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Exercises 11

1) Given an instance of the Simple Global Routing Problem and additionally
a set P of timing-critical paths with delay bounds D : P → R+. Each path P ∈ P
consists of a sequence N1, N2, . . . , Nn of nets. Let YN be the set of Steiner trees for
N ∈ N . A delay function dN : YN → R specifies the delay through the circuit driving
N . The delay depends on the length of the Steiner tree YN ∈ YN and the additional
spacing sN(e):

dN(YN) := αN + βN ·
∑

e∈E(YN )

l(e)

(
w(N, e) +

ζN,e

sN(e)

)
with constants αN , βN , ζN,e.
We require that ∑

N∈P

dN(YN) ≤ D(P ) for all P ∈ P .

Show that the Simple Global Routing Problem with these additional delay con-
straints can be modeled as a Resource Sharing Problem.

(4 points)

2) Let C and Bc (c ∈ C) be finite sets and xc,b ≥ 0 for all c ∈ C and b ∈ Bc with∑
b∈Bc

xc,b = 1 for all c ∈ C. Let gc(b) ∈ R+ for b ∈ Bc and c ∈ C, and λ :=
maxr∈R

∑
c∈C
∑

b∈Bc
xc,b(gc(b))r.

For r ∈ R let ρr := max{(gc(b))r/λ : b ∈ Bc, c ∈ C, xc,b > 0} and let δ > 0 so that
1−

∑
r∈R e−h(δ)/ρr > 0, where h(δ) := (1 + δ) ln(1 + δ)− δ.

Show that there is a deterministic algorithm that computes b̂c ∈ Bc for c ∈ C so that
λ̂ := maxr∈R

∑
c∈C(gc(b̂c))r ≤ λ(1 + δ).

Hints: Define for any feasible solution x̂:

Ψ(x̂) :=
∑
r∈R

1

(1 + δ)(1+δ)λ

∏
c∈C

(
1 + δ

∑
b∈Bc

x̂c,b(gc(b))r

)

and show that if Ψ(x̂) < 1 then maxr∈R
∑

c∈C
∑

b∈Bc
x̂c,b(gc(b))r ≤ λ(1 + δ).

For c′ ∈ C consider the solutions x̂c′,b′
for b′ ∈ Bc′ defined by

x̂c′,b′

c,b :=


1 c = c′, b = b′,
0 c = c′, b 6= b′,

xc,b otherwise.

and compute
∑

b′∈Bc′ xc′,b′Ψ(x̂c′,b′
).

(4 points)



3) When producing the mask of a chip, dust particles might create errors. A dust
particle creates an open if it covers the complete width of a wire and a short if it
touches two different wires:

In our model all dust particles are circles with some radius r that are uniformly dis-
tributed over the chip area. As probability distribution for r we take f(r) = k

r3 for
r ≥ r0 where r0 ∈ Rr>0 is smaller than the smallest radius of a dust particle that might
create an error and k is chosen so that

∫∞
ro

f(r)dr = 1.
For each point (x, y) of an area [x1, x2] × [y1, y2] let ts(x, y) and to(x, y) be the mini-
mum size of a particle on position (x, y) such that it produces a short and an open,
respectively. The critical area with respect to shorts and opens, respectively, is defined
as

Cshort([x1, x2]× [y1, y2]) := cs

∫
x∈[x1,x2]

∫
y∈[y1,y2]

∫ ∞

ts(x,y)

f(r)drdydx

and

Copen([x1, x2]× [y1, y2]) := co

∫
x∈[x1,x2]

∫
y∈[y1,y2]

∫ ∞

to(x,y)

f(r)drdydx,

where cs > 0 and co > 0 are some constants. (The estimated wiring yield loss depends
monotonically on the critical area.)
By allowing extra space for each wire and increasing its width we can reduce the critical
area. We model the critical area by a cost function γN,e : R+ → R+ for each N ∈ N
and e ∈ E(G) where γN,e(s) is the estimated contribution if e is used by net N with
allocated space w(N, e) + s (see lecture notes page 113).
γN,e(s) is computed the following way. Assume we have a set of parallel vertical wires
of width w := w(N, e) and distance s between two neighboring wires. Let Rs and Ro

be two axis-parallel rectangles, both of height l(e) and width w + s. The corners of
Rs are located at the center of a wire and Ro in the middle between two neighboring
wires. Then γN,e(s) := Cshort(Rs) + Copen(Ro).

Rs Ro

w
s

Compute the function γN,e and show that γN,e is convex. (4 points)

Deadline: July 6 before the lecture (12.15 pm).


