bayes gp_plain.py

BR: EHEHE (RidF) & HaBEkI5MEE (BRER) =
HIRBEEZANVEARAXREICKYETETS

(i) usage: python bayes gp_plain.py infile max_num_probes num_rand_basis score_mode
interval
max_num_probes: Use a number to reach convergence

num_rand_basis: Use a large number so as to reproduce training data
score_mode : [EI|PI|TS]
interval : # of cycles to update hyper parameters

ex: python bayes gp_plain.py data_simple.xlsx 1 200 EI O

Input file: Excel (.xIsx) or CSV (.csv) file
Output file: Excel (.xIsx) file



Input file: Excel (.xlIsx) or CSV (.csv)

data_simple.xlsx (data_simple.csv)

target X y

-0.8
-2.33 -0.6
-2.05 -0.4
-0.2
-1.73 0
0.2
0.4
0.6
-2.05 0.8

IMPORTANT NOTE

15t column: Target function
2nd and right columns: Descriptors

Target functions can leave blank data:
Non-blank data will be used for training
All data will be used to estimate prediction

IMPORTANT NOTE
If descripts or target functions vary in

exponential scale, take logarithm of those
values to more linearlize

At least ONE BLANK target fuction data is

required. Or the program will be terminated

by ERROR in base_search()



python bayes gp_plain.py

Maximum search

Equivalent to the default: python bayes _gp_plain.py data_simple.xlsx 1 200 EI

Read data_simple.xIsx, max_num_probes = 1, num_rand_basis = 200, score_mode = ‘EI’, and iterval = 0
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Click here, then the nearest data information are shown
in the console output:

clicked at idx =7/ line 9: descriptors =[ 0.4 -1.] given target value = nan
predicted target value = -1.7141204429199943 +- 0.05214082204618646



Input file for minimum search

Header labels can have the following control tags at

data_target_min.xlsx : <
the top (case insensitive).

min:target x y -Z
-1 -1 1 “max:’ (default): Find maximum score
-0.8 -1 1 ‘min:’: Find minimum score
-2.33 -0.6 -1 1 Target function is converted to —t
-2.05 -0.4 -1 1 (t denotes the target function)
-0.2 -1 1 ‘=value’: Find closest data to ‘value’
-1.73 0 -1 1 (value is given by a floating point number)
0.2 -1 1 Target function is converted to —(t — value)?
0.4 -1 1 Note: (t — value)? does not follow the Gauss process.
0.6 -1 1 This option loses theoretical basis
-2.05 0.8 -1 1 ¢-7: Ignore this column

neither as target function nor descriptors

15t column: Target function, converted to —t
2nd and 3'd columns: Descriptors
4th column: with ¢-’ so is ignored

IMPORTANT NOTE
At least ONE BLANK target fuction data is

required. Or the program will be terminated
by ERROR in base_search()



Input file for value search

data_target value.xlsx

—Ootarget x Y ’ 1st column: Target function, converted to —(t — (-0.5))?

! b ' ond and 3rd columns: Descriptors
-0.8 -1 1

233 06 B . 4™ column: with ‘-’ so is ignored
-2.05 -0.4 -1 1
-0.2 -1 1
-1.73 0 -1 1
0.2 -1 1
0.4 -1 1
0.6 -1 1
-2.05 0.8 -1 1

IMPORTANT NOTE
At least ONE BLANK target fuction data is

required. Or the program will be terminated
by ERROR in base_search()




Value search

python bayes gp_plain.py data_target value.xlsx

Zero line corresponds to the target value of the target function

Note: The values cannot be positive as they are (t — value)?
so the positive prediction values and the symmetric standard deviations
have no theoretical validness

% Figure 1 — m} x|

AE€EIPQEXB

1_ @ fraining '0.35
* ::’s;i:;didate h .\\
r0.30
0_
r0.25
—-17 10.20
Q Q
= G
© Qo
> 0.15
2
+0.10
-3
r0.05
4 o +0.00

index




Variation of predictions

python bayes gp_plain.py data_test.xlsx
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Variation of predictions

python bayes gp_plain.py data_test.xlsx
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Variation of predictions

python bayes gp_plain.py data_test.xlsx
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Variation of predictions

python bayes gp_plain.py data_test.xlsx
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Variation of predictions

python bayes gp_plain.py data_test.xlsx
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Theory



RAXHTE - RA X FiEk
it EN1D2ELTEDOLND
HORBFREIIARA X TEZEYIA A FxEIE(ZF] FE

- LRl T3 Xy} BRE ¢ DIERDHICHKSET D
- FPHEZ O REETREE
ti = Xk Wk eXP(— Zk',k" Ak,kl,k"(xi,k’ — Hk,k’)(xi,k” — Hk,k"))
Ao = 75 :, — Hik! » O s KB B DEED T &84T 51

s W, MIERSAICHESERTE
s RAXHEEFEIZKY., wy,DFEH., SEDKRFES
=> FHE ¢; BIERDTWIZHES
- HORBRETHNIEL. h—RILR) Y OZFIRALT

t; DI, a7z (L) G EITRODIENTES




Ay XiBFE (Gauss process)
T —2{X Yy} Z WO REIETER
BT —RIRE ¢ KNDHAELEEET HE.
t; = Lk Wi Pr(X7)
y; = t; + &

t%bbéhé 0)55%;& (Pk(X’) Eiv Vi~ Wit 7b§
FHEAPICHKSIEE, INFH D RBFEEMES

Wikipedia:
TEEBFE (X or 1, EEIZ(BIRIED)X,, ..., X, ZZEA T/
RERTE (BOLNLLY —MRIZ, (X} or EFRAETHX, 2D 55D

BT EDEHHTERIEZ/-EED, (FEDRE //Jﬂ’i’z(f)zﬁ\fﬁ;/y‘ﬁy‘/mz‘aéé?
IR BFEELD,



HERto
SAE £ & (frequentism) #RETF
HEEMNMER (T—F) TROD
RN A X E £ (Bayesianism) #f 5t
T—RLTEHR. RN (EEITEBEEND
EH) Kozt D

EEIFER (objective probability)
EBRF-ILEFHBR (BEER) hoKROHon , FERLERE
FERELRTESLIVALLGBRIZDODVNTORESR

Ll

- E1HE SR (subjective probability)
ARIDEHRVZEZHHLIIIEFED)

it
op




HERICEATHIRM ADEE

p(4,B) = p(B|A)p(A) = p(A|B)p(B)
m BFHE R ERER FATHEFR

ALBOEIBFICELDRER ANELTIBRIZ ADELDHHEE
BARELORE EHREE = S TEkE

A ZXDEHE: p(A|B) = p(B|A)p(4)/p(B)
BiRmEE EHIFEE



RAZXDEBREH R

p(A,B) = p(B|A)p(A) = p(4|B)p(B)
AEBHOREIRFIZELD ABNELHIBEEIC ANELDIHEE
BMEL SR
RALZXDFEE: p(A|B) = p(B|A)p(A)/p(B)
BMAR&ELBEIC ERIRESE
ADSELARESE

A: EEEH B AERR LBALE.
p(B|A): A DFEHTRERZToI-HER. B fFon iR

RAXDTEEIZLY,
BMEONAEEDEIEH A% p(A|B) Mo HfETES
7€ p(B) = Y, p(B|A) #ZRDE=DIZIFT NTDEZEZPSLNENTZL)
1S BIFCOBBEENTHRAESITS



F BB (subjective probability) DFEIRE

SHEHZE . ERNMDANAXHREE . AR EE(2015)

BASHNEIY. BRE X ZHFA = XOMKREEELI-ECA, MBEDFEN—ELT-,
XBLATHAHHER [FRIER pLA—F] [FL<Eh,

FHATRER: BARALBROFEN—HT SHEEIL107°
p(—EILATHLY) =107° p(—E|ILAN) =1
(0) BfIZEZ T, p(ILAN) =1 -p(—E|ILATELY) =0.99999 ELTLIMNA?
BAAO 12,0005 AD56 ., MBEEMN—HTS5DIE1,200 AV 5 =>Fhlw, $591/12007
HEADO 700,000658 AD55., MABN—ET HDIL70,000 AEL0VE =>Fnlr, £31/70000?

1B REER — B — _ pBlAp4) _ _p(Bl4A)p(4)
EREEXRpILAI—E) =p4AIB) 8) 3, p(BIA)D(A)

_ p(—EBIILAp(ILA) B p(LAN)
(BN (LA )+p(—BUIRATEWN1-p(LA)} — p(ILAN)+10-5{1-p(ILN )}

ERHEEDRE:

(1) BEEHA+7DRE] p(GEA) =1/2
p(B) = p(—&) = 0.50005 => p(JILA|—F) = 0.99999: IL AHETE

(2) —ABYDFAZE: p(LA) =107
p(B) = p(—%) = 1.99999 x 107> => p(JLA|—F) = 0.5
BREETIILANEZADITHEREITIEEITIENIEWVLSIBILVAA (F8) HH1-6.
EREENTMND

(3) LAZEA TS EALNBHIEIZIE37005 AD ALEATLNS: p(JLA) = 1/37000000
p(B) = p(—E) = 1.003 x 1075 => p(JLA |—F) = 0.0027
37008 ADXRED ., MBEDFFEA—ET S5 AIL370ALVS, p(B) ~ 1/370



R A XE$ (Bayesian updating)

SHEHZE . ERNMDANAXHREE . AR EE(2015)

A—IL ADKEA—)L A, THOIHEREEZKRKNHD, A—ILDFEHEB LLT-ELZ:
KEKA— LA, THAHMEZE p(A,|B) . KBEA—ILTIHEWA, THAHEE: p(A,|B)

=>p(A|B) BMELN TS ET S,

ZCIZ. [ ED D C ICKDHEITEEMZ S,
p(4,B,C) = p(A|B,C)p(B,C) = p(B,C|A)p(A)

B,C|A)pa
=>p(4]B, ) = M

A BN THNIEP(B,C) = p(B)p(C).
AMBEZLNT=E&HT BE CHHIITHNIL p(B,C|A) = p(B|A)p(C|A)

_ _ p(B|A)p(Cl|A)pa) _ p(C|A) p(B|A)p(4)
=pPUAlB.C) =" 0o  ~ 0  »®

p(4,B) = p(A|B)p(B) = p(B|A)p(4) 1.

_r(Cl4)
p(AlB, C) = === p(AlB)

X B DIFEHMD A NRERA—ILTHEIMNEOIHDIEE p(A|B) B h-TLDIEEIZ,
ClzkpiER 2D sz« AREBA— L THIREEEY (KE) T2

p(C)



FERICEHT OIS XD EE

SHEHZE . BERNMDANAXHRETE . BABEE(2015)

_ p(Bl4)p(4)

A, B: % (event)
p(A): BRANBRESNHHER
p(A, B): [EIBFFEZE (joint probability), BRALBHEIRFICEHRINHiESE
2ijp(Ai,Bj) =1
Y p(A;,B;) = p(B;): Eli3#ES: (marginal probability)
p(B|A): &4 1= 2R (conditional probability),
ERANEBRINT-ELOEFEHD T T BHNEREINHMESR

AiBj
p(BJ'|Ai) = p;(Ai)J)

2 p(Bjl4) =1

%ifo)féfi (multiplication theorem of probability). p(Ai,Bj) = p(Bj|Ai) p(Ai) = p(Ai|Aj) p(Bj)
2fEED A (law of total probability): p(B;) = ¥; p(4;, B)p(4;)

S 4o p(Bj|Ai)p(Ai) p(Bj|Ai)p(Ai)

I ? : AB.) = =
NA XD EHE (Bayes’ theorem) p(Al|B]) 2(5.) %2 (B)JA o)
p(4;) : EHIFEZE (prior probability)

p(4;|B;): B4 HEZE (posterior probability)

p(4i|B;) = p(B;j|A;): AEBIXEMIIHIL THA(independent) => p(4;, B;) = p(A)p(B))



BEESHICEET IR XD EE

SHEHZE . BERNMDANAXHRETE . BABEE(2015)

B3 0 #ERTHELTHRS
f(0) HERLEHMDWERD M, BRIHEZRS T (prior probability distribution)
f(6,x) = f(x|0)f(0) = f(Ox)f (x): EREHMOZT LY . T—EM x L AHREIFFHER
fO|x): TR LHBHOEHTED . BREZE 57 (posterior probability distribution)
T—EANEELTLSIEEDIDEHHEHEERE
O MR &L T ERIEL (likelihood function) &FEA
f(x|0): FEREHMNOELEDHEE. T—IAIN X EWMOFH(FEHEE,
—RRIC FEEFEESMEN EEEND

f(x) = [f(x|0) f(8)do

_ fx160)f(6) _ _fxIOf(O) . resgzsnz=(— AAZL DT
f(O1x) = LA _ SO . s 5375181 BRA XD

= 8AIT—2{X,y} BHbLEE P MEBDERO ODITHHHID

BIZIEXTavTAaTEH w N ERS

1 (xi—p)?
fwilx, y) = N(u,0%) = =exp (— — )

IZHEIEE . W, DHFHE p ERERE0 HKRFESD




S AR
Rz ER:
BAT—2{X.y} &y = ao + X a;x; TI4vT10 L,
FHZE#a; (i=0,1,...,N)ZRDHBZE
X; = {x;;}: BB F (descriptor) D#E ERERFH. FFEFHITHE
y;: B B9RE%K SEAE., FHEEIC*

ST X . BRIy, [FFY u  SABERE 0 0T
ST D TP 0. BERE 1TED
Xy =R =Sy = Y a X TIAYTAT T HIERL
ai,j

Ei[a))F: SEabFAN1FEREIZ1T
E[[F: SEh FHER



RAHETE K

BRE = f(x,a)-y. B9 o OERDHICHKSIET D, T—2(X, V)ITHT B
INGA—A (a) DX ERIEIZ

1 &Ej

P(a;) = Hi mexp[ 20.?2]
AEEZBRKIETEINGA—EEZROIDNIRAHETEE],
max P(a;) = maxIn P(a;) = min) %z RIN_"FERIC—T S




R E/DN_Fi*%

BREDHBEEM (L2 norm) S = X(f(x) —y,)? Z&/ME
f(x;) =a + bx;
S =2X(a+bx; - )
dS/da=2X(@+ bx;—y;) =2an +2bXx,—2Xxy,=0
dS/db =2Xx;(a + bx; —y;) = 2aXx; + 2bXx;? — 2Xxy; = 0

/ n le\ .

_ [ 2V
\zxi lez/ (b) <in3’i>




B hliREZIEREEEA

s [m])F: BT —2{X,.yYZ2y =Y, 0, X' TI4vT4VT

=> y=Y,a,fi(X';)) TI4vT142ILTH.
RIZE q; ICEALTIHIBERARERDFEF

=> REEISRDAENETDEFFRFEZD

1mh

Bl: i, (x) = x*: ZIEX[EF
fr(x) = exp( (x; 1) ) HOREE




MR/ TR —REABDES: TIRT

n

flx) = Z afiu(x) s= Z <yi - zn: akfk(xi)>
k=1 - L ) n
j_ci - _Zizl:fl(xi) (3’i - z akfk(xl-)> =0

k=1

(Zfl(xi)fl(xi) Zfl(xi)fz(xi) Zfl(xi)f3(xi) zfl(xi)fN(xi)\ /Zyifl(xi)\
D REAGED ) LERE ) LEAE ) L) (Z§> > ifx)

D REAED Y HERE ) HEAE ) D@

@fw(%)fl(xi) DGR ) FGOfED ) ) \Zyi},v(xo )

FBRHICEALTHRETHNIE 1 EDOTIFETREENGONDS

Bl: f(x) =a+blogx + c/x
f(x,y)=a+bxy+cy/x




