0

1.1
1.2
1.3
1.4
1.5

0000000 000 (5)

oooooooooooooo®

agg o
goobbo oobbboooobbbo ooobbobog
http://www.me.titech.ac.jp/ mizu_lab/text/
20100 110 90

g

gobooooboooobooboooobboooobboooobbooooboo
oobooooooooooooboobooboooobooooooooooboobooO
gooooobobooobobooboboboooboboobobooboboo
gooboooobooboboooobbooobobooobobbooobobOoOon
000 Ye, Todd, and Mizuno [13] 00 0000000000000 DO0ODOOOO
gobbooooobbogooobboooobobooooboboooobooobboon
ooooooboooboboboobobobooobobooboboboooboo
oooboooooboboooboboooobbooooboooobbooono
ooooooo0 MOOOUOOOOOOOUOODOOOUOODODOOOOUOODOO

gobobooooobooan

0
I 0
I 0 O
I I 0 P
OO0 LPOD0ODOODOOODOO LPOOOODOOO ... ... ..

1 00000000 ooooo

1.1 0DO0O0O

o O =N =

gobobogoobobboooobbboooobbobooonoboboooobboood
gogoboboooobbtbooobobbdooobbbuoooob bbb booog

*1gpoooo (6] 000000000000000O00OO0



0000000 000 () 000000000 DOUOOnOO 2

gogoboboooobbtbooobobbdooobbbuoooob bbb booog
gogoboboooobobboooobobboooobobbuoooobobboooobbooog
oooopbooooooo

gooooobooobbbbooooooooooobboobbboooooooog
0000000000000 000000Karmarkar 2] 00000000000 00O0
ggobbooooboboooooobbooooboboboooooboooobbooog
goooobbbbbooooooouooooobbb b0 oooooooo
ggoboboooobbtboooobbdooobobbuoooobLboooobbbooon
ggoboboooobobooooobboooobobobuooooboboooobobooog
0000000000000 OYe, Todd, and Mizuno [13] 00000000000 OXu,
Hung, and Ye [11]0Xu and Ye [12]0 Nesterov, Todd, and Ye [10]0 Mizuno and Todd
(7000000000000 000000000D00O0D00O0D0O00O000O00O
ggodogooooobobobobobboooboobbboboodddododooooooood
0000000000000 0O0O00000 MODODODOODODODODODODO
goobobooooooo

gobobogoobobbooobbtboooobobobooooboboooobobooon
ooo0obl13b00001200000000000000D0DO0D0DODODDOODODOOOOO
ooo0ooOobooob0ol4000000000bOO00O00oDOobDOoOobDOoDOoDbOOls
0000000000000 000000000D00DO0D0DO0OD0OD0ODODO Ye,
Todd, and Mizuno [13] D00 00000

12 DO0O0O0OOO0ODOO0OO

gobooogoboo

god clz) + 'z,

ooog Auwl —+ A12$2 = b1 (1)
A1y + Azpxo > by
H %) 2 0

000000000A;0A0Ay0AwlbOble,0c, 0000000000000
r 0z, 00000000000000000000 mOmeOnOn, 00000 A0
A 0A»0A» 000 mixn O00Omy Xxne OO00Omexn; O00Omaexn, DO DOO
00b0by0ci0c, 000 my 0000000me, 0000000n, 000000 Ony 0
0o0ddobodootdidtdxz; 0 x, O000O00 OO0 no OO0 onoooonon



0000000 000 () 000000000 DOUOOnOO 3

00000000 (1) oboooooUoUoooooooo

000 blTTyl + bQTyT2
Ajoyy + Ay < e
Yy, >0

(2)

boobuobbdby, 0y, 00000 m OO0 meOOOoonbooooood
gogooouoboooobobboooooooouooboooobob oo og

l. 0000000000000 oO00o00ooOooooooooooooooooooo
Oo00ooooooooogooon

2. 000000000000000000000000O00OC00O0O00O00O00OO00OO0O

. 0000000000000 0000000000O00O00O00O00O00O00oon
oo

4. 00000000 O0OO0O0OOO0O0OO0O0OOOO0OO0OOO0O0OO0OO0ObOOO0O00OO0
oo0oooooooo

5. 000 0000000000000 00OO00O0O0OoOooOO0oOoOooOoOoOooOonOn
Ooooooooooooooooooooooooooooooooooon
gbooooboooototooobouooobooobooooboooboboooboOon
000000000000000000 a3 = Agjxy + Agexs — byOdxg > 00
00000000000 y3 =cp— Appy, — Apy,0y; >000000000
Ooodoobb z>000000000000000 y3 >0000000
@y = (221,22, -+, Tan,) O ys = (Y31,Y32, -+, Y3n,)’ DOO0O0D00D0

T2 =0 or y3 =0 foreach i€ {1,2,---,ny}

Jddddddodddooooodg 3 > 00000000000000043
Y, >0000000xs = (¥31, 232, , T3my )L DYs = (Y21, Y22, "+, Yom, ). O 0
goooo

23, =0 or yg; =0 foreach i€ {1,2,--- ,my}
Oo0o00o0oooogogogggdg
Xoy; =0 and X3y, =0 (3)

0000000000X, = diag(e) 0 X3 =diag(zs) 0000000000
02;0000000000000000000



0000000 000 () 000000000 DOUOOnOO 4

6. 000000000000 000000D000D0000000000 (00000
00)0000000000000000000000000000000000
000000000000 000000000000000000000noooao
000000

Xoy; =0, z2+y;>0
X3y, =0, x3+yy,>0
OOo0o0000O0ooo
7.000000000 (x,22) 00000000000 (y,,y,) 000

332Ty3 + mgyz =0 (4)

000000000000000000000000230 y, 0000000
00000000000000000000000 40000000000
(€2,23) > 00 (y,,y3) >00000000000 (3)0000000

goooobbbbboooooooooooooobbbboooooooooooon
gogoboboooobbboooobbbooobobbuoooobobuooooonoo

13 00000Oo0ooon

O000O00O000OnO (l)DDDDDDD (Z)DDDDDDDDDDDDDDDDDD
goo00ooooooooooooooooooooooooooooooooooooo
ooOo0Ooooooo

oo00ood (2)DDDD (1)DDDDDDDDDDDDDDDDDDD -1 000000
Ogo0000ooo00ooo0 -100o000oooogo

000 _ggl_@@;
—AY, — Apyy > —c2
Yy, >0
go00ooooOooooooooooooo (1)DDDDDDDDDDDDDDDDDD
ooo



0000000 000 () 000000000 DOUOOnOO )

00 1.1 000000 (1)oooo

ggoboboooooboooooo

000000000000000000000000D0000O00O0 (skew-symmetric
matix) 000 0000000000000 0O0O00O0O0OO0OO0O0OO0OOOOOOOO
ggobobooooooooodon

00 1200 (1)00D0000 110000000000D00DO0ODO0OD (1)ODDODOO
gooo

l. 0o0Doooobo0ooobooooooooo ooooo
2. 00 (1)DDDDDDD (wl,wg)|:||:|DDDwngglﬁUl—l—Aggwg—bQDDDDD

ooaod
X2£L’3:0

00000000000 (1)000000 (x,22) 00000xfx; =0 (00
0000000 Xex3 =0)0000000000000000000OCOOO
X, =diag(x2) 00 DO

3.00 () 0000000000000 00000000000000000
Ty = (T21, 22+ Ton,) D@3 = (231,T32.+-.73,,) 0000000000

ie{l,2,---,n} 0000000

To; =0 and xz3; >0

ooo
To; >0 and z3 =0

goboboooobobboooobbuoooobobobooo

Xox3 =00 x5 +x3>0

gogd



0000000 000 () 000000000 DOUOOnOO 6

00 000000 (1) 0000000000000 oo(@uoo0oooooooo
000000000000o00oo0) 000000000 ooUoooUoooUog
ggoboboogobobbooooboobboooboboboooooboooobobooog
goobboooobbboooobbbooobobbuooooboboooubbobooon
oo oboo0oboboboboooboobOobooboobOobooobUoobobobon
ggobbooooboboooooobbooooboboboooooboooobbooog
ooooooooo i

14 DO0O0DDOO0ODOO0ODOOODODOOO0

0000000000 1o oooooooooooo
A1+ Az = by

A1y + ATs — T3 = by (5)

Xox3 =0

xy > 0,23 >0
gddoddooooooooboouooooooooooooooooouoooooao
goooooo ([1]DD)DDDDDDDDDDDDDDDDDDDDDDDDDDDD
gooooooooooooooooooan

gooooog (5)DDDDDDDDDDDDDDDDDDDDDDD (5)D 100ad

200000000000 z2>00x3 >0000000000000O0O0O0O0O0 (5)
goooooooood

F° = {(x1, X2, x3)|A1121 + A12T2 = by, Ag1x1 + Agoxy — T3 = by, x5 > 0,23 > 0}

00000000 F°00000000 (1)0000000000000000000
000 p>000000e=(1,1,---,1)7 000000

Az + Apxo = by
Az + Agpxy — T3 = by
Xox3 = e

xo > 0,x3 > 00

(6)

0000000 F°O000000000000000000000000000000
000000000 (2(p), 22(p),2s(p) 000000000000

P = {(z1, @, x3) € F' | X035 = pe, p > 0}

O0F'0000000000000000000000000 6)0 p=000000
0000000000000 (5)0000000000000D0DO0DUO000DoOOoOO



0000000 000 () 000000000 DOUOOnOO 7

0px00000000000000000 (2(u), z2(p), 2s(p) D000 (5) 0000
00000000000000 p00000000000000000 ¢x0000000
000 (a1(p), z2(p),23(p) 00 0000000000000 (5) 0000000000
00000000000000000000000000000000000000

00000000000000000000000000000000000000
0000000000000000000000000 f€0,1]0000000000
0o

N(B) = {(z1, 20, 23) € F°| Xox3 > (1 - B)pe, u = 3 x3/n, 1> 0}

0000000000000 0000000 N(BDOOODD POOOOR=0000
O0D0000000B=1000000000000 F°O00000 (DO00D0)O0F°O
0000000000 B€(0,1)000000 N(B)OOOooDOoOoO {(zf, =5, z5)} O
(xh)Tzt — 0ask — oo
0000000000000000000000 (1)0000000000000000
0000000000000 00000000000000000000000000
ood
00 Be(0,)Doooooooond («9,23,2)) e N()DDOODODOOOO
00000000000000000000 N(BOOODOoDOoDooOO {(=F =5 x5}
O000DD00kKOOO0OOO (b, zb,2f) e N()ODDODDODODODODOOOOOODOO
(xhth bt 2t DDoDOoDoDDoDOoDOoDOoOoOO
000 Xoxz =pe0000000pu=af2x3/n 00000000, = (xb)Txk/n
000000 (24, 25,25) 00000000000000000 000000000
000000000000 0000000000000000000000000000
O0y€(0,1)0000000000p=y4,0000000000000000000O0
000000000 (6)00000000000000000000D000000000
O (z 2k, 2f)0000000000000000000000O00O000DO000O00
(Azxy, Axy, Az3) 00000000

A Agp 0 Az, 0
Agl A22 —F Awg = — 0 (7)
0 X3, Xo Axs nga:'?f — ue

0000000000 Xg, = diag(x5)0 X3, = diag(zf) 0000 000000000

00000 N(p)oooooooooooooo

aFf = max{a](w'f, wlg, wlg) + a(Axy, Az, Azxs) € N(B)} (8)



0000000 000 () 000000000 DOUOOnOO 8

goobooood

ahtt xk Axq
bt | = x5 | +oF | Az (9)
a:’§+1 xk Axs

0000000000000 000O00000D (b)0D0bO0OUDO0DO0DO0ODOUOO
ogn

000000 1.3 000000 (5)00000000000000000O0O0DODOO0
ogn

0000 0: 00 B€(0,1)0ye(0,1) 000D0Dk=00000000 (x9,2Y,2Y) €
N(B)ODOOo

00001 pu=~5HT2k/n000000000 (7)00 (Azy, Azl Azk)00DOD

00002 (800000000 0000009 000 (2 abtt abtl) ¢
N(B)OODOODk«— k+10000000 10000

000000000000 00D000000OU0 (DOUDUOD pODOODO 30 Ozk)D
gboobobbooboobuooboboobobobobooboobobboboann
boobobbdobodobuoobobodobuobobobooboobobboboan
000 (Kojima, Mizuno, and Yoshise [4]0 Monteiro and Adler [9))000000000
00000 (Kojima, Mizuno, and Yoshise [3]))0 000000000000 (Mizuno,
Todd, and Ye [8)) 00 0000000000000 D0OOO0ODO0OOOOODOOOOO
00 (Kojima, Mizuno, and Yoshise [5]) 00 000000000000 O0000O0OO

0000 1.4 00 N(/)ODOOOOD POOOOB=0000000000000B=1
000000000000 F°O0000000000

1.5 000 LPOODOODODOODOO LPOODOODODO

gobooogoboo

ooo cl'x
o000 Ax=b» (10)
x>0

000000000ADOBIc0D0D0O0DO0ODO0OODDOODOOOODO mO n(m <n)
O000D0DAOmxnO000bO0 mO0O00000cO0nD0OO0D000D0O00O0OOODO0O



0000000 000 () 000000000 DOUOOnOO 9

ctU0nl000000DO0O0O0OO0DDODODOO0OODDOOOUODDOOUOODDLDOOUODDO
goooo

000 b'y
nooo ATy+z=c (11)
z>0

ggooooobbby0 mbO0OO0000dddd 20 nddooooonon
goobboooobbboooobbboooobbbuoooo

ood cTw—bTy
oooo Ax=5»5

ATy+z=c¢c
x>0
agooo
ooo by +clx
googd Ax = b
—ATy > —c
x>0

0000000000000 (x%,y*,2*)00000*000000000000(y*, 2%)
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000

0000000000 (10)0000000 (11)00000Ye, Todd, and Mizuno [13]
0OoOoOoO0oO0oo0oooo

000 h°0
oooo Ax —br +b% = 0
—ATy +er —c' -z = 0 (12)
by —c'zx —q'0 —K = 0
)"y +() e +g°7 = —n0
x>0 7>0 z>0 k>0
oooooooooooooooo (¢ 2,760 2% % 0000
b’ = br’— Az®
A = e — ATyO — 20
go _ bTyO — T 0 — 0 (13)

RO = (29720 4 70x0



0000000 000 () 000000000 DOUOOnOO 10

oooooooooo0 (2°,7%2%+%) >00 °=100000000(°00000
00000000000000000 (13000000 =10x"=1000000
oo)oooooooooooo (y°,2°7%60° 2000000000 (12)00000
3000000000000000004000000

_(bO)Ty0+ ()T 20 + ¢0r°
— —(bTO . A;BO)TyO + (CTO . AT’yO . ZO)T;BO + (bTyO . CT:BO . KO)TO
—(.’BO)TZO o 7'0,‘-{0

=_pY

000000000000000000000000O00 (12)0000000000

00 (12)0000 1.1 00000000000000000000 (DDOO00)o(o
000000000 20 k000000000000 0O0OOOOOOOO (HOODOO
00000000U00O00o0obD0o0o0o0oDO00o0oOoULOUOoOOooDoOoO)0oOO
gogoobooooobooo

015000000 (12)00000000000000 0000000000000
0000 6=00000)000000 (y*, o, 70,2%, ) 0000000

000000000X*=diag(z*) 0000000000000 O0OOO0

X"2"=0, *+2*>0
TR =0, T"4+K">0

ggoboobooooooooad

00 (12)00000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000 (10)00000 (11)0000000000

00 1.6 000000 (12)000000 (y*,«*,75,0,2% ") 0000000007 >
0000 x*>000000007*>0000 «*/7*0 (y*,2*)/r*000000000
(10)00000 (11)00000000000«*>00000000 (100000000
00 (11)00000000000000000



0000000 000 () 000000000 DOUOOnOO 11

00 00000007*>000000000000 (12)00000000060=00
0000000 #0000000000«%/7*0 (y*, 2%/~ 00000 (10)0000
0 (11)000o0oo0ooooo0ooO00e«*/r*0 2*/7*00000000000000O0
goooo

O000xk*>00000000000000D0000DO0O00=000000000
0r*=000*=000000 (12)0000000

Ax* =0

ATy — 2+ =0

by —clTa* —k* =0
oooooooo 3oboooon

F=bly* — Tz >0

000000000 0by >0000 T2 <0000000000b0 y*>0000
oo (1O)DDDDDDDDDCT;B*<ODDDDDDD (11)DoOooOoooooooo
00000 (10000000000 (000000 20000)0A y* +2* =000

0= (Az —b)ly*

—(Z*)T@ . bTy*

0oDooo0b y*=—(2*)72<000000000 (11)00000000 (0000
00 (,2)0000)0 Az =000

ooooooclzr=zTxz*>00000 |
0000000000 (12)0000000000000000000000 (10) O
(1) 0000000000000 0000000000000000000000000
000000000000000000000 O(yeL)OODODOOODODODOODOO0OOO
00000 MOODOOOOO0OOO0OO0OO0O0D0D0000000000
00000000000 (12)0000000000000000000000000
00000000000000 (10)0 (1) 00000000000

0000 1.700 (12)000000000O00O0OO0OO0OOOO



0000000 000 () 0000D00000OD0oOoOO 12

Ooon

[1] R. W. Cottle, J.-S. Pang, and R. E. Stone, The Linear Complementary Problem,
Academic Press, 1992, Boston.

[2] N. K. Karmarkar, A new polynomial-time algorithm for linear programming,
Combinatorica, 4, 373-395, 1984.

[3] M. Kojima, S. Mizuno, and A. Yoshise, A Primal-Dual Interior-Point Algorithm
for Linear Programming; in N. Megiddo ed., Progress in Mathematical Program-
ming, Interior Point and Related Methods, Springer-Verlag, 29-47, 1989.

[4] M. Kojima, S. Mizuno, and A. Yoshise, A Polynomial-Time Algorithm for a Class
of Linear Complementarity Problems; Mathematical Programming 44, 1-26, 1989.

[5] M. Kojima, S. Mizuno and A. Yoshise: An O(y/nL) Iteration Potential Reduction
Algorithm for Linear Complementarity Problems; Mathematical Programming 50,
331-342, 1991.

6) 0000000000000 00000000 120 RAMPOOOOODOOO,2000.
[7] S. Mizuno and M. J. Todd, On two homogeneous self-dual systems for linear
programming and its extensions, Mathematical Programming 89, 517-534, 2001.

[8] S. Mizuno, M. J. Todd, and Y. Ye, On Adaptive-Step Primal-Dual Interior-Point
Algorithms for Linear Programming; Mathematics of Operations Research 18, 964—
981, 1993.

9] R. D. C. Monteiro and I. Adler, Interior path following primal-dual algorithms:
Part I: Linear programming, Mathematical Programmaing, 44, 27-41, 1989.

[10] Yu. E. Nesterov, M. J. Todd and Y. Ye, Infeasible-start primal-dual methods and
infeasibility detectors for nonlinear programming problems, Mathematical Pro-
gramming, 84, 227-267, (1999).

[11] X. Xu, P.-F. Hung, and Y. Ye, A simplified homogeneous and self-dual linear
programming algorithm and its implementation, Annals of Operations Research,
62, 151-171, 1996.

[12] X. Xu and Y. Ye, A generalized homogeneous and self-dual linear programming
algorithm, Operations Research Letters, 17, 181-190, 1995.

[13] Y. Ye, M. J. Todd, and S. Mizuno, An O(/nL)-iteration homogeneous and

self-dual linear programming algorithm, Mathematics of Operations Research, 19,



0000000 000 () 000000000 DOUOOnOO

53-67, 1994.

13



