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ABSTRACT

A nunmber of interconnection alrorithms exist gnd  have
been used quite successfully. However, nost of them thourh
differing in detail, appear to subscribe to the sane
underlying philosophy which has developed fromthat for
single | ayer boards, Arrunents are advanced which question

the wvalidity of this philosophy in the environment of
nmul tilayer board technolory.

_ A neu philosophy is developed in this report, which, it
is hoped, will be nore suited for use wth mul til ayer

boar ds, _Based on this philosophy, an_jnterconnection
alrorithm i s then devel oped in a step by step fashion,






1. INTRODUCTICH

Substantial effort has rone into the development of
interconnection alrorithms, resulting in a vast improvement
in their performance. In nost cases, however, this effort
has been directed at refininre one or other of the disjioint
steps constituting the interconnection alrorithm, and
despite t he fact that the environment has changed
consi derably, the underlvinr nhilosophy has remained
relatively =static. The most =sifnificant conponent of the
¢hange in the envircnrmert wac caused by the introduction of
nultilayver boards. We shall address ourselves to the
fornulation of a philosophy suited to multilavered boards.
In  Cection 2 we discuss current alrorithms and t he
phil osophy underlying them. Ue chall also point out some of
their shortconings. In Section 3 we shall outline the new
phi l osophy and alforithm that are developed in this report,

Dased onthis, in Section 4, ve shall exam ne the reans for

incorporating this philosophv into a working alrorithn.

In the context of this report, we shall consi der t he

interconnection alporithm to be that part of the Desipgn



Automation system which, starting with a net list, produces
the wire layout for the layered board. In particular,
pl acecent, pin and rate assignment shall not be considered
{%’ any detail. However, we shall indicate how some of these
functions nay be absorbed into the alrcorithm which is to be

devel oped here.

2. A REVIEW OF EXISTING ALGORITHMS

liost existing interconnection techniques are designed

to execute in fcur relatively disjoint steps. They nornally

accept as input the net list, i.e. the list of the sets of
pins that have to be connected to one another, The four
steps are:-

2.1. WIRE LIST DETERMINATION

This step converts the net list to a wre list. Thi s
entails specifving the list of wires which will interconnect
the pins belonginF to a net. In general these pins nmnay be
connected by sone type of tree or chain, An attenpt is made
té mnimze the total lenrth of the tree or chain, the
rationale being that this will facilitate the subsequent

st eps, particularly the |ayout step. During the placenent



phase, a positive ~correlation exists between the total
interconnection length and the routability observed during
the subseauent interconnection phase, Hence, the total
length IS a neaninegful criterion duringe pl acenent. However,
it is not <clear that the total wire length should be the
prime consideration during the wire list determ nation step.
An attempt at reducing the total 1length of a net to a
ninimum results in each net bei ng i nt er connect ed
i ndependently of the other nets around it. One could,
conceivably, end up increacine the nunber of intersections
and, hence, derrading routability by placing excessive
enphasis upon the total | ength, . Stevens has observed
[STEV72] that localized conrestion might have nore effect
upon the routability of a board than has the total wire
length, It is advisable, therefore, to concentrate more on
equalizing the wire density over the board when determining

the wire list.

2. 2. LAYERI NG

I'f multiple layers are available for routing, an
attempt i1s nade to place on separate |ayers those wires that
interfere most with one another. The roal here is to

nininize the total anount of interference as def'ined by sone
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reasure, The nost comon mneasure of interference between
two wires is to check for a Euclidean intersection between
t hem Thus the nmeasure of interference between two wires
aScumes the value 1 if both are on the sane layer and if
their Euclidean routes intersect, and 0 otherwi se, Thi s
measure can be criticized on the rrounds that since wres
are normally laid out in a rectilinear fashion, t he
Duclidean measure is unduly severe because the Euclidean

routes may intersect even thourh the rectilinear ones do

not .

Accordingly, Abel [ABEL72A] and Rubin [RUBI73] have
.pfoposed rneasures Of interference based upon rectilinear
routes, The weirht assipned to the interference between two
vires is a function of the manner in which the Mininunm
Distance Rectangles (MDR) of the two wires overlap, As
before, the neasure of interference assunes this val ue only

when both wires are on the same | ayer

In either case, the aimof the 1layering step is to
minimize the total interference between all wres taken two
at a tine by assigning themto layers appropriately* Thi s

coul d be stated as a problem in linear programming.



However, the cost of sclving it this way fFoes  up
exponentially wth the nunber of wWwres [RUBI73]. Instead,
heuristic methods have been proposed to acconplish this task

LABEL72A]1,[RUBI73],[ROZE64] and [AKERT2].

The problem with this approach to layering is that it
is based upon insufficient and misleading information,

Clearly, the lavering has to depend upon the final |ayout of

the wires, iowever, the initial | ayout of the wires,
whether Euclidean or rectilinear, very often bears little
resenblance to the final |ayout. This is particularly so
vmf_—_lt h the longer wires. Furtherrore, it is not sufficient to

consider the interference between wires taken only two at a
tinme. Wres which initially did not interfere might well do
so when they are eventually routed. This is caused by
non-intersecting W res whi ch, nevert hel ess, interfere
because they both pass throurh the sane congested area.
Routing one of them throurh that area mght reauire that the
ot her be di spl aced. This is a form of interference that is
overlooked at the 1layering step with the result that
non-intersecting sets of wires get assigned to the sane

layer in violation of capacity constraints,



2.3. ORDERI NG

This step is considered to be the critical one in nost
al gorithm The reason for this lies in the nature of the
135t step, the lavout step. Typically the layout algorithm
is topologically inflexible and is wunable to forsee the
consequences of the decisions that it makes,i.e., it |acks
| ookahead capability, This being the case, it is deened
essenti al that wires be Jlaid out in the "optimum order?
This mans that the first wire laid out should be the one
which has the Ilowest potential for interference with the
remaining wires . This necessitates a neasure for the
"depree of interference” between wires. lleasures for
interference have been proposed by Akers [AKER72] and Abel
[ABELT2A]. However, both these neasures assume that two
wires that do not intersect, or whose MDR's do not overl ap,
do not interfere. This assumption is generally not valid,
since the route allocated to a wire, during the |ayout step,

might end up passing through the MDR of a wire with which it

originally had no conflict. Fur t her nor e, wires that
intersect have varying derrees of i nterference. For
i nst ance, if the point of intersection is close to either

end of the wre, the interference is less than if t he

i ntersection wer e at the center. In addition, t he



1

conpgestion in the vicinity of the intersecting pair is an
indication of the effect on other wires of eliminating this
i ntersection. A neasure that took all these factors into
account might be of some value, However , such a neasure
woul d not be anmenable to neasurenent, In view of the
i nadequacy of the measures of interference, it is not
surprisinp to find that the specific ordering used does not
impact performance nmuch. Abel [AEEL72B] claim very little
difference in the perfornmance of ordering schenes, sonme of
which are dianmetrically opposed in their philosophies,
indicating a lack 0f correlation between the neasures of
interference used and the actual potential for interference
that might exist, Even in retrospect, having laid out a
board in the best possible way, it is difficult to specify a
rigid order in which the wires should be routed to produce
the same layout since it often happens that two wires nust
each make wav for the other in different areas of the board,.
Pouting either wire first would result in the other one
being bl ocked, This wuld all seen to question the
effectiveness of an a priori ordering wvhen the routing is

neither iterative nor has | ookahead,



2.4. LAYadr
This final step is concerned with the actual | ayout of
the' interconnection paths on the card. In nost cases this

is carried out one wire at a tine, The order in which the

wires are laid out is specified by the ordering step, The
most frequently used wre routing algorithm is Lee's
algorithm., It is topologically inflexible and possesses no
| ookahead capability. For reasons already nentioned, the

probability of one wire hindering the |layout of a subsequent
one is high. Hi tchcock [HITC69] has proposed the Cellular
Routing algorithn whi ch is topologically flexible,
.Fﬁshinoto and Stevens' [HASH72] Channel Assignment algorithm
has the same virtue but requires the use of vias which
detracts fromits generality. Rubin [RUBIT4] has described
an iterative version of Lee's algorithm which, however, is
not topolosical in nature. A1l these algorithns reduce the
dependence of the final lavout on the ordering and are,
therefore, inprovenents on Lee's algorithm. The first two
do not possess any | ookahead. Rubin’s iterative alporithm
provi des | ookahead from the second iteration on, si nce,
after the first iteration, nost wires are on the board and

can be wused as an indication of the paths to avoid,



However, since the first iteration begins with an empty
board, the convergence to the final layout is puch slower
t han i f a |ookahead capability had been consciously

i ncl uded.

The fundanmental problemwth the current approach is
that it has evolved fromthat for single |ayer boards. For
interconnection on a single layer the approach, havi ng
obtained the wire 1list, is to route the wires, which, in
turn requires an ordering step because of the non-iterative
nat ur e of nost wire routing al gorithns. When
interconnecting on nultilayer boards the approach has been
to reduce it to several di sjoint single |ayer problens.
Hence the introduction of the layering step before the

ordering step,

In the next section we shall attenpt to develop from

scratch a philosophy for multilayer boards,
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3. DEVELOPMENT OF THE NEW PHILOSOPHY
~*  The layering step depends heavily upon the ability to
neasure the degree of interference between wires. The best
way to do so is to actually try and elimnate or at least to
mnimze the intersections between the wires, The tenacious
i ntersections which refuse to be elinmnated indicate Strong
interference between the pairs of wires causing them At
this point, the layout of the wres would, hopefully, be
closer to their eventual layout. The layering step would be
able _to operate on the basis of nore reliable information
" than it would have with the Euclidean or MDR representation
of the wres. O equal i mportance is the fact that the
| ayout could be checked to ensure that the capacity of the
board was not exceeded in any area. This would avoid the
probl ems arising out of layering the wires in a manner such
that nore wires were acssigned to a layer than that |ayer had

capacity for.

By attempting to route the Wwres before layering we
would, in effect, be considering the interference between

wires taking into account all the factors nentioned earlier,
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such as the density distribution of wires, the distance from
the point of intersection to the end of a wire, etc. It is
hoped that this approach wll result in a lavering that

yields a higher conpletion rate.

It is true, too, that just as the layering is dependent
on the final layout, so is the |layout dependent wupon the
lavering, Specifically, when laving out the wires, one need
not worry about "intersectine" wires that will not end up on
the sane |ayer, However, in avoiding such intersections we
nerely err on the safe side and, per haps, cause sone
circuitous interconnections. Putting the |ayout step first
results in, at worst, sone waste of effort, but layering

first can result in unroutable |ayers.

Fundanent al , then, to our new algorithm i s t he
phi | osophy which recuires us to route the wires before
| ayering them This is the mgjor point of departure from
previ ous approaches. In addition, we shall try and avoid
the limtations that we have observed in sone of the
existing algorithms. They are summarized bel ow

1. The lack of a |ookahead capability,

3. Topological inflexibility,i.e., the inability to
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push wires aside to nake way f'or another wre.
3. The inability to re-route wires.
4, Fragrientation of the interconnection problem into a
il nunber of di sj oi nt steps resulting in |ocal
optim zation.
5. The use of oquestionable perfornmance neasures for

each of these disjoint steps,

Many of the alrorithms described in the literature have
addressed one or nore of these points. However, we are not
awar e of any system that has attacked all of them
Beying;np with the basic algorithm prescribed by our new
"philosophy, we shall, step bv step, refine our alpgorithm

until we have considered all these points,

ALGORITHM1 .

[. Ootain the wire list from the net list. Attenpt to
provide a fairly uniform distribution over the board
of the wire density.

’ 3. Route the wires on a single layer so as to obtain
t he nininumn nunber of intersections, W t hout
exceeding the capacity of any region,

3. Layer the wres.



While forming the wre |ist we bear in mnd the
correlation between the existence of congested areas and
difficulty in routing the wres. Accordingly, rather than

concentrating on minimizing the total net length, we shall

try and equalize the wre density over the board . The
routing i's accomnplished by one of the wre routing
alrorithms nentioned in the literature, We shall not, at

present specify which one and shall return to this issue in
the next section. lie proceed with the routing as though we
had just one |ayer, but we account for the availability of L
layers by multiplyine the capacity of every area on the
layer by L. Thus, if we were wusing Lee's algorithm, we
would permit upto L wires to pass throurh every square on
the grid. Once again, we do not at present specify the
layering algorithm to be used and shall postpone it to the

next section,

The alrorithm in its present formis not sati sfactory.
It suffers from ail the linitations that we have |isted,

Qur first refinenent will be to provi de a little
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intelligence to the algorithm in the formof a | ookahead

capability. Step 2 of the previous algorithmis replaced by

the following:

—rd

ALGORITHM 2

I. Qotain the wire list fromthe net list, Attenpt to
provide a fairlv uniformdistribution over the board
of the wire density.,

2.1, Lay out all the wires using canonical paths.

2.2. Oder the wres.

2.3. Route the wires in the above order so as to
mnimze the nunber of intersections and ensuring
that no capacity is exceeded,

3. Layer the wires,

If the layout is to be perfornmed by a rectilinear
routing alporithm, the canonical path is two sides of the
MDR. When we introduce topolorical routing, the canonical
path wll be the Euclidean straight line joining the two
pi ns. Now, during the routing of any wre, whether it be

the first or the last one, we have all the other wires laid
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out on the board. The alp-orithn can attenpt to avoid paths
that are potentially troubl esone. If step 2. 1 is thought of
as a first pass and 2.3 as a second pass at routing, we see
that we have provided a certain amount of jteration, St ep
2.2 requires heuristics which can only be validated
enpirically. If past experience with ordering is to be
believed we should not expect the ordering to inpact
performance substantially as longs as we do not resort to any
obviously foolish policy. For the time being we shal

assune that the wires are ordered by sone rule which tends
to place long wires, with nany intersections, at the top of
the list, Consequently, short wires get re-routed last and
tend to mintain their original short paths while the long
wires tend to avoid the congested areas. This approach is
superior to the previous one in that, first, the long wires
try to avoid the short wires . |f wunable to do so, the
short wires later wll try to avoid the long ones.. This
reduces to slne ext ent t he probl ens arising from

one-\/ire-at-a-tine routingc Wth a ririd ordering.

The algorithm still suffers from the fact that a

definite ordering exists with the attendent worry that this

was, perhaps, not the best ordering for this particular
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board. We attenpt to reduce the dependence upon the
ordering by usinf a topological routing algorithm such as
Hitchcock’s Cellular routing algorithm which assifgns a
tdpolorically distinct path but does not tie the wre down
to a specific physical pat h. This permts the router to
"move" W res asidc and nakes the layout step less sensitive

to the order specified, Step 2.3 is altered to read as

follows:

ALGORITHM 3

l. Gotain the wire list fromthe net I|ist. Attenpt to
provide a fairly uniform distribution over the board

of the wire density.

N

1. Lay out all the wvires using canoni cal paths,

N

.2+ Oder the wres.
2. 3. Topologically route the wires in the above order
SO as to mnimze intersections without exceeding

any capacity.

w
h

Layer the wires,

Qur last refinenment to the routing step is to nake it

iterative, thereby renmoving alnost all dependence on the
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order specified insofar as the final 1lavout 1is concerned,

The speed of convergence to this final layout will
definitely depend on this ordering, and we shall, therefore,
retain this step. The procedure used is to repeatedly

re-route the wres in the order specified until no further
i nprovenent is observed. The question that next arises is
whet her the order should remain static or should change wth
each iteration, This is a heuristic that is best decided

empirically. The alrorithm reflecting these changes is:

ALGCORITHIM 4

1. Obtain the vire list fromn the net list, Attenpt to
provide a fairly uniforn distribution over the board
of' the wire density,

2.1, Layout the wres in their strairht Euclidean
pat hs.

2.2 Oder the wires.

2.3 Topologically re-route the wres in the order
speci fied,

2.4, If' any inprovenent was observed then repeat 2.2
or 2.3,

3. Layer the wires,



The above algorithm devel oped out of an attenpt to
approach the layout problemin the way a human -- or rather,
tHis human -- might have. The natural line of attack seened
to be to picture the wires as rubber bands stretched out
between the corresponding pairs of pins. I ntersections
would then be elininated or mnimzed by stretching one of
the intersecting rubber bands over the pin of the other,
The choice of which wire of the pair to nove would depend
upon which pin was closer to the point of intersection., Use
woul d be nmade at each point in time of the current |ayout of
al | tgg other wires, and the process would naturally be
iterative. Accordingly, the layout step devel oped here has

been affectionately dubbed the Rubber Rand Algorithm.

We shall now discuss the |ayering step. Presumably, we
have elimnated all intersections that could be renoved
W thout exceeding the ~capacity of any area of the board
(nultiplied as it is by a factor of L). Qur only recourse
now is to elininate the remaining intersections by assigning
intersecting wres to different |ayers. Care woul d have to
be taken to not assign wires to a layer such that t he

capacity of any region is exceeded., W would have to nodify
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the 1layering alrorithm of' our choice to check for capacity
violations and flap: these as interference in addition to the

nmore obvious interference in the form of intersections.

The layerinpg step can be improved by making i t
iterative. By deing sO we reduce its dependence on the
order in which the wres were originally considered for

assignment. lie now have the following alforithn:

ALGORITHI 5

1. Obtain the wire list from the net list, Attenpt to
provide o fairly uniform distribution over the board
of the wire density.

2.1. Layout the wires in their straight Euclidean
pat hs.

2.2 Order the wres.

2.3 Topologically re-route the wres in the order
speci fi ed.

2.4.. |If any inprovenent was observed then repeat 2.2
or 2.3,

3. Layer the wires iterstivelv.
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Needl ess to say, we shall still have a few intersecting
wires on each layer at the end of all this. This mght be
the result of having tried to route the wres before
lafering. Consequently, we pernitted certain intersections
which we should not have in an attenpt to elimnate

intersections which we need not have since those wires

subsequently went on to different |ayers, Qur sins have
caught up with us! W shall try to rectify natters by
re-routing wires within the assirned | ayer. A side Dbenefit

0f this step is that wres which are unneccessarily
circuitous (another consequence of routing before layering)

can assume nore direct paths:

ALGORITHH 6

1. Obtain the wire list fromthe net Iist, Attenpt to
provide a fairly uniformdistribution over the board
of the wire density.

2.1% Layout the wres in their straight Euclidean
pat hs.

2.2 Oder the wres,

2.3 Topologically re-route the wres in the order

speci fi ed,
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2.4, If any inprovement was observed then repeat 2.2
or 2.3.

3. Laver the wvires.

4.1. Oder the wires on each layer.

4,2 Use the Rubber Rand Alrorithm on each |ayer.

The last refinement to the layering step is to apply
iterative layering with =simultaneous re-routing to wires
which give us difficulty, Such wires would be re-routed on
all  layers and assirned to that on which it has fewest

i nt ersecti ons, The final version of our alsorithm isS:

]

ALGORITHL 7

1. Obtain the wire list from the net list. Attenpt to
provide a fairly uniform distribution over the board
of the wire density,

2.1. Layout the wires in their straight Euclidean
pat hs.

2.2 Oder the wires,

2.3 Topologically re-route the wres in the order
speci fi ed.

2.4. |f any inprovenent was cbserved then repeat 2,2
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or 23.

3. Layer the wires,

4.1. Order the wires on each |ayer.

wed 4.2 Use the Rubber Rand Alrorithm on each |ayer

5. Repeat the layering step (3) with the nodification
that each candidate for reassipnment is tentatively
assirned to each layer and piven its ninimum
intersection path. The wire is finally assifned to

the laver on vhich it has fewest intersections.

By introducings steps 4 and 5 we have attenpted to
reduce the effect of the frarmentation caused by havinr
‘distinct routinp and layerins steps (2 and 3). The
temptation to avoid frarmentation entirely by onitting steps
2, 3and 4 is strong. We wouvldthen have one big iterative
l oop which would perform layerings and routing at the sanme
tinme. This would take a trenmendous aoount of time tc
converge., The algorithm in its present formpermits faster
convergence, and the existence of step 5renpbves the effects

of' the frarmentation in steps 2 through 4.
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4. INPLEMENTATION

In this section we shall di scuss t he specific
alrorithms to be enployed to implement the Rubber Band

Alrorithm and the lavering,

The Rubber Rand Alforithm requires a wire routing

alporithm which will meet the following requirenents:

T« It routes the wires topolorically, i.e., it fixes
the pins between which the wire passes, but does not
fix the precise points through it passes.

2. It checks whether the capacity of any area will be
exceeded by routing the wire through it,

3. It should be capable of renerating all, or most, of

t he possible paths available for routing the wre,

litehcock s Cellular alforithm [HITC69] is the best
choice since it meetz all three requirenents, Hirhtower s
alrorithn [HIGH09] could be made to neet the first condition
by fairly minor modifications. cut t he enhancenent s

necessary to allow it to make capacity checks would make it



l ook very much like the Cellular algorithm Mah and
Steinberg’s Topological Cass routing algorithm [MAH72]
falls short in that only certain types of interconnection
paths are permitted, The Channel Assignment algorithm

[1ASHT72] devel oped by Hasinoto and Stevens requires that

each layer have paths of only one orientation, ei t her
hori zont al or vertical. Such a routing stratepgy requires a
large nunber of vias. We would prefer to develop an

algorithm which attenpts an interconnection with no vias at
all if possible. If the Channel Assignnment algorithm were
Feneralized to permit both horizontal as well as vertica
pat hs on the sane layer, then the capacity check would be
complicated sufficiently to be similar once again to

H t chcock' s schene.

Ve shall, t heref ore, consi der t wo Wre routing
algorithns -- the Cellular routing one and a line routing
algorithm which may be thourht of as an extension of gjther
Hirhtower s algorithm or of Hasimoto and Stevens' with the

necessary capacity checks added.

The layering problem has been given an excellent

treatment by Rubin [RUBI73]. Hs conclusion is that the
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best lavering algorithm is the Fast Assignnment one devel oped

by him This alforithm is iterative in nature and will suit
us perfectly, The Fast Assignment algorithmis outlined
below:

1. Assign all wires to layer 1 and establish a table
showing the nunber of intersections each wire would
have on each | ayer, Order the wires on each layer
in a linear list in the order of decreasing nunber
of intersections.

3. Choose | ayer 1as the current |[ayer,

3. Choose the first wire in the list of the current
| ayer as the current wre.

4, Find from the table the mninmm nunber, M, of
intersections that it has on any |ayer.

5. If M is less t han t he current nunber of
i ntersections reassign the current wire to the first
[ ayer on which it has 1 intersections. Attach it to
the bottom of the corresponding |ayer Ilist. Updat e
the intersection table.

6. If M eauals the current number of intersections then



set the current wire aside for consideration |ater.

7. Choose the next wire from the current layer list as
the <current wire if all the wires have not yet been
considered and repeat from 4,

6. Choose the first wire that was set aside as the
current wre..

9. If on any layer it has fewer or an equal nunber of
intersections as on the current layer then assign it
to the first such | ayer. Attach it to the bottom of
t he corresponding | ayer [ist, Updat e t he
intersection table.

Repeat from 8 until all wires set aside have Dbeen

fhe

tried in the order in which they were set aside.

11, If on any of the last L layers a reassifgnment Wwas

made then choose the next layer as the current
| ayer. Repeat from 3.
12. stop*

The algorithm as listed here differs from Rubin's in
the introduction of layer lists. This ensures that a wire
whi ch has just been assigned to a layer wIll be the |ast

candi date for reassignnent.



5. A SAVPLE PROBLEM

Since this alrorithm has not yet been inplenented, a
sinple problem which could be solved manually, has been
used., Fig.11is the sanple board to be interconnected on two

| ayers,

Fig.2 shows the result of first layering, using the
Fast Assignment alrForithn, and t hen routing. The
intersections were inevitable since the layerineg step, on
the basis of the straight line intersections, assigned wres
wilthout regard to the capacity. Fi gs.3 through 5 are the
results of Algorithms 1 through 3, the layering being
effected by the Fast Assignnment algorithmin all cases, A
steady i nprovenent nay be noted, The relative costs of the
aleporithms may be deduced from the statistics presented for
the nunber of linesrouted (nore than the nunber of wres if
iteration is enployed), the nunber of wires inspected during
| ayering and the nunber of wires that are reassigned to the

other layer. Fig.6 shows the result of Algorithm6.

Fig.7is the result of reconfiguringe the two nets
consistine of wires CJ and H,E respectively to mnimze the

congestion through the central part of the board,
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0. ADDI TIONAL FEATURES

~> So far the newy developed algorithm has attenpted to
interconnect pins wthout the wuse of vias. Whereas the
operation of this algorithm does not hinge upon t he
availability of vias, their presence can help in routing the
last few wires for which the algorithm has been unsuccessfu

in finding a path wthout intersections. If the vias are
fixed, an attenpt is nade to find a path passing throuph
vias such that no section of the path (the portion between
t wo vLas) intersects wires on every | ayer, If floating vias
are available the problemis simplified. The best route
found so far for the wire is divided up into sections such
that no section intersects wires on every |ayer. The vias

are introduced at the endpoints of each section.

Anot her possibility is that an attempt be made to
nodify the net list for the net which includes the problem
Wre. An alternate path could be found to connect the net
which is left disconnected by the deletion of the problem

W re.
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Use could also be made of the existence of equival ent
pins to facilitate the |layout step. If two wires poing to
equi val ent  pins intersect, t he i ntersection can be
elimnated by exchanging the pins. This is auite sinple if
a topological routing algorithm is being used, This applies
both to pins on a package as well as to external pins,. Thus
ve see that the external pin assirsnment should be frozen

only after the |ayout step.

7. CONCLUSION

.. Arguments have been advanced for questioning t he
traditional approach to the interconnection problem A new
phil osophy has been advanced which is more suited to
mul til ayered boards. An interconnection algorithm has peen

devel oped based on this phil osophy.

The alporithm is perfectly general in that it applies
equal ly well to single layer boards as to nultilayer boards,
When wused wth single layer boards, it would reduce to the
Rubber Band alpgorithm, and would possess the desirable
features of | ookahead, iteration and topological

flexibility,
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Work is currently in progress to inplenent and eval uate

this algorithm

e



™

ABELT72A

ABELT72B

AKERT2

FISK6T

HASHT2

H®GHO9

HIGHT?

HITCO9

LASS69

LEE6 1

MAHT2

BIELIOGRAPHY

Abel,L.,"On the Automated Layout of Multi-Laver
Pl anar Wirinr and a Related Gaph Coloring

Problen", Coordinated Science Laboratory Report
lo. R-546, Univ. of Il1l., Jan. 1972,

Abel,L., "On the Ordering of Connections for
Automatic VWire Routing". |EEETC, HNov. 1972.
Akers,S+,"Routing." Design Autonation of Digital
System Vol. 1, Prentice-Hall, 1372,

Fisk,C J., et al, "Topographic Simulation as an Ad

to Printed Crcuit Board Design." 4th Design
Aut omat i on Wor kshop, 1967,

Hashimoto,A.,Stevens,J., "Wire Rout i ng by
Optimizing Channel Assi gnnment Wthin Large
Apertures, " 9th Design Automation Wrkshop, 1972.
Hichtower,D.W., "A Solution to Li ne Routing
Probl em on the Cont i nuous Plane." 6th

Design Automation Wrkshop, 1969.

Hightower,D.VW., "Interconnection Techniques - A
Tutorial? 10th Design Automati on Wirkshop, 1973.

Hitchcock,K.B., "Cellular Wiring and the Cellular
llodelling Techniaue." 6bth Desifgn Aut onat i on
Worlishop, 1969.

Lass,S., "Automated Printed G rcuit Routing wWth a
Stepping Aperture," CACH, May 1969,

Lee,C., "An Algorithm for Path Connections and its
Applications.' | RE Transacti ons on
El ectronic Conmputers, Sep. 1961.

Mah,L., and L.Steinberg, "Topological C ass Routinf
for Printed Grcuit Boards? 9th Design Automation
Workshop, 1972



RUBIT3

RUBI T4

STRYT2

32

Rubin,F., "Assigning Wires to Layers of a Printed
Crcuit Board."™ 10th Design Automation VWorkshop,
1973.

Rubin,F., "An lterative Technique for Printed Wre
Routing." 11th Design Automati on Workshop, 1974.

St evens, J.E., "Fast Heuristic Techniques for
Placing and Wring Printed Crcuit Boards." Dept.
of Conputer Science, Univ. of Illinois at

Ur bana- Chanpai gn, No. U UCDCS-R-72-558, 0Oct.1972.



10 wires
to be assifned on 2 lavers

FIG 1



H
D G
ety .
7 8
L[]
1 A ‘ 3
- .
H & ID

]

IO Wi res

A
H
p———
D' [
I, )
1. A <, 7
HE 0
¢ F .E
B .
ooeacory. .
e ] I

r out ed

27 wires inspected
6 wires reassigned

FIG 2




A
AN
D
7 B
I A c,3
.
LH & .
. F
B - .
L

10 wires

24 wires incspected

¢ wires

1
3

Q

. SR )
B.
c, I
S——
F
r out ed
reassirned




20 vires

rout ed

37 wires inspected
11 Wi res reacsirned

FIG 4



A

L —"
l N H

. .
— ID. .G_‘ D 'G

T B ‘J“ .B
1 L A l L3 I, A R
HEe d 'D HE . 10

[ l F e F
L

G' IE
l 5

— K !

20 wires routed
20 wires inspected
2 Wres reassifned

FIG &5



A
»
H
b, L b
J B 3
1 A 3
S S L
H & . WD HE
¢ I F e ¢
- ‘l B,
< [
l . .
¢ I —d
F F

30 wires routed
20 uvires inspected
3 wires reassigned

FIG. 6




o™y

20 wires

s
H
.
D (4
.
3 )
-y
1 . n . S T

rcuted

29
[
I
~

wires inspected
wires reassigned

FIG. 7






