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Review

Consider a polyhedral function:

ϕCP(y) = min
i
{ϕ(y i) + g(y i).(y − y i)|i ∈ β}

= min
i
{ϕ(y i) + ϕ(ȳ)− ϕ(ȳ) + g(y i)(ȳ − y i) +

g(y i)(y − ȳ)|i ∈ β}
= min

i
{ϕ(y i)− ϕ(ȳ) + g(y i)(ȳ − y i) +

g(y i)(y − ȳ)|i ∈ β}+ ϕ(ȳ)

ϕCP(d) = min
i
{αi + g id|i ∈ β}+ ϕ(ȳ)

where,

g i = g(y i), αi = ϕ(y i)− ϕ(ȳ) + g(y i)(ȳ − y i) ≥ 0
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Review(2)

(Dβ) : max
d
{ϕd(d)} = max

v ,d
{v |v ≤ αi + g id, i ∈ β}

Stabilizing, we get:

(Πβt) : max
v ,d

{v − 1
2t
||d ||2|v ≤ αi + g id, i ∈ β}

Dual:

(∆βt) : min
θ
{1

2
t ||

∑
i

g iθi ||2 +
∑

i

αiθi |
∑

i

θi = 1, θi ≥ 0}
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Review(3)

(∆βt) : t . min
θ
{1

2
||

∑
i

g iθi ||2 +
1
t

∑
i

αiθi |
∑

i

θi = 1, θi ≥ 0}

Same as the problem:

(∆ε
β) : min

θ

1
2
||

∑
i

g iθi ||2

s.t.
∑

i

αiθi ≤ ε∑
i

θi = 1, θi ≥ 0

which is a smoothing of:

min
g
{||g|| : g ∈ conv({g i : αi ≤ ε})}
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Primal Interpretation

Consider the problem:

(P) : minx{cx |x ∈ X , Ax = b}

Let, X ′ = {x i}, be the set of all extreme points of X .

Let X be bounded.

Suppose its easy to solve (P) over X alone.
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Dantzig-Wolfe Decomposition

If x ∈ X , then there exist θi ≥ 0 s.t.

x =
∑

i

x iθi ,
∑

i

θi = 1

Hence,

(P) : min
x
{cx |x ∈ X , Ax = b}

is same as:

(M) : min
θ

c(
∑

i

x iθi)

s.t. A(
∑

i

x iθi) = b∑
i

θi = 1, θi ≥ 0
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Dantzig-Wolfe Decomposition(2)

(Mβ) : min
θ

c(
∑
i∈β

x iθi)

s.t. A(
∑
i∈β

x iθi) = b,
∑
i∈β

θi = 1, θi ≥ 0

(Lβ) : max
y ,v

yb + v

s.t. v + yAx i ≤ cx i , i ∈ β

Call a new problem:

(Pc−y∗A) : min
x
{(c − y∗A)x|x ∈ X

If v∗ ≤ (c − y∗A)x, we are done, else add x∗ to Mβ .
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Bundles

Let, ϕ(y) = yb + min{(c − yA)x : x ∈ X}
Then, g(ȳ) = b − Ax(ȳ) ∈ ∂ϕ(ȳ).

Let x i = x(y i), g i = g(y i).

Then, ϕ(y) = cx(y) + y.g(y).

αi = ϕ(y i)− ϕ(ȳ) + g i(ȳ − y i)

= (c − ȳA)(x i − x(ȳ))

For ȳ = 0, ϕ(0) = cx(0), αi = c(x i − x(0)).
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Bundles

(Lβ) : maxy ,v{v |v ≤ (c − yA)x i + yb − cx(0), i ∈ β}.

(Lβ) : maxy ,v{v |v ≤ g iy + αi , i ∈ β}+ ϕ(0).

Lβ = Dβ .

Mβ : minθ{αθ|
∑

i(b − Ax i)θi = 0,
∑

i θi = 1, θ ≥ 0}+ ϕ(ȳ).

Mε
β : minθ{αθ|12 ||Gβθ||2 ≤ ε}.
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