TRRESLGL X 2% F 48 198F 27 93

Karmarkar's & Primal-Dual W53 dxg & 3¢
TEAAY ARFAG HS nF
-A Study of stability for solution’s convergence in
Karmarkar's & Primal-Dual Interior Algorithm -
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Abstract

The researches of Linear Programming are Khachiyan Method, which uses Ellipsoid
Method, and Karmarkar, Affine, Path-Following and Interior Point Method which have
Polynomial-Time complexity. In tﬁis study, Karmarkar Method is more quickly solved as
50 times then Simplex Method for optimal solution. but some special problem is not solved
by Karmarkar Method. As a result, the algorithm by APL” Language is proved time
efficiency and optimal solution in the Primal-Dual interior point algorithm. Furthermore
Karmarkar Method and Primal-Dual interior point Method is compared in some examples.

1. A8

A3 A8 (Linear Programming)olA Polynomial-Time W& AA EZLE z2t:= #yg
A& b4 A(Ellipsoid)¥8& ©]43% Khachivan 7] 3} Polynomial-Time ComplexityS 2zt
& Karmarkar 7|9, Affine 71¥, A2 333 (Path-Following Method), 71} Wi ur2
(Interior Point Method) §°] |3 HolAK, 7|4 Karmarkar7| & o4 ¥ (Simplex
Method)®.t} 50 timesY W=7 o] @3} Ellipsoid Method Rt} #Hote] F 99 A7 &
AE "olA et 28 HA0U® BAF $Ad2 Y- g ma HHgE
A ZE EAZL 2ARADR?. o)y d ERE BAY Case® /A2 EHFSE g el
s BXgD A4S Y3 Primal-Dual W53 4o} Karmarkar's ¢318&9 33
HE FE Aty FYRG HHAE F&= AN BAHNA dAHolm $58E APL Ao =
2IOY¥E /A3 SdnYgES FYsto gelstual o,

Primal-Dual W54 d32gFolA 278 43 & Lustige] AMAE 48L& AL Big M &
o FEIA FA UEAH FYdAA 287 EAREE Fgon, o] xrdlE Big M#Y
At ¢ E TEVIE WS oY1, ;A BAAALE AT F Alel A% & oz B
W Big M&te] 9%E ATdAA F& FHolAN ¢nelEFE 3, 27|0E File PHL oL
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2. 41 FY oJ&F wA

AYAYY EAo =¥ AFH(Canonical from), ¥ F¥(Standard form), A
(Computational form)o2 E@E + sloh. EEP HIAYY A= offst 2ol BEY
F 9t ‘ ' ' :

Minimize c'x
(P) subject to x€S = {x € R": Ax = b, x=0}

Maximize by
(D) subject to (yz) € T = {y2) € R™": Aly + z =¢, z20)
(&, A= mxn¥Z&. b, c £ m, n A7|9 HE)

9} 2o}l Barrier function® £9% 23& theng & > ®

Minimize cfx - 43 log x5
(Pu) subject to Ax =b
x=0 -
x € 8h

Maximize by + 2 log z;
(Dy) subjectto Ay +z-¢c =0
v,z =20
(y,ze T

ANAM pe d9e %o #%< Barrier Parmeterol L, §l A& th&d e e AAE @
‘:}. 3.5 7D

71 1 g BEAPY go] old stedd S iRd I
S'= {x € S; x = 0)lA A58 EFARJ
7R 2 Ad EADY 7te9d T y-d I
T = ((y,2) € T; z = 0}9A 7b5sist &A%
74 3 38 A &3 ASF(full row rank) mE =T (Rank A = m)

A Pt B FADE)Y Ao Kuhn - Tucker 21& HEAA €&
A angZeA x787 EAggd, 278 Oy, D) e s x TV g3

(z? - Z'XATAZ'XAN)'AZ(XZe - ne)
~(AZ'XADTAZ N (XZe - ue)
= ATAZ'XATY'AZ (X Ze - pe) |
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4y = 4y’ = -AZ'XADD @
4y = ~(AZ'XAT)'AZ e

4z = 47 = -AT 4y
a7t = —ATz]y2
4x = 4x' = Xe - X247

axt =27 - X724

ANM A%, 4y, 47'€ Duality gapg& Zol:=dl AAEHI  4x°, 4y 47°E Barrier
Function ol th@ 4og W4 x z& Centeringdhed AH& 8t X3 Parameter a*st u*
Ex20 72208 157 98 Ags F= g9 ¥F2 ofe BEANY £A9 2
71§ A¢s FE Step Length2H 7 wrEo|A f-4d EAAMY o'

apt < x* + [dm}fﬂ T (u A%
apt < 2% + [425" 7 (p¥ 42N
2 < minl(ap, a0 =01 k=01, =, n)
£ 4% (@ /n)(F k=01 ,n = 9-%8 7}5({easible primal-Dual) ¥% (x*,

vl A e Duality Gape2 d* = ¢"x* - bTy* g $od o Wgse Tax - b gy = &

o)1, cT4x® - bT4y? = n olgte EA & 7} Parameter® p* = &' = d - 2"d* - np)
(2)

olt},

3. =7] 7ts38 =Y

Primal-Dual W23 dxeF 7] 7tsde 2¥

Minimize cTX + K Xnv
subject to Ax + (b - AX") %o = b
(BP) (AT y° + 2% - 0)"x + x"2 =

x, x™, x™ 2 0

Maximize by + A¥ma
subject to ATy + (AT + 22 - O)ymu + 2 =c
(BD) (b - AXDy + Znet =x

Zn+l + Zns2 = 0
(z, Zne1, Zne2) 2 0
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')

A& Ask uol 4 Big M olo) 271918 Fahe Aol 2gAoiglnh o Ao o4 7
A deisl 27 ASAZNE A2 o ERAA Yo ¥ M e s x T & wza
#e Fan URY LneEe APeo.

0

rlr 2

o Mate wiAls Adeold 7o S then go| W ®
- x5 - (a®ax? - p*ax®
yk‘,l - yk _ (akdy/l _ #kdyz)
AR N LY PR P\
xl e xha — afx

b+1 k&
yn+1<=yn+l — a’y a+

714 e ax't, 4y, 42 e 2
ay'! = ~(AZ'XAT)" [b - (v m)AXZ do]

AZ'I _ATAy/l - ykm+ldD
4x't = Xe - X714z

4. 2718 A4
Primal-Dual W33 W44 ggat e 2718 A4 $yge Agsian @
%9 271He A 2V dBUe)l 1 <j<nd A
x2 = Ublt / Nal (a;= A9 € HEHAE
o2 ¥3,z9 /&1 <j<n ¥9

z,~°= G ifcg > O
el —¢ ifcg <0

oA Ttk EE vy 2IHL dglA Ao

-1 if, i'th Ak e] Ax < b
v = 1 if, i'th A¥del Ax ) by
0 if i'th Aol Ax = b

4, & v z) € R® x R
x =0 u%z) =20

Aol 7& =7 7tsdlz ¢ndF g FYPesE I
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5. Karmarkar’'s & Primal-Dual W53 &g FolA sl 8 kA s

v

A €18FL tdg9 Al 7HA FPAEAE AXNY Z gAY FP& (4 z27'XADE
Assted o 90%e AAAZE A @ @
A2, AFd FAE 71T 271818 dAste 74,
ERZ, 24 ¥go 9 At 4y
A A Z, Parameter a'$t p'te AATE= 2y
EAYgs ol d& dg F$9 EAE 71X Karmarkar's ¢28E3 Uiy w4 an
259 Fael AojAe] Aol kAo s AW BYc)

ZA) - 9% Subjectilld EX g gto] dE A
Case 1 | Minimize X1 -3%X3 - 2x4 + 5xs + 4x¢ + 15%7 + Txs
Case 2 ° Minimize 14x4 + 5xs + 3x6 + X7 + 4Xs
Subject to X1+ X2- Tx3 - 3X4+ 2x5 + 4x7 + 2x3 =0
2x) + 3x2 - 18x3 + Txq4 + 6x5 —-- X6 - 2%x7 + 3xg = 0
3x1 + 42 - 25x3 + 10X4 + 3xs + Xg - 2x7 + 6xg = 0
-X3 - Xg + llxs - 8X4 - 8xg + 3x7 + 5x8 = 0
4x; + 5Xg - 32x3 + 12X4 + 13x5 ~ 6x6 + x7 + 3xg = 0
X1+ X2 *+ X3t X4+ X5+ Xe+t X7t Xxg=1
- <Case 1, 2>9 Y% HHNE = FANA Subject’} W3 S
Case 3 : Minimize X1 -3X3 - 2x4 t+ BXs + 4x + 15%x7 + TXs
Subject to X1+ X2 - Txz3 - 3xq4 + 2x5 + 4x7 + 2x8 = 0

2X1 + 3%x2 - 18x3 + Tx4+ 6Xs - Xe - 2%x7 + 3xs =0

6x4 - Ox5 + 2x6 - 4x7+ x3 =0

2X4 + 4%5 -~ %X - 3x7 + 6x8 =0

11x4 + 3x5 - Bx6 ~ bBx7 - 4xs = 0

X1+ X2 * X3+ X4+t Xst+t Xet X7+t Xs=1
x =0 G=1----- )

5-1. Kammarkar's ¢z 39 43

<Case 1, 3 A2 A$>

<Case 1>3 <Case 3>9] FAE 7[A 12 Karmarkar's ¢1aE&E 538 AL FFHo=m

HA71A 2 HAHE +E & S-S Miraslav D. Asic. Vera V. Kovacevic-Vujcic?e] =&
off A ¥hiiwl lch

ol8® ol Karmarkar #4¢ WA 8 AH 48 cx)7t g A oo
olHolM EHYFS ‘Cgto]l AU ol dagc)
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o =.co(x*) = [I - BTBB")'BIDc
714 B = B = (47 clzz olqe ted 2ol & 4 An

cp(x¥)=[I - DAT(AD’°AT)ADIDc - e ¢'x* / n
(&, D = D(x) = diag(xy, xz, , Xm), ADE &3 A4, ADe = Axk = 0
A NAM eTep(x¥) = cTxFelrh) & 4

Sl Karmarkar 718o14 9] elepx) = W2 w4 2nAZNA Duality gap o %
ddu B $ gl

d* = chxl - pry1 = e'xzZe
e'c,(x¥) = c'px! - bTpy!

9 HozRe k> 0 d @ cxe 0o Z2HH, o mas e 0 22 &
A "o a8y k > o d @ Dc = 0 o] AEHA Yo k = o 4 of JdeAe
AFsA ggc @

<Case 1>7 <Case 3> 914 k = % o Dc(x") = (0375, 0, -0.375, 0, 0, 0, = A=
D(x")c = 08 wE3x R3ln YL&e B F n A= A x'8 78R 2o

<Case 2 49 A$>

Case 2 419 A% 71A7L (x1, Xz, X3, Xg X5, X8) 0|2 ZAFRY AF7L A7 Ao
2 Walen Aare] S3o) MESHEA Karmarkar's 182N A3 HY7)A 2L HHs)
g 38 g W

ol AAHE x* = (0.375, 05, 0125, 0,0,0,0,0) o], k = o @ Dx*c = (0, 0, 0,
0,000 022 D"c = 0& H=31 Ut}
5-2. Primal ~ Dual W33 4malZ9 53

9) <Case 1, 2, 3>73 %9 24& Primal-Dual %4 ¢18 3¢ Alesld FAHE 7w
thea g}

<Case 19 A%> A3 : (Karmarkar's €318 &M HAAE F31x 23 &4

Iteration X1 X2 X3 X4 X5 X6 X7 X8
39 0.37486 | 0.50006 | 0.12507 0 0 0 0 0
40 0.37463 | 0.49640 | 0.12896 0 0 0 0 0
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<Case 29 7Z2%> A%

Iteration X1 X2 X3 X4 X5 Xs X7 Xs

39 0.37499 | 0.49999 | 0.12500 0 0 0 Q 0

40 0.37500 | 0.49999 | 0.12500 0 0 0 0
<Case 39 A9$> A7 : (Karmarkar's @2 ZNA FAHE 732 2§ 2A)

Iteration X X2 X3 X4 X5 X6 X X3

39 | 0.37499 | 0.49999 | 0.12500 0 0 0 0 0

40 0.37500 | 0.50000 | 0.12500 0 0 0 0 0

@, a= 04, Iteration k = 403}
A9 FA8 X = (0.375 05, 0.125, 0,0, 0, 0, O

o)4ke} 3 7kAl ©HE 7o EAM ¥ & gixel EAH{S g ¢’ 7 Karmarkar's €17
29 3o u¢ F2% gL UAZ UL ¢ F en B =FAAN AL
Primal-Dual W53 ¢nZe A$E AWEW Karmarkar's ¢n8Ze2 28 & gt
<Case 1>, <Case 3>9 A% ZF7} ZAFS o] AUl FHHE Fol £EUYL B &
gt} olg & o) d* =cTpx! - b'py' = e'XZ e, eTcy(xk) =c px! = bTpyll A ¢ F UKo
EXg4 ‘¢’ Duality gapg A4t stedld 9% e B &9 AN $gE AAHGdE o}
b 2e (oM E Fee WX % T, Primal-Dual HEH gugdZe A$ g
B gAdMe 48 G838 X2 = 02 S8y gFolgy nuan

4 xk+l xk - ak( x1 - k x2)
zk+1 zk - ak( zl - k z2)
o

’

Xe - XZ-1 z1 z1
z
Z-le - XZ-1 z2 z2

x1
x2

-AT vyl
~-AT y2

6. 24 &

71& 9 Karmarkar's 7142 EAl9 2717t 748t AP A YR (Linear Programming) & 4]
o] HAHHE Faed FEHA 244 gou FAl <Case 1, 3> AS HHHE 78 F
gt o) EAES ¢naZe AN FANA ESHESE o7 s MM B AHH
9% A ¥¥ Primal-Dual WEH @udFolAe <Case 1, 2, 3>9 A EAZ F3
598 HAAHE 7HAY FP3I}E 2L B 3 o] AFHE Karmarkar's e FolA H3H
HE 2= Ao 43 A% vl Primal-Dual WH3 ¢xneFe AL £330 B0 4 H
olgtx & &= vk 28U <Case 1>9 A$ Aepiase Arrt FrHE A g Fe +3
of XZ'9o) Arel Fao] Gl YA FF B AP #BES & Fe AFFHA

g neistas e

A2 7Net HEH g 3 FEARG AdA L FF A4S vla I

E R/ 2, Degeneracy® A9t Alternative OptimaE zte EAlolA ¢ Primal-Dual W53 4
o Hg 2 et WRAY YA e FHAF fE AT

A2, XZ9 Inverse Z°ol ers] HAAZS A FHA AdYol g A7,
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