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Channel Routing Algorithms [or Overlap Models

Susanae B Hfombruseh
Deparlment of Compuler Scichces
Purdue Universily
wesl Lalayelle, IN 47007

CHD-TR-4G1  Ocloboer 1983

Abstiract

We devclop algorithms for the two-terminal 2-net channel routing problem on

Lhe Z-layer model when k-fold overlap is allowed, £22. Vor k=< IL/ 2] — 2 we show :
how lo solve lhe channci routing problem using /& + 1 Lracks, which is only i
one Ltrack more than the oplimal channel widlh. For [L/2-1 =k =fL/7+1 Lthe

widlh uzed by our algorilhms differs from Lhe oplimal one by a small conslanl,

faclor. We also present algorithms for Lhe 3- and 4-layer model with double

overlap Lhal use lewer Lracls Lhan the general ehannel rouling atgorithm. Al

algorilhms use O(n) conlact poinls and run in Lime o(n).

Key Viords

Channel rouling, {wo-Lerminal nels, overlap, channel width, conlact peints.




1. Introduclion

One of Lhe most common channel rouling problems is the two-terminal
channel rouling problein (CRI?), where the two Lerminals to be connected lic on
opposile sides of the channel, Solulions Lo Llus problem Lhat minimize the chan-
nel width and the number of contacl poinls have been developed for £- and 3-
layer wiring models ({13B], |D], {11], {PL]. [RIBM], [RF]). Rouling in 3- or more
layer models in which wires are allowed Lo overlap appears lo be feasible and
can be viewed as a first step towards Chree-dimensional channel rouling. It is
thus iniporlant to study Lhe relationship belween lhe number of layers, Lhe
amaunt of overlap, Lhe channel width, and the number of eontacl points. In this
paper we develop eflicienl algorithms lfer Lho 7, layer model wilth &-fold overlap.,
k=2,

In our model each of Lhe / layers can be used Lo run horizontal and vertical
wires. ) &-fold overlap ts allowed, yp Lo & wires can run in Lthe same colurnn or
on Lhe sanie Lriack of the channel as tong as Licy are on dulTerent layers. l'or
k=[l,/2 - 2 our algorithm uscs d/& + 1 Lracks, which is only one track more
than Lhe optimal channel width, (The densily o is he maximun over ail = of the
number of pairs (p.g) for which p <z <g or p>x>q, and p musl Lo be connecled
with g.) For & =[L/2-1, [L/4. and [L/ g+1 Lthe width differs N'om the optimal
one by a small constanl facltor. We also presenl algorithms for the 3- and 4-layer
model with double overlap Lhat use 34/4 + 3 and 24/3 + 3 lracks, respeclively.
All algorithims presenled in Lhis paper use O{n) conlacl poinls and run in time

O(n), where 7 is the number of Lerminals Lo be conneceled,

A channel of widlh w consists of the grid points (.7), O=isw+1, —w<j <o,
where 4 is Lhe track number and J is the column number, and Lhe edges con-
neeling adjacenl grid poinls. Grid poinls on Lrack 0 and w+1 are called fermi-

nals. A wire is a palh connecling adjacenl prid poinls, and a wire can switeh



[rom one layer Lo Lhe another by using a grid point as a ronloct puint, I a wire
swilches from layer & Lo layer £, £<l’, Lthe confue! poind condifion musl be
satisfied: Jayers L+1, ..., I'~1 cannot be used at thal grid point. The Lwo-lerminal
CRI? consisls of n nels (p;, g;), where p; is a colimn number on lrack 0 and g; is
& column number on track w+1i, i<i<n, and no Lwo nels share a commoan Lermi-

nal,

A number of papers have considered Lhe 2- ayer model in which wires on
different layers can cross or share a corner tf.e., form a knock-knce). In Lhis
model a CRP can be wired on 2d —i tracks using O{dn} contacl points ([BR],
[REM]). The channet widlh of 2d~1 js oplimal for some CRI?s [1.]. When the same
wiring rules are used in Lhe J-layer model, a CRIP can be wired on d tracks using
O(n ) conlact poinls (|PL]). In order lo achicve a chainel width less Lhan d hor-
izontal overlap has Lo be used. lorizental overlap is nol as powerful as il may
firsl appear. In []l]_ we lave shown Lthal a large class of CRIs requires o/ (1.—1)

tracks on an fL-layer mode! with 7,-fold overlap.

We consider models wilh 423 and k=<4 —1. In scelion 2 we describe our gen-
eral channel routing algorithim. An merease in k resulls in a decrease in the
channel widlh as long as & = fL.73+1. We discuss why allowing the algorilhm to
use more than (fL/ Z+i)-lold overlap does nol deercase the widlh any furlher.

r

In seelion 3 and 4 we present miproved algorithms for Lhe 3- and 1-layer model

with double overlap, respeclively.



2. The L-Layer Model with k-Told Ovcrlap

In Lhis scelion we prescnt our general channel routing algoritlhm for the /-
layer model with & -lold overlap, /=3, We first give an algorilhm for k< L7 -2
thal is within onc lrack of Lhe oplimal channel width. We then describe the
modifications neecessary for {L/2-12k <[L/2+1. Our algorilhms delermine
Lhe wiring by scanning the channet from lefl Lo right, column by column. Since
cach column containing a Lerminal of a nel is processed in conslanl lirne, and
no work is done in ecolumns containing no terminal, our algorilhms run in O(n}
Lime.

A net (pg, ¢7) is called a right nol il Pi<qi. alefl net il p;>q;, and a frivial
nel il py=q:. A wighl vun s 0 maxinoom sernuence of nels {p;_q;), (Pa.ga). ...,
(py, .q: ) such thal P; < g; and 3;= =pg0 1 aleft runis defined analogous. Right
and lefl nets are grouped togelher in the channol stoitlar Lo Lthe approach used
in [RUM ] the Lopmost bracks of the ehannel cenlaimn Lhw lelt nels, and Lhe bot-
temmosl lracks conlain Lhe righl nels. In our algorilhms a conslanl number of
emply tracks are belween Lhe Lwo groups of nels, and no emply lr.racks are
wilhin a group. All tracks in 1he channel, excepl Lhe lopmosl one in Lhe group of
Lhe righl nels, Lhe boltlommost one in Lhe group of lefl nets. and Lhe emptly
Lracks in belween, conlain exaclly & wires, The lenglh of Lhe horizontal overlap
Is determined by the coordinales of Lhe Lerminals of Lhe nets, and we use al

mozsl double vertical overlap of lenglh o(d).

A track in Lhe channel 15 of Lype L, Lype 2, or emiply (i.c., il conlains no hor-
fzonlal wires). Lel 7, be Lhe sel conlaining Lhe first [L/2] — 1 layers, ie., 7, =
(1.2, ....]1./ 2 1], and lel 7, be the sct containing Lhe last |4/ & layers, i.e., Ty
=lL/73 + 1, ..., L]. A type I Lrack contains wires of layers in 7, and a lype 2

track conlains wires of layers in 72, Wilhin the group of right a lefl nets we

allernate tracks of Lype 1 and Lype 2. Unless olherwise stated layer [L/ 2], which



does not appear in 7y or 7%, is used Lo run the vertical conneclions. We refer te
& wire on layer ! as an ! -wire.

In our algorilhms we show how to conlinue a right run, t.e., how to wire
when a righl nel ends and a new right nel starts in Lhe same column, and we
describe how Lo wire when a righl and o lefl nel slarl tin the same column. The
wiring of the other siluations follows from these Lwo easoes. When conlinuing a
righl run we switch the ending net inlo a »-wire and pul Lhe new nel onlo a
track wilhoul violating Lhe conlacl poinl and overlap condition. [For
k =]L/73 - 2 this can be done quile casily. SBince [7;| = &+1, there is ‘always
one laycr in 73 Lhat is currently nel used on a Lrack, i=1, 2. As & increases, Lhe

wiring gels more difficult and Lhe wiring rules rel more involved.

(a) Algorithm fork <[L/2] - 2

When & =[7,/2]-2, a lype 1 (2) Lrack conlains k wires that are on layers in
77 (T2). Onc spare Llrack, Lrack e, is between Lhe Lwo groups of nels. Assume
thal a right run conlinues. and that Lhe right net ending in columin § is on Lrack
Z and in layer 1, and Lhal Lrack 4 is of Lype 1. Then, ISEEIL/é] - 1 and there is
anolher tayer I in 7, nol currenlly used in Lrack i, The new righl net continues
on track © 1n layer &, and Lhe wiring is done as {ollows. Since tracks i—1 and i +1
are of type 2, use the conlacl point (i—1,7) Lo change Lhe w-wire ol the new net
into an L-wire, and use (i+1.7) Lo change Lhe {-wire of Lhe ending ncl inlo a v-
wire. Sce IMig. 2.1. The conlinualion of a lefl run is analogous. Whenever a righl
(lefl) net on track i ends, and and no new right (lefl) net starts up, we conlinue

another right (left) nel of the Lopmost (botlommmost) Lrack on track i,

The empty track e is used in 2 situalions. When the topmost lrack of Lhe
right netls and the boltormmost track of Lhe lefl nels are of Lthe same type and a
run on cilher track conlinues, we use Lrack ¢ Lo nccommodale Lhe contact poinl

for Lhe nel starling up, Track e is also needed in Lhe wirtng ol a double slariup



which is described below.

A double startup occurs when a right and a left net start in column j. We
Lhen produce a verlical double overlap of lenglh O(d). Assume the lefl net is Lo
be pul on Lrack £, and Lhe righl nel on track le- lel vy and 7y, 7,<7,. be Lwo
layers nol used on Lrack £, and ¢, and ta, Li<ly, be wo layers nol used on Lrack
Ly, Il ¢, and {; are different Lype lracks, we use Lhe contacl points (£, .7) and
{£;.7) Lo change Lhe v-wires of Lhe slarling nets into »,~ and {y-wires, respec-
Lively. Scee Fig. 2.2 (4).

Thus, w.lLo.g. let ¢, and {; be lracks of lype 1. Assume Lhat ry, 75 ana L, ta
are pairwise disjoint (if Lhey are nol, the wiring is actually casier) and thal I,<7,
(if not, use Lhe mirror-image wiring). The w-wire of Lhe lefl nel slarling in
column j uses the conlact point (£, +1,5) lo change into an 7,-wire, which
crosses lrack L., and uses the conlacl point (e.5) Lo change inlo an {y-wire. The
righl nel slarting in column 7 uses a conlact poinl (e¢.7) Lo change lrom a v-wire
into an 7ra-wire. See g, 2.2 (i}, Sincc u>Te>l) and 7u>r;, lhe contact peinl
condition is salisfied. The double conlacl poinL al (¢,7) can be avoided lor Lhe

cost of 2 second empty track. This concludes Lhe algorithm when & < /79 — 2.

() Algorithm. for k =172 -

In Lhis algorithm we distinguish whelher or nol /. Lhe nurmber of layers
avallable, 15 cven or odd. IF 4 s even, e, L=2m and k=m. — b, Lhe algerithm is
sirmilar Lo the previous one. Recall Whal [ 7,] = m—1 and [ 721 = i Lhis case.
A type 1 lrack conlains now & —1 = m —2 wires on layers in 7. and a Lype 2 Lrack
conlains now £ = m—1 wires on layers in 7, We again have on cach lype of
track one layer nel currenlly used, and can thus use Lhe algorithm given above.
Since we allernale Lracks willh &-fold and (& ~1)-lold overlap, we use a teolal of

2/ (L-3) + 1t Lracks. The oplimial channel widlh is 2d / (4, ~2).



When L is odd, i.e., L=2m +1 and £=m, we lct a lype 1 lrack conlaink = m
wires on Jayers in 7y, and a Llype 2 track conlain -1 = m ~1 wires on layers in
Ta. SBince [ 7| = | 73] = m, we need new wiring rules for the conlinuation of a
run on a lype 1 lrack. The continualion of a run on a Lype 2 Lrack is done ax
before. On Lype 1 Lracks we no lenger have a sparce layer Uhal can be assizned Lo
Lhe new net. We can put a new L-wire on Urack 4 nol before column j+1. ODur
hew wiring rule changes the w-wire of the startng net into an I-wire on Lrack
i~1, runs Lhis {-wire on lrack -1 Lo column §+1 ereating an m-fold overiap on
Lrack i—1, and runs it down lo Lrack 7 in column 7+1. The wiring is shown in Fig.
2.3 {1). The verlical segnienl put inlo column 711 causes a conflick in two situa-

Lions.

The first problem oceurs when the net starling in column j is of lengLh one,
i.e., it ends in celumn 7+1. We Lthen run the net of iength one entirely on layer
v, and put the horizontal unit segmenl on Lrack 2. The net slarting in column

J+1 can be placed on track i in column F+1.

The second conilict oceurs when another nel on track i and in laver &', t'<t,
ends in column j+1. The »-wire of the nel coming down column j7+1 cannot use
the contact point (i~1,7+1) for changing inle an ~wirc. Bul we can switeh [rom
faver L o layer w on a lype 2 lrack when layer ¢ is presenl (since {'<i). Fig. 2.3
(2i) shows Lhe wiring for this case. The & -wire of Lhe ending nel ’slips” onlo Lrack
i+1 in coltmn 7, Lhe {-wire on track i—2 slips onlo lrack i in column 7 +1, and

Lhe new nel slarting in column J+1 conlinues on Lrack i—2 as an {-wire. 5

We aiso need addilional wiring rules for Lhe double slartup. Assume thal a
right and a Ielt net start in column 7 and Lhat f. and {4, Lhe Lracks Lhe nets have :
to be putl on, are of Lype 1. 'I'he algorithm may have Lo place Lhe righl net in
layer 7 and the lefl nel in layer £, or boll nels in layer L. In Lhis case none of i

the 'frcedom’ used in the double starlup of algorilhm (a) is available, If bolh



nels have Lo be placed in layer ¢ we wire as shown in Itg. 2.4. (The wiring of the
nels when they are pul on different layers is casier and is omilted.) The wiring of
Fig. 2.4 requires 3 emply tracks belween Lhe group of right and lelt nets, and

puls a verlical segmenl of lenglh 2 inlo column J-1and 741,

The verlical segment pul into column J=1 can at mosl cause a double over-
tap with a w-wire. This is shown as lollows, If colunm -1 has a right and a lefL
nel starling, il conlains already a double overlap, Bul in Lhis case Lrack {; has
the layers ¢y and I, and track {, has the layers ) and ! available in column i—1.
The slarlup wiring in column 7 —1 uses cither layers L and ¢, or layers £ and 7.
which leaves different layers lor column J. Since we can wire Lhe double slarlup
for different layers in column J withoul placing a verlical segmenl inle column

7 -1, the above statement is Lrue. i

It column j+1 has a righl and a left noet slarting, they are Lhe first wires on
a type 2 lrack. Applying Lhe wiring of Iig. 2.2(ii) proeduces a 3-Told overlap in
column 7+1. The 3-Told overlap is aveided by wiring column 7 and 711 as shown
in Fig. 2.5, where { is an arbilrary layer in 7y No problems arise when column
7+2 has a right and a left nel starling, which have Lo be pul on Lrack t. and £,
respeclively. In this case colunn F 1 conlains Lhen an ending righl net and an
ending lelt net and thus no vertical wire segiment belween baek 4 and £, The
case when Lhe nels starling in eslumn 7 endin column 741 is sliphlly differenl,

bul ecan be handled casily. lence, our algorithni uses 2d/ (£, -2) + 3 tracks, and |

Lhe optimal channel width is 2 / {L-1).

(¢) Algorithm for k =[L/2 and |,/ 2 + 1

Consider first Lhe algorithm for k = [L772]. For even 1, let a Lype 1 (2) track

conlain m—1 = &£ ~1 wires on layers in 7' (). The conlinuation of a type 1

track is done as the continualion ol a lype 2 track lor odd Z given in algorithm

{(6). The horizonlal unit segment pul ot the type 2 track above (below) creales

-



an m-fold overlap. The conlinuation of a lype 2 track in done as in algorithm

(@). Hence, Lhe number of Lracks needed is 2/ (L-2)+ 3=ty {m—1) + 3.

For odd L a lype 1 (2) Lrack contains all 72 = k —1 wires on layers in 7' (7).
The continualien of a righl run on a lype 1 and type 2 track is done as Lhe con-
Linualion of a Llype 1 track in algorithnt (0}, It produces an (m +1)-lold overlap
on a track for ene horizomal unil. Since Lhe starlup procedure needs 3 empty

tracks, we need a Lotal ol 22/ {(L-1Y+3=d/m + 3 tracks.

One further reduclion in Lhe channel widlh is pussible for L=2m and
E=[L/21+1=m+1. Lel vach type Lrack contain all Lhe lavers possible, ie., a
Lype 1 lrack conlains m—1 wires and a Lype 2 track conlains . wires. The algo-

rilthm is like algorithm (¢ ) Tor odd 7 and uses 2d./ L—1 + 3 Lracks.

We briefly discuss Lhe shape of Lhe nels our algorithms produce. All wired
nels (p,q), excepl trivial nels and nels of lengih one, have exactly two conlact
peints, which are in column p and g, respeclively. The horjzonlal wire segment
can contain slips of lenglh 1 or 2. Slips of lenglh 2 are made when the wiring

rule shown in Fig. 2.3(i1) is applicd.

Nene of Lhe algorithms allows a Lrack Lo usc layers "below’ and "above’ layer
v. This would be nceessiay lor reducing Lhe channel widily furlher when
k =[L/21+2 while sLill having onc layer reserved for verlical connections. Mor
L=3 and 4 we can duesign beller algorilhivg by allowing a Lrack Lo conlain wire:s
in layers below and above layer w. This is possible fTor small £, since the layers

are 'close’ enough to layer v for piacing Lhe conlacl points.



3. The 3-Laycr Model

The algorithm presecnted in section 2 uses d tracks on the 3-layer model
when double overlap is used, and d tracks can be achieved without the use of
overlap [PL]. We show how to wirc a CRI? on 3 layers using w = 3d/4 + 3 tracks
and double overlap. The topmost Lracks in Lhe channel will again conlain Lhe
lefl nets, Lhe bollommost Lrarks contain the right nets, and Lhe three cmply

tracks arc in Lhe raiddle.

We refer Lo the 3 lJayers as Lhe ¢- (Llop-), v- (verlical-), and b- {bollom-)
layer, and vertical wires run on the v-layer. We distinguish between two L_(rpes of
tracks. A double {ruck is a lrack conlaining a f-and a b -wire. and a single lrack
15 a track containing a £{- or a b-wire. Within Lhe group of left (righl) nels, Lhe
nels are assigned lo Lhe tracks according Lo Lhe single-single-double schema:
track 1 {(w) is a single track, track 2 (w—1) is a double track, tracks 3, 4
{w —2, 1 =3} are single Lracks. cle. In general, lrack 2+37 (w—1-37) is a double
track, and lracks 2+3i+1, 2+3i+2 (w—2-37, w—-3-37) arc single tracks.

We firsl outline how lo conlinue a right run and again emit symmelric
cases. When a right run currenlly on Lrack i conlinues in column 7. the wiring
depends on whelher @ ts an lower single, upper single, or o double lrack. Within
the group of right nets, Lrack 7 is o lower single Lraclk if track €+1 is a double
track. Tlenee, Wrack i1 is an upper single Lrack.

Before giving the wwing rules Tor cach Lype of Lrack, we deseribe the rou-
tine cont. 1L has Lhree argurnenls, Lwo Lrack numbers, i1 and i2, 11<i2, and one
column number, 7. Conl{ii, 12, 7) lakes Lhe wire currently on track 12 down
celumn 7, and continues Lhe v-wire coming down column j on track i1 or i2,
depending on Lhe type of wire currenlly on Lrack 7 1. Sce I'ig, 3.1 for Lthe Lwo

possible cases.



If the net ending in column j is on a lower single {rack, use the contact

point {i.j) to let the wire on track i switch into a ¥ -wiro, Since track -1 is a

single track, call cont(i—1, 7, ), and the new nel is continued on track i—1 oi 1.

Nexl consider Lhe silualion where Lhe net ending in column 7 is Lhe L-wire

of a double track (lhe casc for Lhe b-wire is analogous). Iig. 3.2 shows Lhe goen-

eral solulion. The vertical segmenl in column 741 can causc a problem when a

nel on track i, i—1, or i—2 ends in column 7+1. We thus have Lo consider 4 Epe-

cial cases.

case 1:

case 2;

case 3;

The nel starling in column j ends in column j+ 1.

Keep the nel of lenglh one on layer w# and run the horizonlal unil seg-
menl on lrack i—1. I[ Lhe silualion shown in Fig. 3.2(1) occurred, call
coni{i—2,i-1, j+1) to place Lthe nel starting in column 7 +1: if Lthe situa-
Lion shown in Fig. 3.2(ii) occurred, call conl(i —2, 1, i+,

The wire thel is on lrack i-1 before columa j eruds in colummn j+ 1.

Whetlher il is a £ -wire (and slips onle Lrack 1 in Lhe general solution) or a
b-wire (and slays on lrack i—1}, Lthe wiring rules given so [ar cannot be
applied in colunmn j+1.

I1z. 3.3(2)} shows Lhe solulion when a f-wire is on lrack i—1 belore
column 7: lig. 3.3(#) Lhe one for lhe b-wire. In both cases Lhe net
starling in column § runs on Lhe Lrack delermined by conl(i-2,1i-1, 7).
No verlical wire segnients arc placed inlo column j+2, which is pro-
cessed next.

The b-uire on (rack i ends in column j+ 7.

Il lrack 4 +1 conlains a {-wire, or Lracks i+1 and 1+2 contain bolh a -
wire, perform Lhe wiring shown in Vig. 0.4(i) and (4), respeclively, [n
bolh situations the nel cnding in column j+1 slips onto Lrack 2+1 1n
column j. The new nets coming down column 7 and 7+1 can then be
wired casily.

The hard case occurs when Lrack +1 conlains a £-wire and i+2 a b-
wire. We then look al Lhe wiring in column 7—1: Column 7—1 can be
emply. conlain a #-wire wilh no conlact point on track i, or can contain
a conlact poinl on Llrack Z+1, whiclk was established by
cont(i+1,4, 7~1). {Nole Lhal there can be no contacl point on Lrack %.)
In Lhe first Lwo cases we lel Lhe £-wire on Lrack 4 slip onlo 4+ in column
J—1 and complete the wiring as shown in Ftg. 3.5(i). The new nels are
wired according Lo conl(i -1 4, j) and conl{i—1.14, j+1).

In the last case we undo Lhe wiring in colunm J=1, and wire the nels
thal slart and end in colurnns §—1, 7. and F+1 logelher - wilhoul put-
ling any verlical segrienls inlo column 7 12, Fig. 3.5 ) shows Lhe wir-
ing when a continualion as in Iig. 3.1 (4) had occurred in column i~1
Mra. 3.036E) when a conbimualion as in IMig. 3. 1(i4 )} hod cccurred.



case 4 The wire on [rock i-2 ends in column j+ 1.

Track i—2 is an uppor single Ltrack, and the wiring rules for a net on an
upper single Lrack are given below. These rules cannol be applied when
Lrack i—1 and 7 -2 conlain a differenl type wire belween column 5+1
and j+82. The reader might find it usclul Lo look al Lhe selulion [or Lthe
upper single track in order to sce why this casc is needed. [z, 3.6 gives
Lhe wiring for the 2 possible cases.

The lasl type of Lrack to be discussed is Lhe wpper single lruck. If lrack 1 is
an upper single Llrack and Lhe wires on tracle 4 and i+ 1 are on difTerenl layers,
we performn the wiring shown in Fig. 3.7{i). I[ Lhe wires on tr'a‘ck i and i+1 arc
on the same layer, we wire as shown in I'ig. 3.7(i1). The problems caused by the
vertical segmenl in column 7+1 are, wilh Lhe exceplion of case 13, idcn!.iéal Lo
the ones lor an ending double track. When the b-wire on lrack i—~1 ends in
column 7+1, we wire as shown in Fig. 3.7(ii). Because of case 4, it is now
guaranteed Lhat tracks i and i+1 conlain wires on diflerenl layers. This clim-
inates all complicated conflicls thal could be caused by Lhe verlical segment
now in colurnn §+2.

In order Lo maintain Lthe single-single-double slruclure wilhin the group of
righl {lefl) nels, we again take down {up) the righl (lell) nel on the Lopmost
(bollominosl) lrack of Lthe group whenever a right {lefL} nel ends and no new one
starls m Lhe same column. In Lthe wiring of a double starlup (i.e., a righl and a
left net start in the same column) we pul, whenever possible, the Lwo starling
nels on diffcrenl layers. In Lhis case Lthe wiring is similar Lo Lhe one described in
seclion 2. If bolh slarling nels are Lhe second wires on a double track and need
lo be placed on Lhe same layer, we wire as shown in I'ig, 2.4. Apgain, the verlical
segment pul into column j—1 does nol creale a problem. The verlical segment
pul inte column j+1 causes now o problem when a righl and a lefl nel start in
column j+i. We can pul them en different layers, bul Lhe wiring is done as

shown in Fig. 3.8.



We thus can solve a CRP in Lhe 3-layer model wilh doublz overlap on
3/ 4d + 3 tracks using 3n contacl peints. The lower bound on Lhe channel width

in the 3-layer model when 3-[old or double overlap arc allowed is ¢/ 2.



4. The 4-Layer Model

The algorithm presented in section 2 requires d + 3 tracks on 4 layers when
double overlap is used and 2d/3 + 3 lracks when triple overlap is used, Recall
Lthal triple overlap cecurs on the Lracks for only one horizontal unit. In this sec-
Lion we describe an algorithim thal achieves 24/ 3 + 3 Lracks by using only dou-
ble overlap. We refer Lo Lhe 4 layers as Lhe £- (top-), v- (vertical-), m- (middle),
and b- (botlem-} layer. Lel a double trock contain a wire on Lhe £ - and m.-layer,
and let a single lrack contain a wire on Lhe ¢- or b-layer. Within each group of

righl and lell nets we allernate double and single Lracks.

The conlinuation of a right run, when the net ending on track 4 and column
7 is on a single track, is done as follows. Male a contacl point al (Z,7) Lo leL Lhe
ending nel swilch from the - or b-layer into the v-layer. If Lhe ending net is on
Lhe ¢-layer, lel 1" be the Llrack conlaining a -wire so Lhat 4" < i and no b-wire is
between track ©" anid track i. Take Lhe b-wire from Lrack " down to track 4, and
conlinue Lthe new nel on lrack " as a £-wire. Sce Iig. 4.1(1). If the ending nel is
on Lhe 0-layer, take Lhe {-wire [rom track i—1 down Lo Lrack 4. and continue Lhe
new nel on track i—1 as a L-wire. The new net is thus Lrealed like a new nel in
Lhe conlinualion of a double Lrack, which is discussed below, Fig. 4.1(ii) shows

Lhe wiring when Lrack 4 -2 contains a & -wire.

Consider now Lhe continualion of a run currenlly on a double trock. If a £-
wire on a double Lrack ends, make a conlacl point al (Z.7) for Lhe ending nct.
Take ecither Lhe L-wire from lrack i—1 or Lhe {-wire belonging Lo Lhe new nct
down lo track i in column j+1. PFig. 1.1(i) and (i) show Lhe 2 possible cases. 1T
an m-wire on a double Lrack c¢nds, we make a conlact point at (i+1,7) for the
ending net. The w-wire coming down column 7 changes inlo an m-wire al
(i—1,7). This swilch can be done independenl of the Lype of wire on track i—1.

Sce Fig. 4.2(#1).



The wiring rules given in Fig. 4.2 can produce conflicts similar to the ones in

the 3-layer algorithm when a net on Lrack 7—1 or 7 ends in column j. We con-

sider 3 cases.

case 1:

otase 2;

case 3

The net slorling in column § ends in columnn j+ 1.

We Lhen keep Lhe nel of length 1 entirely on the w-layer. 1 Lhe siluation
shown in ig. 4.2(i) and {ii) had occurred, Lhe horizenlal unit segment
15 put on Lrack 1—1, and we complele Lhe wiring as shown in Fig. 4.3. In
IFig. 4.3(i1) we treal Lhe net starling in column 7+1 like one conlinuing
on a double Lraclk al o £ -wire.

I the wire ending in column 7 was on Lhe m-layer, the horizontal unil
segmenl in pul on track . A new m-wire is pul on Lrack 7 in column
J+1 by lelling Lhe nel starling in column 5 +1 change into an m-wire al
(i—1.7+1).

The wire that is on lrock i-1 before column § ends sn colummn j+ 1.

When Lhe wiring was donce as in Iig. 1.2(#%) and Lrack i—1 contains a £-
wire, we can apply rule 1.i{i} in colunmm j741.

IPor Lhe three remaining cases we do need new wiring rules, lel Lhe net
ending in column § end as belore, and use Lhe 1ule givennin 4.1 Lo switch
the wire on Llrack i—1 inlo a w-wire and to wire Lhe net slarling in
colwmn 7. The v-wire runs on lrack © or i—1 Lo column 7+1 where it
ends. Column j+1 Jooks now like column 541 of case 1; i.e., Lhe net
ending in column j+] appears Lo be a nel of lenglh one conlinuing the
run on Llhe double Lrack. We thus wire colummn j+1 as deseribed above,
Fig 4.4 shows Lhe resulling wiring when an m-wire ends in column § and
the &-wire abave is ends in column 7+ 1,

The second nel currently on double lrock 1 ends in column j+ 1.

If the second net is a f-wire (i.e., Lhe mo-wire did end in column 7) and
lrack 2~1 conlains a {-wire, we cannol apply the wiring rule of Fig.
4.2(1) in column 7+ 1 wilhoul violating Uhe conlact poinl condilion. We
Lhen wire as shown in Mg, 4.5,

The wiring of a double slarlup is similar the one described in seclion 3. We

Lhus use 2d/ 3 + 3 Lracks when rouling in Lhe 4-layer model wilth deuble overlap.



5. Remarks

We have developed channel routing algorithms for the L-layer modcl when
overlap can be used. For k <[L/ 2] our algorilhms use fewer tracks when allow-
ing (k+1)-fold overlap instead of k-fold overlap. More than ([4./ 2 + 1)-fold over-
lap does not reduce the channel widlh any further. This motivates a number of
interesling queslions.

(i) Can our algorithms be improved and/or exiconded?

{(i1) We have shown Lhat a number of CRP's require «/ (L —1) tracks when Z-fold

+ 3. Nole

overlap is allowed {[11]). The best achicvable upper bound is jz:il

Lhal in the 3-layer model we can achieve 3¢/ 4 + 3 tracks, while ¢/ 2 is the
lower bound. Thus, we can do betler thun a tactor of 2 ofl lront the oplimal
channel widlh. Can we prove beller lower bounds by incorporating Lhe con-

Lacl point condition inle Lhe lower bound argument?
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