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Optimization of mating 
plans and breeding 
strategies on a cattle 
example
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• In the dairy cattle herd, one production feature is being improved -
milk yield during lactation.

• Three cows with known breeding values (EBV - estimated breeding 
value) were intended for mating.

• Let's assume that semen from four bulls with known breeding 
values and different prices is available, and each cow will be mated 
to a different sire.

• Assumptions:  

1 kg of milk = 2 PLN;

For every 1% increase in inbreeding, milk production 
during lactation decreases on average by 16 kg

Exercise 1

Source: Strabel T., Rzewuska K.,  2010. Planowanie i organizacja pracy hodowlanej : materiały do ćwiczeń. 
Wydawnictwo Uniwersytetu Przyrodniczego w Poznaniu
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1. The net present value is determined, indicating the amount of 
profit associated with obtaining offspring from each mating.

2. All possible sets of pairs are created using available individuals 
(the size of the set is determined by the number of females).

3. The NPV (net present value) of the offspring of each pair making 
up the set is added up.

4. A cow-bull set is selected to guarantee the highest profit.

Exercise 1 – the order of execution of actions

Source: Strabel T., Rzewuska K.,  2010. Planowanie i organizacja pracy hodowlanej : materiały do ćwiczeń. 
Wydawnictwo Uniwersytetu Przyrodniczego w Poznaniu



IS
A

G
R

E
E

D

Erasmus+ project 2021-1-SK01-KA220-HED-000032068 

COWS BULLS

A B C 1 2 3 4

EBV (kg) 320 325 375 1430 1500 1660 1770

Kj - semen 

cost (PLN)
25 70 90 125

Exercise 1   Data

EBV (kg) – breeding value of an individual in terms of milk yield

Source: Strabel T., Rzewuska K.,  2010. Planowanie i organizacja pracy hodowlanej : materiały do ćwiczeń. 
Wydawnictwo Uniwersytetu Przyrodniczego w Poznaniu
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Exercise 1   Animal pedigrees

Cow A

Lisa Mtoto

Dominator

Cow B

Perła Talent 

Dominator Luna Storm

Cow C

Blanka Zetor

Sambia Herscot

Bull 1

Betty Tango

Tabu

Bull 2 

Jeny Sambia

Laura Storm

Bull 3

Perła Zetor

Dominator Herscot

Bull 4 

Mirta Blackstar

Rudolph

Source: Strabel T., Rzewuska K.,  2010. Planowanie i organizacja pracy hodowlanej : materiały do ćwiczeń. 
Wydawnictwo Uniwersytetu Przyrodniczego w Poznaniu
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Exercise 1   Solution

NPVij = 
𝟏

𝟐
(EBVi + EBVj) – Dij – Kj

where:

NPVij  – net present value,

EBVi     – estimated breeding value of bull,

EBVj – estimated breeding value of cow,

Dij       – the amount of inbreeding depression in the offspring,

Kj          – semen cost.

Source: Strabel T., Rzewuska K.,  2010. Planowanie i organizacja pracy hodowlanej : materiały do ćwiczeń. 
Wydawnictwo Uniwersytetu Przyrodniczego w Poznaniu
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Exercise 1   Solution

Dij – the amount of inbreeding depression in the offspring -
calculations

In order to calculate the amount of inbreeding depression (Dij ) the inbreeding of 
the offspring from a given mating should be calculated (𝑭𝑷). 

Offspring inbreeding coefficient 𝑭𝑷=∑[ 
𝟏

𝟐

𝒏𝟏+𝒏𝟐+𝟏
(𝟏 + 𝑭𝒂 )]

Source: Strabel T., Rzewuska K.,  2010. Planowanie i organizacja pracy hodowlanej : materiały do ćwiczeń. 
Wydawnictwo Uniwersytetu Przyrodniczego w Poznaniu
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Exercise 1   Solution

𝑭𝑷A1 

𝐹𝑃𝐴1= 0

PA1

Lisa Mtoto

Dominator

A 1

TangoBetty

Tabu
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Exercise 1  Solution

𝑭𝑷B1 

𝐹𝑃𝐵1= 0

PB1

Perła Talent

Dominator

B 1

TangoBetty

Tabu

Luna Storm
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Exercise 1  Solution

𝑭𝑷C1 

𝐹𝑃𝐶1= 0

PC1

Blanka Zetor

Sambia

C 1

TangoBetty

Tabu
Herscot
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Exercise 1   Solution

𝑭𝑷A2 

𝐹𝑃𝐴2= 0

PA2

Lisa Mtoto

Dominator

A 2

SambiaJeny

StormLaura
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Exercise 1   Solution

𝑭𝑷B2

𝐹𝑃= 
1

2

𝑛1+𝑛2+1
=

1

2

2+2+1
=

1

2

5
= 0,03125

𝑭𝑷𝑩𝟐= 𝟎, 𝟎𝟑𝟏𝟐𝟓

PB2

Perła Talent

Dominator

B 2

SambiaJenny

Luna Storm

Laura
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Exercise 1   Solution

𝑭𝑷C2 

𝐹𝑃= 
1

2

𝑛1+𝑛2+1
=

1

2

2+1+1
=

1

2

4
= 0,0625

𝑭𝑷𝑪𝟐= 𝟎, 𝟎𝟔𝟐𝟓

PC2

Blanka Zetor

C 2

Sambia

Jeny
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Exercise 1   Solution

𝑭𝑷A3 

𝑭𝑷=∑[ 
𝟏

𝟐

𝒏𝟏+𝒏𝟐+𝟏
(𝟏 + 𝑭𝒂 )]

𝐹𝑃= 
1

2

𝑛1+𝑛2+1
=

1

2

2+2+1
=

1

2

5

𝑭𝑷𝑨𝟑=𝟎, 𝟎𝟑𝟏𝟐𝟓

PA3

Lisa Mtoto

Dominator

A 3

ZetorPerła

Herscot
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Exercise 1   Solution

𝑭𝑷𝑩𝟑

𝐹𝑃= 
1

2

𝑛1+𝑛2+1
=

1

2

1+1+1
=

1

2

3
= 0,125

𝑭𝑷𝑩𝟑=0,125

PB3

Perła Talent

Dominator

B 3

ZetorPerła

Luna
Herscot



IS
A

G
R

E
E

D

Erasmus+ project 2021-1-SK01-KA220-HED-000032068 

Exercise 1   Solution

𝑭𝑷C3

𝐹𝑃= 
1

2

𝑛1+𝑛2+1
=

1

2

1+1+1
=

1

2

3

𝑭𝑷𝑪𝟑=0,125

PC3

Blanka

Zetor

C 3

Perła

Sambia

Herscot
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Exercise 1   Solution

𝑭𝑷A4 

𝐹𝑃𝐴4= 0

PA4

Lisa Mtoto

Dominator

A 4

BlackstarMirta

Rudolf
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Exercise 1   Solution

𝑭𝑷 B4 

𝐹𝑃𝐵4= 0

PB4

Perła Talent

Dominator

B 4

BlackstarMirta

Luna
RudolphStorm
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Exercise 1   Solution

𝑭𝑷 C4

𝐹𝑃𝐶4= 0

PC4

Blanka Zetor

C 4

Mirta

Sambia Rudolph

Blackstar
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Exercise 1   Solution

cow A cow B cow C

bull 1
0 0 0 𝑭𝑷 (Inbred offspring)

0 0 0 % increase in inbreeding

bull 2
0 0,03125 0,0625 𝑭𝑷 (Inbred offspring)

0 3,125 6,25 % increase in inbreeding

bull 3
0,03125 0,125 0,125 𝑭𝑷 (Inbred offspring)

3,125 12,5 12,5 % increase in inbreeding

bull 4
0 0 0 𝑭𝑷 (Inbred offspring)

0 0 0 % increase in inbreeding

1. The net present value (NPV) is determined, indicating the amount of profit 
associated with obtaining the offspring of each mating.

Source: Strabel T., Rzewuska K.,  2010. Planowanie i organizacja pracy hodowlanej : materiały do ćwiczeń. 
Wydawnictwo Uniwersytetu Przyrodniczego w Poznaniu
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Exercise 1   Solution

Estimated Breeding

Value (EBV)
cow A cow B cow C

bull 1
NPVA1 = 

𝟏

𝟐
(320 + 1430) 

– 0 – 25 = 850

NPVB1 = 
𝟏

𝟐
(325 + 1430) 

– 0 – 25 = 852,5

NPVC1 = 
𝟏

𝟐
(375 + 1430) 

– 0 – 25 = 877,5

bull 2
NPVA2 = 

𝟏

𝟐
(320 + 1500) 

– 0 – 70 = 840
742,3 667,5

bull 3
NPVA3 = 

𝟏

𝟐
(320 + 1660) 

– (3,13*32) – 90 = 800
502,5 527,5

bull 4 920,0 922,5 947,5

1. The net present value (NPV) is determined, indicating the amount of profit 
associated with obtaining the offspring of each mating.

NPVij = 
𝟏

𝟐
(EBVi + EBVj) – Dij – Kj



IS
A

G
R

E
E

D

Erasmus+ project 2021-1-SK01-KA220-HED-000032068 

Exercise 1  Solution

NPVij cow A cow B cow C

bull 1 850,0 852,5 877,5

bull 2 840,0 742,3 667,5

bull 3 800,0 502,5 527,5

bull 4 920,0 922,5 947,5

1. The net present value (NPV) is determined, indicating the amount of profit 
associated with obtaining the offspring of each mating.

NPVij = 
𝟏

𝟐
(EBVi + EBVj) – Dij – Kj
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Exercise 1   Solution
2. All possible sets of pairs are created using available individuals (the size of the set 

is determined by the number of females). 

NPVA1; B1; C1

NPVA1; B1; C2

NPVA1; B1; C3

NPVA1; B1; C4

NPVA1; B2; C1

NPVA1; B2; C2

NPVA1; B2; C3

NPVA1; B2; C4

NPVA1; B3; C1

NPVA1; B3; C2

NPVA1; B3; C3

NPVA1; B3; C4

NPVA1; B4; C1

NPVA1; B4; C2

NPVA1; B4; C3

NPVA1; B4; C4

NPVA2; B1; C1

NPVA2; B1; C2

NPVA2; B1; C3

NPVA2; B1; C4

NPVA2; B2; C1

NPVA2; B2; C2

NPVA2; B2; C3

NPVA2; B2; C4

NPVA2; B3; C1

NPVA2; B3; C2

NPVA2; B3; C3

NPVA2; B3; C4

NPVA2; B4; C1

NPVA2; B4; C2

NPVA2; B4; C3

NPVA2; B4; C4
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Exercise 1   Solution
2. All possible sets of pairs are created using available individuals (the size of the set 

is determined by the number of females). 

NPVA3; B1; C1

NPVA3; B1; C2

NPVA3; B1; C3

NPVA3; B1; C4

NPVA3; B2; C1

NPVA3; B2; C2

NPVA3; B2; C3

NPVA3; B2; C4

NPVA3; B3; C1

NPVA3; B3; C2

NPVA3; B3; C3

NPVA3; B3; C4

NPVA3; B4; C1

NPVA3; B4; C2

NPVA3; B4; C3

NPVA3; B4; C4

NPVA4; B1; C1

NPVA4; B1; C2

NPVA4; B1; C3

NPVA4; B1; C4

NPVA4; B2; C1

NPVA4; B2; C2

NPVA4; B2; C3

NPVA4; B2; C4

NPVA4; B3; C1

NPVA4; B3; C2

NPVA4; B3; C3

NPVA4; B3; C4

NPVA4; B4; C1

NPVA4; B4; C2

NPVA4; B4; C3

NPVA4; B4; C4
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Exercise 1   Solution
3. The NPV (Net Present Value) of the offspring of each pair making up the set is 

added up.

NPVA1; B1; C4 = 850 +852,5 +947,5 = 2650,0

NPV A1;B2;C4 = 850 +742,5 +947,5 = 2539,8
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Exercise 1   Solution
4. A cow-bull set is selected to guarantee the highest profit.

A 1 B 1 C 1 850 852.5 877.5 2580

A 1 B 1 C 2 850 852.5 667.5 2370

A 1 B 1 C 3 850 852.5 527.5 2230

A 1 B 1 C 4 850 852.5 947.5 2650

A 1 B 2 C 1 850 742.3 877.5 2469.8

A 1 B 2 C 2 850 742.3 667.5 2259.8

A 1 B 2 C 3 850 742.3 527.5 2119.8

A 1 B 2 C 4 850 742.3 947.5 2539.8

A 1 B 3 C 1 850 502.5 877.5 2230

A 1 B 3 C 2 850 502.5 667.5 2020

A 1 B 3 C 3 850 502.5 527.5 1880

A 1 B 3 C 4 850 502.5 947.5 2300

A 1 B 4 C 1 850 922.5 877.5 2650

A 1 B 4 C 2 850 922.5 667.5 2440

A 1 B 4 C 3 850 922.5 527.5 2300

A 1 B 4 C 4 850 922.5 947.5 2720



IS
A

G
R

E
E

D

Erasmus+ project 2021-1-SK01-KA220-HED-000032068 

Exercise 1   Solution
4. A cow-bull set is selected to guarantee the highest profit.

A 2 B 1 C 1 840 852.5 877.5 2570
A 2 B 1 C 2 840 852.5 667.5 2360
A 2 B 1 C 3 840 852.5 527.5 2220
A 2 B 1 C 4 840 852.5 947.5 2640
A 2 B 2 C 1 840 742.3 877.5 2459.8
A 2 B 2 C 2 840 742.3 667.5 2249.8
A 2 B 2 C 3 840 742.3 527.5 2109.8
A 2 B 2 C 4 840 742.3 947.5 2529.8
A 2 B 3 C 1 840 502.5 877.5 2220
A 2 B 3 C 2 840 502.5 667.5 2010
A 2 B 3 C 3 840 502.5 527.5 1870
A 2 B 3 C 4 840 502.5 947.5 2290
A 2 B 4 C 1 840 922.5 877.5 2640
A 2 B 4 C 2 840 922.5 667.5 2430
A 2 B 4 C 3 840 922.5 527.5 2290
A 2 B 4 C 4 840 922.5 947.5 2710
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Exercise 1   Solution
4. A cow-bull set is selected to guarantee the highest profit.

A 3 B 1 C 1 799.8 852.5 877.5 2529.8
A 3 B 1 C 2 799.8 852.5 667.5 2319.8
A 3 B 1 C 3 799.8 852.5 527.5 2179.8
A 3 B 1 C 4 799.8 852.5 947.5 2599.8
A 3 B 2 C 1 799.8 742.3 877.5 2419.6
A 3 B 2 C 2 799.8 742.3 667.5 2209.6
A 3 B 2 C 3 799.8 742.3 527.5 2069.6
A 3 B 2 C 4 799.8 742.3 947.5 2489.6
A 3 B 3 C 1 799.8 502.5 877.5 2179.8
A 3 B 3 C 2 799.8 502.5 667.5 1969.8
A 3 B 3 C 3 799.8 502.5 527.5 1829.8
A 3 B 3 C 4 799.8 502.5 947.5 2249.8
A 3 B 4 C 1 799.8 922.5 877.5 2599.8
A 3 B 4 C 2 799.8 922.5 667.5 2389.8
A 3 B 4 C 3 799.8 922.5 527.5 2249.8
A 3 B 4 C 4 799.8 922.5 947.5 2669.8
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Exercise 1  Solution
4. A cow-bull set is selected to guarantee the highest profit.

A 4 B 1 C 1 920 852.5 877.5 2650

A 4 B 1 C 2 920 852.5 667.5 2440

A 4 B 1 C 3 920 852.5 527.5 2300

A 4 B 1 C 4 920 852.5 947.5 2720

A 4 B 2 C 1 920 742.3 877.5 2539.8

A 4 B 2 C 2 920 742.3 667.5 2329.8

A 4 B 2 C 3 920 742.3 527.5 2189.8

A 4 B 2 C 4 920 742.3 947.5 2609.8

A 4 B 3 C 1 920 502.5 877.5 2300

A 4 B 3 C 2 920 502.5 667.5 2090

A 4 B 3 C 3 920 502.5 527.5 1950

A 4 B 3 C 4 920 502.5 947.5 2370

A 4 B 4 C 1 920 922.5 877.5 2720

A 4 B 4 C 2 920 922.5 667.5 2510

A 4 B 4 C 3 920 922.5 527.5 2370

A 4 B 4 C 4 920 922.5 947.5 2790
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Exercise 1  Summary
A cow-bull set is selected to guarantee the highest profit.

A 1 B 4 C 4 2720

A 2 B 4 C 4 2710

A 3 B 4 C 4 2720

A 4 B 1 C 4 2720

A 4 B 4 C 1 2720

A 4 B 4 C 4 2790
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• Please prepare an individual mating plan for a cow of the Polish 
Holstein-Friesian black and white variety (PHF-HO).

• Provide suggestions for mating with 3 bulls selected from the 
available bull catalogs of selected companies (latest valuations).

• Corrective mating, which will aim to improve the structure of the 
udder (including: fore udder attachment).

Exercise 2
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• Cow data

• PL 005202879126 

PIETJE4
Currently the beginning 

of the 3rd lactation

Exercise 2



IS
A

G
R

E
E

D

Erasmus+ project 2021-1-SK01-KA220-HED-000032068 

• Cow data

• PL 005202879126 

PIETJE4

Exercise 2
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• Cow data  PL 005202879126 PIETJE4

Exercise 2
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• Sample bull catalogue

Exercise 2 Solution

Ranking of bulls assessed using the conventional method of the Polish Holstein-Friesian breed - assessment December 2023

Conformation 
Index

Source: Katalog buhajów MCHiRZ 1/2024
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Exercise 2 Solution
Ranking of bulls assessed using the conventional method of the Polish Holstein-Friesian breed - assessment December 2023

Conformation 
Index

Udder
Index

Source: Katalog buhajów MCHiRZ 1/2024
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Exercise 2 Solution

Source: Katalog buhajów MCHiRZ 1/2024
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Exercise 2 Solution

Source: Katalog buhajów MCHiRZ 1/2024
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Exercise 2 Solution

Source: Katalog buhajów MCHiRZ 1/2024
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• Please prepare an individual mating plan for a cow of the Polish 
Holstein-Friesian black and white variety (PHF - HO). Cow data given 
in example 2.

• Mating suggestions with 2 bulls selected from publicly available 
databases:

1) Instytutu Zootechniki PIB https://wycena.izoo.krakow.pl/ lub 

2) Centrum Genetycznego Polska Federacja Hodowców Bydła i 
Producentów Mleka https://www.cgen.pl/indeksy/

• Corrective mating, which will aim to improve the longevity of the 
offspring.

Exercise 3

https://wycena.izoo.krakow.pl/
https://www.cgen.pl/indeksy/
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Exercise 3 Solution

Source: https://www.cgen.pl/indeksy/ocena/buhaj/ranking

Longevity

Longevity
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Exercise 3 Solution

Source: https://www.cgen.pl/indeksy/ocena/buhaj/ranking
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Exercise 3 Solution

Source: https://www.cgen.pl/indeksy/ocena/buhaj/karta/US3138510972
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Exercise 3 Solution

Source: https://www.cgen.pl/indeksy/ocena/buhaj/karta/NL685695366
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Exercise 3 Solution

ALTAZAREK

RORY

Source: https://www.cgen.pl/indeksy/ocena/buhaj/ranking
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Source: https://www.cgen.pl/indeksy/ocena/buhaj/porownanie

Exercise 3 Solution
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Thank you for your attention!

E w a  S a l a m o ń c z y k

e w a . s a l a m o n c z y k @ u w s . e d u . p l

This presentation has been supported by the Erasmus+ KA2 Cooperation Partnerships grant no. 2021-1-SK01-KA220-HED-000032068 “Innovation of the structure and content of study programs in the field of
animal genetic and food resources management with the use of digitalisation - Inovácia obsahu a štruktúry študijných programov v oblasti manažmentu živočíšnych genetických a potravinových zdrojov s využitím
digitalizácie”. The European Commission support for the production of this presentation does not constitute an endorsement of the contents which reflects the views only of the authors, and the Commission
cannot be held responsible for any use which may be made of the information contained therein.
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