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Qairetismìc tou kajhght  Knuth

Donald E. KNUTH

Stanford University

Computer Science Department - Gates 4B

Stanford, CA 94305-9045, H.P.A

Greetings to the people who can pronounce TEX better than anyone else in
the world!

When I visited your country in 1985, Melina Mercury granted me the honor
of being able to deliver a lecture in the ancient theater of Epidaurus. At that
time I spoke about how my \practical" work on TEX and METAFONT has had
a signi�cant payo� also in the \theoretical" work I do in computer science and
mathematics. A Greek translation of that lecture was published inMajhmatik 

Epije¸rhsh, teÔqoc 30 (1986), 3-15.

Perhaps I should apologize to you for playing tricks with your letter. If you
look closely at the Computer Modern programs for lowercase mathematical
Greek, you will see that I used the number :5772156649 twice in the construction
of , and 3:14159 twice in the construction of �1.

Nothing makes me happier than to see �ne typesetting being done with
TEX in all parts of the world. Go forth now and create masterpiece of tèqnh!

Sincerely,

Donald E. Knuth
Professor

1 S.E.S.: O pr¸toc arijmìc eÐnai prosèggish thc stajer�c  tou Euler, en¸ o deÔteroc

tou gnwstoÔ mac arijmoÔ �.
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PÀc metafr�zetai � lèxh ligature st�
<Ellhnik�?
_H �lliÀc:

<H peripèteia mi�c met�frashc

Dhm trioc >A. FilÐppou

K�tw Gatzèa

385 00 Bìloc

{<H met�frash dàn eÚnai eÖkolo pr�gma!}, j� êprepe n� moÜ peØ k�poioc prÈn
�pofasÐsw n� katapiastÀ mazÐ thc. VOmwc dàn moÜ eÚpe kanènac k�ti tètoio.
^Etsi, b�zontac éna stoÐqhma mà tän áautì mou, xekÐnhsa, k�pou präc tä tèloc
toÜ 1993 « tÈc �rqàc toÜ 1994, n� metafr�zw tä âgqeirÐdio toÜ Michael Doob
MÐa eÖkolh eÊsagwg� stä TEX (stä prwtìtupo: A Gentle Introduction to TEX ),
tä åpoØo kukloforoÜse tìte kaÈ âxakoloujeØ n� kukloforeØ kaÈ s mera mèsú
toÜ Internet.

T�n Êdèa t¨c met�frashc toÜ âgqeiridÐou toÜ Michael Doob moÜ t�n êdwse
�kousÐwc å Gi�nnhc Qaral�mpouc. Präc tä mèso toÜ 1993 � â�n jum�mai
kal� � å Qaral�mpouc moÜ eÒqe d¸sei prìsbash sà mÐa �lektronik� lÐsta
�llhlografÐac ípou t� mèlh mÐac åm�dac TEXnitÀn mà tä înoma TWGMLC
(Technical Working Group on Multi-Lingual Coordination) suzhtoÜsan t�n
dhmiourgÐa ánäc polÔglwssou TEX/LATEX. Sà k�poia �pä t� mhnÔmat� tou, å
Qaral�mpouc eÚqe tonÐsei t�n �n�gkh dhmiourgÐac « met�frashc �lektronikÀn
âgqeiridÐwn toÜTEX kaÈ toÜ LATEX sà di�forec glÀssec t� åpoØa j� dianèmontai
dwre�n. <Wc plèon kat�llhlo �lektronikä âgqeirÐdio toÜ TEX, å Qaral�mpouc
eÚqe ÍpodeÐxei aÎtä toÜ M. Doob.

^Adeia dàn z thsa �pä kanènan. >Epiplèon dàn eÚpa koubènta sà kanènan gi�
t�n prìjes  mou n� metafr�sw tä âgqeirÐdio toÜ M. Doob. ^Hjela n� doki-
m�sw tÈc dun�meic mou, n� dÀ meqrÈ poÜ mporoÜsan n� fj�soun oÉ Ékanìthtèc
mou kaÈ poièc eÚnai oÉ �dunamÐec mou stä paiqnÐdi t¨c �krobasÐac �n�mesa sà
dÔo glÀssec. >E�n t� kat�ferna, j� êdina t�n met�frash stä koinä mèsú toÜ
Internet; â�n tä sqèdiì mou �potÔqaine, poiìc j� ânoqloÜntan âf� íson dàn eÚqa
ÍposqejeØ tÐpota sà kanènan?
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XekÐnhsa t�n met�frash tän Òdio kairä poÌ teleÐwna kaÈ t�n didaktorik�
diatrib  mou. TÐ n� profj�sw å �moiroc? EÚqa kaÈ tän Stratä poÌ mà kaloÜse
n� parousiasjÀ stä tèloc toÜ MartÐou 1994. Pèrasan ílec aÎtàc oÉ mpìrec �
kaÈ merikàc �llec piä proswpikèc � kaÈ telik�, tän M�io toÜ 1997, dhlad� trÐa
qrìnia met� tä xekÐnhma, katìrjwsa n� b�lw stoÌc kìmbouc toÜ CTAN t�n
pr¸th êkdosh t¨c met�frashc, t�n Íp� �rijmän 0,992. ^Ektote, � met�frash toÜ
âgqeiridÐou toÜMichael Doob st� Nèa <Ellhnik� êqei kuklofor sei sà �llec éxi
âkdìseic mà mikràc belti¸seic �pä t�n mÐa st�n �llh. <H piä prìsfath êkdosh
fèrei tän �rijmä 0,998 kaÈ kuklofìrhse t�n 27h >IoulÐou 1998. EÎelpistÀ p°c
mÐa �mèra j� katorj¸sw n� bg�lw kaÈ t�n êkdosh Íp� �rijmän 1!

Pèran �pä t� proswpik� treq�mata, oÉ praktikàc duskolÐec poÌ eÒqa n� �n-
timetwpÐsw st�n met�frash �rqisan mà t�n âpilog� tÀn grammatoseirÀn. OÉ
grammatoseiràc toÜ Gi�nnh Mosqob�kh kaÈ tä pakèto tou greektex �pokleÐ-
sjhkan �mèswc, âpeid� dàn eÚnai ÊdiaÐtera eÖqrhsta par� mìnon sà Ípologistàc
poÌ leitourgoÜn mà tä paliä sÔsthma MS-DOS. SunepÀc, gi� lìgouc eÎkolÐ-
ac metafor�c t¨c met�frashc �pä éna leitourgikä sÔsthma sà �llo, êprepe
n� âpilèxw �n�mesa stÈc grammatoseiràc rgr toÜ Gi�nnh Qaral�mpouc « tÈc
grammatoseiràc kd toÜ Kwst¨ >I. Druller�kh (ítan xekÐnhsa t�n met�frash,
oÉ grammatoseiràc cb toÜ Claudio Beccari dàn eÚqan âmfanisjeØ �kìmh). >Epè-
lexa telik� tÈc deÔterec mi�c kaÈ �poteloÜn mèroc ánäc piä åloklhrwmèmenou
pakètou mà makroentolèc, toÜ GreeKTEX. ^Allwste, � mình âmfan�c diafor�
metaxÌ tÀn grammatoseirÀn rgr kaÈ kd eÚnai � kwdikopoÐhsh t¨c perispwmènhc;
st�n pr¸th perÐptwsh å qr sthc b�zei stän k¸dik� tou tä Òso = gi� n� l�bei
t�n perispwmènh, ânÀ st�n deÔterh b�zei tä sÔmbolo t¨c perispwmènhc ~. ^Etsi,
â�n k�poioc jèlei n� �ll�xei tÈc állhnikàc grammatoseiràc t¨c met�frashc �pä
kd sà rgr, dàn êqei par� n� �ll�xei stän k¸dika t� ænìmata tÀn grammatosei-
rÀn stÈc ântolàc \font kaÈ n� �ntikatast sei tÈc perispwmènec mà tä Òson (mà
prosoq� ímwc, giatÈ sà âl�qistec peript¸seic � perispwmènh ~ eÒte �poteleØ
mèroc t¨c ântol¨c \catcode, eÒte qrhsimopoieØtai ±c sÔmbolo�ântol� mà t�n
ênnoia �di�spastou kenoÜ diast matoc sà �gglikä keÐmeno).

^Eqontac âpilèxei grammatoseirèc toÜ K. Druller�kh, tä âpìmeno dÐlhm-
m� mou ªtan â�n j� êprepe n� qrhsimopoi sw kaÈ tä sqetikä állhnikä �rqeØo
morf¨c (fìrma) .fmt toÜ GreeKTEX gi� n� �pofÔgw probl mata sulla-
bismoÜ toÜ állhnikoÜ keimènou. >Apof�sisa n� m�n k�nw k�ti tètoio, ¹ste �
met�frash n� m�n perièqei ântolàc �pokleistikàc toÜ pakètouGreeKTEX poÌ
n� periorÐzoun t�n metafor� t¨c met�frashc. ^Etsi, � âpexergasÐa toÜ �rqeÐou
gentl-gr.tex poÌ perièqei ílon tän k¸dika�keÐmeno t¨c met�frashc paramènei
�pl . >Ef� íson loipän Íp�rqoun t� �rqeØa tÀn állhnikÀn grammatoseirÀn kd

st�n teleutaÐa touc êkdosh (4.0a) , �rkeØ n� âktelèsoume t�n parak�tw ântol 
st�n gramm� ântolÀn toÜ leitourgikoÜ sust matoc:
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tex gentl-gr

BebaÐwc, sà poll� shmeØa toÜ k¸dika, gi� n� �pofÔgw tÈc ânoqlhtikàc xèqei-
lec �r�dec (overfull boxes), qrei�sjhke n� bohj sw tä TEX stän sullabismä
sp�zontac meg�lec lèxeic sà sullabèc. Gi� par�deigma, �ntÈ

stoiqeiojeto~ume

qrei�sjhke n� gr�yw

stoi\-qeio\-je\-to~u\-me

AÎtä tä m�llon âp¸duno gr�yimo toÜ k¸dika ªtan âpibeblhmèno prokeimènou
n� âpitÔqw t�n mègisth dunatìthta metafor�c toÜ k¸dika�keimènou t¨c met�-
frashc sà íla t� pijan� sust mata TEX.

MÐa �llh meg�lh duskolÐa poÌ sun�nhsa ªtan � �pìdosh TEXnikÀn írwn
�pä t� >Agglik� st� <Ellhnik�. PÀc loipän n� �podÐdetai swst� st� <Ellhnik�
å íroc ligature? PolÌ qr simec �podeÐqjhkan lÐgec gn¸seic <Ellhnik¨c Tupo-
grafik¨c <OrologÐac poÌ eÚqa �pokomÐsei ítan, spoudast�c st�n >Aj na, eÚqa
ârgasjeØ ±c diorjwt�c sà éna âpisthmonikä periodikì. Dàn ªtan ímwc �rke-
tàc aÎtàc oÉ gn¸seic. <O íroc ligature moÜ ªtan pantelÀc �gnwstoc mèqri n�
�rqÐsw n� �sqoloÜmai mà tä TEX (kaÈ nomÐzw íti paramènei âpÐshc �gnwstoc
stoÌc perissìterouc éllhnec tupogr�fouc, mi�c kaÈ dàn �ntimetwpÐzoun suqn�
sunduasmoÌc gramm�twn ípwc � « �). Qrei�sjhke n� katafÔgw sà állhnik�
biblÐa perÈ TupografÐac (p.q., stä biblÐo Gi� t�n tupografik� deontologÐa toÜ
NÐkou E. Skiad�, >Ekdìseic Gutenberg, >Aj na 1992, ISBN 960-01-0340-2), st�
állhnik� menoÌ âmporikÀn âpexergastÀn keimènou (p.q., MS-Word), sà fÐlouc
kaÈ gnwstoÔc (prosf�twc kaÈ st�n �lektronik� lÐsta eft toÜ Sullìgou <Ell -
nwn FÐlwn toÜ TEX), kaÈ stän proswpikä aÎtosqediasmì. AÎtosqedi�zontac,
�pèdwsa toÌc írouc toÜ TEX control word kaÈ control symbol ±c lèxh âlègqou

kaÈ sÔmbolo âlègqou �ntistoÐqwc. Dàn âpèlexa tän íro ântol , giatÈ å íroc
aÎtäc eÚnai m�llon piä periorismènoc kaÈ dàn kalÔptei ílh t�n ânnoiologik�
shmasÐa toÜ control word kaÈ toÜ control symbol . >EpÐshc aÎtosqedi�zontac
�pèdwsa tän íro ligature ±c pollaplä stoiqeØo « sÔnjeto stoiqeØo. >Argìtera,
eÚda stä állhnikä glwss�ri toÜ tìmou t¨c <Ellhnik¨c <EtaireÐac TupografikÀn
StoiqeÐwn Greek Letters: from Tablets to Pixels [Michael S. Macrakis (editor),
Oak Knoll Press, New Castle (Delaware, USA) 1996, ISBN 1-884718-27-2] tän
íro ligature n� metafr�zetai ±c sÔndesmoc. VOmwc � lèxh sÔndesmoc tairi�zei
kalÔtera stän íro tie, dhlad� stä �di�kopto kenä di�sthma poÌ årÐzetai mà tÈc
�kìloujec prwtìgonec ântolàc toÜ TEX:
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\def\nobreakspace{\penalty10000\ }

[Stä plain TEX toÜ Knuth gi� �gglikä keÐmeno, tä sÔmbolo t¨c perispwmènhc
~ �poteleØ ânergä qarakt ra (active character) poÌ qrhsimopoieØtai ±c sÔnde-
smoc.]

VEna �kìmh prìblhma poÌ qrei�sjhke n� �ntimetwpÐsw ªtan � êlleiyh �pä
tä prwtìtupo âgqeiridÐou toÜ Michael Doob k�poiou keimènou poÌ n� �nafère-
tai st�n stoiqeiojesÐa állhnikoÜ keimènou. Gi� tän lìgo aÎtì, prìsjesa st�n
met�frash éna âpiplèon kef�laio gi� t�n stoiqeiojesÐa állhnikÀn keimènwn mà
tÈc grammatoseiràc toÜ K. Druller�kh « mà tä ílo pakèto GreeKTEX. <O
lìgoc gi� tän åpoØo dàn �nafèrjhka st�n állhnik� âpilog� toÜ babel ªtan �
�nuparxÐa aÎt¨c t¨c âpilog¨c ítan prwtoxekÐnhsa t�n met�frash. Stìqoc mou
eÚnai sà k�poia ápìmenh êkdosh t¨c met�frashc n� kalÔyw aÎt�n t�n par�l-
leiyh.

PrÈn jèsw t�n met�frash sà kukloforÐa, � teleutaØa �porÐa mou eÚqe n�
k�nei mà t� suggrafik� dikai¸mata, tä gnwstä copyright. <O Doob dàn �nafèrei
tÐpota perÈ copyright stä prwtìtupo. VOmwc å Òdioc êqei kuklofor sei kaÈ éna
sqedän ímoio biblÐo (Michael Doob, TEX Starting from One, Springer{Verlag,
New York, ISBN 3-540-56441-1 « 0-387-56441-1). Gi� t�n �pofug� åpoiwnd -
pote parexhg sewn, frìntisa n� êljw sà âpaf� mà tän suggrafèa kaÈ n� l�bw
t�n �dei� tou gi� t�n dwre�n kukloforÐa t¨c met�frashc mèsú toÜ Internet.
Mà t�n bo jeia ánäc êmpeirou kajhght¨, toÜ William M. Williams toÜ ka-
nadikoÜ PanepisthmÐou McGill, sunètaxa kaÈ éna sÔntomo keÐmeno poÌ mp¨ke
stÈc prÀtec selÐdec t¨c met�frashc kaÈ tä åpoØo kajorÐzei Ípä poièc sunj¨kec
âpitrèpetai � âleÔjerh �naparagwg� t¨c met�frashc.

PisteÔw íti aÎt� t�n stigm� � met�frash toÜ �lektronikoÜ âgqeiridÐou toÜ
Michael Doob gi� tä TEX � êtsi ípwc kukloforeØ � eÚnai pl rhc, êstw ki �n
dàn sumperilamb�nei k�poiec plhroforÐec gi� t�n állhnik� âpilog� toÜ babel.
<Opoiosd pote mporeØ âpÐshc eÖkola n� t�n prosarm¸sei stÈc dikèc tou �pait -
seic kaÈ sust mata (diaforetikàc állhnikàc grammatoseiràc kaÈ makroentolèc).
<Wstìso st� mellìntik� mou sqèdia sumperilamb�netai kaÈ � kukloforÐa sà bi-
blÐo t¨c met�frashc toÜ TEX Starting from One, poÔ, ípwc proanafèrjhke,
êqei grafeØ âpÐshc �pä tän Michael Doob.

KleÐnontac átoÔth t�n �nafor� st�n EÖkolh eisagwg� stä TEX, j� ¢jela n�
eÎqarist sw tän Gi�nnh Qaral�mpouc gi� t�n êmmesh Êdèa t¨c met�frashc, tän
Michael Doob gi� t�n kalwsÔnh tou n� moÜ âpitrèyei t�n âleÔjerh kukloforÐa
t¨c met�frashc mèsú toÜ Internet, tän Kwst� >I. Druller�kh gi� tÈc gram-
matoseiràc poÌ qrhsimopoÐhsa st�n met�frash, tän >Apìstolo Surìpoulo gi�
tÈc diorj¸seic tou, kaÈ tän kajhght� William M. Williams gi� t�n bo jei� tou
sqetik� mà tÈc suggrafikàc kaÈ metafrastikàc eÎjÔnec kaÈ dikai¸mata. QwrÈc
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t�n sundrom� aÎtÀn tÀn gnwstÀn kaÈ fÐlwn Òswc n� m�n t� eÚqa katafèrei potà
st� metafrastik� kam¸mat� mou!

Shmeiwsh: Tä âgqeirÐdio toÜ Michael Doob MÐa eÖkolh eÊsagw� stä TEX sà met�frash D.

>A. FilÐppou j� tä breØte stoÌc kìmbouc toÜ CTAN ftp.dante.de kaÈ ftp.tex.ac.uk, stän

kat�logo: tex-achive/help/greek/gentl-gr. >EpÐshc j� tä breØte stän kìmbo toÜ �����

obelix.ee.duth.gr stän kat�logo: pub/TeXDocs.
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Eisagwg  sto PICTEX: Mèroc pr¸to

Apìstoloc Surìpouloc
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1. Eisagwg 

To PICTEX eÐnai mia sullog  apì makroentolèc tou TEX pou sqedi�sth-
kan apì ton Michael J. Wichura th dekatÐa tou 1980 kai me tic opoÐec k�poioc
qr sthc tou mporeÐ na dhmiourg sei ìmorfec eikìnec wc tm mata twn keimè-
nwn pou etoim�zei. Oi eikìnec autèc de mporeÐ na eÐnai polÔploka trisdi�stata
sq mata, all� apl� sq mata kai graf mata tou eÐdouc pou parousi�zontai
se majhmatik� keÐmena. To basikì qarakthristikì tou PICTEX eÐnai ìti jewreÐ
pwc ta sq mata apoteloÔntai apì shmeÐa kai grammèc. Autì ìmwc èqei wc apo-
tèlesma apl� sq mata na apaitoÔn polÔ mn mh all� kai arketì qrìno gia na
sqediastoÔn, toul�qiston palaiìtera. Parìlo aut� eÐnai èna qr simo ergaleÐo
gia ìpoio epijumeÐ na fti�xei eÔkola kai gr gora k�poio sq ma.

To PICTEX mporeÐ na qrhsimopoihjeÐ se sunduasmì me to plain TEX all�
kai me to LATEX. An protim�te na to qrhsimopoi sete me to plain TEX, tìte ja
prèpei na b�lete thn parak�tw entol  k�pou sthn arq  tou arqeÐou sac:

\input pictex

An ìmwc protim�te na to qrhsimopoi sete se sunduasmì me to LATEX, tìte sto
ja prèpei na b�lete sto prìlogo tou k¸dika tic parak�tw entolèc:

\input{prepictex.tex}

\input{pictex.tex}

\input{postpictex.tex}

Epiplèon, epeid  to PICTEX qrhsimopoieÐ ton paliì trìpo epilog c grammato-
seir¸n, prèpei prin apì tic prohgoÔmenec entolèc na gr�yete kai thn parak�tw
entol :

\font\fiverm=cmr5
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2. To sÔsthma suntetagmènwn tou PICTEX

Gia to PICTEX k�je sq ma eÐnai mia eikìna (picture, sthn orologÐa tou
sust matoc). 'Etsi ìtan jèloume na sqedi�soume k�ti, xekin�me me thn entol 
\beginpicture, asqètwc tou an douleÔoume me to plain TEX   to LATEX, en¸
h entol  \endpicture orojeteÐ to tèloc tou sq matoc.

K�je sq ma topojeteÐtai s� èna kajorismèno sÔsthma axìnwn me thn entol 

\setcoordinatesystem units <x-mon�da, y-mon�da>

point at xsuntèt. ysuntèt.

'Otan d¸soume thn entol  aut  met� thn \beginpicture autì shmaÐnei ìti to
sÔsthma suntetagmènwn afor� mìno thn paroÔsa eikìna, alli¸c afor� ìlec
tic epìmenec. H par�metroc units anafèretai sto pragmatikì m koc pou ja
antistoiqeÐ h mon�da m kouc thc eikìnac, tìso orizìntia all� kai k�jeta. An
paraleÐyoume thn par�metro autì, to PICTEX jewreÐ ìti oi mon�dec eÐnai 1 pt.
H par�metroc point at kajorÐzei th jèsh enìc arqikoÔ shmeÐou anafor�c. An
thn paraleÐyoume, tìte aut  tautÐzetai me thn arq  twn axìnwn. Gia par�deigma
h entol 

\setcoordinatesystem units <.5in,.25in> point at 1.5 -2

dhmiourgeÐ èna sÔsthma suntetagmènwn ìpwc autì tou parak�tw sq matoc

�

�2 �1 1 2 3 4

�3

�2

�1

1

2

3

 ShmeÐo anafor�c

en¸ topojeteÐ kai to arqikì shmeÐo anafor�c sthn jèsh (1:5;�2). AxÐ-
zei na shmei¸soume ìti k�je for� pou to TEX ekteleÐ mia entol 
\setcoordinatesystem, dhmiourgeÐ eswterik� èna fÔlo qartioÔ me diast�seic
1097; 28 cm� 1097; 28 cm.
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3. Topojèthsh keimènou se sq mata

'Opoioc eÐnai exoikeiwmènoc me thn qr sh tou perib�llontoc picture tou
LATEX, asfal¸c ja gnwrÐzei ìti mporoÔme na topojet soume se opoiod pote
shmeÐo tou sq matoc mac me thn entol  \put k�poio keÐmeno   sq ma. AntÐ-
stoiqh entol  diajètei kai to PICTEX, h sÔntaxh thc opoÐac faÐnetai parak�tw:

\put {keÐmeno} [oxoy] at x-suntèt. y-suntèt.

To apotèlesma thc entol c eÐnai h topojèthsh tou keimènou sth jèsh
(x-suntèt. ; y-suntèt.). Epeid , wc gnwstì to TEX qeirÐzetai plaÐsia (  kou-
ti�), oi kat� epilog  par�metroi [oxoy] kajorÐzoun th jèsh tou keimènou sto
plaÐsio. Oi dunatèc timèc twn paramètrwn kai h antÐstoiqh leitourgikìtht� twn
faÐnetai ston parak�tw pÐnaka:

Par�metroc Leitourgikìthta

l aristerì �kro
r dexiì �kro
t p�nw �kro
B gramm  b�shc
b k�tw �kro

An paraleÐyoume thn par�metro ox èqoume kentr�risma orizìntio, en¸ an pa-
raleÐyoume thn par�metro oy èqoume k�jeto kentr�risma. H entol  dèqetai kai
èna epiplèon kat� epilog  ìrisma to opoÐo kajorÐzei thn orizìntia kai k�jeth
met�jesh tou plaisÐou apì thn jèsh pou ja p gaine alli¸c. To nèo autì ìri-
sma mpaÐnei akrib¸c prin apì to shmeÐo topojèthshc tou keimènou kai p�nta
an�mesa apì ta sÔmbola < kai >. Gia par�deigma h lèxh keÐmeno tou parak�tw
sq matoc topojet jhke sto shmeÐo (2; 2:2),

KeÐmeno
|�

en¸ gia thn topojèthsh thc maÔrhc kai thc gkrÐzac koukÐdac qrhsimopoi same
tic parak�tw entolèc antÐstoiqa:

\put {$\clubsuit$} [rt] <-10pt,0pt> at 2 2.2

\put {$\spadesuit$} [rt] at 2 2.2
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S� arketèc peript¸seic ja jèlame na mporoÔme me mia entol  na topojet -
soume poll� antÐgrafa k�poiou keimènou se poll� diaforetik� shmeÐa. Dhlad ,
antÐ na gr�foume pollèc forèc thn entol  \put, apl� na gr�foume mia nèa en-
tol  kai ta shmeÐa sta opoÐa ja topojethjeÐ to keÐmeno. Mia tètoia entol  eÐnai
h \multiput h opoÐa sunt�ssetai ìpwc kai h \put me dÔo mikrèc diaforèc:

1. Ta shmeÐa shmei¸nontai wc zeÔgh, dhl. 3 4 5 6 7 8, en¸ p�nta sto tè-
loc ja prèpei na mpaÐnei to sÔmbolo / kai

2. MporoÔme na shmei¸noume om�dec shmeÐwn ta opoÐa apèqoun metaxÔ twn
mia kajorismènh apìstash. 'Etsi h entol 

\multiput {.} at 0 0 *10 .2 .2/

antistoiqeÐ stic entolèc

\put {.} at 0 0

\put {.} at .2 .2

\put {.} at .4 .4

...
sunolik� 10 forèc

...
\put {.} at 2 2

Dhlad , h par�metroc *ndxdy èqei to sunduasmèno apotèlesma twn parak�tw
entol¸n:

x = x+ dx

y = y + dy

\put {.} at x y

Ta sq mata pou akoloujoÔn sqedi�sthkan qrhsimopoi¸ntac thn entol 
\multiput:
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Gia par�deigma to aristerì sq ma sqedi�sthke me tic parak�tw entolèc

\setcoordinatesystem units <.25cm,.25cm>

\multiput {.} at

0 0 *10 .2 .2 *10 .1 -.3 *10 -.3 .1/

(Wc �skhsh mporeÐte na prospaj sete na topojet sete tic etikètec tou sq ma-
toc.)

An èqete k�poio prìgramma pou par�gei tic suntetagmènec twn shmeÐwn
k�poiou sq matoc, mporeÐte na apojhkeÔsete ta shmeÐa se k�poio arqeÐo kai
sth sunèqeia na qrhsimopoi sete to PICTEX gia ton sqediasmì tou sq matoc.
H magik  entol  pou analamb�nei to dÔskolo autì èrgo eÐnai h \multiput,
ìpou antÐ gia shmeÐa b�zoume to ìnoma enìc arqeÐou pou perièqei ta shmeÐa.
To ìnoma to arqeÐou ja prèpei na mpaÐnei se agglik� eisagwgik�, p.q.:

\multiput {.} at "data.file"

H dunatìthta aut  mporeÐ, gia par�deigma, na qrhsimopoihjeÐ gia ton sqedia-
smì fractal me to PICTEX. (Sto biblÐo LATEX

1 tou suggrafèa tou parìntoc
up�rqei èna tetoio par�deigma kaj¸c kai ena prìgramma se Perl pou par�gei
ta shmeÐa.)

'Opwc to LATEX parèqei thn entol  \shortstack, ètsi kai to PICTEX pa-
rèqei thn entol  \stack {kat�logoc}, ìpou o kat�logoc eÐnai mia seir� apì
gr�mmata   lèxeic pou qwrÐzontai me kìmma. An jèloume h apìstash meta-
xÔ twn gramm�twn/lèxewn na eÐnai diaforetik  apì aut  pou proôpologÐzei
to PICTEX, tìte b�zoume thn tim  thc prin apì ton kat�logo ìpwc faÐnetai
parak�tw:

\stack <m koc{> kat�logoc}

Epiplèon, an jèloume ta gr�mmata/lèxeic na stoiqÐzontai sta dexi�   arister�,
tìte to dhl¸noume autì wc ex c:

\stack [d] {kat�logoc}

ìpou d eÐnai eÐte to gr�mma l (stoÐqish sta arister�), eÐte to gr�ma r (stoÐqish
sta dexi�). Tèloc, mporeÐte na qrhsimopoieÐte thn entol  \shortstack kai se

1 Ekdìseic Parathrht c, JessalonÐkh 1998, ISBN 960-260-990-7.
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keÐmena, arkeÐ na mhn xeqn�te na b�zetai to sÔmbolo / amèswc met� thn entol ,

p.q., h lèxh

ELBETIA

L

L

A

D

AMERIKH dhmiourg jhke me thn park�tw entol :

\stack [l] {ELBETIA,L,L,A,D,AMERIKH} \

Ektìc apì lèxeic kai gr�mmata mporoÔme na topojetoÔme kai olìklhrec pro-
t�seic mÐa p�nw sthn �llh. Autì ìmwc den gÐnetai me thn entol  \stack all�
me dÔo �llec entolèc: thn entol  \lines kai thn entol  \Lines. Kai oi dÔo
entolèc paÐrnoun tic Ðdiec paramètrouc me thn entol  \stack, me th diafor� ìti
oi prot�seic qwrÐzontai metaxÔ twn me thn entol  \cr. Epiplèon, oi dÔo ento-
lèc diafèroun sto ìti h \lines topojeteÐ thn teleutaÐa gramm  sthn gramm 
b�shc, en¸ h entol  \Lines topojeteÐ thn pr¸th gramm  sth gramm  b�shc.
(Dokim�ste mìnoi sac tic dunatìthtec twn nèwn entol¸n!)

4. Sqediasmìc axìnwn

Sthn enìthta aut  ja m�joume touc trìpouc me touc opoÐouc mporoÔme na
sqedi�zoume touc �xonec se mia grafik  par�stash. Prin ìmwc apì autì ja
prèpei na m�joume thn qr sh thc entol c \setplotarea, me thn opoÐa kajo-
rÐzoume to q¸ro pou katalamb�nei h grafik  mac par�stash. H sÔntaxh thc
entol c faÐnetai parak�tw:

\setplotarea x from x1 to x2, y from y1 to y2

H de shmasÐa thc eÐnai ìti to sq ma mac ja ekteÐnetai orizìntia apì to x1 wc
to x2 kai k�jeta apì to y1 wc to y2. 'Etsi h entol 

\setplotarea x from 0 to 100 , y from -50 to 100

kajorÐzei ìti o orizìntioc �xonac ja xekin�ei apì to 0 kai ja ft�nei wc to 100,
en¸ o k�jetoc ja xekin�ei apì to �50 kai ja ft�nei wc to 100.

O sqediasmìc twn axìnwn enìc sq matoc tou PICTEX gÐnetai me thn entol 
\axis h opoÐa eÐnai h pio polÔplokh entol  tou PICTEX. DÐnontac parak�tw
orismèna paradeÐgmata, ja exhg soume ton trìpo qr shc thc kaj¸c kai tic
di�forec paramètrouc pou dèqetai h entol . Ac doÔme dÔo apl� paradeÐgmata
qr shc thc entol c kaj¸c kai ton k¸dika pou ta par�gei.
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PANW

KATW

A
R
I
S
T
E
R
A

DE-
XIA

To aristerì sq ma par�getai me ton parak�tw k¸dika:

\setplotarea x from 0 to 100, y from 0 to 100

\axis top label {PANW} /

\axis bottom label {KATW} /

\axis left label {\stack{A,R,I,S,T,E,R,A}} /

\axis right label {\lines{DE- \cr XIA\cr}} /

Gia k�je sq ma mporoÔme na sqedi�soume tèssereic �xonec, èna arister�
(left), èna dexi� (right), èna p�nw (top) kai èna k�tw (bottom). 'Ara b�-
zontac amèswc met� thn entol  \axis thn lèxh pou kajorÐzei th jèsh tou
�xona, sqedi�zetai o �xonac sthn an�logh jèsh. H par�metroc label kojorÐ-
zei thn etikèta tou �xona, to de keÐmeno, to opoÐo mporeÐ na eÐnai aplì keÐmeno,
seir� apì grammèc, k.lp., mpaÐnei amèswc met� s� �gkistra. To dexiì sq ma
dhmiourgeÐ o parak�tw k¸dikac:

\setplotarea x from 0 to 100, y from 0 to 100

\axis top shiftedto x=50 /

\axis right shiftedto y=50 /

To endiafèron shmeÐo ed¸ eÐnai ìti mporoÔme na metakin soume k�poio
�xona, p�nw-k�tw   dexi�-arister� an�loga thc jèshc tou. H par�metroc
shiftedto x=X metakineÐ èna orizìntio �xona kat� X mon�dec, en¸ h par�-
metroc shiftedto y=Y èna k�jeto �xona kat� Y mon�dec. Fusik� epitrèpontai
kai arnhtikèc timèc, oi opoÐec èqoun to anamenìmeno apotèlesma. Ac doÔme èna
akìmh endiafèron par�deigma:
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'Opwc gÐnetai katanohtì to sq ma autì eÐnai hmilogarijmikì, dhl. o ènac �xon�c
tou eÐnai logarijmikìc. Epiplèon sto sq ma autì b�lame kai orismèna shmei�
(gia grammèc ja mil soume sto deÔtero mèroc autoÔ tou �rjrou). Ac doÔme
ìpwc ton k¸dika pou par�gei to sq ma autì:

\setcoordinatesystem units <2.5pt,30pt>

\setplotarea x from 0 to 100, y from 0 to 4.3

\axis left label {\stack{...}\

ticks logged numbered at 1 10 100 1000 10000 /

unlabeled short from 2 to 9 by 1

from 20 to 90 by 10

from 200 to 900 by 100

from 2000 to 9000 by 1000

at 20000 / /

\axis bottom label {...} /

ticks out withvalues 10 30 50 70 90 110

130 150 170 190 210 / short unlabeled quantity 11 /

\put {$\circ$} at 10 4

\put {$\circ$} at 50 2 \put {$\circ$} at 80 3

\put {$\circ$} at 90 2.5 \put {$\circ$} at 75 0.8

\put {$\circ$} at 35 1.5

Epeid  o k�jetoc �xonac eÐnai logarijmikìc autì shmaÐnei ìti h mon�da m kouc
ja prèpei na eÐnai meg�lh. Autìc eÐnai kai o lìgoc gia ton opoÐo blèpoume na
up�rxei tìso meg�lh diafor� stic dÔo mon�dec. 'Opwc blèpoume ston ariste-
rì �xona qrhsimopoioÔme thn lèxh logged gia na dhl¸soume sto PICTEX ìti
ja prèpei na qrhsimopoi sei thn eswterik  tou routÐna upologismoÔ dekadi-
koÔ logarÐjmou. EpÐshc, kajorÐzoume tic tèssereic basikèc upodiairèseic tou
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KATW

A
R
I
S
T
E
R
A

\axis top /

\axis bottom label {...} ticks

andacross unlabeled

from 0 to 300 by 30 /

\axis left label {\stack{...}}

ticks andacross unlabeled

from 0 to 150 by 15 /

\axis right /

Sq ma 1: Par�deigma sqediasmoÔ axìnwn.

�xona all� kai tic endi�mesec, oi opoÐec ìmwc shmei¸nontai me mikr  gramm 
(par�metroc short). Epeid  den jèloume na emfanÐzontai o endi�mesoi arijmoÐ,
all� mìno oi upodiairèseic qrhsimopoioÔme thn par�metro unlabeled. Me thn
par�metro at kajorÐzoume thn parapèra shmeÐwsh orismènwn shmeÐwn. 'Oson
afor� ton k�tw �xona parathroÔme ìti oi upodiairèseic deÐqnoun proc ta èxw

(par�metroc out). EpÐshc ìti b�zoume 11 grammoÔlec oi opoÐec antistoiqoÔn
se upodiairèseic pou den fainìntai. Prosèxte ìtan qrhsimopoioÔme thn par�me-
tro withvalues orÐzoume pou ja mpoÔne oi grammoÔlec, all� prèpei p�nta na
akoloujeÐ h par�metroc quantity me ton akrib  arijmì shmeÐwn. Sto sq ma 1
blèpoume èna akìmh par�deigma sqediasmoÔ axìnwn. To par�deigma autì deÐ-
qnei th dunatìthta sqediasmoÔ gramm¸n kat� m koc (  Ôyoc) twn axìnwn. An
prosèxete ton k¸dika ja diapist¸sete thn qr sh thc paramètrou andacross h
opoÐa eÐnai upeÔjunh gia to apotèlesma thc kat� m koc twn axìnwn tmhmato-
poÐhshc.

Ektìc apì tic paramètrouc pou mìlic perigr�yame up�rqoun akìmh merikèc:

invisible Qr sh thc paramètrou sunep�getai ìti oi �xonec den ja faÐnontai.

visible 'Eqei to akrib¸c antÐjeto apotèlesma apì thn par�metro invisible.
Par�leiy  thc, shmaÐnei thn autìmath qr sh thc.

length <..> Me thn par�metro aut  kajorÐzoume to m koc twn mikr¸n gram-
m¸n. To m koc mpaÐnei an�mesa sta < kai >.

width <..> Me thn par�metro aut  kajorÐzoume to pl�toc twn mikr¸n gram-
m¸n. To pl�toc mpaÐnei an�mesa sta < kai >.

Prin kleÐsoume thn paroÔsa enìthta axÐzei na anafèroume dÔo arket� qr simec
entolèc: thn \plotheading kai thn \grid {c} {r}. H pr¸th entol  qrhsimo-
poieÐtai gia thn stoiqeiojesÐa thc epikefalÐdac enìc sq matoc, to de ìrism�
tou mpaÐnei se �gkistra. H deÔterh entol  qrhsimopoieÐtai gia th dhmiourgÐa
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enìc plègmatoc c sthl¸n kai r gramm¸n. Profan¸c to sq ma 1 ja mporoÔse
na sqediasteÐ eukolìtera me thn entol  \grid {10} {10}, qrhsimopoi¸ntac
bèbaia tic Ðdiec paramètrouc sthn entol  \setplotarea.

5. Grammèc kai sq mata pou apoteloÔntai apì grammèc

To LATEX, kai profan¸c kai to TEX, mporeÐ kai sqedi�zei grammèc orizìn-
tiec kai k�jetec. Sthn enìthta aut  parousi�zoume tic dunatìthtec sqedia-
smoÔ gramm¸n, all� kai sqhm�twn pou apartÐzontai apì grammèc, pou parèqei
to PICTEX. To p�qoc twn gramm¸n kajorÐzetai apì thn tim  thc metablht c
\linethickness2.

MÐa gramm  mporeÐ mporeÐ na sqediasteÐ me thn entol 

\putrule from x1 y1 to x2 y2

ìpou ta x1 kai y1 kajorÐzoun to arqikì shmeÐo kai ta x2 kai y2 to telikì. Me
�lla lìgia: h gramm  xekin�ei apì to shmeÐo (x1; y1) kai telei¸nei sto shmeÐo
(x2; y2). Shmei¸ste ìti ta x1 6= x2 kai y1 6= y2, dhl. oi arqikèc kai telikèc

suntetagmènec den ja prèpei na eÐnai Ðdiec. 'Etsi gia par�deigma o dunamÐthc
dhmiourg jhke me ton parak�tw k¸dika:

\setcoordinatesystem units <1pt,1pt>

\putrule from 0 0 to 0 15

\linethickness=6pt

\putrule from 0 0 to 0 12

Prosèxte thn qr sh thc entol c \linethickness. DeÐte akìmh èna par�deigma:
o parak�tw q�rakac:

0 pt 100 pt 200 pt 300 pt

sqedi�sthke me ton parak�tw k¸dika:

2 MporeÐte na all�xete thn tim  thc me mia an�jesh, p.q., h an�jesh \linethickness=10pt

orÐzei ìti h tim  thc ja eÐnai 10 pt.
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\setcoordinatesystem units <1pt,1pt>

\putrule from 0 0 to 300 0

\multiput {\beginpicture

\putrule from 0 0 to 0 18 \endpicture}

[t] at 0 0 *3 100 0 /

\multiput {\beginpicture

\putrule from 0 0 to 0 14 \endpicture}

[t] at 0 0 *6 50 0 /

\multiput {\beginpicture

\putrule from 0 0 to 0 10 \endpicture}

[t] at 0 0 *30 10 0 /

\multiput {\beginpicture

\putrule from 0 0 to 0 6 \endpicture}

[t] at 5 0 *29 10 0 /

\put {$0\,\mathrm{pt}$} [t] at 0 -24

\put {$100\,\mathrm{pt}$} [t] at 100 -24

\put {$200\,\mathrm{pt}$} [t] at 200 -24

\put {$300\,\mathrm{pt}$} [t] at 300 -24

Prosèxte thn qr sh thc entol c \multiput all� kai thn qr sh egkubwtismè-

nwn eikìnwn.

Ektìc ìmwc apì grammèc, to PICTEX mporeÐ eÔkola na sqedi�zei kai pa-
rallhlìgramma me thn entol 

\putrectangle corners at x1 y1 and x2 y2

ìpou (x1; y1) oi suntetagmènec thc p�nw arister c koruf c tou, en¸ (x2; y2)
oi suntetagmènec thc k�tw dexi�c pleur�c tou. Gia par�deigma to parak�tw
parallhlìgrammo:

(0; 2)! �

�  (4; 0)

sqedi�sthke me ton parak�tw k¸dika:

\setcoordinatesystem units <1cm,1cm>

\putrectangle corners at 0 2 and 4 0
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(Wc �skhsh dokim�ste na topojet sete tic koukÐdec (�) sto plaÐsio pou par�-
goun oi prohgoÔmenec dÔo entolèc.)

H entol 

\putbar breadth <b> x� y� to x� y�

sqedi�zei èna orjog¸nio to opoÐo èqei wc kèntra apènanti pleur¸n m kouc b ta
shmeÐa (x�; y�) kai (x� ; y�). Ja prèpei na poÔme ìti eÐte x� = x� , eÐte y� = y� .
EpÐshc an b = 0pt, tìte to apìtelesma thc entol c \putbar eÐnai to Ðdio me
autì thc entol c \putrule. Gia par�deigma, oi entolèc

\setcoordinatesystem units <1cm,1cm>

\putbar breadth <2cm> from 0 1 to 4 1

sqedi�zoun to parak�tw sq ma:

� �(0; 1) !  (4; 1)

"

#

2 cm

EpÐshc eÐnai dunatì na b�loume èna keÐmeno se plaÐsio , me ton Ðdio akrib¸c
trìpo pou mporoÔme na to k�noume me thn entol  \fbox tou LATEX. H antÐstoiqh
entol  tou PICTEX eÐnai h

\fram [<di�keno>] {keÐmeno}

ìpou to di�keno eÐnai èna m koc (jetikì   arnhtikì) pou kajorÐzei to thn
apìstash metaxÔ tou koutioÔ pou perièqei to keÐmeno (to opoÐo mporeÐ na
eÐnai sqedìn o,tid pote) kai twn pleur¸n tou plaisÐou.

H entol  \rectangle <p> <u> sqedi�zei èna orjog¸nio pl�touc p kai
Ôyouc u .

Sto deÔtero mèroc ja parousi�soume ton sqediasmì: istogramm�twn, gram-
m¸n kai kampul¸n. EpÐshc ja parousi�soume teqnikèc gia th skÐash sqhm�twn
all� kai ton sqediasmì diakekomènwn gramm¸n.
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Short History of the cb Greek Fonts

Claudio Beccari

Dipartimento di Elettronica

Politecnico di Torino

Torino, Italia

Gr�mmata màn d� prÀtoc >OrfeÌc âx -
negke, par� MousÀn maj¸n, ±c kaÈ
t� âpÈ tÄ mn mati aÎtoÜ dhloØ âpi-
gr�mmata; {MousÀn prìtolon t¬d� >Or-
fèa Jr¬kec êjhkan, çn kt�nen Îyimè-
dwn ZeÌc yolìenti bèlei, OÊ�grou fÐlon
uÉìn, çc >Hrakl¨ âxedÐdaxen, eÍr°n �n-
jr¸poic gr�mmata kaÈ sofÐhn}.

I happen to be the author of the so called cb Greek fonts that are being
used to typeset the Greek part of this newsletter.

I would like to tell the story of how I came to spend a lot of time for
producing these fonts; since I have an elementary knowledge of classical Greek,
and I am so ignorant about modern demotic Greek that I can hardly decrypt
easy texts with the help of a dictionary, it is out of question the possibility that
I use my fonts for writing Greek.

Well, you may believe it or not, but this is my small contribution for paying
my debt of gratitude to the Greek culture, that permeates all the western
civilization.

I was lucky enough to frequent my junior and high schools when classical
subjects were praised by the whole educated society; I studied the whole (tran-
slated) Iliad and Odyssey in 7th and 8th grades respectively, and translated
from Greek both works in 9th and 10th grades. Plato, Aristoteles were common
readings in high school, and I eventually sat for the �nal examination at the
end of the 13th grade with AÉ Qohfìroi toÜ AÊsqÔlou; I knew that tragedy
almost by hart and I could read it both as plain text and as prosodic poetry.
My children, unfortunately, don't event understand what I am speaking about
when I tell them these facts.

I ended up in the engineering school, I became an electronics engineer,
eventually I became a professor of electronic circuit theory, and in the past
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years I acted also as vice dean of the engineering faculty. This did not keep me
away from the classics, though.

Some twelve years ago I started working with LATEX; in 1991 I even wrote
a book on it, that soon became obsolete because of the advent of LATEX2". In
that time I got my METAFONT book, but I had no time to really learn the
language; then in 1996 a friend of mine, teacher of (classical) Greek in high
school, triggered my interest in the possibility of writing classical Greek with
LATEX. I explored the international archives, but, certainly due to my poor
Internet \surfmanship", I missed to �nd the recent contributions by several
other Greek and non-Greek authors. I found only the fonts designed by Silvio
Levy and their variations designed by Gi�nnhc Qaral�mbouc, that were only in
10 point size and both, substantially, reected the classical Didot design.

The new LATEX2" had become available since a couple of years; it resorted
to the New Font Selection Scheme, which in turn required the availability of at
least three families, two series, and not less than four shapes; J. Knappen had
also improved the dc Latin fonts by N. Schwarz, and produced the ec fonts
by embedding a new idea, that is to code the design size into the font name,
so as to produce, by means of METAFONT fonts that are not enlargements of
smaller ones, but fonts designed to that very size.

Since Levy's times also METAFONT had improved and contained more so-
phisticated means for describing character ligatures, that eventually proved
essential with the dimorphism of the Greek letter `sigma'.

Therefore I started working with the idea of producing a complete collection
of Greek fonts that could match the collection of the ec ones. I was lucky
enough that through the Internet I came to know Apìstoloc Surìpouloc,
who appreciated my preliminary work and encouraged me on going on; with
his advice I ended up with the collection now known as cb fonts; thank you
Apìstole.

The cb collection includes six families: regular, sans-serif, typewriter type,
outline, slides regular, slides typewriter type; two series: normal and bold (ex-
tended), the latter one applying only to a family subset; �ve shapes: normal,
slanted, italic, upright italic, small caps (not all of them applying to all fa-
mily/series combinations, though); there are a total of 65 main family/series/
shape combinations that can be built at virtually every size within the range
5pt{99,99pt (the same as the ec fonts).

Although the fonts carry the version number 2.x, I suppose many corrections
have still to be made; only you Greek users are likely to use all the families,
series, shapes, sizes, pixel densities, etc. Only you can feed back the necessary
information to improve them. I thank you in advance for your cooperation.



EÖtupon TeÔqoc No. 1 � Septèmbrioc 1998 23

H kathgorÐa eggr�fou apa: Mia gn sia
lÔsh LATEX se èna sÔgqrono prìblhma
proetoimasÐac keimènou

Ajan�sioc Q. Prwtìpapac

Scienti�c Learning Corporation

Berkeley, CA, USA

H tupopoihmènh epikoinwnÐa metaxÔ episthmìnwn, basismènh kat� kÔrio lì-
go sth dhmosÐeush �rjrwn se exeidikeumèna periodik� (par�llhla me th ligì-
tero {epÐshmh} diadikasÐa twn sunedrÐwn), anagk�zei touc ereunhtèc na pro-
sarmìzoun ta keÐmen� touc stic apait seic twn ek�stote epimelht¸n, stoiqeio-
jet¸n, kai tupogr�fwn pou par�goun to keÐmeno sthn telik  (dhmosieumènh)
morf  tou. Oi idiìrrujmec mèjodoi kai sun jeiec twn kl�dwn aut¸n èqoun wc
apotèlesma epijumhtèc morfèc keimènou pou eÐnai sp�talec, akalaÐsjhtec, kai
dÔskolec sthn an�gnwsh kai thn katanìhsh. Gia par�deigma, tupik� apaiteÐtai
h qr sh diploÔ diast matoc metaxÔ twn gramm¸n kai par�jesh twn sqhm�twn
kai pin�kwn ìqi kont� sto shmeÐo tou keimènou to opoÐo epexhgoÔn   sumplhr¸-
noun all� sto tèloc, kai suqn� qwrist� apì touc upìtitloÔc touc. Mia pijan¸c
akraÐa perÐptwsh thc morf c aut c parathreÐtai sto egqeirÐdio proetoimasÐac
keimènwn gia dhmosÐeush thc Amerikanik c Yuqologik c 'Enwshc (American
Psychological Association, ex�oÔ kai APA), ìpou dÐnontai leptomereÐc odhgÐec
ìqi mìno gia tupopoÐhsh thc epimèleiac kai stoiqeiojesÐac all� kai gia k�je
pijan  leptomèreia apì th fraseologÐa kai th qr sh suntomeÔsewn mèqri to
pl�toc twn perijwrÐwn kai an oi upìtitloi twn pin�kwn prohgoÔntai   èpontai
tou pÐnaka!

Den eÐmai se jèsh na ektim sw th qrhsimìthta tou pl jouc twn upodeÐxewn
twn eidik¸n thc 'Enwshc gia touc paragwgoÔc twn episthmonik¸n periodik¸n,
eÐmai ìmwc se jèsh na krÐnw tìso to aisjhtikì apotèlesma ìso kai th dusko-
lÐa sthn prosarmog  k�je keimènou stic apait seic tou egqeiridÐou. ElleÐyei
epaggelmatÐa daktulogr�fou-grammatèwc pou ja anal�mbane thn met�bash
twn qeirogr�fwn mou sto strufnì kìsmo thc tupografÐac, kai oplismènoc me
ton hlektronikì mou upologist , sqedÐasa èna sÔnolo makroentol¸n gia to
sÔsthma LATEX me touc ex c stìqouc:
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� Paragwg  keimènou sÔmfwna me tic prodiagrafèc tou egqeiridÐou pe-
rÐ diast�sewn kai jèshc k�je leitourgik c mon�dac sto keÐmeno qwrÐc
na qrei�zetai na asqoloÔmai me th dhmiourgÐa twn diafìrwn enot twn,
tÐtlwn, k.lp. se k�je keÐmeno (orismìc kat�stashc man, apì th lèxh
{manuscript}).

� Paragwg  keimènou pou na diab�zetai eÔkola kai euq�rista, sth morf 
pou èqoume sunhjÐsei ston kl�do mac (dhlad  aut  twn periodik¸n thc
'Enwshc), kat�llhlou gia di�dosh, hlektronik�   taqudromik�, kat� th
di�rkeia tou (dustuq¸c makroÔ) diast matoc pou sun jwc mesolabeÐ apì
thn apostol  mèqri th dhmosÐeush tou �rjrou (orismìc kat�stashc jou,
apì th lèxh {journal}).

� Apl  met�bash metaxÔ twn dÔo morf¸n me mia par�metro sthn entol 
kl shc tou pakètou kai me pl rh sumbatìthta se entolèc kai epexergasÐa.

� Automatismì twn anwtèrw kai prosarmog  sto sÔnhjec prwtìkollo kai
sÔnolo entol¸n tou LATEX ¸ste na mh qrei�zetai na metab�llw tic sun -
jeiec mou sthn proetoimasÐa enìc keimènou kai me thn prosj kh ìso to
dunatì ligìterwn nèwn makroentol¸n.

An kai h epilog  tou sust matoc LATEX ègine gia lìgouc anex�rthtouc twn
parap�nw proôpojèsewn (apl�  tan to sÔsthma me to opoÐo  moun exoikeiwmè-
noc kai polÔ euqaristhmènoc) eÐnai profanèc ìti prosfèretai me to parap�nw
lìgw tou jemeli¸douc diaqwrismoÔ metaxÔ dom c kai perieqomènou pou enjar-
rÔnei. M� �lla lìgia, eÐnai apìluta fusikì mèsa sto plaÐsio tou LATEX na
gr�fetai èna keÐmeno me sumbolik� epis mata dom c, p.q., ènarxhc jematik¸n
enot twn, kai h telik  emf�nish na exart�tai apokleistik� apì thn kathgo-
rÐa eggr�fou me thn opoÐa ja gÐnei h epexergasÐa apì to LATEX. O sunt�kthc
tou keimènou apofeÔgei (m�llon, de qrei�zetai) na asqoleÐtai me grammato-
seirèc, diast�seic, stoÐqish,   selidopoÐhsh, en¸ to èrgo tou programmatist 
thc kathgorÐac keimènou dieukolÔnetai se shmeÐo pou na eÐnai dunatì me mia
apl  par�metro sto prìgramma to Ðdio akrib¸c keÐmeno na all�zei entel¸c
parousiastikì.

'Ena meg�lo mèroc thc programmatistik c doulei�c mporoÔse na gÐnei epa-
norÐzontac apl¸c makroentolèc kai metablhtèc tou sust matoc ¸ste ta peri-
j¸ria p.q. kai oi epikefalÐdec na akoloujoÔn tic prodiagrafèc tou egqeiridÐ-
ou. 'Oso gia tic eidikìterec leitourgÐec (p.q. antikat�stash thc èmfashc me
upogr�mmish, anabol  twn pin�kwn kai sqhm�twn gia to tèloc tou keimènou,
diplodi�sthma metaxÔ gramm¸n k.�.), oi perissìterec eÐqan gia kal  mou tÔqh
 dh ulopoihjeÐ, qwrist� h mÐa apì thn �llh, kai brÐskontan diajèsimec stouc
kìmbouc tou CTAN, ètoimec na enswmatwjoÔn me mikrèc tropopoi seic sto
arqeÐo orismoÔ thc kathgorÐac eggr�fou apa.
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'Ena apì ta pio {kaut�} zht mata sthn proetoimasÐa keimènwn gia na upo-
blhjoÔn gia dhmosÐeush se periodik� thc Amerikanik c Yuqologik c 'Enwshc
afor� sthn parousÐash thc bibliografÐac, tìso mèsa sto keÐmeno (parapom-
pèc), ìso kai sto bibiliografikì kat�logo sto tèloc. Sugkekrimèna, h morf 
pou apaiteÐtai eÐnai h gnwst  wc {author (year)} diìti sto keÐmeno anafèretai to
ìnoma tou suggrafèa akoloujoÔmeno apì to ètoc dhmosÐeushc se parènjesh.
Pl joc (sthn kuriolexÐa) kanìnwn parèqontai sto egqeirÐdio thc 'Enwshc gia
k�je pijan  eidik  perÐptwsh pou mporeÐ k�poioc na antimetwpÐsei. Oi perissì-
teroi apì touc kanìnec autoÔc eÐnai dunatì na automatopoihjoÔn�epiplèon, oi
dunatìthtec ekmet�lleushc tou sust matoc BibTEX gia to qeirismì thc bibi-
liografÐac qwrÐc na qrei�zetai daktulogr�fhsh twn Ðdiwn stoiqeÐwn p�nw apì
mia for� eÐnai profaneÐc. H diejn c koinìthta qrhst¸n tou LATEX gia mia akìmh
for� st�jhke sto Ôyoc thc, mia kai  dh up rqan merikèc apìpeirec kwdikopoÐh-
shc tou sust matoc parapomp¸n: newapa.bst, newapa2.bst, theapa.bst, kai
kat� p�sa pijanìthta ki �llec pou apl¸c den  tan diajèsimec sto CTAN.
Epiplèon twn parapomp¸n ta anwtèrw pakèta prosèferan kai automatopoÐhsh
thc exeidikeumènhc morf c arijmhmènwn katalìgwn pou upagoreÔontai apì to
egqeirÐdio thc 'Enwshc. 'Ektote o qeirismìc twn parapomp¸n kai thc bibliogra-
fÐac sumplhr¸jhke kai teleiopoi jhke me to sÔnolo makroentol¸n apacite, to
opoÐo qrhsimopoieÐtai stic prìsfatec ekdìseic thc kathgorÐac eggr�fou apa.

An kai istorik� kat� ti anakrib c, h anwtèrw par�jesh èqei touc ex c sko-
poÔc: Pr¸ton, thn perigraf  enìc pragmatikoÔ probl matoc pou anèkuye se
sunj kec fusiologik c akadhmaðk c leitourgÐac. DeÔteron, thn antimet¸pish
tou probl matoc sto plaÐsio tou sust matoc LATEX, dhlad  wc zht matoc pa-
rousÐashc anex�rthta apì to perieqìmeno. Kai trÐton, thn anagn¸rish thc te-
r�stiac sumbol c twn an� ton kìsmo qrhst¸n tou LATEX, pou èqei wc apotèle-
sma thn Ôparxh sunìlwn makroentol¸n sqedìn gia k�je pijan  stoiqeiojetik 
apaÐthsh pou mporeÐ k�poioc na èqei.

Sth shmerin  morf  tou, h kathgorÐa eggr�fou apa kaleÐtai me thn entol 
\documentclass me mia par�metro ek twn man, jou,   doc gia thn epilog  thc
epijumht c morf c tou keimènou, p.q.,

\documentclass[man]{apa}

(pèran twn dÔo basik¸n katast�sewn, man kai jou, pou perigr�fhkan parap�-
nw, h epilog  doc akoloujeÐ tic basikèc prodiagrafèc thc 'Enwshc ìson afor�
stic parapompèc kai tic enìthtec, anagnwrÐzei ki endeqomènwc agnoeÐ tic eidikèc
makroentolèc tou apa.cls pou den up�rqoun sto LATEX, kai par�gei keÐmeno
thc sun jouc morf c LATEX).

Gia th qr sh tou pakètou apaiteÐtai o orismìc twn sun jwn pedÐwn author
kai title (suggrafèa kai tÐtlou tou �rjrou) kai arket¸n sumplhrwma-
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tik¸n pedÐwn pou apaitoÔntai (  eÐnai apl¸c proairetik�) apì to egqeirÐ-
dio: affiliation, acknowledgements, abstract, shorttitle, rightheader,
leftheader. AkoloujeÐ h entol  ènarxhc keimènou (\begin{document}) kai
amèswc met� h entol  \maketitle pou stoiqeio9eteÐ tic basikèc enìthtec ori-
smoÔ tou keimènou diaforetik� se k�je mia apì tic treÐc katast�seic morf c.
Gia par�deigma, gia to parìn ta pedÐa ja orÐzame ta pedÐa wc ex c:

\title{H kathgorÐa eggr�fou apa...}

\author{Ajan�sioc Q. Prwtìpapac}

\affiliation{\textlatin{Scientific Learning Corporation\\...}}

\shorttitle{H kathgorÐa eggr�fou \textlatin{apa}}

\rightheader{H kathgorÐa eggr�fou \textlatin{apa}}

\leftheader{Ajan�sioc Q. Prwtìpapac}

Sth sunèqeia daktulografeÐtai to keÐmeno tou �rjrou sth gnwst  morf 
tou kai qwrÐc o suggrafèac na qrei�zetai na asqolhjeÐ plèon me thn telik 
morf  tou keimènou, th jèsh twn sqhm�twn, thn taktopoÐhsh twn bibliogra-
fik¸n parapomp¸n,   �lla omoÐwc deutereÔonta (wc proc to perieqìmeno) zh-
t mata. Gia tic jematikèc enìthtec tou keimènou qrhsimopoioÔntai oi oikeÐec
makroentolèc tou LATEX: \section, \subsection, ktl. Akìma kai to mège-
joc kai h dieÔjunsh twn sqhm�twn pou orÐzontai se exwterik� arqeÐa tÔpou
encapsulated postscript èqei plèon automatopoihjeÐ me th qr sh thc makroen-
tol c \fitfigure, pou par�gei diaforetik� apotelèsmata sthn kat�stash jou
ap�o,ti sthn kat�stash man. Profan¸c h t rhsh twn ekfrastik¸n kai �llwn
stulistik¸n kanìnwn pou ekfr�zontai sto egqeirÐdio paramènei eujÔnh tou sug-
grafèa all� dustuq¸c den èqei efeurejeÐ akìma to prìgramma automatismoÔ
fraseologÐac pou ìloi perimènoume.

Me thn anagn¸rish autoÔ tou periorismoÔ mporoÔme na kleÐsoume ed¸ sh-
mei¸nontac ìti h kathgorÐa eggr�fou apa deÐqnei p¸c to sÔsthma LATEX mporeÐ
na k�nei eukolìtern tn zw'n ìswn upob�lloun �rjra proc dhmosÐeush se èntupa
pou akoloujoÔn tic epitagèc thc Amerikanik'nc Yuqologik'nc 'Enwsnc.
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Bibl�io�Parous�iash

Dhm trioc >A. FilÐppou

K�tw Gatzèa

385 00 Bìloc

Greek Font Society, Greek Letters: from Tablets to Pixels (edited by

Michael S. Macrakis). Oak Knoll Press, New Castle, Delaware, USA (1996).
325 + xxviii selÐdec (perilamb�nei glwss�ri kaÈ eÎret rio), 29 cm� 22;5 cm,
dermatìdeto. ISBN 1-884718-27-2.

DiatÐjetai �pä t�n Oak Knoll Press, 414 Dealware Street, New Castle, Delawa-
re 19720, USA. http://www.oakknoll.com.

Tim : 49,95 �mer. dol. (St�n tim� dèn sumperilamb�nontai t� taqudromik� êxo-
da kaÈ pijanoÈ dasmoÐ.)

Kat� tä di�sthma 5�9 >IounÐou 1995, � <Ellhnik� <EtaireÐa TupografikÀn
StoiqeÐwn (Greek Font Society) diorg�nwse éna diejnàc sumpìsio mà jèma:
\Greek Letters: from Tablets to Pixels" (sà âleÔjerh met�frash: {<Ellhnik�
gr�mmata: �pä t� �rqaØa pin�kia stÈc yhfiakàc koukÐdec toÜ Ípologist¨}).
Tä sumpìsio êlabe q¸ra stä Gallikä >InstitoÜto >AjhnÀn kaÈ summeteØqan
s� aÎtä polloÈ gnwstoÈ tupogr�foi, qar�ktec kaÈ sqediastàc tupografikÀn
stoiqeÐwn. PrÈn éna êtoc perÐpou kuklofìrhsan t� praktik� toÜ sumposÐou
�pä t�n Oak Knoll Press (HPA) sà énan ægk¸dh �ll� kalaÐsjhto tìmo, tän
åpoØo âpimel jhke å Miqa�l S. Makr�khc.

<H doulei� toÜ Makr�kh st�n paragwg� toÜ tìmou tÀn praktikÀn toÜ sum-
posÐou �xÐzei polloÌc âpaÐnouc. <H eÊsagwg  tou eÚnai polÌ katatopistik  kaÈ
dÐnei stän �nagn¸sth n� katal�bei tìso tä jèma toÜ sumposÐou íso kaÈ t�n
peripetei¸dh poreÐa t¨c <Ellhnik¨c TupografÐac st�n Babàl t¨c sÔgqronhc
�lektronik¨c stoiqeiojesÐac. <H stoiqeiojesÐa tÀn eÊshg sewn toÜ sumposÐou
eÚnai âxairetik  sà ílh thc t�n leptomèreia. <O âpÐlogoc, tä >Abgì (>Wiìn) toÜ
�rqaÐou éllhna poiht¨ kaÈ filolìgou SimmÐa toÜ RodÐou, eÚnai q�rma æfjalmÀn;
mÐa selÐda stoiqeiojethmènh st�n morf� �bgoÜ mà toÌc sÔnjetouc kalligra-
fikoÌc qarakt¨rec Wilson Greek sqediasmènouc �pä tän �merikanä qar�kth
kaÈ tupogr�fo Matthew Carter. Tèloc, st� parart mata toÜ tìmou Íp�rqei
éna sÔntomo glwss�ri poÌ mporeØ n� �podeiqjeØ polÌ qr simo gi� ísouc �sqo-
loÜntai mà t�n tupografÐa (kaÈ îqi mìnon).



28 Dhm trioc >A. FilÐppou

>EpÐshmoc proskeklhmènoc toÜ sumposÐou ªtan å di�shmoc germanäc kal-
ligr�foc kaÈ sqediast�c tupografikÀn stoiqeÐwn Hermann Zapf. (Gi� ísouc
dàn gnwrÐzoun tän Zapf, �rkeØ n� poÜme íti êqei sqedi�sei t�n grammatosei-
r� Palatino, ânÀ bo jhse kaÈ tän Knuth stän sqediasmä tÀn grammatoseirÀn
Computer Modern gi� tä TEX.) St�n eÊs ghs  tou, å Zapf �nafèretai st�n
ÉstorÐa t¨c <Ellhnik¨c TupografÐac, �pä t� buzantin� qeirìgrafa êwc t�n fw-
tosÔnjesh, kaÈ dÐnei t�n proswpik  tou �poyh sà jèmata sqediasmoÜ állhnikÀn
tupografikÀn stoiqeÐwn.

OÉ eÊshg seic tÀn P. Kyle MacCarter Jr., Stephen V. Tracy, Anna Ponta-
ni, >Agamèmnwna TselÐka, Nicolas Barker, John A. Lane kaÈ John H. Bowman
�nafèrontai âpÐshc st�n âxèlixh t¨c <Ellhnik¨c Graf¨c kai TupografÐac �pä
t�n >Arqaiìthta êwc t�n monotupÐa kaÈ t�n linotupÐa. Gi� tän meletht� t¨c
<Ellhnik¨c TupografÐac, xeqwrÐzei � eÊs ghsh toÜ John H. Bowman poÌ prag-
mateÔetai t�n sundrom� tÀn bretannÀn qaraktÀn stän sqediasmä állhnikÀn
tupografikÀn stoiqeÐwn.

OÉ J�erôme Peignot, T�khc KatsoulÐdhc, >Emmanou�l Q. K�sdaglhc, Mat-
thew Carter kaÈ Ge¸rgioc D. Majiìpouloc pragmateÔontai stÈc eÊshg seic
touc t� probl mata toÜ sÔgqronou sqediasmoÜ állhnikÀn tupografikÀn stoi-
qeÐwn: t�n fusiognwmÐa tÀn tÔpwn, tän âpanastatikä sqediasmä t¨c állhnik¨c
grammatoseir�c Jeìkritoc �pä tän qar�kth Gi�nnh Kefallhnì (1894�1956)
t�n sqèsh állhnikÀn kai latinikÀn tÔpwn kaÐ, tèloc, t�n oÎsiastik� �nuparxÐa
pl�giwn�kalligrafikÀn tÔpwn (italic) gi� t�n stoiqeiojesÐa állhnikÀn keimè-
nwn.

T� probl mata t¨c stoiqeiojesÐac állhnikÀn keimènwn st�n âpoq� t¨c fw-
tosÔnjeshc kaÈ toÜ �lektronikoÜ Ípologist¨ �poteloÜn tä �ntikeÐmeno tÀn eÊ-
shg sewn tÀn Nikìlaou M. Panagiwt�kh, Je�rey Rusten, Sylvio Levy, Pierre
A. MacKay, KwnstantÐnou Mulwn�, Louis Rosenblum, >AlexÐou Z�bra, EÎag-
gèlou E. Melagr�kh kai StaÔrou M. Makr�kh. EÊdik¸tera å Nikìlaoc M.
Panagiwt�khc katakrÐnei t�n m�llon âpipìlaia �pìfash t¨c <Ellhnik¨c Ku-
bèrnhshc n� katarg sei tä polutonikä sÔsthma graf¨c mèsa sà mÐa nÔqta.
(Pr�gmati, � Boul� tÀn <Ell nwn y fise t�n kat�rghsh tÀn tìnwn ±c mèroc
ánäc nomosqedÐou gi� t�n deutorob�jmia âkpaÐdeush t�n nÔqta t¨c 11hc präc
12h >IanouarÐou 1982 mà parìntec mìnon tri�nta misokoimismènouc bouleutèc!)
OÉ eÊshg seic toÜ Sylvio Levy, toÜ Pierre A. MacKay kaÈ toÜ KwnstantÐnou
Mulwn� �nafèrontai sà grammatoseiràc kaÈ makroentolàc pou sqedÐasan gi�
t�n stoiqeiojesÐa állhnikÀn keimènwn mà tä TEX. <O Levy kaÈ å Mulwn�c dÐnoun
mÐa sÔntomh perigraf� tÀn grammatoseirÀn poÌ sqedÐasan mà tä METAFONT,
ânÀ å MacKay perigr�fei tä pakèto makroentolÀn ibycus, poÌ dhmioÔrghse
gi� t�n stoiqeiojesÐa �rqaÐwn állhnikÀn keimènwn poÌ perilamb�nontai stä
CD-ROM Thesaurus Linguae Graecae.
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<O tìmoc kleÐnei mà t� praktik� mÐac suz thshc stoggul¨c trapèzhc poÌ
pragmatopoi jhke stä tèloc toÜ sumposÐou. Basikä �ntikeÐmeno t¨c suz th-
shc �potèlesan oÉ grammatoseiràc GFS Bodoni, GFS Didot, GFS Artemi-
sia, Epigraphic-Neohellenic, GFS Porson Italic kaÈ GFS Olga Italic, oÉ åpoØ-
ec sqedi�sjhkan �pä tän T�kh KatsoulÐdh katìpin paraggelÐac t¨c <Ellhni-
k¨c <EtaireÐac TupografikÀn StoiqeÐwn. _Ac shmeiwjeØ íti oÉ grammatoseiràc
GFS diatÐjontai ¢dh sà morf� PostScript Type 1 kaÈ TrueType gi� Macin-
tosh kaÈ MS-Windows ±c mèroc toÜ âmporikoÜ pakètou GreekKeys [perissì-
terec plhroforÐec stÈc dieujÔnseic: <Ellhnik� <EtaireÐa TupografikÀn Stoi-
qeÐwn, SpÔrou MerkoÔrh 33, 116 35 >Aj na (thl. 72 51 979), kaÈ Scholars
Press, Customer Service, P.O. Box 133089, Atlanta, Georgia 30333-3089, USA
(http://scholar.cc.emory.edu)].

<O tìmoc Greek Letters: from Tablets to Pixels �xÐzei åpwsd pote n� Íp�rqei
st�n biblioj kh ánäc sqediast¨ állhnikÀn grammatoseirÀn mà tä METAFONT
kai makroentolÀn gi� stoiqeiojesÐa állhnikoÜ keimènou mà tä TEX. <Wstìso �
Íyhl� tim  tou (xepern� tÈc 16.000 drq.) m�llon j� �pojarrÔnei ísouc �sqo-
loÜntai ârasiteqnik� mà t�n tupografÐa. Mà lÐga lìgia, prìkeitai gi� âxaireti-
k¨c poiìthtac biblÐo poÌ �peujÔnetai stän eÊdikì, �ll� îqi stän mèso qr sth
toÜ TEX poÌ �nazht� �plÀc éna praktikä âgqeirÐdio kajhmerin¨c qr shc.



30 Dhm trioc >A. FilÐppou
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(7 DekembrÐou 1993)
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Panepist mio Kr thc

Tm ma Majhmatik¸n

Lewf. KnwsoÔ

71409 Hr�kleio, Kr th

email: atsol@itia.math.uch.gr

O Donald Knuth jewreÐtai o diashmìteroc �njrwpoc ston q¸ro thc epist -
mhc twn h/u pagkosmÐwc. Oi pr¸toi treic tìmoi thc seir�c biblÐwn me genikì
tÐtlo The Art Of Computer Programming , ergasÐa pou jewreÐtai pl rhc gia
ed¸ kai 30 qrìnia, tou q�rise to ACM Turing Award1 to 1974 kai to National
Medal of Science to 1979. OKnuth èqei epÐshc anaptÔxei efarmogèc uyhlot�tou
epipèdou sth stoiqeiojesÐa me qr sh upologist  ( {TEX} kai {METAFONT} )
kai an�ptuxhc logismikoÔ ( {CWEB} ), kai èqei p�nw apì 100 episthmonikèc
dhmosieÔseic.

T¸ra, wc epÐtimoc kajhght c sto panepist mio tou Stanford, o Knuth dio-
qeteÔei thn enèrgei� tou se suggrafik  doulei�. O Dan Doernberg tou p re
sunènteuxh ton Dekèmbrio tou 1993 gia na dei me ti asqoleÐtai teleutaÐa kai
�ra ti ja prèpei emeÐc na perimènoume apì th doulei� tou.

CLB: Mìlic dhmosieÔsate dÔo biblÐa p�nw sto CWEB kai sth Stanford
GraphBase dÔo perioqèc twn ereunhtik¸n sac endiaferìntwn. Ac arqÐsoume me
to CWEB, pou sundèei thn [gl¸ssa programmatismoÔ] C me to TEX ¸ste na
eÐnai eÔkolh h tekmhrÐwsh twn programm�twn.

Knuth: To sÔsthma CWEB eÐnai èna komm�ti pou prostÐjetai sth C kai
k�nei to prìgramma kalÔtero kat� polÔ apì opoiad pote �llh gnwst  mèjodo.
Prèpei apl� na mil sw tÐmia kai na pw ìti eÐnai to kalÔtero prìgramma gia
autì ton skopì. To biblÐo The CWEB system of structured documentation [To

1 S.S.E.: An¸tath timhtik  di�krish thc SunergasÐac gia tic upologistikèc mhqanèc

(ACM), pou eÐnai k�ti sa Nìmpel Plhroforik c.
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sÔsthma CWEB domhmènhc tekmhrÐwshc] eÐnai èna pl rec egqeirÐdio qr shc
kai epexhg sewn, plhrèstero apì ìso ja to qreiazìtan kaneÐc.

CLB: 'Eqete pei ìti to CWEB belti¸nei thn paragwg  enìc programmati-
st  kat� mÐa t�xh megèjouc. Pwc sumbaÐnei autì?

Knuth: 'Iswc ìqi mÐa t�xh megèjouc all� m�llon diplasi�zei thn paragw-
g . 'Osoi èqoun qrhsimopoi sei to CWEB parat rhsan ìti gr�foun me autì
kalÔtera progr�mmata, ìti ta progr�mmat� touc eÐnai perissìtero anex�rthta
upologistik c platfìrmac, ìti eukolìtera diorj¸nontai kai belti¸nontai. . . kai
paÐrnoun ligìtero qrìno gia na ta gr�youn.

CLB: To CWEB èqei qrhsimopoihjeÐ mìno sto Stanford   kai se etaireÐec
genikìtera?

Knuth: Qrhsimopoi tai se ìlo ton kìsmo. Arqik� eÐqame to WEB thn
arqik  èkdosh (gia Pascal) se mÐa poikilÐa upologistik¸n susthm�twn kai sth
sunèqeia ìlo kai perissìteroi �njrwpoi �rqisan na {koll�ne to mikrìbio}. To
TEX gr�fthke me to WEB. O Silvio Levy to metètreye se CWEB to 1987.
'Htan peiramatikì gia polÔ kairì kai t¸ra mpor¸ na pw: {to peÐrama pètuqe!}.
To CWEB eÐnai polÔ kalÔtero apì to WEB giatÐ h C eÐnai polÔ kalÔterh
gl¸ssa gia programmatismì [apì thn Pascal]. Den ja mporoÔsa na katal�bw
giatÐ k�poioc pou endiafèretai gia programmatismì ja protimoÔse èna �llo
sÔsthma apì autì.

CLB: EÔkolo sth qr sh, trèqei gr gora, ìla aut� ta ìmorfa pr�gmata?

Knuth: Akrib¸c, kai epiplèon sou dÐnei qar� afoÔ telei¸seic to prìgram-
ma!

CLB: Akìma kai an gr�yeic èna kakì prìgramma?

Knuth: Sqedìn. . . h [sÔzugoc mou h] Jill ja sac pei ìti suqn� bgaÐnw apì
to grafeÐo mou fwn�zontac: {O programmatismìc me to CWEB eÐnai polÔ dia-
skedastikìc}. EÐnai al jeia. Den ton qortaÐnw. 'Otan gr�feic èna prìgramma
me to CWEB aisj�nesai ìti mil�c me ènan �njrwpo exhg¸ntac tou to ti prè-
pei na k�nei o upologist c, antÐ na noi¸jeic ìti ta lec se ènan upologist .
Epitugq�neic ton stìqo sou eukolìtera ìtan mil�c sa na mil�c se �njrwpo.
Aut  h prosèggish bohj�ei akìma kai gia èna prìgramma pou Ðswc na sou eÐnai
�qrhsto met� apì mÐa ¸ra. To CWEB eÐnai èna ergaleÐo pou to sunist¸ akìma
kai an gr�feic èna prìgramma gia ton eautì sou mìno, gia ta m�tia sou mìno.

CLB: To CWEB faÐnetai na moi�zei me ta montèla domhmènou program-
matismoÔ thc dekaetÐac twn 70. . .

Knuth: Swst�, eÐnai to epìmeno b ma. Me ton domhmèno programmatismì
k�poioi èlegan programmatÐste: Apì p�nw proc to k�tw [top-down]. En¸ k�-
poioi �lloi prìteinan thn antÐstrofh poreÐa. Me taWEB/CWEB mporeÐ kaneÐc
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na gr�yei ìpwc ekeÐnoc noi¸jei ìti eÐnai kalì gia to prìgramma   gia to tm -
ma tou progr�mmatoc me to opoÐo asqoleÐtai. H mejodologÐa tou domhmènou
programmatismoÔ  tan polÔ kal  , all� o trìpoc me ton opoÐo prèpei na thn
proseggÐsei kaneÐc diafèrei apì aplì suntagolìgio, all� èqei na k�nei pio po-
lÔ me th sqèsh metaxÔ uyhloÔ kai qamhloÔ epipèdou ìyeic tou progr�mmatoc.
Autì to k�neic me to na antimetwpÐzeic to prìgramma sa istì [web], san èna
sÔnolo apì mikr� komm�tia apl� kai autìnoma me aplèc sundèseic metaxÔ touc.
Autìc o trìpoc tou na antimetwpÐzei kaneÐc to perÐploko {ìlon} blèpontac ta
apl� mèrh tou kai ton aplì trìpo me ton opoÐo sundèontai, uposthrÐzetai apì
to WEB. MporeÐ kaneÐc na gr�yei ta mèrh tou progr�mmatoc me opoiad pote
seir� autìc epijumeÐ. Merikèc forèc gr�feic apì to tèloc proc thn arq . Autì
shmaÐnei ìti pisteÔeic ìti ja qreiasteÐc mÐa uporoutÐna opìte thn gr�feic th
stigm  pou aisj�nesai ètoimoc gia autì. Me aut  thn antÐstrofh poreÐa o pro-
grammatismìc gÐnetai isqurìteroc afoÔ ìtan ft�sei kaneÐc sthn ènath selÐda
èqei anaptÔxei perissìtera ergaleÐa gia thn dèkath selÐda. Me thn �llh poreÐa
(apì thn arq  proc to tèloc) xekin�c lègontac pr¸ta ja fti�xw autì, met�
ekeÐno, k.lp., all� prèpei na programmatÐseic thn kataskeu  aut¸n twn komma-
ti¸n. PolÔ pijanì na ft�seic na gr�yeic 100 selÐdec prin anakalÔyeic pwc ja
mporoÔsec na eÐqec gr�yei aut� ta komm�tia. Aut  h poreÐa faÐnetai kal  stic
pr¸tec selÐdec all� met� gÐnetai polÔ dÔskolh doulei�. H antÐstrofh poreÐa
epÐshc faÐnetai kal� stic pr¸tec selÐdec all� telik� apodeiknunetai isqurìterh
afoÔ lamb�nei upìyh thc thn trèqousa yuqologÐa tou programmatist .

Autì èkana kai me to TEX, èna polÔ meg�lo prìgramma me perissìterec
apì 500 selÐdec k¸dika. Se ìlh thn poreÐa thc suggraf c tou progr�mmatoc
to epìmeno b ma  tan monadikì, prokajorismèno apì to ti eÐqa gr�yei mèqri
ekeÐnh th stigm . KamÐa mejodologÐa den ja mporoÔse na mou m�jei pwc na
gr�yw èna tètoio prìgramma, an èprepe na thn akolouj sw austhr�. An ìmwc
jel sw na exhg sw to prìgramma se ènan kalì programmatist  up�rqei mìno
ènac �fusikìc� trìpoc na to k�nw. H seir� me thn opoÐa emfanÐzetai o k¸dikac
sto biblÐo eÐnai h seir� me thn opoÐa ton ègraya.

CLB: Se poio bajmì akolouj te ton ierì pìlemo gia thn mejodologÐa pa-
ragwg c programm�twn?

Knuth: Den parakoloÔjhsa se k�je leptomèreia aut  thn istorÐa all�
 moun en meroc gia tic idèec pou kuriarqoÔsan.NomÐzw pwc  tan uperbol  na
gÐnei autì to jèma jrhskeÐa. EkeÐna ta qrìnia up rqe jèma politik c orjìth-
tac gia to pwc èprepe na grafteÐ èna prìgramma. Up rxe k�ti an�logo sthn
koinìthta twn majhmatik¸n sthn dekaetÐa tou 20 opoÔ oi �njrwpoi èlegan ìti
oi kaloÐ majhmatikoÐ èprepe na apodeiknÔoun me sugkekrimèno trìpo. Den sou
epitrepìtan na qrhsimopoi seic sugkekrimènec teqnikèc apìdeixhc epeid  k�-
poioi pÐsteuan ìti up rqe o kÐndunoc na odhghjeÐc se antif�seic. 'Htan sa na
prospajeÐc na k�neic majhmatik� me to èna sou qèri demèno pÐsw apì thn pl�-
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th sou. OmoÐwc o {politik� orjìc} domhmènoc programmatismìc empìdize ton
kìsmo apì to na gr�yei kal� progr�mmata, en¸ gn¸rizan ti èkanan; apl� o
trìpoc me ton opoÐo prosèggizan to prìblhma den sumfwnoÔse me thn idèa tou
{swstoÔ}.

H epist mh twn upologist¸n eÐnai ìpwc opoiad pote �llh epist mh; ako-
loujeÐ thn mìda. K�poiec idèec eÐnai kalèc, all� sqedìn ìlec tic kalèc idèec tic
sunhjÐzoun oi �njrwpoi diaforetik� apì ìti ja èprepe. Gia par�deigma koit�x-
te ti ègine me tic genn triec tuqaÐwn arijm¸n. Den eÐqame idèa gia to pwc na
par�goume tuqaÐouc arijmoÔc gia 15 qrìnia. Met� k�poioc apèdeixe èna mikrì
apotèlesma gia mÐa sugkekrimènh teqnik : an upologÐseic thn mèsh tim  tou
grammik c susqètishc miac periìdou enìc disekatommurÐou arijm¸n to apo-
tèlesma eÐnai mhdèn. Kai xafnik� str�fhkan ekeÐ. P ran ìlec tic palièc touc
routÐnec kai tic pros�rmosan se aut  th mèjodo giatÐ  tan to mìno diajèsimo
jewrhtikì ergaleÐo. ApodeÐqjhke ìti  tan mÐa polÔ kak  mèjodoc giatÐ den eÐ-
qe problèyei h jewrÐa ìti o mèsoc ìroc aut c thc periìdou me to pr¸to misì
disekatommÔrio Ðso me +1 kai to upìloipo misì Ðso me �1 èkane p�li mhdèn!

Se ìlh thn poreÐa thc istorÐac oi �njrwpoi daneÐsthkan idèec kai den anti-
l fjhkan ta ìria aut¸n twn ide¸n.

CLB: Poi�  tan aut  h mèjodoc gia thn opoÐa mil�te?

Knuth: Legìtan RANDU stic perissìterec biblioj kec uporoutÐnwn. EÐnai
adÔnato na thn breÐte k�pou; an parìla aut� k�poioc dei mia uporoutÐna me
ìnoma RANDU to kalÔtero pou èqei na k�nei eÐnai na apallageÐ amèswc apì
aut n!

CLB: Thn sugq¸neush tou WEB me thn [gl¸ssa programmatismoÔ] C thn
k�nate giatÐ h C qrhsimopoieÐtai eurèwc apì tou programmatistèc   giatÐ sac
arèsei h C kai thn qrhsimopoieÐte?

Knuth: NomÐzw ìti h C èqei pollèc shmantikèc dunatìthtec. O trìpoc me
ton opoÐo qeirÐzetai touc deÐktec gia par�deigma eÐnai mia kataplhktik  kainoto-
mÐa; èluse poll� probl mata pou eÐqame prin me ton domhmèno programmatismì
kai beltÐwse thn emf�nish twn programm�twn. H C den eÐnai h tèleia gl¸ssa,
kamÐa gl¸ssa den eÐnai tèleia all� nomÐzw ìti èqei p�ra poll� kal� stoiqeÐa
kai epÐshc mporeÐc na apofÔgeic ta mèrh pou den sou arèsoun. Pr�gmati h C
mou arèsei eidik� giatÐ dènei kal� me to leitourgikì (an qrhsimopoieÐc Unix gia
par�deigma). Se ìlh mou thn zw  qrhsimopoioÔsa p�nta thn gl¸ssa pou èdene
kalÔtera me to debugging tou leitourgikoÔ pou qrhsimopoioÔsa. An eÐqa ka-
lÔtero debugger gia thn gl¸ssa X kai an h X èdene kalÔtera me to leitourgikì
ja qrhsimopoioÔsa aut . Mia akraÐa perÐptwsh sunèbh k�pote ìtan doÔleua
se èna ergast rio pou to leitourgikì sÔsthma  tan sqediasmèno apì ton Ned
Irons. To sÔsthma  tan gia èna apì ta pr¸ta Cray kai o Irons eÐqe gr�yei
kai ènan sumpilist  (compiler) miac gl¸ssac pou lègontan IMP. H IMP eÐqe
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di�fora �sqhma èna ek twn opoÐwn to ìti  tan mÐa epekt�simh gl¸ssa kai
opoiosd pote sto ergast rio mporoÔse na thn epekteÐnei. 'Etsi èna prìgramma
pou doÔleue thn Deutèra, den doÔleue thn TrÐth kai to pr¸to pr�gma pou èka-
ne kaneÐc ìtan sunèbaine autì  tan na koit�xei an o sumpilist c  tan ent�xei.
To deÔtero pr�gma gia ton IMP  tan ìti  tan polÔ strifn  gl¸ssa. Gia pa-
r�deigma sthn PASCAL kaneÐc gr�fei IF X > 0 THEN ... en¸ sthn IMP ja
èprepe na gr�yei X+=>. Me �lla lìgia to prìgramma  tan mikrì se mègejoc.
'Enoiwjec ìti ègrafec komy� progr�mmata giatÐ apoteloÔntan apì ligostoÔc
qarakt rec. 'Omwc thn epìmenh mèra den mporoÔsec na ta diab�seic!

CLB: Antilamb�nomai ìti t¸ra b�zete èmfash se autì pou lème logote-

qnikì programmatismì (literate programming), all� sac �rese potè mÐa pio
majhmatik  gl¸ssa ìpwc h APL?

Knuth: Autì eÐnai �llo jèma. H APL eÐnai gia ekeÐnouc pou èqoun na lÔ-
soun k�poia probl mata kai den touc endiafèrei h apotelesmatikìthta; jèloun
ènan ìmorfo kai komyì trìpo na diatup¸soun th lÔsh tou probl matoc touc
anex�rthta me to an  tan eÔkolh h doulei� pou eÐqe na k�nei ènac upologist c
gia na brei aut  th lÔsh. EÐnai mÐa gl¸ssa gia na lÔneic probl mata kai ìqi gia
programmatismì. . . up�rqei bèbaia kai to APL{WEB. All� ja  jela na pw k�-
ti akìma gia thn IMP. To trÐto kakì aut c thc gl¸ssac  tan ìti an èkanec èna
l�joc, o sumpilist c èkane kÔklouc kai stamatoÔse sto pr¸to l�joc lègontac
{ERROR, ERROR, ERROR} kai met� term�tize; ja èprepe na breic poio  tan
to l�joc. Den  tan kamÐa kataplhktik  gl¸ssa all� oÔte kai o sumpilist c
 tan kataplhktikìc. 'Omwc  tan aut  pou protimoÔsa giatÐ taÐriaze apìluta
me to leitourgikì sÔsthma. Oi parat�xeic (arrays) onomazìtan ètsi pou  tan
eÔkolo na ta deic ston debugger kai mporoÔsec na deic poiec jèseic mn mhc
katal�mbanan,  xerec pwc p gainan ta pr�gmata kai mporoÔsec na trèxeic to
prìgramma sou axiìpista giatÐ h IMP èdene kal� me to leitourgikì. Autì den
mporoÔsec na to k�neic me kamÐa �llh gl¸ssa. MporoÔsec na gr�yeic me mÐa
kalÔterh gl¸ssa all� ja teleÐwnec to prìgramm� sou dÔo ebdom�dec argìtera
apì ìti an qrhsimopoioÔsec thn IMP.

CLB: Qrhsimopoi jhke h IMP sto Stanford?

Knuth: 'Htan se èna ergast rio sto Princeton. 'Ena qrìno prin èrjw sto
Stanford, ergazìmoun ekeÐ se èna apìrrhto ereunhtikì prìgramma kruptan�lu-
shc.

CLB: PeÐte mac t¸ra gia to �llo sac nèo biblÐo, to Stanford GraphBase.

Knuth: Autì to biblÐo eÐnai gia dÔo eÐdh anjr¸pwn. 'Eqei èna ereunhtikì
stìqo; ekeÐnoi pou erg�zontai sth melèth nèwn algorÐjmwn gia sunduastik�
probl mata qrei�zontai èna sugkekrimèno sÔnolo dedomènwn dokim c (test da-
ta) gia elègqouc taqÔthtac. Kaj¸c proetoÐmaza ton tìmo IV thc seir�c The
Art of Computer Programming, apof�sisa na k�nw diajèsima s� ìlon ton kì-
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smo ta stoiqeÐa kai ta paradeÐgmata pou qrhsimopoioÔsa. Up rqe an�gkh gia
k�poiouc tupopoihmènouc elègqouc taqÔthtac, kai ìla prèpei na eÐnai diatetag-
mèna ètsi pou na eÐnai qr sima me polloÔc trìpouc. 'Etsi t¸ra èqw mÐa sullog 
apì qili�dec tupopoihmèna sÔnola dedomènwn; kai opoiasd pote sthn PolwnÐa
mporeÐ na èqei akrib¸c ta Ðdia sÔnola dedomènwn me k�poion sthn Amerik   
sthn KÐna. EÐnai anex�rthth upologistik c platfìrmac kai kaneÐc mporeÐ na ta
apokt sei mèsú Internet

O deÔteroc lìgoc gia ton opoÐo mou arèsei toGraphBase eÐnai giatÐ apoteleÐ
èna par�deigma programmatismoÔ me to CWEB� eÐnai sthn pragmatikìthta 32
paradeÐgmata qr shc tou CWEB. EÐnai 32 mikr� progr�mmata pou deÐqnoun to
stul programmatismoÔ pou protim¸. Ta paradeÐgmata eÐnai san mikr� dokÐmia,
mikrèc istorÐec programm�twn pou eÐnai kai euq�risto na ta diab�sei kaneÐc.

CLB: Se ti upologistikì perib�llon (upologist  kai logismikì) douleÔete
t¸ra?

Knuth: Qrhsimopoi¸ thn CWEB gia programmatismì. Qrhsimopoi¸ epÐ-
shc p�ra polÔ ton Emacs, kai thn gl¸ssa METAPOST gia teqnikì sqèdio.
Prìkeitai gia mÐa kainoÔrgia gl¸ssa pou èftiaxe o John Hobby pou pisteÔw
pwc sÔntoma ja diatÐjetai mèsú tou Interner2. BasÐzetai sto METAFONT. 75%
tou k¸dik� thc eÐnai dikìc mou apì to METAFONT all� eÐnai tropopoihmènh
¸ste na par�gei PostScript. Mou arèsei p�ra polÔ.

EpÐshc qrhsimopoi¸ MATHEMATICA. Oi �njrwpoi thc MAPLE prospa-
joÔn na me peÐsoun na gurÐsw sto MAPLE, èna polÔ kalì prìgramma. Aut 
th stigm  ìmwc protim¸ to MATHEMATICA giatÐ den qrei�zetai na dhl¸-
neic touc pollaplasiasmoÔc; mporeÐc na peic �2X � antÐ gia �2 � X ". EpÐshc to
egqeirÐdio tou MATHEMATICA eÐnai exairetikì.

CLB: Sac arèsei to stul tou Wolfram?

Knuth: IdiaÐtera to euret rio ìrwn. . . mporeÐc eÔkola na breic ta p�nta
sto biblÐo. Sthn pr¸th èkdosh ìtan eÐqa èna prìblhma na lÔsw koitoÔsa sto
euret rio kai sqedìn p�nta me parèpempe sth swst  selÐda. Up rxan mìno mia
duo forèc pou den br ka th lèxh pou èyaqna kai th shmeÐwsa eg¸ sto euret rio
gia na thn brw eÔkola thn epìmenh for� pou ja th qreiazìmoun. Sth deÔterh
èkdosh aut� eÐqan ìla diorjwjeÐ, parìlo pou den ta anèfera eg¸ se kanènan.

CLB: Ja  jela t¸ra na mou peÐte tic entup¸seic sac gia k�poiec ereunh-
tikèc perioqèc kai an èqete ergasjeÐ p�nw se autèc. H pr¸th eÐnai oi genetikoÐ
algìrijmoi. Pwc sac faÐnetai h genik  idèa ìti antÐ na apofasÐzei o �njrwpoc
gia ton algìrijmo apofasÐzei mia mhqan  . . .

2 S.E.S. Pr�gma pou t¸ra sumbaÐnei.
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Knuth: Sqedi�zw na peiramatist¸ polÔ me autì to jèma ìtan ja ft�-
sw ston tètarto tìmo. Up�rqei genetik  anaparagwg , up�rqei h mèjodoc thc
simulated annealing, èqoun anaptuqjeÐ kai �llec strathgikèc. Eg¸ èqw mÐa mè-
jodo sto biblÐo Stanford GraphBase pou thn èqw onom�sei {strati�ed greed}.
'Olec autèc oi teqnikèc èqoun stìqo to Ðdio eÐdoc problhm�twn kai jèlw na
k�nw pollèc dokimèc; merikèc mporoÔn na doulèyoun kalÔtera se èna prìblh-
ma apì ìti se èna �llo, kai jèlw na anaptÔxw mÐa diaÐsjhsh gia ìla aut�.
K�poia probl mata an koun me mÐa fusik  ènnoia sta neurwnik� dÐktua. . . oi
genetikoÐ algìrijmoi m�llon ja ta p�ne kal� se jèmata pou èqoun na k�noun
me anagn¸rish fwn c, kai k�poio lène ìti ja k�noun kai gia qrhmatisthriakèc
problèyeic   �lla tètoia jèmata. Kat� k�poio trìpo ìso kontÔtera eÐnai to
prìblhma se fusikèc diergasÐec tìso kalÔtera anamènetai na douleÔei ènac ge-
netikìc algìrijmoc, en¸ ìso kontÔtera eÐnai to prìblhma sth jewrÐa arijm¸n
  k�ti teqnhtì, tìso perimènei kaneÐc k�poia �llh prosèggish na douleÔei ka-
lÔtera. EÐnai dÔskolo na katal�bei kaneÐc pwc ja doulèyoun autèc oi mejìdoi
se sqèsh me to mègejoc tou probl matoc. MporeÐ se èna mikrì prìblhma na
ta p�ne kal� kai na apotÔqoun se èna lÐgo megalÔtero. 'H an�poda bèbaia.

CLB: Apì ì,ti faÐnetai èqete poll� qrìnia doulei�c akìma mprost� sac.

Knuth H Stanford GraphBase mou parèqei aperiìristo arijmì problhm�-
twn. Diab�zw ti isqurÐzontai �lloi gia tic dikèc touc mejìdouc, all� tic doki-
m�zw kai mìnoc mou. H prwtìtuph doulei� pou k�nw sto The Art Of Computer
Programming eÐnai na p�rw tic mejìdouc dÔo diaforetik¸n anjr¸pwn kai na
analÔsw thn mèjodo A apì th skopi� tou B kai antÐstrofa. AutoÐ ta blèpoun
mìno apì th dik  touc skopi� opìte eg¸ prospaj¸ na sumplhr¸sw ken�. . .

CLB: TÐ èqete na peÐte gia ton antikeimenostraf  programmatismì?

Knuth: P�nta eÐqa sto nou mou èna tètoio eÐdoc programmatismoÔ all�
potè den qrhsimopoÐhsa gl¸ssec poÔ apaitoÔsan k�ti tètoio. Sun jwc eÐqa
eg¸ apait seic apì tic gl¸ssec. T¸ra oi gl¸ssec mporoÔn na sou broun ta
l�jh sou kai ètsi eÐnai pio eÔkolo na krÔyeic plhroforÐec apì to èna mèroc tou
progr�mmatoc sto �llo. Sta dik� mou progr�mmata me paliìterec gl¸ssec
den qrhsimopoioÔsa k�ti pou den èprepe na qrhsimopoi sw; èprepe na epib�llw
ston eautì mou na qrhsimopoi¸ autoÔc touc kanìnec. MporoÔsa kai to èkana.
Den up rqan progr�mmata pou de mporoÔsa na gr�yw. . . all� ta nèa ergaleÐa
kai aut� bohj�ne.

To prìblhma pou èqw me autì to jèma s mera eÐnai ìti . . . h C++ eÐnai
polÔ perÐplokh.Gia thn ¸ra eÐnai adÔnato gia mèna na gr�yw k¸dika pou ja
douleÔei se pollèc upologistikèc platfìrmec, ektìc kai an apofÔgw ìla ta
exwtik� ergaleÐa. 'Opote autoÐ pou sqedÐasan thnC++ ìtan eÐqan dÔo antÐjetec
apìyeic gia to pwc na lÔsoun èna jèma, èlegan ent�xei ac sumperil�boume kai
tic dÔo. 'Etsi h gl¸ssa eÐnai polÔ {baroque} kat� th gn¸mh mou. All� k�je
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qr sthc thc C++ èqei èna uposÔnolo thc gl¸ssac pou qrhsimopoieÐ opìte
autì eÐnai kalì. To CWEB bèbaia uposthrÐzei kai thn C++ all� kai thn C.

CLB:PeÐte mac tic skèyeic sac gia perioqèc ìpwc jewrÐa tou q�ouc, fractals
(q¸roi mh akèraiac di�stashc) k.lp. H as�feia pou ta diakrÐnei faÐnetai na eÐnai
se antÐjesh me tic perioqèc pou asqolhj kate sto pareljìn.

Knuth: Arqik� èkana k�poia doulei� stouc q¸rouc mh akèraiac di�stashc,
prìkeitai gia mÐa kataplhktik  afaÐresh. MporoÔn na kataskeuastoÔn montè-
la pou prin den mporoÔsame na skeftoÔme kai tairi�zoun me poll� pr�gmata
sth fÔsh ìtan to idiaÐtero qarakthristikì touc èqei na k�nei me èna jèma pou
epanalamb�nete suneq¸c se diaforetik  klÐmaka. Gia par�deigma an kaneÐc me-
gejÔnei to perÐgramma thc akrogiali�c p�li ja blèpei to Ðdio sq ma, kai poll�
pr�gmata èqoun aut  thn idiìthta. H fÔsh èqei touc dikoÔc thc epanalhptikoÔc
algorÐjmouc gia na par�gei pr�gmata ìpwc sÔnnefa, elbetikì turÐ k.lp. T¸-
ra èqoume majhmatikèc teqnikèc gia na katanooÔme autèc tic diadikasÐec pou
proqwr�ne pèra apì tic diaforikèc exis¸seic pou èqoume sunhjÐsei na qrhsimo-
poioÔme apì touc prohgoÔmenouc ai¸nec. 'Eqoume èna olokaÐnourgio ergaleÐo
na qrhsimopoioÔme an kai den èqw anaptugmènh diaÐsjhsh gia autèc tic teqni-
kèc. GnwrÐzw ta ìria thc diaÐsjhs c mou; merik� probl mata mpor¸ na ta lÔsw
kal� all� xèrw ìti �lloi mporoÔn na doun amèswc k�ti pou emèna ja mou p�rei
polÔ ¸ra na dw. . . den eÐnai to dunatì mou shmeÐo.

CLB: Se poiì bajmì èqete parakolouj sei tic exelÐxeic sthn teqnht  noh-
mosÔnh? To trÐto sac prìgramma  tan èna prìgramma trÐlizac pou m�jaine apì
ta l�jh tou, kai to Stanford eÐnai èna apì ta korufaÐa idrÔmata sthn èreuna
gia thn teqnht  nohmosÔnh. . .

Knuth: H teqnht  nohmosÔnh sqetÐzetai �mesa me ton tètarto tìmo; oi
ereunhtèc tou jèmatoc qrhsimopoioÔn tic sunduastikèc teqnikèc pou melet¸,
opìte up�rqoun arketèc dhmosieÔseic pou sqetÐzontai me to jèma. Doulei�
mou eÐnai na sugkrÐnw ta apotelèsmata sthn teqnht  nohmosÔnh me aut� thc
koinìthtac twn hlektrolìgwn mhqanik¸n, kai �llwn eidikot twn; k�je koinìth-
ta èqei kai èna diaforetikì trìpo prosèggishc twn problhm�twn. Prospaj¸ na
diab�sw aut� ta pr�gmata kai na enopoi sw tic idèec. Oi pio dÔskolec efar-
mogèc kai ta pio apaithtik� probl mata sthn istorÐa twn upologist¸n eÐnai
sthn teqnht  nohmosÔnh. H teqnht  nohmosÔnh eÐnai h pio paragwgik  phg 
nèwn teqnik¸n sthn epist mh twn upologist¸n. Mac od ghse se pollèc kai
shmantikèc proìdouc ìpwc domèc dedomènwn kai an�lush list¸n. . . Poll� apì
ta kalÔtera paradeÐgmata gia debugging kai gia na k�neic to logismikì na
douleÔei, ìla ta sust mata sumbolik c �lgebrac pou fti�qthkan, oi pr¸tec
melètec grafik¸n kai teqnht c ìrashc, k.lp. ìla èqoun polÔ bajièc rÐzec sthn
teqnht  nohmosÔnh.
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CLB: Dhlad  den eÐste apì autoÔc pou upotimoÔn ìti ègine se aut  thn
perioq . . .

Knuth: Kajìlou. Autì pou ègine  tan ìti polloÐ pÐsteyan ìti h teqnht 
nohmosÔnh ja ginìtan pan�keia. EÐnai k�ti san na èqeic mia etaireÐa pou pè-
ftoun oi metoqèc thc epeid  oi problèyeic gia ta kèrdh thc  tan 18% en¸ ta
pragmatik� thc kèrdh  tan 15%. Autì sunèbh giatÐ pÐsteyan ì,ti mia mejo-
dologÐa ja èlune ta p�nta. Kat� p�sa pijanìthta autì ja sumbeÐ me ìla ta
jèmata pou t¸ra entupwsi�zoun; oi �njrwpoi ja katal�boun ìti me aut� den
mporoÔn na apant soun ta p�nta. Poll� probl mata eÐnai tìso dÔskola pou
potè den ja broÔme mia kal  lÔsh gia aut�. Oi �njrwpoi apogohteÔontai ìtan
den brÐskoun thn {phg  thc niìthc}. . .

CLB: An telei¸nate t¸ra to panepist mio   to didaktorikì sac ti eÐdouc
èreuna ja dialègate? 'H m pwc den ja dialègate kan èreuna?

Knuth: NomÐzw pwc ta pio endiafèronta jèmata aut  th stigm  sthn epi-
st mh twn upologist¸n eÐnai sth rompotik  kai sth bioqhmeÐa. Gia par�deigma
  rompotik  eÐnai kataplhktikì jèma; na fti�qneic antikeÐmena pou kinoÔntai
kai allhloepikoinwnoÔn metaxÔ touc. To Stanford èqei èna meg�lo ergast -
rio rompotik c kai to sqèdiì mac eÐnai na fti�xoume èna nèo kt rio pou ja
èqei ekatì rompìt pou ja perpat�ne stouc diadrìmouc gia na anebaÐnei ètsi to
endiafèron twn foitht¸n. Ja mac p�rei perÐpou dÔo me trÐa qrìnia mèqri na me-
taferjoÔme sto nèo kt rio. Mìno pou ja blèpeic rompìt ekeÐ ja sou èrqontai
idèec gia kainoÔrgia pr�gmata. Aut� ta probl mata epÐshc par�goun wraÐec
majhmatikèc kai jewrhtikèc erwt seic. Kai uyhloÔ epipèdou grafik� ergaleÐa,
mia perioq  pou èqei epÐshc èna ter�stio arijmì kataplhktik¸n ide¸n. Nai, ja
 jela na asqolhj¸ me autì.

CLB: GiatÐ anafèrate thn bioqhmeÐa?

Knuth: Up�rqoun ekatommÔria �luta probl mata ekeÐ. H biologÐa eÐnai
polÔ yhfiak , polÔ perÐplokh kai apeÐrwc qr simh. To prìblhma me th biologÐa
eÐnai ìti an prèpei na ergasteÐc wc biolìgoc eÐnai baretì.Ta peir�mata mporeÐ
na krat soun kai trÐa qrìnia kai xafnik� mporeÐ na pèsei to reÔma kai ta p�nta
pejaÐnoun! P�li apì thn arq . Stouc upologistèc fti�qneic ton dikì sou kìsmo.
Oi biolìgoi p�ntwc axÐzoun sugqarht ria pou ta katafèrnoun.

EÐnai dÔskolo gia mèna na pw me sigouri� met� apì 50 akìma qrìnia ekrhkti-
k c an�ptuxhc twn upologist¸n ìti ja suneqÐsei na èqei endiafèronta probl -
mata h epist mh twn upologist¸n kai den ja eÐnai apl� belti¸seic  dh gnwst¸n
pragm�twn. 'Iswc ìla ta endiafèronta pr�gmata na èqoun anakalufjeÐ. 'Iswc
kai na k�nw l�joc all� den mpor¸ na problèyw mÐa ateleÐwth an�ptuxh. Den
mpor¸ na eÐmai tìso sÐgouroc gia touc upologistèc ìso mpor¸ na eÐmai gia thn
biologÐa. Aut  èqei endiafèronta probl mata gia toul�qiston �lla 500 qrìnia,
eÐnai se autì to epÐpedo.
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CLB: H qr sh tou dia-diktÔou (Internet) eÐnai ekrhktik� auxanìmenh t¸ra,
me ìlo kai perissìterec. . .

Knuth: Mia mèra ja anarwthjoÔme poioc plhr¸nei gia ìla aut�!

CLB: To qrhsimopoi te? GnwrÐzw ìti to qrhsimopoioÔsate sto pareljìn.

Knuth: Dekapènte qrìnia qrhsimopoioÔsa hlektronikì taqudromeÐo sto
ARPANET kai sto Internet. K�poia stigm  ton Ianou�rio tou 1990 stam�th-
sa giatÐ mou èpairne polÔ qrìno na brw �krh an�mesa se ìlh aut  th saboÔra.
Den èqw hlektronik  dieÔjunsh. 'Osoi prospajoÔn na mou gr�youn paÐrnoun
mÐa ap�nthsh pou lèei {O Kajhght c Knuth èqei stamat sei na diab�zei hle-
ktronikì taqudromeÐo; mporeÐte na tou gr�yete sthn t�de dieÔjunsh}3.

EÐnai adÔnato na kleÐseic to hlektronikì taqudromeÐo! Stèlneic èna m nu-
ma se k�poion kai apant�ei {Sac euqarist¸} kai esÔ xanapant�c {OK, sac
euqarist¸ pou me euqarist te. . . }

To hlektronikì taqudromeÐo eÐnai polÔ kalì gia autoÔc pou jèloun na eÐnai
sthn aiqm  twn pragm�twn. All� eg¸ douleÔw sthn �llh �krh. Koit�w idèec
prosektik� kai prospaj¸ na tic gr�yw. . . kinoÔme arg� an�mesa se pr�gma-
ta pou èqoun k�nei �lloi kai prospaj¸ na ta organ¸sw. All� den xèrw ti
sumbaÐnei autìn ton m na.

'Etsi loipìn den diab�zw hlektronikì taqudromeÐo pia, ektìc apì sp�niec
peript¸seic ìpwc ìtan phgaÐnw èna taxÐdi p.q. sto Isra l kai jèlw na kanonÐsw
pr�gmata thc teleutaÐac stigm c. Xèrw pwc na qrhsimopoi¸ to hlektronikì
taqudromeÐo tou Emacs all� den jèlw na gÐnw kalìc se autì.

CLB: 'Eqete poll� endiafèronta èxw apì touc upologistèc kai ta
majhmatik��mousik , jrhskeÐa, suggraf . H mousik  eÐnai mÐa dhmiourgik 
sac dièxodoc, ènac trìpoc gia na diasked�zete   mÐa jrhskeutik  dièxodoc?

Knuth: Aut  th stigm  eÐnai gia diaskèdash. Mou arèsei na èrqontai fÐloi
sto spÐti kai na paÐzoume pi�no parèa. An mporoÔsa ja to èkana k�je bdom�da.
ElpÐzw na z sw arket� ¸ste na telei¸sw to èrgo thc zw c mou thn seir�
biblÐwn The Art Of Computer Programming kai met� Ðswc asqolhj¸ me thn
sÔnjesh mousik c. 'Ena ìneiro eÐnai. . . kak  mousik  bèbaia.

CLB: 'Eqete gr�yei k�poiec sunjèseic  dh, swst�?

Knuth: Nai, all�  tan kurÐwc èna �jroisma apì mousik� jèmata �llwn
anjr¸pwn. 'Otan  moun foitht c eÐqa gr�yei mÐa mikr  mousik  kwmwdÐa pou
legìtan {Nebbishland}. Aut  h doulei� eÐqe di�rkeia perÐpou 10 lept�, all�
kai h mousik  kai oi stoÐqoi  tan dikoÐ mou.

3 S.E.S. Autì den eÐnai al jeia, apl� o Knuth de dhmosiopoieÐ thn hlektronik  tou dieÔ-

junsh.
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CLB: 'Eqete krat sei thn partitoÔra?

Knuth: Nai. . .   m�llon ìqi! Thn èqasa. 'Eqw mìno èna mèroc. PisteÔw na
thn brw k�pou. Fti�qnw èna arqeÐo t¸ra ston upologist  gia ìla ta pr�gmata
pou èqw sto spÐti mou.

CLB: PaÐxate kajìlou me thn teqnologÐaMIDI,   krat sate epÐthdec apo-
st�seic apì aut n.

Knuth: Mou arèsei polÔ. Agìrasa ta perasmèna QristoÔgenna èna sunje-
s�izer gia ton gio mou kai èpaiza me tic ¸rec. Mou �rese p�ra polÔ. Paliìtera
eÐqa paÐxei se èna sunjes�izer Kurzweil sto spÐti tou Marvin Minsky pou  tan
mÐa prosomoÐwsh pi�nou. TeleutaÐa ènac fÐloc p ge sthn AgglÐa gia trÐa qrì-
nia kai den  jele na p�rei to pi�no tou mazÐ tou, ètsi agìrase èna Yamaha
me èxi fwnèc. 'Otan ton episkèfthka pèrasa treic upèroqec mèrec paÐzontac ta
komm�tia pou  xera na paÐzw sto pi�no dokim�zontac di�forec fwnèc. H pro-
somoÐwsh pi�nou pou eÐqe èmoiaze me tsèmpalo all� ta pl ktra  tan euaÐsjhta
sto pìso ta patoÔsec opìte mporoÔsec na paÐxeic dunat�   apal� pr�gma pou
den mporeÐc na k�neic se èna pragmatikì tsèmpalo. Aut� ta sunjes�izer eÐnai
pragmatik� polÔ kal�.

CLB: Pìte bg kate sth sÔntaxh apì to Stanford?

Knuth: Fètoc. EÐqa �deia gia dÔo qrìnia ¸spou na mpor¸ kai tupik� na
bgw sth sÔntaxh. 'Atupa eÐqa bgei apì to 1990 thn Ðdia mèra pou stam�thsa na
diab�zw hlektronikì taqudromeÐo. EÐqa anakoin¸sei ta sqèdi� mou trÐa qrìnia
nwrÐtera. DiapÐstwsa ìti autì pou  jela na k�nw sth zw  mou  tan na telei¸-
sw to The Art Of Computer Programming; EÐqa problèyei ìti ja mou p�rei
20 qrìnia pl rouc apasqìlhshc. E�n sunèqiza na k�nw aut� pou èkana ja mou
èpairne 40   kai 50 qrìnia. Me �lla lìgia den proqwroÔse, kai èmena suneq¸c
pÐsw. 'Etsi apof�sisa na bgw sth sÔntaxh. Bèbaia den mou arèsei pou �fhsa
ìti �llo èkana all� up rqan kai pr�gmata pou polÔ q�rhka pou apall�qthka
apì aut�, ìpwc to na gr�fw prot�seic gia ereunhtik� progr�mmata.

CLB: 'Eprepe na gr�fete kai prot�seic gia ereunhtik� progr�mmata? Nì-
miza ìti ja  sastan apallagmènoc apì autì.

Knuth: 'Eqete qioÔmor blèpw. Den prèpei na to k�nw pia all� san kajh-
ght c gia na èqw kalì exoplismì gia touc foithtèc mou   na mpor¸ na èqw
episkèptec gia ereunhtik� progr�mmata, èprepe na brÐskw qorhgoÔc. EÐnai polÔ
douleÐa na zhtianeÔeic left�. To System Development Foundation mou eÐqan
pei ìti ja mou èdinan èna ekatommÔrio dol�ria gia na telei¸sw to TEX ¸ste
na epistrèyw sth suggraf  thc seir�c The Art Of Computer Programming.

CLB: Ta p rate?
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Knuth: BebaÐwc, all� p�li p re p�ra poll� qrìnia gia na telei¸sw to
TEX. Apof�sisa ètsi ìti o mìnoc trìpoc gia na telei¸sw th seir� The Art Of
Computer Programming  tan na afierwj¸ pl rwc se autì. 'Htan dÔskolo na
prosarmost¸ ta pr¸ta 2�3 qrìnia. T¸ra ìmwc noi¸jw ent�xei.

DÐnw dialèxeic sto Stanford k�je m na me genikì tÐtlo Computer Musings.
Sqedi�zw na suneqÐsw na dÐnw tètoiec omilÐec se jèmata kai idèec pou brÐskw
endiafèrousec gia ta epìmena 20 qrìnia. Parousi�zw probl mata pou den mpo-
r¸ na lÔsw ¸ste k�poioc na ta lÔsei antÐ gia emèna. An den mpor¸ na lÔsw
èna prìblhma gia 2 ¸rec to dÐnw se k�poion �llon na to lÔsei alli¸c p�li mè-
nw pÐsw. Kaj¸c gr�fw to biblÐo kinoÔme apì jèma se jèma perÐpou an� treic
ebdom�dec.

CLB: EÐsaste idiaÐtera gnwstìc gia aut� pou èqete gr�yei kai gia thn
èreun� sac; sac �rese ìmwc h didaskalÐa kai h sunanastrof  me touc foithtèc?

Knuth: EÐqame touc kalÔterouc foithtèc tou kìsmou. Akìma sunanastre-
fomai me touc foithtèc mèsw twn dialèxe¸n mou all� den mpor¸ na sugkrat sw
ta onìmat� touc pia. Autì eÐnai èna prìblhma.

Ac upojèsoume ìti dÐnw mia di�lexh thc seir�c Computer Musings kai dia-
tup¸nw èna anoiqtì prìblhma. Kai k�poioc apì to akroat rio to lÔnei, gr�fei
thn diatrib  tou, telei¸nei mèsa se 2 ebdom�dec kai èrqete kai mou to deÐqnei.
Ja endiaferj¸ gia to jèma, ja to diab�sw kai ja upogr�yw th diatrib  tou
. . . ìmwc autìc eÐnai o mìnoc trìpoc epaf c. EÐqa 28 foithtèc pou p ran dida-
ktorikì mazÐ mou kai m�llon tìsoi ja parameÐnoun ektìc kai an sumbeÐ k�ti
polÔ gr gora stic dialèxeic mou ìpwc anèfera prin.

CLB: Real{time didaktorik�! Ti diaforèc èqete parathr sei stouc foithtèc
me thn p�rodo ìlwn aut¸n twn et¸n?

Knuth: Up�rqei mia polÔ shmantik  allag . Sth dekaetÐa tou 70 oi foi-
thtèc endiaferìtan polÔ gia mousik . To pr¸to pr�gma pou touc rwtoÔsame
 tan {ti mousikì ìrgano paÐzete?}. EÐqame poll� mousik� sq mata k.lp. T¸-
ra sqedìn kanènac den endiafèrete gia thn mousik . Den xèrw an �llaxan oi
foithtèc pou dialègoun thn epist mh twn upologist¸n   to Ðdio sumbaÐnei me
ìlouc touc foithtèc t¸ra. An rwt seic t¸ra touc foithtèc thc epist mhc twn
upologist¸n poia eÐnai ta qìmpi touc to pio pijanì eÐnai na sou poun {h po-
dhlasÐa}. Prìsfata eÐqame k�poion pou èpaize fusarmìnika all� den up rqe
kaneÐc �lloc mousikìc.

CLB: Kami� allag  sthn poiìthta twn foitht¸n?

Knuth: 'Oqi. . . ektìc apì to ìti den xèroun tìso kal� majhmatik� ìso
 xeran pali�. Prèpei na touc proetoim�zoume gia autì me eidik� maj mata
akìma kai se èna panepist mio ìpwc to Stanford.
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CLB: Allagèc ston q¸ro? Me tìso kìsmo kai prìodo pou èqei s mera o
kl�doc èqei all�xei kajìlou?

Knuth: EÐnai polÔ diaforetikìc s mera. Up�rqei epÐshc antagwnismìc;
eÐnai pio dÔskola ta pr�gmata t¸ra apì ìti  tan sthn epoq  mou. 'Otan �rqisa
 tan polÔ pio eÔkolo na anakalÔyeic k�ti kainoÔrgio apì ìti eÐnai s mera,
ìtan èqeic qili�dec èxupnouc anjr¸pouc pou k�noun tìsa spoudaÐa pr�gmata.
Tìte Ðswc na up rqan dèka polÔ kal� didaktorik�. T¸ra den mporeÐ kaneÐc na
parakolouj sei ìlec tic exelÐxeic.

Anex�rthta apì ton kl�do ston opoÐo eÐsai, ìloi duskoleÔontai na parako-
loujoÔn tic exelÐxeic. K�je pedÐo steneÔei suneq¸c afoÔ kaneÐc den mporeÐ na
xèrei ìlh thn perioq  tou pia. Kajènac dialègei dÔo mikrèc perioqèc mèsa ston
kl�do kai majaÐnei autèc tic perioqèc; an k�poioc xèrei xèrei thn perioq  A kai
B kai k�poioc �lloc thn B kai thn G kai ènac �lloc thn G kai thn D tìte o
q¸roc mènei ikanopoihtik� sunnektikìc parìlo pou megal¸nei.

CLB: Blèpete ton eautì sac san ton teleutaÐo anagennht  thc epist mhc
twn upologist¸n?

Knuth: Den èqw tìso eureÐa gn¸sh ìso nomÐzete�douleÔw se èna jèma
k�je for�. NomÐzw ìmwc pwc majaÐnw gr gora; mpor¸ na gÐnw eidikìc se èna
jèma amèswc. M�zeua di�fora pr�gmata 30 qrìnia t¸ra ¸ste na mpor¸ na
diab�zw thn bibliografÐa se k�je jèma se {batch mode}�qwrÐc na all�zw
jèmata sunèqeia. Mpor¸ na aporof sw èna jèma topik� kai na gÐnw kalìc se
autì gia lÐgo. . . all� met� mhn mou peÐte na k�nw autì pou èkana lÐgouc m nec
prin. EpÐshc èqw polloÔc anjr¸pouc pou diorj¸noun ta l�jh mou.

CLB: H teleutaÐa mou kai ligìtero kal  gia sac er¸thsh. . . poiì eÐnai
to trèqon pl�no gia thn sumpl rwsh kai twn eft� tìmwn tou The Art Of
Computer Programming?

Knuth: Ja mazeÔoume tèssera apì aut� prin bg�loume ta dÔo pr¸ta k�je
qrìno; ja krat�me k�poia sto pipeline! Na ta anamènete to 1995   1996; prìkei-
tai gia beta{test ekdìseic twn pragmatik¸n biblÐwn. PisteÔw pwc ja telei¸sw
ton tètarto tìmo to 2003, ton pèmpto to 2008, met� ja epanekdojeÐ o pr¸toc,
deÔteroc kai trÐtoc tìmoc. . . Ja up�rqei mÐa sunoptik  èkdosh twn tìmwn apì
ton pr¸to mèqri ton pèmpto.

CLB: Pwc ja  tan h karièra sac kai h zw  sac an den eÐqate anakoin¸sei
autì to ept�tomo èrgo?

Knuth: Sthn arq  den anakoÐnwsa k�ti tètoio. PÐsteua ìti ja ègrafa èna
biblÐo. All� an den to èkana autì pisteÔw ìti p�li ja eÐqa polÔ gr�yimo. Apì
ìti faÐnetai se ìlh thn poreÐa mou �rese na prospaj¸ na exhg¸ ston anagn¸-
sth. 'Otan  moun sto gumn�sio  moun o sunt�kthc thc sqolik c efhmerÐdac;
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sto panepist mio  moun o sunt�kthc enìc periodikoÔ. P�nta mou �rese na paÐzw
me tic lèxeic.
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To prìgramma LATEX3

Frank Mittelbach kai Chris Rowley

Met�frash: BasÐleioc Ts�gkaloc

BoÔla, Attik 

1. Genik  episkìphsh

Oi skopoÐ tou sust matoc LATEX3 mporoÔn na sunoyistoÔn wc ex c: ja
aux sei shmantik� to eÔroc twn eggr�fwn pou mporeÐ na epexergasteÐ kai ja
parèqei mÐa euèlikth diepaf  gia sqediastèc thc tupografÐac ¸ste na prodia-
gr�foun eÔkola th m orfopoÐhsh mÐac kathgorÐac eggr�fwn.

H Om�da tou Progr�mmatoc LATEX3 eÐnai mÐa mikr  om�da ejelont¸n, sko-
pìc thc opoÐac eÐnai h paragwg  tou nèou sust matoc epexergasÐac eggr�fwn
pou ja basÐzetai stic arqèc pou kajièrwse o Leslie Lamport sto trèqon LATEX.

H kÔria emfan c doulei� thc om�dac prin to 1997  tan h an�ptuxh thc trè-
qousac prìtuphc èkdoshc tou LATEX. H èkdosh aut  kuklofor jhke gia pr¸th
for� to 1994 kai apì tìte èqei uposthriqjeÐ kai epauxhjeÐ energ� me epekt�seic
sto basikì ekeÐno sÔsthma. Ta mèlh thc om�dac ja suneqÐsoun na exelÐssoun
kai na uposthrÐzoun autì to sÔsthma, kuklofor¸ntac enhmerwmènec ekdìseic
k�je èxi m nec kai katagr�fontac tic enèrgeiec autèc sth b�sh dedomènwn me
probl mata tou LATEX (blèpe parak�tw). An kai to LATEX mporeÐ na dianèmetai
dwre�n, h paragwg  kai upost rixh tou sust matoc apaiteÐ ìntwc th dap�nh
sqetik� meg�lwn qrhmatik¸n pos¸n. To TameÐo tou Progr�mmatoc LATEX3
èqei wc ek toÔtou dhmiourghjeÐ gia na dioqeteÔsei qr mata proc autì to èrgo.
GnwrÐzoume ìti orismènoi qr stec eÐnai  dh gn¸stec thc Ôparxhc autoÔ tou
tameÐou afoÔ èqoun  dh d¸sei tic oikonomikèc eisforèc touc � poll� {euqa-
rist¸} se ìlouc autoÔc! An jèlete na m�jete perissìtera gia to p¸c mporeÐte
na bohj sete to èrgo, deÐte sth sunèqeia tou �rjrou thn par�grafo gia to
TameÐo � kai sac euqaristoÔme ek twn protèrwn gia th gennaiìdwrh prosfor�
sac sto mèllon.
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2. ProðstorÐa

Me to TEX, o Knuth sqedÐase èna sÔsthma morfopoÐhshc pou eÐnai ikanì na
par�gei èna meg�lo eÔroc eggr�fwn stoiqeiojethmènwn me prìtupa exairetik�
uyhl c poiìthtac. Gia di�forouc lìgouc (p.q. poiìthta, metafertìthta, staje-
rìthta kai diajesimìthta), to TEX diadìjhke polÔ gr gora kai mporeÐ plèon
na perigrafeÐ kalÔtera wc èna de facto pagkìsmio prìtupo gia stoiqeiojesÐa
uyhl c poiìthtac. H qr sh tou eÐnai idiaÐtera diadedomènh se exeidikeumènec
perioqèc, ìpwc teqnik� èggrafa diafìrwn eid¸n all� kai ìpou up�rqoun polu-
glwssikèc apait seic.

To sÔsthma TEX eÐnai pl rwc programmatizìmeno. Autì epitrèpei thn an�-
ptuxh uyhloÔ epipèdou diepaf¸n qr sth, h eÐsodoc twn opoÐwn upob�lletai se
epexergasÐa apì to diermhnèa tou TEX gia thn paragwg  qamhloÔ epipèdou
odhgi¸n stoiqeiojesÐac. Autèc eis�gontai sth mhqan  stoiqeiojesÐac tou TEX
h opoÐa ex�gei th morf  k�je selÐdac se mÐa gl¸ssa perigraf c selÐdac ane-
x�rthta apì suskeu . To sÔsthma LATEX eÐnai mÐa tètoia diepaf . Sqedi�sthke
gia na uposthrÐzei tic an�gkec meg�lwn eggr�fwn ìpwc egqeirÐdia kai odhgoÐ
qr shc. DiaqwrÐzei to perieqìmeno apì th morf  ìso to dunatìn perissìte-
ro, parèqontac sto qr sth mÐa genik  (dhl. logik , antÐ gia optik ) diepaf 
epis manshc. Aut  sundu�zetai me fÔlla stul pou kajorÐzoun th morfopoÐhsh.

Ta teleutaÐa qrìnia èqoun deÐxei ìti oi idèec sqediasmoÔ kai h prosèggish
tou LATEX sun�nthsan eureÐa apodoq . Pr�gmati, to LATEX èqei gÐnei h prì-
tuph mèjodoc metafor�c kai dhmosÐeushc eggr�fwn se polloÔc akadhmaðkoÔc
tomeÐc. Autì od ghse polloÔc ekdìtec na dèqontai to LATEX wc phg  gia �rjra
kai biblÐa. Kai h Amerikanik  Majhmatik  EtaireÐa parèqei plèon èna pakèto
LATEX pou kajist� ta stoiqeÐa tou AMS-TEX diajèsima se ìlouc touc qr stec
tou LATEX. H qr sh tou èqei epÐshc diadojeÐ se polloÔc �llouc emporikoÔc kai
biomhqanikoÔc q¸rouc, ìpou oi teqnikèc idiìthtec tou TEX se sunduasmì me
tic idèec sqediasmoÔ tou LATEX jewroÔntai wc ènac isqurìc sunduasmìc me-
g�lhc shmasÐac gia q¸rouc ìpwc to ulikì tekmhrÐwshc kai oi ekdìseic twn
epiqeir sewn. Peraitèrw, autì èqei epÐshc epektajeÐ se diktuwmènh èkdosh me
qr sh, gia par�deigma, exìdou se PDF pou enswmat¸nei uperkeÐmeno kai �llec
energhtikèc perioqèc.

Me th di�dosh thc qr shc susthm�twn pou eÐnai sumbat� me th gl¸ssa
SGML (p.q., èkdosh me b�sh to DÐktuo kai qr sh gl¸ssac HTML   XML),
kai p�li to TEX eÐnai h sunhjismènh epilog  gia mhqan  morfopoÐhshc sthn
èxodo stoiqeiojesÐac uyhl c poiìthtac: èna tètoio eureÐac qr shc sÔsthma eÐ-
nai to The Publisher apì thn ArborText, en¸ mÐa pio prìsfath exèlixh eÐnai o
antikeimenostraf c ekdìthc eggr�fwn Grif. O teleutaÐoc qrhsimopoieÐtai gia
epexergasÐa eggr�fwn se èna eurÔ f�sma biomhqanik¸n efarmog¸n. 'Eqei epÐ-
shc uiojethjeÐ apì thn koinopraxÐa Euromath wc b�sh tou ergasthrÐou twn
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majhmatik¸n touc, to opoÐo eÐnai èna apì ta pio prohgmèna apì ta anaduìmena
ergostraf  perib�llonta qrhst¸n. H èxodoc stoiqeiojesÐac apì ta èggrafa
kwdikopoÐhshc SGML se aut� ta sust mata epitugq�netai me met�frash se
LATEX, to opoÐo wc ek toÔtou sÔntoma ja eÐnai h fusik  epilog  gia thn èxodo
susthm�twn sumbat¸n me th gl¸ssa DSSSL.

Epeid  ènac tupikìc Orismìc TÔpou Eggr�fou (DTD) se gl¸ssa SGML
qrhsimopoieÐ idèec sqediasmoÔ parìmoiec me ekeÐnec tou LATEX, h morfopoÐhsh
suqn� efarmìzetai me apl  qartogr�fhsh twn stoiqeÐwn twn eggr�fwn se su-
statik� LATEX antÐ gia apeujeÐac se {akatèrgasto TEX}. Autì epitrèpei thn ek-
met�lleush twn upersÔgqronwn analutik¸n teqnik¸n pou èqoun enswmatwjeÐ
sto logismikì tou LATEX, en¸ epÐshc apofeÔgetai h an�gkh programmatismoÔ
sto TEX.

3. KÐnhtra

Aut  h aÔxhsh tou eÔrouc efarmog¸n tou LATEX èqei epishm�nei orismènouc
periorismoÔc tou trèqontoc sust matoc, tìso gia touc suggrafeÐc eggr�fwn
ìso kai gia touc sqediastèc stul morfopoÐhshc.

Pèra apì thn an�gkh dieÔrunshc thc poikilÐac twn kathgori¸n eggr�fwn
pou mporeÐ na epexergasteÐ to LATEX, eÐnai aparaÐthto na gÐnoun ousiastikèc
belti¸seic, toul�qiston stic parak�tw perioqèc:

� sth sÔntaxh twn entol¸n (idiìthtec, sÔntomec parapompèc, klp)

� sth diepaf  thc prodiagraf c diamìrfwshc (sqediasmìc stul)

� sto epÐpedo autodunamÐac (apokat�stash sfalm�twn, par�leiyh etike-
t¸n)

� sthn epektasimìthta (diepaf  pakètou)

� sthn prodiagraf  diamìrfwshc tou pinakoeidoÔc ulikoÔ

� sthn prodiagraf  kai sumperÐlhyh ulikoÔ grafik¸n

� sthn topojèthsh epiplèontoc ulikoÔ, kai se �llec pleurèc thc diamìrfw-
shc selÐdac

� stic apait seic twn susthm�twn uperkeimènou.

Peraitèrw an�lush aut¸n twn aneparkei¸n èqei deÐxei ìti orismèna apì ta
probl mata prèpei na anazhthjoÔn stic eswterikèc idèec kai sto sqediasmì
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tou LATEX. Kat� sunèpeia, h prìjesh tou parìntoc èrgou na parag�gei mÐa
nèa èkdosh sunep�getai epÐshc endeleq  èreuna stic prokl seic pou jètoun oi
nèec efarmogèc kai h qr sh tou LATEXwc progr�mmatoc diamìrfwshc gia èna
meg�lo f�sma eggr�fwn, p.q. èggrafa se gl¸ssa SGML, diktuwmèna èggrafa
se PDF me desmoÔc uperkeimènou.

Autì ja èqei wc apotèlesma mÐa shmantik  epanulopoÐhsh meg�lwn tmhm�-
twn tou sust matoc. K�poia apì ta apotelèsmata aut c thc epanexètashc twn
jemeliwd¸n arq¸n eÐnai  dh diajèsimec sto Prìtupo LATEX, kai sugkekrimèna
stic parak�tw perioqèc:

� D lwsh kai epilog  grammatoseir¸n

� DiaqeÐrish grammatoseir¸n kai glufhm�twn mèsa se majhmatikoÔc tÔ-
pouc

� DiaqeÐrish kwdikopoi sewn pollapl¸n grammatoseir¸n kai glufhm�twn
mèsa se èna èggrafo

� Dunatìthta kwdikopoi sewn pollapl¸n qarakt rwn eisìdou mèsa se èna
èggrafo

� Omoiìmorfh diepaf  gia sumperÐlhyh grafik¸n

� Upost rixh gia ègqrwmo keÐmeno

� Dìmhsh kai kataskeu  diepaf¸n gia nèec kathgorÐec kai pakèta epèkta-
shc.

4. Perigraf 

Ta dunat� shmeÐa thc paroÔsac èkdoshc tou LATEX eÐnai ta ex c:

� �risto prìtupo morfopoÐhshc gia keÐmeno, teqnikoÔc tÔpouc kai pinakoei-
dèc ulikì

� diaqwrismìc thc genik c epis manshc apì thn optik  morfopoÐhsh

� eukolÐa qr shc gia suggrafeÐc

� metafertìthta eggr�fwn se mÐa meg�lh poikilÐa platfìrmwn

� prosarmosimìthta se pollèc gl¸ssec

� diadedomènh kai dwre�n diajesimìthta
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� axiìpisth upost rixh kai sunt rhsh apì thn om�da tou èrgou LATEX3.

Ta parap�nw ja diathrhjoÔn kai se pollèc peript¸seic ja beltiwjoÔn shman-
tik� apì th nèa èkdosh h opoÐa brÐsketai upì exèlixh gia na ikanopoihjoÔn
oi parak�tw apait seic. Ja d¸sei mÐa sÔntaxh pou epitrèpei exairetik� auto-
matopoihmènh met�frash apì touc dhmofileÐc OrismoÔc TÔpou Eggr�fou se
gl¸ssa SGML proc tic kathgorÐec eggr�fwn tou LATEX (autèc ja dÐnontai wc
prìtupo me th nèa èkdosh).

H sÔntaxh thc nèac diepaf c qr sth tou LATEX, gia par�deigma, ja upo-
sthrÐzei tic ènnoiec thc ontìthtac, thc idiìthtac kai thc sÔntomhc parapomp c

thc gl¸ssac SGML me tètoio trìpo ¸ste na mporeÐ na sundejeÐ �mesa me ta
antÐstoiqa qarakthristik� thc gl¸ssac SGML. Ja uposthrÐzei desmoÔc uper-
keimènou kai �lla qarakthristik� pou apaitoÔntai gia èggrafa domhmèna se
dÐktuo me qr sh, gia par�deigma, gl¸ssac HTML kai XML.

Ja parèqei mÐa �mesh diepaf  sqediast¸n stul gia thn upost rixh tìso
thc prodiagraf c mÐac meg�lhc poikilÐac tupografik¸n apait sewn ìso kai thc
sÔndeshc ontot twn sth genik  epis mansh enìc eggr�fou me thn epijumht 
morfopoÐhsh. Ta dÔo aut� mèrh thc diadikasÐac sqediasmoÔ ja diaqwrÐzontai
saf¸c ètsi ¸ste na eÐnai dunatì na prodiagr�fontai diaforetikèc diamorf¸seic
gia ton Ðdio Orismì TÔpou Eggr�fou.

H gl¸ssa kai h sÔntaxh aut c thc diepaf c ja eÐnai ìso to dunatìn pio
fusik  gia èna tupografikì sqediast . Kat� sunèpeia, aut  h gl¸ssa ja mpo-
roÔse eÔkola na l�bei diepaf  me èna optikostrafèc sÔsthma prodiagraf c
me kajod ghsh apì menoÔ epilog¸n. Aut  h diepaf  ja mporeÐ epÐshc na upo-
sthrÐzei prodiagrafèc kai idèec fÔllwn stul gl¸ssac DSSSL ìpwc ekeÐnec pou
qrhsimopoioÔntai me tic gl¸ssec HTML kai XML.

Ja parèqei mÐa beltiwmènh diepaf  qr sth pou epitrèpei thn èkfrash twn
stoiqeiojetik¸n apait sewn apì èna meg�lo f�sma jematik¸n perioq¸n. Ori-
smèna tètoia paradeÐgmata eÐnai:

� Oi apait seic thc teqnik c tekmhrÐwshc (p.q., diamìrfwsh apost�sewn,
lwrÐdec allag c, klp.).

� Oi apait seic twn akadhmaðk¸n ekdìsewn sto q¸ro twn anjrwpistik¸n
spoud¸n (kritikèc ekdìseic keimènwn, klp).

� Oi apait seic twn domik¸n tÔpwn sth qhmeÐa.

� H prohgmènh qr sh twn majhmatik¸n-tupografik¸n leitourgik¸n qara-
kthristik¸n tou TEX.

� H enswm�twsh twn grafik¸n leitourgik¸n qarakthristik¸n, ìpwc h skÐ-
ash, mèsa se èna keÐmeno.
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� H enswm�twsh uperkeimènou kai �llwn desm¸n se diktuwmèna èggrafa
me qr sh susthm�twn ìpwc h gl¸ssa HTML, XML kai PDF.

Ja dojeÐ idiaÐterh prosoq  ¸ste na exasfalisteÐ ìti aut  h diepaf  eÐnai epe-
kt�simh: autì ja epiteuqjeÐ me th qr sh domostoiqeiakoÔ sqediasmoÔ (modular
design). Ja parèqei mÐa pio autodÔnamh diepaf  suggrafèa. Gia par�deigma, ja
apaleifjoÔn oi teqnhtoÐ periorismoÐ sthn omadopoÐhsh entol¸n. H diaqeÐrish
sfalm�twn ja beltiwjeÐ me thn prìsjesh enìc apodotikìterou diadrastikoÔ
sust matoc bo jeiac.

Ja parèqei prìsbash se aujaÐretec grammatoseirèc apì opoiad pote oiko-
gèneia (ìpwc oi grammatoseirèc PostScript kai TrueType), sumperilambano-
mènhc kai mÐac meg�lhc poikilÐac grammatoseir¸n gia poluglwssik� èggrafa
kai ta exeidikeumèna gluf mata pou apaitoÔntai apì ta èggrafa se di�forouc
teqnikoÔc kai akadhmaðkoÔc tomeÐc.

Oi nèec diepafèc ja katagr�fontai leptomer¸c kai to sÔsthma ja dÐnei ekte-
neÐc katalìgouc me paradeÐgmata, prosektik� sqediasmèna gia na kajÐstatai o
qrìnoc ekm�jhshc gia touc nèouc qr stec (tìso sqediastèc ìso kai suggra-
feÐc) ìso to dunatìn suntomìteroc. O Ðdioc o k¸dikac ja katagr�fetai ekten¸c
kai ja eÐnai sqediasmènoc me b�sh tic arqèc tou domostoiqeiakoÔ sqediasmoÔ.
Kat� sunèpeia, to sÔsthma ja eÐnai eÔkolo na diathrhjeÐ kai na epauxhjeÐ.

To nèo LATEX pou ja prokÔyei ja eÐnai, ìpwc kai h paroÔsa èkdosh, qrh-
simopoi simo me k�je prìtupo sÔsthma TEX (  otid pote to antikajist�) kai
gi' autì ja eÐnai dwre�n diajèsimo se mÐa meg�lh poikilÐa apì platfìrmec.

5. TekmhrÐwsh LATEX

MÐa pl rh perigraf  tou Prìtupou LATEX mporeÐte na breÐte sta biblÐa:

1. LATEX: A Document Preparation System. Leslie Lamport, Addison We-
sley, 2nd ed, 1994.

2. The LATEX Companion. Goossens, Mittelbach kai Samarin, Addison We-
sley, 1994.

3. MÐa prìsfath èkdosh pou prostÐjetai se autèc pou  dh up�rqoun kai èqei
sten  sqèsh me to èrgo eÐnai to biblÐo: The LATEX Graphics Companion.
Goossens, Mittelbach kai Rahtz, Addison Wesley, 1997.

H en lìgw èkdosh gia to LATEX èrqetai mazÐ me tekmhrÐwsh gia di�forec ptu-
qèc tou sust matoc. Ta neìtera leitourgik� qarakthristik� tou sust matoc
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perigr�fontai sta akìlouja èggrafa: To LATEX2" for authors perigr�fei ta
nèa qarakthristik� twn arqeÐwn LATEX, sto arqeÐo usrguide.tex. To LATEX2e
for class and package writers perigr�fei me poion trìpo ja dhmiourg sete ka-
thgorÐec eggr�fwn kai pakèta, sto arqeÐo clsguide.tex. To LATEX2e font

selection perigr�fei ta nèa qarakthristik� twn grammatoseir¸n tou LATEX gia
suggrafeÐc kathgori¸n eggr�fwn kai pakètwn, sto arqeÐo fntguide.tex. Gia
peraitèrw onìmata upeÔjunwn kai phgèc plhrofìrhshc gia to TEX kai to LATEX,
deÐte tic dieujÔnseic sth sunèqeia tou �rjrou.

6. TameÐo tou progr�mmatoc LATEX3

An kai to LATEXmporeÐ na dianèmetai dwre�n, h paragwg  kai sunt rhsh
tou sust matoc apaiteÐ th dap�nh shmantik¸n qrhmatik¸n pos¸n. Up�rqoun
pollèc an�gkec pou qrei�zontai shmantik  qrhmatodìthsh: gia par�deigma, o
kainoÔrgioc   beltiwmènoc upologistikìc exoplismìc kai oi metakin seic twn
mel¸n gia tic sunedri�seic thc om�dac (oi ejelontèc proèrqontai apì pollèc
diaforetikèc q¸rec, gi' autì kai h sun�nths  touc pollèc forèc den eÐnai kai
tìso amelhtèa upìjesh).

Gi' autìn akrib¸c to lìgo apeujunìmaste se sac zht¸ntac tic eisforèc sac
sto tameÐo. Opoiod pote qrhmatikì posì ja ektimhjeÐ deìntwc. To posì den
eÐnai an�gkh na eÐnai meg�lo afoÔ kai oi mikrèc eisforèc ìtan mazeÔontai dÐ-
noun polÔ qr sima sÔnola. Oi eisforèc se kat�llhlo exoplismì kai logismikì
ja èqoun epÐshc meg�lh axÐa. H èkklhsh aut  apeujÔnetai se es�c tìso wc
memonwmèno suggrafèa ìso kai wc mèloc k�poiac om�dac   wc ergazìmeno:
enjarrÔnete to tm ma sac   ton ergodìth sac na suneisfèrei sthn enÐsqush
thc doulei�c mac. Ja jèlame na doÔme qrhmatodotoÔmena èrga pou k�noun su-
sthmatik  qr sh tou LATEX (p.q. sunèdria kai ereunhtikèc om�dec pou to qrh-
simopoioÔn gia na dhmosieÔsoun tic ergasÐec touc, kaj¸c kai ta hlektronik�
ereunhtik� arqeÐa pou to qrhsimopoioÔn) na sumperil�boun stouc proôpologi-
smoÔc touc thn eisfor� touc sto en lìgw tameÐo.

ZhtoÔme epÐshc apì tic emporikèc epiqeir seic na ektim soun ta ofèlh pou
lamb�noun apì th qr sh,   th dianom , enìc kal� uposthrizìmenou LATEX kai
na k�noun tic kat�llhlec eisforèc sto tameÐo prokeimènou na mporèsoume na
suneqÐsoume na uposthrÐzoume kai na belti¸noume to èrgo. An erg�zeste,  
sunall�sseste, me k�poia tètoia epiqeÐrhsh, epist sate thn prosoq  twn sqe-
tik¸n pros¸pwn sthn Ôparxh kai tic an�gkec tou èrgou.

Sugkekrimèna, zhtoÔme apì ìlec ekeÐnec tic poluplhjeÐc epiqeir seic kai
etaireÐec pou dianèmoun to LATEX, s� �llo logismikì   wc tm ma k�poiac sul-
log c CD-ROM, na exet�soun th dunatìthta timolìghshc ìlwn twn proðìntwn
pou perièqoun to LATEX se epÐpedo tim c pou ja dÐnei se autèc th dunatìthta na
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k�noun taktikèc dwreèc sto tameÐo apì to kèrdoc apì aut� ta proðìnta. KaloÔ-
me epÐshc ìlouc touc suggrafeÐc kai ekdìtec biblÐwn sqetik¸n me to LATEXna
exet�soun th dunatìthta dwre�c enìc mèrouc apì ta suggrafik� dikai¸mata
sto tameÐo. Oi eisforèc ja prèpei na stèlnontai se mÐa apì tic parak�tw dieu-
jÔnseic:

TEXUsers Group
P.O. Box 2311

Portland, OR 97208-2311 USA
Thleomoiotupikì: +1 503 223 3960

Hlektronikì taqudromeÐo: tug@tug.org
 

UK TUG
1 Eymore Close, Selly Oak
Birmingham B29 4LB UK

Thleomoiotupikì: +44 121 476 2159
Hlektronikì taqudromeÐo: uktug-enquiries@tex.ac.uk

Oi epitagèc ja prèpei na eÐnai plhrwtèec sthn om�da qrhst¸n (TUG   UKTUG)
kai prèpei na èqoun th saf  èndeixh thc eisfor�c sto tameÐo tou LATEX3. Poll�
{euqarist¸} se ìlouc es�c pou èqete suneisfèrei sto pareljìn kai euqaristoÔ-
me ek twn protèrwn gia th gennaiodwrÐa sac sto mèllon.

7. UpeÔjunoi kai plhroforÐec

Pèra apì tic phgèc pou anafèrontai parap�nw, to LATEX èqei th dik  tou
arqik  selÐda sto Pagkìsmio DÐktuo sth dieÔjunsh:

http://www.tex.ac.uk/CTAN/latex/

H en lìgw selÐda perigr�fei to LATEXkai to prìgramma LATEX3, kai perilamb�-
nei deÐktec proc �llec phgèc gia to LATEX, ìpwc oi odhgoÐ qr sth, ta Suqnìtera
Erwt mata gia to TEX kai h b�sh dedomènwn me probl mata tou LATEX.

Genikìterec plhroforÐec, kaj¸c kai touc upeÔjunouc gia tic kat� tìpouc
Om�dec Qrhst¸n, mporeÐte na l�bete mèsw thc dieÔjunshc:

http://www.tug.org/

H hlektronik  stègh gia ì,ti èqei sqèsh me to TEX eÐnai to EurÔ DÐktuo tou
ArqeÐou TEX (Comprehensive TEX Archive Network - CTAN). Prìkeitai gia
èna dÐktuo sunergazìmenwn kìmbwn ftp, me p�nw apì 1GB ulikì gia to TEX:
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ftp://ftp.tex.ac.uk/tex-archive/

ftp://ftp.dante.de/tex-archive/

Gia perissìterec plhroforÐec, deÐte thn arqik  selÐda tou LATEX.
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The LATEX3 Programming Language|

a proposed system for TEX macro

programming

David Carlisle, Chris Rowley kai Frank Mittelbach
�y

LATEX3 project

email:latex-l@urz.uni-heidelberg.de

1. Introduction

This paper describes the conventions for a TEX-based programming lan-
guage which is intended to provide a more consistent and rational environment
for the construction of large scale systems, such as LATEX, using TEX macros.

Variants of this language have been in use by The LATEX3 Project Team
since around 1990 but the syntax speci�cation to be outlined here should not

be considered �nal. This is an experimental language thus many aspects, such
as the syntax conventions and naming schemes, may (and probably will) change
as more experience is gained with using the language in practice.

The next section shows where this language �ts into a complete TEX-based
document processing system. We then describe the major features of the syntac-
tic structure of command names, including the argument speci�cation syntax
used in function names.

The practical ideas behind this argument syntax will be explained, together
with the semantics of the expansion control mechanism and the interface used
to de�ne variant forms of functions. The paper also discusses some advantages
of the syntax for parameter names.

� This paper is based on a talk given by David Carlisle in San Francisco, July 1997, but
it describes the work of several people: principally Frank Mittelbach and Denys Duchier,
together with Johannes Braams, David Carlisle, Michael Downes, Alan Je�rey, Chris Rowley
and Rainer Sch�opf.
y To keÐmeno autì emfan;isthke ston 18 tìmo, teÔqoc 4 tou periodikoÔ TUGboat.
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As we shall demonstrate, the use of a structured naming scheme and of vari-
ant forms for functions greatly improves the readability of the code and hence
also its reliability. Moreover, experience has shown that the longer command
names which result from the new syntax do not make the process of writing
code signi�cantly harder (especially when using a reasonably intelligent editor).

The �nal section gives some details of our plans to distribute parts of this
system during the next year. More general information concerning the work of
the LATEX3 Project can be found in [4].

2. Languages and interfaces

It is possible to identify several distinct languages related to the various
interfaces that are needed in a TEX-based document processing system. This
section looks at those we consider most important for the LATEX3 system.

Document mark-up This comprises those commands (often called tags) that
are to embedded in the document (the .tex �le).

It is generally accepted that such mark-up should be essentially declarative. It
may be traditional TEX-based mark-up such as LATEX2", as described in [3]
and [2], or sgml-based mark-up such as xml.

One problem with more traditional TEX coding conventions (as described in [1]
is that the names and syntax of TEX's primitive formatting commands are inge-
niously designed to be `natural' when used directly by the author as document
mark-up or in macros. Ironically, the ubiquity (and widely recognised superior-
ity) of logical mark-up has meant that such explicit formatting commands are
almost never needed in documents or in author-de�ned macros. Thus they are
used almost exclusively by TEX programmers to de�ne higher-level commands;
and their idiosyncratic syntax is not at all popular with this community. More-
over, many of them have names that could be very useful as document mark-up
tags were they not pre-empted as primitives (e.g., \box or \special).

Designer interface This relates a (human) typographic designer's speci�ca-
tion for a document to a program that `formats the document'. It should ideally
use a declarative language that facilitates expression of the relationship and
spacing rules speci�ed for the layout of the various document elements.

This language is not embedded in document text and it will be very di�erent
in form to the document mark-up language. For sgml-based systems the dsssl
language may come to play this role. For LATEX, this level was almost completely
missing from LATEX2.09; LATEX2" made some improvements in this area but it



The LATEX3 Programming Language 57

is still the case that implementing a design speci�cation in LATEX requires far
more `low-level' coding than is acceptable.

Programmer interface This language is the implementation language in
which the basic typesetting functionality is implemented, building upon the
primitives of TEX (or a successor program). It may also be used to implement
the previous two languages `within' TEX, as in the current LATEX system.

Only the last of these three interfaces is covered by this paper, which de-
scribes a system aimed at providing a suitable basis for coding large scale
projects in TEX (but this should not preclude its use for smaller projects). Its
main distinguishing features are summarised here.

| A consistent naming scheme for all commands, including TEX primitives.

| The classi�cation of commands as LATEX functions or LATEX parameters,
and also their division into modules according to their functionality.

| A simple mechanism for controlling argument expansion.

| Provision of a set of core LATEX functions that is su�cient for handling
programming constructs such as queues, sets, stacks, property lists.

| A TEX programming environment in which, for example, all white space
is ignored.

3. The naming scheme

The naming conventions for this programming language distinguish between
functions and parameters. Functions can have arguments and they are executed.
Parameters can be assigned values and they are used in arguments to functions;
they are not directly executed but are manipulated by mutator and accessor
functions. Functions and parameters with a related functionality (for example
accessing counters, or manipulating token-lists, etc.) are collected together into
a module.

Note that all these terms are only LATEX terminology and are not, for ex-
ample, intended to indicate that the commands have these properties when
considered in the context of basic TEX or in any more general programming
context.
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3.1. Examples

Before giving the details of the naming scheme, here are a few typical ex-
amples to indicate the avour of the scheme; �rst some parameter names.

\l_tmpa_box is a local parameter (hence the l_ pre�x) correspond-
ing to a box register.
\g_tmpa_int is a global parameter (hence the g_ pre�x) corre-
sponding to an integer register (i.e., a TEX count register).
\c_empty_toks is the constant (c_) token register parameter that
is for ever empty.

Now here is an example of a typical function name.

\seq_push:Nn is the function which puts the token list speci�ed by its
second argument onto the stack speci�ed by its �rst argument. The di�erent
natures of the two arguments are indicated by the :Nn su�x. The �rst argument
must be a single token which `names' the stack parameter: such single-token
arguments are denoted N. The second argument is a normal TEX `undelimited
argument', which may either be a single token or a balanced, brace-delimited
token list (which we shall here call a braced token list): the n denotes such a
`normal' argument form.

\seq_push:cn would be similar to the above, but in this case the c means
that the stack-name is speci�ed in the �rst argument by a token list that
expands, using \csname..., to a control sequence that is the name of the
stack parameter.

The names of these two functions also indicate that they are in the module
called seq.

3.2. Formal syntax of the conventions

We shall now look in more detail at the syntax of these names.
The syntax of parameter names is as follows:

\haccessi_hmodulei_hdescriptioni_htypei

The syntax of function names is as follows:

\hmodulei_hdescriptioni:harg-speci
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3.3. Modules and descriptions

The syntax of all names contains

hmodulei and hdescriptioni:

these both give information about the command.

A module is a collection of closely related functions and parameters. Typical
module names include int for integer parameters and related functions, |seq|
for sequences and box for boxes.

Packages providing new programming functionality will add new modules
as needed; the programmer can choose any unused name, consisting of letters
only, for a module.

The description gives more detailed information about the function or para-
meter, and provides a unique name for it. It should consist of letters and,
possibly, _ characters.

3.4. Parameters: access and type

The haccessi part of the name describes how the parameter can be ac-
cessed. Parameters are primarily classi�ed as local, global or constant (there
are further, more technical, classes). This access type appears as a code at the
beginning of the name; the codes used include:

c constants (global parameters whose value should not be changed);

g parameters whose value should only be set globally;

l parameters whose value should only be set locally.

The htypei will normally (except when introducing a new data-type) be in
the list of available data-types ; these include the primitive TEX data-types, such
as the various registers, but to these will be added data-types built within the
LATEX programming system.

Here are some typical data-type names:

int integer-valued count register;

toks token register;

box box register;
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�nt `Fake-integer': (or fake-counter) a data type created to avoid problems
with the limited number of available count registers in (standard) TEX;

seq `sequence': a data-type used to implement lists (with access at both ends)
and stacks;

plist property list

When the htypei and hmodulei are identical (as often happens in the more basic
modules) the hmodulei part is often omitted for aesthetic reasons.

3.5. Functions: argument speci�cations

Function names end with an harg-speci after a colon. This gives an indication
of the types of argument that a function takes, and provides a convenient
method of naming similar functions that di�er only in their argument forms
(see the next section for examples).

The harg-speci consists of a (possibly empty) list of characters, each denot-
ing one argument of the function. It is important to understand that `argument'
here refers to the e�ective argument of the LATEX function, not to an argument
at the TEX-level. Indeed, the top level TEX macro that has this name typically
has no arguments. This is an extension of the existing LATEX convention where
one says that \section has an optional argument and a mandatory argument,
whereas the TEX macro \section actually has zero parameters at the TEX
level, it merely calls an internal LATEX command which in turn calls others
that look ahead for star forms and optional arguments.

The list of possible argument speci�ers includes the following.

n Unexpanded token or braced token list.
This is a standard TEX undelimited macro argument.

o One-level-expanded token or braced token list.
This means that the argument is expanded one level, as is done by
\expandafter, and the expansion is passed to the function as a braced
token list. Note that if the original argument is a braced token list then
only the �rst token in that list is expanded.

x Fully-expanded token or braced token list.
This means that the argument is expanded as in the replacement text of
an \edef, and the expansion is passed to the function as a braced token
list.
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c Character string used as a command name.
The argument (a token or braced token list) must, when fully expanded,
produce a sequence of characters which is then used to construct a com-
mand name (via \csname, \endcsname). This command name is the single
token that is passed to the function as the argument.

N Single token (unlike n, the argument must not be surrounded by braces).
A typical example of a command taking an N argument is \def, in which
the command being de�ned must be unbraced.

O One-level-expanded single token (unbraced).
As for o, the one-level expansion is passed (as a braced token list) to the
function.

X Fully-expanded single token (unbraced).
As for x, the full expansion is passed (as a braced token list) to the
function.

C Character string used as a command name then one-level expanded.
The form of the argument is exactly as for c, but the resulting token is
then expanded one level (as for O), and the expansion is passed to the
function as a braced token list.

p Primitive TEX parameter speci�cation.
This can be something simple like #1#2#3, but may use arbitrary delim-
ited argument syntax such as: #1,#2\q_stop#3.

T,F These are special cases of n arguments, used for the true and false code
in conditional commands.

There are two other speci�ers with more general meanings:

D This means: Do not use. This special case is used for TEX primitives
and other commands that are provided for use only while bootstrapping
the LATEX kernel. If the TEX primitive needs to be used in other contexts
it will be given an alternative, more appropriate, name with a useful
argument speci�cation. The argument syntax of these is often weird, in
the sense described next.

w This means that the argument syntax is `weird' in that it does not fol-
low any standard rule. It is used for functions with arguments that take
non standard forms: examples are TEX-level delimited arguments and the
boolean tests needed after certain primitive \if. . . commands.
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4. Expansion control

4.1. Simpler means better

Anyone who programs in TEX is frustratingly familiar with the problem
of arranging that arguments to functions are suitably expanded before the
function is called. To illustrate how expansion control can bring instant relief
to this problem we shall consider two examples copied from latex.ltx.

\global

\expandafter

\expandafter

\expandafter

\let

\expandafter

\reserved@a

\csname \curr@fontshape \endcsname

This �rst piece of code is in essence simply a global \let. However, the token
to be de�ned is obtained by expanding \reserved@a one level; and, worse, the
token to which it is to be let is obtained by fully expanding \curr@fontshape

and then using the characters produced by that expansion to construct a com-
mand name. The result is a mess of interwoven \expandafter and \csname

beloved of all TEX programmers, and the code is essentially unreadable.

Using the conventions and functionality outlined here, the task would be
achieved with code such as this:

\glet:Oc \g_reserved_a_tlp

\l_current_font_shape_tlp

The command \glet:Oc is a global \let that expands its �rst argument once,
and generates a command name out of its second argument, before making the
de�nition. This produces code that is far more readable and more likely to be
correct �rst time.

Here is the second example.

\expandafter

\in@

\csname sym#3%

\expandafter
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\endcsname

\expandafter

{%

\group@list}%

This piece of code is part of the de�nition of another function. It �rst produces
two things: a token list, by expanding \group@list once; and a token whose
name comes from `sym#3'. Then the function \in@ is called and this tests if its
�rst argument occurs in the token list of its second argument.

Again we can improve enormously on the code. First we shall rename the
function \in@ according to our conventions. A function such as this but taking
two normal `n' arguments might reasonably be named \seq_test_in:nn; thus
the variant function we need will be de�ned with the appropriate argument
types and its name will be \seq_test_in:cO. Now this code fragment will be
simply:

\seq_test_in:cO {sym#3} \l_group_seq

Note that, in addition to the lack of ||, the space after the } will be silently
ignored since all white space is ignored in this programming environment.

4.2. New functions from old

For many common functions the LATEX3 kernel will provide variants with a
range of argument forms, and similarly it is expected that extension packages
providing new functions will make them available in the all the commonly
needed forms.

However, there will be occasions where it is necessary to construct a new
such variant form; therefore the expansion module provides a straightforward
mechanism for the creation of functions with any required argument type, start-
ing from a function that takes `normal' TEX undelimited arguments.

To illustrate this let us suppose you have a `base function' \demo_cmd:nnn
that takes three normal arguments, and that you need to construct the variant
\demo_cmd:cnx, for which the �rst argument is used to construct the name of
a command, whilst the third argument must be fully expanded before being
passed to \demo_cmd:nnn. To produce the variant form from the base form,
simply use this:

\exp_def_form:nnn {demo_cmd} {nnn} {cnx}
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This de�nes the variant form so that you can then write, for example:

\demo_cmd:cnx {abc} {pq} {\rst \xyz }

rather than . . . well, something like this!

\def \tempa {{pq}}%

\edef \tempb {\rst \xyz}%

\expandafter

\demo@cmd

\csname abc%

\expandafter

\expandafter

\expandafter

\endcsname

\expandafter

\tempa

\expandafter

{%

\tempb

}%

As a further example, you may wish to declare a function
\demo_cmd_b:xcxcx, as a variant of an existing function \demo_cmd_b:nnnnn,
that fully expands arguments 1, 3 and 5, and produces commands to pass as
arguments 2 and 4 using \csname. The de�nition you need is simply

\exp_def_form:nnn

{demo_cmd_b} {nnnnn} {xcxcx}

This extension mechanism is written so that if the same new form of some
existing command is implemented by two extension packages then the two
de�nitions will be identical and thus no conict will occur.

5. Parameter assignments and accessor functions

5.1. Checking assignments

One of the advantages of having a consistent scheme is that the system can
provide more extensive error-checking and debugging facilities. For example,
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an accessor function that makes a global assignment of a value to a parameter
can check that it is not passed the name of a local parameter as that argument:
it does this by checking that the name starts with \g_.

Such checking is probably too slow for normal use, but the code can have
hooks built in that allow a format to be made in which all functions perform
this kind of check.

A typical section of the source1 for such code might look like this (recall
that all white space is ignored):

%<*!check>

\let_new:NN

\toks_gset:Nn \tex_global:D

%</!check>

%<*check>

\def_new:Npn

\toks_gset:Nn #1

{

\chk_global:N #1

\tex_global:D #1

}

%</check>

In the above code the function \toks_gset:Nn takes a single token (N) spec-
ifying a token register, and globally sets it to the value passed in the second
argument.

A typical use of it would be:

\toks_gset \g_xxx_toks {<some value>}

In the normal de�nition, \toks_gset can be simply \let to \global because
the primitive TEX token register does not require any explicit assignment func-
tion: this is done by the %<*!check> code above.

The alternative de�nition �rst checks that the argument passed as #1 is
the name of a global parameter and raises an error if it is not. It does this by
taking apart the command name passed as #1 and checking that it starts \g_.

1 This code uses the docstrip system described in [2], Section 14.3.
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5.2. Consistency

The primitive TEX syntax for register assignments has a very minimal syn-
tax and, apart from box functions, there are no explicit functions for assigning
values to these registers.

This makes it impossible to implement alternative data-types with a syntax
that is both consistent and at all similar to the syntax for the primitives;
moreover, it encourages a coding style that is very error prone.

As in the \toks_gset:Nn example given above, all LATEX data-types are
provided with explicit functions for assignment and for use, even when these
have essentially empty de�nitions. This allows for better error-checking as de-
scribed above; it also allows the construction of further data-types with a simi-
lar interface, even when the implementation of the associated functions is very
complex.

For example, the `fake-counter' (fint) data-type mentioned above will ap-
pear at the LATEX programming level to be exactly like the data-type based on
primitive count registers; however, internally it makes no use of count registers.
Typical functions in this module are illustrated here.

\fint_new:N \l_tmpa_fint

This declares the local parameter \l_example_fint as a fake-counter.

\fint_add:Nn \l_example_fint \c_thirty_two

This increments the value of this fake-counter by 32.

6. The experimental distribution

The initial implementations of a LATEX programming language using this
kind of syntax remain unreleased (and not completely functional); they partly
pre-date LATEX2"! The planned distribution will provide a subset of the func-
tionality of those implementations, in the form of packages to be used on top
of LATEX2".

The intention is to allow experienced TEX programmers to experiment with
the system and to comment on the interface. This means that the interface

will change. No part of this system, including the name of anything, should
be relied upon as being available in a later release. Please do experiment with
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these packages, but do not use them for code that you expect to keep unchanged
over a long period.

In view of the intended experimental use for this distribution we shall, in
the �rst instance, produce only a few modules for use with LATEX2". These
will set up the conventions and the basic functionality of, for example, the ex-
pansion mechanism; they will also implement some of the basic programming
constructs, such as token-lists and sequences. They are intended only to give
a avour of the code: the full LATEX3 kernel will provide a very rich set of
programming constructs so that packages can e�ciently share code, in con-
trast with the situation in the current LATEX where every large package must
implement its own version of queues, stacks, etc., as necessary.

In the �rst release of this experimental system at least the following modules
will be distributed.

l3names This sets up the basic naming scheme and renames all the TEX prim-
itives. If it is loaded with the option [removeoldnames] then the old primitive
names such as \box become unde�ned and are thus available for user de�nition.
Caution: use of this option will certainly break existing TEX code!

l3basics This contains the basic de�nition modules used by the other packages.

l3tlp This implements a basic data-type, called a token-list pointer, used for
storing named token lists: these are essentially TEX macros with no arguments.

l3expan This is the argument expansion module discussed above.

l3quark A `quark' is a command that is de�ned to expand to itself! Therefore
they must never be expanded as this will generate in�nite recursion; they do
however have many uses, e.g., as special markers and delimiters within code.

l3seq This implements data-types such as queues and stacks.

l3prop This implements the data-type for `property lists' that are used, in
particular, for storing key/value pairs.

This distribution will also contain the LATEX source for the latest version of
this document, a docstrip install �le and two small test �les.

In later releases we plan to add further modules and a full-edged example
of the use of the new language: a proto-type implementation for the ideas
described in the article `Language Information in Structured Documents: A
Model for Mark-up and Rendering' [5].
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Language Information in Structured

Documents:

A Model for Mark-up and Rendering

Frank Mittelbach kai Chris Rowley

LATEX3 project

1. Introduction

The paper starts by examining the language structure of documents and
from this a language tag model for LATEX is developed. It then discusses
the relationship between language and document formatting and the types of
actions needed at a change of language. This will lead to a model that supports
the speci�cation of these actions and of their association with the tag structure
in the abstract document.

The model is then extended to provide the necessary support for regions
that have their own visual context or that receive content from other parts of
the document, thus breaking the basic tree structure of an abstract document|
this is in the section entitled \Special Regions".

Finally a high level summary of the required interfaces is given. A full formal
speci�cation, to be used for a prototype implementation in LATEX, is currently
under development|a �rst public test implementation is expected to exist for
the 1997/12/01 release of LATEX.

If you are interested in the issues raised in this paper or in other aspects of
our work to enhance LATEX, please join the project's electronic discussion list.
To do this, please send a message to:

listserv@relay.urz.uni-heidelberg.de

� This paper was originally given at the Multilingual Information Processing symposium,
March 1997, Tsukuba, Japan.
y Current LATEX3 project team members are Johannes Braams (NL), David Carlisle (UK),
Michael Downes (USA), Alan Je�rey (UK) and Rainer Sch�opf (DE).
z To keÐmeno autì emfan;isthke ston 18 tìmo, teÔqoc 3 tou periodikoÔ TUGboat.
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Containing this line:

subscribe LATEX-L your name

2. Language Structure of Documents

Structured documents can be understood as being explicitly or implicitly
labeled with \language tags" denoting that a portion of the document contains
data written in a certain \language".

These tags have the following properties:

| They impose on the document a hierarchical tree structure that may not
be compatible with that document's other logical structure, e.g., there
might be a language change in the middle of a logical element such as a
list item.1

| At any one point in the document the \current language" can be
determined.

The term \language" in this context is somewhat vague and might need fur-
ther quali�cation; but for the purpose of the following discussion it is su�cient
to de�ne it as a `label' whose value a�ects certain aspects of formatting.

3. Hierarchy of language tags

The structure created by attaching such language tags to the text can
be considered to be of varying complexity. The simplest case would be to
regard this as a at structure: for each point in the document only a \current"
language is de�ned, disregarding the fact that certain language segments can
be considered to be embedded within others. This model of language within
documents is, for example, employed within the current Babel system where,
by default, all language changes are in this sense global.

In a more complex model each area has a \current" language but may be
embedded within a nest of larger areas, each in its own language. In such a
model, a change of language has a di�erent quality, and therefore may invoke
di�erent formatting changes, depending on the level in the hierarchy at which
it occurs.

1 However, for practical purposes it is normally possible and acceptable to arti�cially force
the structure imposed by the language tags into the logical hierarchy imposed by other tags.
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Our investigations lead us to conclude that, to properly render a document,
one needs a combination of both models:

| the concept of a base language for very large portions of a text (for most
documents this will in fact be only one such language for the full text):
this has a at structure, there is only one base language at any point in
the text;

| the concept of imbedded language segments: these are nestable (to any
number of levels) and are used for relatively small-scale insertions within
a base language, such as quotations or names.

4. Language tag (visual) structure

In addition to the nesting structure of language tags, there is a more visual
component that inuences rendering of a document: the paragraph structure.
To properly model this typographical treatment it is necessary to classify
the language tags according to whether a language segment contains only
complete paragraphs or is part of the running text of a single paragraph.
A begin/end pair of tags is called a \block-level" tag if its body consists of
complete paragraphs and a \paragraph-level" tag otherwise. As later examples
will show, the typographical treatment for these two types is often di�erent.

5. A Tag Model for LATEX

To support the above model, including both nesting of language tags and
the di�erentiation between block- and paragraph-level tags, the following tag
structure for a system like LATEX is proposed:

| A document language tag (implicit). This tag can be used to attach
language-related typographical actions that should not change even if
the document contains more than one base language.

| Base-language tags: used only at top-level, no nesting. These tags denote
the major language(s) within a document. In the case of essentially mono-
lingual documents the base language would be the same as the document
language.

| Language-block tags: contain complete paragraphs, nestable. These de-
note larger imbeddings either directly within the base language or further
down in the nesting hierarchy.
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| Language-fragment tags: only within paragraphs, nestable. These denote
smaller imbeddings but are otherwise identical to language block tags.

Note that since, at least in the logical structure of a document, paragraphs
can occur within paragraphs, block tags can be nested within fragment tags.

6. Document interfaces

As LATEX2" does not have built in support for named attributes, its support
for language changes is best implemented by introducing additional language
tags (commands and environments). A concrete syntax for these tags could
include the following:

| A preamble declaration for the document language (this is also the
base language in mono-lingual documents) with the language-label as
argument.

| A base-language change command with the language-label as argument.
This command is declarative to highlight the at structure of base
languages.

| A language-environment with the language-label as argument and text
as body. Such an environment starts a new paragraph so as to enforce
the block-level nature of the tag.

| A language-command with the language-label and text both as argu-
ments. In contrast to the environment, this command applies language-
related actions to its second argument, which cannot directly contain full
paragraphs.

For LATEX3 we shall probably normalize this interface by supporting a
language attribute on appropriate tags. This would allow, for example, a trivial
translation of the language features currently being proposed for HTML into
LATEX for rendering purposes. However, even in that case generic tags for
changing language are necessary as typical documents contain language changes
that do not coincide with the tag boundaries of other logical tags.2

2 It is proposed that HTML3.2 supports a <span> tag for this purpose.
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7. Language-dependent Processing

Setting up the tags tells us only how to encode a multi-lingual document.
We now need to specify how these tags a�ect the processing of the document;
how do we attach actions to them? Before answering this question we shall
�rst discuss a number of representative examples of the e�ects of language on
this processing, classi�ed according to the categories input, transformation and
formatting.

The actions shown below are all commonly related to a change of language
within a document. Nevertheless, it is not the case that each of them should
necessarily be implemented by attaching them �rmly to language changes. For
some it might be more appropriate to freeze them for the whole document or to
attach them to areas within the document that do not coincide with language
boundaries.

8. Input

8.1. Input encodings

Entering text in a certain language often requires special input methods
(this is especially true for languages with complex scripts) but even in cases
where direct keyboard entry is possible it might be necessary to add information
about the keyboard codepage that is to be used, so as to interpret the source
characters correctly. At present LATEX supports variable interpretation of the
upper half of the 8-bit plane, thus allowing source text to be 8-bit encoded in
one of the many keyboard encodings used world wide.

8.2. Short-refs

With the development of language packages and the subsequent develop-
ment of the Babel system, it became common practice to extend the mark-
up language of LATEX using so called \short-refs" as a compact method for
inputting certain commands. Short-refs are character sequences that do not
start with TEX's escape character, i.e., usually `\', but nevertheless act like
commands. That is, they do not represent the equivalent glyph sequence but
have either additional e�ects (e.g., the punctuation marks in French typog-
raphy, which produce additional space) or even denote completely di�erent
actions (e.g., "" for a break point without a hyphen).
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In addition to the above short-refs, some TEX fonts implement short-refs
by using (or misusing) the ligature mechanism to implement arbitrary input
syntax, e.g., `` generating \ or --- generating an em-dash.

Short-refs can be used for di�erent purposes:

| providing a compact input notation for commonly used textual commands
such as characters with diacritical marks;

| providing a compact and readable input notation for special applications,
e.g., ==> for \Longrightarrow;

| providing typographical features not otherwise supported (e.g., extra
space in front of punctuation characters).

The �rst two items are related to input syntax and not directly linked to the
language of the current text although historically they have been provided
by language packages, e.g., "a as a short-ref for \"{a} was implemented by
|german.sty| and within Babel its meaning gets deactivated within regions
marked up as belonging to other languages.

The third item is directly related to language since short-refs of this type
are used to implement a typographic style that is characteristic of a language in
such a way that the user is not forced to use explicit mark-up in the document.

9. Transformations

Here, `transformations' include only manipulations of the source text that
are independent of formatting information (i.e., those that act entirely on the
logical document). Usually such transformations enrich the document content
in one way or the other by using knowledge stored outside the document source.

9.1. Generated text

This is text that is not directly encoded in the source document but
is produced from tags therein. Generated text can be classi�ed into two
categories: content-related and structure-related. Here content-related text is
that generated by tags that can appear anywhere in the source text (a typical
LATEX example would be the \today command) while structure-related text
refers to text that is associated with a high level logical structure (e.g., the
heading produced for a bibliography or the �xed text used in a �gure caption).
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While it is imaginable to keep structure-related text in one language even
though the surrounding language changes, content-related text most likely will
have to change at every language tag.

9.2. Hyphenation

The �nding and marking of possible hyphenation points is, perhaps, the
most obvious language-related transformation. Indeed, it is often considered to
be the de�ning characteristic of a `language'.

When using TEX this relationship is unfortunately obscured by some
technical details of the implementation of hyphenation. One of these is that
TEX's hyphenation does not depend only on the `language' but also on the
current font encoding (which can di�er within a single language). Another
is TEX's restriction that one can properly hyphenate a whole multi-lingual
paragraph only if the font encodings used therein share a single lower-case
table (and this is likely not to be the case if more than one script is present).

9.3. Upper- and lower-case transformations

The mapping between upper- and lower-case characters (for those writing
systems that make such a distinction) is language-dependent (and not just
script-dependent): for example, in Turkish �!I and i!_I in contrast to the usual
mapping i!I used in most other languages. There can also be a one-to-many
mapping as for the German � that maps to SS.

10. Formatting

Although each of the examples listed here has been documented as charac-
teristic of the typography associated with a particular language, they are all
also aspects of the design over which a document designer may wish to have
control that is independent of the language of the text.

10.1. Direction

The direction of the text and, more generally, the writing system used are
very strongly associated with the language in use.
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10.2. Micro-rendering

This covers the details of rendering at the level of individual glyphs and the
relationships, often complex, between the characters which form the textual
part of the logical document and the glyphs used to render this text, especially
when aiming for the highest levels of typographic quality. These details often
depend on what glyphs are provided by the available fonts. Also, when using
TEX, this level of formatting is typically controlled entirely by the choice of
font, whereas it should be possible to specify such details independent of the
font since they also depend on the language in use.

Some examples:

| The precise positioning of diacritics depends on the language; e.g., a
language such as German with many umlauts puts them closer to the
top of the basic letter than is typically done with the diaeresis in English
or French typography.

| The use of aesthetic ligatures varies from language to language, e.g., the
�-ligature is traditionally not used in Portuguese and Turkish typography
(implementing this is di�cult in TEX since these transformations are
normally controlled entirely by the font and there is no simple way to
`turn them o�').

10.3. Macro-rendering

More global aspects of typography can also be language-dependent, for
example:

| the formatting of in-line quotes (i.e., what `quotation marks' to use);

| rendering of enumerations;

| aspects of page layout (e.g., oat placement).

As with most language-related actions they usually have a wide range of
formatting possibilities and can be considered to depend, at least partially, on
house style or other factors.

11. Attaching Actions to Change of Language

Having described some typical changes that need to be made at a language
tag, we now look at how to tie particular actions to a particular tag, noting
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Figure 2: The two hierarchies

that it is not sensible, for example, to change every aspect of the formatting if
only an in-line fragment of a few words is to be in a di�erent language.

12. Attaching actions to tags

First we note the following facts.

| The type of actions that are required at language tags can be modeled
by setting the values of a collection of parameters to those appropriate
for the new language.

| Some actions may not make sense at certain levels of the hierarchies.
For example, while one wants to use the correct hyphenation algorithm
at any level of the hierarchies changing of micro-rendering, such as the
positioning of diacritics, might be applied only to language changes for
whole paragraphs but not for fragments.

| However, for most actions it is not possible to specify one place in the
hierarchies that will produce the correct location of that action for all
documents. The correct place might, for example, depend on document
type or on a particular house style.

There are two (at least) possibilities for specifying, for a particular docu-
ment, where in the tag hierarchy an action should be `attached' (see Figure 2).
These are by the nesting-level in the hierarchy of language tags or by the visual
type of the language tags as described in the section entitled \Language tag
(visual) structure". These visual tag-types implicitly de�ne a partial hierarchy,
from the top: document, base, block, fragment.

In both cases an action is de�ned to be executed down to a prescribed level
in the hierarchy. As noted above, di�erent actions might be executed down to
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di�erent levels so there needs to be a mechanism to specify this level for each
action. To limit the complexity of the model we think it is advisable to assume
that this stopping level depends on the action but not on the language. It was
pointed out in Tsukuba that this is probably an oversimpli�cation, i.e., that
there exist cases where it would be better to model the formatting of language-
related items by attaching of language/action pairs to levels. However, we think
that these cases are su�ciently rare that they can be handled by the action
itself.3

It is also possible to combine these two hierarchies and allow the attachment
of actions to tags via either hierarchy (see Figure 3). In this case, for each action
it is necessary to de�ne:

| on which of the two hierarchies the stopping of the action depends;

| down to what level the action is carried out in that hierarchy.

13. Data structures for this model

For this model of language tags/actions, the system needs to specify the
contents of the following three data structures.

13.1. Tag hierarchy diagram (THD)

While combining the two hierarchies we have simpli�ed their structure
(compare �gures 2 and 3), i.e., multiple nestings of paragraphs are collapsed

3 An action that depends both on language and level could be speci�ed in the model by
executing it on all levels with an additional conditional within the action body testing for
the current language.
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into a single node. At the same time a new root node (document-level) was
added. This node serves as an anchor point for typographic requirements that
should stay �xed throughout the document even if the base language changes.

The required number of signi�cant nestings in the hierarchy of nesting-levels
is an open question but probably n = 3 is su�cient to specify typical formatting
requirements.

The two end points of the hierarchies (nth nesting-level and nested-
fragment-level) are combined as they essentially mean to carry out attached
actions in all cases, thus it does not matter on which hierarchy they are
speci�ed.

Another interesting point is that the two base-language-levels,one from each
hierarchy, are combined.4

Nevertheless, it should be noted that the \level" of a tag within the THD
is logically described by a pair of nodes (one on each hierarchy) even though
in some cases these nodes collapse into one.

13.2. Language actions table (LAT)

This two-dimensional table (indexed by parameter-group and language-
label) stores the e�ect of each action (i.e., the value for a parameter-group)
for each language (possibly only a default value if no value has been explicitly
de�ned for that language). Each entry is an expression that returns a set of
values appropriate to the parameter-group.

It may be possible5 to also allow special actions to be speci�ed, such as:

| leave unchanged;

| use some default (e.g. the value for the document language).

13.3. Parameter assignment map (PAM)

This one-dimensional table maps each each action (modeled by a parameter-
group) to a single node in the THD.

Such an assignment means that this parameter group changes its value
(using the method speci�ed in the LAT) at all levels down to (and including)
the node to which it is mapped.

4 From this it follows that in this model a base language change is only allowed between
paragraphs.
5 Such details can have large e�ects on the e�ciency of the implementation, thus we are
being cautious here.
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14. Special Regions

The scheme we have outlined so far will work well for the main text of many
documents but it needs to be supplemented in order to handle formatting of
the following material (called special regions):

| regions that contain text which has moved from other parts of the
document, e.g., table of contents, running heads;

| regions of text that are �rst formatted and then the whole block is moved,
e.g., (from LATEX) oating tables, footnotes;

| regions that can contain elements breaking the type hierarchy, e.g., para-
graphs in table-cells.

There are several problems that arise when \moving things around" in a
document: one of these, which arises only when logical (unformatted) text is
being moved, is the need to move language information with the moving text.
This is needed even if the text being moved is in the document language since
this may not be the current language at the point to which it moves. Thus the
data-type for `logical stu� being moved' must be the text and a language-label
(describing its language).

15. Formatting special regions

A problem that a�ects the formatting of all special regions is how to specify
the language to be used and the e�ective level of language tags contained within
the special region. It is not possible to simply extend the THD and PAM from
the main part of the document since these assume that the nesting of the
language tags in the logical document is faithfully represented in the formatted
document. This is very clearly not the case with regions such as oats or end-
notes which appear visually in totally unrelated parts of the document. It is also
not true for paragraphs within tables since these can be, logically, paragraphs
within paragraphs, and our classi�cation of language tags into types does not
allow for this.

One possible solution to this problem is to allow the speci�cation of a local
PAM for each type of special region. This requires:

| a method to set the starting-language for the region;

| the speci�cation of a local PAM for the region.
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The disadvantage of this solution is its inherent complexity: for each special
region the designer of a document class needs to specify a full mapping
of all language-related actions to the tag hierarchy (the local PAM). Since
the numbers of both the special regions and the language-related actions
are potentially unlimited, this would result in either a very complex set-
up mechanism or the use of general defaults (e.g., the local PAM nearly
always inherits from the global document PAM) in which case the solution
is unnecessarily complicated.

16. A practical solution

A simpler solution is to use the PAM from the main document but to allow
the speci�cation, for each type of special region, of how the information from
the PAM is used. This would be done by specifying the following:

| a method to set the starting-language for the region;

| the actual initialisation-level (init-level) for the change to this starting
language;

| the e�ective level (inner-level), as far as imbedded tags are concerned, of
this change to the starting-language for the region.

We now give an expanded description of these items.

16.1. Starting language

In the case of special regions that receive unformatted text the starting-
language will directly a�ect only the text generated by the region's tags
themselves as each bit of received text will carry its own language label (see the
section entitled \Special Regions"). In the case of regions that move after being
formatted it de�nes the default language used when formatting this region.

16.2. Initialization

At the start of the region, actions are executed as if the region started
with a tag whose level (in the THD, i.e., a pair of nodes) is init-level using
this starting-language. This results in setting parameters to values suitable for
that starting-language whilst allowing for a region to move to a di�erent visual
context.
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16.3. Inner processing

Within the region, language tags are processed as if the region started with
a tag whose level (in the THD) is inner-level (inner-level must be at least as
deep6 as init-level in the THD). This allows �ner control over the subset of
actions executed at imbedded language tags.

17. Interfaces for the Rendering Model

The following interfaces will be provided for use by writers of class and
package �les:

| specifying the THD (this will probably be �xed, at least in the �rst
version);

| specifying entries in the PAM;

| specifying entries in the LAT;

| specifying explicitly that a language-command (i.e., parameter-group)
will potentially be used by the current package or class;7

| specifying the starting-language and init/inner levels for special regions;

| handling language information for moving text.

In addition to the new commands and environments outlined in the section
entitled \Document interfaces", the following interfaces will be provided for use
in documents (the �rst two must be in the preamble):

| specifying the document-language;

| specifying all the languages used in a document;

| possibly an interface for overwriting the starting language of a particular
special region

6 An alternative model would be to also allow inner-level to be one less than init-level.
This would mean that language tags within the special region are acting as language changes
on the same level as the starting language of the region.
7 These declarations allow the local customizations for all language actions to be stored in
one place (e.g., PAM or LAT modi�cations); the system can then select only those that are
actually needed for the current document.
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The second item above is not strictly necessary as the information can be
obtained by processing the document; however, a large saving of time and
space can be made if the full list of languages actually used is speci�ed in the
preamble.


