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1. 7875208 VXBOYFTA—F L Fu T A ‘bug’ ORI & HEBEOHBERBTN,

2. MELERNEDOIDDOFTA—F 7 a5 s ‘DALL OB L EREOMELHE,
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FRh.
F—U— N RE 0 SECEE, BEMEETL, Bll=2— b Uik, BEERT.

1. LIz

Akaike(1973) 12X % AIC ODRBIIILE D HREFEOHAEORBRIZL bRoT, £ D
FERTRIRE AR E T VO B0 MBE L L TERLTE, ST T VEARIIHHB
DEMEDOBB PO EER TR T — BT T ED T RTOFRECHI LD
THo, LEEBEEND L ) iZ72o7 (Sakamoto et al. (1986)). Z DIFMEMEFOFBEME
FEBREDLDILT BB, B DOV DL DEBROBEH NS 5.
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1. F—ZIUELEHF L ET AV EBFEL,
2. ZOETFNET—ZITHTILD,
3. BoncmREEN2 B EERETS
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LW —EOFHENTHD LELT, FOEEMTHRARBERERITS.
EHREHECHFLVEFATRDLHLVAEBEE THS. LI u s 7 L2ME T
CHAMELRS. EBIC /a5 ARBVTRYINLELLHEIHED Z R LAENT
HoD. RLOBRKERERERD. ThBFE2HOT—<THD.
EIC(Extended Information Criterion, Ishiguro et al.(1997)) 72 &t EM DR 1
ATVAER, EFNVHTEDICE LTI

AIC= -2 (BRAELE)+ 2 (T A —F %)

PENC AEAERETREICES. ZORARARELEOHANUEATH D, BITHIR
FAL R RER B D EF VI RBORBE L RET 5 ORBHE TRV, BRIEOENLTVER
EFROTVWAENLETHD. B 3HTHENEBLOEMEHRD .
FEHELEREFATRDLY 7 FUT 2 ART o TEDEEEOHR VD
B L LTEZXD L BHERD. FAHTERTD.

2, 3, 4 X TN EIMNL LTH 0 FIMEICHE 2 L AR S, 2, 3H TR LIicYy TA—F v
DODAFEEZE (£ B5HTHS.

2. Rm&Y

HLNWTF—F R AFT A ERHLWETFARED L VI MERZANELDIHET 0
SADRLYBLECHRD. B Vo TiE, BEBRMENDLUHPLOBE 2R
T LRBIIN . ERIATbRADE, 7us 5 AR TOFEBREHASET, TOHEOH
X FBHTBHETHEN, 20X I RHADERHEVITLERICZoTLEI LA LI
LiIZThs. RENSEI S (1ZAD) L LM LOME (1)) EHATH XI5,

1. RESBEXLEOHERREABRLABOHAZED DL O T TS T L EE>TE
g,

2. RERBEORROTZLANC MAIFER] ORBREEEMAD LA TET,

3. ThE YT ARHEAR- THOEEREAZ T

IrrLTsFizIv.

ITRAT B bug EVWHHFIA—F o (FR (1995) I hERBTHERTHS. bug
12 ODEEE— FEHE-TWS. B 1 0FE— RTINS ZIBEHAICHATS. B
2 DE— FTILbug HFEIENZ - ICBEH A ZRR L7 7 A VETRA CRIEOHAEE
B BNEEOHAEBRTRBTED 7 A M a—F—BEERAE 3w FEFESE, £
NEBLEBERZT 5. a<r FOPCHICEERO bug il A yE—V2EDHaAv L FT
b5, bugiIBIFMoTeAvE—VRALL T U T AUBLD I LBHKRD. A TR
IS hEIDRAyE—CDOEIRE>TF Ay ZRHAZHET & O o TRIFITHAIPER
EhaZ EiTRr5.

2.1 bug

FIREORME (FR (1995) KEXTHBOT, WHAEFIZFT. %if+5 URL Ta—F
EEALTVBDOT, ZEBENEAFL, Fbe OHEBTERLALBOFEAT TR L
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EEELTEL.
bug V—F i3,

call bug ( Lid , J , J1 , J2, Cid , Iid , Rid , message )
DO TS, message 721 DA THRIL TN TANEETHS.

o % 581% Cid KIEHFOXFFEAND.
o Iid & Rid IZIZF N ENEHE L (real«8 D) ERIELXES .
o Lid, J, J1, J2 I3EHEDOEHRE FIIEHTHAS.

program bugged
implicit real*8(a-h,o0-z)
call bug (1,0,0,0,’start’,0,0.d0,message)
call bug (1,0,0,0, ’tutorial’,511,1999.d0,message)
if( message .eq. 123 ) then
write(6,*) ’message received’
end if
do13j=1,10
call bug (2,j,7,8,’peekaboo’,j,0.d0, message )
call bug (1,j,10,10,’hello’,0,0.d0,message)
1 continue
stop
end

B 1. bug ZFEET B Y5 ADH.

1. R1ERTFusoh%ar AV LTEITTDE, ROTEMOETITETTS.
2. 7ur5 0% 317A,
call bug (1,0,0,0,’start’,0,0.d0,message)
CEIDRHO 1] & 10) THFEXT
call bug (0,0,0,0,’start’,0,0.d0,message)

&E55.
3. BELETul T L%ar ANV LTELED. ZDEy v a YOREET 7 AIVITHK
TEVLETHD.
4. 5FX, a7k
start: Bug ? (<Y>es / with <M>ap / <N>o bug )
BHZDTINIZ Y TEZDLRD LD REERBEBELND.
DEBugging Bug, version 4-MPI

start: Bug 7 (<Y>es / with <M>ap / <N>o bug )

y
DEBB started with a Map
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bug.map command list
LOOK LETITGO MESSAGE LEVEL BACK QUIT
SKIP DUMMY

COM: 0:LOCK

COM: O:LETITGO -10:

BUG: 0: 1l:start !
BUG: 0: 1l:tutorial!
BUG: 0: 1:hello

0: .000000000000000000000000000000000D+00:
511: .199900000000000000000000000000000D+04 :
0: .000000000000000000000000000000000D+00:

w N -

o ‘bug’ix, P<Eb—K Lid = 0 ORETHFUCHEIhRWEFEELERZWY. &
EVITBEAT Dug 2oL/ n s 7 AOBEFICEDAALTEL Z L BAHE
THD.

o ‘bug’ DHAHD—KREUZ
BUG:id:Lid:Cid :n: Iid:Cid
Thd. WHHREEO MPIRE TR IdICZOHAZRBITTd 7 aktyY—n (5

Y7 BALH, FRTREFHREOHEEEZEDRV. FBEOHERDT V7 I13E
I20 THD. nixHAIE, £OMIL bug HEFICSEZ 5N 2FBRTHS.

5. LRCREREMODTT 7 A V% ‘bug.map’ AT 3 (R bin).
6. ‘bug.map’ #¥REL T,

BUG: 0: 1:hello : 3: 0: .000000000000000000000000000000000D+00:
O—ITRIZa<y FIT2MTME T,

COM: 0:QUIT

BUG: 0: 1:hello : 3: 0: .000000000000000000000000000000000D+00:
&35,

o T2 FO—BEIX
COM:id:CCCC  d

Thhd. CCCCHawrF dRBEHETHS. QUIT 0 L Hicd Bfdrkna~w
YEFHHB.
7. BOSarSukELET, Turrh
start: Bug ? (<Y>es / with <M>ap / <N>o bug )
WZm’ EEX TR AR L.
o ZDHMEEL “map & T bug ZEEITE” L\ ).
o EIE ‘D’ bRATHLK.
8. LD X3 IZFEWihk ‘bug.map’ {1& T, bug 288175 &,

BUG: 0: 1:start ! 1: 0: .000000000000000000000000000000000D+00:
BUG: 0: 1:tutorial! 2: 511: .199900000000000000000000000000000D+04 :
COM: 0:QUIT



ERRGEHF OEMAIRE 399

EHALELTS.

e ‘bug’ iX, ‘QUIT’ a~y FEFRFMTFERATI 0 S LB LIS,
o INITE-T, BEVDOBRIILERHBEEZ LBRWVWLSIZTES.

9. B ‘bug.map’ #MEL T,

BUG: 0: 1:start : 1: 0:
COM: 0:MESSAGE 123

BUG: 0: 1:tutorial: 2: 511:
COM: 0:QUIT

BUG: O0: 1:hello : 3: 0:

& LT, map 2% T bug xEHTDL

BUG: 0: 1:start ! 1: 0:
COM: 0:MESSAGE 123:

BUG: 0: 1:tutorial: 2: 511:
message received

COM: 0:QUIT

L5,

.000000000000000000000000000000000D+00:

.199900000000000000000000000000000D+04 :

.000000000000000000000000000000000D+00:

.000000000000000000000000000000000D+00 :

.199900000000000000000000000000000D+04 :

e ‘bug’ i ‘MESSAGE’ 2% iJf->TAA 7 u s 5 AMMIETZ EHAHKSD.

10. EiZ ‘bug.map’ 2#REL T,

BUG: 0: 1:start : 1: 0:
COM: 0:MESSAGE 123

COM: O:LEVEL 2

BUG: O0: 1i:tutorial: 2: 511:
COM: 0:QUIT

BUG: 0: 1:hello : 3: 0:
& LT, map 2% T bug 2EBTIH L
BUG: O0: 1:start ! 1: 0:
COM: 0:MESSAGE 123:

MAP: O: 2:::isssrssssssrsssssssenees
BUG: 0: 1:tutorial: 2: 511:
message received

BUG: 0: 2:peekaboo: 3: 7:
BUG: 0: 2:peekaboo: 4: 8:
COM: 0:QUIT

&5,

.000000000000000000000000000000000D+00:

.199900000000000000000000000000000D+04 :

.000000000000000000000000000000000D+00 :

.000000000000000000000000000000000D+00 :

.199900000000000000000000000000000D+04 :

.000000000000000000000000000000000D+00:
.000000000000000000000000000000000D+00:

o ‘Lid-fEAEV ‘bug’ OFFH LiX, #EE7% LEVEL 2= FRARITENTHLIX

CHTERL RSB,

o ThEFEATHI LITLoTHNYE

BWED T EERRILRS.
e ‘bug’ i3,
HAT5.

WCEBATWERSLRNWT S A0 %E

I BETI2 ORI IL < J < J2 R5BRBEYSLoL E DA
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11. ‘bug.map’ Z#REL T

BUG: O: 1:tutorial: 2: 511: .199900000000000000000000000000000D+04 :
DT %

BUG: O: 1:tutorial: 2: 511: .200000000000000000000000000000000D+04 :
& LT, map 2% T bug 2T L

COM: 0:L0O0K

COM: O:LETITGO -10:

BUG: O: 1:start ! 1: 0: .000000000000000000000000000000000D+00:
COM: O:MESSAGE 123:

MAP: O: 2::::isccssscssssssrsosstasssosssssoosransrasszazerorsorsssszesess
BUG: 0: 1:tutorial! 2: 511: .199900000000000000000000000000000D+04 :
!'! mismatch !!!1P0E0000EY new PRODRDOIRRRINLL o0 PHOLOILLALLLLY Giff 100 LLLILLL)
OLD: 0: 1:tutorial? 2: 511: .200000000000000000000000000000000D+04:
DEB: O:rid: .1999000000D+04 .2000000000D+04 .5000000000D-03

8] 1etitgo ER I N N NN AN ]

MEM: QUIT on -10 LETITGO

L5,
e bug ¥, ‘bug.map’ DEENRELRVOERHELT, Ful/JFr0ETEELT
5T LHRHKS.

o ZOBREN, HEREER2ZEATIIVHROIWHEEKELZL Y T5X5%
(2T 5B ITERTHS.

12. 5T ‘bug.map’ D

COM: O:LETITGO -10:

OITD 1-10) OfEE 1-3) ITLT,

COM: 0:LOOK

COM: O:LETITGO -3:

bug.map command list

LOOK LETITGO MESSAGE LEVEL BACK QUIT

SKIP DUMMY

BUG: 0: 1:start : 1: 0: .000000000000000000000000000000000D+00:
COM: O:MESSAGE 123

COM: O:LEVEL 2

BUG: 0: 1:tutorial: 2: 511: .200000000000000000000000000000000D+04:
COM: 0:QUIT

BUG: 0: 1l:hello : 3 0: .000000000000000000000000000000000D+00:
L LT, map 2& T bug 2&8T5 &

COM: 0:LOOK

COM: O:LETITGO -3:

BUG: 0: i:start ! 1: 0: .000000000000000000000000000000000D+00:
COM: O:MESSAGE 123:

Y S R RS S S E R
BUG: O: 1:tutorial! 2: 511: .199900000000000000000000000000000D+04:
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'] mismatch !1!1PPPIIENY peyw PEILEREEIELLNNY odd PEEEELERLLINEY diff trELENLL
OLD: O: 1:tutorial? 2: 511: .200000000000000000000000000000000D+04 :
DEB: O:rid: .1999000000D+04 .2000000000D+04 .5000000000D-03

11 letitgo = -3PILrLrRLLLRRRTIIILLLLOLLERLRR IR LR brr it
message received

BUG: 0: 2:peekaboo:  3: 7: .000000000000000000000000000000000D+00:
BUG: 0: 2:peekaboo: 4: 8: .000000000000000000000000000000000D+00:
COM: 0:QUIT

EWVWIRRERD.

e ‘LETITGO’ DIEZEX T, &HEEBEH 3 LIZL> T ‘bug.map’ DEEBA D
BROBAICHHEOETEME ST D Z EBHKS.
o ZOMEIIHAS v ST Ak hOBMEICBET BRI,

2.2 A

B2 R, BT ETHREORDOHI L LTEHREY»S L. LiL, BifEoXk
BiXLbiTW5., HFECHROSLVAZRIBEEA AV LRB LA TN E TN,
b I LEEROHDERFIPERRECELTHS.

K 2 IZRT 70y T A,

implicit real*8 (a-h,o0-2z)
sum = 0.d0
do1i=1,500
a=1.140 ** i
sum = sum + 1.d0 / (( a + 1.d0) ** 3 - a ** 3)
1 continue
write(6,*) ’sum =’, sum

stop
end
K2 ARELTasT A,
500 1
2.1 = -
21) s ZQOJWJP—LF'
EHRTHIHOTHS.

FEITOR&EEZK 3 1Y

MIQ@sunmi), simple

sum = Infinity

Note: the following IEEE floating-point arithmetic exceptions
occurred and were never cleared; see ieee_flags(3M):
Inexact; Division by Zero;

X 3. RERFAME.

sum ZEBRICLTLE D AN 5. ‘bug’ FFHL 2 EERAALR4ITRT T RS T LEELT
LTS ORREHED
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implicit real#*8 (a-h,o-z)

sum = 0.d0

Mt $£47H $28 1999

call bug(0,0,0,0,’start’,0,0.d0,message)

do11i=1,500

a=1.1d0 ** i
sum = sum + 1.d0 / (( a + 1.40) ** 3 - a **x 3)
call bug(1,mod(i,20),0,0,’sum’,i, sum , message )
if (message .eq. 1) then
write(6,%) i, (a + 1.d0) ** 3 - a ** 3, a ** 3

end if
continue
write(6,*)
stop
end

MIQsunmi} simple
DEBugging Bug, version-1

’sum =’, sum

X 4. ‘bug’ ff&FasJ A,

start: Bug ? (<Y>es/with <M>ap/<N>o bug)

y
DEBB

COM:
COM:

bug.map command list

LOOK
SKIP
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:

started
0:L0O0K
O0:LETITGO

-10:

LETITGO MESSAGE LEVEL

DUMMY
:start
sum
:sum
:sum
rsum
ssum
rsum
:sum
:sum
1sum
ssum
:sum
:sum
isum
:sum
:sum
:sum
:sum
:sum
:sum
:sum
isum

OO0 OO OO OO OOO0ODO0OO0COO0OO0OO0DO0OO0OC OO
i e i e e el R T o G S U T W O WA Uy

[
[N

12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:

WO ~NOO; S WN -

—
o

0:
20:
40:
60:
80:

100:
120:
140:
160:
180:
200:
220:
240:
260:
280:
300:
320:
340:
360:
380:

BACK QUIT

OO0 000000000000 OOOO OO

.000000000000000000000000000000000D+00 :
.887884207424345595072168180195149D+00:
.919105014695379973765909653593553D+00:
.919852077864809825058500791783445D+00:
.919868785387478293813501295517199D+00:
.919869155206661237578202872100519D+00:
.919869163379985588235864265803937D+00:
.919869163560581681871042292186758D+00:
.919869163564572156488452492340002D+00:

.919869163564660419218910192284966D+00:
.919869163564662195575749592535431D+00:
.919869163564662195575749592535431D+00:
.919869163564662195575749592535431D+00:

.919869163564662195575749592535431D+00:
.919869163564662195575749592535431D+00:
.919869163564662195575749592535431D+00:
.919869163564662195575749592535431D+00:
.919869163564662195575749592535431D+00:
.919869163564662195575749592535431D+00:
.919869163564662195575749592535431D+00:

400:Infinity
420:Infinity



BUG:
BUG:
BUG:
BUG:
sum

0:
0:
0
0

1:sum
1:
1

sum

: 1l:sum
: 1:
Infinity

sum

23:
24:
25:
26:

BB T OBMAIATE

440:Infinity
460:Infinity
480:Infinity
500:Infinity

5. ‘bug’ iEREF S LeER.

ZDFEEICavy FEEEAAT ‘bugmap’ 77 A VX 6 Z1ES.

start: Bug 7 (<Y>es/with <M>ap/<N>o bug)

y

DEBB started
COM: 0:LOOK
COM: O:LETITGO

bug.map command list
LETITGO MESSAGE LEVEL
DUMMY

LOOK
SKIP
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
COM:
BUG:
COM:
BUG:
BUG:
BUG:
BUG:

e e

:sum
:MESSAGE
1:
:QUIT
HE
:sum

sum

sum

:sum
isum
:sum
1:
nfinity

sum

-10:

[
[

12:
13:
14:
15:
16:
17:
18:
19:

20:

21:
22;
23:
24:
25:
26:

W00 N D W -

-
[=4

20:

40:

60:

80:
100:
120:
140:
160:
180:
200:
220:
240:
260:
280:
300:
320:
340:
360:

380:

400:
420:
440:
460:
480:
500:

BACK QUIT

OO0 O OO0 0000000000000 OO0

0.919869163564662195575749592535431D+00:

Infinity
Infinity
Infinity
Infinity
Infinity
Infinity

X 6. ‘bug.map’.

.000000000000000000000000000000000D+00
.887884207424345595072168180195149D+00:
.919105014695379973765909653593553D+00
.9198520778648098250568500791783445D+00:
.919868785387478293813501295517199D+00:
.919869155206661237578202872100519D+00:
.9198691633799855882358542665803937D+00:
.919869163560581681871042292186758D+00:
.919869163564572156488452492340002D+00:
.919869163564660419218910192284966D+00:
.919869163564662195575749592535431D+00:
.919869163564662195575749592535431D+00:
.919869163564662195575749592535431D+00:
.919869163564662195575749592535431D+00:
.919869163564662195575749592535431D+00:
.919869163564662195575749592535431D+00:
.919869163564662195575749592535431D+00:
.919869163564662195575749592535431D+00:
.919869163564662195575749592535431D+00:

403



404

MEtEE FE4TE FE25 1999

ZHEZOD ‘bugmap’ D& T ‘bug’ FEBLTH 7 DRERLBS.

MI@sunmi}, simple

DEBugging Bug, version-1

start: Bug ? (<Y>es/with <M>ap/<N>o bug)

m

DEBB started with a Map

bug.map command list

LOOK
SKIP
COM:
COM:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
BUG:
COM:
BUG:
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394

DUMMY

0:L0OCK

0:LETITGO -10:

0: 1l:start ! 1:

0: 1:sum ! 2:

0: 1:sum ! 3:

0: 1:sum ! 4:

0: 1:sum ! 5:

0: 1:sum ! 6:

0: 1:sum ! T:

0: 1l:sum ! 8:

0: 1:sum ! 9:

0: 1:sum ' 10:

0: 1:sum LS

0: 1:sum ro12:

0: 1:sum 1 13:

0: 1:sum t14:

0: 1l:sum ! 15:

0: 1:sum ! 16:

0: 1l:sum 17

0: 1:sum !t 18:

0: 1l:sum t19:

0:MESSAGE 1:

0: 1l:sum ! 20:
6.0847228810955D+31
1.2169445762191D+32
1.6225927682921D+32
1.6225927682921D+32
2.4338891524382D+32
2.4338891524382D+32
4.8677783048764D+32

0. 1.1400068704594D+48
6.4903710731685D+32

0. 2.0195917114380D+48
6.4903710731685D+32

LETITGO MESSAGE LEVEL

3.5778299119068D+48
4.7620916127480D+48

BACK QUIT

0: 0.000000000000000000000000000000000D+00 :
20: 0.887884207424345595072168180195149D+00:
40: 0.919105014695379973765909653593553D+00:
60: 0.919852077864809825058500791783445D+00:
80: 0.919868785387478293813501295517199D+00:
100: 0.919869155206661237578202872100519D+00:
120: 0.919869163379985588235854265803937D+00:
140: 0.919869163560581681871042292186758D+00:
160: 0.919869163564572156488452492340002D+00:
180: 0.919869163564660419218910192284966D+00:
200: 0.919869163564662195575749592535431D+00:
220: 0.919869163564662195575749592535431D+00:
240: 0.919869163564662195575749592535431D+00:
260: 0.919869163564662195575749592535431D+00:
280: 0.919869163564662195575749592535431D+00:
300: 0.919869163564662195575749592535431D+00:
320: 0.919869163564662195575749592535431D+00:
340: 0.919869163564662195575749592535431D+00:
360: 0.919869163564662195575749592535431D+00:
380: 0.919869163564662195575749592535431D+00:
1.5404977927049D+47
2.0504025620902D+47
2.7290858101421D+47
3.6324132132992D+47
4.8347419869012D+47
6.4350415845655D+47
8.5650403490566D+47
1.5173491445815D+48
2.6880765679240D+48

6.3383439365675D+48
8.4363357795714D+48
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395 0. 1.1228762922610D+49

396 O. 1.4945483449993D+49

397 O. 1.9892438471941D+49

398 0. 2.6476835606154D+49

399 0. 3.5240668191790D+49
COM: 0:QUIT

Note: the following IEEE floating-point arithmetic exceptions
occurred and were never cleared; see ieee_flags(3M):
Inexact; Division by Zero;

7. RORER.

BRT(a+1)3—ad =0 LAHBENELDORETHEERND. WDYIHTHELTH .

T—-y 1
(22) x3 _ y3 - 1;2 + zy + y2
72 B EERIC
(2.3) z=y+1
ERALTHELRD
(2.4) 1

G+1)3—¢* W+D2+(@y+ly+y?
DEBOHEZFBLTHETAEY /a/Fh2BEETNEZOL ) BREITEZ L2V,

J— k. ‘bug i MPI(Message-Passing Interface) ZFIfA¥ 5 UFIHABORE TH R 5
EHIRBHEINTVS. 2O TA—F 37 arFhPEZREERAATHLY. bHEHA
BIZE > TH ‘bug’ 2 BEMADZ LICTHENTEERTHEHELEALY, HATLEI A
HWB. ‘bug 1EE D TRVWHBEDHERIERTHD.

3. &k

EEto— R FEICELTIIEL 2R, Y7 PV T BEET S, Re BERES
EEFIHT 2B CHEREBECITELE DR E W) BB HEE, BAELZRS Z LI
FEbhd. BABETHAINTDOBRERHD. MELEBRRTIXEORPIDAF—1E 1D
A= —TRAUEINVEVNI ZLBHoTVBEDTINEFEL LEA My BV T A— V%
WEHT A LMK D. FEBCLEBBIAELLL S & LTWE K LEIX LN OH
RTHBENIZENRY-TNS. THIRKICHRETRVWESITIIRRERFET D L ORE
Db L THEZEDTELRVR RN LEEKT 5.

3.1 DALL

LITCHBRATADIRREN=a— b LTHRFNR Davidon a2 A 7Y A R LI
DALL(Ishiguro and Akaike (1989)) &\»57n 25 5 Th 5. all, ball, call, fall, gall, hall,
mall, pall, tall, wall 72 X OHEFEOSEDOEHEN D F—ALHL T LITLTVS.
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Davidon Z0 O vy, ¥ ¢ 8

1 Tyr—1
(3.1) d(x) = ¢o + 5(33 —xo) Vy  (x — zo)
TRINDEELTVB L X, o BT B3O M
(3.2) g9="V5'(z~ )
CHESH, - THEROBKEEZ 5 X 58 20 11
(3.3) x — Vog

THERONS. BEOBERTV, (RUTURE0)) BYoTORIES B ADMSY k
Vg POBERBPIEEBIZRO BN DT ThB. HT, MEH LD T MRS - T
NEV, 2HETEDZLLHLNTH S, Davidon(1968) /) 7V A FEX X2 D 200
HEEZFBT 5. 2B 5 BEKES

PHI = ¢(x)

TREZ LT DL, ThERKEDEIR

(3.4) (@~ 20)"Vi™ (@ — o)
<HY, 1

(3.5) 59" Vog
&L,

(3.6) RHO = g*Vng*

LEETD. RHOBANYT VARV, THEEDEEDL L TRLIBMBYHI ML g, d
MEICBITAEL RBE L DEL REIRLELRT I LNTE S,
DALL iZBWTIIMH X2 ML g OF i BAyDHE % BiEsrE

_ @(x + step(i)e;) — ¢p(x — step(i)e;)
2step(7)

9i

CL2TITY. € BB i BIYDH 1 DB bATHB. ERRDOWS & BAEMSY D EMNTEE
THEVIR[BH DD, TO—H CHREBDET B LI > TEROT 1 75 AMEROB
BTRIVEDBEEMEOK/NEREMAEOROFBELRT S 2 L RAETHS. BEEELH
BIaY T h—F 0 LMMMER BT 2 T A—F L 2RIkt - & BEbFbb L Wik
ThHY, FROBRTOEXRBROHMIIHKANRFEL LTHRADPRETHS. X, KIEMS
EHRATES LS —00HEARDUDOISEELT 5 BEARELEERTH D , T, %
CRTA—FDRy—NZELTT Y5 MEREOHBREL L, EEb X< LV IS
BOTWWEBXLNDENLTHD. B, ZOWH7 MOHBICHFEREFH X
D ERBLICET 2RMAKIBICEMHTE 3.
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FE.
(a) B, Tu(= Tn — Viagn) ST DRBLE

(3.7) SPHI = ¢(z.)

LR ML g, BT, R (1) BELL, V, =V, Chhidg, =0L,%Y,
FHEEIIC DR TT 5.

(b) g, # 0 TholHLV, # Vo ¥EHT 5. B1) RBELVbOETHE Vi3
(3.8) z-z.=Vo(g—9,)

EWRETAZEBRoTVBEDT, Vyyg B

(39) r—Ty = n+1(g ——g*)

T LIRS Z0EE, Ve = Vo + (LAMBDA - 1)V,g,97Va/RHO &\
IERETD.

—fgiz, K RTTATH A O ERAB I K BOR MVOBEZR {b1,b2, b3, ..., bk}
EHRWT, {Aby, Aby, Abs, ..., Aby} ERWTERVE, by = Vg, & LT#HY D {by, bs,
b} EINEERT B L D IBEY, Vb = Vab; (j=2,...,K) LRDONH
LNTH5D.

LAMBDAR 11 bAEBNTVS LEHENREL, B RBRYLoET
BIRENLDANRKENL XDOHEHNEL RB0T, LAMBDA < a 7226,
LAMBDA=a &L, LAMBDA > 3, 726 LAMBDA = &L Tw%. DALL
D 1999 4E 5 ABREDH Tt a = 0.25, 8 =4.0 TH5.

(c) LAMBDA-1=00%% Vo, =V, £RBDT Vo 2V EY 5.

(d)
4. _ | @ (SPHI>PHI)
"1 7Y 3, (SPHI < PHI)

(&) n & 1HRLT (a) ITRS.

3.2 #l
2 RITAE. LA OB BRI 2B B TR S BAIRICAE S Te BB T H 5.

(3.10) f(z,y) = —%{r(zz +z4y)?+ (22 +3z+y)?)

r=400%L7%. E8DELCZEERERLTHD. HALLMEN 1 THoLMAEL, ES
10 FAoLED 2 &7 FHNTHS. BA(0,0) THRKAMHEO 2L 5. FMHEA K (-25,
—3.0) AHHFELILEEEZTT. BRBCELEVHEREE LD NCOUNT= 70 ORISR
L.
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real NCOUNT=70
3 3
2 24
11 1
0 0
a1 1
N 3
. ; -4 ——————ter
-4 3 -2 -1 ] 1 2 3 -4 -3 -2 -1 0 1 2 3
. NCOUNT=49 . NCOUNT=50
2 2
14 1
0 1 04
1 4 a4
3 4 ¥ .3 4
4 ; — 4 —————r
4 3 2 4 0 1 2 3 4 3 2 4 0 1t 2 3
. NCOUNT=51 , NCOUNT=52
2 4 2 4
14 1
0 1 0 4
1 1 -
2 4 24
a - .
4 T T -4 T T T T T T
4 3 2 a4 0 1 2 3 4 3 2 4 0 1 2 3
, NCOUNT=53 . NCOUNT=54
2 2 4
14 14
0 o4
a4 44
2 4 2
3 3 4
4 . SLL -4 —
4 3 2 4 0o 1 2 3 4 3 2 1 0 1 2 3

B4 8. Davidon ¥i2 & 2 B KEOBEEZBR.

Bll==— brESBELTWSDOIEMNBEES 2 KBEETRIND LW Z L THY, X
EDO 1T TR 2B/ e 10 TR--EEmREH< & 2 EOHMICRS. DALLIC X »
TRBSNBEP KB RBICE L TIERELTh TV EREKENE L BEO RFHN
BRHEBBIELLIATHWADOBHLLTHS.



NCOUNT=63

-3

1 0 1

2 -
NCOUNT=65

-3

2 4 0 1
NCOUNT=67

-3

2 A 0 1

NCOUNT=69

B F DO EMHIRIE

®8. (o3%)

NCOUNT=64

T T T T

3 2 1 0 1
NCOUNT=66

2 1 [} 1

NCOUNT=68

2 [ 1

NCOUNT=70

409
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. NCOUNT=55 . NCOUNT=56
2 2 4
14 14
0 0 4
4 4
2 24
34
—— -4 —
4 3 2 4 0 1 2 3 4 3 2 a4 0o 1
, NCOUNT=57 , NCOUNT=58
2 2 4
14 14
0 o 4
a4 a4
2 2
3 1 -3 4 1
4 e -4 —— .‘..'
4 3 2 a4 0 1 2 3 4 3 2 1 0 1
. NCOUNT=59 . NCOUNT=60
2 1 2 4
14 1
0 - o 4
4 "
2 2 -
3 3
P S ——
4 3 2 1 0 1 2 3 4 3 2 1 0 1
. NCOUNT=61 s NCOUNT=62
2 - 2 4
14 14
04 0 4
a 4
2 2
3 3 4 '
4 e 4 ———————— i
4 3 2 41 0 1 2 3 4 3 2 1 0 1

X 8. (o3%)
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Z OFED DALL ORIFEHAI0—#EK 9 IZ7RT.

D2: He581an reset count = 11
-7.60

D2:value=
D2:point
-0.19124D+01 -0.15012D+01

B3: NCOUNT PHI SPHI-PHI RHO LAMBDA-1 ISPHI
B3: 47 -7.60 0.1857 -2.2604 -0.50 0
B3: 48 -7.41 0.6270 -0.0819 2.73 0
B3: 49 -6.79 0.2991 -Q.2897 3.00 0]
B3: 50 -6.49 1.1112 -0.9496 3.00 0
B3: 51 -5.38 —1.0884 -49.6538 -0.75 0
B3: 52 -5.38 1.3701 -1.0523 3.00 0
B3: 53 -4.01 -8.7070 -390.8665 -0.75 0
B3: 54 -4.01 1.0407 -0.5745 2.85 0
B3: 55 -2.97 -2.2384 -73.4456 -0.75 1
B3: 56 -2.97 0.7719 -0.4114 2.26 Q
B3: 57 -2.19 0.2893 -4.6355 -0.75 0
B3: 58 -1.90 0.4668 -0.3263 -0.7% 0
B3: 59 -1.44 0.0776 -0.0683 3.00 Q
B3: 60 -1.36 0.2411 -0.1684 3.00 0
B3: 61 -1.12 0.4728 -0.2189 3.00 0
B3: 62 -0.65 0.0453 -3.1124 -0.75 0
B3: 63 -0.60 0.3932 -0.0996 -0.71 Q
B3: 64 -0.21 0.0271 -0.0233 3.00 0
B3: 65 -0.18 0.0763 -0.0422 2.51 0
B3: 66 -0.10 0.0882 -0.0166 0.92 0
B3: 67 -0.02 0.0025 -0.0915 -0.75 0
B3: 68 -0.01 0.0123 -0.0015 3.00 0
B3: 69 0.00 -0.0001 -0.0065 -0.52 0
B3: 70 0.00 0.0014 0.0000 .
%%:Bl%l gnged with abs RHO% 0.00003 < 0.00010 = rhomin: code = 0
D2:NCOUNT= 70 .
D1:Bill ended with abs(RHO) < rhomin.
D2 :========== Summary ====s====
Dl:value= 0.00
Di:point

. —-0.97975D-06 -0.80570D-03
D2:final gradient

0. 34650D 01 0.33076D-01

Dil:val. 20.28
D2:globa1 proflle

-40.00 -30.00 -20.00 -10.00 0.00 10.00

1 *XXXXX ! !

2 XXXXX 1

3 XXXXX*X !

4 XXXX*XXXXX !

5 XX*XXXX !

[ *XX !

7 *XXXX !

8 XXXX*XXXXXX ! !

9 XXXXXX*XXXXXX! !

10 XXXXXX*XX !

11 XX*
D1:Hessian reset count = 11
Dl:end code =70 L. )
D1l :============= end of maximization s==s=s======

X 9. DALL oA

BITEZRAENTVWHDIZ NCOUNT=n BT £V
(3.11) 8(@) = 60 + (@~ 2TV M@~ @)

DERRTHS.

NCOUNT = 51 ®ETix NCOUNT=50 ¥ COHERICESHTELNE-ETLE#IN
TW%. x5 PER C TRYT. ZOETAVDELADNME ¢, BT ZEKEEZAITCRS L
T5 LVBTHBoTLEIENI ZERHY, EFABRRERTH S ZEBRHHATS. =50
ZEVE LT, NCOUNT = 52 OEFARELND. 250 = x5 THDB. ZOEFADEA
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Z.(D) X C CHARTEEEEZUETIO Trss =z, L T5. ZOXIRBBELE>TH
HENIZ NCOUNT=70 D#ERICES. ZOKIDOHEZIIHTWBIEMLE X TEIMES T
HbEbEDHEAPLBANOHBRLETOEROHEE N LD THS. EBRIZETFTNVHIER
ERRTAHAR T Yol z,x0,..., TBITABEKETROVOTLT LY HFRITHEML A
W ZDTT7OBIE o THES 2REEIZENEEZLTHNED0, Tl bEELWELL
TWBDM, HEBEAA—VEOILEREKD.

1 RTHE. 1 RTOEEOBEREEZR2T3HTHs. DALL OXgHhr#EnrbR3Z L
2R3, ZOFTREIEDOMELEELZRRILTS. n BIOERRT m BRIHILEEWVIERM
b RRIIER p BHEET B IS ORI

(3.12) £(p) = mlogp + (n — m)log(l — p)

DOBEREOMETH 2 EEHREELEEDLR THHFTNIC ) = m/n THD Z LIXMBEITR
Ah, m=12,n="76 OBFE, p=12/76, 12X 0.16 TH 5.

BEOE LI THEIHE»ORECEREZH LY CI2EEBEALNS. ZZIZRbI3
L5 CRFHRIERICL LS BEMREHTIIDEDEREDNE CHROTHERE B THY
BMEHELET LW THESEATVDZ EMXRZ S, FIKPIZEIZ2T TRV £(p)
DTS5 T7 () LB IELTWBDR encount PUBTHS.

HPHIRADHDOHTIED., FIADHOHTIEDEFHNITRABHOLTIIDEFIE L
Tl FhDEXFERNTSD. F—F x1,...,0, BEIZLNTVWB LD ETSH. ERSH
EFNOREAE X

Ng

2y - _1 P logo? — S (@ — )
(3.13) le(pz,07) = 3 log 2w 5 logo; 57 Z(m, Uz)

Z i=1

THEABIB. F—F yi,...,yn X LT
3.14 ! 2—"12”121ny 2
(3.14) v(ky, 0y) = =5 log2m — S logoy — 5—5 ) (yi — pe)
1

Y i=

THEZLND. p, & o2 ORALHERIT

THEXBID. py,02 KELT bR
F—H = {0.73,-0.06,1.04,2.29,0.51, —0.45,1.03,0.44,0.02,0.11, —2.42}, 52 bh
T R B AHE AT
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NCOUNT=11
.
|
! 50
1
|
|
) ~ -100
) g
|
1 -150
|
i
200 dm——— ] -200 . . . .
0.0 0.2 0.4 06 0.8 1.0 0.0 0.2 0.4 06 0.8 1.0
NCOUNT=2 NCOUNT=3
P P T~ Y RN
~ ~ « =~ -~ ~
~ ~ ~ ~
<
= -100 N = -100
g N g
-150 4 -150 1
-200 T T T T 200 v
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
NCOUNT=4 NCOUNT=5
-50 4 -50
= -100 1 = -100
g g
-150 4 -150
-200 -200 . - v .
0.0 0.2 0.4 06 0.8 1.0
NCOUNT=6
-50
= -100
g
-150
-200 . . . . -200
0.0 0.2 0.4 06 08 10 0.0 0.2 0.4 0.6 0.8 1.0
NCOUNT=8 NCOUNT=9
-50 50 {7  C
\\\\
< 100 ~ -100 1 ~
g g N
\
AN
-150 -150 1 \
-200 -200 v v 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 06 08 1.0

X 10. ZHESHOMNPELEOKMAR K.
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frz = 0.2945
62 = 1.2267

ThY, F—#F y = {0.10,0.56, —1.11,—0.48, 3.46, —2.39,0.36, 4.56}, 15 X b BED &K
AHEEE

i 0.6325
62 = 4.6491

®
<
1

THD. pe & py THELT, pp = py EWVIHKEMZZET VO EIX

Ng

n n 1
loty(Batys U:%a 0;2,) = —5log2r — - logol - 2 Z(xz - ﬂm+y)2
2 2 203 =
n n s 1 & 9
—510g27f - §log0y - Q ;(yi = Baty)
(3.15) = L(Baty ‘72) + Uy (Batys 03)

THEZOLND., TNEEKIET BT A —FDEEZENNICRD B IR TR LM NLE
BhHy, RodWAREERS.
INLORERE DALL TROTHES. K11 OV IA—F o BERAETS.

subroutine 11x(p,m,f,ig)

implicit real*8 (a-h,o0-2)

dimension p(m)

common /i721/ n

common /r721/ x(11)

data pi /3.14159265d40/

ig=0

if(p(2) .gt. 0.d0) then
sum=0.d0
do 1 i=1,n

sum=sum+ (x (1) -p (1)) **2
1 continue

f= -n*0.5%( dlog(pi*2)+dlog(p(2)) ) - 0.5*sum/p(2)
ig=1

end if

return

end

subroutine 1ly(p,m,f,ig)



RS O BT RIE

implicit real*8 (a-h,o-2)

dimension p(m)

common /i722/ n

common /r722/ x(8)

data pi /3.14159265d0/

ig=0

if(p(2) .gt. 0.d0) then
sum=0.d0
do 1 i=1,n

sum=sum+(x (1) -p(1)) **2

continue
f= -n*0.5%( dlog(pi*2)+dlog(p(2)) ) - 0.5*sum/p(2)
ig=1

end if

return

end

subroutine 1llxy(p,m,f,ig)
implicit real*8 (a-h,o-2z)
dimension p(m),px(2),py(2)
px(1)=p(1)

px(2)=p(2)

call 111(px,2,fx,ig)
if(ig .eq. 0) return

py (1) =p(1)

py (2)=p(3)

call 112(py,2,fy,ig)
if(ig .eq. 0) return
f=fx+fy

return

end

block data ex72

implicit real*8 (a-h,o0-z)

common /i721/ ni

common /r721/ x1(11)

common /i722/ n2

common /r722/ x2(8)

data n1/11/

data x1/ 0.73, -0.06, 1.04, 2.29, 0.51,
* -0.45, 1.03, 0.44, 0.02, 0.11,
* -2.42 /

data n2/8/

data x2/ 0.10, 0.56, -1.11, -0.48, 3.46,
* -2.39, 0.36, 4.56 /

end

B 11, AYRDA, HKTORGAOMBLREEHET 2 TA—F .
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PTN—F 11x, 11y, 1lxy, BREEn DT LA p 2B LTE X bNEST A—FZ Oz %t
TORMBAEZHAEL, BRI 2BLTRT L O IC/ED. AELENHETEEBCIXig OE
FELT D MBALEIERINROART A= REZX BB EIig=0 £ T5. X (3.15)
XS LT, 11xy iX11x &11y 2REEETHELA TS

ﬁ;;gw—fyﬁ12@@%@%526%@&[MLL%W$%£3%%%WMTéﬂﬁfﬁ

program gauss

parameter (ipmax=4)

implicit real#8( a-h,o-z )

dimension ai(ipmax),a2(ipmax),a3(ipmax)
dimension g(ipmax), vd(ipmax,ipmax+5),step(ipmax)
external 11x,lly,llxy

myid = 0

do 1 i=1,ipmax
1 step(i) = 0.001d0

ipx=2
ax(1) = 0.4d0
ax(2) = 1.d0

call dall(1lx,ax,ipx,f,g,vd,endc,step,0,3)
if (myid .eq. 0) then
vrite(6,*) ’ meanx(mle)=’,ax(1)
vrite(6,*) ’ variancex(mle)=’,ax(2)
write(6,*) ’ maximum likelihood=’,f
vrite(6,%) ’ number of parameter=’,ipx
aic= -2%f + 2*ipx
vrite(6,’(’’ AICx=’’,F10.2)’) aic

end if
ipy=2
ay(1) = 0.d0
ay(2) = 1.d0

call dall(lly,a2,ipy,f,g,vd,endc,step,0,3)
if(myid .eq. 0) then
write(6,*) ’ meany(mle)=’,a2(1)
write(6,*) ’ variancey(mle)=’,ay(2)
write(6,*) ’> maximum likelihood=’,f
write(6,*) ’ number of parameter=’,ipy
aic= -2*f + 2*ipy
write(6,’ (>’ AICy=’’,F10.2)’) aic

end if

ipxy=3

axy(1) = (ax(1) + ay(1))#*0.5d40
axy(2) = ax(2)

axy(3) = ay(2)
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call dall(llxy,a3xy, ipxy, f,g,vd,endc,step,O,B)

if (myid .eq. 0) then
write(6,*) ’ meanxy(mle)=’,axy(1)
write(6,*) °
write(6,*) °

variancedxi(mle)=’,axy(2)
variancey(mle)=’,axy(3)
write(6,*) ’ maximum likelihood=’,f

write(6,*) ’ number of parameter=’,ipxy

aic= -2#f + 2*ipxy
write(6,’(’’ AICxy=’’,F10.2)’) aic
end if

stop
end

®12. HORN, WYX M eHTROE TS T A,

12 I2ROND X HIT dall ZFESEEO—KEIX

call dall(11, p, m, f, g, vd, endc, sstep, 1lim, iout)

ThHD. BEBEOBEREZRLICE LDHDTEHL.

B12n7uy o ATClliout = 3 &RoTW5,

ToTu S rkELREFOHAIEN

13 IZR7
#1
% HNE
I HELEEHETLIITINV—F 04
p,m RNFRA—FX7
f NEEE
g, vd YEZEGR
endc #T=a—F*0REFKT. BERBIIEEHIOEK.
lim  FEMSIEEKEIR 0 THEHIR
iout  EIFHA L~V 0= HEFE, 3= RS
Dil:========== log likelihood maximization =========

Di:number of processor = 1
D1:limit = O

D2:Hessian reset count = 0
D2:value= -17.33
D2:point
0.00000D+00 0.10000D+01
B3: NCOUNT PHI SPHI-PHI
B3: 2 -17.33 0.5980

B2:Bill ended with abs(log LAMBDA)=
D2:val. dif.= 0.60
D2:NCOUNT= 2

-0.0019
0.08 < 0.20 = ramlim: code = 70

RHO LAMBDA-1  ISPHI
0.08 0
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D2:Hessian reset count = 1
D2:value= -16.73
D2:point
0.29455D+00 0.11927D+01
B3: NCOUNT PHI SPHI-PHI RHO LAMBDA-1  ISPHI
B3: 5 -16.73 0.0022 0.0000

B2:Bill ended with abs(RHO) = 0.00001 < 0.00010 = rhomin: code = 0
D2:val. dif.= 0.00

D2:NCOUNT= 5

D1:Bill ended with abs(RHO) < rhomin.
D2:========== Summary =========
Di:value= -16.73

D1:point

0.29455D+00 0.12249D+01
D2:final gradient
-0.17764D-11 0.67384D-02

Di:val. dif.= 0.60
D2:global profile
-17.50 -17.25 -17.00 -16.75 -16.50 -16.25 -16.00
1! *XX! ! ! ! ! !
2! XX*X ! ! ! ! !
3! ! X*X ! ! ! ! !
4 ! ! X*X ! ! ! !
5! ! [ € ! ! ! !
6 ! ! ! * ! ! ! !
7! ! ! * ! ! ! !
8 ! ! ! *! ! ! !
91! ! ! * ! ! !
10 ! ! ! 1% ! ! !
11 ! ! ! 1% ! ! !
Di:Hessian reset count = 1

Di:end code = 4.00

meanx(mle)=  0.29454545454562
variancex(mle)= 1.2248781111300
maximum likelihood= -16.732202448716
number of parameter= 2

AICx= 37.46

Dl:========== Jog likelihood maximization =========
D1:number of processor = 1
D1:limit = O

D2:Hessian reset count = 0
D2:value= -27.55
D2:point
0.00000D+00 0.10000D+01
B3: NCOUNT PHI SPHI-PHI RHO LAMBDA-1 ISPHI
B3: 2 -27.55 5.8549 -1.0351 0.61 0



EEREMETF OEMHIRIE
B3: 3 -21.69 1.3469 -0.7011 1.85 0
B3: 4 -20.35 1.4235 -0.4922 0.99 0
B3: 5 -18.92 0.7238 -0.2774 1.14 0
B3: 6 -18.20 0.4243 ~0.1402 0.95 0
B3: 7 -17.77 0.1914 -0.0559 0.83 0
B3: 8 -17.58 0.0684 -0.0149 0.62 0
B3: 9 -17.51 0.0151 -0.0019 0.39 0
B3: 10 -17.50 0.0015 -0.0001
B2:Bill ended with abs(RHO) = 0.00006 < 0.00010 = rhomin: code = 0
D2:val. dif.= 10.05
D2:NCOUNT= 10
D1:Bill ended with abs(RHO) < rhomin.
D2:========== Summary ===s=====
Di:value= =-17.50
Di:point
0.63250D+00 0.46284D+01
D2:final gradient
-0.44409D-10 0.38577D-02
Di:val. dif.= 10.05
D2:global profile
=30.00 =27.50 -25.00 -22.50 -20.00 -17.50 ~15.00
1! *XXXXXXXX ! ! ! ! !
2! ! XXXXXXXX*XXXX ! ! !
3! ! ! ! XXXX*XX ! ! !
4! ! ! ! XXX ! !
5 ! ! ! ! !t X% ! !
6 ! ! ! ! ! L !
7! ! ! ! ! * | !
8! ! ! ! ! *! !
9! ! ! ! ! * !
10 ! ! ! ! ! * !
11! ! ! ! ! * !
D1:Hessian reset count = 0
Dl:end code =10.00
Dl:============= end of maximization ===========
meany(mle)=  0.63250000002579
variancey(mle)= 4.6284090071286
maximum likelihood=  -17.498215714685
number of parameter= 2
AICy= 39.00
Dl:========== log likelihood maximization =========
Di:number of processor = 1
D1:1limit = O
D2:Hessian reset count = 0
D2:value= -34.38
D2:point
0.46352D+00 0.12249D+01 0.46284D+01
B3: NCOUNT PHI SPHI-PHI RHO LAMBDA-1  ISPHI
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B3: 2 -34.38 0.0698 -0.0023 -0.47 0

B3: 3 -34.31 0.0009 -0.0003 1.09 0

B3: 4 -34.31 0.0003 0.0000

B2:Bill ended with abs(RHO) = 0.00000 < 0.00010 = rhomin: code = 0

D2:val. dif.= 0.07

D2:NCOUNT= 4

D1:Bill ended with abs(RHO) < rhomin.

D2:========== Summary =========

Di:value= -34.31

Di:point

0.34827D+00 0.12291D+01 0.47291D+01
D2:final gradient
0.22816D-04 0.19078D-02 0.14178D-03

Di:val. dif.= 0.07

D2:global profile
-34.50 -34.25 -34.00 -33.75 -33.50 -33.256 -33.00
1! ! ! ! ! ! !
2! ! ! ! ! ! !
3! ! ! ! ! ! !
4 ! ! ! ! ! ! !
5! ! ! ! ! ! !
6 ! * ! ! ! ! !
7! * ! ! ! ! ! !
8 ! * | ! ! ! ! !
9! * ! ! ! ! ! !
10 ! * | ! ! ! ! !
11 ! * ! ! ! ! ! !

D1:Hessian reset count = 0

Di:end code = 4.00

Dl:============= end of maximization ====s=======

meanxy(mle)=  0.34826773312855

variancex (mle)= 1.2290783247532

variancey(mle)= 4.7290641711741

maximum likelihood=  -34.312209336033
number of parameter= 3
AIC3= 74.62

X 13. HUR53AE, HRTORHOHTIESD.

/= b+, FEMBELD Davidon i X 5 RWVIZRAKXELZ BB Y 2 kRE GELT 5
EWVWORIBELHZD T LHHKD. ZHREOEKOE 2 RBED ST TV BB A IR
BRBLVI ZLEBHRLTVAR, HIZ2RAE TRV CEREELT 3 RN AT
BILTE-oTLVBEBROIWEBELOFEREBONS LR RLTVS,
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4. YV 7 +FEIABEMN

VI AT T ERABETALVWI ZLNBEETHIR, V7 b TIdOEEY LE - T
DOHREH DN —F—BENEEAR  c BB TE LN IEIRKREREEL LD DT
DENICHEBELEEAOOEF2E X5 LERHD.

4.1 Open Market Licence

THIREEERTICRAON TV A EEESL OEMTEICET 2 H#HEALNITLIEXE
YEHT I LERBICEDOY T MU T ORERVCHEEAZFAITHEVI bOTHS. #
HEBEMEFICL > TRREN TS, BAEMN, KERSH D, EBERIUTOLOTH
5.

Open Market Licence for software(version:OML-SW-E-1996)

0. In the following, 'Copyright_ OML notice’ means 'the copyright notice with
a statement saying that the said software is made public under this Open
Market Licence for software’.

1. On the condition that ’Copyright_ OML notice’ and attached statements are
copied as they are, all or any portion of the said software can be copied or
redistributed.

2. Modification of the software is permitted, provided that the exact
place of the modification, the date and the name of the modifier are shown
conspicuously.

3. It is forbidden to apply for a patent on the software which utilizes the said
software.

4. The said software is distributed without any warranty. The copyright holder
takes no responsibility for any damage caused by the use of the said software.

5. Any interactively controlled application made utilizing the said
software has to show 'Copyright OML notice’ and attached statements con-
spicuously when it is started up.

TOEIRFERBRAETFTILICL > TEEEOKEDL I IR A LV, &
VEHE & W O R DT« R AR HVED. HHEMHOH L THRIIEDEL VWSO
HEEHEOITHEEDO—2TH Y, TOER THEROKIETIT2W.

4.2 EEERT

Open Market Licence i1 %72 EEMRREMAEDEDI I LILLoTHERETD. I
L2, RO XD REEERTEEZLLND.

Copyright_OML 199x Some Body

The source code of this xxxxx can be obtained from YYYYY without any
charge. On the conditions that terms of the OPEN MARKET LICENCE for
software (version:OML-SW-E-1996, ftp://ftp.ism.ac.jp/pub/ISMLIB/OML)
are observed and that the copyright holder nor YYYYY take no responsibility
on any result from the use, xxxxx can be used or modified freely. On the
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condition that this note is attached as it is, xxxxx can be redistributed.
Appropriate reference must be made at times of publishing results obtained
using this xxxxx.

ARTOBRBEMBITLTNILHMRINDS, LOEEERTRFEIREY 7 kS5 L
TEHERXEDY 7 bOFYPFAR YYYYY CEECEASNTNEZ Ly Hae 5528
e, UL, AEBERAOERIE L EMTIIRV. TORLVENRTNAS v F—T 2 —2 MR
AERENTVB XS RBACETONIMEEEZBD THATIL VI EIRVCHVBS. =0
FHEZXY 7 bz T D

o HEEAHIZL,

o WREDRNT
HENZIE 6L LR ENS.

Bl LI EVEHERL DO R A > bk [The original code of this subroutine can be obtained
from YYYYY without any charge.] ®—3XiZH 5. ZD IYYYYY] % & 5HEZET 208
METHS.

4.3 URL

AVE—Fy bOERIZE>TLER IYYYYY! 2BEABCHET 2L b2 R
WHIDIFTTRES o, LB LEOEBEELZROORES TRV, HBBREL oMK
DHEBELEZDZONRBRTHY, BAANCENZH T OTWERE S 3EOMETIR 2V,
AR OMOEEHZEZ S5, TOMBOHREEE X TBL ZLIZERTIRARNES Y.

0 THERR) oEER,

L. Y7 0T RHE - BHAFARETHLE L

2. OML OREMPHERICES THDB = &
 MEARIC) RIETHZETHB.

BARMIIZIER Yy N ZEBR SN — R —D AL T F U REES>THNESL S, A—F
VT OB, RHRECEEELFO (BB 2EISLERHBESH. YR 1RV ORE
BonDd 1HFH) LBXDMLERDD. EHEERTIC TYYYYY] LEBEAT LD Z L,
DRYORREHBTIILBLTHHENI ZLithB. L0 Lk, BRZELET 3R
TRAGPDEECH L INVEEEBNNELN) Z LTk 3.

Ub%FLwrE, TYYYYY] OERIT,

o N— Ry T OERE
o BELZES

kwﬁlamtb.béﬁ%ﬁf¢&%W%%%Jwiﬁbbmﬁ&é&?6k,%®%§®
V7 T ORMCELTIRZORES (YYYYY) 2B T2300HRARELZ S THA
5 ERbh3.
5. &8

7usThelEY, BEL Y, ARTIBBEYR— T2 3O0EA
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1. &E{Ly 7 A—F > DALL
2. & DY T N—F 2 bug
3. Y7 by =7 AM%&MH Open Market Licence (2 & 2 E R

Z#EI L7z, Ishiguro et al.(1999) & DALL & bug OFMIZBIL TOHERBEFENTVDOD
TBEIZENW., Y7 VNI TDRWHEEOTZDOENEEZ D L&, BIEHRRIELEIE
XETHOBRBEY LEZTHORERVEEIZLTHS. HRLTWEEThIZH Y 3720,

BEHEDOSFIZEITS FORTRAN OIS EE LNV EZEXBNB0T, B Lk
BT N—F I F b FORTRAN BRTHBA LR, CHRLABIRTWS. ZhbD¥T
N—F %

http://www.ism.ac.jp/software/ismlib/soft.html
TAFTES. OML ([ZB¥ 2 MEHLHEMAEFTOB 2 5B L T
http://www.ism.ac.jp/software/ismlib/licence.html

FBRENTY. TORTHEATREThHoT2b ) —0oDHME LT RSN 85 D0,
MIBOH b H NS Z LR R-7. #iIZ MCMC (B9 3 Ogata(1990), FtEE
(1996) & T (1997) O Xik%E % 1F TH<.
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Technical Aspects of Information Criterion Statistics

Makio Ishiguro
(The Institute of Statistical Mathematics)

Thinking that information criterion statistics consists of steps:

1. development of new model;
2. fitting of the model to data;
3. publication of the findings and the methods employed,

the author composes this article as a package of

1. introduction of debugging support subroutine ‘bug’ and its tutorial manual;
2. introduction of subroutine program ‘DALL’ for the numerical maximization of log

likelihood and its tutorial manual; and

3. proposals of the use of copyright notice under the Open Market Licence(OML)
condition as a part technology for software distribution.

4. ‘bug’ and DALL are distributed from http://www.ism.ac.jp/software/ismlib/soft.html
The information about OML can be obtained from http://www.ism.ac.jp/software/
ismlib/ismlib.e.html

Key words: Debugging, log likelihood, numerical optimization, quasi-Newtonian method,
copyright notice.



