ABSTRACT

Introduction

||.|| I 0 e_k k e = Σ_ke_k

x ∈^n n c^T x

(1b) Ax = b and (1c) x ≥ 0, where A ∈^{m×n} m × n b ∈^m dual problem b^T y

(2b) A^T y ≤ c y A m). x x m x

ables.

x^k to x^{k+1} x̂ = D^{− 1} x (3) D = D^k = x^k) i,i x_i^k i x^k Âx̂ = b and x̂ ≥ 0 Â = AD ĉ^T x̂ ĉ = Dc. x^k e): x̂^k := D^{− 1} x^k = e

(4) p̂ P_A^ ĉ, where P_B B x̂^{k+1} = x̂^k ^ p̂ x^{k+1} = x^k p = x^k DP_{AD}Dc ^ > x^{k+1} > x α α^{max,} α^{max} α^{max} = max{ x^k p ≥ 0}.

c^T b_i = i < m A_{m,j} = j

x^k, β^k (5a) Ax^k = b, (5b) x^k > 0, and (5c) β^k c^T , where c^T

(6) ϕ (x,β = (n + c^T x ) −_{i =1}Σ^n x_i )

ϕ (x^{k+1} ,β^{k+1} ) (x^k,β^k) − 5 1 k lim ϕ (x^k,β^k)

−_klim β^k =_klim c^T x^k = c^T x^0 and

β^0 x^k,β^k D ables

x̂ (x = (e^T D^{− 1} x +^{− 1} 1 D^{− 1} x ,

x^{− 1} (x̂) = x̂_{n +1}^{− 1} Dx̂_{1..n} ,

where x̂_{1..n} n x̂

(7a) e^T AD 1 − b x̂ = 1 0

(7b) x̂ ≥ 0,

and ϕ becomes

ϕ̂ (x̂,β) =_{i =1}Σ^{n +1} log x̂_i c^T Dx̂_{1..n} x̂_{n +1} − D .

Let A := (AD, − b),

(8a) u := P_A 0 Dc , (8b) v := P_A 1 0 , and (9) μ(β = min{(u v)_i ≤ i ≤ n + 1

β^{k+1} μ(β^{k+1} ) ≤ μ(β^k) ≤ case β^{k+1} :^k β^{k+1 k} with μ(β^{k+1} ) = β^{k+1} c^T ϕ̂ x̂

p̂ P_B β^{k+1} Dc (I − n + 1 ee^T u_{k+1} v

where B =

e^T AD 1 − b x̂^{k+1} = x̂^k ^ p̂ x^{k+1} = x^{k k}p^k

(10) p^k = Dp̂_{1..n} − p̂_{n +1} x^k

and α^k =

(n +^{− 1} ^ p̂_{n +1} α̂ α̂ α̂ = 1/ k ϕ (x^k p^k) approximately.

s ∈^n by s = c − A^T y y yin A^+ A A = AA^+ A A^+ A^+ assuming A AA^+ = I y = A^{+T} (c − s b^T y minimizing b^T A^{+T} (s − c

A^+ b)^T s − c^T A^+ b

I − A^T A^{+T} )s = (I − A^T A^{+T} )c and (11c) s ≥ 0,

where I n×n). Â Â := (I − A^T A^{+T} )D D = s^k s^k AD^{− 1} I − A^T A^{+T} )A^T = 0 P_A^ = D^{− 1} A^T (AD^{− 2} A^T )^{− 1} AD^{− 1} c^T A^+ b the ĉ DA^+ b AA^+ = I p = Dp̂ p A^T (AD^{− 2} A^T )^{− 1} b. s s = c − A^T y α p to s α (AD^{− 2} A^T )^{− 1} b to y.

D := D^k = c − A^T y^k)

y^{k+1} = y^{k k}(AD^{− 2} A^T )^{− 1} b,

with α^k > c − A^T y^{k+1} > 0.

u and v A = I − A^T A^{+T} )D, − (I − A^T A^{+T} )c Q = 0 D^{− 1} A^T 1 D^{− 1} c

A u v := Q(Q^T Q)^{− 1} Q^T β DA^+ b c^T A^+ b

β u v := Q(Q^T Q)^{− 1} Q^T c^T A^+ b

DA^+ b

(12) ϕ (y,β = (n + b^T y) −_{i =1}Σ^n s_i

(where s = c − A^T y Q^T c^T A^+ b

DA^+ b = β AA^+ b = β b

(13) u v := Q(Q^T Q)^{− 1} β b .

Q^T Q)^{− 1} β b = 0 (AD^{− 2} A^T )^{− 1} b 1 − (AD^{− 2} A^T )^{− 1} AD^{− 2} c , where

(14b) 1 + c^T D^{− 2} c − c^T D^{− 2} A^T (AD^{− 2} A^T )^{− 1} AD^{− 2} c c^T D^{− 2} A^T (AD^{− 2} A^T )^{− 1} b ,

(14c) u v = ν D^{− 1} A^T (AD^{− 2} A^T )^{− 1} b

.[c − AT (AD− 2 AT )− 1 AD− 2 c] .

ν ν n D^{− 1} x := D^{− 2} [A^T (AD^{− 2} A^T )^{− 1} b .(c − A^T (AD^{− 2} A^T )^{− 1} AD^{− 2} c c^T x = b^T (AD^{− 2} A^T )^{− 1} AD^{− 2} c .(c^T D^{− 2} c − c^T D^{− 2} A^T (AD^{− 2} A^T )^{− 1} AD^{− 2} c updating β c^T x β := c^T x β s becomes p = A^T (AD^{− 2} A^T )^{− 1} (b AD^{− 2} c) (c − s ν c − s = A^T y p _ = (AD^{− 2} A^T )^{− 1} (b AD^{− 2} c) yfor y. β^k ≥ c^T (= b^T y^k rendering s^k := c − A^T y^k > 0 D := D^k = s^k ν^k ν

A^T (AD^{− 2} A^T )^{− 1} b (c − A^T (AD^{− 2} A^T )^{− 1} AD^{− 2} c) ≥ 0,

β^k > c^T D^{− 2} [A^T (AD^{− 2} A^T )^{− 1} b^k(c − A^T (AD^{− 2} A^T )^{− 1} AD^{− 2} c

β^{k+1} β^{k+1} :^k ν^{k k} pute p _k := (AD^{− 2} A^T )^{− 1} (b^kAD^{− 2} c)^ky^k α^k α mizes ϕ (y^k p _k , β^{k+1} y^{k+1} := y^{k k}p _k .

+ c̃^T Bc̃ B L of AD^{− 2} A^T = LL^T 1 + (||D^{− 1} c||_2 L^{− 1} AD^{− 2} c||_2 ||D^{− 1} c||_2 L^{− 1} AD^{− 2} c||_2 ||D^{− 1} c||_2 ||L^{− 1} AD^{− 2} c||_2

Bounds

x ≤ u

A by Ã = I A I 0 and D by D̃ = 0 D_l

D_u 0 D_l )_{ii} = x_i

D_u )_{ii} = u_i − x_i ÃD̃^{− 2} Ã^T

(15) ÃD̃^{− 2} Ã^T =

0 I I AD_l^{− 2} (D_l^{− 2} + D_u^{− 2} )^{− 1} 0 AD_l^{− 2} D_u^{− 2} (D_l^{− 2} + D_u^{− 2} )^{− 1} A^T D_l^{− 2} + D_u^{− 2} 0 (D^{l− 2} + D^{u− 2} )^{− 1} D^{l− 2} A^T I I 0 , AD_l^{− 2} D_u^{− 2} (D_l^{− 2} + D_u^{− 2} )^{− 1} A^T AD^{− 2} A^T D_l^{− 2} D_u^{− 2} (D_l^{− 2} + D_u^{− 2} )^{− 1} 4 Record .)

Any x

x polytope y y If A or A^T m = n = m +

m = n = m +

If m = F := A^T and f := c

(16) ∈^3 : Fz ≤

F_i i F F_i component f_i of f ∈^3 : F_i z ≤ f_i }

n = m + A F by A A F F ∈^{n×3} AF = 0 x^n x z ∈^3 x = x Fz z ∈^3 satisfies Fz ≤ x° x := x Fz f := x°. F G ∈^{3×3} w := G^{− 1} z;

F by FG

S = S(F,f i,j,k,l) ∈ S

(17) ∈^3 : F_i z = f_i , F_j z = f_j , F_kz ≤ f_k, F_l z ≤ f_l

S F to FG S(FG,f) ≡ S(F,f). F F^T F = I z FF^T F

Record F was not orthogonalized.)

n = m + m = A, b c

i A_i A_i c_{i i} A_i A_i c_i

Aand c b = −

v d α

v d x′to y′ xto y.

d α

α /2

. . . .

. . . . . . . . . .

x

y x′

y′ viewpoint

v edge e

e hidden edges

′ ′ v (16′ v satisfies F_i v ≥ f_i or F_j v ≥ f_j v

′ °, 60° ° °

7

8 9 101112 13

45 83

89 90 91 92 93 94

7 8 9 10 11 12 13

45

83

89 90 91 92 93 94

° °

9 10 11 12 13

23

92 93 94

12

13

18

19

23

24

26

27

32

33

40

41

42

43

50

52 60

61

65 71

72

78

82

° °

9

10

11

12

13

14

15

16

17

18

19

22

23

24

26

27

28

29

30

31

32

33

36

37 38

39

40

41

42

43

45

46

47

48

49

50

51

55

56

57

58

59

60

61

62

63

64

65

67

68

69

70

71

72

75

76

77

79

80

81

82

83

84

85

86

87

89

90

91

92

93

°

7 8 45_{83} 89

7_8 45 83 89

7 8

45 83 89

d °view d^{–10},0,1) °

x, y the z y, z Q p p Q(p − v p (p′_1 , p′_2 , p′_3 p′_2 > {p′_1 ′_2, p′_3 ′_2} ≤ α / Q z direction d z d Q ° d = x, y d = (− 10^{− 10} ° ° choosing d − 10^{− 20} ,− 10^{− 10} ° x Q Q d d Q ||Q − Q || Q d d ||_2 Q d Q(d d = − ° d = c b

x^{k+1} = x^k + α_k^{max} p^k x^{k+1} = x^k + α_k^{max} p^k α_k^{max} = max{α : x^k p^k ≥ 0}

30° center ∈^n : ADx = b, x ≥ 0} d = (−

30° ° ° °.

10 11 12 13

15

16

17

18

19

23

26

28 29

30

31

32

45

55 62

64

67

69

70

71

81

83

85

86

87

89

90 91 92

93

. . . . . . . ........

.....

..... .

10 11 12 13

15

16

17

18

19

23

26

28 29

30

31

32

45

55 62

64

67

69

70

71

81

83

85

86

87

89

90 91 92

93

7

8 9 14

45 83 89

90

45 83 89

90 91^{92} 93

d ° d

7

8

9 10

11 12 13

14

15

16

17

22

23

28

29

30

31

36

45 46

55

62

63

67

68 69

75

79

80

81

83

84

85

86

87

89

90 91 92 93

4

5

7^8

9 10 11 12 13

14 15 16 17 23

28 29 30 31 32

36 37 38 39 40

45 46 55 56

57

62 63 67

78

93 94

(inside) v d v d

5

85

86

89

90

92 93 4 5

7

45 69

70

71

75 76

77

79

80 81

82

83 84 85

86 87

89

90

93 94

77 81

85

87 91

92

4 7^{8 9 10 1112} 13 14 15 28 29

45_{46} 62 67 75

78

79 84

85

92

93 94

°view °view

87

91

92

4 7 1011 12 13 27 43 52 60 72 82 87

89 90 91

°view °view cutaway

89

90

91

4

5

7^8

9 10 11 12 13

14

23

28 29 30 31

45^{46 55} 56 57

62 63

64

67 68 69

79 80

92 93 94

v

5

85 86

89 90 92 93 4 5

7

45

70

71

75 76

77

79

80 81

82

83 84

87

89

90

93 94

v v

4

69 70 71

76 77 79 80 81

84

85

87 89 90 91 92_{93} 94 4 5 7 13

45 58 64

65

70 71

72

77

78 89 90 91

92

93 94

7 89^{1011} 12 13 94 4 7_8

45

d d

iterate x x b^T y b^T y

10 11 12 13

15

16

17

18

19

23

26

28 29

30

31

32

45

55 62

64

67

69

70

71

81

83

85

86

87

89

90 91 92

93

7

8 9 14

45 83 89

90

d °

45 83 89

90 91^{92} 93

7

8 9 10 11 12 13

14

28

45

62 83

89

90 91^{9293} 94

d 50°view, v (n + / n(n + (n + d = 1/ n(n +

d = −

62

63 67 68 69 70

75

76 79 80 81

83 84 85 86

69 70 71

76

77

79 80 81 84 85 86

64

68 69 70 71

76

77

79 80 81 85 86 87

57 58 64

65

68 69 70 71

76

77

79 80 81 85 86 87

69 70 71

76

77

80 81 85 86 87 69 76 79 80 81 84 85 86 89 90 91

69 70

76 79 80 81 84 85 86 89 90 91

58 64

65

69 70

71

76

77

80 81 86

64

65

69 70

71

72

77

81

82

58

64

65

69 70

71

72

77

81

82

64

65

70

71 77

81

64

69

70

71

76 80 81

85

86

77

71 82

87 92

93

d d = (−

4

5

7 11 12 13

14 28 29

45 46_{55}^{56} 57

62 63

64

67 68 69 70 71

80 81

82

93 94

4

5

7

45 62 67 68 69 70 71

75 76 79 80

81

83 84 85

86 87

92 93 94

v= center v= center+(.2,0,0)

4

5

45 62 64 67 68 69 70 71 75

76

77 79 80 81

82 83

84 85

89

93 94 4

5

69 70 71

76 77 79 80 81 83

84

85 86

87

89 92 93 94

v= center v= center+(.2,0,0)

4

5

7 11 12 13

23 31 40 45 46 50 55 56 57 58 62

63 64 65 67 68 69 70 71

72

78

79 82

93 94 4 5

7 45 62

64 65 67 68 69 70 71 75

76 77 79 80 81

82 83

84

85 86 87

93 94

v= center v= center+(.2,0,0)

4

5

7^{9 10 11}

12 13

14 23

27

28 29 30 31 32 33

38 40

42

45 46 50

55 56 57 58 59

60 61

63 64

65

68 69 70 71

72

77

78

93 94

4

5

7 12 13

45 62 64

65

67 68 69 70 71 75

76

77

78

79 80 81

82

83

85

87 89

93 94

v= center v= center+(.2,0,0)

4

5

7 11 12 13 27

45 58

60

61

64 65

69 70 71

72

76 77

78

79 80 81

83

84

85 86

89

94

4

5

13

65

70 71 72

76 77

78

81

82

85

87

88 89 90

93 94

v= center v= center+(.2,0,0)

4

5

7^{8910} 11 12 13

14 17

19

23

24

26

27

30 31

32

33

40

41

42

43

45 50

51

52

58

59

60

61

65

71

72

73 78 82

83

87

89 90 91

94

4

5

7 11 12

13 27

45 50

57

58

61

62 64

65

71

72

77

78 82

83

87

88

89 90

93 94

v= center v= center+(.2,0,0)

4

5

7^{8910} 11 12 13

14 17

19

23

24

26

27

31

32

33

40

41

42

43

45^{50}

51

52

58

59

60

61

65

71

72

73 78

82

83

87

89

90

94

4

5

7 11 12

13

23

27

45 50

57

58 62

64

65

71

72

77

78 82

83

88

89 90

93 94

v= center v= center+(.2,0,0)

4

5

7^{8 9 10} 11 12 13

14 16 17

18 19

23

24

26

27

28 29 30 31 32

33

38 39 40

41

42

43

45 46 50

51

52

53

58

59

60

61

62

65

71

72

78 88

89 94

4

5

7 11 12 13

23

24

27

31 32

33

40

42

45 50

56 57

58

59

60

61

62 63 64

65

67 68 70

71

72

75 77

78

79

82

83

88

89 90 91

93

94

v= center v= center+(.2,0,0)

4 5

7 11 12 13

23 24 27

31 32 33

40

42

50 57 58

59

64

65

70 71 77

89 90 91

92 93 94 4 5 7 13

50 57 58 64

65

70 71 77

78

89 90 91 93 94

v= center v= center+(.2,0,0)

4 5 7 12 13

23

27

50 58 59

64

65

70 71

77

89 90 91

92 93 94 4 5 13

58 64

65

70 71

72 78

89 90 91 92 93 94

v= center v= center+(.2,0,0)

4

5

7 9 10 11 12 13

14 17

19

23

24

26

27

29 30 31 32

33

38 39 40

41

42

43

45 50

51

57 58

59

60

64

65

70 71 77

78 89 90 91 92 93

94

4 5

7 11 12 13

23

27

33

40

42

45 50

56 57 58

59

60

61

62

64

65

69 70

71

72

78

89 90 91

92 93

94

v= center v= center+(.2,0,0)

4 5

7 11 12 13

19

23

24

26

27

31 32

33

38 39 40

41

42

43

45

50

51

52

56 57 58

60

61

62

63 64

67

68 69

72 73

75

76

78

79 80

82

83 84 85

87

88

89 90 91

92 93

94 4 5

12 13

23

24 27

32

33

40 41

42

50 51

52

56 57 58 59

60 61

64

65

68 69 70 71

72

76

78

79 80 81

82

84 85

88

89 90 91

92 93 94

v= center v= center+(.2,0,0)

4 5 65 71

77

81

89 9091 93 94_5 65 71 77 78

81 91

92

93 94

v= center v= center+(.2,0,0)

c^T x^{k k} ≤ 10^{− 7}c^T x^k

c^T x

A°y ≤ c Ax = b with A = [A°^T , I F with AF = 0 F = − A° I Abecomes

(18) A = 0 I A°^T I 0 I 0 I 0 I 0 0

and F becomes F = [I, − A°, − I, A°]^T

d = (−

10 11 12 13

15

16

17

18

19

23

26

28 29

30

31

32

45

55 62

64

67

69

70

71

81

83

85

86

87

89

90 91 92

93

7

8 9 14

45 83 89

90

d °

45 83 89

90 91^{92} 93

45 83 89

90 91 92

d d

d = −

4

7

8 9 14

28

45

62

83 89 7^{4589}

7^{45}89 7

8 9

45

7

8 9 10 11 14

45 83 7 8 9 10 11 14

45

62

83

7 8 9 1011 14 45 62 83 7 8 9 1011 12

14 45 62 83

7 8 9 10 11 1213

14 45 62 83 7 8 9 10 11 12

14 45 62 83 89

7 45 62 83 45 62

63

64

67 68 69 70 71

75

76 79 80 81

83 84 85

86

76 80 81 84 85 89 90 91

90

91

77 81

85 86 91

64 69 70 71

76

77

80 81

82

50

57

58 64

65

69 70

71

72

76

77

80 81

82

57

58

64

65

69 70

71

76

77

80 81

82

64

69 70 71

76 80 81

85 86 77

86 71

81

82

d d = (−

2 4

5

7

2

4

5

7

8

v= center v= center+(.1,0,0)

2 4

5

7

2

4

5

7

8 9 10 11

v= center v= center+(.1,0,0)

2 4

5

7

8^9 10 11 12 13

4

5

7

8 9 10 11 12 13 54

v= center v= center+(.1,0,0)

2 4

5

7 8 9 1011 12 13 54

4

5

7 8 9101112 13 54

v= center v= center+(.1,0,0)

4

5

7 8 9101112 13

54 4

5

7 8 9101112 13 54

v= center v= center+(.1,0,0)

4

5

7 8 9 10 11 12 13 14

54 4

5

7_{8 9 10} 11 12 13 14 15 16 17 18 19 22 23 28 29 45

54

62 74 v= center v= center+(.1,0,0)

4

5

7 8 9 10 11 12 13

14

54 4

5

7 8_9 10 11 12 13 14 15 16 17 18 19

22 23 24 26 27 28 29 30 31 32 33 45 46

54

62 v= center v= center+(.1,0,0)

4

5

7 8^9 10^{11 12} 13

14 17 19 23 24 26 27 28 29 30 31 32 33

36 37 38 39 40 41 42 45 46

49 50 51

54

55 56 57 58 59 62 63 65 67

74 4

5

7 11 12 13

23 45

54

55 56 57 58 62 63 64 65 67 68 69 70 71 72

74

75 77 79 80 81

82 83

84 87

88 89

v= center v= center+(.1,0,0)

4

5

7^{8 9 10} 11 12 13

14 15 16 17 18 19

21

23

24

26

27

28 29 30 31 32

33

38 39 40

41

42

43

45 46

50

51

54

55 56 57 58 59

62 64

65

70 71

74 78

4

5

7^{8 9 10} 11 12 13

14 23

27

45

54

56 57 58

62 63 64

65

67 68 69 70 71

72

74

75

76

77

78

79 80 81

82

83

88

v= center v= center+(.1,0,0)

4

5 54

57

58

64

65

67

68 69 70

71

72

74

75

77

79

82

83

84

87 88

89 90

91^4

5 54

64

65

68 69 70

71

74

77

79 80 81

82

84

85

87 88

89 90

v= center v= center+(.1,0,0)

4

5

13

54

65

70

71

72

74

77

78 82

84

87

88

89 90 91

4

5

13

54

70

71

74

77

78

81

82

85

87

88

89 90 91

v= center v= center+(.1,0,0)

4

5

7^{8 9 10} 11 12 13

14

19

21

23

24

26

27

31 32

33

40

41

42

43

45 50

51

52

53 54

56 57

58

59

60

61

62

64

65

66

67 71

72

73

74

75

78 82

83 84

89

90

4

5

7 10 11 12 13 21

23

24

27

33 42

43

45 50

52

54

57 58

59

60

61

62

64

65

67 68 69 70 71

72

73 74

75 77

78

79

82

83

84

88

89

90

v= center v= center+(.1,0,0)

4 5 54

64 69 70 71

77 81

82 87 88 89 90

91

4 5 54

69 70 71

77 81

88

89 90

91

v= center v= center+(.1,0,0)

4 5 7 13 54

58 64

65

70 71

74

77

88 89 90

91

4 5_{13}54 58 64

65

70 71

74

77

78 88 89 90

91

v= center v= center+(.1,0,0)

4

5

7 10 11 12 13

23

24

26

27

30 31 32

33

38 39 40

41

42

45 50

51

54

57 58 59

60

61

64

65

70 71

74

77

78

88

89 90

91

4

5

7 11 12 13

23

27

31 32

33

40

42

45 50

54

56 57 58

59

60

61

64

65

70

71

72

74 78

88

89 90

91

v= center v= center+(.1,0,0)

4

5

7 12 13

23

24 26

27

31 32

33

39 40

41

42 43

50 51

52 54

56 57 58

59

60

61

63

64

67

68 69 70

72 73 74

76

78

79

80 81

82

84 85 86

88

89 90 91 4 5

12 13

23

24 27

32 33

40 41

42

50 51

52 54

56 57 58 59

60 61

64

65

68 69 70

72 74

76

78

79 80 81

82

84 85

88

89 90 91

v= center v= center+(.1,0,0)

5 54

65 71 72 74

77

78 86

88 91

54 65 71 72 74

77

78 82

88 91

v= center v= center+(.1,0,0)

65

70

71

81

82

86

87

65

70

71

81

82

86

v= center v= center+(.1,0,0)

Record Pictures Record ral’’ F F Record

F Record A Bx̂ = e_{m+1}

(19) B =

e^T 0 D_1

A°^T D_1

e^T

D_2 0 D_2

e^T 0 D_3 0

e^T

D_4 0 0

1 − u_2

− u_1 − b .

Here D D = D_1 , D_2 , D_3 , D_4 D_1 , D_3 ∈^{3×3} and D_2 , D_4 ∈^{m×m}; u_1 ∈^3 and u_2 ∈^m B

obtain F f e_{m+1} F and f F

4

5

7 7 8

9 10 11 12 13

14 15 16

17

22

23

28

29

30 36

45 46

55

62

63

67 75 79 80

83

84

85 86 90 91 92 93 94

d = ahead d = behind

5

45

83

d = ahead d = behind

5

89 2

5

7

d = ahead d = behind

5

89 2

5

7

d = ahead d = behind

5

89 4

5

89

d = ahead d = behind

5

7 89 1011 45

89 94 4

5

89

d = ahead d = behind

5

8 9 10 11 12 13

89

90 91 92 93 94 4

5

89

d = ahead d = behind

5

11 12 13 89

90

91 92 93

94

4

5

89

90

d = ahead d = behind

12

13

18

19

23 31 37

38 56 63

67

68

69

75

79

80

84

85

89 90

91

92 93

94 5

90

91

92

d = ahead d = behind

13 24 26

27

32

33

39

40

56

57

58 64

68

69

70 71

76

79

80

81

85

86

90

91

92 93

94

4

5

89 90

91

92 93 94

d = ahead d = behind

65

70 71 72

76

77

80 81

82

85

86 87 91

92

93

4

5

89 90

91

92

93

94

d = ahead d = behind

77

81 86

87

91

92

4 5

12 13

23

56 57 63 68 69 76

79

80

84 85

89 90 91

92

93

94

d = ahead d = behind

77 86

87

92

70 71

76 81 85 86

87 91

92

d = ahead d = behind

86

87

92

86

87 91

92

d = ahead d = behind

86

87 92

86

87 92

d = ahead d = behind

77 86

87

77 81 86

87 92

d = ahead d = behind

77 86

87

77 86

87

92

d = ahead d = behind

77 86

87

77 86

87

d = ahead d = behind

77 86

87

77 86

87

d = ahead d = behind

77 86

87

77 86

87

d = ahead d = behind

77 86

87

77 86

87

d = ahead d = behind

c^T x

° 0.15°.

77 82 86

87

92 93 71

77 86

87

d = behind, v ° d = behind, v °

F

F FF^T F. F

time.)

b = e_m and A^T e_m = e F

x° x

I

Acknowledgements manuscript. References

Algorithmica1 36

1986).

39

Form,’’ 37

40 Combinatorica 4,

7

1985). Algorithmica1

Algorithmica1