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Exercise Set 7

Exercise 7.1. Consider quadratic netlength minimization in x-dimension
based on the (quadratic) Clique netmodel i.e.

CliqueSQ(N) :=
∑

{p,q}⊆N

w(N)
|N | − 1

(
x(p) + x(γ(p))− x(q)− x(γ(q))

)2

(a) Show that CliqueSQ can be replaced equivalently by the quadratic
StarSQ netmodel

StarSQ(N) := w′(N) ·min

∑
p∈N

(x(p) + x(γ(p))− c)2 |c ∈ R


for an appropriate weight function w′.

(b) For a fixed placement x and a single net N let l, r ∈ N be defined as
l := arg min{x(p)+x(γ(p)) | p ∈ N} and r := arg max{x(p)+x(γ(p)) |
p ∈ N}. We further define for p, q ∈ N

wB2B
pq :=

0 if {p, q} ∩ {l, r} = ∅,∣∣∣x(q) + x(γ(q))− x(p)− x(γ(p))
∣∣∣−1

else.

Show that the CliqueSQ netlength with weights wB2B equals the (lin-
ear) bounding box netlength for placement x.

(3 + 3 points)

Exercise 7.2. The Minimum Cut Linear Arrangement Problem is
defined as follows: Given a hypergraph G = (V,E) where E ⊆ P(V ), find a
bijective mapping f : V → {1, ..., |V |} that minimizes

max
i∈{1,...,|V |−1}

∣∣∣{e ∈ E : ∃v, w ∈ e s.t. f(v) ≤ i < f(w)
}∣∣∣

Show that this problem can be solved in O(nm2n) where n|V |,m|E|.
(5 points)
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Exercise 7.3. Consider the following wirelength model for a (C, P, γ,N ).
For a net N ∈ N ,

SmoothBB(N) := ln
∑

p∈N

exp (x(γ(p)) + x(p))
+ ln

∑
p∈N

exp (−x(γ(p))− x(p))


+ ln
∑

p∈N

exp (y(γ(p)) + y(p))
+ ln

∑
p∈N

exp (−y(γ(p))− y(p))
 .

Prove:

(a) BB(N) ≤ SmoothBB(N) ≤ BB(N) + 4 ln |N |.

(b) SmoothBB(N) is a convex function in (xC)C∈C.

(Hint: it is worth simplifying the notation before proving the core mathe-
matical property.)

(2+3 points)

Exercise 7.4. Consider the sequence (ai)i∈N as defined in Nesterov’s Algo-
rithm: a0 := 0 and ak+1 := 1+

√
4a2

k
+1

2 for k ∈ N. Prove the following two
properties:

(a) a2
k−1 = (ak − 1)ak and k

2 ≤ ak−1 ≤ k − 1 for all k ∈ N.

(b) The ratio ak−1
ak+1

increases monotonically and converges to 1.

(2 + 2 points)

Deadline: June 4th, before the lecture. The websites for lecture and exer-
cises can be found at:

http://www.or.uni-bonn.de/lectures/ss24/chipss24_ex.html

In case of any questions feel free to contact me at schlomberg@or.uni-bonn.de.
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