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ABSTRACT 

Inteu ional HT IL addre ses the problem of provi<ling a rnulti-ven;ion d \V l, si 

without th penaltie. n ually a ociated with lru_-ge- cale cop, ing and modi6ca ion of 

pag ( h u ual approach). IHT IL u es two k y id . Fir t th rver u,·e ab t­

fit algorithm o find th appropriate file when ome ver ion of a page i r que ted. If 

th exa v ion requcs -d is not pres nt , h ·loses mat his t1sed. Second, anchor 

ar int rpret.en as being generic (or intensional a we \: ill ·ay): · n anchor do not 

Jink o a par i ula.r pag . bu t a family of ver ion. of a pag _ 

Th , fir. t ver ·ion f IIIT:i\IL d m nstra1ed that h id a an work but was difficult to 

u _ IHTML 2 addr0 e 1110 t of th limitation , re ul ing in a y. tern whi h ordinary 

u r can u uc s fully. R liability and p rformance are improved th vntax i 

·lean d up and v ral n , £ a ure ar add d. 

Examiner: 

re 
EngineP-ring) 

iencc-) 
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1. Introduction 

Inten ional HTML (IHTML) vva developed to reduce the effort required o develop 

multi-version d Web ite . \ adge et al. argue convincingly in [l] that multi­

v r ioned ites are useful: sit d veloper may wi h to pr ent multiple vcr ion of 

their information for man reason : multiple languages; expertise level . level of 

sub cription (for paid it ) g ographic location and so on. However there are diffi­

culties with maintaining veral ver ion of a site. Difi rent version qui kly diverg 

in more than the appropriate way , as fixes are made to one ver ion but no ano h r. 

A new way hat a sit can var , are required ( what we will call dimensions), th 

number of version which mu t be maintained may increase dramatically making the 

maintenance probl m that much worse. Th consequ nc of the e problems i that 

very few multi-ver ioned sites xi t. 

Intensional HTi\'11 solves the problem by allowing the site dev loper to n ure 

that only tho e part of a page which actually vary from version to version are distinct. 

Content that i the same from version to ver ion uses the ame our o changes can 

be made once to affect all versions to which they are applicable. Two key idea make 

it all po ible. First, he rver u es a best fit algorithm to find the page requested by a 

client: if no r ion of the reque ted page is labelled with the exact Y r ion requested 

the version which most closely matches is used. or thi rea on, the ite develop r 

n ed not provide separate ources for every pos ible ver ion of a page only for those 

which vary m aningfully. For example suppose a pag i purely graphical: ·learly 

th r is no ne d for French and English versions. The erver will pick the sam ource 

file in either ca e. Second parts of a page may be included from separat files, and 

tho e inclusions use the ·ame b t fit algorithm. The idea i to include those parts 

of a page which vary in dimen ion that the whole pag need no vary in, thereby 

eliminating duplication of information. Content which really does vary from ver ion 

to version, of course mu -t exist in all those versions. The usual technique i to 
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have one ver ion of the main pag 1 which include , ay, a header bod , and footer. 

The body may vary in the language dimension but ne d not vary in the background 

colour dimen ion. The header might vary in the background colour dimen ion but 

not language; it might al o vary in other dimen ions u ed to s t page characteri tics. 

Note that if th header is standardized from page to pag many page can hare 

(include) the ame source file . The foot r may vary in yet anoth r dimen ion: ay, 

the link map dimension, which controls which links are available at the bottom of the 

page. Included fragments may al o include subfragments of course, with no limit on 

nesting. The key point is that at each level of inclu ion (from the main page down), 

the best fit algorithm is applied with respect to the requested version of th main 

pag (possiblv modified by the inclu. ion tag). Even if the page exi t · in one v r ion 

onl , (as it frequently will) the er er will look for included file with th requested 

ver ion of th urrent file not th a tual one that wa found. These two ideas, best 

fit and inclusion make it possible to eliminate cloning. 

The first implementation ofIHTML was a research prototype. It demonstrated 

that the th ory behind IHTr. L i viable but proved difficult to us in practic for 

everal reasons. Installation and u e required detailed knowl dge of he impl rncnta­

tion. Performance was a concern: since it was implemented as a Perl CGI program 

every use required loading Perl, a well a he program it lf. The p nalty on a bu y 

server would be severe. Because it was a CGI program, URLs for versioned page all 

began with he same prefix: the path to the CGI program. For these r asons as w 11 

a ome minor impl mentation reason the first v rsion was not widel ' used. 

Th obje tive of IHT lL 2 is to provide a stable u able implem ntation of 

IHTML, as a platform for further work: experimentation in how best to present multi­

versioned informa ion; exploration of what feature IHTML should have to mak the 

site implementers job a a y as possible· and, of course, creation of multi-ver ion d 

ites for real-world use. Th fir t wo are alread happening. The author and others 

have worked out ome useful t chnique for displaying versioned information· in the 

course of th above work the need for new features became apparent. f the new 
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~ at ure lrcl t n .'\ idf> f r pr . utati 11. l ading n w t atun'. , nd . o on. hu. 

Car. IH :'.\l 2 h· 11 h n u iu p rman nt 1 • rn ant for p11bli ' 

but i app •ar to hav, wha is u IC'd. 

Th r app r t b v ry littl w rk gain 11 l ·ewh r related t nrnl i-vcr-

11 d" I> i <' • . An numb r r it xi. t i11 <lift rut l· n ·trng . but d nin, i 

t IH' r er of the day, ,, i h all th ('c\l'Che. r th , \,\' •b 

r<•v • l <lorn it in \Yhich \\' l. hand EnlT)ish ver i n. ,. ral pa . w r pr ,·icl d. 

with a '" r rudim ntary h t fh t, chniqne [2]. I n . t,wo lnl<'rn •t hoHt,111-uues for 

011e ma hiu . on \Y I lt'" nam and on "Engli h"' naru . Th .\pachP . n·rr ha. 

diffi r nt configur lion fil s for th t.wo h . tnam with in tru i ns in ad f th m 

fall ba k to h o h · if th . pa i u t found n th , r qu st d n · r. m 

hr Ii u1 still e s th original 110 ·tna1m any r I· tive RL are still relati"f' o I h<> 

riginal ning h rr hL 

id a i v r. similar t IH ML, ut f · ur · xtr 111 ly limited . 

1.1 T rminolog 

11 t f th~ rminology in th' do um nt is quit . t audard. . f w I m . ar ' 

11s •d in particul· r \\'a - th ugh and h uld b mad explid . 

• ··it<' impl .ment t· r it dev lop r i a per ' n who is creating a ui l' or \ iV\'\' \\' 

pa · . . but (typicall ·) do 11 I admini. t r th HTT en· r it lf. 

• Tlw ·ite. admini. tmtor i. the p r n re. pon:ible for maintainin th ' HTTP 

n ·c•r. 

• • cu. tomcr i, a p r. on brow ·ing a .-it . Th w rd u. ·er ret rs t th . it implr­

m n er. uni . otlwrwi e ta cl. 

• • rlient is a W h I row r (i.<'. oftwar . rath r ban a pC'rson). 

• • n.1e1· i an HT ervcr pr gram . 



• . component r .l men/ i part fa \\ b p . It might be inrlud d .·t. an 

imag il :cript, r an, hinp, 1 e which an b in ·lud d iu a pag . l ll '.\IL pag s 

end t he mad£> up of rn r · mpo11 nt than normal H ).[L pa c• •. 

• Th abbr iation !HTML i • lf i 11. c,<l in tw way . H 1H ).I I 

Ion u:urul: r fer t th , •h l IHT IL. · t m, includin · rver . ft ware. utilit,· 

program and all. ampl , ''Ill l\IL supp rt, v · I ,l programs. 

'·IH ma. al r pecificallv t H :.I page augm n d with IH '.\,IL 

·'JH ~IL pagC' (or cornpon nt 

tag. ' hi do n im1 ly hat , [ program may indnd<' 

ISELECT. Wbich m aning i.· in nd cl houl<l be l ar fr m ont.rxt. 

1. 2 0 r 1ew f Ch p rs 

haptN 2 provid -· 'omc• ba k round inform at i n which puts t hi. w rk in co11-

_:x1: int en i nal logi ·. in n. i nal progrc mming. ,. 'r i ning . · l ms. the• \ \'orld \ \ id 

\\ 1 and IH l\fL 1 are de c ·ib d briefl . hapter 3 i a c·omple dr: ripti 11 of 

11 IT. IL 2: what it do . wh_ it doe. i and how i i. diffi r nt fr m the original. hap­

r d cril s th d ·ign and impl men ation. haµ er 5 summarize.·. v ral th r 

I giC' · ml h w III :\fL r la : t hem: GI pr gramming. ,JaYa, ·ript 

11 larkup Languag , th t I Langungr. 

a. ading beet ' , and th D cum lit bj ct M d l. <'V r l av nues for future 

· !HT. IL 2 i. by n m au th final \\" rd in iut n­

ional W 1 rlrv ,Jopm nt. omc• con lu ion · ar pre, n cd in ·Lap r 7. iu ·luding :om 

Ii ·u ion f wh th r Ill :-.lL 2 i in fa t u. abl by rdiuary 111 rtal . 

ppcudix is a ompl h' r fer n man 1al £ r II-I l\[L 2. N that h r 

i " rl· p b tw n cha t · 3 and 1 on th ne hand. and App udix . n 

h hat r J ndix :\ \ ill b u. ful wi hou n ,ire body of this th('. i. · 

,\ccompanyin · it. . pp ndix B :ummariz . th arithm ti · ling t ·hniqu for tl'xt 

C'Ompre i n .. \It hough it iJ not , · ntral p· rt of thi work. it h, :uffi i nl.l.v inter ting 
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(awl:-,, litt I• kn >wn) tl1 it I SN'\' ind11si 11. App('T}di ' <· >llP ·ts I It c mpl t s t 

f 1111. for h \. i II al •hr 11to 11. 1 I· . or•· j,r 11fi n•nc·•. 



2. Ba kground 

2 .1 Int n ional Logi 

is th formal underpinning of th v r. ion :-., em support d by 

Int 11 'i nal II 11L. ' ud m· in id · ;\'ill I <l s(·ri d rirO . Rud lph 

an · p in M aning and 1 ec 1/y [3] am ng oth r publication, . addr . s rl h I ro -

lem of formalilt.ing natural languag<~ . . H obs n· d hat man.v (prrhap: rno t) natural 

l nguag x1 r . io ar n tafement. in th lo i ·al . n~ : th y do not ha,· trn h 

n1lue in and f h ms Ive . Tbr,' r quir a conl.{'X i11 ordrr t havr a ruth va!11 

as ign d. r xamµlr, th ru h or fal. ity f th . nt nc "It i r inin .. d p ll(L 

on tbr im and lo a i n of th ut teran r. Prior a.L!empt. to formaJi7, t.hi kiud or 
xpr s~ion iuv lv d r formuJatin, tlwm .·y l<'maticall) to ·pr ':i ion lik ",-\ timr T 

au l loc.:atiou X it is raining'', with pe Hi value im; r d f r T and X. hr diffit11lt.. 

wil h hi approach i. tha it ntail. d nying tha urnny p rf c·tly r<iinar: .·pr s. i 11 

rn an . om thing in and f them · lv arnap pr •f rr d to r cogniz that alth mgh 

It i: raining'' doe 11 l have a. ingl trulh value. th r i a uui( ing cont pt uncl<'l'-

1. in aU at ment im T and l c-a i n . it i raining". He all rl 

t.l1a. anifying <.:one pt an intension. 

h r ~ rmaliz arnap · work. Bar-Hill I cl . TibPd irtd !fical c.rp re. ion·. iu 

th [4]. Kripk 1 Iont,a u . · Ll and o h r: w nt 11 t formalii 

h pt furth r. movin ha away fr m the riginal n tiou f f rm 1-

iziH [ , ] . Kripkr.. in part i ·11lar. d fin d a ~ rmal 

• mantic f r rn dal ; ud int nsiuual logi s in rrm f au acce8 'bility r lati u [7]; 

Kripk emanlic h v h com th tand rd for LI ribin 

i nal logi · · ([ ] pa C'. ' 13 l }. Th r ult i a wide vari t f ~ nnal y, trrn · 

ranging from v ry th en ral limen ·oual logic with xplicit iudi e d fin d by · tt 

o h d modal logi · on i "ting of fir. - rd r pr di a I gi .x en I I 

wi h th nel' ·L·• ity op r- tor ([ ]. d1apt r 1). 
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h n ti n f po. ibl world .. at ribu <l to L ihniz I y h 11· ([9]. pa 3), 

on I •ri h ([l ) I ng . 707) nd ot h r , i a u '<'ful fram w rk for ri\'in : mant i · 

t intc>rn i nal logic. 

ments) which i 

f affair. (i.e. a, ignm n of ru Ii alu o st.a -

· po sibl w rld . :\Ian:v Yari 1: nt nal l i 

have lw1;n dcscril ed u ing pc ihlr-worlds emantic. . d· I l giC' ·on id r · 

wh Lh r a nt i tru in all p ibl world , om bu not all or 110nC'. rmal-

··□ ': giv n a11 ,□ 

·pin Uy u int 11 ·i nal ·uch ru 

'hellas iu 

(9). part 1. gh- temp ral l gi may be dc>finPd b.\· rdcring 

th I f p :ibl ' world hy tim • · nd ron ·id rin □ be ru • in ll fu ur world., .. 

oldhla t d . rib · eY r- l su h logic in I l], chapl< r . m· y 

with □. m auin 

f p .. ible w rld by m arbitrary ac 

ru in · 11 a 

. JL, th 

ibl w rl<l ". 

t of po i l , orld i, th , 

of pa or part f a pa · . for .- m p· r icul, r itr. 

"~ " . \ hi ·h \\' r · .. r \fin ": A i; B m an h t 

ibilit_\' r l tion, 

i bl '" r ·Hm 

.. Th refin m nt p rat r d fin . a dfr ctc<l a y ·Ii· graph f p . ibl' w rid . . i . . 

n . whi h will be used to find th do mat h to a v r ·i n. Th rrfiu UI nt 

t r , ill b d ribc•d iu d tail in tion: 2.3. 2. and 3.1. 

2.2 In n ional Progra111ming 

1 nt n. ional pr grani111ing · r . out f th r ogni ion by Faustini and \\.,ulge 

that th programming languag Lu id could h gi Ha formals mant i •. using intrn-

ional logic [12]. alth ugh i wa rigim lly vic->w as a cla afl w languagf' [13]. L11 ·id 

u • a v r~· gen r, I int u. i nal m d I. pp cl to th more r tri t •d form: of 

modal logic . It po ible worl arr point in a µrogr, mm r-cl frn d mulliclim n i nal 

a h dim .m;ion i iJid xed I y th non-11<' rativf' integer .. 11 ha , <'V< ral 

int n. i nal p ra or:. all wing nr·<· h valu at th nrxt ind x in a <lim n:iou. 

th pr viou ind x ll in Ii· s m ting som c:rit, ria and o on. Tl rP i not a <lircct 
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evolu ionary link from Lucid to IHTML, but they are based on th same formal sys­

tem, and the sam notion of demand-driven multidimensional processing. Th next 

ection de crib in part the somewhat erendipitous path that led to IHTML. 

2.3 Version Control 

In the proce of implementing a Lucid interpreter, Plaice and Wadge found 

that they n eded a ource code version control system with more flexibility than 

the existing tools SU h a secs [14] and RCS [15]. They needed variant control as 

well as revision control and a convenient mean for merging development tream . 

Sloth Lemur\ and Marmoset were d veloped to fill this n ed [16 17]. They are 

succe ive refinement of th basic idea of combining ver ioned module u ing a best­

fit approach to software configuration (i.e. pick the version of each module which 

b t approximates the requested ver ion of the whole system). 

It was only aft r the e tool w re in us that the developers realized that th y 

too ould be mod l d as intensional s , terns with the et of po ible worlds being 

the set of possible versions. In [17] they define th following language for versions: 

V . ·- € I I X I V %V I V& V I V + V 

j nj N.n 

(2.1) 

(2.2) 

where E: is the least elem nt, or most generic version: n i a non-negative integer, 

"% is a wbversion operator '&' is the greatest lower bound ' + i · the leas up­

per bound and ' . indicate numeric subversion . For example, mac+englis h+3. 1 

might describe one ver ion of a particular software product· unix+2. 5 might de cribe 

another. 

These tool in orporate a variety of ideas relevant to version con rol bu two in 

particular ar u d almost without change in IHTML: the notion f a et of ver ions 

of a file, and the use of a refinement ordering on versions in a best-fit approach to 

1Lemur was implemented by the author. 
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h ap r pna v r i n wh n on tru ing a ·ompl<'t ·. t m. Thl' appli ·ati n 

of th · idea: o III ~IL i ' d ril •d in < c ion 2.5. 

2.4 Th orld ide W b 

It hough the\ orld Wid v cb reall. ne d. n int r lu ti n, a bri J des ri1 1 ion 

h r will h Ip in la ing he uh. qu nt d ripti n f Int n i nal HT. IL in c·on­

x . Br adly sp aking, h n .lw W h may br · n id rrd a w rld-wi lr · 11 • ·1 i n 

f dotum nt . with glol ally uniqu nam( . a tandarcliz l pr t< c_· I for m·c- :. and 

· andarcl markup tag for rendering. fore.• ·p cifi ·all , th<• Web i11 lude t hr f )1lowi11 

t mpou •11t ': 

• D c·um nt. i I ntifi d by gl I ally uuiqu ad Ir . . Th y may b l , ·t mark d 

up wi h hyp rtext markup la,ng'!la,g , (H ML) or not graphic ·ouud,, pt· -

gram· (appl t ). or alm tan, thing le which can I<' d. -ril> d with a ~II~l 

(mu] ipurµc. <' int(>ru t mnil exten. i n) 'P . H lL do urn n . i11 par i ·ular 

ma. in lud anchor wbi ·h upon ommancL dir C'l th u. r to anotb r (pre-

umabl · rc1lat d) do ·um nt. 

• A standard addre ing · h m for docum n : th uniform resonrc . locator 

( ). Thi. ch m achi Y global uniqu n b. iu ·lucling th intrrn t ad Ir 

of th ma ·hin pr viding h do urn nt whic-h i air .ady globall ' uni 1ur. 

• t .. n rd pro oc l. th hw rleTt transfer vrntocol (HTT ). for r tri ,·iug h 

abo,'(' document . Thi w rk JD a fairly rdina1: li nt- € n·er rnodel, wi h 

n w II-kn wn p rt numb .rs for onn •c-ti n from 

·li<'nt pr 

• H P rver running n the · mpu er:, whi ·!J provid \I\ Wv\ d urn nts 

d lh· rin do um n · to di nt an ·wh r in he int met. on r que:.t. 

• \\'\,\ \\! I row r . whi h r qu t d rument. from th . erv r . and r ndcr thl'm 

ac- rcling to he H :\11 tags th r on ain (if they ar HT~lL t xt), r by nth r 
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igur<' __ 1. b w th r<•h ti n i1 am omp 11 nt, a.net Int<•n ion l HT~IL'. 

pl r in th0 \ b. hP impor ant p in i. th· it fi s int the exi ting trnctm wit bout 

chang<' to an. thing lher than th 

an h<' f£ r d 1 ) a si <' withou I any ·hangc t, 

an. thing out. id of th :i admini trat r con rol. 

v ad and Yod r p int ou in (1 ] that h \\ b its If may b (·011. id rrd an 

iulcn. i nal pr gramming ~· m. Th L of all\\ \\'W d ·um n i · an in ensional 

indi · id n ifving he ·t<'n ion (i .. part inilar 

f c ur e ar tran -ver ion link t 

Ol • in thi m d l. th v r i n of an int n ioual pagE:' i a . ul -

v rsion of th ver.-iou cl n t d b t.h URL. rom th immediat0 pra ·tic, I p r. p c-tiv 

f pr ,'i.din mnlti-v · · . it may n mak a liff r n · . How Yrr. it i worth 

noting that. th wo not i n of int 'n ion with r p ·t to he \,\' b can m ·sh nsihly. 

2. Int n ional HT L 

That hing fr qu ntl , xi t in many difE rent v r io11. 1 • h author h p<' . . 

unc ntro,· •r. i< I. "a lg<' t. al. argu in [l] th t L11r prohl<'l1l i part i ·11larl • acute 

, i1 h r pee to\ b p, <' . Propl<' may hr w: nr. ·itc fr m an) vhrr<' in th w rid. 
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o . upport f r mul ipl languag '· i · Yi al. iffer n l,r w · r hav diff rent ·aphi · 

· p· 1 ili i . andwi th limitati n 

Diffn nt kin I. of informati n may b ppr pria f >r lifferPnt rs ( .g. I ginn r. 

normal. e.xprrt). . it ma)· bav I vel of. ub ription: fr , normal full a -c , he 

listgo - n. h infrmaion ff•rtlby Ii :-;it - mi~hl 

i . lf b in rin i ally v r ioned: it migh p rtain l dirt r nt fhw ill' of :om topir-, 

"h lh r hat i. car c rnpu er r ooking. h il . it elf uu-w C'Yolw through timr. 

il 1 - likel: o ne d mu! ipl \' 1. i 

h quick and -y wa clon . me original 

ver. ion. th n mak th' n c . ary than .. . . l hough it may . eem to work in th 

h rt h uickly I a l t tr ubl . It b om · impo ·ibl<' in pra ·lice 

o main ain h it 

d cum nt d <'xt 

numb r of publicati 11 

nt way. The m in , anc probl m ha I 11 

· ftware d ,. lopmPnt world. a. ran b . n fr m hr 

[J 5], · n I man: o her,). h 

am confr nt h \Y b it d Y lop r. 

h oluti n i li, t th r i f th par . that p:: ges 

bav in omm n, wh th r that i - the o era.II format fa pa . n ima e. a link, c r 

fragm .nt of tex . II :rev r :tandard HT~IL lo s n I . upport this appr ac·b. 

on. id r a .·it with h · nd xp rt v rsi n . Link fr 111 a par i ·tilar 

'" r i n f c ·h page h uld lead lhrr pag<', and n. 

uppos a ·11st om r br w thf' sit choo ing hr exp rt l v •l. Links she P<'- on 

a ivc•n pag ar then link to the xp r . and . D. \\' 

ousidcr a pag the amc infonnati n for all tltrr • 

'" r ion . b(• itC' impl m nt r mu t pr Yid thr ,·er ion of th· pagP. d pit' I h 

id •nti ·al cont •11. ·o tha link" to otb r pag . will I .a IL h c IT ve1· ·i mR of th 8 1 

imilar anaJogie · ·an b<' ma le for multi-language :lidf' : how . and .- > on .. ome 

aYin may I r made . C'areful 11 f th rver-side includ ~ a ur off <'rPd br :mm 

,,. b ·anno b elimina rd in t hi. wa .. 

th' probl m with two inn vati n . Th fir t i that 
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r n d n t pr ,j(! urce fil t r Y r: p sibl v r. 1 n of a pag 

{or c mponen of a pa e). If h rrque d v r i u i no aYailabl . th rrv r . a 

b t fit matching alg ri hm t find an ppr pria , pa . \ i h regard to h id ntical-

nt n pag d . rib d in he pr 'Yiou - p· ragr ph. if h it impl m nt r proYid , 

a ingl vanilla (i.r, 1 fa11lt) v, r ·i n of h page i will b ch u n ma( t r \\ hat 

ver ion i r que t cl (b gim1 r, ex1 rt, t .). Th i that link., inclusion·, · nrl 

. on in pagt · a.r inten. ional: h y ar link o famili 

no parti ular i r ·h ,d ia a link (or whi h ompon n 

i indu<l d) n h r qu ,. ted ver ion (h ncf'fortb u.ually r frtT'd to as th 

curr·'nl v r i n) of th page• being vi \Ve La w II a h attribut • in the lag. gaiu 

, i h resp t to h pr .vi u. exampl . a link u h a 

<A HREF= 11 carburators. html">carburation</ A> 

n th Yan ill. - nlv pa i. a link t th ·am ,. r i n f carburators. html a wa 

r qu . tr<l for the curr 11 pagr. ur exper cu tom r fin I· tliat thi. link rra ·he t lw 

'XP rt' pagr on ·arbnrat ion. th r cwtorn l" brow ing th 'ite in lwginu r mod . 

find that it r ch th b inn r intr duttion t earl urati n. an I .· n. , • te that 

th all e the am . our · file not a cloue. 

ln th ·amp! abm· tb L n fit of IH l IL ma. not I 

in I pa e i.- re du d fr m lhr 

ignifkan I, a, h number of dim nsi n. (and axiant.. wi bin .. dim n iou) iucrPa: . 

uppo . thr po ii I lan nag . f ur ul. -ripti n 

l v l · .... R ducing a pag (or part of pag ) to on or a f<'w ver ·i n. ro11ld . v 

oru i<l rablr. ff rt. 

· i n 2 .. Fiuur1 2.1 , h w tbat HT1[L r quir n lian r. 

oft ware ou th di n s. id . Iu n. i 11· I I pag 

are tr n lat d t . tandard HTt\IL bet r bei11 br w '( r. Thi. an s-

, ntial feature: hPr · r 

t r .quir .-p. ·ializc•d f war . !though mos brows •r llow plttg-in rn dul for 
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Lrnsion ·, h plug-in int rfa ar limited o handling nrw MnI 

yp , and v n th n in r lativ l. r tri l d way. [19]. 

2.5.1 

IR 1L 1 f'xt nd t hr ver i n languag given in ction 2.3 hy adding xpli it 

l d that i might be con eni nt to di ingui h ' •\ 

king aud th · n b languag . . ver i n is now a di jm ction of dim n ·ion 

. p . ifi r : 

V' ::= C I D: l. + V' (2.3) 

whf'r \ · is a rn ction 2.3, and he D are dim n. ion nam s. 

2.5.2 T h B t F it A lgori hm 

If i ary to crea IHT).IL our for ,, ry p .. ible Y('t. ion, th r 

\: uld b littl l <1 ncfi b had from IIITML. o a oid th.i problem IIITML • up­

p rt a n tion f best fit. If I h r .qu I d ,·er ·ion of a r mpon n d . no xi. , 

th . erv r oftwar con. i l rs other ver ions looking for n which oul<l b refiu ·d 

and whi h is than any th r 

xi "ting v r ion (i .. any h r , ·i ting o t.hC' requ . t d v r. ion 

al o refin o thi one). lf uch aver i n xi s i is u d in place of h rc>qu . t d 

vPr ion. If not. i i an rror. 

rd ring for r ion in Il-1 ML 1 is full lei. rib <l ia [16] and 

[20}. h IHT, IL 2. tis full • de crib di tion 3.1.1. Th basic id a i. that 

ver. ions ~U' ord r d b, h , r fin men p rator ~' wi h rule . 11 h as 

h cornple 

C V + V' and 

'. ~ Tr, '•/ ~ l r -} '. + l ., ~ ff 

t of rul d fin : a partial ord r for \'Pr ions. 

(2. ) 

(2.:) 

iven , requ . I ,c1 

v r iou R, and a et of xi ting VC'l', ion 1 h b st fi i th unique version \ u h thtlt 
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, · ~ R · ud ~ r all th r xi. ting v r ion · \\' . i · ~ ,- r TC~ R. If tiler i: no 

fi . it i · an err r. his dcfini i n i xactl · h b fi u d in the oftw~r v r:ionin 

On 

c ion 2.3. 

h bet fit ver.i n i found ( uppo ing th r · on), it i: tran.fat d t 

nt to he lirnt. Thi t pi es n .iallv th . ame in JH ML L 

ion .J.3 for de ail . 

n k • point i ha 1 f r purpo of tran. la ing IHT~IL o H ).{ thr c m-

ponent i th r qu t d ver ion. Int nsional link and includ . in 

par icul r ar ransformed link to h r qu t d ver i n f h n w pa e. not 

th ver i n of the c mpon nt which w actual) u d. r example if he reque Le 

r ion fa p· g i foxtrot: oscar+alpha: delta bu :t fi i · Yanilla. link · i11 

tha pag' will ill b onvcr to link h foxtrot:oscar+alpha:delta'" r. i n 

f the rget page . If i wer tb 11 a pag - which xi. t d on!. in lw 

v· nilla ve ion would · lwa, in lud lin t Lh , niUa v r i n. f o h r pa · . , whi h 

·t ly ,, hat w would lik o void. 

2.5.3 Tran - er i n Links and Include 

uroflink andinclud · de\ rib dabow. AJth ughtlJ, 

fault ha i ur (u. ing th ·urr nt ver j n) i u uall · appr priat , it i . Ill tim 

1H' r i . ( in lh r way 

r qu t arbi rar 

'ame or di~ r n 

r ion. of a pag ). Tran -v r ion link r <'ho uc>r 
in lud ther 

f fa pag . 

r ion links and includ • are . p ifi d by adding dim n-

valu or exarnpl h £ llowin anchor ·r at · a link o th 

vrin fa ag: 

<A HREF="clouseau.btml" language=french>The Inspector</A> 

n. which ar no m ntion I ar un hang d. 

f this ntax. 

cti n 2.5. fi r a <li. ·u ic 11 
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2.5.4 Other Feature 

IHT L 1 provides other featur , such a versioned inclusion of image and 

aggregation. Images are treated much the way links are: the URL in the tag is 

modified to include the appropriate version code. Aggregation consists of including 

all relevant versions of a compon nt, rather than jus the best fit. I is used for 

creating lists of things in a flexibl way, and so on. Its original motivation was to 

provide a mechani m for r presenting information flexibly: level of detail experti e 

l vel, and so on. It. form was ugg sted by schraef 1 (see [21, 22] for detail ). 

2.5.5 Limitations 

IHTML 1 demon trat s the power of Intensional HTML but more work i 

needed for th ystem to be u abl in real-world situations by ordinary user·. It 

is not possible to create version d links to pages in s para e version spaces, or links 

to particular versions of page ·, ignoring the curren ver ion. Adding new versions 

requires changes to the configuration of the IHTML software. Aggr gation prO\ ides 

no con enient means of ordering aggregated items. Cons ruction of a versioned site 

r quire detail d knowledge of the implementation of th oftware. Performance i 

om tim an i sue sin e very page must be translated by a P rl GI program. 

There are problem with imul aneous access by multiple u ers. Th following few 

sections describe ome of these difficulties in more detail. 

Version Encoding IHTML 1 encodes version as mall integers using an index file 

to map numbers to actual versions. The ben fi of thi approach are short version 

tring , and compact storage of ver ion ( in e each textual ver ion is tored only 

once, and ver ions which shar compon nts can share space as well). 

Howev r there are drawbacks. Since different sites will have different index 

files there i no obvious way to er at a link from one versioned it to another. This 

i a non-trivial obstacle to wide pread use of IHT~L. Also, the index file itself is a 

single point of failure for a site. Ver ioned files stored on disk ar named with version 
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code rather than explicit v r ion . If the ind x file is lo t or corrupted, th r i no 

way to reconstruct v rsion information, except manual inspection of individual file 

and hand-recons ru tion of th index file. Al o, he index file i modifi d by the server 

soft,var when a version d file is served; mutual exclu ion for s veral serv r proce es 

is both nece sary and difficult to implement correctly. 

IHTML Syntax The syntax of IHTML 1 has some drawback ,_ The mo t impor­

tant i that the server- ide ofb are must know the et of dimension name in advance. 

Con ider a typical trans-vcr. ion link: 

<a href="zork.html" language=french target=top>Zork!</a> 

he oftware mu t tr at he language a tribute as pecifying a dimension inde, but 

href and target as standard HTML attributes. Since HTML-processing oftware is 

required to ace pt and ignore attributes and tags hat are not recogniz d (for forward 

compatibility), there is no a priori way to di inguish between a dim nsion name and 

an unr cognized attribute. (The oftware cannot use a fixed li t of tag and attribut 

names and assum everything el e is a dimension becau e it will tr at unrecognized 

attribut as dimensions.) 'ide from the necessity for the erver administrator to 

configur these of legal dimension thi yntax mak it impossibl to r ate a link 

to a diff rent ite with a differ nt et of dimension ( ven if the v r ion encoding 

allowed it). v n worse, suppose the next version of HT L whatev r it i include 

an optional language attribute in the A tag? 

A le . severe but still notable problem i tha there i no way to create a link 

that di regard the current v rsion completely, specifying the target version exactly. 

The only po ibility is to spe ify the index of every dimen. ion (whi h in turn is only 

possible becau e th<~ et of dimen ions i configured at the s rver level). How ver, 

suppose on wants o return to the ompletely vanilla version. There is no way in 

IHT 1L 1 to p cif that a dimen ion' index should be set to vanilla. 
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Aggr at IH ,JL 1 pr vid a form fag r gation, by in ludin version f 

a mp nen hat au r fin b r quc. ted v r ion. 

no or I ring n h r ult . It is unlikely tha · n arbi rary or i rin is ace ptal l , t r 

mo t purpo, s. The qni ·k :olu i n i t provid a cript whi ·h ord( rs the el m nts. 

How ' r, il i unfi rtunat t r quir rdinarv. ite d v •lop r: to wri pr gram t 

imp! '111 nt aggregat ' 

ite on true ion C n ' ru ·ti n of IHTML 1 pag r qwr knO\\ l dg of h 

impl m nt· n of th• -rca appropriatrl. 

namrd lir n within h m. r 

h mu t d term.inc h en oding of ea ·h v r ion, u ing oftwarc utili ,i t.o r ad ·:u1 I 

upda or a prototyp u h te hniqu th y 

· r n 

RL Form . U IHT. [ file in IH • fL 1 are pr · ed by a I , rrip wh n 

t d b a ·li nt, t tran late h m from IH ML t HTML. I wa 

unav idabl in IHT::\IL 1 m ign -rit ria w th· l it . h uld 11 

unm difi d TP rv r . ftwar .. ha all anch r · IH ~IL fil . 

mus in lud ript. The- r ult i. vrr vi ibl 

th row <'r f au int n ion I it v n- r L tar with h ·am path th 

JHT 1L- o-II ML tra.n la,t ion pr gram. Alth gb n t a s •riou fla, , it iL a little 

unfort unat . 
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3. Pr c i al IHT fL 

,y ral ~ atur of IH 11L 2 impr th' u ahilit~· ofIH 11 . h appr acl1 L v r-

.foniug allow:,; r la iv' and ab olu ran -ver i n link. , in Jui . amJ on. Link 

t pag s u ing oth r v r iou par . ar straightforward. h<'n' i no sing] poin of 

failur ~ r all n information in a itC'. Th r i u n d configur Ii · n · r 

:oftwar wi b the et of allowabl dim n:ion name . In ad liti n to bang .- in h 

it provide. a vari , · of nC'w fp, tur : s l ctiv<' inclusion f I xt iu a 

pa n h r qu t J v ion; dim n ioual variabl which allow u dim n-

sion u alnc from an th r dim nsiou· th abili . lo n•at, l:inki-, lo pagr u:iug 

<liffer .nt ve ·ion pa ' : and t nv ni nt to I £ r c-r ing int 11. i n, l \Y\\"\Y . i . . 

3.1 Vi r ion nd 

ach TH ).11 2 :it ha. av r zon. pace in \ hi h it · pa f's exi. t. ve>r. iou 8JHH' 

i. a t f iudi ~ r arh lim n. i n. , ch climen ion . inch'.· 

indu l • a uniqu vanilla val11 (u ·11all wriLt n c' ) whic-h i · LrC>ate>d Rµ c:iall. 

. v r ion i · a p in in hi dim n. i nal spar . 

n s a di:jun ti 11 (u in r h . mhol '+") f dimeu ·i n p •c·-

h dim n ion ·ifi r name a di men , j n and ( ptionall. ) an indl'x in 

tha dim n. i n. Thr followin rammar d 

' , ··- cl D :J !D :cl 1. \. (' .1) .. 
D .. - T (3.2) 

I .. - T I X (3.3) 

i · a non-n gativ intr.grr, and T i. a Lok u ( - qu n f' of u r m >n' 

c·har r . uumb _. and .. _ .. ). in it i. n t , g n rally, po sibl 

l typ E au orni tc• I dimC'n i n ind x will br interpret d ru ~ for that dimen ·ion. 



11 mpt, · strin (c b. it rlf in th' b v grammar) is h • \'aniUa 

n that 1 , . nilh in · ll din n iou . .·ampl • 

language:french+graphics:hires 
revision:3+platform:sparc+debugging:2 
zorkl:zork2+zork3:zork4 zorkS: 

l 

hal i., th 

and .· > au . . ·at 1.h n i ing ind . ,- !ms in a f,w pl c : tlwir abs nc is int rprPtNi 

- . ·ot al o that dim •n i whi ·h ar 11 t m nti 11 d in · ,. 1 ·ion . t ring .. 

a, :11 rn d c• vi nilla. 

Th · i I •n p \< n , c· mmul· th· . ; nd bas e as 1t · i lent.it. : 

l. T 11 JI' + \ 

(:3. 1) 

(: .: ) 

(=l. ) 

In , om cunt .·t., it i. approprialr. to d . rib , n t a vPrsi 11. but a v ,--ion 

modifier-, t ha i · • moclifi ·ati n f h curr nt ,. r ·i 

whir h h rt• i · a curr nt ,. r ·ion). In par i ular, w will want t 

iu c· ntext : in 

ab) to m·eni I 

pl' ·ifi dim whil INtvin the r maim! r undnmg cl . h 

v r:si nm difi r i. ,. ry .imilar t r a \' r ·ion: 

\ .. - c JD:JjD: c l \ ' 1' (:3.7) 

D ··- T ( ) .. 
I .. - 1' l J 

(:t ) 

• • IC' tli c- nuna 1:r 1 t ron. true a Ii. t of clim u I m pC1 ·ifiPr . 111 tbu <'n . ra h 

·p ·ifi d 

)0 rifi at i n f D : e i · 11 

mil tin h : E in a wr ion modifi r t . a p 1 i ·11lar <li111 u •iou' 

ind •x xi licit! • wmilla· mi tiwr it. I ave its cm-rc•nt valu unch ng d. hi: is th 



k ~' differC'uc b •tw .en • er i II and a vcr ·ion m di-fi r. Ver i n modfi r. are nly 

n c ningful in a c nt .·t with a urren v rsi n (a with dim n i u rnriabl . ), ha i , 

in an I HTML pagr. 

Th ve i n 1 ngu g d rib .<l h r di~ r from lhat of IH ?\IL 1 in two :i -

nifi ·c n wa 

• TllC'r no notion f a ul, r ion, a Yildirim ha .. Th r i: no fnndc m ul, 1 

r n fi r mittin i ; a la r v i n f IH ~1 will probably inclnd i . It m 

1 f ut larg I b it i-tppear d , 11-und r oocl and h •ffor iuvolwd iu 

• Ill . IL 1 h( no :x.pli i noti n of th<' diffrr n r b tween av r ion aud a v r. ion 

m difier. 11 ,- 1 ion sp ification · ar · um to b r le tiv to Ii urr nt 

vc1"'i n. hi appr a h i ha h re i n way to r fi r to a 

p c-ific rsion of a p ge or c mpo11 nt, of a pa e. wi h u rrsp' o th' urrcn 

r ion. i lh, t. it i im o ihl to in ·lml a link 

a p gr in a diffC'r II v r.-ion 

The IHT~[ and v r i n m difi r in tag whi ·It upp ,r 

v r:ioning (A. IMG, !--#INCLUDE, and o 11) i 

< tag . .. VERSION=version ... > 

or an b I u v r. ion 

< tag ... VMOD=version-modifier ... > 

f r a v r.·i n m lifi r or andard HT 11 tag •n ax. for a tag r f rring t th . am0. 

v r ion a. th current page•. D · iL on IHTML. yn ax 1: r fonnd in pp nclix 

3.1.1 V, rsi n ompari on 

Fin ing b b t fit for a r que t d v r i n. giv n · et f ·i ting , f 

c· mp nrn irnplie .xi t ncr of om kind f ordrring of r, ions. A p1-1r ial 
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ord r i giv n b · the r finement relation '·<;;". r ad a "r fin to .. or ·j more g n ri 

han ' defined b the following ru I : 

£ ~ 

~ 
{ • <;; (l", \ •I ~ n• --+ 

1 l ~ 1 2 --+ 

V 

1 · + l ' 

F + 1·1 ~ lT 

D: I ~D: 2 i r int 

(' .10) 

(3.11) 

{3.12) 

(3. 3) 

Ba d on th above rul h b , t-fi pr blem may b tatcd a, foll ws: Giv u a 

r qu , t d v r ·i n R f · par i ular IHT\IL c mponcn . and a t l of, rsi n of th 

omµ n n whi h a -fit er ion i the uniqu 1 E l · such Lh t.: 

v <;; R and 'efw E 1 uch that u f- v, w 'l:. R or u· ~ . Th r<> mar be n Le. t fit: 

h r may b ~ no u ~ R or th r may be mu! iple v ~ R. bu i 'l:. Vj, and L'j 'l:_ l ;. In 

b no v r. ions whi b r fin o R. or th 

r fine t R ma. r not hav a unique maximum lem n . 

requested v r ion w r a: b+c: 3. If ha xa v r 1 n 

exu d, it , ul b u d. If i did no but a: b+c: 2 did, bat would b u ed. lf n 

ver, i 11 exi t d which had valnc. · for bo h th a and c dim n i ns b11 t on for a: b 

xi ·t<'d. it w uld b t '(' l. Ho"c' r, if r ion 

no 11uiqu bc·st fit. Figur 3.1 -b w vo po. sible v r.·ion par . with the maximum 

el rnent ~ R circl d. h I ft diagram having a uniqu 

lu j n o hf' b t-fit prob! m. he righ diagram h no lution, . inc a: b ~ R. 

and c:2 ~ R, but a:b g c:2 and c:2 ~ a:b. 

3.1.1.1 an ni al F rm 

To mak c mpari n of ver ions tr, igh forward. we d{ fin a canoni aJ i rm. 

Thi: i a implifi d t rm of ildirim· an nical form ( impl r b au h v r .. ion 

pa for IH 1L 2 loP: no inclu<l ubvcr. i n ). Th rul for com· r iou to rnn n­

i al C rm ar: 
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c:4 c:4 

/ 
a:b c:2 d:z d:z 

I 
c: I 

vanilla vanilla 

Figure 3.1: Finding the best fit for version a: b+c : 3 

• all dimensional variables must be resolved (see S ction 3.6), 

• all vanilla dimension are removed, and 

• non-vanilla dimensions are ordered alphabetically by dimen ion name. 

For example, the canonical form for version zork: moria+thing: +alpha: bravo is 

alpha:bravo+zork:moria. 

3.1.1.2 Comparison Algorithm 

Given the ver ion ordering rules, the rule for comparison of v r ions is traight­

forward: 

(3.14) 

if and only if for each D-i, either ¼ = c or Di = E1 for some j, and in that case 

D:½ <;-;;; E:W1. 

Algorithmically, we can take advantage of th canonical form to compare two 

versions in time proportional to the number of non-vanilla dimensions. For two ver­

sions V and W the algorithm returns one of four values: LESSTHAN, GREATERTHAN, 

EQUAL, and INCOMPARABLE, indicating that V <;-;;; W W <;-;;; V, V = W , or V <J: W 

and W g V respectively. The algorithm goe through the dimensions alphabetically 
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ch king whi h of th £ Bowin t ur • appli or dimen ion D < nd indic : t 

from \ ', and II fr m 1\/ (v r w may well he c) : 

l. u -# E . u• :/= E. v # u· and u or b th i n n-1111rn ri 

2. 11=W 

3. D: • ~ D: w and v f. i r 

D : w ~ D : and u # u. . 

If c 11 instant(' of ca. 1 i. ecn F and il ar kuowu o bi in .omparahlc with 11t 

furthrr iu . If e 2 i · 11 :kip t n xt dinwn ion. If an in ·tan·<> of c-a. ,, 3 

i , t' n (but 110 in tanr R f ca c• •l hav b, •n eu) mak u I.• of it a11cl nl inu • 

to the next dim 11 ion. Likewi. . if an in tanc f ca .. -l (bu no in. tances of 

c 3 har I <' n n . make a uot of it. nnd continn . If , .. · ' 3 an l 1 have b 111 

en 01m er •cl (f r cliff r ut dimP11 ion . obvi u l ·) I l imrn dic1t ly: \ · a11<l n ar~ 

in mparahl . . ft r all dim n. ions hav h •en checked, ir n ither ca r ca h;: 

be n • e •n. the r ion · are equal. If a <' ha b 11 S(' n. h n , · ~ H '. t,h rwi. <'. 

n· ~ i ·. (\\ kum., that both hav no b n en. Ip ·au " would haY haltc>d 

imm(•dia el. i , tha · . c.) 

3.2 ¥ r ion R pr entation in URL and Fil 

n important d ign rit rion £ r IHT1IL i t bat th<' ,. r i n: 111 ·R L. I e 

n · d t b· bro,,. ing u er anno r 1ue t arbi rar. · rs1 11s b11t onl: tho. <~ 

allm, I b t b ·i e im1 l m nt r. r . with a 

ntr I inde~· £il o map in eg r l ver i n . Thi.. c: pµroa h ha eyer, 1 lirnjta i n .. 

• It i • l w .. inc th map fil mu t be load I irnd par.l' l on v ry HT re-

ihl: modifi I and . av d a w II. ( achiug he map w uld n nil 

modifying th rver oftwarr, whi h IHT:\IL l w · in cud d to avoi l. ) 
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• It is dangerous, ince lo s of the map file results in loss of all version information 

for he site (physical pages and components are identified by their ncoded 

version integers, not the textual versions). 

• It is not clear how to create links to site · that use different ver ion space . 

• There are nchronization concerns, since many instances of the server process 

could require read/write access to the file at one time. 

The one benefit of this approach is that version codes in URLs are short (typically 2 

or at most 3 digits). 

The IHTML 2 approach i to encode the entire v rsion in filenames RLs, and 

anywhere else they are needed . The drawback is that URLs may include long peculiar 

strings if the required ver ion is complex. However, there are ignificant advantages: 

• There is no single point of failure (no version file to be corrupted). 

• There are no ynchronization problems (no version file to get read/write access 

to). 

• It is possible to encode versions for arbitrary version space o one can include 

links to other versioned sites. 

• There is little or no performance penalty. 

• Th implementation is considerably simpler. 

The complexity of filenames and URLs is not a significant problem smc utility 

programs are provided which prevent the user from having to type the encodings of 

versions; all the user ever needs to see is the normal textual versions. 

3.2.1 Version Encoding 

Version encoding occurs in four steps: conversion to a canonical form, represen­

tation as a character string, compression, and conversion of the compressed (binary) 
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£ rm t printa S II t xt ( o i can I e u d in ·RL., fit nam . , etc.). The canon­

i al form i d ribed in ection 3.1.l.l. R pres ntation as a tring i. traight£ rward. 

The la t t, o tep ar de cribPd in App ndix B. Briefly the c mpression t p u,"CS 

arithmetic codi11g to onvert th version tring t a com pre d binary t rm. and th 

onv r ion to printabl form is similar to raditional nix uuenroding. he kP_ f a­

ture i that h encoding contain all the information pr · nt in the original v r i n 

xpr si n. 

H r ar ome e..'Xample of encod d ver ion : 

Vi rsion Encoding 

lang: ngli h+graphic :hir . M11DnCg034qSj6vu8Jz-NgGa 

7. rkl:zork2+z rk3: aXHTPmoMBb-JIBLNyRjDLidc 

vanilla aai 

3.2.2 Ver i n in RL 

RL of vrr ion d bje · (pag imag r wha · ver) arr lik normal RLs, 

ut wi h a v rsion cod inser l betw n he fil name and the uffix of t.h object. 

For example, if aXHTPmoM8b-Jieai i th en oding of er ion zork1: zork2 (whirh it 

i ) , h n he zork1: zork2 v r ·i n of th page id ntified by "RL 

http://w'wW.moria.com/rogue.html 

is 

http://www.moria.com/rogue.aXHTPmoM8b-Jieai.html. 

ince all object pecifiable by RL have a uffi identif~·ing th ir typ , t hi po i ion 

m. r a onabl . Th IIITML · rver l ok, for RL with ver i n code a. de ril d, 

and handle th m a u b ver i n cod . are handl d 

a if the,, werP reque t for th . vanilla C'r ion. 

:.-,.;ote that i i not po ible, via thi ·. chemc. tor fer to ver i ned dirN· ori , . The 

djffi ·ult · i wh re to put th version cod . Onr po sibili y is to repre, E'nt ver. ioned 

dire tori a ~ omething like ... /dirname. vcode but this has n t b en implem ut d. 

IHTML 2 do s n support v r ioned dir tori<'. in an way. 
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3.2.3 Storing Versioned Objects on Disk 

Versioned objects such as pages, images, or parts of pages (components) ar 

represented a directories, named as the object itself would be named. For example, 

he intensional page zork. html i represented as a dir ctory nam d ... /zork. html. 

The ph sical versions are files in the directory; the vanilla version of this page would 

be ... /zork.html/aai.html ( ince aai is the encoded form of vanilla). Two points 

are important: first: the nam of the file contains all information necessary to recover 

version information, so there is no single point of failure; second 1 the sit implementer 

need nev r be aware of the directory struc ure , or the version encodings. This ond 

point i made pos ible by the site implementation utilities described in Section 3. 7. 

3.3 Default URLs 

Standard HTML provides anchor tags to create links to o her page , but it is 

rare (and peculiar) to provide a link to the current page (unless it is to another part of 

the page). In IHTML, trans-version links to the current page are commonly used to 

alter the version of the page being viewed. Since it is such a common usage, IHT L 2 

doe not require a HREF attribute in anchor tags. If omi ted it defaults to the current 

pag . In this way link tables which provide a standard set of links for many page m 

a site may be created. 

For example, suppose a site varied in he background, graphics, and language 

dimensions. Th following fragm nt of IHTML could be included in all pages in the 

si e ( say as the last element of the page) to provide a con ist nt et of link to 

other versions of the site. Since the anchors don t pecify the RL, it will default to 

the current page, whatever that might be. If the set of links should chang , it need 

only be changed in one place, even though it is used in many different page . This 

fragment itself would (most likely) vary in the language dimension, but would not 

need to vary in the background or graphics dimensions. 

<hr> 
Background: <a vmod="background:blue">blue</a> I 



<br> 

<a vmod= 11 background:green11 >green</a> I 
<a vmod="background:red">red</a> I 
<a vmod= 11 background:yellow">yellow</a> 
<a vmod="background:black">black</a> I 
<a vmod="background:">default</a> 

Graphics: <a vmod= 11 graphics:none">none</a> I 
<a vmod="graphics:small">small</a> 
<a vmod= 11 graphics:large 11 >large</a> 
<a vmod="graphics:">default</a> 

<br> 
Language: <a vmod="language:english">English</a> 

<a vmod="language:french">French</a> I 
<a vmod="language:turkish">Turkish</a> 
<a vmod="language:swahili">Swahili</a> 
<a vmod="language:">default</a> 
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\,Vh n includ d at th end of an lHTr..IL pag . it would r at a ·rt of lin omething 

lik ·he following: 

Ba kground: blue I green I red I ell w I bla ·k I default 
Graphic : !lQ!L I mall I large I d fault 
Languag : Engli h I Fre1lcilTTurki h I wahili I clcfaul 

If in lu<lE'rl on many age, it would allm th u er to hauge thf' ver. ion of th cmT •n 

pa · ac rding t a tandard t f choice . 

3.4 Absolute Version Specifications 

nd r normal ircum an· s, a ran -v r ion anchor or in lu ion is int rpr t >d 

a th urrent ver ion of tb pag in which 1 be link xi.t . Any 

dim p cifi d in th link augment th <·urrent dim n ion. rather than replacing 

it. It ma a i nall be u ful t provide a link t a , p ific ver i u of 

a pag . r gardl of the cuiT nl ver ion of h r ferring page. On e. ampl i. a 

link to th vanilla vcr ion of a pag . noth r · a link t om ver ion of c pag at 

anoth r int n. ional si . !HTML 2 upport · absol1it (a· oppo. d o r lativ ) versi n 

• p ·ificr.: in a ldition to v r ion modifi r for thcs purpo e . 
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For ·am l the follm ·in anch r lead t h y; nilla ver. ion of h current 

pa , and h evil: empire ven,i n of h ff-. i I pag , regardl 8. of hP v r ·ion f 

h urr'nl ag : 

<a href="zork.html" version= 1111 >Back to Vanilla</a> 

<a href="http://www.microsoft.com/ 0 

version="evil:empire">Abandon Hope, All Ye ... </a> 

3.5 le ti e In lu ion of T xt 

Pr liferati 11 of ·mall file. is a, frrqu nt occurr n · in IB ML 1. or cxampl . 

mm n dimen ion in whi ha it mi h vary i back round olour. h approa h 

o implc•mf'n hi effe i11 !HTML 1 i to iuclude a h top of earh filr a rnm­

lour. which (naturall~·) ,·ari . in t hr background 

Hmen ·i n. o h r c· mpou 11t. · n eel vary in thi, dimrrl.'ion. n e th u r pi<·k . 

. :, th background: green v r i n of I It propagat d l1ru11 > b 

link . includes, . c. in th u ual \ ay. he background.html ·ompon ut iU-ic•lf i~ com-

p I f. ral . mall fil r ind x (i. . lour) i11 the I a ·kgrou11d <lim 11.-i n. 

I I urn out. hat thi l id a occur· fr qu utly in IHT11L . il1• .. It work . 

bu it i om wh t -r at th many mall (fr qu ntly 1 lin ) fil that ar 

· a , lectiv inclu. ion f al ur r: mu ·h Ii k a sw-i tch 

tat m nt in tlJc pr grammiDg languag . It, syntax i " i ll w : 

<!SELECT> 

<!CASE VERSION=v1 > ... text1 ... [ </I CASE>] 

<!CASE VERSI0N=v2> ... text2 . .. [</!CASE>] 

<!CASE VERSI0N=v3> .. . text3 ... [</!CASE>] 

</!SELECT> 

Ing m•ral, t.11<' outpu in ·lud, th t :rt1 orre. ponding with th fir.1 vi. uch hat Vi~ 

1 · wh •re• , .. i th curr nt Y<'r.'ion. that tlw trailin </I CASE> ta s are opt i nal. 
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If h · ar mi t l. h ou put includ h foll \\ing a '() until a </ICASE> 

nc un r d, or th clo ing </ISELECT> r a ·b . Thi. i · analogou o b fall-

thr ugh b haviour of case without a I ing break in a ' switch ta m u . 

<I CASE> wit b no r ion p -i.fi d fault o anilla and will h rcfor alwa~'-' b 

\\' · h, th fir l \'llnilla C'ru mak<' all 

foll wing a. ibl . 

kground xampl . U in th I EL 'T appr ch. h back-

ground. html ·omp II ut inst •ad of c n. i ing f man. ·mall fil w uld be. a si11gl 

(van illa) file c 11 ainiu the f)ll v,;·ug [S L C 

<I SELECT> 

<ICASE VERSION="background:blue"><BODY BGCOLOR="blue"></ICASE> 

<!CASE VER.SION="background:red"><BODY BGCOLOR="red"></ICASE> 

<ICASE VERSION= 11 background:green 11 ><BODY BGCOLOR= 11 green 11 ></ICASE> 

<ICASE VERSION= 11 background:zork"><BODY BGCOLOR= 11 zork 11 ></ICASE> 

<ICASE><BODY BGCOLOR= 11 black 11 ></ICASE> 

</I SELECT> 

imilar rn·tur call ICOLLECT in·lud. every cc whi·h refine: to th 

current v rs ion 1. •. all texta uch that 111 ~ \ •• h 

ar th t f l EL ' : JU 1itu LL ' 

I hough a vanilla c· 

n. 

lo Jock 

nt i lly th . ; me 

L• T.,·i1hI L•'T, 

. ' inrc mor thau on may be 

I L ' aud 1 EL T original! aro · a r pla ment for t Ii aggr gation 

i ature f IHT).lL l. \\*adg . : hra i l and ri .. n cam up with th notion iu 

u111mbli:h cl ·onv r:atiou · the author n·fiu d t hr II tion onwwha and impl mc,nt.cc.1 

it. 

3.6 Dim n ion Variabl s 

u eful a dim nPion 

11am or ind ,· in a Y r ion r v 1 i u m difi r. or xampl . upp 



30 

the ability to set the 'visited link colour of a page to the same as the current 

unvisited li:o.k colour''. A link such as the follmi\ ing would do the job, assuming the 

two dimensions were named vlc and ulc, and all the necessary include were defined: 

<A VMOD="vlc:$ulc">set link colour</A> 

The following example shows the use of dimension variables to specify the dimension 

rather than the index: 

<A VMOD= 11 $zork:rogue">do something .. . </A> 

The curr nt index of dimension zork will be treated a a dimension and the link will 

set that dimension to index rogue. 

Dimension variables may al o be embedded in strings. The complete syntax i : 

T ··- L .. 

[T]$L 

[T)${L}[T) 

L ··- 1 or more of [a-zA-Z0-9_] .. 

For example, all of the following are legal dimension variable expres ions: abc$def 

a${bcd}ef, $abcdef, ${ abcdef }, $abc$def. The dimensions which will be replaced 

are (in order): def bed abcdef, abcdef abc and (also in the last xpre sion) def. 

ote that if the dimension is unspecified, or vanilla, it is replaced with the empty 

string, without warning. 

3. 7 Site Construction Utilities 

One serious limitation of !HTML 1 is the difficulty of creating inten ional sites. 

sers are required to under tand how versions are encod d name files carefully to 

reflect the version encodings in the previously described map file and so on. !HTML 

2 addresses this difficulty by providing utility programs which insulate the u' r from 
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implementation d tails of IHT IL. The obj tive is to allow the user to view an 

inten ional pag as a single entity which happen to exi t in mul iple, ersion . Clearly 

we must not expect user ( either site implementors or browser of intensional sites) to 

type or understand the encoded versions de cribed in Section 3.1. Four utilities are 

proYided to hide them from iew. Th y are e sentially front ends to standard mx 

u ilities adding v r ion encoding and decoding facilities. 

icp copi an ordinary file o a specified version of som versioned component or 

page or copie a specific ver ion of some component back to an ordinary file. 

1v1 invokes a u er- p cified editor on a given version of a version d HTML pag 

or componen . The editor p cified in the EDITOR environm nt variable is 

invoked. If non i , pecified /usr /ucb/vi is used. 

ils li t the files in a directory; for version d hings, also lists he ver ion in which 

th y exi t. 

irm removes a particular version of a component. 

The e utilities are de crib d in more detail in Appendix A. 
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4. Implementation 

The operation of IHTML include several phases as shown in Figure 4.1. The site de­

veloper fir t creates a repository of versioned (and po sibly unversioned) objects such 

as HTML pages, images scripts and so on. Once that exist , the server can accept 

requests for versioned objects. Proce sing a request includes four tages: tran late 

the URL to a fil name find the bes fit version of that object, translate it to HTML 

(if its suffix i " .html") and end the result to the client. The last step use output 

functions supplied by the Apache server. The remaining steps are described in he 

following sections. First though the interaction of IHTML with the xi ting Apach 

software is de cribed, to put the re t of the section in context. 

4.1 The Apache Module 

IHTML is implemented as an Apache module, using the provided API (ap­

plication programming interface). The API provides two basic forms of interaction 

with Apach : modules may define new server configuration command and they may 

interfere in th reque t-serving process. !HTML does both: new configuration com-

Request from Cli& ~ 
---..... -►~ 

Data to Client Tfnot !HTML 

Site Development Tools 

Create Versioned Pag 
(ivi. its. icp, inn) 

; 
-~ ~ ------ Versioned Data 

~ TML 

Modified Apache Server 

Figure 4.1: Server-Side Operations 



mands allow the site maintainer to provide filenames for IHTML log files and HTTP 

r qu t are interpreted as requests for versioned URLs. The API i described in 

detail in the Apache erver documentation [23). An overview, with IH ML-specific 

details is given h re. 

IHTML add two configuration commands to Apache to d fine log files for 

!HTML log messages and IHTML error me sages. Their u c is described in the Ap­

pendix, section A.6 .2. The module binds new commands into the erver by providing 

a data tructurc for each command, including the name of the command, the ex­

pect d number and type of arguments a procedure variabl to call if thi mmand 

is detected in a configuration file, and a brief textual summary of the purpose of the 

command. This la t el ment allm., s the s rver to provid u eful error m . age if a 

command is mi u ed. 

Module can insert hook into the reque t rving proces at everal point : 

• RL-to-fi.lename translation 

• HTTP header parsing 

• access checking (based on clien IP addre s HTTP u er authentication, and/or 

file/directory permission ch eking) 

• MIME type checking or setting 

• document serving (by I E type) 

• generating log records 

s with onfiguration commands the module provides a data tructur with the 

procedure variables to call at each point. (If no intervention i nee ssary for some 

phase a LL pointer i supplied .) The IHTML module ha hooks at two point : 

URL-to-filename tran lation and document serving. First, all incoming requests in­

clude ver ion checking to find the best fit version. This happens even if he file 

or reque t them elves ar not ver ioned: a URL not containing a version code i 
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treated as a requ t for the vanilla version· a file which is not versioned is treated 

a the vanilla ver ion of that file. Second when th document is to be sent to the 

client, if the 1IME type of the request is "text/html" the file i filter d through the 

IHTML-to-HTML tran lator o that th client ee only standard HTML. 

Ther are sev ral benefits o implementing IHTML as an add-on to th Apache 

rver ( or any other erver). Performance is good, since there is no overhead of 

invoking a script opening file other han the actual reque ted fil , and o on. The 

only fi les which need to be examined are the directory containing the ver ions of 

an object and the cho en file it elf. RLs are simplified ince there is no need 

to includ the path o a cript, or anything except a normal RL (pos ibly with 

a version code embedded in it). Since he erver takes care of deciding whether 

to proce s a file through the IHTML-to-HTML filter, there i no way for a user to 

retrieve an untranslated IHT 11 fi le (which could be done easily wi h the, cript-based 

implementation) . The ben fits, as well a the ease of enhancing the Apa he erver, 

make this approach superior to the previous implementation. 

4.2 URL to Filename Translation 

RLs in HTTP 'GET" requests are of the form 

. . . URLpath / filename. [v code .]suff [/p athinfo ] 

where the vcode and pathinfo are op ional (as indicated by the square brackets). The 

corre ponding file may or may not be a version d file (i .e. a directory containing 

versions of a file) . The server oftware must translate them to th form 

. .. v.nixp ath I filename . suff /best-Ji t-vcode. suff 

or 

. .. unixpath / filename . suff 

depending on whether the target file is versioned or not. The pathinfo component i 

remmed and tored separately (for the use of the CGI script if this URL happens to 

refer to a script). There are several steps in the tran lation proce s. 
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l. P PI nd h appropri- t 'ni. path. I will I ei lwr the · rv r "do urn n 

ro , or a u. r' . www dir ctor (if th pa l beginl-i wi b -userid for :,. m 

hat th andard rv r . ftwar h alr ad_v r mov d he 

Int m t aJdr . s omp n 11 of h RL.) hi · ep 1i- n t hang d in 1H ~IL. 

2. Rm an. trailing pc th in£ . F r the> 1 n<lard .\p, Li . rv r. hi: . l p is 

trai htforn ard: r m v, l m nt. fr m h nd of th path ,111 ii ai1 xi. ting 

fil 

r £ r. t a 

r ' i found. ( ~o e Int trailiu · pa h iuf i ' oulv 1 •gal if h ~RL 

1 • ·ript. ) 

or lII IL. t hu is th add <l • mplicati n tha ea 'h path · mpon ut mu "t 

b ch k d for the pr<' n of a , , r ion od b for th xi t n e c-h ck i 

p rf rm d. r cxampl , ·on idrr th R path mp 

/path/zork.aai.btml/partl/part2 

nr•th lattwocmponn havC'b n k d f r and r 111 v d. th · ft-

. aai from th r maining path b fon\ ·h eking . inc . 

zork. aai. html i n 

for. 

h T • mx n rn fan · uaJ filr that h .- rv r i looking 

3. x n ·t h v r ·i n co<l fr m h RL. Thr :oftwar . I k f r a ma rh to th 

pat rn 

.. . /name.vcode.suffix 

at n<l oft.hr URL. ( he narn ma n ain p •1-iod but not lashrs. The 

cod and uffu· must not ontain p ri If enough p ri rl. ar 

f rn1 I (indi .a ing hat th vcod · mp 1wnt might. h a Y r. i n od('). it a -

tem1 , to d cod vcod int a vc•r ion. If su ·e fuL it r ·ord th ,. rsion. an<l 

r c n. truct. th 6.1 nam a 

... I name. suffix 
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Note that it doesn t matter what the suffix is, only that it not contain period 

(which it wont) . \ ersion odes ar also de igned so a. not to contai11 period . 

If ith r step fails (the pattern didn t match) or the vcode can t be decoded into 

a legal ver ion) the software assume that the request is for the vanilla ver ion, 

and leaves the filename unchang d . 

4. Find the be t fit to the requested version for the named page or other object. 

There ar a few sp cial case to con ider: 

• If the requested object itself i unversioned (regardl s of whether th re­

que t is for a non-vanilla v r ion of it) treat the file as the vanilla ver ion 

of a versioned object . 

• If the reques does not contain a ver ion code treat it as a r quest for th 

vanilla version (as de cribed in tep three). 

ide from the 'e con iderations the software reads th t of available versions 

of th requested fi l runs the be t fit algorithm on them and gets the best 

fit version. If there isn t one the software returns a normal '404 ot Found 

re ult to the cli nt and log the failure. 

5. Construct the final filename. At the best fit tag the software noticed whether 

or not the r qu ted file was a ver.ioned object or not. If it wa , , the final 

filename will be 

. . . / name .suffix/best fi t code .suffix 

where bestfitcode i the encoding of the be t fit version found in the previous 

step. If the requested file is an ordinary file, the filename will imply be 

. .. / name . suffix 

Either way, the requested version is saved for the IHT 1L-to-HTML translation 

step. 
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The result of this procedure is either a requested version and Unix path for the file 

to be sent to the client, or a result code indicating tha no file was found . 

4.3 IHTML to HTML Translation 

Like ordinary Apache server-parsed documents IHTML pages are tran lated to 

pure HTML before being sent to the client. The translation process follows these 

rules: 

• Normal text is echoed unchanged. 

• HTML tags which are not relevant to IHTML are echoed unchanged. 

• HTML tags which include RL are transformed as follows: 

1. Find the attribute which is to be altered: HREF, SRC, ACTION, or VALUE. 

2. If the tag includes a VERSION attribute, use that as the base version, oth­

erwise use the current version for thi page. 

3. If the tag includ s a VMOD attribute merge it into the base version, re­

sulting in the requested version for this tag. To merge a VMOD, add each 

dimension/index pair in the VMOD to the base version. If a dimension to 

be added is already present in the base version replace its index with the 

one from the VMOD. 

4. Construct the encoding for this version (see Section 3.2.1). 

5. Insert the encoding for this version between the filename and suffix of the 

URL. 

6. Output the modified tag (not including the VERSION or VMOD attributes). 

Tags transformed in his manner are: A, IMG OPTION, FORM, and FRAME (i.e. all 

those which contain URLs). 

• IHTML tags are replaced with the appropriate text: 
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include Process the included file as if it were a normal IHTML request, and 

copy the re ult to the output. 

exec Run th named program and redirect its outpu to the client. 

echo Echo the current index of the named dimension to the output. 

iurl Construct a versioned URL from the HREF attribute, as de cribed above, 

and copy it to the output. 

dumpver Dump the entire current version o the output (for debugging use 

mainly). 

starttag Send "<'' to the output. 

endtag Send ">" to the output. 

See Appendix A for details on the syntax and usage of th se tags. ate: If th 

HREF attribute is mis ing from the "A" or "I RU' ags the curren page is 

us d by default. 

• An ISELECT tag such as 

<I SELECT> 
<ICASE VERSION=v1> .. . text 1 ... [</ICASE>] 
<ICASE VERSION=v2> ... text 2 ... [</ICASE>] 
<ICASE VERSION=v3 > .. . text 3 .. . [</ICASE>] 

</I SELECT> 

one case where non-tag text is not (or rather, might not be) echoed to the 

output. The output includes the first texti such that vi ~ V (V i the requested 

version), and possibly sub equent textj if the </ICASE> tag is missing. Output 

continues until a </ICASE> tag i encountered or the </!SELECT> is reached 

(naturally any <!CASE> tags are not printed). Note that a missing VERSION 

attribute in an <ICASE> is interpreted as vanilla. Since c ~ V for any V, it acts 

as a default case always chosen if nothing before it was. 
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• F r IC LLE tag. ( am . yn ax a I ELE , ub titut,ing LL for 

EL T), be output includ -. all text, such that Vi ~ \ • but i otherwi . . the 

.am as I ELE 

Th utput of IHT L-to-HT L ran. lation i tandard HTML, with ver i n · de 

mb dded in RL to ensur that li11~ and image r £ r to th appropriat " r ion · 

f oth r Web objects. 

4.4 Sit Development 

he obj ·the of u abilit require that as many impl m n atiou d taiJs a: po -

ibl b hid l n from th u r (whether a ite d veloµ r or a 1 row ing rn tomPt} In 

par irular w would lik to hide from ite implem nt •r tlw r pre entation f ver-

ionc•d obj n di ·k. Two r ai on ar hat w cau h n hang 

without di turbing h . us r , and tha u ers must not b exp · d to l p in-

compr hensibl \·er iou od ( rev n hort in ·ompreh nsibJ{' ,,er ion c d . f r that 

matt r). 

In pu uit of that obj ctiv , 1H ML 2 provide om basi nix utilit~· program 

whi ·h allow th us r to view VC'rsion d bj ct as black boxes, knowing 110 hing f h 

impl m nta ion or\' r. ion en oding. ince re in facl, repr nt d 

as nix dir ne ntaining fil named with vcr. i n code . noth iug i · a t nall. 

hid n. uturc work includ . a ver ·ion d r po itory y ' tern which could do a much 

bett0r job of in. ula ing the u, er from h har h realiti of v ,r ion · d<• : e '· 10n 

6 for r cu ·i n. For now. IH r.lL 2 provicl . ~ four b ic utilities. hf'y are r · n­

tiall. , fron en<l to andard nix utilitie , providing rsi n ncodin and drroding 

facili i . 

icp copi an ordinary fil o a pc ·ified v r. ion f . om v r ione<l componcn or 

page or copi , a pe ·ifi version of omr ·omponcn back to an ordinary file. 

1v1 invoke a u er- pecified •ditor n a gi n ver ion of a v r ionrd HTML pag 

or component. The clitor p cifi d in the EDITOR m·ironm •nt variable i 
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invoked. If none i pecified, vi is used. 

ils li ts the fil s in a directory; for ver ioned thing al o list the versions in which 

he exist. 

irm remove a particular ver ion of a component. 

See Appendix A for details on the u e of these programs. 

On int r ting feature of thes programs is that they hare the code for v ,r ion 

manipula ion and be t fit matching with the IHTML code for he pache server. It 

is interes ing because the Apache programming rule requir the use of non-standard 

functions for memory allocation, file manipulation and o on. The objc tiv is to 

prevent m mory leak : by u ing only, say Apache palloc to allocate memory, th 

Apa he oftware can guarantee that memory is never lost irretrievably ( an e sential 

feature for a daemon-style process which may run indefinitely). A similar tup is used 

to ensure that all open fil g t clo ed and so on. Sharing code, th n, is complicated: 

when it part of the Apache erver, it must palloc memory; when it's part of, say 

ivi, it must malloc memory. The usual C/Unix approach to this problem i th 

#ifdef compiler directive: 

#ifdef APACHE 
x = palloc ( ... ) ; 

#else 
x = malloc ( . .. ) ; 

#endif 

It i un atisfactory because it requires altering ev ry u age of several functions , un­

n c sarily complicating the code. Perhap more important, there is no eas way to 

tell for which ver ion the code was las compiled. Standard tools like make con ider 

only the tim tamp of la t compilation. If the Unix tool ver ion is built , then the 

Apache erver ver ion is built, it will look to make as if the file does not need to be 

recompil d. The result will be annoying and ineff ctive. 
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A b tter solution, u ed in IHTML, i tubs. For each Apache pecial routine, a 

stub is er ated which does nothing but call the corresponding nix ystem function(s). 

For example: 

void *palloc(struct pool *P, int nbytes) { 
return malloc(nbytes); 

} 

(The struct pool *P is part of Apache memory allocation tracking s ' tern.) If 

th code i being linked into the Apache erver, th fil containing the stubs is not 

included so the real Apache palloc i u ed. If it i being linked into one of the Unix 

utilities, th tubs are includ d and the code calls th right nix library func ion (via 

the stub). 
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5. Related Web Technologies 

The World \i\Tide Web is in flux, with new technologies emerging and existing ones 

evolving. It is important to consider how any one technology fits with the others, 

to minimize duplication of effort as well as to explore ways in which they may en­

hance each other. The following sections summarize the major current and emerging 

technologies, and IHTML's connection (if any) with them. 

It appears that the capabilities provided by IHTML are not duplicated by other 

\i\Teb technologies. It is certainly possible, in some sense, to achieve in other ways 

anything that can be done with IHTML; however, it does not appear to be straight­

forward. It is clear, for example, that CGI programs could achieve the same effect 

(particularly clear, since the first version of IHTML was a CGI program). It also 

seems likely that some combination of HTML, JavaScript, cascading style sheets, 

and the W3 Consortium's Document Object Model could duplicate most of the func­

tionality provided by IHTML. The question is not whether it is possible, though, 

but whether it is convenient. After all, the fact that any C program
1 

Perl script or 

other program could have been implemented in assembler does not persuade us that 

assembler is the best choice for all purposes. 

On the other hand, it appears that IHTML's versions and best fit technique 

could be applied to the new technologies with minimal effort and some benefit. The 

following sections briefly describe various \Neb-related technologies, and how IHTML 

relates to them. 

5 .1 The Common Gateway Interface 

The Common Gateway Interface (CGI) allows the execution of programs to 

be triggered by a request to a Web server for a particular URL, with the output 

of the program being sent back to the client. Depending on how a server has been 

configured, files in specific directories (usually named "cgi-bin") or with specific 
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suffixes ( usually ' . cgi") are recognized as programs and are executed in tead of 

being sent to the client v rbatim. Such program are u ually called CGI programs 

or CGI scripts. They are typically us d in conjunction with HTML pages containing 

forms: the forms provide the data on which the program operate, while the progrnm 

return HTML page howing the re ults of the form submission . 

mentioned it is certainly possible to achieve the ame effect as IHTML using 

CGI programs. How ver as Wadge et al. point out in [1] CGI programs are an escape 

from HTML, rather than an integral part of it. A capability a basic aB providing 

multiple ver ions of a page or site certainly deserves to be supported within HTML. 

dditionall , a site implementer wishing to provide int r sting functionality via a CGI 

program must be a reasonably competent programmer. It eems a lot to be expected 

for such a ba ic capability. IHTML provides versioning without programming and 

wi bout going out ide the HTML model. nderstanding of a few new tags i all that 

is necessary. 

IHTML supports ersioned CGI programs, the same way i supports versioned 

HT L pages. In addition to invoking the appropriate v r ion of a CGI program, 

IHT iL makes the current version (i.e. the requested version of the CGI program) 

available as an environment variable for the script to u e. Future work might include 

providing a library of v rsion manipulation routines which would allow programs to 

manipulate versions in more sophisticated ways than is curren ly possible. 

5.2 Apache's Server-Side Includes 

The server- ide include (SSI) feature of the Apache Web server provides facilities 

for including HTML files ( or the output of programs) in pages, and elective inclusion 

of text based on condition (as well as a few other odds and ends) . A very primitive 

form of versioned page could be implemented using the e facilitie , but it would not 

be convenient. In addition, encoding of version would be difficult ( without additional 

programming). 

For example, Figure 5.1 how a fragment of HTML (supplemented with SSI di-



<html> 
<head> 

<title>Thing</title> 
<!--#set var= 11 zork" value="y" --> 

</head> 
<body> 
<hr> 
<!--#if expr="$zork=x 11 --> 

<!--#include virtual= 11 thing_x.shtml 11 --> 
<!--#elif expr="$zork=y --> 

<!--#include virtual="thing_y .shtml" --> 
<!--#else--> 

<!--#include virtual="thing_z.shtml" --> 
<!--#endif --> 
<hr> 
<!--#exec virtual="rewrite.cgi thing2.html zork=$zork 11 -->Link</a> 
</body> 
</html> 

Figure 5.1: Versioned inclusion via the Apache SSI 
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rectives) which will include different versions of a file, based on <version'' informa ion 

for dimension zork et in the first few lines. ote the #exec at the bottom: ver ion 

information can be passed to other programs via RLs, as is done with IHTML, if 

the RLs are inserted by a program. The idea is that the rewrite. cgi program 

would output something along the lines of: 

<A href="thing2.html,zork=y"> 

ote that in the exec case, all dimensions would have to be listed in the in #exec 

line: no automatic propagation of versions would occur. In addition, if new indices 

were added to the zork dimension, the #if statemen would have to be expanded 

to include them. Added dimen ion would cau e combinatorial explosion of cases in 

the #if statement. Perhap most importantly, it is not entirely clear how the cript 

should rewrite URL to pa version information along to u b equent page . The 

only plausible solution s ems to be to route the whole RL through yet another CGI 

program (as IHTML 1 does), which would parse the r ult and figur out which file 
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was the best fit. In other word , one would end up re-implementing most of IHTML 

anyways. A comparable fragment of IHTML to achieve the same objective 1 : 

<!--#include virtual= 11 thing .html" vmod= 11 zork:x 11 --> 

<a href="thing2.html" vmod="zork:x">Link</a> 

As the alert reader will have noticed IHTML borrows much of its yntax from 

SSL In fact, IHTML may in some ense, be considered an enhancement of SSL 

Inclusion and exec syntax, in particular were borrowed almost verbatim; the only 

addition is version syntax (VMOD and VERSION attributes). The current implementa­

tion of IHTML precludes the use of full SSI and IHTML tog ther unfortunately; a 

better implementation would combine them cleanly. 

5.3 Java and JavaScript 

Java and JavaScript are programming languages used for making Vv, b pages 

dynamic (among other things). JavaScript programs may be added directly to HT 1L 

pages; an interpreter is built into the major Web browsers (with some platform-specific 

variations). Java programs may also be executed in a Web page, but are typically 

restricted to running within a well-defined region of a page, inside of which they have 

complete control over "'hat is displayed. See [24] or [25] for background information 

on JavaScript. See [26] for information on Java. 

At present, both Java and JavaScript have limited access to the contents of the 

pages in which they occur. Appendix A of [25] gives a list of the elements of a page 

which are accessible· they include the fields of forms and so on, but not the main 

text of the page. A with SSI, a crude form of versioning could be achieved through 

the use of JavaScript and a CGI program on the server to pass version information 

from one page to the nex , but it would be a great deal of work. 

nfolding developments in Web technology may change thi story soon how­

ever. Th W3 Consortium's Document Object Model [27] promises full access to all 

parts of a Web page from programs; combined with HT 1L 4.0)s brow er-side inclu-
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sion features it will mak quite ophi ticated page modifications possible. Se ection 

5.6 for mor di cu ion of his development. 

Since JavaScript i u ually included directly in an HT I page it take. advan­

tag of the ;ame version s_ tern that !HTML uses without extra effort. If the user 

wishe to tor JavaScript programs external to the page, the 

<SCRIPT LANGUAGE= 11 JavaScript II SRC= 11 url 11 > 

tag may b u d. !HTML will recognize Yer 'ioning information in SCRIPT tag doing 

the usual tran forma ion on the SRC attribute· the usual VMOD and VERSION attribute 

are available. In this way, external scripts may also be versioned. 

Java pre ent unusual difficulties with re pect to !HTML. See 6.1 for di cussion. 

5.4 Cascading Style Sheets 

Cascading style h ets (CSS) allow the author and/or reader of an HT 1L or 

XML document to control the rendering of the document on the pag . For a given 

tag (possibl in a giv n context) a style she t may specify various attributes such 

as fon ize colour weight and o on. The CSS Specification (version 2) (28] giv 

a compl te Ii t of the properties which may be pecified. The a ading part of 

he name refers to th fact that style sheets may be uppli d from several place · if 

multiple specification are applicable specificity and pre edence rules control which 

on i applied. 

Ca cading style sheet ar syntactically quite imple. For example: 

P { color: red; font-style: italic; } 

in tructs the brow r to displa the contents of all <P> tags (i.e. the text in the 

paragraph) with red , italic letters. Providing multiple tag names indicat the contex 

in whi h this rule should be applied: 

hl emph { color: yellow; font-family: helvetica; } 
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indicates hat emphasized text in top-level headings should be yellow and us the Hel­

vetica font. ·without the leading hi, it would define he appearance of all emphasized 

text. 

Style sheets may be included as part of a document or may be imported from 

other files. In the latter case, i may be helpful to include the appropriate version of 

a tyl sheet. 

<LINK REL=StyleSheet HREF= 11 thing.css 11 TYPE= 11 text/css 11 > 

will u e tyle sheet thing . css · the usual IHTML rules for adding version information 

to the value of the HREF attribute and considering the VMOD and VERSION attribute 

are followed. 

5.5 The Extensible Markup Language and the Extensible 

Style Language 

Th Extensible Markup Language (XML) and the Extensible Style Language 

(XSL) are tools for the definition of document type and for de cribing how they 

should be displayed and/or transformed respec ively. XML i a re tri t d form of 

the S andard Generalized arkup Language (SGML) (29], widely u ed to define the 

content of documents. The re triction eliminate some of the more compl x and le 

widely u ed features of SGML while preserving its generality. XML is used to define 

document types in a formal way: what parts they mu t contain in what order and 

o on. For example, it might be used to define a design document tyle for a oftware 

company: 

• A document includes an overview, a high I vel de ign a detailed design, a user 

interface specification, and a r port generation section. 

• A high l vel design includes a functionality d cription a ri k assessment a 

module breakdown, a data flow diagram, .... 

• functionality description includes a feature name a featur ummary .... 
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and so on. The intent is to defin a document type in terms of it semantic cont nt: 

'this is a heading" rather than "this is bold, 18 point fonf' . The XML version 1.0 

specifica ion [30) has complete details. XSL [31) is then used to provide pre entation 

rule for the document. The rules may indicate the order in which lemen s of th 

document are to b displayed how to display them what other text to in er how 

to transform the document to another format, and so on. ote that XSL is not yet 

a tandard· it is still under development. 

The relationships among the variou technologies (XML, XSL, CSS, HTML, 

SGML, DSSSL) are a little complicat d. SGML was first defined as a language for 

describing document types. It i concerned with semantic content, rather than pr -

sentation issues. DSSSL (Document Style Semantic and Specification Language) [32] 

was defin d to upply presentation information for documents conforming to SGML 

document type definitions (DTD). It actually provides more than that: it may also 

be used to specify transformations from one SG ML document type to anoth r and 

includ s a subset of the Scheme language [33] as an expression evaluator. XML i a 

subset of SGML, with the same purpo e as SGML: to specify formally the semantic 

content of documents. XSL i to X L as DSSSL is to SGML: i provides presentation 

information for documents conforming to X L DTDs. It is not a sub et of DSSSL, 

but i (almost) a functional subset of it. It is actually an XML DTD describing a 

language for document transformation (in this case from HTML or XML to ome 

appropriate presentation form). Efforts are und r way to amend the DSSSL specifi­

cation so that XSL is a subset of it ([31], section 1.3). XSL was also heavily influenced 

by CSS. It i a functional superset of CSS although it is yntactically very different . 

Straightforward mechanical translation from CSS to XSL is on of the design goals 

of XSL. Where does HTML fit in o all this? HTML 4.0 [34] is an SG IL document 

typed finition . It describes the et of tags which ar legal in HTML, how they may 

be nested, and so on. It is not an XML document type definition, but work i in 

progress to amend it so that it is. (Regrettably, the necessary changes will not b 

compatible with existing HTML documents.) 



49 

It seems possible that once XML and XSL are fully implemented, that the 

functionality of IHTML might be subsumed by them (although the author cant 

quite see how). In the meantime, it is straightforward to add IHTML--style versioning 

to both XML and XSL specifications. One dimension of a document,s version could 

specify the appropriate version of some XML DTD and XSL style sheet. In this way 

the DTD, documents, and styles could all evolve in parallel. The yntax for providing 

a reference to an external DTD and external style sheet in XML are: 

< ! DOCTYPE do cumen t-typ e SYSTEM II ur i name. xml 11 > 

<?xml-stylesheet href= 11 urLname.xsl" type= 11 text/xsl 11 ?> 

(The second line i the current proposed syntax for including XSL style sheets; it 

should not be considered definitive.) Both cases could be versioned via IHTML in 

much the same way as other Web objects. 

Another possibility is that IHTML could be re-defined in terms of XML and/or 

HTML 4.0. Features which are currently implemented by server-side transforma ion 

of HTML (such as inclusions and execs) are supported as part of the HT 11 4.0 

standard, making it possible to shift some of the load from the server to the client. 

Dynamic HTML ( described in the following section) may allow even more of IHT t!Us 

capabilities to be shifted to the client. However, it seem likely that ultimately some 

basic IHTML functionality will still be needed in the erver if only to implement the 

best fit matching algorithm when ome version of a document ( or componen of a 

document) is requested. 

5.6 Dynamic HTML 

Dynamic HTML is a generic term for HTML pages with changing conten . The 

actual implementation technique is (typically) a combination of HTML, scripts (typ­

ically ECMAScript [35], the European Computer Manufacturers Association,s stan­

dardization of JavaScript), ands yle sheets (CSS or XSL). The glue that holds them 

together is the Document Object Model (DOM) [36], a standard interface allowing 

programs to access and modify the content of HTML or XML documents. 
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The DOM defines naming conventions for all parts of a document, as well as 

API procedures for examining and changing them. The objective is that any HTML 

or XML document should be repre entable as a sequence of DOM API calls. Thi 

feature guarantees that the API will be ufficiently flexible for arbitrary alteration to 

a document. Combined with style sheets ( themselv s XML documents and therefore 

subject to th am kinds of alterations)i and a sufficient set of trigg r v nt (i.e. 

the ability to invoke scripts based on events such as mouse movements or selection of 

a region of text) cripts have complete control over the content of a document. 

Many of the purposes for which IHT L has been used can be replaced by this 

technology. Consider, for example, the classic example of tting the background 

colour of a page. Rather than using IHT L, the page designer could simply upply 

a link which, when activated, invokes a script to alter the style heet specification for 

the page colour or the HTML BODY tag its lf o set the background colour. Including 

successive level of detail is equally simple. Suppose the whole document was already 

present, but some elements (the "expert>' ones) w re marked wi h tags that were not 

displayed. To make a component visible, a script would simply change its tag to one 

that is displa ed. 

Other things are le s easily r placed. Con ider a si e which exist in everal 

languages. The page designer could include all the text for all languages in one 

docum nt, and control their visibility via tag attributes. However, it would be very 

tediou to implement. !HTML provides a much impler elution. 

In the end it seems tha dynamic HTML might replace IHTML for many things 

which are not pecifically content-related: colour, formatting, and o on. Pre enting 

information which is in some sense fundamentally multi-versioned will probably 

continue to be simpler in IHTML. 
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6. Future Work 

6.1 Applets 

Versioned applets are not supported by !HTML 2. The difficulty is that IHT 11 

depends on the ability to name files arbitrarily (i.e. with version codes). The Java 

class loader however, is sensitive to filenames: compiled classes must be stored in 

files named for the class. The class loader locates Java classes and loads them into the 

Java virtual machine as they are needed by the running program. It construct the 

expected name of the file containing a class from the name of the cla s and searches 

for that file. Several problems arise. Suppose the applet needs version a: b+c: d of 

class zork. IHTML will translate the APPLET tag to 

<APPLET CODE= 11 zork.dAyj3_Eab.class 11 •• • ></APPLET> 

to indicate the requested version (since dAyj3_Eab is the encoding of a: b+c: d). Pe­

riods are not acceptable in class names, but that can be solved easily enough by 

using some other unique symbol. As urn that has been done. The class load r will 

expect a class named zork. dAy j 3_Eab, but the class in the file will be named zork. 

The class loader will complain. Suppo e the user, attempting to fix this problem 

names the class with its version code: each version of the class has a different name 

(e.g. zork.dAyj3_Eab). Ignoring the resulting programming nightmare, the problem 

still isn't solved, because of the best fit algorithm. The class loader asks for version 

a : b+c: d, but suppo e the b st fit is a: b. The server will nd along version a: b. 

Again, the name will be wrong, and again the clas loader will complain. Suppo e 

that we get pa t this problem somehow; there is still the problem of how to tell the 

class loader that any classes used by the main class must also be loaded in the appro­

priate version. There does not appear to be a simple solution to this problem. The 

following paragraphs describe three possible (but not very simple) solutions. 
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One solution i to consider versions of the codebase attribute of the APPLET 

tag, instead of the code attribute. The programmer would create separate directories 

for each version of the applet. IHTML would be extended to understand versioned 

dire tories (at lea tin this one case). The drawback is that versioning would be done 

on whole applets, instead of cla se . Suppose there were even user-defined classes in 

the applet but only the main one varied from version to ver ion. All six other would 

also have to be duplicated in all codebase directories. This approach eliminates much 

of the benefit of the best fit technique, may require extensive duplica ion of code, and 

generally seems somewhat counter to the philosophy of IHTML. 

A better solu ion is to modify the class loader to understand versions. The 

general idea is that the class loader would recognize zork . dAy j 3 _Eab . class as a 

versioned class file name, and expect to receive a class named zork. It would also 

store the version code, so hat it could ask for version dAy j 3_Eab of any other classes 

that were needed. It would not need to under tand how version encoding works or 

manipulate versions in any way; just recognize that it is a version, and act accordingly. 

The only real flaw with this solution is that it is a client-side change. Since one of 

the major objectives of IHTML is to be able to use it without any changes on the 

client side, it is a major flaw. However, if an intensional browser were developed (see 

Section 6.6) the modified class loader would be an appropriate olu ion. 

Another (server-side) solution is to process Java class files somewhat the way 

IHTML files are processed, translating class names to the ones th class loader is 

expecting (both the name of the current class and the names of classes u ed by this 

one). Using this technique, the programmer would name all the versions of a given 

cla s just with the name of the class, and leave it up to the translation software to 

add v rsion codes. The forma of a class file is very ·well defined (see [37] chapter 4), 

so all occurrences of class names could be identified and changed quite easily. Some 

care would have to be taken to ensure that new class names were compatible with 

Java s ntax, but that is not a difficult issue. As well, the translator would have to 

leave standard Java class names unchanged. At first this solution might seem quite 
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ugly but actually it is no much different from what happens with IHTML fil . The 

main advantages of this approach are that it is a server-side solution, and that the 

programm r is not required to name her clas e strangely. The main disadvantage is 

that implementing the Java . class file translation software is a somewhat tedious 

task. 

6.2 Enhanced Version Language 

Several additions to the version language would be useful. Some have already 

been d scribed by Plaice and Wadge in [17] and Yildirim in [20] but have not 

been implemented in IHTML 2. Numeric subversion would allow major and minor 

revi ion tracking in a traightforward way. For example treating version 3.3 as a 

refinement of version 3.2 is a natural and useful addition. Note the u e of the pe­

riod "." a the numeric subversion operator. A "gr ate t lower bound'' operator 

( u ing '&") for files which are appropriate for two different versions would allow 

improved re-use of pages. For example, consider a page in English, Mandarin and 

Cantonese. Since written Mandarin and Cantone e are the same, a version such as 

lang: mandarin&lang: cantonese might be appropriate indicating that this version 

refines to both lang:mandarin and lang:cantonese . Subversions (using ii%" as the 

subversion operator) would allow the expression of natural notion uch as Mac%68k, 

Mac%powerpc, and Mac%G3. All are refinements of plain Mac. A grammar including 

these additions, from [17], is: 

V ··- € I IX I V%V I V&VIV + V 

··- n I .n 

Refin m nt rules for the new elements includ 

n :S m ➔ n ~ m , for int gers n, m 

C .m 

(6.1) 

(6.2) 

(6.3) 

(6.4) 



54 

<; M # lvl ➔ N.n <; M (6.5) 

V C V%V' (6.6) 

Vi <; V2 ➔ V%Vi <; V%V2 (6.7) 

V&V 1 C V (6.8) 

Strictly speaking equation 6. 7 is not necessary. It follows from equation 3.11 and 

from the following rules from [16}: 

V%V' + V%V11 V%(V' + V") (6.9) 

(6 .10) 

It is included despite its redundancy because it greatly simplifies demons rating some 

very obvious relationships like x%3 <; x%4, which are otherwise somewhat tedious to 

prove. 

Possible new enhancements include subdimensions, a notion of an uinfinites­

imal dimension value (more specific than vanilla but less specific han any other 

value), and a maximum" dimension value (more specific than any other dimension 

value). They were suggested by Wadge, in unpublished communications. 

The "infinitesimal" idea appears straightforward. A new symbol r is introduced 

as a minimal dimension index, with the following refinement rules: 

D:T C D:v, if V # E (6 .11 ) 

D:v <1= D :T if v i= T and v # E (6.12) 

D:T ~ D:c (6.13) 

The intent is that T is the least refined value that is not vanilla. It would b u ed in 

situations where the user wants to indicate that a dimension mu t have some non­

vanilla value, but it doesn't matter what it i . For example, suppose the u er wants 

to include varying fragment of text depending on, not the value of some dimension, 
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but which dimensions have value . An !SELECT ·with cases such a, 

<!CASE VERSION="D: *"> ... text .. . </!CASE> 

(as urning T is typed as "*' ) will include the text as ociated with th first dimension 

D which i non-vanilla. 

The 'maximum' dimension value al o appears straightforward. w might be an 

appropriate symbol, with thi refinement rule: 

D:x ~ D:w, for any index x. (6.14) 

One application i to include the absolute late t version of ome numerically-ver ioned 

componen : 

<!--#include virtual="zork.html" vmod="revision: !" --> 

( as urning w were typed as ' ! ,, ) would include th ver ion wi h he highest r vi ion 

numb r. The it implementer would need to be car fol: any et of version ·without 

a uniqu maximum element will fail to hav a be t fit tow. 

Subdimensions are as et poorly d fin d. Ini ial con ideration suggests that 

they behave very much like subversions. For exampl , the equivalence rule 

D : D' : X + D: D" : y = D : ( D' : X + D" : y) 

1 r markably imilar to the di tributiv rule for '% and '+ 

Similarly the following refinement rules are very similar: 

Vi~ V2 ➔ D:Vi ~ D:V2 

Vi~ V2 ➔ V%Vi ~ V%V2 

(6 .15) 

(6.16) 

(6.17) 

(6.18) 
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It seems that, with appropriate care, one or the other may b eliminated. 

Since dim en ions seem necessary ( or at least useful), let us try eliminating 

subversions. At the same time, let us eliminate the privileged status of dimension : 

at pr ent the top level of a version must be a di junction ( using "+ ) of dimension 

pecifier (D : V) . I propos the following scheme: anything without an explicit 

dimen ion name is considered part of th 'anonymous' dimen ion (which we might 

write as underscore by analogy with Prolog's anonymous variable ). Consider a 

version including subversions such as 

lang:english + hw:mac%G3 + f ood :french%(par i s+rennes) + zork 

and the corresponding version with ubdimensions instead: 

l ang: engl i sh + hw: mac:G3 + food :french : (paris+rennes ) + zork 

Humans might read lang a a different kind of thing from mac , but there seems no 

reason to consider it differently from the point of view of ver ion comparison. The 

trailing zork is treated as _: zork, for compari on purposes. 

6.3 Aggregation 

IHTML 1 supports a form of aggregation in which all ver ion of a component 

which refine to the current version are included in a document. !HTML 2 supports 

a quite different notion of aggretation using ! COLLECT tags. Each has strengths and 

weakne e , but ome larger, unified notion of aggregation would be a good thing. 

Several question arise. How should the elements be ord red? Should the soft­

ware include all relevant versions (V such that V ~ R, where R is the requtsted ver­

sion) or all most relevant versions (as defined by the be t fit definition from Section 

3.1.1)? How hould the site implementer indicate on which dimen ions aggregation 

may occur or should it be allowed in all dimensions? Should a particular component 

of a page be < hard-coded' a an aggregate, or hould aggregation be allowed on any 

object specified in the tag omehow? 
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IHTML 1 answers the e questions, but they may not be the right an wers. 

In particular the ord r in which item are listed is arbitrary which is unlike! to 

be satisfactory. Also, aggTegat d components are identified by the names of the 

file making it impossible to er ate a page component v,:bich is aggregated in ome 

situations but not others. 

IHTML 2 aggregation style answers these questions differently, but the r sult 

is a rather restrictive form of aggregation. As curren ly implemented, it include · all 

relevant ver ion as opposed to all most relevant ones· the dimensions on which to 

aggregat ar defined by the . yntax of the I COLLECT cases; aggreg~ e ar hard-coded 

into !HTML pages· and ordering is based on the order of the ICOLLECT cases. It 

works, but some bing more flexible would b better. For example, it would be nice 

to be able o add a new version of ome componen to the repository and have it 

included into the aggregation. 

One pos. ibility is to allow the ite implementer to specify aggregation in the 

#include tag: 

<!--#include virtual="zork. htmiu aggregate= 11 beer: ! 11 --> 

would indicate how component zork. html is to b aggregated. The aggregate at­

tribute indicates that aggregation is requested; the '= 11 beer: ! 11 ' operand indicat s 

that it is ace ptable in he beer dim n ion only (i.e. if both lang: french and 

lang: english match, i is an rror , but if beer: guinness and beer: newcastle 

match, both are included). 

6.4 Version Manipulation 

The introduction of dimension variables ( ee Sec ion 3.6) could be the beginning 

of a more ophi tica ed treatment of ver ion . It m that i migh b u eful for 

!HTML pages to manipulate ver ions in a variety of way : examine th m merge 

them perform te t on them construct them from scratch and so on. Som of the 

hing are already presen , in limited forms but it would be inter sting to explor 

some more general idea. of a version manipula ion language. 
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6.4 .1 Javascript and IHTML 

The idea of more flexible version manipulation opens the further question of 

interactions between JavaScript and !HTML. At the moment, interaction is extremely 

limited. The user may construct a versioned URL using the #iurl tag (see Section 

A.3.2), but once the page is generated, no further manipulation is possible. One 

useful capability which is currently impossible is to be able to select values for several 

dimensions in an HTML form, then go to the version thus described with a single 

HTTP transaction. A JavaScript program might also make use of the values of specific 

dimensions to choose courses of action, construct new versions in an arbitrary way, 

and so on. 

6.5 IHTML Editor 

The use of vVYSIWYG HTML editors is increasingly widespread. Consequently, 

the development of an !HTML editor is a requirement for widespread use of IHTML. 

At the most basic level, an IHTML editor could be a small enhancement of a standard 

HTML editor, with the capability to save a file as a particular version of something, 

to mark lists or other components as included only if the current version meets some 

criteria (i.e. ISELECTs), and to mark an inclusion or anchor with a version or vmod. 

The editor itself would still be a simple single-version editor. 

A more ambitious idea to explore is the idea of versioned editing. It might 

be possible to present a versioned document to the user as a single entity, with a 

"current version" not dramatically different from, say, the "current font» or "current 

text colour" . One might mark a region of text as belonging to the "expert" version, 

another as part of the "normal" version, and yet another as part of both. 

6.6 Intensional Browser 

Two useful features for a future version of IHTML are versioned applets and 

an intensional "back'' button. The first is discussed in Section 6.1; recall that one 

good solution required an intensional browser ( or at least some modifications to the 



59 

browser). The second is a button which takes the user to the current version of he 

previous page, regardless of the version it was when the user was there. For example, 

suppose the customer is browsing page zork, links to page rogue, changes the current 

version to level: expert then hits the "back" button. The standard behaviour would 

return her to the previous version of the current page. An intensional "back" would 

recognize that the last link didn't change the page, but only the version: it would go 

back to the level: expert version of page zork. 

Both of these features require that the browser be aware of versions. Other fea­

tures could also be added, once the browser became a candidate for enhanc ment. For 

example, IHTML-to-HTML translation could be moved to the browser side, greatly 

simplifying the server. Specific benefits include browser-side processing of <!SELECT> 

structures: one could change the version of the current page in a variety of ways 

without having to go back to the server for new copies of the page. 

On a somewhat higher level, the browser itself could be versioned: the "expert» 

version provides more flexibility in the user interface than the "beginner'' version, 

and so on. 

6. 7 N on-IHTML Applications 

There is nothing especially HTML-specific about a lot of this work. It could 

apply to other versioned text, such as software or non-HTML document . In fac , 

many of the original ideas for this work arose from the software versioning systems 

Lemur and larmoset, described in Section 2.3. Perhaps some of the ideas developed 

here could u efully be transferred back to versioned software development. 

6.8 Stand-alone IHTML-to-HTML Translation 

One relatively simpl tool which would improve the usability of IHTML i a 

stand-alone IHTML-to-HTML translation utility (suggested by monica schraefel in 

unpublished communications). At present, there is no way to see the re ult of IHTML 

processing without an !HTML-enhanced HTTP server. At the simplest level 1 a stand-
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alone tran lator would allow developers on machines without servers to find out what 

variou versions of their pages will look like. A more sophi ticated ver ion could 

provide extensive consistency checking reporting to the user a wide variety of errors 

which might be hard to diagnose when encountered via a erver. 
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7. Conclusions 

The objectiv of this work was to make IHTML usable, and in doing so find out what 

new features should be added to make it more useful, how to use it to advantage 

and to make ver ioned sites available to the world. This chapter describes some 

user experiences and some advantages of IHT L, then summarizes the result of the 

project. 

7 .1 User Experiences 

Although no formal tudy of users ' reactions to IHTML has been done, the 

author has discussed their experienc s with several users, with fairly uniform result . 

On the whole they find it a usable tool, but with several notable ,v aknesses. 

Th inten ional model itself appears relatively straightforward for u r to un­

derstand. A few examples are usually sufficient to give people the general idea. A 

collection of templates showing standard techniques would be a major asset, though, 

to save each user from having to re-invent standard techniques themselves. 

With re pect to specific features, conditional inclusion of text (!SELECT) i a 

great asse . Many effects are easily achi ved which would be tediou using separate 

files. Dimension variables are also useful, particularly in some more complicated 

applications. 

The major weaknesses are the diagnostic messages and the site development 

tools. sers frequently find it difficult to locate errors in their IHTML files since error 

me sages are misleading or absent. An off-line tool to translate IHTML to HTML and 

verify pages for correctness would be a tremendous asset. The site implementation 

utilities also give users trouble. They a.re quite unsophisticated, and do not hide 

enough of the implementation from users. Some weaknesses are simple bugs ea ily 

fixed. The more important one is that they allow users to see the storage mechanism 

of v r ioned entitie : directories containing files named with version . Some kind 
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of repository technology for storing versioned pages is called for. Paul Swoboda is 

currently developing such a utility; a fu ure version of IHTML should certainly ake 

advantage of it. 

The major remaining weaknes is that users must understand IHTML syntax 

in order to use it. An HTML editor which supports versioned editing is a s rong 

requirement, particularly since relatively few creators of Web sites still write HTML 

by hand. 

7.2 Addition.al Advantages 

IHTML 2 can provide significant disk space saving over other approaches to 

providing multiple versions of a page. For example, one page d veloped by Bill \i\Tadge 

has over four million versions. Given that a typical ver ion of hi page is about 15 

kilobytes long, the copy-and-modify approach to ver ioning would r quire four million 

files, taking up roughly sixty gigabytes of disk space. The IHT iL 2 version uses 38 

files (split across 25 versioned page fragments), and a total of 27 707 bytes of IHTML 

source. The disk space saving is several orders of magni ude, but the true significance 

of the numbers is the simple fact that it is impo sible (in any practical ense) to create 

so many versions of a page by hand. In this instance, IHT iL is no only useful but 

essential. 

A more typical example is a versioned home page created by Peter Driessen. A 

fairly normal-looking home page at first, it takes advantage of IHTML 2 to allow the 

user to choos background and text colours the language of the page and one of three 

ar as of intere to focus on. In addition, selecting his name causes a picture of him 

to appear or disappear. Altogether, the site has 600 ver ions. At about 2500 bytes 

per version, the naive approach would require about 1.5 megabytes of disk space. The 

IHTML version uses 17,911 bytes in 7 versioned page fragment and 22 individual 

files. Again, the aving in disk space is non-trivial. 

There are other erendipitous benefits. Schraefel and Wadge noticed that it i 

po. sible to cache versioned pages intelligently, since each version has a different nam 
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(as the browser sees it). A side effect is that it is possible to create bookmarks which 

identify the contents of frames, not just the name of the top-level page. U ing normal 

HTML1 a bookmark for a page which uses frames will load the initial contents of each 

frame rather than the one present when the bookmark was created. If the content of 

the frames is determined by IHTML versions, the bookmark will retrieve the correct 

version of each frame as well as that of the main page. 

7.3 Summary 

IHTML 2 seems to be reasonably usable. The installation step is straighforward 

and Unix-friendly (people other than the developer have been able to in tall it without 

difficulty). Several users (not directly involved in the development of the software) 

have successfully created non-trivial versioned sites. It has been used by undergrad­

uate s udents for course projects in at least two niversity cour. es. The software is 

portable (at least among Unix platforms): it has been tested on the SunOS, Solaris 

and Linux operating systems (all rather different implementa ions of Unix). Regard­

ing performance, since the software is integrated into the Web server itself, there is 

virtually no penalty over, say, standard Apache server-side includes. The software 

has also reached a reasonable level of stability: aside from system hutdowns and the 

occasional bug introduced by a new feature , the server keeps on going and going. 

A variety of new features have also been implemented, as a result of experiments 

with intensional sites. Conditional inclusion of text (ISELECT and ICOLLECT) was 

added as a replacement for IHTML 1 's aggregation, and to allow the combining of 

versions of small files into one file . Dimension variables arose from a need to transfer 

information from one dimension to another. Treating unversioned HTML file as th 

vanilla version, if a request was received for some version of the file, also arose ou of 

user experiences. Some things were also removed because experience showed that they 

were not the right answer. The first implementation of inclusion deliberately allowed 

conditional inclusion elements to begin in one file and end in another (possibly an 

included file, possibly a parent file). This "feature" proved annoying, so the current 
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v r ion in ist that in ·In ion n t prop rly with oth r IHT11L tags. 

v ith improved r liabilit. and prrformanc 

IHT11L 2 me t it obj tive of prO\'iding au abl 

and a vari t.y of nrw feature 

tabl impl mental ion of IHT. IL. 

Ilow vc•r it i, b no mran ped 't. Th re are .·om, ke · d -veloprn nt till to br 111ade 

b for IHTi\lL i read. lo be rel ased on an unsu pe ·tjng world. 
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Intensional HT L (IHTML) is an extension of tandard HTML, to upport 

WWW page which may exi t in many different versions. An IHTML page is consid­

ered to be a family of actual pages, distinguished by versions. The implementer of 

an IHTML site decides in what versions the site will exist. Any particular page ( or 

other WV\TW object: image, CGI cript, or whatever) may exist in many versions 

just a few selected version , or only a single version. A page (object) which exist 

in no v rsions at all shall be deem d nonexi tent, and is out ide the cope of this 

document. 

A versioned object is represented as a directory, named as the object would 

normally be named ( e.g thing. ht ml) . In the directory are variou version of h 

object, nam d with a ver ion code and the appropriate MIME suffix: aa i. html 

zaslkweOif. html and so on. The version codes are a compressed form of th - ver­

sion trings d cribed below. The site implementer uses IHTML utilities to edit ver-

ioned page , to copy file into versioned directories (objects), and to list the available 

ver ion of IHTML object . 

The int nt is that the implementer of an IHTML site should view the versioned 

HTML pages (or o her MI 1E types) as single objects, existing in multiple ver ion . 

The tools described below (ivi, icp, ils , i r m) allow the impl menter to construct 

and edit versioned objects without e, er having to look inside the whatever. suff 

directories. A future generation of the tools might, in fact, no store things this way 

at all· it is purely an implementation detail. As such, it should be as tran parent 

to the user as possible, and th us r hould not depend on the knowledge that these 

thing are in fact directories. 
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A .1.1 Best F it 

It i not nee sary to provide files for each version that the user might re­

quest. The server uses a best fit algorithm to choo e the ver ion that most closely 

approximate the r que ted one. If the reque ted ver ion is availabl i will be u d. 

Otherwise, if there is a unique closest match, it is u ed. If there i not a uniqu 

close t fit (no match at all, or more than one equally good) an HTTP 404 error code 

is returned. 

S e Section A.2 for details on versions and th be t-fit algorithm. 

A .1.2 Intensional Links and Includes 

The best-fit technique alone is not sufficient to make a useful y tern. Con. ider, 

for xample a page in which background colour could vary among a dozen possible 

colours while the text could vary among thre languages. The naiv approach would 

require 36 ver ions. Of these versions, the three groups of twelve would each var:v only 

in a single line: the one setting the background colour. Instead, we u e intensional 

includes and inten ional links. 

An include is very much like the # include directive used with he C-languag 

pr processor: the complete contents of some file are included in another file, repla -

ing the #include statem nt . With IHTML, though includes are intensional: th y 

refer to families of versions ra her than individual page . Consider the example of 

the previou paragraph. Instead of 36 pages, there could be a single ver ion of th 

main page, which includes the ext of the page and the line setting the background. 

The includes refer to the current version of the included file . Whatev r version is 

r quested, the vanilla ver ion of the main page i u ed since it is th only version. 

However the includes in the file are evaluated with respect to the requested v r ion 

not the ac ual ver ion used. The result is that if, say, the 'blue, nglish ver ion of 

the page is r que t d, the "blue" ver ion of the background file and the "Engli h v r­

sion of the tex fil are used. ote that the background file exi ts in 12 versions, one 

for each colour. The text file exists in 3 versions one for each language. Duplica ion 
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of data i minimized. 

Links ar tr ated in the same way. A link is consider d to be a link to a family 

of versions, depending on th reque ted version of the current page. In thi way ven 

if th re i only one version of th urrent page link to subsequent pages will still 

pre rv the requested version. 

A.1.2.1 Tran -version Links and Includes 

By default links and includes refer to th a.me ver ion of the new page or 

includ d file as the page being viewed. How ver it is also possible to create links 

to, or include different versions of pages. The e so-called trans-version link or 

includes may specify a modification to the current v rsion or a whole n w version. 

For example, the anchor 

<A HREF="zork.html" VMOD="language:french">Zork!</A> 

create a link to page "zork.html with the same version as the current page, except 

that the language dimen ion i set to french. Similarly, 

<A HREF="zork.html" VERSION="language:french">Zork!</A> 

crea es a link to page "zork.html' wher th language dim nsion is french, and all 

other dimensions are vanilla. 

A.1.3 Server Operation 

The server behaves in most respect like a normal HTTP server. However, v r­

ioned files are reated specially. Reque ts of the form ... /name. suf f , or ... /name­

. version-code. suff , \\ here ... /name. suff is a directory, ar interpreted a in­

ten ional reque t . If version-code is included, i identifies the requested ver ion 

of the pag · if it i not, the vanilla v rsion of the page is assumed. Th request is 

transformed into ... /name. suff /bestfi t-code. suf f where bestfi t-code i th 

encoding of the exact version reques ed if it exst , or the best fit to it, if not. If there 

is no unique best fit (i.e. the et of less specific versions does not have a maximum 
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element) the erver return the usual ' 404 - document not found' error ( and option­

ally log an rror me age to an !HTML log file). If the r quested ... /name. suf f 

exists but is not an IHTML directory but ju t a regular file, it is considered the 

vanilla version of th file, and is us d no matter what ver ion was reque t d. 

Once the appropriate file is cho en the file (if it i !HTML and not some 

other file type) i tran lated from !HTML to standard HTML. include directive ar 

replaced with the content of the named files (u ing the same best-fit approach a 

above). Included files may also include further fil s. Other IHTML-specific tags are 

modified so that the linking attributes hav he ver ion encoded in their RL's, and 

the VERSIO and VMOD at ributes are remov d. Th re ul i standard HTML 

with version information encoded in links. 

A.2 Versions 

IHTML currently support a limited version . pace consisting of named dimen­

ions and discrete index value in tho dimen ions. Dimen ion pecificati n ar 

par d a ·cording to the following grammar: 

<version> 

<dim pee> 
<dim n ion> 
<index> 
<identifi r> 

<label> 

<dimspec> 
<v r ion> +' <dimspec> 
<dimension> ": [ <index> ] 
<identifier> 
<identifier> 
1 or more 1 tter , digits, or "­
I <id ntifier> ] '$' <lab l> 
[ <identifier> ] "${" <label> '}' [ <identifi r> ] 
1 or more letters digits or "_' 

Dollar signs indicate dimensional variables. The label following the dollar sign is the 

name of a dim n ion; it i replaced by he index of tha dimension in the current 

ver ion. 

For example, language: english+cuisine: french describe a version with he 

value "english" in the "language' dimension and 'french" in the cuisine)) dimen-

10n. If the current version is alpha: bravo+charlie: delta, then the expre sion 

x$alpha: y$charlie evaluates to the version xbravo: xdel ta. 
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V r ions can be partially ordered in a refinement r lationship, symbolized by 

"~": 'x ~ i' read "x is more generic than y" or "y refine x". In this ver ion space, 

the rules for refinement are: 

f; C V ( .1) 

v~w w~x ➔ v~x (A.2) 

D:V C D:V+E:W (A.3) 

N<M ➔ D: ~ D : M, for integers ,M (A.4) 

v c V' we w 1 - ) - ➔ v+w ~ v'+W' (A.5) 

In English: refinement is transitive, a version which joins two impler version with 

the ( +" operator is a refin ment of each of them and any version i a refinement of 

e the vanilla ( or most generic) version. 

Version specifi ations used in IHTML files or on the command line should not 

contain any embedded pace , tab , or other extraneou characters: just the dimen­

sion and index identifiers, and the u+ and ":' punctuation symbols. 

A version modifier may be u ed in tran -version links or include with the VMOD 

attribute. The syntax of version modifiers i lightly different: the '+' operator is 

replaced with the "," operator. The reason is that version modifiers (as opposed 

to version ) are intended to override existing version specifications, a well as refine 

them. For example, if the current ver ion of a page is a: b+c: d, and there is a link to 

the c : e , f : g version of another page the correct version of the new page should be 

a: b+c: e+f: g. If he '+" operator were used the result (following the rules of the +j' 
op rator) would be a: b+c: d+c: e+f : g. Rather than have two different interpretation 

of "+ , we use a different operator in the VMOD case. 

A.3 IHTML Syntax 

IHTML is a superset of HT L. Some standard tags support additional at­

tributes, and ome attributes are interpreted somewhat somewhat differently from 
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standard HTML. New tags are provided for including t xt in a page, and for selec­

tively including parts of a page in th final page sent to · he browser. 

A. 3. I Modified HTML Tags 

Affected tags ar A !MG FORM, and FRAME: the tags with attributes that refer 

to other documents or file . These tags may include the following new attributes: 

VMOD=''version_mod_spec'' 

Thi attribut pe ifies that the requested version of the link d obj ct i the 

current ver ion> plu the dimen ions specified in the version_rnod_spec (which 

may ov rride some dimension values in the urrent ver ion). 

VERSION=''version_spec'' 

Thi attribute pecifies that the requested version of th linked obj ti · exactly 

version_spec, ignoring the current version of he present page. Any dimensions 

not explicitly m ntioned in the version_spec are considered to be vanilla (i.e. 

th mo. t generic, or least r fined, value). 

Specifying both VMOD and VERSION in one tag i a little trange, but will be interpret >d 

as if the ver ion_spec were the current version, with the version_mod_spec modifying 

it in the usual way. 

For anchor tags the HREF attribute is optional, and defaults to the current page. 

The purpo of this behaviour i to make it asy to provid links o diff r nt version 

of the ame page. For example, the tag 

<A VMOD=:"language:french"> 

1 a link to the current page but with the language dimension set to 'french . \Vhen 

used with include , this behaviour makes it pas ible to create a file of version-changing 

links, and include it on many pages, so that for example, every page ha the same 

set of links to different version of the site. 
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To make a link to an object erved by a non-IHTML server, the link will need to 

contain a VERSION=" 11 attribute, to pr vent IHTML from adding the current version 

to the HREF attribute. 

There is currently no way o specify a version if referring to a whole directory. 

For example, the URL http: //lucy. uvic. ca: 8888;-gdbrown/ should find the file 

index. html in user gdbrown 's . www directory. The problem i that there is no place 

to put the ver. ion of index. html that is required without p cifying the fil exactly: 

http://lucy.uvic.ca:8888/-gdbrown/index.vG8vccqmfeyce.html 

One possible solution is to allow RL s of the form ... / dirname. version_ code I. 

However there would be no way to distinguish between a requ t for ver ion ver­

sion_code of directory dirname, and a request for a directory nam d dirname. ver­

sion_code. 

A.3.2 Text Substitution Tags 

Several IHTML- pecific tags are provided for in ertion of text into page . The 

syntax of these tags has been chosen to reflect the synta.x of Apache server-side 

include and must be in ide comment delimiters: 

<!--#tag attributes --> 

The motivation for this syntax is that these tags will not interfere with represen ation 

of the rest of the page, if the page is viewed with a browser before being translated 

to standard HT L. 

include virtual=URL [vmod=version_mod] [version=version] 

A standard Apache server- ide include, except that the included item is ver­

sioned like any other IHTML page. ote that the version that will be requested 

for the included file is the requested version of the current page (in the ab ence of 

a VERSION attribute) not the best-fit version. For example, if the current page 

exists only in the vanilla version, but the request was for version 'a:b+ c:d+ e:f 
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the software will look for version "a:b+c:d+e:f" of the included file (subject to 

version and vmod attributes, naturally). 

exec virtual=URL [vmod=version_mod] [version=version] 

The program identified by URL is executed; its output is processed by IHTML 

and included in the page. This is identical to the Apache server-side exec feature, 

except that the program may be versioned, and the output is translated from 

IHTML to HTML. 

iurl href=URL [vmod=version_mod] [version=version] 

This tag is replaced in the output by the URL, with version information added, 

according to the current version and (optionally) vmod and version attributes. 

It is intended for use in JavaScript programs, or other places where a versioned 

URL is needed, but where IHTML does not normally construct them. This tag 

is useful in conjunction with starttag and endtag, to add version codes to 

non-standard tag attributes. 

echo dimension=dimension_name 

This tag echoes the value of the named dimension, according to the current 

version, to the HTML page. 

dumpver 

This tag echoes the complete current version to the HTML page. It is useful 

mainly for debugging. 

starttag 

This tag generates a literal ''<" in the output. It is used to enclose arbitrary 

text in angle brackets, thereby turning it into a tag. It is necessary since nesting 

of tags is illegal, yet it is sometimes helpful to be able to use the iurl tag inside 

a tag which is not normally versioned, or inside JavaScript code. 

endtag 

This tag generates a literal ''>", used to close a generated tag (used with 



starttag. ab ,. •). 

m ll ru turin g 

• f; m· c· rnm n JJI '\IL idiom · iu\' '" ,, r. i nin 11. he rt fra rm u s of tc•.·t. rw 
xarnpl<· t1H· 'b rkgr 1111d r I rnr ,• ·1mpl from .· <'tiou .\.1.2 usc. · m, 11, vc•rsi 11. of 

ingl lin f .· t. )11 appr a ·h lo impl m ntiu r thi. kind oflhing b tu #include 

h b; c kgr un I Jim 'll. i n, with ,1 • p,1rac • 

ibl ba('kgr uu<l I ur. How ,. r. th rnau. · mall fit 

for d1•c h·, 

d n h <·urr nt ,. r. i n. 

fra m nt . h IH \IL qui\', I nt i. llC' ISELECT t · • with th, foll , ·iu ·. •nt ~-: 

<I SELECT> 
<!CASE VERSION=v1> .. . text1 .. . [</!CASE>] 
<!CASE VERSION=v2> ... text2 ... [</!CASE>] 
<ICASE VERSION=v3> .. . text3 ... [</ICASE>] 

<!CASE> .. defauit text .. . [</ICASE>] 
</I SELECT> 

tar i11 fr m th p, tlH' tr· n lati n . ftw· r find. h fir · t'; ·uch hat v, C , . 

wli r \ · i. th ·m-r nt \' r.-iou. Tlw ·orrr. ponding t J.:ti i 111 ·lud ci rn b output. Jr 

th trnilin </!CASE> i. mi. ·in th 

a:- • Ill a th· •nd of th,· 

. •r urn < a . If n VERSIO i. 

\ . <!CASE> h ha" , d r. uJ c-~ . 111 t hing \\ h II •v 'l' 11011(' f I h , rli I c-a 

m· teh1 d. \lthough there• i ~ not bing pn•,· nt ing fr m following th d fault 

Th <!COLLECT> t · g i ·. imilar. '<' pt t.hat r.very matching case' i, 111 lucl cJ 111 

th output. inst ad of thP fir t on . In thi situati n, 11 mny h approp11at 10 lrnv<' 

<l fault ' in lh mid ll f I h .·p1<• i n f r t A'1 whid1 lunld ; lw y. app a1. 
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.5 for usag xampl . 

A.4 Sit Con truction Utilities 

nix u ili i ar provided t aid th it im pl m n er in reatin ver­

ion d pag ·. i vi invoke an c>di or ou some ver i n of a t x docum nt· ils Ii 'l ' th 

Y()r ions in whi h thing exi t; icp copi . file into nd oul f ver i n of page.: irm 

r move named ver i ns of a do urnen . D tails for each mman<l follow. 

i vi - di a particular Y r ·ion f an IHT~fL pag 

S nlax: ivi [-v version [-b baseversion]] Jiiename 

Invoke>. an dit r on h named v r ion of th IHT\lL pag narn d filf'name. 

If he> upplic<l " r ion do n't xis . and ba.seversion i. uppli cl, it opi<'s the 

ba ev r· ion ,·er ion of the page to the v r. ion Yer. ion. h n dit that pag . 

If v r ·ion or baseversion doesn' xist but a uniq11 I st fit to i d s, 1 hat 

ver ion i u rd a the ba..· uer ion in t ad. 

i vi invok Lh editor sp ·ified b. he $EDITOR en ir nrncnt variable. Default 

o /usr /ucb/vi ( the author' favourite editor) if $EDITOR i und fined. 

icp - ·op a file into or out of a ver i ned obj t 

yntax: icp [-f] [-v version] srcfiie destfd 

Copi srcfile t destfd, which ma. be a fil or dir tory. If Pil her srcfile or 

de. tfd i an IHT>.11 dire tory, th uppli l version of the fil i: u ed ( t ·opy 

from or to r both). The -f option fore icp to ov rwri exi. ting file . 

For xampl th command ''icp -v a: b thing. html zork. htmr· for a nor­

mal fil thing. html and an IHT [L pag zork. html will opy thing. html to 

zork. html/ dQNzGa. html wh r dQNzGa i h en ding of he v r "ion . ·pc> ·ifi­

cati n a: b . 

ils - Ii t he v r ion of ou or mor v r ion d hjec 



7 

n ax: ils [f dname ... ] 

hi behave imilarl th tandard nix ls omm nd. If n argum nt 

th curr ut cl. F r each III NIL object in h 

dir tory he v r ion in whi h i exi are also li t d. on-VC>r. ion rl. Ale 

ar al d u onl · their nam ar r mar ar m ul. are 

p<'cifi d he nam d .fil and dire ori ar li ed. , gai11 for ea h IHT~ L 61 

named ( r in a dir tory h nam cl) it 

irm. r mo a v r ion of a page 

-n ax: irm [-v version] fiiename 

R mov th nam d uer ion of filenam , r th Yanilla y r 'ion if no vcr. ·ion i. 

iv n. 

A.5 Common IHTML Techniqu 

hi ribe · £ w ommon ·hniqu d i11 IHT11 do um n 

ot th hi ion i. inn way xh u tiv · it m r ly sh w a£ w of th po ibiliti 

A.5. Cas ading L el f Detail 

f links l ading to oth r page . 

u ful addi i n to thi patt rn · a · nveni nt wa, of displcying a ·hort ummary 

for a link in h urr 'llt pa ('. he £ !lowing fragm nt f IH ML u. C'.' a dim 11 "ion 

nam d urn mar_ to di. pla a ummar. for n' on of th link . 

<ul> 
<li><a href="linkl.html">First Link</a> 

(<a vmod= 11 summary:linkl 11 >swnmary</a>) 
<iselect> 

<icase version="su.mmary:linkl"> 
<quote> 

A brief description of the first link 
</quote> 

</icase> 



</iselect> 
<li><a href="link2.htmP>Second Link</a> 

(<a vmod="summary:link2">su.mmary</a>) 
<iselect> 

<icase version="surnmary:link2"> 
<quote> 

A brief description of the second link 
</quote> 

</icase> 
</iselect> 

<li><a href="link3.html">Third Link</a> 

</ul> 

(<a vmod="summary:link3">summary</a>) 
<iselect> 

<icase version="sum.mary:link3"> 
<quote> 

A brief description of the third link 
</quote> 

</icase> 
</iselect> 
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Note the use of default HREF attributes in the links to link to a new version of 

the current page. With this example he value of the summary dimension determines 

whi h fragment of text is displa ed. Picking a different summary causes the current 

one to be removed and the new one displayed. 

If he current dimen ion included 'summary : link2" he browser would display 

something like: 

• Fir t Link (summary) 

• Second Link ( ummary) 

A brief description of the second link 

• Third Link ( ummary) 

Th previous example work if onl one level of detail is appropriate or if onl 

on ummary should be visible a a time. Taking advantag of ICOLLECT and numeric 

dimension value I we can ha, e multiple level of detail. 



<icollect> 
<icase version= 11 expertise:0"> 

This is the text that everybody should see. 
</icase> 
<icase version="expertise:1"> 

Here is some more detail, for those in the know. 
</icase> 
<icase version="expertise:2"> 

Here are the real details, for the experts. 
</icase> 
<icase version="expertise:0"> 

Here's a little summary, that everybod should see. 
</icase> 

</icollect> 

Expertise level: <a vmod= 11 expertise:0 11 >novice</a> 
<a vmod="expertise:l">normal</a> 
<a vmod="expertise:2">expert</a> 
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sing thi te hnique a single page can provide evera.l levels of detail with 

acces to differ nt level via link . Two feature of IHT L are important for thi 

example: IC0LLECT include all matching cases; higher numeric dim n ion values are 

considered refinement of low r num ric values. 

A.5.2 Trans-version Link Files 

Often an en ire site will vary within a tandard set of dimensions. In such a 

situation it i us ful for each page to include a tandard t of links to other versions 

of the site. The site d veloper can take advantage of default URL s in anchors o 

create a single IHT L fragment con aining uch a table and include it in all pag s. 

<table> 
<tr><th>Colour<th>Expertise<th>Language<th>Graphics 
<tr><td><a vmod="colour:blue">Blue</a> 

<td><a vmod="expertise:novice 11 >Novice</a> 
<td><a vmod= 11 language:english 11 >English</a> 
<td><a vmod= 1'graphics: lores">Low Res</a> 

<tr><td><a vmod="colour:green">Green</a> 
<td><a vmod="expertise:normal">Normal</a> 



<td><a vmod= 11 language:french 11 >French</a> 
<td><a vmod= 11 graphics:medium 11 >Norrnal</a> 

<tr><td><a vmod= 11 colour:red">Red</a> 
<td><a vmod= 11 expertise:bigh 11 >Expert</a> 
<td><a vmod= 11 language:turkish 11 >Turkish</a> 
<td><a vmod= 11 graphics:bires">High Res</a> 

</table> 
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The site implementer would keep this table m a separate IHTML file, and 

#include it in all files . In this way, the user would see a standard set of trans-v rsion 

links on all pages while the site implementer would be able to extend or modify the 

link table once for all pages. 

A.5.3 IHTML and JavaScript 

One might want to use JavaScript to trigger an HTTP GET request for a 

version d object. Since there will be no way beforehand to know what the version 

code should be, the iurl command is used to construct a versioned filename: 

window . location= 
11 <!--#iurl href= 11 zork.html 11 vmod= 11 language:frencb 11 --> 11 

This expression will be replaced by zork. version-code. html , where version-code is 

the encoding of the current version, modified with language: french. 

A.6 Installation Instructions 

IHTML has three components: an Apache module, Unix utilities for managing 

an intensional site, and a library containing the common code used by the first two. 

The module is a standard Apache module; the other parts are generic C programs 

(for nix). These instructions assume that the user already know how to install 

the Apache server; for more information, see the I ·sTALL file which is part of the 

Apache source distribution. 
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A.6 .1 Unpacking and P reparation 

IBTML is di tribu d as a ompr ssed tar fil . Wh u xtra ted th contents 

of th file will be put in o a direc ory called ,:ihtml'. Th following file hould be 

pr nt: 

• :Mak file - makefil for th ihtml library and utilit program 

• . 1akcfil .1\lod - makefi.l for tb pachc IHT1[L module 

• RE DME brief in tallation iu tructions 

• ari 11- ·oding. · - t x com pres ion and d compres ion utili ie 

• arith_codiug.h - public int rfac for ari h_coc.ling.c 

• decod . - utili · program for dc> o<ling enc ded '" r ion 

• Pn ·ocl . - utili program for ncoding lear-t xt •r ions 

• icp. - utilit ' for opying ver ions into and on of IH [L object 

• il . - utilit. · for li ing h ,. I ions of IHT~-1 object 

• um. - u ilit for r mo ing p ·ific rr ion of IHTML obj ts 

• h·i.c utili . for in oking an ditor n pe ifi versions of JHTI\1 bjcc:t..· 

• modJhtmJ.c - Apache IHT11L modul 

• popts. - command line argum ut par. ing u iliti 

• popt .h - public· interfa . for p pts. · 

• tran. la e.r main IHT~IL- o-H 111 tran lation cod 

• tran la .h public int rface for translate. 

• uri2fn. · main RL-t -filenam . tran latioIL code 

• uri2fn.h public int rfa ·e for uri2fn. 

• ulil. · - tub for pach . utiliti (u. d whc>n compiling ivi, etc.) 

• util.h public in erfac for util. · 

• version.c ver ion handling cod (par ing ·ompari on and o on) 

• v r. ion.h pu bli in rface for ,. rsion. 



.6.2 h pa h dul 

he m <lnl compon nt i in · tall d as a nom1 1 pa h m dul . .\ .~ i<l fr m 

tha . lh onfi uration mu t b h(' IH ).lL lihrar, ·. · or ·ornµl t 

inf nna ion. e the pa ·h r fer('n · do um utation; lh ummariz d h r . 

. ·ot that h s in. tru ti n: ar ompatibl witL . pa ·h r. io11 1.2.-. La <'r v r ion 

ma , r quire 

1. r a e II ihtml dir ct r in .. ./src/modules/ in th ro t f lh _ paeh 
urc r . fov rnod_ihtml. c and Makefile . Mod o i . . lfov Makefile. Mod 
Makefile. 

2. <ld h f 11 iug lin to th Configuration fil in th Apa h src di.r ctor ·, 
be . ·ond-la,•t m dul f th fil : 

Module ihtml..module modules/1html/mod_ihtml.o 

If i i n t ,lie e ml-la t m dul h r i a n n-z ro hanc h t • m ot Ii ·r 
modul will trap H ML r qu t pr v nting hr IHT:\IL mudul from hau lling 

part whirh i lik I • t chan in lat r v r ion f _ pa h .) 

llowin i m, o the Configuration 61 (adding t or rcplnring, t hr 
current cl finition of th w riable ): 

EXTRA_LFLAGS = -L .. . path .. . /ihtml 
EXTRA_LIBS = -lihtml 
EXTRA_INCLUDES =-I .. . path . .. /ihtml 

, h r ... pa.th. . . i. h ab. olu e p h n ammg h I 1L 
(h r all d ihtml) . Run h Configure . ript in th pache ourc<' dir()ct r_\. 

t Rnn make in the \pa ·he ur · dir tor 1• h r ul will be an httpd f'X<'-

cutablc. [u. tall i a: usual f r pa ·h •. 

p ion ll ', add th follo" in lin th httpd. conf fil for your . rY r, 
n bl Ill ML logging an I rror logging. R plar the path, wi h . ur pref<'1-rrd 

l a ion for h log fil . 

IhtmlLogFile logs/ihtml_log 
IhtmlErrorFile logs/ihtml_err_log 

h giv n pa h ar r lath· t he · rv r· root clir tor) unl th r ar ab: 
Jut path.. h par i ular narn in hi xampl • ar th tradi iomtl one, , lmt 
th r <'r maintainer i frc ~ t choo ·. any name . . 



A.6.3 The IHTML Library 

Relatively little configuration should be neces ary for this part of the system. 

The Makefile will need to be adjusted to reflect the location of the pache include 

files. If gee is not the C ompiler you wish to use, the CC variable will need to be 

changed. 

After these changes, type make to build libihtml. a. 

A.6.4 Installing the Site Construction Utilities 

Use make all in the ihtml source directory to build ivi, ils, icp, and irm. 

These programs should be available to all u ers of IHTML, so copy hem to ome 

convenient, publicly visible location. 

A. 7 The Local Installation 

There ar two servers running: lucy.uvic.ca:8888, valdes.uvic.ca:8534. 

Typical URL's for information in a user s home WWW pages will be of the form: 

http://lucy.uvic.ca:8888/~username/path/fiZe.suff 

where username is the users userid path is the (possibly empty) path within the 

u er's ".www' directory to the versioned object, and file.suff i the versioned object 

(i.e. a directory containing things named with version. suff). usual, all file and 

directories will need to be world-readable (and executable, for the dir ctorie ). 

Log files are found in 

/home/gdbrown/httpd/logs/ 

on the two machines. Messages regarding IHTML-specific issues are found in the 

ihtmLlog file. 
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¥ r ion En oding 

ling on i t · f four p : tran ti rmation t canouital ti rm, r pre-

. nta i n a a trin iou c din ) a cl • nver. i n of the 

compr .ecl Ilt xt. t pon isd, rib tin ti n .. 1.1.l. 1 p woi, 

e th t xt trin much as po ibl 

ramit rma ion t cpre en mpr s. ed s ring a print' .JI 

hi l 

· par of fil nam ' 

1 ading o 

the ·un 

i a l ng as th unc mpr s d n 

B .l Ar'thm ic oding 

ab ut 

din · 1·. and 

f compre sion. 

form i ignifi ant V n if h . . mpr :. d'" rorn 

Ari hmcti c ding provid , ptimal compr ion f r t xt, gi n a c rr c model 

of th relativ fr qn n . · f h rs in h . input alphr1h t. ( . [3 ], pag 1 l 

for mpl t. de. rrip ion.) Th ru mb 'r of be alphab ar put i11 omr arbit ran· 

ord r (well-known t n od r and de od r), an ar a. ig1l<'<l rangrs brl\ <' n O and 

1 with th ran <"h .hara 't r pr porti nal o i . pr babili ) . . . tring i. then 

repr s 1n ed a a numb r hctw en O and 1 wit.h a h ·ucc 'Si\' hara t r narrowiug 

the n ng of po ibl number n•pre nting tha tring, according to th _ chara ·t<-'r' 

probabiht ·. 

or xampl . on ·id r th chara r in abl .1 aucl t.h . Iring nbc bO. (The 

character O, ill b n. d a. a rminatin haracter. markin h inc 

th fir t chara tcr i · an a he numb r repr nting th tring mu. t b in lb interval 

[0.0. 0.1). on id ring he foll \\ ing b, and ubdividing th(> llC'\\ interval a ·cording t 
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0 a 8 I 16 q 24 y 32 G 40 0 48 Vv 56 4 
1 b 9 J 7 r 25 z 33 H 41 p 49 X 57 5 
2 C 10 k 18 s 26 A 34 I 42 Q 0 y 58 6 
3 d 11 l 19 t 27 B 35 J 43 R 51 z 59 7 
4 e 12 m 20 u 28 C 36 K 44 s 52 0 60 8 
5 f 13 n 21 V 29 D 37 L 45 T 53 1 61 9 
6 g 14 0 22 w 30 E 38 M 46 54 2 62 -
7 h 15 p 23 X 31 F 39 N 47 V 55 3 63 -

Table B.2: Translation table: 6-bit numbers to characters 

B.2 Binary to Text Conversion 

The chosen approach to representing a bit , tream using printable charact rs is 

to consider he bit stream a a equence of 6-bit number , and use those numbers 

a indices into an array of 64 characters. We use the upp r- and lower-case letter , 

the digits, and two punctuation characters "_ and "-' , none of which are ignificant 

in ei her nix filenames or the HTTP RL format. Table B.2 hows the characters 

used to repr nt each six-bit number. 

If a bit stream is not an integral multiple of six in length, the string i padded 

with O's. These padding bits do not cause problems when decoding the resulting 

tring, since as described in the previous ection a unique end-marker chara ter i 

necessary for the arithmetic encoding phase anyway; once that character is found in 

the bit stream any trailing bits are ignored. 

Consider the following ample bit stream: 

010100 010100 101011 110101 010110 10 

For implementation reasons, the leftmost bit in a group of six is the least significant, so 

the first group 010100 is 10 rather than 20. Given that, and the mapping from Table 

B.2 , the above sequence translates to the character string kklRAb. When transformed 

back to a bit stream, the r ult will be: 

010100 010100 101011 110101 010110 100000 

bu as mentioned previously, the trailing bits will be ignored when the bit tream is 

decoded into a v rsion tring. 
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