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Abstroct

Methods are presented by which the wiring data of an  MNMDS
Integrated circulr may he extracted From its musk
information, The procedures Involved uytilize the
capabilties of o general purpose polygon package, The
polygon operations are defined 1o enhance their vuse in  this
application, however, the puackoge is suitable for other
uses, such as, design rule checking. The onolysis is
perforned on hisrarchlal symbol definitlions of nask
geomatry, The geometry is presumed to be described in  CIF
2.0 (Caltech Intermedliate Form), The analysis attempts to
recognize three basic tvpes of structures In  the geometry:
v transistor devices {and coapacitors)?, 2) local
interconnection etructures angd 3> global lInterconnection
sIructores, Dafinitions nare put forth for the distinction
of global and local wires. The dota extracted Ffrom the
symbol geometry Iz the percent ytilization of each symbol’s
aren by each of the three tupes of structures, The purposs
behind the extraction of this datn is 1ts wuse in the
development and evaluntion of wiring models for custom NMOS
IC deslgn., Two approoches ore presented whlch sxtract such
data,. The Flrst 1ls hevrlstic and depends on built-in
assumptions of how the NMOS process is generally usad, This
technlque loses accuracy if a design style falls outside of
these assumptions, The secontd technique is o method by
whilch the topology of design may be extracied Ffrom  thz
geometry, The geometric objects, Ffrom which devices and
interconnections are made, are preserved, such that tha
wiring infermation can be obtained preclisely. Thils method
ig complex and requires considerable computation, however,



the topelogy extracted may olso be used to verify the
geometric data against the sriginnl design topology,
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Chapter I

Introduction

1.4 Background

The design of complex integrated clircults requires
consideration to be glven to the resources utillized by the
interconnection of devices nand suvbclircuits, By wmost
mensures, the percentage of avallable area wused by these
interconnections 1l o large portion of the lIntegrated
clrcult, The abllity 1o estimote the size of a design and
hence 1t8 munufacturing cost  is  very  lemportant 1o the
eventual marketing or internal wuse of the part. Without
approprinte models Ffor the wiring of integrated circuits
such gstilmates are vsvally poor, In naddition, automatic
deslgn alids, such as, placement and rovting programs ore
made more costly and less rellable IFf good Interconnection
modals are not avallable,

In +the pnast, considerable eFfFort has  been glven To
solutliong of these problems For printed clrcult cords,
Some of these technigues have Found appllcability in  the
design of integrateq circuits, However, tWwo  major
differences exist between thege two media, 17 The slllcon
chip ie | homogeneous mardium, Devipes, wiring and
suvbolrcuite all share the same space, With printed clercuic
cards, devices of all kinds are packaged ountside of the
wiring space such that the device or the subcircult mokes



no damand For area on the Interconnection medium, 2) The
subcircuits and devices of o sllicon chip hoave variouvs
input and output connectlons, The physical position of
these "pins” need not be flxed but can be moved or swapped
us  required by the designer, The layout of o printed
clrcuit bonrd is restrlcted In  that the devices and
subclircuits (components) 1o be interconnected hoave aq
gtandard plilnout that cannot be changed at the whim of the
layout dezigner or loyout program, This ability of o chip
deslgner 10 optimize the pinout of wvarlous devices and
cells is not always utilized in order thaot the cells be
standardized in the same way as  BSBI/MBI parts  hove been
standardized for printed clecult cards,

This paper 1s restricted to conslderation of the design of
largs scale integrated clecults bullt using the NMOS
process, Even within this area o variety of design styles
Rxist, Gate array, standard tall and true custom
rmethodologles hove been used 1o deslgn NMOB circuits, A
model predicting the wirablllty of vorious sizes and types
of gote arrays hos been developed by Hellerlil and has  been
uged successfully 1o predict the wiring space raguirements
and nachlevable gate denslity of several master slice
designs., It 1s only by the collection of data Ffrom o number
of high quality IC designs that such models onn be
daveloped or verified,

In addition to +the design methods above, o regularlzed
#1y¥le  whlch Integrates the clrcult topology and layout with
the Intended function of the design has been put Fforth by
Mead and Conwaoy [21, This style is choaracterized by a
hiararchy of clroult blocks which are defined by the
designer In a top down manner but with close regard for the
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physical and electrical constroints 1o be encountered ot
the low levels of the design, The architectures of
machines are planned wlth dato and control path topologles
that will layout and Fit together in o regular manner when
inplamented in nask geometries, What wovld otheruwise ba
"random"  logic is performed by PLA’s and ROM’s, Extensive
vee 1Ls made of "pass" transistors as  steerling  loglc  and
dynamic clrcuits are Ffrequently wvtlllized, The resvlting
designs are built veing a small number of baoslc cell
teesignes whilch are ploced regularly about the IC with little
or no  “"random"  interconnactlions. In power consumption,
aren  requirements, loglc functlion and particularly in ease
of deslgn, theee technigues offer advantages ovar
traditlonal design styles,

1,2 Data Collection for Wiring Analysis

I1 is importaont that wiring models be extended {(or new ones
creatad) to include this type of design, Early
investigations by Hellerl3l indicate that the wirlng models
usad For master slice designs do not predict the data
collected from such ragularizad Ic designg. The
developmant of these wmodels and thoge For Ffutvre design
techniques require mossive amounts of dato to be collected
and sualuated valng real IC designs, This thesis presants
an  automatic means  of analyzing the mask geonetry of
integrated clrocuit desligns to provide varlous meosurements
indliecating the uytilization of the c¢hip by devices,
interconnecting wires and subrircuits,

The dato to be collected nust preserve the hlerarchy and
partitioning speciflied by the designer, Dtherwise, the
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analywsis will be limited 1o the lowest hierarchiol level,
that of transistors, More interesting though, Is the wiring
antd  space  requirements of higher level functions, such as,
registers, ALU’s, PLA’s, a1 cetera. IFf experignce can  be
gained with a large number of designs, the daota taken
concerning these common functions can  wmake possible good
predictions of +the areos required by them in Ffuture
deslgnes, This knowledge, If vsed in planning the chip,
couldl result In  fewer subsequent layout iterations and an
garly, accurate prediction of overall die size, To
preserve  the designer’s structure in the anolysis of the
deslgn, the geometry speclfication gxpressed in CIF
(Caltech Intermediate Form) le used as the lnput to the
analysis program, CIF ls defined in Mead and Conway 121,
Centraol to the cholce of CIF is 11?8 abllity 1o define
geometry aymbols In terms of basic shapes and subsymbols,
Alwo, It is hoped that CIF will become o standard means of
#pecifying IC geometry allowing o wider range of designs T
be analyzed,

Hefore golng Ffurther, a philosophical question w~ust be
answaered, Why analyze the wirlng of integrated circolt
deaigne? Why not Just bulld +them and be done with 1it?
Annlyses  of all kinds sarve 1o ald in the developrment of
predictive wmodals In  the hope thet thess can be
subsequently used to preduce Future costs and errors. The
fact that project manogers are not satisfiled with the
uccuracy of slze and cost estimates (designs glways overrun
initial gstimates) and the fact that good placement and
routing procedures do not axist for the truly custom layout
of Il7s, point out that the exlsting modele Ffor the wiring
of custom IL’s are not acceptable., However, the advent of
the silicon compiler and other very Ffast autonated design
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ganerntors  could remove the need Ffor size estimates and
some of the traditional deslgn tools, &n IL design program
know as Bristle Rlocks has been developed by Johannsenl4l
which con automatically assewble, layout ant spacify
geometry Ffor a large class of flnlte stote machines in a
matter of waeks, Such syvstems can  remove  the neaed for
predictilve tools if they are able to complete the real
deslogn in such a short time, '

I7 is c¢lear that Ffor master sllce designs wiring space
prediction smust be accurats since one master slice inage
must  accomodate o large number of loglc designs (part
numbers), If the amount of space made available for wiring
is inappropriate, eilther poor uptilization of the devices on
the dle wlll resylt or the dle will be laorger than
Necessary, In both c¢oses o hlgher cost will be paid to
produge a glyen functlion, True custom designs have a
different =conomy, Since sach part need not be larger than
neceswary, the manufacturing cost is determined by the die
size {(and other factors not related to its wiring),

Why than, do we need these oanalysls teols and wmodels in
custom design? True custom IC design requires the mappling
of a hierarchy of svccessively refined clrcuits onto  the
planar space of the chip, If this is done automatically,
the mapping of eurch node of the tree requires that
subelrocuites ond devices be plaoced and then interconnected,
Slnee the subclircults nrust be wmopped {implementad in
#lllicon) prior to their use in higher level circulrs, this
operation ls recursive ond continues to fall through the
hisrarchy until circults bullt smoley with primitive
elements (tronsistors) are encountered, These clrcocuvits are
placed and routed and the operatlon moves one level up the



tree, repeating the operation uvntil the entire design  has
heen implenmented, At each node in the tree decisions must
he mude whlch place the devices and subcircuits in a
relationship wlith each other whlech will result in o minimum
amount of area vsed For wlring and an  aspect ratlo  and
pinovt which areg sultable for instonces of the circuit in
higher level functlons, To moke these decislong thera mnust
be =mome model <that can be used to allocate a near optimal
grount of space about the devices and subclircuits 1o be
used For intarconnectlons, The model would have available
ae input the slze oand number of devicez, +the slze o«and
pinout of ench subclrcult, To bulld and evaluate such a
model, the onalysis proposed here must extract, Ffor sach
node in  the design hlerarchy, the silze and number of the
devices, the slze and number of pina (input/output
connections) of each subcircuit and the area vtilized In
the design to Interconnect the objects.

Another purpose behind the study of wirabllity is its vse
ne o neasurement topl, Companlies antl individuals
frequently must moke declsions which select one fabrication
process out of saveral or one design old over another, To
make intelligent declslons some type of data ls required
from the candlidates whlch embodies experisnces with tha?
process  or design aid, Usuvally people rely on Intuition or
“gut redctlon” for such datn becavse good measures wWith
which to0 tompore the altarnatives are not avallable, The
gxtroction of simpllistic measvras such as  the number of
fevices per unit ared can be of imporTtance singce this 1s o
goed Indication of how efficient the interconnection
mrtructuras of the progess are or how effective the
placement and routing algorlthme of o CAD package are, All
aren  and distaonce medsures should be In some fype of
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process indepsndent unit to allow sepuratlion of wiring datn
from process ond Llithography, the lambda unlit wused by
MeadI2] is sultable for this purpose., IFf, For example, 1t
is necessary 1o decide between a master sllce approach and
a polycell style, such measures as the percentage of ared
uged For wiring (outside the cells or book functions) are
an agcurate measure of how well ench uwtilizes the chip.,
The data can be collected Ffrom several designs, aven iIf
they differ In dealgn rules, The data is wmade comparable
hy expressing dimenslions in lambda and/or percentages, Such
data, 1f avallable to munagement, can moke easier the long
range planning of o company’s technology path and make its
BUCCRESE More proboble,

1.3 Ouarview

It is the purpose of this thesis to show how wiring dato
may be extroacted avtomatically from the CIF specification
of an NMDS chip. The operotions lnvolvaed are bhased on a
sat of polvgon manipulations and are applied hlerarchially
to the glements of the design, There are two approoches to
the gathering of this informatlon,

The Firgt approach igs heuristic and  interprets the nosk
datn correctly in the wvast majority of coases, The
gxception coses will not affect the ouvtcome and resvliting
statlstice that are accumuloted in  any significant way,
The heurlstic method ls stralghtforvard ond requlres  less
processing than more exact methods, The dota token from IC
designs le of little use In any absolute sense but ls  wvery
peeful when compared with data taken from other chips,
Thus, 1t ls more important that the datn be extracted by a
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standard method than that the method be absolutely precise
in lts colculations,

The second method is precise and much more extansive in
complexity and processing timne than the flrat., However, to
JustiFfy Ltseld Lt produces o reconstruvction of the circult
topology ns datermined by the pProcess mosks, This
informuation cun be compared wlth the origlinal specification
of the chip topology mude by the desnigner to verify the
chip has Dbe implemented foalthfully, The actual comparison
is bhevond the scope of this paper, The sextraction of the
topalogy 1s an operation currently performed In design
automation sSystems, However, If in thls process, the
program occounts for the silicon resources used in bullding
the various circuit BIrUCtures {translators,
interconnection wires, subglroults), the dato required by
the wlring model coan be accumulated,

Hoth mathods are presented and explained, as well os, the
polygon operationg on which they are bnsed, Some
demongtration of thelr operatlon is aolso glvan uvsing small
NMOB  clroults, The topology extraction raguires More
computation than the heuristic method, Insufficlent test
runs  were made with boeth 1o preclisely determline the
performance difference betwean tham, However, i1 rcan be
safely gaid thoat the heuristic methods luaprove run times by
at legagt o Ffactor of three oand probnbly sore for large
designs,

The programs were wWwritten entirely in  SIMULA and the
important sections of code are listed Iln  the ftext and in
the appendices, The SIMULA language provides a very good
environmant Ffor wrlting such algoerithms but incurs  an
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overhead thot makes the executlon of large poelygon
operotions slower than it would otherwlse be, In addition,
the garboge collection system contalns an errosr praventing
large, long programs From running to completion., This
problem has prevantad the use of test cosss of all but a
amall slze. The probless on which the program hos  executed
gamonwtrate that such data con be sxtracted from I0 mosk
daota automatically,
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Chapter I1

Dafinltion of Wiring Statistics

2.4 Duta Collection Requiremants

Saveral types of dato should be collected from IC deslgns,
To be useful for the purposes described an analysis program
must recognize varilous device and interconnection
structures in the shoapes appearding in  the masks, This
chapter selects what objects are to be recognized by the
program and what computations are to be mode using these
obJects,

The flgures describing NMOS geometry in this paper utllize
o stoandard set of colors 1o the different process musks

involued, Blue reprasents aluminum, red rApTeBRENts
polysllicon, graen rapresents diffusion and black
reprasents  contact outs, Blaock s oalso used hare to

indicate ilon implantation,

To satisfy the requirements of wiring model verification or
tlevelopment, severdl fantyres of the deslgn nmust be
extrocted, As stated previously, +the hlerarchy of the
gesign 1s 1o be preserved In the dotn extracted, such that
those objects which belong 1o hlgher level structures ars
saeparn'tecl' From those which are particular to the portion of

the deslgn at hond,
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The wiring dato lIs to be extracted From nask shapes
described by CIF 2.0, The design hlerarchy ls expressed in
CIF as a tree  of symbol definitions, Each symbol
definition may consist of constructlons of boxes, wires
{tracks), simple polygons and instances of asubsymbols,
Recuralan L% not allowed, however, the depth of seynbol
tdefinitlione is not restricted, A complete dafinltion of
CIF 2.0 1l found in Mead and Conway [21, The s®yntax and
gemantice of CIF do not reetrict the monner In which the
designer spacifies the IC, The wlide range of wvarlintion
posslble wlthin +the bounds of CIF is a malor cause of
complexity in the extraction of wiring data, Presently,
there does not seem To be a reasonable set of restrictions
that would be avceptable to the vusers of CIF and it is
deglred +that the progrom be operaoble on o wide range of
designes, Thus, 1o be useful, the recognltlon of objects
and the extraction data must be oas general as possible and
perform properly regardless of the designer’s CIF style.

Far eanh gynbol in the hlerarchy one fundosental
digtinctlon can be mode, Devices can be distlingulshed from
interconnection, This i not an |AHY or obvlous
classlfleation of the geomatrical shapes, Devices can
include subsymbola and these ure ldentified by the syniax
of CIF, The remaining davices are translstors of varlous
typeas, {0F thawse, some muy not have been reaquired by the
designer to perform the function of the chlp, They may be
present only am o less than optlmum Interconnection. Figure
2,1 illvstrates o complax gate of o type uwhich could Ffind
vag whare both the actlve hlgh and nctive low senses of its
input terms ore avallable, In o case like this it can be
#een that some of the transistors are not being ussd as
gunh but as o connection from one side of o polysilicon
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wire to anothar without requiring use of the metal laver,
In oddition, the vse of NMOS transistors as capacitors For
bootstrapping or charge storage purposes must not  be
confused with wiring structures,

Once device structures ore sapuarated from interconnection
structures, further operatlons are necessary to  winnow oyt
wirlng 1that belongs esseantially 1o structuraes higher in the
hierarchy than the one belng studled, Huch wires are those
that wmnke o demand on the area of the symbol but serve to
intarconnect obhjects nat part aof the curraent symhnl, Thege
portions of the wilres In o symbol ore termed global and
thosa which exist 1o Interconnect parts of the current
symbol local, This 1% not a clear distinction since wires
moy pass throuwgh o symbol  In  order 10 connect axternal
objects but may alse connect to Internal devlces at one op
more points. 11t seems redsonuable 1o expect that  some
portlion of such wires may be consldersd local and the
remolning portion global,

Once these objects ore separated from each other, It is a
simple matter to compute thelir arsa, However, the {otal
arans oFf the symbol le not well defined especially if 1t
dogs not fully vwtilize the three important Interconnection
lavers (poly, diffuslon and metald, To correctly account
for unequal use of the lovers, the aren of the symbol must
he representad og the sum of the area 1t requlres on gach
of these three layers., The varlous objects rcan  then be
gapresserd a8 o percentage of the symbol’s  total oreaq,
Alao, Ilnterconnectlion area should be expressed as wire
length by dividing its total mreu.by the center 10 center
distance between wires (usually the minlmum width plus  the
minlrmum spacing) ., The aren computations provide the
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mensures of how efficiently the circuit was implementad and
for high quality designs, reprasent a characterlistic of the
partlecular type of Functlion that has been implementad,

It may olse be necessary to determline the number of
componants making up the clroult (devlices nnd subsymbols)
ond the averaqe numbear of terminals  {inpuyt/output
connectlons) wmode to these components, This is the
infoermation that would normally be used In an a priorid
prediction of the necessary wiring space of tha olrouit, A
clear exampla of 18 use would be in the sstimation of the
Rent axponent {(Landman and Russo I[%1) For LBI clrcuits,.
Most deslgn systems make avollable <the structural  or
topeloglecal data deseribing o design  from which the
parameters of the Rant aqguation can be extracted more
gasily than from the mask geoemetry, However, as part of
the topologlecal dato extraction, +the connactlons between
componants must be determined for verlfication with the
origlnal design,

The three baslec elemants that must be ldentlifled 1o provide
the wirability data arei; 17 the areq occuplied by devices
{(transistora) 23 the areo ouguplad by local
interconnection wires and 3)  the area psocupled by global
interconnectlion wires that are presant in the definltion of
0 sumbol, To glve meaning to these numbers, the aran of
the entire symbol must ba determinad, An important nmecasyre
can  be derived by subtractlon of the foregolng from the
1010l aren of the symbol giving the unused or wosted arsa
of the deslign, Ince the topology of the gsymbol ls known,
finer wseasures can be formulated, such aw, the aren
vecuplied by power distelbution atructures, Most stoatlstics
can be sapressad on o par laver basis glving some insight
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into the mannegr In which different lavers are utilized,

It should be noted that although these gquantities are t0  be
genarated on o per symbol basis, there is the opportunlity
for any degree of Instantiation of the symbol hlerarchy in
ordar to gcoumulate statistica for the entire deslign or any
pertion of it at the transistor level,

2,82 Definition of o Device

I la necessary that a standard be st that makes clear
what 1ls maant by o device, In some sense, all structures
of an  Integroted ocircuelt design ore davices, To %one
extent, even what dare wmeant to be Wwlres act o8 serles
reslators and capacitances to the substrate, The primary
distinctlon beatween such parasltice and o depletion load,
for example, 1l the Intent of the deslgner, That is,
devices can be defined ns those structures which get as
active or passlve clroult elements and were both placed and
dasired by the deslgner. Anything elsue myst provide
isolotion betwean devices or Gonnections between devices,
the latter belng wires In the ideal sanse,

What is now neaeded Ll a more workable definitlion of o
device which can opproximate the intent of the designer.
With Ffew excaeptions, NMDS davices Must Involve a
polywillicon structure placed physically aobove a diffused
arga, Excaptlons taoke the foarm of diffualon wires used o
regimtors, such as In the reslstor ladder of an analog to
digltal converter, Evary occurrence of polysillicon above
diffuslion ig not o transistor. An example I8 o butting or
burligd contact, both have coincident poly and diffusion but



both are wvused as o portion of an interconnection., Other
Cinstancas of poly and diffusion together may actuvally  Fform
o transistor but could be used as o wire {the implanted
gate inputs of Figure 2,1) or couvld be used as a capaclitor,
which 1s oanothar varlotion of o device, I+ the designer
draws o device, there must be an  Intentlon 1o cause a
signlflcant interaction betwesan the gate of the device and
ite draln and source., UOnce agpparsant devicas which act as
contucts are aliminated, this dafinition can serve to
separate the remaining structures which are, In Ffact, MOB
translstorse but are not intended to be used as such by the
deslgner. Thlse does not eliminate gapacitors, which though
thay are not used as troanslistors, there 1s navertheless a
signlficant Interaction batween thelr gote and droin/source
connactions making them devices,

This definitlon ila difflcult 1o apply in practice since It
requires BOME determination of what ig “"significant®
Interaction between the gate and channel reglon, An
wxample of the confuslon possible I8 o comparigon betuween
the ilmplanted lnput translstors of Filgure 2.4 and a second
stage pullup of o super buffer as shown in Figure 2.2, The
flret has baen defingd 1o be other than o device, the
second Lls dafinitely a device yat both appear geometricully
the sume, Resoclution of problems such ag thils requires
some analvsis of the topology of the circuelt to second
guess the lntantlion of the daeslgner, Since such onalyses
ure generally not determinlstlic, 1t may be preferable to
apply some sgimplification to wsolve the problem. It i=s
egxpected that +the contributlions made In  error by such
mathods wlll be inslgnificant,
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2.3 Global versus Local Hire

One of the most difflicult operationsg ls that of separating
local wirlng structueres From global ones, This resgults in
part from the lack of o clear definition distingulshing the
TWn, The attempt Ls made here 10 ndaguately define the
differences betwsen local wire and global wire,

To soma extant, severy oconnaction by a saymbol to objacts
gxternal to ltself lnvolves the use of some global wire,
It lw posslble that a partlcular wire in a symbol may only
gconnect external objects, The ather extreme l1ls the wire
which connects only intarnal  ob jects and must surely be
consldered o local wire. Flgure 2.3 shows a ‘typlcal low
lavel symbol which embodies wires some of which are clearly
¢global or local and several which are not clearly elther,
The wWires which run vertlcally from top to bottom clearly
place o demand on the area of the cell in order to connect
the next higher cell +to the next lower one, This would
indicate at least wmome portion of these wires must be
considared global,

finy rule applied here to separate the global part Ffrom the
local part will be arbitrary, depending on exactly what
information ona expects to derive from the datn, It s
inportan? that some standard rule exist so  that the
information derived from different IC’s will be compurable,

A definition has baen chosen with some intultive basls and
partlally due to ilte slmpllcity. Alsp, thls definition has
already been used by HellerIdl in the manuval extraction of
wiring data, It is desirable that the data extractad



automatically be computed on a simliloar basls with that
previouvsly collected by hand,

The definition deflnes global wire to be that portion which
makes contact with an extarnal object uwp to but not
including any contact made to objects within the symbol,
Thus wires which make no Intarnal connectlion are determined
to be wntirely global and those which moke no sxtarnal
connection whatgoevar are defined as local wire, For
simplicity, contacts wWwith other mask loyers are consldered
10 be lnternal connectionsg. This lust qualiflcation cavses
some confuslon with wires that traverse severnl layers In
making external connactlions, Parts of these, by thls rule,
gre congidered local wire,

A8 with the definition of devices, 7tThese rules do not
always parform properly In practice, nor are they simple to
implemant, Houeue%a it is nore leportant that o standard
method be set Ffor separating global and local wire than
that the absolute numbers extracted be perfect, Therefore,
glomplifleations will agoain be vsed where they are expedient
to auold axpanslvae  processing 0 handle gxreptlonal
clroumstances,

2.4 Wiring Statistics

Once devicen dre recognlzed and remaining interconnectlon
#wiructures seporated Into globnal ang local wire, several
useful Flgures can be computed, For ench CIF symbol, n
wiring analysis program should compute the Following For

each layer and Ffor the symbol as a whole:
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) area of the symbol (square lambda)d

2) arsza and percant of (1) sccupied by devices

3) area and percent of (1) occupled by svhsymbols

4) area and parcent of {1) occuplied by connections
a) arsa and percent area occupied by local wire
b) areo and percent area occupled by gleobal wire
£) {a) as o percentage of (4)
d? (b) e a parcentage of (42

) unused aren

These quantities can be used to characterlze part or all  of

an 10 design and permit the development of wiring models

For oll typas of NMOE LB designs.
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Chapter 111

Demcription of Polygon Manlpulations

3,4 Polygon Requirements

Discerning structures in  the geometry of the mosks of an
integrated clrouit reguiras the abllity to manipulate two
dimenslonal geometrlec shapes., In some caoses, these shapes
can be restricted to rectangles, or to  orthogonnl shopes,
or to orthogonal shapes Including 4% degree lines, etc. IF
restrictions can be wmade, simplifications vsuvally result in
the programming of operatlong on  them, It may always be
gipected that at some polnt exceptlons will have 1o be made
and the restrictlons dropped, The authors of automated
deslygn alds have never begen long successful at limiting the
use of o technology by laeglslating rules beyond those
“requlired by physical procasses, It ls  For thesa rensons
that the wiring anaolysis program mest be  capable  of
performing its Ffunctlon on  arbitrary IC deslans, To
gecompllish  this Lt muet be copable of performning oparations
on general two dimensionnl shapes,

The shapes commonly found In integrated clircuit design are
rectanglies and wires (or  Tracksd. Wirews, as used here,
Indlcnte some path and on  assocliated width, Polygons
repreganted as a saguencs of pointes enclosing an  area Moy
" also he Found, It is not unusual to encounter wires and
polygons whoge boundarles nre non—opthogonal, At the



prasant time, the mochines which produce integrated circul?t
mosks do so usling rectangulor apertures, It ls posslible
that circular opertures could be used in ths same way as
Berbar photoplotters are used 1o moke printed clrcuit
artuwork, avalding BOMR of tha processing problams
agasotiated wlth sharp corners, Complax shapes, such as  the
diffumlen areaa of Filgure 2.1, ore spacified using some sat
of the shapes above, In thils way shapes with holes In
themsalves may be genarated on  the mosks, In  the
marnipulation of such shapes, it may be neacegsary to  treat
the entlre snclosed oarea {(with or without holes) as one
antlty, This leads to the concept of a general polyvgon s «a
rollection of ong or more sheets, where soch sheet s o
wequence of edges which ancloss some dareda, Bherts must
have a asense which indilcates whather they are holes or
substance The edges of the sheets shovld be either
strolght lines or g¢lrcular arcs  to accomodate  ceartaln
polvgon manipulations which may produce nonllinear results,

The operations required upon polygons include the set of
common  loglecanl  operations but  More slgnificantly the
ability to inflote or deflate shapes, Most of thess same
capabllities are cantral to design rule checking., Design
verificatlion requires many of thege functlons and may well
be included as part of the same progran,

The definitlon of polvgons having multiple sheets and both
curved and stralght adges provides consistency among <the
gpeRratTions, The variovs Jlogloal opgratlons may result in
wingle sheets beling fragmentad, however, the collection of
Fraguants Lo alse a single polygon, Inflation {bleating to
nome ) and deflatlion, if thought of as the locus of points n
porticular distance within or beyond the orlginal boundapry,



will generate circular arcs ot the vertices »f the adyges,
Again, this definitlion of a polygon permits such nonlinear
gdgam,

A deacription of the algorlthms and techniques required to
inplament o polygon package of this type I1s found in
Butherlond 471, # package hos baen implemanted in SIMULA
by Sutherland and is also described Iin the refarenced
papeara, The package goes as far as ieplamenting all the
attrlbutes of edgaes, sheats and polygons including the self
intersasaction of polyvaons, Inflotion {nagatlive anitl
posltive), and the retracing of the shaets of o polygon,
Thies permits the edges of a polygon to bhe Intersacted and
the lLhtersection polnts lnserted Into the sheets, The
sheats of the polygon may then be retroced such that the
gdgas of shaets do not cross edges of themselves or other
sheets and are, ot most, colncident with othar adges. Edges
are directed and thus have a right and laft slde Ffrom the
point of view of someone traversing the edge In its defined
directlon. By conventlion, the substance of o sheet is
alwayg to the left of lts edges, thus sheets which are
cutlined clockuwise are holes, those outlined
counterclockwise enclose substance, This polygon pockage
works and has been used In the First leplemaentation of 0o
wiring analysis program,

The abilitles provided by the polygon package as 1t stands
are Lnasufficlent For vse by the wiring onalysis, The
packﬂgg locks the means to  bulld polygons of <the 1Type
“described From CIF text, Alao, the basic loglcal
operations, such as Intersection, unlon and differencae  myust
be constructad From the attributes of the package, A
BIMULA skeleton of tha deslred oparotionsg and struictuyprs



(from o user’s polnt of view) of a polygon puckage sultable
for wirling analysia, topology extroction and deslgn rule
chacking is listed in Appendix 1. The listing is commented
"o exploin the Funetlon of the litems shown, The polvgon
packnge of Butherland [41 hos baean extanded to provide
these functions, Appendlix V lists the Blmula coda regulred
to make the extenalons., In additlon, procedures have bean
written to bulld a datobose flle from the CIF speciflcation
and make the data avallable to the polygon package such
that polvgon ob jects can be bullt from the CIF through a
databagse File.

The purpose of the databose File is to permlit the execution
of the annlysis on o subatantlal amount of data without the
need Ffor data to occupy more than a small amount of  the
addresalng apaca of tha computer (DEL PDP-20), The
database manipulation programs were authored by Ullner 7]
and provide relational ablllitles, as wall aa, random oCcess
to digk files, Appendix IV is o listing of a program which
reads CIF files and hullds a doataobase flle, The deflinition
of the datoboss relatlions and tuples ils not general insofar
a8 Lt ia sulted only tao the atorage of mask geonetry,
Howaver, 1t satisfies the needs of rapresentling CIF
communds., The program (called CIFX) makes use of a
standard CIF parser written by Tarolli and Rowson (81, CIFX
allows optlons to be set which control whether or not all
geometric shapes are converted to slmple polygons of the
type  understood by CIF., The analysls program requires that
1)l CIF  objects (boxas, wWires and rountdfiashes) be
tranagloted to CIF polygons (represented by o sequence of
pointa). OCIFX ie able to transiote a CIF 2.0 File into u
database a1t o rata of about 40 lines of CIF per CPU second
on o DEC-20,



-2

3.2 Logical Operations

Givan the ganeral type of polygons described above, o small
wet of operatlions on them ls all that ls raquired to fill
the needs of the wirlng analvals program, A complete 1llet
of these operations and descrliptions of thelr function is
ln Appendix 1. ®eglnning wlth the Sutherland [&1 polygon
pocknga, some addlitional procedures are required in ordar
to do loglcal operations on polygons,

If two polygons (ench with any number of sheets) are to be
intersscted or unioned, they may be combined intoe o single
polygon contalning all the sheets of each, The resulting
polygon may then be selfintersected and lts sheets wmay be
retraced . The areas boundad by the aheats of the pelygon
may be anld to ba wrappad by the polygan., The wrap numbar
of o point In the plane is the number of times o cursor
would travel Fully around the point In a counterclockwise
diractlion o8 it traced out the adges of anch sheet In their
defined direction, The wrap numbar Is more Ffully discussed
in  Sutherland %91, The combination of two polygons which
are origlinally well formed each having noe selflintersections
will combina to eanclose thelr original areas with o wrap
nember of 4, In arans where gsheets of one polygon overlay
sheete of another, areaas will be enclosed Wwith o wrap
rumber of 2. This Is Llllustratead in Filgure 3.1, A red box
s combined with the graeen "E" 1o form o s8lngle multi-shest
polygan, The polygen is selfintersected and its sheets
retraced, In the eecond part of Flgure 3.1 the new smet
sheets 13 shown with block used 10 trace 1the sheets which
geparata on  ared oF weap number 1 from on area of 0. Hlue
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is vsed to troce those sheets which separate 2 Ffrom 1.
This serves o illustrate both the retracing of sheets and
the concept usad in trimming sheets from a polygon in  the
generation of logleal sperations,

The trivming routlne must compute the wrap number of points
inglde the sheaet and the wrap number of those cutslde with
respact to the antire polygeon, Two points MUBT be
welected, one Inslde and one outslde of each sheet., It is
met poswslble, glven any partlecular edge to compute the
location of two polnts and be sure thay Wwill be in the
desired relationship to the sheet., The operation procaeds
by wmelacting on edge, computing the location of two polnts
that will probably straddle the boundary of the sheet and
computing thair wrap numbers, I+ +the polnts uare on
opposite slides of the shaet boundary then the wrap nuwmbers
will differ, I# they do not differ, than both polnts are
either inglde or sutwide the sheat, IFf this case occurs,
another edge ls selected and o new paler of polnts is found,
I+ the wrap numbers of the points differ by more than one,
then tha points are on opposlte sldes of the boundarles of
more than one shast., This ls vuvsuvally the result of
multl-tracad edgas octurring where one sheet has colncident
edges with another,

The trimming procedure tokes o single integer argument
which ig used to determing whlch shaets are to be extracted
from the polygon, Where the lIntersection of two polygons ls
deslired, all those sheets whilch separate| area of  wrap
numbar 2 from oarea of wrap number 1 are part of the
intarsectlion, Other sheats moy be removed, Balsction tha
shegts to ba removed praqulires the trimsing procedure to
Find two polnts for each sheet whose wrap numbers differ by
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exactly one, Polnts whose wrap nunbers differ by more than
ong give no indication of which of the two or more sheets
involved should ba removed, This nalgorithm breaks down
whan tuo sheets exoctly overlay each other, hoving all
wdges colncldent, However, it does permlit the cperations of
Intersectlion and union to be parformed, For intersection,
all those sheets which do not separate areos of wrap nuwmber
2 Ffrom aran of wrap numbar 1 are removed, For wunlon, nll
thos#e not separating areas of wrap nunber 1 from wrap
numher 0 are removead, Oparations with more than two
oparands, such ag the intersactlon of three polvaons, can
he constructed by looking Ffor shests bounding arsos of
higher wrap number,

To moke possible arbltrary logloal operations on  polygons,
o negation gperntor must be avallable, This function must
be able to reverse the sense of oall sheets of a polygon
wsuch  that all substance becomeds holes and all holes beconme
substance, Where sheats enclose ather sheets, this
descriptlon ils not complete, ’ Howevar, the aperatlion of
negation is merely the raversing of the order of all the
adges and vertlees of each shaat ond reversing the
diraction of each edge, Using negation the operations of
"gxelusive or"  and sublraction may be constructed os well
as any other logical operations,

CFlgure 3.2 shows examples of common  loglcal operations
performad on the polygons of Flgure 3.4, Intersactlion,
union, eXClusive or ang aybtraction ura shown,
Unfortunately the dlrectlion of tha adges of the sheets is

net vislble in such dranings,
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3,3 Inflation and Deflatrion

The recognitlon of davices and other applications such as
desion rule checking require thot polygons be shrinkable
and expundable. To be conslistent, a polygon which is
gxpundad by a particular silze and subsequently shrunk by
the same oamount should reconstruct the original polvgon,
This and the desire To aveld the detectlon of Ffalse design
rule errors brought about by corner to corner proximity of
polvgoens lead one to the vee of clrcular arcs as  edges  in
general polygons, The algorithmg and conventions used in
the manipulation of circular arcs is glvan  in  Butherland
riol,

11 iw evident that the expansion of o shest wWwlth convex
cornars wWill rasuvlit In a new sheet hoving arcs obout the
corners of the oeriginal sheet, The ares are the locus of
points o flxed distonce From the vertices of the sheet,
Ingide corners or concavities in a sheet cause "curlicves”
1o be generated upon expanslon, These portliong of the new
shegt cause soma areas of the sheet to become doubly
wrappad, The ahrinking of polyvgons has the apposlite affect
a1 sharp corners., Convex corners beget curlicues outside
the substance of the sheast wrapping areas negatively,
concave corners shrink to clroular arcs (Fillets)., Figures
2,3 and 3.4 illustrate +the resvlt of inflation and
deflation, Bince the curlicues represent doubly wrapped
areds  or holew in free spuace and are redundant, they must
be removed before loglcal operations can be performed on
them, I left nog ls, the {trimming procedure wlll noet be
able to distinguish Intersacting areas Ffrom redundancies
duve to Inflation or deflation,
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If the inflated shests are selfintersected and retraced,
the trimming procedure cnn be uged 1o extract the redundant
gsheets hefore applyving loglcal operations, The swsuccensive
frames in Flgures 3.3 and 3.4 illustrate thls process,
Posltive sheets that are smaller than the omount of
gshrinkage applled willl be shrunk Into holes In frae space
and eliminated,  Sheets representing holes will similarly
disappear if expanded by more than thelr size,

The property of these polygons which causss them T0 revarse
it shrunk sufficlently is very useful in the separation of
different sllicon structures Ffrom each other, It also
provides a method by which the width and length of
translstors moy be detarmined, thls ls discussed Ffully in
Chapter V,

X.4 Selection of Cheaats

Two other functions, which do not fall in the category of
lLogical operntions, are neceassary 1o topology extraction,
These Functions condltlonally extract sheety from o polygon
whare o given sheat a2ither encloses some particuvler point
or where the sheet overlaps or ancloses some part of
gnother polygon, Tha ‘trimming procedure described obove
falls Into this category,

To gnable a program to flnd those shests of o glven loyer
that make contact wilth  other loyers throvgh cuts in the
pxlde, a procedure must be avallable which coan test a  sheet
for overlap wlth anether sheat (o contact cut)  and
condltlonally remove the sheet Intact from lte polygon  For



....:34....

use In other operations. BSuch a procedure may be ablse 1o
accomplish  this Ffunction without +the expense of Fully
intersecting one polvgon with another, Processing con be
reduced IFf only the fact of Intersection need be known and
not the preclae geometry of it., This Is obviously the cose
iIf gheets are to be selected on the basls of whether or not
they enclose o particular point, The wrap number of the
polnt with respect to the iIndividunl sheeats must he

computed but no nmore, Those sheets which yield o wrap
number about the polnt which iIs non-zero are sslected. The
detectlion of overlap hatueen two polygons For the

gxtraction of cartaln shgets or Ffor deslgn rule checking
can be simplified over general intersection, This problem
is discuswed by Butherland and Sproull 14017, If one i
interested Iin datecting the overlap of polygons which must
aglways enclose another set of polygons, then the problem
redutes to that of coamputing wrap numbers, This
slmplification can be applied to  the selection of sheets
which overlap a polygon of contoct cuts provided that it is
assured that deslgn rules hove beean met,

3.5 Other Uperotions

Heverul other operations are necessary In  the munlpulation
of polygong and the computation of wiring statistics,

The caomputatlion of the guantities outlined in Chapter 11T
echviously requlire that the area of o polygon be known, The
area of o polygon le a slgned quantity where sheets
represanting holees contrlibute negatively to the total area

of 0 polygen,
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It will be found the computation of the width nnd length of
translstors In Chapter YV also raegqulres a procedure for
obtaining +the perimeter of o polygon. For multi-sheet
polygons, the parimeter is the sum of the length of all the
edges in  all the sheets. IFf this method is veed, redundont
pshaets as described above will alse contribute to  the
parlmater 1LF¥ prasent,

Two routlings are necessary 10 improve the overall
efficiency of the program, Succeamsive oparations  upon
polygone con cause unnecassary  vertlices and  edges to  be
generated aond made poart of the sheets of the polygon., An
example pf this is two sequential collinear edges ssparated
by o vertex, One edge would do, A procedure ls needad to
clear the sheets and eliminate such excesses. Also, the
program will requilre less memory and computation time if
the operations uvsed on pelygons are parmltted 0
connlbalize the data structures of the operands in
generating their result., IFf this is to be <the cose, a
simple procedure Ila requlred which raturns an indepandant
topy of a polygon 1o be usad to preserve the operands when
nacessury,

The symbol call of CIF allows the user to speclfy that the
gsymbol being called be translated, rotated or mirrored when
instantiating it in the symboel In Which the call command
appenrs ., This operatlon 1% known as o troansformation oand
gan be thought of the multiplliecation of n 3 by T nutrix
wWwith every polnt of the object 1o be ftransformed, A Full
discusslon of thase oparations coan be Found In  Newman ond
Gprowll 421, éAny of the tranasformatlons possible In CIF
Canil o Few morse besldes) con be represented by a I by 3
matrix  where threae of the glemants are Fixed values which
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never change {requirling only s8ix values 1o be stored),
Trangformations of transformations ad  infinltum can  he
rapresented by one matrlx which is  the wmultiplication of
all  the individunl motrices {(in the proper order), When
polygons, representling symbols, are to he Instantiated in
ancther symbol, o transformling procedure must be available
to apply the transformatlion to the polygon,

Even after CIF objects are converted to CIF polygons and
the CIF polygens oare used +to produce the more general
sheets nf polvgons described In thila chaptear, the resvlting
objaets are not sultable for wiring analysis, The Wirlng
analveals program  treats each laoyer of each aymbol as one
entlty, rather than o collection of slmple shapes., Thils is
necasaary since LFf the abuttling shopes making up o wire
connaction on tha metal layer are individually shrunk, thay
will droaw oaport and cease to moke o connection, The shapes
of acch laver must be coalesced Into the complete shapes
one  would see on  the +Finished wasks before they coan be
manipulated., Flgure 3.% ahows both the CIF sepecification
of @ symbol and the Fform 11 nmust take in the polygon
packoge, Each laver must be freed of redunduant overlaps and
collapsed into the largest sheets possible before logical
oparcatlons can be applied, This means only  that all the
shapes of each laver must be "ORed® with aach other and the
doubly wrapped areas trimmed off, In sFffect, each layer is
then represented by one polygon contailning the minimum set
of sheets and edges required to outline the arsas wspecified
in the CIF flle for that layer,

A1l the procedures and capabllitles discussed in  this
thapter are llsted in Appendlx I and have bean implementad
in the original polygon pockage (Sutherland [861) or in  the
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first verslon of the wiring andlysis program., In addlition,
procedures Ffor printing and plotting the polygons are
avallable along with debugglng alds. The attrlbutes and
capabilities of this polygon pnckage, though genaral,
wieruyte ot epeeds and with memory requirements which make
it unsulitable For large problems, I+ 1s hoped +thot the
gefflclency and algorithme involved can be improved to
increcase the uvmseablllty of thase functlions,
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Chapter IV

Heuristic Computatlon of Wiring Statlstics

4,4 Recognltion of Structures by Heurlstic Methods

It i® powslible, though not precise, 1T0 xtroct wiring
analyasls data from geometry without the need to examine 1the
topology of the clrcult, The usages of NMOS Ffor digital
purposes have anough In common to permit a small number of
rules tao be wused ln the recognitlion of devices and wires,
The application of the rvles does not guarantee the results
1o be always corract, The obvious banefit of such a
mathod, in splte of lts lInabllity +to correctly lInterpret
all sltuations, s  lts lower comt to vee, The
slaplificationa used must bhe oaccurate &nough To prevent
prrors from causing slgnlflcant daviatlions In the results,

The goal of this method is to compute +the requlred wiring
statisatics using anly polygon wmanlpulations., Plocture
recognitlion of this type depends on experlence wlth the
#tructuras to bhe detacted in the ganaratlon of algorithes
to do the Job aytomatleally, Unless care is  taoken, this
can  result  In the slsinterpretation of structures not
normolly ghoountared, It in important That the
slopllfications moke as  Faw ossumptions about the design
wtyle ams powsible,
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The swsucceeding sectlions of <this chapter describe polygon
nperations for the extractlion of devices From
interconnection and global wire from local, The detectlon
of devices le much less difflcult than the distinctlon made
betwaen global and local wira, This ls becnuse devices musy
" have some physical basles whlle the distinctlon between
global and local wire is conceptual and hos no necessary
manifestatlon In  the physical geometry of the chip,
However, 1t doas have meanling to the designer and the need
for wiring data reguires that methods be avallable 1o moke
thia distinctlion, Hoth operatlions, as descrlbed here,
mistnke some typas of sitructures for other in the analysis
of the chip, The nmore freguant of these esceptlonal
sltvatliong are explalinad in the last section,

4,2 Extraction of Devices

NMODE devices Involve the interoctlion of polysllicon with
giffusion, The operation of lInterssction used between
these twoe layars resvlte a polygon contalning all the
potentlial devices, To ellmlnate the degeneratse devices,
wuch o%, butting and buried contacts, the polyvgon may  be
ghrunk by one half the minimum slze of a transister (4
lambdn) plus soma tolerance, All degensrate transistors
will then become sheets with negotlve areas and can be
gxtracted From the polygen, Tha polygon can  then be
Cexpanded by the amount it was shrunk, It is then necessary
to remove From the poly and diffusion loyers, Those
portions which make up the devices, To accomplish this the
polyvgon representing the devices is  expanded by  one  half
the wminlmom  spacing and subtracted from both the poely and
diffusion lavers, The sheets remaoining in  the poly,
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usion and metal lavers then repressent interconnec?t

siructures only, The sagment of Simula code below shows

this

is done using the abjacts and attributes of Appen

I, Tha syntax ond semantics of Sinuvla are defined

Birt

The

The

wiatle, et al Ti31 and Birtuistle [147,

I Temporarlies to hold coples of polygons;
REF(polygon) temppoly,tempdlff,tenpdey)

! Make coples of poly and diffusion lavers)
temppolyi—aymbola. layer(poly).copyy
tempdlffi—-symbola. layar{diffuslon) . copy}

! AND poly and diffusion layers, 3

! put into davices -- Then sherink thawm)

symbol. devices:i~symbol,laver{poly)
vintargect(symbol  laver (diffusiond )}

symbol.devices. shrink(1,004);

I Test each shest of the devices for negative aren, 3
P 1F negative extract 1t ’
FOR gi1-aymbola,.devices,.nextshegt{s) WHILE s=/=NONE D00
HEGIN

IF a,areadld THEN symbola.devices.extractsheet(s);
END;

i Inflote the remalning devices and make a copy of th
aymbola,devicas, inflate(d 0081+2,0)
tempdavi~aymbola. devicaes.copy}

! Subtract them from the poly layer, moke a new copy
aymbola.lavar{poly) i-temppoly.subtract{tenpdev);
tempdavi~asymbola.devices . copy}

| Bubtroct devices from the diffuslion layer)
symbola,laoyer(diffusiond)i—termpdiff.subtract{tempdev);

ion
how
dix

in

em}

Iinflation of the devices two lambda beyond thelir
original slze le done to Include the polyvsailicon that must
overlap the diffusion, This il a simplification, since
direction of current Fflow, there 1% no osverlapping

in
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poly, Tha intent 1ls 10 occount Ffor the aren occupled by
depletion loads and the overlapplng of the pulldown by
polyallicon o8 well as popslble, In the direction of
current flow, transistors may be pocked very close, with
only the tuwoe lambda polysillcon spacing required betuwean
them, In =mome complex gates thls sltuatlon may ogcocur
frequently, This tvpe of daslgn lu vsually, though not
alwayse, llmlited to enhancement pulldowna, In the direction
orthogonal to current flow, translators may be packed with
threa lambdn betwsen them {(minlmum diffusion spacing).
HMowewver, thle Implles that the gates of such transistors
muat all be in common resulting in o clrcult that would
have o very rarg usage, In practice, depletlion londs would
almowt never be constructed In thle way because to do so
shorts lnvearter outputls together, Enhancement pulldouns
built in  this manner could concelvably ba uvsed to control
wevaral lnverters, but the diffusion from which the
Inverters would be built would noet tuplcally be next To
gach other,

Thews ohzervations lend one 1o belleve that MOR troanslistors
may  be ploced two  loambdoa apart IF theilr souvrce/dedln
conngctlions ara in garles (o common conflguration),
Howsvar, the uwmuval placemant in  the other direction
requiras  six  lambdo gpacling. Thls is brought obout by the
two lombda overlap required by eonch of the two translstors
and the Two lambdn spuacing reguired betwesn thelr
regprctive gates, To account precisely +Ffor  this voriable
spacing wWould requlire thot the channel direction of each
ranwilator be known and the translstor "stretched” in  one
directlon to account for the lnegquality. (£ the transistor
ig non-orthogonal, or of an unusuval shoape this can be  very
difficule, However, experience wlth NMOB technology shows



that these 2xceptlon coases are rare and the vast wmajority
of the transletors can be characterized with simple polygon
manipulotlons, If the devices (the Intersectlon of poly
and  diffusion mMinus the daegenerate cases) are infloted two
lambda  beyond thelr normal slze, depletion loads are
reasonably accounted for, Enhancement devices moy  be
placad closaly in complex gate clircults but are  small
tevices In comparlison 1o the depletlon londs and Lf thay
are osuer Inflated o small amount of area wmoy be accountad
for twlce by ajolning translstors, Thils can be resoved by
the Ffollowlng line of code.

pymbola.devices,.selfinteraect.retrace, trin(i);

Thie will ramove any doubly wroppad areas of the devices,
There dare daluways Inaccuracies ancountared when experiences
or frequency dota is vaed to simpllfy processes, Here 1t
ls possible Yo regard more aren as that of devices, dus to
the overinflatlon of enhancement devices, than moy actuvally
he the cnse. The experieance on which the recognitlion is
based would suggast that this wlll bs a small amount,

if addltional processing is avalluable, wmuch of this
inacouracy can be  eliminated wlith addlitionul operations,
Since wusoge of the pullup loods ond  the pulldouns are
diffarant and to a largs axtent ore vislbly different types
of devices, thay can be recognlzad wlthout regord for the
topology and treated differantly. Enhancement translstors
are  rarely used o8 pullups and depletlon transistors are
rarely used as pulldowns, A largs amount of the inaccuracy
maka be removed 1F the lmplantation layer 1o veed to
distinguish depletion from enhancement devlices, The above
toda  For maparating the deviges From the interconnsct wovld



he modiflied to bacoma the Followlng:

PROCEDURE Getdevices{symbola); REF(symbol)symbola;
BEGIN

| Tesaporaries 1o hold coples of polvgons;
REF(palygon) temppoly,tanpdifd, tenpddey, tenpnday;

I Muke coples of poly and diffusion lovers;
temppolyi~aymbola, layer{poly) . copy}
tampdiffi-aymbola, layer{diffusion) . copy;

! AND poly and diffusion layers,

! put into devicey -- Then shrink then}

aymbol.ndevicesi~aymbol, layeripoly)
vintersect{aymbel  layer{diffuslon))}

symbol.ndevices, gshrlaki{l . 004),

| Test eoch sheet of the devices for nagative aren)
FOR si1=-symbola.ndevices.,naxtsheat(s)
WHILE s=/oNONE DO
BEGIN
IF s.areadd THEN
b symbola.ndevices. extroctsheet(s);
END

! Reinflate the remaining devices;
symbola,ndevices,. inflatal{i, 004);

| Beparate the depletion transistors from

I anhanceament)

symbola . ddavices: ~symbola.ndevices
watractuatching{symbola, laver{lmplant) )

P Inflate aach type of device apperopriately
| and moke coples)
teopddevi-synbola.ddevices, inflate(d)
selfintersect.retrace.copy)
tempndevi—ayrbola, ndevices, Inflate(d)
Jaelfintersect.retrace.copy ]

! Subtract them from the poly layer,

| make o new copy;

wymbola,layeripoly) i~temppoly, 5wﬁtrmc%{?empddau)
vaubitract{tempndev);

tampiddevi-aymbola,ddevices.copy;

tempndavi-symbola.ndevices.copy}
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I Bubtract devices from the diffuvsion laver)
symbola, layer{(dlffusion) i~tenpdlff
Bubtract{tempddey) . subtractitenpndey);

END of Betdevices;

Figure 4.4 shows the operation of this algorithm on a small
Ceell, The Interconnectlon wstructures aore left in their
orlginal colors and the devices are outlined in black.
There are, of course, sltuatlions in whilch this algerithna
misintarprets the geomatry. It 1ls believad that thes: would
ba 100 Few to conuse thelr comblned eFffact to be smeen the in
the atatlestles aocusulated fFor n design,

The algorithe algo extrocts copacitoers properly and 2xpands
them by the correct three lambda, Capaocitors do not  share
poly  or diffusion with other davices uwnless they are part
of thea same net, Thils means that capoacltoers wlll wsually
have to he bullt with 1two loambdoa  overlapping poly and
sng~-half the minlmum poly spacing bullt around them as dre
most depletion lond devices,

Posslwe raslsteors bullt wusing leng runs  of poly or
diffusion ara not detectsd, Howsver, this type of device
is rore even in analog clrecults and is not important to  the
wirlng analvsis of digltal sveatenms,

Other devices can be mode if o second layer of polysilicon
is navallable. Usually these are capacitors and can be
detected by merely Intarsacting the two poly masks, The
pragromns and algorithes of +thls theasls are cgurrently
limlted 10 NMOB processes with single loayver polyslliicon and
‘no burled contact mask, The extensions reguired to analyze
deaigns that vsa these tuwo fFaatures can be gasily wade  but
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raguire addlitlonal computations,

4,3 Estination of Symbsl firaa

To wmoke the statistics computed Ffor o svmbol maaningful,
~the orea sccuplaed by the antlre symbol must be deternined,
As with nmony structuores of o chip, it is difficelt to
define the boundarlas of a suymbol wlthowt knowladge of
gractly  what surrounds  1t, The hevrlstic method beling
dlscuvssed In thile chanter attanmpis to sstlmate the aran  of
thae s@ymbol wsing only the contents of the symbol oas dota,
As with devices, there are situations in which such methods
bacome unrellable, Experlence with NMOB designe permits
boundaries to be defined that are most probably correct,

The boundary of a symbol must extand at least one~half the
minimum line spacing beyond the strecrures of the symbol,
The structures of the symbol may occupy several lavers, be
digjoint and have holes or other areas that say be utllized
by surrounding symboels, What le nesded ls o bounding hull
that cutllines the areq of the symbol which extarnal sysnbols
Mmust  violate to affect the symbel, Those areas through
which there 18 no roosm For n slnisun slze wire or which are
Ccomplerely enclosed must be inside the hull,

These boundories muetr be computed sepoarately for  eoach
Interconnection layer (metal, poly and diffusion), They are
Ceonstructad from the primitive structures of the symbol as
weall as the hulls of its wubaymbols, The procedure to
accomplish this is stralghtforward, For aoach laver, all the
hulles of svbsymbols (For that layer) and all the locally
deflned areas are OR’ed taegether. Then all the holes of 1the
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re&ﬁl?ing polvgon are removed, since these represant
enclosed areas, The remalning sheets are then inflated by
one  minimum spacing ond one~half the minimum width for that
layer, closing off any slots Into which a mininmum slze wire
cannot  anter, The doubly wrapped areas are removed and the
polygon le shrunk by ene-half the minlmun  spacling and
oneg~half the mininuvm width such that the remaining sheets
are  one~hald a wminimum aspacing lorger than  they wers
eriglnally but now hove many of the slots in  thelr
Yakypline” Filled in, Radundancles are agaln removed and  thea
resulting polvgon 1s o reasonoble sutline of the symbol on
that laver,

The bounding hulls of each laver of the symbol becoms
attributes of the symbol and arsa vaad in fur ther
eparations, The area of each bounding hull is also recorded
antd becomes an lmportant atatistic with which 1o compare
the presults of other computations, Some hulls moy hove
Zero orea if o given symbol does pnot wtllize o particeiar
layer, It should be noted, that <the units of arsa used
hera, are squure lambdan and ore not process dependent,
Thus they may be compored with the areus of daslgns
gaploying oldar or neuwaer deslgn rules providing the baslc
underlyling processes arga not slgniflicantly  diffarent,
Balow le a 8imvla progrom which Finds the bounding hull  of
each of the three layers as discussed above,

PROCEDURE Hullwmi{symbola); REF{(symbollsymboln;
BEGIN

REF(polyvgondhully
IHTERER L,layarg

! Loop 710 get a&ach laver of the symbal;
FOR Jlayeri=4i STEP 1 UNTIL 3 DD BEGIN
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Imake o copy of the loyar of the symbol;
hulli~symbola,laver{laver).copy;

! Loop 1o gat all the hulls of zuvbsvmbols
I For this layer;
FOR Lim4 BTEP 4 UMTIL symbola.subsymbols,.length

L0 BEGIN
REF{instance) inst;

! Gat the hull of the subsymbol

P oand combline o copy with hull;

! Call Hulls recursively 3

VoL gubhull ls not presant.,
insti~symbola,subsymboladl) QUA instance;

IF Inst,ayn. hull{loyar)==NONE THEN

Hulls{inst.symd}
hulli~hull.combinadlinat.svn. hull{laoyer) . .copy
Kformlinat.trd)}

END;

! Through osut the doubly wrapped arsas

1 oand all the holes)
holl.selfintersect . retrace, trin{i);
hull.,extractholes;

P Inflate It, trim it, than deflate it 3

Voand trim 11}
hull . inflatelgpacingl{laver)+uldith{layer)/2);

hull.selfintersact.retrace . trln(l)}
hull.deflate{{spacing{laver)+width{layer))/2)}
hull.selfintersact.retrace,trin(id;

I Put the hull inte the syebol attributes,
symbola.hell{layear)i~hylly
END

END of Hulls;

The executlion of this procedure on o sieple symbol s
illustratad Iin Flgure 4,2,

Tha movress of arror In  this algoerithm are due to  ltws
ignorance  of external connections of the symbol 10 othar
symbols, Where wires of one symbol abutt or overlaop to
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make o connectlon, this algorithm will count the contact
aren to be in the hulls of both symbols making them appedar
wslightly lorger than thay really are, In higher level
symbols which combine two such symbols, this ls corrected
slnce 1t resylts  In doubly wrapped area and is reduced to
singly wrapped area when the hulls are ORad “together, The
grror  i%  then non-dccumuloting and merely results in some
optimism in size of the wsymbol, The wasted area of a
symbol, 1f 1t Is not anclosed, will not be counted as part
of the symbol area, This will svershadow any optimism dus
10 externnl connactlons. Buch wnoestad aren will be
accounted for in  the next hilgher level of the symbol
hierarchy,

4.4 Extraction of Global Wilire from Local Wire

The s@xtraction of qlobal wire from local wire without the
use of connection information 1l difficult not only becouse
poelygon operatlons dare not easlly able to recognlze it byt
nlgo because the deflnition of global wire ls not o clear
one. The definitlon requlres soma recognlition of those

atructures that maoke externol connections, Thig inpliss
that internal connectlong be vlsible and dlistinguishable
from externaol connectlions, Intarnnl  connections can  be

identified o places whers wires Intersact devices and
subsymbole, External connections are difflcelt to  detect

und to be precise would raguire that the topology be known,

The detection of possible externnl connections requilres
pome assumptions be made about the vsual Fform In which they
nre made, Generally, o wire which is  to connect to  an
gaternal symbol wlll and atr the sdge of the symbol of which
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it is a part, Thls need not always be 1true, since 0 wire
from another symbol may Intrude far Into the symbol before
making a connaction, Almo, o wire may be loid over a symbol
from an gxternal sourcs and drop a contoct to another laver
through which o connectlon is mude These deslgn
technliquas do not usunlly gcur  in regulurlized or
strutctured deslgn ond hopsfully do not reprasent a
glgniflcant fractlon of the external connectlons of
symbola, If such technlques are important Yo  the wirlng
annlysia, then the topology extractlion of Chapter V mus?t be
vsat to find all the external connections of a symbol,

fine  hauristic method of aseparating global wire from local
wire using only polygon manipulations, vuses ‘the symbol
houndary computed earlier, A new boundary ls constructad
using the union of tha hulles of the three interconnection
layers after thay have each been shrunk by one-half their
minimum spacling, The result is a polygon which encloses all
of +the symbol and Is slightly larger than it needs to be To
enclose the largest objects, From this a very thin annvlus
or donut is mode. A copy of the polygon Lls made and shrunk
by a small amount such that 1t is too small to enclome all
the objects of the symbol, It is then reversad (made Into
a hole) and added awn a sheet of the original polygen, The
result Lls o thin ring about the symbol whlch the oblects on
the perineter overlap, Flgure 4.3 shous thls annulus in red
for the wslmple smymbol, BHalow is o procedure which will
generate the annulus of a symbol, The annulus ils computed
prior to Tthe extraction of davices to0 be sure that the
devices are Included,

PROCEDURE sAnnulusi{symbolnd; REF{symboldaymbola;
BHEGIN
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REF{polygonmldrlim,hole;
INTEGER i,

1 Unlon all three lavers after copvlng
I and deflating each}
FOR li=d STEP 4 UNTIL 3 DD
rini=rlm, conblne(aymbola . hull(i)
ymopy.deflate{gapacing(ld-,0084)),
rim,pelfintergect.retrace.trin(i);

! Make o hole out of a deflated ;
| verslon of the rimg
Molei=~rlm.copy.deflated,001).reverse)

! Put the hole In the rim and asslgn Lt 3
I to the symbol
symbola.annulusi~2im,combinethole)

END of Annuluss

I+ this annvlus is then lntersected with the ob jects wmaking
up the symbol {excluding the subsymbols), pussible external
connection arens are found, As explalned obove, thess may
noet be all the external connaction areas but they should be
most of them., Further, not all of the arsas Ffound by the
intersection willl be external connactlions, some may merely
tbe the sides of structures adjolning the edge of the
symbol,

Many of the Intersectlions will "bend"™ around the corners of
the ends of  wuwires, To ramove the portions of the
intersactliong that corrsspond to the wldes of the wire
prather +than the end, the thin Intersectlons must be broken
where they turn corn2rs, To do this, a copy of the
intersection wmay be inflated (by a size greater than the
width of the intersection) generating "curlicuesa” ot all
ingide or concove corners, The curlicues may be extracted
and subsaguently subtroacted From the original intersection
polygon, cavsing Antersections with bends to be broken at
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gach turn, This leaves the polygon with o set of sheets
that may or may not he extarnal connectlon points,

To distingulsh some of the external connectlons from most
of the Ffalse Intersectlons, the araen of the intersection
can be an Indicator, Connactlonas are usvally wmode with
minimun slrze wires, the saxceptlons are usunlly power
digstribution, If a smaxlimun width is set for the width of
an  extarnal connectlon, the various contacts with  the
manulus may be cullead with raspect to thelr areda, The area
of o swmheet which i8 an external connectlon must be less
than ar equal to the chosan width nultiplied by the width
of the annvlus (.002 as computed nbovald, Thus those sheets
of greater area may be removerd and the remaining sheets
have a high probabllity of actually being external
cennections, Alao, It s knaown that the external
wonnections Must have a minlmum aren as well, This size can
he wwed to cull out some of the smnll sheets thot may  have
erlginated on the aldes of wires and were broken Ffrom other
parts of the intersection with the annuvlus,

Few axtarnol connections fall sutside of this recognition
procedure, Figure 4.4 Indicates the external contacts  sean
by the described method, A Simula implemaentation is llstad
below, These contocts are found ofter the devices have
baan extracted wsuch that devices are not mistaken for
contacts {(although gome could hove extarnal contoacts),

PROCEDURE Xcontacts{symbolad i REF(symbolldsymbola}
BEGIN
INTEGER 1}

I Loop to do each interconnection layer;
FOR 1li=1 BSTEP 4 UNTIL 3 DO EEGIN
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REF (gheet)s;

I Intersect o copy of the annulus with

! o copy of sach layer;

symbolo.xcontact{l) ~gymbola.annulus.copy
intersect(gymboelo,layver(l).copy);

! Inflate o copy of the intersectlion by

! more than the width of the intersectlons, ;

| then save the curlicues;

curlicuvesi—-gymbola,xcontoct (i) .copy
Anflote( 003 . trim(id;

| Subtroct the curllcues from the orlglnal

| uninflated intersactions, braaklng open

! the Intersectlons at bands)

symbola, xcontact(l) i-symbola. xcontact{(i)
Bubtract{curlicues)

I Compute the area of ench sheet and ranove 1}
1 it 18 osutside the max and sin then
toaxtract the sheet) '
FOR s:—aymboela.xcontact{l) nextsheet{s)
WHILE sw/=NONE DO BEGIN

REAL a3

018, aren;

IF a)maxxcon DR ad{minxcaon THEN

gymbola . xcontact{(l) . extroctsheet ()}

END of sheat loop}

END of lnyer loop;

END of Xcontocts)

Glven the external contacts of the aymbol, the global wire
may bhe sweparated From the local wire. Devices have been
previovely renoved From the wlre Jayers thus breakling
polysllicon wires which connect the gutes of several
translistorae in sagquence. The contuct cuts of o0 symbol nay
ugually be reguarded L an internal connectlion,
Infregquantly, global wire may change lavers vsing o coentact
cut, I+ +the contoct cuts are inflated to a size slightly
larger than the minlmum slze wires, they may be subtroacted
from the interconnectlon cutting it up Inte segments. If o
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segment contains an  extarnal contnmect, then 1% wmay  be
considered globagl, tha rest are local wires, The parts
subtracted added back 10 the local wilre arbltrarily, The
two  types of wire, glohal and local may then be expanded by
one~half their minlnum spacing and thair area computed for
the gtatletlecs of the symbol, Flgure 4.5 shows the wire
separated from the symboel by thase meons, Below is the
listing of a 8imula procedure for luplementing this
saparatlion,

PROCEDURE 8BeparateWlres{symbola)j REF(aymbollsymbola;
REGIN
REF{polygon)iblacuts, tesnpu,tanpe;

! Inflate the Contact cuts and put in o temporary)
blgoutai=symbola,. laver{cute) . copy.inflatell 004,

!} For each layar, separate the global from localy
FOR Li=1{ STEP 4 UNTIL 3 DO REGIN

! Bubtrant the Cutes from the wlres;

tampwi-symbola, layer{Ll).copy
subtragtd{bigruts.copyd}

! Bave the placas removead from tha wire)

tempoi-~symbola, layer(l), copy
Jdntarsactiblgouts . copy)

I Extract the wire that touches

I extarnal contacts - this is global)

gymbola,globalwire(l) i~tampu, axtractmatehingd

symbola. acontacts{il));

! Put the subtractad pleces and 3

! whats left together ~ this is local;

symbola, localwira(ldi=tempuw. unionitenpc);

END of lover loop;
END of Baparctelires)
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Thig heuristic method of saparating global wire Ffrom local
can nisinterpret the geomelry in Many instonces,
Experience with the program and data taken from a number of
cdesliognes wlll determine 1Ff these instances are rare enough
to lgnore, While the program has not run on a large body of
deslgns, the algorithms presented hove been applled by hand
to o wide variety of aymbols, The concluslon reached is
that arrores introduced lInte tha wiring statistice by
misintearpretation are less than B parcent,
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Chapter V

Extractlion of Circuit Topology

S.1 Davitves and Device Connectlonms

fs  in the pravious chapter, devices must be recognlzed and,
in additlion, thelr sizes and types must be detarmined, The
BOUPCR, draln antl gate must be lidentified w0 that
ronnections 10 theam can be  Ffound, 0f course, depletion
mode  troanslsterds coan be distinguished from enhancement mode
devices by intersecting them with the lon implantation
layer, Howaver, capacitors Myt be recognizad and
differentliated from transleators, IFf the topology extracted
from the mosk dato is to be vsed in the verlfication of the
design, oll the device and interconnectlon recognitlon nmust
he preclae, In practlice, some assumptlons have to be mode
to parmit the programming of the problem wlth recsonable
efficiency, however, excaptions 1o any rules or
restrictions nmade by thess procedures must  be highly
Improbabla,

The recognition of deavicesa, the determination of thelr
wizews and their connectlon polnts, can be coarried out as
part of one opsration, First of ull, us with the hauvrlistic
methaod, the polyallicen antl diffuslon lavers are
Ilntersacted gluving sheats which may be transistors, Agalin,
these are shrunk, culled by ogren ond expoanded buck to
original size to gliminate false devices cavsed by butting
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contacts. The devices are then subtracted Ffrom the
diffusion lavyer,

The devices are than expandad o small amount (,001 lambda),
These aheets are individually Intersectad with +first  the
poly  layer and then the diffvalon laver, The two thin
wheats resulting from the Interssctlon with the diffuslon
ure the dource and draln contacts, One can be arbltrarily
aussignad as  the draln and the othar the s®source. The
distinction ls not important since NMOS transietors are
bllaterally svemetrlc glectrically, The shagts resulting
from intersection with the poly layer are both gate
gontoacts,

Capuclitors wmny be aoslly separated Ferom truanglstors since
the c¢apoacitors will have both  their drain oand  gource
connected to the same clroult node. This vsvally means
that there will be only ona gheat in  the intersection of
the Inflated device wlth the diffusion. It may olso be
that the conngctlion aof the drain te the eource is made with
gtructures  that are not butting the transistor, IFf so, the
capuciter will be recognized when the nets are collactad,

The wlze of the transistor ils expressed In twoe numbers, lts
wldth and length (sometimes callad W/L or Z/L),. The length
of the device ls the dimenslon (in lambiin) betusen the
drain and source, the direction of current flow, The width
Ils  the dimension orthogonal to the length,. Transistors may
be arranged arbltrarlly In space and nay  be complex
" gerpantine structures In which the direcgtion of currant
flow changes with positlon in  the device, The contacts
that ware Found abova, can be vsed to determine the width
and  length of o tronsistor, The length antl width
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computations are not required for capacltors, since thelr
valuves are o functlon of thelr area and not thelr aspect
ratlo.

The area and width of tha sheets representing the contacts
are very small os  lntanded in thelr generation, The two
drain and source contacts outllne the effective width of
the devlce, The width 1% eobtalned from them by dlviding
their comblned parlmetars by 4, 8lmllarly, the length of a
transistor le ong fourth the comblned perlmetar of the poly
gate contacts, Figure 9.4 Llllustratesa the ocontocts of
agveral translstors oand o capacitor, The contact sheets
pre w0 narrow that they appenr ns a single line but  they
are  actually doubly traced by llnes that ore very close,
finte connectlon polnts are shown in red and the
source/drain terminals are ln graen,

" This technique works proparly for the vast wmajority of
devices designed vsing NMOB, There Is one case in which it
gives false glzes for a device, This osccurs where devices
are  constructed using poly or diffuslon structures whose
width varies substantially in  the channel reqglon  of the
transistor, Such devices are virtvally unknouwn and their
gffactive width and length is not well deflned except by
detalled simulation.

The procedure below performs  the oparatlion degceribed,
Devices are located, separated from each other and their

contacts and slzes are found,

PROCEDURE ProcessDevices(symbolad; REF(symbollsymbola}
HEGTIN
REF{polygon)tempdeyv,temppoly;
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REF{gshaet)s;

b Intersect the poly and diffusion layers)
tempdevi~aymbola. layerd{poly) . caopy
Jintersect(symbola. luyer{diffusion) . copy);

I Raemove the Buttlng contact cverlaps;

tempdev.deflaote(.501);

FOR gi~tempdev.nextsheet(s) WHILE s=/=NONE DO BEGIN
IF & .0readd THEN tempdev.extractsheet(s);

END

tempdev.inflate( . 504),

I Bubtract the davices from the diffusion layers;

tamppelyt~symbola, layer(poly) . copy
Bubtract(tempdev.copyl

gymbola, layer(diffusion)i~symbol layer{(diffuslan)
eubtract(renpdav . copyd

{ Process each individual sheet of the devices)
FOR si1=-tempdev . nextsheaet(s) WHILE g=/=2N0NE DO BEGIN
REF(polygonidev;

P Inflate the device slightly}
devi—-g.copp.inflarte(. 0053}

b Intersect Lt with poly and diffusiony

gate~temppely.copy, lntersect(dev.copy);

drolnscurcel-symbola, layer (diffusion)y . copy
chntersect(dev.copyldy

! Test for a Capacltor
IF draingource.numsheetsl? THEN BEGIN
REAL widae)

| Btore that capociter in the symbol

b (stored e o translstor))

gide t=ggrt{dav, area)}

symbola. trans append(

NEW tronsister(side,slde,gate,
drainsource ,draingource’)

END
ELBE BEGIN

REAL wldth,length}

REF (shgat)droin,source;

! Compute the width and length
! of the Translstor;
widthi=dralnesovrce.peringter/4)
lengthi=gate perineter/4;
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t Btore the Transistor in the Sysbol,
{ geparate draln anid source;
draini=drainsource.nextehes t (NONE)
gouvrcel~drolnsource nextaheat(dralnd}
gymbola . trans append (NEW transistor(
whdth,length,gate,drain,souvrce) )}
END )
END of Sheat loop;
END of ProcessbDevices)

9.2 Collecting Symbel Nats

The collection of symbol nets ileé the grouping of polygons
which are glactrically connwcted. The oeriglhal entry of
the mask datae fnte the polygen pockage assures uys thaot each
#heet of o glven loyer represeante elther a complete
coennacted area of the symbol or a hoele in one. The contact
et layer and the gate contacts of transistors muset be udsed
te detereine which shests ore connected to which other
sheets,

For the purposes of this operation, It is necessory that
pelygong and sheets have a laper attribute. MNetes wmay be
cempoged of whagts Ffrom any of three layers and whan
grouped toegether by net, rather than loyer, sheets wsust
retaln  their layer informatlon, Netes ware vectors of
sheets and can lengthen or sherten te¢ occomoedate o varlable
rember of sheets. Netw olse contain o vector of painters
te device contacts (oand  later, external contactsl. Each
gynbol containg o vector of nats.

First, each sheat (and any holes in it) of the poly layer
le inltinlly defined to be o net. Then the gate, drain and
gource of each transgisgtor le exomined ond a polnter to Lt
g ploced in the net to which it connects. The metal is
then used to coalesce <the poly and diffuslion nets linto



fewer larger nets. Metal areaw which de net contain
centact cuts become new nets. The code showun below,
accompllehes this but hog o computatien time propoertiocnal
te N sgquared whare N Lg  the nuwmber of devices and

Interconnection glructurets. Gymbols doe noet generally
lnclude o large amount of locally defined devices and
wired, This should prevent the computation of the topology
from becoming exeessive, L¥ thie sccurd, Mo e

sophlisticated techniques can be used to reduce the number
of operations in the testing of the contacts and wires for
ovearlap., The object of thle chapter Le to Lllustrate a
giructure raecognition procedure for extrocting topolegy,
the implementation details hove been simplified to
enphasize the recognlitlon aspects of the problem. The final
result of the wmanipulations is the grouping of all the
Lnterconnectlion structures lnto the nets which they forws
and the listing of devices connactions made by each net,

Te Flnish the netlisting of the devices, each translstor
draln  and source (the gates have been previocusly dealt
with? ore tested agalnset the diffusion sheets of each net.
If there is o match, o polnter to that contact is mode in
the List of that net., A simliloar procedure is applled to
the tWwe contocts of capacltoers,

To finlsh the compilation of the topoelogy eof the Internal
gtructures of o symbol, the netliste must include pointers
te the external contacts of any subsymbols that wmight be
pragent. The next sectlon discusses how these contocts of a
symbol are found., To include those of aubsymbols, each such
centact ie tested agaihst  the approeprliate sheets of gach
net Ln the same manner as the contacts of devices above,
In  this manner the topology of a gsymbol and all its
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subsymbols moy be determined., The éxternal centacts of the
aymboel at hand wlth nets of symbole further up in the
higrarchy hove pat to ke daetermined, Figure 5.2

Lllustrates the grouping cof the interconnectlon structures
of o wimple symbel. Each set of interconnection structures
ie  whown Coalesced in Lte own color. Actually the various
pleces of the net retaln their individual ldentity within

the progras. The procedure below, perfores the grouping
digcussed aboaove,

PROCEDURE Nets(symboela)} REF(symbol)symbola;
BEGIN
REF(vactorinatvector)
REF (sheat)s;
INTEGER i,
REF(polygonipoly ,diff,metal ,cute,polyholes,
diffholes,metalholas;

| Define objects 1o be veed in the net vectors;

thing CLABE Net;

BEGIN
REF(polygomdpoly,diff ,matal;
REF(vactorinetsheets, neticong,netxcons)
ROOLEAN empty}

I This procedure combines twe nets lnto one;
PROCEDURE Coonlescelneth); REF(netineth;
" BEGIN
I simple vector copy pirocedura;
REF({vectoer} PROCEDURE vcopyCa,b);
REF(vectoria,b;
REGIN
INTEGER 1}
IF b.length\=0 THEN BEGIN
FOR §i=i BTEP i UNTIL b.length DO
a.append(b.vnl(l))y
ERD}
BEopY-a )
END of vcopy}

b Copy in stuff from other nev
| and mark Lt edpty)
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neticongt-veopy(neticong, netb. netlconsl}
netxconsi~voopyi(netxconsg, neth . netxcons)y
poly.combine(netb.polyl;
diff . combinel(neth . diffyy
metal .. comblilnel{neth .metalld}
peth . neticonst~NONE}
neth, netxcons: ~NONE)
neth ., polyl=NONE
neth. . diFf i ~NORNE)
neth.metal (~NONE)
neth . empty 1=TRUE
END

U Iinltinlization coda}

neticons i ~NEW vector,

neticoens~NEW vector)

polyi=NEW polygon)

diffi~NEW polygon;

metal i~NEW polygon;
END of Class MNet,

b Define on object te repreésent cohtact areas)
thing CLASH NetContactl(p,ab i}

REF(polygonip; REF(thinglobj}

BEGIN INTEGER layer) END}

boinitialize the net vector and make |
| copies of the poly and diff layeres
petvector i ~NEW vector}

diffi-symbola, layer(diffusion).copy}
polyt-apmbola. layer(poly) . copy)
polyhelest—poly . extractholes;
diffholast~diff.extracthelas;

{ Moke nets out of each sheet of the pely
bt and diffusion layers. Holew in sheats are }
| assecinted with the sheet they are a hole inj
FOR mi-poly.nextshaeet(s) WHILE s=/=NUONE DO BEGIN
REF (metinata}
neti-NEW net)
neta.poly . combine(s)
ombine(polyholes,extractrnatching(s) )y
netvector.append(neto QUA thing))
END
FOR gi=diff.nexteheet(s) WHILE e=/=NONE DO BEGIN
REF(netineta,
et t=NEW nat
neta. diff.combinel(s)
ccombine(diffholes  extractmatching(sl )}
netvector.append(neto GUA thing)
END}
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V Looep on all the transisters (and capacltorsd)
I of the symbol. Put their contacts Lnhtoe the }
| proger nets, combing nets when necessary)
FOR Li=iL STEP 4 UNTIL symbola.trans.length
WHILE symbola.trans. length\=0 DO BEGIN
REF(transistorit}
REFi{net)netmatch}
INTEGER j;

ti=symbolo,trans . val(l) GUA translstor)

b oloop through every net |
| and test for connectlons)
I Do net scan Further than the |
t Flret net that motcheas)
FOR ji=4 BTEP £ UNTIL netvector.length
WHILE NOT motceh DO BEGIN

REF{netineta}

netai-netvector valdl) QUA nevy

IF NOT neto.empty THEN BEGIN

I TEST the guate cohtact
I ngainst the poly part)
IF t.gate.overlapsi{nata.poly) THEN BEGIN
neta. . neticons, appendl
NEW netcontactd(t.gate,t}
AuAa thing);
matehistrue)
END}

b Tewst the source contact |
| ngainst the diffusion;
IF t.source.overlops(negta. diff) THEN
BEGIN
pgta.neticons,appendl
NEW pnetcontact(t.source,t)
GUA thing)
motchisirug)
END}

If the transistor le o capacitor, |
the draln and source will point

¢
at the same sheet, If thay do not,

’.
test the drain egoingt the diffuslion;
F t.sourcem/et . dealn THEN BEGIR
IF t.drain.overlapsineta,diffusion)
THEN BEGIN
neta.neticons . append(
NEW netcontact(t.draln,t)
Qua thingiy
matchi=trug}
END

!
!
!
!
I

END}
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END of net loopy
END of translstor loop)

t Examing gach sheet of the metol and give
bt te the net whose poly or diffusmlidn it )
I touchas., Cealesce the nets needed., Metul
S b with ne contacts forn new nets)
“metali~symbola. laver{metal) . copy;
cutst-symbola.layer{cuts) . copy)}
metalholesi=-metal. extractholes)
FOR gt!=~metal. . nexteheet(a) WHILE s=/=NORE DO BEGIN
INTEGER L,
REF(polygonimycute,p}
REF (netinetmatch)
pi~¢.combine(metalholes . axtractmatching(s);

b Get the contuact cuts of this metal sheet and;
I loop through gll the neate te Flnd ones thatv
| match these cuts;
mpcutet-cuts.exteactantchingip)
IF netvector. langthi\e=l THEN BEGIN
FOR Li=4 8TEP 4 UNTIL netvector.length DO
BEGIN
REF{netnatay
netat-netvector .ol il) GUA nety
IF NOT neto.empty THEN BEGIN

b Test for poly or diffusion ;
I of each net which touches the
b cute, Lf found, record the net
I (or coalegce it wlth another)
IF neta.diff.overlopsimypcuts) OR
peto.poly . averlaps ivpcuts) THEN
BEGIN
IF netmotch=NONE THEN
netratehi~neta
ELLBE netmotch.coalescelinetal;
, END
END
END of net loop;
EIND 3

I IF No wateh is found wlith the metral sheet,
bomake Lt o onew net, otherwlse, combline it
bowith the net(s) thot matched;
IF netmotchs/=NONE THEN netmatch.metal
combine(p)

ELSE BEGIN

REF(natineta,

netat-NEW nat;

fpeta. metal comblnelp)}
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netvector.appenddineta GUA thing);
END}

END of metal sheet loop;

| Mow loop on subuymbols and their |
I external contacts toe see which nets
| of thig symbol they connegct to}
FOR it=1 STEP & UNTIL symbola.subsymboele.length
WHILE symbola.subsymbole. langth\=0 DO BEGIN
REF(aymbollisubaymy '
INTEGER i
gsubwymi=-symboela.subsymbole  val L) GUA aymbol
FOR Jims STEP 4 UNTIL subsym.xcons,length
WHILE subsym.xcons. length\=({ DO BEGIN
REF(polyganlcany}
INTEGER k3
BOOLEAN motch)
cent—subesym. xcons . val(j) GQUA netcontact.p;

P

il found. UWhen found Indert the contact

b loop through all the nets untll a match |
I

Uolnte the netlisty
FOR ki=% STEP L UNTIL netvectoer, langth
WHILE NOT match DU BEGIN
REF(netineta}
netar~netvector val (k) GUA net)
IF NOT neta.empty THEN BEGIN

I Tegt thea contact aguainst |
I the proper loyer of the net }
toand record any matchy
IF con.layerwspoly THENM
motchi=neta,poly
coverlapsicon)
ELSE IF con.laoyermdiffuslon THEN
matoch tsneta diffuslon
coverlapsfcon)
ELSE IF con.layer=meral THEN
moatehi=nato, netal
coverlapsdcoen)
IF match THEN neto.neticons
cappend(cond

END af IF NOY empty;
END of net loop;
END of subsymbol external contact loop
CEND of subsymbol loop;

! Tranafer all non—empty nets inte the

! symbol net vecter)

FOR Li=i STEP 4 UNTIL netvectoer.length DO BEGIN
REF(netineta;
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netat-petvector.val(i) GUA net,
IF ROT neta.empty THEN
symboela.nets appendineta QUA thing)}
END of net leop}

END of Nets)

%3 Externnl Connections

Whet remaing is  the detarsinetion of  thoge peints of a
wymbol which are used a8 connections with 4ywmbols other
than Lts subsymboels. Up to thie polnt, all the operations
applied to symbols ceuld be performed on the definitlong of
aymbols Ffrom the bottom of the hilgrarchy te the toep. The
various waye that external connections may be wmade betwsen
aymbols prevent the same technlgue from being used to find
the external cohnections,

Firat of all, different instances of the same symbol may
connect differently. Connections wmoy be made in ong
ingtance that are not made in ancther., This immediately
requlres the chacking of Individual instences of the
aymbol,

Becond, the external coennections of subsymboels can be wmade
by wymbols ot any place in  the hlerarchy, effectively
shorting levels and branches in the design hlerarchy. From
the point of view of a single epmboel, the external
connectlions cannot be known merely by using the information
suppllied by the subsywmbols and the symbol to whom this

symbol Le a child. It wsoy be posslble to impoge
regtrictlions that require the dedlgner to intercdnnect
spmbols strictly within the hierarchy. Thus, a wlre 1lis

required in o symbol definitien wherever an external
connectlon to a subsymbol L to be mode available s a



super symbol. This would require o much larger crount of
data than is necessory to describe the symbol., It would be
Mmore coenvenlent for the desigher explicitly Ldentify all
the pointe of o symbol to which external connectioen can be
mode . CIF contalneg no constructlons  Lintended for this
purpgose although addltional layers coulid be deflned upon
which wires and boxes could identify external connection
pelntsa.

The foregeing procedures capture all the internal tupology
of o symbiol with the exception of subsynbel to wsubsysbol
connections that do not invelve @tructures local to the
symbal, Once external conngcotion polnte ore knouwn, theas
can  be compared between subsyrbols  and such connections
found., The followlng proecedure supplements the “Negtg"
procedure with this capabillty, This procedure suffars
from N squured complexlty.

PFROCEDURE MoreNets(symbolal; REF(symboellsymbolay
BEGIN
IF symboln smubsymbols.length\=0l THEN BREGIN
INTEGER length,i, j;
lLengthi=aymbola,. subsymbols . length;

FOR iimi STEP & UNTIL length DO BEGIN
REF(vectorlsynx;
sprxi—symbola,subsymbole. val(id

GUA symbol . xcons}

FOR Ji=f STEP 4 UNTIL length DO BEGIN

REF (vectorisymy}

IF i\=] THEN BEGIN
INTEGER k,1;
REFingtingta)
REF(natcontactlct,cd;
symyl-synbolo.subsymrbola . valdl)

GUA symbol.xcons;

IF symx. . length)( ARD syap)0d THEN
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BEGIN

FOR ki=1 STEP 4
UNTIL symx.length DO BEGIN
cii=symy.val (k)
GUA netcontact

FOR Lli=i STEP 4
UNTIL symy.length DO BEGIN
c2i~aymy valll)
QU netcontact,

IF ci.layer=c2 layer
THEN BEGIN
IF ci.p
coverlapsl{cd. p)
THEN BEGIM
nata~NEW nety
neta . neticons
cappend(ci
QLA thing?
cappendlc?
GLIA thing)y
symbola.nets
sappendineta
GUA thing),
END of overlap)
END of layver check)
END of 2nd contact leop;
END of ist contact loap)
END of IF,
END of IF,
END of 2nd symbol locpy
END of fwt symbol loop
ERD of IF;
END of MoreNatg;

Thlis procedure is obviocusly expenslve LFf the “total number
¢f cohtacts of a symboel’s subsymbols exceeds a small
number. Since the gxternal contacts of the subsymbols are
the lIntersections of the subeymboles with other symbole, Lt
appeare that such a procedure is repeating the process of
intersectlion thaot wos originael performed to  Find  the
gxternal coentacts., It would be preferable te  extract the
Intercoennectivity of symboeld as part of the same operatioen
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which detects the external contacts. The above procedure
would then not be required.,

The detectlon of externasl contacts requilres that all the
Ingtances of symbhol dafinlitlions be regarded as individual
entities, Each layer of euch wmymboel would hoave to be
intersected with the respective layers of all its
neighbors, Instances of subsymbols of a4 puarticular symbol
would noet be included in this operation on the symbol, but
gach would be cempared in o sepoarate operation of ite  own.
Te make this comparison in less than N squaraed time, the
entire design may be subdlivided horizontally und/or
vertically using o Warnack algorithm [19]1 to partitien the
symbols with regard to their winlemun bounding boaxes, This
permits thoese wsymboels which are close to the particular
asymbol to be quickly determined. The bounding boxes of
these wmay be used to further cull the list of candidates
for iLntersectioen. éAnd finally, thoese left are lintersected
with the symboel instunce to detect where it contacts other
symbols. The connectlions made may be recorded in pinlists
0e this le done, This glebal pinlist wmay be wmade
higrarchlial os the internal topology of the Individual
aymbol definltions is computed.

%4 Naw Devices Created by Symbol Interactions

The oeperations presented thus far hove agsumed that the
interactions of eymbols did not result in the creation of
new  devices. Detection of thie condition agoin requires
all instonces of wymbol definitlons to bre tracdted
geparately, since the internal topelogy of a symbol will be
changed by this actlion making Lt, in effect, a new and
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different symbol.

ficcemmoedating designg which vse such  technligues requires
that both <the poly and diffusion lovers of all gymboels be
intersaected with the diffusion ond poly lavers of all other
gpmbrols  rather than just the poly to poly and diffusion 1o
diffusion Intergection required above., Thls is wmuch sore
gxpeansive to¢ compute ond reguires further consideration in
the storage raqulrements of the program. Not enly mugt the
glebal intersymbol pinllilst be made, but seporate coples of
the symbul geometry for each lnetance of the symbol must be
mada The reason Ffor this is the nead to provide for
internal symbol geomatry that may change dug to a new
device in one instonce and wmay noet change or  change
differently In anether.

The cenclusion this leads t¢ Lis the need for a design
restrlction, I¥ the topology i to ba extracted
gutomatlically le Ls  incumbent that the desligner gengrate
devices velng only CIF wires, boxes ahd poelygons ln a glven
wymbol definition. Interactions among subsymbols can not be
permitted to form new devices. This restriction greatly
reduces the complexity and cost of cutoemated verificatlon
of this type without placing an axcesslve burden on the
desligner, It can alse simplify some of the difficulties
encounterad in deslan rules checking.
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Chapter VI

Results of Investigation

6.4 Program Performance

This Fflret gttempt toe perform wirlng analysis cutematically
regulires the use of o polygoen package and computer gydtem
which are wunable to rellably oeperate on o probles of
gignificant slze, Some steps can be taken to lmprove their
performance byt these are not lumediotely forthcoming, The
Gimula run-time package which perfornms wmemory mandgement
and garbage collectlon, contains o bhidden error  which
prevents large, long running Jjobs, such as wiring analysls,
from runiting to completion. In wplie of these
difficulties, #ome stotements can be made regarding
gxperience with the progrom.

The wize and long runtime of the program are themselves a
result. Polygon manipulation Lls an  Leportant aspact of
nutomated IC design aldes, particularly o usad in design
rele checking., Given ‘the existing polygon package and the
machlne on which it was usad (DEC~20), +the performance of
the heuristle wirlng ohalpsid prograsm wos poor, preventing
lte use on all but small problems. The run time required
te analyze a slngle symbol having noe subsymboele with
approximately 300 edges wos it excedss of one hour of CPU
time, In reclity, a successful run of this length was
unusunl In light of the Simulo garbage coellection errors.



Topology extraction could be performed on only the smallest
symbols. Where it axecuted ot all, Lt requlred
upproximately three times the computation time of the
heuristic methed., This can be consldered o miminum ratic
of performance baetween the two methods sgince topology
gxtraction is of higher computational complexity and its
run time Will grow with the size of the design at a faster
rate than that of the havristic methed.

The wmost expensive eperation, by far, in the polygon
pockuge is the selfintersaction procedura. in thia
procedure, all the gdges whilch touch ancther adge must ba
found and new vertices and edges entered inte the sheets.
The ugunl wmethods of makling comparisonsd between eddges are
plagued by execution times preportional to the nuwmber of
" edges squared, It Le nacessary that algorithms be selected
for the purpoese of reducing the relatlonship to N log N.

f second time consuming task Ls that of temperarlily storing
intersadiate results In secondary storoge toe freew oareas of
the program oddress dpace. The wrlting and subsequent
reading of polygoens from the data bose file adds
considerable overhead to the processing of the symbols,
The overhend is estimoted to be betwesn 2% and 30X based on
the Llimlted experlence with program on smoll problems., It
must be expected that large amounts of data will be
genarated by polygoen manipulations and that it will net all
it inte the real mamoery of the machineg ot once, Virtual
tmemory  architectures provide for the efflicilent handling of
thiw probles where there is sufflclent virtual address
gpace to accomodate all the data. The eighteen blt address
slze of the DEC~20 llmite Lte virtual address spoce to o
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wize much too small for thie purpose, This makes necessary
the use of the datobase for temporary storage as described.
The delay time in accessing secoendary storoge cannoet be
ovolded since Lt i8 required by the virtuval mwmesmory faults,
as well o8 by database operatlons, The overhead of
converting the paelygens to o form suitable for storage In
the databose dnd then theler reconstruction upon their
ratrieval Ls noet required LFf  the virtual memory address

gpace is sufflclently large. Iv is estlmated that the
gpace required le Ln excess of 146 milllon bytes to handle
chip designe of wignlficant slze., This indlcates that a

machineg having o 32 bit virtual address would be desirable
for doing poelpgon wmanipulations of this wmagnitude. The
estimated performance lmprovemant realized by such 1}
mach Lne L approximetely o foctor of  two, The ¢ore
important beneflit of such o large virtual address spoce  Ls
in  the reduction In complexity of the program and in
reduced program development time. In general, the burden of
managling secondary storage introduces excessive delays ond
grrorg upon the programear. This responsibility should
fall to the operating svetes and the smechlne hardware and
" be made transparent to the application programesr.

6.2 fdnalysls Data

The performance difficulties assoclated wlth the progrom
prevent Lt from being vused to guther daota from a gizable
degign. It was hoped that the datae weuld be useful in
characterizing the raqularized deslign style., It appears
that these dasigns achleve shorter average connection
length and a hilgher function denslty thaen are normally
possible with conventional techniques., A cursoery Llook a
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such designes reveals that there are few areas occupled by
wirew alone, there are usually devices and loglc functiens
inplemented under them, usilng the wires in some manner,
“leo, groups of wires rarely make expenslve prlight angle
tuerng  os  Le common In the "roandom' designs, These factors
ghould leod to statistics which shoew the regulacrlized design
to have g higher percentage of Lts areq occupled by devices
Cand/or subsymbols), and a lesser damount used For wiring
than  cenventional chips. In additlon, since the bBus wires
of regular designe are carefully planned to flow through
the logic functlons In on efficient manner, Lt should be
expected that the aymbols of the reguloar design wlll have a
Mighar percentuage of their wires be glebal rather than
local,

All  of these observations should be verlflable through the
veg of this wiring analysis program. The statristics of one
or wmare regulorized designsg could be computed and compared
with those of typilcal custom IC designs. The prograom Ls
capalbile af providing this data, howaver, without
improvement in the efficiency of the algorithms and the
gpeed and storage capabillties of the host machine, the
egxtraction of the data is much too expensive.

A& key aspect of ‘the wiring analysle is lte distvinction
between global and local wiring gtructures, It is
necessary that a number of deslgne be analyzed to check
that the heuristics developed for the proegram Mo ke
acceptable decisions betwsen these twoe types of wire,
Several definitions other than the one used here for global
wire could be uvused., Une other interesting definition would
perclt whires to be both global and local. This ollows the
“double duty" of eome wWiring etructures to be measured
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whare o wire satisfies o local coennectlon requiremant as
well a8 globoal wiring demand. Analyeles of reqularized
designg shouvld show o larger percentoge of wire aqcting os
Beth glebal and lecal +thon should conventional designs.
Such o study must awalt wsoelutiens to the performance
difficulrties listed abova.
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Chapter VLI

Conclusions

7.4 Factors Influenclng Polygon Manipulations

One of +the couses for the excessive execution time of the
wiring analysld progras is the generallty of the polygoen
operations. The extenmion of polygoens te include circular
arce, nen—orthoegonal edges and holes all incragse the cost
of palygon wmanipulations, Existing 10 designs show qulte
definltely that noen-orthogonol edges must be auailable, It
Llg llkewisg clear that enclosed areas of cartaln masks must
include holew, this is most easily seen Iin thae dlffusion
layer., Mowever, Lt L8 not clear thot circular arcs dre
necewsary for the purposes of thls program nor necessary
feor design rule checking,

#1 the present time IC madks are vusually produced by the
exposure of rectangular aoreas of o photographic material,
Thus, the deslgner’s speciflicotion of the artwork cannoet
contaln shapes which are noet decomposable into rectangles,
Even gtralght Lline polygons having concave veartices or
acute angles can be difficult to decompose to rectangles.
The only consideration given te circular arcs comes with
inflatlion and deflation of the shapes, The degirable
property thot circular arce proevide Ls a wmore accuyrate
trectment of corner to corner dligtances ln deslgn rele
checking, ancther property thot circular arce provide not
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usually present ln stradight line polygon packages is
gymmetry between the inflation and deflation operations,
The ability of o pockoage to inflote o polygon by dome
amount dnd subsequently deflate Lt by the same amount
resulting in  the origlnal polygon can be provided in
witralght line packages, It dogs net appear that thls
ability le necessary slnce Lln design rule checking and in
thie wiring analyels progrom, polygons are inflated or
deflated, uvsed Ln a logical operation and thean thrown away,
It is rare thot the abillty to expand or shrink o polygon
bock to Lte originol shape is needed.

Wiring analysis, unlike deslgn rule checking, ¢ not
concerned with the preclise measuremant of corner to corner
digtances. Furthermore, the generation of circular arcs at
the vertices of o sheet being influted doubles the number
of ecdges and vertices of the sheet, It ils this effect that
Incure wmouwt of the cost of moalntaining this generality.
This increcse in the number of aedges and vertices results
in much longar run  tlwes In  the selfintergection of
polygons using algorithms thot are, at best, N lag N. Since
the propertles of clirculor orcs are not raquired and more
than double the execution time of the program, thay should
be ramoved Ffrom the polygoen pockage uvsed in the wirling
unalysis program,

7.2 Desirable Rastrictlionsg in the Speciflcation of Artwork

Much of the getleity of the wirlng onolysle program is
invelved in the recognltion of structural elements of the
circuit which have a one to ehe coerrespondence with
physical elemants. The transisters and layer to layer
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contacts are among these, The required use of gpeclal CIF
constructs o particuler symbols for specifylng transistors

ond contacts would sove much effort in the wiring analysis.

If transisters were spacifled explicitly in the CIF, ne
recognition procedure woeuld hove to be performed. The
devices and wires would be separated from the start. Thare
ig then ne confusion pessible in extrocting ona frem the
other or in deterwining the connections to the devices.
The designer would then be required to identify all the
tronslsters rathar that meraely lay polyslllcoen over
diffusien. MNo doubt deslgh rule checking would be much
witplified alac.

The exclusive use of wymbols to epecify transistors should
be extendad to prohiblt the generation of devices by the
ovaerlapping of one symbol with another, In  the current
usage of CIF, designers are permitted to form transistors
by allowlng the polysilicon of one a@ymbol <o overlap the
diffusion of another symbol. The automotic detectlon dand
checking of such gpurlious devices is o burden to dasign
aldes. The requiremant thot all translstors be instonces of
speclific symbole and that pely and diffusion do not
gtherwise cross, will help wminimize the complexity of
wiring analysls and design rulg checking programs.

Similar benefite are to be had if the designer identifies
those polntg on the intercoennection layers where external
cennactions are Yo be made, This information woeuld remceve
rmuch of the ambiguity inherent In the heaurlstic methods and
would greatly reduce the time required T& gxtract the
circult toepology. In addition, it would ald design rule
check lng prograns by defining all legal places for
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interaction betwean s#ymboles.

The current usage of CIF at Coltech includes the practice
of using praedefined symbole to place contacts betwesn
layers. Lf thie practice were required, the wiring
analysis program ceuld take advantage of Lt in  twe waps.
Firet, Lf these connections are represanted as a peint
rather than the uvsual rectangles, the tedat Ffor possible
conpnectlion between wires on twe different layere is reduced
to determining Lf the contact point Ls enclosed by both
wires . gecond, L¥f the rectangulor shapes of metal, poly
and diffueslon that moke up propsr centacts are not marged
inte  the other wires and shapegs of the speboel, a lurge
reduction cuan be mode it the number of edges in the symbol.
This would inprove the run tine af the program
dramatically.

The restrictions wsuggested here In  the specification of
artwerk go beyond the intent of CIF, CIF has been designed
te bae Lndependant of the process or technology for which
the artwork e being specifled. The constructlon of
translstors and contocts cannet be standardized batwesn the
varlous MOS processes or with bipoelar technologles., It ls
degiroble that CIF remoin bndependent ahd not  become
anything but artwerk specification. The use of ogreed upon
aymbols, porticular teo a glven process, for translstere and
For contocts would provide the needad gtructural
inforsation without wvilelating the intent of CIF., & get of
guch wymbols for each proecess would alse persit the
designer to¢ move a design between similar processes by
usinhg the proper set of standard symboel definltions.
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7.3 The Requirement for Wiring Analyels

The motivation behind analyzing the wiring of IC's changes
with the design style and the degree of automatlon usmed in
the deslgn procesas., In the case of magter slice dewsigne, as
with printed clrcuit cards, a particular function is made
to fit a fixed size physlical space. The wselection of the
gpacea (board wlze, number of layers, master dlice
dimensgions and imoge, ate.) is done to optimize the oausber
of chips (or boards) and thelr cost to levplement BomMme range
of Functions. LG designs with a higher degrese of
customizatlen are not restricted to a particular size die
er a fixed sat of pin connectloens or logle elements., The
two factors (of Lnterest here) that measure the design of o
custom chip are the final dimensions of 1the dle and the
time prequired to design and debug Lt. Thus the wiring
analysie of custom IC’s must provide o tool that will serve
to reduce the overall slze of the die.

Two typas of custom LU design are contrasted bere. The
conventlonal method lInvelves <the deslgn and placemeant of
nuemerocus cells which are than intercennected, ugually
automatically, te Ffoerm o  lhigher level function.,  The
pelyprell approoch does exactly this but with only one level
of wubcells. The general custom chip wmoy hove sevaral
higrarchiol levels but Moy be placed and routed by  bhand
because few tools exist for automatically assembling
arblitrary IC degigns. It is easy to¢ lmagine higrarchial
bex packing, placemant and routing for dewsigng of this
nature, To¢ insure that deslgns are assembled and
interconnected uwing near minimum area, cost functlons and
wiring models are required which allecate chip resources
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during chip assesmbly in o way that winimlzes the overall
die wize., The wirlng analywis pregram cun provide data on
which 1o boase assembly and plocesmant algorithes and a means
by whtlch they can be evaluated.

" The other type of custom design ie the reqularized style of
Mead and Conwayl2l., The Bristle Blocks program [41 ia the
epltome of the type of design performed autematically for a
class of sequantiel machine architectures. This prototype
silicon compliler ls caopable of generoting wosk gaometry
from o sihgle sheet descriprion of the deslred machine and
a library of proecedurized cells. Ag o general rule the
execution of the Briwtle Blocks program toe completely
design o chip ls less than the time required to parfors the
wiring analysis upoen it C(using simdilar machines and
programming languages), Neg placemant or routing is
performed by Bristle Blocks In the conventienal way. The
everall interconnectlen strategy is dlctated by the busg
architecture and the user spaclflcation. It is oapparent
that if such deslgn systems do noet require wiring models to
ingsure good placement and routing oalgorithms and Lf the
tima required to completely deslgn the chip is less than o
month, the need for some of the warea estimates and cost
functions provided by the data extracted by a wiring
analysis program may disappear. However, 1f the cost of
abtaining the wiring data can be raeduced to a polnt where
it remains lews that then cost of the design, then the
gxtraction of wiring data will remain attractive.

One method of reducing these costs would be teo integrate
the computation of wirlng statistics inte the sillicon
compller, A8 Lt executes, genarating the geometry of the
design, it could olse compute global and local wire lengthg
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and oll the necegwary and Interesting gquantities invoelved.
If these computations are bullt in, they become very much
cheaper to provide. This ie dug primarily to the existence
of topoloegical information within the silicaon compller.
Once the geometry is produced much of the topology of the
deslgn I8 lest or hidden and a large amount of computation
ig raquired to extract it.

Beth types of custom deslgh can be expaected to be used in
the Future. A& ellicon compiler such as Bristle Blocks wmay
provide an  eosy Means of oaurematlcally designing o wide
vardiety of I0's but will nevertheless be unsatisfactoery for
BoME purposes. In these cases designeg can be expected to
utillize conventional design automation tools, This second
type requlires the fesdback of wiring data to develop and
tunne Lte algorithes. Both types of deslgn can be evaluated
by the extraction of wiring data.

s with design rule checking, the extroctlon of wirling data
e o type of revearse enginesring applled te the geomatry,
It endenvors to reconstruct the toepology of the deslgn and
te wome axtent recraate the designer’s thought processges.
The genaration of this type of dota i¢ many times ambiguous
and sub ject to many exceptions, There appears to be g
fundamaental difficulty ossociotaed whth the autoematlc
gengration of dota acrose any twoe of the three description
domuing: physlical, structural and behavierel., The usual
purpose bebind reverse englnheering designg Lé to provide
verificatlon of correctness. Such progroms are  usually
very expensive to use and the author’s program Ls ne
excaption., (ne additional coencluslon Le suggested by the
gcohomlices of CAD syatems., That L, rather than attempt to
exhaugtively check and analyze designs, parhaps More
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emphastle should be ploced on design tools that generate
correct deslgng by congtruction, This le a desirable goal
et Lt is alse ena that is very difficult te attaln. Large
programs of  any type apre notorloeusly bug riddan,
particularly in theler introductory perioeds. Many are nhever
made error free. Thls prepenslty for progromming errors g
1 serloud wmatter Ltgelf and It Introduces yet another
source of errore, that is, manuval intervention,

Whether or not design toole have genarated errors, Lt is
difficult te prevent, or te prevent the occcaslonal need
for, monual wmodlflcation of the geometry of o design, If
this 1ls ever done to o design, any prlior assurances of
correctness are worthless and the new geometry must be
checked and analyzed., Even wminor, local changes ta  the
geormetry can cause major pertubations,. These are analogous
to the binary potches made te oparating dystems bypassing
all of the checking performed by compllere (or t¢ o legser
extent by cssemblare). It can be considered axiematlc that
guch low level modiflcatlons of o complex system are never
svccewsful over the 1ife of the systam.

& mathod which provides checking and analysls but avelds
reveras englneering of designs la ta incoerporate
incremental checks and stotlstice computations within the
design tools, Rather than run checking and analysis
programs  on the output of deslign systems the checking and
unalysie wshoeuld be integroted into the programs which
generate the geometry. There are tTwo reasons why this
reduces the cogt of checking and anglyzing geomatery.,
First, the checking and analysls Ffunctions are made
higrarchial and incremental merely because they ara
execyted in cennjunction with design toeols which are
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Lnherently bhierarchial and incresental, Second, vaatly
mere information Le available 1o checking and analysis
functlonsg from Inside thase design toels than is found in
the gaometry. Topology, behavior and to some extent the
ktntent of the designer moy be oaccessible to the checking
and analysis procedures. This eliminctes the need for the
greatest part of the computations associnted with checking
and analysls programs. In addltion, the accuracy of these
programs Le improved since the errors, exceptlions and
assumptlions oassccioted with the extraction of the taepology
or designer intent ore olsoe eliminnted, With lower Cogts
and  improeved occuracy, such geomgtric analysis programs
become very attractive tools,
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Appendix I

A Bkeletal Specification of a Simula Polygon Package
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!
b THIS I8 A BKELETAL BPECIFICATION FOR & POLYGOM PACKAGE
'

! Bick Lang 6/7%
OPTIONS( /el

R Eiiniiatisiezettiiitintitisitiiodestitiitisssitegiteiitis:dy
| This is CLABS Plegns, 1]
{ Externals things, displa and views ure necessary aleny ¥;
b owith their sun particelor externsls (listed below). L {1
[Ridisitiiiiiritrstdiistitietitisdirtttattinetetiabeitreised]
EXTERNAL CLASS Things,Displa,Views;

EXTERNAL INTEGER PROCEDURE hash,imax,imin,xwd,lnet,lor,lond;
EXTERNAL REAL PROCEDURE rmin,rmax)

EXTERNAL TEXT PROCEDURE upcase,getiten,frentstrip,Conc,initen;
EXTERNAL BOOLEAN PROCEDURE jsys}

EXTERMAL CHARACTER PROCEDURE getch

EXTERMAL PROCEDURE enterdebug,sleep,qukout;

Views CLASSE Plygns)
BEGIN

Thing CLASS Pelygen;
th polygen is o set of zero or mere sheets.

I5heets are erdered sets of directed edges which enclose some
ltwe-dinensisnal areq, The substance of u sheet is assomed te

tbe to the left of the edge (when facing in its direction}
VIRTUAL:

PROCEDURE Print,Plet;

INTEGER PROCEDURE Wrap;

REAL PROCEBURE Areq,Perimeter;

REF(pelygen) PROCEDURE Clean,Xfors,Lopy,Inflate, Inverted,Clippediy,

Deflate,Conbline;
REF(peint) PROCEDURE Centroid)
BOOLEAM PROCEDURE Overlops;

BEGIN

W e S

- -

REF {pelygon} PROCEDURE TakeVecterAsSheet{v)} REF(verteriv;

IThis procedere takes o vecter (kee things.sim for definition)
lef points (also in things.sia) vsew them in sequence W

]
L
.
¥

ipenerate @ new sheet and pet it in the set of cheets of this pelygen.;
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iThis pelygon is returned and v is not madified. Sheets

lentered in this mwanner are regeired to be well-ferwed
t{nen-gelfinterseting,

IThere is an assemed edge between the lust vertex of the vecter
land the first vertex. ALL edges Lmplied by the vecter of puints
lare assemed to be straight lines.

BEGIN

END of TokeVectorAsSheet}

REF{paiggen) FROCEDURE Combine{p); NAKE p; REF(pelygenlp}
IThis precedere takes all the sheets of p und ossigns thes te
Ithit pelygon ond returnt this pelyges. P gets NONE.

BEGIN

END of Conbine}

REF(rectangle) PROCEDURE Mbbi

IThis procedure retorns the mininua bevnding bex of this pelygen.
BEGIN

EXD of Hbb}

PROCEDURE Plot{device); REF(plotter)device}

'This precedure plots this polygen on the given platter,
{0ther parameters moy be desirable to provide for varisus
Itypes of plets and sptiens. Views.sin and Displa.sinm
lcentain precedures fer manipulating veriows devices.
BEGIN

END of Plet}

PROCEDURE Print(eutf); REF(outfileloutt;

{This procedure prints all the sheets of this pelygos In
fany suitable form.

BEGIN

END of Print}

REF(polygon) PROCEDURE Capy,
IThis precedure generates und returns o pew copy of this
lpolygen,
BEGIN
REF (sheet)s)
REFipelygenip}
pi~NEW pelygen;
FOR gi-nextsheet(s) WHILE o=/=NONE DO p.TokePolyqon{s.Copy}y
Lopy:-ps
END of Copy;

REF{pelygen) PROCEDURE ClippedBytben)| REF{rectangledbox}
IThis prscedore nedifies this pelygon and returns it ofter
tintersecting it with the bex paraater,
BERIN
REF (sheet)s)
FOR gi-nextsheetic) WHILE ge/=HONE DO s.ClippedBy(bex);
ClippedBy:~THIE polyqen)

"~ L.

N
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END of ClippedBy;

INTEGER PROCEDURE NumBheets)

{This procedere returns the integer number of sheets belonging
te this pelygen.

BEGIN

END of HemSheets}

REFisheet) PROCEDURE NextSheet(s)} NAME ) REF(sheat)s;
IThis precedure provides access to the sheets of o pelygen,
HIF S==NOME then this procedwre reterns the first cheast

lof this pelygen, Otherwise it returns the sheet follewing

b 8. If ne more sheets remain, HOME is returned, Ne ordering
lof sheets is inplied,

BEGIN

END of NextBheet;

INTEGER PROCEDURE Wrap(pt); REF(peintipy}
{Thig precedure returss an integer which is the absolute
twrop nesber of all the sheets of this pelygen about the

Ipoint pr. If pt is on on edge of o sheet the result is endefined,

BEGIN
REF(sheetis;
INTEBER w;
FOR si-nextsheetis) BHILE s=/=HONE DO wizwes.wrop)
Wrapi=wy
END of Hrop;

REAL PROCEDURE Area;
IThis precedure reterns the net aren of this polygen,
BECIH )
REAL o
REF{sheet)s;
FOR &:-nextsheet{s) WHILE g=/=NONE DO ni=q+s.Areq}
Areai=a;
END of Area)

REA. PROCEDURE Perimeter)

{This precedore reterns the tetal perineter of this pelygen
Hthe sum of the perimeters of oll the sheets!),

BEGIN

REAL p;
REF (sheet)s)
FOR s:-nextsheet(s) WHILE s=/<HONE DO pi=pts.perineter}
Perimeterisp;
END of Perimeter;

REF{peint) PROCEDURE Centrold;

IThis procedere returns a point which is the centroid of
tthis pelygen,

BEGIN

ENB of Centroid)

-
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REF(pelygen) PROCEDIRE Xfurm(tr); REF(tronsfora)tr}
IGiven g transfora {defined in things.5im) this precedere
tupplies the transferaation to this pelpgen, modifying it and
Ireterning it.
BEGIN
REF (sheet)s)
FOR si-nextsheet(s) WHILE g=/=NONE DO s.Xfornltr)}
$fora:~THIS pelygen;
END of Xforn;

v -

REF (sheat) PROCEDURE ExtrociBbeet(s)) REF (sheetls)

IThis procedere remeves sheet 5 fron this pelygen asd retwrns |
bit. #n error reselts if & dees not belong te this polpgen. |
BEGIN

END f ExtractSheet)

REF{pelygen) PROCEDURE Selflntersect;

IThis precedure examines this pslygen ond nedifies it as Follows:
INew vertices are added to sheets wherever am edge of wne sheet
lintersects an edge of itself or another sheet of this pelygen.
{The new vertices are redendant ond de net offect the shape or

testline of the pelygen. This pelygen is reterned,
BEGIN
END of Selfintersect)

REF{pelygon} PRUCEDURE Retrace}

IThis procedure medifies this polygon by reessigning the edges of
Ithe polygen between its sheets, The reselting set of sheets
lare non-sverlapping bet sy be ceiscident at o peint op edge.
1That is, edges of one sheet may net cress ether edges, either
{its own or these of other sheets. Note that again neither the
Ighape or eutline of the polygon is affected by this operation
lAlse, the direction asseciated with edges it not affected
lpreserving the same wrap pusber of all pelnts with respect to
1this pelygen,

BEGIN

END of Retrace;

REFipalygen) PROCEDIRE Clean}
IThis precedvre cleans each sheet of this pelygen in turn.
11t remeves all redwndant vertices and edges and effectively
fundees what Selflntersect does.
BEGIN
REF {gheet)s;
FOR st-nextsheetis) WHILE s=/<HONE DU &.Clean}
Clean:~THIS polygen;
EMD of Clean;

REF{polygon) PROCEBURE Inverted}
IThis precedure reverses the direction of all edges of all sheets
tin this pelpgen (thus modifying it). This effectively turng

L A
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— -
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theles [nte subbtonce and substance inte holes.
BEGIN
REF{sheetis)
FOR g:-nextsheet{s) WHILE s=/=NOME DD &.lnverted;
Inverted:-THIS polygen;
END of Inverted;

REF{pelygen) PROCEDURE Union(p); RAME p: REF{pelygenip;

{This precedure finds the logical vnion of this pelygen and P,
IF is destreyed and this palygen becemes the unien uf the tws,
[This pelpgen is reterned and P gets NOKE,

BEGIN

END of Unien

REF(pelygon) PROCEDURE Intersect(p); NAME py REF(palygenip}
IThis precedwre finds the intersectisn of this pelygen and
tF. P is destroyed end P gets NONE, This pelygen becomes the
tintersection of the twe and it reterned.

BEGIN

END of Intersect}

REF{pelygen) PROCEDURE Exclusivelr(pl; NAME p; REF (pelygenip}
IThis precedure finds the exclusive or of this polygen and p
lthis is equivaleat to!

}

U pi.copy.intersect(p2.copy inverted).union (p2. intarsectipli))
i

thgain, p is destrayed and gets MONE, and this poelygen is
Inodified te contain the reselt that is reterned,

BEGIN

END of Exclusivelr;

REF(pelygon) PROCEDURE Sebtractip); NME p) REF(pelpgenip;
lthis precedwre finds the difference of this polygen and p
b it it equivalent tot

|

| pi.intersect{p2. inverted)

!

lhgain, p is destroyed ond gets MONE, and this polygoen is
Inodified to contain the reselt that is retursed.

BEGIN

END of Subtract)

REF(pelpgon) PROCEDURE ExtractMatching(p); REF(pelygenip;

IThis precedure finds these sheets of this pelygen which
toverlap these of p. These sheets are extracted from this
Ipelygon and o new pelygon it created from them and reterned.

1P is not medified by this precedure and this pelygen is changed

tonly te the extent of the extraction of the matching sheets.
BEGIH

END of Extractiutching)

o W
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BODLEAN PROCEDURE Ouerlopsip); REF(pulygenip;

| This procedure reterns tree if this pelyqen tesches, or
! sverlaps, or encleses, or is enclesed by p. Neither

| this pelygen or p is modified by this procedere.

| Enclesed means in u cestercleckeise mumner here.

BEGIH

END;

REF (pelygon) PROCEDURE Extractbrappinglpt) ) REF(peintipt}
IThis precedsre removes all sheets uf this polygon which
lwrap the peint pt with o sen-zers wrgp number. The sheets
iselected are pot inte u sew pelpgen and it Is this pelpgen that
treturped.
BEGIN

REF(shest)s)

REF(pelygenip;

pi-NEW palygen;

FOR 5:-npexvsheet{s) WHILE 5=/=NOME DO

IF s.wrap{pt)\=0 THEN p,TakePolpgen(Extroctbheet(s}};

Extractiirapping:-p;
ERD sf ExtroctWrapping;

REF(pelygen} PROCEDURE Extractheles;

IThis precedere rensves fron this polygen und returns o5 0 new
Ipolygen, ull sheets of this pelygen which enclese an aree ln o
itleckuise directien. This is characterized by the wrep nunber
lof points within the sheet being lower than that of peints
foutside the sheet with respect to all the other sheets of this
ipolygen, This eperation only has meaning if the sheets are all
lwell formed (celfintersection and retracing hes be donel.

BEGIN

END of Extracteles)

REF(pelygon) PROCEDURE Trim{w); INTEGER w;

IThis procedore finds these sheets whichk enclese points
thaving a wap ausher greater than or egeal te w.

{These sheets are returned as a new pelygen.

I This polygen in destroyed and replaced by the new one.
Sheets which eaclose peints with o wrop nesber greater
ithan v vhich themselves are enclesed by sheets wropping w
iare excleded,

BEGIN

END of Trin}

REF (pelygon) PROCEDURE Influte(size)} REAL size;
IThis procedore medifies and returns this polygen ufter
inflating each of its sheets by "size® (or defluting if sire is
inegative). This may or may net generate circular edges
idepending sn the eptien flags,
BEGIH

KEF(sheetls}

FOR si~nextsheet(s) WHILE s=/=KONE DO s.Influte(sizel}

D A
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EdD of Inflate)

REF{pelygon) PROCEDURE Deflatelsize); REAL sire}

IThis precedore only provides selfdecumentation by culling i
tinflate with u negative porometer, H
BEGIM

REF(gheet)s}

FOR st-nextsheet{s) WHILE g=/cNONE DO s.Inflatel-slzel;
END of Deflate;

END of CLASS polygen}

pelygen CLASS sheet}

|Bheets are erdered sets of edges (and/er vertices).

IThe set nust enclose seme areq o areds ene of Aorg
ttines with a single continwews sequence of edges,

IThe "seat® of the sheet is assummed to be te the lefu of
ithe edges when facing in the direction of the edge.
BEGIH

T Bpr T S

REFirectongle) PROCEDURE Mbb|

1This precedure returns the minimn bending bex of }
lthis sheet. $
BEGIN '

END of Hbb;

PROCEDURE Printlewtf)) REF(outfile)outf;

IThis precedsre prints the centents of this sheet is sone }
lsuitable form. }
BEGIN

END of Print}

PROCEDURE Plotldevite); REF(plotter idevice}
IThis procedure plots this sheet on the selected device

}
tparameters to this procedere may change te acronmedate i
ipletting eptiens. }
BEGIN

END of Plet;

REF (palygen) PROCEDURE Inflate(sizel; REAL wize)
IThis procedore noves every edge of this sheet to the right
iby emoent "size®. If mize is negative, the edges are
Inoved to the left. The directions ore with reference tb
Ithe direction of the edge. This sheet js modified ond returned
Has o pelygen).
BEGIN
Inflate:~THIS sheet}
END of Inflate}

P . I

REF(pelygen) PROCEDURE Deflate(sire); REAL slre}
IThis precedure merely calls Inflate with o negative porameter.
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Deflate:-Inflate(-gize};

REF(pelyqen) PROCEDURE Cepy;

{This procedere generates o new sheet which is o cepy of this

isheet and returns it es a polygen.
BEGIH

REF{gheet)s)

Lopyi-sg
END of Copy}

INTECER PROCEDURE Wrapipt)} REF(peintipt)

iThis procedere reterns the weap number of this sheet ubout pt.

BEGIN
END of Wrap)

REAL PROCEDURE Area;

IThis procedure conputes the signed area enclosed by this sheet,

tHoles are defined to have negative ared.
BEGTH
ENB of Areq;

REAL PROCEDURE Perimeter;

IThis precedvre reterns the sen of the length of all the
ledges of this sheet.

BEGIN

END of Perineter;

REF(point} PROCEDURE Centroid)

This precedore returas ¢ point which is the centreid of this sheet.

BEGIN
END of Centroid;

REF(pelygen) PROCEDURE Xforn(tr)) REF(transferaltr}

IThis procedere nodifies and returns this sheet (as ¢ pelpgon)

lafter applying te it transformatisn matrix tr.
BEGIN

Xferm:-THIS sheet}
D of XForm}

REF(pelygen) PROCEDURE Clean;
IThis procedere remsves all redundant vertices and edges
Hrem this sheet and returns it (us o palygen).
BEGINR
Llean:~THIS sheet)
END of Clean;

REF(polygen) PROCEDURE Inverted)
tThis procedure reverses the order and direction of all
tedges and vertices of the sheet. This sheet is medified
land returned.
BEGIN

Inverted:-THIG sheet}

'
¥
'
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EHD of Inverted}

BOOLEAN PROCEDURE Overleps(p); REF(polygenlp)

I This procedure returns true I this pelpgen tueches, er
i sverlaps, or encleses, o is enclosed by p. Nelther

i this pelpgon or p is modified by this preceders.

t Enclosed means in o countercleckwise manner here,
BEGIN

END}
REF (palygen) PROCEDURE ClippedBylbox); REF{rectanglelber
IThis procedure repleces this sheet with the istersection
tof this sheet ond bex and returns itself,
BEGIN
END of Clippedby;
REF (pelygon) PROCEDURE Combinelp)) REF{{pslygenip}
t This precedure takes all the sheets of p and attaches them
} te a new pelygen made wsing this ene eheet, This pelygen
! is returned and p becemes an espty polygen.
BEGIN
END of Combine;
ERD of CLASS sheets)
tOption and Troce functions and procedures;
REAL tol} ltolerance for gesmetric operatiens;
BOGLEAN circles) tbeelean te indicate if circular arcs)

lare te he generated;
BOOLEAN ARKAY debuglit?l} tether flage far trace purpeses (TBD);

REF (pflagsiPolygonFlogs; tebject to manipulate flogs;

thing CLASS pflogs)

th simple-ninded object for the setting and clearing of pelygen
Ipackage sption and frace flags.

BEGIN

——

PROCEDURE TernOnCircles)
circlesi=TRUE}

PROCEDURE TurnOffCircles)
circlesi=FALSE;

PROCEDURE Teleronce(sirel; REAL slze}
tel ivgire

PROCEDURE DebuqOn(n}; INTEGER
debuglnli=TRUE;

— e v

-

.
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PROCEDURE DebugOffin}; INTEGER n;
debugin]:=FALSE;

END of pFlags}
Hnit Cede for the Polygens Bleck;
PolygenFlugs:-NEW pflogs;

EHD of Flygns Block;
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OPTIDNG(/e)

Fseiiitesttiiatiestiastetiodidretiatifaidisaiteitadstiitsl
! }
! This i6 cless SYH which sses: H
| things,displa,views,plygns,plyrdp. _
! i
§ This implements a closs wbject which bag 4
! the geometric und structerel attribetes of 3
i of loyeut symbol, GSYNBOLs get their dote }
| fron o relationsl datobase file that can be i
| node wsing CIFY, Also, the pelygonal data !
| and ether steff inside the symbol may be -
| stered sn disk in temporary relotisnal datebose |
t files and leter retrieved permitting better |
} nenory wtilization, f
! ;
} Dick Lang 6/79 4
Fiitediseidestbigigitherbitetisediidiidiridtiidtitidiisid

EXTERNAL CLASS Things,Displa,Views,Plygns,Plyrdp;

IThings, Displa and Views externcls (these not used by REP),
EXTERMAL INTEGER PROCEDURE hash,imax,imin}

EXTERNAL REAL PROCEDURE rain,rmax}

EXTERNAL TEXT PROCEDURE wpcase,getitem,frontstrlip conc,inites;
EXTERNAL. CHARACTER PROCEDURE getch)

EXTERNAL PROCEDURE enterdebug,sleep,quksut)

IRDF externals}

EXTERNAL PROCEDURE tinp, tinsertsert, tmeve, tpmeve, tout,
teting, titest)

EXTERNAL BODLEAN PROCEDURE jsys, teq, tlt, tpeq;

EXTERMAL INTEGER PROCEDURE aaddr, getf, leaddress, lond, left, laot, ler,
shift, lxer, realashite, right, setf, toddr,
tpartition, tpyer, teire, xud}

EXTERNAL REAL  PROCEDURE bitwasreal}

{ Hew externals)
REAL PROCEDURE ronden}

(Betadstitiiissddtididneidisttiietdisibiitittttiotisittidstsiidy
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Plyrdp CLASS spm)

BEGIN
INTEGER pelyp,diffusion metal,cots,inplant betcen,gloss;
REF(relation)calls,polys, bekes wires,bbores;
REF(relatien)savepelys;
REF{dictionary)allsymbols)
REAL ARRAY spacing(is?), width (117}

thing CLASS instance(syn,tr}y REF(syabollsyn) REF(transformite;
| This object serves to allow subsymbels to be pet in vectors |
{ with o transformation, ;

¥
BEGIN END;

thing CLASS Bymbolisymbolnumber}; INTEGER sysbelnumber)
BEGIN
REF{palygon) ARRAY layerii1?), hell{iid)), xcontacts(iid},
localuire(isd), glebalwire(iid)}
REF(pelygon) annvles, ndevices, pdevices;
REF{vector) swbsymbols)
BUDLEAN empty, inwse,analyzed;
REF{rectanglelbb}

REF{synbol) PROCEDURE Store;
{ This procedere puts all of the data attributes of this |
| syabel inte the tempsrary database file.
| This symbel is reterned, bet is then empty.
BECIR
IF NOT empty THEN BEGIN
INTEGER poumber,i;

-

PROCEDURE putinrdbip); REF(pslygenip;
! This precedore pits o single pelygon inte }
I the databose,
BEGIN
IF p=/=NONE THEN BEGIN
REF (sheet)s;
REF(rlntuplelt;
INTECER sheetnusber  itemnumber)
ti-savepalys.prototuple)
sheetnunber 158}
t.setint({,synbolnumber) setint (2, pnonber )|
b Bet each sheet of the polygon}
FOR si-p.nextsheet(s) WHILE s=/=HONE DD BEGIN
REF{ringer)ites;
itemnumbert=l)
sheetnunber tssheethusberl)

—
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t.setint (¥, sheetnunber))

b Get each item of each sheet und put inte the rdb}
FOR ites:-s.next{iten) WHILE Ltews/=H(KE DO BEGIN

itennunber i=itennunber+l)
t.setint{4, itennunber})
INSPECT item

WHEN vertex D0

tsetint(S, L) e tflelh, k) metfle(?,y)
Setfle(B, .0

WHEH line DO

t.setint(5,2) setfltib,0) setflr(7,b)
' Betfir(B,c)

WHEN circle BO

tuetintls, 3} serflelb, x) e tfleld,p)

savepolys, taketople(t)]
ENb;
END;
END;
END of putinrdd}

| Take each pelygen belonging to this symbel ond
| pot it inet the databose ond set it te nene to

| permit the memery space to be freed.

FOR it={ BTEP { UNTIL 7 D0 BEGIM
putinrdb{layer{i)}} layer (L) 1~NONE}

END;

FOR i:=i STEP § UNTIL ¥ B0 BECIN
petinrdb(hell(i)}y hull{i} +-NONE}
petinrdb(xcontacts(ill) rcontacts(i):-NONE,

putinrdbiglebaluire(i}); globalwire(i):~NONE

petinedb(lecalwire{i})) localwirs(i);~HONE}
Eub;
putinrdblannvles);  onnelus:-NOME,
petinrdbindevices); ndevices:-NONE;
putinrdb{ddevices); ddevices:-NONE;

savepalys reset;
nasberstered:=nynberstoredti)

END;

Starer-THIE sysbel
enptyt-TRUE}
END of Store}

REF (synbel) PROCEDURE Retrieve;
{ This precedere restores the date te o spabel if it is
boenptp. If it 1s net empty, it does nothing.

BEGIN

IF empty THEW BEGIN

REF (relation)nppelys)

Setflt(B,el;

e S

o
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IKTEGER

N

REF(pulygon) PROCEDURE getnertpoly)

b This precedure gets this symbol's pext pelpgen
| and returns it as its valva, The pelygen nunber |
I is retorned in n. H

BEGIN

REF (palyqenlp;

REF{sheet)s;

REF(rlntuplein;

HO0LEAN mereforp)

INTEGER sheetnumber lostsheet,itentyps;
ti-sypelys.proteteple)

moreforp =TRUE;

lastsheet!=§;

pr-NEW pelygen;

! Leop through the tuples of this symbel;
WHILE mypelys.mere AND mereforp DO BEGIN
nypelys.giveteple(t);

! Test te see if pelygen n iE next}

WD}

IFt

END

END;

.getint{2)=n THEN BEGIN
L IF it is, then get u new sheet number;
sheetnosber:i=t,getint(}}}
IF lostsheet\=sheetnymber THEN BERIN

t IF it @ new sheet, put the lost ene inte}

! the polygen and start o new ene. J

IF lustsheet\=§ THEN p.combine(s);

5:-NEW sheet;

losteheeti=gheetnumber )
END;
{ Get the vertex,line or circle sst of the tuple
| and put in in the corrent sheet of the pulygen.;
itemtype:=t.getint(S)}
IF ltemtype=i THEM

5. take (NEW vertex{t,getfit(b),r.qet¥1t(2)}
ELSE IF itewtype=2 THEN

EB.take(NEW line{t.getf1t(k),t.qetfle(?),

t.getfleiB))

ELSE IF itemtype=3 THEN

&, take(NEW circle(t.getflt(6), v, getfle(D),

tigetflecB));

ELSE BEGIN
| 1€ this tuple is net one of n's then Increment
{ n, fall out of loop and back vp to previevs tople;
nient)
noreforp=FALSE )
nypolys .backspace;

getpextpslyi-p}
ERD of getnextpoly;



~ b4~

| Get gll the tuples saved for this spmbel.
nypelysicavepalys, ~proterelotion;
templatet-aypelys,protetuple setint (L, symbolnonber);

nypelys:-savepelys.extracttopleltenplate i)}
ni=ig

t Bet the palygons for eoch ysbel attribute}

FOR 1:=t STEP § UNTIL 7 DO layer(i)i-getnextpely;

FOR i:=f STEP § UNTIL 3 BO BEGIN
hull(i):-getnextpaly;
scontactsiili-getnextpely}
globalwire{i) ~getnextpoly}
locelwire(i}i-getnextpoly)

END;

annulesi-getnextpely;

ndevices:-getnextpoly}

ddevices:-getnextpaly}

| Release the temporary relation and check te gee if}
| some ather synbel sheuld be purged, }
rypelys.chatier)
nonberstered i=nenberstored-i}
inuse:=TRUE;
pessiblypurge}
Lnwse 1=FALSE )}
END}

Retrieve:-THIB synbsl}
enpty-FALSE;
END of Retrieve}

REF(rectangle) PROCEDURE Hbb)
| This procedere returns the Wininuw bevnding bex of this smﬂ.,
BEGIN
Mbb:~bb )
END of Mhb}

REF{synbel) PROCEDURE instantiate(s); REF{instancels}

| This procedere instantiotes oll geometry and subsynbols |
{ of symbol & inte this syabel. § mest be a peinter }
! te o syabol matching o peinter to o symbel in the }
| subsyabels vector of this syabel, If ss=NONE then }
| all the symbols in the subsysbels vecter are }
! instantiated. Only cepies of the data te be }
! instantiated ore vsed to aveid offecting anything bot )
| this sysbel. This synbel is eetorned. This it a ene |
| level instantigtien, that is, no sebsynbols of §
! sebsymbols ore instantlated, i
BEEIN

INTEGER length,i;
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BODLEAN ARRAY addition(ii7};

PROCEDURE bringinis)} REF (spmbelis;
t Bring in all the stuff of one sebeysbel
| but don’t use selfintersect o retrace,
BEGIN

INTEGER langth,i;

- ——

t Get all the subsywbals of subsyabel & ;
lengthi=s.sebsynbels length)
IF length\=§ THEN FOR i:=i BTEPF i UNTIL length DO BEGIN
REF{instance)inst)
issti-5, subsymbols.val (i) QUA instance}
newinst:-NEW instance;
newinst. gy -ingt sym;
newinst tri-g.tr.concatematelinst. tr}}

sebsyshels . append (newinst BUA thing))
ENB;

| Get the shopes in each layer of sebspabel s and

! tronsfors u copy of them to be put inte this sysbol.

IF s.opm.enpty THEN 5.59n.retricve)

FOR i:=f BTEP § UNTIL 7 DO

IF s.5pm, layer{i)==NONE THEN BEGIH
layer(i).conbine(s.spn. loper(L). copy. xfornis. tr))}
addition{i}:=TRIE;

END;

END of bringin}

e -

length:=subsynhols.length;
oldsubs i -subsynbels)
pebsynbels-HEW vectar}
ineset=TRUE)

IF s==NOME THEN
| T 5 in NONE then instuntiote all the sebspmbols
FOR ii=f BYEP § UNTIL length DO
bringin{eldsebs, val(i) WA instance)
ELSE BEGIN
FOR ii=t STEP § UMTIL length IO
IF oldsebs,vallide=/=g THEN cebuzpmbol.uppend(eldsvbs . val(id};
bringin{s);
EMD;

FOR i:=i BTEP 4 UNTIL 7 DO
IF nddivien{i) THEN lager{i}.selfintersect.retrace.trin(i};

invse =FALSE}
Instentiatet~THIS symbel;
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END of Instontiate}

REF(synbol} PROCEDURE Collapsed;
t This procedure instontiates il levels wntll this spsbel |
t is deveid of cebsymbels and [& strictly geumetey, }
BEGIH
YHILE sebsymbals. length\=8 DO Instonticte (HOME};
Collapsed:~THIE symbel}

END of Collopsed;

PROCEDURE Flet; :
! This procedere plots oll the geonerty of this spabel
| and asks all its sebsyabels to do the some.
BEGIN
IMTEGER length,i}

-

IF enpty THEN retrieve}

FOR i1={ STEP { UNTIL 7 DO BEGIN
selecteolor(i)}
laper{i).ploty

END}

lengthicsebsynbels . length)
FOR i:=f STEF i UNTIL length B0
subsysbels.val{l) GUA symbel .plot}

END of Plety

REF(synbol) PROCEDURE Xform{tr)} REF(tronsforsltr}
| This procedore applies transformation tr te gll the
! pelygons ond instances of this symbel and returns
b this synbel.
BEGIN
INTEGER ilength,;

e

IF enpty THEM retrieve}

| Apply the transferm to all the polpgens of the symbel;
FOR li=1 STEP § UNTIL 7 DO layer(i).Xfern{tr)}

FOR Qi=f BTEP § UNTIL 3 DO hell{i) . Xferaltr)}

FOR ir=f STEP § UNTIL 3 DD xcentacts (i) Xfernltr};
annvles, Xfernite))

ndevices Xfern{tr)}

ddevices, Xfera(trd)

| Apply tr to each instance ef o sebsymbel;
lengthi=gubsynbels . lengthy
FOR it=i BTEP { UNTIL length DO BEGIN



-4§7-

REF {instonce) ingt)

inst:-sebsyubels.val (L) QUA instunce;

inst, trr=inst. trocencatentate(te))
END}

Kfora:~THIS synbel}
EHD of Xforay

t Init code for symbels, Get the etuff of the synbel from |
| the relations of the the LIF database. }
BEGIN

REF (relation)nycalls,nypelys mybexes, nyuires, nybbox;

REFirIntuple)call poly,bey,uire  template bbox)

REF (vector )y

INTEGER ob jectnember ,currentloyer ,correntuidth,i)

empy (=TRUE)

| First get the subsymbels.
tesplate:~calls.prototuple.setint(i syo&elamer),
nycallsi-calls.copyevttuple{tenplate,i);
nycalls.reset;
talli-nycalls.prototople;
subsymbels:-NEW vecter)
WHILE mycalls.mere DO BEGIN
REF(transferaite;
INTEGER snwn;
REF (spnbel)syny
nycalls,givetoplelcalll)
tri~NEW transforn(NONE) L
trotifiecall getfledd);
te, ti2izcall getfltid)}
tr. t2i1=call.getflt{S);
tr 1221=call.getfit(6))
tr teiecall. getfle(7))
tr.tyiccall.getflriB)
t Bet the sebsyebel number and tryp te find Lt in the dictionary)
snum=call.getint{2}}
symt-findindict (snum)}
I If It is net found get the symbol and put in in}
IF syw==NONE THEN BEGIN syni-NEW synbol{snun};
inst:-NEW instancelsym,tr)]
sehsynbels.append(inst QUA thing)}
END;
sycalls,shatter)

-

t Put default polygons in ull the luyers;
FOR iie} STEF & UNTIL 7 DO layer(L):~NEW pelpgen;

! Get the polygons,

templater-pelys.pretotuple,setint(l,spubelnumber);
Bypelpsi-pelys.copysuttuple(tenplate,i}}
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sypelys.reset)
pelyt-mypalys.protetuple;
b jectnenber =4}
WHILE nypelys, more DO BEGIN
rypelys.givetoplelpolyl}
IF sbjectnumber\=poly.getint(3) THEN BECIN
IF ob jectnusber\=§ THEN
lager (currentlayer), takevectorassheat (v)}
ob jectnunber :=pely.getint(3))
cerrentlayerispely.getint{2})
vi~HEW verter)
END}
v .append (NEW peint(paly .qet€14(5) pely . qetlft (b},
END}
IF objectnonber\=0 THEN
layer{currentlayer), takevectorassheet(v);
nypelys,chatter]

| Get all the wires;
templater-wires.pretotuple.setintll, symbolnunber);
nywires:-wires.copyosttopleltenplate, i}
Hywires,reset)
wiret-mywires.pretotuple)
ob jectnunber 124,
WHILE mywires.more DO BEGIN
rywires.givetupleluwire})
IF ob jectnenber\=wire getint(4) THEN BEGIN
IF ob jectnonber\=0 THEN :
layer(correntlayer) . takevectorassheet
{uireaspely(e,correntuidthl})
ob jectnumber t=uire, getint {4}
currentlayert=uire getint(2)}
cerrentuidthi=wire gatflt(l)}
vi-HEM vector)
END;
v.oppend (HEW pointiwire.getflvib) wire.getlft(?i};
EHD;
IF objectnumber\=4 THEN
loyer{correntloyer ). takevectorassheet

(wireaspaly(v,cerrentuidthl}y
nywires.shatter)

| Bet the boxes)
tenplate:-hoxes.prototeple.setint (i, spmbolnunber})
nyboxes:-boves. copyouttupleltenplate,i}}
nyboses.reset}
boxi-nybexes.prototuple;
WHILE nywires.mert DO BEGIN

REAL dirx,diry}

REF{rectangledrect;

nybexes.givetuplelbor};

dirgisbok . getfltid))
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dirpiehex,getflt(S))
recti~NEW rectangle(MEW pointiber.gatéLt{7) box.getFLe(%}),
KEW pointibex,getFlt(b) box. getflt(B1))}
IF diry\=b AND dirx)e THEN
layer(bex.getint(2)} . tokevectorassheat{rect . usver}
ELSE BEGIN
REF (polygen)tenppoly}
REF(tronsfernltr;
tenppoly-HEN palygon;
tenppely, takevectorenssheat mct.&wac};
tri-NEW transforn(NONE);
tr.retatedby (NEW point(dirx,diryl)y
temppoly . xfornitr})y
loyer (box.getint{2})) .combine(tenppaly);
EHD;
ENDy
uybexes, shatter|

! Get this symboi’s beunding bex. |

tenplate!-bboxes.prototuple, sevint(i,syabolnunber);

nybbexes:~bboxes.copysuttoplel tenplate i)}

nybboges.reset}

bhexi-nybbexes.prototuple;

mybboxes.givetupleibbox)y

bht-NEW rectangle(HEW pointibbex . getf1t(3) bbox.getflt(8)},
HEW point{bbex.getflt(2) bbox getflt(4)});

i Check loading of memery te pussibly store symbel 4
| if necessary, Pot this symbel int the master list, |
putindict{synbelnenber, THIS cynbell)
possiblepurge;
enptry:=FALSE S

END of Init Code;

ENIF of CLASS spmbelg

REF (symbal) PROCEDURE FindInDict{symbelnumber)} INTEGER symbelnunber;
! This precedure leoks up the symbal nember in the master |
V dictienary, If found it returns o peinter te the symbel.;
b IF net, it returns HOME, 4
BERIN
REF (thing)tempualue)
TEXT syntat;
REF(string)synstr)

! Generate o string frem the upmbel number and leok it wp}
{ in the dictionary.}

spatxti<blonks{iily

syntxt.putint{synbelnanber);

symstri-NEW string(eyntxtl}



~486~

tenpyalvei-gllsynbols, Loskep({sprstr);
findindicti~ IF tempuul==NONE THEN NONE ELSE tempvalue QUA spmbel;
END of FindInDict}

FROCEDURE PutInDict{symbelnvmber syn); INTEGER symbolnunber
REF{synbal)syn;
| This procedere eaters o symhal number ond ite symbel inte the list.;
BEGIN

TEXT spmtst)

REF(string)epastr)

epatxti-blanks(ifly
syntxt,putintisysholnynber))
synstri-NEN stringlspntyt))
allsyabels . insertisymstr sy QUA thing);

EHD ef PutInDicy;

BOOLEAN PROCEDURE PossiblyPerge;
! This procedure examines the number of synbels in memory |
{and in wse. It may perge symbels iF necessary, }
EIf purged then TRUE will be returned uthermise FALSE, |
BEGIN

INTEGER length,possibles,l}

REF(thing)sym;

lengthi=allsymbels, length;
FOR i1=4 STEF § UNTIL length DO BEGIH
sym:-allsymbels. val (il
IF syn=/cNONE THEN BEGIN
IF NOT syn GUA symbol.enpty THEW possiblestepossiblestt;
END}
END;
IF possiblesi2S THEN BEGIN
WHILE MOT perged DD BEGIN
syn;~allsynbels. val{randonl .51, lengtht A7)}
IF syn=/=NONE THEN BEGIN
IF MOT syn QUA synbol.enpty AND
HOT sym QUA symbel, invse THEN BEGIK
syn QUA synbel .sture)
purged :=TRUE|
END;
END}
END;
possiblypurget=purqed;

¥
END of PosgiblyPurge;
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tInit cede for BYW,
I set urray index constants)
diffusion:=i} spocing(diffusion)i=d} width(diffusion) i@}

poalyi=g; spacingipoly) =2} widthipaly)=2;
petali=l; spacingimetal) =3 widthimetal) =)
Luts! =y width(cuts) =2
inplant =5} spacinglinglonthi=f Gy

barcenish)

glossi=7y

alisymbels:-NEW dictienary)

lget and epen the datebase file;

swttext(*Enter Database File Name: ®)} breakeutimage;

inimage;

eettext{IF dotabasefilelsysin,inege.strip) THEN *[ New® ELSE *[ Existing®)}
settextl® Database File ")) ocutinage}

| Get all the CIF relationsy
colls:-rln(*CIFsymbelcalls®)y
polys:~rin{*CIFpolygons®)}
bexest-rln{*CIFhyxes®);
wirest-rln{*CIFvires");

bboxest-rIn{ "CIFsymbelboundingbexes®)}

! Test for all relations needed present;
IF calls==NONE OR polys==NOME OR bexes==NONE R
wires==NONE OR bboxes==NONE THEN BEGIN
ostinage}
suttext(” ERROR: Cannot find CIF relations in dotabase file.")}
vetinage}
END ELSE

! Make o temporary relatisn in which tv store whole symbels.;

savepelysi~field("symbolnunber”) Field (*polygonnunber™)
«field("sheetnumber*) field("itemnunber *} Field(®itentype™}
Fleld("x-or-a*) . Field("y-sr-b*), field( "cpr-r*};

END of CLABS symy
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Appendix LIX

Sirvuln Program for Computing Wirlng Brtatistics
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BEGIN
Rteeitibitthiteastibetssstatintsirassdinitistttsiietiiif
!

{  Thie is WIRES, o pregram te extract wiring datg
| from mask gesmetry beuristicly, Mires uses
} Things,Views,Displa,Flygns, Plyrdp, und Byn.
|
i
|

L

——

: Dick Long 6/79 4
itttintceraieibistietertateitibittsiianteisisttiittissd]

EXTERNAL CLABS Things,Displa,Views,Plygns,Plyrdp,Spn}

IThings, Displa and Views externals (these net used by RDP);
EXTERMAL INTEGER PROCEDURE hash,isex,ininj

EXTERNAL REAL PROCEDURE ramin,rmay}

EXTERMAL TEXT PROCEBURE vprase,getiten,froststrip,conc,initen)
EXTERNAL CHARACTER PROCEDURE getch;

EXTERNAL PROCEDURE enterdebug,sleep,qukest;

IRDP externals

EXTERNAL PROCEMURE tinp, tinsertsert, tmave, tpmove, tout,
titing, titest;

EXTERNAL BOOLEAN PROCEDURE jsys, teq, tit, tpeq;

EXTERNAL INTEGER PROCEDURE eaddr, getf, ionddress, lond, left, lnet, ler,
1shift, lxer, realasbits, right, mﬁ taddr,
tpartition, tpxor, tsire, xwd)

EXTERMAL REAL  PROCEDURE bitsesreal}

| Gpm externals)
REAL PROCEDURE randong

heditiitetiitotetttdafitterctitibegsotivtostiiataisieitittesssfl
Syn BEGIN

RE2Li it e e tateilatotiinitatiettpintitnitiitiiis e

! i
v The procedures betbevices, Holls, Annelus, |
! and Separatelires {in the text of the t
| the thesis) weuld be placed here} {
!
|

i
1300802200 0tttitintiidedatiditinetititesitsgistidy
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PROCEDURE AnclyzeWires(spsbolnusber;
t This is o recersive procedure which will traverse the)

| hierarchy of syabels und perfors the hewrlstic {
! analysis on eoch of thenm, i
BEGIN

REF (synbelInysymbel |

INTEGER lenqth,i,ji

nysynbol:-findindict(symbolaunber);
IF mysynbol==NONE THER BEGIN
suttext(® ERROR: Cannet find spmbul number *)

sutint{synbolnumber i)}
putinage]
END
ELSE mm
| Hake sure the symbel is not ejected from nenery)
! while it is being worked on. i
IF mysynbul.enpty THEW myspmbel.retrieve)
nysymnbel . inuse=TRUE;
} This is where all the work is dene;
getdevices{nysynboll;
hulls(nysysbel)} | hells will recursively find |
anveles{nysymbel); t gil the sebhells. i
xcontactsinysynbol )y
separotewires(ngsynbel}}

| New conpute all the necessary numbers;
INSPECT mysymbel BEGIN
REAL totalarea,devarea ndevareq,ddevares,unisedareq,
cubsymaren, interareq, localareq,globalarea)
INTEGER npins,ndev,nndev,nddey|

PROCEDURE swtperareair,t}; VALUE t; TEXT t; REAL r}
} Print out r and r as o percentage of totel oras;
BEGIN

suttext{blanks(18});

suttext(t))

sutfixir 4,10}

suttext(blanks{10)}}

wtfixir/totalares,d,48)}

sutinage}
END of outperaren;

| Get device oreas and devites Ceunts)
ddevorea:=ddevices.areq}
ndevareai=ndevices.areq}
devarea;=ddevoreatndevaraal
nddev:i=ddevices.numsheets}
nndevi=ndevices. nunsheats;
nidevienddevtnndey)
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{ Bat the subsysbol areu)
lengthi=susbsynbels. length)
FOR 11=f STEP { UNTIL length DO BEGIN
REF(5ynbal)sebsyn|
subsyn:-subsymsbels. val(l} QUA instunce.upm)
IF subsyn.empty THEN subsym.retrieve;
FOR jr=f STEP § UNTIL 3 B0
subsynarent=subsymareatsubsyn. hull( i) erea;
END}

| Get the sther steff)
FOR it=1 BTEP i UNTIL J DO BEGIN
interareat=intergreatiayer{(i)
.copy. inflatedspacing{i}/2};
lecalareai=localareatlocalwire(i)
Jcopy, inflate(spacing(il/2))
glebolarea:=glebaloreatqlebaluireli)
«(£Lopy.inflate{spacinglidid;
npins:=npins+acontacts.numsheets(i}}
totalareni=tetalareathell (i), copy
vinflate(spacingli)/2),aren;
END}

unsysedareai=totalarea-devarea-interarea-sebsynaren;
wysynbel,invse 1=FALSE}

pessiblyperge;

I Print st ull the nembers;

svtinnge; sutinage}

suttext(® Symbel Neaber *); swtint(syabolnwnber,ii);
ostinage}

suttext(® Total areat "} sutfix(totolarec,?2,it)}
sutinage;

sutperacealdevaren,” Total Device Area "))
eetperareaiddevaren,® Depletion Device fres %)}
sutperareaindevaren,” Enbancement Device Ares *)}
sviperareaisebsynares,” Sehsyabel Area *);
cutperarealinterarea,” Total Intercemnectiom fren®))
sutperarea(lecalaren,” Local Wire frea )y
ostperarea{globalarea,” Glebal Wire Areg ®)
setperarealbnvsedaren,” Unvsced Aren *))
suttext(® Total Number of Devitest )}
outintindev,id}}

petinage;

sottext(” Depletion Devices: *)}
setint{nddev,i8);

petinage}

pettext(® Enhancement Devices! ")}
vutintinndev, i8);

sutingge}



-ii6-
END

! Hew recerse and analyze gll the subspsbels)

lengthi=aysyabsl sebsynbols. length)

FOR i:=1 BTEP § UNTIL length DO BEGIN
REF(synbol)subsyr}
subsynt-nysynbel subsysbols,valll} GUA instusce,syn}
snalyzewires{subsyn. synbolnumber )}

END}

END}
EHD of AnolyreWires)

! A shert main pregram — |
NEW synbslld);
analyzewires(d)} I Rote that the root sprbol is oluays;

t nunbered rers. i

END of Bpn Block;
END of PROGRAM Wires}
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éppendix IV

CIFX, & Simula Program for Bullding Database Files From CIF
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BEGIN

20 dRststitiietideiidiiestiiiatitsititiitiinttattatitadetnitidisgiss
\ :

CIFY - reads and porses o CIF 2.0 file end
generates five datobase relativms,

The datohase relations are os fallews:
/

‘CIFeymbolcalls® ~ symbol,subsymbel,til, vi2, 121,422, ty,tp
{integer,integer,ranl,real,renl,recl,real,real)

*CIFuires® - symbel,layernuaber width,ub jectnusber,
pointnunber peint.x,peint.y  (integer, integer,
real,integer,integer,real,real)

*CIFbaras® - symbel,lugernuaber objectnumber direction.x,
direction,y,or.x,11.x,8r.y, 11y
(integer, integer reel,real,real,real,real,reql)

!

}

!

|

!

|

!

!

|

;

!

!

{

t

i

|

!

|

t *CIFpalygens® - synbel,layernumber el jeC taunber peintnumber,
! puint.x,peint.y

! {integer,integer,integer,integar,real real)
|
!
!
!
]
|
!
|
|
!
|
¢
!
|
!
i
t
!
!
}

*CIFspubolboundingboxes® ~ symbel,ur.x,11 .1 0e.y, 0Ly
{integer reql,real,real,real’

*(IFgesmetrichoundingboxes” - symbel,ob jectnumber,ur x,
11.x,er.4,10.¢ (integer integer,real,real,real,
real}

811 roundflashes are converted te ocvagons {with

the overage of the inside und ewteide diometers set
te equal the given diometer value). ODptienclly, the
program will convert all wires and boxes to pelpgens,
is which tase ne teples will appear in "ClFwires® er
“CIFboxes", Optienally, the program will prodece

the nininen bownding beses of ull geometric itess
(pelygens, bovec wires roundfloshes) ond puts these in
relation "CIFgeometrichoundingboxes”. The progran puts the
nininew bounding bexes of all symbols in
*CiFsynbolboundingboxes®,
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synbol nusbers (ond subsysbel nembers)

are generated vsing o deletion count to provide

for wnique symbol identifiers and deletien commands,
The symbol numbers stored in the datubuse file are
(defined symbel number)Xidd@+(number of previous
deletionss,

The global symbel of the CIF file is ussiqned zers
ns o sysbel number, this encleses any glabal calls,
This insures that it will aleaps be the Firet item
ef the relatiens.

layernonbers
vsed in "CIFpelygens®, *CIFboxes® and "ClFwires”
we deternined os followst

i i LT
N2 B 6
NG 3 W 7
L S

b jectnunbers

s 0t o e s

are integers assigned to geometric items (pelygens,
wires,boxes,roundfloshes) sequentially s they ore
encountered in the CIF file, The sequences begin with
ene and are restarted for eech symbel definitien.

pointnumbers

are ssed in the *ClFpelygens®™ and *CIFuires® relatisns.
Beginning with 1, each paint in the path of u palygen or
wire is sequentially assigned a peint nusber to maintuin
the ordering of peints in the relation, The first point
of every polygon or wire is assigned o i,

Hopefully, the other field names of the relntions are
self evident.

Dick Lang
Caltech Bpring 1979

LSER IRttt tinaiiasiidtisaintisdinstisitioeitestdititiitdsssdiisisl

EXTERNAL CLASS things,displa,views,cif28,cifrdp}

EXTERNAL PROCEDURE tinp,tmeve,tout,txting, txtsut enterdebug,sleep;
EXTERNAL PROCEMURE vinsertsert,tpuove,qukevt)
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EXTERNAL BODLEAN FROCEDURE jsys,teq,tlt,skipin,tpeq;

EXTERNAL INTEGER PROCEDURE aaddr,land,left,lnot,ler,lshift}

EXTERNAL INTEGER PROCEDURE reslasbits,right,taddr,teize,xed hash,ining
EXTERNAL INTEGER PROCEDURE imax,lror,save,getf,setf)

EXTERNAL INTEGER PROCEDURE iecaddress,tpartition,tpxer}

EXTERNAL REAL PROCEDURE bitsasreal,rmin,rmax;

EXTERNAL TEXT PROCEDURE wpcase,fromtstrip,conc,gatites,inites, todap;
EXTERNAL TEXT PROCEDURE daytime 5canto,rest}

EXTERNAL CHARACTER PROCEDURE getch)

cifrdp BEGIN

ERRRRARRIRNRRRRER  globol steff SREREEEREXERNERSERIREREDORERAEEQRANE;

REF(cificitd;
REF(relation)vsergeom,uservobe,boxes wires, uberes,shores , fhexes;
REF(dictienarysyntab;

INTEBER cursymnus,symult,errors,slderrs)

REF(syaval)currentval ,globalval}

TEXT cfile,efile,dfile;

BODLEAN ok, super,conver ttopely, fuddef, fudrefok,geonbl,globulitans)
REF (rlntuple)swbe,apely,awire,abex;

REF{vecterisynbelsinvse}

thing CLASS symval(syanon}} INTEGER spmnen;

ithis ebject is vsed os dictienary entries for each symbel}
lits attributes contain items relating te the deletioas)
land definitions of the symbel, the beunding box of the synbol;
tthe laper the symbel is wsing, and the nusber of geometric)
bobjects|
- BEGIN

INTEGER def,de},syn,ponun, loyer)

REF{rectangle)bh;

REF (paintipi,p2;

BOOLEAN PROCEDURE defined| Ito test for the symbel;
definedi=def=del} ldefined, del nust equal def;

PROCEDURE delete}
BEGIN : :
o delete o cymbel nember, increment del (del will)
ine lenger equal def) ond test fer too large)
deli=del+;
IF del)=synult THEW
cifuarn{"Deletion count everflow.”};
Enb;
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PROCEDURE define;
BEGIN
tty define o symbol number, set def equnl te del and;
lreset the layer, object comnt and bounding bos;
defi=del;
panumi=i;
layer:=f;
pi:~NEW peint{i,i);
p2i-NEW point(h,B);
bib;-NEY rectangle(pi,p2);
pi.xi=-10, 08420,
pioge=-10, 04820
p2 xe=i8. 00420,
pa.ye=40. 08420,
END

luhen creating ¢ dictienary entry clesr all attributes;
tond set the symbel number;
defi=del ;=layer:=0;
panen:=1;
SPAL=SYARER;
pl-NEW point(f,i)s
pei-NEW point(d, )
bb:~NEW rectangle(pl,p2);
ploxi=-10, 05428 ;
phoyi=-10, 00820
pe.xi=10, 05020;
pd =10, 09828,

EWD of symval;

PROCEDURE includeinmbbipath}; REF(vecteripail;
BEGIN

THTEGER 1,i; REF(rectangle)bb;

EF (rIntopledboxtuple;

Ithis procedere takes g path (pelygen) and;

lexpands the mininom beunding box of the corrent;

!symbel (if necessary) to inclode ol the peints of the path;
1t=path.length;

bb :-NEW rectangle(path.val(i) QUA point,path.val(2) QUA psiat);
IF 1)2 THEN FOR i:=3 STEP { UNTIL 1 DO

bb:-bY  including(poth.val{i) QUA paint);

correntyal.bb:-correntval bb . including(bb o). inclnding(bb,11);

IF geosbb THEN BEGIN
boxteple:-boxes.prototople;
boxteple,setint{i,corsymun), setint{2,correntml . pgnen)
Setflt(d,bb, ur.x), setfit€4,bb.11.x) . 5et£1(5,bb . or )
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5etf1t(6,bh.11.9);
boxes. tuketeple(boxtople);
£XDs

EHD of Encledeionbh;

thing CLASS inthing{int); INTEGER int; BEGIN END;
Imake an integer thing se integers can be put in vecters)

REF{rectangle} PROCEDURE ver ifyandf ixmbb(syabolnun);

INTEGER syabolnum;
trecursive rovtine tn follew symbel colls and at the;

lsame tise wpdate symbel bounding boxes to their trve size;
BERIN

REF{relationlcalls,box,shex2;
INTEGER i,1;

FROCEDURE printchoing
BEGIN
INTEGER i;

IF 1) THEN BEGIN
INSPECT cif2.efile D0 BEGIN

iprint sut the chain of symbol calls preceding this eme;
FOR i:=1 STEP § UNTIL 1 DO BEGIN
auttert(blanks(28));
suttext{*Gynbel *);
sutint{synbolsinuse.val(i) QUA Inthing.int,31);
settext(" calls ..."}; ovtinage;

Iset box to zere;
ver if pandf i xmbb :~NEW. rectangle(HEW point(0,8) HEW peint(8,0));

check to see if this symbel is corrently in vse;
eki=true;

1:=symbolsinuse.length;

IF length=0 THEW ok:=true
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ELSE
FOR i:=f SUEP § UNTIL 1 BO
ok:=sk AND (symbolnom\=symbolsinvse.val (i) BUA inthing.int);

Lif synbel is cerrently in vse, issve error and quiv;
IF NOT ok THEN BEGIN
INSPECT cif2.efile DO BEGIN
sutinage;
suttext(® Recorsive symbel call ... *); evtinoge;
grirtchaing
euttext(blonks{20)}; outtext{"Synbel *);
sutint{sysholnem,i1); ovttext(" (Doplicate coll above.)”);
sotinnge;
errersizeprorstd;
ENT;
END

ELSE BEGIR
REF{rIntuple)calltupie,boxteple chontuple;
REF{rectanglelbh;

BOOLEAN visited defined;

1if ne recorsion, get the relotions ussociated with;
isgnbel;

tbexteple:~shexes.prototople;
chextople . setint{{,synbolnon);
shex2:-shexes.copyouttuple(choxteple,f);
shox2.reset;

IF sboxZ.mere THEN BEGIN
visited:=defined:=true;
shox2,givetople{choxtupla);
bb:-NEW rectangle (REW point(chexteple.getf11 (3},
choxtople.getfit(s),
NEW peint{choxteple.getfit{}),
choxtuple. getfltidll);
END
ELSE BEBIN
boxteple:-fhexes.prototuple;
bextuple.setint{i,synholnun);
bex:~fhoxes.extracttuple(bortople,i);
visited:=false;
bex. reset;
IF bex.more THEN BEGIN
defined;=tpoe;

lpet the old box in as the new box;
box.givetvpletbuxtople);
bb:-NEW rectangle(MEW pointibextuple.getf1t(3),
boxtuple.getf1t(Sh,
HEW point(boxtuple.getf11(),
boxteple.getfit(4}});



B
ELSE defined:=folse;
box,shatter;

END;

shex? shatter;

IF defined AND NDT visited THEN BECIN

iput this symbel inte the vsed list;
synbelsinvse oppend(NEW inthing{symbelnum));

calltuple:-vsersubc.prototeple;
cellteple.setint(f,symbolnum};
cells:-usersvbc.copysvt tuplelcalltople,i);
calls.reset;

tdeternine recursively, the trae size of the box;
tand whether or not ony lewer recorsion exists;
WHILE calls.nere DO BEGIN

REF (vector Jboxaspaly;

iget ene of the calls and its troe bounding ber;
calls.giveteple(calltuple);
boxaspely:~verifyondf ixbox{cal Ituple . getint(2)), asvec;

tetep through each peint of the box and be sure;
tits incleded in the sysbels bowndiag bes;
FOR i:=f STEP § UNTIL 4 DO BEGIH

REAL newx,newy,x,y;

Itransforn one point of the culled sysbels bex;
newxi=boxaspely,val{i} QUA peint.x;
newy:=bexaspely,.val{i) WA peint.y;
xi=calltople,getf11(3 ) tnewricalltople.getf11(S)
¥newytcalltuple.getflt(7);
yi=velltuple.getfit(d)newxtcalltvple, getfit(é)
Inewyécolltuple. getflti8);

irgnpare new points with old bex, vpdate bax;
1if peints are sutside;
bbs~bb. incloding(REW point{x,s));

END;

END;
calls,shatter;

ttgke this symbel out of the in vse list;
syabolsinuse . Jengthissynhelsingse  length-1;

topdate sboxes relation te vse new bounding bex;
choxtople,setint{l,synbolnen) ,setf11(2,bb.or.x)
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Setf1t(3,bh,11.x) .satfit(4,bb ve.p)
5etf1t(S,bb.11.7);

sberes, taketople(chextople);
shexes,reset;

verifyondfizabb:-hh;
Efid;

IF MOT defined THEW BEGIR
INSPECT cif2.efile DO BEGIN
Lif there Is ne bex for the symbal, then it;
laost be undefined — issve an errer message;
ertimge; owttext(" Undefined symbel call ... "}
putinage;
pristchuing
suttext{blonks{20)}; outtaxt{ Symbel "};
sutint{syabolnen,ii}; owttext{® (Undefined)®);
sutinage;
errersiserrorsti]
END}
END;
END;
END of verifyandfixabb;

REF(syaval) PROCEDURE findindict{n); INTEGER n;
tthis precedure looks wp in in the symbol nusber;
idictionary and returns the associoted synwml (or none);
Vif synbel number is not feund;
BEGIN

REF (thing) tempyal ;

TEXT sym;

REF (string)symst;

tgenerate g string from the symbel nomber and look;

Vit op in the dictionary;

syai-blanks{if);

syn.putintin);

symst:-NEN string{sym);

tenpyal :~syntab. Jeokuplsypnst);

findindict:~ IF tempval==NDNE THEN MONE ELSE tempval GUf symvol;

END of findindict;

PROCEDURE putindict(n,val); INTEGER n; REF(syavallval;
1this procedure nokes o sew dictisnary entry;
BERIN
TEXT tzere;



REF{stringltstring;

tzere:-blanks(ii});
tzere.putintin};
tstring:-MEW string{tzerel;
syntab. insert{tstring eall;

END of putindict;

HRLEBRAARRABNEY  procedures given to the CIF parser FIRRRRREIRLRLE;

HOOLEAR PROCEDURE defsgn{symnom,a,b); INTEGER symnum,s,b;
lprocess IS conmands;
BEGIN

REF (symval)val;

Itest for on illegal symbol number and take appropriate action;
IF symnom{=0 THEN BEGIN
IF symnum=8 THEN ciferrer{"Zerc symbel nomber mot permitted,™
ELSE BEEIN
cifwarnd
"Negative sysbol nusber net permitied, absolete value vsed.”);
SYRNUA L =-SYENUN}
1 H
END;

Itest ta be sore the syshol definition is net within anether;
IF corsymnun=0 OR fwddef THEN BEGIN

vali~findindict(symmon);

Lif there is ne such sysbel nember in the dictiongry)
Ithen make o new entry containing it;
IF val==NDNE THEN BEGIN

wol:-NEW synval{symnom};

putindict{symmun,val);

ELSE BEGIN

1if there is an entry found, fest to see if the;

Ythe nunber is corrently defined, if se and forword
Ipeferences are net allowed, then issse o wurning ;
land delete it; :

IF qu).defined AHD NOT fwdrefok THER BEGIN
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cifuarn("Previces syabel definition overwritten.");
ql delete;
Eil;

Ithen define the symbel nomber;
val.define;
END;

IF MOT fuddef THEM BEGIN

Iset corrent dictionory peinter to the entry aad;
tget the corrent symbel nusher to the defined synbel;
tond epdate the last definiten number to the new nember;
curpentyal:-val;
corsysnuni=val synfsymulttval .del;
END;

END

FLSE

Yif o definition is cwrently in progress issse errer ;

ciferror{*Nested symbol definitien -— Commond lgnered."};

defsyn:=FALSE;

END of defsym;

BOULEAR PROCEDURE deffin;
Iprecess DF command;
BEEIH

REF (rintople )ubh;

Yiest for symbal definition in progress or sopervisery celly
IF corsymom=0 AND ROT seper THEN

Yif no definition in progress issee worning;
cifwarn{®Excess OF command -- Command ignered.®)

ELSE BECIN
1if there is, put the corrent symbol beunding box;
tin the bexes relation. at this peint the hounding;
box takes inte account only the polygons (if angd;
idefined in the synbel and net the sebaymbels,)
nbhi~fbexes.pretotople;
mib setint{i corsymun). setf 1042, correntyal bk or. x}
Setfitid,correntval.bb. 1.5} setf1t (4, correntval.bb or.p)
setfit(S,correntval bb, 11.9);

fbexes.taketuple{nbb); lget box inte relatien;
reset dictionary and corrent syabul to global;

tenvironment;

corsyunni=;

cwrentval:-globalval;



deffin:=FALSE;
BN
EMD of deffin;

BODLEAN PROCEDIRE poly(path); REF (vector)path}
tprocess P command;
BEGIN
INTEGER i
REAL xmux,xmin, ypaux,ymin,z,¥;
REF{r Intuple)geon;
geon:-usergesh.prototuple;
¥nenEInin =ynex i =ying=h;

ttest for degeneracy or layer undef ined;

IF path.length (= 2 THEN

¢ifvarn("Degenerate polygen —— Compond ignered.™)
[ELSE

IF currentval, layer=0 THEN

ciferror{"Layer not defined — Eammf ignerad.”)
ELSE BEGIN

1if no prebles, put polygen points late geometry relation;
INTEGER i,length;

length:=path.length;

geon, setintd corsynnon) setint{Z,correntval, lageri
setint(d, correntyal pononl;

FOR is=1 STEP § UNTIL length DO BEGIN

1loep to process each peint in the pathg

rispath.val{i) QUA peint.x;

gi=path,val(i) RUA point.y;

qeen,setint(4,l},setfl1¢(5,5) setf11{d,9);

wsergeon, taketupledgeon); fpot it in the relotion}

END4

includeinshb(path);

correntval ponvat=correntval ponuntd;

IF cursymun=8 THEN glebalitems:=true;
D,

polyi=FALSE;
EWD of paly;

BODLEAR PROCEDURE box{rect,dir); REF (rectenglelrect; EEF(peint)dir;
lprecess B command;
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BEGIN
REF (vectorlpath;
REF (puint)ptd,pt2,p1d,ptd;
RESL ces,sin,hyp,rc,vc,1,93

Ithe box Is te be converted to & palygen;
Hirst generate ¢ vector of feor points;
path:-NEW vecter;

pris-NEH point(8,0);

pta:-NEW peint(d,i);

p3:-NEW peint(B,0);

ptA:-NEW paint{d,b);

fcompute length of direction vectoer;
Ytest for zers length;
hypi=sqriddie, sfdir , xedic, yddir .9);
IF hyp=§ THEN BEGIN

1if 1ere, issve warning and asseme x={, y=i;
¢ ifuarn{
"Bex direction vector has zero length — (i,0) assomed.”);
cessl; sinssd;
END
ELSE BEGIN

totherwise compute the sin and cos of the direction angle;
cos:=gir . x/hyp;
sini=dir. y/hyp;

END;

lcompute the center of the box and de-translate it;
! x and vy become the ceordinates of the wpper right;
tas if the center of the bex were ai §,§;
sces{rect. bl xérect or. x}/2;

goe=(rect. 11, strect.or.y)/2;

Ri=rect.or . X-1c)

pi=rect.up . yyc;

lcompute the coerdinates of the four corners of the;
trotated bex and trenslate them to the old box center;
pri.x=rkcos-ykaintac;

pt2.ri=xdcostydsintac;

ptdas=-icostplsintar;

pHd, xi=-sdcos-yRsintar;

ptigi=x¥sintylcostyc;

pta.y:=xésin-yheostyc;

ptd.pi=-xdsin-yhoostye;

pra.yi=-x¥sintyfcostyc;

tstick the peints Ints the path verter (clockwise);
path.appendipti);
puth.append{pt?);
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path.append(pt3);
path.append{ptd);

Htest te see if the box should be stored as @ pelygen;
TF converttopoly THEN poly(path}
ELSE BEGIN

FEF {rIntuple)uben;

lanke o box tuple ond put it in the vserbex relation;
vhox:-sboxes.protetuple;
vhex.setint({ corsyanen} . setint{2,correntval . laper)
setint{d,corcentval ponund, setfi1{4,dir, x}, 5181005, dir.p);
thex . setfit(6, rect.ur.x}, setf1t{7,rect,11.x)
Setfitil, rect.or.y) setflt(%,rect. 1l.y);
includeinnbb{path);
correntval .pgreniscorrentval  ponoat!;
vhoxes. taketuplelubor);
IF corsymnun=0 THEN globalitems:=tree;

END;

bex:=FALSE;

END of bex;

BOOLEAN PROCEDURE rflash{dia,center); INTEGER dia; REFipeint)center;
Iprocess the R command;
BEGIN

REF{gectorlpath;

REAL vi,u2;

PROCEDURE mextpt{x,y}; REAL x,p;
BECIN
REF{paintlpt;

la wseful precedore which makes a new peint,tronsiates;
lit and sticks it inte o path vecter;
pti-HEW peint{8 b}
pt.xi=gtcenter 1;
pl.yisytcenter,y;
path.append{pt};
END of nextpt;

lwe ore geing to make an octogon with aserage diemeter dia;
Iirst check for o legal diameter;
IF dia)0 THEN BEGIN

lnoke 0 new path vector and determing the twe possible;
lcosrdinates of the sctagon;
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path:-NEW vector;
vii=diakt 4802446935;
v2i=diokd 19BT2I67;

Iset the paints of the octagon inet the path in g
Ielockwise monner and put the palygen iate the relations;
naxtpt(~vZ,vi); ‘
nextpt{-vi,vil;

nextptivi,vi);

nextpt{vd,vi);

nextpt{vg,-vi);

nextptivi,~vd);

nextpt{-vi,~ed};

pextpt(~v2,~vi};

polyipath;

ELSE

tif illeagnl diometer issee warning and ge en}

cifuarn{"Illeqol dianeter -~ Conmund ignered.”);

flash:=FALSE;
EHD of rflash;

BOOLEAN FROCEDURE wire(path,midth); REFCvector )path; INTEGER width;
Iprecess W conmand;

BEGIN

Vif width is legel, enter wire inte relations a5 &;
lpolygen vsing the “wireaspels® precedure of VIEWS;
IF width)6 THEN BEGIN

IF converttopely THEN pslydwireaspely(path,width))
ELSE BERIN

REF(rlntuplelwiretuple;

IRTEGER i,1;

Inake wire entries in the wire relation;
wiretople:~wires.prototuple;
wiretople.setintii,corsymuon).setin t{2,correnteal . layer)
Setflt(d,uidth) setint{d,correntval . pgnom)
inclyde innbb{wirenspol ylpath,width));
cerrentval poneni=cerrenteal pononti;
1i=path.lenqth;
FBR i:=f STEP { UNTIL 1 DO BERIR
wiretuple setint(5,i);
wiretvple,setflt{, path,val{i} QUA peint.x);
wiretople .setf1t(7 path . vel{i) QUA peint.p);
wires. taketuple{wiretuple);
ERD;
IF cersymnun=0 THEN glebaliteas:i=true;
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END;
EiD
ELSE

cifwarn{*Illegal wire width — Conmund ignered.®);
wire =FALSE;
EHD of wire;

BOOLEAR PROCEDURE layer{t); TEXT t;
Iprecess L command;
BEGIN

INTEGER 111

11L:=8;

Yrest for kawwn luyer;

IF ="ND * THER 111:=1 ELSE

IF t="WP " THEW 111:=2 ELSE

IF t="HC " THEN 111:=3 ELSE

IF t="NH " THEN 111:=4 ELSE

IF t="NI " THEN I11:=5 ELSE

IF t=*NB " THEN 111:=b ELSE

IF t="N6 " THEN 111:=7 ELSE
ciferror("Unknown loyer -- Command ignored.”);

1if layer known chonge te new layer;
IF 111\=0 THEN cerrentval.layer:=111;
layer:=FALSE;

END of Iayer;

BODLEAM PROCEDURE delete(symnun); INTEBER syanum;
lpracess DD command;
BEGIN

PROCEDURE delsyn(val}; REF{thing)wal;

Ithis rovtine tests for o given symbel dictienary entry;
lgreater than an integer and , if true, deletes it

IF wol QUA spwval.sym )= symnum

THEN val GUA syaval.delete;

1test far legal DD operand;
IF symmyn}d THEN BEGIN

ttest for DD within o sysbel definition}
IF corsymnem\=0 THEN

Vif true, issve error;
ciferrer



("D commund net permitted withia B8, ,. BV ~—— Commond ignered.”)

ELSE BERIN Uif net, apply delsym to wll dictionery entries;.
syntab .applyidelsm);
END;

EifD
ELSE
lif
cife
dele

illegal issve error and go en;
rror{"I1legal nusber in DD commond -~ Command ignored.”);
tes=FALSE;

END of delete;

BOOLEAN PROCEDURE symcall(symnum,tr); INTEGER symmem; REF{(transforalir;

tprecess
BEGIN

BEF(

£ conmond;

syavallval;

BODLEAN wndef;

mal:

~findindict{symnon);

1test far symbol defined in the dictionery;

Ithi

s test requires all sysbels te be defined texteslly;

thefeore they are called;

Fu

al==NONE THEN undef :=TRUE ELSE

sndef ;=NUT val.defined;

IF {

wndef AND fwdrefok) OR NOT sndef THEN BEBIN
REF (rintuple)subc;

Vif symbol is net defined, define it. if it is never;
{defined, then the error is cowght in verifyandfizmbh;
IF wndef THEN BEGIR

fuddef 1=troe;

defsyr{symon,8,0);

val:-findindict{sgmnon);

fuddef i=false;
EWD;

1if defined, test for symbel directly colling ltself;
IF symnem\={corsymun//syavlt) THEN BEGIN

if it is net, generate o tuple for the call;

tand enter it in the vsersobsywbels relation;

swbc i -vsersube, prototuple;

sobc. setint(l corsymon) . setint(2,val. sppksyavitival del)
Setfle(3, te. tde) setfle(d, e . 1420 setf11 5, tr . 420D
Setfldh, 1 . 022)  setf 17, e axd setfleB, e ty);
vsersebe. taketuple(sube); lenter tuple}

ELSE



Vif self-call issee error ond ge en;
ciferror("Recorsive symbel call — Commund iguored.”);
B

ELSE ciferror{*Call to undefined symbol — Comnond iguered.”);

symcall:=FALSE;
END of symcall;

BUDLEAN PROCEBURE endcon;

process £ command;
BEGIN

1test for E command within sysbel definition;
IF corsymnum\=d THEN BEGIN

1if it is issve a warning ond do o DF anyway;

tifuarnd

*End commund encosntered, DF expected — DF supplied.”);
deffin;
END;

iget procedure valve to tree s S1ep porser;
Inote that anything fellewing the £ commond will;
Inot be read at all;
endem:=TRUE;

END of endcon;

BODLEAN PROCEDURE wserext(num,txt); INTEGER nem; TEXT txt;
lpracess eserextensiong;
BEGIN

tisgue warning and do nething;

cifwarn(*User Extensions not supperted — Ignered,”};
-~ END of voerext;

BOOLEAN PROCEDURE ciferror(msql; VALUE msg; TEXT msq;
lprocess CIF errers;
BEGIN

teall rovtine sepplied by CIF porser;
cif. defavltciferroringg);
ENB of ciferrer;



BODLEAN PROCEDURE cifwarninsg); VALUE msg; TEXT asg;
tprecess CIF wornings;
BEGIN

leall rovtine suplied by CIF parser;
rif2.defavltcifwarning (nsg);
END of cifwarn;

BOOLEAR PROCEDURE cifdene{lines warns,errs); INTEBER lines,errs,worns;
tend of parser rovtine;
BEGIN

lprint owt the nusber of warning, errer messoges and lines read;
sutintiworns,i0); evttext(” Marning messages isswed,”); outinoge;
outintlerrs,i0); outtext(” Error nessoges lssved.”); outimuge;
setint{lines,i0); owuttext{" Lines of CIF 2.0 rend.”); owtinnge;
errersiserrs;  olderrsiwerrs;

END of cifdene;

IRERRRRRRRRARRRRIRERER  moin program  KRERRKRERRSIRASRIRRRARLS;

Vinitialize, set corrent symbol nomber t¢ the glebal symbel 0;
tmake o cif2 (te occess the parser) and set the symbel miltiplier;
corsyanun:=l;

cif2-NEW cif;

symulti=1000;

tsetup semantic optien flugs; :
fudrefoki=troe; lallews forwmrd symbel references;

lget g1l the necessary file nomes;

ok:=false;

cf ile:-blanks(sysin.inage. length);

efiles-blonks(sysin, inage  length};

dfile:-blanks (sysin.imnoge, length);

WHILE MOT ok DO BEGIN
setimage; eutinage; :
suttext("CIFX - CIF 2.0 te Dotobese Trenslation (PL 3/24/79)°);
outinage; outinoge;
wwttext("CIF 2.0 Filename? “}; breakestimage; ininage;
cfile:=sysin. inage;
euttext("CIF Error Filename? *}; breskoutinnge; inimoge;



..i%-

efiler=sysin, imuge;
suttext{*Databose Filename? "); breakestimage; inimoge;
df ile:=sysin, inoge;
sutimage; ootinage;
outtext{conc("CIF 2.8 - " cfile.strip)); putinage;
suttext{conc(*CIF Errers - ",efile.strip));  ovtimuge;
pottext(conc{*Datebase ~ " dfile.stripl); eetinnge;

totinuge;
euttext{*Filenames OK? (Confirm with ylcr}): "); breckewtinage;
ininage;
IF sysin, image more THEN BEGIN
IF sysin.inoge.getchor=2g! THER oki=troe;
END;
END;
putinage;

task the wser if he wants wires and bexes converted to polygons;
ovttext{*Convert everything to pelygens? "); breakestimuge;
inimage; converttepelyi=false;
iF sysin.image.nsre THEN BEGIN

IF sysin.isnge.getchar='y? THEN conver 1ropelyi=wrue;
END;
sutinage;

suttexti"Generate bounding bexes of geometric items? ")
breakewtinnge; ininuge; geombb=fulse;
IF sysin,inoge.more THEN BEGIN
IF sysin.ingge.getchar='y? THEN geembb:=true;
END;

Vopen dutabase £ile ond tfest;

setimage; evttert{blanks{if)};

vettext(IF databasefileldfile) THEN °I New” ELSE "I Eristing™);
sottext(" Dotabase file, 1°); ovtimmge; outimage;

ldefine database relatiens and their field names;
vsergeon:~field("synbol"}, field{"lagernumber®).fie 1d(" ob jectnunber ")
Jfield("pointnunber ") .field("point .x*).field("paint.y");
ysersvbc:~Field ("synbol®}, field{ "subsymbel ™) .field("ti™)
Field("ti2") Field("120°) Fleld ("22") Fleld ("tx") . field{ "1g");
beres:~field("symbol "™}, Field( "ob jectnumber ™) field{"or.x*}
JSield("IEx*) field Cor g™ field ("11.9");

wires;~field{"symbal ™}, field("layernsnber™). field( width™
Aield(*objectnunber”) .fleld("puintnomber”). field("paint.x"}
JieldC point.y");

vhoxes:~field("symbal®) . field("lapernenber®) .field("oh jectasaber”™)
JField{"dir. x*).field{ dir.p") Fleld(®or.x") field("11.4™)
HLield("ur .¢*) fleldl*1].¢"};
sberes:~field("synbsl”).Field{ mr . x") field("11.2"), field("or . v")
Sield("11,v*);
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fhexes:~shoxes.protorelation;

Istort vp the dictionery, moke an initicl emtry for the;

iglehal symbel §, set the current dictionary peint to this entry;
syntab :-NEH dictionary;

globalvnl i-cerrentval:-NEW synval{Q);

putindict{d,glebalval};

super ;=fuddef:=qlohalitens:=false;

topen the CIF file (ond error filel, porse the CIF;
cifé,epenicfile,efilel;

cif2 .porseCIF (defsyn,deffin,poly bex,rflash uire,laver delete,
symcall nvllcenment, userext,endcen,ciferror cifuwarn,cifdone);

Ysert and reset the relatiens;
usergeon.reset; usersubc,reset;
shoxes.peset;  wires.peset;

ltest to see if any tuples were entered inte anp reletion;
lwith & synbol number of zere;
IF glebalitems THEN BECIN

IHSPECT cif2.efile DO BEGIN
1if there were no global culls sr geomnetry mude, then;
ithis is a degenerate CIF file, issue a message;
sirtinnge;
osttext(" No symbol calls or gemetry in the global symbol,™);
sutimage;
suttext{" CIF file calls for no instoniation®);
suttext{" -~ CIF file in error."l;
sutinnge;
BITOPSISerTorstl;

EN;

END
ELSE BEGIN

Lif there are references to symbol 0, then "finish®;
Ithe definition of sysbel 0;

SUperi=rue;

deffin;

bexes.reset; fhoxes.reset;

lat this point all the informtion is in the relations, hewever;
Ithe symbel calls have nat been checked for recersien and;

"the boonding beses ussecioted with symbols de net take inte
laccewnt the bewnding boxes of their swbsymbels;

tcall recorsive rowtine to fullow symbel calls and check for;
Irecersive colls and at the same tine vpdate the symbel;



Ibownding boxes to their tree sizes; ,
sutimage; owttest(” Verifying symbel calls,™);
ot inage;

synbelsinuse :-MEW vector;

ver ifyondfixnbh (0} ;

{if ne errors,nume the relations ond soke them permunent;

IF errars=l THEN BEGIN
usergesn.naneis{"CiFpoelygens®);
usersebe.nomeis{"Clfsymbolcalls™);
hexes.nameis(*CIFgeonetrichoundingboxes®);
wives.nameis{"CIFwires®);
vhexes.pomeis{ "CIFboxes”);
shores,naneis{"CIFspsbolboundingboxes™;

ERD;

END;

tehuck for new errors isseed since end of CIF file;
IF errors-elderrsi0 THEN BEGIN
sutinage; eutintlerrors-olderrs,ii);
outtest{" Additional errors encomntered,®);
ostinnge; eotinoge;
END;

cif?.close;
END;
END of CIFK;
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fppendix

Implementation of Additional Poelygon Operations
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IRRRERRER RIS BB AR R AR RN AR RS RRARRRENRBRIRRANARAIL;

These procedures noy be added to CLASS palygens
in the pelygon package (I, E, Buther land, 1978)
to provide nest of the functions specified in
in Appendix . These procedures vse the

the procedores already defined in the pucloge
te allow the Ligicel operations required.

e e cpe wE we e we wen Sew

Dick Lang 6/79
pidtiattiitetitiitesiiatifasititirpeitttiitasiiitiis il

en T cuam S e twm N capw Sewm Vi

REF (polyqon)PROCEDURE Inverted;
! Thiz precedure reverses the sense of edges - gives & nav pelygen;
RECIH
REF (sheet)s;
REF (polygenlg;
g :-NEW pelygen;
FIR s:-nextsheet{s) WHILE s=/=NOKE 00
s,ineerted, putintobox(gl;
Inverted:g;
EXD of Inverted;

PRECEDURE Pring;
! This precedore prints owt all the stoff of o pelygen;
BEETH

INTEGER as,or;

REF(ringer)r;

REF{sheet)s;

TEXT PROCEDURE cosi(i); INTEGER i;
BEGTH
TEXT t;
1:-hlanks{i2);
t.putintlil;
cesi:-frentstriplt);
END of cusi;

TEXT PROCEDURE cus2(r); REAL r;
BEBIN
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TEXT t;

ti-blanks{i2);

toputfizte,d;

cus2i-frontsteip(t);
E#D of cusd;

sutinage;
FOR s:-nextsheet{s}! WHILE s=/=NONE §0 BECIN
nsi=ng+i;
suttext("SHEET *); euttert{cusi(us)); sutinoge;
FOR re-s.nextdr) WHILE p=/=NONE DO BEGIN
AriEnrdi;
spttexti" Itea *}; enttexticesi{ar));
guttext{® -3 ")
INSPECT v
WHEN vertex DO BEGIN
suttext("vertex x=");
ogttext{ces2(pt.x/300)};
suttest(" y=")
outtexticvs2{pt.p/300}};
END
BHEN edge DO BEGIN
INSPECT equ
WHEN line DO BEGIN
suttext("line a="};
suttext(cys2{a/308));
sottext{" b="}y
euttexrt{cvs2{h/300));
guttext{" ¢=*);
suttext(cys2(c/360));
END
WHEN circle DO BEGIN
suttext{®circle =)
suttext{ces2{x/300));
sottext(® y=*}
suttext{cos?{y/3001);
suttext(® r=");
suttext{cvs2{r/300));
END;
END;
sytinuge;
END;
ENDy
END of print;

REF{pelygon)} PROCEDIRE Xfermitr}; REF{transform)tr;
! This procedere nokes o new copy of this polygen
! and applied transfermstion {r to it;
BEGIN

REF(sheet)s;

REF{palygenly;
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g:-NE¥ pelygen;

FOR s:-nextsheet{s) WHILE s=/=NONE DD BEGIN
REF{sheet}ss;
REAL ai 023
afi=s area;
s61-58, fornitr};
adi=ss.areq;
IF af¥a2(8 THEN ss:-ss.inwerted;
su.putintohex(yg);

EWD;

Xforni-n;

END of Xform;

PROCEBURE Straddlepeintsieptl pirl;
NANE ptr,ptl; REF (peintiptl,ptr; REF(edgede;
! Glven an edge ¢, this procedure attempts to conpete;
| a peint sn each side af it
BEGIH
REAL dx,dy,x,9,h,inc deltax deltay;
FEF(pointipi,p2;
inci=.04;
IF e=/=HONE THEN BEGIN
pi:-e.bp;
p2i~e.1p;
IF ¢.equ IS line THEN BEGIN

REF(line)ln;

Ini-e.equ QUA ine;

dx:=in.a;

dy:i=ln.b;

a=ipl atpd xME;

yr=lpi. ptp2. y)/2;

hi=sgrt(dx8dxtdyldy);

deltax:=inc¥da/h;
deltay:=incidy/h;

END

ELSE IF e.aqu IS circle THEN BEGIN

REAL dxf,dx2,dyi,dy2;

REF{circledc;

ci-e.eqv QUA circle;

IF c.r\=8 THEN BEGIN
gxi:=lpf.x-c.x)fc.r;
dx2i={p2.x-c.x M0}
dyfs=(pf.y-t.v)e.r;
dg2:=ip2.y~c.yle.ar;

END

ELSE BEGIN
settext{warning-zere radios edge’); evtimuge;

END;

dxi=dri+ds2;

dy:=dyi+dye;

1=sqri{dxtdr+dyidy);
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dx:=ds/h;
dyi=dy/h;
X be . rddig
gi=c.yte,ridy;
deltax:=inchdx;
deltayi=incldy;
EHD;
pt1:-HEW point{x-deltax,p~deltap);
ptri-NEW peint(x+deltor,prdeltag);
END;
END of Stroddlepoints;

REF{pelygen) PROCEDURE ExtractMatchiag(pi); REF{pelygenipi;
! kemove these sheet of this palygon that enclose sheets of pf;
 and retorn them ;
BEETH
IF pi=/=NONE THEN BEGIR
REF(polygon)povt;
REF (sheet)si;
FOR sf:-pi.nextsheet(si) WHILE ci=/=NDNE PO BEGIN
REF{edgele;
REF(sheet)s2;
REF (puintlpti;
FOR e:-si.nextedge WHILE si=/=NONE AND pti==NOME DD BEGIN
REF(peintiptl .ptr;
straddlepeints{e ,ptl,tpr);
IF si,wrap(ptl)\=i THEN pti:-ptl
ELSE IF s2.wraplpte)\=0 THEN pti:-ptr;
END;
s2i-nextsheet (NORE) ;
WHILE s2=/=NOME DO BEGIN
REF (sheet)ss;
s5:-nextsheet{s?};
IF a2 .wrap(ptil\=0 THEN BEGIN
IF pouts=NONE THEN pout:-NEM pelygen;
pout.oddsheet(extractsheet{s2));
END;
52 1~56;
END;
END);
Extractatching:-peut;
END;
END of Extractfiatching;

REF {sheet) PROCEDURE ExtractSheet(s}; REF{sheet)s;

! This procedure removes sheet ¢ from this pelygen ond reteras it
BEGIN

IF s=/=NDNE THEN BEGIN
IF down=/=NONE THEN BEGIN
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IF dewn==5 THEN down:-s.out ELSE s.o0%;
END;
ExtractSheet;-s;
Enl;
ENB of ExtractSheet;

REF (palyqon)PROCEDURE ExtractHeles;
! This procedure removes these sheets this pelyaen that;
! enclose negative area and reterns thea;
BEGIN
HEF(sheet)s;
REF (palygoninewp;
newp 1-NEW pslygen;
si-nextshee t (NONE) ;
WHILE s=/=NONE D0 BEGIN
REF(sheet)ss;
ss1-nextsheet(s);
IF s.areal=0 THEN
newp.oddsheet (extractsheet(s));
1-583
END;
ExtractHoles:-newp;
END of Extractioles;

INTEGER PROCEDURE NumSheets;
| This procedvre returns the nomber sheets ewmed by this polygen;
BEGIN
INTEGER count;
REF (sheet)s;
coanti=d;
FOR s:~p.nextsheet(s) WHILE s=/=HDNE )0 comnt:=ceumiti;
NomSheets:=cammt;
END of NomGheets;

REF{polygon) PROCEDURE Trim{wc); INTEEER woj
I This precedure extracts those sheets of this pelygen which ;
! separate areas of wrap=wr from those with wraps of wcd er we-i;
BEBIN
REF (vectlv;
REF{polygenlpout;
REF {sheet)s;

thing CLASS sheetentry(s wi,uel;

i This mokes o on ehject that com be vecterized;
REF{sheet)s; INTEGER wi,un;

BEGIN

END;
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v:-NEW vector;
51-NONE 3
FOR s:-nextsheet(s) WHILE s=/=NORE 0O BEGIN

INTEBER wi,we,uw;

REF{edgele;

REF(peint)pti,pte;

:~NINE ;

1223

FOR e;-5.nextedgede}

PHILE e=/=HONE AND (w}i OR w<-1) DO BEGIN
straddlepointsle,pti pte);
wit=wrap(pti);
waiswrapipte);
wiswi-we;

£

IF e==NONE THEW BEGIN
outtext("cannot find non-neltitrace edge™;
outinuge;

END

ELSE v.append(NEW sheetentey(swi,u));

END;
IF v.lengthXd THEN BEGIN

INTEGER i,1;

Lisv. length;

FOR i:=1 STEF § UNTIL 1 DO BEGIR
REF (sheetentrylse;

REF {sheet)ss;

INTEBER wi,we;

ses-¢,0,0(1) QUA sheetentry;

E51~68,6; WEiTEe.Wi] WOimHe.up;

IF NOT{{wi=wz AND wo=wc-{} R

{woswr AND wi=wr~1)) THEN BEGIN

IF peut==HONE THEN pewt:~HEW polygen;
pevt.addsheet{extractsheet{ss));

END;

EHb;

END;

Teims-pavt;

sotint{nunsheets(povt),3); evttext(" trimed off");

oy tinage;

EHD of Trim;

REF{pelygen) PROCEDURE Copy;
! This procedore returns a new copy of his sheet;
BEGIN
REF {pelygonlp;
REF {sheet)s;
pi-NEW pelygen;
FOR s:-nextsheetis) WHILE s=/=HONE DO BEGIN
REF{edgele;
REF (sheetins;



ns:-NEW sheety
¢ :~NONE;
FOR e:-s,nextedge(e) WHILE e=/=HONE BD BEGIN
REF{edge)ned;
REF(verteslay;
REF{pointle;
REF(line}ln;
REF{circlelcire;
IF e.equ IS line THEN BEEM
Ini-e.equ HUA line;
ned:-REW edge(REW line(ln.q,ln.b,ln.c));
EHD
ELSE IF e.equ IS circle THEN BEGIN
circi-e.equ QUA circle;
ned:MEW edye(NEW circle{circ, x,cire,y,
circ.edy
END;
vi-e.suC QUR vertex.pt;
ny:-HEW vertex(NEW peint{v.z,v.§));
ned.putints(ns);
ny.putafter{ned);
ned. intebex(pl;
END;
ns.putintelp);
END;
Copy:p;
ElD of Copy;

REF(pelygen} PROCEDURE Combine(pb); REF(polygonlph;

! This proceddore tokes the sheets of pb ond pots then;
! in this pelygen,;

BERIN

REF{sheet)s;

g:~pb . nextshee t{(NONE) ;

WHILE s=/=NONE DO BEGIN
REF (sheet)ss;
gst-ph.nextsheet(s);
addsheet(ph.extractsheet(s));
51~58}

END;

Combine:-p:

ERD of Combine;

REF{polygen) PROCEDURE Deflatelsize); REAL size;
I This precedure is merely the inverse of inflate;
Peflate:-inflated-size);

REF{pelygen) FROCEDURE Intersect{a}; REFipolygenla;
! This precedere retorns the intersection sf this pelygen;
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! and @, Both this polygen and a are medified,;
BEGTR
IF o=/=NOME THEM BEGIN
conbinefa.copy);
tlean.selfintersect.retrace. trin(d);
trinlp,2);
END ELSE BEGIN
REF (sheet)s;
FOR si-nextsheet(s) WHILE s=/=NOME DO extrectsheet(s);
END;
Intersect:-THIS pelygon;
EWD of Intersect;

REF (pelygen) PROCEDIRE Retrace;
{ This precedore reassigns the edges of sheets into new;
i sheets which do not intersect each other ot nore than a line;
BEGIR
firedgrefs;
fixsheets;
Retrace:-THIS polygen;
END of Retrace;

REF (pelygon) PROCEDIRE Unionda); REF{pelygenla;
t This procedere reterns the vnion of this pelygon and a.;
! Buth this pelygen end a are modified;
BEGIN
cembine(a}.selfintersect.retrare. trinfi);
Union:-THIS polygen;
END of Union;

REF(palygon} PROCEMURE Subtract(b}; REF(pelygoenlb;
! This procedure reterns the difference of this pelygen frem;
! b, Beth this pelygen and b are modifled,;
BEGIN
conbine(b, inverted).selfintersect.retrace.trin(i);
Subtract:-THIS palygen;
END of Subtroact;

REF(palygon) PROCEDIRE Exclusivelr(b); REF(polygenld;
! This procedure retorns the exclusive sr of this polygen and b;
! Both this polygen ond b are asdified.;
BEGIN
BEF (palygoen)tenp;
teap:~conbine(k),selfintersect.retrace. trin(i);
ExclusiveDr:~intersect{tenp.inver ted);
END of Exclusivelr;
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REF (polygon) FROCEBURE TakeVectorfsSheet(e); REF (eectorlv;

! This precedvre tokes a vector of peints and boilds a3

! straight line connected sheet and combines it with ;

! this polygen.;

BEGIN :

REF{sheet)s;

REF{pointipt,bp,tp,5p;

INIEGER length;

s:-NEW sheet;

IF v.length}i THEN BEGIR
spi-bpi-v.val{i) QUA point;
length:=v.length;

FOR i:=2 STEP { UNTIL length DO BEGIN
tpi-v.val{i) QUA peint;
saakedge(bp. lineta{tp) ,tph;
bpi-tp;

EHD;

5. makedge{tp . lineto(sp),5p);

IF s,oreq{d THEN s:-5.inverted;

END;
addsheet{s};
TakeVectorAsSheet:~THIS polygen;

END of TakeVectordsSheet;

FE2 R R iRt s bti iR at it itabisiitiisiiiile sy
!

! The follewing procedures con be added to
! £LASS sheet in the pelygen puckage,

!

iuumxmammmummmmmmm

wn we we we

]
H

REF{sheet) PROCEDURE Inverted;

! This procedsre builds o new sheet with reversed sepse edges;

BEGIN

ithis has to pass by the edges;
REF{ringer) PROCEDIRE lastringeriv); REF(ringer)e;
BEGIN

lestringer:-IF v==NONE THEN sht.dewn

ELSE IF v.pred=/=down THEN v.pred ELSE NONE;
END of lastringer;

REF{ringer)ir;
REF (sheet sy
5:-NEW sheet;
FOR 1rs-lastringer(lr) WHILE le=/=NDNE B0 BEGIN
IF 1r IS vertex THEN BEGIN
REF (paintlpt;
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pti-1r QUR vertex.pt;
NEW sertex{NEW peintipt.x,pt.y)).putintels);
ENn
ELSE IF Ir IS edge THEM BEGIR
REF(equationle;
e:-1r GUA edge.equ;
IF e IS line THEN BEGIM
REF{1ine)1n;
Ini-e QUA line;
HEW edge(REW linei~In.q,~in.b,-18.c)}.petinte{s);
END
ELSE IF ¢ I8 circle THEN BEGIN
FEF{circledc;
ci-¢ QA circle;
NEW edge (BEW circlelc.x,c.y,~c.r 1) putintels);
EiD;
ERD}
END;
Inverted:-s;
ERD of Inverted;

REF {shee t)PROCEDURE Xform{tr); REF (transfora)tr;
I This procedere applies transformation tr te this sheet;
BEEBIN
REF(ringer}lr;
REF(sheet}s;
51-NEW sheet;
FOR 1r:-next(lr) WHILE 1r=/=NDNE DD BEGIN
IF 1r I8 vertex THEW BEGIN
REF{peintlpt;
pti-ir QUA vertex.pt;
NEW vertex{tr .ptipt)).putinteis);
END
ELSE IF Ir IS edge THEN BEGIN
REF{equationle;
ei-1r QUA edge.equ;
IF ¢ IS line THEN BECIN
REF{peintlpti,ptd;
pt2i-tr.ptllr.suc QUA vertex.pt);
pti-tr ptilr.pred QUA vertex.pt);
WEW edgedpti.lineto(pt2}).putinte(s);

ELSE IF e I8 circle THEM BEGIN
REF (circleldc;
REAL x,7;
ci-e fA circle;
gi=tifhe, x 12480, yetx;
pi=tihe, x4t228c. yo1y;
HEW edge(MEW circledx,y,c.r)).potintols);
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END;
END;
END;
Horai-s;
END of Xfors;



