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~ Chapter 2

Additional background

The peevious chageer, especally section 12, ha already introdeced the mont important
backpround concepes. However, we aoed to provade additional, more detasled information
on the rescarch context. This chapeer will present the sotions used throeghout the thesis,
explain the existing methods of prassmas engincering and define cur view on Bem. Both
purpose and imgorance of gramenss transfomation, recovery, converpeace and doce-
mentation should become clear, enabling the remaining chapsers 1o focus directly on the
cosenbutions

2.1 Terminology

There are notions that will be wsed extensively in this chapser yet could have remained
unchear from the previous sections

- A Erammar is a stnct and precise defisibon of a language in s formal sense (as

8 861 of allowed wordy), Hesce, the grammar defines the structure of a plece of source
B ote. Grammans for maistream kanguages used i industry are g, they are mot sup
1 posed 16 be read by humans and be manually checkad for completencss, comectacss and
“mﬂm Instead, an avtomated approach is taken with an mffsiracteee xccpong
2 formal grammar as an inpet and producing a paner, a trassformational 1001 of other

~ PIAIMMArwarc as an oulpet

B The wewds “schema”™, “catology™ oe “metamodel” are wsed intcad of the woed “gram

S ™ i different arcas.  Schemuata and data models are sotions relased %o gramemars

o database and data manipalation rescarch, although not all data models can be eaily
_-, mapped %0 prammars. XML also calls its gramman schemata, whether B¢y conform w0
S XML Schema {75, 205), RELAX NG [ M), DTD [20] ¢¢ any other standard. Omiologies

) J-M in complex matters such as semantic web, business process modelling o arma.
ﬂ intelligence [221). They mostly fall outside the scope of this thesis because of thew
 complicate natere. Geamesar dosain ks smallier, vimpler and does not face the kind of

m that are typical for catology alignments

~ Grammar definithon formalivm s 20y Lind of notation for maodelling the syntay
£ of & language. 1t cam be toxtual with caly a few basic features foe denoting terminals,
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import types. *; |
import org.antle.runtime. *;
import java.io.*;

public class TestEvaluator {

public static void main(String[] args) throws Exception { |
ANTLRFileStream input = new ANTLRFileStream(args[0]); i
FLLexer lexer = new FLLexer(input);
CommonTokenStream tokens = new CommonTokenStream(lexer);
FLParser parser = new FLParser(tokens);
Program program = parser.program(); 5
input = new ANTLRFileStream(args[1]); '
lexer = new FLLexer(input);
tokens = new CommonTokenStream(lexer); .
parser = new FLParser(tokens);
Expr expr = parser.expr(); :
BEvaluator eval = new Evaluator(program); |
int expected = Integer.parselnt(args[2]);
assert expected == eval.evaluate(expr);
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LLanguage: XML (BGF)
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<?xml version="1.0" encoding="UTF-8"?>
<bgf:grammar xmins:bgf="http://planet-sl.org/bgf">

O P A R el WY e P AR Y >, e

P T N, -~ L

L e

<root>Programs</root>
' <root>Fragment</root>

<bgf:production>
| <nonterminal>Program</nonterminal>
: <bgf:expression>

<plus>
<bgf:expression>
<selectable>
<selector>function</selector>
<bgf:expression>
<nonterminal>Function</nonterminal>

t </bgf:expression>
E </selectable>
t </bgf:expression>
* </plus> }
: </bgf:expression> 1
' </bgf:production>

Ll s
[ </bgf:grammar>

A e,

E

v A T e S T e,
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Figure 2.2: Dependescy graph showing all linguage transformations, Thin grey lives
2.2: Dependescy g i X

denote fools present prsor 8o this research, Thick grey edges are for ui-dt\\lwm

formations

XPath dalect [173) was used intersally by all Pythoa scripts that were working Wi
XML (m particelsr, Language Comverpence Infrastructure), and classic XPath asi
standabone ool for amalyses. ¢ SINCS and presentathon

XQuwery srpts were penenating o

uipat when XPath was not able to express the devigaed
benchmarky

213

Transformations used in the thesis

Figere 22 shows 3 de

1) - -
Pendency graph
ll‘a.u‘(.‘

of all languages and other artefacts of grammad
g ‘wi't':td..r-n:!m.:o.rb Every sode in this graph demoastrales a [(ml..‘ls
odpes wer ~ T“;“ S pant. Every odpe is a transformation. Al sof
T Cred and implemered ay & part of this rescarch project. Thin grey edgst

2.13 Transfoemations used in the thesis

represent extemal wrasa formation
Framework [99), Geaphiviz [74)
were codevelopad of Laken |

MABBCL vach an hose provided by Eclipse Madelling
or LTEX. Thick grey edpes are for eanormations ot
rom thind partics. We list Shem helow

o XBGF ks a collaboraton effoet with Prof. Dr. Ralf
o JavalBGF, XSD2BGE
Prof. Dr, Ralf Liamenc]
HTML2XSLFO & courtesy of As

lammel

XML2BTF. DCG2BGF aad BTY IBGF are councyy of

tcana House, bac.. e permission granned
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i
; L jls1 | jls12 | jIs123 Jls2 jIs3 read12 read123 Total : I
¢ Number of lines 682 | 5114 2847 6774 10721 1639 3082 30859 |.
'+ Number of transformations 67 290 111 387 544 7 135 1611 |
,[ o Semantics-preserving (§4.2.2) 45 231 80 275 381 31 78 1121 §:
i o Semantics-increasing/-decreasing 00 58 31 102 150 39 53 455 | '
1 o Semantics-revising — 1 — 10 13 7 4 3oavitl
| Preparation phase (§4.2.1) — — 15 24 11 14 65 i
i o Known bugs — — — 1 11 — 4 16 i
{ o Post-extraction — — — 7l 8 7 5 D
¢ o Initial correction 1 — — 7 5 4 5 2.5
| Resolution phase 21 59 31 97 139 35 43 425}
1 o Extension (§4.2.3) - 17 26 - - 31 38 1925
1 o Relaxation (§4.2.4) 18 39 5 75 112 T 2 251 |
i o Correction (§4.2.5) 3 3 — o)) 2 4 3 62 i
f i
|
} |

e e T A e S e L e A A AR B SR AR v |
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¢ Number of lines 682 | 5114 2847 6774 | 10721 1639 3082 30859 i
'+ Number of transformations 67 290 111 387 544 7 135 1611 |
i [ o Semantics-preserving (§4.2.2) 45 231 80 27 381 31 78 1121 §
i o Semantics-increasing/-decreasing 0 58 31 102 150 39 53 455 | '
1 o Semantics-revising — 1 — 10 13 7 4 3544448
1 Preparation phase (§4.2.1) 1 — — 15 24 11 14 65 i
i o Known bugs — — — 1 11 — 4 16
{ o Post-extraction — — — i 8 7 5 ok |
¢ o Initial correction 1 — — 7 5 4 5 2255
| Resolution phase 21 59 31 97 139 35 43 425}
1 o Extension (§4.2.3) — 17 26 — — 31 38 1925
1 o Relaxation (§4.2.4) 18 39 5 75 112 T 2 251 |
o Correction (§4.2.5) 3 3 — 22 27 4 3 62 i
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4.3 The domain

431 Sources of comvergence

gurc 4 :
: " ¢ ;}:N"-\ B skewch of 2 CORVETRERCE tree for some of the custmg FL implemnce
OO Sl L . ‘ :
;\ el waves of the ee (at e WP of the Speec) denote Slferent sources foe n
¢ une U TI source here 5o meas “softe arc 1 l ‘
) X AMefact cootameng we
Here o abort description of the soarces for n ) o TV e

antlr This is a paner description in the pot language baguage of ANTLR [202] Se
manbc actioes (m Java) are intortwinad wigh EBNF-bie product 5
(kg This »

r 4

X

2 g program wimes s Be syle

of definte claone gramman., soc Liw
S

sl This is a concrete symtan defimition in the scestion of SDF (Systax Defisssson Formal

vem [ S5, 2390 It is peeser doxripoon hased on the SGLR implementaton foe SDF
Scanserions Gonenalised LR Parving), see Livting 4.1

I Thes s another concrete systan definition e sotaton of TXL (Turing ¢ Xender
Language) tramdormational framework [ 19, 42 43). Unhie SDF. thes framework
Uy 3 combumation of patiers musching and term reentng

ccore Thas in 3o Ecore moded [ 197), cremed mansally m Echpse [49] and represcnted 1
XML soe Litng 4 0

ecorel Tha altermative Ecore model wis sstomatcally pencrated by Eclipee from e
XML Schema and extracted from XM [196)

asd Thas is an XML schema [75, 208] for 8 abstract syntan of FL. Ia fact, B s e
schema that served as the input for peacrating the obpect madel of B Jd soerce
and the Ecore model of the econed sosrce

om This is a hand-crafSed object model (Java chanses) for the adwant symtan of FL. R s
wsed by a Java-based implementation of aa FL. isterpreser

Jaxh This & also an obyect model, but it wan gescrsied by ihe NML-ats dending tech
sology JAXE [126] from an XML schema for H

The sources are part of FL Maguage peocesson, ¢ 8 . insopeeien and opomaT.

4.3.2  Targets of convergence

Coanider again Fagure 4.1, The imaer aodey and the st deoote tarpets of the Coeverpemy
peocess. Those are pramumans that are dertved by traosformmatoe with e wie purpose of
. »

ovlaNndeng prammar aguality There arc the Rollowmag tacpets

topdown The sowrces antlr and doe Doth imvoive lop-down paning.  Their coerespon
dence can be extablishod by & few urpie refasnag siom

concrete This tarpet comverpes all concreie symiat Jefintoes. A moecworily t"ﬁ:\“
i 18 TSt sl Uses OBC CAJEERARN scterminal, whoroas Agndowm uses two Jayer
¥ 3 Thed A
Tgure 4.2 The & ‘!."’f‘;' “H.-rr.-x ‘..‘,:u‘ for the Factonial Language. The evarniers
{ nominal & flerences plus the number of stroctarsl differ
od actioms e hobder, with the gencralor's Bame
" en ol s two in onder 1o apply the metrics (otherwine

make & branch &
. . g -
PAROKTE B syechronsatson)

"
cach bubbic we e
onces. Edges O ¢ respond 4
. The tarpet svade!
! oeodd e e 1o

) Sats
e,




I ' ' jls3 | read12 | read123 || Total l
o rename 10 2 36 ;

|
i O reroot 2
I

o unfold 13

| o fold 13

i o inline 100
o extract 30
. o chain —
o massage 82
i o distribute 6

o factor 24
o deyaccify 38
o yaccify 1

o eliminate 29
o introduce 13
o import —
o vertical 09
o horizontal 31
o add 20
o appear 25
o widen 8

o upgrade 20
O unite 21
o remove 18
o disappear 11 — — 33

SRS

250 i
7’5 5

70
18 |
44
87

46
34 85

b asuiletint Al abint sndaml

8 62
4 84
103
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s S a 8

| mw~w§-&m| uo|
)
S

S Con e M B e A

i t o narrow 4 — — 5 .
' t o downgrade 3 — — 13 | .
1 o define 9 1 6 26 1
' o undefine 3 - - 11 {
E o redefine i 6 2 26 i
' o inject 4 ) 1 7
| o project 2 — — 4 I

o replace 6 1 1 17 |

o unlabel e A 5 5 . |
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Table $.5: Sywematic COMPAraon ¢
ferest frameworks

d prum

Case study on reconvery and comergence

mar trassdormation operatoes provided by dif

5.9 Related work

o bated
as FST s seperate. see the table foe the typo
Ihere us gencrally a temsion bhet 3
) X woen the member of peanf
wBhocvable precision of a mnd.-muma.d peogram "\\l:m o Vi e
thereby emabling extra sasaty chacks by ¢ ramf, bl

ple, the line “add a product) . : . §
: 08 10 the grammar™ =
include another peodection mto an cxise ::,d Sbom ey be wmed to
LI O more prodections
weserminal. In GRK, all these idoms are modelied by .;:ﬁﬁf‘::m S S
are documentad. and 5o extra checks csa be performed uk: 2 ‘lm it
X S Naly. Ia the of

NBGF, we have indoed tned o separae ihoms aggressively. Thin approach al ;:l.‘
with prodicting the formal Properties of cach spplacasion N‘lvndw‘.ubm .'v“;u e
CMANNCS-PIeserving, -mcreasing, ~decreaving, “revivng L, and chalm L‘rrr:‘ iy

g definnton, or 1o
n a0 ¢ffoel 50 resolve masing defaition, of 1o ot :

593 Grammar engineering

Let us alwo discuss some additionad related work on grasmemar enpincerag [141) i a
beoader seme. We begin with ssetrics which are esed by vances recovery approaches
and other work on grammas cagincenag. We wast %o highlght 6, S5, 135, 150, 174)
Our work leverages simple grammar metncs (sumbers of botioss and 1op nosterminaly)
and grammar-comparnson metncs (numbers of sominal sad wractural differonces ) for pro
viding guidance in a grammar COnverpence comieat

An interesting blend of recovery and comverpence (or comtitency checking) o de
wnbed in [21] where precedence rdler are recovered from multple pramenan od
checked for comsistency. Al this point, grammar CORVErgence (i oo some) does aot
cover such sophisticated comvergence insacs. §s fact, our approach is, as yet, oblivioes
techmology-specific representations of poority reles (s med i, sy YACC or SDF). We
could potentially detect prionity layers in plais gramman, hough

An alternative 1o grammar reconvery is the use of 3 fleubie parving wheme based o
advanced erroe handling [12, 15, 142], sebect 10 2 bancline prammar Became of Bexile
pansing, the grammar could aluo be used 10 pane 3 dialect; a0 precise gramma N
Also, code with syntax emmors can be hundiod, which is important in some agplication
srcas voch as revense of recngincering of legacy code

There are approaches 10 connct the techescal spaces of ;numarr\:\! nl:\-.\xv
in a manner that can be viewed 38 & form of grammar COMTIETE by ?-‘::
mav be obtained from the (metamodel bused on appropose etadens ad A .‘*_
134, 192). We ahio use B¢ term moded ";‘;‘: ‘“’:\1_‘ :
velopenent foe these approsches The poist of Fmr“mmum.m‘-‘u:hﬂ (l‘\:\'\ afer
very flenshle means 10 repeesent relaticaships betwees § o devigning gramenar hased
ent technical spaces-—without enforcing 3 perticelr achise ¢1CE'Y

artefacts

using & generative approach |
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Figare 6.2: The life cycle of a language prasenar in the tra mformational environment
froen & gramenar kaow ledge possessing software artcfact on the kel 1o the usable working

grammar on the nght

Figure 6.3: The life cycke of a lasguage docus

nfrastructure: from the sructure SOWre

trassformed to its wMimate foem and fin

meat in the prototype language Sxument
€ 0n the left 10 the extracted document gradually
ally pretty-printed for presentation on the right

6.7 XBGF case uu.j‘y

language iImpeovement, asy i
7 PAMnar muissengnce
KUvitiey, o)

s computed

In the prototype of By chapter we
the 1ools 10 map definitions of XML ele

ductions, for which the Cxtracior |
roes (hm
o map XSD annotations 1 o

- ) LD! e tuyl far.
onc can use XLD¥F commands 1o tramsf

sources of information soch 2 teu ves

tation.  Transfoematsons whitten & X1DJ

3 . . " Cam take D
a&aplation, evoletxon, beastification, et 3 dicunied t‘ak: :M& ml e g
ment is considered ready for Prosentation, and of ‘ Iy 8 LDF docu
PDF file out of it, a TEX source o 30 HTML web poge Prmerator wels allow o make 3
Pupe

6.7.1 Extraction

For us the contral o
when we staned u[:n"(rsrt::?l’:(m\";g; m:}: v v m R Albe o
- jar p » Prammar of XBGF has already boen

specified by an XML Schema definsion shared [x3d/x2Gt  xaf i SLPS [263]. This
schema was not used directly i parsisg by e Prolog propran St hasdiod the trasfor
mataons, bot validation chocks wese performed wrh 2

XSD 10 BGF mappeng bas abso aleeady been establivhed 25 3 part of FL case ol
we section 4.3 and Linting 4.10. We needad cely 10 exiend & % design XSD w0 LDF
rapping. [t was docadad that every XSD construct tht &efined 3 schema enty showld be
rapped 10 3 separate top-leved secton of a language document. Those constracts were
XML clements, XML amnibetes, named contest 0PN, proeps and Minbuse groeps—cach
of them wan mappad 10 a noatenninal symbol for BGF and 1 & section descridiag s
nonterminal foe LDE

In XSD it is possible 10 asacese aay contnxt with 2 piece of et and thae fea
ture was exsensively stilised during schema development phase %0 provide comments for
XBGF operators. With xsd:annotation and xsd:docusentat Lo tgs we ha
scally imerted typical kaaguage documentation isformation right it the schema. The
idca came natsrally 10 map such asnotations 1 Be lextual content of the comespoadag
wetions of the language manual

Two front matter sections were decided 5 be filked differently: forewond aad sorma
tive references. The wop level annctations (Bose asignad 1 Be whole documcst and o
1o 2 specific definition) were mapped 10 forewond and the it of mpored \ML &h:l:
definitions became moemative references. Aftor fillang oot detsls Ble the &:.::l,)tﬂ
and author we were ready 10 prodece 3 corect LDF docemcnt for sty given -

6.7.2  Transformation

uneel mﬂ\’ XSD 1o LDF extracior wan
Wbt & m:n\!uw‘m»mm
very simple and 100 straightforwand, we soadod 8x

e The
wancxt a6d peetty-frnt samples,

the sections, to add lacking texseal coatent, 10 € 1’“ at

transformation suite explaingd i sxton 6.6 was med
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Coac lusson
244 NG ian

lijke taal) kan beschripven. Zo wonk het mogelik om cen dacument op semi-sulomatische
2e te verbeteren, o venfitren, aan 1c passen of te henstructureren, Ook woedt het mo-
“} o :

pelik scmi-amomatisch ocn PDF- of HTML-verse van ecn Jdocument 1o goncroren

. 3 volpende
De vooenaamise contributies vas dit procfschrifi 22jn de volpende

» Het stappenplan voor herwianing van ocn grammalica ¢ andere inzichien op da

gebied — nic [257] ea Hoofdstuk 3
y De lichtpewscht verificatictechaick gensamd “grammaticale convergentie™ — zie
[166. 167, 168, 258, 259] en Hoofdstukken 4-5
De catwikkeling van d¢ gramenaticale ontrekhers, met name de regel-pebasecrde
e 7ie | 168] €8 Hoofdatuk 5

De 18 verschillende gramenatica’s peproduceerd door deze ontrrekkers — zie [260]

De podetaillcende analyse vas meer dan 40 huidige talstandaarden on taalhandboe-
ken — zie [262) en Hoofdstuk 6

s Het datamodel voor het taalspecificatiodomein — zie [262) en Hoofdstuk 6

o Het opselien en bet prototyperen van de taldocumentatic afrastructuur
{143, 258 259) en Hooldstek 6

» De 6 domcin-specificke talen voor gramemarware en de door onze infrastrodtess
peproducecrde taldocumenten voor hem — zie (258, 259, 261] en Hoofdstakken
67

De krachtige set operatoren voor grammaticale transformaties — zie [ 168, 261] en
Hoofdwul 7

Met sstzondenng van calane documenten, zijn er in totaal acht publicaties op basis van
dit proefschnft, wasrvan &éa journal paper [ 168), &n 150 document [ 141), twéé extended
abatracts [257, 258] en vier proceadings papers [ 166, 167, 259, 262
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8.1 Summary
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arad 80 make Bose cutracion so advinond B they oponsie on & st of rules spociied
by a Language enpincer beforehand. Based on sch roles, S eveacton dete and
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* [anguage recovery steps generalised

* Language convergence methodology proposed |
* [anguage documents analysed

* ‘ITransformation languages developed

* All tools and infrastructures prototyped

* Several grammars and relationships delivered
|
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