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I

1. INTRODUCTIO N

I
This report descr ib~~)the first four m onths of effort in

~~ the design and impleme ntation of a prototype spatial data

management system (SDMS). Spatial Data Management is a

technique for organizin g and retrievin -’ textual , symbolic ,

and pictorial information by positio ning it in an

Information Space maintained throu~ih the use of

interactive computer graphics. The system currently under

construction will employ a m ultiple channel color raster

scan display to allow a user to organize his information

within nested ‘~~1anes ’ of data over which he can maneuver

a window by the use of joy sticks.~~ _

Py allowin g a datum to he stored in proximity to related

piece~; of’ inform ation , t h e  sy~ tern frees the user of the

— 
neea to know the exact name or location of the information

he seeks. Instead , he can locate it by “browsing ” until

he finds somethin g he can ident ify visually. Such a

technique is envisaged to have widespread application in

any field where efficient and quick access to large and

complex databases is required , such as command , control

and cOmmunic ations , intelli gence analysis , and the

i i  an ‘ n t. ~ I’ a m : y ~ ()UI 1)1 • ‘  x c I. i V j 1. y

_ _ _ _ _ _ _ _  
_ _ _  
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I
The f i rs t  quar ter  of th is p ro jec t , repor ted b r ie f l y

herein , has involved the spec i f i ca tion  of the syste m

capab i l i t i es , se lec t ion  of d isp lay  hardware , a n d

explor ation of several important implem entation issues.

I
1.1 Background

Initial work in the spat ia l  management of da ta  was done at

the Massachusetts Institute of Technology under ARPA/C TO

sponsorship. [Uegroponte and Fieldsl describe the gener al

features of t he  W IT system , which was the first exi sting

SN’S. The system was implemented on specially designed

and  cons t ruc ted  ha rdware  which prov ided severa l  unique

features  key to the successfu l  implementat ion of SDMS ,

including the ab i l i t y ,  in real time , to zoom (magn i f y )  and

scrol l  (mo v e  t h e  pic ture  in the plane of the d i s p l a y)  so

as to g ive the appearance  of f ly ing over a f la t  wor ld of

da t a

A user of the MIT system is presented with nested

two—dimensional planes of data which he can view on a

large (6 ft x 9 ft) color display screen . By exertin l

pressure on a joystick mounted in t h e  arm of a specially

mod if ’ i ed chair , h e can c au s e  t h e  images on t h e  current

level to translate about the screen. These images are

- ~~~~~~~~~~~~~~~~~~~~~ 
_ — .- .
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typically hand -constructed icons which indicate the

presence of various pieces of data. When he has an icon

centered on the screen , the user can view the associated

data by pressing on a second joy stick which zooms in to

the display. As the magnification of the image increases ,

the computer replaces the view of the image plane with a

new one. This m a y  be the desired information itself , in

the form of a document or photograph , or it m a y  be another

plane of icons , in w h i c h  case the process of selection and

z o o m i n g  may he repeated. Most of these planes are larger

than the area of the display , such that all of a plane is

not visible at once. At the top—most (initial) level ,

this problem is countered by prov iding the user with an

auxiliary display on which h e can view a low resolution

image of the entire plane upon which a cursor indicates

which portion is current ly being shown on the large

display.

There is no database mana gement system prov ided other than

t h a t w h i c h  contains the image planes themselves. Addin g

new information requires m anual intervention in t he  form

of prep arin g the appropriat e icon and form atting the

document or photograp h. The latter operation is most

often accomplished by p lacing such a document , in paper

form , u n d e r  a vidicon and digitizing it into a raster

ima~ e.

I
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The database contained in the current system is a set of

photo graphs , maps , and documents describing MIT. This

database and the results of MIT’ s first year of t h e i r  t w o

year effort is descr ibed by [Bolt]. The system whic h MIT

is currently implementin g in their second year is

describe d in a forthcoming, paper [Donelson] .

1.? The CCA Prototy pe

In addition to t h e  usual constraints involved in carryin g

a concept from t h e  laboratory to a prototype environment ,

the system un der construction by CCA is intended to meet

several additional criteria:

1. It must run on commercially available hardware to

permit ease of replication and simplify

maintenance.

2. It must be designed with a certain amount of

hardware independence so as to accommodate new

capabilities which are appearing rapid ly, such as

1000 line television .

I 

-~~~~-., ‘ -— - —---—---— ~~~~~~~~~~~~~~~~~~~~
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~~~. It needs a ~ood interface to a database mana;’ement

system , to allow the input of large amounts of data

without excc-s sive “hand craftin g ” and to permit a

user to select data objects by granhical

indications.

The remainder of this report describes the steps which

have been taken to desi gn a prototype SDMS which meets the

above criteria ami d that can he applied to a wide range of

activities m d  databases.

Chapter 2 describes how the system will appear to the

user. It describes how information is orr~anized in an

S1)MS , how icons are manipulated and h o w  various subsystems

are activated.

Chapter 3 sets forth the requirements imposed on the

display h a r d w a r e  by the unusual nature of the SN-iS graphic

nafl ipul at ions.

Chapter 14 reports on the results of an analysis of the

problem of manipulatin g the large quantities of

information needed to give the user the appearance of

motion over a data space.

Chapter 5 specifies how the spatial Data Management System

will i ri’terface to a symbolic database mana gement system ,

such as the c;~~i-:~ re t ationa~ databa se

- - - ~~~~~~~ . —-— -.—  ~~~~~~~~~~~~~~ 

— —
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2. US ER LEVEL V I E W  C F  snvs

The u s e r  of the prototype SN-iS will sit at a display

station consistin g of three color television monitors , a

dat a table t , a keybo ard , and two joystic ks. The larCest

of  the m oaitors i~; the prim ary display of the d a t a  space.

The two , smaller monitors provide auxiliary view s to aid

the user in n av j g at jn c~ that space.

when first activated , the SLI MS presents the user with a

vie~i of the “top~ level” data plane. The  ma in monitor

indicates what information is ava ilable on that plane as a

set of icons . These icons may be very simple , such as

colored rectan~ les with strings of text , or they m a y  be

very elaborate , SUCh as pictures of ships or peoples faces

rep roduced fro!n photo graphs .

The joyst .icks permit the user to move about the data

plane. One of them controls horizontal motion — press ing

it causes the image on the screen to move horizontally or

v e r t i c a l l y , a~ if the user w a s  flying a helicopter at a

constant alt. i tude above the plane of data . If the plane

being v i e w e d  is I arger than the (1~ sp iay screen , t h i s

:~t ation aU i ca u s e  new icons to appear at one m a rg in as 01(1

ones fflO v P off t he  o p p o s i t e  one .

_ _  . ‘-‘ ~~~~~~~~~~~~~~~~ -- .-~~—~~~ ‘ .~~~~~ - ,- ,‘ . 
~~~~~~~~—
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To help the user underst and wher e he is in  t h e  data plane ,

one of’ the s~inlle r non it.ors p rovides a low resolution

p i c t u r e  o f’ t he entire dat .a plane. This d is p l a y  n e v e r

sc r o l l s . R at he r , it remains stationary as a cursor moves

over it , ir Idi c a t in ;~ t he  user ’s position in the dat a plane.

The secon d jo y s t ick con tr o l s  t h e  m agn ification of the

di s p l a y .  P r e s s  i n~1 it causes the imag e to “ zoo m ” a l m o s t  a s

if the user ’ s “helicopter ” began to descend. As t h i s

effect is accom p l i s h e d by changing the readout of the

disp lay iem ory, th~ picture does not increase in detail ,

but the icons on the screen do appear bigger. At the same

ti me , t.he cursor on t h e  auxiliary m onitor becorr ies smaller ,

in d ic a tir g th at a s~iall er portion of t h e  d a t a  p l a n e  is

visible on the mm- in screen.

I
~~~~~~~~~~~~~~~~~~~~
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2 .1 Zoom irn ’ ar id Activ ation

While pres sin ’ of tha zooii in joystick at firs t . causes the

display to zoom , h o l d i n g i t  d o w n  c o n t i n u o u s l y  soon c a u s es

som ethin g, else to hanp en: a new image p lane appears.

Th i s c h a n ~ e of di s p l a y e d  i n f o r m a t ion m a y  be or c h es t r a te d

to give t h e  appearance of either of two  s i t u a t io n s :  ( 1 )

more detail appears ; or (2) the user enters a new

in formation space , d ifferent than the one he left .

The incremental addition of detail can be c a r r i e d on

indefinitel y , given sufficient capacity to store the

images. Hy supp lyin g new image planes , correctly aligned

with their coarser predecessors , the illusion is

rr mnin tair i ed of having an infinite resolution photo graph.

~ i icti a la cil i t y  would allow great changes in apparent.

dist anc e . F~ r exa :~pl e , an observer could start at the sun

and zoom in on a picture of earth until he was reading the

fine print on a newspaper lying on the ground. More

p r a c t i c a l l y , th is technia ue would be used to add symbolic

information as the space became available to dis p la y it.

For e x a m p l e , in a m ap of the Paci fic ocean , a sh ip c o u l d

he re presented by a dot . As the user approached it , its

_____

~ 

~~~~~~~~~~~~~~~~ -- -.., ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ J
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icon wou ld cha ri .
~e to the shape of a ship. As the observer

c o n t i n u e d  to approach , t e x t  s t r i ngs  g iv inc ’  the name of t h e

cor ri ri . in c l i ng offic er and the sh ip ’ s ( lest inat ion wo u 1 d

a i~~e~1r

In c r y remI l..Il i~ !lit.ion ~I D et a i l  F igure 2 . 1

‘7 ~T~;.KITTYHAWK

~~~~~~~~~~~ FI SH 
AN~~~~~~

~~~~~~~~~~~~~T H A ~ K

\

\ 
k~~~~~~~

SUNFIS H

CONAM JONES

A l t er n .i t _ i v el y, zoo i i iri g. in on an icon may e.- iu.;e the user to

cmi her a t o t a l  1 y ri ow set of image p1 ar ien , orga n i zed a ;  

-- -.~~~~~~~~~~ -.----- ., - - _____
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another  in fo rmat ion  space ( I — s p a c e ) .  This in format ion

space  coul d lead to ye t  more I — s p a c e s , some of wh ich , in

turn , cou ld be m o r e  se ts  of image p lanes , and some of

..‘ h ich cou ld , in s t e a d , c a u s e  the a c t iv a t i o n  of  va rious -

pro 1’ ranis . Such p rog rams  coii id d i s pl a y  an iri iated sequences ,

a l l o w  t h e  user to send and r e c ei v e  messages , or pe r fo rm

any o ther  a c t i v i t y  a l lowed by the computer  s y s t e m .  In any

c a s e , t he th i rd  moni to r  is a v a i l a b l e  for t h e  use by such

prog ra t h s .  In the  e v e n t  that  the I—space wh ich  is a c t i v e

i s a n o t h e r  p l a n e  of i c o n s , t h i s  mon i tor  wou l d show t h e

ent ire p lane , as at the top leve l , or it could show a t ree

s t r u c t u r e  of w h e r e  the user was in the nesting of

I— s p a c e s .

2.2 Icons arid the Da tabase  Manage ment  Sys tem

Icons are c r e a t e d  by va r i ous  methods .  They may be c r e a t e d

by hand , as in t.h~ M IT s y s t e m , t hrough the use of a

program for “ pa int ing” w ith the data  t ab le t .  However , if

t he user has a la rge number of s imi lar  da ta  i tems , he may

w ish to use a s t a n d a r d  icon , for i n s t a n c e  a r e c t a n g l e , a n d

mere ly supp ly  the pos i t i on  for each new i n s t a n c e .  This

rroce-;s ‘ray be ajded by a simi ple icon generation langua g e

wh ich ‘allows graphical properties of icons to he

_ _  ~~~~~~ 
-.-
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- -
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hilt ip le T n h ’ c-. r n a t i  on Spaces Fieure 7 . 2

____ L~ ~ 
Top Level
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~~~~~~~~~~~~

Ships ( geogr~ phic) 
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—

~~~~~~~~~~~~~
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/ 
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determined by p rope r t i es  in a symbo l i c  d a t a b a s e  of the

ob jec t  i n d i c a t e d  by the icon.  This p rocess  is desc r i bed

in more de ta i l  in Sect ion  5.

I
I

_ 
_ _
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3. D I S P L A Y  H A R D W A R E

The se lec t ion  of a su i tab le d i sp lay  prese nted somewhat of

challen ge. The primary requirements for t h e  display were:

1. 1I~IO lines of (~l O e l em e n t s , fo r  co m pa tah i l i t y  w i t h

s t a n d ar d t e l e v i  s ion

2. 8 bits of data per point , expandable to 16

3. zooming in integer scale factors (1 ,2,3,. ..16)

~$ .  scroll ing in single memory pixel steps

5. fast picture update timi es in vertical as wel l  as

horizontal u p dat e  modes

6 .  3 independendent display chanels on one controller

7. 2L1 hit color look—up table (8 bits each of red ,

green , and b l u e )

A s L ’ C c i t i ~m t i o n  oh t h e  rhiuil’C’ d fc :it .ures was sent  to s i x

d i f f e r e n t  m a n u f a c t u r e r s  of ras ter  scan color ’  d isp lay

har dware. While there were  many in terest ing responses , no

one company could prov ide all of the fea tu res  required in

an o f f — t h e — s h e l f  product w i th in  the g iven t ime fr a me .

T I c  v n i  or’ wh i c l i  w a ;  I i  ri a I I y cii or; e ri , 1. 1’ x i (I at, a I ri c or p0 r a t , e’l

of furl ingtor i , Mass achuse t t s , was  able to meet the

I 

... :i~ 
_ 
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s p’ rc  ification through some m inor modi f i ca t io ns  of one of

their standard products. This was possible bocau ;e their

pro duct’ s ~lr chitErc tur e w a s  well suited to the SLIMS

app l i ca t i on, most notab le through the prov is ion  of a

“pixel packer ” [‘or rap id  update  of the d i splay  and the use

of a mic ropro~’rnirim ed display controller .

The pixel packer alleviated one of the most serious

s h o r t c o m i n gs of m ost of t h e  d i s p l a y s  s u r v e y e d : t h e  t i m e

r e q u i r e d  to  up d a te  t h e  d i s p l a y  me rr o r y .  M ost  such di s p l a y s

achieve fast update times by favoring horizontal writes (a

raster at a time ) over vertical ones (a column at a time).

Th is is done by in ter leaving the mem ory, such t I’it on e

w r i t e  opera t ion  t yp i ca l l y  modi f ies S or i f :rict cre

e l e m e n t s  ( pi x e l s ) .  W h i l e , in  t h e o r y ,  such interleavi n ’

shoul d allow a column R or 16 p ixels wide to be written at

the same rate , ma ny manufacturers did not have ti re

provision for such operations. The Lexid ata machine , wit h

r e l a t i v e l y t r i v i al  m o d i f i c a t i o n , w a s  cap ab le of ’ do ina

th is . A no t he r  f ea tu re  of the L e x i d a ta  d isp lay  made it

su i tab le  [‘or SDMS : the mic ropro g ramm ed d isp lay  readout .

T he d i splay Us e s  a p r o p r i e t a r y  m ic roprocessor  to c o n t r o l

wh ich memory loca t ions  appear at which pos i t i ons  on the

sc ree ns . /o o m ing  ar id sc ro l l i ng  w e r e  thus s i m p l e  t o
+

1 In p1 er~i~~ n t . ‘11w sriioot Ii hor i zori ta I scroll i ri g was a iii t mor e

• d if f icu lt , s ince the 16 p i x e l  i n t e r l e av i ng  of the m e m o r y

ii
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I 
a l l o wed  the l oca tion  of’ the f i rs t  p i xe l  on the sc reen  to

be s p e c i f i e d  on ly  to the nea res t  16 l o ca t i ons .  Th is  was

I f i x e d  by add ing a new pa ramete r  to the prog ram wh ich  moves

the d i sp layed  pos i t ion  of the image in s ing le  p i xe l  I
I inc rements , combined w ith a fea tu re  which blanks out the

I 
re r naj n in~ p i x e ls. A complete s p e c i f i c a t i o n  of ’  the d i sp lay

is inc luded as A p p e n d i x  A .

I _ I
• ‘— .____•. I
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I I

‘I . STAGING A r !AGER

11 .1 G v e r v i e w

This document is intended to give an initial specification

of t h e  Sta gi n g ~an a ~ er for display data for SPMS . It is

i n t e nd e d  to he expa nded and revised as the design of the

SN and the project is refined .

Information to he d isplayed must be m o v e d  from the di sh to

the 1 1 ‘s memory, possibl y expanded or chan~’ed th~’re , an d

then wr itten to the display as it is to be seen. The

or ganization of the inform ation on the disk is physically

line ar and conceptually 2— or 3— dimensiona l , d e p e n J i n ~ on

our v i e w  of’ the  universe. On t h e  display, t h e

organization is 2— dim ensional , both physically and

ccu~~~p tu all y ; ari d it is in a different coordinate

fram ework from t h e  univ erse. The mappin g between these

f r a rn ewor l : s w i l l  be s im p le , but  no t  c o n s t a n t , s ince the

screen “ioves a r o u n d in the universe .

I
1

~-~I:iIi~
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Mata must he presented to the display in rectang les , one

byte per pixel. This imp lies that all data to be

displayed must first be in main memor y . Further , to a v o i d

incurring disk delays every time the screen is moved in

the universe , a m ar g in of information m us t  be m aintained

aroun d that actually contained on the screen , wh ich can he

written to the displ ay immediately when it is needed.

The SM is responsible for maintainin g a copy of

i n f o r m a t i o n  to be dis played in m emory in response to

commands from the rest of SLIMS , and presenting that

informatio n to t h e  dis play as needed.

~I.2 Tiles , Sc r e e n , u n iverse

~e have considered a planar universe approximately 6500

pixels square ; this is approxi m ately one— h alf of an RPO’I

pack. T h e  e x t e n s i o n  to  a 3—dimensional universe is

strai cthtforw ard. The extension to a much larger universe

(increasing the area by a f ac to r  of 0 or more )  wi l l

probably affect the addressing scheme , b u t  use of a

hi gh— order “ universe — index ” sh oul d s u f f i c e  to c a r r y

th rough the ideas  p r e s e n t e d  he re .

I 
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ia mirt’ d iate b e t w e e n  the phys ica l  l i near i t y  of ’ d isk s to ra g e

and the conceptual 2— dimn ensio n a lity of the u n i v e r s e , we

h a r t  it ion  the un iverse into Tiles. (In a 3— d i ’ I ’nsion al

mm i v  r ’ t ’ :;~~ , a Sm’ j ch (ran be used ari a I or’ou sl y . ) Each tile

cont: iins all the di splay data for a small rectan5~le . The

til es j,l be ordered on the disk like the elements of an

arr ay, in horizontal stripes across the universe. It

appea rs  at u resen t  that  the da ta  for a ti le wi l l  f i t

easily in a disk block ; this is covenient , h u t  n o t

necessary. In memory, t h o s e  t i l es  w h i c h  c o v e r  t h e  c u r r e n t

sc r een plus an a c c e p t a b le mar g in  a r o u n d  t h e  ed ges w i ll  be

maintained in a byte — per — pixel format. Wi th i n  a tile in

memory, t h e  b y t e~ a r e  ag a i n o r g a n i z e d in  a r r a y  f a s h i o n , i n

horizont al str ipes across the ti le.

The opti m um dimensions of a tile a r e  debatable. Factors

affe cting the decision in clude: the amount of m eml ory

available for bufferinc ’ the screen + i ts  marg in , the ‘

rel at , ive per m it ics for see : i rig vs. real ing bloc ks on t h e

disk , a n d  t h e  d ens i ty  w i t h  w h i c h  d i s p l a y  i n f o r m n t ioa is

packed in a bloc k . Assumin g one byte per pixel on the

disk an d no more than 51?K available for buf fers , we have

used a co m puter simu lation to study the problem and have

arrived at t ile d i mens ions  at or below 120 pixels on a

side , with enc oura g ing, result s. For instance , with tiles

~0 X 106 p ixels , i t  s h ou l d t a k e  a bou t  1 . 1 3  secon d s to
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‘4 3  bu f fe rs

ti n image of the data on the screen will be ma intained in

the l i ’ s memory, along w i t h  an ima ge of information which

i s o f f , but rie am ’ , each edge of the screen. This is the

Virtual Fra me  Puffer (VEB). It will be organized by

tiles. Given the tile dimensions under c o n s i d e r a t i o n , it

w i l l  be a bo u t  6 t i les  squ are , and require close to 512K

bytes . A s s o c i a t e d  w i th  t h e  VF B is a ta b le wh i ch

assoc iates a tile— id with the correspondin g area in

phys ical core (the V FMMAP ) . The SM will he responsible

for m nanip ula tin ~’. the i i ’ s m e m o r y  m a n a ge m e n t  to ac cess a l l

of the data in the yES . 1mm general only one tile will be

ma nipulated at a time ; even so , it will pro b a b l y  r e q u i re

s e v e r a l  pag e a d d r e s s  r eg i s t e r s  (l ’Abi ~~) of the  Pbl’ l 1/70’ s

o:i:ory ::appin~’ unit. to address the whole of a tile.

The organ ization of the VFBI’IAP is an ordered table of

~ air n.

t i l e— id  : p a g e — n o

where tile— id is a number identifying the tile in the

univ erse’ , armd pa ge— no is the hirh—o rde r 0 hits of the
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ph y si c a l  a d d r e s s  of t h e  t i le ’ s or I eir i (this is the

q u a n t i t y  w h ic h  ~ets lo aded into the appropriate PAR) . The

values of the p a i e lengths stored in the pa re descriptor

registers (PPPs) are const ant across tiles. Any given

t i l e  may require more than one PQR value , hut . these will

co r r esp on d f o r  a l l  t i l e s .  P A R s  to ad d r e s s  o t h e r  t h a n  t h e

First page of an individual tile can be figured by the

ad d i t ion of a co n s t a n t .

The VFSS.A P will p robab l y  be m a i n t a i n e d  in order ; that is ,

it s c o n t e n t s w i l l  he sh u f f l e d whe n a ne w s t r ip e i s s t a ge m

horizontally or vertic a lly. This is not really an

im p o r t a n t  po in t , hut i t l o o k s  l ike i t w i l l  ease

c o n v e r s ion s be tw ee n s c r e e n  and t i l e  coor di n a t es.

Separ ate buffer areas will be needed to provide data to

th e display in the format it needs . This f’or rn a t cons i s t s

of r e ct a r i ’l es whose ho rizontal dim ension is a mul t i p l e  of

16 ; the pi x e l s  of the rectan gle pl aced in con ti m ’, u omms

h ori zontal st m ’ i~’ ,’s . Sinc e th i s f o r m a t  w i l l  o f t e n a gr e e

wit h , ne ither’ the tile d ivi s ion of the universe , nor  t h e

boun daries of the objects depicted , the strategy is to

c o ns t r u c t  t he p i c t u r e  in the V FI3 , and then copy the

relevant port ion s , one tile at a tim e , into separate

displa y Suffers , w h i c h  ar e  t h e n  fe d to  the d is p la y .

I
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In th ,’ c a s e  l o re  im; f ur:;t j o n on the mu sk does  not

c o r r e o p o : i  J to s i m ple  i ma ges , p r o v is i o n  mi ll also have  to

5’  ‘O l c  t o ?  l isP  I : t f 1 e r s  separ ate f’ ro m n the tj f f l , so t h a t

ro u t i n es  in S i t S  ma y read  t h e  c o n c i s e  de f i n i t i o n  of ’ t i m e

p ic t u re  m ’ e:m and ex pa nd  it into the pix els in the V E t .

‘ftc i n te n t i on  is tha t  o ther  parts of ’  5555 w i l l  manipul a te

the v i e w  on the s c r e e n  by ma k in g ,  c a l l s  to 5 ’~ w h i c h

m a n  ipul a te  the V FI . These  ca l l s  w i l l  he able to s p e c i f y

the rele~iant a r e a s  by e i ther  their  s c r e e n  or tin i v e r sa l

c o o r ~~inn tes . ~ s a s ide  e f f e c t , these  c a l l s’  ‘.~i l l  provo~:e

co mma nds to the d i sp l a y ,  and o f t e n  d isk  a c c e s s e s  as we ll.

14~~ 1~ P i s p l a y  Pa r a m e t e r s

PS must rom i r i tai ri  the f o l l ow ing  in fo r mat i on  about  the

c ur ren t  s t a t e  of the d isp l a y :

— i t s  or’ i t  i i i : N a nd  Y u mi iv e r s e  c o o r d i n a t e s  of the

s c r e e n ’ s or ir in ;

— its d ime ns ions :  the ac tua l  cur rent i . y d isplayed

length  a nd ~‘ id th  of the sc reen ;

L ± _ _ _
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— ye b c  it ,’j ii ; N and Y may be needed for m~roper

S C h e r l u l  i n’  of s t a c j n g

Inl’o rnma t  ion about.  the t i l e l o cat ion of the sc re en or i i ’  i n

w i l l  p r o v e  e x t r e m e l y  u s e f ul :

— the tile in which the ori gin is currently located ;

normally this will he the 0th reside n t tile , but

the or igin can move a mar g in— wid t h outside this

tile in each dimension . It prob ably will be kept

as the i nd ex  in the V E P S A P  of the o r ic i n  ‘s tile.

— tile coord inates of’ the origin: the X — and Y—

o f f sets  i n t o  t he  t i l e ’s data of the screen ori gin.

— t i l e  a1;1 r ’s s of the or ig in :  the b y t e  a d d r e s s  w i t h i n

its tile of the s c r e e n ’ s or i cin .
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I I

!~~~~~~) Conversions

1

This section gives the m ost common conversions among

different ways of lookin g at the same data; presumably

these w i l l  be inc a r n a t e d  in a pp ro p r i a t e  p r o c e d u r e s  or

macros  at the a p p r o p ria t e  t ime . Div ision t r u n c a t e s ;  rem

is the rem ain der oper ator ; a number of constants are

pred efined :

t ile  a d d r e s s :  t im e v i r tual  a d d r e s s  of ’  the f i r s t

pixel in a given tile

t i le l e n :  hor i z o n t a l  t i le  d i m e n s i o n  in  b y t e s

t i le h t :  vertical “ “ “

the number of’ tiles in a horizontal

stripe across th e universe

x org : th e un iv e r s a l  coo r d i n a t e s  of t h e

yorr : screen ori n’in

tile id (x , y )

/~ x and y are the universa l coordinates o[~ a point

t im i :‘, r em i t i re r e t ur n s tim e u I  of’ Li m e tile w hm I elm

cont ains that ;  po in t .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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*1

( ( ‘ ,‘ / ti l e h t )  * u r o w  ) + (~. / t i le len)

tile rg (t )

/~ m ’iv en a hi Ic— i d , r e tu r ns  the u n i v e r s a l

c o o r d i n a t e s  ot that  ti le ’ s o r ic ’iri a s  a

pa i r {s , x , y ]

*1

[ (t rem urow ) * tile len

(t / mJ row) ~ tile ht ]

ti le a d d r ( x , y)

/~ riven the u n i v e r s a l  c o o r m i n a t e s  of a point ,

r e t u r n  i t s  ph y s i c a l  a d d r e s s

*1

m t  tx , ty, t

t :~ tile id (x ,y)

t x , t y  I :~ ti le org,  ( t

t i l t ’ ad iress + t i le  o rg ( t )  + ( (y_ ty) *tile ht ) + x — tx

To tr an slate a p air of screen coordinates to univer sal

coord i nat e s , nd .I x o r g  an:] yo rg ; in the opp o s i t e

d ir e c t i o n , smi t t ~ra c t .

AI
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1 4 6  Calls

Any c a l l  to Pt~ is l ike ly to chan ge the p i c tu re  on the

s c r e e n ; some t ray also cause  s t ag i ng , .

‘.‘.hen an oh ,ject w h ich is a l r e a d y  d i s p l a y e d  is to be

c ha nre - d , n o add it i o n a l d a t a  w i ll he d i s p lay e d , hut S~
shou ld  s t ill he i n f o r m e d , so t h a t  t he V F S  is up d a t e d

ap propriately. This is  n e c e s s a r y  because  that ob jec t  may

be scrolle d outside the screen and later scrolled back on.

In the meant ime , the new value will have to he preserved ;

p e r h a p s  w r i t t e n  to d isk , or pe rhaps  mere ly r e t a i n e d  in

c o re , hut in any c a s e , SM must feed the proper ( u p d a t e d )

information to tim e display. A possible exception to this

pr incipal  is a change to the color t ab le , w h i c h  p r o b a b ly

doesn ’t a f f e c t  PM at all. Rout ines which change t im e

I m i s p lay  w i t h o u t ;  the p o s s i b i l i t y  of’ caus ing s t a g in ’~ i n c lu d e

t im ings l ike D R A d  and FILl., w h i c h  put new va lues in

e x i s t i n g  a r e a s  of the d i s p l a y .  These w i l l  de f i ne  a

r e c t a ng l e , p robab ly in sc reen  c o o r d i n a t e s , and a s o u r c e

for the new v a l u e .  A lso  in this c a t e g o r y  is a r e s e t t i n g

o f the sc r een ’ s di mnens ions , becaus e it may a f f e c t  how much

d a ta  SM , fee ls  req u i red to feed to the d i s p l a y .

I
LI ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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The o p e r a t i o n  wh ich  can tri gger the d i s p lay  is sor - :e mot ion

of the sc reen . This tray he done e ither  a b s o l u te l y

(S I T O P G ( x  , y)  ) , or r e lat i v e l y  C SC RO Ll. (dx , d y )  ) . In

r e s p o n s e  to such a ca ll , SM t r m t i s t

( Ie ter mnmi ne it ’ the moov e r equ i res  stw’ ing ; ii ’ so th is

w ill be clone for one s t r i pe , arid then , if

n e c e s s a r y ,  for the o t h e r :

‘a .  it s h u f f l e s  t h e  V F D M A P  to co r respond  to the

new screen origin. This has a side effect

of putt ing the ph ys ical add resses  of’ the

t o — b e — f i l led b u f f e r s  (t he  f r ee  space  in

mcm or ,’)  in the s l o t s  of t ile t i l e s  wh i ch  w i l l

ev e n t u a l ly use their .

h. computes  t he til e — i d s  of the t i l e s  in the

new str ipe , and  in s e r t s  them in  th e proper

si ot s i n t h e  V E D M A P

c. r eads  each of the needed t i l e s  from the

d i s k , pa s s i n o  them to an expan din g routine

if necess ary.
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2.  s~ d e t e rr in e s  if new da ta  is needed by the d i s p l a y ;

i f  so , it p ro c e e d s  one t i l e  at a t ime to bui ld

d i m l  ay l ii  f fe r  and pass  it to the di s1)1 ny

3. ti m is p rocess  is r e p e a t e d , if n e c e s s a r y ,  for s ta g i ng

in the o r thogona l  d i r e c ti o n .

This  de s c r i p t i o n  has been w r i t t e n  as though SM cou ld  be

ca l le d i n— i  inc f rom some other par t  of ’  5DM ’ , au

e v e n t ’ m : m l l y  re turni  w he n  the d i s p lay  is aga in  c o n s i s t e nt ,.

If th is  c o n st r a i n t  is too s t ronr  , we rust ’. def ’ine w ’ :j t

i n t e r l o c k s  are needed b e t w e e n  SN an’I t ime rest of

I

-- - -— -. - -.‘- , - -- — -



-‘ ~~~-- - —— ‘ ‘T ’ ’z —‘
~~~.

‘. ~~~“~ r~’”’ : .  ~~ .,_ ‘ _~ 
—

SD;S —— Quarterly Technical Report Page — 2 9 —
[t1’I’:RF’ACF TO t ’ .A T A i ’ A S F  • 1 A U A G F ! E U T  PYST I :N Section 5

P .  T N T I : R E A C E  TO M A T A I t A S I :  ANAGF , F i’f :T SY ST EM

‘l’his chap te r  discusses the key c o nc e p t s  of’ a proposed SD ItS

da ta  m o d e l .  It e m phas i zes  the re lat ionsh ip  be tween  a

Sy!~lbol ic d a t a b a s e  of ’ a t r a l i t i o na l  t ype  and a g raphic

p resenm t a t . i nn  o f ’  t h a t , d a t a ba s e .

~.l (mbjt ~c
$’.~ v€~

T w e r e  a re  t ’,~ s p . c  [ [ ic ob ,ject i ves  w h i ch  th is  da ta  model

n tt c ~’ :pts to  OC l I V e :

1. To p r o v i t e  a r iechan isni  for the au toma t i c  generatio n

ii c ’ r ’ :pt i  1 ’  oh ,jects as the resu l t  of’ insertions (or

u p da t e s )  of new da ta  in the symbol ic  d a t a b as e .

It is c l e a r  hi m it in many app l i ca t i ons  the SRI ’S ,  user

wi ll not N e  the so urce  for much of the da ta  in his

d a t a b a s e .  tn command and contro l  app l i cat i ons , f o r

ex amp le , there are lrmr ” e databases , standa rdiz ed

a c r o s s  t O t  w i tii wc ’ l l—d e f ’ i ned  uudate channe ls

o r i c i na t  ing in a u t o m a t i c  se nsors , huma n o b s e r v e r s

an I m m n i t ,  co m m an de r  reports . I h e s e  res u l t  in

I
I
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c i i n r ’ e s  to a s y m b o l i c  d a t a b a s e . The rat e of ’  t hese

eimnn ~’es is far t oo  ~reat  for the SNES miser  to be

e x p r ’ c t e ’ l  t~o ic ide in each ca s e  wha t  t ime impact  on

the ~ra p h i c  repre sentation slmn u i i  be .  Ins tead

there  must be an auto mat ic p roced u re , established

when t ime d a t a b a s e  is d e f i n e d , wh ich ;‘e ne rn tes  the

rrnr )hic ch ance based on the nat ure of the update

and t im e previous state of’ ti m e database. The extent

of the end user ’ s i n t e rac t ion in th is  p rocess  is

chosen accord i ng ’  to the demands o f the a p p l i c a t i o n

and c an  ra nge from to ta l  c~~nt ro l: the se l ec t i on  of

icon pos i t ion , size , o r i e n t a t i o n  ant i c o l o r ;  to no

co rt roi at ‘a l l :  coop le te l y  a u t o ma t i c  d e f i n i t i o n  ot

the graphic ima ge.

2. To p rov ide  a mapp ing  b e t w e e n  the sv ’ i bo l  i’  d a t a .  a s e

and i t s  gr aphic  r en r e s e n ta t i o n  so that .  d a t : t  011 t e c ’

se l ec ted  s ym b o l i c a l l y  can have  t e i r  5” l I ’ t i o’

r e p r e s e n t e d  g ra p h i c a l l y  (a n d  v i c o ~~~o r ’s :~

c l a s s i c a l d a t a b a s e  o p e r a t i o n s  i n v o l v e  the s e l e c t  m o ’

of s u b s e t s  of t he d a t a b a s e .  V e r y  o! ’ t e r  t

o p e r a t i o n s  ar e best  e x p r e s s e d  symbol  ic a l  lv  (or  at ,

least no lood g raph ic  techn ique for e x p r e s s i n r  t be ’ ,
has been p r o p o s e d )  , hut t ime r es u l t s  ot ’ the

o p e r a t i o n  a r e  conven ien t l y  e x p r e s s e d  g r a p i m ic a l l y .

II
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E R A ’ S ’  PRE FER S P F , C T F I C A T I O I ?

This is a s p e c i f i ca t i o n  for a f ’ r nmes t o re  ra s t e r  sc a n

display for use w i t h  a D ig i ta l  Fq u ipnn :e n t  C orn or ,at ic

PDP— 11/70 minico m puter. It will store , t o  a preci sion of

e ieht b i t s  pe r noin t , at l e a s t  one  f u l l  f r n~’ce of di m ’i t al

co mputer  ‘e ne ra t e d  da ta  that w i l l  u lt i r at ~~ly r c r o v ide a

f’ ul 1 color  v j i lCO S inn al . It must m eet the fol lowi  nc ’

specil’ications:

Video  Ou tpu t :  The sys tem shal l  p rov ide Red , G r e e n , rind

Illue analogue video outputs with am plitude 1 volt P—P into

75 ohm s , an.1 capa b le  of d r i v i ng  a nt an da r d video color

monit or (t arco model CDCT?/ 51— H or equivalent)

Synchronization si gnals shall be provided on a separate

o u t p u t , 1 volt m in lm r ,i m :m P—P. All ‘video and sync

connect ions shal l  he m r mad e w i t h  1 M M  connectors.

Synchron izat ion slia l 1 be 1~S — 1 70 c o m p a t i b l e , ft il 1

interl aced scan , and the system shall have t he  provision

to be s y n c h r o n i z e d  to a .‘ t ,a ndard se t  of’ input s i r na l s  as

_ _ _
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s r o v i c t e d  b y cm : ‘~‘ ‘~c sync ‘e n e ra t o r  ( ‘ t e k t r o n ix  r m a . t e l  H ‘5

or eq mi i v n l e r m t )

The omi t  put f ’ om’ c - c -it  : ; h m ri l I be cm v i d e o  nij ’  m m c m  1 ( f  Li V ~ Si 1) 1 C

l ines of ’ I~ I0 p i c t u r e  e leme nt : ;  per l i n e .

Inde pe nde nt  D i s p l a y  
- 

Ch an m nm e ls : ‘t he s y s t e m ’  s ima l  1 p rov ide

th ree independent  color output  c ha n n e l s , r e f e r r e d  to here

as Channe ls  1 , 2 , mmmd ‘
~ . Channe l  1 sha l l  eont ~a iii ~ b i t s

of m ner nc ory per p i x e l , e x p a nd a b l e  in the f u tu re  to 1f ’~ bit .s

C h a n n e l s  2 a n d  ~ sha ll, c a c t i  c o n t a i n  Li hi ts  of m m mc ’ ~o ry  per

p i xe l  , ox na rmdab le  to W b i t s  e a c h .  It shal 1 be i -cs s ih ie a

under s o f t w a r e  c o n t ro l to r e c o nf i g u r e  the s y s t e m  so t ha t

c h a n n e l s  2 and ~ d i sp lay the  same p ic t u r€  fro m am bit

ner point image .

Storn ge C a pa b i l i t i e s :  Su f f i c i en t  memory shall be prov ided

for eac h channel to contain a p ic ture that  has ‘IS? l ines

of (
~72 p i x e l s.

‘ l i m e  sy : ; Le’ i  : - ; l m , m I  I tm ~~ve t im e :i lmi l i t . y to d i sp lay a ‘‘ zoo m ed im m ’’
vers ion  of the s to red  image , w ith no change to the

internal  da ta  s to red  in the frame buf fe r .  This shall he

accom ,’nplishe (l by  repent ing  p ic ture  elem; m ents  a n d  l ines as

renu i red  , wi t im the scale factors contr ollable to interer

prec is i on  from one (full sc a le )  to 1( .

I
_ _  
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‘l’he s y s t e m  sha l l  al low the d i s p l a y  memory to be forrmmn tte d

into a t w o  di rm m en si on a l image array havin g a width variable

t ’r om  h i  to (m 72 pixels and a hei ght var inbie from 1 to ) 1P7

l i nes , subject to the s i ze  of  the m e m o r y .  P i x e l s  shal l  be

.<to rt ’ cJ c o n t i i ’ u o m m s i y  in r i l e r m m o ry .  It shal l  i m O  pos sib le to

d i s p l a y  a m m y  por t ion  of t ime im age array by specifying time

s t a r t  po i n t  i n d i s p l a y  n i e n m o ry  , t h e  number of l ines , the

nu mb er of pi x e ls per l i n e , an d t h e  l o c a t i o n  i n s c re en

pixel boor dinates of the first pixel to be displayed .

N o t e  t h a t  while the im a ge a r r a y  is c o n t i g u o u s l y  s t o r e d ,

the d ispl ayed picture night not be , r e s u l t i n g i n p a r t s  of

the ic ’ can e a r r a y  not be ing d isp l a y e d .  This c o nd i t i o n  shal l

in no w a y  e f ’ fec t  the i n t eg r i t y  of t im e s t o red  image ( i . e .

non — displayed d yna rm m i c memory must st i l l  be r e f re s h e d ) .

Re fe r  to Figure  A.1: It shal l  he poss ib le  to set the

l o c a t i o n  in d i sp lay  mem o ry of the image a r r a y  and the

d i s p l a y e d  irna ~e .  Note that  moving , lo c a t ion by  a li n e

len gth res a lts in vertical scro ll inc~ , while movin g them b y

lesse r  amounts  r esu l t s  in ho r i zon ta l  sc ro l l i ng .  It shal l

be poss ible to per fo rmrm such motion in either of two modes :

1. Eis ~. L a y  memor i  w r a p s  around from line to line and

f ’ r c - - ’ : bo t t a c r i  to t op .  (F ig ure A.2 )

L~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - _














