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1.0 IHTRODUCIIG GNS I

~In the intensely cdmpetitive semiconductor industry, rapid imp)ementationfofu
new technology means succes This demands a production design.system that -
works swiftly and without" 1nLerrupL1on - CALMA's GDS 11 meets these criteria.

: CDS [l is a Lurn -kay interactive qraphwc system that has bern developed
wilh the insight. p|0v1dud by years of experience with its predecessor, GDS.
It is a turn=key system, yet it also offers unprecedented support to these -
users with the imagination to enhance its extensive capabilitics.

Among the features and facilities described in the following pages are:

*32-bit integer coordinate space to support VLSI

‘Databases with information content extended beyond graphics
‘User definable extensions to databases

‘Design station featuring alphanumeric as well as graphic display

‘Consistent, concise, and rich command ]anguuge adapcable to both
novice and expert operators

*GPL LItM Programming Language
'Comprehen51vc design rule check1ng programs
‘Mide range of plotter support ‘
"Exc]us1ve A1-Angle pattern generatdr support software
'State-of-the—art electron beam. pattern generator”support software
“Multiground, multitask,-real-time disk operating systen featuring:
--Concurrent forcground and background activities
"Cbncurreht production and.program development . ‘
-~ FORTRAN, ALGOL, DG/L, ’and asscembly 1anguage user programming o
"High performance ECLIPS[ computer featuring:
Comprehenswve 1nstruct10n set
‘Extensive wu1u1user supporL hard/axe
Homory mapping -
‘High speed floating- po1nL processor

“liew, unique erasable graph1r display with continous pan and zoom -
~and instantancous context switching :
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2.0
2.1

' 'GLH RAL D[oC [PTION

- UTHE PROBLEMS OF VLSI

GDS IT1 is an advanced graphic system for the design of very 1arge_scaleu
integrated (Vi.S1) circuits.. Like its predecessor, GDS, GDS [l provides a
comprehensive turn-key solution to the problems of design, documentation,

and artﬁork-qennfation' But .GDS 1l represents the next generation in
‘interucLivity, in off1c1ency, and in thOUghDUL

VLSI p\e ents several first order problems which cannot be solved by -today's
IC design systems.  First, the required precision exceeds the capabilities

of most existing JysLQMS. To resolve 1 micromeler fealures within a circuit
10 milTimeters on a edye requires a resolution of 1 part in 10° - more than
16-bit integers can deliver. So GDS 1I uses 22-bit integer coordinates. n
Due to their uniform resolution, integer coordinate representaticns are, of
course, superior to f]OOL1Hg point representat1ons in app]1catnons requ1r1ng
the generaL1on of precision artwork.

' BecaUse of the complexity of VLSI, the sheer volume of data threatens to

overwhelm a mini-compuler hased system. The GDS Il Database Management
System features unique mechanisms for data compression and data classifica-
tion, minimizing disk requirements, both capacity and bandwidth.

The sheer volume of data poses a serious threat to background throughput,
Background processes such as spacing checks and artwork genceration involve
soghi;titatod algorithmic processing and global sorting. To complete these:
tasrs in an efficient-and timely manner recuires a powerful CPU and an

efficient multiprogramiing background facility which can make effective use

of (relatively) large core configurations. The GDS 11 Bacxground Processor.
provides significantly more throughput than its predecessor.

‘JThe>shcer volume of data threatens to reduce the level of interactivity of
~the systdm. ATter all, it should take much longer to select and manipu-

Tate data within a complex VLST circuit. WROHG! The GDS 11 display ‘sortware,
c0up]nd ”1tn the ViD, CALMA's unique display terminal, provides the ultimate
in comfortable and productive man-machine interaction.
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2.2

- CALEA"s unique VMD

be done from one GGS 11

THE SOLUTIOH - GDS [1

Building on the laLo t in hardware technoloqy and its long experience . A
in the integrated circuit design market, CALDA has developed a comprenensive
new system. Lo ‘solve the problems posed by the new integrated circuit tech-
nu]or;} The GDS 11 database provides the ultimate in precision (32-bit in-
tegor rppnprnnLuL1on) “The Command Processor provides the highest level of -
interaction ever offered on a minicomputer-based graphic system. GPL 11U 15
availablie, along with a comprehensive collection of backqground processes to.
drrive Peaplolters, Photoplotters, Optical Paltern Generators, E-Beam-PatLern
Generators, che.  Other background processes include extensive Design Rules
Checks.  The GDS 11 Background Processor provides for the efficient cxecution

of multiple. background tasks. For many tasks, GDS Il will reduce the.run
time byﬂlarge factors relative to GDS. ' ' : :

GDS II censis ts of a Central Processing Subsystem (including an ECLIPSE S/230
computer, a 12.5 million word removable disk pack manory, a magnetic tape,
and a system console) to which Design Stations, Plotters, and other peripheral
equioment arc attached. As many as eight interactive, design stations may

operate simultancously, with minimal degradation in average system response
time. At the same time, as many as three on-Tine plotters can be producing
artwork at full rated speed, and GDS I1 can be writing a tape to drive an
off-line plotter or pattern genérator. These operations take p]ace in fu]]
background mode without 1ntorrupt1ng input or editing.

“To suit varying customer requirements

, CALMA provides several dnput devices
for GDS I1 work slations. . S

*CALMA 48-hy-60) lnch constra1nec -cursor digitizing table
with, backlighting.

‘Drafting-table-size tablet with putk'and/or stylus
“Console with 12-by-12 inch Rand-type tablet.
A1l stations include a keyboard,

(for designer cownunication)
graphic display:

and .an anhanumchib CRT
A1l are-equipped with an interactive
-An ]]71nch storage tube, a 19-inch storaye tube, or

Station configuration does not determine station function.

An/Ln1ng that can
,tatlon can be done from all others. ‘

And GDS Tl can read-in GOS databases;

| ‘ Thus existing designs created on GUS f
can bhe maintained on GDS I1. o o
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2.3

XPLOITING THE LATCST TECHIOLOGY

Building on the cxperience gained over the past six years, during which GDS
has become the standard of the semiconductor industry, GNDS 11 incorporates -
the Talest in hal(/dPL and software technology, beginning with, the ECLIPSE )
5/230 LONUULC ’ : ‘ ' ‘ ' '

The Eclipse mee.&f_t_f-:l:

th CCLIPSE's high performance starts with a fast micropirogramned architec- -
ture. A random-access stack and versatile interrupt systum replace sofLware
routines with high-speed hardware, A Floaling Point Processor performs
single and doubloe-precision arithmelic at speeds malching those of large
computers. Interleaving reduces memory cycle L]me Effective memory- speeds

~ . range from 200 to 640 nanoaeconds

These ECLIPSE .computer features mean performance that translates into high
throughput; th10ughput that lets GDS I1 handle the demanding tasks of inter--
active design, sophisticated rules checking, ploLL]ng, and user programmning
concurrently. Bricfly these features are:

-Comprehensive instruction set customized‘for operating systems and
high-level- language compilers. = The set includes word, byte, and bit
manipulationy extensive shift and logical operations; signed and un-
signed integer multiply/divide; and block data movemendt.

-Extensive hardware stack mcclan1sm, for fast Jubroutlne linkage and
“context switching in real-time, recentrant cnv1roqment

-iemory Allocation and Protection with dydamic‘address trans]ation,
expansion to 512K bytes main memory, -and write and address protection,

“High-speed F]oat1ng Po1nb Processor featur1ng 32-bit and 64-bit formats
and parellel processing.

‘ltiemory 1nter]eav1ng and over1app1ng that significantly reduce 1n°truc-
tion execution L1me ‘

CALIMMA"s Hu]tfground'RDOS

DS 1! 95 built upor an enhanced version of Data General's Real Time Disk
perating system (PUOS) This more powerful operating system is known as
u]t1qround RROS because it supports additional jobs beyond the “forcground"
and "bact grourd“ provided by the standard Data General RDOS ~Up to sixteen
(16) separate "grounds" or jobs may be run concurrently with the system,
providing complete isolalion and protection for each ground. This permits,
for example, several different interactive graphics systems to run at the
same time (e.g., GOS IL and DOM) or ‘interactive graphics concurrent with
program development and debugging. ‘

RDOS permits "multitasking" within cach ground; this means within the same
address space there may be more than one asynchronous process (task) that
competes for the CPU.  The Scheduler for 1u]t1groun( RDOS is 1nbcr] raved”
among girounds and. tasks; that is a priority is computed for cach task in

i v B R
L" Wllf n.,.'ll!n.. “L:I:E ||1.l | T

WILCRAC T 0 R, sy




cach ground and then the ./Jtnm wnlos a global decision as to Jh1Ch task- and
g:ound Lo given control to.  This permits high and low priovity tasks to co-

‘ FA]St in- the same ground with the priorities corroctlw-intorpreted

ﬂmong the standard fnnLurns of RDOS are Program Swapping, which allows up Lol
five core images to be "pushed" to disk and then "popped” back and restored :
to exccution. This permits multipass algorithms to be cleanly implemented
ina manner that:'is transparent to the operator; also special subroutines
such as sorting may be 1mp]omontcd A5 SWApPs S0 the entire core space of the.
ground is available.for us

" The RDOS File system provides a qgeneralized means of ‘accessine d1sP fw]es, at
Vs p 9 J -

the same time supporting device-independent programming {or characler-
oriented devices such as the DECwriter, Line Printer, and Station Keyboard.
Filenames in RDOS may be from one to ten (10) characters in length and
optionally may contain a one or two letter filename extension at the end. ‘
The filenames are referenced through directories which may be nested up to =
three deep. ' :

Multiground RDOS retains complete compatibility with Data General's RDOS and
therefore allows all the software products devv]opeu by Data General to be
run without modification. = Inciuded arec compilers for FORTRAil, ALGOL, LASIC
and DG/L. Text editors and a Hacro Assembler are likewise uva11uble.

Multiground RDOS inc]Udcs custom‘I/O drivers for all of CALMA'S hardware.
This permits a high level generalized interface for the graphics system
eliminating the nccd to resort to bit lLvelzprOQramming with critical timing

.conditions,

The VHD

In addition to these second generation tools, CALHA has de\g]oped a new type.
of interactive graphics display which promises to provide a quantum jump in .
the level of user interactivity as well as a substantial dmprovement in

-~ overall system performance. Dubbed the Vector Memory Display (VD) this

device makes use of a vector memory and a digital TV 1maging’system. The
result is a graphics display whose capabilities far surpass thoce of exist-
ing refresn d]sHIajs, wh]ch use on]y one ‘type of refresi m(mor/ (vector or
rasun:) : '

Unti1'now,.CALHA has relied on a direct view storage tube display, which
stores the graphics image directly on the face of a specially constructed
cathode ray tube, so that the image docs not have to be continuously re-
freshed. This approach results in a high-resolution, flicker-free image. -
In addition to the stored image, a graphics cursor is continuously disp]a/ed
in write-Lhrough mode, so that it will not become a part of the stored image.

Using a graphics tableb-or digitizer as an input device, Lhe user can point

the cursor at objects on the screen and issue editing cohnundf to the §y°Lun
to alter these objects or add now ones. On Ehe whole Lhis type of display
has proved more than adequate for numerous applications in such diverse areas’
as integrated circuit and printed circuit design, cartograpiy, and three-
dimensional drafting, designing, and manufacturing.

2-4
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However, the storage Lube display does have one feature that Timits ils
effectivencess in applications requiring a rapidly changing graphic presenta-
Lion: Lhe image cannol be selectively erased.  Thus, viewing an altered
graphics image renquires crasing the entire old 1magv and redrawing Lhe entire
‘new one. Although CALEA's storage Lube display is many times faster Lhan
compeltitive displays of this Lype, applications exist. for wirich Lthe image
cannot be repainted faster than the dcsigncr can think of what to do next,

To overcome Lhis ]IMI(dLlOH requires a Qldptha dnzpluw whono umaqo je conL1n-
uously heing refreshed, 50 that when a graphic object is altered in Lhe memory
from which the display is refveshed, its image on Lhe screen rapidly disap-

pears and ils altered image SlmUILdnLOUa]y appears, while the remainder of the
image remains unchanged., - ' '

A display which refreshes the image directly from a "veclor memory" meets this
requirement. The display reads X-Y coordinate and intensity. information from
the memory and "strokes" the 1nd|cated Tine segments onto the screen in
connect-the-dots fashion.

This approach nowever, introduces more problems than it solves. For one
thing, .the CONU]U’I!” of the image which can be displayed without percepltible
f]1cPer1nq is. fundamentally Vimited - by how far the display tube's electron
beam has Lo travel, how rapidly the beam can be deflected and modulated, and
how rapidlj the image disappears from the screen. Various techniques could
be used to sidestep these limitations, but not without creating further prob-
Tems. For example, the length of the path traveled by the beam could be
reduced by alilempting to minimize the total Tength of the invisible cegments,
hut the computational overhcad would be substantial if not prohibitive.
Lirewice, the persisitence of the tube's phosphor could be increased, but

this would cause "ghosl" dmages Lo remain on the tube for a longer rcime after:
-Lhey had been altered in Lhe veclor memory, thus returning to some extenl to
the basic Timitation of the storage tube display. Horeover, as the deflection
ceircuitry is pushed to its Vimits, difficulties in maintaining accuracy and
repeatability are 1ikely to manifest themselves, so straight lines appear
other than straight and rectangles fail to close on- themselves. Finally,
since. screen brightness and stroking speed are inversely related, any attempt
to improve one parameter will compromise the other. ‘

A display which rafreshes the image from a "raster memory", or dot matrix,
avoids the above problems. Flicker-free images can easily be gencerated,
regardless of complexity, because the electron beam always travels the same:
path: a top-to-bottom sequence of closely spaced left-to-right lines, as in .
a commercial television set. The raster memory is used only to modulate the
intensity of the beam, a ‘ '
Pecause the dmage-painting path is‘COnstant and relatively short, a bright
image can be crealed; dand because Lhe path is so regular, the difficultics

of maintaining. accuracy.and ropvalnhl]wty are vastly ruducvd [n addition,
once the qraphic vectors of Lhe image have been ™ raslerized", i.e., converted
Lo sequences of dots in Lhe raster manory, Che data is in the optimal order
for displaying.  The raster memory ”pptOd(h cven ekes iU casy Lo create one
1maqo erase o vectangular fiold within iL, and then weite another inset’
Simage in Lhe vntnLcd space.  This can, of course, be done repeatedly it
desirod, creating a montage compo,1to Tmage impos sible Lo achieve with a
vector stroking diaplay. :
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Unfortunately, displays which rely solely on raster memory for refreshing
the image suffer from anolher basic Yimitalion. Once a vector has been ras-.
terized, Lhere is no good way to.deal with Lhe res u]L1nJ dots. 1F it is
desired to remove only Lhose dots corresponding to a given vector, one could.
rasterize the vector aqguin and use the resultlng set of dots Lo erase the
raster memory selectively.  Cut this would in general remove Loo many dots.
What is rcally desired is to remove only those dots which the given vector
was solely responsible for inserting and to leave alone those dots which L
were also inserted.by intersecting vectors.  But this is imposcible, since
in Lthe raster memory all dots look alike. As a result, after the given vec-
tor is reimoved in Lhis way, all conceivable intersecting vectors should be
revwritten into Lhe memory. - In the worst case, this amounts Lo rerasterizing
‘the entire vector image, uhnch runs the risk of nullifying the reason for
.Uoinq Ln.a refresh dldp]ay Lcchno]ogy in the first place: the ability to alter

"Lhe image rap1d1/

The abi]ity to zoom in on a-selected portion of the data is best achieved by
-erasing the-entire raster memory and rerasterizing the vector data at a dif-
ferent scale factor. This procedure brings out fine detail that is unapparent
at a small magnification because different points must be mapped into the
same dot. The alternative method of zooewing, mapping cach dot in a portion
of the raster memory into a'square array of dots on the screen, is a poor
substitute, because the resulting mdgn1f1caL1on does not entail increased
resolution.

What's more the raster- memory on]v display-offers no casy solution to the
problem of selecting graphical objects on the screen by pointing at Lhen,
After-all, a dot is just a dot. By contrast, a vector-memory-only display,
for all its faults, finds this task relatively easy. A Jight pen (or some
analagous'mechdnifm) is used to point at the desired object, end when the
‘retevant vector is strored on the tube the ]1gnL pen delects it, causihg it
to be identificd to the system.

CALMA's Vector Memory Display, Ly using both a vector memory and a raster
memory, i5 able to realize the benefits and avoid the disadvantages of both.
Its 21 -inch, 1024-1ine video monitor displays a brignt, flicker-free image
(40 foot-lamberts - more than ten times brighter than typical storage tubes)
of high resolution and accuracy, made possible by raster refresh technology.
JYet, because of- its vector memory, and Lhe high-speed display processor which
Tinks it to the raster memory, Lhe ViU can pan across, zoom in on, and zoom
out Treim a graphical image in a continuous manner at- frame rates as higiv as
40 per second.  Furthermore, the instant selection of graphical entities

is easily handled. ‘

) ) : i

The VED's vector memory utilizes a special purpose memory board, jointly de-
vieloped by engineers at CALMA and Intel Corporalion. This board contains
65,530 16-bit words of solid state memory and can be accessed al a rate of
cone word every 300 nanoveconds.  Each polygon entity stored wilhin Lhe memory
requires two vords for header information, between zero and Lhree words for
attribute informalion, Luo words for Lhe inilial %Y coordinate pair, and one
or two viords for cach subsequent Z-Y coordinate pair, depending upon the
representation mode.  Thus the number of words uscd per vector could vary:

between one and nine, depending on the nature of the data; a realistic average I
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is probably closer to two than thren. Up to. four monnr/‘bode can be con-
figured in a Vil for a LoLal of 262,144 vords, or rcugh]" 100,000 vecLors.

A co:nand processor, which 1nconporaLes an 8085 mlcroprnc 2esor, handles a]l
communication wilh the host central processing unit (CPU) and controls the
operations of Lhn various subfunctions of the p1p011ned display processor. |
“Incthe dinput mode, polygon entities generated in Lhe CPU are passed to the
command processor. through the memory update systom Lo Lhe vector memory. Ey
In Lhe rodvaw mode, entitios are Tetched Mrom vector memory, tested for over-
lap quh the current display window, clipped to (it within the windoew (if-
need be), scaled, and 1mngnd onto a portion of the raster memory. In the
“display mode, the screen is simply refreshed from the raster memory and Lhe
Cdisplay processor is olherwise didle.. In the identify mode, vector mesiory
is searched at high spced and the header and attribute information pertaining
to the polygon having a vertex closest to the indicated XY point is returned
to the CPU. The VD gencrates the images of up to four cursors and one dis-
~play grid in hardware, so: that they need not occupy space. in the vector
memory; similarly, three types of dashed lines can be generated in hardware,
so that the individual visible segments need not be stored scparately.

~Under normal circumstances, in redraw mode, data are processed at the rate of
one word (per vector memory board) every 300 nanoseconds, so that an entire
drawing may be vedrawn about 40 times a sccond, fast encugh to give the im-
pression of continuous movement on the screen. However, if the display wiandow
spans a large fraction of the data, the VMD redraw rate may be paccd by the
peak rasterizing ratc, which is abouL 35 nanoseconds/dot along the major aA1s.
Likewise, in the unlikely event that numerous diagonal vectors must be
clipped to -fit within the window, this process could momentarily pace the
system. Sufficient data buffering is provided belween system subfunctions

to smooth out most local dnv1at1ons from average data rates, thus assuring
“optimal SjSLCm pcnlormancw . :

The raster memory used by the VD featurns /ot anoLher unique memory board.
- It too was developed jointly by CALMA and Intel. This board contains an
“array of 512 x 512 bits of solid state memory. As the video monitor, which
has a grid of 1024 x 1024 addressable points, is beiny refreshed, an inter-
polation algorithm, which operates in real time, is used to fill in the dots
not explicitly stored in the.raster memory. g : ‘

In summary, the CALMA Vector Memory Display, by exploiting the best of two
different refresn-grapnic memory systems, affords the designer an unprece--
~dented level of performance in refresh graphics displays. Features like
unlimited insel capability, continuous pan-and zoom, instantancous context

switching, and hardware select give GDS I an uncqualled capability in its
inlended role as a VLSI dcsagn systemn.

The influence of the VMU on . the ovc:n]] design of GDS 11 is readily apparent.
Menus are displayed on Lhe screen, 1F desired, so Lhat the designer never
need look down at the tablet surface. All necessary comand promptitg is
provided the instant it 1s needed and just as quickly erased when no longer
requived. Henus wilhin menus can be used to explicate the va]1d choices
available to the designer at any given time.
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The desiyner can Ju1th Mrem viewing laver one of an integrated circuit mask.

sct to viewing layer two - instantly, wilh no more than a Loken amount of " .
assistance from the CPU. (By contrast, systems that use storage tube dis-.

nlays must rely on-the CPU to read the entire disk area containing the draw-"

ing and extract the relevant information for . redrawing. Clcarly, the VHD

apyproach Teaves much more time for the CPU Lo service other graphics term1-?:
nals and backqround Ltasks.) LiPuuiae; one could view all lines of a given
type, or all gates, or all contacts It's all a quostion of masxking in the

dasired aLL11buL0f

One of the most userul features enables the viewing of a larae- portion of an

eleclronic circuitl and simultancously viewing in a graphic inset a highly
slaanitied view of the same c1rcu1L‘ centered around the cursor position

within the aforcmentioned view. This arrangement proves particularly useful-

in rouL1ng signal traces, where one needs to be aware both of the details
of Tocal obstac]es and of the general direction in which one is headed.

commands and, in fact, within them. This enables the designer to route a
trace -to a d]ffnrnnt 1a/nr and then view the new -layer of traces in solid

lines and the- o]d layer in dashed lines, all.wilhout terminating the input
command. - - :

HPC (not available in initial release)

In addressing the problem of checkplotting within the context of a YLSI de-:

sign system, it became apparent.that a high-reselution matrix plotter such

as the Versatec 8242 offers a highly desirable solution. Integrating a de-

vice such as the 8242 into an interactive graphics system presents
inmense problems.  CALMA has presently under development an intelligent
Hatrix Plotter-Controller (MPC), built around the same tochnolegy as the
Vector Memory Display, that addresses and eliminates these problems

Consider the plight of a system architect attcmptihg to"nfngrate a matrix

“plotter into an interactive graphic system. A Versatec 8242 electrostatic

plotter is capable of producing a 40.96" x 40.96" plot at 200 spots/inch
1n q]lqhtly ](ss than 82 scconds - reygardless of complexity. Such a plot

8192 x 8192 spots which requires 4,191,304 16-bit words to be rnpresented’

in meitory.  This is exactly 128 times the capacity of a 32K word minicom-
puter which m1q}t seem the Jogical choice Lo perform the rasterization of
data. Thus a 32X word minicomputer would require at least 128 passes of an
unsorted drawing database to preduce a plot image! Therefore, dcdicating

Nodifications to the viewing parameters can be made 1nrnpnquent]/ from other’

a minicomputer to the scan conversion task could at best be expected to pro-

duce a plot ‘image in 128 times the view Cime.  Thus, an IC that vicws in 10
seconds could take no less than 21 minutes to convert to d raster image.

Other algoritims involving sorting, etc., introduce their own cxtensive re-.
_ 50 )

source requirements, A.compute Lo plotling Lime rvatio of over the order of

20 to 1 strongly suggests that the great speed polential of matrix plotters

is an emply promiscy

© CALVA, however, - seeking to realize the great performance and convenience

benefits of matrix plotters for their customers, _recngnizod'tht what these
devices require 15 a special purpose conLrol]e to generate raster data at
a rate to maLch their speed. '

2-8

(“ 4 |

i |
L [)... I l’l[I ' ] g
. . l.l Illy ’II u .\lln” I
nml',‘ RN ST N TRR Y

‘
i
;
| 1
I
i




.

The abilily to rapidly scan a plol file.is Lhe most critical requirement,  The
vector memory developed for CALMA's Veclor Memory Display offers an attractive
solutlion to this requirement. The MPC's vector memory utilizes a special
purpose memory board, jointly developoed by engincers alt CALMA and Intel Cor- .
poration. This board contains 65,536 16-bit words of solid state memory ‘
and canbe accessed at a rate of one word every 300 nanoscconds,  Each poly-
gon entity stored within the memory requires two words for header information,
Lwo words Tor Lhe initial X-Y coordinate pair, and one or two words for cach
subsequent. X=Y cdordinate pair, depending upon Lhe representation mode.  Thus
the number of words used per vector could vary between vne.and five depending
on the nuLurr‘()f the data; a realistic average is between one and Lwo, Up- ‘
to Tour memory boards can be c0n11qurud in an MPC, for a total of 262,144 .
words, or roughly 150,000 vectlors. ' : :

Since the data in the vcctor memory can be processed in app1041matc1/ 25 mil-
liseconds, to drive the Versatec 8242 at 100% of .rated speed requires that
only 3 lines of raster data be gencrated per vector memory scan. To realize
the goal of driving the device at rated speed, the MPC attaches high-speed
spcc1a] purnose computational harduare to the vector mcmorj in a pipelined
arch1tecturc. .

Data ]eav1nglthe vector memory is routed to a specially develeped ALU that
performs the rasterization of wvectors. The ALU design features a micropro-
grammed approach, implemented in MECL,. and utilizes 60-bit microinstructions
with a cyc]e time of 75 nanoseconds. - The ALU performs one arithmethic and:
one comparison operation during each cycle. The ALU also features nultiply
and q1V|dn hardware that operates independently to produce 16-bit results at
40-: lat(‘:. o ‘ ' ' ‘ C

The ALU execcutes a proprietary algor1thm to perform the scan conversion and
provide numerous important features. Line segments can be plotted at widths
of 1 to 127 spots from center line data. The controller rounds the corners
of connected Tine segments. Three patterns are also available to fill closed
. polygons. . Fil1l patterns are contained in PROM's, allowing them to be cus- .
ctemized to user specifications. The area fill feature, of course, greatly

enhances the uL]]];V of the generated plots by a]]owlng areas to be recadily
'd]Su]ngU]ath -

Thus, the nPC  makes the speed and-attendent convenience of existing matrix
plotters a reality to the users of interactive graphics systems. . For

the first time, a user can command a plot, wait a single view time to

load the vcctor'mom01j, and have his area~filled plot dellvunnd at full
rated matrix p]oLLer specd

R
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SYSTEH OPE Rm(,.y

The oparations oF the GDS IT system oNCompass a ]drqn varicty of tasks 1n,
addition Lo simple digitizing.  The shift in emphasis towards total dL51gn
data bases, rather than simple graphics data bases, reflects the evolving
requirements of the production environment as well -as the design eavironment,
The capability to verify that final artwork conforms to design. spLCIflcaf‘_
Lions, for cxample, requires that the information content of the data base

ch extended bv/ond strictly graph1ca] data elements.

-Since the GDS I System meets the users' requirements in doing a great deal.

more than merely cellecting coordinates, the.operation of the system must be
discussed accordingly.  The system provides a framework for the data collec-
L1on process which each -customer or installation may extend as desired..

Before any digitizing may be done, the user must decide what data is to be

collected, how libraries are to be organized, and so on. Only in this way
can the most effective utilization of the system be achieved. According-

"1y, the discussion of system operation begins with data base considerations.
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3.1

DATABASE EXTENSIBILITY

CALMA provides turn-key J/thmf in many arcas of application. The GOS 11
system can be applied to a number of 20 disciplines including integrated
circuit and printed circuit des 1qn CALMA tailors the GDS I1 system to

a particular discipline by implementing specialized primitives, implement-
iny Jpc<1allzed GPL 1T programs, implencnting specidlized background pro- -
grams, pro~1dnng standardized menus, and providing standardized data bases.

Each of tihese Cupub111t1os can be extended by CALMA or the customer. Ex-
‘Lcnf1b111l/ facilitates both evolutionary system development and customiza--

tion to meet application and user specifications. OF particular importance .
is data base extensibility, i.c., the ability to add new n1nd of data and
system understanding of the intcrprctaLion of new data. MWithout this ‘
capability the system would be "locked in" to a particular data base design

'w1th at most only externally defined (not understood by tha S/SLLM) conven-

tions be1ng used to implement the storage of new information. The GDS 11
Database Hanager provides data base extensibility thus. 01]01109 the user to
specify his own data base which incorporates elements and puoper;]@s unlque
to him and meaningful to the systom. -
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DATAQASE ELEHLTS

In dnn]1nq with large quanhhor of data two kinds of distinct partitioning
are required. " The first kind of pazlxt10n1nq is spatinl. This kind of par-
titioning allows extreme flexibility. in specifying combinations of paxL1L1ons
For use in most editing operations. The sccond kind of partitioning is rep-
rosentabional.  This kind of partitioning allows the q:uphlca. mresentation’
of.an object Lo'be specified independently of the spatial partitioning.

Spatial partitioning is dmplementod by the 64 Tayers ol a drawing,  Repre-

sentational parbitioning is a(h1ovvd through the 64 dalalypes ass lgnable T

Lo any element of the data base

The GDS T1I data base organizcs data into classes of clements:

Paths - unclosed pol/gons with w1dth 3
. Bf\{ . lr'\/ ‘.\l\\l
Circuits - closed polygons SEA [ A
Srefs - structure references
Arrays - structure references in a rectahgu]ar configuration
Text - describe. the graphical prescntat1on of paragraphs of text
- Snap - °pcc1f1es connect points

—— — - - - —— -~
~N O DWW N =
e — v.v St ~— vv

User- De.1nab]e - which allows the user to define the elements of
the database, via convenient prooerL/ 11sts

Graphic elements have layer and datatype associated with them.
o— &>

The layer may-be between 1 and G4. .
The datatype may be between 1 and 64. f‘g“j

The path width may be any size.
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‘DATABASE COHSTRUCT LGl

A drawing din hc GDS IT System is defined as the contents of a library set.
is

A library sct is-composed of a master library and a working ]ibrary.

Master libraries are defined by thn user on a project or proce s technology
Cbasis. The magter library incorporates the data base schema and therefore

determines the kind of data elements that may be defined in a working-library.
The master library may include exemplars which specify default values for
typical working Tibrary clements,  Miile an exemplar might be thought of as

a2 skeleton or pattern for the data element, the data in an exemplar is ac-

cessed by refereice.  This allows the default values Lo be overridden on an
instance-hy-instance basis and yet permits the defanlt values to be casily
edited, The master Tibrary may also include data structurces with their ele-
ments. Mested references by e]emoan in the master library to structures
defined with the master library are allowed. ‘

A working Tibrary is always associated with a master library. ~Except for

references to the master library, the working library is self contained.
The working library may define exemplars and data-structures for reference
by name just like the masier library. Any component unique to the working
Tibrary is presumably defined in the working library. In particular, it
is not necessary to define a component externally just to reftrence the-
structure at multiple locations in the drawing. . .
C1ven that a master. 11brar/ has been created, the typical use of the s;stem

is to create or edit a working Tibrary. While more than one master library
may exist with multiple users accessing different master libraries, the
master Tibrary may also be shared. hile the master Tibrary would be handled .
25 a read-only {ile in such a circumstance, a working library is generally
allowed to be‘arre sible by only one user at a time. In particular, mu1t1p]e
‘users cannot request update access to a single ]1brar/

-
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3.4

MENU OPERATLONS

Menu Operations refeor to the seleclion by the user of a string of characters
to. be . processed just as if the user had typed them individually. Through
this mechanism a unique "language™ is implemented to interface aperators’ or -
designers Lo the po:vr.u] primitives of the system.  Because of GPL 1 ’
proqracming these strings can be used to generate powerful, conditional,
context dependent processing funclions, complete with user prompts. At the.
other exLreme wd<h sclection could gonenuue Just a SInqlv Ku/SrrOPO thus
simulating a ke jbuaxd .

The implahentation of Lhn menu capability involves hardware and coftware
seleclion mechanisms.  Basically there are 512 different menu selections

~with as many as G4 chnractor° definable to cach. A 32 function button key-. .

board is provided, cach key of which can select any of the 512 menu buttons.
On a tablet or d1g1t171ng table a ménu area is défined by a rectangular

area divided into rows and columns of rectangles so that up .to 512 of the
menu buttons may be addressed by geometric position in the menu area. Ad-
jitionallj, the menu arca may be shown on the Vi screen, so that when the
cursor is in the area a selection may be made by moving the cursor . to a user:
defined graphical presentation of a menu button and entering the Je]oct1ng
coordinate. By this method the user may keep nis athnL1on tocused on the
graphic display during system operation.

"Creation and modification of menu buttons is eds11/ ach1eved us1ng “the GDS II

Text Lditor (TED). Menu definitions may be saved and restored in 2DOS riles.
Lven though menus are casily produccd standard menus are pnov1ded to
facilitate training.
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VIEYW CONTROL

The Vector Hemory Display (VHD) is an 1nLc]11qenl gqraphics d\Spld/ device
which stores the display file in its own local memory. The display rile is

Cgenerated from the drawing data within the-user-defined data base window of,

the drawing. A1l or part of Lhe display file may be viewad on the user-
defined viowport(s) of the CRT screen. The v1nwport( ) may be located u]th1n
the CRY window.. The user can pan and zoom the data in the drawing file at
any Lime, 1ndapondonu of dlgltl 1nq or program Of(cuLlon

The VD has multiple cursors. Cur%nrs may be used Lo Lrace the position of
Lthe digitizier (for coordinate enlry). or Lhe menu position for on-screen YiD-
buttons. Line types for palhs/circuits include solid, dushed, dash-dotted, .
dobtled, or dnvisible, - The YHMD has clean selective crasce, which means that
delete operations as they occur will be echoed properly. The user may place
construction lines, which are temporary and do not ecxist in the data base,
but which may be erased instantly at any time the user desires.

The VMD'daLa base window is the actual contents of the vector menmory of the
VHD. A radical move over the big drawing necessitates reloading of the VMD,

Typically the view window will only be a portion of the database window.

Panning is cither manual or automatici the manual mode is invoked by moving

“the viewport-in any direction or centering it on a spot. The size of the

viewport is also-user defined upon manual pan. In automatic mode, the system
moves the vicwport with the cursor, so that the cursor is v1s1b]0 at ul]
times, for ease of d1g1t1b1ng w1Lhout interruption.

ZOOming in and out Ta done relative to the center‘of the viewport. Zoom may
be direct or continuous; for direct zoom; the user specifies the absolute
or relative magnificetion factor. " The relative magnification faclor is used

for saying "2X" or "0.3X". ‘In the continuous zoom, the user specifies the

upper and lower absolule magnifications. To start the zoom, the user pres-

ses the zoom in or zoom out buttons. 'To stop the zoom before assigned com-
~pletion, the user presses ecither button

The user will norma]]y have two viewports, one depicting the global view of
the drawing, the other showing the local vicinity of the cursor while digit-

dzing.  The local-may be in automatic pan and zoom modes, and the global
Cview might be in manual pan and zoom. foving the digitizer sensor (puck)

movas the cursors in both views. " If the user moves the cursor out of the .
Tocal vicwport, the automatic pan will continuously move the local view
awound the cursor.

For 1essor display devices, the VD emulator directs output to process GOS I}
manual viewing Cnmmaud' in as much as the device can act 1ike the VD, The |
emulator requires an cxtra RDOS ground and- keeps the display file for the
device on disk. The cmu]ulor canmol (in the case of the Tektronix CRT) par-
an]]y er aac pan automalically, continuously zoom, or display mulliple cur-
sors. ' : L

Lino Types include solid, dashed, dotted, dash-dotted, and invisible on Lhe’
graphics display according to datalype specification. " Four fill Lypes are-
also defined and are displayable according to dataty;e specifications.
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3.0

CHARACTER UIJPLAY

The charactor display dovice supports the full ASCLL character set, includ-
ing lower case.  The area of the screen is divided into two sections, a
header in the first 3 lines. and a scroll. ' ‘

‘The header contains data which is updated continuously.  The cursor

Tocation is displayed in. user units on the top of the screen. This disp]ay

s undated 10 Cines per scecond in parallel with the grephic curJor(.). The "

current time and date are also displayed in the header. The last line in
LhL header is used for user-definable status information.

Tha roma1ndﬁr of the character dis play screen is uscd for a scroll with
now lines being entered at the bottom of the screen. | The scroll is being -
ised to display input prompts, to log all commands executed, and to display .

: an/ C)’IO?‘ Incssdages.

In digitizing, if expected results do not appear on the graphic display,
the user may redirect his attention to the alphanumeric display to find a.
record of the most recent interaction with the system. As 2 visual cue,
a]] error messages will be output in bright characters.

- A gnneral capab111t/ featured in the GDS IT system is the facility to "type-

ahead"”. ‘When a menu button is selected, for example, up to 64 characters .
including carriaOﬂ returns are entered as a hurst. All characters entered
are echoed, but the ccho is performed when the characters are actually used.
[t is conceivable that in some situations an advanced uscr will be able to
enter one or more complete commands while Lhe system is still executing the-
current command. By delaying the echoing of any pending input, any output
follows the command line which causes that output. Error messages are also
synchronized with the command line which -causes the error. If &n error is
detected, any input which is pending (and has not been echoed yet) is
discarced. : S

A1l coordinates are ecquivalent to character strings. . If the cursor is in

~ the menu areca, the display on the character CRT 'is the text associated u1th

the button as described above. If the cursor is in the drawing area,
however, the display on the character CRT is the current location of the
cursor. The-values displayed are in user defined units and repre sent the

‘net effect of any scaling or working grid.

Mhile the user wiW] normally use the pen as the principal input device in. °

a digitizing situation, he does have recourse to the keyboard at any time.:

The keyboard can be used to oov1ou, advantage in Lho inputting or editing
of tﬂ/L data. : ‘
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‘COORDIHATE LHTCRPRETAT [OH

It is 1mpor ant to scparatn the notion of ph/s1ca1 units and tho capab111t/
to.resolve those units for representational and manipulative purposes. A :
given horizontal or vertical line can be measured in any units that the user.
deems natural.  The number of addressable coordinates along the line are
rastricted to a finite number sufficient for all resolution decmed necessary -
by the user. A change-of natural unit usually doesn't require a change in
coordinate resolution. Sufficient resolution is mandatory. Fost coordinates
fall on a reqularty spaced pattern called a working grid. Occasionally in--
LO\MC“IGLQ points are desired or necessary for specilying such things as
half grid width for centers of Tines with width or circle conters, more uni- -
form representation of a circular boundary, or perhaps cven a good represent-
ation of a square of some grid width rotated 45 degrees (n®sqrt(2) is irra-
tional, but an additional 45 degree rotation rea11/ ought to be correct)

‘Because of such reasons as these and more importantly the need for h1gher

density designs in smaller physical units, the GDS Il system allows the
user to specify any convenient natural unit and has a resolving power of one

~part in over 4 billion uniform1/ spaced. The user may at any time chanye

his natural unit resu]t1ng in an immediate change in the presentation of

‘coordlnates

Because most coordinates fall on a regular grid pattern, the system provides
a working grid capability with independent X and Y spacing and origined at .
any coordinate of the data base. Each coordinate entered by the user is
forced to the necarest ¢rid. point. Grids can also be dlsplavcd on. the
graphic CRT - Grids are readx]/ changed on commnand.

For thosc using a scaled source Uocument the axes of the document can be in-

~dependently specified at any angle to Lhe table with as mony as 11 rcference“

points on cach axls usod to sca]c the document.
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OATA CHTRY “AND CDIT

The GDS LI Graphics Editor contains three modes for the purpose of light-
ening the input task. The first is conventional straigit-lince edqges. The-
second is "orthogonal inlorp01atiun , which oulputs the segment as two
plc'LS. the horizontal piece and the vertical piece. The user may specify!
Y-first or Y-first. The (inal mode of input. segment entry is “octagonal”..

.rno segaents oulput are always ho:uzontal vertical, or 45-degree slant

seqments.  Circles are additionally enLerablv as an interpretation mode by
defining 3 points-on the circumference, endpoinks of a diameter, the center

cand the radius. Arcs are enterable as an 1nLe:p|eLaLlon mode in-an even
Cgreater varicly of ways.

Selection of itcms‘to chdngc (one at a time) is done through the Graphic
Editor via the get mode, which accepts one coordinate value.

Features possible for get mode:

‘get nearest sref
get nearestc path
get nearest circuit

get nearest graphical element

1)

2)

3)

4) "get nearest array
5)

6) get next identified clement
7)

get snap node definitions

One can choose the vertices to delete or add upon qgetting the polygon for

edit. A1) operations done are aborteble without the loss of information. .

Elements are created in "modes" (such as path mode, circuit mode, sref
mode, ...). This opt1mlzc¢ the amount of redundancy in user interaction.
The modes are arranged in‘an English- Ianguagc form for easy understand-

ability, and easc of tra1n1ng

Repetitious clements may be placed using copy. '

E]cmonts'may‘be rotated, trans]atcd, reflected, magnified, or’cdpied by
the Graphic Editor. : ‘ ’ -

Attributes of an e]emﬁnt may be changed upon user conmand (Such as Wayef{

“width, dJLatypc, transfonndt1on...)

Polvaons

Polygons arc created by specifying path or circuit as the current input
mode, and entering ils vertices in Lhe same order LhuL Lne/ occur in con-
HGCLIO“ and Lcrmxnatcd by a null input linc. -
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Polysons (cont.)

Polygens may be unioned, intersected, logically not-ed, and xor-ed with-

cach other.

Any portion (or all) of a polygon may be repositioned with an arbitrary

“transtormation, such as stretch, rotate, or mirror. Closure is preserved.

Rectangles

Rectangles are optimized for entry, as two-point. forms.

Structure References‘

Structures arc referenced by digitizing origins in sref mode. User-;
definable transformations are saved as part of the structurd refer- !
ence, :

Snap []ement°

- Snap elements are defined and edlted as a set of points. Snap locations

are used to relate a structure to locations in its referencing environ-
ment. v

De]ete Features

The user may delete p01nts from ehe paLh/c1rcu1t in edit.

The user may de1nte srefs or aArrays.

The user may ue]ete the last thing he created: a general undo function.

‘The user may abort the current mode of entry.

" The user may get. a paLh/c1rcu1t and recopen it for edit, (then the user may

undo vertices or ces1cnate an arbitrary vertex or set of vertices for
rapid deletlon) ' ’

The GDS 11 Graphic Editor dignores trivial or redundant point cases to

facilitate straightforward editing.

Lremplars

The user may define any exemplar (property 1ist) for part/circuit/sref/list/
array binding. . ~ ‘

e

Exemplar proporties can be overridden by explicitly defined properties in.
a given clement, ' : : o : ‘

Properties in an element (layer, datatype, width, excmplar, rcference,

Ctransform, cte.) can be changed by the user at any time.
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3.9,

r,PropnuLy selection s doterm1ned by the specification of a property re]at1ona]

- Identificd group sclection can-be used to process a]] clements that are/are
not in the 1dnnL1f1ed group

DATA SELECTION AND TRAHSFGRMATICH

Editing multipln data base elements simultancously involves selection criteria
and Lransform operations. "Host sclections are on the basis of templets (selec-
tion masks), olhers arc based on property selection,. geometric selection, or:

identified order selection.  The identified group is a set of elenents accumu-
lated throuah scelection mechanisms.  Once selected this group may be processed

Cby thie various edibting operations and still retain their identified prOperty

Of coursa th‘1dLnL1r|Qd qroup may be c]caned at any time by the user

“Templets" of layers are usnd tn specify modifiable ]ayers, address ublolajer54
and visible tayers., Templets of data types are uscd to specify modifiable

and addressable elements. " Thus L s possible Lo restrict operations toanyof
1096 (64*64) classes of elements or numerous other combinations. Templets

arc used to determine the four line types and area fill types for a given
graphical output device. Changes in these templets immediately a]ter the
graphical presentation on the VID d1sp]a/

The system makes use of many‘selection mechanisms by their appropriateness
and ease of use. Layer and data type tonmplets are used most often in re-
stricting various opcerations. Three other major methods. of data selection
are: property selection, geometric selection, and identified group selection.
A1l of these methods arc supportcd by each of the editing commands.

statement composed of property specificers and literal values combined with
=, <,»,<=;»=and,or,not.  Such a statement, 1f true, seiects the associated
daba ta e eicment, ‘

Ceomelric salection is specified by the closest vertex to a point, all ver-
tices/structure references inside/outside a given closed region, or all cir-
cuits/paths which are wholly inside/partially inside/partially outside/whol -
1y outside a.given closed area, :

Edits do not mod1f/ the identified qroup except for deletions. The identified
groun mLy be cleared at any time. To add to/delete from the 1denu1f1eu group
any of the above mebhods of selection may be used.

Those selection methods addressing individual vertices may be used for
stretching or deletion. More generally the addressing methods may be usec
to replace properties or to modify elements by translation, rotation, mag-
nification, reflection, copying, deletion, changing layer, or changing data
type. S B :
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3.10.

TEXT ENTRY AND EDIT (TED)

The GDS II text editor is intended fow many types of editing.

The main types are:
i) Ed1t1ng/rroat1ng GPL I programa
2) E(1L1ng/ﬁsd1gn1ngk008 I[ buttons fqr fhe menu.
3)‘ Editiﬁg/A’signing text in a text element.

1) rdltlng/FreaLwng DaLabace Schemes.

_ . Edit of a GPL II program is done by file name, edit of . a buLLon is. done b/
. button number, and edit of a text element is done by ;he location of the
“text element. Edit of a databave schema is also cone by name,

RDOS..

‘ Insertion/deTetion of 1lines or characters: is possible, as well as the

povierful “change the next occurrencc'of this string to something else".

, TLD is a well- wnathered Teco- SLJ]L text ed1tor, pgtLeined after the one 1n_v

Snarch1ng foz any str1ng of characters, poas1b1/ conba1n1ng a carriage re-.

turn, 15 possible.
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INUTIATEHG BACKGROUHD JOBS

The GDS T1 dab Management System provides the facility for exccuting :
background jobs. Any executable RBOS program ("save file™) miay be invoked ™
as a background job. Background jobs are non-interactive: once started up,

© they execute dndependently of the injtiating station.

Both CALMA-written and user-written programs may be executed as background
“jobs.  The CALMA-written nrograms include the following: p]otLﬁr-dxiVing‘f

programs’ for on-line and. off-1inc pen and photo ploLlers, patiern qenerator
outputl programs for optical and eleclron-beam pattern generators, pattern
generdator read-in proyrams, dump and Joad programs for Llan‘Fe|r1ng drawings
Lo and from magnetic tape, CDC-LO GDS 1T data conversion, and design rule

- checking programs. These are described in detail in Section 5.5.

User-written programs can also be run as background jobs. These programs can
be written in-Algol or Fortran and compiled using Data General compilers.
They may also be written in assembly language. Access to the GOS Il data -
base (for reading, crecting or chanying data) is available to Algol programs

~and Algol-compatible Fortran subrout1nes, through the use of CALMA-written
: databaoo access rout1n0§

The user 1n1b1ateJ and controls bachround jobs through a number of GDS II.
conmands. These commands allow the user to initidte a Jjob, Lenm1natc or
suspend a job, change the pr1or1ty of a JOb and find out. information about

all JObS in the system.
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3.12

PROGRAM DEVELOPHEHT

The GDS TI1 System supports a wide range of capability in the development
of user programs. The development of custom programs is an option that-
allows the system to be La1]ornd to the users' unigque vequircments in either
the data collection or data processing arcas. While no special programs are

required Lo uscethe GDS IT System, even in many cases wherce the database’

definition has been extended, system enhancements may frequently be good
invesments. , : ‘ ' ’

The highest level programmmng 1anouagn provided by the GDS IT System is the *
GPL T1km py rogramming Language,  The GPL [T Languaye is a genoral purpose

‘programming language designed for interactive use.  IL is patlterned after

APL, a programming language which is widely available commoercially. A

“common characteristic of both of these languages is definition of a complete
-set of array operators. With the GPL 1] system, such operations as transla-

tion or rotation of a matrix ropxesLntino a polygon is programmed as a
sinele operation.” Additional benefits include 1nLeracL1ve execution and

c.a full set of dnbagg1ng a1ds.

The GPL 11 proaramming 1anguage is a superset of the GDS II command ]anguage
A set.of commands can be transformed into a program with no changes what-
soever. Typically,-the computational power of the GPL Il Programming
Language would be used to provide conditional execution of commands based on
feedback from the system. On the other hand, the computational power of the
G”L [T language can be used, for “Jmp]e, to evaluale arithmetic n/pre°s1ons
in the comiand language without writing a program at all. A rwmore signifi-
cant use of the GPL [T programming lanquage is to implement programs which .

‘access va]ues stored in user defined extensions to the data base.

The GDS II system supports several standard Data General programming lan-
guages.  The most important of thesc is 0G/L which is a derivative of ALGOL.
Advanced users may choose to wnrite DG/L programs. that become part of the GDS
IT foreground system and may be referenced by the command language-or the
GPL IT programming language. The user also has the option of writing a -

DG/L progranm which interfaces with background job supervisor i7 less
demanding access to the data base is sufficient.

The advantage in using DG/l is that the source language is compiled directly

Sinto the Eclipse instruction set rather than being interpreted as is the

ase for the GPL TI programming language. Therefore, DG/L is a more suit-
able vehicle for progranis. vith very extensive computational requirements. -
The disadvantage in using DG/L, as comparcd to GPL 11, is that interactive
debugging at the level of «the source language is not possible. The physical
Timitations of the machine in respect to how much wemory can be addressed
at a time are also mueh more in evidence u,lng pa/L.

The GDS T1 svstem also supports FORTRAIN as doflnvd by Data General,
An interface between FORTRAN and the GDS IT system can be inplemented.
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Systen also ‘upnO|L" the maano asscubly language available from
DaLn General, '

Excopt Tor the GPL Il Puogtamm]nq Lanquaqe, all prnqrammlng language

development and dobqulng must be pertformed as a separate jaob. Prov1ded
that sufficient memory space is available, the user may detach his .
stalion from the GDS 11 System and enter Lhe RDOS Command Line Interpreter. .
In this mode, all of the standard RDOS compilers, loaders, and ulilitics

are available.  Even debugging is possible exadpl in Lhose cases when Lhe

interrupl of £ debugger is required to diagnose a problem. At the conclu-
sion of this mode of operation; the user may reattach his station to the
GDS T Toreground. and resume normal operations. ‘

15

it l(l,l t rwnm .




3.

13

tion, data storage, and command iteration functions. This design has ad-
“vantages if the user does nothing but use the standard system menu.

COMMATD PRLmtTIQES _ o | " ' S i

Since the systom is menu-driven, the actual command language format is - ,
relatively unimportant Lo either Lhe casual or production’user.. At least
during the qut-acquainted period with the GDS 1[ system, and perhaps for
some Lime thereafter, the users' experience with the command langudge will
“be limited Lo the extent of defining new menu buttons Lo tailor the system
to meet his pbcial requirements. 1t is anticipaled that some customers
will sce fit torcreate a programming staff to sce to it that they are mak--
ing the most efficient use of Lhe systom. S

Since most of the interaction with the system is al the menu Tevel, it has
been possible in the design of Lhe GDS 11 system to treat the command
structurce as a lanyuage. That is, a consistent set of syntactical rules
have been defined that are simple to learn. The syntax of & command does
not depend on the particular command in question. This approach has been
possible only because we have not been forced to be overly concerned about
keystroke optimization at the command level. '

In addition to a simple and consistent syntax, the basic philosophy of the
command lanquage design is to separate Lhe data collection, data manipula-

The data collection routine for defining a closed polygonal shape is a ‘primi-
tive function in the command language.  The most important use of this
primitive, of course, is to digitize a polygon to be saved in the data base.
The same function may be used in defining a region for arca editing or group
sejection commands, however., Traditionally, there have been several tools
implementad for use as operator aids in digitizing complex shapes. AS
“editing procedures have become more powerful, the user is left to define

a comp]e/ window with no hielp at all. The GDS I polygon data collection’
Sprimitive can be used to support both data cruat1on and editing functions.
Using tho saine pr1m1L1vc of course, gudxantew" that the specification of

a complex shape is always handled 1n a consistent method.

The data man1pu1ation routines are_1mplemented as another set of pr1m1t1ves.
As far a$ the user is concerned, a.complex polygon can be oversized in ,
exactly the same way as a simple rectangle.  The fact thet different algo-
rithms are used internally is hidden from the user. )

The data storage routines are implemented as another class of primitives.
These routines are spécial in that a context .is generally desired while
digitizing. The variables in-.the context are 1mpurtant only to the data
creation primitive. In the original GDS system, for GAOMD]P, changiny the
mask layer-affecls the operation of several commands, ¢e.q. $5, RT, CC, ctc.-
“In Lhe GOS ID system, such a change affects only one primilive. Thc con-
cept of mask layer is dmportant only when the data is saved, not .in how the
‘data is digitized. : 3 s R

F1na1]y, command iteration is separated from the arlual function. -There- fv
fore, it is just as casy to define a menu butlon -that iterates collecting
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circles as it is to define a button that iterates collecting rectangles
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GBS 11 ACCOUNTIHG

-

‘The accounlLing features, included in GOS IT facilitate the global

supervision of users/projects, with consideration to how much foreground
activity occurred for cach user under whalcver projects that user worked
in.  The time accruod will be listed in Loth wall-clock time (actual

station time) and CPU time (computation time). Wall clock time roflocts

Lhe actual time ‘spent typing end waiting (i7 any) and CPU time reflects
the time for GPL-IT programs run and GED primitives invoked.

Provision is also made to log those background jobs -which were started '
under the user/project, 1nc1ud1ng the time for Lhe run .and a description.

of the command to generate the procedd, and, if applicable, when the job"
vias- aborted. ‘ : '
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4.0 SPECIFICATIONS E * .

GOS I is a unique and complete graphics system featuring design and
production capabilities. The following specitfications cxhibit its VLSI
capabilities as well as more geacrally applicable features. :
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4.1

'OATAB\QE FEATURLS

] llf‘!i

',EJQMQnﬁs,afé'the‘basic entitics'with-a GDS T1 Database.

Elemants are ass igned “L]omont types" as they are creaued ~The setzof
element types may be extended by the user.

Elements are collec ctions of properties or attribule- value paxrs The

data type, precision, transformation class, and shape of properties. nay
be defined. The set of properties may be xtendcd by the user.

Exemplars

© Exemplars are elements that have~afuser assigned name.

Once associated with an element, an exemplar supp]1cs de1au]t or common
pronerties Lhereby facilitating cu1t1ng and a];o conprassing data.

- Structures.

StrUctures are collections of elecments.

A °Lructure is composed of a "superstructure" and an "inf rasurucbur“”.- The

superscructure contains only the data required to relate the structure to

its external environment. The 1n.r structure contains the remu1n1ng
“informetion: :

vA'srrucruro may reference anothier structure in a hierarchial manner. Any

reasonable.number of- ]ovc]s of nesting structure rcferences may be
accomoduted

“Libraries

A library is a collection of structures, a co]]ection of exemplars, a schemas

and tables for use b/ the Database MHanage

I}C number of oLrucLurc° 1n a 11brar/ is ]1m1ued only by a“awlab]e space.

fach library is inplemented as an RDOS f11e and nay contain up to 33.5
million bytes of storage area.

A working 11b|any Logethnr Ulth 1ts as sociated master Tibrary comprise a
library set. ' ‘
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LHPUT/EDITING

‘Coordinates

SPOC1AIOd in user's naturu] units
s Natural and ph/ac1a1 units- chanqab]e at any time
Independent]/ deflned X and Y axes

'lndOPrndenL1/ fcaled %oand Y axes with up to 11 <(a]1ng
points por 1\14‘

-Independenc pee111el X and Y grid, scaled in user units,
at any Xand Y origin, changable at any time

-+ Grid display on graphic CRT
-Straight, orthogonal, and odtagonal'interpo]ation

. Coordinates specifiable by d1q1L171ng, snd0p1ng, 11te1a1 speci-
f1eat1on and relative specification

< In n]enenes. coordinates axe connected b/ linear or circular
1nLerpo1aL1on

- Res o]ut]on of 1 part in 4 294 967, 295
Selection..
- 64 ]W/nrf and 64 datatypes spec1fy up to 4096 c]asses of
“elements

~Templots of ]a/crs and other daLa types used  to spec1fy
mool.laole, addressable, and visible. Lleaents

-Selection by property of elements
+Selection by gcometric relations
- Selection by membership in Identified Group
-Selection is used to add to Identified Group

Data Elements

. Path - polygohs with width '
V-Ci?cuits - closed poTygons”

» Structure references

-ﬂrray, of eructure references‘
'-Graphlca] text

©5nap coordinates

“ User-definable

(H Il”"l | I IEI‘ ], m] h"
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Graphic Ceitor

‘Any element may be selected or created
‘Propertics of selected clements are modifiable
‘Points can be moved, added, or deleted

‘Selected elements may'be rotated, trans]atcd, reflected,
magnified, copied, or deleled

Data Transformation

A1 clements addressed may be rotatcd, trans]atqd,.reflected,
magnified, copncd, or deleted :

If geomntrnc selection is made 1nd1v1dua] vertlces may be
moved or deleted.

Transfonus arfect elements, and, except for deletion do not
affect membership in the Identified Group

_Text Fd1t1nq

—————— e

*Editing operations are the same For all text str1ngs in
the system

‘Editing source may be a GPL II,program, a menu button, any
text property in an element, or a database scheme definition

4-4
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DISPLAY COPIROL

Graphic Data ldan1f1raL10n = VD

The VnctOr Momory Display is used to display graphic data items, and,'at_the'
user's option Lthe current menu page. Data presentation features include: -

-Line 0rc;ontaL1on may be sol1d dashed, dashédotted,'of dotted.

‘Line pruscntat1on is a unique property--not nccessarily related to
layer. S

Selected lines may be made invisible or blinked independently of
presentation. ’ :

-Selected areas may bc‘fi11éd with patterns.

Character Data Representation - CRT

‘The alphanumeric CRT is used to display current-status in reel time and

record.a log of all recent operator interactions. Status information
includes: ' ' :

'Currentvcu}sor 1ocatioh,‘iﬁ user units, cbntinuous]y dfsplaygd
-Cufrent‘mode of iﬁteractive'programs (if enabled)
Operator Interactfbn log . includes
-Commm;nds'ekecutcd
°Input'prohpfs o | 4 i s i
«Error messagés or results (1f:non—graphi¢)- |
Minden |

The VHD is 1ondod with all data to be manipulated in an edit session. The
result of this ploce s, which may exceed 5PK vectors, is termed the data- .
base windou. ‘ o ‘

*Flexible data base window selector mechanisms:
ce+Selection by property value--e.g. layer(s)
-+Selection by ]ocation.’ :

-ATternative handling of structure rofoncn(o"
<= Supers bructure presentation--houndary and connortlon nodes.
< dnfrastructure presentalion-~internal deteil and nested reference.

L
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Viewporls
The VHD allows Mu]tip]e viewports into the data base window., Fach view-'
port may be conlrolled 1ndennndonL]/ of any other command in the system.
Capabilities 1nclude :

-Increase'maqnificatfon (and increase resoiution)t

-Decrease‘magﬁification. |

*Specify magnifitation factor

--Start/étbp continuous. zoom

e J ‘ .

-Set viewpert location’

;Mer viewport in any direction

-Start/stop cont1nuous pan |

Update Frequnnr/

'VieWport-changes are handled 1nstantaneous]y by the VYD

<A1 cooro1nates entered in the drawing area are marked 1mmed1ate1j,
at the user's opt1on on the graph1c CRT :

<A1 charactcrs input as part of the current input request are echoed
imnediately '

-A11 input typed ahcad, prompts, crror message, etc. are synchronized
with the input commands ' : :

-Circuits are drawn as soon as. each vertex is entered

-Faths are fndicated'by temporarily drawingvthe center line. The
widened path is redrawn on completion

-Rectangles are drawn on completion
-Deletions are performed on comnand

-Cursor Tocation(s) on the VMD and X-Y location displayed on the
a]phanunellc CRT are updated 10 times a second

Displ ay /- Speed

»

The GDS 11 O)Qrut1ng )/,tom is capable of drnumnq veelors uhl]o 10ad1ng the

VM At a rate of 3,000 - 4 ,000 veclors per sccond.  Any chenge to the
.,djgpluy,(pan, Zoom, trans]ate. modi fy) aflfecting a simple element or a group

of elemnnts is handled in 2.5 mitliseconds, Assuming that the VD memory is
full yields an effective transfer rate on Lho order of 100,000 to 200,000 .

-vectors per ncond

4-6
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4.4

BACKGROURD PROGRAMS

Dn ian Pulc Checks

Internal spacing checks (not available in initial relecase)
‘External spacing checks  (not available in initial releace)

‘Layer-to-layer intrusion, cxtension, oversize and area
of intersection (not available in initial release)

SAED, OR, 1HOT combinalions of layers (not available in initial release)

“Area Merging (not available in initial relecasc)

Pen Plotters (on and off-line)

‘Calcomp 936, 960
*Aynetics 1100, 1200
‘Versatec 8242 (not-available in initial release)

.Pattern Generators (input as-well as outpUt)

‘Mann 1600, 2600, 3000, 3600
*Electromask 2000 -
*All-angle gcometr1es may be, proce sed

'Photoplotters (not available in initial re]eaée).

‘Precisionplot 2030
‘Gerber $40, 632, 1232, 2032

L-Beam Pattern Generators (not available in initial release)

Etnc MERES
‘Cambridge EBMF -

Datahase Compat?bi]ity (input aﬁd output)

-GDS.

T

..... bl Wl L 'ml
”””-'/\‘ w, l ,M\I‘Hl( X ||H

-7



4.5 APPLICATION PROGRAHMING TOOLS

Graphics Programming lLanquaqge

6oL 115" provides
-ﬂumeric and charactér data-typcs'and opérations,
'ﬁScthr} vecior, mitrix, and higher order avray dota slructures.
-flon-reversive iist.data structures.
“A full set of array and-]igt procéssing primitives.
An ALGOL- 11le contro] structure to facilitate structured progxamm1ng '
«Full ouvport of-user programs-—as operators or subroub1nos
'Interqctive execution--disk ca]cu]ator mode.
-Interactiveldebugging at the source language level.

RDOS Proaranming Lanquaqes

« FORTRAMN
ALGOL

BASTC

uu/L .
«lhacro Assembler

‘Database Access Routines (FORTRAN, DG/L)
Editors. . - :
‘Loaders

-Debuggers

The combined fac111t1e° of GP! Iltm, FORTRAM, ALGOL, RDOS and the
Database Access Routines offer the ability to tailor GDS II to a
’ var1uuj of graph1c processing functions, 1nc]ud1ng
~cxpanSJon of the command reperto1re
«Input/Output intcrface»programming for spocia]Achices.
-Format convers jon and man1pu]aLlon of graphic data ba es.
D051gn ru]n cthllng
-Simulation

-Test data generation

A]I.ptqgrnmming and debugging is done on line, without jeopardizing
circuit desian or production activity. ‘ '

-
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4.6 HARDMARE

Central Processing Systom

Computer
JInstruction Length

" Hardware: f\rcu'n-naLorr

"lndL/

nddress Modes

Operator Concfo]*
tiemory Cycle Time
- Standard Memory Size
Memory. Fully Expanded
Standard Arithmetic Element

- Standard Disk Subsystem:
" Transfer rate
Acécss time
Single drive capacity:
Expansibility

Transfer rate
Access Lime
Single drive capacity

‘”'—”‘fxxgxpansibi1ity

Dp‘)]"ﬂ_.S_LL‘_tﬂ)_'l
Tablet:

Size
‘Resolution
Accurdcy
Repeatability

- Input Device

16-bit and 32-bit
4

2 hardware, 16 memory

 200-640 nanoseconds

256K, 16-bit words .

'f]oat1ng p01nt processor

- 35 ms (average random move)_.A

Optional Large Disk Subsystem:

| R
“ 100 lines/in.

S toL01

ECLIPSE $/230

Direct, lmmediate, Indexed, Extended,
and Multi-level Indirect Addressing

Control panel with switch register

]ZSK, 16-bit words (4 stations)

High speed, single and double- prec1s1on'

2.1 % 106bits/sec ‘

12.5 million uords

One additional drive may be addad

9.6 % 100bits/sec
30 milliseconds (average)
50, 75,

Up to three additional drives of
equivalent capacity may be added

or 150 million words

or 0.01 in.
+0. 01

Pen Stylus

\
( l| i"l( l
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" Graphics Display (ViHD):

Vdctor_Storagb‘

Imag1ng Systen

Display Points . |
Display Size (diagenal)

Point Generation

Vector Generation

Imagefsforage

Storage time per image
Erase time
Vector draw time

Controller
“Alphanumeric Disnlay:

Full ASCIT, 96-characters

Capacity

Features

ASCIT, 96-characters

Repetition Rate

‘Alphanumcrjc Feyboard: f’
Full

21t (53,

solid state memory
16-bit voctors

128K 16-bit words of s
store dpp)OAImQLC]” SU

Digital TV ref
second, regard]c
display

1024 x 1024
24 cm)

Any addressable point intensified

'shed 30 times per
of information on

Hardware vector generation intensifies
‘points between any L /0 addressable
points

256,000 bits -of solid c“ate momory store
value of each_addressab]e point*

- Indefinite

1 ms

250 nanoseconds, plus 35 nanoseconds
for cach addressable point in major

_axis

~ Rever

- A-7, a-z, 0-

‘Intel 8085 microprocessor

hN-7, a-z,
syiltinls

24 1ines, 80 characters/line

0-9, punctuaéion and graphit .

Nddressable Cursor
se Video
Bright Characters

Yy, punctuation and graphic
symbols. | ; o g

10 c¢cps

*AJ the- v.dno monitor, which has a q71d of 1024 x 10?4 addressable points,

Lo fill

is being refMreshed, an interpolation algorithm,
is used

whrich operates in real time,

in the dots not cxplicitly stored in the raster memory.
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5.0

5.1
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ULTI ROUN( )O°

The GDS EI is built upon an enhanced version of Data General's Real Time Disk
Operating system (RDOS).  This more powerful operating system is rnown as’

Multiground RDOS bucause it supports additional jobs beyond the "foreground"

Cand "background” provided by the standard Data General RDOS. Up.to sixtecn

(16) separate "grounds" or jobs may be run concurrenlly with the system,
providing compiete isolation and protection for cach ground. This permits
for cxample, several different intevactive graphics to run at Lhe same time
(e.q., GDS 1T and DDM) or a interactive graphlc conncurrent with program
dLVO]ODmPnt and debugging. : :

CALIA's hu1t1qround ROOS s arranged with a main-memory resident exdcutive
and system overlays residing on the disk. The execcutive must be resident in

“main memory storage before beginning continuous and coordinated processing.

The resident port1on of RDOS can manage overlays and buffers, process system
calls, and service device interrupts. The system overlay modules are dyna-
mically brought into main memory from disk storage as required. These per-
form operations such as device/system 1nxb1a11zaL10ns, 111@ manageinent func-
tions like file rreat1on/de]oLion and accessing,. code cenversions, real-time -
clock and time-of-day clock control and spooling control.

RDOS interacts with the user via the Command Line Interpreter (CLI). The CLI
provides basic utility functions and file maintenance commands as well as

a powerful means for passing parameters to.programs that are inyoked,‘ Addi-.
tionally the CLI supports a nested macro facility that allows complex

~sequences of commonly used primitive commands to be parametrically gener ated

in‘response Lo PIOMPLJ from the user,

Memory HManagement and Protection

A memory mahagement and protection device has been developed for ECLIPSE
conputers. This-option is supported under CALMA's iultiground RCOS.

“The option extends the maximum main memory configuration for a single central

processor from 32K to 256K words. Mithin the framework of an executing pro- -
gram, two modes exist.  The first mode is the absolute mode. In this mode,
011/ the lower 32K is directly addressablie.  RDOS resides 1n tho low ph/s1cal

Cmemory 1ocaL10ns and -execules in the absolute mode.

The second moda'is'called the mapped or user mode. In this mode, up tc o
thirty-two 1024y vword pages of-logical memory are mapped into real memory-

“User programs execute in user mode. Thus, they need not be aware of their

actual memory locations and need not occupy contiguous pages of memory.

I/0 units can be selectively protected agninst unaulhorized user control.

Mreas of Togical memory can be wrile-protected and validity-protected on a

page basis, allowing Lhe supervisor to load a reentrant routine for many :
users only once. Validily prolection insures that only that poeron of the
user's program bnan usad necd reside in JLoragu ‘
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Any proaram operating in user mode uses a compicte logical address space,
which includes its privale page zero and extends through 1ts upper memory
bound. This is determined by the requirements of the individual program in

“1024yg word increments. [t may extend.as high as 32K words. The operating

systom assigns free memory from its available pool to the user program prior
Lo itn execution. Managing the mapping device and constructing the user pro-

‘gram in a 10g|ra] address space is also the responsibility of RDOS.

..mnong the ﬂLdﬂddrd features of RDOS are, Program gwapn1nq, which allows up‘tbl

five core imeyes Lo be "pushed” Lo disk and then "popped” back and restored.
to dxecution. -~ This permits multipass algorithms Lo be cleanly implesiented
in a manner that is transparent Lo the operator; also special subroutines

such as sorting may be implemented as swaps so the cnt1ru core opuce of the
ground is available for use. :

RDOS also allows user dlrect I/O hand]1ng 1nc]ud1ng data channel aupport ‘and’
user interrupt hand]1ng Multiground RDOS retains system procect1on features
even when a user interrupt level routine is in control.

Task Schﬂdu11nq

A task is a logically-complete execution path through a program. This path

can be executed indepencently of another task within the same -program.

RDOS permits "multitasking" within each ground; this means within the same
address space ‘there may be more than one asynchronous process (task) that
competes for the CPU. The Scheduler for Multiground RDOS is "interleaved"
amonyg grounds and tasks; that is a priority is computed for each task in each
ground to give control to. This permits high and low priority tasks to co-
exist in the same ground with the priorities correctly interpreted. The fast
esponse of Multiground RDOS is attributed to this advanced scheduler that

does not allow CPU-bound background operations to degrade the basic inter-

active response of foreground graphics. To fairiy allocate the CPU among

.processes of equal priorities, the Multiground RDOS scheduler keeps statistics

on which processes are using the most CPU time and coorespondingly lowers
their priority to allow cqua] progress by all processes with the same
priority. A

-Input/OUtput Operations

Efficient handling of input/output operations is an important feature of RDOS.|
A device-independent mechanism is provided to access all hardware file peri- |
phera 1s and d]‘K program/data files. ‘ ‘

Most data transfors to or from disk files and hardware devices are buffered

by Lhe operalting system,  Cach system device handlier has a small buffer as-

sociated wilh it, the Size of Lhe bulfer depending on the speed of the device.

Disk transfeirs-are buffered in the system buffer area, which is organized in-

Lo blocks of 256 words cach. Data Lransferring from a disk file is read into
this buffer area before Lhe data within the block desired by the user s
transferred Lo his buffer. '

5.2
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RDOS also provides a method for transferring data directly to or from the
disk and.a bu¥fer in the user memory arca. This gives the user fast access |
to data stored on the disk. Y

‘Spooling

When messaqes are output on a slow device like a-teletypewriter, and its =
buffer ills up, «the calling task is suspended until Lhe buffer s cmptied.
Spooling allows messaqges Lo be mepurar1]y stored on disk. Tha messages are.
Tater veturned Lo main memory whén space in Lhe buffer is available. .The
Ssignificance of spooling is that outpult messages or informelion can be queued
withoult putiting cxcessive loads on user main memory for buffering. This also-
frees the user from hnv1ng to optimize his message reque Lts, and thus permits
more erfoctlvc use of Lhc device. : B

File System

- The RDOS file system provides a generalized means of accessing files on disk.
Filenames in RDOS may be from one to ten (10) characters in length and op-
tionally may contain a one or two letter filename. extension at the end. The
filenames are referenced through directories. Directories may be nested up
to three deep in RDOS; the top level is equivalent to the entire disk pack
and is called the Primary Partition. Files may exist-at the primary parti- -
tion level or may be associated with directories contained therein. The first
level below the primary partition is called the secondary partition. It is .
- characterized by a fixed amount of disk space. And it may either have files
~airectly accessed from it or have one additional level of directory within
calied a subdirectory, which also may have files but no additional directory
struclures. Files in.the current directory may be accessed by simply giving
the filename; files in any other active directory may be accessed by prefix-
ing the name of the d1recLor/ (1-10 characters) followed by a colon to the
filename. : : ‘

RDCS provides three.disk file structures: Sequential, Random and Conu1guous.
~Information in sequentially organized files is storced in groups of disk
blocks. The last word of cach 256 word block is used to store a link to the
next block in the file. This link is invisible to the user, and is solely
for the system use. :

when building a sequential file, the system simply appropriates the next :
available disk block when storage is needed. Tt then constructs the link to
the block. In‘a sequentially ordered file, after processing any given block,
the system may step cither to the previous-block or to the next block in the
sOrics. Sequential f11es are very useful ror indexes or small user files.

Random file organizalion provwde the best combination of . flexibility and
accessibility of data. .In randomly organized files, a master index of ali

physical block addresses is created.  The master index blocks'themse]vcs are
scquential files. L A R

Blocks of data storage in random files utilize a1l 256 words {or information -
storage. Each block is assigned a scquential positive integer by its posi-
tion within the master index, indicating the block's logical position wilh
“the file. In processing randomly organized files, two disk accesses at most:

TN
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are required for -the reading or writing of cach block: one Lo access the .

file index and one for the block of data itself. If the index is main-memory:
resident (having previously been read into a system buffer), only one access
is nccessary. ' ' ' ‘

" Contigquous f1lo organi 7at1on has a rigid structure, but it pxov1d05 the qu1ck—
est access Lo data. Contiguous ‘files are composed of a fixed number of disk -
blocks, which constitute an unhbroken series of disk block addresses.  These
files can neilher bo o“panded nor reduced in size, since, by definition, they
occupy o Mixed series of disk blocks. Contiguous Files may be considered as

“files whose blocks may be accessed randomly, but without the need for a ran-
dom file index. ' e : ‘ ' ‘ ’

M1 170 operations which can be performed on randomly organized files can be
performed on contiguously organized files. Contiquous files have the ad-
vantage of usually requiring less. time for accessing blocks within the file.

Programning Facilities

Fultiground RDOS retains complete compatibility with Data General's RDOS and
therefore allows all the software products dcve]bpod by Data General to be
run without modification. TIncluded are compilers for FORTRAM, ALGOL, BASIC,
and 0G/L. To round out this collection of system programs Data Genera]
~ provides a complete selection of support programs such ds editors, ]oaders
~and dchuggers. |,
Proarans may -maxe calls to the GDS II Datatase Manager to access GDS data-
bases. C : '

nu111qr0und 2D0S 1nc]udcs ruvfom 1/0 dr1ve| for all of CALMA's hardware.
This permils a high level generalized interface eliminating the need to resort
Lo bit level programming with critical timing conditions.

ROOS Pemote Communication .Support

CALHA RDOS currently supports remote communications through both asynchronous
¢ synchronous data links. The asynchronous link operates at speeds up to
J,6 0 band and allows a remote station to function as an RDOS console through
the QTY interiace. Synchronous communications are supported at speeds up to- |
48¥ band. Currently software is available to provide both 2780 emulation
and HASP nulf]]nav1ng Work Station support for IBM 369/37% hosts or other |

machrneg us1ng the same p)otocalo o ‘

I 1 |Y rr
: nnll{lll ‘ (ot
. lL h! + A_L !h ..II “Iml

”””\’/\‘ e S GRAPHIE S5, \.c'




DATABASE.HANACEHEHT SYSTENM

Exporience with GDS has demonstrated the need to shift from databases that
concentrate "Lwictlyvon graphics toward design databases. Objectives for

the GOS II System, such as the npahi]it to verify that final artwork con--
forms to design specifications, require that convenienk means exist Lo erpand
the information content of databases beyond graphical data. F’pcxlentc has
also revealed Lhe tendency for cach application arca (and even 1n,td1\ut10n)
Lo possess its own requirements: that will evolve through time. Therefore,
one of the primaery design goals for the GDS 1T Database Hanagement System is
to provide the means for crealion and maintenance of simple, flexible data
structures Lhat remain extensible.  Extensibility will facilitate bolh evolu=
Lionary system developnent and quL0m1/aL1on to meet application and user’
requirements. : ’

To answer these needs, CALMA has developed the GDS [l Database Management
Systenm to perform all database management functions - crcalion, modification,.
and retrieval - for the entire GDS 1l system. The OGS is comprised of a

set of procedures that perform these functions for Loth interactive and back-
ground processes. They are written in both DG/L and assembly language.

" The type of information that may be placed in a given GDS 11 database is de-

termined by a description file or "schema" that is referenced when the data-
base is initialized. Each database that resides within a system may utilize
a unique schema; thus, total flexibility is maintained. CALMA supplies a
basic schema that can be augmented by the user to extend a database to cone
tain the additvional. information required by-a particular-zpplication. .

Program mainfainabi]ity is, of course, another critical area of concern in

the desigh of the GD5- T System.  The designof Lhe Database Management Sys-
tein greatly reduces and simplifies problems in this arca by providing \onlj)
"data independent” access to databases. That is, the OBM plO“]dCS programs

S with access to logical data structures while internally managing all aspects
of access to the corresponding physical data structures. Since programs will
- be written without dependence on physical data structures, they will remain

inmune to variations in.those structures resulting from extended database

~definitions, ctc.

rowrhmf must, of -course, always remain cognizant of the logical structure of
Lhe databases on which they operate.  Special facilities are, however, in-

- cluded within the. DBH that w1]1 allow programs Lo read11/ dnal J]th extended
‘ databeases.

Elements

The basic components of a GOS 11 database are its "elements". An instance

of an element corresponds Lo an instance of a geomelric entily such as a ;
closed polygon or a reference Lo an entire (ollf(tlon of elements.  Eleoments
are partitioned into classes as Lhey are created by the assigmment of an '
"element Lype™ that has been previously declared in the daltabase's schema.
The assignment of element types allows programs interfacing with the dalabase
to dnmediately determine the appropriate manner to inlerpret a retrieved
element. The DGMS may be generaled to accept up to 255 clement types.
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Elements are defined in terws of their "properties”. A property is an "at-"
tribute=value pair"., An element, then is defined to be an arbitrary collec-
tion of properties. The primary means of database cxtension will be the :
user's ability to define new attribute-value funclions to further describe

the basic elements.  For example, the OBMS provides the capability Lo add

a "signal name" as a character string property to the clements representing

interconnecting metalization, A program checking interconnectinn may then
use the values of Lhe siynal name property in determining interconnection
errors S

Property definition statements within a databasc's schema file determing the
set of propertics valid for that database. Figurce 1 details the four charac-
teristics of properties which are definable - data type, precision, transfor-

" mation class, and shape. This figure also indicates which combinations are

valid..
DATA TYPE PRECISION TRANSFORMATION . S‘ADE
. ~_(Lytes) CLASS
INTEGER 1,2,4  ABSOLUTE - Scalar
- L RELATIVE ARRAY (1 or 2
‘ COORDIIATE - dimensional) .
REAL Y T . ABSOLUTE Scalar
, . ' ~ RELATIVE. ARRAY (1 or 2
4 ‘ dimensional)
STRIRG 1 to 4095 Undefined Scalar
NGGREGATE  (1.to 511)*2  Undefined Single group
o ARRAY (1
dimensional)
 ATTRIBUTES 1 " Undefined ARRAY (1
. ; ‘ dimensional)
LIST 1to 32k - Undefined  ARRAY (1

dimensional)

fiote: A trans Formation class of COORDIHATE is valid for

CARRAY's of shape 2 x n and precision of 4 only.

Figure 1. Property Des (r1pL10ns

 As shown 1in the figure, six data .types are. current]y defincd:

1. IHTEG[? - a signed, two's comp]cment integer of 8,16,
; - 32 b]Ls in Tenqgth. .

2. ROAL - a single or double precision: f]oaL1ng po1nL nmnbe{
‘ in s l.dllddr‘(l ECLIPSE fo;nmL ,

STRING - a variable- \enth string of charactens (bytes).
4. AGGREGATE - a fixed number of 16-bit words. |

5. 'ATTRIBUTES - a 1ist of attribute indices.
. LIST - a list of variable lengLh byte strings:

fon)
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Any defined plU)Oll/ may be added to an element.  Hithin an element scalar
properlics require 1 word (16 bits) overhead space plus their. precision
rounded Lo words for ‘their storage  Arrays require 3 words of overhead pv
seament (sementation of especially large ar \ays may bLe required due Lo page
boundaries) - plus the space required for their Vd]uc‘ at Lhe stated precision.
The DEMS processes and stores arrays as variable length Tists of subarrays or
single data items using only the amount of space required for actual data.

On retricval coordinate data is automalically transformed by Lhe DRHS accord-
ing Lo a full Tinear Lransformation and Gransiation specitied by Lhe calling -
program.  Transformations are specified as a 64-bit (loating-puint angle of .
rotation in degrees, a reflection switeh, and a 64-bit Floating-poinl magni-
fication faclor.  CFach of these specifications may be designated as "relative’s
i.e., Lo be composed when neésted retrieval occurs - or absolule.  Translations
are-also specified as 64-bit floating-point X and Y values.. The DUMS auto-
matically composes and nests transformations as required. '

Due to their high proportional population of the database, 32-bit coordinate
data is also compressed by several .procedures when stored within an element.
~16-bit relative data is internally used when possible and .may be further ab-
breviated to alternating % and Y increments if strictly axial vectors are
being .stored. Thus the ccordinates of an-axial rectangle will occuby & words
for data plus 2 words for overhead infermation. A widened line of n vertices
will occupy frem 4+(n-1) to 4n words plus overhead. The DBMS automatically
handles all aspects of decomprpss1on and transformation of coordinate data
'thaL reside in the database

INTEGER and REAL data'represonrinf 11“;&! dimensions are a1°0 autoxat1ca]]y

scalad by the sy em. \nYy properiy with a ransformation C. &ss of “RELA
scaled by the syst Ay property with a transf 1 "RELATIVE"

is‘scaleu by the magn1f1cat|on factor when retrieved.

A Datdba se ranager may be generated to handle up to 255 property dcf1n1t1ons
The standard system will accept- 63 definitions.

. Elements are stored as variable Tength record(s) within the pages (2048 byte
“Dblocks) of a Tibrary. CLach element is assigned a unique "access key'" when

it is created. This key is a 22-bit value composed of a DP“L number and a

“logical Vine number unique within that page. The DBMS provides the capa-
bility to access elemenls directly by thcir access key. Each such access re-

quires a single page access within the database. ™ The overhead associated

with cach element instance or element extension is 4 or 6 words.

The D2iS contains procedures that allow creation, modification, retrieval,
and ¢geletion of elements. As previously described, the Database Manager o
automatically scales, transforms, translates, compresses, decompresses, and =
Sadjusts thie precision of values as directed by the database's schema and )
~cach respective calling program. ‘ : '

Exemplars

Within a circuit design, elements normally fall with specific categories. A1
che clements representing interconnecting metalization are a cood cxample.
AN an*v metal runs have properties in common yet unique to their own cate--

gory. For this reason, the DBMS provides the means Lo.allcw elements -to be -
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factored in comman and nonrccurring properties. This is accomplicshed through
use of special elements called "exemplars” . An cxomplar i similar Lo an
element in that it is also defined to be a collection of propertics.. . It dif-
fers from-a standard. element in that cach exemplar is assignoed a user speci-.
fied name at its time of croatlon. Excmplar names-are frem 1 to 32 alpha-
nuneric characters. . ' '

The full definition of a standard element allows it to rcfornnce an excmo]ar
hy natee. Thus, any standard element may be considered to consist of the
vion of its directly given properties and the prope|L1e of the referenced:
-cxemp]ar., Since all directly specified propertics take precedence, Lhe
“standard specimen™ which the exemplar represents may be 11ux1b1/ modified

“on an instance-to-instance basis

Exemplars are a great convenience to users; for once a standard specimen for.
a category is defined, all common properties are established. Editing the
single exemplar will then e‘fect the ues]red changes in . all assoc1atcd
elenents.

Because it is inherently a device for data compression, use of the exemplar -
has many positive s1de effects on the oeratlonal efficiency of the total
systen, : :

As in the case of elements, DBMS procedures exist that allow creation, modi-
fication, retrieval, and deletion of exemplars. A procedure also exists for
renaiming an cxenplar. '

Structures

The DBIS also p"0”1dnf the'moanc for grouping arb1Lru1/ co]]cct1on of ele-
ments into "structures” A structure, then, is a collection of elements that
s assigned a name at its time of crcation. Structure names are from 1 to
32 alphanumeric characters. The DBMS maintains the time of creation and

~ time of-last modification for each structure.

Structures, of course, provide a convenient means for building hierarchies of
geometries into increa sing]/ complex asscmblies.. A structure is placed

within another by creating an e]ement that names the rcfcrvncod structure and
specifies its o:1gln( ). : :

S Mith this type if oroan1zat1on it often becomes desirable to describe various

properties of substructures parametrically. To provide this feature, the
DB allows a program to designate that the value of an attribute is to be
determined by referencing a similar attribute at the next higher lovel of
context, i.e., within the element; that references the structure.  The in-
direct rotnrcnce may be mudc to a scalar property, an arvay clement, or a

list C]vanL ‘ I

The O]OmﬁnL" ol a JtrucLuwv are perlL10nﬁd 1nLo Ltwo o sels: a ”"upcrﬂL1ucLune
and an "infrastructure”.  The elements cumprising Lhe superstructure should
represent only that. 1nf0:maL1on which is useful Tor relaling the structure to
its external enviroment.  For example, a dashed polygon outlining the bound-
ary of a circuit along with the circuit's contacts would be a most uscful
representation of the component. whenever it is desirved to place it wilhin a
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larger civeuit.  Thus, this abbroviated representation might naturally be
chiosen -as Lhe structure's superstruclure.  The infrastruclure is composed of
the remaining elements required for the full definition of the entity that
the structure represents.. ' ‘ '

The Daunqk e Manager prov1de' programs with access to cither -the 5upnrstruc—
ture, infrastructure, or both, Procedurv' exist for Lhﬁ chJL1on, retrxeva]
' de]eb1on, and IGWdN]HQ of structures.

Libraries_and_Library Sets

Collections of structures arc organized by the DBMS into "libraries". The
number of structures that may be dccomodated within a library is limited only
by the ava11ahlc space. In addition to structures a library will contain a
schema, tables for LhL use of the. Datdbase Manager, and posr1b1y a collection
of exemplars.

The structurcs within a g1ven 11bxar/ may reference structures within a second
designated library. The hierarchial organization of structures supported by
the DBHS allows comnonly used constructs to be placed within a "master library'
and referenced by structures within any number of "\orl1ng Tibraries". A
working liorary Loanher with its master library comprise a "library set",
‘Libraries may be concurrently accessed by multiplc processes in read-only
mode.  Thus, master libraries may’ norma]]/ be conuurrcnhlj shared among inter-
auLave and bac round proccsces

Each library is maintained as a single RDOS file with either random or con-
tiguous organization. A single library may contain up to 10X pages {2048
bytes/page) or approximately 33.5 million bytes of storage arca.

A1l file access is performed by procedures within the Virtual File Manager on
a page basis The Yirtual File Menager greatly accelerates file access ’
throuqn aOpH1§t1CdLCd buffering techniques and also allows the sharing of a
31rg]e copy of data among interactive processes. ‘ g
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The GPL [[Lm Subsystem includes a compiler for a high 1QVe1 application -

programiing language, the required runtime Support, and a growing
nutiber of CALMA developed applicalion programs. While the Vanquage:

is baced on APL, a commercially available programming language, the
syntax has been redefined Lo serve as a naLuxul extension to the GDS 10

<Cummnnd Languaye.

Since a consistent "yntav definition is u;ed for both GOS T and GPL Iltm,
any GDS L1 command 15 a legal statement in Lhe GPL L " Frogramming
Languaye. - Moreover, a GDS 1T command may make direct usie of o GPL it
function. For ofamp]n data collected by a GDS 11 system primitive may

be passed to a.GPL 11 function. And, data manipulated by a GPL Il
function may be passed to a GDS I1 system primitive. ' _

The GPL [T Language includes a large number of primitives designed
for interactive use, The primitives are defined at a high leval for
efficient operator input and for efficient cxecution. One reason

for writing GPL [ItM programs is to further extend the numbe of
primitives available for interactive use. While GPL 11 programs

can generally be used in the same way that the bhuilt-in primitives are
used, the programs can be. La1lorcd for more specific datu proce551ng
requirements.

In addition to receiving data passed as parameters, GPL [t programs
and Tunclions have airect access to global variables which define

‘the station context. Most operating system wo:1phcra1 “(the notable

excepticn is plotters) are fully supported for use by GPL LYY brograms.

GPL I1's computational: capabi]ities are cquivalent to those provided

in APL/360 developed by IBM. Data may be organized as scalars, vectors,
matrices, or higher dimensional arrays. Data may be stored in real,
integer, logical, or character form. A1l storage allocation is
per.orncd dynamically by the GPL I1U Runtime Support. Automatic mode
conversions arc also supplied as necessary. '

e GPL pptm Subsystcm~can be used at cach station in a multi-station
systewm.  Separate work arcas provide the capability for each user

to execute and debdug programs independently of all other users. The
interactive nature of the language simplifies programming and
facilitates debuguing. For example, ona user has created a program
that dcsigns bipolar tran31°L0r4 given two parameters . The operator
inputs the desired saturation resistance and cmitter ]rnth The

Cprogram then informs the ope:alor if any design rules have been violated.

(A complete tutorial, on how Lo use the program can be displayed on the
ERT if desired.) The program calculates the collectlor size and creates
the Lransistor in the database. The same program can also draw a

graph on the CRT showing saturation resistance versus.collector

width, - This program was-written, debugged, and documented for release
within three days. And on a mulli-station system, concurrent OFOdULtlon

~work could have proceeded normally on-the other SLJL]OH"
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5.4

“qratnd circuit applications in the interactive graphics industry. This cy—‘”
~tensive library includes design rule checks, plotter and paltern gencrator.

CGDS T, these proqgrams will be extended and new proqxam, added.

"~ active using the same amount of main.memoryxthat,a single job would require. -

BACKGKOUHD JOB MANAGEHENT SYSTEN

ﬂCr(IOUHd Procossan Under GDS 11

CAINA currently has .the 1arge t library of background functions for inte-
optimization programs and on-Tine plotter drivers. With the 1quoduct1on of

The Job Hnnagemcnt Systom supervises the exeCution of background jobs. The
,copo of this system includes joby definition and entry, execulion of jobs, and
efficient utilization of the on- Tine plotters. DBackground-jobs arc run in
swappable ¢rounds; this allows several background jobs to be simultancously .

Features of the Background Job Management System include:

-IHDIVIDUAL ADDRESS SPACES. Each background job has its own program
address space. Because a job is physically unable Lo modify- any mamory
“locations other than its own the integrity of other jobs and of the
operating system is ensure '

J0B QUEUING. . Jobs are w1thhe1d from evocut1on until the resources Lhey
need are available and until the current act1ve')oo Toad is small enough
~to give them a reasonable expectation of access to the CPU.- ‘

SPRIORITY SCHEDULING. Jobs -compete for CPY time on a priority basis,
so vhat a high- DF1OV]L] job-can be started at any L1me aud not have to
wait for other ‘Jjobs that are already runn1nq

-J0B BALnJCIhJ., The system schedu?er dynam1cal1y assesses the éxteﬁt to
which each running job is CPU-bound or 1/0 bound, and takes this ‘
information into-account to enhance job throughput.

+J0B SHAPPIHG, The‘Job Swapping Feature -- unique to CALHA'Hultiground »

ROOS -~ allows the combined address space of all active jobs to be many

times larger ‘than the physical memory assigned to background activity.

°LOTTLR JﬂOLIIG The ploltter spooler is specially adanted to plotter
needs.  The spool incorporates not only p]oLLc data but also operator -

communications necessary to allow chgng1ng of paner and pens. - This,
nab];s piotter Jpoo]1ng to be trulj independent of job oxecut1on

<DYUARLIC - PRIORITY ADJUSTMF!T FOR PLOTTER JOBC The suporv1Jor d/nam1- :
cally deUFL‘ the priority of plotter jobs, so that jobs which have 11ttle
data spooled are favored over jobs which have an ample a'ounL of data
spooled. : .

. s
:l ) ’ L L
I ' : :

ml“ 1‘l “ 1 }‘ 4;'- !
..l;;u v

; INIIL'/\( lm ' ..nun! IUIRTIR




itarure or JO)

“fny executable RDOS file (”savé.fi]e") may be designated to be cxecuted as -

a bacrkgronnd job. Because they run in swappable qrounds, bLackqround programs

are proh|b1tcd from-using certain system calls uhlch pertain to real-time or.

interactive operation.

In particular, u,or-urltten programs in assembly ]anguaqﬁ or in Data Génpral‘
romputlb]u Forlran or A]gnl may be run as background jobs, provided they do -
not pertorm console 1/00 0 Algal programs may access the 6DS 11 data base
using CALEA-provided datla base access routines.  (Data General DG/L permils’
the use of subroutines written in Fortran 5, subject to certain compatability

cconditions.  This makes Lhe data base access routines in effect available to

Fortran programs also.)

User Interface

" The user communicates with the Job Management System through a set of job

commands in the GDS Il conmand ]angu ge.  The following commands are
prov1ded : -

"ENTER JOB. This comnand allows the user to define a background job and -
enter it into the job system.to be exccuted. The definitiqn .of the job
inc]udcs the name of the save file to be executed and a string of para-
eters to be passed to the job. Alternatively, this command can invoke
‘a foreground program which interactively collects and validates: the
Cparameters, prompting the operator for the required informaticn.  This
interwrtivn mode of jobh definition is used for pleots, rules checks, and
©o:her jobs whosc paraneters are fairly comp]]caLeu

WDISPLAY JOB IfF0° WATTOH, 'This command displays the status and related
information for all jobs known to the system. The following information
is displayed for each job: -

Job Mame (both user and system name).

tlane of initiating user.

Status: waitina, active or complete; whether the job is sus-
pended; whﬂthcr it is an on-line plotter job.

Priority Class ‘

Time of Job thr/, Initiation and Toxmlnat1on

Elapsed CPU Time f01 Job.

«CHANGE PRIORITY CLASS This cowmand allows the opcrator to. assugn a
different priority c]ass to a~job.already entercd.

-SUSPEND JOR. Thws command suspends ‘the PVO(UL1On of an actwve JOb or .
- prevents o ua1t1ng sjob from chom1ng active

#RFSTAPT JOB. - This commnnd reverses Lhe effect of the Suspend Job
command and allows the JOb to be cxecuted.

C+RILL JOB. This command causes a job to be immediately terminated.
iAn enqueued job s removed from the quuuo ATl spooled output
gencrhtcd b/ the job is pureged. . '
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Job_[dentification

Every job hns two names by which it may be identified. One of these is the
user-dolined job name, specificd as purt‘of the Enter Job command, Since the
user-defined name is not necessarily unique, -the system assigns a unique

system job name to each job at the time of entry. User job names are. xequ1red
“to be longer Lthan two- characters, so as to distinguish theom Trom the SJJLem
job names, which consist of two characters only. :

Re-Bunning Jobs

Job parameters are stored in-a job descriptor file, which persists for up to .
24 hours after job termination. One of the options to the Cnter Job command
~is Lo re-run a previously entered job., Thus, the job can be re-run without

. having to re-enter all the parameters. Additionally, the user can create a .-
non-temporary version of the job descriptor file, called a "job-save" file. =
This allows -the job to be re-run at any future time. .

Job_Queuing

When a job is entered, it is placed on a queue of waiting jobs. 'The execution
of the job begins when the resources it needs are available.  These resources

include: magnetic tape units, on-line plotters, and also a program ground in
vhich to execute. Grounds are sswgned to jobs by the job schcdu]er in '
accord with the pr1or1Ly c]aso of the JOb

 -Job Priority (1 sg

_ Hhen the user enters a job, he assigns it to a priority class. Tnere are
four priority classes, designated AL,B,C and D. - Jobs should be assigned to
classes according to their expected execution time, as follows:

Class . Expected Execution Time
A Less than 3 minutes,
B 3 to 15 minutes. P
' 15 to 30 minutes.
D . Loriger than 30 minutes.

Each class has absolute priority over all lower classes. For example, if a
class /v job is entered while a class B job is execu.ung, the class A.job
will pre-empt the class B job. The class B job regains control on comple-
tion of Lhn c]as° A JOb ' ‘ : '

Thn above t1nﬂ Timits are only sugqcstod gu1(P1ines. Each instai]btiqn may - -
adopt its own policy régarding use of the priority classes '

.
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“On-Line Plotler * Spooling

'Outouu to on- ]1no MNotlers is spooled.  That is, plotter data is generated,"

in wdvance of the 1mucdiate needs of the plotter and is tamporarily stored up
in a aisk file, called the plotter spool file. This cnables the plotter to
keep busy even if the plotter job is suapped out of main memory for an- .
extendad period of time, The spooled data is not limited to a single plot or.
plot job: ecven while a given plot is. bninq produced, subscquent plot and ‘
messagns Lo Lhe opcrator are cubedded in the SpOO]Ld data as app)opulaLe

to allow chnnq1ng of pens and paper

Scheguling of On-gige.P]otter Jobs

On-Tine plotter jobs have special characteristics in terms of job scheduling.
Hormally all on-line plotter jobs are assigned to priority class B.. This

means that they tend to share time equally with each other and with any .
active class B job. lowever, their priority is subject to dynamic adjustment

as a function of how full their spool files are. [f a plotter's spool is

empty or nearly empty, it will pre-empt other class B jobs. A plotter job

“whose spool becomas full is in effect suspended, thercby allowing other jobs

to execute.

If a particular plotter job is lagging and must be expedited, it can be

~assigned to class A.. 1t will then have abso]ute pr1or1ty over all c]ass B

Jobs, including other plotters.
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G632, 1232, and 2032.

- BACKGROUND PROGRAMS

CALMA currently has the largest 1ibrary of backqround functions for inte-
grated circuit applications in the interactive graphics industry. This ex-
tensive Tibrary includes design rule checks, ploLLcr and paltern generator
optimization programs and on-line plotter drivers. MWith the introduction

of GOS II, these programs are bclng extended and new prog:aw¢ added.

: qu_f-:»'.t:r_n._ﬁ;t:!9131}51@.91J-L_m1_.t_

The pattern gqenerator oulpul programs cause a magnetic Lape for driving

a pattern yenerator to be automatically generated, containing data from

designated Tayers of a designated Tibrary drawing. Closed  palygons,

~which may contain cdges of arbitrary oricntation, are off1c1anl/ fractured

into rectangles. . The entire set of rectangles for CuCh ]a/L: is sorted
and opL1m1zed for the particular pattern gcneratov ‘

The F0110u1ng pattern genpratora are supported: Hann 1609, 2600 3000 and
3600, Electromask 2000. A1l pattern generators are supported to their full
reso]ut1on over Lhc full range of stage travel,

The twme to generate a tape (in the absence of other system activity) will
not exceed the limits given below, for typical integrated circuit layers,
wiecther of regular or random layout.

Humber of Flashes - Time to Produce poe
50,000 30 min.
100,000 1 hr.
500,000 . 5 hrs.
1,000,000 : 10 hrs.

Fer all these cases, the optimization will be such as to achieve an-average
pattern generator F]ash rate of at least 2 tlashes per sccond far Lha

~tiann 3000, and at least 6 flashes per second for the tlectromask ZuuG.

Pattern Generator Read-In

The pattern gencrator read-in program reads any CALMA-generated pattern
generator tape into the data base for verification purposes. The pattern
generator models supported are the same as supporied for output.

Photoplotter Qutput (not.available in initial release)

GNS 11 photoplotter software supports photoplotters using aperture wheels,
or a combination of aperture wheel and variable-aperlure cxposure syslens,”
Closced polyyons are automatically filled according to a variely of. user-
specifiable options. - Filling of orthogonal figures can be done either o
wholly wilh circular aperlurces or with reclangular apertures to give

Csharper corners. Pholoplollers connected directly to the systom may be

driven on-]1nc, magnatlc tapes are generated to drive off-line ‘photoplot~
Lters., ‘ : i

The foliowinq photoplotters are supported: Precisionplot 2030, Gerber‘S4O

|
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“E-Bean Oulpnt (not available in initial release)

Programs will be provided to drive electron beam pattern gencrators, in-

1ci:ding the Etec MEBES, the Cambridge EBMF system, and others in response

to user needs.

Pen Plotters

The pen ploLter. programs drive on-line and of f-Tine pen plotters. Cur-"
rently supported on=line plolters are the Caleomp 960, 9306, and- Xynelics .

1100 and 12000 Additional plotters will be added in response Lo user

needs,  Pen plotting fealures include:

AUTOMATIC PEN SELECTION. At plot generation time, the operator can select

‘which layers areto appear on a particular plot. formally, cach layer 1s'

plotted with a different color. Single-pen plotters can be paused for
pen change bLetween Tlayers. . Multiple-pen plotters can be made to automate
ically use separate pens for each layer, then pause when all pens have
been used, or continue, reusing the same pens.

,SCALE. Plot scale is selected -at plot generation time and is independent

or data grid scale or input scale. -This allows the user to plot at dif-

ferent scales, depending on the intended use of the plot.

" PLOT AREA. A plot can be of an entire drawing or an opérator selected

nortion of the drawing. .The area to be plotted is selected by defining -
a rectangular viindow, _—

DEHED LINES. Wide Tines digitized. in centerline form-can be plotted
Jhoulng eithor the center Tine or the outline of the intended trace or
metal run. - ' ‘

CROSSHATCHING. A croqshatch1ng option pcrm1ts automatic crosshatching ofj
c]ogcd po]ygon% ‘

GDS to GBS 11 Conversion

This program reads a GDS-produced library or cell dump tape into the GDS
IT data base. .(fote: Hode ‘wpo data will not be handled in the initial
release.)

GDS 11 to GDS Conversion

This program writes a dcs1gnnt0d library drawing onto a tane in GOS dump

formakt. (llote: Because of the greater resolution and greater variety
of data types found in Lhe GDS Il data base, an cxact conversion of all o
data is nol possible.) - - Y

Libravy Bump_and Load

The dump program dumps a Vibrary drawing to magnelic tape in standard
GHS I dump format. The load program loads a drawing from such a tape.

16
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Cesian Rules Checks .

GOS-LQUTVALENT RULES CHECKS (not available in initial release).
The dinterior rules check tests closed polygon data for violations
of specified minimum internal spacing. Optionally; the program
can at the sanmc Lime check for violations of a specified mini-
men noteh width.  AYY closed, po1vq0n, on a specitied Yaynr

within asspecified window ave tested.  In addition Lo a text
swmmary of test parameters and results, errors arc recorvded in
Ahe Torm of o Tibrary drawing for visual inspection. Thisg
graphic error data may be displayed on the CRT or plotter either
alone or in combination with original data. .

The extérior rules check provides the same rules checking capability pro-
vided by the GDS fxterior Spacing Check.  The check may be run within a
single layer, or between two layers. The check finds all instances of
spacing vicglations, which are defined as any pair of edges, belonging to
distinct polygons, whose minimum straight-line distance from each other »
is less than a specified minimumn. The violations are output in the form .
of a library drawing. '

If a connectivity computation has been done on the layer(s), the option-
is available to report only violations between polygons which have distincH
connectivity numbers, . B

CADVANICED RULES CHECKS (not available in initial release). The specifica-
tion of the advanced rules checks will be developed in the First quarter
of 1976, These checks will provide a variety of sophisticated checking
cepabilities, including: ~minimum ]a/er to-layer oversize, minimum layer-
to-ta/cr QALCHJIOH and 1ntrus1on, minimum layer-to-layer area or 1ntersec-
tion,

Connectivity Computation (not available in initial release)

‘,Thif’progravl will determine the connectiviLy relations among all the poly~
gons in a la/nr -or set of Tayers, by dsswgnlng to each polyaon an attri- -
bute, called "connectivity namber," such that two polyyons have the same’
coxnrcu1v1L/ numbeu if and only if'they beleng to the same connected re-

~gion. , : ‘

Area Hcrqinq (not avai]ab]e in initial release)

-This progran u11] merqge a]l figures comprising a ronnnct1nq region into
‘a single polyuon or comp]ex, over an-entire layer or set of ]ayuus :

Log1cal Opornt1ous_}ctwcon Laycrc (not available in initial release) - = |

This pwogram will compule thn qeomerlca] 1nLnr section (AND), union (OR),
“or.difference of two designated layers. Both input uﬂd cutpul layers must
be in fully expanded form (no structure references).
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Thc ¢ ocomplex ,lmpu, s, shown in Lhis enlargement. of a Lest paltern plotied
on an Liecclromask Pallenf Generalor, demonstrate the highly sophisticated
neture of CALAA"S patlern generalor soflware. - The reticle was under- .
developed Lo illustrale how cach shape hos been froctured into a scl o‘,
'rccl.mg]nf acceplable to the pattern gencrator,
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6.0
6.1

H\PUHﬁR‘

CENTRAL PROCESSIIG SUBSYSTEHM

The GDS 1T has a Central Processing Subsystem to which Design Stations, .
Plotters, and olher peripheral equipment are attached.  The Central ProcessF;
ing Subsyslem consists of a computer yoa diskomemory. a magnelic tape Lrans-

port, and a systam console,  The Contral Processing Juh'y Lem can ducumoddte :
up Lo six Design Stations with as many as Lhrﬁo P]uLLnx '

- Computer

“The GDS II computer is an ECLIPSE §$/230 which accomodates. up to 256K words

of core memory. ECLIPSE computers have a microprogramicd architecture that
incorporates a comprehensive instruction set. Instructions include:
16 bit and 32 bit 1nstruct1ons
-D]rect, indirect, indexed, immediate and extcnded acc10551ng
-Block, word,\byte, and bit manipulation
-Fixed point signed and‘uhsigned multiply/divide arithmetic
Decimal arithmetic ‘
-fxtensive ]oqica]_operations
S]ﬂg]e and double- woxd shifts, including hexadecimal shifts
-Single and double- pxer151on floating point instructicns
-Extended operat1nn (XOP) for subroutines

Single instructions do work norma]]y done by subroutines in oporau1ng systems
and high-level language compilers. For example, the ECLIPSE computer DIS-

< PATCH ABSOLUTE instruction does most of the processing typically done by a

FORTRAIT computed GO TO statement. - The LOCATE ALD RESET LEAD BIT instruction
lets FCLIPSE operating system quick 1/ identify and allocate an available

diswt block. A LLOCK MOVE instruction moves data blocks between memory :
buffers. A complicte sct of logical operations and bit manipulation instruc--
tions is provided for data communications applications.

ECLIPSE computers use an extended last-in, first-out hardware stack 1r1]1tyA“v
to do operaticns complicated software a]gorthns normally do, but faster and
more directly. An ECLIPSE stack is a series of variable-length temporary:
storage areas called frames, ecach easily assigned and randomlj addressed,

A single SAVE instruction allocates the frame, seves Lhe entire machine state

cand sels a pointer Lo a frame arco. A single RCTURN dnstruction reverses

the entire procedure. " This CCLIPSE random access stack is far more efficient

Cthan traditional "serial access stacks. T6 resulls in fast subroutine link-.

ages, rapid context switching, and high system Lhroughputl in reentxunt high--

“level language and opexut1ng sttem eavironments'

The CCLIPSE computer s fast 1nto|vupt facility hand]ov even the most time-
critical events. Real-time cperating system interrupt servicing is in hard-

Sware, rather than slower softuware routines.  The servicing can be tailored
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Lo lnleldudI peripheral du”l(CS and appllcatlon, U\Lh the powerful YECTOR -

For simple interrupt processing, VECTOR combines fast service with minimum

1n'tructlon

system overhead.  The instruction ddentifies the interrupting device, then
dircctly transfers control to- the device handler, all in aboul 2.7 microsec--
onds (A-way interdeaved core).  For the most complete interrupt -processing,
VECTOR "identifies "Lhe dinterrupting device,- switches from user stack Lo in-
Lerrupl stack, saves the machine state, establishes a new priority, rcenables
interrupls, then transtfers control Lo the device handler., VECTOR tynically
performs even Lhis most complCA funcL1on in onl/ 18 microscconds (4-way

‘1nL0r]nxvod core).-

The ECLIPSE Memory Allocation and Protection (MAP) provides program and data
integrity in multi-user cnvironments. It provides hardware orotection be- ™
tween user programs, and. butwenn a program and Lhn oeratlng S/Jtem -

MAP manages. up to 512K hytes of main memory resource. IL a]]ocates memory
to each user in 2K byte blocks, up to 32 blocks at a time. The blocks are
small enough to make efficient memory. use, yet Targe enough to keep system
overhead to a minimum., The sane-block of physical memory can-be allocated
to mere than on2 user, allowing procedure and data sharing among users,

AP simultaneously holds three dynamic address translation maps - two user
maps and a data channel map. The two user maps speed context switching. The
separate data channel map lets [/0 activity of one user overlap with another's
prograi cxecution. ' o '

In addition to address translation, MAP provides several kinds of protection.
Blocks can be write-protected 'so users cannot alter them - an importent fea-
ture when physical memory is shared. Inpul/output devices can be made ac-
cessible or inaccessible to a user.  Each MAP protection function is cnabled:
separately and easily, letting the operating SJstem handle users w1th J1de]y

"differing requ1ruanLs

The LCLIPSE Floating Po1nt Processor performs cxtrcw(1y faCL sinqle-precision
and ooubln“)rnc1f|0n floating point arithmetic. IHigh-level languages like
Data uunnral'r FORTRAI S make extensive use of the PuOLQSfor producing high
5YS Lem Lh10ughput in comnutaL1ona1 upp]]tatlons 2 :

vThe Processor has four °eparutc 64 bit floating point accumulators for f]oat-

ing point arithmetic, Oporands stored in these accumulators are quickly
available for floaL1nq point man1pulat1on espuc1a]]/ in iterative proce esses -

1ike sine and coclne CO]CU]GLIOHJ.

The :100L1ng Pount Processor operales in parallel with the computler's contral’
processor ”1qh-)pnvd Moaling point arithmelic can thercefore be pcrfonnod

s1mu1Laneougl/ vith oLh(r instruclion processing.

There are 56 ColeCth ive floating point 1n”Lruct1ons that perform s1ng1e- or

“double=precision floating point arlthmctlc

Instructions PUSH or POP the nnLirc Floating Point Processor state on or off.
Lhe user stack, an extremely useful feature for rapid contuext switching.

“hnu ml“‘!:u1ﬂlj
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FIX and FLOAT dnstructions allow convcn1an doublo prnc151on 1ntogo arithme-
tic with Lhc Fioating Point Process ‘

The peorformance of ECLIPSE'S Floating Point Processor is ronnurab]e to 1argei_,
computers.  For ezample, a double-precision floating point ﬂUD takes only

C 2.4 microseconds, mazinum un;h all but 1 microsecond overlap )able w1Lh '13'
othor CPU operations. B

ECLIPSE-compuLnrs intor]eavc‘and overlap memories Lo increase spéed and ‘system |
throughput. Interiecaving puts sequential memory locations on different ~
modules.,  Core momorics can-be inLcr]eaved two, fowr, and cight ways. In four=
way core dnterleaving, for example, cach of four consccutive memory locations
is on.a sepurute memory module. g -

S1nce successive locations are on separate memory modules, and since ECLIPSE
computer microinstructions arce overlapped, ECLIPSE accesses- the next sequen-
tial location before it completely finishes processing the previous location,

The effect on instruction execution time.is dramatic. A four-way core-inter-
~leaved system reduces a 1400 nanosccond LOAD ACCUMULATOR “instruction to 800
"nanoseconds. The more modules interleaved, the faster the memory cycle time,

Users got higher pe)formance when -they nced it most, in -large menory config-
urations. ‘ : - -

Disk F hcmorv

Ay b] -pack disk, with 12.5 million 16-bit words of memory for database

and puc ) @ storage, provides an average access time of 35 milliscconds Lo
the ‘'user's graphic datebase.  The disk subsystem can be expanded.to 25 million
~words through the add1t1on of a second drive. ’

'00L10na]]v CA IpA can prov1de 80, 150, or 300 Mbyte Storage Modules. The e re-
movable pack disk drives should be used when extremely large files are to be -
created, or when there is a reqguirement for on-line storage of many files :
~Like the standard drive, the Storage iiodule is a moveable head, random—access;_v'

disk drive. 1t uses a standard, eleven platter, removable disk pack as the
storagn media. Average access Lime is 30 milliscconds. The SLoxago nodu]e
subsystem can be expunded to 4 drives of cquivale nL capac1ty

ilagnetic. Tape .ranspog&

The'magnetic tape transpart is used for archival storage of databases and pro-.
grams on.1/2-inch magnetic tape and to create tapes for-off-line plotting, -
" The: standard drive is a 9-Lrack unit, which is operaled at 45 ips and 800 bpi.
A 16 Lpt unit or combination f Oo/lbOU bpi unit may be suppllud in Ticu of or.
in add|t1on to ‘the standard unit. ' e

systim Console |
The GDS IT console is a }0/honyd printer with an ASCII keyboard (96 char). The

printer is a 30 cps maLtrix printer, with Lractor drive and pin feed. It pr1nts
]32 charactn‘f per line, 10 characters per inch, and 6 lines per inch. -

N 16-3
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6.2

DESTGH STATIONS

Station is generally used Lo interactively update cxi L1nq 00°1)nJ or’
to interactively. generate new designs.  The Free-Cursor Digitizer

~Station-of fers the advantages of -a tablet with the size-of the Lawgo

Diyi 1170 uuhlﬂ
ConsLrained-Cursor Dlu1L17or SLatlon
The Constrained—tur or Digitizer SLaL1on comes eou1ppnd with a twin-stand,

gantry-type digitizer with a seven-button cursor. The digitizer is back-
vith a variable intensity control. The resolution is 0.001 in.; the

repeatability is +0.001 in.- The digitjzing arca is 46 x 60 in.

The Station also' includes an ASCIT kevboard (96. char), XY - coordinate

- displays, a 1l-inch storage tube display (for grayhics) and an erasable

alphanumeric display (for designer -communications

A 19-inch storage tube display may be specified in licu of the smaller

- 1l-inch display. And a 32-button programmable function keyboard may be
added, if desired. ' _

~Free-Cursor P1q1t1zer Suat1on

The Free-Cursor D1q1L1znr Stat1on comes eou1pped with a 1urqe nigh

resclution Lablet with puck and/or stylus. The resolution is 0.001 in.;

CGDS 'l supports three types of Design Stations. . The Coanraineﬂ Cursor .
Digitizer Station is aenerally wsed for bhulk data entry The Tablet

11t‘

the repeatability is 10.001 in.; the accuracy is 10.005 in. The digitizing

areca is 46 % 60 in.

The station also includes an ASCII keyboard (96 char), XY-coordinate
displays, a ll-inch storage tube display (for graphics) and an erasable
alphanumeric display (For designer commun1catwons)

A 19-inch storage d1sp]a/ may be specified in licu of the smaller 1ll-inch-

dispiay. And a 32-bulton programmable function keybeard may be added, ii .

dcsirnd

Tablet Station-

Thc Tablet Statlon comes - equ1pped with a 1? x 12 in. Rand-type tab]et and
stylus. The station also includes an ASCI1 keyboard (96 char), XY- coordinate

displays, a ll-inch storage tube display (for graphics) and an crafablc

alphanumeric display (for designer c0mmunicutions).

A 19-1inc¢h sLoragé display or CALMA's new VMD may bhe specified in licu of the

smaller li-inch display.  And a 32- buLlon ploqxammablo function lL/board

- may be added, if desired.
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Vector Storaye

Imaging System
Display Points
Display Size (diagonal)

Point Generation

Vector Generation .

‘Image Storage

Storage time per imdge

Erase. time

Vector draw time

“ Controller

%
e
e 2]

-
[ 3%

being refreshed,

- display

snlid state memory
504 16-bit vectors,

128K 16-bit words of
stores approximately

Digital TV refreshed
second, regardless of

30 times per ,
infcrmation on %

1024 % 1024

2]h‘(53.34 cm)

Any addressable point intensified

“Hardware vector generation intensifies

points between any two addres
points -

sable -

256,000 bits of solid state memory
store value of cach addressable point*

Indefinite

1 ms

. 250 nanoseconds,

_ plus 35 nancseconds
for each addressabie point in major

aris

“Intel 8085 microprocessor

5 the video monitor, which has a grid of 1024 x 1024 addressable points,
an interpolation algoritim,

which operates in real time,

used to fill in-the dots not explicitly 'stored in the raster memory.
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6.3,

Oi-L1HC PLOTTERS
On-line plotters supplied with GDS [T include:

Calcomp Fodel 935 Drum Plotter

33-in. drum; thoiqe of 0.002 in. or .05 mm incremental step sizes axial:
movement rete of 3:6 in./sec. in the pen down position and 5.0 in./scc.
with the pen up; 3-pen plotling, . , '

Q:*.Lc_qz'u.L.?i@.d.@.1..?‘.09.31'.9-1-}9_':
33 % 60 in. belt; .012%5 mw incromental step size; axial movonenL rate of

30 in./sec. in the pen down position (10 in./sec. with liquid ink) and 30
in./sec. with the pen up; 2-pen plotting. The 4g acceleration permits

‘the plotter to reach full drawing speed within a froaction of an inch.

This capability improves plot times significantly.

Calcomn Hodel 743 Flat-Bed Plotter

Flatbed plotter with 4-pen plotting ‘at (axial) speeds up to 30 in./sec.
48 x 82-in. dxaw1ng area, +0.005 in. absolute positioning accuracy over
total drawing area, *+0. 003 in. repeatability over total drawing area at
30 in./sec.’ : - S

Flatbed D]Qtun' with 4- pon plotting-at speeds up to 35 ips, 23 x 45

drawing arca, 40,00V in./ft./axis absolute positioning accuracy ownr toLal
drawing arca, 10,0005 in. repeatability over total drawing arca at

35 in./scc. ' o

Xynotics Model 1100 Drafting Table

Flatbed plotter wiith 4-pen plotting at speeds up to 35 ips, 42 x 57-in.
drawing area, *0.001 in./ft./axis absolute positioning accuracy over Lota]

drawing area, 10. 0005 in. reoeatubl]1ty v LOCd] drawing arca at
35-in./scc }

Xynetics Model']ZOO'Draftiﬁg Table

Flatbed plotter with 4-pen plotting speeds up to 35 ips, 57 x 89-in.
drawing-area, +0.001 in./ft./azis absolute positioning accuracy over total
drawing area, +O 0C05 in. rbpcatabi]ity over total drawing area at 35

in./sec,

Versalec Model -#242 Makrfix Plotter

Uses 42 inch roll paper. Dual array writing head has 8192 writing nibs. |
Plots with.a resolution of 200 dots per inch at 0:50 inches per second paper |
speed., - ‘ o R ' o
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6.4

PERIP‘LIAL OPTIOHS

GDS 11 provides a complete selection-of peripheral options Lo meet varying .
uscr requirements.  Included ‘are a paper tape reader, a paper tape punch, a”
punched card reader, a line printer, and & communication IﬂLLrldCu.
aper_Tape Reader
Y channcls,_SOO cps, supply and take-up reels, pancl mounted
Paper Taj Tann Punch

8 channe]s, 75 cps, supply reel, panel mounted.

Punched Card‘Réader

80 columns, 285 cpm, table mountable.

-Line Printer

132Ac01umns, 04 ASCII chataCters, 300 1pm,‘free standing unit.

Keyboard Printer

CFull ASCII‘(Qﬁ'char) keybdord, 30 cps, ]32~Cd]umn matrix printer, free-stand-

ing console
Keyboard Display

Full ASCIT (25 char) keyboard, 30-480 cps, 2000 character video display, tabie
mountavle. : . ' L

-Synchronous Communications Interface

To €8ell 201 or equivalent. This synchronous interface enebles Remote Job
Entry emulation. - With the appropriate software GDS 11 can emulate IBM's
2750 RIE Terminal,-or LBM's HASP Terminel, or CDC's UT200 Terminal,
Univac's '1004 Terminal. ‘ ~ : E
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