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Introduction

e 125 emperors in Japan in the past
e Birthdays of 3 emperors are holidays
e Meiji Emperor : Nov. 3, Culture Day
e Showa Emperor : Apr. 29, Showa Day

e Current Emperor : Dec. 23, The Emperor’s Birthday



Question

e If we make the birthdays of
all the past 125 emperors as holidays,
how many “Emperor’s birthday” holidays will

we have?
e N = 365 (#days/year)
e M =125 (#emperors)

* n: #holidays



1. Brute-force method

e Split emperors into multiple days

e Example: 7 emperors

HEBE

HEEEE

Day A B C D
(1+2+2+2)

4 days



Example: #cases for
the splitting pattern

B B B . 55Ci:pick 1 day
HEHEB

Day A B C D
(1+2+2+2)

e x 7C1: pick 1 emperor
4 days e x 365-1C3 : pick 3 days
e x 7.1Cox3 : pick 2x3 emperors

e x(2x3)! : Line up emperors

e x 1/(2!)3 : Remove double-counts

= 1,833,153,121,800



#holidays 1 p

partitions (7) (1+6) (1+1+5) (1+1+1+4) (A+1+1+1+3) (1+1+1+1+1+2) A+1+1+1+1+14+1)
(2+5) (1+2+4) (1+1+2+3) (1+1+1+2+2)

(3+4) (1+3+3) (1+2+2+2) .
Partition Number (7321%5) = 15
(2+2+3)

m 365 837018 145410 6.11E+12 8.82E+14  4.76E+16 8.15E+17

0.8 A

0.6 1

0.4 1

Probability

0.2 A

0.0 A

o 4 ¢ 3 & 5 & 7
#holidays
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— Partition Number

Problem of Partition No.
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e |tis LARGE!

e Took 100 min for
M=90.

e Expect 80 hours
for M=125



2. Monte Carlo Method

® Monte Carlo method can be
used to calculate the
expected number of holidays

® M emperors are uniformly
assigned to 365 boxes.

< Number of holidays is
immediately obtained.

We virtually creafed 10° histories of Japan.
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N histories

Number of holidays
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More realistic distribution

Japanese government provides the statistic information of fraction of birth-month.

Distribution of birth month T

007 The assignment of birth
days is weighted
005 according to this fraction.

fraction
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0. 07*‘*

10 11 12

The real distribution is NOT uniform at all!

T http://www. mhlw. go. jp/toukei/saikin/hw/ jinkou/tokusyu/syussyo—4/syussyol-2. html



N histories
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Expected number of holidays decreases by only 0.03 days (43 minutes).

Number of holidays
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RMS 4 70842

| R .Mean:204.701
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- Relax! Still we can take sufficient number of holidays
even in this realistic situation.



3. Recurrence Formula

e Q(M | n): The number of cases for distributing M emperors

to n specific days all in 1 day all in 2 days

Q(M|n) =n™ —,Cy Q(M]|1) — ,Cy Q(M]2)---

min(M,n—1)
=n" — Z nCi Q(M|7)
i=1
 Probability that M emperors fit in n days out of N days in a
year
Q(M|n)

e Used Python (infinite #digits for integers!)
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Result of recurrence formula

0.12
#emperos=125 h

—
—N

7 average=105.97 days in 365 days
sigma= 3.48 days

1 M =125 emperors
| <n> = 106.0 days
RMS = 3.5 days

o
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Result of recurrence formula
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4. Simple calculation

012 3 | N-1 Day
O | xixiOixi-r 1 x: N(365) patterns/row
P xaxaxixi- 3 X
2 XixaixXaixi X b
Joxaxixixiee ixr oo
R A A I M
M-I 'Pwork'da’y:(l_l/N)

Empveror ID Pholz’day =1 - (1 o 1/N)M



Result of simple calculation

* Binomial distribution : N,Pnoliday = P(n)
e Mean = N X Pholiday = 365 X (1-(1-1/365)125 )=106 days

e RMS =,/ NPholiday(1-Pholiday) = 8.7 days
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<n> Comparisons

Recurrence formula and the simple formula agree up to 12 digits.
SIS L v CaQ(M ) /NM = N [1— (1 — 1/N)M]?

MC is consistent with the recurrence formula

3001 <n>

—eo— formula

=

= MC

e

# 100

O i 1 1 1 1 1 1
0 200 400 600 800 1000
0-04' MC-formula
5 0.03-
g 0.02
2 0.01
3
= 0.00
e
# —0.01
200 400 600 800

0 M sempere 1000



RMS Comparisons

e RMS of the simple formula does not agree

. . —e— formula
MC

.+ simple

®

RMS
RMS of #holidays
<

S
1

N
1

-

O 200 403¢emperor200 800 1 OOO



Conclusion

e #holidays= N [1 — (1 — 1/N)M]

106.0 + 3.5 days (for 125 emperors)

* Probability distribution function =

P(M,Nln) = NC, Q%‘”)
min(M,n—1)
QIMn) = nM— N ,C; Q(M]i)
i=1

e RMS needs the recurrence formula or MC
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Conclusion

Depending on how you approach/think, the problem can be
e extremely difficult and time consuming, or
e extremely simple and quick

Monte Carlo is easy and robust

(1

7

Writeup "2 TOXEDFHEHZHRHICT B & MHIKA
% H\1 is available on the program page
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Happy Holidays!



Backup



Check with data

e M =138 members http://oshitan.com/akb48/
e n =114 different birthdays

e expectedn=115.0 +3.7

https://www.akb48.co.jp/about/members/
23



sumo, basketball,

400

40

Check with data

boxing, v:l’r?e"setslli'ralgu\\ politicians  _ .45rs/actresses
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medical scholars ~tennis players

jurists \f translators
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elloPro
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| ngilzlaka46 |

https://www.tgnjoubi.org/birth/

http://zukaholic.3album.net/student/index/S_birthday/

htip://oshitan.com
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Differences between
data and calculations
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5. Discussion

e Expected number of holidays

m) = N :1 <1J1V>M

(if N>>1)

¢
=
|
;
/l\
2|2
——

e \Why exponential??
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Actually, ...

* For 1 specific day, the expected number of emperors
whose birthday is that day

uw=M/N(=125/365)

* Probability that some emperor’s birthday is on that day,
with Poisson distribution

e HpuY
—1—e#

 Expected number of birthdays in a year with N days

N (1 —e_M/N)
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How to count birthdays

e Example: Download
https://www.tanjoubi.org/birth/bunrui 076.html to
076_1.txt, 076_2,txt, ...

- <span style="font-size:14px">19025%01H22H <a href="https://www.tanjoubi.org/detail.php?no=92341">HMH Il F </a></span> <span
style="color:green;" class="pc">(fzI&7= L D .3)</span> <img src="../images/death.gif" title="C D AIFT L RSN TWE T, "/><br/> -+ <span
style="font-size:14px">1902F08 H21H <a href="https://www.tanjoubi.org/detail.php?no=92604">A AH 5 </a></span> <span style="color:green;"

class="pc">(\WUH & F = &)</span> <img src="../images/
death.gif" title="C DA RFTLKEZ5NTWVWET, "/><br/>

e cat 076_*.txt|tr' - ' "\n' (split to lines)

<span style="font-size:14px">1902401H22H <a href="https://www.tanjoubi.org/detail.php?no=92341">HMH 7B </a></span> <span style="color:green;"
class="pc">(fclXfz U D .3)</span> <img src="../images/death.gif" title="C D HIET L BRENTWET, "/><br/>

<span style="font-size:14px">1902F08H21H <a href="https://www.tanjoubi.org/detail.php?no=92604">HAAIHE</a></
span> <span style="color:green;" class="pc">(WLH & XREIE)</span> <img src="../images/death.gif" title="ZDAIFTK
BeENTWEXY, "/><br />

e cat 076_*.txt|tr' - '"\n'|grep 14px | sed 's/\<a href.*//" |
sed ’s/."\>//' | grep H | sed 's/.*F//'

01H22H
08H21H
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https://www.tanjoubi.org/birth/bunrui_076.html

e cat 076_*.txt|tr' - ' "\n'|grep 14px | sed 's/\<a href.*//' | sed
's/.\>//' | grep H | sed ’s/.*&F//' | wc -I

Count the number of lines
482

e cat 076_*.txt|tr' - ' "\n'| grep 14px | sed 's/\<a href.*//' | sed

's/\>//' | grep H | sed ’s/.*&F//' | sort -u | wc -l

Count the number of lines after removing duplicate lines
275
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