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HWE DO THEENELG L THh 5 30 < - 72, 1984 4RI Karmarkar 12K - TIRE &
NIRRT 5 NRikE, 1990 44822 5 2000 A2 T, ' 2 KETHEREE
R IEEMEF R, PR & O b EAN R Eh, ThEE-»iF& L
T, ZOHEORICMEaE IS, #E, BEUE, a2 — VR, WEtRIESoR0E
BB TET) VI DROOMAEEENTEEDDDOH 5. OB THRAAL #HbhTn
5 EROIA R, B L /NS - KE - WIS &> T, 1987 4 2 HISHEH S PRAZe T CRafi X
N2 TR E O B W TIHATHID TREINZEDTH D, FHELET
NT) LD THARANZE > THII N RELFERFO—DTH D VA LS (HE, 1987;
Tanabe, 1988; /NG filt, 1987; Kojima et al., 1989; JJIR, 1987)

BHEREE OOy B ERE, Bsfkicid, “EF) V7 - BB 7L ) X670 3 OO &
5. Kimcl, EHLHEMEEDOINETOMELD, B 7L T X2 0ME %k - 7=
D& LT, M i x4 2 WREDOEHEM (Ohara and Tsuchiya, 2007; 124 - /INE, 2008;
Kakihara et al., 2009, 2011, 2013), % U ChiRE bIZL S ET ) Y7 OflE L TNMEIZE S
KIS 5 7 4 INETFILHETE (Ueno and Tsuchiya, 2009), Hfkx v K& I 7Hhio AOBkE
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HeqE (B, 2010; Bt 2011) I2 DWW THEATT 5.

2. AmE B

[ (R - R, 1994; Amari and Nagaoka, 2007) {385 RIS, B9 00BE,
il & DI B0 2R A T H 5. BEERITIZ A 72 O T E 2 R E] & )
729 R, EHLICKD, M b OE RS OB AR & 11 (Ohara and Tsuchiya, 2007;
+4 - /NE, 2008; Kakihara et al., 2009, 2011, 2013), PIREIZ & - Titinos b 58 % # < BH5
OFM%, WEIC, BEOREIZHRT 282N ahB Ry TRIT I LN TE L LI
Ko7=0DT, ZOMEGIZIOWTHENT 5.

2.1 (4§ E O ETERIRE

E % n KILERZ PR, ZLTQCE 220 LONRERHERE & F 20BNt E 3
5. E* % BE FLOBEEBROIES 2R ETS. E & E OILAES B 4 () &idd 2 &
1295, i Q OFIAGHHEE Q*={scE* | (s,2) >0, Veec(Q\{0}} &T5. 20D Q
L EHOWTER SN, ROmELE

(2.1) min{c,z), s.t.z€(d+ T)Ncl(Q)
B&U
(2.2) min{d,s), s.t. s€(c+T")Necl(N7),

2%%2%. ZIT, ceE*, deE, TCE I n—m XICHEIRDZEM, T CcE* & m KILN
R ERTH D, T & T LIEHEVWIC[ER]T280LT5; $4bb, fEED €T
EseT ITRL, (2,8)=0200F 5. BolfLiE (2.1) & 22 FHEWICHTH D, T<H%
WERHO T TEMTH S, Th6OREE ™M LOBEHEREE WS, Q&2F -RRET5
CHEENERIE, I EMSFRTIIOMHE & & % &P IEEEEmRE, 2 REOERE T3, 2
USRI EA R oD, Zh o DBEA, QNI SO OMETH D, LH
AN BEO —MEGRERTE 5 Z LB EN T WS (Nesterov and Nemirovski, 1994) . %
LT, SFERMRAF SHFHNEY 7 v 275y r—UAREhTnw5.

AFLIE, FEHE Q1) OMSEIEMOES (d+T)NQ % P, AHEIRE (2.2) DN A @
DEA (c+THNQ &2 D LY. ZLTP L DBIIIBESTEAVEET S, A
ik, ZORE, MBI (2,8 =0 & & SRR & ccl(P), sec(D) #HT 5.

B 2.1 1B 0WTE, 2cQ B —HFHELOWRAETH 2. NRTETIE, BEOBRIZENTZ
DEM % ABINI72 72012, BFERERIR o (2) 2V 5. BEEERIRUE, FEI% Q OBEFIE S <
ZONTEAERRKIZFECT 2 BB TH 5. 2 LT, LEAMHCRIEEZEL 7291213, p-
EHRRERERA %L (Nesterov and Nemirovski, 1994) EFHEN 5, HEOROEEIKEZH WS (pid Q
DRIV EEZ/37 2 —2Th D). Ak, WEIHEMBEDOLEIZE, (=) =-X" logz;,
FIEEMEEEREOGE 2T ¢(z) = —logdet(z) THB. 737 4 —4 pid, HWHEEEMETIZ
JEFEZER OB KID), FIEEERTHEMEOGEIZE, RuEb3Thbh s WMETHI0T B) T
b5,

prIEHIBERER R o %2 P L CR/AMET 2 AL WS, BITTHRLOFEIE, ¢ &2
YOREBIL 72/ 2 BB OR/MUE KIET 2 Hik, Thbb=a— b VRIC&->T, EILAT
ABZENFENTOS. ZThh, WL TR LEEZ RIS ETO—D2DF L %
HMWETHB.

PN TI, BATR TR0 A & s iz 22 5 HoDhigg &y 9 BlifR (Nesterov and Nemirovski,
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1. HYEETHE & A REOFRENE .

1994) %l Thewf o EE T 2. O vp 13 p- IEBIFEERI B P L TER SIS, t>0
BN A= 2§ B LT ORGEILHIED RE 2p(t) DEATH S

(2.3) min t(c,z) + (), xE€P.

op(t) 125 B HIBR & ol & D3513, p/t TLEPBMXZ6N5E. Lzd-T, t 2L
5235 (2.3) BRI IR E, LR & TR BUEry) 12l 3 Z & TRIE (2.1) 2 #< Z &
T 5. FEREBROME LD, M8 23137 7 4 V2l EoEfRElt e 20, &fFze
ZRICHL) b $IC . W (2.3) 2 @< 72012, HAIBEE % 2 BT DL LT MR B &
(P EO) i/IME 2 NI 25 2 7 v TiREED, =a2— bt vikEHAVS. X1 ICEEEE
il & ot O & R g
ZLTCZOHEZED, FMEQDIZHL, 735 2 =& ¢, OFDHR LD 2p(t) DN
MEIST A=Aty >t OFDHIFE DK op(t2) DV E TR, O(/plog(ta/tr)) MO KAE Till
2ZENTES. ThH, GHRONE 2?6 ONMED RN, 3 74b b ZEAR M
EHT2METH 5.

2.2 |HFREEM

p- IEBRBEEERAR A R 7 ¥ v LEAR S U T W TSR 2801 5. R i, K7
VIR LBABPLEED) -V VEEERT VUV v LBEEKROL Y v v R (HEES) & H
WTEHRENIEWINRNE 22007 7 74 VERPEELZEHEZR-T. 20k oibEs
R0 221 & R EH 22 & RS, Q IS p-IEHHREEER R v 2R 7 VO v LB L TED S
NAAGHEHERIZUTOL > B2 DTH S, £, V-7 VitEE ¢(z) DNy 275 T
AT B, FLT, Wy v FAEa%

CEFETD. THE, s(Q) =" BKIL, 51, s()1EQ & Q OO —DKIRIER
EhoT0S, s() & QIDEBAINZES —DOOMIMEELZZ L TE, ZOMRERIZEL
T, QIO ThsLIICHAS].

ROFHZER TR D ORINET 7 74 YV &V BEES. ZDH55 VLD«
JERETOEBRSHMRE 52 K5 B Th 5. —F V' iE s FEIETORES IR E &% &
D BT H S,

(z) DIEBIRE o (s) &F0T. " (s) 1E QF O p IEHREEERIRcT, O Ricy* 2KTF VY vy
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FDERED R

2. x BERER () & s PEREER () 123651 2 ERTVE DA P & OV R E O B2 fE%
$EOWITIE 2, P, D DXL 1) .

LB E U TCEA SN AR FEHZERI, Q BIZ g IZE DWW TEA IS D LETE LS.
RO RT3 % DR 4o 1, o BHWT, (2.3) [FEE,

min t(d,s) + 9" (s), s€D

DI sp (1) BT S BRSNS, Ak, HEHEREOLEAIE, ¢ (s)=—0  logs; —
n, FIEEMATERBEOEAZIE ¢ (s) = —logdet(s) + (n ORISR L&D, HELy & KT
5. Zhi, ZThoos, QPACHGHE Q=" 26932 LDXMO—DTH 5.
KNTHEFATH D SR 2 EHK T 5. HOFETEH D SRKE, Fo 2B r SRk LT,
PRl CTER I NS, V (V) -HE TS SRR, o HIER (s FERER) TT 7 14 V22
M B A BT L 728 D) OBRERL LT T30 TH 5.

2.3 FOBRIRO BRI O & FRIF - BEETFE

LYy Y FAEREHVSEQ L Q ZH—UTES. ZOZEAFHLT, FKeidTmE
RO IR A 6] CEBICHDIAATE LS. $5&, MEOE LY, FRBEOIAME P I,
(n —m) WIL V-AC AT 2 kA L 20, AIREORFEMR D 1, m &It v -HA AT
Ay SRR & 2 B, W PR v ICBIL TIN5 TR D, DI v IZoWTidis 5
TVWAZEIZEBELEZVW(X 2. PEDIF1/HTEDY, KHPNDIE, t=1 TOHLIIER
togikns.

ZOFEERD, DAEGEZELLTHE, t=¢ TOHRLEE EOSIEPND & LTE
SINBZENTNBTHAH. ZIZT, tDIED % sFBEEIZEWNT U ELEEETHD. 22
T, D #FKILL 72, m4+ 1 &KIE V-HE AR5 2K Hom(D) 2L FTO X HIZEHKT 5.

Hom(D)={s' € Q*|s'=ts, t >0, s€ D}

—WILEHRIA L LT, Ol vp & vp = {yp(t)|t€ (0,00]} £KT. T Tap(t)=z(vp(t))
Th 5. ETHBRZFERA E N7 BEORFE Hom (D) % HWTHULHIRIE v» =P N
Hom(D) & RBITZ 3.

ZOERUIZE EDNWT, s RO THLIIEZ Hom(D) ETilla, DITO &S 2Pl
T-BETHEEEZEALS. N(B) T, Ol v OEHEEERT. Be(0,1) T, 820 THUOHIH
IZ—HL, BBRELLDIZONTLL K55,

FETF - BEFE (X3 2HH)

1 oyp(t) #2387 A — 4 t OHDHIERE vp LORIE L, s(t)=s(yp(t), $(t) % s(t) TOHEHES
MEd 5.

2. (PMITF)sp(t+ At)=5(t) + Ats & L, Atmax >0 % sp(t+At) eN(B) &8 DKD At
EFT D, (sp(t+ Atmax) € (t + Atmax)D £ 78 5.)
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’ (t+ ADD
D

3. PUIT - BIETH @EOWITIE 3, P OWILIE 2 (P idihif), D OWICIE 1 (D i (F)
L)) .

3. (BIET) sL(t + Atmax) 25 s(t + Atmax) (ZFEEIT 5.
4. t:=t+At &L TZAT v T 1IR3,

ZOT AT TITEEDNT, FENEHRE RICFEnTEEL O(/plog(1/e)) IR D Z IR 7
LT T LERMKTE S,

2.4 IBOHIAHEIE &N RIEDRIERBE DM

Q OB ZARRDELDIAAME L EHKT S, BAEHEM LDz 2515, 2 1lBI 5
M OB E T,(M) &35, ) =~ VETRDERT T,(M) OEAHHZERANDHEE 1+
ETB. X, YET,M) &L, R VICETE X DY IZOWTOREMS Vv X 251 5.
FTHE, WBHEVyXgT(M) Lk 5. 2O, HDIARME Hy(X,Y) &, TEVyX & LTE
£95. b v ICBT 2 MDA A FMRIZER L, Hiy(,) &icd.

Z DK, ROEMMBSLT S :

EEE 1. 0<ti<to &‘a_é S1 %_‘ ’)”P(tl) o)i’i1%o),ﬁ—'ik@_6 K(817t27ﬁ) %.‘ S1 ﬁ‘Bi’iﬁ:&N(ﬂ)
%l TP - BIEFIET vp(ta) DO RIE KD 2 DIZBEL AR E § 5 &, K(s1,t2,0)
BUTDOLSICEKSNI S :

to
K(sn,t2.0)= = Tp(0.12) + % To(tinta) = [ S5 ir o) .

ZOEMIL, T
to 1
Ip(t, 1) = / 5 Grm i)t

2, P A T EREA RS ECOWIEX A2 E AR LTS, FEHZ LT,
In(tr,12) = / Q%HHowp,vD)n”?dt

&, POSEE O TS EA R ETORME 2R T2 LRI IENTE S,

510, (L) BUEETERE, FIEEEEHmEE, £ 5122056 & STt PrefEatmE
92 FACFNETED KIERIFIZ DN T, ROWGHEMFENRINF[ 5N 5 (Kakihara et al.,
2009, 2011, 2013; Ohara and Tsuchiya, 2007) .

FHE 2. 0<ti<tz & 5. s1 & yp(tr) DEFHEORET 5. HEEHIZAHERHERE, e
RIBIREIZ 0T, K(s1,t2,8) & s1 2 5L N (B) % il > TEIS P - BIETIET vp(t2)
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DINEFEO & KD B DIZUEE IR ET5 L, K(si,t2,0) RUTFO LS 12RENS

1 1 t2
K(517t27/8):_IPD(t17t2)+ﬁ, IPD(tl,tz)E/ hpp(t)'/2dt.
ty

VB VB

ry
ry
)

oot = (315 (0). ())II) (3hm(s0(0). ())II)

GEBE N (B) 1F, FARCEARIEIZ DO TOHLHIRONE T, B(0,1) T, =0 DRHZIEHL
HIfRIZ L, BBREL B BIIONTEFEDIAL &5.)

A O %A, hOBERD iR &2 MEEZCR T2 DICET 3 Ay M
AXEXRTTDLEHATIMITZ 5. TADBROEIMNKL T 5 (Kakihara et al., 2009, 2011;
Ohara and Tsuchiya, 2007) .

T 3. HMEEETEONA, S 1p(0,00), In(0,00), Ipp(0,00) BFAEL THRTH
D, k»s
min[I5(0,00),Ip(0,00)] < Ipp(0,00) = O(n*°L4)

LRMiliCX 5. 22T, La 3HEETEREDORBATIIO AT v b4 4 X TH B, FHZ A D
0-1 17872 5 72 B Ml B b e Rt E O 5, FEORITOAD ZIHATU T O & 5 IZ5F
flicx 3.

min[Ir(0,00), In(0,00)] < Ipp(0,00) = O(n**m).

LT%ﬁLtﬁ@L2tbﬁéﬁ@@ﬁ@ﬂﬁdﬁﬁ%&é@f@éﬁ,:h6®i@i
D, Bx (NEEDKIERIK) & g ITRAEIC, R —EMlE 20, FOhii EORME Ip,
Ip, Ipp LB Db B. X512, ﬂ—l&a/)ti% @}ifglﬁlﬁi BoEZzDE D&
5. DT, ZOBSRAKEIEEEIZ DWW TR T 5 Z & & BEFEER THED D 5 (Kakihara et
al., 2009, 2011).

X 4 3FEHEREORTH 5. FERIZH W2 DFL001 &, 12230 25, 6072 Hl¥=
T, HHEHEREOEYENR Y 7~ — 7 % Netlib DD DTH 5. [X 4 (a) IZFEDO KX X
B EETEFIFIELZ TENNNAETHEEBOERTH 5. BNIRERIL, ﬁ%#mg
(EHIL 2220 F v v 7)) TH 5. EBUL IR0 F v v Fidholife Lo & 212K M
PEHET D2 EETEOT, REEISEDIIZONToIZEDL. gDEIA/NX VL, i@&
BN L L BD ZERBIEEINE D, Ik, EHIL XN ZAEF v v TOWD Hiz
ED@@%EE%%.%:f,@@%%%v@%btéwéﬁtt%%taéa,i&éﬁ
DI IMRFTEEDZERbhrb. ZOHEFZE, T Ipp PEL NE LM X TRERK%E
BRPLTWBEZEERL TS, FIEEEGFEMETERMEDO Z LRSS (X 5). B
IZHOW 2 RE EqualGs1 (&, 7519 4 X 1000 x 1000, HIFIRAEL 1001 OFETH 3. X5 DR
FEX 4 ERMETH D, REBIEDPF S TESERERTHEZERRTENRS. DEDAR
EOREREIE, POHMEOMEEZ RM L MR AFHNENELIZDOHDTHD LR
ZLBTEBHDTHA.

Z 2 CHIREEN DI, BIEETEREEORMES 100 2 LIS UIRBZ 20125 L, KIEEEE
FEREOR MBI 10 BRI E - TWBZETH S, T, B EL» 51E, FIEE
BT IR AT U BEETHRE L0 L <13 aL, DLAGLLWEWSIHIEEH S Z &
ERELTWS, Thbb, FECHETEREO KBS REE L DI, RENIESEEL D &5
ER LR BT B 5 aREME A3 .
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4. BYEETEOLA - DFL001 (12230 25 6072 HlIFI= 5 Ho@fil : 1.12664 x 107) .

EQUALG51 EQUALGS51
10
-------- B=0.125
- = p-025
- == p=05
— M 1 =~
Y ’ 5
] ]
B =
= b
3 £
= a
= -
i 13
3 3 =
£ £
5 . 5
S oF N SU NS, e S
g o P, z
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5. PIEEMERIHE OIS : EqualG51 (178114 4 X : 1000 x 1000, 1001 HIHI ; fe i :
4.005601 x 103) .

ZOBRIZIE, HEOROMAEIIREDEM S 2R L TW 2R 5 5. D% D #EG!
HREEIZHEM TS 2 B ZBOHEOERTH 2 D123 L, FILEMarEREEE, Zhistx’
EAROMOERTH D, KD WL MEEZ L T2 BasrEn). ZThidsET—o0
RFHTHO, ZOMIHIFHROMETH 5.

3. KMRETZT74hIVETIVIEE

31 JI714HANHISTETI

55T 4 ANAT T VETI BlZAIE Lauritzen, 1996) 13, n (HOMHER « = (1,...,2,)
Mol B, T8, HEIGEITHIOWITH] D ={d;;} DIEE /S8 — U BIFE S
TV LI BB ERIEHNMICLZENS LIRETEIETLTHD, ¢ OFEEIILUTOLS
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252605,

, _ 1 (z — )" D(x —p)
(3.1) N(z;u,D) = Wexp — 3
ZOETILOHHMSEATHNE D TH 5. DO GENAERD) w4 -V L, BER
ﬁﬁab,D@#ﬂﬁ#ﬁuﬁitﬂmﬁéﬁﬁ@ﬂ%ﬁk?6%@757k%a%kﬂmé
VBIENTED. ZODUVI7T7%G=(V,E) LilTIZ&IZL LS. ZIZT, vEgiFthth
TN EHOEATH B, fizb;%#&mm777@§ﬁ%uﬁk§? EIZT 5 ((i<7)
DEEDOAEHZZ D). Kk, EEEHEXD, D OWNAERIIHEIZIETH 5.
I={(1,1),...,(n,n)} £ T 2L, DOIXOEROELT, J=TUE KD, Ej; %, (i,))
WHRE (,i) BENL 1 THEIZ0THEEI B nxn HFETHIETSE, DERD K IZEKH
FTBHIENTES.

(3.2) D= Z vyij iy, D >0.
(4,J)eT

ZZT, vy B3FEK D=0 DBEERNKITI TS S Z &L, (3.2) zii7=d D OHES
BESERRT. I T4 ANHTITTUVETLEBED EQBADICES>TEEINBEETFTALTH S,
GV,&) %& (M) M. 27 5 7 LWEE. L2 T 7135 T & DS & MOL A R RB L
725D THB. DFD, (i,j))eP R TIZEHEETNAVE, ZLUTLZORIIRD, = & x; 13, 5K
DOEREFETE TS E NI RO TTHLE LS.

BEASEY A 2, BEASEI BTN § TH 2 &5 5 mlOY Y TAnE 2 ohi-L 5
L, I T GILESTHEINBE Y I T A INH I LT VEFLORMERERIKIIRD & 512
5

)

7m€ﬂﬂ—%@—MFM£—M+%}ﬁ@m+bmmm.

ZZT, DIiEB2) THANELMA2ZT. 3.3) 2RALT S u,D BETINLORILHETE T
5. FHOBRELMED p=z THA5N3Z L3 LORDOE,I SEHHIZH21 5. $5&, D

D JCHERE T

(3.4) minp Tr(§D) —logdetD,st.DeS.

DEERE LTS 2675,

ZD &1z, D OREHERZRD 5HEIZ, BIEHFIDO T TO —logdet BB & BIERIE
MOB/MUBEORELEE 5. LER-T, oV T VT 57 4 ANLEFLORLHETE
i, ROFIEEMEGFEREO PO EO S A2 KD AHEZ D8 DIZIRET 5.

minp Tr(:S'\D)7 st.DeS.
ZOFIREMEFTHEEO OEEIE, v &228T X — & &3 5RO ME R E
minp Tr(SD) — vlogdet D, s.t. D€ S,

DL LTH AN, LEAST, w&‘ﬂ?6¢®@ﬁL®Dﬁrﬁﬁﬁ“&5 z
T, 774 WNHO YT Y ETADORIEHEE 25§ 572002, A I et =69
SNREEFHTEIENTES.

32 F—2BMEIC TS T ANVAIS T ETFLEFRTS
T, BUE, BHEERRRFOHEduh e LT, BT — 2 iIcmn e s &4
ub,ﬁﬂ?iﬁ&%%f®%@$%%ﬁﬁé EEANET ST —2EMLE WS O

(3-3) W;p, D) = —
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30N

308 j e
60S

4
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(b)

S

0 45E 90E 135E 180 135W 90W 45W 0 0 45E 90E 135E 180 135W 90W 45W 0

(C) Cov(SSH), em’” (d)

6. WEETEE DN - LA (a) F— 2K B KON, (b) F— 212k B HDA GRE
0 SRR 180 %) & Zrin b, (o) #EE XN BRI & B2 8O0, (d) H#EE
SN2 IERGAI K B0 & A& O (BB OWIT « 8585, 737 4 — 4§
119682, EfED K= & 28).

AED E TN D (PRI 1, 2009; Fkf i, 2005). 7 — Z[EHET X < V5315 DAY Ensemble
Kalman Filter RN 5 HETH 55, ETFLDREDEBET, ATHEIZLDEE LS,
Ay ¥ 2 RICERE SN T 2 5 B OB ToWmmESE 7T — 213 L, ERSAMAE Y TIE
BDARMBENEC B, 72720, 7—28E 300 F2E, ERSMOTICIE X v ¥ 2 DEETET»
SRS,

ZOIERDMMES T T 4 AINETNICKOMEET S, 04 D DBEIROWN, K277 v FEOD
b HUEEIZHIET I EROANIEXY T THRODERIY O TH S VI MEEARE L, NAE
12k 5T (3.4) ZBOCTRAHIEEEZITS. FTFEOKE XAZZ TERERMEC X > CEb)a it
DREZXEEDS. FHllX Ueno and Tsuchiya (2009) 125854, Zhud, BRkim b2 MEERE 2
BZED Ay Y a5 HL-55813 8585 RIE, T L THERE 1EZLD Ay v 125EIL
7= 55613 34300 IRITTDO KHEIER A HEE T s E £ 5. 2 LT, BfE, 282V &Hn
T, D OWILA 8585 x 8585, 150381 /8T A —ZDH I T V75T 4 AILETFIN, D DKI
A% 34300 x 34300, 101310 /83T X —ZDH I LT VI T T 4 HLEFLDORLMEEITS T
NARETH S, ZhEDETFTMET oy 7EEE2R-T, B2 56 BN TIIRABED 7 5
TAAINFI LT VETFAMELLOIST A MY 9y 7 EFLEIRTHAS. X6 IZEFILER
BROMERERERT.

4. HRAVREZITHEOANOHEDOET
WICHLD) B 2013, difix VA2 I 720 AOBEOEILE WS METH 5. ZOME
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Interior-point Algorithms, Information Geometry
and Optimization Modeling

Takashi Tsuchiya

National Graduate Institute for Policy Studies

This paper deals with three topics related to algorithm, mathematics and modeling
aspects of convex optimization. First it deals with the information geometric framework
of interior-point algorithms. The iterative complexity of interior-point algorithms is ex-
pressed in terms of an information geometric integral. Through experiments on fairly large
instances, the number of iterations of the interior-point algorithm is shown to be a dif-
ferential geometrical integral over the central trajectory, both in classical linear programs
and in semidefinite programs. The second topic is an application of the interior-point
method to estimation of a large-scale normal distribution in data assimilation. The size
of the matrix is up to 34300 x 34300 without any block structure, and the number of
parameters in the model, which is compared with AIC or BIC, is up to 150381. In the last
topic, we estimate the population of a village in ancient Mesopotamia called Nuzi using
convex quadratic programming. The estimation is based on personal records written in
Cuneiform on clay tablets excavated from the ruins.

Key words: Interior-point algorithm, information geometry, graphical model, data assimilation,
Mesopotamia, Nuzi, population estimation.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ARA (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /BGR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHT (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DAN (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENU (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ETI (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /FRA (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /GRE (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /HEB (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /HRV (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /HUN (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ITA (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /LTH (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /LVI (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /NLD (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /NOR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /PTB (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUM (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SKY (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SLV (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SUO (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SVE (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /TUR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /UKR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFFff08682aff0956fd969b6587732e53705237793e306e30a430f330bf30fc30cd30c330c8516c958b306b90693057305f002000410064006f0062006500200050004400460020658766f830924f5c62103057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200037002e003000204ee5964d3067958b304f30533068304c3067304d307e30593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive true
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


