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Enhancing Business Processes with Python: First-Year Class Formation

Yutaka IWAMOTO * Koji YAMAMOTO *

In this paper, we report on how we improved the organization of first-year classes for the 2023 school year using
Python programming. Previously, the formation of first-year classes had been a challenge due to the extensive workload
and the inconsistency in results depending on the person in charge. However, our developed programming significantly

reduced the workload and enhanced the accuracy of the system.
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# F—RWBDI-HDET 1—)l pandas DELDAH
import pandas as pd

# MAEDT—2EE

s_df = pd.read_excel(’05 % 1 &F£¥ S5 X53F.x1sx’)
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FIHHOEAEDET S ¢
# HRDIE
s_df[[”#, 4’11 =\

s_df[’ B®&AF’].str.split(’ ’, expand = True)

ET T2 F—&X 7L —A s_df 12, FHizioko 2 HE
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# ABEREOHIT=E DR
s_df[’ AFAAE’].describe()

FTT2eUTO IS R/ oN

count 2XX.000000
mean 603.215311
std 424.845669
min 131.000000
25% 159.000000
50% 906.000000
75% 991.000000
max 1224.000000

Name: AGIRAE, dtype: float64

nB. BELONBDHET 5 MI XX e REL L T2,
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# ABRED SR HORESR
s_df[’ AERAE’].histO
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# Python €Y a—JL PuLP OEXDIAH

import pulp

# BEETILDA VY RE Y RER

prob = pulp.LpProblem(’ClassAssignmentProblem’,
pulp.LpMaximize)

# ZHEDUR b+

S = s_df[’ BEES’].tolist()

# VZADIR

c=["1-1’,’1-2’,'1-3’, "1-4’, *1-5"]
# PHELUSRBORT (REAEHE) DUR K

SC = [(s,c) for s in S for c in (]
# FEELEDISRAICEEZIIZEHELTESR
x = pulp.LpVariable.dicts(’x’, SC, cat=’Binary’)
# BFER 120UV SRICEES
for s in S:
prob += pulp.lpSum([x[s,c] for c in C]) ==1
# BUFADZEDAEIE 42 AL, 43 ALTET 3,
for c in C:
prob += pulp.lpSum([x[s,c] for s in S]) >= 42
prob += pulp.lpSum([x[s,c] for s in S]) <= 43

b x EFEERAERTH D, key 3 (ZBES, 7 5 245),
value 120221127 %, x D1 DL EDOZHRBFEIC, FOL &
DY IRAEDEH NS Z L IERT 5,

(2) BLktto
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LTEEZTO /DD, 7572154 E 16 U T
3 XOHEL,

# BFFEDUX
S_male = [row. ZERES for row in \
s_df.itertuples() if row. 3] == ' B’]
# WFPEEDURH
S_female = [row. ZE&ES for row in \
s_df.itertuples() if row. MRl == ' &’]
# (3) BUVFRADLFREDASIZ 15 AL 15 AT
for c in C:
prob += pulp.lpSum([x[s,c] for s in \
S_female]) >= 15
prob += pulp.lpSum([x[s,c] for s in \
S_female]) <= 16
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# EFRFEDV I
S_M = [row. ¥E&&ES for row in s_df.itertuples(\
) if row. AREREAEH == > M’]
S_E = [row. ¥E&%ES for row in s_df.itertuples(\
) if row. AREHRM == ' E’]
S_D = [row. FERE S for row in s_df.itertuples(\
) if row. ARFEREH == * D’]
S_C = [row. RERES for row in s_df.itertuples(\
) if row. ARFEREAH == > C’]
S_Z = [row. ZEFES for row in s_df.itertuples(\
) if row. ARFEREH == 2]
# BUSATEFRBAULLT S
for ¢ in C:
prob += pulp.lpSum([x[s,c] for s in S_M]) \
>= 8
prob += pulp.lpSum([x[s,c] for s in S_E]) \
>= 8
prob += pulp.lpSum([x[s,c] for s in S_D]) \
>= 8
prob += pulp.lpSum([x[s,c] for s in S_C]) \
>= 8
prob += pulp.lpSum([x[s,c] for s in S_Z]) \
>= 8
# E,C,Z1342 BULBDTIAUTOREZMZ S
prob += pulp.lpSum([x[s,c] for s in S_E]) \
<=9
prob += pulp.lpSum([x[s,c] for s in S_C]) \
<=9
prob += pulp.lpSum([x[s,c] for s in S_Z]) \
<=9

4-5 (4) AFEREDHOFE

ZIZTRETEI I ADARBBEORHEIEFICKRE XS
T 5,

# AFREDMEIEICIERIZ KD,

# T—R I L—LIC TAERRIESRL F%ZEmM

s_df[’ AFERARIENI ] = s_df[’ ASHE ].rank(\
ascending=False, method="first’)

# |BRIEICY 5 RER L.

# T—27L—LIC THPEIEY 52 5)%EM
class_dic = {0:” 1-1", 1:” 1-2",\
2:71-37, 3:1-4", 4:7 1-5"}

s_df[’ #MIEARIZE O S R°] = s_df[’ ASERIRAL’\
].map(lambda x:x % 5).map(class_dic)
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FEITTBL T —XT7 L —2A4 s_df IZ&. Fi/=2xo 2 HED
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AGHBGEIER. 74
PIEIS 2 2 R 1-4

BONCARIEN % 5 TEl> 12FRERDTHZ 7 RITRD
D7z

DEWYIAE L 7 7 2 OFFETL D init_flag #1ERT %,
ZNUIZRBEBE L 7 7 AU E TN THAGDEZEATH %,
key 1& (ZBEE, 7 7 A4) T, value % 0 THH{LL TV
%, 2B, value 250137 I AREISTEERT 2 Z L ICHER
T3,

# HIHAEIH O S XA DFHERD init_flag Z1ERK

init_flag = {(s,c):0 for s in S for c in C}

for row in s_df.itertuples():

ZEBRES, rov. ALY S

init_flag[row.
] =1

Z D%, FIZ o AR e BBLRER O 7 7 ARke T &
BRI (KL €3,

# ERYEIER:
prob += pulp.lpSum([x[s,c] * init_flag[s,c]\
for s,c in SC])

RIS R 00— {LefT5, R5SFEEEKY
7 2 D% IR D TR 2 LRV R L 4 S OHPAPNICRE
Lzo 2B, RE2L LT &2 LEHEIKRA22D, »
DENTHHHENS & L HERIRETH S,

# FHEHERRICER
score = {row. FERES :row. ARBE \
for row in s_df.itertuples()}
# TR DI
score_mean = s_df[’ AFM#E’].mean(
# BNR#BORE
for ¢ in C:
prob += (score_mean -4) * pulp.lpSum([x[s,c]\
for s in S]) \
<= pulp.lpSum([x[s,c]*score[s] \
for s in S])
prob += pulp.lpSum([x[s,c]*score[s] \
for s in S])\
<= (score_mean +4) * pulp.lpSum([x[s,c]\
for s in S])

(5) #E - FAAFEDALRE

HEAZDFEIZ IS HTHo/2d, £ 7219 %L E
WZEE L7z,

4-6

# HBAZED) X+
S_recommendation = [row. RE&&ES for row in \
s_df.itertuples() if row. AFF#E <= 200]



# FHAFEDOUR b
S_academic = [row. ZERES for row in \
s_df.itertuples() if row. ASEE > 200]
# BUSRAHBAFZEE 19 AULEEESB,
for c in C:
prob += pulp.lpSum([x[s,c] for s in \
S_recommendation]) >= 19

4-7 (6) FIHEARDRAR

Ay, ZOEERICET 37— X IFT 5,

# B EERZRMTITI TEERT—2ICER
Second_Name = s_df[’ #’].value_counts().to_dict()
# BREZEHDLTARORAREHEIRTS

print (Second_Name)

R, ROFEEIFAEIRARKSH VDI e Th oz, L
72 o T, s_df[’ #’].value_counts().iat[0] (D E
HERKE) 18 TH2Z, 2OZrb, LT for XTildk
0-1=-1257-1=6FTHEHL ZLIKEET 3,

# FEABRORMRTE
for i in range(s_df[’ #’].value_counts(\
).iat[0] - D):
N_n = [k for k,v in Second_Name.items(\
) if v == i+2]
Num_N_n = [( row. #%, row. RERES) for \
row in s_df.itertuples() if row. # in N_n]
for k in N_n:
Ni = [s for name, s in Num_N_n \
if name == k]
for ¢ in C:
if i <=3: #3+2=5 OEHEFEYABOEMA
prob +=pulp.lpSum([x[s,c] \
for s in Ni]) <=1
else:
prob +=pulp.lpSum([x[s,c] \
for s in Ni]) <= 2

2 ZEi=0DE, NnlZ [ 7,420, 1D
O REELD 2 OMDOEATH D, Num N_n Z [C 7,
’40-aaaaa’), C 7 X’ ’40-bbbbb’), " 4 / v I, *40-cccec’),
C A9, ’40-dddd’),...] DEI R T —XITK B, FHIZ
name == ' 7R’ 51X, Ni ZEOR UL ZBRESOES
[’40-aaaaa’, *40-bbbbb’] 1272 2 TWVW23 Z L IZIEET %,

CITEREENSEUTRS, 75 RA%HNCL. 6% L
DBEDAF—7 7 A 2% OBEEFAMEZTHT LW (5
W) EFIZ LTz, SFEICK o TS DD LESEEED RV
fEhE & R WATREMNED D B,

4-8 (7)+(8) ERERIEKEADIS

RSEFINHES LWHERADLRIP o7 L. I
BBRE LA, RORTREIEET 7 A VICZ DF%
YEEDZHBRSETAT B,

FERT T — R (RT7EI24E T 7 4 )L XIsx) DD

# Excel 771D SERT7ELFET—2DOEIE
N_pair_df = pd.read_excel(’ R7EIF24 x1sx’)
# PEOBERTELEVZF
SN = [(row. ZERES 1, row. ZEES 2) \

for row in N_pair_df.itertuples()]
# FWERTDREEIEE—T 5 RICEIZH AL,
for s1, s2 in SN:

for ¢ in C:

prob += x[sl,c] + x[s2,c] <=1
FIHEICHLE S 2 222 OWTII T D X 5 ITRET %,

# Excel 771 ILHSAPFELET —X OIS
s_pairA_df = pd.read_excel(’ EAEE.x1sx’)
# PEOEMEY X+
SSA = [(row. ZERES 1, row. BERES 2) \

for row in s_pairA_df.itertuples()]
# (7)) BFERTOZERE—I ZRICEIEHRL,
for sl, s2 in SSA:

for ¢ in C:
prob += x[sl,c] == x[s2,c]

4-9 (9) =fTD=FER

BRICRESIN 84 B2, BEREEMOREMLES 7 AT
19 ABLE 21 AMUT. BEEDADZ 5 ATiE 42 ADUT. FEif
DHEDY TATEHEOANE LTIRD DT B X S5FE LT

# BEERREED) X b

S_music = [row. ZBERES for row in \
s_df.itertuples() if row. BERE == ' 0O’]

# ETREEDU X b

S_art = [row. ¥E&ES for row in \
s_df.itertuples() if row. FERE !'= ' O’]

# BRCEMDREI TR

C_music_art = [’ 1-1’, > 1-37]
# RIS

C_music = [’ 1-5"]

# EWMIIR

Cart =["1-2’, " 1-4"]

# BRUEMDEREY 7 ARM
for ¢ in C_music_art:
prob += pulp.lpSum([x[s,c] for \
s in S_music]) >= 19
prob += pulp.lpSum([x[s,c] for \
s in S_music]) <= 21
# BEISR
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for ¢ in C_music:
prob += pulp.lpSum([x[s,c] for \
s in S_music]) <= 42
for s in S_art:
prob += pulp.lpSum([x[s,c] for \
c in C_music]) ==
# EMIIR
for ¢ in C_art:
prob += pulp.lpSum([x[s,c] for \
s in S_music]) == 0

4-10 3KREE

fR%ERD 5, f@HHAUI status (X Optimal (1) 1272 D, fEH
WA Infeasible (-1) ¥ 725,

# K
status = prob.solve()

print(pulp.LpStatus[status])
R5FEEEF,. ZZFTIERELLMT Optimal 72 b, &
HRERD B Z e TE,

4-11 RELBEROES

7 I ARROBENERITLUEREREZ 7L T 7 4L Y
LTHNT %, 2B, 22 TIEEELE WS SEE W=D,
Python 12 & » TIF 5N 2 fRIILT LD RETIER <. FHR
BE5 X NG EHRZIRICK 2 (BERICATZ) N
fRD1OTH3, ZD=o, MEDEL LTHLNZHBRIZ
AR 2 Z L ICHERT %,

T, BEENERDO S AICEHLY shTwinwhe S h
FHERLTBEL,

# IvFUIDEER

for s in S:
# BEONY S REWMF
assigned_class = [c for c in C \
if x[s,c].value()==1]
# 120U FRCEIHSNTWSHEER
if len(assigned_class) != 1:

print(’error:’, s, assigned_class)

FEIFTLTerror BT EhTwiIF UL, g¥2EH L, =2
P10 I ANEELNT NS Z TR S,

MU EZMR L%, SO0RELY LT 7 A VICHTE
H3, UTDa—RizBWT, S2C ® key 3%ZERE S, value
327 9 ABDOFER T — R IoTWVWB ZLIIERT %,

# WHRADTF—27L—L
result_df = s_df.copy(Q
# BREDELE SN 5 ADBEHREHSICEM
S2C = {s:c for s in S for c in C \
if x[s,c].value(Q)==1}

57

60 2024

# HHBAT—R2TL—LIC TEIYI SR F%E
result_df[’ BIEHISRX’] \
= result_df[’ ZERES’].map(S2C)
# BEEADT—2 7L —L% Excel B XBEY
result_df.to_excel(’./¥ 5 REHEE.x1sx’,\
sheet_name= ' ¥ 5 Z{RHK’)

FEITT2L (75 AWHBEXIsx) L WHILIZELT 7 4L
PERE NG, (752K > — NS EOBEYA
L TER 2 5 2 FICEIPRTWBOMREEO T 125 LI
Ko THEHEONZI IR TH 5,

5. mBE{LIERDIEEE

RELETNVORIAEZITS, TZTHWSET—X 71— 4
FRTETHE L7 result_df TH 3,
BEARZHORESR

TR, BEARKGEOMRICHES a— N2 —BE TIN5,
MEERS R DFORITEMEIC T2 3 7= DB T 2,

5-1

# BUSRAOABUE 42 B E 43 BUTICTE D%
result_df.groupby(’ 815X\
Y[ ZERES’].count
# BUVZADBLLIFFFICTED,
result_df.groupby ([’ BIZY 35X, * M3’
Y[’ ZEBRES’].count ()
# FUTADEBARKIIHFICTETID,
result_df.groupby ([’ BIHI SR, > #E’']1\
Y[ ZERES’].count
# &V 3 ADEMEIREH DTSR
result_df.groupby ([’ BIZHI SR, » FBERE 1\
Y[’ REBRES’].count ()
# B ZADERARUIIHZFICTE D,
result_df.groupby([’ E|HI S X", \
CARERSAW D[ BRES']. count
# FEHERLL-FEDORER,
for i, (s1, s2) in enumerate(SSA):
print(’case:’,i)
cl S2C[s1]
c2 S2C[s2]
print(’s1:{}-{}’.format(sl, cl))
print(’s2:{}-{}’.format(s2, c2))
print(’’)
# FEIREOEBEEZRETEID,

for i in range(7):

N_n = [k for k,v in Second_Name.items() \
if v == i+2]
Num_N_n = [( row. ¥, row. SEES) for \
row in s_df.itertuples() if row. ¥ in N_n]
for k in N_n:

Ni = [s for name, s in Num_N_n \



ylabel="num’, xlim=(0, 1400)#M&EEHEE,

if name == k] ylim=(0, 16)#MtEHERE,
NiC = [S2C[s] for s in Ni] title=’Class:{:s}’.format(c))
#print(’case’, 1) ax.hist(cls_df[’ AER#E’'],
print(NiC) bins=range(0, 1500,40))
5-2 AHRETHORR S G e
%2 5 2D ARSI FICTE 02 HERT 2. g .
TP RGIIENY & 5 2T 2 AT 5. - .
result_df.groupby(’ #HAEIY T S X"\ . ’
50" AR’ ] mean0) N M T
MRS S X

Class:1-3 Class:1-4

1-1  593.880952 N "
1-2  607.209302 . .
1-3  610.238095 + 2
1-4  608.071429 . ‘
1-5  596.571429 L, mm, | R

Name: AZ{R#E, dtype: float64

B 7 5 2T, FER» L7 RIBEDOENTTNS . Cossi1-5

£5TH5, .
RICEE 7 5 ZAD PP it 4 ROHEPFANICINE - T -

W3 e EiERT 5, E

result_df.groupby(’ EIZHI 5 X\ .

Y[ A&’ ] .mean()

X2 FIHELE S 2 2 DREREI

ELISR
1-1 605.883721
1. 599 500008 WIHAEY 7 5 2 3RBIEICA R DTH 205, TAM
1.3 m&4le DA E LTIdRS EhWiIBICR %,

) BEFETIC, L 4-5 (4) ARBEITOFEDEE%
1-4 605.595238

mekE3, 75 20 EEE T TRELXEZ 2 RD LS 7
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Name: AGIRAE, dtype: float64
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# F—ROEHRLES 2 —)L matplotlib DEXDAH
import matplotlib.pyplot as plt

# BRFERTHDO7 ¥ FRE
plt.rcParams[’font.family’] = "Meiryo"

#J 5T DHN

fig = plt.figure(figsize=(12,20))

for i, ¢ in enumerate(C):
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MEEET 5 72D Ll ER 1T = RETH 5,
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cls_df = s_df[s_df[’ #HAEIZ Y 5 X 1==c] # BIHISADARABBOER T L
ax = fig.add_subplot( fig = plt.figure(figsize=(12,20))
4, 2, i+1, xlabel=’score’, for i, ¢ in enumerate(C):
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cls_df = result_df[\

result_df[’ | 35X’ ]==c]

ax = fig.add_subplot(\

4, 2, i+1, xlabel=’score’,
ylabel="num’, xlim=(0, 1400)#H&shE®%,
ylim=(0, 16)##tshE %,
title="Class:{:s}’.format(c))
ax.hist(cls_df[’ ABREHE’],
bins=range(0,1500,40))
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