lass for fat 
overing in bullsP
f
m
b[k℄ Program EWDC: Mean 
lass for fat 
overing in pure-bred dairy (k = 0)or 
ross-bred (k = 1) bullsP
f
m

 Program EWBC: Mean 
lass for fat 
overing in 
owsP
f
m

[k℄ Program EWDC: Mean 
lass for fat 
overing in pure-bred dairy (k = 0)or 
ross-bred (k = 1) 
ows23P
f
m

a Program EWBC: Mean 
lass for fat 
overing in 
astratesP
f
m

a[k℄ Program EWDC: Mean 
lass for fat 
overing in pure-bred dairy (k = 0)or 
ross-bred (k = 1) 
astratesP
f
m
h Program EWBC: Mean 
lass for fat 
overing in heifersP
f
m
h[k℄ Program EWBC: Mean 
lass for fat 
overing in pure-bred dairy (k = 0)or 
ross-bred (k = 1) heifersP
f
ql[j℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weight forfat 
overing23Only 
al
ulated for pure-bred dairy 
ows
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f
ql[j℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weight forfat 
overingP
f
qm[j℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weight forfat 
overingP
f
qm[j℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weightfor fat 
overingP
f
qr[j℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weight forfat 
overingP
f
qr[j℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weight forfat 
overingP
f
r[j℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weight forfat 
overingP
f
r[j℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weight forfat 
overingP
�[i℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weight for�eshinessP
�[i℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weight for�eshinessP
�d[i℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weight for�eshinessP
�d[i℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weight for�eshinessP
�dl[i℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weight for�eshinessP
�dl[i℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weight for�eshinessP
�dr[i℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weight for�eshinessP
�dr[i℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weight for�eshinessP
�l[i℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weight for�eshinessP
�l[i℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weight for�eshinessP
�m
 Program EWBC: Needed for the 
al
ulation of the e
onomi
 weight for�eshinessP
�m
[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weight for�eshinessP
�m
b Program EWBC: Mean 
lass for �eshiness in bullsP
�m
b[k℄ Program EWDC: Mean 
lass for �eshiness in pure-bred dairy (k = 0)or 
ross-bred (k = 1) bulls
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�m

 Program EWBC: Mean 
lass for �eshiness in 
owsP
�m

[k℄ Program EWDC: Mean 
lass for �eshiness in pure-bred dairy (k = 0)or 
ross-bred (k = 1) 
ows24P
�m

a Program EWBC: Mean 
lass for �eshiness in 
astratesP
�m

a[k℄ Program EWDC: Mean 
lass for �eshiness in pure-bred dairy (k = 0)or 
ross-bred (k = 1) 
astratesP
�m
h Program EWBC: Mean 
lass for �eshiness in heifersP
�m
h[k℄ Program EWDC: Mean 
lass for �eshiness in pure-bred dairy (k = 0)or 
ross-bred (k = 1) heifersP
�ql[i℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weight for�eshinessP
�ql[i℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weight for�eshinessP
�qm[i℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weight for�eshinessP
�qm[i℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weight for�eshinessP
�qr[i℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weight for�eshinessP
�qr[i℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weight for�eshinessP
�r[i℄ Program EWBC: Needed for the 
al
ulation of the e
onomi
 weight for�eshinessP
�r[i℄[k℄ Program EWDC: Needed for the 
al
ulation of the e
onomi
 weight for�eshinessp
los[i℄ Cow losses within reprodu
tive 
y
le i + 1 (i = 0, ..., LL− 1), pclos[i] =
pp[25 + 6i]p
mf Program EWBC: Fattened 
astrates expressed as proportion of male
alves intended for fatteningp
mf[i℄ Program EWDC: Fattened 
astrates expressed as proportion of male
alves intended for fattening (i = 0: pure-bred animals, i = 1: 
ross-bred animals)p
on
[i℄[j℄ Cows 
on
eiving in reprodu
tive 
y
le i + 1 after the jth inseminationas proportion of all 
on
eived 
ows in reprodu
tive 
y
le i + 1 (i =
0, ..., LL − 2)p
onh[j℄ Heifers 
on
eiving after the jth insemination as proportion of all 
on-
eived heifersp
ross[i℄ Dairy 
ows in reprodu
tive 
y
le i + 1 (i = 0, ..., LL − 2) mated withbeef bulls as proportion of all mated dairy 
ows in the given reprodu
tive
y
le24Only 
al
ulated for pure-bred dairy 
ows
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rossh Dairy heifers mated with beef bulls as proportion of all mated dairyheifersP
s[i℄[j℄ Program EWBC: Matrix of proportions (in per 
ent) of 
astrate 
ar-
asses in the ith 
lass of �eshiness and the j
lass of fat 
overing; theelements of the matrix add up to 100P
s[i℄[j℄[k℄ Program EWDC: Matrix of proportions (in per 
ent) of 
astrate 
ar-
asses in the ith 
lass of �eshiness and the j
lass of fat 
overing forpure-bred (k = 0) or 
ross-bred animals (k = 1); the elements of thematrix add up to 100p
ul[i℄ Cows 
ulled within the reprodu
tive 
y
le i + 1 (i = 0, ..., LL − 1) asproportion of all 
ows entered the 
y
lepdi[i℄ Total protein requirement per animal of 
ategory i (Program EWBC:
i = 1, ..., CC, Program EWDC: i = 1, ..., CT )pdi10 Program EWDC: Protein requirement per animal of 
ategory 10 fromthe end of the rearing period of 
alves till sellingpdi2[i℄ Protein requirement per 
alf of 
ategory i (i = 3, 8, 9, 10, CC + 3, CC +
8, CC + 9, CC + 10) in the se
ond feeding periodpdias[i℄ Protein requirement needed for rea
hing the required slaughter weightof extensively fattened animals per animal of 
ategory i (i = 12, 17)after the summer fattening period on pasturepdibbm Protein requirement per breeding bull from pur
hase to rea
hing matureweightpdibbs Protein requirement per breeding bull from summer feed ration frompur
hase to slaughterpdibbsl Protein requirement per breeding bull from summer feed ration fromrea
hing mature weight to slaughterpdibbw Protein requirement per breeding bull from winter feed ration from pur-
hase to slaughterpdibt Protein requirement per bull from weaning to the start of the perfor-man
e testpdid[i℄ Protein 
ontent per kg dry matter of feed ration for animals of 
ategory
i (i = 1, ...CT )pdid10 Protein 
ontent per kg dry matter of feed ration for breeding bulls fromthe end of the rearing period of 
alves till sellingpdid2[i℄ Protein 
ontent per kg dry matter of feed ration for 
alves of 
ategory i(i = 3, 8, 9, 10, CC + 3, CC + 8, CC + 9, CC + 10) in the se
ond feedingperiodpdidf[i℄ Protein per kg dry matter of feed ration for intensively fattened animalsof 
ategory i (i = 4, 5, 6, 12, 13, 14, 15, 16, 17)pdidfx[i℄ Protein per kg dry matter of feed ration for fattened animals of 
ategory
i (i = 12, 17) in the period after extensive fattening on pasture



APPENDIX A. LISTS OF TRAITS AND VARIABLES 147pdids[i℄ Protein per kg dry matter of summer feed ration for animals of 
ategory
i (i = 1, ..., CC ex
ept i = 4, 14, 15)pdidt Protein per kg dry matter of summer feed ration for breeding bulls inthe performan
e testpdidtb Protein per kg dry matter of feed ration for breeding bulls in the herdsfrom weaning to the start of the performan
e testpdidtse Protein per kg dry matter of winter feed ration for breeding bulls fromthe end of the performan
e test to sellingpdidw[i℄ Protein per kg dry matter of winter feed ration for animals of 
ategory
i (i = 1, ..., CC ex
ept i = 4, 14, 15)pdidwf[i℄ Protein 
ontent per kg dry matter of feed ration for female 
alves inthe �rst feeding period (i = 0: pure-bred animals, i = 1: 
ross-bredanimals)pdidwf2[i℄ Protein 
ontent per kg dry matter of feed ration for female 
alves inthe se
ond feeding period (i = 0: pure-bred animals, i = 1: 
ross-bredanimals)pdidwm[i℄ Protein 
ontent per kg dry matter of feed ration for male 
alves in the�rst feeding period (i = 0: pure-bred animals, i = 1: 
ross-bred animals)pdidwm2[i℄ Protein 
ontent per kg dry matter of feed ration for male 
alves inthe se
ond feeding period (i = 0: pure-bred animals, i = 1: 
ross-bredanimals)pdig[i℄ Protein requirement for growth per 
ow of 
ategory i (i = 25, ...CC)pdigs[i℄ Protein requirement per 
ow of 
ategory i (i = 25, ..., CC) for growthin the summer feeding periodpdigw[i℄ Protein requirement per 
ow of 
ategory i (i = 25, ..., CC) for growthin the winter feeding periodpdil[i℄ Protein requirement for la
tation per 
ow of 
ategory i (i = 25, ...CC)pdim[i℄ Protein requirement for maintenan
e per 
ow of 
ategory i (i = 25, ...CC)pdiml Protein requirement per kg milk with given fat and protein per
entagepdims[i℄ Protein requirement per 
ow of 
ategory i (i = 25, ..., CC) for mainte-nan
e in the summer feeding periodpdimw[i℄ Protein requirement per 
ow of 
ategory i (i = 25, ..., CC) for mainte-nan
e in the winter feeding periodpdip
[i℄ Total protein requirement for pregnan
y per animal of 
ategory i (i =
20, 22, 25, ..., CC)pdis[i℄ Protein requirement per animal of 
ategory i (i = 1, ..., CC + 10 ex
ept
4, 14, 15) in the summer feeding periodpdis0[i℄ Protein requirement in the �zeroeth� summer feeding period25 afterweaning per animal of 
ategory i (i = CC + 1, ..., CC + 10)25This period o

urs only if 
alves are weaned before the end of the pasture period.



APPENDIX A. LISTS OF TRAITS AND VARIABLES 148pdis1[i℄ Protein requirement in the 1st summer feeding period after weaning peranimal of 
ategory i (i = CC + 2, ..., CC + 6, CC + 8, CC + 10)pdis2[i℄ Protein requirement in the 2nd summer feeding period after weaningper animal of 
ategory i (i = CC +2, CC +3, CC +5, CC +6, CC +10)pdis3[i℄ Protein requirement in the 3rd summer feeding after weaning period peranimal of 
ategory i (i = CC + 3, CC + 6)pdis
al[i℄ Total protein requirement from summer feeding per 
ow of 
ategory i(i = 25, ..., CC) that had 
alved in the given reprodu
tive 
y
lepdisl[i℄ Protein available for a 
alf of 
ategory i (i = 3, 8, 9) in the summerperiod from 
ows' milkpdisn
al[i℄ Total protein requirement from summer feeding per 
ow of 
ategory i(i = 25, ..., CC) that had not 
alved in the given reprodu
tive 
y
lepdisp[i℄ Protein requirement for pregnan
y in the summer period per animal of
ategory i (i = 20, 22, 25, ..., CC + 10)pdit Protein requirement per bull in the performan
e testpditse Protein requirement per breeding bull from the end of the performan
eto sellingpdiw[i℄ Protein requirement per animal of 
ategory i (i = 1, ..., CC + 10 ex
ept
4, 14, 15) in the winter feeding periodpdiw1[i℄ Protein requirement in the 1st winter feeding period after weaning peranimal of 
ategory i (i = CC + 2, ..., CC + 6, CC + 8, CC + 10)pdiw2[i℄ Protein requirement in the 2nd winter feeding period after weaning peranimal of 
ategory i (i = CC + 2, ..., CC + 6, CC + 8, CC + 10)pdiw3[i℄ Protein requirement in the 3rd winter feeding period after weaning peranimal of 
ategory i (i = CC + 3, CC + 5, CC + 6)pdiw4 Protein requirement in the 4th winter feeding period after weaning peranimal of 
ategory CC + 6pdiw
al[i℄ Total protein requirement from winter feeding per 
ow of 
ategory i(i = 25, ..., CC) that had 
alved in the given reprodu
tive 
y
lepdiwf[i℄ Protein requirement per female 
alf from birth to the end of the �rstfeeding period in rearing 
alves (i = 0: pure-bred animals, i = 1: 
ross-bred animals)pdiwf2[i℄ Protein requirement per female 
alf in the se
ond feeding period in rear-ing 
alves (i = 0: pure-bred animals, i = 1: 
ross-bred animals)pdiwl[i℄ Protein available per 
alf of 
ategory i (i = 3, 8, 9) in the winter periodfrom 
ows' milk (i = 25, ..., CC)pdiwm[i℄ Protein requirement per male 
alf from birth to the end of the �rstfeeding period in rearing 
alves (i = 0: pure-bred animals, i = 1: 
ross-bred animals)pdiwm2[i℄ Protein requirement per male 
alf in the se
ond feeding period in rearing
alves (i = 0: pure-bred animals, i = 1: 
ross-bred animals)
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al[i℄ Total energy requirement in the winter feeding period per 
ow of 
at-egory i (i = 25, ..., CC) that had not 
alved in the given reprodu
tive
y
lepdiwp[i℄ Protein requirement for pregnan
y in the winter feeding period per an-imal of 
ategory i (i = 20, 22, 25, ..., CC)pdry Proportion of 
ows that are dried with antibioti
spf[i℄ Program EWBC: Probability that a 
on
eived 
ow will bear a deadfemale 
alf (i = 1) or probability that a born female 
alf dies within 48hours after 
alving (i = 2)pf[j℄[i℄ Program EWDC: Probability that a 
on
eived 
ow will bear a deadfemale 
alf (i = 1) or probability that a born female 
alf dies within 48hours after 
alving (i = 2), (j = 0: pure-bred animals, j = 1: 
ross-bredanimals)p� Female 
alves for fattening as proportion of surplus female 
alvesPh[i℄[j℄ Program EWBC: Matrix of proportions (in per 
ent) of heifer 
ar
assesin the ith 
lass of �eshiness and the jth 
lass of fat 
overing; the elementsof the matrix add up to 100Ph[i℄[j℄[k℄ Program EWDC: Matrix of proportions (in per 
ent) of heifer 
ar
assesin the ith 
lass of �eshiness and the j
lass of fat 
overing for pure-bred(k = 0) or 
ross-bred animals (k = 1); the elements of the matrix addup to 100ph
1 Heifers 
ulled be
ause of no pregnan
y after the 1st mating period aftertheir weaning expressed as proportion of all 
ulled not pregnant heifersph
2 Heifers 
ulled be
ause of no pregnan
y after the 2nd mating period aftertheir weaning expressed as proportion of all 
ulled not pregnant heifersph
3 Heifers 
ulled be
ause of no pregnan
y after the 3rd mating period aftertheir weaning expressed as proportion of all 
ulled not pregnant heifersPhis

[i℄ Cumulative frequen
y up to the ith 
lass of milk quality due to somati

ell 
ount (i = 0, ..., nSCC − 2)phmat1 Heifers mated in the 1st mating period after their weaning (on the basisof rea
hing the minimal weight for mating) as proportion of all weanedfemale 
alves intended for repla
ementphmat2 Heifers mated in the 2nd mating period after their weaning as proportionof all female 
alves intended for repla
ementphp1 Heifers pregnant after the 1st mating period after their weaning as pro-portion of all pregnant heifersphp2 Heifers pregnant after the 2nd mating period after their weaning asproportion of all pregnant heifersphp3 Heifers pregnant after the 3rd mating period after their weaning asproportion of all pregnant heifersphs Pregnant heifers sold expressed as proportion of surplus female 
alves
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ia that were mated in the 1st oestrus within repro-du
tive 
y
le i + 1 (i = 0, ..., LL − 2) as proportion of all mated 
owshaving dysto
ia in this 
y
lepinmatnd[i℄ Cows without dysto
ia that were mated in the 1st oestrus within re-produ
tive 
y
le i+1 (i = 0, ..., LL−2) as proportion of all mated 
owsnot having dysto
ia in this 
y
lepl Expe
ted milk produ
tion level of the herd (1 - lowest, 9 - highest)pm[i℄ Program EWBC: Probability that a 
on
eived 
ow will bear a dead male
alf (i = 1) or probability that a born male 
alf dies from 
alving to 48hours after 
alving (i = 2)pm[j℄[i℄ Program EWDC: Probability that a 
on
eived 
ow will bear a dead male
alf (i = 1) or probability that a born male 
alf dies from 
alving to 48hours after 
alving (i = 2), (j = 0: pure-bred animals, j = 1: 
ross-bredanimals)PM[i℄[j℄ Gene transmission matrix for gene �ow (see Se
tion 2.8)pn
al[i℄ Calved 
ows (not pregnant in the previous 
y
le) in reprodu
tive 
y
le
i+1 (i = 0, ..., LL−2) as proportion of all 
ows whi
h entered this 
y
lepn
al
[i℄ Calved 
ows (not pregnant in previous 
y
le) in 
ategory i (i = 25, ..., CC)as proportion of all 
ows in this 
ategorypp[i℄ Probability within the given reprodu
tive 
y
le r that a 
ow whi
h en-tered this 
y
le as a pregnant 
ow belongs to the given stage s (for moredetails see Se
tion 2.2). Let r (r = 1, ..., LL) be the number of the re-produ
tive 
y
le and s (s = 1, ..., 6 for r < LL or s = 1, .., 4 for r = LL)the number of the stage, then i = 6(r + 3) + s and

i=6(r+3)+S
∑

i=6(r+3)+1

pp[i] = 1for all r and S = 6 (for r < LL) or S = 4 (for r = LL). The variable isde�ned for i = 25, ..., CCpr[i℄ Pri
e per kg live weight for living animals or per kg slaughter weight forfattened animals of 
ategory i (Program EWBC: i = 1, ..., CC, ProgramEWDC: i = 1, ..., CT )prai Pri
e per portion of semen for AIpraib Pri
e per portion of semen for AI from beef bullspraid Pri
e per portion of semen for AI from dairy bullsprair Pri
e per re-inseminationprairb Pri
e per re-insemination from beef bullspraird Pri
e per re-insemination from dairy bullspranim[i℄ Program EWDC: Pri
e per animal (i = 8, 9, 10, 23, 24, CC + 8, CC +
9, CC + 10, CC + 23, CC + 24)
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e per kg fresh matter of the feeding ration in the fattening pe-riod after extensive fattening on pasture for animals of 
ategory i (i =
5, 6, 12, 13, 16, 17)prb Pri
e per kg slaughter weight of bulls in the base 
lass of �eshiness andfat 
overingPrb[i℄[j℄ Matrix of 
oe�
ients of 
ar
ass pri
es for bulls in the ith 
lass of �eshi-ness and jth 
lass of fat 
overing relative to the pri
e in the base 
lassof �eshiness and fat 
overingprbb Pri
e per breeding bull pur
hased for natural matingprbb
ull Pri
e per kg 
ar
ass weight of old breeding bullsprbbsel Pri
e per performan
e tested and sele
ted breeding bullpr
 Pri
e per kg slaughter weight of 
ows in the base 
lass for �eshiness andfat 
overingPr
[i℄[j℄ Matrix of 
oe�
ients of 
ar
ass pri
es for 
ows in the ith 
lass of �eshi-ness and jth 
lass of fat 
overing relative to the pri
e in the base 
lassof �eshiness and fat 
overingpr
s Pri
e per kg slaughter weight of 
astrates in the base 
lass for �eshinessand fat 
overingPr
s[i℄[j℄ Matrix of 
oe�
ients of 
ar
ass pri
es for 
astrates in the ith 
lass of�eshiness and jth 
lass of fat 
overing relative to the pri
e in the base
lass of �eshiness and fat 
overingprdg Pri
e per kg dungpreg2nm
[i℄ Cows 
on
eived in the 2nd oestrus in the mating period as proportionof all pregnant 
ows in reprodu
tive 
y
le i + 1 (i = 0, ..., LL − 2)preg2nmh Heifers 
on
eived in the 2nd oestrus in the mating period as proportionof all pregnant heifers in this mating periodpreg3nm
[i℄ Cows 
on
eived in the 3rd oestrus in the mating period as proportionof all pregnant 
ows in reprodu
tive 
y
le i + 1 (i = 0, ..., LL − 2)preg3nmh Heifers 
on
eived in the 3rd oestrus in the mating period as proportionof all pregnant heifers in this mating periodpregai
[i℄ Cows 
on
eived in the 1st oestrus in the mating period as proportion ofall pregnant 
ows in reprodu
tive 
y
le i + 1 (i = 0, ..., LL − 2)pregaih Heifers 
on
eived in the 1st oestrus in the mating period as proportionof all pregnant heifers in this mating periodprf[i℄ Program EWBC: Pri
e per kg fresh matter of the feeding ration in inten-sive fattening for animals of 
ategory i (i = 4, 5, 6, 12, 13, 14, 15, 16, 17),Program EWDC: Pri
e per kg fresh matter of the feeding ration foranimals of 
ategory i (i = 1, ...CT )prf10 Pri
e per kg fresh matter of feed ration for breeding bulls from the endof the rearing period of 
alves till selling
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e per kg fresh matter of the feeding ration for reared 
alves of 
at-egory i (i = 3, 8, 9, 10, CC + 3, CC + 8, CC + 9, CC + 10) in the se
ondfeeding periodprfwf[i℄ Pri
e per kg fresh matter of the feeding ration for female 
alves in the�rst feeding period in rearing 
alves (i = 0: pure-bred animals, i = 1:
ross-bred animals)prfwf2[i℄ Pri
e per kg fresh matter of the feeding ration for female 
alves in these
ond feeding period in rearing 
alves (i = 0: pure-bred animals, i = 1:
ross-bred animals)prfwm[i℄ Pri
e per kg fresh matter for male 
alves in the �rst feeding period inrearing 
alves (i = 0: pure-bred animals, i = 1: 
ross-bred animals)prfwm2[i℄ Pri
e per kg fresh matter of the feeding ration for male 
alves in these
ond feeding period in rearing 
alves (i = 0: pure-bred animals, i = 1:
ross-bred animals)prh Pri
e per kg slaughter weight for heifers in the base 
lass for �eshinessand fat 
overingPrh[i℄[j℄ Matrix of 
oe�
ients of 
ar
ass pri
es for heifers in the ith 
lass of�eshiness and jth 
lass of fat 
overing relative to the pri
e of the base
lass of �eshiness and fat 
overingpri
edry Pri
e per dose of drug for drying 
owspri
eherd Value of herdsman's time in monetary units per hourpri
evet Average 
harge for veterinary servi
eprm[i℄ Pri
e per kg minerals for animals of 
ategory i (i = 1, ..., CC ex
ept
4, 14, 15)prmilk Pri
e per kg milk of given fat and protein 
ontent and given somati
 
ell
ountprmilkb Basi
 milk pri
e per kg milk, input parameterprmilkf[i℄ Bonus or penalty for fat 
ontent per kg milk in the ith 
lass of fat 
ontent(i = 0, ..., nfat)prmilkfp Milk pri
e 
orre
ted for fat and protein 
ontent and not yet 
orre
tedfor milk quality 
lasses (per kg milk)prmilkp[i℄ Bonus or penalty for protein 
ontent per kg milk in the ith 
lass ofprotein 
ontent (i = 0, ..., nprot)prnphse Program EWBC: Pri
e per kg live weight of not pregnant breedingheifersprodsys Produ
tion system (takes values 1 to 4, see Se
tion 4.1.1.1)prodsys2 In program EWDC: produ
tion system (takes values 1 to 3, see Se
tion4.1.1.1) for whi
h the data for the �le FROM1_3.TXT were 
al
ulatedpro�tab Pro�tability without governmental subsidiespro�tabd Pro�tability in
luding governmental subsidies
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ontent in milkprot305ave 305d protein yield (kg)protkg Protein yield (kg) produ
ed over the whole la
tationprphse Program EWBC: Pri
e per kg live weight of pregnant breeding heifersat sellingprrep Pri
e per kg live weight of pregnant breeding heifers pur
hased for re-pla
ementprs[i℄ Pri
e per kg fresh matter of summer feed ration for 
ategory i (i =
1, ..., CC ex
ept i = 4, 14, 15)prs

 Temporary variable for 
al
ulating the milk pri
eprSCC[i℄ Ve
tor of basi
 pri
es per kg milk in quality 
lass i (i = 1, ...NSCC)prst Pri
e per kg strawprt Pri
e per kg fresh matter of feed ration for breeding bulls in the perfor-man
e testprtb Pri
e per kg fresh matter of feed ration for breeding bulls before theperforman
e testprtse Pri
e per kg fresh matter of feed ration for breeding bulls from the endof the performan
e test to sellingprw[i℄ Pri
e per kg fresh matter of winter feed ration for animals of 
ategory i(i = 1, ..., CC ex
ept i = 4, 14, 15)prwt Pri
e per l waterpSCC[i℄ Program EWDC: Ve
tor of proportions of sold milk in quality 
lass i(i = 1, ..., nSCC)psum Number of progeny per 
ow and reprodu
tive 
y
lep_tot[i℄ Number of progeny of 
ategory i (i = 1, ..., 24) (Sum of pure-bred and
ross-bred progeny)pydry proportion of 
ows that are dried with antibioti
s per 
ow and yearq
[i℄ Dis
ounting 
oe�
ient for 
ost for 
ategory i (Program EWBC: i =
1, ..., CC, Program EWDC: i = 1, ..., CT )qr[i℄ Dis
ounting 
oe�
ient for revenues for 
ategory i (Program EWBC:
i = 1, ..., CC, Program EWDC: i = 1, ..., CT )rev[i℄ Revenues per animal of 
ategory i (Program EWBC: i = 1, ..., CC,Program EWDC: i = 1, ..., CT )rev
 Total revenues per 
ow and year (summed only over all 
ow 
ategories)rev
ull
 Revenues from 
ulled 
ows summed over all 
ow 
ategories, per 
ow andyearrevmilk[i℄ Revenues from milk per 
ow of 
ategory i (i = 25, ...CC)revmilk
 Revenues from milk from all 
ow 
ategories per 
ow and year
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ients for the regression of the milk pri
e on the milk fat 
ontent.
i = 0: inter
ept, i = 1 : linear regression 
oe�
ient; j (j = 0, ..., nfat)refers to the 
lass for fat 
ontent.rp[i℄[j℄ Coe�
ients for the regression of the milk pri
e on the milk protein
ontent. i = 0: inter
ept, i = 1 : linear regression 
oe�
ient; j (j =
0, ..., nprot) refers to the 
lass for protein 
ontent.sfrp Program EWBC: Heifers sele
ted on health and exterior before matingas proportion of reared heiferssfrp[i℄ Program EWDC: Heifers sele
ted on health and exterior before matingas proportion of reared heifers (i = 0: pure-bred animals, i = 1: 
ross-bred animals)sigmafat Phenotypi
 standard deviation for milk fat 
ontentsigmaprot Phenotypi
 standard deviation for milk protein 
ontentsigmaSCS Phenotypi
 standard deviation of somati
 
ell s
ore in the dairy 
owpopulationsigmawh Phenotypi
 standard deviation of the weight of heifers at �rst mating(at an age of about 1 year)sl_1[i℄ Average amount of milk in kg produ
ed per 
ow in the summer periodin reprodu
tive 
y
le 1 available for 
alves of 
ategory i (i = 3, 8, 9)sl_2[i℄ Average amount of milk in kg produ
ed per 
ow in the summer periodin reprodu
tive 
y
le 2 available for 
alves of 
ategory i (i = 3, 8, 9)sl_3[i℄ Average amount of milk in kg produ
ed per 
ow in the summer periodin reprodu
tive 
y
le 3 available for 
alves of 
ategory i (i = 3, 8, 9)sl[i℄ Average amount of milk in kg produ
ed per 
ow in the summer period(a

ording to the age stru
ture of the 
ows in the herd) available for
alves of 
ategory i (i = 3, 8, 9)sl2 Sum of elements of ve
tor l2sp[i℄ Servi
e period of 
ows of 
ategory i (i = 25, ...CC − 3)startbt Starting date for the performan
e test of bulls (only in Produ
tion Sys-tem 1)st
d[i℄ Still born 
alves after dysto
ia as proportion of 
ows having dysto
ia inreprodu
tive 
y
le i + 1 (i = 0, ..., LL − 1)st
e[i℄ Still born 
alves after easy 
alving as proportion of 
ows having easy
alving in reprodu
tive 
y
le i + 1 (i = 0, ..., LL − 1)stdm Geneti
 standard deviation for milk produ
tionstraw[i℄ Program EWBC: Daily amount of straw per animal of 
ategory i (i =
1, ..., CC) during the winter housing period. Program EWDC: Dailyamount of straw per animal of 
ategory i (i = 1, ..., CT )straw10 Amount of straw per breeding bull per daystrawbb Daily amount of straw per breeding bull in the herd during the winterhousing period



APPENDIX A. LISTS OF TRAITS AND VARIABLES 155straw� Daily amount of straw per animal in intensive fatteningstrawfx Daily amount of straw per animal in extensive fattening during thewinter housing periodstrawwf[i℄ Daily amount of straw per female 
alve in the rearing period (i = 0:pure-bred animals, i = 1: 
ross-bred animals)strawwm[i℄ Daily amount of straw per male 
alve in the rearing period (i = 0:pure-bred animals, i = 1: 
ross-bred animals)suml1 Sum of elements of ve
tor l1T Number of 
ow 
ategories + 1t[i℄[j℄ Elements of the transmission matrix for the 
al
ulation of the herd stru
-ture (i, j = 1, ..., TT )t
[i℄ Length of the time period (in years) from 
alving to the time whenthe 
osts in 
ategory i o

ur (Program EWBC: i = 1, ..., CC, ProgramEWDC: i = 1, ..., CT )t
onh Total 
on
eption rate of heifers in a mating periodt
onh3 Program EWDC: Total 
on
eption rate of heifers in System 3T
ost Total 
ost per 
ow entering the reprodu
tive 
y
le (per 
ow and year)te
h1 Housing te
hnology in fattening (1: free te
hnology, 2: bind te
hnology,3: pasture, see Se
tion 4.1.1.4)te
h2 Housing te
hnology in the 
ow herd (1: free te
hnology, 2: bind te
h-nology, 3: pasture, see Se
tion 4.1.1.4)thfat[i℄ Threshold values for milk fat 
ontent in the milk paying system (i =
0, ..., nfat− 1)thprot[i℄ Threshold values for milk protein 
ontent in the milk paying system(i = 0, ..., nprot − 1)tot
al[i℄ Proportion of pure-bred (i = 0) and 
ross-bred (i = 1) 
alvings in theherdTprof Total pro�t per 
ow entering the reprodu
tive 
y
le (per 
ow and year)Tprofh Needed for the 
al
ulation of e
onomi
 weightsTpro� Needed for the 
al
ulation of e
onomi
 weightsTprofm In the 
al
ulation of e
onomi
 weights: keeps the value of the total pro�t
Tproftr[i℄ Length of the time period (in years) from 
alving to the time when therevenues in 
ategory i o

ur (Program EWBC: i = 1, ..., CC, ProgramEWDC: i = 1, ..., CT )trait Number of the trait (see Se
tion A.2 on page 98)Trev Total revenues per 
ow entering the reprodu
tive 
y
le (per 
ow andyear)
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ell 
ount in milk quality 
lass i (i = 0, ..., nSCC−

2) (the 1st 
lass being the best one)tSCS[i℄ Upper limits for somati
 
ell s
ore in milk quality 
lass i (i = 0, ..., nSCC−

2) (the 1st 
lass being the best one)TT Dimension of quadrati
 matrix t[i℄[j℄, TT = 6(LL − 1) + 4tvh Needed for the 
al
ulation of e
onomi
 weightstvl Needed for the 
al
ulation of e
onomi
 weightstvm Needed for the 
al
ulation of e
onomi
 weightsu Dis
ount rateutifemp Utilisation of pure-bred female 
alves whi
h are not needed for repla
e-ment (1: selling of surplus reared female 
alves outside the systems, 2:fattening of surplus reared female 
alves, 3: selling of surplus breedingheifers before mating, 4: selling of surplus pregnant breeding heifers)utifem
r Utilisation of 
ross-bred female 
alves (1: selling of reared 
alves outsidethe system, 2: fattening of reared 
alves, 3: selling [transferring℄ of
ross-bred heifers to 
ow-
alf Produ
tion System 3, 4: 
ombination offattening and selling of 
ross-bred female 
alves)varmilk Variable 
osts per kg milk for in
reasing milk yield above average (labour,ma
hine, 
ooling, energy et
.)vetdys[j℄ Veterinary 
ost 
onne
ted with 
alving di�
ulty s
ore j+1 (j = 0, ..., DD−

1)w[i℄ Program EWBC: Mature weight of bulls (= mwb, de�ned only for i =
10)w1
onf Weight of female 
alves at �rst weighingw1
onm Weight of male 
alves at �rst weighingw2
onf Weight of female 
alves at se
ond weighingw2
onm Weight of male 
alves at se
ond weighingw3
onf Weight of female 
alves at third weighingw3
onm Weight of male 
alves at third weighingwat[i℄ Daily amount of water per animal of 
ategory i (Program EWBC: i =
1, ..., CC, Program EWDC: i = 1, ..., CT )wat10 Amount of water per breeding bull per daywatwf[i℄ Daily amount of water per female 
alf in the rearing period (i = 0:pure-bred animals, i = 1: 
ross-bred animals)watwm[i℄ Daily amount of water per male 
alf in the rearing period (i = 0: pure-bred animals, i = 1: 
ross-bred animals)wbbse Weight of breeding bulls at pur
hase for natural matingwbbst Average weight of breeding bulls at the start of the performan
e test



APPENDIX A. LISTS OF TRAITS AND VARIABLES 157wbbt Average weight of breeding bulls at the end of the performan
e testwbfat Program EWBC: Live weight of bulls at slaughter (at the end of fatten-ing)wbfat[i℄ Program EWDC: Live weight of bulls at slaughter (at the end of fatten-ing; i = 0: pure-bred animals, i = 1: 
ross-bred animals)wbfatb Program EWDC: Live weight of pure-bred beef bulls at slaughter at theend of fatteningw
a
al[i℄ Average weight of 
ows after 
alving in reprodu
tive 
y
le i + 1 (i =
0, ..., LL − 1)w

[i℄ Average weight of 
ows 
ulled within reprodu
tive 
y
le i + 1 (i =
0, ..., LL − 1) for health problem ex
luding dysto
iaw

al[i℄ Average weight of 
ows at 
alving in reprodu
tive 
y
le i + 1 (i =
0, ..., LL − 1)w

w[i℄ Average weight of 
ows 
ulled after 
alf weaning due to no pregnan
y inreprodu
tive 
y
le i + 1 (i = 0, ..., LL − 1)w
d[i℄ Average weight of 
ows died within reprodu
tive 
y
le i+1 (i = 0, ..., LL−
1)w
dys[i℄ Average weight of 
ows 
ulled due to dysto
ia in reprodu
tive 
y
le i+1(i = 0, ..., LL − 1)w
fat Program EWBC: Live weight of 
astrates at slaughter (at the end offattening)w
fat[i℄ Program EWDC: Live weight of 
astrates at slaughter (at the end offattening; i = 0: pure-bred animals, i = 1: 
ross-bred animals)w
fatb Program EWDC: Live weight of beef 
astrates at slaughter (at the endof fattening)w
ws
 Program EWBC: Average weight of 
astrates 
ulled in the period fromweaning to the end of fattening before rea
hing the required slaughterweightw
ws
[i℄ Program EWDC: Average weight of 
astrates 
ulled in the period fromthe end of the rearing period to the end of fattening before rea
hing therequired slaughter weight (i = 0: pure-bred animals, i = 1: 
ross-bredanimals)w
wsf Program EWBC: Average weight of females 
ulled in the period fromweaning to the end of fattening before rea
hing the required slaughterweightw
wsf[i℄ Program EWDC: Average weight of females 
ulled in the period fromthe end of the rearing period to the end of fattening before rea
hing therequired slaughter weight (i = 0: pure-bred animals, i = 1: 
ross-bredanimals)w
wsm Program EWBC: Average weight of males 
ulled in the period fromweaning to the end of fattening before rea
hing the required slaughterweight
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wsm[i℄ Program EWDC: Average weight of males 
ulled in the period from theend of the rearing period to the end of fattening before rea
hing therequired slaughter weight (i = 0: pure-bred animals, i = 1: 
ross-bredanimals)w
xfat Live weight of 
astrates at slaughter in extensive fatteningw
xs Weight of 
astrates in extensive fattening at the end of the pastureperiodw
xw Weight of 
astrates in extensive fattening at the end of the winter periodafter weaningwd
wf Program EWBC: Average weight of female 
alves died from 2 days ofage to weaningwd
wf[i℄ Program EWDC: Average weight of female 
alves died from 2 days ofage to the end of the rearing period (i = 0: pure-bred animals, i = 1:
ross-bred animals)wd
wm Program EWBC: Average weight of male 
alves died from 2 days of ageto weaningwdws
 Program EWBC: Average weight of 
astrates died in the period fromweaning to the end of fatteningwdws
[i℄ Program EWDC: Average weight of 
astrates died from the end of therearing period to the end of fattening (i = 0: pure-bred animals, i = 1:
ross-bred animals)wdwsf Program EWBC: Average weight of heifers died in the period from wean-ing to the end of fatteningwdwsf[i℄ Program EWDC: Average weight of heifers died from the end of therearing period to the end of fattening (i = 0: pure-bred animals, i = 1:
ross-bred animals)wdwsm Program EWBC: Average weight of bulls died in the period from wean-ing to the end of fatteningwdwsm[i℄ Program EWDC: Average weight of bulls died from the end of the rear-ing period to the end of fattening (i = 0: pure-bred animals, i = 1:
ross-bred animals)wfrep Weight of females for repla
ement at pur
hasewfxs Weight of heifers in extensive fattening at the end of the pasture periodwfxw Weight of heifers in extensive fattening at the end of the winter periodwh1
al Program EWBC: Weight of heifers after the 1st 
alving for heifers 
on-
eived in their 1st mating period after their weaning. Program EWDC:Weight of heifers after their 1st 
alvingwh2
al Weight of heifers after their 1st 
alving for heifers mated in their 2ndmating period after weaningwh3
al Weight of heifers after their 1st 
alving for heifers 
on
eived in their 3rdmating period after weaning
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al Weight of heifers after their 1st 
alving (average from heifers 
on
eivedin their 1st, 2nd and 3rd mating period after weaning)wh
mat Program EWBC: Average weight of heifers 
ulled after the 1st, 2nd and3rd mating periods after weaning be
ause of no pregnan
y. ProgramEWDC: Average weight of heifers 
ulled after the maximal number ofinseminations be
ause of no pregnan
ywh
mat1 Average weight of heifers 
ulled after the 1st mating period after theirweaning be
ause of no pregnan
ywh
mat2 Average weight of heifers 
ulled after the 2nd mating period after theirweaning be
ause of no pregnan
ywh
mat3 Average weight of heifers 
ulled after the 3rd mating period after theirweaning be
ause of no pregnan
ywhdmh Average weight of heifers died from weaning (or from the end of therearing period of 
alves in System 4) to entering the herdwhfat Program EWBC: Live weight of heifers at slaughter (at the end of fat-tening)whfat[i℄ Program EWDC: Live weight of heifers at slaughter (at the end of fat-tening; i = 0: pure-bred animals, i = 1: 
ross-bred animals)whfatb Program EWDC: Live weight of pure-bred beef heifers at slaughter atthe end of fatteningwhmat Program EWBC: Weight of heifers at mating averaged over all threemating periodswhmat1 Program EWBC: Average weight of heifers at mating for heifers matedin their 1st mating period after weaningwhmat1[i℄ Program EWDC: Average weight of heifers at their 1st insemination(i = 0: pure-bred animals, i = 1: 
ross-bred animals)whmat2 Average weight at mating for heifers mated in their 2nd mating periodafter weaningwhmat3 Average weight at mating for heifers mated in their 3rd mating periodafter weaningwhmin Minimal live weight of heifers for matingwhxfat Live weight of heifers at slaughter in extensive fatteningwl_1[i℄ Average amount of milk in kg produ
ed during the winter period per
ow in reprodu
tive 
y
le 1 available for 
alves of 
ategory i (i = 3, 8, 9)wl_2[i℄ Average amount of milk in kg produ
ed during the winter period per
ow in reprodu
tive 
y
le 2 available for 
alves of 
ategory i (i = 3, 8, 9)wl_3[i℄ Average amount of milk in kg produ
ed during the winter period per
ow in reprodu
tive 
y
le 3 available for 
alves of 
ategory i (i = 3, 8, 9)wl[i℄ Average amount of milk in kg produ
ed during the winter period per
ow (a

ording to the age stru
ture of the 
ows in the herd) availablefor 
alves of 
ategory i (i = 3, 8, 9)



APPENDIX A. LISTS OF TRAITS AND VARIABLES 160wnphse Program EWBC: Weight of not pregnant breeding heifers at sellingwphse Program EWBC: Weight of pregnant breeding heifers at sellingwpreg Weight gain for pregnan
y = loss of 
ow weight after 
alving averagedover reprodu
tive 
y
les 1 to LLws0[i℄ Weight of animals of 
ategory i (i = CC + 1, . . . , CC + 10) at the endof the �zeroeth� summer feeding period26 after their weaningws1[i℄ Weight of animals of 
ategory i (i = CC + 2, CC + 4, CC + 8) at theend of the 1st summer feeding period after their weaningws2[i℄ Weight of animals of 
ategory i (i = CC + 3, CC + 5) at the end of the2nd summer feeding period after their weaningws3 Weight of animals of 
ategory CC + 6 at the end of the 3rd summerfeeding period after their weaningww[i℄ ProgramEWBC: Live weight of animals of 
ategory i (i = 3, 8, 9, 25, ..., CC)at the end of the winter feeding period, Program EWDC: Average liveweight of animals of 
ategory iww1[i℄ Weight of animals of 
ategory i (i = CC + 1, CC + 2, CC + 9) at theend of the 1st winter feeding period after their weaningww2[i℄ Weight of animals of 
ategory i (i = CC + 2, CC + 3, CC + 10) at theend of the 2nd winter feeding period after their weaningww3[i℄ Weight of animals of 
ategory i (i = CC + 3, CC + 6) at the end of the3rd winter feeding period after their weaningwwbse Live weight of male breeding 
alves at the start of the performan
e testwwf Program EWBC: Weaning weight of female 
alveswwf[i℄ ProgramEWDC: Weight of female 
alves at the end of the rearing periodwwm Program EWBC: Weaning weight of male 
alveswwm[i℄ Program EWDC: Weight of male 
alves at the end of the rearing periodymi Average mastitis in
iden
e rate per 
ow and year (number of 
lini
almastitis 
ases per 
ow and year averaged over all la
tations)zr Number of run when 
al
ulating e
onomi
 weightszz Integer variable for numbering subse
tions in the output �le TEXT_OUT.TXT(see Se
tion 4.4)zzdmi[i℄[j℄ Needed for the 
al
ulation of e
onomi
 weights (keeps the values of
dmi[i][j] during the 
al
ulation of the e
onomi
 weight for mastitis in-
iden
e, of the same dimension as dmi[i][j])zzir
my[i℄ Needed for the 
al
ulation of e
onomi
 weights (keeps the values of
ircmy[i] during the 
al
ulation of the e
onomi
 weight for mastitis in-
iden
e, of the same dimension as ircmy[i])zzlos
[i℄ Needed for the 
al
ulation of e
onomi
 weights, i = 1, ..., 50zzmilksum[i℄ Needed for the 
al
ulation of e
onomi
 weights, keeps the originalvalues of milksum[i℄26This period o

urs only if 
alves are weaned before the end of the pasture period.



Appendix BChanges in the programEWBC sin
e Version 1.0.22B.1 Changes in May 2004
• Output �le FROM1_3.TXT in Program EWBC was added (see Se
tion 5.1.3on page 94).B.2 Changes in January 2005
• Spe
ial 
ases with zero trait values were taken into a

ount when 
al
ulatingthe e
onomi
 values (see Se
tion 2.7.1).
• The option way of 
al
ulating feeding 
ost from the parameter �le PARA.TXT(see Se
tion 4.1.2) whi
h was of no e�e
t until re
ently will now work 
orre
tly.
• The e
onomi
 values for the 
ategori
al traits 14 to 25 (see Numbering oftraits, Appendix A.2 on page 98) will be 
al
ulated with the opposite sign asbefore. This 
hange was made to put the printed values in agreement with thedes
ription of their 
al
ulation in Se
tion 2.7.3 and to unify the 
al
ulation ofe
onomi
 weights. From now on, the e
onomi
 weight will be always de�nedas the 
hange in the total pro�t when in
reasing the trait value. Thereforethe e
onomi
 weights of traits where a de
rease will be of a positive e
onomi
e�e
t will have a negative sign.
• The input variable dotcows (Governmental subsidies per slaughter 
ow) wasadded in input �le INPUT03.TXT.
• The new variable ncows (see Appendix A.3) was added.
• The pro�tability is newly 
al
ulated with and without subsidies and printedin the results �le.
• The equation for the 
al
ulation of the average date of 
alving for 
ows in theherd (davcalc) was 
orre
ted. The 
hange will be only of small impa
t on theresults.
• The 
al
ulation of total 
ost for a breeding bull for natural mating in the herdfrom pur
hase to slaughter was 
orre
ted. The 
osts were de
reased by therevenues from the slaughter animal.161
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• The variable anphse (average age of not pregnant breeding heifers at selling)is not 
al
ulated in the program, but added as input parameter to the �leINPUT13.TXT.
• The variable aih (heifers mated in their 1st oestrus as proportion of matedheifers) whi
h was missing in input �le INPUT14.TXT was added to this �le.
• The variables prrep, prnphse and prphse (pri
e of pregnant breeding heiferspur
hased for repla
ement, pri
e of not pregnant breeding heifers and pri
eof pregnant breeding heifers at selling) whi
h were de�ned per animal wererede�ned as pri
es per kg live weight.
• The variable prbbcull (pri
e per kg 
ar
ass weight of old breeding bulls) wasadded to input �le INPUT04.TXT.
• The variable prbbsel (pri
e per breeding bull sold after test and sele
tion) wasadded to input �le INPUT05.TXT.
• The meaning of the variable prbb was 
hanged to pri
e per breeding bullpur
hased for natural mating (input �le INPUT04.TXT).
• The variable kmcwhmin = whmin/mcw was added in the program.
• Further 
ost 
omponents were 
al
ulated in the program and printed to theresult �le. These 
omponents are: costcowy, costcw, costcwf , costcwm,

costcwfkg, costcwmkg, costfatb, costfatbkg, costfatc, costfatckg, costfath,
costfathkg, costhnpr, costhnprkg, costhpr, costhprkg, costvetc, costhc, costoc,
costfixc, costfc, costc. For their de�nition see List of variables in AppendixA.3.

• The 
al
ulation of the variables avelifecc and avelifecy was 
orre
ted. Themeaning of the variable avelifecc was 
hanged.B.3 Changes in February 2005
• The variable agehcal whi
h was the same as agecal was omitted and repla
edby agecal.
• The number of reprodu
tive 
y
les whi
h was originally �xed to 10 is nowvariable and 
an be 
hosen by the user (values from 4 to 20 are allowed,low values might not work in several 
ases from the reason that there werenot enough repla
ement heifers). The number of reprodu
tive 
y
les (variable

LL) was added as input parameter to the parameter �le PARA.TXT. This had
onsequen
es for the dimension of ve
tors read from input �les INPUT02.TXTand INPUT26.TXT. Several parameters in the program (T , C and G) are nowthe upper limit of the dimension of the appropriate ve
tors or matri
es. The
urrent values of these parameters (TT , CC and GG) are 
al
ulated from the
urrent value of LL. The number of reprodu
tive 
y
les was added as outputparameter to the �le FROM1_3.TXT.
• The expression of the e
onomi
 values ew0[i] was 
hanged to be identi
al withthe expression of the values ew[i] (Originally, ew[i] was expressed per 
hangeof the trait by 0.01 
lass or 10 g or 1%, whereas ew0[i] was always expressedper unit of the trait, i.e. per 
lass et
.). This has absolutely no 
onsequen
esfor the users of the program, as only the values ew[i] are printed to the results�le. All these values remained un
hanged.
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• An error in the 
al
ulation of the gene �ow was 
orre
ted. The error had onlyimpa
t on Systems 2 and 3.B.4 Changes from August to November 2005
• The input parameter quota was omitted from the parameter �le PARA.TXTbe
ause this parameter is not used in the 
al
ulations.
• The units of the marginal e
onomi
 values for traits 6 to 9 (average daily gainof 
alves from birth to 1st weighing, average daily gain of 
alves from the 1stto 2nd weighing, average daily gain of 
alves from the 2nd to 3rd weighingand average daily gain in the fattening period to 
onstant slaughter weight)were 
hanged from MU1 per 10 g/d, 
ow and year to MU per g/d, 
ow andyear.
• The marginal e
onomi
 values for traits 14 to 17 (mean 
lass of �eshiness for
ows, bulls, heifers and 
astrates, respe
tively) and for traits 19 to 22 (mean
lass of fat 
overing for 
ows, bulls, heifers and 
astrates, respe
tively) arenow expressed in the same way as the 
umulative traits 18 and 23 (mean 
lassof �eshiness or fat 
overing, respe
tively, for all 
ategories together), e.g. per
hange of the mean 
lass by 0.01.
• The marginal e
onomi
 values for traits 24 and 25 (average s
ore for 
alvingperforman
e for female or male 
alves, respe
tively) are now expressed in thesame way as the 
umulative trait 1 (average s
ore for 
alving performan
e formale and female 
alves together), e.g. per 
hange of the mean 
alving s
oreby 0.01.
• The parameter NT was 
hanged from 31 to its 
orre
t value 30 (number oftraits in
reased by 1). This is of no 
onsequen
e to the results, just unne
es-sary 
al
ulations are omitted.
• In all input �les was the abbreviation K
 (Cze
h 
rowns) repla
ed by the moregeneral term MU (monetary unit).
• Improvements in the text of all input �les were made. This is of no e�e
t tothe program itself.B.5 Changes from De
ember 2008 to January 2009(Version 2.1.1)
• The main 
hange in the program is that 
alving is now possible at any timeoutside of the pasture period.
• The 
al
ulation of the variables ndaycw and wh1cal was modi�ed.
• The last input in INPUT13.TXT (anphse) was repla
ed by four variables:

anphse1, anphse2, nphsold1 and nphsold2.anphse will be 
al
ulated fromthese four variables in the program.
• In the program, two new variables (aphse1 and aphse2) were introdu
ed.
• The stru
ture of the output �le CHECK was 
hanged. All variables are nowprinted in only one alphabeti
 list.1monetary unit
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• The parameter �Utilisation of female 
alves whi
h are not needed for repla
e-ment� (utifem)was found to be unne
essary and misleading and was thereforeomitted from the program. This has no impa
t on the results.
• Five new variables were introdu
ed: adgs0[i], ds0[i], nes0[i], pdis0[i] and

ws0[i] where i is the 
ategory of animals.B.6 Changes from O
tober 2009 to January 2010(Version 2.1.2)
• The values of some variables whi
h were printed as -0.00000 are now printedwithout the minus sign.



Appendix CChanges in the programEWDC sin
e Version 1.0.18(version 2.0.18 of the pa
kageECOWEIGHT)C.1 Changes in May 2006
• The part of the program 
on
erning the 
al
ulation of the milk pri
e wasrewritten. For details see Se
tion 2.5.1.2 whi
h was also rewritten on thebasis of the 
hanges in the program. In the parameter �le PARAD.TXT, theoption for the 
al
ulation of the milk pri
e was added (variable milkprice).The �ve options are explained in Paragraph 4.1.1.14.
• In the input �le INPUT28.TXT, the new input parameter basi
 milk pri
e(prmilkb) was introdu
ed. Several input parameters 
onne
ted with somati

ell 
ount or somati
 
ell s
ore (mean of somati
 
ell s
ore mSCS, phenotypi
standard deviation of somati
 
ell s
ore sigmaSCS, number of milk qual-ity 
lasses a

ording to somati
 
ell 
ontent nSCC, upper limits for somati

ell 
ount in the individual milk quality 
lasses tSCC[i]) were moved fromINPUT23.TXT to INPUT28.TXT.
• The input parameter �ve
tor of basi
 pri
es per kg milk in quality 
lass i�(prSCC[i]) was moved from input �le INPUT07.TXT to INPUT28.TXT.
• In input �le INPUT11.TXT, a new input parameter (interval between twosubsequent inseminations inint) was added.
• Two typing errors in equation (2.21) were 
orre
ted in the Manual.C.2 Changes in January 2007An error was dete
ted in printing out the e
onomi
 weight for mastitis in
iden
e.The program printed a value ten times greater than it should be. The error was
orre
ted.

165
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• A new parameter �Crossing in the herd� was added to the parameter �lePARAD.TXT.
• A bug was �xed were an array ex
eeded its limit.
• The 
al
ulation of some missing quantities for 
ategory 89 (CC+7) was added.
• Changes were made in the algorithm for printing out the results in the results�le. The output has be
ome more sele
tive omitting unne
essary data.
• The number of 
lasses for 
alving performan
e whi
h was �xed to 4 is nowvariable and 
an take values from 2 to 6.
• The stru
ture of input �le INPUT07.TXT was 
hanged. The 
hange 
on
ernsthe last part of the �le where input parameters for 
alving s
ores were sortedby the type of breeding - �rst the parameters for purebreeding are given andthen the parameters for 
rossbreeding are listed. The maximal number of
alving s
ores has 
hanged from 4 to 6. Leave all the lines in the input �le,even if they are not read. The values for the 
lasses of 
alving s
ores noto

upied are just ignored.
• The stru
ture of input �le INPUT11.TXT was 
hanged. At the beginning,the variable 'number of 
lasses for 
alving performan
e' was added. Insteadof four inputs for 'Veterinary 
ost 
onne
ted with 
alving s
ore x' and 'Sto
k-man hours 
onne
ted with 
alving s
ore x' there are now six inputs.C.4 Changes in O
tober 2007The aim of the 
hanges 
arried out in O
tober 2007 in the program EWDC was toin
lude the option of selling male 
alves in the dairy system a few days after birth.Furthermore, the option of paying per live animal was added for 
alves and dysto
ia
an be de�ned by the user.
• In input �le INPUT21.TXT, several new parameters were in
luded: pri
e forfemale and male 
alves per animal (until re
ently, only paying per kg liveweight was allowed), 
ost for removing and rendering dead 
alves.
• The de�nitions of the parameters mxmc[i] and mtest[i] were 
hanged to �Pro-portion of male 
alves alive at 48 hours after birth that are determined forexport (selling outside of the evaluated produ
tion system)� and �Proportionof male 
alves alive at 48 hours after birth that are sold as breeding males(e.g. to test stations or AI stations)�. Both parameters are in input �leINPUT15.TXT.
• In input �le INPUT11.TXT, the new input parameter dyscl was in
luded. Theparameter is the number of the lowest s
ore for 
alving performan
e whi
h is
onsidered to be dysto
ia.
• In input �le INPUT07.TXT, an additional 
omment was added whi
h does inno way 
hange the fun
tionality of the �le.
• The new option of selling male 
alves made it ne
essary to 
hange the waythe 
osts for 
ategories 3 and CC + 3 were 
al
ulated; furthermore, the timewhen the 
osts for these 
ategories o

ur had to be 
hanged.
• The variables Nmcw[i] and wdcwm[i] were deleted in the program.
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• The �le TEXTD_OUT.TXT was 
hanged to improve the output of resultsand to adopt it to the new features in the program.C.5 Changes in November 2007The maximal number of reprodu
tive 
y
les whi
h was originally �xed to 10 wasmade variable and 
an now be in the range from 4 to 15. Changing the number ofreprodu
tive 
y
les has 
onsequen
es espe
ially in input �les INPUT07.TXT, IN-PUT27.TXT and INPUT29.TXT where 
are must be taken in all input parameterswhi
h depend on the number of reprodu
tive 
y
les.C.6 Changes in De
ember 2007
• In input �le INPUT21.TXT, the pri
e of male breeding 
alves and breedingheifers whi
h has been given either per kg live weight or per animal untilre
ently may now be expressed both per kg live weight or per animal.
• In the �le TEXTD_OUT.TXT in subse
tion 3.1. the referen
e unit �per 
owand year� was 
orre
ted to �per 
ow and reprodu
tive 
y
le�.
• The variables prnphse[i] and prphse[i] were repla
ed by pr[∗] where ∗ standsfor the 
orresponding 
ategories of animals. Similarly, the variables wnphse[j]and wphse[j] were repla
ed by ww[23+j×CC] and ww[24+j×CC], anphse[j]and aphse[j] were repla
ed by age[23 + j × CC] and age[24 + j × CC]. Thevariable wwbse was 
hanged to ww[10] and agebse[j] was 
hanged to age[10+

j × CC]. All these 
hanges are of absolutely no e�e
t on the 
al
ulation, it'sjust a 
leaning up of unne
essary variables.
• A new input �le (INPUT12.TXT) was introdu
ed. This input �le is ne
essaryin produ
tion systems where reared breeding male 
alves are kept to higherage at farms, that means stay at farms after the rearing period of 
alves tilltheir selling to AI stations. As a 
onsequen
e, the 
al
ulation of the 
osts for
ategory 10 was generalized to inl
ude this situation.
• A bug in the 
al
ulation of 
osts for 
ategories 23 and 23+CC was eliminated.A 
orre
tion was made in 
al
ulation of 
osts for 
ategories 3 and 3+CC whi
his only of negligible impa
t on the results.
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