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ABSTRACT 

,1 

1 

1 ,. 

, ThIs thesls deals wlth a means or ntpresenttng text based on a set of réla

tlons. A relatlonal formattel' was dev'et;-6ed and ImPlemente~. ~ subset ~r the 

"Generallzcd Markup Language" (GML) was adapted for the purpose of descrlb-

, ~ 

Ing the text structure. The llne breaklng algorlthm developec;l by Knuth and Plass 

. 
.. was modlfted to break pa.ges as weil as I1nes. The method or storlng data tn rela-

tlonal form ln secondary storage ls explalned and the major requlrements and 

components ot the tormatter examlned. 

Tne experlmental formatter l'uns under the UNIX o"perattng system on the 

CADMUS g700 mlcro-computer and has been wrltten ln 1 the programmlng 

language ··C". 
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Résumé 

Ce mémoire a pour sujet une méthode de représentatIon de texte. basée sur 

, y , 

un ensemble de relations. Nqus avons développé un système relationnel de tratte-

ment de texte. Dans ce but, nous avons adapté un- sous-ensemble du "Gener:al-

Ized Markup Language" (GML) pour décrIre la structure du texte. Nous avons . 
modUlé l'algorIthme de bris qe ligne, proposé par Knuth et Plass pour Incl~re le \ 

bris de page. Nous expliquons la méthode de mIse en mémoire secondaIre des 

1 
données sous forme relationnelle, et nous examinons les pré ré quis et les compo-. 

santes les plus Importants de ce système. 

Nous avons Implanté ce système expérImental en "C", sur micro-ordInateur 

CADMUS 9700 sous le sy'stè me d'exploitatIon UNIX. 
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CHAPTER ONE. 
.. 

.Introduction 
~ 

.. 
In tbe fteld of text processlng. the common practlce has been to bulld a Spe-. '. 

\ 
elal system to han dIe each specIal task. These tasks have ranged rrom slrnp'le -_ 

edltlng to cornplex llngulstlc analysls_ Whlle thls metbod works weil. specIal sys. 

l 
1 

1 , 
, 1 -1 

,l, 

tems are usually costly and- lnnexlble as weil as cornpllcated. Also. the u~r must -J l 

l -, 

spend an Inordlnate amount or tlme learnlng how to use'll these systems. Ir a sys-
;l 

1 

. tem could be develuped to handle most or the work· needed to be done' on text, 

( tbe burden on the user would be aIlevlated. Moreover, processlng and stOrtng text 

, 
lp secondary storage could be unlfted. \ 

r .' 

Over the past 15 years, the relatlonal algebra bas become weil establlshe4 as " 1 
1 

a successful mechanlsm ror processlng formatted data modelled as relations.' . . . 1 
\ 

Two aspects of the relatlonal algebra make It practlcal (or use ln computer 1< ,'. ~ .. 
" 

applicatIons. These aspects are "atomlclty" and ··closure". Atomlélty r:efers to' 

tbe tact that' data objects are undeca'mposable; the Internat structures ~r these 

obJects al'e not Investlgated., This aspect perrntts a su\table Jevel of abstractIon 

.. , 
wblle at the same tlme allowlng tmpiementatlons to make optimum use of the 

Jo. 

1 • 

secondary stora,ge. 

\, , 
\ 
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f , 
1\ 

.. • ~ 1, 

~ ~ l ' 
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-Clœure reters te the Cact that algebralc systems are complete ln themselves; 

the result oC ~ operation ln relatlonal algebra Is a relation. This aspect allows' 
o 

C4j 

op~rands or any glven operation ~o he speclfted eltber as simple relation names or 
- --~ 

o 

as expressions t}lat resolve lnto relations. As a result or tbe clO$ure propertles, 

onl>.' one set or.rules 15 reQulred ror a glven operatIon. Tbere are no exceptlons 

and e~h executlo~ f:>r an op'eratlon ~s -carrled out ln the same manner. Th1s ' 

greatly sJmpllfles the appl1catlon qr relatlonal alg~bra. 

- [Merrett_ 84al' g~ ~eYond comion P~act.lce ln bIs l~v~tlgatlon ot operado~ 

on text. data. These operatlons incl uÇte: conco"l'dance buUdlng, dlctlonary search-' 

Ing, cryptography, l1ngulstlC analyslS. edltln~ and CotInattlng. One oC the slm-
~,. " 

plest. ex~mples show~'t,he advantage oC USlng' relatlonal algebra. ta 1)uUd" a. eoncor-" 

dance "as rouows: 

.1 .. 

, , 

.Assume we have the rollowlng two relatIons: 

" 
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... ~ . ' 
1 l, d~lV"" .. . ~, 

the command •• CONÇORDANCE, <~' ÉNâLISH ci.Jol'n ST~ •• 
J • il.r...,t 

wlll produce the rollo~lng relation': 
. 

~ 
. , 

CCX'lCORDANCE ( EWORD SEQ ) • 
comiog 3 
Compu t in-g d 

. . ' .. ,~" 

" 
Celltre 7 

.. 
. ' .. 1 

compu te r 10 ' , .... 

comi cal 13 
,> ' c,od'è 16 

. ' • • b : 
• ~.As can be seen tram-the abo.ve exalllPlè, Ir text data 1$ stored ln· the reis" 

" T • 

tlonal Corro then relatlonal operat1ons can be used to ptQce$S lt. 
'\ 

\ . 
, atthough. Merrett·s studles were ·t.hearetlcsUy lnnovatlve •. two fundâmental 

. text proceSSlng probl~ms still ~xlsted.Y An edltOr ~ needed ta adapt data, In~a' ~ 
• .. ~J l' f \l 0 • ~ ,;.. 

rel~tlo~al farm;"' ana a Cormatter was requlred that would açcept data ln relatlonsl 10· 

torm. Th~~drJX>Se ~é t~IS "thesls was to d~veloP ane~pe~~ental r~~~atter ,b~~. :. 
on the!tel;;lonal modeL ' ' , . •. 1 

Lt, 1 - ,_ .... 

..... :. .\ 

.. ~~~~{~ . 
"'\~;. 

' .. :.: /::JRelatlonIS a t.,m 'usedol" computer science to speéllY ~ Partlcul"~'m~th~ or .:; ". . 

"-
representlng data. The formai definitlon !lf a relation Is: 

f \ 
Glven a collection ~r set: Dl, D2, .... Dn (not n~eess\,,";I~,diS.t1lÇt):Î::" CJ< ' 

1 J. \ ~ '.,1 

·R Is a relatIon on those n sets If It ls a set of otdered n-tuples <'~lt . \':' ,'~':;' , ',' -: ~ 
. r . i • tJ 

\. 

d2 •... ~ dn> such that dl belongs to Dl, d2 belongs t9 D2, ...• dn 
\ 

belongs ta On. Sets Dl, D2, ... , Dn are the domalns oC R.'\"r,fie vàlue 
, . 

n Is the degree of R. 'IDate 81) 
.~ 

'3 

" 
, 

l ' 

1 

.\ 
, ! 

.", 

" 
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rela.tlon name.~ Each' column of the table correspônds to a.n attrlbuu and tb,e 

coluihn n~me 18 the attrlbute name. Each column takes values rrom one domaln 
">" • ' 

" 

onlY. but more than one column can take values from the same domaln. -Eaclr 

row or the table represents one n-tuple or 81mply one tuple or the relatlQn. T,he 

number of tuples ln a relatlôn 15 called the cardlnajlty of ihe relatIon. For exam-, \ ' 

pIe, If someone Is asked to pr~pare a clasS-l1st wlth the rollowlng Information: 
< 

• student·s names, Id numbers and phone numbers, the MoSt stralghtforward way 

would be the followlng: , 

CLASS-85 
;. ~? 

nâme Id-number phone-number 
-_._--~_._-------- ----.------ .. --- ... ----,- ----
<WJ1HI~ RlOiARD 830(829 . 876 - 8507 

". <œ.BEr œstJLA 7804103 332 9772 
GEIlM\N M\R( 8106567 392 5189 
LICZNat RITA 75HQ10 848 - 8029 
~M\R( 4g710 392 - 5,189 

The method pr~ented above 15 a relatIon called "èlass-8S'·. It contalns three 

'attrl b utes: nàme. Id-Q.umber and phone-number. Each column re~resen~5 ,one 

atÙlbute an? each row represe~ts one "tuplé pr thé' relation "Cla.ss-85'·. 

o • 

A relatlonal ta\>le has 'the !ollowlng propertles: 
, ,. 

1.'! Ali rows (t~Ples) are distInct , , . 
2. The' row or~ Inslgnlfléant . 

3. The column ord~r ls Inslgnlficant 

4.t Every value ln a relation 15 a.tomlc (I.e. 'ilondec6mp0s8.bl~) 

, " 
'C< 

, , 4 

4 

" 

, f 

. , . ~ 

" 

.... 

• 
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1.2 Re~ational Algebra 

The relatlonal Algebra Is a _ or operators on relation. In tbls section, a 
, 

few basle operators wlll be described ln order. to show readers the eharacterlstlcs 
.< 

of the relatlonal ~gebra. 

a) ProjectIon 

b) Seleçtlon 

- used to get a relatIon ln whleh t.he 8ttrlbutes are a subset o~ 
the Initial set {vertIcal ~leetton).' For example, If one ls only 
lnterested ln the ,students' names and phone numbers ln the 
relatIon "Class-8S", the proJect.lon operator can be used to 
get a new relation eontalnlng only these two attrlbutes. 

The projectIon command: 

PHONEBOOK <-- n&me. phone-number in CLAS8-SS 

wlll produce the (ollowlng relation: 

PHONEaOQK 

name 
----------------~-
romEr URSULA 
GAUlHIER RICHARD 
GElM\N M\RK 
LIC71'Gl RITA 

phon~-number 

332 - 0772 
876 8507 
302 5180 
8!l8 8020 
\ .,. 

used to get a. relation ln whlch the attrlbutes will remaln the 
same and tlle output will be a subset 'or the Initial set (hor
IZontal selectIon). For example, If one ls Interested ln the stu
dent "GERMAN MARK", the seJectloIl. opetat<?r can be uSed 
ta get a relatIon comblnlng the tuples wlth the 'valu-e oC the 
name attrlbute equal to "GERMAN MARK". 

The selection command: 

, 
INFOFILE :<- \Vbere name = "GERMAN MARK" ln CLAS5-85 

., . , 

, 
, " 

5 
" , 



\ 
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1 
1 

1 . 
1 

f , 
'1 

\ 
1 

i 1 

, 
j' 
; 

( 

, 1 

'. 

~) Natural Joln 

,<, 

1 • 

\ 

" 

~.l.ll produce the followlng relation"': 

Il'FCFilE 

" name Id-number .pbone-number 
-_._.,-------- ---_.------ ---_._.-------
<EM\N~( 8106567 392 - 51S0 
GIDMN~ -49110 392 ,- 5180 

used,to get a relation comblnlng the attrlbutes and tuples or 
two relatIons. The set of attrJhutes ls the union or the attrl
butes or each relation. The tuples are selected accordlng to 
the common attrlbute(s). For example, assume' one has 
another relat1on, "TESTMARK", contatntng students' names 
and test marks: 

name m&rk 

cœBET UR.SlILA 
LIClNER RITA 
èaœEr UlSULA.. 
~l\.NU( 

GEHvI-\N bMRI.{ 

73 
67 
65 
84 
95 

The naturai joln can be useEl to combIne the relatlons 
"TESTMARK" and "CLASS-SS" to form aD.other relation 
"STUDENTDATA" wlth 4 attrlbutes. 

The natural Joln command:, 

STUDENTDATA <- CLASS-SS ijoln TESTMARK 

wlll produce the (oIJowlng relatIon: 

name id~nwnber pbone-number ma.rk 
- --- --- -~- - -- --- ----------- -------------- ------
d::ImET URSULA 7804103 332 - 9772 73 
"LICZNER RITA 7514040 848 - 8020 67 
, <XIIDEl' URSULA 7804103 332 - 9112 65 
~:M\RI{ 8106567 302 - 5180 8 .. 

. ŒDMN1NJU{ 8106567 302 - 51S0 OS 
~:M\RI( 40710 302 - 51S0 8 .. 
~M'.RI{ 

, 
49710 302 - 5180 05 

, 

", 

, ' 
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1 

, . 
d) Dlaerence Joln - used to let the dUTerence between two reiatlons uA" and 

• 1- uB" (ln t.hat order). The result. ls the set oC ail tuples belong
lng to "A" and not to "B". For example, assume we want 
to ftnd the phone num ber oC the students who has no marks. 
The dlJlerenee JOln command can be used on the relations 

, '. 

- "PHONEBOOK" and "TESTMARK" to form another rela
tIon "ABSENTLIST" wlth 2 attrlbutes. 

The dltrerence joln command: 

ABSENTLIST <- PHONEBOOK djoin TESTMARK 

wlll produce the ColIowlng relation 

ABSENJ1.1 ST 

nmne phone-nwmber 

GAllIHIER RIOfARD 876 - 8691 

.. 

1.3' Conventional text representation 
• Q 

In a conventtonal system. text Is stored exact}y as It has been. typed InOO the 

computer. There are no_ restrictions on text elements and text can be represented 

as a sequence of characters wlthout rererence to thelr loglcal structure or meanlng 

(here, loglcal structure rerers to the organlzatlon or the document elements.). ln 

o.1.her words, the system has only to preserve the order of the cbaracters and the 

contents of the text Itselr. 

.. ' 

'--

y 



" 1.4 Text represented in relational Corm 

Unllke conventlonal systems, restrIctions are Imposed on text elements that 

are to be stored ln relationaI form. These restrIctIons are the resuIt of the pro-

perttes of a relation, for example, ail data ls sImple, no repetltlon of tuples Is 

allowed, etc. Maklng the user responslble for ad.1ustments ln the new Internai 

data representatlon works agalnst the purposes of our system. As a, result, the 

""",system was deslgned to let the user enter the Input document as ln the conven-

tlonal method; the system takes care of ail the necessary conversIons. In thls way, 

the process wlll remal~ simple for the user, who can neverthèless beneftt from the 

advantages of relatlonal representatlon. 

Because of the propertles of a relation. text stored ln relatlonal form Is very 

dl1ferent from the conventlonal fashlon. In order to store text elements ln terms 

( 
of relations there are three problems that must be resolved: (1) how to separate 

the text elements Into tuples; (2) how to preserve the order of the text clements; 

(3) how to deal wlth the repetltlon of text clements. There are varlous ways to 

separate the text Into tuples. The text can be separated accordlng to Its physlcal. 

slze (I.e. n character(s) per tuple, n llne(s) per tuple, n page(s) Der tupIe; n > 0) 

or accordlng to the loglcal meanlng,of the text elements (I.e. n \Vord(s) per tuple, 

lA 
n sentence(s) per tuple, n paragraphes) per tupIe. etc.; n > 0). It was declded to 

separate text accordlng to Its loglcal meanlng. Text Itself does not Include physI-

cal slze constralnts. For example: lIne length and page slze may vary between two 

dlH'erent prlnted versions or accordln~ to dlfferent dlsplay medlums such as 

sc reen , typewrlter, and phototypesetter. Representlng text by Une per tuple or 
" 

8 



! 
l 

( 

page per tuple adds Irrelevant physlcal constralnts. sucb as nne lengtb. wblcb 
1 C·'! i 

î 
1 

bave n<:>thlng to do wlth text Itselr and whlch compllcate processlng. In keeplng 
t 

i 
wlth the "loglcal meanlng method" It was declded to use one word per tuple. 

1 
Tbls al10ws a hlgh amount oC control and facllltates the manipulation oC the text 

\ 

elements. whlle uslng less memory space than a sIngle character. In terms of 
t 

i ~ 

1 

preservlng the order of the text elements, and maklng each tuple unique, at least 

two attrlbutes are needed. These attrlbutes are "word" and "wordsequence". 

... "Wordsequence" contalns real numbel's and serv;es as an Id-number to each word, , 

the value of whlch determlnes the order of the text element. For example, If 

ascendlng arder Is used words wlth smaller values ln the "wordsequence" field 

will precede worqs wlth larger values. The relation contalnlng "word" and 

"wordsequence" will be rererred to ln thls thesls as "FffiST". An example of thls 

( 
relation 15 as rollows: 

FIRST 

__ ~~~~ ___ 1_ ~v~~\~~~,~~~~~_ 
: \ 

an 20 
..... -------- -------------. 

examp 1 e 21 

Thus. the relation "FIRST" preserves thë Information and supports ail the func-

tlons (updatlng. vlewlng, storlng, etc.) as the conventlonal method. Ultlmately. 

however, a more advanced method or storlng text ln the rel atlon al model was 

used, as wlll be descrlbed ln chapter 3. 

l 
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1.5 Thesls Outline 

This chapter has been an explanatlon of the purpose or thls thesls and a 

brier IntroductIon to the concepts of relation and relatlonal algebra. Both the 

conventlona.l and relation al methods of storlng, text ln secondary storage were 

descrlbed. Chapter Two contalns a survey of sorne of the exlstlng text formattlng 

systems. Formatter systeIf requlrements are explalned, a formattlng langu~ge 

selected and a brlef discussion about the 5'ystem desIgn Is presented ln Chapter 
1 

Three. Chapter Four 15 an .explanatlon of the configuratIon of the host system 

and programmlng language used to bulld the format ter. The Implementation of 

the system ls also dlscussed. Chapter Flve Is a user's manual. It explalns the use 

of the system wlthout knowledge of the technlcal detalls of the Implementation. 

Flnally, ln Chapter Six, comments on the accompl1shments of the system are dis

cted and suggestions Cor Cuture work are proposed. 

. 1 

'\ 
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CHAPTERTWO 

1 

Survey of Existifg Text Formatting Systems 

t 

A text Cormattlng system Is a co~puter program des\gned to deal wlth 'the 
1 

;..-/-=-Phis'l,cal layout oC a document on a s~ec1ftc medium. Slnce the ftrst appearance 

oC the text formattlng 

amount of research has 

system RUNOFF ln the early Ig60·s, a consIderable 
1 

1 

been done ln IthlS area. The advantages of uslng a text 

Cormattlng system are obvlous: It saves tlme, reduces production casts, Is easter 

1 

for updatlng and costs Jess for rero~mattlng. Different formats can easlly be 

ach\eved. and output can be produced Ion dlfferent devlces. The Increaslng cast oC , 
i 
i 

rnanually produced documents versus [he decreaslng cost oC computer hardware 

and software turther contrlbutes to thei popularlty and desirablllty oC text Cormat

tlng systems. 

----- 1 

In thls surveY,we are Interested ln the :CoIlowlng Issues: 

1. the formattlng power of the rormatter, 

2. the user Interface, 

3. other Ceatures"related to the document, such as table of contents, Indices, 
Cootnotes and cross rererences. 

Systems uslng the "procedural approach" (tow-Ievel approach) wlll be com-

pared and contrasted to the "declal'atlve aPl?roach" (hlgh-level approach). and 

the advantages and drawbacks or eaeh system dlseussed. 

11 
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2.1 .Proeedural Approaeh Systems 

, 

Systems uslng the procedural approach to text rormattlng problems are 

based on the assumptlon that the user of the system wlll want to desIgn the final 

appearance or the document. The objective of the system Is therefore to provlde 

Its user wlth a set of tools (commands) to manlpulate the physlcal layaut of the 

document. In other words, the users of the system are fully responslble for the 

formatted output, 3:S long as the system provldes ail the nece~ary tools. 

In the followlng sections we shall dlscuss a few systems based on thls 

approach. The systems are ordered by thelr date of appearance and thelr rormat-

tlng capablll ty. 

2.1.1 RUNOFF 

RUNOFF was one of the pIoneer text formattlng systems. Appearlng ln 1064 

on the.JCompatlble Tlme Sbarlng System (CTSS)' at MIT (Furuta 82). It was 

deslgned to deal wlth Its Input and output on a typewrlter-l1ke devlce. Slnee 

" 

RUNOFF was developed wben computer technology was ln lts lnfancy, 1ts ror-

mattlng eapablllties are I1mlted by the output .devlce. Also. slnce RUNOFF was 

one of the ftrst text formatters, It provldes relatlvely few features compared to 

text formattlng systems commerclally avallable today. Essentlally, anythlng pro-

duced by RUNOFF can be produced slmllarly by a typewrlter If sumctent tlme 15 

provlded. However, RUNOFF proved that uslng a computer to perform tedlous 

wo.k .. sults ln a g ... at redUCtl\:: man boum. 

12 



Followlng are sorne or the RUNOFF commands: 

( 
a) .center - place the object ln the center or a Une 

b) .space # sklp # or Bnes (used to produce a vertIcal spaclng) 

c) .Indent # sklp # or spaces (used to produce horIzontal spa.clng) 

d) .undent # unsklp # of spaces (used to reduce the horizontal spacln'g) 

e) .adjust start Ieft and rlght justlflcatlon 

r) .noadjust - no justlficatlon 

RUNOFF ls obvlously easy to use. There are rew commands. ail command 

names are self explana~ry, and ail >deal wlth the sImple problem or object place-

ment. However, RUNOFF's slmpllclty results ln seve rat drawbacks. The smaU set 

or commands llmlts the rormattlng capab1l1tles (thls probtem ts caused by the 

ltmltatlon of the output devlce). Command names are usually long, leadlng te a 

greater chance of typlng errors, and costlng more time ror expe'rt users. Aise, 

slnce aIl commands deal wlth the physicai layout or the page, a smaH change ln 
, \) 

th~nput text may requlre the whole document te be re-organlzed. 

2.1.2 FORMAT 

FORMAT appeared ln the late 1960·s. It was developed by IBM ror use on 

IBM 8/360 computers and was deslgned to accept Input text rrom punched caMs 

and to produce Its output te a llne prlnter wlth both lower-case and upper-case 

Ietters .. 

Slnce FORMAT was developed a few years later than RUNOFF, It Is no 

surprIse te flnd that Its capablllttes exceect those or the earlter system. In addl-

tlon, te sImple object placement, FORMAT aHows Input text te be alternated 

o 

wlth rormattlng commands. Aise. a ".help raclllty tor the Indexlng process 15 pro-

vlded. 

13 
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There are three types or command ln FORMAT, namely: character-Ievel 
1> 

commands, pbrase-level commands and paragraph-Ievel commands. Character-

level commands are reserved characters tha~ affect oRly the single letter Immedl-

ately Collowtng the commando For example, .. $l" ts a character-level command 

[Bernes 60). Ir .. &" precedes the character 'a t, It wlll change 'a' tnto the character 

'A'. Phrase-level commands are sIngle character and may be grouped together to 

speclfy sorne partlcular formattlng actIons. They are Inltlallzed by the character 

'T'and termlnated by a blank. The effects or phrase-Ievel commands are ~and 

untoll the end or the IIne/sentence unless there Is another phrase-Ievel commando 

For example, ")M& " 15 a phrase-Ievel comI!land whlch speclfl~ tbat the rollow-

Ing Input text Is to be cent-ered and capltallzed. Paragraph-Ieve) commands are 

used to deflne the general formattlng rules ror the whole document. For example, 

paragraph-Ievel commands deflne left marglns,' page length, meanlng or the spe-

cial characters. Tbese commands are started wlth "r' and termlnated by "GO",-

ForJllat obvlously exceeds RUNOFF ln terms or tormattlng capablllty, how-

ù:r,;1 ever, Format Is more dlmcult to use. Slnce eacb command conslsts or onlY one 
f~I~' 

character, mucb memorlzatlon 15 Involved ror the user, maklng the system harder 

. 
to learn. Also, the Input method and the rormattlng commands are deslgned ln 

such a way that It 15 extremely dlmcult to make correctIons and/or changes ln 

the Input description. 
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PUB was developed at tbe Standrord Artlftclal Intelligence Laboratqry ln 

1071 and was ,deslgned to be' used on the PDP-IO computer [Furuta 82J . 

Consldered ln terms of the physlcal layout of ëommands, PUB closely resem-

bles RUNOFF. Both use self-explanatory commands wlth a perlod ln front to 

11,ldlcate ",the cornmand Hne status. 
" 

However, PUB)ntroduced seve rai new Ideas lnto the rormattlng field. F1rst, 

It borrowed sorne of the programmlng language reatures 5uch as block structures, . . ~ 

, , ~ 

variables and U .... then .... else statements, so that lts user could have both ~bar 
/ ." --, .. 

and local control of the document, layout descriptIons and conditIonàl compIla.:.: 

tlons. Second, lt urovlded a rftacro faclllty, allowlng the user to group the rre-

quently used formattlng commands together thus avoldlng retyplng. Flnally, and 

probably most lmportantly, th~ deSigner or PUB' made an effort. to ellmlnate 

wldow llnes (lsolated single Hnes). 

PUB exceeds both RUNOFF and FORMAT ln tenns of formattlng çapabll-

Ity. In addItIon to provldlng most of the formattlng features of RUNOFF and 
" ' 

'FORMAT, It provldes commands for multiple colurnns. footnotes, the autornatlc 

numberlng of sections and subsectlons, constructIon of a table of contents. and 

creation of new characters (by over-strlklng). In terrns of user Interrace, PUB ~ot 

only bas ail the advantages or RUNOFF (excludlng, or course, a small set of éom-' 

mands), but It also goes one step Curther by provldlng the rn'âcro ractllty and 

ellmlnatlng the undeslrable breaklng of paragraphs (bad breaks ror the user). 

Moreover, PUB's user ts able to redeftne most or the rormattlng actions sp.,eclfled 

15 

" . 

" 

, , 
~ 
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by 'control.characters. One or tht;, 'drawbacks ln PUB ts t\la.~ slnee t.he system pro-, 
I, \ '\ '" .. • , 

\, , 't ~ •• ' ,,' '. .. ~ l' 

vides more features than RUNOFF and· FORMA.T. lt aflIO requlres the ~r< to 

.. 

" 

,/ 

Jo , fj Il • : .. '. ~ t' .-

" 
spend Iqore tlme learnl'pg It, 

_ Il fi. ( ' ... 

1 : 1 \ ! 

: \ 

" 
,r \ , " . '. , ' 

2.1.4 ;rEX 
1 " • 

One oi the Most powerCuI form~ttl~' sys~~ '~valla.ble ul~ TEX, developed by 
, r • , 

\' 

• • f ~ .. 

D.Eh. Knut~ at Standrord'U:!llverslty ln the late 1970'5 [Furuta 82). The system 

, ' was deslgned to' deal wlth .te~t InterSpersed wlth mathematlêal and tabular .. ' 
.' ' '<l1.., • , 

1Dateriàr~ The Input to TEX May' oè ~ntered thrOugh any conventlonal CRr; the. 
. " \. _ . '> ~. 

output ls produced' 0n ~ pb~to-typesetter type devlee. The TEX form:tt:t\ng. corn-:: 
~ , \ .. 

.. ~ . 
t .. " ~ 1 ... 

'mand system was deslgned to "à,uow the user tull coIrtrol oC the output deV,lee. In .. 
l r· "', ~ ." . . ~ 

.'... ~ J t· "". -i. 

tact: D.E., Knuth ',used TEX to tYl?eset the entlre ,second volume ot hls book: 
01 ' 

"Thë Art ~r, Computer P~Ogrammlng" [Knuth 81]. His test was Intended to' 
j. 

prove that TEX produ~és th~ hlghest 'PossIble Qllal1ty product r~r lts user. 'Slnc~ 
\ , .,. ... 

Knuth enU>haslzed hlgh quallty output most or the commands ln TEX; deal wlth . . \ '. , . ~ , 
" 

problems or pbyslcal,layout: New 'concepts (box, penalty, glue) and algor.lthms,' 
. " 

(e.g. Une ~reak) aré also ImPlement~d l~ the' s;st~m. \ ' .. , " 

" ~n 'T'EfX, each ~blèct ~ be' rorm~tted Is ca~led a bOX: A bO~ '~a~ ~: a ébarac-; 
, ., " , , \ 

,; ~ ~ . ) 

te'(!~ a ·~or<1 .. a. tà.b~e, a ,graph', or even conslst 'or a number or othe!' boxes; The sys-

J, 

1 

( 

~m' need only concern Itself wlth the, Inf9rmatlon carrled by a pattlcular box: 
, . • 1 

such-as wldth or helght, The spaclng' between boxes (I.e, beîweèn Hnes, between 
~ ~" • r , 1.:' L 

J ~ 'words, ~tc.) Is caÎled "glue". '~Iue acts )llke a sprlng: lt ~an be stret~hed, 
'. h 

• ,1 

compressed or malntalneà at\ Its normal wl'dth ln order ta fit the JustIfication 

" .' 
requlrements [Knuth 8i]. The box and glu~ concept turned tMit to be à very 

Jl~ 

~ , 
, 

" 
>J 

" 16 ' 
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useful tool. It slmplltled the formattlng problem and allowed rortile development,: ", 
-? • 1- ' 

; p ~ \ ~i, <-
or more efficIent, algorlthms. This con~ept has been adapted to other rormattl,ng .' 

" 
~ Il', 

, ,ii 

systems such as ETUDE 
, ",l. ,/1/ 

[Hammer et al 81]. JANUS' {Cham~erl1n ~ al 81] aIt4- ,_' -: , ~ , 
" '\., 

"'-: Y~E'S PEN [Allen 81). .' . 

One or the 'major CactOl=S whlch determlnes the physlcally attractive output 

. . 
or the TEX system ls the routIne whlch breaks each paragraph Into .unes. In tact, 

~ _ 'il t 

TEX's desIgners d.eveloped<one ot t~e;, best ai~~;lthms. knoYln~ ln thls area. . ,: :1- '. 

ACCO~dlng to Knuth, thls al~orlthm Is s'~ power~,!) and' ~Phl~tl;ale~. }t' .~an do ~ ):~~~ 
P" ~ ','~ , 

better Job than a skllled type§,etter IKnuth and Plass 81}. . " , 

':BrJetly, the Une breaklng ~àlgorithm llSes dIscrete dYnamIc programmlng te~ch-
, " 

,niques to bulld à llnked llst network. Conslder the network ~,.f1, cUrecteJf. graph 

Wl~h a relatlv; ~~deslrabH~alue as arc value and ~a,ch reaslblè b~ak ~olnt as 
""rt'ex: The questIon of the best ~a;y to break .. pàtj;l.e~~ p.ra~raPh 15 then 

equlvalent to the question ot ftndlng "the shortest patti ln th~ grapl1. - The 

dltrerence between the Ilnked Ilst netwoçk and th~ graph Is that, ln th~' nétwork 

mOdel, each node (vertex ln graph) remem bers Its parent and total undesirablllty 

, ' 

- \ ~, 

: 

rrom the beglnnlng up to thl'S node. The undesirablllty value Is asslgned accord-' '.'_ .. _. : . . '1:" . , 
...... . f.. 

lng to the amount' or adJustmeqts the glue has to make, I.e. the extent It. has to .' _" \. 

stretcli ~r compress. Ir the glue las to adJuSt a l~t. th~n the undesl;ablllty value . :~: .. '. 
v , 

:....wyl be I~rge; slnce the undesIrab1llty value a~d the amount or adjustments varY:' , ' . :~::.! 

I~ ~he sp.me directIon. Another factor whlch affects the undeSlr~blllty vf'.~e J1S t~e 

penalty Item (Knuth and Plass '811. A penalty Itemls a value the user ~an asslgn 
: '-. ___. 0.... ' ~ 

manually Ir a Hne 'break occurs at a partlc,ular point. For example, ii- the 'usèr " 
.. ~ •• l ~ 

, , 
-.. ;" 

'. 

. • J_: • 

17 . ' ' .. , . " 
, ...... . 
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wants a Hne break to occur at a certatn polnt. he can ~lgn a value of negatlve ,. 

Inftntty ta the penalty value (I.e. forceq break). Slmllarly; ~r he' does not W"aDt à 
1 .. , (1 J 

Go .:.' 1 

break ~t that ~olnt. h~ can asslgn a positive InftnltY as 'penalty value.' A penalty 

value' can also be asslgned by 'the SY$tem. For ex~mple. "If a Une must end halr"! 

way through the wotd, the system wlll Insert the hiphena~lon. BInee the rule 1; 
• • to have as llttte hyphenatlori as possIble, a penalty value wlll also be asslgne,d at 

o , 

that break point by' the sYstem., Fol.:' Inrormatlon or other faetors whleh cause the 

Insertion ot penalty values, co~sUlt the' detalls ln the rererenc,es IKn~t;b and, Plass ' 
81]. 

One or the only apparent drawbacks to TEX Is ln the user Interface. To 

learn how tç> use the system weil Involves a c0lll31derable amount of tlme and 

memorlzatlon (even ~hough there are macro facllltles ln TEX). The màterlals 
\ 0 , 

TEX deals wlth lnvolve a lot or mathematlcal and tabular Items. These two fields 
• 

are' usually dlIDcult to represent by sImple rormattlng commands. .As â. result . 
1 

there are more than 300 predeftIted control sequences and 6 operatIon modes ln 
, " " , <1 

, ' 

TEX [KnU~h 84). Anothe~ reason tr the enormous amount of control seque:""!' 

and opera~IQn modes Is that the deSigners or TEX wanted to make the rormatitlng . . . 
\. 1 il v 

lômmands as general as possible. Generallty lncreases the complexlty of deslgnlng 

the eommands., 

" • 
2.1.5 NROFF /TROFF 

,,' 
NROFF ("en-ro1f") and TROFF ("tee-ro:ff") are 'the basic tormattlng sys-, 

• 
tems on the UNIX tlme-sharlng systém [Bell Laboratorles 83). In order- to under-

stand the ~ docunîent~tion system better, the main Ideas behlnd' the UNIX 
! . ' , 1 ... 
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. thne-sharlng system wUl be dlseussed brlefty. The designers or the UNIX tlme-
,) ," 

'sbarlng began wlt.h the assumptlon that prpblem solvlng would be Ca.ellitated by 

\ " f 

breaklng a maJor pr6blem tnto' several su~proble1l1s. The pro~ëss oC subdlvldlng 
• ~ • 1 

; ~ - () 

could be repeated untU tbe r~ul+l~g su bproblems, were very sImple and' stralght-
, " 

" , 
iorward. Since tbése 'more slIIl'ple problems ~ere basIc to I,many problem~, the 

, 1. 

, 
same methods could 'be. used ,to solve a numbër or larger problems. Thus UNIX 

1 \ ' 

\' . ~ 

èvoJved the Iwportant Ideà ot. ~ulldlng ·programs on ,top or other programs. For 
• \ ... 1 t ~ .I~ 

• '" '0 
\ l) • ~ , '\ / 1 

the Idea or problem sOlvlng by repeated prÔbleÎIl decomposltlon to be worth con-. , 
siderlng, the UNIX Ùme-sharlng system had to provlde soine' me ans ror r~con-• , . , . " 
strhctt~g ,tp.e sohitI~ns or tjle 'many siIl>:problems ln order t? produèe the final 

solutIon. The mechantsm that combines aIl the smaller solutl?DS In'to one ls called 

the "''plpe'''ln UNIX. 

NROIi'F and TROFF are baslcally the same program and '\Ylll accept the .' 
~ , , 

~ 1 (l • \, 

same Input descrIption language. l'~ reason roI' hav\pg ;twp systems l:? that theIr, 

f .' ~ ~ • 

output de-V,lces are dlfIerent. NROFF ls deslgned ror typewriter-Ilke devlces alld 
j~ " .. 

t gs t 1$ l , • .1 

1'ROFF 18 deslgn'ed' for phototypesetter-llke devlces. They accept most or the 
, ,', 
~ ) \ \'\) 

aame Input lang"llage although NROFF Ignores TROFF commands whlch lt can-
n 

, " , . . 
not ~onour (e'.g. cha,ng.e roq~ slze). ',Though thls dl~cusslon ls 1:)ase\~ <;'B TROFF, 

" 

most or the comments apply' to NROFF as well.~ 
l "" i, ' .' , , 

: ~ ,~ l 
TROF,'F ls the most dl~cult" (ormattlng 19:ngUage dlscussed thu:s taro It Is a 
- , ' , ! ~ " t 

very .loW-lev~l langu'age, :and sOÏnè of the layout.'commands are 50 tedlous and 
.. t • 1,/ 

, 
hard to remetn~er that they' àl'e not J lÏltended ror human use. Desplte the 

, , 

, i 
mmcult:t and coml>le~ltY., TRO~Ft 18 still bel~ used because It provldes all the 
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tools (rormattlng commands) needed to Cormat almast ~y klnd oC document. 

Slnce 'l'R:0FF lB dlmcult to use, there' are several macro packages created to 

~,help the user. They are the "~s", "mm ,. and ··me" etc. macro packages. Ail 

macro packages are lntended Cor user Crlendllness. They allow the user"c,o descrlbe 
, .., , 

/ 

the document ln terms oC Its loglcal part rather than ln terms or lta physlcal lay-

o~t det~lls. For example. uslng a macro package. a user can descrlbe tltle. head-

lng, subheadlng. paragraph. author, etc., lnstead or speclry1ng the spaelng, font 

type and tont slze oC the document. Moreover, the maIn Ideas (solvIng t.he prob-

lem by small p,arts) oC UNIX tlme-sharlng system also apply when such problems 

as formattlng tables and, mathematlcal materlaIs appear. Several Indlvldual pro-

grams are created to handle dUfe,rent prQblems, Cor example '~eqn" ror mathemat-

Icàl materlals and ·'tbl" for tables. The UNIX "ptpe'/mechanlsm 15 used to com-. 
, , bIne 'ail the partial solutIons. We cali ~hls type ot program "pre-processors" ot 

TROFF. 

In summary. th~ UNIX documentation system Is a very successCul one. It Is 

also the mast powerCul rormattlng sYstem known. The macro packages make It 

user Crlendly and Its "pipe" mechanlsm makes It flexible enough to chang~ or 

adjust to ne~ dem,ands' (For Insta.nce, new pre-processor can be created). . 

1 b' ~ 

TROFF's maJ<?r drawback ls that lts users have to learn several rormattlng 

languages Instead or one. In add1'tlon, they ~Iso have to learn h~w to ~ the 

\ 

UNIX tlme-sharlng sYstem. wHl~h 15 Qulte uncrtendlY to new-comers. The mlxlng 

of macro commands wlth TROFF commands also creates 5Ç)me potentlal format-

ting er~~ Cor Us users. Ir several pre-processors are Invol'"ed, formattlng tlme 

.' 20 ' , 
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( 
can be lengthly. slnce 11'. means several passes oC tbe Input documents. 

2.2 Decl~ative Approach Systems 

Declarative approach systems are based on the assumptlon that most oC 

thelr users wlll have no tlme or Interest ln specU'ylng detalls of the forma;ttlng oC 

thetr documents. In addition, lt ls assumed that users wlll be satlsfted as long as a 

certain quallty and formattlng standards are guaranteed. Normally, a user or 

these klnds of systems wlll only be requlred to deflne the type of document and 

l < 

specU'y lt§..structure (here, structure means the loglcal meanlng of the 'text. e.g. 

paragraph, headlng, tootnote). The syste'm will then produce the flnlshed Cormat-

ted product on a specUled output d~vlce. In contrast to the proceduraJ approach. 

, 

the system, rather tban the user ls the designer or the ultlmate appearance and 

style of the formatted document . .As a result, the 'system 15 !ully responslble Cor 

t~e quallty of the flnlshed product. 

Declarative approaches are belng used ln text Cormattlng systems s9ch as 
11 • 

\ 

BeRmE. GML, ETUDE, JANUS, XEROX's BRAVO and ANDRA. In the follow-, 

Ing sections SCRmE, GML and JANUS wlll he brlefty dlscussed. SCRIBE and 

GML were selected slnce they are the only two systems cO,mpleted and currently 

ln use (at the Ume bC, thls survey). The others are still under development. 

JANUS ts worth mentlonlng because It ts a system whtch 15 belng bullt on top of 

GML. 
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2.2.1 seRmE 
......... -
'~= 

~ SCRIBE was developed by Brian K.Reld at Carnegle-Mellon UnIversIty ln 
'::;;;:::: 

--the late 1970's (ReId 80]. In SCRIBE, the formattlng actions are Invoked by 

decla.rlng the formattlng envlronment. For example, If a word Is to be prlnted ln 

ltaltc ront, the current envlronment Is changed to an ItalIe envlronment ,through 

rormattlng command ··@r· [ReId 81]. (The symbol .. @ .. Is used to Indlcate a com-. . 

mand to the formatter) 

Ideally, users of the SCRillE system only have to speclCy the type and the 

loglcal structure of the document, and the system wlll do the layout by tollowlng 

predeftned envlronment commands ln the SCRIBE database. ThIs lets the system 

do the· tedlous layout work. Ir the users are not satlsfted wlth the result, SCRIBE 

allows them to create new envlronment commands (new ways to format the 

obJect) and to change the tormattlng actIon of exlstlng envlronment commands 

(modU'y sorne of the formattlng actions). The created envlronment command ls 

denoted as .. @deftne ....... , and the command to modl1'y the exlstlng envlronment 

18 denoted as .. @modlCy ........ Moreover, the changes can apply to a local reglon of 

text by uslng "@begln" and "@end" to mark the boundarles or the reglon for 

whlch the commands are valld. 

Generally §peaklng, the number ot dltferent types or documents that can be 

stored ln the SCRIBE database 15 qulte llmlted and the style of formattlng a par
o 

tlcular text type ls based on common practlce. Formattlng ln lo~-level layout 

commands 15 more dlIDcult than formattlng ln hlgh-level commands. However, If . 

a docum~nt type 15 not ln the SCRIBE database, users wlll be ln a situation slmt· 

22 



lar to low-Ievel language formattlng. They will be requlred to deflne a new 

( 
envlronmen~ and then use the envlronment attrlbutes to make It work. Ir they 

t 

1 
! 

are not satlsfled wlth the style of any exlstlng text type, the degree ot dlmculty 

tnvolved ln alteratlon wlll depend on the amount of changes requlred to convert 

, 
rrom one style to another. Sometlmes pfocedural systems are even more compll-

cated to use than low-Ievel systems. Another drawback of SCRIBE ln partlcular 

15 that It can only handle sImple text type materlals. Features such as mathemat-

Ical and table formattlng are not avallable. Desplte aIl ,the dlsadvantages, 

SCRffiE's mechanlsm 15 easy to use. It aise provldes tlexlblllty when the envlron-
t 

ment or style has' to be changed or created. The sImple formattlng mechanlsm 

provldes machIne Independence (portabablllty) and a unlform formattlng style., 

Last but not least, the wrlter's workbench features ln SCRIBE. such as table of 

Cl contents, Indexlng, section numberlng, cross references, blbl10graphy management 

faclllty, are very helpfu'l for Us users. 

In summary, SCRIBE Is a very successful text formattlng system. It provldes 

an alternative to users who do not want to spend much tlme for detallIng physl-

cal layout. j 
1 

2.2.2 GML (Generalized Markup Language) 1 
\ 

GML was developed by C.F. Goldfarb ln the, late 1 970'~ (Goldfarb 81]. It 15 

part of the IBM document composItIon faclllty [Goldfarb 80). Llke SCRIBE. 

G.tv1L ls a text formattlng system uSlng the declaratlve approach. It 15 based on 

mM's SCRIPT formatter (SCRIPT 15 a RUNOFF-Ilke formatter developed ln the 

c late 1960·s). Llke SCRIBE. GML has sorne pre-deftned document types. Unl1ke 
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SCRIBE, however, GML·s maJor concern 15 to provlde methods '00 deal wlth slm-

pie (pure text) document types. The way GML deals wlth a general document 18 
" 

qulte appeallng. It classifies aH possible document elements lnto dllJerent 

categorIes, empty categories to be dlsregarded II). any partlcular document. Flg-

. 
ure 2.1a and 2.1b (GoldCarb 801 shows the document categorles iGML Incl,udes ln 

Its language. 

;GDOC (Gennal Dotument) 

---> :FRONTM (trOM mt.tter) 

--->:TI P (Utle paa;e) 

--> :TITLE (document t1t1el 
f sIn_Je tut lIoe } 

-> :DOCNUM (document Dumber) 
{ aln&le tut IInt ~ 

--> :DATE (document date 
faln&le tUt IIne 

==> :AUTHbR (author', na!pe) 
{ slnale ttxt IInt } 

==> :ADDRESS (addreas oC author/publlSber) 

1==> :ALINE (addrcS3l1nc) 
{ sln&le text Une } 

-----> :ABSTRACT (abstraet) 

1 
< Basic Document Elements > 

==> :H2 fleHI 2 headln, StKment) 
< Basic Document Element> 

. -=> .H3 flCVe! 3 beadlnc seamen') 
< Bule Document Element > 

==> :H4 t'eVeI 3 beadlDK secmeDt) 1 • 
< Baale Document Elell1ellt > 

===> :H& flntl 3 beadlnl Hlment.) 

-> :f'REFACE (preface) 
{same as :ABSTRACT } 

,-... --> :TOC (table or contenta) 

, ' -> :FIGLIST (lin or lIIustratloDa) 

> BODY (maln body) 

1==> :HotPu~ headtnll) .. 
< Baale Document Elementa > ==> :Hl (eht.\lttr headln&} 

{ ume as :ABSTRACT } 

-> :APPENDIX (appendlx section) 

1==> :Hl (nrat-leVel he~lnK seltmell.ts) 
{same as :ABSTRACT 1 

> 'BACKM (bad: matter) 

I~~> ,tU (, .... "", ... ''' .... m.'.) {aame as :ABSTRACT } 

> :lNDEX (Index) 

- 1 < Basle DocumeDt Element. > 
1==> .HCS (ICTel 3 beadlnc IellQent.) 

, < B~'c Document Élementa > 
1 -

1 

FIgure 2.1a Overall structure oC a General Document 

. . 



<Basle 

( 

( 

.. 

ument. Element.a > 

:A00ftESS (addreas) 

1==> :ALIN,E (&ddress lIne) 
{ alncle t.ext. Une} 

...... > :DL ( ennlUon IIst.) 

~=> 

--> 

==> 

:DT (~ennlt.lOn ttrm) 
alnltle text.Une } 

:DO ( ennltlon descrlpL~on) 

1

_--> < Implled paragrapb > 
---> < Dasle Document. Elements > 

:LP (1 st. part) 

•.••• - > < Implled paragraph > 
_ •• _> < Daslc Document Elements > 

==> :XMP (example) 

1

_- > < Daslc Document Elements > 
._--> < IIne elements > 

==> 

{ normal text } 

<ext.ended paragraph> 

t-> < P (parapaph)or Implled paragraph > 
1. normal t.ext J 

-._> < Basic Document. Elements > 
==> :PC (paragraph (ontlnua~lon) 

{ normal text J 

==> :FIG ligure) 

- > < ngure body > 

1

----> <Basic Document. Elements > 
"'il. 

--- > < lin" el~mentl5 > 
t normal text. } 

---> FIGCAP (ftliture captl0f) 
f slnltle text IIne 

--> :FIGDÈSC (fta:ure descr pUon) 

1

_-> < Implled paragraph > 

-.. - > < Daslc Document Elements > 

==> :OL. :UL, :SL (ordered. unordered and Simple IIst.a) 

==> .LI (llst Item) 

1 

__ .-_» < ImplJed paragraph > 
. < Basic Document Elements > 

==> :LP (llst part.) 

1

_··-- > < Implled paragraph > 

.... --> < Daslc Documcnt. Elements > 
==> :NOTE (note) 

< Implled paragraph > 

==> :P (p agraph) } 
{ normal text 

==> :Q (Q ote) 
normal text. } 

==> :HPO hl&hlla:ht. t.'Pt 1) 
normal tex, J 

==> :HPI hl,hlla:ht tnt 2) 
normal text. J 

== > :HP2 hlghllltht. t.1P~ 3) 
normal text. 1 

==> :HP3 bl,hllithlo t.1Pt of) 
normal text 1 

-=> :LQ (long quote) 
< Basic Document Elements > 

Figure 2.1 b BasIc Document Elements 
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In the above figures, some tags lndlcate structure rather than texte for 

lnsta9ce, GDOC (general document) Indlcates the basIc structure oC the enUre 

document, beglnnlng wIth front matter and concludlng wlth back matter. Only 

tags contatntng "sIngle text Une", "normal text", or "Implled paragraph·· may 

contaln text (here ··text" means a sequence of words). The tags ln figure 2.1a are 
\ 

ordered accordlng ta a gen~ral document format. For ex ample, ··tltle page" 
\ 

always appears before the ab~tract, the abstract berore the preface, and 50 on. 
. \ . 

The user must enter tags accordlng to document sequence and aIl tags can be 

speclfted only aCter the parent tag Is speclfled, eg., document type ·'FRONTM" 

can only be speclfled after tag "GD OC" ls speclfied. No orderlng Is tmposed on 

basIc document elements (figure 2.1 b), slnce paragraphs, Quotes, etc., may appear 

a number of tlmes wIthln a document and ln any order. A single arrow (---» 

Indlcates those tags whlch can only be specified once. For Instance, "AppendIx" 

can only appear once ln a document. A double arrow (==» Implles that the 
f • 

ta~ can be repeated, eg: wlthln the appendlx structure, Hl (first level headlng) 

can appear any num ber of tlmes. 

/ 
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FQllowlng. are two examples (taken from (Goldtarb 80)) used to ntustrate how the 

GML tags work: 
\ 

Example A 

:Iq 
:p. Four score and seven years 
ago our rathers brought Corth on 
thls continent a new nation __ . 
:elq 

rormatted output will be Collowlng: 
-~-

-
Four score and sevensears ago our 
Cathers brought Corth on thls con
tinent a n~w nation ... 

Example B 

:q. The observation :q. The 
cold~t wlnter 1 ever 
experlenced was one summer 
ln San Franclso:eq. Is wldely 
attrlbuted to Sam Clemens:eq •. 

rormattèd output will be rollowlng: 

"The observatIon 'The coldest wln
ter 1 ever experlenced was one sum
mer ln San Francisco' 15 wldely 

1 

attrlbuted to Sam Clemens," 

Another goal or GML Is to ensure that any klnd oC document need only be 

marked up once. In other words, the document ls no longer Hmlted to a single 

applicatIon, tormattlng style or processlng system. Ir a user has already 

27 
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Identltled the document elements properly. there 18 no reason ror hlm to repeat. 

the markup processes ln order to achleve a dltferent etfect. GML made thlS pœsl-

ble by the use or proftles prepared by APFs (appllcatlon processlng Cuncttorui). A 

profile Is b a mapplng mechanlsm su ch that the same markup tag can have 

dl1Jerent group of low-level layout comman51s (SCRIPT commands). 

Generally speaklng. GML \s less compllcated than SCRffiBE but has ail the 

advantages or the latter system. For example, It Is easy to use and has a power-
" 

c , 

Cul wrlter's work bench. On the other hand, GML a1so has the same basic dlsa.d-

vantage as SCRIBE, ln that It can only handle sImple for:~s or text documents. 

It cannot handle mathematlcal materlals and sImple lln~ drawlngs. 

2.2.3 JANUS 

JANUS Is an InteractIve formatter under developmenJ, at the mM research 

laboratory ln San Jose [Nlevergelt 82]. Whlle based on GML's concepts, the sys-

tem has sorne other Interestlng features. JANUS dlsplays rormattlng results and 

correspondlng Input text on two, dltferent screens. The formatted output Is 

dlsplayed one page at a tlme. If users are not satlsfied they can use "the joystlck 

to rearrange the obJects ln the formatted output. Once satlsfted, they can then 

get the hardcopy frorn the phototypesetter devlce. The IIlteractlve aspect of 

.JANUS greatly simplifies the rerormattlng process ror the users. Ali batch Cor-

mattcrs mentloned earller requtre users to fix the origInal Input text and retormat 

It. 

Another or JANUS' Interestlng reatures Is Its Internai representatlon of docu-

ments. Documents are speclfied as a ,collection of galleYS. A galley member can be 
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a ~able, a Justlfled IIne, a plcture or any other element ready to be put onto the 
" 

page. The only restrlctlon on galley mem bers 15 that they be'lndJ..vlslble and have 
.ri 

an ordered sequence ln relation to other galley members. The Idea or gàlleys 

sImplifies the rormatttng process, because It breaks the rormattlng problem Into 
, . , 

• two .smaller problems: a horizontal and a vertIcal problem. The horizontal prob-

lem deals, wlth the page wldth. Its main con cern ts wlth dlvldln~ texts Into galley 

members t6 fit the page wldth. T)1e vert1cal problem deals wlth the {)age belght. 

Its main concern Is wlth arranglng the Une gâlley members I~to pages. Another 
! . 

advantage or the galley concept 15 that -1 t 18 easy to· mlx tables and figures, - / ,. 
, ~ '" 1 • j • 

beeause the system can treat them llke any ordlnary galley mexitbe'f 'Wlili dlfterent' " , 

belghts and wldths. 

QuestIons remaln as ta bow JANUS will deal 'wlth the changes efJected 
.' 

through the use of the joystlck. 'The basIc questIon Is whether the system must 
'!:. , 

Chan~~·,·tlIe·· original Input document flle 01"' crea.te a new document tUe. Whlle 
-, 

" -' 

JANUS has a processlng power equaJ to {iML, It has many adva.nta~es ovec- the 
, . ' 

l .. t~er )n terms ot user trlendllness. 
, 

/ 
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'2.3 Coneluaio~·t 
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Tbrough the evolut,Joll" ',stages ~t text, rormatttng- systenls. there has been an 

~ 

• , 

' 1 '. 

l 

.1. 

1 • 

C 

.-. , 

, 'i 

.' 

~ • ~ 1 

"., • ~ e! .. 

, Obvl4?US 5wlteh 'If!>m low-leV'el (prO'e6dural) approaeh sys~ems to. htgh-level • 

'1 

- , 

.... Ir .. " 

(deelaratlve) approacb systems. Hlgh-lev.el· ~stenîs ~re easler to learn and .use: 
~ tI • .. , • ,. ~ • 

1.0 ~ ~~ 
*. ...., \ • ~ , 4 \ - ,,.-

syntax errors -are less l1icel~' Cp ?ceur, tbus reduclng both oost and tlme liîprodue-
• ... ~ '. - ~ • '1 l'· 

• .. 1 .~, • 1 f.. • 

lng tl1e document. In tetms or 'up'datlng, hlgh':level, systems' are less cœtly. slnee 
\ ;, '"-

......... .1''' ... " ' , .,. 

. ~eY are e~ler to reCorm~t than I~~-level systems~ D~tIerent rormattt'ng .;tYles can 
_1 " • 

~astly be achlev~d ln blgb-level approach' systems by slmply changlng the markup 
I~ 1 D 

; .. 
tag deflnltl0..9-Whlle ln low-Ievel approach systems. users have to redo- the" ~bole , 

• Il, • ", • \ • , ' ." 

'document. Slnce hlgb-level systems have 50 mallY ad.V'allt~es over low-level sys-. , . , 
\ \ 

tèms. lt/ Is ;e~pecte'd tbat ln the near rut.ure more sophlstlcated hl"h-level 
~ 1 \-

approacb. systems wliI ~e aeveloped' to satlsty thè needs oC ~~. 
1 

: > 

(1 

.,ANUS 15 the prototypè oC t.he next generatlon 9r ror~attlng systems. 

A1tb~14gb the Idea-of'" Intera.ëtlve text rormatr..tng 1S' Casclnatlng, the problems dis.. 
, ~ - .. , ,~':- ... .., t 

cussèd above temain open. A ' 
l • 

... ' 

FI nally , there are still problems as how 

r 
'j, • 

, l' . 
to enable sophlStleate.d hlgb-level 

, ). 

approach systems such as TROFF or TEX, to lieal wlth, tables and mathematleal 

materlals wtthout lçslng thelr deelaratlvè eharacterlstl~s. . 
, 0<' 

" 
~er havlng e~a.iuated the 'above three ~pproaches' It .was declded that a 

- -~, , 

hlgfi-:level apprQsch would be use(\ for the ~xperlmentar tormattlng SYstem. AI; 

~8S been dlscussed, the hlgh-level system Is more user Crlendly ~han a low-l(;'vel . 
.• _ :. system. but does nqt bave the "ad hoc': problems experlenc~d ln Interactive ror-

" 

1 

, mattlng. 
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CHAPTER THREE .... - ' . 
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, Cl 
, d " . ·Sy~.tem' ~e1ilgll'< /: 

, ~ .' ... 

'. 
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.. '., 

TIlts chapter wlll dlscuss the requlrements s~t for tl1~ expèrlt,n~ntal system. 
$. .'w 

:; - ~ l ,~, ~'': • 

.,;'~ weil as the formattl,ng language used ln the system. FolIowlng 'thls wlll be'a" " - '.',,' 
.;"," " ~ . ~ .. . ... . ." .. 

" 

short dlscusslOli of the basic design oC the system. . . .... 
. .' 

. , 
3.1 · ' 

1 . ', 

~ Th~ maJor goal or. the experlméntal tormattlng system was to, evaluale 
\, . "',' , 

Il _ l " .. '. ~. 

, ,. 
, ' . . -' 

• j" 
- ' . 

whether a text rormattlng system based on a relatlonal model ·~as>.1lexlble or note ' . 
· .' 

, 1" 0' 1 J 

The prime requlremeI).t of the system was to be able' to dea.l wlth ~relatlonal flles 
<, \ : .. ~ ',\ \ l, l " , . 

wlthout vlolatl,*~ ,thé' clos ure propertleS [Merrett' 84a) of algebraie, systems. The, 
, '1" ,,' , 

, " 

user should be able to us~. lt no,t only ta format tex, or,tr\alSd'ta ,~ake advant'a.ge " 
" • , • . ,1.", !~" , ' 

" .. ' ; t,l t" î' . . 

or the relatlonal model, usIIJ,g relatlonal algebra to solve 'sorne otlter lext process-' 
, • P 1 

Ing pl'Oblems suéh as Indextng, spelllng' correction, and' ward frequeIicy CQunt. 
, ......' .. 

Atter assesslng the procedural and declaratlve methods. it 'Vas round. that 

" " , 

'~ , ,/ 
, " 

· : ~ ".~' ':,1 

'. f' . ,. ' .. 
, " 

:. . .. ' ~ .. 
( : .;. " , 

, ....: 1. ~ 

'. -
o ~ • • 

• 
the declal·a.tlve approach' was more sU,ltable to the expe~m~ntal system. Format-

ting declaratlve comrnànds Is less comDl~X, and more systematlc than tormaitlng 
• 1 \,,.. _ 1 

~, ,. 
procedural cOJUlUauds. ThIs makes ImplementatIon or a rehitlonal ~.ased ronnat-. 

ting system easler. Flnally, the tlexlb1l1ty and user rhendllness or the ~~~lâ.ratlve 

'" , 
approaell also ma:kes'lt more appeallng than the pracedural methqd. ". 

" ' '.' ... .' 
'.' 
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. 3.2 Formatting ~anguage 

Due to tlme constralnts" and stnce the major concern was not how ota destgn 

a declaratlve formattlng language, It was declded to adppt a subset of G~'s 

general document deflÏlltlon. GMI:s fOl'mattlng language was chosen' becauSe lt ls 
.;' " 

~ . 

weil deftned and ls eaSY to extend to the complete set ln the future. The subset of 

GMVs general document language was adopted lnto the expel'lmental system as 

shown ln figure 3.1: 

:gdoc (General Doculnent) 

-+--> :frontm (front ma.tter) 
1 F 

... --> :tltlep ~tltle page) 

--~ :tlt.le (docugJ.ent tlt.le) " 
{ single text line } 

--> :docnum (document numôer) 
{ single text Une

o 
} 

---> :date (docume.nt date) 
{ single text Une } 

==<= > :aut.hor (aut.hor's name) 
{ single tex~ :Iln~ } 

== > :address (add,ress or a.uthor /publlsher) 

1= ' i> :a11ne (address Une) 
, { single text Une } 

--> :abstra.ct (abstra.ct) 

1 
< Basle Document Elements > 

< Basle 'Document Etemeot > 
==> :h3 (level3 head!ng segment)' 

==> :h2 Ilevel2 headloi 8egmen~) 

1 < Basle Doeument Element > 

-, -> :toc (table of contents) 

--> :body (maln body) 

1· => :hO Ipart headl~,) 
< Baslç D9cument Elements > 

== > :hl (ehapter heading) 0 

{ sarne as :ABSTRACT } 
v ,., 

--> :ap~lx (appendlx section) 

1= ' > :hl (flrst-lev~ï headlnr seiments) 
{ same as :A,BSTRACT } 

'. 

d 

.: 
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-:::: Basic Document Elemen~ > 

;. . 

. . 

.' , .. , 

=......:> :addçess (addre51S) , ' 

1=1== > :a11n~ (aadress IIne) 
, , { slnglè text Une } 

" , 
= ',> :Î> (paràgrapti), ' 

, { normal tè~t J 
==> :q (quote) • 

, , { normal tt:xt } 0 

" 
:;0==> :hpO (l\lg!lUght type 1) 

{ normal tèXt } 
==> :bpl (hlghllght type 2) , 

, ", { norqtal text } 
. ==> :hp2 (htghllgh~ type 3) 

, { normal text } 
== ~ :bp3 (ht~hlight t.ype -i) 

. { normal,text },\ 

==> ,:lq (loni quote) , 
., < Basic Document Elements > 

. __ - t 

" 

FIgure 3.1 SUbset of GML Formal.tlng Defln~t1on 

~ . 

" 

note: the same ruIes apply as'ln the dlscusSloh of the GML system ln section 
'2~~ ~ 

. . 
3.3 Logical Design of the System 

, 

T.tl~ experl~ental relatlonal text forma~tng system 15 dlvlded Into three 
~ , • If ~ , .. 

maJor colnponents. Th~e ~r~:' edltor. tormattet, arid''dlsplay''drlver, 'as sbown ln 

figu.re 3.2. 

:. 

' .. ex.. . *----~-----* :. t.ex... .---"':"1,--_ ColIIBttèd. *-___ -: __ * 
entered 1 rel&tlObaI 1 stored fontaf.lèr text IdlaPla.vl' c:oocrete 

by' --->1 cdl tor --->. ln" --.-> , bas51 ---> storcd ---~drlYer. --.> outpul 
usf!r *---.------* ~elatlooa.l ' • on~ \ 10 •• -:_~ __ * 

4 (onu ;relac.lœ relatlonal . ~ 
•• '---- ... -:.-- • Conn tQ7 

~.. v 1 

F\gùre 3.2' Relatlonil, Text FQtmattlng System 
, . ~ , . 

,::, .. , 

" . 
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3.3.1 Editor Based on Relations 

The relatlonal edltor ts somewhat dltrerent trom the normal edltor. Bestdes 

pl"Ovldlng normal edltlng lunetlons. It aiSe provides a mapplng runctlon between 

relatIons and normal text files (a strIng or characters). The mapplng tunétlon Is 

essentlal, slnee t~le editor ae~iY stores the Input te~t ln tw~ relations 
b 

("STRUC" and "COPY"). Another dlstlngulshlng character: of thts edltor Is that 
" 

lt 15 synta.x-dlrected. Tbe syntax <?f the 'Cormattlng commands or blgh-level sys-

,. 
tems 15 simple and systematlc and eUmlnates unnecessary formatttng errors. Thts 

~ ... , . 

editor can also use "template" techniques [Teltelbaum 81al~ The "template" 
" 

method ellmlnates typlug errors and 15 more user-rrlendly than other methods. 

slnce the user bas slmply to Jump Into the rlght place-hole and start typlng 

, 
wltbout actually typlng tbe Corma~tlng commands. The edltor also monltors the .Ji, 

whole edltlng process and thus mlnlmlzes the amount oC work Cor the user.· Since 

\ 

It ls not the maJor concem < of thls thests. readers who are lnterested ln tbe rela-
" . 

tloual edltor sbould 'reCer to [Fayerman 84). 

3.3.2 STRUC and COPY Relations 
, 
" 

As explalned ln chapter one:. section 1.4, il relation 'FIRST' composed of ~wo 

attrlbuteS: 'word' and "wordseq' (word sequence), would be able to, preserve the 

Information and support ail the Cunctlons (updatlng, vlewlng. storlng ete.) as the 
, . . " 

, . ~ , 

conventlonal met,bod. However, relatIon 'FIRST' Is not the optimum way. ta 

store tiext ln the relatlonal form. 'FIRST' does not ,take advantage of th~ posslbll

Ity of storlng text aecordlng ta ,ts I?,le~ st.ructure. Ir one, 'more attrl~ute. 'type' . 
(text type) ls added. the type of text eJements can also be stored . 

.. 
.:. 

( 
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e.g.' SEOOND ( type t wordseq t word ) 

') P 12.0 This 
P 13.0 ls 
P I-t. 0 an 
p 15.0 example. 

:~ 

(note: In sectIon 3.2 It was mentloned that GML formattlng language was \.\Sed 
as the f~rmattlng language for the experlmental system. Therefore ln the exam
pics GML text element tag will be used as the text type (l.~. p - > paragrapb):) 

Sinee the maJor goal of the syste.m Is formatttng text, relatIon 'SECOND', 

whlle an Improvement on relation 'FffiST', ls stlll not good enough. Problems 

. , 
sueb as dlstlngulsblng one paragrapb trom another, or knowlng tbat a paragrapb 

- . l 
belongs to one part of a long quote, are solved by addtng three more attrlbutes, 

namely: 'ptag' (parent text- type), 'p_Id' (parent text type td) and, 'c_Id' (chUd 

text type Id), Slnce the GML tags are belng \.\Sed ln the example; 'ptag' or 'ctag' 

are used as the names of tbe: text type attrlbutes. The' rela~lon proposed would 

look Itke the followlng example: 

. 
'-

lq 6 P 10 0- 'Th if? 
lq 6 P 10 1 fs 
Iq 6 p 10 2 an 
Iq 6 P 10 3 example. 

-:. ~~""'-
....... 

r'~ 

Relation 'THIRD' contalns aU the lnforIJ;latlon needed. However, repetltlon of the 

same data value (ln ptag, p_ld, ctag and - c_td) caused It to be ratber 

35' 
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cumbersome. It was declded tQ break relation -'THIRD' lnt.<> two relations: 

'STRUC' and 'COPY', whlch are the Input relatIons (relatIons we metltloned ln 

sectIon 3.3.1) of the' experlmentlng formatter. The STRUC relatIon, as the name 

lndlcates, ls used to store the loglcal structure Information oC the tnp,ut docu-

ment. 

The STRUè relation has ,1.he Collowlng attrlbutes: 

a) ptag- parent GML· tag 

b) pseq- parent tag-ld 

e) ctag - chlld GML tag 
.', 0 

r , d) cseq - chlld tag-td 

, 
> 
" 

C ~ The tag-Id 15 an unIque value ln ascendlng order, whlch s"erves two purposes: 
1 " 

1). It ts used to dlstlngulsb the document elements wlth the same GML tag and 

11). It Is used to preserve the natural orderlng oC the document elements; e.g. the 
\ 

element wltb smaller tag-ld sbould be place~ beforè the element wltb blgger tag-

ld. 

" , 

.. 

.' . 

o 
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The copy relation lS used ta store t.he actual document.. It has th~ followlng attrl-

butes: 

a.) ctag - GML tag 

b) cseq - tag-id 

c) wordseq - word-Id 

d) ward - actual word 

Tlle llnkage of STRUC and ÇOpy Is' made by the attribute CSEQ: For 

example. the beglnnlng oC thIs sectIon wlll be stored as the Collowlng relatIon seg-

ments: 

S'IRLt (PrN:i. PS~, cr.Ni, CS~) 

hl 
h2 

10 
18 

h2 
P 

18 
lU 

qFY (crN;, 'CSEQ, VOIDS&2, w::m> ) 

h2 
Il'2 

'h2 
h2 
b2 
P 
P 
P 

18 
18 
18 
18 
18 
19 
19 
19 

o 
1 
2 
3 .. 
o 
1 
2 

Logi cal 
Design 
of 
the 
System 
The 
experimental 
relatiooal 

. --
note :- sequence number was chosen arbltrarlly 
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3.3.3 Formatter Based on the Relations: COPY and STRUC 

The relatlonal tormatter t5 further broken down Into the followtng' maJor 

parts as shown ln F1gure 3.3 

S1Rl.C and ([p'{ 
relations 

1 
.----------------;-------------------------------------------. 

*-------------* 
+----> Il ine / page 1 <----+ 

, ._---~~:~----. , 
font width ront helght 
Infomntion inromntlon 

1 1 
V V 

>1<-.-------->1< •. ----------. line galley .----------. page galley 
user 1 user 1 V 1 galley 1 stored 1 page 1 stored 
inllut-t---> interface -----> fomntting ---> in ----> fomntting --t--> ln 

, >1<---------. .----------•. relatlonal .----------., relatlonal 
. ~~ ~~ 

~ 

.-------------------------~----------------------------------. 

Figure 3.3 MaJor ~Components of the Formatter 

'. 

\ 
\ 
\ 

! 
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3.3.3.1 User Interface 

, The user Interface part was deslgned tt> allow the user to modltyothe rormat- . 

tlng optIons and Is the only communicatIon brIdge between the user and the ror-

matter. The options the' user may change are: page slze, font slze, rormattlng 

rules. document type, fOl'lnattlng style, and output devlce. In order to satlsCy 

dHIerent needs and ta make the system- as flexIble as possible, a "swltch board" 

was used. Each GML formattlng command has a set of formattlng rules. The user 

has the cholce of uslng the deCault option or selectlng the one he/she' needs. The 

default option 15 dec1ded accordlng to the document type speclfled by the user. 

The Interface routIne ls d~slgned wlth the novIce user ln mlnd and many options 

are lnvolved. It was declded to use the "template" method lnstead or tlle con-

velltlonal llne-orlented method or menu drlven type technIque. Ideally, the user 

(' 
has a full page of options wlth the default settlng. Options are ordered accordlng 

to tllelr natural dependence. For example, slnce document type wlll declde the 

default cholce of the swltch board, the optIon of document type should go berore 

the option of swltch board. The Interface mechanlsm works ln the, followlng 

Casll10n: Ir the user Is satlsfted with the default settlngs. he/she can jump ta the 

next page of options by slmply hlttlng the return Key. Otherwlse, he/she can 

lump to the place-hote and make changes. -This method makes the user Interface 

part extremely Cast and user fl"lendly. 

30 
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3.3.3.2 Line/Page Break Module 

One of the maJor tasks of text formattlng Is to break down paragrap~ tnto 

nnes and tllen lnta a "rlgld area" wIth leCt and rlght marglns belng allgned. ThIs 

"breaklng process" 1s essentlal for any text longer than the avallable nne wldth. 

The effectlveness of thts process has a tremendous Impact on the appearance and 

qual1ty of the flnlshed docum.ellt. Since a poorly broken document wlH dlstract 

the attention of the reader from the document, It Is clear that the breaklng rou-

tlne Is vital for the development of a document preparation system. The possIble 

solutions to thls problem are the followlng : 

1). line-by-line approach 

~ ~ 

The conveIitlonal way to solve the Hne breaklng problem Is by asslgnlng one 

word at a tlme ta the current hne. The word 15 accepted If the addltlonal word 

wldth does not exceed the preasslgned llne wldth. Otherwl5e, thls word 15 

/ removed from the current I1ne and placed at the beglnnlng of the next followlng 

Une. The whole process keeps on untll the last word of the paragraphe To sum- " 
.. . '."t" 

marlze the llne by llne apll'oach we present the followlng algorlthm. 

40 
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LINE BY LINE ALGORITHM 
--------------_._---------------
Input '\ 

n = total number of words ln the paragraPh~ 
slze = deslred Hne wldth. 
word = array used to store each word wldtll. 

output 
Hne = array used to store the break points. 
Hne[a) = total number of nnes generated. 

Ume complexlty 
O(n) 

Step 1 /* Inltlallze */ 
1 := 1; lIne[O} := 1; wldth := word[I); 

Step 2 /* calculate Hne wldth */ 
whtle «wldth < slze) and (l <= n» do 

beglll 
1 := 1 + 1; 
wldth := wldth + word[l) ~ 

end; 
If (wldth > slze) 

then goto 3 

else If (1 > 11) 
then 

begln 
Ilne[o} := 1 - 1; 
termlnate; 

end 
else 

begln 
t := 1 + 1; 
goto 3; 

end; 

Step 3 /* need a new Une */ 
Ilne(lIne(OJ] :-=- 1 - 1; 
wldth := word[l}; 

1 llne[O]:= I1ne[OJ + 1; 
goto 2; 

o •• 

_... ..' ._---------_..:._----_._. ----

, . 

.. 

, 
1 
\ 
\ 
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! . \ , 
. Ezample 1 

/ ! 
• 1 

The paragraph below Is for demonstratlon purposes on~y: 

"The conventlonal way ta solvel the llne breaklng problem ls by 
asslgntng one word at a tlme to the current Une." . 

Th~ above paragraph Is translated Into an array "word" whlch Ig the Input 

to the Une by Hne algorlthm. Array "word" contalng the wldth of each word ln 

the paragraph. 

Input ta the algorlthm are :-

word = 3;12,3,2,5,3,4,S.7.2,2,9.3.,!4,2,1.4.2.3,7,5 

, . = 21 

\ slze =35 

The algbrlthm performs the followlng calculatlon. 

-- l, 2, 3, 4, 5,6, 7, 8, 9,10,11,12,13,14,15,16,11,18,19,20,21 
word = 3, 12, 3. 2. 5, 3, .of, 8, 7, 2. 2, 9. 3, 4. 2, 1, 4. 2, 3, 7. 5 
wldtb= 3.16,20,23,~O,33,38 ' 

4.13,21,24,21,31 
0,13,18,21,23.28,31,35 

The output array 'Une' has the Collowlng values. 

line(O} =4 
line(1}=6 
line(2J=1l 
line(3J=10 
line (4} = 21 

/. total nwnber of lines */ 
/ ......................... / 
/* Ia.st word of */ 
/. each line */ 
/ ......................... / 

42 
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,1 

NOM' tl1e production or- the Cormatt.ed output 1s 'trivIal. 'Anotber routine can be 

( uSed whlch tàkes the contents oC array "Ifne" as Its Input aod prod:uceS "he (ollow-
.. '" . ~ . 

Ing output wlth len ànd rlgbt Justification and dl~trlbutes the extra.spaces ln..a 
, 

1 

random mariner:' , 

1 -. The convention al way ta solve t.he 
L -Une ,breaklng problem Is by 

asslgnlng one word at a tlme ta the . ' CUl'rent IIne. 

2). dynamic programmi,ng approach 

~ .. ! 
The next posslble cnolce ror the Une breaklng problem Js. to use the so-eal~ed . , 

dynamtc programmlng approach (Sedgewtek sa). When a seqllence or wo~ bas 

( , 

ta be broken lnto two or more Unes. the dynamle programmlng approach can 
~ " 

, . 
help to break th~ Unes ln such a'way that ~hey are equ~JY' used up 'or very nearlY .' . 

\ ' . 
50. The concept Is simple : ail J~lble pèrmutatlons and combln"tlons oC endlng 

, 
words Cor every Hne are calcqlated and the resutts stored ln a table (cost matrtx). 

1 • 

Once aU possl b,le solutloI\S are' round Il. 15 sImple to determine, the best" way to 
, . 

" 
~ > 

break the "Unes (accordlng to the lôwest values ln the cost matrlx). The coSt 

vaiue Cor each pOSSible endlng word Is strlct.ly a matter ot ~rsOnal cbotce. For . , 
example. te t.he user dlsllkes byphenatlon he/she can asslgn a "large cost ·~âlue (~r, ' ' , 

- '" ,. t ~' 

, 
lt. The Collowlng algorltbm summarlzes the dynamJc programmlng approach:; . 

" . . 

-t • j , 

, ' 

o 
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... 
~~ :\ 

DYN~IC PRÔG~NG ALGORITHM " 
, ........ 

,.input 
~ . 

n' = total number or words tn t~1! paragraph. 
.. , 

slze = deslred Iln~\"ldth . 
word . àtray used to stbre .each word wtdth .. 

'. 
1 .. output M .. "'11·

d 

~ .. .. 

~nd word ::::!: array used to store the·.opt1mal bre~k .potnts'~J ., . - . 
.t1me complexlt-y' . 

, 
• 

, , , . . 

" 

~~. :The t1me complexlty h;tvolvèd 'in step' 1 ts ft 2. However, the rest of ï 

, 

.. 
• 

'~ . 
tbe"al,gortthm requlres a tUne ,complexlty or order n. t' 

• ~ ~ • .. #11' t 

1J " • ~, ~ • 1 ~ .. 0'1 

" 

s,tep 1 -J* tnJ1,.lallze */ 
cqst[l.j] := 00: 1 = j = O,.l ••••.• n ." 

\ 1" , := 1; l := 1; 
'! 

,'/ top:= 0; 
, preWldth := slze;~ 

preeost":= 0; 
. wldth :~ word(J); 

, ., - - . 
Stet> 2 ' /. test tlnlsh all 1ili~ words or no~ *1 

~ . 
If J = n ," . ', • 

then .,."l- .i ~;' 

{. b~gln' ~ l 

, .. 
tr cost(IJl > precost ' 

, theri. c~t[IJJ := precost; 
Ir no~ emptystack 

" 
then 

l, 

. ~ 

\ 

'beglft '. .' 
wldth := word[stack[top).l); 
1 := stack[top}.l; 

! J ·-{1'· . .- ,.. ~ 

o 

, . . ",l)çe~l~tb{:" ~taok[to~kwl~th; 
preeost := ·stiac'k[top).oost! 

1> 

, ' . 

" 

top -:= top - 1;. . . goto 3 
end 

else goto 6 
. ènd 

etse goto, 3; 
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Step 3 II: ealeulaté eurrent Une wldtb .. / 
J := J + 1; , 
wlO.th ':= wldth + l + word[J}i 
If slze < wldth 

then goto 4' 

'el~e If (size - wldth) <= (size / 5) 
then goto 5 
èlse goto 2; 

Step 4 /* calculate cost value ",*/ 
Ir cost[l,J-l) = 00 

tl~en 

begln 
wldth := wldtll - l - wOl'dU]; 
cost[t,J-l] := (aize -~idth)3' + precost + 46. (widtho-prs,width t ? 

top := top + 1; 
stack[top).l := J; 
stack[top).cost := cost; 
s~ack[top).Wldth := wtdth~ '" 

end '" 
w1dth := wordj$tack[top).l); 
1 := stack[top].l; ~" 
J := 1; 
ptewldth := stack[top].wldth; 
precüSt := stack[top].cost; 
top := top -,1; 
goto 2;' 

",'Step'5 ./* new Hne .. / 
costA ~= (3ize -width )3 + precost + a63 (width -p-rewidt'h )1 

If coSt < costllJ] . ' 
then 

begln 
cost[l,j] := cost;-
top :-~ top + 1; 
stack(top).l := J + 1; 
stack[top).cost := cost; 
~tatk[topl.Wldth :~ width; 

e,nd 
goto 2; 

.. 

"Step' 6 /* flnd best seq,uence oC break points */ 
<use the cost matl'lx to flnd the optimal break point>; 

o 
termlnate. . 

. . . 

, ' 

• 
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" In t:t'bove algorlthm the "~t" 15 de~lved from a runctton '!J;llch ltiselt 18 

deftned as: 

Jô 

dl = dltrerence between de51ted Une wldth and actual nne wldth 
\ ' 

d2 = dltrerence between current Une wldth and prevlous .Ine wldth 

" 1 

~xamPle 2 

Wlth the same Input 9S ln example 1, step 1 through step 5 or-the algorlthm 

will produce a two dlmenslonal matrlx that 15. glVen below (note : blanks ln the 

\ cost matl"lx represent tnftnlty and,only the smallest cost values w.tll be s~red): 

~L 

\ 
) 

i \j 11 ." 5 6 ... 10 , 11 .... 17 18 19 ~1 

---------------------------------------------------~-
l' 432 16 

6 ~ 776 .504 
7 744 

11 
12 

18 
10 
20 
21 

i = st.arting word of t.he current. line 

J = endlng word of th~ current line 
J' 

867 '\)03 
874 568 568 • 

Oost Mattiz 

46 

867 
568 
568 
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In order t.o produee the above matrlx; the al~Orlth~ wlll do the tollowtng 

calcula.tlons. 

, f 
j =1, 2. 3, 
\\Ord = 3,12, 3, 

" 

4. 5. 6, 
2. S, 3, 

7. 
'l, 

8~ 
8, 

o ,lO. 11 ,12.'13 ,14,15.16,17,18,10.20,21 
7, 2. 2. 0,3. 4. 2. l, '4,2, 3, 7. 5 

widt.b= 3,16',20.23.20,33.38 prewidth = 35 
4,13,21,24,27,37 

0,13.18.21,23,28.,31,35,43 

3. 8, 17,25,28 ,31 . 41 

" . 7,13 
3,lI,17 

2, 6,14,20 • 

0,13,18.21.23,28.31.35,4,3 
7,13 

3,11.Ù 
2, 6,14.20 

2,12,16,21,24.26.31.34.38 
3,11,17 

2, 6.14.~0 
\ 

Stack used ln tbe calculatlon. 
rr" 

10 003 34 13 12 
18 867 31 12 13 
20 568 35 11 8 
l~ 568 31 10 0 
18 874 28 9 10 

,{-~I .12 504 31 8 7 
11 . 776 28 7, 11 
20 1256 35 ... 6 3 
10 872 31 5 4 
18 1088 28 • 4 5 
I~ 744 27 3 2 , 

7 16 33' 2 1 
6 .32 20 . 1 6 

-~-----~---_._---~---------~ 
cost widtb push pop 

precost 
o 

. 16 
74~ 
1~S6 

872 
1088 
432 
504 
568 
568 
814 
776 
gga 

867 

1 
" 1 

\ 

.i 
" 
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Each row oC the matrlX Indlcat.es t.he stut.lng word n,-mber or a partlcular 
1" 

lIne, wheress t.b.e column tndlcat.es t.he endlng word number of t.hat. llne. Stnce the 

total number oC words ··n" ln the paragraph Is kn6wn, the' mlnlmum~ cost ts 

tound trom 't.he n " colu~n. The 'Correspondlng row'lndlcates the startlng word 

lllJmber oC 'the last l1ne. The precedlng Ilne's endlng word number Js equal to the 

CUrl"ellt row's startlng word number - 1. Tlie same process 15 then repeated untll 

\ 
the nrst 11ne ls reache4.-',,--_______.. 

\ / 

A routIne acceptlng the "cost" mat.rlx as Input can be used to prOduce the 

Collowlng Cormatt.ed output: 

Tll~ conventlonal way to sol~e 

the Une breaktng problem 15 by 
e 

asstgnlng one word, al. a tlme to 
the current Une. 

By comparlng thls wlth the output from the ftrst algorlthm.~·lt ls cleu that 

'" . r; 
tpe dynamlc programmlng has produce<ta better result . 

. 3). The Heuristic Approach [Knuth and Plass 'Sa) 
....:i , 

The lIne breaklng algortthm developed by Knuth and Plass ts also based on . . 

the dynamtc programmlng approach. The basIc )dea ot t.he algorlthm ls the same 

as the dynamlc programmlng approach : calculate the cost value of eacb feaslble 

endlng wor.d (break point.); store the cost, values; when aU the ressible endlng 

words,are calculated, plck the best sequence or the endinc words~cord'ng to the 

pre-stored cast values. However. the algorlthm dev.:eloped by Knuth and Plass 15 

48 
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, 
somewhat more eomplex than the dynamlc prograDimlng approa.ch. Thelr algo-

( rlthm ellmlnates the most. unllkety combtnatlons, such as éxtremely loose or t.lght 

I1nes. It also dlscourages "wldow Ilnes" (Hnes Wlth only one word). Rather than 

uslng a matrlx to store the coot value, the sySte'ril uses a network structure. whlch 

avolds the unnecessary waste or memory space. Flnally. thelr system glves the 
" 

(' 

user more control by allowlng hlm/her to add addltlonallnrormatlon (control rac-

tors) based on, personal cholce. For example. the usé .. can asslgn a larger penalty , 

value Cor undeslrable break points. 

, 
The followlng example wlll Ulustrate how the Une breaklng algortthm works. For 

slmpllclty's sake the example wlll assume the rOllo,vlng conditIons: 

1) no' automat'lc hyphe nation Involved 

2) tll character wld~hs are e~ual to 1 

3) maxImum blanks allowed (between ~ords) are Cour. 

4) deslred Une lengtb Is 25 

wlth the rollowtng Input para,graph 
, i ~ '\ 

"1 was comlng ~ the Computer Cent~ because t~ \ 
belng comlcal,about. IllY code:' -' _____ ' 
. ~~ 

" .. 

.. 

\ 

. . 

1 , 

! 
! 

,l 
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î 
1 . 
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l 
1 , 

f 

'~*_id *4. , ':f ... 1 

... ___________________ m _____ .:.-_________ ,,_, ,...,.. __ ~..,. __ ................. "'~ 

-
1 WU combl, to the C~putlDC CeDue beea.uee the computer wu belDI: comlcal &boul my code. 

, ! 1 1 2 3 1;f, :; : li 6 7 8 8" ~ 
1 :; , 2 :; - 0 g 6 18 7 1 ~ _7: SI.. 0 

nsure 3.4a: 

\ 

l 

/ 

\ 
AU possible eboices made by the algoritbm. A dotted \ine (-') indicates 
the in reasib le. The flrst number atong the Une' indicates the act.ua.l Une 
widtb, and the second indica.tes the maximum widtb acter the maximum 
blanks are inserted. 
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1 

1 
t 

( 

" 

. Fleures 3.41. and 3.4b shoUld be read Crom len to rlght and rrom top ta bot-

tom. In figure 3.4a the ftrst number refers to the actual number oC chara.cters and 
\ 

spaces ln a Itne. Sloce It Is pOSSible ta Insert another rour spaces between words, 

the second number represents the maximum wldth of the Hne. For example, one 

oC the Ceaslble Hnes runs from "1" to "to". The ftrst number at thls break poInt, 

(15) equals the actual number of cnaracters and spaces. The second number (27) ; 

equals the lliSt number plus 4 Urnes the total number of Interval sp~ces ln that 

Une (4 X 3 = 12). In figure 3.4b the adjustment ratios (rj) are calculated by the 

rollowlng equatlon: 

"Jjvatmcnl ratio (ri) e (Ij - Li) 1 E .tr 

where Ij ls, the deslred length; Li ls the actual lengtll; E .t,. Is the stretcha.blllty 
oC Une J. 

The badnesS values (/J, ) are calculated by the rollowlng equatlons: 

1 . 

The demerlts (6,) are calculated by the (ollowlng equatlon: 

',' 
. !(l+flj +2ri )' + <r j ir 1r; > 0 

Jemerit. (6j )!5i (1+flj)2-1fl+<rj lf-oo < 'Ilj <0 

(l+flj)2 + Oti lf1rj =-00 

where 11" and <r arise trom ;hYphe nation 

/ 

, -;,. .. 

51 



Uslng the same teaslble Ilne example as above (the Une runnlng from ,''1'' ta "ton
) 

( 
rI = (25-15) / (3Xof) = 0.83 

P. = 100 10.8313 = 57.9 

6. = (1 +57 .9+Q<}2 + 0 = 3465.7 

Flnally, to find the best bl'eaklng sequence figure 3.4b should be read rrom 

the ,bOttom to flnd the least ~éj over ail Unes J and then rollow the path back-

ward (rlght to left; bot tom to top) to get ail the break poInts (endlng words) for 

each Une. 

'( 

, , 

î 

o 
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1 was comin, to the Computing Centre because the computer was belng comical about my code. 
III 2 3 4" 5 6 6 7 8 8 9 

15 25 9 g 6 48 71 7 5 14 0 

n,ure 3.o4b: Tbe important information Ca.1cula.ted accordlng to ending ward (break 
point). The values are: adJustment ratio (ri)' badness ({Jj) and demerits 
(6; )'1 
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The Cormatted result (least demerlt) will be Collowlng: 

1 was comlng to the 
COmputlng Centre because 
the computer was belng , 
comlcal about my -code. 

The Une breaklng aigorithm developed by Knuth and Plass Is as Collows: 

THE LINE BREAKING ALGORITHM (general outl1ne) IKnuth and Plass 81) 
-------------------------------------------------

Tlme complexlty 
O(n) 

<create an actIve node representlng the beginning oC the, paragraph>; 
Cor b := 1 to m do 

<le b Is a legal breakpolnt> 
then 

begln 
<lnltlallze the feaslble breaks at b ta the empty. set>; 
<for eâcb actIve node a> do 

begJn 
<compute the adJustment ratio r from a to b>; 
tr r < -1 or < b Is a forced break> 

then <deactlve node a>; 
tr-l$r<p 

then <record a feastble break from. a to b>; 
end; 

<l,r there Is a reaslble break at b> 
tben 

<append the best such breaks as active nodes>: 
end" , \ 

<choose the actIve node wlth fewest total demerlts>; 

&' If q < > 0 
then <choose the approprlate actIve node>; 

<use the chosen node to determlne the optimum breakpolnt sequence> 

---------------------------------------------_._----

54 
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<create an active node representJng the beglnnlng of the paragraph> 

-begln -" 
A := new node(posltlon = O,Une =' o. ntness-':6 1~ 

totalwldth = 0, totalstretch = 0, totaIshrÎnk = O. 
totaldemerlts = 0, prevlous = A, IInk = A); 

P:= A; 
end. 

, 
,-

• 
(for b := 1 to m do <If b ls a legal breakpolnt> then <main loop>J 

EW := EY := EZ := 0; 
for b := 1 to m do 

Ir t. = 'box' then EW:= EW + w, 
else If t. = 'glue' then 

begln 
If "_1 = 'box' then <maIn loop>., 

EW:= EW+ w,; 
EY:= EY + y,; 
EZ := EZ + z.; 

end 
else If P. ,< > +00 tben < main loop> , 

, . 

--------.---------------------.~------------~-----------------

< main -(oop > 

begln 
a:= A; 
preva:= A; 
loop ) 

Do:= D I':= D~:= Da:= D:= +eo; 
loop 

nexta := llnk(a); -
<compute the adJustment rat.lo r from â. ta b>; 
If r < -1 or ,. =-(X) 

55 
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then <deaet.lvate node a> 
else preva := a; 

lf-l <=1" <= P 
then 

begln 
<eompute demerlts d and Dtness e)~ c>; 
If d < De 

... tben' . 
begln 

De. := d; 
Ae. := a; 
lC d < D t.hen D := d; 

end; 
end; 

a:= nexta; 
If a = .A tben exit loop; 
If IIne(a) >= J and J < ;0 then exit loop; 

repeat; 
IrD < 00 

tben <lnSért new active nodes Cor breaks trom Ac to b>; 
lf a = A then exIt. loop; 

repeati; 
ICA=A 

~ 

then <do somethlng drastle slnee tbere Is no reaslble solutIon>; 
end. / 

, ~! 

<eomput.e the ad,Justment ratio r from a ta-b> .. 
L := EW - totalwldth(a); \ 
If t. = 'penalty' then L := L + "'.; 
l := llne(a) + 1; 
lC L < lj 

t.hen 
betln 

y := EY - totatstretch(a); 
If y > 0 tben r := (li - L) / Y. 

else r := 00; 
end 

else.f L > 'i 
t.ben ' 

begln 

'/ 8 

1 

J. ... 1 
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'J, 

, , 

Z := EZ - tot.alsbrlnk(a);' 
ltZ>o- . 

t.ben r := (11 - L) 1 Z· 
. else r := ~;. 

end 
else r:=~. l , 

,l (. 

1 
" 

{ , 

/ .. 
. >. 

, " 

.------------------.------------------------------

< deac,ilve node a> 

begln 
Ir preva = A 

t.hen A := nexta 
else Ilnk(preva) := nena; 

Ilnk(a) := P; 
P:= a; 

end; 

" 

<compute demerlts d and flt.neSs class c> . , 

beglÎl 
1C,. >= 0 

the~ d := (1 + l~lr l' + "') , 
else Ir,. < > -lnftnlte 

t.hen d := (l + lOOlr l')' - ". 
else d := (1 + loolr J')'; 

d := d ,+ q * f. * 1,.. .. ,_); 
If r < - 0.5 then c := 0 
else Ir r <= 0.5 then c := 1 
else If r <= 1 tben e := 2 élse e := 3; 
If le - fltness(a)1 > 1 then d := d + T-

I d := d + totaldemertts(a); 
end;. 

\, 

,1 • 
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'. 

.. 
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" 
Il' 1.1' , 

,<lnsert ne~ active n~es fpr breaks from Ae to p> 

begln , ~. ... ! 

1 ;: 
" 

" 

1. 

" J 
<computé tw ~ (EVI)~/ .... (t)t ty = (E')./acr(t). and tz = (E~').JIU(t»; 1 

for c; := 0 to 3 do i . 
Ir De < = D + "f v' , 

tben. 
beglil ,t' 

s :.-:. new node(iKlslt,lon = b, Une = IIne(Ae ) + 1" 

" 

fttness = c, totalwldth = t,w. totaJstretcb = ty, 

" totalshrlnk = tz. -toiaJdemerlts = De , 
) prevlous = Ac , Unk = a)~ 

" 

end; 

lf preva,F A 
~benA =.d, 
else l1nk(preva) := $; 

preva!= s; 
end; 

\ 

r ~" ...' 

~ . 

/ 

, , 

• t • 1 4 

. <oompute tw == (Ew).I"~(.). t.Y ...:.. (Ey}léJ~;(.); àIl<I':tz -:: .(EZ)./kr(.)~ 
.' 

begln 
tw := EW; ty z= EY; tz := E~; l := b; 
loop 

• J Ir 1 > ID tben exit loop; , . . 
If t; = 'bOx' t.ben exit Ioop; 

• 1 • 1 

If li = 'glUe' à , 

then'" ç 

begln 
, tw ==;= t~ of!. UTj ; 

ty := ty + 'i; 
tz := tz + zo; 

end 
.el~ If 'Pi = -00 and" > b 

. , . tben' éxlt !oop; 

1 := 1 ~ 1; 
re'peat; 

-·end-, . 

<>, 

Il 

, 
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The cOPlparlson ot the three approaehes has clearlY lndlcated that, the 

beurlstlc algorlthm ls superlOh> or the three methodologles belng dlscussed, the 
, 

, 
Une by nne approach ls tbe slmplest one to Implement. However, the output pro-

• • duced by the Une by Une approach usually can be Improved by re-arranglng cer-

tain words ln the paragraph 50 that each Une 1s- equally used up. ThIs lmplle~ 
r 

that the dlfferent Jnterword space oC the varl0us Hnes can be mlnlmlzed and the 

number ?t the output Unes rernalns the sarne as those or the llne hy Jlne 
, \ 

approach. This Improvement Is actuall~ perCormed by th~n'amtc programmlng 

approach. However, the dynamlc programmlng approach·~ also ImperCect. It wlll , ~ 

produce "bad breaklng' points". "wldow Unes" and allows no"optlon Cor breaklng 
\ 

a Une at the point deslred by the user. Here, "bad breaklng poInt" reCers to "8; 
1 

situation such as the breaktng oC "figure 3.1" Into two, separate Hnes. "Wldow 

Une" reters to the'case when tfie-Iast Une only contalns a tew characters (say 5% 
c 

. . 
oC total avallable space)~ Certalnly. wldow Unes and bad breaks are not deslrable. 

Most oC tJ1~se. bad breaks and wldow 'Unes can be overcome by uslng the heurlstlc 
J. 

approach. In Cact, thls approach provldes several advantages. such as: (a) option 

. , 
to break at an~lnt (b) dlfferent 11ne .. wldths can be speclfled wlthln one para-

gpaph (c) total' mimber or Hnes generated can be made greater.or shorter. Also. 
~ 

hyphens can be generated automatlcally ~ecause the algorlthm 15 carl'Ied out on a 
. ~ , -

characti!r by character basts. It waS declded to adopt the heul'Istlc approach 
ù 

" 
because oC Its .greater power and sophistication. as wel1 ilS the.Jact that lt pro-

vides sorne means to help ellmlnate bad breaks' whlch are not provlded by other 

= 

apptoaches. (Slnce page breaklng problems are slmllar to those or Hne breaklng, .. , 

the ~gorlt.hm devetoped by Knuth and Plass also applles) 

t';, .. 1 .. SQ 

.. 
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3.3.3.3 Generate Galley Modules: line-galley and page-galley 
• f 

As shown ln figure 3.3, section 3.3.3, the Une breakJng process (the produc-

tlon of llne galley) and the page br~aklng process (the production of page galley) 
~~ , , 

are separated lnto two dlJferent modules. The reasons for the sepa.ration are obVl-

r---. 
ous: tf\e two tasks are practlcally unrelated. and the separation slmpltftes the for-

mattlng process. Flnally, lt ~he dyn.amlc programmlng approach or the heurlstte 

approaèh were to be used, then the -amount of data (text and tts (prmatttng lnfor-

matlon) needed to be storèd ln the core memory would be enormously large 
~ 1 

(I?racttcally u~feas!ble). The baste tasks of these two modules are the same : 

1). accept input relations 

2). cali llne/page break rou,tlnes 

3). create galley relations 

The output relation, "Une-galley", from the Une-galley mooule contalns ail 

the l~formatlon needed ta dtsplay a Hne. (~e : 

dlscarded at the end of the formattlng proeessJ 

n 

the Itne-galley relation will be 

.... 

1 
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T!te relation "llne-ga!ley" will hav~ the followlng attrtbutes : \ 

0) partname -> used to dlstlngulsh a dlflerent part of t.he ~t 
/-

1) tag 

e.g. or - > means tront matter 

-> GML tag 

°b'~ -> means maln, body 
'a" - > means appendlx 

2) lettspace - > len space 15 needed before prlntlng a word 

3) wordseq - > word sequence number: 
.Y 

4)lIneseq - > Une sequence number 

" . 
5) maxhelght -> maximum vertIcal space needed for a Une 

, 

6~ maxup 

7) word 

- > maximum upper vertIcal space needed for a Une 

e.g. vertical slze of a character 15 deftned ln t.wo 
parts 'up' and 'down', whlch are used for 

.. Ilne-up purposes. 

- > aetual word 

The output relat.lon, "page-g;"Uey". from the page-galley module will contaln 

ail the Informat.lon -needed t.o produce the ronnatted. output (all the Information r 

contalned ln the I1ne-galley plus Inrormatlon needed ta dlsplay a page). 

The relatIon "page-galley" will have all t.he attrlbut.es cont.alned ln the relation 

"l1ne-galley" plus the rollowlng two attrlbutes z 

1) pagenum -:;> pace number J 

, 
2) topspace -> upper vertIcal space needed berqre prtnt.lng a Une 

81 
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S~.s.4 Diaplay Driver 

Slnce the dlsplq, drl~er ~ maehl~e dependant. ~be module- .. as desICDed 

.. Ith the, output devtce ln mlnd. ln order to mue the sys~m easlel' t.o adJust to 

other out.put deVlces. the CunC$lODS of th1s module were kept as ceneral oand sim· 

pie as possIble. They are: 

1). to request the Input relation 

2). to process the Input relation (page plley) 

3). to tra.nslate the loglca! rormatttng commands Into machlne readable torm . 
4). to send the machine re'adable torm to the output devlce 

82 
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CHAPTER FOUR 

1 

Details of Implemel)tation 

Tbls .cbapter deals wlth a descrIption of the host system conftguratlon wbleh 

was ukd to bulld the experlmental rormatter. The programmlng language used to 
, r 

bulld the System will be d~scu.ssed. Then th~ Im~lementatlon go~1 and the output 

devlce for the system will be descrlbed. Flnally, a brlef dIscussion of the Impie-

mentatlon of eaeh Important module will be presented. 

4.1 flost System Configuration 

The experlmental reJatlon-based rormatter Is by.llt on a smalt Cadmus work 

·statlon. The work statIon conslsts of one console, three normal CRTs and one , 

black and white raster graphie termInai wlth mouse lnterrace. The system Is run 

~ by two Motorola Mc68000 series mlcroprocessors: one for the operatlng system 

and the other for the graphIe controller for the graph1c terminal. The memory of 

the work statIon 15 three mega bytes of RAM. Two 65 mega byte wInchester hard 

dlsks are also Included as a secondary memory. A streamer tape and a lIoppy dlsk 

drive unIt are equlpped for back up ·purposes. The graphIes termInal 15 able ta . 
address 1024 X 1024 pixels. the dlsplay sereen can dlsplay 1024 X 800 pixels. The 

rest of tbe 1024 X 224 pIxels are deslgned for pattern storage purposes. The 

operatlng system used on thls work station 18 a multl-user UNIX operatlng sys-

f..em. 
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4.2 Programming Language Used 

The "C" prog!1'-mmlng language was used ta bulld the experlmentaJ system. 

"C" was cbosen because It,ls tbe major programmlng language Cor UNIX as weil 

as the Cact tbat Il. aHows Its user to deaJ wlth both low level obJects (masktng; 

wÇ>rds. shlCtlng ,bIts, ete.) and hlgh Jevel obJects (records. files. poInters. etc.). 

These features' make thls programmlng langua.ge extremely powerfuJ and appea.l-' 

lng. "C" aJso has a simple.- yet extremely emclent filing niechanlsm. There are 

. 
no compllcated file structu~. AIl files are nat files and no special deftnlttons are 

[ 

lmposed on thém. 

, 4.3 Implementation Goal 

Due ta tlme constra,Jnt. It was declded ta coneent,rate on one document t,ype, 

namely book. Only one Cormatt.lng style was Implemented for that type. In other 

words, Instead or an Incomplete system wlth Cormattlng cbolces. Il. was declde~ to 

bulld one complete formatter (based on relations). Even tbough only one docu-

ment. type was used Cor tbe Implementation part. t.he system was developed t.o be 

as general as possIble. 50 tbat. ln the future' m~ltlPle chotce options could, be 

easUy added. For example. tbougb there were no other rorma.t.tlng optIons. tbe 

swJtch board me,chanlsm was still (Plemented ror each rormattlpc co~m~d . 

The deCault. chotee oC each formattlng command on the SWlt.eh board was tbe one 

.. 
tmplemented and was tbe only workable bne. 
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-----,---- -----~--------..-.~~~----

.f... Output Deviee 

The output devlee ehosen for the experlmental system wu the Cadmrs 

graphie terminai. This terminal lB able to dtsplay one page per screen, and the 
.. ~. . ," 

1 maJor goal was ta determlne whether or not a Cormatter based on relations was 

tesslble. For our purpose It was tnconsequentlal whether the Cormatted results 

were prlnted on paper or dlBplayed on 'a sereen. However, the use or the graphie 

sereen as the output devlee proved that the Cormatter eould be devlee lndepen-

dent. Furthermore, ln the ruture the system can easlly be changed to a ,··What 

you see, ls what you get" type or rormatter. Thls lB oC Interest slnee many flnd It 

more appeallng ta see the Cormatted output betore It lB prlnted o~ paper. 

\ 
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4.5 Simple Description or the Implementation 

--- ----
ln thls section, the physlcal storage structure (methods) used ta< store $be 

relations will be descrlbed. ACter thls, the Implementa.tlons of eaeh Important 

module descrlbed ln ftgure 4.1 will be dlscussed brtetly. 

iDPU~ text. 

1 
e-------t-------. 1 pre-proc~ssor 1 
e-------t-------e 

1 
v 

smuc and COPY 
relations 

1 1 
e---- --:----------t- --------- -------------. -------------------e 

.--------- ____ e 
-f----> Illne / pace 1 <----+ 

. 1 1 e-~--~~~~----e 1 
ront widtb font. helcht 
Infonmatlon lnronmat.lon 

1 1 
V V ' 

./ 

6 

e---------e .----------e llne calley e----------e pace calley 
user 1 user 1 V 1 ca11ey, stored 1 pace 1 stored 
Inpùt--t--> Interrace ---:--> fomattlnc :;-> ln ----> ronmttll1& -t--> ln 

1 
*---------- .----------. rela~ional e----------. 1 relatlonal 

. fu~ ~~ 

~ 1 
.------------------------------------------------------------. 

~ 

*----1'----* ' 1 display 1 
t driver t 
e----t----. 

1 
V 

CQflcret.e 
output 

Fleure 4.1 MaJor components of t.he rela.tlonal tormatter 

/ 

-------~--~---~--
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•• 5.1 St orage Structure or Relations 

In thls experlmental Cormatter, relatIons are stored ln n-tuple Corm ln secon-

dary storage. For the purpose of thl5 thesls, n-tuple Corm means that each tuple 

was stored exaètly as Is, wlthout golng through other forms of operatIons beCore 

storlng or retrlevlng. ln other words, If a tuple wlll take 20 bytes ln RAM then 

the attempt was made to use the exact memory (20 bytes) to store It ln secon-

dary storage. However, slnce the structure of the rnernory devlces are one dlrnen-

slonal, ln order to preserve the tabula.' struéture or a relatIon sorne klnd of Indl-

cator was needed to slgnlCy the end of one tu pie and the beglnnlng of another. 

The Indlcator chosen for thls purpose Is .. r"" In the n-tuple forrn, Ir a tuple will 

('.. 

take 20 bytes ln RAM, It wlll take 21 bytes ln secondary storage. 

The maJor advantage of the Indlcator 15 that It allows the tu pIe to be stored 

ln varlous lé'ngths. For example, ln a COPY relation each tuple has the toUowlng 

attrlbutes: CTAG, CSEQ, WORDSEQ and WORD, When the tuple Is stored the 

attrlbutes are stored ln the forms of an 1 nteger (2 bytes), a fioat (-4 bytes), an 

Integer (2 bytes), and n characters (n bytes) respectlvely. In addItIon, 1 byte wlll 

be reserved ror the separator. In thls case, the orderlng of the attrlbutes Is Imrna-

terlal and the slze of each attrlbute Is flxed except for the word slze. The only 

place an Indlcator 15 needed Is Immedlately after the word. Once the slze of the 

word Is known the end of the CUl"rent tuple Is also known. The only dlsadvantage 

or thls klnd or flle structure Is that the file whlch cantalns the tuples cannot be 

processed wlth a normal text edltor. 
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Whlle thls may be a dlsadvantage tor p~esslng It ls an advantage tor me , 

sècurlty. For an unauthorlzed user who does not know the orderlng of the attrl-
';' " 

~utes or the Indlcator symbol, there Is no way he/she can figure out the contents 

trom that file. In other words, the file Is encoded by Itselr, and the key to decod- ( 
&1 

Ing It Is knowledge of the orderlng of the attrlbutes and the Indlcator symbol. ~ 

Besldes provldlng document securlty there are other advantages to thls system. 

The n-tuple Corm saves memory space. In the ASCII Corm (cornmon pra.e-

tlce), Cor every non character type attrlbute (l.e. Integer, real) wlth a value 

greater than or equal to 10, at least one byte, more wlll be needed Cor storage 

th an ln the n-tuple Corm. For example, to store the lnteger 10 ln the ASen Corm 

then one byte 'Will be needed ror the character '1', one byte for the chara.eter '0' 

and one byte Cor thé lndlcator (used to lndlcate the end of the attrlbute). How-

ever, to store 10 ln n-tuple Corm only 2 bytes (lnteger slze on CADMUS) will be 

needed, The Indlcator 15 not requlred, because the size of an Integer type element , . 

wll.l always be 2 bytes. 

In terms of processlng Ume at run Ume, the n-tuple form l~ much m,ore 

emclent than the _ASCII rorm. Followlng are twa examples. one Cor, ASCII and 

another Cor n-tuple Corm, used ta 1llustrate the requlred statements to read ln the 

value oC one Integer type attrlbute. 

, 
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EZ4mpie 1 (data stOred ln ASCII rorm) 

number = 0; 
read("data" ,chartemp,l); /* 'read one, character from flle *l 
do 

{ 
number ,= number * 10 + (ehartemp - '0'); 
read("data" ,cbartemp.l); 

} 
whlle (chartemp != 't); • 

~%4mpl~ e (dat.a stiOred ln n-tuple rorm) '.~ 

read("data", &number, 2); 
, 

• 1 

.\ 

" 

\ 

ln example l, at least 2 asslgnments, 1 eomparlson t 1 mult1p1y, 1 aMltlon. 1 

"-
subtraetlon and 2 read statements are needed. However, ln example 2. only 1 

read statejent 15 needed. T!e same situation wlll be true ror the storage or a 

'nUlnber. 
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4.6.2 Pre-Procesaor for the Formatter 

As alscussed ln chapt.er three, the Input relatIons to tbe tormatter. nameJy 

COPY and STRUC, are generated by the--relatlonal edltor. Stnce tbe edltor Is not 
~ , 

tb-e maJor concern' ln tblS, t.besls, buf~be)Wo relations ror our experlmental tor-
.,. 11;11 1 • 

matt.er' were stUl needed It was declded to buUd 'a pre-p.!~cessor. Tbe Job or tbe 
~ '/ ,. (---::":l 

.. \. 
pre-processor 15 flrst,ly to read a normal fUe contalnlng the GML commands and 

the document; and secondly to produce the tWQ relations. The ImplementatIon or 

• 
1 tbe pre-processor ls qulte sImple. Essentlally, It works on two tables: the 

"command-stack" and "word". Tbe "command-stack" 1:;; a two dlmenslonal table 

wlth thé'~rIlO~lng attrtbute5: ',PTAG', 'PSEQ', '~TAG', 'CSEQ'; where 'PTAG' 

contal~ ,parent "tag name" (GML tag). 'PSEQ' contalns ~he parent tag-Id. 

'CTAG' con,talns chlld "tag name", and 'CSEQ' contalns cblld tag-Id. The 

"word" t~ a one dlmenslonal table. wblcb 15 used to store one ward or tbe "tag 

name", The algorlthm presented on the tollowlng page lB the slmpllfted veri;IQn or 

the pre-processor. 

1 
" 

• 

, . , 
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AlgorilAm 

1). open ~be flle needed to be rormat~; 
1 = 1; top = 0; wordseq = 0; ~agseq = 0; 
command-stack[CTAGl ~(topJ = ··gdoc";, command-staek(CSEQj (top) = 0; 

, 
2). read <?ne cha.racter from the fUe put Into word[O): 

If end of fUe goto 13; 

3). ,If word(O] = .... goto 2; 
;::..::.. 

4). If word(O) = ":" goto 10 

5). read one character from Ole put. Into word[t); 

6). If word[l] = .... or word(l} = ": .. gota 8; 

7). t = 1 + 1; goto 5 

8). wrlte one COpy ~uple; 
wordseq =.wordseq + 1;' 
If w.0rd(l! = ":" goto 10; 

0). 1 = 1; got<> 2; 

. 10)~ look ahead one character; 
/ tr charact.er = U e•• goto 12: 

11). read ln tbe new t.ag name; tagseq = tagseq + 1; 
top = top + 1; 

t 

., . 

command-stadt[PTAG) (top) = command-stack(CTAG} ltop - Il; 
command-stack(PSEQ) (topJ = CO~lPand-stack(CSEQ) (t.op - Ih 
command-stack(CTAG) (top) = new tag name;. 
command-stack(CSEQ) (top) = t.acseq; -
wrlte one t.uple of STI;l.UC flle from command-st.ack[*) (top); 
wordseq = 0; _ gota 2; 

. 
12). read ln the tag name; 

top = top - 1; ,/* pop t.he command-Âack(top) */ 
&oto 2: 

13). close all Oies; t.ermlnace. 

/ 
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Ezample 

Assume we have the Collowtng Input text fl1~ (taken from chapter two of thIs 
t.hesls) 

:body. 
:hO. 
DEMO 
:hl. 
Empty Chapter 
:p. 
Empty paragraphe 
:ep . 

. :ehl. 
:hl. 
Surveyof 
:ehl. 
:hl. 
Exlstlng 
:ehl. 
:hl. 
Text Formattlng Systeqls • 
:p. 

D 

A text rormattlng system .•. program deslgned to de&) 
wJth .•• doéument on a specIfie. medIum. 

or computer hardware and sott.ware ... the popularlty ?lnd 
deslrabmty' ôr text !ormat.tlng syste'ms. 

/, :ep. • ' 

:h2~ 
ProceduraJ Approach Systems 
:p. 

Systems uslng ... text tormattJng problems aré ..• or the 
system wlJl •.. document. The objective ... Js thererore 

necessary tools. 
:ep. 

:ebO. 
:ebody. 
:ecdoc. 

,. .. $ 

, < 
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The outputl from the pre-processor wlll be the Collowlng two relations: 
" Srnu: ( PI'AG PSEQ , CI'AG , CSEQ ,) 

gdoc 0 body 1 
body 1 " hO 2 

hO . 2 hl II 3 
hl 3 P 4 
ho 2 hl 5 
hO 2 hl 6 
hO 2 hl 7 
hl 7 P 8 

hl 7 h2 16 
h2 16 P 17 o . 

<:XPY CI'AG , ŒEQ ,\\CRDSEQ , va:«> ) 

hO 2 0 D 
hO 2 1 E 
hO 2 2 M 
hO 2 3 0 .. 
hl 3 0 Bnpty 
hl 3 1 Cllapter 
P 'lJ 

. 4 0 Bnpty 
p 4 1 paragraph. 
hl 5 0 Survey r 
hl 5 1 of ( hl 6 0 Existing 
hl 1 0 Text 
hl 7 1 Formatting 

1 hl 7 2 Systems 

\ p 8 0 A 
P 8 1 text 
p 8 2 format t i ng 

p 8 8 designed 
p 8 9 to 
P 8 10 deal 

p 8 106 popularity 
P 8 107 and .. 

------:- P 8 108 , des i rabi 1 i ty 

; 
p 17 --.l-8-.-- the 
p l7 19 system • p 17 '20 wi II . 

"' 
p 17 2g document" .. 
P 17 30 • The 
p 17 31 obj ec t ive 

) ~ ---
p 11 78 necessary (-. p 11 70 tools " 

\. 

r • 

• ,1 
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4.5.3 User-Interface Mod!!le 

The user-Interface module was lmplemented as mentloned ln the prevlous 

cbapter. The "Screen' Updatlng ,a~.d Cursor Movement OptlmlzatIon: A Llbrary 

, , 

Package" [BeJl Laboratorles 83J ( a utlllty prograttl on UNIX operatlng system) 
~ , 

was u~d to bulld the user Interface module. This package pro~des Cacllltles for . 
the "C" ,programmer to deal wlth the CRT screen dlsplay and updatlng. DetaIls 

of each page template wlll be dlscussed ln Chapter Bve, sectIon 5.3. 

Followlng Is a general outUne or the algo~)~bm or t.hls module: 

1) c1ear the scre'en 

"2) dlsplay one screen of defautt options; 
m'ove cursor to the "change" place-hple; 
1* default place-hole value equal to NO ./ 

3) accept lnput; 

4) 

1C l~put equal to <CR> goto 12 
clear the, place-hole'; 
echo Input; aceept Input; 1 

whlle (Input != <CR» 
, {' • 1 

, echo Input; 
accept Input; 

" } 

~ 

move cursor to the flrst place-hole oC the optIons 

5) acèept Input; . 
• Ir Input equal to <CR> gpto 10 

6) clear place-hole ' 

7) echo Input 
, " 

" 
", 

,8) _ a.çcept Input; . '" 
If Input. Ilot equal ~ <CR> g.ot,o 7 

.... "',,'" 74 
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0) cbange the current optlon's value 

10) . move cursor tp the next place-hole; 
If eurrent place-hole equal to "change" place-hole goto 3 

11) goto 5 

12.) lf aU derault optIons not 41splayed goto 1 

13) termlnate. 

4.5.4 Line/Page Break Module 

As ~entloned ln chapter 3. se'ctlon 3.3.3b. the Une breaklng a1gortthm 

developed by ft<puth and Plass was Implemented. The algorlthm had to be 

modlfted 50 as to handle our basIc Inllut data structure. (Slnce our appllcatlon 

bandled a paragraph word by word rather than character by character). Onry 

/ 

lnrorma<tlon about word slze, word type and total number of words ln the pal"a-

1 graph 15 requlred. Slnce the application routine Is deslgned to produce the optimal 

break polnts for each paragraph. The Information of word slze and word type Js 

stored ln two separate arrays. In contrast to the Une breaklng algorlthm, the 

. 
word type only Ipdlcates penalty type and box ·type. There are on~_two types 

l , 

because the Input paragraph Is stored ln a relatlonal form and the tnter-word 

space has been assumed to be unique. The InformatIon on the Inter-word space Is 

not necessaJ"Y for our applicatIon. Wlthout the glue ty~e, It 15 'BSsumed that there 

Is a legal break point arter each word. Further, our ~ppllcatlon allows freedom ror 
- 1 

tbe u~e or phototypes,!ltter, CRT and normal' typewrlter devlces for the formatted 

output. A listing oC OUI' Une b'reaklng procedures Is also lncluded ln appendlx A. 

, , 

1 
" 

7~1 
1 j, 

,1 

1 

1 

, 

. 

1 
1 

î 
l , , 
1 

i 
\, 



( 

, . 

. 
Wl1>h the same lnput. paragrapb as ln Example 1 and Examp)e 2 (ln chapt.er 

3. section 3.3.3b). our nne breaklng routlne wlll have the followlng Inputs: -,-

ptype :-
pslze :-

array used to store word type 
array usef,1 to store word slze 

Index ;- (index - 1) polntlng te the last word 

GLUEWlDTH - 1-0 
GLUESTRETCH 1.5 
GLUESHRINK 0.0 
GLUE - '0' 

BOX = '1' 

PENALTY - . '2' 
slze - 35 

FIgure 4.2 lIIustrates tbe result or our llne breaklng routine. 
~ 

*------* 
8----->\ ~be 1 

1 .-----. .-----* 
.-+-* 
1 • 1 --h-. 

10463----------~-->1 ~he 1--------. \ .-----.. l ' . . 
*-+. .----. 

10426---->1 by +-----10538--->1 t.o'+---------+ 
.--f-* .--,,-* 1 

'1 *------* ' .-------* 
17236------------->1 Ume 1-------+------->1 llnè',dl 

*---+---. 
10201--->1. solve 1 

.------* 1 .- .. -----. 

J ' 

.---. , 
65912-------------->\ a +----------+ 
'\ / -' *---* 

*---+---* 

*--f-* 
35135---->t is 1 

*--f-* 

. 1 :' .----. 
416676- - -- -~-- -- - - ->1 at. +-- ---- -- - • . ----. 

FIgure 4.2. This network Is constructed by the program usIng the 
algorlthm developed by Knuth and Plass. It shows the feaslble 
breakpolnts (In box) and number or demerlts charged (numbers) 

, t" " 
when proceedlng trom one breakpolnt to anotlier. Note: thIs exam-
pIe has been represented ln a ne.twork structure as compared to the 
sbortest }>ath graph ln figure 3.4b but represents the same proccss . 

. ---....... 
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Once the network 15. establlshed, It Is trIvIal to ftnd the best ,sequence to break 

the paragraph. Flnally, the same routIne as ln example 1 (chapter 3, sectIon 

3.3.ab) can be used 1iO produce the rollowlng rormatted output. 

The conventlonal way to solve 
the Une breaklng problem 18 by 
asslgning one word aL a tlme to 
the eurrent Une. 

4.5.5 First Pass Module: gallèy rormatting 

,.. , 

The major goal of tbls module Is to generate the temporary Une-galley rela-

tlon. As mentloned above, (figure 4.1) the Input 00. thls module wlll be the COPY 
,1 ' 

and STRUC relations. Slnce the only Instructions contalned ln the COPY and 

STRUC relations are document strl,lcture and types or document elements, thls 

module requlres an understandlng or a number of GML tags. presented ln section 
\ 

3.2. For Instance. the module must und'erstand the ~hlerarchlcal structure oC the . \ 

GML syntax and the loglcal meanlng or the GML tags. A swltchboard mechanlsm 
\ 

must be Impleme'nted ln order to allow for- d1trerent rormattlng styles ror each 
, ~ \ 

adopted GML tag. I~ order ror' thls module \P meet the above requlrements, It 
\ 
\ 

was decloed to Implement each or the adopted\ GML tags as Indlvldual unlts 
\ 

(modules). In othèr wOl'ds, each tag wlll have a unJ~ue procedure (subroutlne) to 
\ 

'" perform the nec!!ssary tasks~ :These procedures process the STRUC and the , 

COPY relatIons and store the Information Jnto arrays, whlch are the Input of the 

Hne/page break module. At the end oC each procedure, Ir the current document 

type ls to be treated as a complete unit, tben 'the correspond1ng procedure will 

.. 
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pass t.he Information arrays to the nne/page break module to break the stream or 

text. lnto lInes and store "be IIne-galley tuples aceordlnc to tbe result returned by 
',\ 

the Une/page break module. For example, •• p •• (paragrapb) and ··Iq·· (long quote) 

~ . 
are complete unlts. but "q'. (quote) and "hp2·· (boid face Cont) are not eonsldered 

complete unlts. This Corm oC ImplementatIon was necessary ln order ta make the 

/ 
swlt.cbboard mechanlsm pOSSible as weil as to Cacllltat.e the adherence ta the GML 

hlerarchlcal schema. 

From relations COPY and STRUC a new relatIon ··LINEGALLEY·· can be 

generated wlth the ,tollowlng new attrlbutes: partmyne. lertspace, Ilneseq, msx-

helgbt. maxup (~e.e section 3.3.3.3). 

The algorlthm presented on the CollowJng page Js the slmpllfted version or 

the Implementation oC the ftrst pass. \ 
\ 

... 

\ 

/ 
/ 
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Algorithm (general ouinne) • 

1) open STRUC and CÜPY files 

, 2) read ln one tuple rrom STRUC relatIon; 
push the tuple lnto STRUC-STACK 

f 3) 
i 

If eurrent tag (CTAG) has no text elements goto 2 
look ahead the CSEQ from COPY relatIon; 

) . 
, 

1 
l 
! 

4) 

If «eurrent (CSEQ) not equal to the CSEQ from COPY relatIon) 
and (CSEQ from COPY relation not ln STRUC-STACK» goto 2 

1* e.g. tag "toc" has no text elements */ 

read ln one tuple from COPY relation; 
If COPY relatIon flnlshed goto 9 

/ 

5) If curren\ tag-Id (CSEQ) from COPY relatIon no' equaJ t.o 
tag-Id (CSEQ) from STRUC-STACK[top] goto 7 

6) calculate the slze Information or the word; 
store InformatIon Into arrays; 

( goto 4 

7) push back the COPY flle pointer one tuple;, 

, " 
i 
1 

"1 
1 

lf CTAG or STRUC-STACK[top] Is a complete unit goto 8; 
look ahead one tuple rrom STRUC flle; 
Ir «STRUC file finlshed) or (PSEQ rrom STRUC flle not equal ta 

CSEQ from STRUC-STACK[top))) pop STRUC-STACK; 
If CSEQ from STRUC-STACK(top] equal to CSE~ from COPY 

goto 4; 
goto 2 

8) cali Une/page break module; 
store the llne-galley,tuples accordlng ta the results 

returped by IIne/page break module; 
look ahead one tuple f.-om STRUC flle; 
If «STRUC file ftnlshed) or (PS~Q from STRUC ftle not equal to "'~ ~ 

CSEQ from STRUC-STACIt(top))) pop STRUC-STACK; • 
If CSEQ from STRUC-STACK(top) equal to CSEQ trom COPY 

goto 4; 
goto 2 

0) call Une/page break module; 
store the Une-galJey tuples; 
close lUes; termlnate. 
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Tbe output relation ("·nne-g~lIey") from thls module, for the COPY and STRUC 

relatlons sbawn ln sect.lon 4.5.2 wlll look IIke the tollowlng: 

1 ine-&alley ( P.ARr , TJG • UFlSP.ItŒ • V(Jl[)5l!Q • LINSiQ • M\1H:JCHr • Mœ,P' • VicJI) ) 

b P 74.75 0 9 19.0 17.0 A 
b P 9.56 J 9 19.0 17 0 text. 
b p 9.56 2 9 19 0 17.0 fonm,u.ln& 

b p 9.56 7 9 19 0 17.0 prognrn 
b p 9.56 8 .9 19 0 170 deslgned 
b p 74,75 1 10 10.0 80 to 
b p 10.77 2 10 10.0 80 deal. 

b' p 7,81 8 19 10.0 8.0 populari t1 
b . P 7.81 9 19 10.0 8.0 and 
b p 74.75 1 20 10.0 8,0 desl'rabi 1 i t.y . 

b Î .p 12.05 tO 32 10.0 8.0 of 
b P 12.05 11 32 10.0 80 the 
b p 74.75 1 .~ 10.0 8.0 syst.an 
b p 7.45 2 33 10.0 8.0 will 

'. b P '7.45 11 33 10.0 8.0 doct.ment 
b p 74.75 1 3-4 11.0 80 Tbe 
b .P 10.65 2 3 .. ' 11.0 8.0 object.lve 

.'. 

. ;,-

'. ' 

80 
'. 
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4.5.6 Second Pass Module: page forrnatting 

ThIs module ls used to generate the page-galley relation. The Implementa

,tlon or thls module ls slmUar to the flrst pa,ss'module. the maJor dure~nce belng 

the problems dealt wlth~ In thls module, the ImplementatIon part Is eoncemed 

wlth maklng the page attractive. Thus, there ls more desIgn dependency than ln ,t. 

the ftrst pass module. The Implementation part ls also structured accordlng to 
"'--~, 

the formattlng rules, such as startlng a new page when tcxt type 15 ""hl'" (chapter " 

headlng). The page-galley relatIon generated by thls module has ail the attrlbutes 

or the llne-galley relation. In addition, there are two more attrlbutes:-

page_number (lndlcate the page number) and topspace (top space needed befOl'e 

Iprlntlng the Hne). The slmpllfted version of the Imple~entatlon can be summar-
1 

lzed ln the followlng algorlthm. 

/ 

Algorithm (general outil ne) , 

1) read ln one tuple from the llne-galley flle; 
Ir llne-galley flle finlshed goto 5 

2) If current document type should' begln on a new page goto 4 

3) store the vertical Information lnto arrays; 
sklp ail tupi es belonglng to thls Une; 
goto 1 

4) cali nne/page br~ak mOdule; 
store the page-galley tuples accor.dlng to the result returned 
by the llne/page break m6ç1ll1e; 
goto 3 

5) call nne/page break module; ( 
store the page-galley tuples; 
termlnate. 

, 81 



""~'~~"""'·.II, 

, -:----
" . \-

{ 
j 

( 
" 

, 
; 

/~ 
1 
; 

, i • 
! ", 

! 

i 
t 
l' 
f 
1 
1 

t 
~ 
1 

l' (, 
i ' 

'" 

" 

! , 
" 

1 
.. 

"" -f 

1 

1 
·f Ct l • 
! 
1 
t 
~ 

;Qlb,!._' PI • Il , & ....-_--...-.~-.-,I"ra_ ...... ~ 

, 

E:tample 

The out.put relatIon ("'page-galley") Crom tbls module, Cor the "lIne-calley·· rela-

tlon shawn ln sectIon ".5.3 w11l look lJke the Collowlng: 

, 
.,.."" .. l1e1 ( MU' • 'DG • Pi'tIN.M. 'ItJ'SP,/'IŒ • IIIOIEKHI' • MOU • lB"I9'JŒ • LINiSl'Q • WHlSIQ-. WH> ) 

b ., 6 ~3& 19.0 17.0 74.76 !».o 0 A 
b P 6 66.3& 19.0 17.0 0.60 0.0 1 ~ex" 
b Il 6 66.3& I~.O 17.0 0.60 0.0 :1 rOmat. ~ 111& 

\ 

b p 6 66.3& 10.0 17.0 0.60 0.0 7 prr 
b p 6 66.36" UI.O 17.0 11.60 Il.0 8 des ped 
b P 6 ".0 10.0 8.0 74.7r> 10.0 1 ~ 

b P 6 4.0 10.0 8.0 10.77 10.0 :1 deaJ 

~o ~., ~ . 
; popularlt1 b P 6 10.0 8.0 7.81 10.0 8 

b p 6 10.0 8-.0 7.81 10.0 9 lUId ' ".0 , 
b p 6 4.0 10.0 8.0 74.75 20.0 .1 d~.l rablll t1 

b P 6 4.0 10.0 8.0 12.05 32.0 10 or 
b p 6 4.0 10.0 8.0 12.05 32.0 11 the 
Il p 6 4.0 10.0 8.0 74.76 33.0 1 à)'at.tm 

b ., ,6 4.0 10.0 8.0 7.46 ~.o 2 will 

'b P 6, ".0 10.0 8,0 7.45 33.0 11. docunen~. 

b p Il 22.33 11.0 '8.0 74.75 34.0 1 'lbe 
b p Il 22.33 11.0 8.0 10.115 34.0 2 obJec"lYe 

", 4.5.7 Display Driver Module 

Œh~\lmplellÎentatlon of thls module 15 the easlest one ln the system. Thé sy&

tem was deslgned so that the dlsplay driver only has to do the foIlowlng: a) use 

the rlght character font, b) move to the rlght place. and c) dlsplay the character. 

It 15 easy for the dlsplay dl'lver ta meet the requlrements. In the page tu pie, attrl-

bute "tag" Indlcates whlch character font to use, attrlbutes "maxhel~ht", 

"maxup", "leftspace" and "topspace" Indlcate where to prlnt the character. 

FlnaIly, ta dlsplay the character knowledge or tbe control sequence ls needed tor 
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t.he part.lcular- out.put. devlce. AS ment.Joned ln the beglnolng of t.he chapter. Il. 

was decl<led to use the Cadmus graphie terminai as the out.put. devlce ror our 

experlment.al system. Slnce the output 15 shown on t.he screen Instead or on 
• 

paper, one more functlon must b~ added lnto t.he dlsplay drIver. This Is t.he wall. 

runct.lon whlch 18 added to allow the users the tlme to vlew &DY p8.rtlcular for-
r 

" 
matted page dlsplayed on the graphlc screen. 

Followlng 18 a general outil ne or the algorlthm of thls mod\lle: 

-Z, ( r j \ 

_ p---~-_ .. _~)- optm thè 'page-galley flle 

\ 

2} clear the graphIe screen; 
àlsplay one blank page template; 
currentJ>age = 1 

3) read/l~ one tuple from the page-galley; 
Ir ~ge-galley flnlshed goto 7 

"i) rr pagenum not equal to eurrent.J)age goto 6 

1 

. .5) move the CUl'SOr to the rlght location; 
dlsplay the word; 
goto 3 

6) accept Input; /* walt for Input */ 

7) 

If 1nput character~qual to "s" goto 7; 
currentJ>age = pagenum; 
clear page template; 
goto 5 

close flle; 
termlnate 
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Examl,le 

l''or the "page-galley" relat.lon shown ln the prevlous section. the out.pU't. from t.he 

dlsplay driver will look Ilke t.he rollowlng: 

, -J 
~I t-
~- j r 

SURVEY OF 
EXISTING 

FOR~1ATTING S~E~-(S 

_. '\-~ ...... §..A, te-xt {'oretattl ... " cyctf'n .c :a CODputrt pro,I'~""" 4e-si,n~d 
-- - '. - ;.;;-~e:al wlt" _hot' p"YCIC21 !:Ifout of' a 'docun~n, on 2 sp~cHic 

. - mrdluca ... Slnc~ ,he: flrae appC'aranGIt' of tt..C" ,(""I(t !orn~, t 'nt &\ Sl~" 
- 7 • 'RUNOf'F ln t"e e2rly 1'}60's_ " con<:idt~ "b'C' :a ""unt of ~~s .. ,,~ch 

- , ~ " .. c- been done 'n t"l& 2r~:a Th .. :Od":ant:a."C's of usint a ... ". 
~ -. t."" _-(or~:at(:ln&: syc'tC'rn ;ar~ obv.iou.s: it saYC's ,.~. rt'duc~s production 
~_ :._~,..!tc-o';t:E -; Is -,racler {or upda«.~n, ::.nd cos.t~ ,~ss rOT Y~{OTD~t,in,. 

~~~,.tf'ëi:;;-n~:'io .. caa-ts -c... e2slly bc achlc"cd. :and output c:an bc 
:')-i?:-.~tpié;du~ed.~OD -d'~~ot'rcDt -de"lces. Th" Increa':ln.: cost of Clanu:oUy 
l~·kr.;-. ~.p"'roailcèd::doêumf!'n~E ... ersus: thf! dt'cr~:as'nL COSt of CODpu~er 
·f:(A.:;:t:~~t€clr:d~~S:e~·IIDd co:ftw:are' ·furt.hC'r COQt .. lbuccs co the poput~ .. ity :and 
~ ~':":!-;J.: dcsircablllty oC teXt forD2ttln, SySt~DS. 
·:·::::;,,:~r[;.~-\.:-:-~::: f -~ 

.. }~~; ... ~~I-;a~: .. thl~ :cur.~y. wC' Ill"C! intC'rC's,~d in the followln, issues.: 
,,_,.-::,':!~l).;:-the_ -f'0t-m2ttln, po ... r of ,he forDa .. C'r. 
'-: -;t<"l~··2).~-thé-·us: .. r Interface. 

,:'11,,:, :~~-~:': .. .J): .. other .. 'te:atur~s rclated tO the docu,?C'n.. suc'" as table- 0: 
.. ". ~ ':. ~~ ... coatent:s, tndEcC's. {ootnOte's :and cross I"C" :·c:-rC'nct's 

'< '- Systems: US"in, t"e -pro~Cdura. 2ppr02ch- (IDV.I"vd :appro:ach) 

,-

".' 

will be comp2red apd con~r"s,~d .0 ,h~ -clccl.r'''''ve "pp~o:och" 

. _ - <hlth-le"'''l .. pproach). and th~ :a~v:an,a, .. s .. od d .... b .. c .. s 0: "'"c,, 
• - system -d'scussed. 

2.1. p'ROCEDURAL APPRO."cn ~nTEl\I::-

1 Systeme us ln, t"e proc .. dural approaè:h '0 , .. xt io .. a .... in,. 
protalet1'\s !lt't!" ... 2s. ... d on tilt!" =-~!tunp'in" tl.::., .h,. u~.... n,· t"~ 

sys,em will ~2nt to df'!".Îl:p ,,, .. ii"21 :app .. ". aue .. n' ,10,. .Inrun .. n. 

s 
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'ïll~~~:~~:!~~~~:~~t'O .......... h.1l .... e ..... t ••• ,.~.o. 1 T'h. wyat.m ......... 4 ...... , th .. l .. 4.,. 

:, fa~au~a~ .,.l' ... ~~'~, . 
.. . , - ~. ~_ .... - .:. ~ .... 

, ,. .':. ~'.-:.(-.-" 

:~-)~\<:'~ ~'-
:;-_~ __ - :: __ .r~~~:.~~~:;~::~_~:_~'~ '_ 
-'-'~ \ploa~u - ,ex, f.f.M:O,_~dD, &7.""""., 
Ca"",atlt. ... _ Th~.~S" ...... ~~y.t ... (<:TSS) 

• "c.I~De4·t.:"aL .. lt"·-U·ll"p"t ..... 
-d ... lce. TSIDC.~" UNorr.n;..a. :d""-e-lop •• '" 

~~èiP, .. t-"",-;;;~t.tc;I~!OIlo,~7~ -"' •• ~ Ja lt.rl;'! •• èy.~t.i!:fa ..... aula,"-
.. titi!;}II) the 'output .d .... ~ .. ~'.ë.~i.fe~ .. UNorr 

- _-f'ora.ttc_r.~~t~,u:o.'4.a~tl'cl.SI .. eIJ 
D :t.xt- ~arn.ttl"I:·.,t"ft::. .. :-cooaerclaUT 

ài.l.j~t",d'l-Y:~ 1: •• ';"U.lly, ·.aythla, _-pr,,'und ·.by ~:.UNOf'T·-c.o 
~~'i., ...... h."" .. d_ ,w'nn"'''ly· loT • - "'71''' .... '''''" 'If.' ... fflch:at tloe> li; 

:~lra:yI."'.d:",,_Hci .. e,.",r, _ KUNOf'F pr" .. e-d: that: ... In,· • : cooput':r to 
.. ork - rcsults ln a Ireat rC'ductlOD o! a.n I\OU1"S 

'--"'-'-'Dit -... CC' SODe ;:of' ."e .UNOf"f" coo';'aDds: 
~:- ~:.~ ~ - - ~~ :. ~;~: . 

,.-,,;~. ,;--,- Q) ~ceD."r- - 'place -t"" obj"co ln t"" c"n'e~ of a lin" 

( 

,1 

... ----- ~~~-t<~, .. 
• • l, 

----------- -----~--- ------

b) 
c:.) 
d) 

e} 
() 

.. ISP~C~ ~ - sl..p '1 of I.n("$ (pr'oduc(" "'t""rtlc~1 ~p:,clnl) 

.indent. # - stcip 1 of &paCf"& (Jnnduce" hO".10n1 :;al .. t.l"lar .n$;,) 

.. undent r - unsL.:~p ~ of Itp:lCf"'~ (r~ducr' hor,l'o~,:a1 ""fI.:ac,nt .. ) 

.=-djust _ s,t:lt"' '~(t ~nd .... 'hot JU-';".ic:.."on 

,no:adju,.;.t _ no ,u&,i.{ic~t,on 

RUNOTT ÎG ob"lously ("~sy tO ust" Tht"r(" ~rt" if"" ronn~n-'ft": 
ll ... cocu:;)aad naQCS ... e ccli' c:xplaoa1.or-y. and ail dcal __ lth the 

',probl.,.,. o! abject place",,,nt. !ta .. " .. " .. , J. U~Of" f"'s: E l"'pllc 1 t Y 
~,ID~ c:c .. .,rQI drawbackc, The "Dall .~t of com",~nd~ Hnits 

';C;,;_thC:;".>Z:.o.'aatdn,'; cap.bUItI",,, (thl .. p~obl"D h cau",,,d loT th", 

la;":D{. ,h~ outpUt d.,,\,lc",). Comr.>ancl nage" arc usuolly lont, 
~~~O~Q c.-e:atelr-. cf-"nce of typine ~r .. o~c. Qnd costlnt MOrt" 

'" :-'exp"rt us~r~.- AlsO, ElnC" 1111 comlllQnds: de QI "I.h th" 
l'Q)'O\lt! of-.tho- PQ,C'. a amall ch ... ,,, ln ~he Input tC'Ot 

_'he, to 1oC' .. C'-or,II"lu·d. 

>c'r ..... ) 

" 

___ ..,... __ - _____________ .,iC-_____ .~.u.!.. .. __.9 ______ .... --~-_-- ~'" --..' 

______ ~ ____________ .-2.-. ______ -------
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CHAPTER FNE / 

Tutorial Ïntroduction 

ThIs chapter wlll descrlbe the use oC the experlmental formatter. Flrst the 

creatIon oC the lnput data flle wlll be dlscussed. followed by an explanatlon of the 

use the pre-processor to generate the COPY and STRUC relatIons. Then the use 
. 

l ' 

or the formatter and the dlsplay driver wlll be explalnedJ Flnally. a lIst of Impie-

mented GML formattlng commands wllJ be provlded and the user will be told 

how to use the commands colléctlvely. 

. { 
5.1 How to Create Input Data File 

As mentloned ln the prevlous chapter, the relatlonal edltor 15 not avallable 

at the present tlme. As an alternatIve, a normal text edltor was used to enter the 

documents and subsequently the pre-processor was used to generate the requlred 

relations, namely COf>Y af.1d STRUC, to the formatter. The text edltors avallable 

on the UNIX operatlng system are "ed", "ex" and "vl" edltors. Tl1e "vi" edltor 
. i .' 

was chosen not only because "v'" Is a full screen edltor, but also because It Is 

easy to use. In the followlng' paragraphs a Cew "vI" eommands wJll be provlded, 

, '4-' 
ànd the way to use "vi" to create' a-file wlll be dlscussed. , . 

The Insert and command mode of "vI" Is sufficlent for our ,purpœ~. The 

il> , , , 

lnsert mode, whlch ls trlggered by typlng the "1" onèe, villl allow Its user J,o enter 

.~ 
. \ 
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any PTlntable texte To exIt the Insert mode. the USer must press -Gown the 

<ESC> key -onc;.e. The command lllode Is the home mode or "vI", whlch Is 

peslgned ror modll'ylng texte 

. 
The rollowlng Is a partIal llst of "vi·' command mode commands, suIDclent ror 

the new user. 

- move cursor to the lert 

2)J - move cursor down one Une 

3) k 
, ,: ) o _ J 

- move cursor up one Une --<../ 

4) 1 - move cursor to the rlght 

5) x - deJete the character p"olnted to bY cl,lrsor 

6) dd - d'elete the' lln~ pOlnted to by cUI'sor 

. 
7) u - undo prevlous op~l'atlon 

8) 1 - enter Insert mode 

<u) :wq - save the flle and then exIt the "vi" edltor 

/ 
,ri 

• \ 1 • 

--------' 

nt , 

1 - \ 
1 
~ 

'" 
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Tbe followlnc as a demonstrac.lon or t.be ereulOn or a new· ftlé: 

UNIX-> 
aaer-> 

UNIX-> 1 

... -> 
UNIX-> 

aaer-> 

,- DOt. ecboed _, 
,- prompt. 'rom t.be ~ ., 

"examp1e" INew Ale) 

\18er -> <1:> 
\18er ... > ;Cdoc. 

.J 

:flOntm. 

:etronlm. 
:bocIy 

:hl. 

''W 

Tutorlal IDtrochicUon , 
:p. , 
ID 'this cbapter ... .......... . use the tommàftd ·cIoilecttYeW. 
:ep. ' 
:h2. 
J:Iow t.o Crea~ the Inpùt Dat.a. Flle 
:p. 
A$, menUoned in tlle .. sklp te) nex( section. 
:ep. 
:p. 
Tbe editor'''y,i'' .. . .... ~mniands.. 
:ep . 

·eb2. 

:ebl. 

:eappendlx. ' 
;ecdoc. 

, , 

<ESC> ' ',. ,~.,oat.oI Ute iasen'mode _, 
:wq <cr> . ,. san t.be Ille aad tAmniDat.e Ule ecllc.or _/ 
"aample"'(New AIeJ "Illies. *eIlanc:œ .. 
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Once \ a 'Ue 15 creat.ed, the "vi·' edltor ~~an _ be used to modU'y It. To modU'Y' an 

exlst.lng fUe, Do user has merely to type "vI fllename <CR> ,. and the .'Iy1" ed1tc?r 

wll1 be a.ettva.ted~ The user wlll then be ln the "v," command mode ln whleh he 

ca.n use t.he cursor movement commands to move t.he CUl'SOr to t.he rlght. pÔsltlon 

to make the deslred changes. 

5.2 How to use the Pre-Processor 

The pre-processor ls sImple to use. After slgolng on to the system. the user 

has merely to run the pre-processor. Tbe pre-processor 15 actlvated by typlng the 

"pre-processor's name < CR> ". or course, the user bas to make sure tbat the 

pre-processor Is ln his/ber eurrent dlrectory or 15 ln the system dlrectory. Once 

the pre-processor has been' actlvated. It wlll ask ror the Input nie name or the 

document needed to be rormatteld. Tlle pre-processor w1ll produce the eOPY and 
A 

STRUe relations ln the eurrent dlrectory under the file name COPY and 

-STRue. 

IJxample: 

UNIX-> % 
user -> gen_copy<cr> /* actlvate the pre-processor */ 

1 

Pre-Processor - > , enter Input. tex,,"- fUe name - > 

user-> example<cr> /* document. needed to be rormai'~d *'" 
" UNJX-> % ,* return from t.he pre-pÎ'OCesSor *, . , 

• 1 
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5.3 USer Interrace wit.b t.he Formatter 
/. 

Once the relat.lons COPY and STRUC are ready. thé' user can actlvat.e the 

rorm~t.t.er by typlng urormat.ter's name < CR> ". The rormatter wlll Dm clear 

o '1 

the screen and then prlnt out the ftrst page or the avalJable default options. One 
• u . . 

page or the screen ts assumed f,o contaln 24 nnes vertlcally and 80 columns hor-
~ 

lzontally. It Is assumed that a normal CRT 15 be1ng used wlth the graph1~ Lerm)-

.. 
nal beslde It. However, Ir the user wants to use the graphies termInaI as the only 

communIcatIon devlce. the rormatter w'm 1 SLUI ac!ePL lt.·. In 'such a case. ~owe~er. 
- l ' 

even thoug.h tbe' grapbles termInai ~~n dtPlay 6~ nnes p~r screen. ~be formatte~ 

will only use the ftrst 24 nnes.' Slmllarly. or each IIne the formatter will o~ use 
{ , 0 

• 1 

th~ ftrst 80 columns (note: th15 15 only' for dJsplaylng the optIons. It 15 the' dlsplay 

. 
driver 'Whlch dlsplays the .rormat'ted text.)'1 

1 

The Interface always starts ~t the j'CHAN(êiE" place-hole whlch asIEs the 

user whetheri' he/she wants to make ~hatges to the. current page. or not. If no 

changes are requlred. the user slmply hlts the return key once. The Interface rou-, 
, 

ttne wlll go to the next page of derault ptlons. Ir the user does want to make 
'", 

some changes. he/she has to type "y .. or ·V·· ln the ftrst place-hole and then use 

t.he return key to Jump to the place-hole here the change Is deslred. 

, . 
, 

..". . 

. , 
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The (otlowlng are examples or the actual screen dlspla,y of "be four pages of 

derault optIons: 
• 1 

............................................................................... · . - / '. • Default.s for the Relations ," ~ __ > 1'1) • 

• • • • 
• • • • • 
• 

Input Rœlatlons 

oopy --> copy 
S'IRUC --> strue 

• OUtput Rœlations 

• • • • .'. • 
• • • • 

LlNE galley --> line...lalley 
PAGE galley --> page..;ealley 
TABLE oC C:ûN':rENTs --> tableoCcorîtent 

wldth height uni ts 
----,,--

Page Size --> 650 • 797 pixels 

MK;1l'S 
-.-----l,elt 11.5 % of the page width 

b rlgbt 11.5 % of the page wldt.b 
c top 5.6 % oC tbe page beigbt ~ include 
d bottan 5.6 %of the page heigbt Include 

II'" 

page numer~ , 
pace numer 

• • • • • 
• • ... 
• • • • • • • • .. 

• 
• 
• • • • • • • 
• 

• ŒW'Œ --> 1'0 • • • • • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Page 2 

i 
,\ 

i 
,1 

1 

'1 
) 

t 

î 

1 
r 
1 



! 
·1 
j 
( , 

\ 

( 

~ 

, 

• t 

q. 

( 

.. ~ . 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• # • • GJAN:E --> f\O • • R:JMo\'ITIl'G fI.llS • • 

1 ~:~~~~~~~ 1 ~~~~~~~~~~~I~~-:~: -~~::~~~~ • • • • • • Headlngs hO hl h2 h3 h4 h5 hG • • ---------- • • Begin a new page yes fe;:; no no no no no • 
• -- .... -- • 
• Headlng Inllne wl th text no no no hO yes no yes • 
• \ • .. I-leading Q1pl tal 1 zed yes yes yes no no no no • 
• • 
• Hlghllght type (BJU» yes ycs yes , yeff yes ycs yes • 
• • 
• lleadlng Nllbcred no ycs yes yes yes no no • 
• • 
• Table or Cbn~ents Entry yes yes yes yes yes no no • 
• • 
• • 
• • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Page 3 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Swl t.ch Board (Deraul lo ~t.lons) • 
• • • ,. 
• • ., 1X:S 0Pf1c:r:s Tx::iS ŒTI<Ni .. 
• ------- ------- • • 1 rrontm --> 0 2 tltlep --> 0 • 
• 3 address --> 0 4 - body --> 0 • 
• 5 lq --> 0 6 abst.ract --> 0 • 
• 7 appendix --> 0 8 aline --> 0 • 
• 9 aut.hor --> 0 10 daloC --> 0 • 
• 11 docntlll --> 0 12 hO --> 0 • 
• 13 hl --> 0 14 h2 --> 0 • ... 15 h3 --> 0 IG hpO --> 0 • 
• 17 hpI --> 0 18 hp2 --> 0 • 
• 19 hp3 --> 0 20 P --> 0 • 
• 21l 

q --> 0 22 tl t.lc --> 0 • 
• 23 toc .--> 0 • 
• • 
• OJAN:E --> 1'0 ,. 
• • · ,. _ ...........................................•.................................. 

Page .. 
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The Orst p.age Qr the deraull. optIons Is concerned wlth the Input and output 
1 

relations as weil as the dlsplay devlcc. The user should check the screen ror the 

file names (relation names), and the output devlce name. 

The second page of the deCault options contalns the derault settlng tor the 

text type, page slze and marglns, The text type will he "book'" whleh Is the one 
/' . 

lmplemellted and whlch should Ilot be changed. The ùnlts of the page slze will be 

, 
ln pIxels, the derault value 15 cqulvalent to the paper slzç 8,5" X 11-, ThIs value 

may be changed by the user, but 11. 15 the largestr.slze the graphies screen can 

handle for one page per screcn. The other derault settlngs on thls page are tor 

marglns, Marglns Include the lertt rlght, top and bottom marglns, whlch users are 

able to adjust. 

Page t'hree' of the default optIons contalns the derault formattlng rules, 

w~lch at'e the general formattlng rules for the document, For example, there may 

,be Questions such as "Should the system start a new page at headlng level 2 ?", 

or "Should the fOl'matter numbel' the headlngs?", etc. 
o 

Flnally, the last page of the derault optIons Is the' default settlng for the 
o 

swltch board. ThIs pagc Is conccrned wlth the roqnattlng style. As mentloned ln 

the pt'cvlous chapters. the swltch boat'd combines dHTerent "routines to achleve the 

final document style deslred by the user. DIfferent cholces of each routIne for a 

pal'tlcula .. formattlng command Is deftned by a number, NUlnber 0 18 the derault 

'Optton. For the Ume belng. the default settlng JS the only cholcé- provJded to Its ,: 

users. 
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Once the user has selected the optIons, the system will st art formattlng the docu~ 
, 0 

ment accordlngly. UnJessochanged by the user, the output ftle name of the page-

galley will be "page-galley". When exccutlon ls completed, the formattcr wlll 

return control to the UNIX operatlng system. If an crror occurs durlng the for~ 

mattlng proc~ss" the formatter will prlm;- tbe-error message on the CRT and ter-

mlnate ltscl( . 

Example: 

UNIX .. -> 
user --> 

% \ 
formatter<cr> /* actlvate the forma.tter ./ 

Once the formatter Is actlvated the user wlll begJn wlth the opttons glven above. 
, '1> 

Whèn the forrnattlng task 15 finlshed the formatter wlll return the control to the 

UNIX operatlng system. 

, 

1 

1 

Ir' r. 
\' 

\ 

05 
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5.4 How to use the Display Driver 

The dlsplay drIver Is actlvated, when the user typès ln the "dlsplay drlver's 

name <CR>"., The routIne beglns by asklng the user for the Input page-galley's 

flle name. If It ean flnd the page-galley flle and h'as permIssion to access It, the , 

dlsplay !"Outlne will c1ear the Cadmus graphIes screen and dIs play o"nc blank page. 

It wlll then dlsplay the flrst page of the document. The dlsplay routine will walt 

fOI' the user eommand before It will dlspmys the next page. The command 15 "s" 

for termlnate; other characters arc taken as a reQuest for the next page. Arter . 
dlsplaylng aH" the pages, the routIne w1l1 automatlcally return tlie control to the 

host system (UNIX operatlng system). 

Example: 

UNIX-> % 
user -->' blpdrlver<cr> /* actlvate the dlsplay driver */ 

dlsplay drIver -- > / * clear the sereen * / 

dlsplay driver -- > enter the page-galley name -- > 

user -- > 

dlsplay driver -- > /* st art dlsplay */ 

• 



( 

5.5 Formatting Commands 

This section contalns a Ilst or the Imp\emented GML commands. The use of 
\ 

e~ch command wlll be explalned brleOy and the7syntax ru le provlded. The syntax 

Is provlded ln absÙact form ln order to show the complete syntax u~der the com-

mand and to save space. Two n~tatlons -are' belng u;sed to help to express the syn-

tax structure of the formattlng language. The flrst notatIon Introduced Is the 

square bracket (··I ..... J"). whlch means zero or more. In other words. the Item~ ln 
", 

the square bracket can be repeated as many tlmes as necessary or not used at ail. 

Ir there 15 m,e than one square bracket under ~ partlcular formattlng command: 

there 15 no frdcrln~ Imposed on them. For example, assume we have the follo,~lng 

synta.x' rule under a partlcular rormattlng command:-

< formattlng cornrnand> 
[ "a" ] 
[ "b" ] 
[ "c" 1 

<end of formattlng command> 

The Items mlght be arranged ln the followlng order:-

<formattlng command> 

-- / 

<end of formattlng command> 

91 

\ \ 

.. 

l 
j 

1 

1 

.. 

.. 



( 
" 

. ' 

, . 
< • 

The sécond notation lntroduced Is the string or "x", whlch 15 the SYplbol for text. 
\ <p. 

The cormand Ilst on the rol.l0wlng page ls arranged ln alphabetlc~l order. 

1. abstract 

2. address 

3. allne 

\ (. 
... appen.dlx 

5.author 

6. body 

use t() ldentU'y a summary of the document 
\ 

:abstract. 
( :p. ............... :ep.) 
1 :Iq. ............... :elq. J 
(:h~. ............... :eh2.] 
1 :address. .......... :eaddress. J 
:eabstract, 

use~o ldentlfy the beglnnlng or an address' 

:address. 
[, :allnè. xxxxxxxxxxxx :eal1ne. 1 
:eaddress. 

use to ldentlfy a single Une or text 

:allne. 
xxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxx 

:eallne. 
, , 

use to ldentlfy text materlals helpCul to the reader. but 
not ~ssentlal to the matn text., 

:appendlx. 
[:hl. ............... :ehl.] 
:eappendlx. 

use to ldenttfy the wrlter or the document 

:author. 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
:eauthor. 

\ 

use to b Identlfy the beglnnlng or the maJor elements or 
the document. .' 

:body. 
(:h~. . .....••.......• 
:ebody. 

08 

:ehO. ) 

'1 . \ 

, 
~ 

\ 

1 

. i 

, . 

! 
1 
1 
1 
1 

1 
J 
j 

! 
!, 

1 
1./ 

1 
1 



.. 

J, 

( '~ 

7. date 

8. docnum 

9. frontm 

IO.gdoc 
t 

11. hpO 

/ 

J . ( 
;' 

use to Identlty the date assoclated wlth the document 

:date. . . t 
xxxxxxxxxxxfxxxxxxxxxxxxxxxxxxxxxxx 
:edate. -:;':1 • 

\ . 

. . 

(document Îlumber) use to ldentlty t.he number assoel-

ated wlth \he document " 

:docnum. , 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
:edocnum. 

(front matter) use to Identlty the startlng of 'the guIde 
Hne and the Introduction part 'oC a dOc!'1lment (e.g. 
abstract, tltle page, table of contents etc.) 1 ,-

:fronthl. 
[:tltlep. ...~ ...... . 
[ :abstra,ct; 
[ :toc. 
:efrontm. 

:etl fllep. ) 
:eabstract. ) 

, :etoc. J. 

~ 

.J 

(general document) use to Identlfy the beglnnlng or 
the general docu'ipent 

:gdoc. 
[:frontm. ........... :errontm. ] \ , 
[:body. ............• :ebody.] 
(:appendlx. ......... :eappendl~. J .. 
:egdoc. 

~ .', 

(hlghllghted phl'ase) use ta ldentlty a·l'hrase.w~l~h wlll 
be prlnted ln normal text style 

( , 

:hpO. 
[ xxxxxxxxxxxxxxxxxxxxxxxxxxxxx ) 
( :hl>O. ................ :ehpo.l 

.. ( :hpl. :ehpl. 1 ~ .............. 
( :hp2. . :ehp2 . 1 .............. 

1 
, -

1 .. 
.l 

( :hp3. ............... :ehp3. 1 
( :hp4. ............... :ehp4~ J 
:ehpO. 

. , ' 

t ' 

1 , 
, 

1 

, " 

, 

' . 
tj 

" 

" 

1 
! , 

<>, 
1 

t 
II 
) 

( ! 

1 " . l' 
1· 
" 

~ 

, 
, 
1 , 
1 

~ 

1 " 

1 
~ 



• 
12.~Pl 

13~hp2 

l.f.hp3. 

l,O. hO 

\"i~ 

" 
, . . 

. " 
17.' hl 

" 

" 

" " . 

" 

" \ . 
'" 

. , . 

.., , 
, , ~ 

" 

~ 

, ' 
\ 

\ 

'. 

" 

• , 

o 1 

," 

.. 

,\ 

.' . 

.. 

,," 

~-

. . 

p ~ 

11 - ... '( l' ,\ 
'1 (". ., \) \ 

1 fi ~ .. 

(hlglillgbted pbrâsef ldentlftes a phrase whJch will be 
prlnted 'ln underllne form 0 '. 

'" 

('Same as hpO ) 1 • 1 

(hJghllghtect phrase) Identtftes a' phrase whleh ,will be 
prlnted ln bold rarm 

,( same as hpO ) 

(hlghllghted phrase) IdentÙles a phrase whlch will be 
prlnted ln bOld and underllne fOI)ll 

( same as hpO ) 

(h.lgbl1ghted phrase) ldentlftes a phrase whlch w1Jl be 
prlnted ln ItalIe form 

( same as hpO )" 

(headlng level 0) use to IdentUy tbe, beglnnlng or a 
group of elements. (e.g. a group or 'consecutive 
ehapte..s) ... 
:hO. ,& 

" 

(:a.ddress. .......... :~address. J 
:( :p. .. ....... : .• '..... :ep. ) 
(:lq. ··1· ... ·.······ :elq. r . ' 
(:hl. . ..... '.' ...... :.. :ebl. ) 
:ebO., .. 1 

: . ", 
" , 

(headlng "Ieyel Ht.~ 'ta ltleiiurY ébAptér' headt~. 
appendlx. etc. 

:bl. 
[ :address: - .:........ :eaddress.) 
f :p. :..:: .......... ;. :ep. l 
(:lq. .. ........ ~:.... :elq.)' 
[:h2. ........•...... :eb2~ 1 
:ehl. 

' .. 
1 . 

... 

100. " 

" , 

l'a 

\ . 

, . 

t~ 1 

\ 

1 

~ t~ 

1 
l , 

~ 



,,1 

1 

, . , 

~:,; .. 

C
'·, :. 
, i ! 

" - ,\ 

. , , , 

" , , 

" . , 

-- , 
, .. 

• 0 

, , 

.. 
" 

18.-h2 

19. h3 

... 

1 , 

, .. " 

21. P 
' ...... 

l, 

, -
" ., 1 

, , , 
( 1 

22. préface 

t" '. 

,: 

di'J' 

.. ' 0 

. , 
'c. 

, " 

.,. , 

. ..... 

Of 

(headlng'level 2) use to ldentlty sectlons 

:h2. 
[:address. ..... ..••• 0 :eaddress. ] 
[,:P. ,................. :ep.] 

- [ ":Iq. ..•.•.•.....•.• :elq.) 
[:h3; ..•.. ..... .•..• :eh3. 1 
:eh2. 

(h:adlng level 3) us~ to Iden~lry/~Ubsect~o~ 
jl' • 

:h3. /1 • 
~ " 

, [:address. .......... :eaddress. l 
[:p. ................ :eç: 1 ' 
[:tq. .. .......... ... :elq., j .... 

, . 
:eh3. 

.. 

" 

,., 
" 

l' • 

. ;. 

(long qUO~atlo~) ~ to Id~ntlty a 'bloék of tex~ whleh 

. 1 

.i 
J 

Is quoted from another source. .' . ':.~ .f' 
1 

~~ , \ 

[:address. .......... :eaddress. l 
[:P. , .... :........... :ep. 1 
[:lq. . .......... ,... :elq. J. • 
:elq. 

(paragraph) \.lse to Identl1'y a paragranh 

:p. , '" 
( xxxxxx~~xxxxx~xxxxxxxxxxxxX(x ) 
[:q. . ... ? .. 1:...... :eq, ) 
(:hpO. .•............ :ehpO.) 
1 :hpi. .............. :ehpl. ) 
[:hp2. .............. :ehp2.] 

• [ :hp3. .............. :ehp3.] 
[:hp4. .............. :ehp4.] 
:ep. 

uset.,to Ident\fy preface 

:preface. .. \ 
(:addres~i'. .......... :eaddress. 1 

1 :p. .. ........ :..... :ep.] , 
t,:lq. ...••..•.•••••.. :elq. 1 
[:h2. ..............• :eh2. 1 
:epreface. 
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<>4 

1 
l' 
t 

1 
i 
~ 
r 
1 

Ci 

" i 

o r 

\~ 

" ' '0 

• 1 

.. 

i· 

f, 

~.q 

24. tittle 

25. tltlep 

, , 

- " 

26. toc 

" 

( , 

, .. 
" 

, 
",. 

.. --
Cl \.\"'" 

" 

", 

, 
" 

(quote) use to IdentltY a phrase elted r~m a'person or ' 

:q. 
~:r.o~~OŒXUDa~~ 
:eq. 

use to ldentlty the name of a document 

:tltle. 
xxxxxxxxxx,xxxXXXXJqXXXXXXXXXXK 
:etttle. 

-
(tltle page) use, to Identlty 0 the beglnntng ,or a. tltle pa.ge .. 
:tltlep. 
l :tltle. .•••.••..•.. :etlttle. 1 
[:docnum. ........... :edocnu~. '} 
[:date. '. ........ ~... :edate. J 
1 :author. . ......... :. :eauthor.) 
[:ac1dress• .......... :eaddreSs. J 
:etltte'j>. 

use to request the "table oC COntents" generated by 
the system 

:toc. l 
,:eto~ 

, 
," 

, : 

-10'2 ,> 

"., '.jJ 

.. , 

" ' 

" 

. . 

.. . 

,', 
" 

" 

,1 

, .,.., 

, f 

" 

.. 

4r 

~ - , , 

, 
,1 
1 

1 
! 
1 
i 
l 
1 

1 
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f 

1 

f 

1 
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CHAP-TER SIX 
.Jt.. . 

Conclusion 

6.1 Summary and Advantages 

This thèsls was a discussion or the th~etical and practlcal aspects or th~ 
{ 

development or an experlme,ntal formatter based on the relatlonal modela A brIer 

Introduction to the relatlonal algebra was glven ln order to explaln how relations 

can be manlpul~ted by means oC algebratc operations. This was done ln order to 

Illustrate the ways ln whlch àlgebralc ~peratlons are âppllcable to the text pro:-

, cesslng problem. 

, Exlstlng text Corm~ttlng systems were ~tudted ln order to find the most suit-
, -

able app;oach to our., experlmèntal sys~rn. Both hlgh and low level systems were 

dlscussed. Hlgh level systems were Cound to be easler to Implem.ent .and were 

more user frlendly. Flnally, the GML rormattlng language was çhosen because tt. , . 

15 a h~gb ,leV{\5Y5tem wlth a weil detlned synta.x str~cture. -", 

. The m~lmportan. task or a lormatter 1. to solve th."l;ne '~d .vage break~ . 
j 

Ing problems ln order to produce attractive texte Three different methods were 

. examtned and compared. Knuth·s and Plass' heurlstlc approach iWàS round to be 

superlor to "both the convenÙonal (Hne by Hne) and the dynamlc programmlq.g 

approaches. The heurlstlc approach was somewhat modlfted ln order ta adapt lt 
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ta the page breaklng problem. 

The system was deslgned wlth the user ln mlnd. A swltch board mechanlsm 

was Implemented ln order to provlde a wlde varlet y or' Cormattlng styles. New 

styles can easlly be created through the comblnatlon oC dl1feœnt styles. A tem-

plate mechanlsm was lmplemented ln order ta tacllltate changes or corrections ln 

formattlng rules. Flnally. a modulai" approach was adopted ln order to maxlmlze 

the systemes fieXlbllltY)For example. new tormattlng styles can easlly be added ta 
,." " ' 

the swltch board. 

The experlmental tormatter produced results that were hlghly satlsraetory. It 

generated a balance d, attractive output that was free trom loose or wldow nnes. 

It also avolded bad page brea!.CS. Its success proved the Ceastblllty of formatttng 

text trom data stared ln relatlonal Corm. In addition, It demonstrated the posslbll-

Ity oC applylng relatlonal algebra ta text processlng tasks. It also unltled the 

1 

methods oC text data storage. 

\ 

6.2 Limitations and Drawbacks 

At present, there are sorne mlnor lImItatIons to tJ.1e formattlng system. The 
r 

first drawba~k ls the ract that ln order for the system to produce the final tor-

. mat.t.ed output, the document must be complete. The user can rormat lndlvldual 

'0 , 

1 ~ _ ..--~_ 

chapters ln o~der to check layout style (sec example, sectIon 4.5.2). However, the 

formatter wlll not asslgn the correct page nurnbers untll the document Is com-

ple~. This problem can easlly be overcome wlth the addItion oC another format

'tlng optIon for the InItiai page number. 
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The second ltmItatlon ls that pres ntly there ls no means of prlntlng output 

on paper. The rormatted output 15 only regIstered on the CADMUS raster graph-

les termInal. Also. at present there 15 n means of Incorporatlng table and figures 

lnto the system. ThIs problem must be lved by further research. 

There ls a maximum llmlt to the umber of l1nes tn a paragraph and to the 

number of pages ln a chapter (approxi ately ftfty ln both cases). ThIs 15 because· 

a tlxed array type data structure was u ed to Implement the algorlthm developed 

by Knuth and Plass. This problem can be overcome by a program change whlch 

uses the pointer type data ostructure lns ead. However. tbe processlng tlme w1l1 be , 
slowed as a result. -Presently, the total number of ch pters per doèument 15 IImlted to twenty 

RYe. the total numhe~ 01 appendlces.1S 11mlted to Orteen. and he.dlngs are Ilmlted 

to elghty characters. These llmtts ca~ rasUy be extended. For example, chapter 

headlng l1mlts can be extended by changlng the value of the constant'''MAX-
l, 

CHARHEAD'·. 1 

1 

Slnce the system ts deslgned to dd most or the layaut detalls for the user, 

and because or the extra 1/0 operatlon~ Involved ln extremely hlgh quaUty for-

mattlng, thls formatter tends ta run slawer than conventlonal systems (approxI-

,mately half the speed or TROFF). 

6.3 Further Work 1 

--- 1 

Whlle the experlment was slJccessrul, turther research would lncrease the 

system'. appeal and p'raetlcallty. At p4.nt. the swltch board ltas beèn provlded 

1 

Il 

\ 
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1 
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, , 

wlth only one formattlng style. Obvlously, the addItion of more formattlng styles 

would allow the user a wlder varl~ty of cholces . 

.As mentloned ln Chapter 3, not aIl of the GML formattlng commands have 

been Implemented. These remalnlng commandS must be added ln order to make 

the system complete. This proJect was an experlment only. therefore, as noted 

earller ail formatted output Is only reglstered on the CADMUS raster graphies 

termInal. There Is no means of prlntlng output 'on paper. In order to make the 

system practlcal. a new dlsplay routine must be developed. 

! . 
More research) Is needed ln order to fully Implement the relatlonal edltor 

(used to generate COPY and STRUC relations). In addition, further researeh 

must be done ln order to develop a means of Incorporatlng tables and figures lnto 

the hlgh level system. 

Ftnally. new algorlthms should be developed ln order to use relattonal alge-

bra to generate Indexes, cross references. word frequency eounts, Itngulstlc ana-

lyses, etc. 

, . 
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;U>PENDIX·A . 
The ··C" program listing on the followlng {>age 15 a modlfted version or the 

algorlthm developed by Knuth and Plass. 
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1 
2 
l 
4 
5 
6 
1 
8 
9 

10 
U 
12 
13 
14 
15 
16 
11 
18 
19 
20 
21 
22 

,~ 

.. an. 
"fine 
tclat1nl 
ldetint 
"fine 
.. fine 
.. an. 
tdeCJ.ne 
.. fine 
.. fine 
tdefine 
.. an. 
tdefine 
ldllfine 
IdIItint 
tdeCJ.ne 
.-fine 
.-Cine 
"CJ.ne 

KAXl«XIE 150 
NIL ·1 
D.U! l 
rAtS! 0 
GLU! '0' 
BOX 'l' 
~ '2' 
CiW!WID'lH 1.0 
CVI!SHl1II11C 0 • 0 
CW!SD!'1œ 1.5 
tNrINIt! 999999999.0 
a.ASS ... 
MAXItA1'IO 2 
PJX%ASS 1000.0 

bxHES 
~ . .JUZ! 
a1ze 
11na1ndex 

== 50 
2560 

35 
o 

Z3 1.I1t 
2<l cba:r 
2S 

paJ.ze(!WU'JlZE) ; 
:pt:ype[)WU'JlZE) ; 

16 !nt 
2? 

l1Mm1a 
t1tnNa 

28 
29 
30 
31 
32 
33 

poIJltlon 

tloat==J 
M 1nt 
l5 

t.....dIIIIarlt 
adj...ratlo 
pnw1.OWl bwa«:œ1 
r.xt 

36 
'S7 
38 
39 
40 
41 
4.2 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55, 
56 
51 
58 
59 
60 
61 
62 
63 
64 

ac:t1_. 
.... lYe. 
iavnocIe. 
B)I"e. 

nclIII. 
future. 
befoz-.; 
cl .... 
~~ve[<l.'SS] • 
nua. 

f!d.x; fioat tv1cSth, 
tabT1nlc. 
tat:nrtch. 
V1c!th, 
ëlr1nJc. 
at:retc:h. 

t:}R: 
t1telua rc::u.ssJ • 
adj...r&t [t!LASs] • 
adj\IStT. 
dalDerit. 
tv. 
ty. 
tz: 

65 char 
66 

type. 
p-etype: 

/' penalty fOT dict.,..,t Glasa ,/ 

/t input data • / 
/t input data ./ 

ft .tore the vcrd .1ze 'f 
Jt .tore word type '1 

1'·················,············/ /.. ../ 
/' Il 
/. '1 
/t one noCe • 1 
/. ./ 
l' '1 /,. */ 
lU HI 
/ ............................... / 

-. 

67 
68 
69 
70 
11 
72 
73 
74 
75 
76 
77 
7S 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
lU 
113 
114 
115 
116' 
117 
Ils 
119 
UO 
121 
122 
123 
124 
125 
126 
127 
128 
l.Z9 
130 
131 
132 

choo:;enoda () 

, •• t •••••••••••••••••••••••••• , /.. . u, 
/' c:l1oose the boat node '/ 
/. Ùl)ut : ~ s1.Za.pua1_ '1 
/. output:~ .. ct1ve " 
1" •• / / ........... , ................ ,/ 

{ 
!nt i. 

Cirat. 
second; 

!loat terrpl. 
tenp2: 

..,..; 

~t 
1t'I;'; 

'r .... ' 

/ 

1 .. next [passive); 
first = passive; 
second = passive; 
whlle( (t..\0/idth[passlve] - t..\oI1c1th[1]) <- au.) 

{ if Jt-damerit(i) <= t-daœrlt[C1rst)) . 

5eGOfld = flrat; 
!1rst = 1; 

) ~ 
else if (t..demerlt(i] < t.,dealer1t[aeeond]) 

second = 1; 
i = next[i); 

--

} 
1t « (t..demarlt [second] - t..derœrlt [tirat]) < 100) && 

(second 1= tiret» 
{ 

} 

helpO 

} 

templ ;: .d~ .. tio[tirst] - .dj-T .. tlo~lous[flrst]J; 
if (1:œpl < 0) 

templ = 0 • templ; ~ 
tEllp2 = adjJatl0 [second] • adjJatl0 [previous [second)] ; 
1f (temp2 < 0) 

temp% = 0 - teap%; 
if (temp1 <= temp2) 

activa = ftr.t; 
else 

active = second; 

e1se 
active ;: first; 

1* the max ratio 1s not b1g enou9h *1 

{ 
vrlte(e!d."\n\n noway to break the l1nea.\n'nR.30); 

} 

\; 



l 

133 
l.34 
135 
l36 
137 
138 
139 
140 
141 
142 
143 
144 
14.5 
146 

c 147 
148 

"149 
150 
151 
152 
153 
150\ 
155 
156 
157 
lS8 
159 
160 
161 
162 
l63 
164 
165 
166 
16'7 
168 
169 
170 
171 
1'72 
173 
174 
175 
176 
17'7 
1'78 
179 
180 
181 
182 
lU 
lM 
lJ5 
116 
187 
188 
119 
190 
191 
192 
193 
lM 
195 
196. 
197 
1. 

,-... , 

getnode (ptr) 

1nt -ptr; 

{ 
if (avnode <= HAlCNOOE) 

.ptr = avnode++; 
.l&e • 

} 
write(efd."\n\n out of nodes.\n"~17); 

loadwoTd(J 

{ 

} 

type = ptype[pt]; 
vlath '" ~lzerl)t .. +); 
1f (type !Q P:OIAI"1~1 

J*'I&lty '" 100; 
el ... penalty -= 0; 

..tv9(~) 

1.nt iMlnt; 

{ 
pt lOI 0; 
avnode '"' 0; 
pneyp. • a.uE: 
lIIC)n • mU!; 
if Undent!Q 0) 

!oadword (r; 
.lM Q 

{ 
type '" BOX
vldth • lndent: 

} /- ~·I 
f~() 

l'~penalty for '-' *1 

/ ................. · ............. ····t.,· .... ·.·· .. · .................... / 
/_. 001 
/- =-ta U\ &eti ..... noda reprasenting the beg1ning of the paragrçh. '1 
~. .~ 1 ••••••••••••••• ** •••••••••••••••• * ••• 11 ••••••••••••••••••••••••••••••• / 

{ 
~(~.1ve); 
~t1on (act1ve] 
l~tl~lve] 
fla-. açt.1vel 
adj.J:a 0 [açtlve] 
~Ctlvel 
1:..M"1nk(~,,:j] 
~lt[~ve] 
pNVlou.aIaetlve] 
=I~ve) 

} , 

• 0; 
• O· • 1; 
• 0; 
• 0; 
• 0: 
• 0; 
• 0; 
• NIL; 
• NIL; 
• JfIL; 

--.. 

199 
200 
lOl 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
n8 
219 
220 
l2l 
222 
2Z3 

• 224 
215 
116 
227 
228 
229 
230 
231 
132 
233 
234 
235 
236 
237 
238 
239 
240 
241 
24:1 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
2S4 
255 
l56 
257 
2S8 
259 
l60 
261 
262 
263 
264 

getstart() 
; ...................................................................... ; 
lit < "'/ 

1" for b := 1 to m do <if b 15 a lega1 brealcpoint> thIIIn <ma1nloop> "/ 
;.. "1 I······t .............. , ........... , .......................... " ........ ; 

{ 

} 

tvldth = 0; 
tstretch = 0; 
tshrink = 0; 
\/hlle {more} 

{ 1C ~type EQ ~) 

} 

1 f (pret:ype EQ BOX) 
malnloop () : 

if ft EQ index) 

type = PENAI.::N; 
penalty = -INFINITE; 

} 
else 

{ 
twldth ::: twlàth .. CLUEWIMR: 
tstretc:h '" tstretc:h .. CLU!!S'lIE'lCH; 
tshr 1nk = tshr 1nk .. CLUESBIllIIX; 
lo&dvord () ; 
pretype = CLUE; 

} } 
.1_ 1t !type EQ SOX:) 

twldth ::: tvidth .. vldth; 
type = GLUE; 
pretype = BOX; 

} 
alM 1t ~lty 1= INFlNI'l"!) 

mainloop () : 

} 

if (pt EQ index) 
more = E' ALBE; 
alse 

{ cv type ::: CLUE; 
_ pr.type :; PENAtn'; 

} 

mainlOClp () 

/ ................. / 
/u "/ 
;. main loop '/ 
/U **/ , ................ ,/ 

dJ 

~ 



265 
266 
l67 
168 
269 
no 
271 
272 
273 
274 
27S 
276 
m 
278 
279 
280 
281 
lSl 
283 
lM 
i85 
286 

.217 
l88 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
lU 
312 
313 
31.. -

~ 

< !nt i; -:.'" 
nov .. ac::t1v.; 
bet_ .. HIL; 
do 

{ 
beatfit a INlINltE: 
for (i .. 0;1 <- ctAS$;1++) 

< 
t:1to1uali) .. INFlHITE; 
advat() ; INFINITE; 

Wil. (DUE) " 
{ 

future = next[nov); 
ratio() ; 
if (adjUJItr < -1) Il (penalty <= oIHFINltt» 

( 

ir.noOe() ; 
else 

{ before = nov; 
1f ~('l <= adjustr) && (adjustr ~= MAXRA!IO» 

demer1ts 0; 
adj..rat(ciass) = adjustr; 
:' ~demerlt < !ltc1ass[e1assll 

f1tclass(class] = demer1t; 
ptractlvafcla55] = now; 

} ) 
nov = future; 
if (nov EQ NIL) 

brulc; , 

} 

if «linenum[nov] 
~; 

if (demer t < bestflt) 
bastllt = demerlt; 

>= lnum) "" (lnum < l1neJ..ndex» 

if ~f1t < INFINITE) 
~(); 

, lIbi!. (nov ,- HIL); 
if (active!(J NIL) 

~~~-

} balp(); 

3l.5 raUo() 
316 
31'1 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 

, •............................................... , 
r' .~ 
l' ~te the adj~t rat10 r trom a to b "Z 
/0. ../ 
1··············*··~·,t ...... t.I •• *.t···*·,·······1 

{ float·ch~~; 
1~ • tddth - t-vidth [nov] ; 

/, if ~!Q PENAL'N) 
/' - ~ • :t.n9th • < v1dth of 

1nIIIII .. l~{novl • 1; 

./ 
'.' >; ./ 

--
~ 
'-- if ~length < atze) • 

d1.f!erenc;;e .. tstretc.b • t...tnIt<:h[now]; 
if (diff_ce > 0) 

&tljustr = (sue • length) , d1U8I"Q'A; 
a1se 

adjustr = INFINITE: 
} 

~lSG if ~length )0 ~1ze) 

/""'--

331 
332 
333 
334 
335 
336 
331 
338 
339 
340 
341 
342 
343 
344 
34S 
346 
347 
348 
349 
350 
351 

<i1t:Cerenoe "" tahr1nk • t..ahr1l'\k(now); 
if (dHference ) 0) 

adjustr = (a1%. - length) / d1tC....-.oe; 
else 

352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
36S 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
371 
378 
379 
380 
381 
382 
383 
3S4 
385 
386 
387 
388 

} 
adjustr .. INFINITE; 

alse 

} 
adjustr "" 0; 

Creenode() 

I·······t •.••...••..•• / 
/.. "1 
/, deacUve node a ./ 
{'. **/ / ... " ...... ,., ....... / 

{ 

} 

if (befol"e EQ NIL) 
active = future; 
else • 

naxt (before] = 
next(nov] : passive; 
passive = nQ\l; 

future; 

demaritsO 

/ ........... , .. , ............. , .......•....... / 
Itt '.Z 
/. COIIpute deI!lerit5 d and fitnes. çl ... Cl .z 
It. - .,/ /, ................................. , .. , ...... / 

{ 
!loat tellpl. 

tarp2; 

it (adjustr < 0) ~ 
té:rpl :: 0 - adjustr; 
else 

tœpl = adjustr: 
tarpl = templ • t~1 * templ; 
d~rlt = l + 100 • templ; 

.' 

389 
390 
391 
392 
393 
394 
395 
396 I" 

1t (penalty >= 0) 
clelœr1.t :: {demer1.t • penalty) • (cta.rlt + penalty); 

e1_ 1f (penalty ,: -INFINITE) 
dëmarlt = delœr1t • clanerlt - panalty • pcII.lty; 

else 
damer1t = demar1t t demerit; 

~lt • ~it + < & • fb 1 ta>; ./ 

~ 



397 
398 
399 
400 
401 
40l 
403 
404 
405 
406 
407 
ua 
409 
410 
4U 
41l 
413 
414 
415 
416 

~ 417 
ua 
419 
410 
421 
4ll 
423 
424 
425 
426 
4%7 
428 
429 
430 
431 
432 
m 
434 
435 
436 
437 
438 
.(39 
440 
441 
441 
443 
444 
44S 
446 
447 
448 
449 
450 
451 
452 
453 
4S4 
4SS 
4S6 
457 
4S8 
459 
4f>0 
4f>1 
4f>2 

..,. 

fJ 

if (~~ < -0.5) 
cl;:; • 0; 

el&e lf (adjustr <= 0.5) 
, 01 ..... 1; -

el .. 1t (aclju.tr <= 1) 
01u& .. 2; 

else 
clUB .. 3; 

tamP.1 ~ class • fltnesB(nav]; 
1t (tecp1 < 0) 

templ .. 0 • tecpl; 

" 

if j;.:fl > 1) 
It .. demarlt + P-PCLASS: 

demar 1t .. dIIœr It + tt.,deIIIer lt [nov] ; 
} 

1naer1:node () 

~ 

-
/ •••••••••• ,**" ••• t ••• "* ••••• ,, •••• ,', •••••••••• , ••• "/ 
r* ·V 
/* 1nsart new aotlve nodes tor breaks trom Ac to b ./ /tt t*/ 
I···*······~·······t.tt •• tt.,'t •• ,.t •••••••••••••• , ••• *'/ 

{ 
1nt 1; 

- flndtvyz () ; 
tor (1 = 0;1 < CLASS;l++) 

( 

} 
} 

findtvyzO 

if ~fltolasS[l) <= (bastflt + P..PCLASS» 

98tnoda{&i1um) ; 
11nenum nwu) = 11nenwu [ptraoUve [1] 1 + 1; 
fltness nwu) = 1; 
position (num] .. pt; 
t..vldth[nwu] = tw; 
t.J;tretéh [num] = ty: 
tJlhT1nk[num) = tz; 
t-demerlt[num] = tltclassCl]; 
adjJatlo[num) .. adj..rat[lJ: 
prev1ous[n=] ;= ptraetlveli]; 
nou;t [nwu] ~ .. nov; 

~. 1t (œtore EQ NIl.) 
ac:t1ve ,. nwn; 

,else 

} 

naxt(l:Jefore) .. num; 
beiora '" num; 

/ ••••••••••••• ** •••••••••••••••••••• / 
P* 'V 
/* c:œpute tw' .. fSUIII \I~ atter ~~ ; */ /' ty.. swn y atter ; ./ 
/* tz = lJUII1 z -à!ter ; ./ 
/*' **/ 1··t •.•.•• * •••• t.*~t~·······*·······1 

1 
1 

1" ..... ~,.. .......... ....JI'I, ..... e:f-CS't .......... ~- ....... ~~_r _ _ ~.,, ___ ..... __ r..l __ ~ A_~_ --~-

-. 
-...) 

î 

Q 

463 
464 
465 
466 
467 
468 

,469 
470 
471 
472 
473 

{tw' :: tvldth;' 

} 

ty = tstretc:.h; 
tz = tshr 1nl<; 
if ~t)'pe EQ CLUE) 

- tv = tv + GLutWIDni; 
ty = ty + GLUESTREl'CH; 
tz :: tz + CLUESHRINX; 

} 
""'-

",-... 

'" 

.., 

~ 
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