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i:he use of s¡',-nboIs, rn ¡a.r.'bicular tsliss S¡rmþe1s,

have been nsec fo: cc¡m¡nunica.tion l*itr non-voca.l hand.icaoaecl

people. Du-e to the hish resolution required, it is
difflcult to present then on a granhic dispta¡', This

thesis investigates methods for cisplaying lrliss Sylnbols on

e tel-e-¡isÍon"

An eclnatj-on scherne v.¡as developecl to describe the
q.-¡hn-l c r^r'n'i n\ a.l1O i¡ed e. Sei Oí raSte_r pOintS tO be COmpUted

fn-y" p>oh crm'ligì . SeVefal ¡lethO.dS Of dj snl avi nc. .i:he raSteru! ¡r.LJ¿i{,ur _L¡t¿.ì u i-v

jlciilts r,.,'ere investigateo; tne runl_en;th method, tre
aar:tia-'1 sr.'rnbof method and a new encoclin¡¡ teehni r:l:e cal-Led

tne rnath ôirectionr methoo. this teci:nioue exhrbited the

.nc-rsr mer:i.J,: :i.n cocl:n¿r '.!ì-l i-ss S.-i¡nbo_l--e.
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CliiiPTER I

tivliìODUCTIO i'j

1 " 1 Bl- i.s s Symbol s

Graphics have been used for communication through-
out the ages and even now the Japanese and Ohinese use a
highly stylized picture writing. Charles K. Bliss (f)
anaryzed' these languages and many others to develop a

logic symbolic language knor^¡n as Bliss symbols (Äppendix A) , 
.,,;,,

Thesymbo1sremainedunusedformanyyearSdespitethe

attempts of Bliss to introduce them to the v¡orld,

In L974. the s.¡mbol s u/ere erlLr t-r, ua¡v o.y,,ìbols v/ere experimentally used (Z)

with hand.icapped. children at the Ontario Crippled Childrents
Hospital in Toronto, These handicapped people were non-

verbal and had only limited ph¡'sical control of their l_imbs.

The resul-ts of these experiments \,¿ere very encour.aging and

the use of the symbols spreao throughout North America,

The handicapped people learned the new symbol_s

quickly and could communicate rnore efficiently. Large

boards r¡¡ith a matrix of Bliss Synbols v¡ere placed in front
of the child who woul-d then sel-ect the proper symbolÞ

P.efer to Fig. 4.1. (,tppendj.x Ã) (r-7)
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Various techniques for thrs sel-ection are used, The

phj'sical-1.,' a'b.l e crj-l rj can pr:,int to 'bhe syrnbols directl¡' v;ith
õ €{--^- ì-.J-¡¡ rlrL,n 1^^-.ìi^¡^-n¡l nl¡ilÀa a rrr¿'sr v! <i Ðoi-nter. The more ha.nd j capped child reqr-iiies

the tea.cher to point, v¡ith the facial- expression or eye nove-

ment of the child inCicating the proper selection. the scanning,

verification, recording and interpretation of the symbols re-

quire the full attention of the teacher"

To alleviate the teacnerr s function, el-ectronic scanning

boards were designêd to sequentially scan the symbols. !'¿ith

these bcards and a suitable inberface, the handicapped chÍl-d

can independently select s¡'mbols; hov¡ever, onl)¡ one sj¡mbo1 can

be vielved at any time.

a graphical- display r'¡oul-d perrnit a sentence of Bfiss

S],rnbol-s to'be presented and ivould provide the handicapned child

l.;ith the ability to verify and edit his entries and. also all-ov¡

hirn to communi cate di¡'ectly with otaers . (9-17 )

1 .2 Prer¡i.ous lfork

Às cornpar:eC to alpha.numerics, the .øraphical display of

flr,"s Synhols nresents some unioue challenges. Some of the

Ci f flj cul-tj es of ÐI'esenti.n¡3 tne symbols a.re cut--l..ined bJ' Sa...¡chuk

(lt). the s¡,.mbo1s are not consisbent in ividth, relative size,

nosj-tiono r^a,ti o olr spa.cin,3. Cther: t¡ariab-Les in implernenting

Ll. j-sS :j-i'utbolS e,Te tirO s;izt: ¿inC numbe:: Of '¿, set " "iherr 
e ra.nCi-

earned eh'i I d heo'ì ns to f ee-', iìl i c:': S',rmþ9f 5, a set Ìarge in
Ua(i!vu ulrr¿\r IJg¿rr!D uv rusf,-!r \' ¡J,I 1r¡\



)-

si ze and f e',v in number is cho sen; hut, as the chÍld progresses,
rnol:e synbols alle aclcieci to the set l,¡ith a collresponding dec.rease

in s-vmbol size. For thj s rea.son, the feature of va.riable size
rr'onl- d be advantageous.

Recognizing the graphical diversity inherent in Bfiss
symbols, J"R. storey (3) aescribed the symbols using sixty-
four component parts. This preliminary v¡ork v¡as concerned v¡ith
estimating the cost and. ultimately establishing the feasibiJ-ity
of usin¿5 a tel-evision as a Bf iss symbol display terminal,
vanderheiden (+) alsc broke the symboJ-s into components to
fabrj-ca.te synbols on a portable dot matrix printer.

1"3 Present h'ork

This thesis investigates techniques in presenting Bliss
Symbol-s on a television using a. commercially availabl-e micro-
processor system a.nd d isplay u.nit.

the symbols were first described using equation descrin-

tors r.¡hich provided a stanCarii to scal-e symbols to a variety of
sizes. Thj.s feature was useful- in th.e initial stages to deter-
mine such thinss as miniinum resolution and later it \^/âs u-seful-

ì n nômni I i n.o qr¡rnhnl scris nf 2.a.r ei zaV_L!vo
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se'¡eral- technioues were investigateci to cletermine

the most eff icient m eans of displa-yinE the syrnbors; the
known ru,n length method, the nartiai symbol method as

proco sec by storey anrl 'à nevl techniclue call-ecl the r path

clÍrec-u.r-onr methorl, The path ciirecticn method exploited.

the contÍguor-rs dot pattern-s of the symbols and was found

to be the most :flavourable method"
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CHAPIEÌì I I

}JACKGROU¡iD

2.1 À lypical System

A typical system is shov¡n in Fig. Z.L, The

scanning board contains the matrix of Bl-iss symbols and
'the handicappeo person sel-ects the proper symbol vj-a the
computer. The sel-ected symbol is saved in the computerr s
:¡nemory and also oisplayed orì. television.

Although the scanner is usuarly a board a portion
of the television screen could be used es the scanner.

However, there are disadvantages with such a system:

l-. Lost screen area for sentences a_nd. stories;
2, Less antrcipation of when the sJ¡mbof will be d.Ísplayed

for scanning .curposes at any one time;

3, A more sophisticated program with two cursors, split
screen, etco

A scanning board system along v¡ith a commercially

avail-able unit to interface to the television was employed

b:i. the author.
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t) Televisi on ?.esolution and lirni¡r.3

A i{ortn Ánerican teler¡ision has a. resol-u_tion of
7OO dots or pixel-s across v¡ith 525 interLacecl ro\^rs, ¡iow-

e\re-ìî, dr-le io overscan a. reduction of et Ieast-ben percent

can be realized or 630 x 45L Z9O,43O bits of on-screen

infornnation. The meÌnor;, requirenents usrng bit-mappÍng

r'/or-r:J-d be l6K bytes (e bits/byte), Hor,¡eve:., il:r.is is for
ma.ximum reso.l-utÍon and. jt ha.s been shoiv'n b5r the authorts
experirnents, as r.¡il-1 be seen in later chapters, that eight
K b.¡tes is arieouate"-J --

Â television uses a" hlgh speed ra.ster scan.

.rii-J-¡hânuner,ics r.Ìse coCa ¡erera.tors tc¡ c¡'eate tbe character

aS the raster Scens that ¡arti r-.'rl ar ni xe1. 1o oo tliis, the

code generator v;ould he.r'e to operate in the oroer of 5

lit:.I2; much too f ast for a contenporari¡ nicroprocessor with
e cfock frequencrL of I I4,Hz, Btt¡¡u" ha:'dware is, therefore,
necessary to -interface the h.igh speed television to the

s1 or..rer" ni cropro c essor.

Ili snl a.v -tJni i/,. )

b¡ rnilans

der.¡ice bi

llhe conpuier r,.,'â-s inbe:rfacecl to the

of ¿t connerr:i.a.l! unjt ca-l-1ec'1. rri,ierl-in.

t maps eignt í b¡':es (e+ K bits) of

tel-evision
¡r Thi S

mernory



Õ

onto the 1.V. screell with a. resol_ntÍon of 3ZO laieral-
clots i,y ?AO vt:rtica_ì- dots. this eight IC of memory Ís
shared ivith the compr.rter by Dr,iA (Ðirect l"iemor..y Addressing)

and the bits ''¡¡ritten into these menory locations are the

bits dispJ- ayecÌ, l;iel'l in has control o:e t:re bu.s 42 per-
cent of the time leavÍng only l8 percent of the real tinne

for computer execution tirne.

Any theoretical technique considered in dis-
nlr'inr f,-o a.-*.^^-r^ Ê,r^+ +ake these feStfiCtiOnS Of fìminryr<LJ-L.tL?) u-:v !)JlllUL,,-rÞ ¡¡lLtùtr Udl\C UIIUùU IUÞUIJ-L;t IUflÞ UI l,JlllJ-If¿3

and resolution into account.

2, 4 Probl ems in Di spl-a.yin¿ Fll_sr_ ljrnlel,s

Consider first what EIiss Symbols a.re con-

p::ised of ancl horr' the;' were designed. tsliss (1) contencì.s

*'n.¿r nranti n2f l3r all- definite anti indefÍnite cbjects can

be cì.epicteC by using one hunCred strokes or basic shapes.

Thj.s does no t seem excessive if cornÌra.reo to the one

hrrncìred plus (Ze lor¿er case, 26 upper caseo pJ-us punc-

t'.ra.bi on a.nd slrmbols) characters usecl on the conr¡entional

ke¡.'bo a.Td . Tlor¡er,'er:it, to coilpec'c so much infornation into
ea.ch s¡'mbo}, other problems arise in preseniing thern

.r:'ra nh i r:a-ì I .¡ - the s e are ,



Y

1. The cìetaill or resolution reqriired for pre-

sentati_on of the s.r73bo1s far exceeds bhat of nor:mal_

alpnabetical chara.c'u€-'S. Vanderhe;icìen contencis that as

many as eignty dots vertical b¡,' an indefÍnite horizontal-

count must be useC. (+)

2, lne l^¡idth of the symbols or the aspect ratio
is undefineci, simpl-e symbols can be an'anged. side b,y side

to create more complex ones" fn addition, action ind.icators
n'l ¡n'arì aÌ.n¡ra sô,.nê s.r¡mlrn'l . add tO theif nr¡eral I hp.i oht.-t/-*vvs uJlrrvv!Ð auu UV Ui;g.LI !. VgJ-d.J-L I1UJó

3 " Unl-ike alphanumerics, syrnbols can be laid on

top of each other (superimposed) to fornl new symbols,

Therefore, there is no definite set of slrmbol_s. Sim_ole

syrnbols can be arranged into a ner.,' 1a::ger syrnbol, much l:-ke
l-etiers rnake a rvoroì

4, Characters are wri.tten betv¡een imerginary upner

ani lower 1Ínes; the pl_acenlent of a syr.nbol relative to

tl:ese ma.y indicate a different meaning,

5. the relatj ve size of the symbol may emphasize

the rì.egree or extent of a meanj-ng or it coutd have an

entirely different meaning.

6. the size a,nd./or nr¡,rnber oÍ'syrnbols to be d.is-

played on e tel-evision ma.y be different depending on the

visua.l acuit;' of the llser.



10

I,iany of the above problems in displaying Bliss
,Si'mbols have no conterpart i'¡ith alphanumerics. These

n-nnÌ'r a:¡c nnm\i¡sfl with the restrictions Ímposed by thevv¡¡¡ L

displa¡' unit, television and niicroprocessor mahe the task

of displaying Bliss Symbols non-trival. Chapter III
outlines the theoretical- aspects of the symbol display
process,
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CHAP'I'ER ITI

DISPIAYIIVc BTISS SyrviBotS

This chapter dj-scusses theoretical- means of displaying
Bliss symbols efficiently on television wlth the actual
experiments being discussed in Chapter IV.

3.L Equation Format

As was discussed, Bliss symboì-s are not as easy to
oisplay as alphanumerics, but they d.o have some common features
that Bf iss has incorporated.. The symbols are all- cornposed

of relatively simple shapes; straight lines and. circLe segments.

since the microprocessor is the core of the system, a schene

using equatÍons to describe symbols would be feasible. of
course, one equation wourd not descrj-be the entire symbol but
rather only a portion of the symbol and then these portions
would be superimpo sed to make a whole syrnboÌ.

only two equation types were chosen, a line and a
circle working on a cartesian coordinate system with the origin
being the l-ower left corner of each symbol, Two starting
cooes were chosen, Q for a círcIe, / for a line. The

pararneters given to oescribe the circl-e v/ere as fol_lows:
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xrYrRrA, B

v/here -XrY are the coordinates fo.r the centre of the circl-e

-R is the radius of the circle

-A is the start of the arc (in degrees) going

counterclockwise with zero degrees being horizontally right

from the centre.

-B is the termination of the arc in degrees.

The symbols are normallzed. to a ten unit high structure,

thereforeo if a semicircle was to be described in the upper

ha1fofthesymbo}structureothefo11owj.ngparaneterswou1d

be given: Q 51515rOr1BO (See Fig. 3.I) "

a____-,r-

(

n=rå0" x=f alo'
Y=5

Fig. 3.L An Example of an Arc

Similarly a f.ine is given a start and a stop position,

The parameters are as follows:

/ Xo,Ys'X1 
'Y1

where XorYo are the start coordinates

X1,Y1 are the terminal position coordinates



A diagorial

symbol may appear as

t4 -r¿

drawn across

in l'ig, 1.2.

the entire height of the

X1= 10
Y1=10

Xo=0
Yo=0

Fig" 3 ,2 An Exampl-e of a I-,ine

A number of these circl-e and line segments super-

imposed wouLd be sufficient to describe any symbot" one

additional- code E rvould act as anr¡end of symbol'r del-Ímiter
and v¡ould be usefur in compiling and decompiling sequentiaJ-

computer data files" Fig. 3.3 gives an exa:i'rple of an entire
symbol c

FOOD

Q2s2O360/Ot41E

tsig. 3.3 The symbot I'FOODt', Described by }iquations
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the advantages of usin¿ç equations are as follows:

1" The s;rmhoÌs cor-rf ri he :sta.nCardized. inriepenclent

of their size

2. Srilooth, regular shapes resul-t v¡ith no special

artistic ta-l-ent or subjective criticism necessary,

3. l'Íemory is conserved sjnce only a feiv parameters

are necessary for each symbol regardless of symboÌ size or

resolution "

The disadvantages lviI1 become apparent in Chapter

IV where it is discor¡ered tb.at to convert the equation into

a symbcl takes an unreasonable amount of time, if the para-

meters are to be used directly in dispì-aying the symbols"

7 a Tl-: -; -l-ì --l ¡a *ho Ïrnrra+i.OnS)cL lJl"1 I{,-LZJ-lI;@

Eo,uations can be used to clescribe the symbol but

cannot be used to display the symbol- direcily. In a oigitized

srrstem- onlw the nresenee or absence of a i.,¡hite dot on theuJ L¡ v v¡rr t

screen is displayed.. To convert the equation into a pattern

of dots that resembles the equa.tion is the next topic of

discussion,

i',,¡hen risi.ng digital techniqr-te-s, as is the case here,

it is not possible to display the symbols as straight and

Clt-ìrry-€d lines f directlyr, bn'b only as the presence or absence
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of illrrmin¿ìted dots in cli.screte oositions, At a distance

tÌre e Jre ttnð f or braj n joi n the cicts to resernble a 1íne.

Statin3 tnis in anothe:: vtay, the s¡ecific resolution is one

v¡hich invol¡¡es visual pe¿'ception on a tel-evi,sion screen,
rTrJro -it¡an o^rr¿f,jg¡ mUSt be ÐreSenteC in SUCh A faShiOn thatr.rr\/ {ir v\/r¡ \r\lr-rautrvr¡ r¡¡quv LU

the dotq rênresentinrr it mâ\/ he neineiwerì âs a sr¡mhol COm-

ponent

l'lith the symbols being represented as equations

or an infinite number of clots. a scheme must be devised to

rnatch these equat j ons r'¡j.th a. f lnite nnmber of do-bs nl-aced

in a. definite position. Cri'beria rnust be for¡nulated for
assi -ni no samn-l es from thp êôr'ì2ii n'. tn the dots o:fl the ar-sù\r_L¿-)lrrirü \JU.r¡lvr-vu r-r-vrr¡ w:rv

ray. Tlvo problems ar:ise v¡hich the criteria must reflect:

1. A decision must be reachecl" on the number of
q¡mnl oc 'l-.cÞon rlnnr J-ho rrrâÌrh nf f'^.o Ên / \

-{uat j.on( s/ rePresentiilg

the symbot" 1'o conserve computer tii-ne only as many sa:tples

as necessarj¡ shoul-d be computen. the ni.rmber of samples

r:equ--irccl d enenrl s on the ::esol.ution.

2" A resol-ntion must be sel-ecterÌ to represent

the s;¡rnboì,s. lii tir the tel evÍ sion havi ng a. f ixed resolution n

tho nnl r¡ rnp'f ho.L to íncr'e¿Lge the a.an¿:.rent resolution of thef-ie vr.Lr-J :¡i\/ vrr\/ra

syrnbol-'¡rotlC be to inc:r'ease the síze, 'I'lier.'efore, the size

anrl reÍio,'l-rit-i on o l- ¡l:"er svrnbo-l becoinc irtter'-rel-a.teo.
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3"2.1 Samc]e Rate For e Stra:-¡ht Line

As discussed it is not'oossible to drav¡ a con-

tinuous l-Íne v¡ith a. ooint-plotting ciisptay; the discrete
grid per¡nits intensification oniy of points l;ring on inter-
sec'bions of the coorCinate grid (aots). To approxirnate the

desired line a sequence of dots can be displayed as shovrn

in Fisure 1.4" To util:-ze al-l- the dots cl-ose to the line,

the sample soace (distance beti.¡een sannples) must not exceed

the cLis'r,ance betr,veen grid dots. this constitutes the mini-
mu-m sa,:np1Ín¿r rate; however, to assign dots to samples e

technioue cal1ed t smoothingt ( di scussed later) i" ernpJ-oyed

r'ô.r1rì ri rn A qnmp',;hat n'i rher sann'l i ng :'aie. \ler,'.'nan a.nd

S-:ro'.:.11 ( 15 ) describe sinrliar technioLr.es to convert equa--

tions to discrete grrCs.
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3.2,2 Sa¡nple Rate for a Curve

l/ith reference to Fig. 3.5, Ít can be seen that curved
n^Þ+i ano 

^f 
f ho c:mlrnl Tõ-uu:'Lr-url.s or vr:v uJ¡ir uv¿ r uo."l1r€ more samples than a hori zontal

line; otherwise pcrtions of the symbol eould be mÍsse¿ entirely,
rn Fig. 3.5a, the sanpres are taken at a rate with respect to
the horizontar directíon. Taking ten samples of the graph

and designating a dot to each is not adequate. one coul_d

sanple the graph at a rate pro.Dortional to the arc length
(oistance along the graph) and. not the horj-zontal distance.
Thj.s rvould provi..le more sa-mpies as is shov¡n in Fig " 3.5,
îhis would at first apDear to be sufficient, horvever, there
are cases in l^¡hich j_t is not. Take for exampÌe (Fig,3"6a)
a very srnall circl-e with a circumference less than the required
erc length fo:' the sample, or a very sharp discontinuity
f 

-. - /. \(lig, 3.6b). Soth of these require dots and, therefore, should,

be given sa-rnple points. The following criteríon is suggested;

the number of samples taken on a graph to represent

er\ equation shal-l be proportional to the curvature with the

fo1 j-owing exceptions :

l-. A l-ine has no curvature, a.nd as discussed earlj.er
si:ou1d ha.¡e a sa*nple rate exceedlng the resolution in one

c:r'ection (x or y)"

2. .,$ discontrnuity has

^nô ocn¡] o -^int V¡il_l_ be taken.

u.sei, d i gco¡rt j nuities occur only

infinite curvature but onlv

Vlith the line and circl-e segments

at the start or end of a se,qment,
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superposÍtion usually overlaps endpoints and. the probability
of getting at least one sample near the oiscontinuity is very

hign. (R.efer to Fig. 7.6b) "

the above states the criteria for selecting a mi-nimum

sample rate in ord.er to minirnize computation time in d.esignating

the dots. As will be seen in Chapter IV a somewhat higher

sample rate will- be used to overcome other problems"

7 _ 2 .7 S."-nhot Resol_utionio.-o-/ v.f

the resol-ution or the

define e symbol is difficult to

in the Bl-iss SYmboIs" Various

coilsid.e:eC.

dot matrix size required to

choose because of the diversitv

manners of choosing this \rvere

R.efer to Fig. 7"7 where a circl-e is to be represented

by a dot matrix. What dot matrix size is required to represent

the circle? Four dots could be i"nterpreted as a cross or

square, Six, eight or ten dots woul-d probably be adequate

depending on the imaglnatlon of the viewer. Arbitrarily picÌ<ing

eight dot rows and. knowj-ng that some Bliss Symbols have the

equivalent of three circl-es stacked. verti calfy, one coul d

estimate a minimum vertical- resol-ution of twenty-four rorvs of

oots. the horizontal resolution is dependent upon the symbol

being presented and, therefore, remains variable.
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Änother' \ta.y to estimate the resol-uti o¡t reouired
¡,.¡oulc' i:e to consi.Cer the te:r"ltolrf , ciefinecl es the avera€ie

riista:!ce -oetr,¡een the sanple of the graph and the dot desig-

nated. fhis is done ¡,vith respect to both the X and Y direc-
tÍons àftõ. coLrld gÍve some indica'bion as to the accuracy of
presenting the syrn'b'ol if compared to the error of some arbi-
trary sÌ:ape srr-ch a-s a circf e. Hov¡ever, error can va.ry!

r¡reatl w ¡l ener'Ä j na nn l,rnr.¡ l;he r"fanh i s pOSitiOned in the dOt¡¡v vv f;r sI/ ¡¡ ¿ u I

arraï, lherefore, the error can only be used as an indica-

tor for resolution if it is minirnized by optimnm placement

of the symbol" this v.¡ill- be cliscussed in more detail later"
In deciding to use a television as a displa;¡

anoth.er :esolution factor is limiting. The grid point spac-

ing is constant; typically for e L2 inch screell the spacing

is .O1/+ inch. Therefore, if the slrmbols are to have apparent

inc::ea-seri resol-ution they r,r'il1 have to be inc:reased physicalJ-y

in size on the television screen. liowever, this reaches a

1imít for: t',.¡o r?ea,sons;

1" It restricts the number of svmbols that can be

pla.ced on the screen at one time.

?-, It gz'ea.tJ-¡,' -i,nereases thc memol-^.'y u-sed for sl/m-

bol- gene-ration"

i.l.thou¿lh t.ne aborre poi nts are ímpo::iant consj-oer'-

-î c.,cosin¡; t'r'tc ï'er::i.l ir'l; j onr tr.rr: decirìin¡i factor' r:l

n:in reso]uticn will be the s'"rh;jective opinion of tlie

ai; i,i.r i-l:-,

a nrni-
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Ir.i e\rer" rt j-s for thj s reason that lengthy debates on the
reso.l-rrtion are oniitted. Ij.gure J.B displa;'s a EIj.ss S;,nboi.

sentence with vertical reso-tr-l-uions of LZ, 16, zo, and 24

grid lines. Fro¡n thi..s the author concl-uclec tha.t a. resofu-
tion of 20 vertica] grid lines reasonabl_y represented tÌ:e
symbols and accordingl¡' this resol_ution i,¡as used in the
erperinents of Chapter IV.

3.1 Error in Designating llots for Sampl_e points

The s.ymbols 
'.,-êre 

reÐresented by a set of equ-ations

each with r-ts own limits. The equ.ations v/ere then sam¡led at
a. rate a.ccordrng to the criteria stated previousl¡' anC a set
of sa.nple pcints, each with its x, )¡ coordinate r,rere conpil ed.

Frorn this l-ist of poÍnts a. set of clots viere designated to
renresent the symbol" Since cots and the sample points r,..rere

not in the Sane place; there',.,res error ruhich r..'as defineO aS:
i

E'-x 1" "xi "xi E
"z ----T- y .., .y L _ y]

È, -- ñ- (t. t)
wheret ,.'. eï'ï'or in hori zontal direction (u-ni-ts of dot spaces

t; - error in vertical- direction
li - nunber of sarnp'l s points

Sxi x coordina.te of sample point S

llr.i x coorcii nate o.f oot desj-g;naterÌ b:r, se.mple point S

Syi y coorcìinate of sarnple point S

Dyi y coorclina-te of ciot ciesignated by sampÌe coint S
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Error coul-d be used as an analytical tool in evaluating
no'¡ ltel-l- a symbol coul-d be presented if the error was minimized
hr¡ -nên^ci *inrwJ rsuL.,>rr.rvnirlg the symbol-, Consider the box sJ¡mbol (Fig. 3.g)
as an exa¡aol-e with samples taken every dot space. rt is
possible to positj-on the symbols exactly over the dot positions
resulting in error of zero; or transl-ating the same box up

and to the right one hal-f dot space results in an error of:
E* = .5 dot spaces and Ey = .5 dot spaces,

Positioning a symbol does not chanþe its size or shape

anc since the greatest shift in repositioning is less than
one half a dot space, 1t is insignificant in relative placement

to other symbols. In view of thisra symbol should be positioned
to give the least error which in turn means the tbest fitr
l¡etv¡een sarnple poÍnts and designated dots representing the

s;rmbo l_ .

3.1.1 :.!inimizinF Error

ConsiderÍng only one orthogonal <iirection, suppose

there &'ere r\i sanple points foy a symbol and that on the

average they were .1 grid or dot spaees to the rlght of any

rrirì I'ino¿ 4r¡v c

This .l grid space average deviatlon known as the

error rril-] have the general definition of eouation (3_l),
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If all the sample poin-bs were shifted E, or in this case.l
grici spaces to the l-eft, the er.ror r.¡ourd supposedly be reduced

to zero. äo-,.¡ever, there are some points thab nor,v .ç,¡i1] be

related to another grid l-ine or the shifting v¡il-l- make their
neares-r, dot line different. rn the example above, it woul-d

be ,l- x i\. Therefore, the number of dots that do not have

ner¡¡ dot lines woul-d be (1 .l-) x N. rf the average error
E is su-btracted from each sample point, the resu.lting emor

E* v¡ith the repositj.oned sam.ole points i^¡-i11 be:

E_ = (i: of dots that do not)(error)"(ii of points )(average error) .,,' (have new dot-lines ) (with nev¡ dot)(of points of )..'
( ciesignated ) (l-ines ) (ne'.i- d.ots )

= (r - .t)(iv)(-n+n) + "t (i{)( "i-E/z)
* (r .t)(Àî)(o) + "t (¡r)(.5-E/z)

Although the average error of points -bhat crossed

the threshold coul-d vary from 0 to E, a val.ue of'E/2 r{as

chosen to represent a random distr'Íbution of dots.

Experiments in Chapter IV irnplemented equation

3 .l-) in an iteraiive process, shif ting the sarnples the anount

nf ihe êr.rÕi- until the error converged. to a practica.l limit.vj v¿¿vr,

26

2 | ' ^^,; ...bì Ì.ìr --t)ots. f'nnn Safrpl-e POintS..1 e 1.. à-ñ_L¡:.ri-:-ir¡i__j:::lj)_.-_1.'-(/r:l

the problem still r'emains as to hov¡ the sample points

will- -oe useci to desiguate ¡;r'ì.d dots. iteferr'-Lng to l'iû. 3.1I

r,¡hich is the graph of a symbol segment -Loca.ted in a mat:rix of



grid points, a practical-

to represent this graph

choose the sampl-e points

remains to designate the

27-

method of choosing the proper dots

must be devised. The criteria to
l¡^a a-l nn^À--rrc¿Þ a-Lr Ìrd.L.r.J begn dÍ scussed , now i t
proper dots from these sample points,

oooooo

oooooo tt\
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@

Fig. 3.J.Ia Symbol Segment located in a l,iatrix of Dots
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The eye and brain of the viev/er rvoulrÌ interpret this as

Fig, J "l-l-e "

Fig. 3"J-Jc The Eye/Braj.n Interpretatj-on

It wouLd improve the representation of the segment

if one corner r¡/as onitted as i-n Fi-9. J,ll-d,

Fig.3.l-1d Smoothing

Pig" l"LLe Interpretation of Smoothing

This smoothing technique can be implemented- by having

a minimum number of telosest samplesr before a dot is designated.
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In the example above at least two neighbours r,voul-d be adecluate,

but then again this v¡ould depend on the sampl-ing ra.te" l'/here

there is high cu.::va'ture in the graph rÍtore samples wouJ-d be

present anci. by following the above criteria rnore dots v¡oul-d.

ha ¿roci qnc*øå *n ?Ânpôcon* the CUfVe" A diSCOntj_nUity VIOUIflv 4À v v Û

have many sample points in its immediate vicinity and lvould

therefore be assured a designated dot. This feature should

improve symbol representation and experÍments proved this to

be correct. This, of course, t¡râs the subjective opÍnion of
the author and v¡as accomplished by simultaneous, sicle by side

corn*oarison of identj-cal symbols l'rÍth and without this smoothing
. I ^- - - ^ \tecnnl-que. (I'1g. t.L'¿) "

7 ñ TTqi no Tt^r.ÌatiOns 1o Desc::ibe the Symbol_s/6'¿

To represent a BLiss 3¡'mbo1 enploying equation

techniques requires a number of steps. First the symbol is

separated into a number of ec¿uations, each describing a portion

of the s)¡mbol, The equation parameters are then tabulated and

entered into the compu'Ler b)' nranua-ì. input or þI means of a pre-

n.qrrl ànta file. The computer then computes the sanple points,

rninim.i-zes the error and smooths the ul-timate display by selecting
fhp nïìôr,êr rlnts and then displays al-1 the dots that it
cr¡l onJ'c'rl



All va.ri-ab1es sr:.ch as heiqht, resolnt.i.on, aspect

ratio, etc., r.¡olrlC be inherent in the proÉçram and coul_d be

modifiecl easily. lVhen such a program is e'xecuted the apparent

cii sad.r¡antage j. s the excessive a.mount o f t irne reouired. Ifhere-

fore; a seconcl anoroach to tl',e problen t'¡as sought.
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_ The equations could be compiled for each s¡rmbol anri

the coordinates of each dot storecl. 1'his in fact is the second

method and Ít is much faster, horvever, at the price paÍd of
l-ess flexibility i-n changing the size of the symbol.

Also in comparison to the equation methodr âtr

increase in memory requirements is reouired since the coordinates
occupy more memory than the equation parameters. This becomes

more significant as the symbol resol-ution increases.
- rf anything at all hras achieved in u-sing equations,

one feature was more outstanding than any other--the dots

representing the symbols could be generated in an analytical
manner; in this vray standarriization in representing the symbols

regardless of size was possible. with the dots establ_ished,

Ít v¡ould now be possibl-e to seek other methocls of representing
the symbols efficiently

3"6 Display i4ethod T¡ree--Path Direction

A matrix 20 x 20, containing 400 bits of memory,

""oul-d be the requirement to represent a symbol of that resol-ution
(ZO x 20). ilowever, there are certain properties with Bl-iss

Syr,rbcls thaLt coul.d yj-eld a reduction in memory.



Tn obserì¡inc the sr-,rnhnl s 'i t is Seen that tnevJLt!vvLv'

Íìene sliapes or paths are repeated; sonetimes iranslateo
vertrcalf J. or horizonta]-l-y to a-nother pos-ition with the

shape and si-ze reinaining the same. Therefore it would be

advanta6eo.ì-rs in rninimizi-ng merno.'r:.¡ reottjrements to map out

thcse sr-'mhol shanes onl v onCe.
-"v.

Ânother observation is that the number of dots

set in a-n arrey to displa¡r a s;mbol is alwa¡'s fev¡er than

those not set. This becomes more apparent a.s the resolution

or si ze incr:ee.ses.

3l-rssSymbois oï' ev\y calligraphyr esÐecially
iu'l"i ii no- i s ¡nnÈi nrrnrr. +l'lat iS the clCtS ihat r.epreSent it+rio t r:rÉv v-u,

are not positio:ieC randonly in the matrix, but are connected

in a contiguous n2.nner, Also in dra.wing a s].inbol the pro-c-

abíì-ity of ¡;oi-ng straight 1s inr¡.ch greater .,-han of turning
ch r r.n'l r¡

!v4J .

h^ ^+.IJáÈ-I
r'ìrrqifinrvv \r_L vIv ¡l

Iv
u 

---à.{ 
-----+ '------à o

B left or counterclockl¡ise

,1. straight ahead

ts right or clockv¡rse

,/

-+ø1\
nresent \
position ø

Iti -rrro 7 47I.r-lr'-1.- v J. | /
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¡rs an exarnple, consi-cler Figure 3"13. Imagine

that tirj.s is a portÍon of a s¡rnrbol being dra',r'n, dot by dot.
irrorn observation it can be noted that the probabilitrv of the

next dot belng A i.s much hi¡;her than tliat of B and, as the

reso.lution of the s-t'mbol increases, th.is becomes more sig-
nifr cAnt.

3aserl. on the abor¡e properties a code r,r-âs devisecl

by tire author vrith the objective of saving rnemory. the code

ic D1'?,noad in *r.¡n hi+ -^TtiOnS aS ShOV,'n in Figpfe 3"14 Withv¿ v lvvJ

the most probable oecurrence being gil'en the. srnalf est code as

q'rrrr-'p¡:f orì h=¡ /^\_*r),J) r1llïïman \ö/.

the sample shown in Figu-r'e 3.I4 initially has a

horizo:n+,al direction, after this the path coul-rl be anJ/ one of
eight directions, and the counterclockvrise, clockwise and

atrr i rÞl- rÌ-ro2fl f esi c.na.t'i onS are relatifre tO the direCtiOn,L v¿ t¿J-o--

The direction is de.siEnated r^¡ith three bits in a direction
re;-i ster z'nå, At"ê .rri r¡cn d es; --^+ì ^ø indica.ted in I'i etl:reLç.òL e vv: ø¡¡!r Õ.LV È?.Mlr (-¿EÞI¿i1.td-l,rtJrI <LÐ JIl\,¿IUo,UçLl -LlI ¡ r€5qru

7. -1 q
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'lhe t',vo bi.t code al- ters the rJirection register

a.s fol- l o.,vs:

11 go strai.g'ht ahea.d one position

O1 (clockv¡i.se) subtr"act one fro¡n oirection
re.gi s t er

1 0 ( corrnt erclo ckr"j. se ) adC one to d ii:ectio¡l
re,3i st er

OO not errou,gh information, tet a.nother two
bit set

OO O1 ( clockr+i se ) subtr¿rct two frorn
oirection register'

OO 1O (r:orrntercloclrr.,,'i'-se) acirl two to
ciirection register

0O 11 pen . doivn

0C 0O not enor-tgh i:rfo::nation, €,et another
two bits

O0 00 01 ( clockivise) subtra-ct three fron
direction register

OO OO 10 ( counte:'c.l.ockviise ) adC titree to
direction register

0O 0O j1 pen uao

OO 00 OO stop, eui of syrnbol

To clarif;r the above, consider the foll.ot'iing

exa¡npl-e r.rith the startinE point in the lower left corner

a.nri tìre dj-T,cct:Lo¡r r:t:;r:ì.s-be'' s;eî; to ze.1:o" rt'e,fle:r to Ili¿;. 3.L6,

Cocj.e Directi-ort
liegi st er

li ¡ìo ¡¿irr::¡ ¡.1 1 1 000

ts pen d.oi¡n 0011 000

C - a.heacl 11 , 11 ,11 ,
11 ,11 COc)

Ð - 1eít tivo OO,1O O1O
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tl,ll

10

I\J

11r11

00, 10

11,11

o0,0o, o0

010

o11

100

100

110

110

110

HHGF
@.+- @ -{_-- @ <_ @
I
fg
I

Io
If

J@
;li. r
i.l@

I

-.---.-.----:------t ! -+ I 

-;- 

@ -----È I ------:Þ IstartA B c c c

eE
A

I
øE
Á

I

øD
f
t.

----+ e
C

Fig, 3.16 ExampJ-e of Path Direction lviethod

Combining the code of the previous example into B

bit hex bytes results in:

11'00e11111 = CF
11t11t11111 = FF
C0r1Or11r11 = 2F
10r10r11r11-= AF
OO'1Ct11211'= 2F
00,00, c0,0q, 9901;01r){r,xx = 5x
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The last six bits inclÍcate the value of the

'¡¡i.ctn, that,, is the nunber of sDaces tha-t tire s¡linb,ol occuoj-es
}r^¡.i -^^+ ^-l'l -.:ror-'f zont,e.J.rJr. The '.vidth i-s ,,""0 in positioning the symbols

on the screen. I{ere the r.vidth is put on the end of the
code as a convenience in decompiling the code; but the r^¡idth

could al-so be computed from the nattern.
To reoresent this 5 v 6 srrrnhryf , 48 bits are re-

quirecl v¡ith this new me.thoci. 1o represent al] the clots wouf d

reoìr.re only 5 x 6 = 30 bits directl;'and it can be concl-u.ded

that this nethod is nct efficient v¡ith Low resolution char-

acters "

If the arbítrary assumption of Z"j bits per Cot is
su.tr-gesteC âs the memor;' reou-i::enent for this ner,r path direc-
ti nn mef hn.ì I ess t.h¡n ¿O9r fj ll- iS f eOUi r ed to ìllsti fr¡ i tsrr¡vu_rvu, rv\)J vlLqLt avlJ I_r_II f\:) IÇLJu:¿rvu uv JqÐvIf.i au,)

u-se. FiI] r s Cef ined as:

Fill = nurnber of dots disolaved

in t¡¡picaJ. ca.flig::aIrhl¡ o.r: in this case syrnbol- presentation,

the fill decrea.ses as the resolution increases"

An exampl- e i s ca.l. cnlated bel-or,¡ foz' a box shaned

^..-, 1-^'t +^ ;ÞJ lrr uv -1. L,v _r

al I l,rersus

inc:'eases.
^/l 

,\
z¡ ç n- -t i 1.rt1r _L

fl-ì'¿or c,fn7pv-l!.: v 

'

llustra-te the rnemot")¡ r'eou:Lrenients of
f path ciirection methoCt as the size (

iilhe number of clots for an n x n bo;<

?. I convention-
Yrêerìl llf i nn'ìL 4 vLv LL I

woul-d be

nxn,the tota.I number of riots would be

t he percent fill v,'oul-d be; F(t¡) = 4(n-1) x ]OO
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lre ¿1r'arh of .l'igure ,s.I7 rllustrates the point a.t

i¡hicn the rel{ path direction nethod becomes more efficient
for this bo-x symbor at an estimatec ?-., bits/dot of menory

o.,¡er ihe conventional I bit/dot metnod. Therefore, memory

sar,'ings shoul-d occur if. the symbol- has a resoÌution of greater
t}^pn niirc hrr ¡¡ins dots. À ci¡cfe has l_ess fí]] and. would. re-vJ

nrrì r'o êr¡o'ñ I ess resolution to be coripetitive r¡¡ith the 1 bit/dot
me'¿hod.

To determine the relative merits of the path direc-
ti-on method other techniclues of encocing Bliss symbols were

in'¡estigatec.



ì
I
\
\
\
I
\
\ItI

I
\

F{
?'l
Fq

JJë
3go
$r
CJ
tr{

+U

ï0 1.5 20 ù5
Dimension of the Symbol or Array

Fí9, 3,I7 The Dimension of the Array Vs, ?(, Fitt



A1

7-7

), t, I

!I,IC OÎHER I,IETHODS

?:r'¡ T. on e* h:-aai !\,r1¿; û::

The rr.;.n J. eng;th method ellcodes a Slrmbof by l:e-

ccirilÌì¿'the leng';r of ho::izontaÌ runs of ones or zeroes.

Eac.n ti::le ¿. transition occurs from one to zero or vice versa,
the l-er-tr of the rr.ì11 is deterrnined. This nethod exhibits
t::e nost ne:rit with J-ong rlrns. As an example of this method

ccnsicier t:re hear:t s;trrbol of Figure 3"r8, The longest run

is 21 'r¡hic:: impli-es a 5 bit biock coCe" Sínce 92 runs oc-

c)red, a total oí 460 bits of memory are reouired.

. To determine the a\¡ef'age menorlr reouirements per

s;,'nbo1, t:.ienty fi--¡e typical Bliss Symbols tùere chosen. iror

a '¡ertlcaÌ resol-r;-tion of 20 grid l-ines the nu.mber of transi-
rrcls ',';?f'e tabulateci for each synbol. Jonsid,ering the more

ccn¡-ier s;.r:r'bols, the maximun run could easily reach 64; there-
Í'ore sil< brt-s vieÌ'e u-sed to block cocl.e each run. The memory

3cc,1)-irenen:s are sunnarized in Ta.bl-e 1.1 along- v,'ith the path

c,rectrcn :iethod, f,s can be seen, the ru_n length method

recr":.:res al-most three times the memory to code the symbols.
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P:-ti al Srr-'rhi1.!_ Þiethod* sr- v ¿ !!+ v.? r.¡ \,!

,Store;' brolre the synbols clol,¡n into sixty-four
basrc shapes or units, frigu-re 3.I9 illrrstrates how a heart

can be oi srnantl ed into tne nartial syrnbol s.

Sach unit or partial symbol requires eight bits,
srx bits for identification and two bits for overlay infor-
mation. Àn additonal byte is reouired to position the unit
vertrca.lly and horizontall¡r. Table 3.I indÍcates the amount

of nenory reouired to code the 25 Bl-iss Symbols, The partial
s-.'m-1ol ,'nethori annears to be an effective method to di snl arruv u¡uv¿sJ

* ). o c:¡m'hn -ì c

-Ìiouever, the pariial si'mbol- method does have some

disadva.ntages, A ne,li syrnbol- e.doerl to the exísting set may

not ha.¡e the proper symbol shape(s) to fabricate it properly.

Initiaf coding of the symbols requires tediou-s sel-ection and

fitting of tÌre proper partial segments. Foz' the above reasons

a¡:i a.lso beca.lrse the path direction meihod is originaln ex-

per'r-nents in Chapter IV concentrate on its development.

Scrne of th.e results of these exoeriments are shown jn Figu_re

^ /i,
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lì^'r..-r ^ ? 1 rr^:ttlâ-t-i7ìo. ;r: r'l-harrìq ôf' înr.l .iy,r":<)lJLl' -)¡_t- \/L)...- ...,,---\tÐ Ul uULi.-LI!,.

/ -, \( ir.esolution = ?-O Ì/ertical- òTr:io lines)

SY},ßOL PATH DIRECTION RIJN LENGTH PARTIAL SYI4BOL
(byËes) (transitions) (parts)

(¡ytes) (bytes)

19"! 47 158 118 25 50
f riend

B0 60 14 28

2s 19 22 44

@ 33 106 Bo 24 48

cor

O -+{- 46 92 69 23 46
hello,,,
9oooÞye
;

9J(l 60 2os rs6 26 sz
ofroid

o
doy

20

38

23

@
week-end

b
wheelchoir

xç2<<

86 64 ls 30

196 147 22 44

ongry
4B

cont,



(21o
fun ny 50

1!
good

^
e/

wosh

4',_,

continr.red )

PATH DIRECTION
(bytes)

49

Ta.L-l.Ì.e 7,i
SYMBOL

câ
RI]N LENGTH

(transitíons)
PARTIAL
(parts)

26

SYMBOL

(bytes)

)¿

(bytes)

t26birthdoy

?

question

168

V,.D i

thonk s

16435BT6

361B44

422T

J+T77537

2211202719

32L640

2B\49734

168 126

180 135

100

120 80

130

(21
hoppy

^(2¿
wont

hDo
29 58

con-b.

leocher 4B 176 r32
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Ta.'cl e 3. 1 ( cont:' nu_ecì )

SYMBOL PATH DIRECTION RUN LENGTH PARTIAL SYI.ÍBOL
(bytes) (transitíons) (parts)

(bytes) (bytes)

Â .174030612
think

aL'/\ , 1g 92 69 10 20
how i

?>
why

19 B0 60 10 20

o 10604s816
mouth

92 69 13 26

70 67 10 20
when

tc-)
: \,/ 26 7g 58 13 26

pleo se

Ir 9t 1gB L4B 24 48
tr
I m sorry

TOTAL (bytes) 833 2093 850

BYTESISYIÍBOL 33. 3 83. 7 34 .0

19

23

¿\I
help

?c

4B
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CHAPTER IV

1iìS1l Plt0GRlri,lS

4 "I 1'est fiardr.¡are

The test equipment (¡iS. 4.I) consisted. of an fmsai
8080 microprocessor witir a I'lerlin Graphics Display and r/o
(input/output) devices to cornmunicate ivith the cornputer. The

technical details and specifications are given in Appendix ts.

The Þierlih interface displays a do-t on the television
screen for everJr corresponding d.ot in memory; requiring BK

bytes (a,ooo bytes of B bits) or rnemorj¡, i4erlin anci the
rnicroprocessor share the memor.y and in this manner, the micro_
processor can alter what is displayed.

This eouipment was used to experiment with the first
three metho<ìs as described in chapter rrr" The primary purpose

of this cha.pter is to verify the theory discnssed ear1ier and

perhals identj.fy unforseen areas of difficulty"
À11 programs tvere w:ritten in ,t{ortn Star Basic

except the code decompiler of the path-direction method,

which v¡as r,¿::itten in BOB0 ti,SSEi"ilJLIR,



Fig. 4.L Exper imental- Equipment
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I' o2 Ecua.tions Ðesc::i'be the S.,¡mbof

I BLISSf we-s a progran '.,¡ri tten -ic exneri nent with
s.,'rnl-.o.1 s bit inpl-¡'¡tin:l eo'ira'¿iot Ì)¡ì_T'aínete:s to construct a¡: a

displ-ay 81j ss s;rm:.'"ols v¡i ti: a ì-a.rg;e ciegree of frexib.rlity,
ithr: proSram first j ni.l.i¿rl j-zes pertinent data and

ve.t.i-ab-l-es anri then :requests tre desirea position of the synboì_

to be constructeC, The program then recuests eqr,ration aarameters

e-nrl displa;.'s al-1, sanaple Dojn-r,rì. the sarnol-e noint coordinates

aï'e storecl in x¡yt array,s and on the completion of a symbol

ere shifted until-bhe x and y error is l-ess'bhan a predeternined

vall-r-e. The cocrdinates are then rnatched v¡ith a dot and z cloi

is iesj¿;nated if mcre tha-n I'rr sampì.es are assi.gned to the dct,
îhiq iq onrrirr¿]g¡f, tO tlfe em,.r ô*h-inc.+oChniOUe deSCfibeO ín

Cna.ntel III" Àfter all the dc'ls are Cispla;'ed, the operator

ce.n scru.tinize the s)¡nbol- ancì. recorC the ecuation paraneters

for posterit;r. the Ðl:oglran'Liien reinitialÍzes and soliciis
input for another s3'nbol-. Iìefer to irigr-rre 4.2, the fio,,,'chart,

and,tlpnendix C, the pro8reï listing, for further detaiis,.

One u.nforseen probi.en beca.me arpparent v¡hen the fii'st

cj-rcle ',,/as pre*qented and it apl;ea.red egg-shaped. ,{n as_¡ect

rafic factor r.Fr Ì.ras introdr-:.ced to correct for this rÌistortion.

rilso tne I Cr a.nd. I Sr .¿ar:iab]e s whrch oeterrnined the saincl-e

pcir:i Censit¡¡ for circle arrci line segments nespectir.e-l-j',

reil:,;.ì. re,d s;on.e tri;11 í.i'ìLì ,c-r.ror i rL conJu-lrctlon :,,çith the t-l::csncl-cl
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dÍsplay

Input
Line

Papameters

Compute X Y
coordinates
-store &

display

shifr
Coordinates

E

Dots if
more than

Display
Dot on
Television

Fig, 4.2 !'low Chart of tsliss



52-

variabl-e t 1.' to yield a satisfactory dÍspì-ay of d.ots, Another

smal-l problem in the error routine occurred when the total_

effor v¡ould not converge to less than the preset threshold
and the computer woul-d, therefore, loop in this program

indefinitely. îhis was remedied by putting a limit of ten
iterations on the error correction routine, The remainder

of the program rrlas straight forivard.
¡BIISSt v/as an ldeal- program to experiment v¡ith in

varying parameters and variables" tsefore tBLISSt was attempted,,

it was the authorrs belief that the ecluation parameters could

be stored in a fil-e and called upon to dispì-ay the symbol,

Hov¡ever¡ âo unreasonable amount o-f time, measured in mÍnutes,

was necessary to compute and display each symbol, making it
impractica]. A solution to this dil-emma would be to compute

the xry coordinates beforehand, thus aÌLeviating the ccrnputer

of a heavy workl-oad at the time of presentation. 'Ihis t^/as the

course of action pursued.

4"3 tBlSLDf Constructing a Data Fil-e of Equation Parameters

'l'he fÍrst requirernent was to assemble a fil-e of
equation para.meters for each symbol" the program that did this

þ,'as tBllSLDt anci it loariecl a str'Ín¿; of data in the fotlowing

format:
,hi SYÌV.íBOT, C x x x x C x x x C x x x x x B



53-

INPUT
Symbol

i/ t Name

Close
Files$='ENo'

INPUT
Remainíng

Parameters
n Èhe strin

PRINT

SËring
to verify

Update File
Pointer tNt

tr^IRITE
String in
Fí1e

Fig. 4.3 l'f ow Chart of BLSLj)

_____-.--"



where:

5+

# - symbol number, used. to identify a symbol when

scannlng

C - commano

/ l-ine with four trail_ing arguments xo yo x1 y1

a - circle, five arguments x y r A B

3 - previous symbol, J arguments if x y

E end del-imiter

All- the indivicÌual- components of the string of d.ois

were delimited rvith spaces.

A new command r; t rneaning previous symbol was

introduced here. The l-ine and circle command, âlong vrith their
respective arguments v/ere previously discussed. the r : r has

three succeeding arguments (# x y) the first of which r,.¡as

the symbol number that had previously been ^Ðrocessed., The x

anC y r/¡ere translation factors and they indicated. how much the

symboÌ would be translated in the x and y directions. ThÍs

technique saved file space and computer time 1n not having

to reprocess similar symbol shapes" ThÍs technique was a

recornmendation of Chapter IfI and it. proved to be very satisfactory.
BI,SID solicited input which was entered as a long

string, The data fil-e it created vras BLSDÁ.ÎA. Provisions

v¡ere aLso made for correcti,ng this BISDÁ.I'A file r,vith a program

ca.il- ed BLSEDIl ", Thr: fl.or¡¡cha.:r: t f oX tsl,S"Þi,l)It i-q sho'.,¡n in Fi¿1ure

4.1; and the proEran listi:rg ís in Lppendix E,



OPEN File

Symbo1 /l t
be edited

Transfer fi
to buffer
file up to
Symbol rMt

PRINT String
of Ëhe symbo
to be

corrected
PRINT

tDONEt

Transfer
Buffer to

the orígínal
Fí1e

PRINT
New Stríng

to verify

I^IRITE Ín
hat string &

emainíng fil
o the buffer

Fig" 4.4 Flow Chart of BIlSEDIT



4,4 I Lr e:/\./ I ^^*Ìr.lti n. thr. iìnf,g ()f f_l,ine*!tt).- U(ltr, la .{,U.-Ltt-j@

JjlÍj-ij. is a proilrat'n r;'ol-,)sirnila.:: t:o tsLilj;ì. The

Cifference lies in -the inpr-rt, BLS;{Y reads tre .tsLSDA?A fil.e
for inpr-¡.'¡ instead of enterÍng i t ma_n,raIl_J,'. Âlso the computed

coordina.tes'of the o.ots r.rere s'rrored i n a f ile cal-1ecl Bl,SDXy

instead of being Ðïesented on tele.¡_i sion, This file is then
uti--1 i.z:er-t in.r"eal tjne n:resen.t.a.ta.tio:: of the sym',o1s. BLSXy

was intenried to be run indenendent of nanual innut, reading

the oata from one file anrl conputin.l coordinabes for another,
ii typieal execution ti-rne of folrr: oÌ. f'jve hours Ís.required to
coinpu.t e the coordinates for one hlrnd.r.e,l symbol s wi th a height
of tr+ent¡r dot rows, the flolvcha.rt anci progran listing are

in Figi;,re 4.5 anci ;\'npendix F respectively.



START

/\
/op¡u Files \

tnfrfallrõ\ -'^- - --*-*.- " /
\ Varíables r/

/ RIAD BLSDATA t
for param.t.r"/

get // and l-
name I

Ner'¡ Symbol I'IRITE
;tring of dots

in
BLSDXY\-. -./

'END" 
ìÆ

STOP

REA

COì.fi'{A

I
tDl

ND I*
I

Yes
Calculate the samples for the

círcle and store

Calculate samples for the line
and store

(¿

, /, eò

STOP

t.t \

READ in the dots from a prevíour
symbol and store in this string
i^¡ifh the new offset values

tEt ES
Calculate Error and Smooth
-designate doËs from samples
collected from círcle and linr

I'ig. 4.5 Fl-ow Chart of BLSXY
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4,5 rDISPl,;iY - iìeacJ the l¡ile of Coor.dinates and Present the
l-ì 'r 

'nr Ìr ¡ l

DISPLÅY is t,he real-time counterpart of tsLSXY and

it displays the coo:'dj nates r+hich ¡LSäY conputec anci stored in

BISDXY. li s¡;mbol sti1l requi res a f ei'¡ seconds to be presentec

r¡rith the calcu.l-ation of the r^¡idth of tne symbol occupying

much of this tilne. Refer to !'i.gure ii.6 and Àppendix G for the

flowchart ani. prograil of DISPLAY. lne width could be adoecL

to the existing fjl-e to salre sorne tiine but tiren thj.s again

recl.ui-res more memorJ/.

Cne c?.n be;rin. to see here the confl-ict between time
qn.l mêmôr-ir rÊ^lrì remonf q TTrt''llro rìal r.¡q i n rìrêqonti nr¡ f tna qr¡m}. n-l cj -" vr¡¡u:f vvc

lead to frustration, )¡et aclC i tional nenorj/ is a- direct hardware

expense, À corn,cronise to Ða:ctj-a--r1;. satisfy bcth woulci tle

necessa.rJr unl ess anotcer mea.ns c¿rn be devised t.¡ satisf;r both"

I'iethod Three is an attemoi to satisf;' both of these reqrri-:rements.

4.6 rBLSC0i;lr - Col;rpute Coce fo:r,D¡i'un DJrectj-on iiietE¡jl

Er-,SíiOlil cornpiles e cocie for t::e path ciirection netliod

as c'lescrj.berC :i-n Ciia.pr e.t' I-1.I. For ce l;¿:.i1s ref e:r' to the flo'¡¡chart

-ln 1ì'i¿;lr-::e lr.7 a.nil the 1Ísti n¡ in À:lencìix li, the cocle cioes not

::eor,i:i.re exte:rsive ncmo:".y ¿¡.rrr:l i t is siored. i-n cr.-ìre nernor'1,,.
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\\OPEN )/
BLSDXY //
____ _J

R-EAD entire
file and get
index of file
pointers

I 
Enter Displayj

i'::g::i-i:l I

_zi 1;";;;-i

/ r"p*
Symbol /l

i Screen
I

Read in
String from

BLSDXY for
rhar /l

I'iA, 4"6 Flor¡ Cnart of DISPLÀY



Read BLSDXY

A$ (data)

Find widrh
of symbol &

enter code

-60

Load index rvith address

of code for that symbol

ie. next available memorv

Consider all dots and find the
closest one (X2,v2) Ëo Èhe
Dresent position (X0,Y0)

(that is the path ro rake)

Lift pen and i

DisËance
> 1.5

enter code
for intermedi
dots 

i
I

Advance to
that

posítíon
Dots

Exhausted\ ../
\-t 

.-''ì'

-<___< Initialize
'¡ Open BLSD

Fig, 4.7 Fl-ov¡ Chart of BLSCODE
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À fev¡ notes on the program wiÌr- clarify some poÍnts.
i'or convenience of cìecompiì-ing the wid.th is acl.ded at the eno

of the cooe; thrs v/as not done previously in BLSXY. Ä.Iso notj-ce
that an inoex is compiled, indicating the absol-ute memory

iocation of the code for each symbol. The symbol nurnber

rietermines the offset in the index table rvhich in turn contains
adoresses of the code. The 2-bÍt code is entered into a byte
fron ncst to least significant sid.e. lvhen a byte contains four
codes tae next byte j-s started. A new symbor always starts
on a ne-'r byte irregardless of v¡hether there was any remaining
spece l-eft in the previous byte.

Ágain, this Ðrogram was designed to be run in an off-
lrne rnoie, taking hours to execute a set of one hund.red symbols,
Tre pro3ran reads the dot coordinates from the BLSDXY file and

enters the code in an unused portion of core memory.

4.7 Path Direction Decompil_e:

the objective of method three was to minimize the
merïory rec.uirements, and a method was devised to shrink the
requireinents for the symbol d.ata, but the program to manì_pulate

tnis coce also reouires memory" this program wil-r be arl
a^^¡**i ^-l ^l ^essentrl-a-L ere¡-nent of the Bl-iss symbol communicator. The off-
Ìine Ðrogran requirements of memory and. time were not critica1n
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These resol-ìrcrìs'rie.ìi€ onl;r initi-ali-y ::eonireô to
devei-op the soft,,{are for this systei::. ijorveve::, the length
of progran used for Cecompillng ihe corìe and Ðresenting it rs

important. For this reason, this prcgram rvas v¡ritten in
assembler language. Although v¡r'iti::g a connputer program

in assembl-er language is more diffic:It to both wrÍte and

understand; it is the best means to minimize meÌnory require-
ments.

The program first initÍalizes vari-ables, sets and

clears the clrsplay area and then scens the ei¿;ht outpu-t light
emitting dioces (output port f'F) l-ocated on the front panel

of the compu,ter. the LnDs simrr.late a scan board, each tÍght

representing a different symbol. 1o;chin3 a.ny ke¡' en the ke;'-

boa:'d freeze-* the number cur':'entl;' in the ,scan register and

the program ¿;ets the address (Sytl¡) of the first code fro¡n
f 

^n^ ^ 
\TAELIÌ (0F00 ). The ffow cha.yt and program listin6 are in

l'i.c¡ll.t.e L f¿:-d Âr,nenrjiy T r.ecnonfir¡pì¡r

The program then goes to DIIìEC and gets tv¡o bits
( ¡f tS ) , decooes thern ancl execu.tes ther",l accorcling to the cominand

the ¡r co nta j.r "

Fi¿ure 4"9 has an exanol-e to help clarify the operations

of -i:he r)rôrr'â.rn" The CCcje iS aS _fOl_l_O\^¿S:i..Lv¡)¿q

;.J ^.-

CI

irj¡

2T

ì'j "a.t^¡;

'1 ic01111

ii111111

oc i o 1111
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i'll

10100010

1 1 1 10000

00000 1 0 1

.ùuring initializabron rr is set to mini-is one and
.I to zero,.¡iLth the C:lrection regis;ter set to zero. The

fÍrst tl.,'o bits (llì) mean straight ahea|r so the cursor
moves to coordinates (OrO), but since the pen is up,

nothing is clÍsplayeci. flhe; next tr¿o bÍts (0rO) indicate
that seconcary bits are recluirecì. anrÌ they being (tt) for
a cornbineo value of 0011 meeíL tlo'¡¡er tne penr. The next

five 11rs dì-sp1ay a. horizontal. base line v¡ith the directton
register all- thi s time bein¿: zero. lhe next 0O10 adcì.s

tr*c to t::e current va-Lue of the oirectÍon r:egister. lthe

next OOlC acri.s tv¡o to the di::ection to turn 90 l.eft
(co,.rnterc-'l.ockwise) or in tLris case ü-Ðr and the dot is cìis-

pla-¡.'e,-i. The next +,wo Bets of' 11|s c,ispla.;. tlvo adrlitio'¡^La-l-

dots vertica.l-1y anO then the tvro 10rs sirift the rLj-rection

1eí'b. 1ìe di.:recticrr ::e¿;is.te:: i.s now ho::izonta.lr poin'tin¡;

left, bli-, t:re nert 0O'10 b::in.1s it to a dor¡:n'¡,'ard direction
for tre :emainder of' the s]¡m.boI, The three sets of zeroes
t^^ ..^\(00,00,01) j-nd-i.ce,tÉ: the end. o.f the s..*r;nbol- in binary; rvith

the re:na.inin¿; six bits reÐresentin1.- the':¡i.iÌth of the s¡rr:i'bo1

in 1t:i.na.r-¡; r'rhich j-n thj.s cp-se is five,

Ä fer¡ o'f ile:r:l-i-nts operatinS -*;,'sterns subroutines t'/erÉ)

lrsed to:iisnla.;r tite dot, c-l-ea:: the sc:r'een, etc, Â11 of these

subr:oir:Li:les íj,:r'ç) -Loc¿t f erl a'b C:.::ix (;ie::) in i'ÍerI:lnt s; lill-i. ronì.
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îhe path direction rnethod coCe \,ras cievelopect empirically.

Gi.ven the knc'¡¡leCge ol' the n.robabil-itie s of the cornmands, one

cen coce this optrna.ll;'as cug[:ested by iiu-ffman. Op'bima]lity

refers to the average nu.mber of bits per coc'le required. thus

the probabilities of the different codes lvere cal-cu-l-ated

and the Huffman code v/as determined. 'fhe results are shov¡n

Ìrol nr,¡'

Authors' s Percent iìelative Huffman R.elative
Itieaning Code Occurrence Size Code Size

Straighi 11 6e"5 137 1 "685
Lef t One 10 10.9 21 ,B 000 "327F.rght One 01 8" 1 16.2 001 .243
Pen Ðcivn 001 1 3.3 13 "2 0101 .I32
lef,t T-v¡o 0010 2.7 10.8 0110 .108
Right T',vo 0001 .B 3"2 O1O01O ,048
E:id 000000 ? .4 ltr.lt 0111 ,096
Pen Lrp 000011 1.4 8.4 010000 .084
Rieht Three 000C01 .9 5.4 010001 "O54Lef t ?hree 000010 .7 4.2 O 1OO 1 1 .O42

,J^,6 1 . B1g
bi ts/code bits/code

B;r implernenting the Hu-ffna.n code, a 20 percent sa.ring

in nernor-'s'Lr:rage could. be rea.lizecl. ilo'..¡ev€r'r since this

cocie; -r.¡r.¡::-1clbe ïí)re di f f:i.cul t ic) cnlnpi 1e a¡ld rìecorn.oi1e, no

atternpt v¿as made to irnplement it " ¡'utu.re enclear¡ours shoul d

cons.i Cer ii "

1,, f3 P.eviei* and P.esu] ts

Ii gure 4.1O nreserr.ts i.n chr:onologica-l- seouence a review.

oi the mauroli developmenis of the e:rperiments. Tnitially equa-

tiori ea.te.netells l//ere tabulatcrl and the"'-n¡ecane an excell-ent
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sia.ndarcÌ in cìi'slll ayi.ng tsl-iss ìJ;r¡aþe1*. but tLie;' were i.nadequate

for di snl 2.-''ì ao tho s-"rhol s rl 'i r"oeil r¡ hecar¡-se of time limitations.lr!,1 - r:u

1i seconcl e.Ð1)roach 1.ras etten0'-eri in conputing the coordinates

of the dots to be ciisplayed bu.t stil-I it recluired a fair amount

of tirne and ine;nory to nresent the slrnbol. Then the path rlrr-

ection methocl. I.ras at'bernpted a.ncl it solved 'bhese probletns.

flrrrn*ìÌr*ir¡e results of memOr3., and time fOr the three methOdsYql¿:r

are given in tabl-es 4"1 ano li.2 respectively. From these

tables it can be concl-uCed that the paih direction method is

a. feasibl-e technioue to display ljliss Symbols"



METHOD T

Define syrnbols by
equations
-circle
-1ine parameters

I
Compute samples

I
Error Correction

{
Smooth (threshold)

I
Dots

Í
Display dots (symbols)

I
.tI

-too slor¿ to display
directly from equation
parameters

f õ 
-t)al

METHOD TI

Compile a file
(coordinates)
the symbols

¡

!
Dísplay dots

L

v

-bet.ter buË

METHOD II]

of
for

dots
all

(symbols )

not adequate

I , compÍle parh
code for al1
and store

Iv

directÍon
symbols

Decompile code and
display symbols

Fr.l7 l l(l-LoCTOrv iteview of Ssquential Events



Basic
iietirod Language program variabl- es cocie Total
l-.Equations l_l-.5K 2.2 K IOK 6.2K Zg.gKDirectly ( bytes)

2. Ììeadingthe 11.5K l-.9K l"l_K 3j,4 K 49.9 KCoordinates

3. Path ,75 K O K 3.2 K 4 KDirection

Tabl- e 4.I l.íeniorli Compari son

i,lethod Di splay
Time

1. Eouations
Directl¡' O 1O-1OO sec.

2. R.eading the
Coordinates 4 - 5 hrs./ l0O syrrrb. 3 sec./ symb,

3. Path Direction 4 - 5 nrs/tOO symbols .3 sec.,/symb.

Table 4.2 Time Comparison

0 ff-Line
Execution Time
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This thesis has been concerned with find.ing efficient
techniqu.es to displa¡. iiliss Symbcls on tel-evision. The resul_ts
of Chapter III indicated that the nath direction method was

the most far¡ourable" chapter rv presented progl?ems to trans_
form the Bl-iss s¡¡lbols from equation descriptors to the path
direction code. These investigations and experiments denonstrated.
the feasibility of dJ-splaying BÌiss symbols on terevision.

Origina] contributions of this ihesis in th.e

authorts opinion are:

1, The standard ízation of 3l.iss 5¡r¡1¡61." enpio¡,irrg

eouatj.on ciescriptors.

2. Error minimi z.af i¡'¡ f n '"opresent a syrnbor on a
disc.rete arrayo

3. Fath direction method to code Bliss Symbols

ef f i c.i entl y.

Some topics that v¡arrant further investigation are:
1' f t nay be obvious that the path d.irection rnethod

is intendeci to present a path tirat.is one d.ot wide. i,o have

a path rvider than one dot, as v¡ou-1d. be reo-urred for eesy

viewing of large symbols, wou.l-d be av¡kr,vard v¡ith this method.

directly becair-Se of the continuous turning to set the dots,



A r'¡ider' line coul i. be attained by di s.olayin¡: ir.¡c dots
sinuitaneousl-J'marinå the line thicker with no actrlitional
r.orìe re¡rrirr.rì-. lfiS ShOUICi be itfVeSti;..aterì frrr*her¡v\.. r_¡ru ù¡¡vurL¿ tjç Irf V('ù i, lljqUv\j- Iq! i/:lçI .

2" Tr;i the path d.irection ¡nethoci rr¡Íth other graphics,
hnnrì:'¡r.i fi nr êr-n'--c t

3. Try other codes, possibly allolving only counter
cl-ock-r,¡ise turns: sucn as:

1 - stra i ¡'ht ahea.d

O1 counterclockwi se turn
O01 change pen mode
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i,ppendix A

TAB],8 OF BIISS SYI'IBOLS



Fig. A. I Teacher and Child using Bl_iss Symbol-s

\.,nt

I

t\)
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Appendix B

lechnical Detail-s of Experime{ì.ta1 Equipment

i4ainframe - IrrÍSAI t
Front Panel 44 LED! so 22 s¡titches
i'¡iotherboard - 22 slot, 5100
Power Supply - 18 amps Llz volts and +5 volts

i'iainframe Cards
I'iicroprocessor or Central Processor Unit

Ii4SAI
SOBOA
2 phase, 2 l{egahertz clock

RAJVI 4A
Ii{SAI
Tx4KbYteboaros

RAI{ God.bout 2

3xBKbyteboards

Serial f/O
R.5232 output ports 2 and 3 for VUCOli I terminal-,
and printer
I/O for Disk 0perating Si'stem, Basic, Àssembler, etc,
II,iSAI

i{erlin - Doubl-e Card Zrillniterm Assoclates Inc" )
Graphics Interface for l-z,t B et w portable Fleetwood
Tel-evi sion
Ootlons - SuPerdense 32O x 2OO

I'iBÍ, ¡4Er

Floppy Disk Card - North Star 4

Interfaces Flop,oY

i,tinifloppy - I'iorth Star
dith pot/er suPPlY
lOO K bytes/disk
Used t,ioittr Star llasic ancl Disk gperating System

Ê

I{eyboard - Radio Shack "
ASCII Encoder KeYboard ¡277=II7
Plugs into l,ferl-in Board to operate i'lerlinr s operating
SYstem.
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l_ . Ii,iSÀI Ii'is ASSOCIATES, Ii'TC.
14860 h'icks Eoul-evaro
San ]-,eandro , Ca" 94577

2. GO¡BOUT BTI], GODBOUT E],EC']'R.OìüICS
Box 2355
Oakland Airport, Ca, 94614

3 " Ì'íEP.IIÌV - i'lIi'iITERPI ASSOCIATES, Ii\C.
Dundee Park
Andover, lvla. OIBlO

4. iVOA.l¡{ STAR COIVIPUTER.S INC"
2147 Ninth Street
Berxeley, Ca, 94770

5" R.ADIO SHACK - À D]VISIOiV OF ÎANDY CORPORATTOiV
Barri e, Ont. Fort r/orth, Texas
Canada l4i,i 4\,{5 U" S.A " 76102
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Appendix C

BIISS LISl]iVG
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AppencÌix D

BIST.,]) - BTSDATA
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!-Ì r-" ,. .: '*, f:, d:, r
r;:¡ ! .-r ,. .L '::, t:ll r:1.¡ l::.

:Lrllt::, r:r[:'F'r:_r:::TT[ ..' r;] [t,,5 i,lj .Lrir .¡ :i..5 .lr;:t .L,l] ril :i. " lj t¡ ::i 1, ïi Ê:

:;rjr;r :i:'i.1,,"":Ir:rE:F;:rf',.';il:.:l |i.j;j::t :¡.tir r :1.:ji i:j].,lj t;:t I j.ili ::1,5 |;J x ::lr;i, t;:t tit [:
:lrjr::r l"l[r:::[¡I-ft.jl.- ..'' :L:l " 5 ti¡ i i,,5 :llit Ï ljËt t::t t:t ï i::';t :Lt¡" 5 t¡t E
:;.l.il'] :::;t::l-ll"ll::tl* I,it Ill 5 lji *15r:r, *lill. l:;! il::-j r;:, ,:1, t;t :i.i;ltir ...' i:I:,,Ii i:r,,5 i5 1r;it ,r :;.I; :iiit ii.rii

" 
:::i ::i 

" 
:J ,:" ;:::i r::, ;¡j :i. t;jl .." ;ij L r;l ;j';r rjr r' ;:j'Ir tlt ;r::'3 r;j, :: :ït:! ril rir ii 1 i 5 tjt E

:L:f i'1..1 r; I;:r t;:¡ t:t I ijjì:t :l.i"l tit I iI li rit ii ::l;l ;:j:;t.5 l:t E
iii ¡l;lll[rïr ..' ::t,5 j.r:¡ ::i r:r,ï; .,r ::i Ër,:J r;!,,,::j j-!it !: 15 "-;i,5 lit l 1,r:r :i.:i fi I 'fr :i.;l,n

t;J [i
:L:iË l'::i'.lr:tl.'1..r:":t.5:il. ïi J.;1,,i;,." lj:lï-j,,1 rii,l5:11,,.'ri1 ril I:'t lir.¡ tit Lt tir rj,,,. lll rlr liiii ri

ll ,'j. r.i 
".1. [:t :i';ll;J ï:

j,:L:j r;lt...tl; r,¡ lT lj 5 -j.5fj,-::ltl :ji,,:5 t::t,,:5 li.Lrir ,¡ rj:Lt¡ ii,5 tl"5.,'::t,5 ti 5:l.il,5
,"'Ii i;1"15 ¡:¡"lj :iL ï I S rir E
Lfi.[:i:j[ìl ,.r'rir 5l',:l ,5..";::,,;rlj "il'i r,,;15,':1.,,;l:5..";1,i5':1."'il5 r¡,Ë5.15.." i,iij "ll,-ii " ijî; ,,:i.,, Ë5 .." 1,,;rf"ì ,::r.,,;15 11,;Jl5 " i'5 ii .l.r:i ;l -i1,,5 I If¡ r *;:,5 L-

I, j,I; i.li"if ËL-r::l..lt;rTf"
r:r r,J r, ill [:t r:r :; iii :: {jr lü

i. ir:' t:1.-t:t'il"Jïf{t:i; ,' , ii :rl" I:i ;:t rii '" ::i ti, lj,,5 ::i,,:;i .,' tit 1, ïi r:, iL, *i ," tit ,:1.,15 ir ':i.,li I
,l rir ': "i:j r:i ,'' '{.,,5 t:ir ":l."S ri lI
r-l l'r'l-t 1J-t

I

Þ

¡
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.Frrr;¡ i.

iìt]l t:ti-'flJ fiür "ItL'r,ItL:tTFi" ..lI¡F,[It.l 
{l j. r ,,Ill_I;Itt_il-[,,

Ë'rjr Tt'iFr-rï "T'r'Ff rt-iE :j.i'f'rEr:rl +¡ TfjFrT f..lEÉn:=: E:I]ITIr.iü r ,,r1.,1
l-;T':tP
F.:[:iìIr'j
.fi¡
i::._iir.' t:.ijül-l

, fi:i-_i:lf¡'i,
I T ¡-.-rL.i::' i

1ü f.:ff,l Erl-:-ìEIriT .-rfiit g,

Ër¡r F:f[,] fnïT::; ],L:j,r_ulTri 11ï FjEtiIrjilLl IrLËIrí1TI:t t:tl.llr3_l F:F-f,l FUïTItirl -fHf r_:üEF:Er_:îIütJ irr r:i::rrnru:r5 it II'i r::t ir:l¡r J

4ü If Ir'1 I:=iI=51
4i IrII'l 'Ë+: läF5l
5ü LrFEI'{ iÌü¡ "ItL:lnFTË', 1t:lFEfl .ÍËir ,,Irl_i:l:rËtîE,,
Ë,rr II'IFUT ,'TïFE.Tl-lE :]ïf,lïil:¡L +t l-HFtT t..lE[ir:tr; EIIIT]f.lrl 3 ,,¡ll
ïl:i F L-rE I =Èr Trl¡ I,1-¡- i
Ërl F.:Erilr *iEr ËË
'_iLi IF l,rFit_{tìËiIl t=t1 îl-tEfi EiiïT i.{-rtrlriü t,lF:iTE *È1¡ FtË
i l.tl l'l[iiT I
1Ëü F'ETHÏ " [F.:Ë.:I:IF;'''-:JTÜF
I:::_i f:'nlijT FtF: LF_lj iÌì,i:l
1'Ìr¡ IijF¡_lî I:å
15rJ jF Etþt:L[l.ltrr:i:1 ¡-rrErr Tt-lFt.l ;:j]Èi
1È.El I¡IPUî r::*
1FË I:5=F--.r+tl:S
1:jil r:üiü i5ü
Ët¡Þl FF:IilT L:Ë¡ L[Í1iI,Ë j
ËtlË ïl"lPl-lî "IF üli Fr-rãl{ Ft{'¡' rl:H¡iF;",. TF l.{ü-i ¡lr:¡iÌï-rl ,'si.rË
Ëiì5 I,lF:iTE #1 ¡ I:Ë
Ë1t:r FüF,: I=[,]-i Tr:r LËr¡l
ÊË¡r-r f:Efilr #r:r¡HË ...l..lFlITE .ti1¡FiË
Êã5 rF F¡'+-"[l.rlr" TH[tt EþiiT I.lE
ã:ILì [.tf].:T I1Fjfr,l t,.ljLL FF,:üE¡IE:L.,, ri{Ir [,tITH Ë TiFtr [F,:FiL-rF,:Ë4-r FF;:nr"ftiiF.iüF.: It{ nrlTr--i-Èilr--riir::ExÊn 1Eü :I;.it.tErüL5"t+i r-;TrlrF:
Ê't:l F=Ë''-Ftft'l tlüF T r:LFrrFirE Tü r;L:Jr¡ñîñr,i*H*1:{ir+il#iir*.{:i:#o:dd*Éã5rl FùF; i=E 'i':r 1Ërl
Iir[l F,:[Èir ++]. t;F r lì*:
Ê¡rl t,jFjITf +!11 :iF,F F-t_ï

IËÐ IF tì:.ï="EIJl:r', Tl-{Ef.l [i.{iT i:tr]
Ë:jtl F=F-iLEl.l lri+*l +f
Irl[r llr1.1¡ I
!1iil FFjIrjT "[-F:Fjr:rF:---rii.tr tjlrT Hñt.J[ :8r..¡rr3 r!

:3TI] :]TÜF
::r::tür t_:Lt:tËf *tU',ll:Llll::;E ,iii..F,f;:il.lT ,;Jiü[..1F-,r...,iTül-_.

F;fFfl'i
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F'HÜ[ i

;':lr:t I i- i:.i:;:=].{rl Tt-l[t1 :l]luj
iË.Lf IF ii}.i::i+ ïþl[ij ¡':,Ër
¡¡rl ]-lî'=ii:ll'ri{J=}rirf .,ii;+=ii¡
¡Èi:J i'i=i,:I: 11¡'J=f ;{ .r.r¡,r}-r,r;r

;'3t:1 [,]= ['¡,4*'i.J j ,r i::r:+-':r.:, ì
::rû'¡ ]{:5-5L.tF.tT [ 1.,I,i1.., t I +.t,1T.Ë ] L ¡$:1 Èj,.i_l ì.

Ë: i 11 I:=T':l:*Ì,j+ii:l
Ë¡ij iF fÌ=.ü îl-lF_ti It=ï:I:tj:lrl 'i i i.l j = t i,'!,,sii:::-rl: i :il¡1..., 1. ,;i
EÍ+lj i: i ii j ::iiJ:cii- :kH..,' i i:l
:l5t:1 l'.1=l{+1
È:Ët:1 :'i::J=i'l:!l+l.lF
Ë:it:t IF ii;l'.1.:+ THE[.{ ::t:jB
Êrt-:[i GüTü l5r:.1
:l:'_fr:r F.:EI,I ilfF:T" LIf.jE
F[ri:,i ]': ¿t{ i =}{:;:ul- nH.,- 1 1:t

'-f : t:r i IIJ.' -i:l:È:H..'1Ë 'r[.]=H-iI
5rIü i.¡,=i¡-'* i r='..r ¡ ¡1u! i
3=l:r IF T.J*i'i.-l THEI.{ Ft¡rl
F.!L:i rlr:lTl:t 

- 
l5r:J

1 ül:il:r F:Et'l 1 
- 

ITTHEF.: :-;'i f,lr:[tL Ë:l-rUT T f.Jf ï;:lr:i+$:4.+,r#¡i+HHflH*rcr:#Hi,,:;4:fr#:#*ouHscr
.1+iE r:11Ër-rr: i:üuirl'-.F;fH r::r:rf,rFUTE nr:rT5 FFir:ft.r :iñr,lF,Lr Fürr.JT51r;r¡r:i üt_t5t_tEt ËËi[irjr r!; i =tJËL i l_:Ë.1
iÈl:lt Gü:=l_li: Et¡l:u¡ ii:;lËj::r.J¡ll_ i r::.Ë J

1 tl:+ñ*'i ¡lr_r:ìUi: I¡jt.ùE,.iH=Ltt:ll* [ l_:.q ]
LÈÈ,Èr F:fÈIr äi :iFtt:1i J ¡ _t*:
l itlijr PL=t
1i.[r]. GL]5!_iE tiiËrü ..,.FiFf,i 

5'r't.iÏ:r_rt_ {l
1iL-iì ¡lt:t::LtEt Ëir:Jt ..F.:[t,l ::;rifi¡r::t:.¡L f ii_tl,l[
i i::tt:i It=Ir+1
i 1 :15 i:rln=i:;irli:4fHH,'iE
i L =*, 

r¡'S=q¡'r:rï+.iJ..s 
I r.l

11'+rjr Gi:':I:ur: .ll.[rF.,F=-:==F'å+:];Tl.i::i { Iili ir..rr:¡r_ tH+:J +iir¡+,51 i1iïll ¡lr:r=l-trr ti¡ilü''FË=F-*:-:-5T.t;::i: { ïi.íT {t,rril iH:;:r -r,.i.r.:ri-.:;i Ii 1t,ü r:irJ:luIr Ê i _,+L.r

1i¡i:r fF H5="¡" îl-lfiJ LËfiù
1 1 L=[1 il=Ir-1iFË==FË-ri:TE:: i I l.{î {t ti:ll iljË L +},lul_r, i l j
L L:+E i:r:rîr:r 1 i 5'¡r
1Ëürl rlr_i5¡¡ -¡¡lEtü ...F:Ef,t r:;ET r:üt,lf,lFttiir
lEit] if tlË=,'i',THff.i Lrl¡trl
1ËËl:r iF l_:=ri1-.,r['r THff{ 5ït:tF,
1I:[tÌ F=-*=FË+'t f¡,
1::--'t':- jF- I'Ì'-f=rl rl-ift'{ il it'1'1rJ =[r ".F;tll,j Fr r:1,ì'rrJ -f. ILf Fr]ïi{ïEF: Fr:¡F.: [Ft¡::l-l :]ï,Í,lr:r:rlL=ri+ -ìl=if il'1,_f j +Ë-r.Lff.ilF5i
L::ili. ïF LE|'JiFti:,;l5I Tt-til.i [t=L:ti-1
1:lir:-i t,tFiIrF- {+1 :;Ë ü,ì'_-ri r F*:1=i5 FF;il'ir I'T'lr " " ¡ r-:;*¡ TFrr:i;1.,1i ¡ i.ir rr¡ FrLf,i'li r L_[_1..[iË_:, u.,=,i:ltil ür:rïr:r ilrl '...F:EI.1 rlrlr Ëîl:tF:T Flllr_rTlì[Fl r::,j,1,1ï:r_rl
L +tllì t'if':ï Tf {,11 ¡ " f f.iÏt', r,t:.t_t:r:l;[ ,ii i.f.il--r ::;TllF
j.5tr:lr Fiff,i,¡f,'
1ï i l:t ¡lt:rËLl5 .:lilui¡¡l
1::¿l t:;t:'îü 1::trjlrlr
Ë[?_li] t:t:ï=', "...F.:f f.1 Itlt::t_tf,lF,T L[: ::;irf,T]:tr-.tt_ ::;Tli:I l..lt_;ËLiitjt [:;==¡:¡;Ì iF: F J.rf':-[,-i. j.

;:j[rii:r :F EË=" " TFIII¡ t;:t--íLrF:l.l '..t.;:[:[,i l.-t-r¡:rf::It{r.,; I-r:rFi n Ì;F.Frr::[:



Êl:r:Il-i
itlr;-r5
Êtj+r:l
Ëit::ì
':rì 1 i--ìLI ¿ '_¡

Ê:;:'11
Ëi..::Èt
Ë1:15
Ëi+il
-"r11_iF
::t:lli:i
-"t:ti I
:ßli5
ilt:tËr:t

-:'Ë:1rl
::i:1+t:r
::15r-r
3'¡i,F
3ü¡tl1
:::_-ltjill
::{r:}[i
:i i r¡Ll
::|].lr5
:li irl
=iÈt:1i;il;rlr
:314Ë

=i5rll
=ir.Fi:ii[i
.:,-i:::tJ
SiFr-t
:3lt¡qü
:3=i[1
:l;'Ëil
'l''f'l rì
':'':...i r:{.-rLTL,

=:58¡'l¡'-a ¡ìl rl+

':¡':r':¡ft

J;-:.i[l
F.:fñIl'¡'
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FFir_lf Ë

l-.=:-l-Ë-rI::í
ïF F--LEt'{iltËt +1 TFt[t.t F:f-il-r[;:t.t
¡lüTLl Ër:ri E
HË= " " ',F:E1,1 lltrt-L--tfiF.I Lf:i ::ìTF:i t.jl;
üË=.-lË iF'i r F l I rFi =Fi-F1
¿ i- ¡l;Ë:=: t; " Tl-:ftj f.:F--TI_l[.:l.l
lJ."-ì=lJi:a¡l!:
IF Fi=L[tlr-t+]+1 TIJEII FIEî1il;:t,t
rl¡liTr_¡ Êi lrjt
F:fl't EF.:F.:L-IF.: Er:r|JTIItf-Ë:;5EI,1ELE:] :;Frt,ìF,t_frj IHïü riltrË:+:,:4rï:+f]H:{rràHu
F:ET,I FF;I]I.I }':iIJJ IiIIIJ TflÏ:LE
F;==:-:;TFIË [[.]'Jl +",'-þË#1F.:E[.] i:frip:f Ft:jEEt,lI:L,iïF fJ=r] T|{EH F:fîr-rF:f{iREr,t t'rü i;ñrlF,LE5 r-r:r f::r:'r.]Fu iE
E g = ¿:i'rE 1 = ['r l_ il =:l_.Jr -F. ]
FüF.: t:.=¡ 1¡ t{
fr--r=E¡r+]{ L l,;.t - T f.{T t: },: I H..r -r-, I I
Ei=E1+'r'ttl:l -IllT t'i, tt,;i +,Ii
HEI':ï Ì{
Fr-rF; h:=Ð Tr:r il
i.1 i h. I =]{: i [i:] -EË.r,'¡.{ï ill.:l =ï l. t;. j -Ei,.l.l
ljtr]'lî l':.

lF L'-f .=Lrl Tl-{Ef.{ :rl'¡rl
IF rlI¡:l i[Et...t{.!-Ft:tlr::; iE]_.'il:!., , Fr.ir:LI Ti_i[:f..| :]ËÊl¡
f¡¡-f,¡ þ.=r¡r f[r Ì'l 1F.:ft.l THFj[::;l-lL-rl-n f;:r:tlt-i-It.lE
]'iil;-.¡=1fifti.r,ËIt'.lT {}':tli.r-r".T j -r-I¡..ij- I.i'li,; j .+,:j j
li-]-:T li: 1F:rr,l r::r-lüF:rrII.{}iîE:j r:rl- :lr-Jf,lFLE::i l..lr:r[,t IH ],:lf.li :

Ir=- l. '1F:Er'i +i r:rF IrüT:j
fl-lF.: L=t:l Tll¡ f.l
It- ]iiLl'i3 IflÏtl,;tLJi Tl-l¡It{ i:il,:[r:r
Fr-'F; ll.=L-r1 Tt:l t.{
IF iflT tþi iLr l':. ili it,.i THE[1 :]fËrl
:'liLi=i'iiL;+,r:rl
li iii:l =li i tr:t +." r31
!. !-t .r? l-r
I -ra-ri ! f'.-

IF li lLl -IHT i:.i {L¡ L i=Tu, Ëi
ti.liT L
FJETLIF:IJ

it=!¡+1
FË=FË+!;TFj:i I If'{l- rii''i¡.Ll .rL[rürjrJ J -þËTF:Ë i Ii.ll- tii rL j *].Ër:rÈirIi.lT r:,,:r:L j...,irlr:1tri j iFjfîl-lF:ll

THEf.{ Ër:¡::;t_tl: :l:;üLì
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Fl[.-FtIr''¡'
L I::;l-

1Èr FiF:fl Iri-=;F,l-Flï -liiii ,¡
liil F:f1.1 Ir::fF.¡._l:lïi; ::;'i[,]l::t:rl_::; Ft:tF:Fi ,,I;t :;;¡;,,;,i.,,, F.ILE:;r¡ illll FË i::;I*-1t r F;-: l.ÊÊrl r 5 i lÈil j::5 fr I l,.l H::: i;l:r:r I
i fiLì L-rFfrì+ii s " J::L::;rrl',:'i"¡ r.p-rrr-.¡;¡g¡r¡ r:.;tii,]F,: L[: i r-..rIi!:i,i r.]rF :i.¡,f,îTiüL_:I:lti:5 F iLL 5.1:;;ili:':: 11,I-ì...1:..r_;¡11_L ¡.1;ljlr::¡::j: j..Ë:Ëf,í [.ir._r 1¡¡1r::i_,.r.ii l rjr FüF: f =Er îr:r 1[i5
1i5 IF T'iF,|:1J-;.:.i T}_¡EI.| Eiii-i 1È.1=rlEÐ F:EIìI' ,l.i'l :, F:îr:i t I I =Fl:i[r F=F,+Lft{ iFiiJ +Ë
1.¡5 IF Lff{ iF=:.r I,E. 5 THE[.{ F=F+ i
1+r1 IF F5="ff..llr', îH[r.{ EiiIT i¡fi
15Er I1f],:T I

,.-tË,8 Èrlfnr-,'FILf rrl-Ëiriii, t-{H::: [1ü EI'lrr,,' 1¡[1 FRTIJT "FILE llË:] "r I3 " :l:i,l,lllüLi; Ill T-!-,,1Êil1 F:EI'I SUrr Tr:r ' r-rrJ'¡ rrfiTr:r t,JIîi-l rriSpLFr.¡ |,llil.il:fFt,ieËr¡r FILL 5'.1:lÈ.i¡I::lrF:[Ì,ì :Jä Llrl:t ItE¡1 "L-'¡¡'-¡'a¡r

Ê1rl t. ILL lìi:_:rr:Êr 1Ëi1F:EI,] Tt
ËËR FILL 5:tirË:l¡ lrl:1.,F:Et,i l:n¡
3:l[1 FTLL 5:]r...1Ë,4¡ Ë:151F.:Et,r [E ]ir_:l_ir:i
Ë'il:r FILL I:::::li¡Ir iË;l1FiËt1 Ïlr, üF;:Ftrfl
Ë5r¡ FILL'5:l::_ì¡r¡¡ 1l:f..,[;:Ilt,l ì]i t,l¡r..r ¡,1, ¡:¡Ei.rl FiLL .ï;l:;È,¡" Ëir5..,F:il,] F_Ir l*:r*.Hr-
Ëil-r F ILL .::r:frj.,:r3 .¡tri -11;:[_.1,1 i,..0 f:[:-l_ll;:1.{
ËË:¡3 F-Ef'l FF-î UF f.ilri Fji:tl.,i Ïr,i,iEi-: ffrn EIrI*r.l
I:.-rr:¡ F;f f,l'.. I..lf t, I iìr::r;:[[t..] Flti¡¡¡1 _ i;uF,[F; ir rr i::;E'.1¡Irt:t Ftrl=Lì
:-ì1tl FILL 5:}:lr]EryEjr¡Li'1FILL [:l=t¡rLri:trjr..F:Ëf,l lrrl.-_-,:l TllU:r¡ü FTLL 5:]:]lrãr r1[il¡'.FILL 5:]:jr¡.1¡ ltrlrr.t-.;[t,i illrfttfX:jtl FILI .ï'.I::Ilü¡lr Etrltt.,.Fit_L 5:::.fu5s FlEr.,.F,.[ll j-Ë:j
i:'1Ð FILL rr¡:::üË'¡grirrlr''FIL.L :';::itEF¡firir+tr¡i.,rt;ri.r iEr:rr,iirSr¡ FILL 5.ir:irü:1¡ iirB¡¡1 Tl:tFI'tî-:ttl¡=;Èf;:-ifilËh rlF:r:rF,HIr:::f
Jr-,Er i=rlril_|- i IÊrjrF'f J 1.F.:EI,1 flr I T-[t
ùtr';r[1 ]{:rl=iL-r'riri=irrj¡"'.F.:EH Fr:i::;ITIür.i üF Ë'i,lìr:rlrl r:rf.l 5r::E[il.{.=l'-l'E IfJF'l-lï "Itr:r ïr:tll t'Jlil"lï îlJE :lr::F:fEtJ il-Èr¡rlrn¡ ,iE:j r:¡F; t{L-r? ,,rrl.È+F+ IF rI::å="flt:t" Tlj[f{ I:::r¡
SRLì Ft-tF.: Ë=È-l¡Ir TrIr fir:l-i4Ð'3r.
51tt FILL Fl¡r:r
5ilu fl[]':T ñ
5:lt l:t'JFUTi "ti: ', r l,l.ï:ti ï=l_:Frt_L r 5r:t[r'Ir'3 ¡ ...F:t:f,l [Il I T*r.r
5'1Ð F:EF¡ïI +i i :.;::; t [,.|] s FË 'ef, j::;i1
5'+5 ;I--L-:F|LL r. 5E _i?'l¡ I ...F.:f t,j [Ir i T*ü
55r:1 Ët:r5t_lE ¡:j. rllt¡
5t,-i Ër_l::;l_lE if 1 r:lt.,,'];:i=H;rF:Ëf,l 5*¡,l,llllrL I.i¡i1.1[5¡t:r [.]==[r'.,F:EÍ,i FilJIl [,.liIlTFl Fll.lf¡ ,li r_rF f¡irT.!;5i5 F i:=F i
I';lt:1 Fl_lF: i=¡:r lr_lr r|flr-i
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5:-j5 IF t..rñi_ i: l-lÈ:i j.t.l îtìI:fl il::r..t]:ll_ t. l-ji: i
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r-,i i:l f 

.lf]-: i :'r.::;T't_rF,
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ei iü rl*:=FË iFL ¡ F:l i'..Fi.=-f,l+1liË¡i: IF ËË=" ,, î[{[tJ I;:E-iLt[-,:f.l¿i:ltì HË=HË+ËË
Èi.+rl iF Fi=Lff.liFsi+1 TFIEI{ FifTt_tti:tiÊi5tl tlr:rTr-r Èi i['
F;EËI¡i,
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FiLLi::il:r.lL -þt''í:çii1 I iï.ll-iti,,Ë:5t-,1 .,F.Et.1 If.iltfii t:¡i HFt¡tiJFILL {:lrl+r'i +f'lirËi ¡ Ft-Ii{l- iH¡i=r,., :É,Ë5r,
FÏLL F¡5 [I . 

..

p5I5:g-.i' - r''.qf[,1 :]îF.:il..lË r:rF r_:ürrf:l
ljil=E'..F=L 1lrfi=E 1t::¡1.=E¡ -r.i::i¡l--*1 11¡'¡-r=¡ì
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FÜF: T=¡] ÏU r{
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¡-.-- T,t¡- i
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IF TI==./l:r r:tfJIr l,i¡l:.],:Ë îl-lt.ll l:ri.=.!.IF 'i''Ê.='irl tìL{n liF_'.:.i{*- Tl-lff{ I¡i-EiF rrjrj=i " 5 Tl-l[ltJ ;ii¡'rrl1 '..r=ift,] t_iF i FEti --.IÍ.Íî[r;iliL_]-rir:r-i.[ jj¡_rT¡:;üTü 1.:i',lr:r'1F:Ell iln._tüIf.tit.{C lu:rî
fr=fliFlil iFll +-T rL..r¡ ¡I:.i.J 1.F:[f,j È-irIT Ftr*rLtTil.jtiFILL ti¡ I:
t1È=FiS-r.j;l-F::;F I l.l ]
i f t.Jri ,rl¿i Tl-lEI.l ¡:i:i:=Ftt_l_ " ',¡l;ri=tl:;|*i'1IF ¡l:4..,i.i -iHff.J 

F:[ît_tF:t.l
l_-:r'¡=5 1¡1:=fi* I 1F I LL t:l¡ i:r
F:fÏUF.:T1
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Il':t::;l_lF j. [¡[:F 1.F:Ef.¡ r]fî ll:[rir[ F¡iJït lr!_tf lF,
i.]_i=iiË "r'i.'t_:t::f|,I;[r-].ti
ii i51=ii i:l;L -r" i
tJI=f.{:j;-i i
IF H.i:.r:=.=f'{ Ti.iI:f.l i:;'[¡
l.'J=u
FüF.: i-,* -i-t_' l.i..F,:[f,l FII..¡Ir i.lj.irîi_l
ii. þ{ i. i i :'[,J Tl-ifli l,l:::l[jJ i:],;i T j I
fJ[:.iT T

lJ::f,!:¡'r.[:='i _ ti
Ffiil'.1T "['jIltîi"|.= ", [.ln 1,.1,,:*.. ra...' I l-l:l':F'i
Fl-¡F.i l=1 l-r:r :l
l..t=¡l¡'1.¡:;¡l;l;l-lït ii:t;rt¡i
i.lf:.ii- i
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I F- tl:'i:li iþlllf'l l,l:::i i ...::-:l
!.i [..1.:r j.fi ]l-l[:1..] r.t¡.-:j.
:F 1,.1..:iIi ïF.l_-t.l 1,.!.,,[,]-.:ir,
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1 ¡i rJ r.J-l.tt¡-i-t.tl
1¡Ir:1 GLI:lLtrr L:l¡rjt
Li;-ll:l tJrl=¡l r.l.Ji=l]r
Ì.i4r:r iF t,Jj,.¡ îHEI.{ t.t¡:i=;jif5':: i-F t,.t,,l ï't-l[f.i i,J==t,J_¡ril'-,i:Ì :t i.i;.::r 'îi.ì;:lJ t.r:;i -

1¡¡rì ïF t,ji:l T¡i[t.{ lj.=[,]l.li¡¡5 l..t-i.t¡l¡1.¡i
lii::rl'lü:lt_lE l. :llì11:l
lFFr:t l_tËr=l:r'..1...ri=E

1Èr-_l¡ :F tJ:,L Tl-i[[.{ r_ir.r=I
!.ÈiÈr ¿F H:-i ïHrft t,.!==1.¡_¡

ii-:rrl IF t,J.:.{r TþlELl r.ii-1
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-==i_.;¡- -
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:I: tl:-; ¡¡r l_-: ;:= rl: f + !: f :

::ri:r+L:i IF FL=LEtJ iñÈ: +1 Ti-lft..l t_jttTt_tf_jl.i
::$:1511 t t:tTt:r :Il[l1Èr
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