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COMPUTER GRAPHICS

The application, in the past decade and a half, of
computer based data processing to graphic data has given
rise to a field of activity known as computer graphics.®Z
Numerous and fundamentally different disciplines such as
navigation, biochemistry, mining, medicine, etc. have
been influenced to very great extents by it. The
potential and actual effect of computer graphics on
design, especially architectural design, has manifested
itself in three principal directionms,

The first, and more obvious, of these is that the time

consuming, expenslve and routine activity of drafting may -

be turned over, within certain limits, to the computer,
In industrialized economies, firms offering the use of
computer graphics facilitieg appear to undertake
increasingly more of the design, or at least drafting

‘jobs, of the bigger and complicated buildings., THe firm

of Saphier, Lerner and Schindler-Environeties, Ine. of
New York, for example, has been able to draft the total
architectural drawings of the Sears Tower by using a
computer based drafting system. The same is also valid
for structural, electrical, mechanlcal and other system
drawings.

A second use of computer graphics in architectural design
is in the generation of design alternatives and the
production of statistical data therefrom for purpese of
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evaluation. Especially in a mode of operation where the
designer is interacting with, the computer, he can produce
alternatives continucusly, can evaluate these either on
the basis of data produced by the computer from the
design or cther data which the designer produces himself
and can arrive at a final solution which he deems
satigfactory, Such a mode is preferable over one of total
automation of the generation of design alternatives,
which presents several difficult problems in itself.

A third significant use of computer graphies .in
architectural design is in the handling of difficult
drafting problems where the use of other techniques is .
not feasible or even possible. Examples are the. '
perspective projection of complex constructs and
sciagraphic problems.

3, The deseription of & similar program The present article deals with the flglndamentals.

iqshmnh1ﬂﬁﬁk=mﬂwiwlmwrﬂthg development and presentation of software capable of

§§;er*3"§§? ﬂ??ﬁ?;‘i;,“ﬁ?aﬁrﬁﬁfﬁ;ﬂf handling the first two of the computer graphics problems

Glasgow, March 1976,  outlined above.’ The description is given in the context

- of planar architectural drafting, but the software can

easily accomodate other contexts simply by a change in
the graphical vocsbulary. In fact, this facility forms
one of the fundamente of the design of the.software,

.

FUNDAMENTAL CONSIDERATIONS

Software which- is capable of .adaption to both of the
computer graphiecs modes outlined in the preceeding
section should incorporate the following features:

1. Operation with a strictly graphical (geometric and/or

symbolic) voecabulary. If so desired, the operatiom
. should be independent of the metric properties of the
graphical vocabulary,

2, Facility of changing the content of the graphical
vocabulary at will without fundamental alterations of
the software. This feature will form the basis of the
adaptability of the software to various and
esgentially different drafting problems such as
architectural, structural, electrical drafting for
buildings, site layout, plumbing or circuit design,
textile design, grephic design, etc.

3, Facility of geometric transformations on graphic
content such as transformaticns of locationm,
orientation, size, affine distortion, etc.

4, Interactive mode of operation, This feature will allow
the designer or draftsman to alter designs easily at
will without significant loss of time and material, An
interactive mode of operation will imply independent
monitoring and havdcopy availability,

5. Production of statistical data on designs. This
feature will allow the designer to make decisions and
éspecially changes on the design.
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4, For Informetion om elantronie cableta
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Graphics Tablet Display for Use Under
rimegharing, Washington, D.C.;: Thowpson
Books, 1967,

5. The prefarence of a refreshing CET to
a storage ane is basically due to the
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atorage tube.

6. B. GZcllg, "An Inreractive Algorithm
for Anchireceural Drafeing”,’

Unpublished Master of Architecture .
Thesis, Middle Eagt Technical University,
Ankara, 1975.

. is an electronlc tablet"

Such features peint to a user—computer system where the
function of the two components may be differentiated as

follows. The designer

a) defines a vocsbulary consisting of planar graphical
elements, operable by formal transformations —this
feature may be an integral part of the sof tware—

b) generates designs in the form of planar layouts
composed of the repetitive use of the graphical
vocabulary subjected to transformations,

¢} evaluates the design and makes alterations as
necessary on the basis of deciszion varlables produced
either by himself or the computer,

The computer, on the otrher hand,

a) performs all geometric and metric transformations om
the given or pre-defined graphical vocabulary,

b} produces all required images or designs in the form of

- temporary or permanent recoxrds, and
¢) preduces and computes data on decision variables as

desired,

The ease at which the user-computer system will operate
is a function of the input and output devices available
at a particular computer installation., The ideal layout

ray tube (CRT)®
for hardcopy outputs.

,for input, & refreshing cathode
for monltoring and a digital line pleotter

How convenient the coupled use of electronic tablets and
refreshing CRTs for graphical input and output is obvious.
In general, an item of the graphical vocabulary can be
drawn on the tablet and given a namej; this suffices for
its specification. Each time its use is necessary, it is
recalled by name, subjected to the desired transformations

and appears on the CRI, When the design is complete alomg
with recalls of other items, the layout on the CRT can be

transferred to real metric scale and routed teo a line

plotter for a hardcopy.

In the design of the user-computer system, user _
requirements and computer capabilities have to be thought

of simultaneously, In general,

the easier things are made

for the user, the more the energy that the computer has
to spend. In certain cases, trade~offs have to be wmade,

Within the hardware itself,

concerned,

as far as data structuring is
trade-offs have to be made between tvomputer °

time and stbrage space in its memory.

PLAN:

AN INTERACTIVE DRAFTING PROGRAM

In light of the considerations above, the program plan

was prepared for operation on the IBM 370 installation
of the Uni=Coll Corperatiom (University of Penpsylvania)
with a Calcomp 763 digital plotter. PLAN is essentially
oriented towards architectural drafting with a graphical
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Table 1. Tempiates of Plan
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vocabulary consisting of templates of structural elements,
furniture -and fixtures. The program is capable of
tranglating, rotating, and scaling the templates and
drawing them with different line thicknesses on a digital
plotter or with different intemsities on a CRT monitor,

The graphieal vocabulary of PLAN is shown in Figure 1
along with the template names (commands) for each item as
listed in Table 1. This vocabulary is contained
internally in the PLAN program; each item ig digitized

~and plotted by subroutines of PLAN, However, by changing

subroutines and commands only in the input, the
vocabulary may be altered easily so that PLAN may be
adapted to other drafting purposes.

 Structural Templates (may be given only in the BEG mode)

Command Subroutine
ELV Elevators ' _ MAIN
STC Staircase MATN
COL  Rectangular Column MAIN
IERR Irregular Structure MAIN

Furnishing Templates (may be given only in the FUR tode)

Commdnd- : Subroutine
REC Rectangle RECTNG
CIR Circle or arc CIRCLE CIRSEG
Wil  Window with mullion WINDO1 '
WN3  Single window WINDO3,
DRN  Door open 90° - DOOR-

PR2 Interior partition PART2

SEC Secretarial layout OFFICE

ARM  Armchair or couch ACHATR
TEL Television TLVSN

SHO  Shower SHOWER
BAT  Bathtub , BATH

URT  Urinal ' URINAL
PLU Electrical ocutlet ' PLUG

OUT Special purpose outlet OUTLET
PHO  Telephone cutlet TRIANG

TRI Triangle ' TRLANG
ELL Ellipse ' ELLPS

WN2 Window with repgular divisions WINDO2

DRF  Door open 45° : DOOR

PRl Interior partition " RECTING
OFF Office layout OFFICE
CHA  Chair : CHAIR

BED Bed BED

PIA Grand pianoc ' . - PIAND

SIN Sink SINK

BOW  Commodoe : IT

IHT  Lighting fixture LIGHT

FLO Floor outlet ' FLOLET
TRE  Tree TREE

TAB Table : _ RECTING
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7. 1f peal display files of graphic
installationa are thought to be haffers,
those which are included in PLAN are -
bettex called "pgeudo-buffers”, Usually
for graphic uses, inmense storage area
ia required for keaping vhe coordinetes
of the digirired pictore, This ia where
a trade—off im necessary. Inscead of
storing the digitized picture, it im
possible to keep the input :
specifications and re-executa them
whenewet plotting of that pseudo-
buffer is required, This is va
éffective when dealing with 1imited
menories.
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A schematic diagram of the user-computer system operating
with PLAN is shown in Figure 2. The user specifies input
through the terminal or graphic input devices; thie imput
ig either in the forwm of commands related to the choice
of pseudo-buffers’ for output and output commands or-in
the form of item specifications glong with information on
size, location, orientetion, 11ne thickness and. intensity
related to each item.

PLAN uses two pseudn-buffers where one is reserved for
the structural layout and the other one for the remaining
templates. In the first buffer, the usger may specify
columng, walls, irrégular structures, staircases and
elevators. Into the second buffer, four basic geometric
shapes (triangle, rectangle, circle and ellipse) and
twenty six architectural symbols may be fed, These
pseudo-buffers can be overlaid as many times as desired
or each plotted separately, One pseudo~buffer may be
erased while the other one is kept intact., Additions to
or deletions from the buffers may be made at any time,
but the user should make sure that he is putting the
correct information into the particular buffer.
Otherwise, error messages are given. There are control
statements in the program which make it possible to jump
from one buffer to the other, At the beginning of each
run, the structural layout buffer will be ready to
receive commands or templates.

In order to change buffers, the command END has to be

given; this sets the program ready to take further

commands. Availgble cormands are as follows:

END Stops filling in the buffers end expects to receive
commands. Only the fcllowing six statements '
(PRI to STO) can be given after END,

PRI Prints on a teletype or line printer every imput
specification that has been given'previously and
contained in the last pseundo-buffer before END was
specified,

PLO Plots whatever has been fed into the display file
previously on the hardcopy device.

REP Re~executes the last buffer but does not send
information to the display file for the bardcopy
until PLO is specified, However, it replots the
last buffer on the monitor.

BEG Enters the program inte the beginning mode and the
structural layout buffer, After this command, only
gtructural elements (Table 1), DEL or END cem be
specified,

FUR Enters the program into the -second (furnishings)
buffer. Operation of FUR is identical to BEG;
instead of the structural elements only furnishings

: and symbols may be fed in,

ST0 Stops and terminates the program,

DEL Can be specified either in the BEG or FUR modes.
This command deletes any unwanted item from tha
buffers. The user points out these unwanted items
by feeding 1n the input sequence pumber of the
item, :
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S8CR Can only be specified in the FUR mode. It scratches
- and initializes the furnishings pseudo-buffer,
AFE  Can only be specified in the FUR mode. It
eulculates the areas of closed irregular
polygons by integration.

. : An important convention related to output concerns the
FEP and PLO commands., When PLO ie specified, a hardcopy
is given and the plotter is advanced (fox the case of
drum pletters) tec a clean page. When REP is specified,
the last buffer in questien is re=executed, plotted on
the CRT monitor but not om the digital plotter, Then,
without specifying a PLO command, the user can shift to
a different buffer and again specify a REP command which
will superimpose the new picture over the previous one,
iIf PLO is then given, the hardcopy will contain the
superposed drawing. Without specifying PLO in between,
the user can scratch, fill and superpose as many
pseudo-buffers as he wishes by using REP.

When filling in the buffers, each item name is followed
by the attributes of the item by pointing to the location
and other regions specifically dencted on the electronic
tablet, When the user specifies an input, it is fed into
the required pseudo-buffer and at the same time
transferred into a display file for the CRT monitor and
actually displayed. If there is a mistake, or the user
does not like the appearence of the displayed figure, he
can delete it. When the picture is completed, the
information in the pseudo-buffer can be routed to the
buffer of the hardcopy device, which is a tape containing
digitized information. Monitoring, thus eliminatgs the
problem of corrections on digitized information, ‘as well
as the cest of many hardcopies which are especially
expensive and slow if liquid ink is used,

8§, Minor differences of compasizion will . . .
be noted betvesn these two £igures, The relative quality of output can be seen by comparison

These differences are dua to their being Of Figures 3 and 4, which are cutputs obtained,
plotted at different stages of the run : ; . . .
B thes then thulr baiee clotred on respectlgely, on ghe CRT monitor and the digital
different cutput devices, . plorter.” These fipures are related to the output
in Figutre 5 which contains information on dimensioning;

this facility was added in a later version of PLAN.

Certain other internal features of PLAN such. as data
structure and flowcharts are given in the Appendix.

SAMPLE RUN

To illustrate the use of PLAN, we include here a sample
run with the list of input statements used during the run
(Table 2) and the hardeopy outputs produced, Information
following the item specifications has been deliberately
left out as this would entail 1engthy detail on the
attrlbutes of each Ltem.
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Table 2. Input Listing of Sawmple Ram

01
02
03
04
0%
06
07
08
09
10
11
12
13
14
15

01
02
03

04

05
06
a7
08

09
10
11
12

14
13
i6
17
18
19
20
21

3y
- K

23
24
25

IRR
IRR
IRR
IRR
IRR

- BTG

STC
COL
COL
IRR
CoL
IRR
CoL
ELV
ELV
END
PRI
PLO
REP
PLO
FUR
WHl
WN2
WN1
WH1
WN1
Wl
Wl
Wil
END
PLO
FUR
PR2
PR2
PR2
DRN
DEN
GRI
URI
PR2
DRN
PR2
DEN
PR2
SIN
S5IN
BOW
BOW
ARM
END
PLO

END
REP

FUR

END
REF
FLO
STO

f= je R Ra ol o] SO0V LODOO0COCOoOODOO

COO00OoOE 000000000

(Produces, on teletype, Ilst of input sofar)
{Produces Figure 6)

(Produces Figure 6 on 2 new page)

(Produces Figure 7)

(Froduces Figure 8)

(Produces Figure 9)
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9. The specification 11 COL 5 I a
repetition; it re-executes all items
Erom duput specification 9 onwards, Mve
detall can be found in the Appendix,

After entering into the running mode, fifteen items® are
specified as given in Teble 2. The succession of END and
PLO commands immediately_thereafter producas the
structural layout shown in Figure 6. The REP and PLO
commands following this producaa Figure 6 again on a new

‘page of the plotter.,

The second buffer is then reached with the FUR command.
Upon. the specification of eight window iteme and the two
commands END and PLO, Figure 7 is obtained, The next FUR
command takes the user back into the furnishings buffer.
This time seventeen items are sgpecified and plotted,
(Figure E)
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It is important to note here that the PLO statement by
itself only plots the information that is added after the
latest END command. In ovder to plot the whole pseudo-
buffer, A REP has to be specified, which then would draw
the windows together with the furnished wet core; Figure
7 would be superimposed on Figure 8.

This, however, is mot the principle of overlaying that
was discussed earlier. A true overlaying is shown in
Figure 9 which has been obtained as follows: By first
specifying BEG, the program goes into the first buffer,
Then END and REP are given which re-executes the
structural plan buffer without giving a hardcepy. The
successive commands of FUR, END and REP re=execute the
furnishings pseudo-buffer still giving no hardcopy. The
final command of PLO then plots the two pseudo-buffers
superimposed giving Figure 9,

Such a long process for obtaining Figure 9 is definitely
not necessary., Figures 6-to 8 could directly lead to
Figure 9 had there been no PLO commands in between.
However, these have been given step by astep in order to
illustrate what can be done with the program.

APPENDIX- SOME FEATURES OF PLAN

There are five levels of programming in PLAN which
should be differentiated ir order to make the program
general and easily adaptable to different installations.
For most graphical applications, these levels are the

‘same and even with different software, the same grouping

may be achieved,

l. rnitializetion and Termination=- These routines are
necessary in order to gset default values, clear
buffers, close files, ete. Since these are partially
dependent on the installation where the program is
run, these have been arranged as subprograms. Two
-routines BEGINN and BIWNISH, in the present version,
initialize and terminate a file on tape which is later
used in driving a Calcomp plotter.

2. Plotting- Routines that produce the plots are
considered to be another level of programming since
these are also dependent on the hardware. The present
version of PLAN incorporates three plotting routineg
PLLT, PLT and PLOTI for producing different lines and
FINLSH which plots everything upto that point with all
the modifications and corrections and advances the
Calcomp drum to a pew page. Overlaying of different
plans is also achieved through FINISH.

3. Templates- These subprograms, given in Table 1,
digitize a certain form or a shape within a unit box,
performing transformations on it and sending the
information to the plotting routines, These are
naturally ancther level since the templates of an
architectural drafting program, for example, are not
the same as those for an electronic circuit, The
plottlng of a typical item follows the flowchart given
in Flgure 10,




A COMPUTER. GRAPHIC PROGRAM

Figure 10, Plotting of a Typical Item

® wote:

In basic geometric
gshapes such ag rec—
tangle, triangle, ete,
monftor 1s not used
since theze shapes
might be vsed by orher
items, Plet calls for
thege basic shapes are
therefore added to the
calling routinas,

Initialize PI and
Coordinate . Arrays

v

Produce the- Item and
D:.g:.t:l.ze it. Ttem is
Produced at the 1
Origin with a Imit
Size,

v

Call SCALE, This
Routine Multiplies
x and y Dimensions]
with SX and 5Y

!
i
!

|
i
|

Regpectively.
i‘ T
| Call ROTATE, ! mf:le
1 This Rotates the | of
: . e
| ;tem abouk thf’* { Xctation
i rilgin. ; zero
{ i
v
Call TRANSLATE,
This Adds XC and |
YC to x and y
’ > t]'ﬁ:%zeidéz: Coordinates of
the ILtem
Respectively.
Re turn,) ¢—— Monitor Plot o ‘............_._

T N—e

4, Transformations— These are operations on the unit

plctures produced by the- templates congisting of

scaling (subroutine SCAL),

rotation (ROTATE),

and

translation (TRANSL) in the present version,

5. Controlling- This is the main program (MAIN) where
data structures are defined, user requirements are
interpreted and the necessary subroutines are
activated. MAIN is capable of replotting the buffers,
scratching them, making additions to them when
desired and deleting 1t.ems together with garbage

callection,

A simplified flowchart of PLAN is given in Figure 11,

The data structure of PLAN has been designed on the

- principle of preserving the input specification and
‘re~executing it whenever necessary rather than storing

the digitized picture, This is vety effective when

generoisly allowed,

used to drive graphic equipment.

- dealing with limited memories but when time is more _
egpecially so when minicomputers are

281



282

Figure 11, Si.upliiie‘d Flowchart for PLAN

B. dzelig, M. PULTAR

-~

Initialize Pseuda |
Buffers, coordinate -
Axvays, Item and
Command Codes.

]
! Initialize
i Counters, Pointers -

v

,--.-.._._@ Read ‘Couwrnand or
- Ltem

&

Call Leem,
Feed Attri-
") butes to )

- — Pseudo Buffer |
Calculate I '

Aress. —
i D Bt eur T
: Pgeudo
| p———— e — — — —
i %‘Ll_j_:::ii___ Get Attributes : .
Buffers for. from the Psendo T I to o
Recording. Buffer, call Item, I : .
Delete Item, | {-FUR '
- ) r ! .
gﬂ%‘;:::s = EEG | Monitor
: i
Stop feeding! ‘___ i —
Psaudo DEL :

- BSH:;EW‘ ‘ END | Hexdcopy
Executing |4 _ | e
PLAN. I STO |
el i I
Call System ’ e s o o o
Hardmpy Plott- + - Hardcopy | END
ing Routmes. | Rewind Display

|
| Files, | * ~
I

The pseudo-buffers of PLAN are illustrated in Figure 12,
If we assume this whole figure to be a pseudo-buffer, as
meny of these as required can be included in the program
in order to produce any level of overlaid plots. Figure
12 illustrates two arrays. The first one contains the
namés or codes of items and two pointers for each item,
shown as Kj and Mj. The second array contalns the

. attributes of each item, such as its size, locatlon,

orientation, line intensity, etc. Pointer Kj is an _
integer which shows the lacation of the first attribute

-asgociated with the ith item. This is better explained

in.Figure 13, Each item has a predefined number of
attributes, therefore a pointer which shows the last
attribute associated wlth a partlcular 1tem is ot
necessary. :
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Array 1 Arzay 2

3

Item 1

Filnter

Pointer

H;[‘

Item 2 K
Z

A 4
X

Foinkter

Pointer

Item 3

Painter

M3 @— rointer

teem n
. Kn
Pointer > n
Figura 12. Data Structure of Pgeudo= ¥ < Pointer
butfers * ATTRIBUTES
Array 1 Peinters Kj Array 2 . O Definition
e —t of
Item 1 | Attriboee 1 ®
. ' Attribute 2 2
KE=1 1 :
Attribute 3 — 15t jrem
M, 3
= : . Ateribute 4 4
Ltem 2 ‘J—b 1 3y
Kg=3 — 5 2 6
My 3 7
B : 5 s 2™ iten
Item 3 ’
5 o
Ky=11 7| 1 & 0
. _ My L—b 1 i
| i ®
Liem 4 2 121 5rd jrem
. 3 13
Ky=15 = 15 ’
. ' 4 P14
. . . Hy, — 1
5 I ®
H 2 16
[}
i 3o |
480 jram
M Y
LA T
& 20
!
H
1

Figure 13, Functioning of E‘_ointera Ki =~ O Encircled Locatipns are in fact the Kith. subscripts of i\fra'.y 2.
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When an item is deleted, the garbage collection routine
makes mecessaryesalterations and adjustments, For example,
if item 3 ig deleted from Figure 13, its four attributes
in array 2 (locatioms 11 through 14 inclusive) are also
automatically deleted, item 4 is brought up together with
itg attributes while K, is made 11 instead of 15. Also,
the old item 4 is now sequenced as item 3., Additions are
always placed at the end of the arrays.

The pointers Mj in Figures 12 and 13 are used for a
different purpose. These are optional and are used only
when a previously defined item is repeated within an
grithmetic progression. This previcusly defined item is
then called the base definition., The M; pointers of the
base definitions are zerpc since there is no use for an
item to point to itself, But if an item is a repetition,
then Mj is an integer pointing to the base definitiom for
this repetition, The attributes pointed by Ki for a
repetition are used to define the principles of the
repetition such as the number of repetitions in the x and
y directions with the number of length units between each
repeated item, Figure 14 illustrates the pointers Mj.
Item 4, in fact, ‘is a dummy item and points to item 2,
Item 2 is then re-executed, plotted as many times as
required in a given order specified by the attributes of
item 4 (subscripts 15 through-19 inclusive in array 2.)
When this is finished, array 1 continues starting with
item 5 which might be'a base or another repetition. If

array 1 Pointers Kj Array 2 Definicion
- - 7] of
Teem 1 P | Ateriduta 1 @
Baas. " aberibuce 2 2
Definitiody e 136 jeem
Ateribute 3 3 =
4]
L, Atcribute 4 4
] ltem 2 Atcributa 5 5
. . L —
' Base 4 s 1
Definition ¢ @
| . 2 7
0 . o
-1 3 B - 20d §ram
.. Etem 3
4 9
Base - T 1 5
Definicion & = ! 10
y 6 —» L ®
- | 8 ' 2 @ .
= Tiow 4 = - 264 item
Repetition_ 1% 3 13
4 14
2 —» L 1®
— ]
i 2 16
k] 17
! g 4 item
4 ' (Repeticion
5 18 principlas)
L3 -j 20 _J
|

Figure 14, Functioning of Pointers ¥ .. EPointers My, Mo, My=0, thus itemw 1, 2, 3 mre bese deFinitdons.
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1¢. For morte detail and & liat of the
program, see B, BEGUG, "An- Inl;eracti.\m
Algorithm for Architectural Drafting",
Unpublished Master of Architecture
Thesiz, Middle East Technical University
Ankava, 1975,
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the user wants to delete a base definition teo which there
are cne or more Mj pointers, the program will give an
error message and ask the user to delete the repetitions
first.

PLAN was originally compiled with the WATFOR compiler
and then adapted for FORTRAN IV G, in which it is now
available, '’

MimMaRi ciziMLER icin BIR BiLG1SAYAR 1ZLENCES}

UZET

Bilgisayar grafifinin mimari tasarim etkilendifi Bnemli

youlerden ikisi

a) mimari ¢izimlerin bilgisayarlar carafindan
¢ilzilebilmesi, ve

b) mimari tasarim sirasinda segeneklerin diretilmesi
iglemine bilgisayar yeteuneklerinin biyik Blgide
yardimcl olabilmesidir.

Bu yazi, her iki y#nde de kullanilabilecek bir bilgisayar
izlences inin dayandifi temel noktalari tanitmakta ve
izlencenin yapisi ile kullan111§1 fizerine bilgi
igermektedir.

PLAN ady ile taninan izlence bilgisayarin zek birimine
ek olarak g¢ikti igin sayisal bir gizici ile bir grafik
ekrandan, girdi igin ise elektromik bir tabletten clugan
bir sisteme gore tasarlammigtir, PLAN kullaniciya grafik
sfzllifiinde bulunan gekiller fizerinde boyutsal, konumsal
ve yonsel donligimler yaparak bunlarla diizlemde bpirx
bilegim yaratma olanapl getirmektedir. lzlence ile istenen
bir ¢bziim elde edildifi zeman, ¢Bezlimin sayisal ¢izicide
bir dizlemsel ¢izimi yapilabilmektedir.

lzlencenin igerdifi grafik s#zliilk ve kullanim komutlary
Bir Srpek ile birlikte agiklanmaktadir.
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