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Chapter 8 ALGORITHM

3.1 Solution

From Chanters 5, # and 7 it is clear that we can formulate a set of rules that will
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later refinements to the basic ™" * wnhmdclfmchoouulmpleencodlng
raethod for the rules and gener. arching of them.

pumum«owmmummmmmmmmumof
nbbseonuinhadnmluwbomhd-

8.2 Outline algorithm
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mhypmmummmhwmﬂtmpmrpmedm which runs in two
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loaded into the program from external storage. Subsequent calls apply the actual
hyphemuonlodo.mpmdmummdndphubeuccmmmdwm
from the supplied word and only works on those, i.e. numerals, formatting and
punctuation are ignored. Wotdsoﬂcfewchmmmnjecwd.lhmmd
hyphen put in by utetypmoecunh\hmd.thm the word is rejected and the user
must make & manual decision. '

The procedure next searches for possible prefixes using one of the prefix tables of
which there is one for each letier of the alphabet. If one of the table entries matches
the beginning of the word, breaking is attempted. This means testing ‘o see if the
break is to the left of the Optimal Po.at. If the attempted break is to the right of the
Optimal Point the procedure can exit without finding a hyphenaticn point. However,




if the break is io the left, the word may be broken at that point, providing there are no
further acceptable hyphenations closer to the Optimal Point. In this case the operation
is repeated. if no prefix was found, the procedure continues with a search for
suffixes.

The suffixes are classified by the final letter, so the appropriate suffix table is
accessed by determining the last character of the word. If a match ne suffix is found
during the searct,, a code is supplicd with it which indicates w iz tlis breals iz o be
attempted. Sinc multiple suffixes may occur, the return cod - o st wi ether
the tables are to be re-entered for another attempt. In the lattc. oo e il already
found is ignored when trying the tables again. Again, if the aticy, . Lor2ak 1810 ihe
right of the Optimal Point or if no suffix was found, the procedure sont.. = il a
search for logical breaks. Otherwise an acceptable hyphenation poiathast - lox ated
and the procedure exits.

The letter pattern at the Optimal Point is established consisting o /st gs of Vowals

and Consonants. The patterns relevant to us are those corisonar, ¢l ers surrow: ‘ied
by vowels. Thus VCV, VCCV, VC..CV provide the correct sy Lacle detiniion. v ith
each of these patterns there is an associated table which s mivored to Tl w
corresponding match at the [ctter level e.g. SPR is an unbreakabi® ).t Asaresult
of this search, the procedure may find a break, when it is tested @' s¢'o! against the
Optimal Point. If no match is found or the break is unacceptobic, th focus shifts
leftwards to the next syllable. At this pointiti ~onvenient to identify ‘local’ prefixes
and suffixes again. However, the difficulty with ~entifying prefixes within words,
leads us, as with the Atex algorithm listed in Ch.pter 3, 1o perform suffix searching at
this juncture. Searching is repeated until the word is exhausted or the end of a prefix
reached. In these cases the procedure exits with the appropriate result.

The user program, i.e. the program calling the hyphenation procedure, is thea
required to insert the hyphen and re-organise the text structure at the poin: in.ucated
by the hyphen.

A word passed to the hyphenation procedure is assume:! «« be ‘0 ASCil coxle, ard the
first module of the procedure is responsible for extraci 1, he usabie <taracters for '
purpose of the procedure. The implementor is invite w0 aniel 1 this 1o his own
requirements.




The procedure is called by the instruction

afrhyp(word, optpoint, endofword, firsttime, result)

Definitions

Word

is a string name of the user’s work area in the calling program which
contains the word to be attempted.

is an integer representing tae Optimal Point relative to the beginning
of the word.

is an integer representing the length of the word, where the first
character of the word is counted 1.

is a boolean whose value is TRUE on i.iitialisation and FALSE
thereafter.

is an integer giving the position of the character after which

hyphenation may take place. If this is zero, no acceptable

letter string defined by adJress in word and endofword on entry to
procedure. '

a hyphen which occurs as part of the normal spelling of the word
e.g. SOSIO-EKONOMIES

the address of the last character which wouid fit onto th= current
line, allowance having been made for the insertion of a hyphen.

at any point during the procedure the string of characters stored in
the local area hword beginning at address pointed to by front and
terminated at address pointed to by back.

when the search procedure is called in order to search & so'<d table,
datum is the address of the first letter of the sting which 1s (o be
compared against entries in the table.

a set of consecutive records, each record ending with the character
9. The table terminator is the character *.

a set of logical tests whose function symbols are defined in Search.
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Throaghout the procedure the following global variables arc used.

hword is used to store characters extracted from the source word after all
punctuation etc. has been removed. They are in the representational
form required for further processing.

is the array which holds the relative address in the original word of
each extracted character stored in hword.

is value of the Optimal Point in hword.
relative address of the last letter stored in hword.

is the array which holds the vowel (=0) or consonant (=1) value of
each character. Accents are stored as -1.

positior of the character fo-ming the beginning of the current sub-
word. Starts at the beginning of hword i.e. 1, and increases as each
prefix is deleted.

position of the character forming the end of the current sub-word.
Starts at the end of hword i.e. hend, and decreases as each syllable
is deleted.

table addres. of record containing the prefix, suffix, and V/C tables.

On initial entry, afrhyp reads 4 tables from a packed binary file. The first table
contains relative pointers to the 26 entries in the prefix table. The second table
contains pointers the 26 entries in the suffix table. The third table contains pointers to
the 4 entries in the CV table. The last table contains the actual prefix table, followed
by the suffix table, followed by the CV table.

On subsequent entries, the word is first normalised. This means

1. Nen-essential characters are removed
2. Accents are put into their required form
3. All letters are converted to capitals.

If the word wes found to be too short or contain a natural hyphen, the word is
rejected and the procedure exits immediately.

The following example assumes that the word passed the normalisation, it is now
stored as follows.




“m IO_
6 i.e. the letter &
10 i.e. the space

The current sub-word is now set to the whole (hword) word and prefixes are
searched for using the procedure prefixscan. If a prefix is found, then the front of the
current sub-word is updated, and the process s repeated. The process terminates
wlien either o further prefix is found (result=0) or the end of the prefix is to the right
of the optimum poiat (hopt). Since such a break is not permitted, by de .nition, we

have to retrieve the end of the previous prefix, if there was one. This is why the
variable previous_front is used to store this value. If no earlier prefix was found,
previous_front will stiil be at the beginning of the word, and the procedure exits

without locating an acceptable break.

If there was a prefix, the correct break position in the original word is obtained from
hadd and returned to the calling program.

Assume that the prefixscan completed with a zero result. We now search for suffixes
using a similar technique. Here a negative result indicates that suffixes are being
found and deleted, i.e. back i~ teing vpdated. Either we run out of suffix matches
(result=0), or a suffix deletion causes a break to occur to the left of the optimum
point. This is therefore acceptable and is returned to the calling program in the usual
way.

Assuming suffixes were exhausted to the right of the optimum point, the procedure
now begins the vescan. This acts in a similar way to the suffix search but using V/C
tables. It moves leftward until either it bumps into the front of the current sub-word,
..1en it exits without a break point, or it finds an acceptable break point when it
returns it as usual.

This completes the main iogic.




procedure afthyp  (word < string; (add'ress of first character of word
optpoint  : integer; {relative address of Optimum Point
endofword : integer; (relative address of end of word
firsttime  : boolean; {true for first entry, false thereafter
var return  : integer); (result returned to calling program

(Written by Quintin Gee, Computer Science Department, University of the Witwatersrand,
{Johannesburg, RSA.

(August 1987

{Hardware used: Apple Macintosh connect to fileserver via AppleTalk network.
(Software used: Lightspeed Pascal

{Compiled version occupies 6996 bytes of memory

{Used by: calling program. with parameters as defined above

(Uses procedures: read_tables, normalise_word, prefixscan, suffixscan, vescan

(Globals used: as defined below s

limit =64;

type (global types)

= 1..6500;

) Q”tzi;

= 1,.Jimit;

= array(letter] of index;
= array(letter] of index;
= array[1.4] of index;

= packed array(index] of char;

HHiH

var (global variables) i
hword : array(short_int] of char: (nonmalised word stored here
hadd : array[short_int] of intey r; ginal addresses of extracted chars
hev : array(short_int] of intege v} /v value of characters

hopt : short_int; (value of optimum point in hword
hend : short_int; ative address of last lettr in hword
front : short_int; {current front of sub-word
back : short_int; {cunent end of sub-word

result : integer; {zetum result from proceaures called
previous_front  : short_int; {value of previous sub-word front so that

(prefix searc'. =9 can back-track

table : datarecs; {memory-resident data record
begin {afrhyp)
if firsttime = true

then read_tables 5

else begin

normalise_word(result);
if result = 0 {then word may not be hyphenated)
then return := 0
else begin
front := 1;
back := hend;
repeat previous_front := front; prefixscan(result) until result <= 0;
if ((result < 0) and (previons_front <> 1))
then return := hadd[previoy * = 1]
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else begin (no more prefixes)
repeat suffixscan(result) until result >= 0;
if result = 0
then begin (no more suffixes)
vescan(result); !
irresult = 0 Ly
ther if previous_front = 1 o
then return :=

else retum := hadd(previous_front - 1) L
else rewm := hadd[back) coner A A
else return := hadd(back] (suffix left of optimum point. exit)

end
end

8.3 Initialisation and Normalisation

This procedure =ads the word !witer by leter provided by the calling prograr
stores the characters it requires in hword. The procedure shown below changes
diaeresis and circumflex to double quote and @ sign respectively. It looks for
hyphens and if fonud, rejects the word by setting result to 0. In addition, it changes
lower case letters to upper case letters. All other characters are 1,7+, ed.

The ainended word is placed in hword and the corresponding address of each letter in
hadd. If the word is i > short it is also rejected. The vowel/consonant value is stored
in hey. It recalculates the position of the optimum point, anc' stores this in hopt.

This procedure wii be different for eaci: implementation since the implementor must
translate his character representation as follows. i,

Accents <eparated from their letter to precede the letter
Ligatures separated into their constituent parts. The implementor

is also responsible for 1e-constituting ligatures on exit.
Lower case  changed to upper case

procedure read @bles;
(reads prefix twbles and their indexes; reads suffix tables and their indexes
(reads ve tables and their indexes

(Compiled version occupies 106 bytes of memory

(Used by: afrhyp, with no parameters

(Uses procedures: none
{Globals used: table.

R p—




;::uuﬂb : file of Catarecs;
reset(sourcefile, binarytable');
table := sourcefile”;

close(sourcefile);

end; (read_tables)

procedure normalise_word (var result : integer);

( version occupies 1448 bytes of memory

(Used by: afrhyp, with paramieters as defined above

(Uses procedures: none
lwmmmmmmmamm
(Returns: 0 if word may not be hyphenated, # 0 ctherwise

var word_ptr : integer; {indexss original word
hword_ptr  integer; (indexes normalised word into hwer
finish : boolean;

function consonant (a : char) : integer;

begin
ifain ['B', L =X e fl ‘0, 'H, 7, 'K, 2N, b Vo R, '8, 'T, VW, X, 'l'l
‘Mm:- 1 else consonant =)

begin
word_pur = 1;
hword_ptr := 1;
result := 1;
finish := false;
hopt := optpoint;

repeat
cuse word[word_ptr] of
begin zesult := 0; iinish 1= true end; {word contains 7 hyphen; reject it, exit )

begin
hword(hword_ptr] = "": {change diae” esis 1o double quote )
hadd(hwerd_peri o= word_pu + 1
hevihword_pir] = -1
hword_ptr := hword_ptr + 1,
end,

LR
-
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begin
hword[hword_ptr] := '@', (change circumflex to @ s'm }
hadd(hword_ptr] := word_ptr + 1;
hev[hword_pir] i= -1
hword_ptr := hword_ptr + 1

end;
A, B, 'C, D, T, F, G HL T, UL K LM N 6L P, QRS T UL VLW
b i

begin

hword[hword_ptr] := word{word_ptr];

hadd[hword. ptr] i= word_ptr;

hev[hword_ptr] : = consonant(hword(hword_ptr])
hword_ptr := hword_ptr + 1
end;

I... bl' lcl. ld'. '.I. Cf. C'O' !hO. "l‘ . l' lt' |Il‘ Iml. 'nl. lo'. QPG' lq.. lr. l.'. "l' lui. 'vl. le' 'xl' Oyi. 'll :

BT begin (assumes ASCII code
1 e hword[hword_ptr] := chr(ord(word[wesd_ptr]) - 32);
; ; hadd(hword_ptr] := word_ptr;
A hev(hword_ptr] : = consonani(hword(hword_pur])

4




- hword_ptr := hword_ptr + 1;
end;

otherwise begin

if word_ptr <= optpoint then hopt := hopt - 1;
if hopt < 2 then begin result := 0; finish := true end
oy ;

end;

word_ptr := word _ptr + 1;

if word_ptr > endofword then finish := true;

uniil finish;

if hev{hopt] = <1 then hopt := hopt + 1;

if hword_ptr < 5 then result := 0 else hend := hword_ptr - 1;

end; (normalise_word)

8.4 Syllable Scans

The procedure prefixscan searches for one prefix. It picks up the first letter of the
current sub-word and accesses the prefix table beginning with that letter. If the tirs,
character in the table is *, the table is empty and the procedure exits with result 0,
otherwise it searches the table for a match using the generalised search procedure. If
no match is found by search, then prefixscan exits with result 0.

mmumpwmmummmmmw
the break is to the right of the optimum point, prefixscan exits with negetive value. If
the break is to the left, the front of the current subword is recalculated. prefixscan
then returns a positive value.

procedure prefixscan (var resiit : integer);

(Compiled version occupies 276 bytes of

(Used by: afrhyp, with parameter as defined above

(Uses proceduces: search

(Globals used: table, front, back, hword, hopt, pretable, data.

(Returns: 0 if table empty, no match, word too short. +1 if match found, and to left of optimum

( point. +1 if match found, and io left of optimum point.
var found 3

else if back - ‘roat <= found




end
end; (prefixscan)

The procedure suffixscan searches for one suffix. It picks up the last letter of the
current sub-word and accesses the suffix table corresponding to that letter. If the first
character in the table is *, the table is empty and the procedure exits with result 0,
otherwise it searches the table for a match using the generalised search procedure. If
no match is found by search, then suffixscan exits with result 0.

mmumumwmumw-mmmu
the break is 1o the right of the optimum point, suffixscan exits with negative value. If
the break is to the left, the back of the current subworr is recalculated. suffixscan
Mmuumm

(wmmmhudm
(Mmmmmmnmm

(Uses

(GWM“MMMMMM

(Retwrns 0 if table empty, no match, word 100 short, maich found to be too close to front,
(+mmmauhudmum-wmmmnmamm

iffound = 0
then result := 0
eise if back ~ front <= found
then result ;= 0
else begin
back := back - found;
if back <= hopt then result := +1 elss result ;s -1
end
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