Chip Design Prof. Dr. Jens Vygen
Summer term 2010 _ Dr. Jens Mafiberg
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 Ny, Ns,..., N, of nets. Let )y be the set of Steiner trees for
N € N. A delay function dy : Yx — R specifies the delay through the circuit driving
N. The delay depends on the length of the Steiner tree Yy € Yy and the additional

spacing sy (e):

dn(Yn) == an + By - Z I(e) (UJ(Na e) + i )
sn(e)
e€E(YN)

with constants an, By, Cne-
We require that

> " dy(Yy) < D(P) for all P € P.

NeP
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 B. (¢ € C) be finite sets and z.;, > 0 for all ¢ € C and b € B, with
> vep, Tep = 1 for all ¢ € C. Let g(b) € Ry for b € B. and ¢ € C, and A :=

maXrer Zcec ZbeBc Tep(9e(D))r-
For r € R let p, := max{(g.(b)),/\ : b € Be,c € C,x.p, > 0} and let 6 > 0 so that

1=, e "@/er >0, where h(d) := (1 +6)In(1 + ) — 4.
Show that there is a deterministic algorithm that computes be € B, for ¢ € C so that

~

A= maxper Y oee(9e(be))r < A1 +0).
Hints: Define for any feasible solution 2:

U(E) =Y m 1;! (1 +6) :%c,b(gc(b))r>

reER beBc

and show that if W(#) < 1 then max,er Y cc D pep, Teb(ge(b))r < AL +6).
For ¢ € C consider the solutions ¢ for & € B, defined by

1 e=d, b=V,
b _ /
Top =4 0 e=d,0#Y,

Zcp  otherwise.
Y
and compute Y, 5, Tey U (7).
(&
(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) = % for
r > ro where rg € R,~¢ is smaller than the smallest radius of a dust particle that might
create an error and k is chosen so that [ f(r)dr = 1.

For each point (z,y) of an area [z, x3] X [y1,yo] let ts(x,y) and t,(x,y) be the mini-
mum size of a particle on position (z,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([xth] X [ybyQ]) = CS/ / / f(r)drdyd:l:
z€lzy,x2] Jy€lyr,y2] Jts(z,y)

Comnlors x i) =co [ [ [ j(ryarayaa,
z€[z1,72] JYEY1,y2] Jto(x,y)

where ¢; > 0 and ¢, > 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 vy, : Ry — Ry for each N € N
and e € E(G) where yy.(s) is the estimated contribution if e is used by net N with
allocated space w(N,e) + s (see lecture notes page 113).

Yn.(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 Ry and R,
be two axis-parallel rectangles, both of height I(e) and width w + s. The corners of
R are located at the center of a wire and R, in the middle between two neighboring
wires. Then Yy c(s) := Csport (Rs) + Copen(Ro)-

I'

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

and

S

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



