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I1— DR DFNENDD DA DL F A HIEROTHALET,



F2E ERESFERIMN

AETHH. EBESZERITOBHEEREESFE R izEEH LY7o 7 SAMPO/FAB
DBEFHRBALET,

de =2
2.1 B=

RARICFSESFLRT —FDHY . TNERITT SN RH - BENMEDRE LY —
ERRLEICRIDERFEINTOET, —MRIZ, TRITEFZHORAENREYE-TEY.
ZTDFEFENHT DL BMBET L TR AGREZFONGNECEH TARBMERLD
BWWETILARBEICGHIENZLHYET , ARDBEIRAEIGRLEN -5 THIREERSIC
[F. RCREMEEL DERACLITT—2EREIL. ThENTRALBETLEFE T ILEN
HYET . T, BOVETLERLIEOICE, O DRRLGTILIT) X LIZEY D HIRHR
LB T—REEM(BHER)L. TNEAVTOMTHIENHRHTT . ChoDT—4
DRAES ENDDENCBEERAEZDRBELIZE, FH - BREFITERNDEICRYE
T LAL, T—ERMEEIT—HY A IUTA AR BELTVSTRRKA, Lk DHA
FEERT DODRKEGRELLGH>TVET,

22 BN EEFERIITOSHH
EEREAPEHME. T—2DRAUNES EANDDEIFERT 51=HIZNEC i B IZBAFLT-
BT, BFI#EHER 4 X (Factorized Asymptotic Bayesian; FAB) &AL =7 /L3 X
LDZETT L FAB R, T—A2REIEFNIZEDICETILHEEEZ . BBIMNIDEEIZITHS
ENTEHHMEEDIRRTT , FAB R TIX. EHROBAMEIESY ST 2T S
ETILORIZHEYIFFMTES LI, MBICEEZSIN B FL & =& % (Factorized
Information Criteria; FIC) AL TWVET,

\
[ ] .. .. ° * i$§iﬁé$¥
P, T—ARBIEETILHEDHER

21 RERSFEREMICLET SR EEETIVHE

1. Ryohei Fujimaki, Satoshi Morinaga: Factorized Asymptotic Bayesian Inference for
Mixture Modeling. AISTATS 2012: 400-408.

2. Riki Eto, Ryohei Fujimaki, Satoshi Morinaga, Hiroshi Tamano: Fully-Automatic Bayesian
Piecewise Sparse Linear Models. AISTATS 2014: 238-246.
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2.3 SAMPO/FAB (D&

ERESFBERMEAVESNIVODUEEE LY I 27 A SAMPO/FAB TY,
SAMPO/FAB Tl&. SiBAE LB MEHMMNSHRIBEILT —FE/RIENTEET, BHEAE
BREBHEICITZIBRMEERBIEHEHINTVWET, £, EEERAFERMEAW:F
BISRLEHBHINTVET,



A LAS = /N =
F3E BRIz —XDHOHHDR
AETIE. RITT— XD ORNERSHFARIDEEERFALET
BRI —XDHDiFNER 3-1 I2RLET,

T—RERE
Jﬁfrﬁﬁ% =454
x4 D{EX?&'E
ﬁ**ﬁ%-‘;’ JLYERK

ﬁ%%%ﬁ

31 BRIET—XDA DTN

3.1 T—AREE

T—ADFHOBEREHERT5-OICT 2 HRLET EAET—HRIRELERL
=1 . Jupyter Notebook _t£ T Pandas DataFrame 2B\ TT—4% 45 574hJLIZERRLT=
Y. SQL ZFALTT—2DIERZEFT=Y . matplotlib ZFIFALTT—42% 757 THRRL
U9 L THRRENTEET,
W SILS :
3.2 BEERET- Rk
DMETIOICEEZRGL. BREICIECTEREEZERLET, HitEE(IZ SAMPO/FAB
DR ET AR TANT—2EERLET . FET 5T —2 K (L. CSV T741)L.

T —AH~R—2Z (PostgreSQL) . Pandas DataFrame ®WWFh M TT , £f-. EEEDELR
(BHl, T—RRERT AT —IGEEERT HDBRERFT—EERLET.

O ==
3.3 /At X&:
FYBRWETILEREE TR0, 70X EHRHLET . 270X (F 1 2DITot
Rtk 1E 1 DRI TAERETHREINOBRYET, TAEXEEH (SPD) ! ZETaVR—
FURIBOT—20OFNEAVR—R UM IDNTGA—E—42FELEFT, TOLRAEITHR
E(SRCUZIFAANT—RERBERF—ILEFEELET,

1 SPD MEEMIZ DUV TIEIFSAMPO Referencel MISPD Specification 12 B L TE S0,

2aUR—R U bD—EELEFZAVR—R U FDEMIZ DLV TIXISAMPO Referencel# S B LTLEELY,

3 SRC MEFMIZ DL TIZTSAMPO Reference]MISRC Specification |Z# S B L TLEELY,
I
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H 3-2 27 aeRA0 A A=
SPD [CE&T HAVHR—RUIDFEEICIF. ANT—HEHEARACTT—2A—RaVR—
RN BT A EBRLTHGRYT 2R T A BHER IV R—R R S5
[CZBPFAETIIFRHAVR—RUMGBELRHYET  BHEERIVR—RMIIFE
EZETOIAVR—R MO ZERRAT AV R—RUMNEERHY ., TRV R—FRC
FERBEEAFTERMEEREL- FABaOVR—RUMNIERBHYET,

3.4 ETILIERL

HRE LT RERAVWTETIILEERLET . SAMPO/FAB DETILIERE TS
LIZERT HNERENRTFT 5120, T2 A IO T AR T O R EFEHEE
ALT. ZRBEETIVEERTHEERLITVET , COBEHEIRITTEIEEFTUALUR
A—EFUET,

SHRERIIHEBOEATIOCRARNZIZREFINET , TOCRRAMNEETILEESTH
WEREREFETH-ODOEEHTT,

=+ =3
3.5 5 R T4
BREDETILEERTLE=OI12. A\BNEBETELTXIAMER CEG R IZAISRE. 7
HIELET . OMERIZITETIL(FAKREFAIRX) DIFER. - RMSE L ED FRIFBEIZRS
FTHRENEENTEY. ETIILOBRCEMISECEODVWVTHRFEZTV.. RREET
JLEERLET,

(Bm=tg )

M

(sug<zoc ) .

Effﬂthqﬂﬁ PR3
-..-'—.-_:._‘__.___._/

Tl TAlF2

3-3 FAB aVR—3R U rDOFKREF I
BIZ (L. FABaviR—mUbrDETILIE. B 3-3DLSIZPAREFAIXTHEREINES, T—

4 NumPy @ np.random.rand 82 2— L& ERALTERKLTLET,

(https://docs.scipy.org/doc/numpy/reference/generated/numpy.random.rand.html#numpy.random.rand)
I
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BEMRD IR EHE RS FIBERICH ST YU TLIEIZFRXAEYETOAT, Th
ZROFRXAFRETVET, FAB IVR—RUPTIX ZEBDOP TFRICLELFIERS
NEDBOBEDHDETILTREEINET, {>T. WREREEN ST —FTFEE
LEETLTH>TH FARETFRIXESRAAE(IET, EOSSICBEMERDENERSH
BWERIRTEFEY,

HRIAMONEEHEREL. REICISLTRERE-EROIMITOERRFLED IS
RI~NRY . P DRNERYRL. SITHEROCARIELEETIVGEZRICLR— K
BRLET,



FAR DEXFEMICRITI S

RKETIE. AT FIVAFHZERANT,. FE I E TRLESTDOFRNDERIRVEZDHETNDE
B SZSBALET, AHAFTIX Jupyter Notebook®>Z{EAL=HIZAWNTHBEALET,
APl Lo R DA ERERR D EEMIZ DU TIZTSAMPO Referencel&S L T=ELY,

ZEHTERTEZT—HIFEED data TALORIIZHEILTLVET , RLL notebook 771 /L
[% notebooks TALIRJIZIEHILTLVET,

4.1 BIIFEEDET ILIER

AETE HERDOREZTFRTHEIFEHMEDHELT. FHEDMBRETRIIETILE
"=, FRITEOFILFEHRALEFT,

o 411 T—REE /4.1.2 BHERET-E K
CSVIFALBADANT—2EMALET,

o 4.1.5 FERETE
AMTOERTHRONEHOETIVICHLT. ZELEANOREOT—2IC1T 5
RMSE (FAIFRZE) ML CT. RBLBETILZEZERLET, Fr-. XBEHRETILERHRIEL
TETIVEMERERELET,

e 416 ZRGETILTTFHA
RBUETILTFRAZETL. PAKBRIIHTEIFEISTEHALET,

notebook (& notebooks/regression.ipynb ZfEAL T &L,

411 T—HEE

Notebook Dashboard @ Files 27T Jupyter Notebook @ JL—kF L~ k1JIZ automobile
T+ IWVFEERLET . COTAHILAIZFEEL. A 5T —74 (data/automobile_learn.csv.
data/automobile_predict.csv) 7y 7 A—FLEY , HLLY notebook #{ERKL . FET—2D
IS5 HDT—AERERLET .

In [1]:

import pandas as pd

learn data = pd.read csv('./automobile learn.csv', na values='?")
learn data.head(5)

5 ZHMIZ DUV TIE https://jupyter.org/E S BLTEELY,
6 F—A(F UCI DA —T o T—2%FEIZER L TLVET (https://archive.ics.uci.edu/ml/datasets/Automobile,

https://archive.ics.uci.edu/ml/datasets/Automobile+Marketing) .
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Out[1]:

symboling normalized-losses make num-of-doors wheel-base length width height price
0 3 145.0 dodge two 95.9 173.2 66.3 50.2 12964

1 0 NaN renault four 96.1 181.5 66.5 55.2 9295

2 0 89.0 subaru four 97.0 173.5 65.4 53.0 10198

3 0 115.0 mazda four 98.8 177.8 66.5 55.5 11245

4 -1 NaN toyota four 104.5 187.8 66.5 54.1 15750

4.1.2 BHEERET- £k

F—REEREENSEDLENYUTIL(NaN OHUTIL) BNHEHETHMNBDT. HIRLET,
Fr=. AZ—9BY T ID THS _sidDBEBHEFERLET . REICERBEYIZHE->TWNSH

HRBLET,

In [2]:

learn data.dropna (inplace=True)

learn data[' sid'] = list(range(learn data.shape[0]))

learn data.head(5)

Out[2]:

symboling normalized-losses make num-of-doors wheel-base length width height price
_sid

0 3 145.0 dodge two 95.9 173.2 66.3 50.2 12964 0

2 0 89.0 subaru four 97.0 173.5 65.4 53.0 10198 1

3 0 115.0 mazda four 98.8 177.8 66.5 55.5 11245 2

5 0 108.0 nissan four 100.4 184.6 66.5 56.1 14399 3

7 -1 93.0 mercedes-benz four 110.0 190.9 70.3 56.5 25552 4

BHERFX—<ik (ASD) " Z4E L. ERLEBHERF—TITHo TSI EE/HERLET,
In [3]:

import logging
from sampo.api import sampo logging
from sampotools.api import gen asd from pandas df

sampo_logging.configure (logging.INFO, filename='./automobile rg.log')
asd = gen asd from pandas df (learn data)
pd.DataFrame (asd) .T[['scale', 'domain']]

Out[3]:

scale domain
symboling INTEGER NaN
normalized-losses REAL NaN
make NOMINAL [toyota, nissan, mazda, honda, subaru, mitsubi...
num-of-doors NOMINAL [four, two]
wheel-base REAL NaN
length REAL NaN
width REAL NaN
height REAL NaN
price INTEGER NaN
7sid INTEGER NaN

7 ASD MEMIZDULVTIXISAMPO Reference]MTASD Specification |Z S B LTS,
1
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4.1.3 D7t RE%E
SR TOERETREDERSYIZEFLET,

SPD [£F—48—4— dl avR—3k, Z{EEED bexp aR—R R 42D std
aVR—3R R, FAB #8#H2EIEFRIZRD rg AV R—RUR%E 4-1 DKSIZDHITET . F
=, rg AVR—FRUMIFL T, BHER D price DEMEFBMERHELTIEELET,

SRC [FFERLFRAADAHTTOEREENEN 5[, & 10 ASEERLES . ToTL—
FEFALTITOERBOANT—EERELGALERLET .

41 aAVR—RUMEIDT—2DFh

8 M- DL TIX[SAMPO Referencel M 'BinaryExpandFD Component Specification 12 & BB L TLFEELY,

9 BEMIIZDULVTIXTSAMPO Referencel T StandardizeFD Component Specification 1S BB L TZ&0Y,

10 Z£HIZDULVNTIZTSAMPO Referencel I FABHMEBernGateLinearRg Component Specification |ZZ BB L TLZELY,
|
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SPD#E&LFET,
In [4]:

from sampo.api import gen spd

# SPD DEE

spd _content = '''

dl -> std -> rg
-> bexp -> rg

components:
dl:
component: DatalLoader

std:
component: StandardizeFDComponent
features: scale == 'real' or scale == 'integer'

bexp:
component: BinaryExpandFDComponent
features: scale == 'nominal'

rg:
component: FABHMEBernGateLinearRgComponent
features: name != 'price'
target: name == 'price'

standardize target: True
tree depth: 2

global settings:
keep attributes:
- price
feature exclude:
- price
Tra

spd = gen_ spd(template=spd content)

11




SRCZE&HLFEY,
In [5]:

from sampo.api import gen src

# train A (FERA) D SRC DT TL— FEE
train src templ = '''
automobile train {{ random restart }}:
type: learn
data sources:

dl:
df: {{ data df }}
attr schema: {{ asd }}
filters:

- k split (10, 0, True)
# validation B (ETILZERA) O SRCOTUTL— FER
validation src templ = '''
automobile validation {{ random restart }}:
type: predict
data sources:
dl:
df: {{ data df }}
attr schema: {{ asd }}
filters:
- k split (10, 0, False)
model process: automobile train {{ random restart }}

# 7O X FDERK

process list = []

num random restarts = 5

for idx in range (num random restarts) :

train src = gen src(template=train src templ, params=src_param)

process list.append((train src, spd)) # ZEHOSHTOEADEM

src_param = {'random restart': idx, 'data df': learn data, 'asd':

asd}

validation src = gen src(template=validation src templ, params=src_param)

process_list.append((validation src, None)) # FHIFEDHSHTOtEZXDEM

4.1.4 T I)LIERK
DEREAZRETA-HOTOERANTEERLET,

In [6]:

from sampo.api import process store

pstore url = 'pstore rg'
process store.create (pstore url)

12




TOtwR%E 3AHITEITL. RITHEEHERALET.
In [7]:

from sampo.api import process runner

process_runner.session_ run(
process list, pstore url=pstore url, max workers=3)

process store.list process metadata (pstore url)

Out[7]:

process name version started at running time status

automobile train 0 8aéb27ec.. 2018-06-26 10:27:56.. 00:00:01.. Succeeded
automobile train 1 2al8dcbS.. 2018-06-26 10:27:56.. 00:00:00.. Succeeded
automobile train 2 1623270d.. 2018-06-26 10:27:56.. 00:00:01.. Succeeded
automobile train 3 c¢32651bb.. 2018-06-26 10:27:57.. 00:00:00.. Succeeded
automobile train 4 38eladé6e.. 2018-06-26 10:27:58.. 00:00:00.. Succeeded
automobile validation 0 9e4b9db4.. 2018-06-26 10:27:58.. 00:00:00.. Succeeded
automobile validation 1 ab5af60a3.. 2018-06-26 10:27:58.. 00:00:00.. Succeeded
automobile validation 2 eae3196b.. 2018-06-26 10:27:58.. 00:00:00.. Succeeded
automobile validation 3 05c6call.. 2018-06-26 10:27:59.. 00:00:00.. Succeeded
automobile validation 4 80519965.. 2018-06-26 10:27:59.. 00:00:00.. Succeeded

O 0O J o U W N+ O

4.1.5 $5 R

FON-PHERINORBEETIVEERTL:=0OIC. RETILDO RMSE#XRRLET,
In [8]:

import re

rmse = []
validation proc names = [src.name for src, _ in process list
if re.match(‘automobile validation.*’, src.ptype) ]
for validation proc name in validation proc names:
with process store.open process (pstore url, validation proc name) as prl:
evaluation = prl.load comp output evaluation('rg')
rmse.append (evaluation['root mean squared error'][0])

pd.DataFrame (rmse, columns=['rmse'],

index=validation proc names) .sort values('rmse')

Out[8]:

rmse
automobile validation 2 1776.089590
automobile validation 4 1952.737155
automobile validation 3 2063.911535
automobile validation 0 2156.413447
automobile validation 1 2342.302751

LERDHERNS RMSE AR/IDETILVERRETILELTERL, AIRIELE T, AI#RIE T
AEECTRRADFHMERERLET
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In [9]:

Smatplotlib inline

import matplotlib.pyplot as plt

import numpy as np

from IPython.display import display, Image

from sampovis.api.fabhme vis import save gate tree

best model proc name = 'automobile validation 2'

t ETLERE FRBRENG

with process store.open process (pstore url, best model proc name) as prl:
model params = prl.load model ('rg'")

# FARDTERIE

save gate tree(pstore url, best model proc name, 'output')

display (Image (
filename='output/{} rg fabhme gate tree.png'.format (best model proc name)))

# FRAIX DM

prediction formulas = model params|['prediction formulas']
relevant feature indices = prediction formulas.sum(axis=1l) != 0
prediction formulas = prediction formulas[relevant feature indices]
prediction formulas.plot (kind='barh', figsize=(8,4), stacked=True)
plt.show ()
std_width < 1.728e-02
(destandardize)
width < 6.565e+01
sample count = 15
True False
std_width < - 3.111e-01
(destandardize) component #1
width < 6.500e+01 sample count = 7
sample count = 8
True False
component #2 component #3
sample count = 5 sample count = 3
B prediction_formula_1
vanance - I prediction_formula_2
= prediction_formula_3
or | D m

| bexplbmw)_make

9w |

std_length

sttr_name

-1.0 -05 00 05 10 15

LtORFETIOMAREEERLTEY. BAIZHIREELELIN, AICETFAXDESL
ZOFRAKXTTFRTE2HUTILEMNREBEH SN TWET,, ST, width BATF—2DHENZF
BELTWAIENHMET, -, TORIERATLTAVITRLTEY., KHBALTHO BME
BADFEEZTLHLTWET, AKX, FAIK 2 D bexp(bmw)_make [FIEEIZKELFEL
THY. FRR 1 TFRT AL width NREVEBENAKRELLGDZZEADLMET,
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4.1.6 ZBIGEETILTTA
RERGETIATTRZRTLEY,
FY . FERERICKIICEBERE - EHETVET,
In [10]:

predict data = pd.read_csv('./automobile_predict.csv‘, na values='?")
predict data.dropna(inplace=True)

predict data[' sid'] = list(range (predict data.shape[0]))
predict data.head(5)
Out[10]:

symboling normalized-losses make num-of-doors wheel-base length width height
price sid

01 87.0 toyota two 95.7 158.7 63.6 54.5 6338 O
1 3 150.0 saab two 99.1 186.6 66.5 56.1 18150 1
2 2 134.0 toyota two 98.4 176.2 65.6 53.0 17669 2
3 2 134.0 toyota two 98.4 176.2 65.6 52.0 11549 3
4 0 145.0 jaguar four 113.0 199.6 69.6 52.8 32250 4
FARADSRCEEZHLFEY
In [11]:
t REGETILTOFH
predict src templ = '''
automobile predict:
type: predict
data sources:
dl:
df: {{ data df }}
attr schema: {{ asd }}
model process: {{ model process }}
src_param = {'model process': best model proc name, 'data df': predict data,
'asd': asd}
predict src = gen src(template=predict src templ, params=src_param)

FHRAOHITOERAEETLET,
In [12]

process_runner.run(src=predict src, pstore url=pstore url)
proc_meta = process store.list process metadata (pstore url)
proc_meta[proc metal'process name'] == 'automobile predict']

out[12]:

process name version started at running time status
0 automobile predict dad4a36cd.. 2018-06-29 15:28:03.. 00:00:00.. Succeeded

15



FRFEREMHRT 5120, FPRECEEORARERTLET,
In [13]:

# Pl EFOMMH
with process store.open process(pstore url, 'automobile predict') as prl:
df = prl.load comp output('rg')

plt df = df.loc[:, ['price', 'rg predict']]

plt df.rename(columns={'price': 'actual', 'rg predict': 'predict'},
inplace=True)

min val = int(plt df.values.min() - 1)

max val = int(plt df.values.max() + 1)

plt.scatter (plt df['actual'], plt df['predict'])

plt.plot (range (min val, max val), range(min val, max val),
color="darkgrey')

plt.xlim(min val, max val)

plt.ylim(min val, max val)

plt.xlabel ("Actual")

plt.ylabel ("Predict")

plt.gca() .set aspect ("equal", adjustable="box")

plt.show ()

30000

25000

20000

Predict

15000 ]

L]
- L]
10000
e o L]

I,

1N

10000 15000 20000 25000 30000
Actual

4.2 #|BIBBEDET ILIER

AEHTIE. ATIVEOBEHEEEZF AT HH BB ELT, FALINI—T T4 T DK
NRIEEFRITHETIVERR. FRATHIFIAZEHBALET,

Z_TIlX. Pandas DataFrame s XD A 1 T7—2%F AL, 4.1 LRRICRBHETILEEIRL
=&, TDETILTFATHENSATEITVET,

notebook [I~/bank-marketing/IC#E K ¥ 56+H D ELTHEBALET . 72741
notebooks/classification.ipynb Z#EAL T &L,

421 T—REE

Notebook Dashboard @ Files 27 T Jupyter Notebook M JL—kTFT 4L k12 bank-
marketing Z A L Z EERLET . SO T A I FIZHFH L. (data/bank_learn.csy,
data/bank_predict.csv) #7vFO—KLET, HLLY notebook ZHERL. T—2A Tz Hk
(bank_learn. bank_predict)Z{ERLET,
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In [1]:

import pandas as pd

learn data = pd.read csv('bank learn.csv')

FRHERBEDY T IULDNEDREEHIDIEHERLET,
In [2]:

# FERRITx L THERR
print (learn data.groupby('age') ['answer'].count ())
# {EEITx L TR

print (learn data.groupby('job') ['answer'].count ())

age
18 2
19 1
20 2
21 6
22 9
23 16
24 54
25 53
26 60
27 80
28 96
29 125
30 153
31 173
32 195
33 152
34 161
35 147
36 154
37 125
38 135
39 115
40 93
41 128
42 102
43 98
44 92
45 94
46 88
47 100
54 69
55 63
56 64
57 56
58 61
59 45
60 28
61 6
62 5
63 4
64 5
65 3

17




66
67
68
69
70
71
72
73
74
75
76
77
78
80
81
82
85
86
Name: answer, dtype: intoc4
job

admin. 906
blue-collar 792
entrepreneur 134

PN WWWE WNDWNDNDDSDNDDND S WO

N

housemaid 102
management 299
retired 148
self-employed 141
services 354
student 72
technician 619
unemployed 104
unknown 37
Name: answer, dtype: int64

4.2.2 [RIEERET - £

T—REBENSERHNIES T TNDSDT, FiE (~29 . 30~39 &%.40~49 . 50 & ~)
DiEEE_sid DEHEERLET,

In [3]:

# learn T—AIZx L TRERMELER
age _groups = learn data['age'] // 10

age groups[age groups <= 2] = 2

age groups[age groups >= 5] = 5

age_groups = age_groups.astype (str) # SAMPO/FAB THTIUEELLTHKS=H
age groups.name = 'age group'

learn data = pd.concat([learn data, age groups], axis=l)

learn data[' sid'] = list(range(learn data.shape[0])) # sid QFEHEZEMN

18




ASD Z5E L. ERILF-BHRF—TIZH-oTWVAEEHERLET,
In [4]:

import logging
from sampo.api import sampo logging
from sampotools.api import gen asd from pandas df

sampo_logging.configure (logging.INFO, filename='./bank.log')
asd = gen asd from pandas df (learn data)

pd.DataFrame (asd) .T[['scale', 'domain']]
Out[4]:

scale domain
age INTEGER NaN
Jjob NOMINAL [admin., blue-collar, technician, services, ma...
martial NOMINAL [married, single, divorced, unknown]
education NOMINAL [university.degree, high.school, basic.9y, pro...
contact NOMINAL [cellular, telephone]
month NOMINAL [may, jul, aug, jun, nov, apr, oct, sep, mar,
day of week NOMINAL [mon, thu, tue, wed, fri]
duration INTEGER NaN
previous INTEGER NaN
answer NOMINAL [no, yes]
age_group NOMINAL [3, 4, 5, 2]
_Sid INTEGER NaN
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423 H7AaLR%KE
SPDE#EELEY,
In [5]:

from sampo.api import gen spd

# SPD DEZ

spd content = '''

dl -> std -> cl
-> bexp -> cl

components:
dl:
component: DataLoader

std:
component: StandardizeFDComponent
features: scale == 'real' or scale == 'integer'

bexp:
component: BinaryExpandFDComponent
features: scale == 'nominal'

cl:
component: FABHMEBernGateLinearClComponent
features: name != 'answer'
target: name == 'answer'
positive label: 'yes'

tree depth: 2

global settings:
keep attributes:

- answer
feature exclude:

- answer

spd = gen spd(template=spd content)
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SRC%#E#L. 7OERYRMEERLET .
In [6]:

from sampo.api import gen src

# train A (FERA) D SRC DT TL— FEE
train src templ = '''
bank train {{ random restart }}:
type: learn
data sources:

dl:
df: {{ data df }}
attr schema: {{ asd }}
filters:

- k split (10, 0, True)

# validation B (ETILZERA) O SRCOTUTL— FER
validation src templ = '''
bank validation {{ random restart }}:
type: predict
data sources:

dl:
df: {{ data df }}
attr schema: {{ asd }}
filters:

- k split (10, 0, False)
model process: bank train {{ random restart }}

t TAatR YR FOER

process list = []

num_random restarts = 5

for idx in range (num random restarts) :
src_param = {'random restart': idx, 'data df': learn data, 'asd': asd}
train src = gen src(template=train src templ, params=src_param)
validation src = gen src(template=validation src templ, params=src_param)
process list.append((train src, spd)) # ZEHOSHTOEADEM
process list.append((validation src, None)) # FHBROHF TOEXDEM

4.2.4 57 )LIERK
DEREARETA-HOTOERANTEERLET,

In [7]:

from sampo.api import process store

pstore url = 'pstore cl'
process store.create (pstore url)
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TOtwR%E 3AHITEITL. RITHEEHERALET.
In [8]:

from sampo.api import process runner

process_runner.session_ run(
process list, pstore url=pstore url, max workers=3)

process store.list process metadata (pstore url)

Out[8]:

process name version started at running time status

bank train 0 a6e0396c.. 2018-07-18 11:44:39.. 00:00:07.. Succeeded
bank train 1 9524ed4da.. 2018-07-18 11:44:39.. 00:00:05.. Succeeded
bank train 2 973db236.. 2018-07-18 11:44:39.. 00:00:06.. Succeeded
bank train 3 8c55ccef.. 2018-07-18 11:44:45.. 00:00:07.. Succeeded

bank train 4 5le7laad.. 2018-07-18 11:44:46.. 00:00:00.. Succeeded

bank validation 0 1722b8a3.. 2018-07-18 11:44:49.. 00:00:00.. Succeeded
bank validation 1 ab2dbl65.. 2018-07-18 11:44:47.. 00:00:01.. Succeeded
bank validation 2 fa3bf85d.. 2018-07-18 11:44:48.. 00:00:00.. Succeeded
bank validation 3 9522cc6e.. 2018-07-18 11:44:52.. 00:00:00.. Succeeded
bank validation 4 994987d6.. 2018-07-18 11:44:53.. 00:00:00.. Succeeded

O 00 3 o U W N+ O

4.2.5 $E R4
BoN=oMERNMNBERREETIVEEIRTA-HIC. FETILOEREEZRRELET,
In [9]:

import re

[l
proc names = [src.name for src, _ in process list
if re.match(‘bank validation.*’, src.ptype)]

accuracies

for proc name in proc names:
with process store.open process(pstore url, proc name) as prl:
evaluation = prl.load comp output evaluation('cl')
accuracies.append (evaluation['accuracy'][0])

pd.DataFrame (accuracies, columns=|['accuracy'],
index=proc_names) .sort values ('accuracy')

Out[9]:

accuracy
bank validation 4 0.908356
bank validation 3 0.916442
bank validation 0 0.919137
bank validation 1 0.919137
bank validation 2 0.924528
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A OF AR ORMERDBLES,

In [10]:

Smatplotlib inline

import matplotlib.pyplot as plt

import numpy as np

from IPython.display import display, Image

from sampovis.api.fabhme vis import save gate tree

best model proc name = 'bank validation 2'

# ETIERE PRBEREZIE
with process store.open process (pstore url, best model proc name) as prl:
model params = prl.load model('cl'")

# FIRDARIE

save gate tree(pstore url, best model proc name, 'output')

display (Image (
filename='output/{} cl fabhme gate tree.png'.format (best model proc name)))

# FRAIX DM

prediction formulas = model params|['prediction formulas']

relevant feature indices = prediction formulas.sum(axis=1l) != 0
prediction formulas = prediction formulas[relevant feature indices]
prediction formulas.plot (kind='barh', figsize=(8,4), stacked=True)
plt.show ()

bexp(technician)_job < 5.000e-01
sample count = 371

True False
bexp(unemployed)_job < 5.000e-01 component #2
sample count = 303 sample count = 68

False

component #1 component #0
sample count = 290 sample count = 13

bias T = regiction_formula_0
bexp(4)_age_graup | : ;:;:2::::::;:5:::;
bexpliri)_day_of_week |
% bexpimon}_day_of_week [ ]
%I bexp{may)_month [ ]
bexpitelephone)_contact -
std_previous _
std_duration _
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426 RBIEETILTTA
RERGETIATTRZRTLEY,
FY . FERERICKIICEBERE - EHETVET,
In [11]:

# predict F—4IIx L TREEMR

predict data = pd.read csv('bank predict.csv')

age groups = predict data['age'] // 10

age groups[age groups <= 2] = 2

age groups[age groups >= 5] = 5

age groups = age groups.astype (str)

age groups.name = 'age group'

predict data = pd.concat ([predict data, age groups], axis=1l)

predict data[' sid'] = list(range (predict data.shape([0])) # sid DEHEZEIEMN

FRROSHTOLAD SRCEEELET,
In [12]:

predict src templ = '''
bank predict:
type: predict
data sources:
dl:
df: {{ data df }}
attr schema: {{ asd }}
model process: {{ model process }}

src_param = {'data df': predict data, 'model process': best model proc name,
'asd': asd}

predict src = gen src(template=predict src templ, params=src_ param)

FHRAOOHIOERAEETLET,
In [13]:

process_runner.run(src=predict src, pstore url=pstore url)
proc_meta = process store.list process metadata (pstore url)
proc_meta[proc metal'process name'] == 'bank predict']

Out[13]:

process name version started at running time status
0 bank predict 4£573228.. 2018-07-18 11:44:55.. 0:00:00.. Succeeded

A

FoNT-NHIERZETM T 5-HIC, EEEREFRRLET,
In [14];

with process store.open process (pstore url, predict src.name) as prl:
evaluation = prl.load comp output evaluation('cl')
evaluation['accuracy'] [0]

Out[14]:

| 0.9124087591240876
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43 IRV P RE—FERAVEETILOBFE

AE T, RYPRE—MEREZRAVTETLOBZEEEITOREL T Hif-GT—2ZRNTE
FOETILOBFEEITV. FRTHVFUAEHRBALES,

— R ETILE, FRAREROT—2DERANEERNOEILTHETTFRBENMETS
B0, ETIWVEERTHBERTHFENDELLDIBENHYET,

RYPRE—bEFIATHET. ETILOMARBECTARDOBEEERELE-FFTETILOE
FENTEFT . FVFLVRE—HMILDETIVIERDFEZHIRTESZLITMAT. 1 BH
FYDFERMLERTES0 . BRERRBEXNBEICHIR T HENTEETT.

RYRRZ—MZIE, RELUIT O 2 BEAHYET

o EBRMEERYNRI—
BELEETIVERILAABEEZE DETILEZMERELLBEZTETLET,

o ETILRYRRA—F
BELEETILEDHRELLEFEZTVET . ZOBETIVEED—BEEET HIE
NTCEET, ETIUEBELXEEDLSICEAET HD(E. ETILHRYCREI—LDEAL T &> T
ELRYUFET,

ERIZ, Ay RI—FERAVTEZBETSHEUTOLFUATHBALET . CoTIR. EHO
EEEFATZETILELT 2017 £ 1 BHS 6 ADT—ATEELERATOETLASHEED
D.2017 &£ 7 AUBOT—RKLTEFARENEET HKEEFTER->TLSELT, BE
BIzkY FARMEERET SHERLET,

e 431 BITDETILDRER
FRTEITIEEFBLET . RITOETILEFE>THLLT —RIIH T H5E L FRIZITL.
BETHOFHERBEETRER-TWNAILEMHRELET .
o 4329 TOERELE/4.3.3 ETILIERK
FLLWT—42%E>T, ETILRYERE—MIKBBRITETILOBEEEERLET .
o 4.3.4 FERFE
431 EEHRDHERZTV. BEB TS TFRBENHEL TSI LEMHIELET,
notebook 774 JL [ notebooks/regression_with_hotstart.ipynb Z#EEEL TI=ELY,

431 BTOETILOFER

Notebook Dashboard 0 Files #7 T Jupyter Notebook M JL—kT L%k |Zsales_hotstart
THIVFEEBRLET . COTAHILFTIZHBEL. A -1 7 —74 (data/sales_201707-12.csv.
data/sales.asd. data/base_model_process.tar.gz) #7v7O—KLZET,

Jupyter @ Terminal TLL T 3E4TL. base_model process.tar.gz #fi2EZLE T,

|$ tar xzvf ~/sales_hotstart/base model process.tar.gz -C ~/sales hotstart/

# LU notebook Z#1ERL. e LT —2D—EERIET—2EL. BITOETILOFRARBE. £

UEFIRYCRE—bDEAT—ELLZBLTDOEHMDOLVTIE [SAMPO Referencel#S LTSN,
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TIVRMEERERELET,

ETILNEENI D TOEREAR—L, TLT—42, ASD ZHAHRAAET . £, ET
JLEEEER D SPD. SRC#E&HLFET,

In [1]:

import logging
import pandas as pd

from sampo.api import (
sampo_logging, process store, gen spd, gen sSrc, process runner
)

from sampotools.api import load asd
sampo_logging.configure (logging.INFO, filename='./hotstart.log')

pstore url = 'pstore hotstart'
process store.create (pstore url)
process_store.import process('./base model process', 'sales train', pstore url)

data path = './sales 201707-12.csv'
asd path = './sales.asd'

t BITOETIHRAD SRCOT Y TL—FER
validation src templ = '''
sales validation:
type: predict
data sources:
dl:
path: {{ data path }}
attr schema: {{ asd }}
filters:
- k split (10, 0, False)
model process: sales_train

src param = {'data path': data path, 'asd': asd path}
validation src = gen src(template=validation src templ, params=src_param)

SMTOEREETLET,
In [2]:

| process runner.run(src=validation src, pstore url=pstore url)

out [2]:

|sales_validation.337de76c—799e—4935—91af—67lda223351c

RMSE L RE#EZELET, 22 Tlk. 20 RMSE DL, ETFILEEBEHT AL TO TR
EDKEEXZTER>TEY. ETILDFRHRENHELZET S LFBELTOET, -, 8
XX
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MEREEL., ERMEActua) N KREVBE TFAANN TSI EERERLET,
In [3]:

process name='sales validation'
with process store.open process (pstore url, process name) as prl:
evaluation = prl.load comp output evaluation('rg')

evaluation['root mean squared error'] [0]

Out[3]:

12.995691202578689

In [4]:

Smatplotlib inline
import matplotlib.pyplot as plt

with process store.open process (pstore url, process name) as prl:
output df = prl.load comp output('rg')

plt df = output df.loc[:, ['sales', 'rg predict']]

plt df.rename(columns={'sales': 'actual', 'rg predict': 'predict'},
inplace=True)

min val = int(plt df.values.min() - 1)

max val = int(plt df.values.max() + 1)

plt.scatter (plt df['actual'], plt df['predict'])

plt.plot (range(min val, max val), range(min val, max val),
color="darkgrey"')

plt.xlim(min val, max val)

plt.ylim(min val, max val)

plt.xlabel ("Actual")

plt.ylabel ("Predict")

plt.gca() .set aspect ("equal", adjustable="box")

plt.show ()

Out [4]:

175 -

150 [ 9

Predict
o
(=]
(=]
[ ]

50 100 150
Actual
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BITOETILOBEETRIELET,
In [5]:

import numpy as np

from IPython.display import display, Image

from sampovis.api.fabhme vis import save gate tree

model proc name = 'sales validation'

# ETIVERE FARR TG

with process store.open process(pstore url, model proc name) as prl:
model params = prl.load model ('rg'")

# FAARDARIE

save gate tree(pstore url, model proc name, 'output')

display (Image (
filename="'output/{} rg fabhme gate tree.png'.format (model proc name)))

# PRI DR

prediction formulas = model params|['prediction formulas']

relevant feature indices = prediction formulas.sum(axis=1l) != 0

prediction formulas = prediction formulas[relevant feature indices]

prediction formulas.plot (kind='barh', figsize=(8,4), stacked=True)

plt.show ()

bexp(sun)_day < 5.000e-01
sample count = 55

True False
std_humidity < - 1.187e-01 std_humidity < - 4.396e-01
(destandardize) (destandardize)
humidity < 6.050e+01 humidity < 5.500e+01
sample count = 46 sample count = 9
True False True False

component #0
sample count = 9

component #1
sample count = 0

component #2
sample count = 46

component #3
sample count = 0

prediction_formula_0
prediction_formula_1
prediction_formula_2
prediction_formula_3

variance 1 I
bexp(sat)_day | I

std_max_temperature - I

w
E
o
=

]

std_rain_prob I

std_prev_customers { N 4

=
(¥
w
.
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4.3.2 70t REEE

BEEETIOOAMTOEREHRILES,
SPDZE&HLFY,
In [6]:

spd _content = '''
dl -> std -> rg
-> bexp -> rg

components:
dl:
component: DataLoader

std:
component: StandardizeFDComponent
features: scale == 'real' or scale == 'integer'

bexp:
component: BinaryExpandFDComponent
features: scale == 'nominal'

rg:
component: FABHMEBernGateLinearRgComponent
features: name != 'sales'
target: name == 'sales'

standardize target: True

global settings:
keep attributes:

- sales
feature exclude:

- sales
T

spd = gen spd(template=spd content)
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SRC #E&LFET ., CCTlE. ETIHRYEREI—LDEATELT, FARDREDAETHEE
9% mh_refit _comp Z:EIRLET,

In [7]:

t BFERO SRCOTUTL— hER
retrain src templ = ''"'
sales retrain:

type: learn

data sources:

dl:
path: {{ data df }}
attr schema: {{ asd }}
filters:
- k split (10, 0, True)
hotstart:
rg:

base model: sales train
type: mh refit comp
KR
# validation B (JREEFA) D SRC DTV T L— hEE
validation src templ = ''"'
sales revalidation:
type: predict
data sources:

dl:
path: {{ data df }}
attr schema: {{ asd }}
filters:

- k split (10, 0, False)
model process: sales retrain
T
src param = {'data df': data path , 'asd': asd path}
retrain src = gen src(template=retrain src templ, params=src_param)
validation src = gen src(template=validation src templ, params=src_param)

4.3.3 ETILIERR

ST OEREETLET,
In [8]:

process runner.run(spd=spd, src=retrain src, pstore url=pstore url)
process_runner.run(src=validation src, pstore url=pstore url)

Out [8]:

|sales_revalidation.2828ab7a—0808—4e76—983b—b313553l7e23
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RMSE ##32L. B EEZDETICTRTARBES M LEL TS EEFHERALET, -, &
wmEAS, EREActua) A REWEE TEFAIREN NGO TS EZRERLET,

In [9]:

process name='sales revalidation'
with process store.open process (pstore url, process name) as prl:
evaluation = prl.load comp output evaluation('rg')

evaluation['root mean squared error'][0]
Out [9]:

|3.26746217655499
In[10]:

with process store.open process (pstore url, process name) as prl:
output df = prl.load comp output('rg')

plt df = output df.loc[:, ['sales', 'rg predict']]

plt df.rename(columns={'sales': 'actual', 'rg predict': 'predict'},
inplace=True)

min val = int(plt df.values.min() - 1)

max val = int(plt df.values.max() + 1)

plt.scatter (plt df['actual'], plt df['predict'])
plt.plot(range(min val, max val), range(min val, max val),
color="darkgrey"')

plt.xlim(min val, max val)

plt.ylim(min val, max val)

plt.xlabel ("Actual")

plt.ylabel ("Predict")

plt.gca() .set aspect ("equal", adjustable="box")

plt.show ()
160 4
140 g
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100 4
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BEEROETLEZAHFRLEL. FIROBENEESATIZ. FTRAXDOFRBOANEEEINT
WA EERERELET,

In [11]:

model proc name = 'sales revalidation'

# ETIVERE FRABRENG

with process store.open process (pstore url, model proc name) as prl:
model params = prl.load model ('rg'")

# FARDTARIE

save gate tree(pstore url, model proc name, 'output')

display (Image (
filename='output/{}_rg_fabhme_gate_tree.png'.format(model_proc_name)))

# FRAXDFEM

prediction formulas = model params|['prediction formulas']

relevant feature indices = prediction formulas.sum(axis=1l) != 0

prediction formulas = prediction formulas[relevant feature indices]

prediction formulas.plot (kind='barh', figsize=(8,4), stacked=True)

plt.show ()

bexp(sun)_day < 5.000e-01
sample count = 55

True False

std_humidity < - 1.187e-01 std_humidity < - 4.396e-01

(destandardize) (destandardize)

humidity < 6.265¢+01 humidity < 5.834e+01

sample count = 46 sample count = 9

True False True False

component #3 component #2 component #1 component #0
sample count = 0 sample count = 46 sample count = O sample count = 9

prediction_formula_0
prediction_formula_1
prediction_formula_2
prediction_formula_3

variance 1 .
bexp(sat)_day | I

std_max_temperature

attr_name

std_rain_prob I

std_prev_customers
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=
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