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Qverview

[ Backaround and a Problem:
Four layers may be no

better than three.

2.MulCh:
A solution by relaying The
wiring model.

3, Potential Lmprovements
fo MulCh.



Terminology
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. Lulti-Laver
23 lavers, preterred directions {

*Chen & Liu (1984) (3-layer)
(based on Yoshimura/Kuh)

* Bruell & Sun(198Y) (3-layer)
(based on Rivest/Fiduccia)

- Hambrusch (1985) (n-layer)
(overlap model)

* Enbody & Dul1986) (n-layer)

* Braun, Burns, Devadas, Ma,
Mavaram, Romeo, & ~ (1986)

Sansiovanni-Vincentell - (n-layer)
(based on YACR2) Chameleon



% B layers

Unlike previous mulfi-layer
channel routers, MulCh uses
B layers as well as H& V.

B layers allow wire runs in

both the horizontal and
vertical directions



C hameleon

Divide info Subproblems @roups)
fo be routed using 2 layers(HV)
or 3 layers (HVH).
(. Pick aroup Types (HVH or HY)

(partition the layers)
7. Assian nets fo groups

(par tition the nets)

T g R gk EER G @ $aEER 2 o e g 2 2eEEe TN A

3.Assian nets To rows

(route horizontal sesments)
4 Maze route o ferminalg

( roufe “Yertical" seaments)



Selecting Group Types
Density Jower Dound (DLB) on

channel width is

ﬁgns[fz _
#layers allowing noriz. routing

(. Use as man f HVH groups
as possible

2.1f two lavers left over,
use an HY aroup.

3.If one layer left over,
combine with HVH group
fo yield Two HY groups.



Assianing Nets
Consider nets sequentially
Add each net 1o the qroup
with lowest resulting cost
Cost of a aroup is based on
the density and maximum VCG
path lensth of The aroup.

Example: Assian net N |
cost  cost with net

goupl: 5 — §
sroup/: 10 10
IJroup3: T 1



always add hyers.

i -

For many pmb/emc, 4 9000
channel rouTcr neeqs {l;(ff as
wide a channel using

lavers as it does using 3!

(same lower bound)



The_Keal Problem

Density lower bound is
dependent on wiring model.

ISlr=

wWith without
preferred preferred
directions directions



 Not B Layers?

Partitioner complexity
Nets assianed 10 a B layer
aroup must be coplanar.
Choosing sroup types is harder

-Router complexity
Must find planar routings for
groups using B layers.

Questionable benefit
Do real channels have enoush
planarity to ustify difficuffies?



A “ales pitch” for B

-Experimental

- T mplemented as an extended
version gf Chameleon

What MylCh Is Not:
- Industrial strength
- The final word on the
technigues That it uses



ssumption:
» Grid model

Terminals can be contacted
from any layer

- Lnferconnect fechnology is
unitorm across all layers



h_Outline
- Start with Chameleon aroup
Tyves & assion nefs To aroups.
‘Repeat the follpwina:
| Add more B layers
1.Choose other aroup types
3. Assian nets fo groyps.
‘LEtimate channel width
until width estimate increags

Note: Expect 1o do no wore
than Chameleon.



Assianing Net

As in Chameleon, but with
different cost function

For each group, let
DLB = density lower bound

p=max, V(G path lenth
for the aroup.

Cost {0% /6-,/ )l(/(% éf) l//” Ioup is




B Layer Coct
For B layers, penalize nets
which make adding ofter nets
ogfficu//ﬁ_ i
Xample A if J

SE——

391 2
d=density
cp=crossing penalTy
Cost Tor a B layer roup is
B d+cp



Width Estimates

B groups:
actual routing

other 9roups:
DLB

channel:
max. of estimates for
group widths



Results

Example Channel:

Layerl

ol
—Lﬁ#

Layerl




 Test Cases

real channels (5)
Yoshimura & Kub (3)
randomly generated (%)

Deutsch's Difficult Exampte (1)
Total of 13 example chammels



BBST‘ case,
average cace,
WOrsT case

% cha nge in

-chanmel width — (width)
. Total net lengtn  (net )

~tTotal # vias (viag)



VELS
best  =25% -99% -3I7%
ava. -99% -43% -108%
worst 0% -12% -09%

Teases were farrower Hhan
DLB for H-V wiring model

1cases were narrower Than
Chameleon.



1o wil?h reductions, but
savings in net length and
vias can be substantial

WS ot | viss
ex3 0% -64% -563%



W. |
best -25% 6% -3)2
ag. -T% 34% -192%
worst 0% 0% +05%

Note:

7 cases were W rrower fhan
DB for H-Y wirina model

J (ases were narrower than
Chameleon.



Improvina MulCh

‘Determine B group widths
quickly

» Incremental alsorithms
-B sroup widths

~density
-VCG path length
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Can find width in linear hme’
Single- sided connections!
Assume two-point pets.



B group width.

. General theory of

Single-laver routing
Cole & 51898/ (178Y)

Maley (/987)

1.Remove redundant
conditions

3.Find width satisfying
conditions in linear fime




$1114
C

critical cut from Termind fo:
ferminal or straight across
capacity: caplc)=max of arid finec
crossing harizontally & verfically
tlow: flow(c)=# refs Wf” mst cross
safecut: flowl)<caple)
Channel is routasle iff all
critical cufs are safe.




Capy(C)= d lnes crossing
vertica /y
(cap(c max{cF, capy(c

t)<capy(c)
dgn_se cut: Flowl)>cap, (c)
l“hmmum channel separation /s

; dense ﬂOW(C)
Dense cufs form "tones’



by af mest 1 from preceding flow

UL Kemoye flows [ cuts]
from collection | ;_W
- Chune Tow™3 P2 |

offset by at most
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Static case:tree an known columns

> .’/

AANL
A g 1= densty of nets covering
@t or)below v but o paren
A 0)=3#nefs covering v ult o parent
d= d bel (maT)
didyVF*] dt <2ih rodes
i 1< M0 00 o
i’ * ‘T[V) at < 1N nodes
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