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Met hod for . ring and Designing an el ectronic Device el ectronic
Appar at us F:\{gﬁg&gﬁ&%he Invention 5 This invention rel ates ge%g.&ﬁﬁquo?odzt he
field of the design and manufacture of electronic devices, such as printed
circuit boards and sem conductor devices, and nore particularly to

i mprovenent s iAMahioghfordMuhefatturiige ahddDedignfnigd an tledin6kitt DeibOandhe

| nvention For the design of the wiyij nuner ous approaches are

ng af . channel
known fromthe prior art. In the ¥ ?%@*8@@@5@5@ Naveed Sherwani,
"Algorithnms 15 for VLSl Physical Design Autonation", Second Edition, 1995,
Kl uwer Academ c¢ Publishers, an ovR '%}v éh%ér&riox?” routing approaches is
gi ven, especially on pages 267 to ; h which is commonly used
in the grior art for channel routing 20 is the nodeling of the routing

probl em by o) | [+ f thd) dasival 4 Ig‘gﬁﬁ | nt
graph each %ﬁ%@%%@?%gggdtgi geﬁg%h?g;gdnfﬁ%_ %{/&?gneﬁ régg%%ﬁné?%gﬂl%rap hE)laelf a

vertical coRSelestranigdevices,sughas BIPLEE CHCh bear sgrdcenfugter ni nal

of another gevickheahdam6es pashionldirigtd dReFovenbhits HLabsigaling QRS twikiks of
graph are cgn&eacrtlggl by a directed edge in order to

10 SR oL ,
Background of thﬁ éjIn'vention

. _For the design of the wiring of a channel numerous approaches are known
. from the prior art. In the reference book by Naveed Sherwani, “Algorithms * -
15  for VLSI Physical Design Automation®, Second Edition, 1995, Kluwer
Academic Publishers, an overview of prior art routing approaches is given,
especially on pages 267 to 339. ' - '

One approach which is commonly used in the prior art for channel routing
20  is the modeling of the routing problem by means of a vertical constraint -
graph. In a vertical constraint graph each net to be routed is represented by
one node in the graph.-If a vertical constraint exists between éhy terminal
of a net and any terminal of another net the two cdrresponding nodes in the -
vertical constraints graph are connected by a directed edge in order to
25 . represent the vertical constraint. This way initially each net to be routed is
assumed to be routable by just one horizontal trunk in the channel.

If any cycles exist in the vertical constraints graph these must be removed
by a technique called “dogleggihg“ pribr to the actual assignment of
30 trunks. The doglegging technique is also described in the above cited
reference by Naveed Sherwani, in Chapter 7.4.2.2, pages 299- 301. A more
detailed description of the doglegging technique is given in D. N. Deutsch,”
A dogleg channel router”, Proceedings of 13th ACM/ IEEE Design
Automation Conference, page 425-433, 1976 and in Preas, "Channel
35 ° Routing with Non -Terminal Doglegs", Proceedings of the European Design -
Automation Conference, March 1990, Glasgow, UK, pages 451-458.
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102 a vertical -constraints graph is build according to this abstraction. In
step 104 it_is decided whethe e vertical constraints graph built in step

rot Il
10 102 hasiRypéerd 04}t ingee Ide‘éf'gékl'ﬂ%’t thenrertirad kenstrainte gz aphdnng incapi n
fact b€10 102 has cycles. If no cycles exist this means that the channel can in fact be

routed by making usage of the" imaginary trunks as defined ih’step 100. I_ﬁ e
this case the trunks are in fact assigned to the channel in step 106 in order -
" to'preduce the wiring layout. | e .

15 If there are cycles in the vertical con_si:raint graph the control goes fronzx
step 104 to step 108. In step 108 cycles in the vertical constraints graph are
‘removed by means of doglegging. By doglegging the imag"ixiary'trunk.s,_as'
defined in step 100 are broken up into segments in order to remove ¢
-conflicting vertical constraints. Next in step 106 the assignment of trunks to

20 the channel is done.

"The main disadvantages of this prior a_rt' approach-a're the co_nipu,tatio_nal g
| requirements which increase by the power of four with the number of nets -
and the fact that it is not guaranteed that - even after lengthy compu_tai‘.iim -
25-  all eycles can be removed in step 108 before the trunks are assigned to the
channel for all classes of channel routing problems encountered in
practice. Therefore a need exists for an enhanced method for designing and
‘manufacturing an electronic device.

30 Summary of the Invention

The underlying problem of the invention is solved basically by applying the .
features laid down in the independent claims. Preferred embodiments are
given in the dependent claims. '

35
The method of the invention is advantageous in that it allows to design and
manufacture an electronic apparatus, such as an integrated circuit chip or
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2. confhctmg vertical constraints which can not be resolved because
- splitting of the respective node does not created a cycle.

15 The invention is advantageous in that it uses a compositional approach.
Initially all the terminals of the channel to be routed are represented
individually in the terminal vertical constraints graph and also the vertical _
constraints which exist between individual terminals are represented in
the terminal vertical constraint graph. This way the complete information

20 - about the routing problem to be solved is included in the terminal vertical

constraint graph.

Further the compositional approach of the invention is advantageous in
that it requires far less computing time; the computational requirements

25 only increase with the power of three with the number of nets. Further,
unnecessary computing time is saved because according to the invention
the existence of a solution can be predicted at an early stage.

Fufther, the method of the invention can be applied under weaker
30 restrictions as compared to the prior art so that the channel routing quality
can be improved thereby.

This leads to the design and production of enhanced electronic devices
which feature a more compact channel wiring design and therefore

35 require less silicon floor space and less power dissipation. The more
compact channel wiring design which results from the method of the
invention also positively impacts signal propagation delays and therefore
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printed circuit board which has conflicting vertical constraints for which
no solution could be found by any prior art design nethod. The cl asses of
probl ens whX®9%H8%e sol ved by the nethod of the invention BCT/RHESRMM t he
foll owi ng classes for which known prior ar4d design nethods fail: 1
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node does not created a cycle. 15 The invention is advantageous in that it
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graph. This ete |l rmat1on 20 about the routing problemto
be solved is included in the term nal vertical constraint graph. Further

the conpositional approach of Bia¢ Dda¢eiptiodof theaDyawi@geous in that it
requires far less conputing time; the conputational requirements 25 only
I ncrease with the power of three with the nunber of nets. Further,
. 10 _FIG.1. shows a flow chart of a prior art methoq_.fqr designing the wiring of .
. a channel; L ST E T e e T

+ . FIG.2. is a diagrammatic view of a channel routing problem which can be
solved by an embddim'efl_'t of the invention;” .. =~~~ - ...
FIG.3. shows the overall flow chart -.of the prefgfre_gi einbodi_ment_ of the - _

invention;

FIG.4. shows a flow chart illustrating the creation of the terminal vertical
20 constraints graph; ' - '

FIG.5. shows a flow chart illustrating thé prbées_'s__'of inéfging of terminals
in the terminal vertical constraints graph;

25 FIG.6. is a flow chart illustraﬁng the determination of the rating of an edge
" in the terminal vertical constraint graph; ;

FIG.7. is a flow chart illustrating the connection of terminals by
doglegging; ' ' '
30

FI1G.8. shows a terminal vertical constraint. graph for the routing problem
depicted in F1G.2; '

FIG.9. illustrates the construction of a local vertical constraint graph for
35 the net 3 of FIG. 2;



unnecessary conputing tinme is saved because according to the invention the
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readily 5 ithphetdnoftIBy2means of a conputer program which is stored on an
conput er readabl e storage nedium Brief Description of the Drawi ngs 10

FIG 1. shows a flow chart of a prior art nethod for designing the wiring of
a channel ; HIE.23. shows dhadesmingl ¥ertiea eomsiraintnaeark ofififg 12 @ftesm whi ch

can be doglegging;
10 _ - o :
. FiG.14. shoWs_construcfiori of a local vertical constraint graph for the net 2
of FIG.2. based on FIG.13; |

- FIG.15. shows the terminal vertical cbnstrainf;s graph of FIG. 13. after a
15 second merge operation; and S '

FIG.16. shows the channel of FIG.2. affer the wiring design’is complete.

Detailed Description of a Preferred Embodiment
20 o

FI1G.2. shows an electronic device 200 which has a channel 202. The
- electronic device 200 can be any kind of electronic apparatus, such as a-
digital telephone or audio device. The channel has an upper boﬁndary 204
and a lower boundary 206, along the upper boundary 204 the terminals 1.1,
26 2.1, 3.1 and 3.2 are situated from the left to the right in the columns 208,
210, 212 and 214, respectively.

On the lower boundary 206 the terminals 2.2, 1.2, 3.3 and 3.4 are situated in
the columns 208, 210, 212 and 214, respectively. The terminals 1.1 and 1.2

30  belong to the same net 1 to be routed. Likewise the terminals 2.1 and 2.2
belong to net 2 and the terminals 3.1, 3.2, 3.3 and 3.4 belong to net 3.

The terminals 1.1 to 3.4 constitute a set of terminals and the terminals
belonging to the same net constitute sub-sets of this set of terminals.

35 Further the channel 202 has wiring 216 comprising vias 218 and 220. The
vias 218 and 220 can not be routed according to any known prior art routing
algorithm because doglegging is not possible in view of the fact that there is
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graph; FIG 5. shows a flow chart illustratgng the process of nerging of

termnals in the termnal vertical constraints graph; 25 FIG®6. is a flow

chart ill ust

connecti on of T RAEBYE IoiageA Y AflpBedaed BRI Fa, hd e 4 B Pra

ﬁatérﬁgtﬁ lReluteh erviai Il é.OTh e feot fee pordingounfesalv el genflittine

constraint gtlae ﬁn‘fmmmellpwttlongsmvelﬂmﬂm alelaiss € doutingipEoblents @sgmll be

il lustrates
the net 3 of

graph of &1 G 8. after a nerge operatlon 5 FIG11. and 12. illustrate the

design of a

10
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iPBea oW eHAre 3F FEGN Bt dhwid ehdlbwdrallf friocess flow of the design
" method of the invention. In step 300 the terminal vertical constraints graph
of the channel to be routed is build. In the terminal vertical constraint
graph each terminal of each net to be routed is initially represented by a

. separate node and constraints between individual ferminals are

" represented by individual directed edges within the terfhinal_ vertical
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constraints graph. : ' : N
In step 302 such nodes of the terminal vertical constraints graph are

merged which can be representative of one vertical routing segment in the3
ehannel without creating unallowed confhcts The correspondmg node in -

the resulting terminal vertical constraints graph -which results from the '

merging of two other nodes is representative of the terminals which
initially have been represented by the individual nodes; further, a resulting
mergéd node is also representative of a common imaginary trunk of the

terminals being represented by the new node.

In step 304 it is decided whether all of the nets are connécted in the
terminal vertical constraint graph by merging and / or doglegging

"operations. If this is the case the trunks ‘can actually be assigned to the

channel in step 306 so that the design of the wiring is complete.

If there are unconnected nets the control goes to step 308. In step 308 a total
rating of the edges of the terminal vertical constraint graph is compared to
a predefined threshold. In the example considered here the threshold is 4.

If the total rating is below the threshold, this indicates that the channel can

not be routed (step 310); if this is the case the design process can stop so that .

further computing efforts are saved.

If the total rating is equal or above the threshold the control goes to step 312

‘to connect the terminals of unconnected nets by doglegging. After the

doglegging the control returns back to step 302.



the net 1 of FIG 2; FIG 13. shows the termnal vertical constraints graph
of FIG 12. gl egging; 10 FIG 14. shows construction I
vertical cons %%’?n?ggraph for the net 2 of FIG 2. based on FPé@g,%@fﬁ 15.
shows the term nal vertical constraints graph of FIG 13. after a 15

second nmerge operation; and FI G 16. shows the channel of FIG 2. after the
wiring design is conplete. Detail ed Description of a Preferred Enbodi nent
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10 terminals which are sn:uated in the current column are sorted into

terminals being situated on the upper and lower boundary of the channel

In step 406 it is decided whether a terminal exists on the upper boundary in
. " “the current column. If this is the case in step 408 a new node is created-in
15 the terminal vertical constraint graph to represent the terminal 1dentlﬁed
in step 406 which is situated on the upper boundary of the c}_lan;nel in t_;he_

current column.

In step 410 it is decided whether the current column does contain an

20 additional terminal. If this is the case in step 412 a new node in the
terminal vertical constraint graph is created as well as an edge from the
current to the new node. Subsequently, the new node is defined to be the
current node. This is done in step 412.

25  After step 412 has been carried out the control returns back to step 410. If it
is decided in step 410 that the current column does not contain an
additional terminal which was not processed before the control goes to step
414,

30 In step 414 it is decided whether in the current column a terminal exists on
the lower boundary. If this is not the case the control goes to step 416. In
step 416 a vacant node is created in the terminal vertical constraint graph
which is representative of the vacant position on the boundary of the
channel as identified in step 414. Further in step 416 an edge is created

35 from the current to the vacant note. After step 416 has been carried out the
control goes to step 402. '



35 Further the channel 202 has wiring 216 conprising vias 218 and 220. The
vias 218 and_220 can not be routed according to any known prior art routing
al gorit hm be¥27¥41%3gl egging is not possible in view of the PSTRUMBALOEher e
S -6- no enpty colum avail abl e.. The cgrrespondi ng unresol ved
conflicting vertical constraint is indicated by doubl e-headed arrow 222.
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m_pal
mer gi ng of t%B'3 Ptﬁgaé’gnp'é’ B0p% &2 &R Ye of the terminals which

As a result of the process illustrated in F 1G.4 each individual terminal 6f
all the nets to be routed is represexitéd in the terminal vertiéal constraint
._.graph by a separate node. In addition, vacant positions along a boundary of

the channel on which no terminal is placed but is allowed to be'placed are
15 represented by vacant nodes in the terminal vertical constraint graph. -

Vertical constraints which ex‘ist- between terminals and .a]-so between . -
vacant terminals are represented by directed edges between the nodes.
From the way the terminal vertical constraint graph according to this

20 preferred embodiment of the invention is generated it follows that the
terminal vertical constraint graph can not have cycles. The reason is that
each edge is only representative of a vertical constraint which exists
between a pair of terminals which are situated in the same column. -

25 With reference to FIG.5 now the step 302 of FIG.3. is explained in more " -
detail. In step 500 an arbitrary one of the nets to be routed is selected as the
current net. Before the main procedure starts any nets having just two
terminals are identified. If the two terminals are situated in the same
column of the channel, the corresponding nodes which represent such

30 terminals are merged in step 502.

In step 504 the main procedure starts: Without loss of generality in the
following it is assumed that the terminal vertical constraint graph which is
~ created in step 300 has a number of iedges E1, E2, E3,.7...Ei:
35
First in step 504 a rating is calculated for each one of the edges. The
individual ratings Rj(Ej) of the edges Ej are summed which yields the total
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This yields the list L2.
= (E1, E2, E3,.... Ek]

In step 508 it is-decided whether all nets have already been.processed. If
this is the case the process flow of FIG.5 ends and returns back to the
process flow shown in FIG.3 where the step 304 is the next step to be carried
out.

If there are unprocessed nets step 510 as shown in FIG.5 is carried out
next. In step 510 an arbitrary net which has not been processed yet is
selected as the current net. For the current net a local vertical constraint
graph is generated - in view of the vertical constraint graph and the
terminal constraint graph of the channel to be routed. The generation of the
local terminal graph is done as follows:

First a vertical constraint graph is generated as it is as such well-known
from the prior art. In the vertical constraint graph the node which is
representative of the current net is selected. The selected node in the _
vertical constraint graph is substituted by the nodes of the terminal vertical
constraint graph which are representative of terminals belonging to the
current net. The affected edges of the vertical constraint graph are
connected to the corresponding substituent nodes of the terminal vertical
constraint graph. -



5 it is decided whether all colums have been processed. If this is the
case the term nal vertical constraint graph is conplete. If this is not the
case the coMdBMes to step 404. In step 404 the |eft mostPEHRUIHPOPL
considered to be the current colum. The.fkip termnals which are situated
in the current colum are sorted into termnals being situated on the upper
and | ower boundary of the channel. In step 406 it is decided whether a

I nal ' he . b h |.f_t.h

case in stomeckecal b igierrBR Pa apFrrthd o} FhE Phrh ik appptifes the ("¢

const raijnt g?ﬁpﬁmmﬁmﬂméhirthm whetlhiaradny gieven pawdfinndssef Yecloshl ch is
tuated on,the o e n

2![ el[;a 4(]3_0 it ?xém&a?p%gg?x Undary cﬁné&gd%ﬁco d'lfbcrtg@ eQHE LS Bfeté&%ﬂ{é'a b)l

et her does~ cont al n an
addi ti onal thefboRewing fondition: If therecisse plaﬁh&@p Wfathwbﬁ&‘ Haeng mﬂés

term nal Ve"uh tﬁ@'ve‘f&@%ﬁ éo%israi»al%ageagh&o%@adtﬁdr aﬁbmtﬁen&m@ua ¢fdhe fromthe
current to the new no Subseque Yy, %Qew nodé} ‘gﬁsz ﬂﬁ‘gﬁto bg 5
current nodeongigesed pagy thers mugybe an e olfesn hepo i ed
out the contﬁaq} ih @hiresabPasininal $raph410. If it is decided in step 410 that -
the current "col um does not contain an additional term nal which was not

processed before the control goes to step 414. 30 In step 414 it is
deci ded 1ph etlh%teprﬁlmam: lvoadteroahahgraph & pairgedexitbt theominheuronember

boundary. |f £ ooLorérsgatt%oag otnr]? trhO%%? otf%e LY @rnﬂﬂ?’f gﬁ' ﬁ%ﬁﬁcﬁ]ﬁe ﬁ(ﬁ step 4-16' '

a vacant nod erm na vertica tral nt
connected by an edcre have the same color. Methods for colormg a graph in

order to find the so-called chromatic number are known from the prior art
~ - for example Claude Berge, "Theorle Des Graphea Et Ses Apphcatlon .o
15 Dunod Paris,1958 as well as from "J.A. Bondy, U.S.R. Murty, "Graph i -

Theory with Applications”, Elsevier North Holland New York, 1980, .

Chapter 8 (Vertex Colorings), page 133 and-N. Chnstoﬁdes "An Algorlthm '

for the chromatic number of a graph", The Computer Journal, Vol. 14,page

38-39". '

20 )

In step 514 it is decided whether the total rating as given by the summation
of all the edge ratings is below a threshold -in the example considered here '
4. | |
25  If the total rating is below 4 the control goes to control 516. In step 516 nodes
' in the local terminal graph are identified which have the same color. These

nodes are substituent nodes from theoriginal terminal vertical constraint
graph. If the terminals which are represented by nodes having the same
color in the local terminal graph are situated in the same column the -

30 corresponding nodes which are representative of these terminals in the
terminal vertical constraint graph are merged. Next the control goes back
to Step 504 in order to carry out the main process again with the
transformed terminal vertical constraint graph. '

35 Ifthe total rating is not smaller than 4 the control goes from step 514 to step '
518. In step 518 again the nodes of the local vertical constraint graph
having the same color are grouped. Such nodes of the local vertical



which is representative of the vacant position on the boundary of the
channel as i%ﬂsﬁ: igd in step 414. Further in step 416 an ed%e I S created
35 fromthe current to the vacant note. After step 416 has SSRLEOP2
out the control goes to step 402. -8- Hf1-it is decided in step 414 that
a termnal exists on the | ower boundary of the channel the control goes
directly to sieeptéddt griphtwhithdeavelthk sametceiordOénd aze thusdhnibeata@e t he

b d f th I . ' oRt.rol goes to st
e i L L R
raph as a v c i
'?hepupper bo 4]1-@&%%!3% &mfﬁi%}etuﬂé%"%t@?%ﬂ s defined to bgnt he current

node. After ste as been carried out the control goes to step 410. 10
As a result of the process illustrated in FIG 4 each individual terninal of

al | t he ntet s M%}Dgefe@élﬁ@td FIGEhe%ed éfegi;b% Bﬁbb&frﬁéﬁlﬁ?f Vied _Eitxls‘cﬁ'latio? of
constraint gr a sgparate node. In a i qn, .vacant .positions along a
boundary of tﬁ% @%ﬂ%f’ﬁ&’? “E,snofu@“’t féﬁ’Fﬁ“Hﬁ* V?’gmﬁl SERTBIRL 2PN Iowed to be
pl aced are 1Sexplajriebaniate detaidChnstepdBisitiis debiledeshitththr AMEeAEEAbS the
;logzt LZ{ \?\; egrée?'xhriin\a/? Qrteftggalxl GoRs It'arixall{: E;-ésp}\{wl]a'a%p: a f%asﬂty kl))éaetn\’v;%%‘cetsger:(i’r;‘I 1?% 1ss lasnd
10  the case the total rating of the terminal vertical constraint graph is
calculated in step 602 by summing up all the edge ratings of all edges

contained in the terminal vertical constraint graph.

If all the edges of the terminal vertical constréint graph have not been
15  processed yet, an arbitrary edge is selected from the unprocessed edges in
~ step 600. The selected edge is the current edge and the control gdes to step
604 in which the rating of the cu:r_’ént edge is initially set to a predefined -
value - which in the example considered here is 0.

20 In step 606 it is decided whether the current edge originates from a node in
the terminal vertical constraint graph which is the result of a merge
operation (cf. step 302 in FIG. 3). If this condition is fulfilled the rating of - -
the current edge is increased by a predefined value- in this case 1. This is
done in step 608. If the condition of step 606 is not fulfilled step 608 is

25 Dbypassed. ' T

Next it is decided in step 610 whether the current edge is directed towards a
node in the terminal vertical constraint graph which is resulting from a
prior merge operation. If this is the case the rating of the current edge is

30 increased by a predefined value- in this case 1- in step 612. If this is not the
case step 612 is bypassed.

Next in step 614 it is decided whether an edge is directed towards a vacant -
node in the terminal vertical constraint graph. If this is the case in step 614

35 the rating of the current edge is increased by a predetermined value- in this .
case 2. If this in not the case, the step 616 is bypassed.



vacant termnals are represented by directed edges between the nodes. From
the way the termnal vertical constraint graph according to this 20
preferred enfOIPHERE of the invention is generated it fol | owPCGIRIIIB0P42
termnal vertical constraint graph can nofjohave cycles. The reason is that
each edge is only representative of a vertical constraint which exists

bet ween a papf A8l ;3Rk&Rear i ' : ith -
Fef erence 1 ONEF%%‘SE%L“%? igaeene @ﬁ%@%ﬂ“@éﬂ%ﬁ%ﬁ% e fbm

In step 500 %RcantRe earl%t Wwdisdihe; tasetoesatingef tha cwgent net|isdinergased by
current | net . pﬁﬂ{jéﬁ'lﬁ_ vdlaenpn thiy e Fhistiadbie a0 ¥tde 620 NOYheBvisdStep 620
termnals are | dentli

led.  If the t teyminal s are sj ed in the sane
col um of th¥ l@ﬁ%ﬁﬁ?@{l; ﬁ%ﬁ&%%??%?ﬁﬁ%ﬁ?% aﬂ%ﬁ‘é?’%ﬁe&é‘ﬁ@ﬁ@émcgﬁﬁﬁ 30
term nal s5 ar eepantgé diritil sl edgb82f the tetmmaOzkertical nenstraimicgdiptechavebesn
Wt hout | oss ?gce%gggrality in the following it is assuned that the term nal .
vertical con81?arn graph which is created in step 300 has a nunber of i
edges E1, E2, E3 ...... Ei. 35 First in step 504 a rating is calculated for

each one of Nagt %Hg%ﬁ?%) §fh12 Ity B e @kplathbd 98 N@&Fc'tn%caﬁfwmera@me% ke

sunmed which yields t ta -9- rati . xt e edges are sort
accor di ng toﬂgweq:}par,té)(fﬁ'ﬂé}.i?n R steR g{)@@ arq%trary edge of thegterminal vertical

- 10  constraint graph is selected as the current edge. In step 702 it is decided
" whether all ‘edges of the terminal vertical constraint graph have 'airé’a;.&? N
been processed. If this is not the case the control goes to step 704 in which it
. is decided whether the rating of the current edge equals a predefined value
| - in this case 4. If this is the éalée't_hefpcqtrol goes to step 706 in‘which it i°s
15 decided whether doglegging is possible for the current edge.' If this is the

' case the control goes to step 708 in which a dogleg is made by making usage

of the current edge. After dogleggihg has been done the flow shown in FIG.

7 stops at step 710 and the control returns back to FIG.3 in which step 302 is

the next one to be carried out. "

20 '
Ifit is decided in step 706 of FIG.7 that a dogleg is not allowed for the
current edge the control goes to step 712 in which another arbitrary édg?é is
selected as the current edge. From step 712 the control goes to step 702.

: 25 If it is decided in step 704 that the rating of the current edge is equal to the"
predefined value of 4 the control goes directly to step 708.

If it is decided in step 702 that all edges have already been processed the
control goes directly to step 710: '
30
In the following an example is described applying the preferred
embodiment of the method of the invention to the channel routing problem .
as depicted in FIG.2. With reference to FIG.8 now the terminal vertical
constraint graph 800 which results from carrying out the step 300 of FIG. 3
35 is shown. .



order which yields a list L1, where L1={El, E2, E3 ...... Ei} and E1 having

the hi ghestwioablspgsRl. 5 Next in step 506 the m ni mum nunb :Tﬂl& I S
identified starting fromthe beginning of the sorted I|ist L%r Ug%&g(r?‘ato

generate a list L2. The list L2 contains-Bxly such edges from the begi nning
of L1 which yield a total rating which is above a predefined threshold - in
this case 3! mtwuﬂmalmrgemle¢m5éralnb graph 809 hasra separateailade fof dachas to

be_f ound Soséﬂgfaﬁt?hferMnﬁg ﬁ‘i‘b 1&&{1%&6&%%@ fztléfmiﬁélége dﬁgr Eéné%%ingk |

> Threshol d égeéj ......
step 508 it g?‘@Pb&QQjé‘{‘? WFWG&F‘F st edgesa hicrandid whish areocessed. | f

this is the r@ﬁﬁ&e&x‘iﬁtﬂé%&% V\«/ﬂ‘hdr% hdﬁk@v@rﬁmsco@@fi-ﬁﬁﬁtsuﬁ‘ﬁ §Pé§%tt EBH‘G
process shown i e o,.be
carried 0 tBeic! ap.fne? @Qhe%"z??@ &Ibg @é@gn% 3@?@%"3{’@9@9@ qfirsh G 5
is carried dmherth)étratirig§61éﬁxe6ewganamr¢altmhmm r&hcmdmd;hefe&anﬁﬂb been
processed yet_is; sel as t e r.ent,net a | ocal
verti cal cor‘fgpﬁlﬁeﬁ?d 3 g{r%leeﬁat egﬁE noﬁgélngarg elqen?ﬂeelstﬁtbceal
constraint gnipdd wating b€ allehhm e@‘esoslﬁ)srﬁsaa eongsgprehces alsochetatalatating be
routed. Thegeneration of the |local termnal graph is done as foll ows:

First a vertical constraint graph is generated as it is as such well-known
30 frodthe prior art. In the vertical. constraint graph the node WhICh i's

FIG. 9 illustrates the situation of step 510 after the net 3 has been selected
as the current net. In the vertical constraint graph of the channel routmg
problem of FIG. 2 the node 3 is substituted by the nodes of the terminal
vertical constraint graph which are repi'esentative of the terminals -

15 Dbelonging to the node 3. As there are no vertical constraints in the vertical
constraint graph for the node 3 its substituent nodes are isolated so that no

path exists between any pair of substitugnt nodes as it is also apparent from
FI1G.9. '

20 As a consequence all the substituent nodes can be painted with the same
color and grouped into the same group since the total rating is equal to 0;
the control goes from step 514 to 516 in which nodes of the current net - '
which have the same color and do not occhpy the same column are merged.
This has the result that 2 pairs of nodes being representative of terminals

25 Dbelonging to the net 3-are merged as it is shown in FIG.10.

Next the control goes to step 504 in which the rating is again calculated.

After the first transformation of the terminal vertical constraint graph

from FIG.8 to F1IG.10 ratings of the edges ¢ and d change from 0 to 2. As'a
30 consequence the list L2 contains the two edges ¢ and d.

Next the net 1 is selected as the current net in step 510. FIG.11. shows the
substitution of the nodes of net 1 of the terminal vertical constraint graph
into the vertical constraint graph. FIG. 12 shows the local vertical

35 constraint graph for the net 1. The two substituent nodes are connected by
an edge since there is a path between the two nodes being representative of
terminals belonging to net 1 in FIG.11. For this reason the two nodes in the



representative of the current net is selected. The selected node in the
vertical constraint graph is substituted by the nodes of the term nal
vertical congPr’3/ mssgraph which are representative of term nZCI/RINBONRNQ
to the current net. The affected edges of_fghe vertical constraint graph are
35 connected to the correspondi ng substituent nodes of the term nal
vertical Conﬁicbﬁbéi'ti@il&i@ohstramt pHlde hetCiRdve & bé paintad H@s&ﬁe%ﬂﬁ‘rs%t ed
for the curr nt net co rlseg sfﬁgt i tuent ng des Ifurt éthr a:}y
given pair of3oHEISHE tAR No &gr:u{' SRS FURA ng 3Rpligs %ﬂ%@i‘ ¥ el
undi r ect ed emgmb&qdmhe}ynselecteﬂyaéthet terfenltirmti ng condition: If there is a
path fromone of the substituent nodes in the vertical constraint graph to
the other substituent note of the consjdered pair, there nust be an edge
bet ween the Bumtesthsf totakraiong Mdgr:bds pubsequenthetdsterhin stepr3Gthbqaalaph stdp

In step 512 ghsg ;L %s?heg zwsamofaaepabgmggmy itsmﬁo%mwwanunber of
colors so that on| es o | ocal ter ch are not
connect ed byTﬁlﬁ%ecﬁaKF@ ‘B‘f?él @éﬁ@eéﬁpcﬁdg tohgl zatipgih i n

order to fingdplhtedags irﬁéit SNk & rexiilh e t}@dtet}i@nca sfofthb@dpes al baat ,

for exanple CPaude eor Cf" es Et & N c tion'

Dunod, - Par | 8868 be e a«}@ﬁwagﬁﬂs BB A ey edfe 2 web

.10 list L2 equals {d,c1,c2}. FIG. 14 shows the corresponding vertlcal constramt.
graph after substitution of the riode 2 by the correspondmg nodes of the
terminal vertical constraint graph of F1G.13. The nodes 1 and 3 are split
into nodes 1', 1" and 3‘, 3" respectively_due to prior doglegging‘

15  As there is no path between the nodes 2 they can be palnted by the same
color in the local vertical constraint graph As the total ratmg is not below 4
step 518 is carried out. Since both of the edges a and b to which the nodes 2 -
are connected in the terminal vertical constraint graph do not belong to the
list L2 they can be merged. The result is shown in FIG. 15.

20
The updated ratings for the edges are as follows for the transformed
terminal vertical constraint graph as shown in FIG: 15 : d=2, a=1, b=1, c¢l= 1
and ¢2=1. The corresponding list is L2 ={d, a , b}. The total rating is 6.
FIG.16 shows the resulting assxgnment of trunks to the channel (cf. step

25 306, FIG.3) based on the transformed terminal vertical constraint graph of
F1G.15. The resulting wiring can be implemented into the electronic device
200 by any known suitable manufacturing process.



Theory with Applications”, Elsevier North Holland, New York, 1980, Chapter
8 (Vertex CoI or|n ; age 133 and N. Chrlstofldes "An Algorithmfor the
chromatic nd¥8 a ", The Conputer Journal, Vol. 14, BEGRUSEI®IZ . 20
In step 514 it |sm whe the totgk.rating as given by the
summation of all | Ngs is- below a threshold in the exanple

consi dered here 4. 25 / | rat Qlgimg bel ow 4 the control goes to
control 516. In step 516 o the local term nal graph are identified
whi ch have the sane color. Thes® nodes are substituent nodes fromthe '
original term ﬂamethoﬂifanlmmmﬁnmajmg an alﬂfntrdzﬁctdwitieeha‘irhfg‘ a oMimiel psd

G Phated i n PHeRSERatRE £ RohHatg Wdik b8 of Leriifal ChRind SRR o <BRT 27
representt i beundarmwedtcvénameélf@ﬁmgttn%ckSeamirm umstﬁocamrmg\sat nainttergifaph
are merged. Newl JLRf YA Eﬂetﬁﬁ%%x@%ﬁ'%u&ﬁséttﬁpsaﬁﬁiet efeéﬂﬁfmpe SaG{ Y out

the main process again Wt sformed termnal vertical constraint
graph. 35 | tewmpinalpbsing Bet AYMPIISESINSoRE Pgﬁak%ﬁib'ﬁe‘ish}éel@ﬁn‘ﬁ%mgoes from

step 514 to gi5RimAS; sdid cﬁa@ﬁ;mﬁa@agldﬁvaxﬂe;gn@id@aﬁdqieﬂshgaicpﬁ%thuart i cal

constraint graph havin gt e same col or are grouped. Such nodes of the |ocal
verti cal comprising the steps ¢

10

a) designing said wiring in accordance with the steps of:

al) generating a terminal vertical constraint graph, said terminal vertical
" constraint graph comprising nodes and edges, each of said nodes being
15 representative of at least one of said terminals, each of said edges being
representative of a vertical constraint between at least a pair of said
terminals which are situated in the same column and each of said edges”
having assigned thereto an edge rating, so that all of the terminals of said
set of terminals are represented in said terminal vertical constraint graph,
20 and said terminal vertical constraint graph having a total rating; and

a2) merging of two of said nodes, said step of merging comprising the steps
of: ’

25  a2.1) initializing said edge rating for each of said edges by a first predefined
' value;

a2.2) changing said edge rating of one of said edges by a second predefined
value if said one of said edges connects to one of said nodes which has been
30 merged;

a2.3) changing said edge rating of one of said edges by a third predefined
value if said one of said edges connects to one of said nodes which is
representative of a vacant terminal;

35 _
a2.4) determining said total rating by integrating said edge ratings;



-11- constraint graph which have the sane color - and are thus in the sane
group - and which Mot kai€ of termnals which are not connected
to an edge oV Opal ﬂ"}l[mmm},’mﬂﬂmd in the termnal verti caPCEBYS/PHINt
graph. Next the contsrok Te S step 5{g¢. 5 Wth reference to FIG 6 now
a preferred enbodi nent of the calculation of the ratings of the edges of
the term nalagy réél@&ﬁn%%&df%'am n88aPko be rexipled NiREdioh A EAIRIting;! N Step -
600 it is decided whether all edges of the term nal vertical constraint
graph have al ready been processed; if this is 10 the case the total rating
of the ternmaddlasgiyringalf tranksrtai said ghapnel acealding 86 adid pesfltipng602 by
summ ng up all _th rhat | . e s contained in the term nal
verti cal co%ﬁ?’é’i‘%sgﬁgcpaf%i%olr’lfgg%lmtg%éiﬂédggg of the term nal verti cal
constrai it graph have not been 15 processed yet, an arbitrary edge is
selected fr 4N step 600. The selected edge is the
current edggmaégﬁ%lﬁék&%gﬁﬁgfgag%gﬁ?giggt ep 604 in which the rating of the
current edge is initially set to a predefined value - which in the exanple

consi dered Merghd sndthod%or MafhfittEB8g dn iefectiftilid Advidtci iR didpet S bR,
edge originates from.a node.in the e mnatléy rtical cons.tralﬁ% g{f&gh@mh
i s the resulSROFteP RERRRETAILRG A ViTticat cors B“g(ﬁaip ErepTISing (e p ol

conditiqo is fulfilled the rating of the current edge is increased by a.

Condi t on ofi s orestd i Gf SFig pedrfp Kig s8R BRaPhisthaink raph™

for each of said terminals, such of said nodes which are representative of

vacant terminals being vacant nodes;

15 al.2) creating one of said edges in the terminal vertical constraint g'ra;ﬁ_h :
between each pair of said nodes which are representative of such of said. .
terminals being situated in the same one of said columns, said one of said
edges originating from said one of said pair of nodes being representative of
said terminals being situated on said upper boundary.

20 ' | ‘ §

3. The method for manufacturing an electronic device according to claim 1,
said step of merging comprising the further steps of: . .

for each one of said nets:
25 - ' :
" a 2.6) if said one of said nets has exactly two of said terminals which occﬁpy
the same one of said columns, merging of two of said nodes which are
representative of said exactly two of said terminals.

30 a 2.7) generating a first list of said edges, being sorted according to said
edge rating; '

a2.8) generating a second list of said edges, so that a sum of said edge
ratings of the edges contained in the second list is above a first predefined
35 threshold;
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vertical constramt graph;

a2.11) coloring said local vertical constraint graph in minimal number of

- colors; grouping said nodes of said local vertical constraint graph having

15

20

25

30

the same color into-separate groups; _ -

a2.12) if said total rating is not below a second predefined threshold:

merging said nodes belonging to one of said groups if said nodes belongmg -

to one of said groups do not correspond to nodes of said terminal vertical
constraint graph being connected to said edges of said second list; else:
merging said nodes belong to one of said groups if said nodes belonging to
one of said groups do not correspond to nodes of said terminal vertical

constraint graph being representative of terminals being not situated in the -

same column.

4. The method for manufacturing an electronic device according to claim 1,
said method further comprising the steps of:

a4) while there are unconnected nets:
a4.1) selecting an arbitrary net from said unconnected nets;
a4.2) if said total rating is above said second predetermined threshold:

for each one of said edges of said first list, starting at the
beginning of said list:



whet her all edges of the termnal vertical constraint graph have al ready
been processedﬂ_ mumm’“ﬂu the case the control goes to step 704 in
which it is We wmls rating of the current edge e®UCaIRY98/00042
predefi ned val ue i thi & case 4. If this is_the case the control goes to

step 706 in which it is 15 decided whet h'& dogl egging is possible for the

current edge. If this is the case : 708 i whi.ch a
dogl eg i s nade by making usgfg“eﬁgfe({g%gragﬁg Ee’fn)%algﬁg%otf%ﬁéeggﬁ% F%‘j@?r‘?&l as
been done the flow shown i nsetand thresbpeld, amakingya doglegrfortsiaéd selercted net
returns back to FIG 3 in whiyeh;§heh &A&ns wHith e ¥dprebénted | out.
20 If it is decided in step gg% g? FIG7 that a dogl? eg Is n%fsgﬁ%fﬁgffor
the current edge the controF3H¥bESEEH step 712 in which another arbitrary
edge is gelected as the current edge. Fromstep 712 the control goes to

step 702. 25 If it is decided i.p siep 704 fhat. the rating.,of the . .current
edge is equal to the predef Fﬁ‘@algaﬁ?ﬁﬁ 1%@1!,*@6@%;&\}%%@8@%9 1&}/1?0
step 708. If it is decided repsdseptedBytdaid oaklof sdizbeddumy enaltingasldoglegn
processed the control goes dir Ly, t . the, foll ow. an
exanpl e is described applyi %J’F%elgpsra% é:rgfrlggnyn%gaﬁrgré‘%ﬁmos?g?%glb??estaﬁ(ggn&oft he
i nvention to the channel rosgaithgdgesibl em as depicted in FIG 2. Wth
referencggyto FIG 8 now the term nal vertical constraint graph 800 which

result$ trom carrying out fhe .ste.[g 300, of Fi 35 js shown. - .
e continuing with said step a2) of merging; S

¥
5. A method for designing an electronic device having a channel, said .
channel having a boundary and a set of terminals being situated on said® =
15 boundary, said chanrel having tracks and columns for wiring a numberof .
nets, each of said nets having a sub-set of said set of terminals, such Q
terminals being not comprised in one of said sub-sets being vacant - ?
terminals, said method comprising the steps of: ' '

20 a) designing said wiring in accordance with the steps of:

al) generating a terminal vertical constraint graph, said terminal vértié%l
constraint graph comprising nodes and edges, each of said nodes being ’
representative of at least one of said terminals, each of said edges being
25 representative of a vertical constraint between at least a pair of said i
terminals which are situated in the same column and each of said edge&‘f
having assigned thereto an edge rating, so that all of the terminals of said
set of terminals are represented in said terminal vertical constraint graph,
and said termina! vertical constraint graph having a total rating; and
30
a2) merging of two of said nodes, said step of merging comprising the Steps
of:

a2.1) initializing said edge rating for each of said edges by a first predefined
35 wvalue; :



-13- The term nal vertical constraint graph 800 has a separate node for
each separate term nal . The individual notes of the terminal vertical
constraint Mﬂ” ted by edges a, b, c¢ andPET/REPPP04T e
repr esent atlve of t ,Mm#ﬂimtverti_qgl constraints as apparent fromb5
t he channel 202 shown in FI QG 2.s n step 302 is carried out for the flrst

tinme the rat;995 Bhnkliey ssideed@d Patinl ©floMeast safl REBed Byld1Se
consi dered here there, are e|t er, vacant ges nor é%@g nodes ;{e |n|t|al
oanets £h

rating of al Yakieeleaibens olgaidedgess g onepf syt asneens 0.
10 FIG 9 ilnexfgedtes the situation of step 510 after the net 3 has been
selected as the current net. In the vertical constraint graph of the
channel routing problemof FIG 2 the node 3 is substituted by the nodes of
t he ter nifnal a&)tchaagin® asid edge ratingof \omectf said edges byenthird\predéfingd
termnals 15, &%t&lanteqaftéaed @adss %onﬁ@ct%'%‘é‘ro%eatff%a'ﬂ? @kl Lolcnggnst rai nt's
in the vertical constralnt graph ftor the node 3 its Substituent nodes are

i sol ated so Fwsﬁﬁtﬁtﬁogﬁlﬁ@nﬁéﬁmahny pai r of substituent nodes as it
is also apparent fromFIG 9. 20 As a consequence all the substituent

nodes can beag%)ncie%gmvﬁxturﬁgt sha%dstogel rating by integrating said edge ratings;

10 . .
a2.5) selecting two of said nodes to be merged based on said total rating; and
a3) assigning of trunks to said channel according to said resulting -
.terminal vertical'constrain_t graph. n
15

6. An electronic apparatus having a channel, said channel having a
boundary and a set of terminals being situated on said boundary, said
channel having tracks and columns for wiring a number of nets, each of
said nets having a sub-set of said set of terminals, such terminals being not

20 comprised in one of said sub-sets being vacant terminals, said channel
having a wiring of said nets, said electronic apparatus being manufactured
in accordance with a method comprising the steps of:

a) designing said wiring in accordance with the steps of:

25 ' o
al) generating a terminal vertical constraint graph, said terminal vertical
constraint graph comprising nodes and edges, each of said nodes being
representative of at least one of said terminals, each of said edges being
representative of a vertical constraint between at least a pair of said

30 terminals which are situated in the same column and each of said edges
having assigned thereto an edge rating, so that all of the terminals of said
set of terminals are represented in said terminal vertical constraint graph,
and said terminal vertical constraint graph having a total rating; and

35 a2) merging of two of said nodes, said step of merging comprising the steps
of:
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col or and grouped i the same group since the total rating is equal to O;

|
the control Iri ﬂﬂ ' 516 in which nodes of the current net
whi ch have ?‘ﬁfe)&?é‘ M #'HEWI |

t occupy the same col unn POTERUAsOged.
This has the result that 2 gai fs © nodesodei ng representative of termnals

25 belonging to the net 3 are nerged as 1t is showm in FIG 10. Next the
control goea2 D) StisRlizie kaidbdghrdthes To badh bfs@dad dpes e ke 3 the -
first transforlnaj[ion of the tergrﬁ.'nal _%ertical const rdgent ’S%é?ﬁ ?F%%ﬁgﬁg8
to FIG 10 r 3&'M8s of the edges ¢ and d change fromO to 2. As a 30
consequence the list L2 contains the two edges ¢ and d. Next the net 1 is

sel ected as i . Q the substi I op of ’
the nodes of’ tdr::g)t %%%qﬂ%h%q{iees eﬁg%ﬁéﬁ?%gb%éﬁs?%ﬁy Bo&FPPS BT ‘6&? ed' ©
verti cal Scorvedneifsaigrenghof said edgesseonectshto one of saidrnodes which hasbeeni nt
graph for thgepgedd:-l. The two substituent nodes are connected by an edge

since there'is a path between the two nodes being representative of
termnals belonging to net 1 in FIG 11. For this reason the two nodes in

the  -14- d0BAEhaeihipGRlid @ARS iradingt o6 bf SRidN gl aea tRiIMEpRAAEH DY
t he sane col ok so th%]t rrer)gl ng can not occur. The sagg%és(itua%hg\, applies
anal ogous| y %t said qnesphs e\ FORTELE: tong of s EnNVHEt1s 5 Since
t he- tot ab r akprepentativeicaf asuhemmmmi;aaﬁ;est_ed i n step 308 equals 4, step

a2.4) determining said total rating by integrating said edge ratings;

a2.5) selecting two of said nodes to be merged based on said total rating; . " .
15 o ' o
a3) assigning of trunks to said channel acéording to said resﬁlting
terminal vefti_cal constraint graph; and . )

. b) manufacturing of said wiring.
7. A computer readable medium having a computer program stored
thereon for designing an electronic apparatus having a channel, said -
channel having a boundary and a set of terminals being situated on said
boundary, said channel having tracks and columns for wiring a number of

25 nets, each of said nets having a sub-set of said set of terminals, such.

terminals being not comprised in one of said sub-sets being vacant

terminals, said channel having a wiring of said nets, said computer
program being adapted to carry out the steps of:

30  a) designing said wiring in accordance with the steps of:

al) generating a terminal vertical constraint graph, said terminal vertical
constraint graph comprising nodes and edges, each of said nodes being |
representative of at least one of said terminals, each of said edges being

35 representative of a vertical constraint between at least a pair of said
terminals which are situated in the same column and each of said edges
having assigned thereto an edge rating, so that all of the terminals of said
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312 is carried out. The result i El\he dogl egging is shown in FIG 13. The

edge ¢ is romdapad mmﬂ cl and c2. Next the total rating is
updated again in stl ‘ “' It is that the ratings f CTRI8Y O8%es a,

b, d remain the sane whereas ratl ngs for-2hke new edges cl and c2 are 1. The
10 list L2 equals {d,cl,c2). FIG 14 shows the corresponding vertical
constraint geasf tafménals awst renresentedfint saadmmlﬁabyextthm GOhE &SRRt g

agh,
nodes  of theaﬁ&é&id‘@érﬁ(ﬁf&l'v‘éi‘hcﬁp&%sﬁ:%ﬁi eg%gctl Srt).?gla(%o 51&55“00'85 1 and

3 are split into nodes , 1" and 3 due
dogl eggi ng. 15 As there IS no path betmeen the nodes 2 they can be painted

by the sanme «2)lmergingt dfetwe 6fbaideniddesgsaRbBsp & mbr G %mﬁﬁs thOL e s

rating |% not bel ow 4 step 518 is carried out. Since oth of tHe edge
and b to %h the nodes 2 are connected in the termnal vertical _
constr ai nt graph do not belong to the list L2 they can be rrerged The

result is sh e

fol l ows for The r{rlgr?gﬁl %ealdtz %] tllt&?gg‘tlt?%é @%@tﬁ‘%ﬁﬁ&’ ?ﬁj B§e in
FIG 15: d=2~’,alael, b=1, c1=1 and c2=1. The correspondi ng I|st is L2 ={d, a,
b}. The total rating is 6. FIG 16 shows the resulting assignment of trunks

to the ann ste 306 3) based aon the transforned term nal
verti caf18 r?gtjge&?ﬁnﬁpéﬁlgfedgﬁéai e esemdiedgesibyi s geeend predefined

i npl enent ed vialhe if baidesree bf saidcedpeyicoAnda Tayorrvf LA MbdeEiwEfhehas been
manuf act ur i e Pr o&ess

a2.3) changing said edge rating of one of said edges by & third bredeﬁned
15  value if said one of said edges connects to cne of said nodes which is
representative of a vacant terminal; '

a2.4) determining said total rating by integrating said edge ratings;

20  a2.5) selecting two of said nodes to be merged based on said total rating; and -

a3) assigning of trunks to said charinel according to sa1d resulting
terminal vertical constraint graph.



-15- Cainms 1. A nethod for manufacturing an el ectronic device having a
channel , Sabﬂo Q? havi ng a boundary and a set of term nals being
situated on sald boundary, said channel having tracks andPCHRUIHIH20r .
wiring a nunber of nets, each of said nets having a sub-set of said set of
termnals, such terninals bei ng not c¢qpﬁ£bed in one of said sub-sets being
vacant termnals, said channel having a wiring of said nets, said nethod :
conprising the steps of: 10 a) desighrhg—Sss

steps of: al) generating a term nal
term nal vertical constraint graph g nodes-ym@ edges, each of said-.
nodes being 15 representative of at |east one of/said termnals, each of
sai d edges bei ng represent t| st ai nt between at |east a
pair of said term nals whi %%ﬁé‘f‘%ﬁ L:ﬁ OLFh col um and each of
sai d edges havi ng assi gned t 9AM T §Hwk%t| o that all of the
termnals of said set of t n said term na

vertical constraint graph, 20 and saideternm nal vertical constraint graph
having a total rating; and a2) merfging.of_tw-ofl02ai d nodes, said step of
mergi ng conprising the steps of: 45BUHD Y66 ifitializing said edge rating
for each of said edges by a first ‘peesefemmes

constraint graph, said
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val ue; a2.2) changlng said edge rating of one of said edges by a second
predeflned 2 k said one of said edges connects to one p&pes
whi ch has been 10 nerged az2. 3) changlng sai d edge rating of:one of Sai d
edges by a third predefined value if eé gce of said edges connects to one
of said nodes which is representative b/e acant termnal; 35 a2.4)
determ ning said total rating by integrating said edge ratings; - 16-
a2.5) selecting two of said nodes to be nmerged based on said total rating;
a3) assigning of trunks to said channel according to said resulting

term nal vertical constraint graph; and 5 b) manufacturing of said wring.
2. The nethod for nanufacturing an el ectronic device according to claim1,
said step of generating a vertical constraint graph conprising the steps
of : 10 al.1) creating one of sai n the termnal vertical constraint
graph for each of said term nal ¢ g said nodes which are
representative of //—300

| BUILD TERMINAL VCG I
+ /’302

| MERGE TERMINALS .TO .
TRUNKS FOR EACH NET

304
YES

ALL NETS CONNECTED
?

('310

CHANNEL CAN
NOT BE ROUTED

TOTAL RATING < 4
?

NO

r-J 12

CONNECT TERMINALS OF THE
UNCONNECTED NET BY DOGLEG

:

[’306
ASSIGN TRUNKS TO THE CHANNEL

FIG.3



e

vacant term nals being vacant nodes; 15 al.2) creating one of said edges
in the termnal vertical constraint graph between each pair of said nodes
which are MEpP¥UEsK ative of such of said terminals being siRATAREWHH2t he
sane one of said colums, said one of_sgid edges originating fromsaid one
of said pair of nodes be| ng represent&y?\& of 'said term nals being situated
on said upper boundary. 20 3. The nmethod for manufacturing an electronic )
device according to claim1, said step of - rrergl % conprising the further
steps of: fgF—each—one —F o &aid one of said nets has
exactly two &T&&TdFRQHmTHﬁI si-EkHl b sane one of said col ums,
merging of two Of sard nodes are representative of said exactly two
of said termnals. 30 nerat g afirst list of said edges, being
sorted according to sai ded@ ‘ .8) generating a second |ist of

sai d edges, so tYh&t m rat| ngs of the edges contained in
the second lidqt Is akt P ",4 I hed 35 threshold; -17-

SORT TERMINALS IN THE CURRENT
:COLUMN FROM TOP 70 THE BOTTOM -

r418

"CREATE CURRENT NODE
IN TERMINAL VC6- § - -
AS VACANT NODE

'CREATE CURRENT NODE
IN TERMINAL VCG FOR
THE. TOP TERMINAL

4
410 4

DOES
COLUMN CONTAIN
DDITIONA% TERMINA

: DOES '
BOTTOM TERMINAL EXIST
?

472\ -

CREATE NEW NODE IN TERMINAL
VCGC. CREATE EDGE FROM CURRENT
TO NEW NODE, RENAME NEW
NODE AS CURRENT NODE.

CREATE VACANT NODE IN
TERMINAL VCG. CREATE
EDGE FROM CURRENT
TO VACANT NODE.

FIG.4

SUBSTITUTE SHEET (RULE 26)



a2.9) generating a vertical constraint graph, selecting one node of said
vertical conggdkssdr aph which is representative of said one of said nets,
substituting sald sel ected one node by such of said nodes of FCIRPBOPYMZ nal
vertical constraint graph being representative of the same net as said 5
sel ect ed one node; a2.10) generating o £c8 vertical constraint gr aph
conprising said substitf@#nodes of said termnal vertical constraint
graph and edges between such)substituent nodes whi ch hayed@0pat h

t her ebet ween in tjhe t gk Im)nst aint graph: a2. Y1) coloring said

| ocal vertical ccns“ﬁﬁn % I&N’L{S i f mal nu oge G N wﬁ'ﬂrs}i gr 9 sai d
nodes of said | odal 1% Ball r ai O apt hawmtn v‘;, i ko
separate groups: |19CEHPY1INE iSAME L0MNotlRI rati heeic ot "Rel GHABESd o g
predefi ned t hr eshimthsiiibed mabmiaaols bel onging to one of said groups if
sai d nodes belonging to onggof said groups do not correspond to nodes of
said term ] 2 onstral nt_graph bei ng connected to said edges of
sai d second |ist;} €AERULATED TOTAr BATINGsq d nodes bel ong to one of said groups
i f said noges—baMongiSORT tTERMINAL AffCsai geroups—de—rot—ecory espond t o nodes of
said term hal verjtigDgES GYNEIOE®S RATING ad being representafive of terminals
bei ng not §ituatdd iQ e ne_colum B 25 4. The net hod{ for manufacturing
an el ectropic device according to claim 1, said nmethod further conprising
the steps pf: ' : : '

FIX uINIMUM NwBer OF | 505
EDGES FROM THE BEGINNING
OF SORTED LIST, THAT -

GIVE TOTAL RATING > 3.

ARE
ALL NETS ?PROCES_SED

PROCESS THE NEXT NET AS .
CURRENT NET. BUILD LOCAL VCG
FOR THE CURRENT NET ACCORDING
TO VCG AND TERMINAL VCG

512

PAINT LOCAL VCG

514 '
TOTAL RATING < 4
?

NO (518

£ LS ‘
DO NOT HAVE FIXED EDGES | F I G . 5

516\

MERGE TERMINALS WITH
THE SAME COLOUR, IF
TERMINALS DO NOT OCCUPY
THE SAME COLUMN




a4) while there are unconnected nets: 30 a4.1) selecting an arbitrary net
fromsaid unconnected nets; a4.2) if said total rating is above said second

pr edet er m neWOOHAE8Ro! d: for each one of said edges of said PCTARUISMIM
starting at the 35 begi nning of said |ist: -18- if said

edge rating of said one (i i RTeyoes & s said second threshol d, nmaking
a dogleg for said select e 9

u3|ng a colum which is represented by

said one of said edges; 5 elsg: if a leg is allowed by using a colum
which is represented by said-oR edges, making a dogleg by using
said colum which is regp ' u'%ontan|ng

) sald one of said edges

term nal s bei
and col ums|

[y
-

EDGE G0 ouT OF MERGED
NODE
?

b

DOES .
EDGE COME TO MERGED

EDGE COME TO VACANT
NQ}DE

/'616

! INCREASE EDGE'S RATING BY 2 I

FIG.6

INCREASE EDGE'S RATING BY 2 I



nets, each of said nets having a sub-set of said set of termnals, such
term nal s b&y®gy/§yess conprised in one of said sub-sets being g 8/00042
termnals, said method conprising the steps of: 20 a) designing sald
wiring in accordance with the steps of; h% generating a termnal vertical
constraint graph, said term nal vertié%y? nstraint graph conprising nodes
and edges, each of said nodes being representatlve of at |east one of said

termnals, each of said edges TETO ERTESetative~of azggrtica
constrai nt between at |eadt 2l p&iTlz SR nBIRSThi¥h are situated in
the sanme col um and each oOf_ sai dE&ﬁﬁasAﬁavGuﬂRﬁw’l gned yhereto an edge
rating, so that all of the e tarose ®mnals are
represented in safd termmar vertica Mist rai nt ghgp and said termna
vertical constraipt graph having a tota at i ng, 30 a2) merging of two

of said nodes, sajd step of nergi ngcOnpRESI gLt he steps of: a2.1)

initializing said{edge rating fg a -~-¥E$v a first predefined
35 val ue; -191 a2.2) chang|noAﬁ'$DG%%ggﬂgg§ wd of one of said edges by

a second predefinEd value if said one~qf "sgj#”edges connects to dne of said

712
(,

| PROCESS THE NEXT
| EDGE AS CURRENT

nodes whi ch has been

NO

704

Is .-
EDGE'S RATING EQUAL T0 4

YES

No'

706.
IS

NO. DOGLEG ALLOWED IN™S - .
THE cuagFNT EDGE -

1YES 70
Ve 8

SORTED EDGES:

0 b 4 d §:8§

c=0;
d=0; .
TOTAL RATING=0

FIG.8



merged; 5 a2.3) changing said edge rating of one of said edges by a third
predefined val ue if said one of said edges connects to one of said nodes
which is reff®¥WMIE i ve of a vacant terminal; a2.4) deterni AMEREHP42ot al
rating by integrating said edge ratings; 10 a2. 5) selecting two of said -
nodes to be nerged based on said tota’?'}/aQ ng; and a3) assigning of trunks
to said channel according to said resul'ting termnal vertical constraint
graph. 15 6. An el ectronic apparatus having a channel, said channel having
a boundary and a set of term nals being situated on said boundary, said
channel having tracks and col ums for wiring a nunber of nets, each of said’
nets having a sub-set of saig 1 nal s, such ternlnals bei ng not 20
conprised in one of said Py set's bei ng xnt term nals, said channel
having a wiring of said n& sai d el ect Cc apparatus being manuf act ur ed
in accordance with a nmethod conpr ng the steps of: a) designing said
wiring in accordance with the steps of: 25 al) ‘generating a term nal
vertical constraint graph, said t- sk vertical constraint graph

conpri sing nodes and edges, eaCr ~odes being representative of at

| east one of said termnals, eA
vertical constraint between at

T -

O SORTED EDGES:

SN wa}

q X ] ¢=2: (FIXED
=0;

' b=0;
O TOTAL RATING=4

' FIG.11
© |



30 termnals which are situated in the sanme col umm and each of said edges
havi ng assig to an edge rating, so that all of the term nals of
sai d set of S@?ﬂ%ﬂg%g are represented in said termnal verti CAT/RERN0E nt
graph, and said termnal vertical constraint graph having a total. rating;
and 35 -a2) nerging of two of said nodeB,/sS d step of nerging conprising
the steps of: -20- a2.1) initializing said edge rating for each of said
edges by a first predefined value; a2.2) changing said edge rating of one
of said edges by a second preds+nmed 5 value if said one of said edges
connects to one of said nodeg '
edge rating of one of said d
sai d edges connects to onefof sal'[f nodesywhich is 10 representative of a
vacant termnal; a2.4) detgrm ninpg said jotal t] y ightegrating said
edge ratings; a2.5)- seleci\ing twe d naﬁéﬁﬂﬁg .n7r1g2 based on said
total rating; 15 a3) assign\ng f to said channel according to said
resulting term nal verti cal graph; and

SORTED EDGES:
d=2; (FIXED
ci=1; {FIXED

- ¢2=1, (FIXED)
o=0; '
b=0;

TOTAL RATING=4

FIG.14



b) manufacturing of said wiring. 20 7. A conputer readable nmedi um having a
conputer program stored thereon for designing an el ectroni c apparatus
having a ch 416853i d channel having a boundary and a set ®CT{RUSOMHRS
bei ng situated on said boundary, said channel having tracks and colums for
W ring a nunber of 25 nets, each of §ﬁyd£pets having a sub-set of said set
of termnals, such - termnals being t conprised in one of said sub-sets’
bei ng vacant term nals, said channel having a wiring of said nets, said
conput er pr, am bei ng adapted to carry out the steps of: 30 a) designing
said wirin ccordance wi th the steps of: al) generating a term nal
vertical constraNat graph g ternlnal vertical constraint graph
conpri si ng nodes d.ngdes being representative of at

| east one of said tge 3 s bei g ﬁé resentative of
ast a pai¥ gof salgR (ﬁg s which are
And each™es gt edges hatshdF D gned thereto

a vertical constrai Y

situated in the same col um

an edge rating, so that all the terminal s{of said 0-1 PIXEDset of
termnals are represented in{said term nal rtlcal caﬂs Fp@n graph, and
said termnal verti cal '

c2-1
_.TOIAL-RATING=6_.

wlah- 3

) u‘!'i% sk,

COLUMNS:

N

200




a2) nerging of two of said nodes, said step of nerging conprizgm

AZ5S &%@ >t eps
N =)
Sy’ a I rst

5 of: a2.1) inpitializing said edge rating for each of said edu

pr edef i ned vaP(ET 10  a2. 2yorchayTeill PEATG@RGAWIEATIF Of oOne S&¥aid ed
by a second predefined value if sai m8?1°§3 “Saj d ediges conn@ered né’%Te

said ndy IO Ak AP SeATIRN RISRLISEED YNDER-HIE R4TENT OQRRRATION W @D of

=

sai 1(59(1&&&:48&1 ?atetnh(:lﬁsléﬁdaﬁ(ﬁdef ined 15  \{1)fitelrheionél pebuciién finpadl d CUDAY 99/41685
connec'éé? of sai-d nodes whichpaiq representative of a vacant term nal;
er m n| n

a2 g said total rating by (43hmegﬁmlm@ixMoxwa@dge il9aﬁtugtmgsez9 (E@899)

az2. setectng—two—of—sardTodes—to LEd‘llb‘l ged—based om sard totatTatt™ny;
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(57) Abstract : .
o . g - START : )

The invention relates to a method for manufacturing of - 300

electronic devices, such as very large scale integrated devices, : V%

having a channel, The channel routing is done based on a com- BUILD TERMIMAL YOO

positional approach in which initially all individual terminals are -

represented by individual nodes in a terminal vertical constraint v Joz

graph. Individual constraints between individual terminals are ' | vemee Temamacs To )

represented by separate edges. This approach allows to resolve TRUES FOR EACH HET

difficult classes of routing problems in an efficient way. .
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