IMCS ) Proceedings of the International Multiconference on ISBN 978-83-60810-22-4
= Computer Science and Information Technology pp. 667-674 ISSN 1896-7094

Data-driven Executable Language Model

Jan Kollar, Peter Vaclavik, antubomir Wassermann
Technical University of KoSice Department of Computerd dmformatics,
Letna 9, 042 00 Kosice, Slovakia
Email: {Jan.Kollar,Peter.Vaclavik,Lubomir.Wasserma@tuke.sk

Abstract—Executable language model driven by data streams  But language is more than model and metalanguage is more
is proposed. At the same time, this model is language architeire  than metamodel [12]. Software language engineering based
developed from context-free grammar enriched with communi on grammars [9], [13] is applied either in top-down direntio

cation channels. Four types of formal communication channs ¢ t in bott direction for dedivi
and one type of informal communication channel were identigd 0 generate programs, or in bottom-up direction for degvin

for functional languages, to provide systematic backgroud for ~grammars from programs [1]. In this paper, in constrast to
human-machine communication. Formal channel positions @& program transformation applied to metamodel [8], we prepos
determined by a grammar, not by a programmer. Data streams ntegrated metaprogram and program execution. Instead of
are aproximately as concise as computer machine code buttW0 dimensional compiler construction [17] we ignore omigji

they are semantically equivalent to high-level programs. ¥ing f t tructi iler. In initial st
simple example of functional language we present the prinpie source form, not constructing a compiler. In initial stagés

of functional language architecture construction and its diving OUr design of executable language model, we have visualized
by data stream. In particular, we show how the program is grammar tracing, similar to program tracing, introduced in
initially recorded, and how it can be repeatedly generatedgither  [16]. But in our solution, instead of program inspection,
in original or in a modified version. Data streams radically grammar in the form of metaprogram (i.e. language execeitabl

decrease structural complexity of current programs, preseving del | hitect . ted
their semantics, since they are not executed at low-level eputer model, or language architecture) is executed.

architecture but at high-level language architecture. The main idea behind our solution, presented in this paper,
Index Terms—Executable modeling, language models, lan- IS @s follows:
guage architectures, data driven program generation, domia Let us have a grammaf, and a data streany. Then
specific languages, model and language semantics. S is consumed by language model/architecture derived from
grammarG and this consumption executes progrdm The
I. INTRODUCTION execution inG should be semantically equivalent 1, i.e.

P =GS where[P] = [S] + [G].

semantics of structural elements expected to be evolv oD ata streams5, which represents program construction,
ould be structurally at a very low level (of some form of

in the future. Meaningful sentences can be formulated undd X . .
chine code), but semantically equivalent to progfam

standing terms and expressions, from that they are compoé@% Vi bl £l lexit ¢ fFia. 1
Formalizing current semiformal models is enormous effort, olving problems of fow complexily, See top area of Fg. 4,
since of high degree of their semantic ambiguities. For exoUrce program (tiny blue ball) is transformed to the maehin

ample, UML class diagrams and design patterns are abstr%% e E}yellow lbal_lt) and it is etx?jcgte:j. But slolwrt;g”a Ft)rt(;gtltem
syntactic trees, with freely interpretable non-terminals ot igh complexity, represented by farger biue ball a 0
. ) . . . of Fig. 1, source specification may be semiformal and new
Modeling, prototyping, design and architectonic patter

n X : )
are exploited in current software engineering practice,nau aﬁastracﬂon gap appears, which cannot be bridged over auto-

commonly accepted theory for automatic software producti«gne ETII(I)(;\?IE/z;ItIO get machine executable code represented gg hu

exists so far. Despite the fact, that UML action semantics w. . . . _ A
P A possible solution to this problem is introduced in Fig. 2,

published already in 2001 [4], executable modeling can be ap’ bich original s shifted t tabl del
plied just in specific applications [7]. Even more, no commo:n V\II LC or|g|nzr;1 his;ou:cre 'SS Sml r?ti I(I) e?hecu ame mo el,
methodology for model transformation is available [3]. €. language arcnitecture. semantically, the same comple

. . ) . roblem is solved as before, except that executable saolutio
Automatic software construction by machines is softwate

engineering vision [6], [5]. Generative [2], aspect orézht ° I(:lb:zﬁ:zedaagﬁocqvgtlcfe”sye.nt no software tool for the develop-
[11], or context oriented programming [10] are succesfoifit-s paper, P P

X . . L2 : ment of programs, systems and models in language architec-
ware engineering practices for minimizing accidental ctaxyp tures. We introduce iust princinles and simple imoleméonat
ity in software production. In our opinion however, somedsn ' Justp P P P ;

. . . using Haskell IO monad to be as concise as possible. Prac-
too complicated solutions are provided, because of lowl leve . ; o

. tically, we are using Hugs 98 interpereter, because it iy ful
of abstraction of models and metamodels, and structural com

lexity grows together with semantic complexity of softeiar sufficient for our purposes.
plexity 9 9 plexity In this paper we are focusing on the problem, how to express

This work was supported by VEGA project No. 1/4073/07 "Adpeariented .Cu"ent source form_ of complgx problems - blue ball in Fig. 3
Evolution of Complex Software Systems” in terms of semantically equivalent machine code execeatabl

M AIN problem in executable modeling is how to defin
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II. LANGUAGE ARCHITECTURE CONSTRUCTION

Language based architecture is language executable model,
defined by grammar with communication channels, in which
data streams are consumed and produced, either by user or by
program, and they may be stored in architecture memory.

Low complexity It means that_ Ia_nguage gfchi.tecture is not annotatgd gram-
mar. Grammar is just specification for language architectur

Let us define a simple functional language grammar, with
communication channels according (1).

o~

o
®
S Language — print Ezp
‘¢%¢ Exp — Mul Ci? {Si?(+|—) Mul } 1)
o Mul — Term O17 [ So?( % | /) Mul ]
g Term —  S3?(val? | Exp)
©

where[ ¢ ] = ¢ | ¢, for syntactic expressiop and empty
symbole, and{ ¢ } is transitive closure, i.e.

High complexity

{olt=cleloolope] ...

Fig. 1. Transformation and execution in current machines In (1), communication channels are underlined, and they are
associated with metalanguage constructs — transitivai@os
optional occurrence, and sum of syntactic expressionsgetls w
as with each terminal symbol.

Since grammar (1) is context-free, functional language
o~ architecture is push-down automaton, by an analogy to curre
machines, that are assembly language architectures,nite. fi
state automata.

We are far from hardware construction of context-free
language based processors, and this is not our goal. We are
Fig. 2. Transformation and execution in language architest just interested in the form of a new instruction set, in which
structurally primitive, but semantically powerful dataestms
can be potentially generated and recognized in accurately
identified points, called communication channels.

Communication channels consume data stream, which de-
termines the execution in language architecture.

Informally, the communication channels work as follows:

’) 1) If Cx? consumes 1, then constructs in transitive closure

. are activated, if it consumes 0, then they are not acti-
E> vated.

2) If Ox? consumes 1, then optional constructs are acti-
vated, if it consumes 0, then they are not activated.

3) If Sx? consumes numben, then n-th construct from
the set, which represents the next sum of constructs is
activated.

4) val? consumes a value of terminal symball.

Note, channel€y andOy are represented by one Ifi, can
be represented in most cases by one byte (since the number
or set elements rarely exceeds 256), but each terminal ehann
representation depends on its value type.

in language architecture — yellow ball in Fig. 3. By other pqgition of each communication channel above is given by
words, how to shift machine level of executables to hlgh%r

High complexity

Fig. 3. Reducing structural complexity — increasing executbstraction

A ) rammar constructs. Communication channels derivabla fro
abstraction, to remove current abstraction gap betweerelno rammar are formal.
and programs.

The fifth type of communication channel is informal, it is
Of course, in this paper we are concentrating to initial steghe subject of annotation by a programmer, and it does not
of this solution, using simple example. affect program execution. Informal channels are not marked
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in grammar (1) in this paper, although we are using them second binding, integer valug2 is accessible in the body
the implementation (as prompts to a user). of the second function
The semantics of language architecture is defined by fur{c- > ret ¢ i tenT
tion eval uat e, see Fig. 4. n return (n, streamt+[itentype nj)
Suppose source expressiquri nt 4x(3+2-1)-5 is in variablen.
translated to syntactic tree Then pair (12, [V 12]) is constructed and returned

T PRINT [T SUB [T MIL [T (VAL 4) [], in monad 10. ltem[V 12] is the value of application

T SUB [T ADD [T (VAL 3) [], T (VAL 2) ([]++[V 12]). . .
[11.T (VAL 1) [11]1.T (VAL 5) [1]] In example below, Hugs98 mterp.reter is used to prove that
both (get Streamtem V []) with typed 12 on input
Then evaluation by functioaval uat e yields to result 11. and (get Stream tem V [V 12]) with input 1, work
Our goal is to obtain the same result by supplying thgroperly.
architecture with data stream, instead of supplying com-
piler/interpreter by source code. > getStreamtemV []

12
[1l. DRIVING LANGUAGE ARCHITECTURE BY DATA (12,[V 12])
STREAMS > getStreamtem C [V 12]
1

Constructing initial data stream manually without support 1,[V 12, C 1])
ing tool is enormous effort, since when typing stream data,
we must look at grammar. Nevertheless, if hard task is done
and data stream is recorded to a memory, architecture is abl®lotice thatget St r eanl t emin Fig. 7 has different mean-

to reproduce computation. ing, since it is proposed not to record, but to reproduce
execution.
A. Stream recording It is of type
Stream recording is show in Fig. 5 and Fig. 6. To recor@et Streamtem:: [[String]] ->
input stream, we set all communication channels to inputfro 1O (Int,[[String]])
a user, and to output to the memory. This is done by function
get St ream t emin Fig. 5. and it works as follows:
To make clear monadic style, we explain step by step, hcg/vget Streamtem ["0","1","0","1"]
functionget St r eam t emoperates. 234

First, functionaTol in Fig. 5 transforms string represeny 34 [ 0", "1","0","1"])
tation of integer to numeric representation. For example, t

value of applicatio{ aTol "12") is integer valuel?2. Invoking computation (construct Language []),
Second, algebraic typgat aSt r eamdefinition introduces We may type the stream of numbers, as follows
constructorsS, O, C, andV, such that 04101030100201101000 1
S, O C V:: Int -> DataStream 10500
For example, the value of applicatiohV 12) is the and, as a response, we will get the pair in IO monad of
structure( V 12), of type Dat aSt r eam two items: constructed syntactic tree, and input stream in
Monadic functionget Li ne is constant, which returns anyDat aSt r eamtype representation:
input character string in monad 10. (T PRINT [T SUB [T MIL [T (VAL 4) []
e L eSS A, SIS T U8 [T A00 T (VAL ) 11T (VAL 2
. 9] ad). [11,T (VAL 1) [111,T (VAL 5) []]],
Suppose that functiorget St reaml t em is applied to [SO0,V401,S0,S1,S0,V300C1
constructorV and empty stream, represented by empty list s 0 S0V 2 00 C1.S1.S0V 100
[1.ie. C0,00,C1,S1,S0,V500CQ0])

getStreamtemV [] :
B. Program reproduction

The application above is evaluated as follows.
get Streamtem reads a string from terminal, for
example" 12", and returns it in monad 10.

Binary operation( >>=) binds value" 12" in monad IO
and unary functionnns -> return (aTol ns). After construct Language
binding by (>>=), variable ns is value" 12", which is (dataStream datastrean) >>= \(lang,ds) ->
transformed tol2 and returned back in monad 10. Aftereval uate | ang

If the stream is recorded, communication channels can be
switched to accept input from memory, see Fig 7, and program
is reproduced by
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data Synbols = Language | Exp | Mul | Term|
PRINT | ADD| SUB| ML | DIV | EXP | VAL Int
deriving Show

data Ta=Ta /[T a] deriving Show

evaluate :: T Synbols -> 10 ()
evaluate (T PRINT [st] ) = putStr (show

(eval Exp st))

eval Exp :: T Synbols -> Int
eval Exp (T ADD [stl, st2] ) = eval Exp stl + eval Exp st2
eval Exp (T SUB [stl, st2] ) = eval Exp stl - eval Exp st2
eval Exp (T MUL [stl, st2] ) = eval Exp stl * eval Exp st2
eval Exp (T DIV [stl, st2] ) = eval Exp stl1 ‘div’ eval Exp st2
eval Exp (T (VAL x) [] ) = X

Fig. 4. Language architecture semantics

Data streandat ast r eamis consumed until it is empty,
by function stream tem While reproduction, function
get St r eanl t emis not applied at all.

For the purpose of explanation, we insert lowercase letters
in positions of user input. We also designate switching to
computer (by>) and switching to user (by).

Note, instead of using some external file for recorded Then we may see mutual cooperation of program and user,
stream, we just copy it via clipboard, and define constaim the form

function dat ast r eam Functiondat aSt r eam transforms
numbers to string representation.

>0<a>1010<b>0100<c>011
0<d>000110<e>00c<

Reproduced output on the screen in verbose mode is shown

in Fig. 8. This looks as while recording, except that thisetim
user types nothing.

The form above is abstracted representation of all com-
putations over variables, b, ¢, d, and e. It is meta-

Informal channel (user interface) does not affect the comp&Pmputation integrated with computation, such that eawigst

tation, hence switching verbose computation (Fig. 8) tequi
mode (see Fig. 9) means just removing each occurrence
monadic chaiput Str (...) >>= \() ->.

Screen would contain no lines with prompts.

C. Program alternation

It is possible to change recorded program, allocating som

activities to user, and others to architecture.

For example, we can filter out all data stream valg&sx)
from data streantdat ast r eam obtaining substream, and to
switch value communication channel to user input.

Then, instead of recorded data stream, as follows

0410103010020112010001
10500

the next data stream is executed in language architectur

010100100011000011000

> string < represent the history of program construction
(pfogrammer decisions) executed in language architecture
and each stringc string > represents user decisions for
concrete values.

In this paper, we present just ability for switching human—
computer activities, not its flexible solution.

Considering current grammar approaches, our data streams
fe not sentences in derivation, since they contain neither
terminals nor nonterminals. Considering DSL's, our goalas
to derive DSLs like Jargons [15]. Our mention is that all DxSL
are executable (at least in human brain) and derivable from
common superset language (provided that we are able to find
it). This may integrate many approaches in DSL's develogmen
[14], since we may concentrate to abstraction shift of human
computer communication to develop semantically powerfull
executable languages.
€. When starting this work, our aim was to produce executa-
bles directly from context-free grammar rule— «. We were
not successful, and we decided to solve the same problem

This stream produces domain specific language for printiitg bottom-up manner, taking (less metasemantic) form of

values of all expressions
print ax(b+c-d)-e.
The screen output is shown in Fig. 10.

EBNF with closures, since of similarity with imperative o
planning to extend our approach to imperative and object
languages in the future.
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aTol = foldl op O where x ‘op* vy =x » 10 + ordy - ord 'O’
data DataStream= SiInt | OlInt | Clnt | V Int

getStreamtem:: (Int -> DataStrean) -> [DataStreamn
-> 10 (Int,[DataStreani)
getStreamtemitenmlype stream=
getLine >>=\ns -> return (aTol ns) >>=
\n ->return (n,streamt+[i tenmlype n])

construct :: Synbols -> [DataStrean] -> IO (T Synbol s, [ DataStreani)

construct Language stream =
construct Exp stream >>= \(exp,stream) -> return ((T PRI NT [exp]), stream

construct Exp stream =
construct Mul stream>>= \(mul,strean) -> closure mul stream
wher e
closure mul stream = putStr "#Cl# [0/1]? " >>=
\'() -> getStreamtem C stream >>=
\'(n,stream) -> caseSel n stream

wher e
caseSel n stream
| n == = sel ect stream >>=
\(op,stream) -> construct Mul stream >>=
\'(rmul’,stream) -> closure (T op [rmul,mul’]) stream
| n == =return (mul,stream
sel ect stream = putStr "#S1# [0:+,1:-]: " >>=
\'() -> getStreantem S stream >>=
\'(n,stream) -> return (([ADD,SUB] !! n),streamn

construct Miul stream = construct Term stream >>=
\(termstream) -> optional term stream
wher e
optional termstream= putStr "#OL# [0/1]? " >>=
\'() -> getStreamntem O stream >>=
\'(n,stream) -> caseSel n stream

wher e
caseSel n stream
| n == = sel ect stream >>=
\(op,stream) -> construct Miul stream >>=
\'(rmul’,stream) -> return ((T op [termmul’]), strean
| n == =return (termstrean)
sel ect stream = putStr "#S2# [0:*,1:/]: " >>=
\'() -> getStreantem S stream >>=
\'(n,stream) -> return (([MJL,DIV] !'! n),strean

Fig. 5. Data stream recording
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construct Term stream = putStr "#S3# [0:val :?, 1: Exp]: >>=

\'() -> getStreanitem S stream >>=
\'(n,stream) -> caseSel n stream
wher e
caseSel n stream
| n==0 =terninal stream >>=
\(val ,stream) -> return ((T (VAL val) []),stream
| n ==1 = construct Exp stream
term nal stream= putStr ("val: ") >>=

V()

-> getStreanltemV stream

Fig. 6. Data stream recording — continued

IV. CONCLUSION [5] Jack Greenfield, Keith Short, Steve Cook, Stuart Kent fivre Facto-
Mai tributi f thi . foll E tabl ries: Assembling Applications with Patterns, Models, Femrarks, and
ain contribution of this paper is as follows. Executable 1, wiley, 2004, 500 pp.
language model can be implemented as language architectelré. van Gurp, J. Bosch, and M. Svahnberg. On the notion dflviity

driven by data streams. Data streams are language arcingect in software product lines. In Proceedings 2nd Working IEEEFIP

. Conference on Software Architecture (WICSA), 2001, pp.5%b—
programs, but careful reader may notice, that data streaSjinhong Zhao, Shufen Liu, Xianyan Wang, Liang Chen, Ghwsei:

represent not program itself, but the history of its corttanm, Research and design of an executable modeling language basdOF,

: : : : IEEE 9th International Conference on Computer-Aided ItclisDesign
in a formalized manner, and a very concise representation. & Conceptual Design, Kumming, China, 22-25 Nov. 2008, pro-34.

For example, considering 10 S, 6 O, 5 C and 5 V@ F. javed, M. Mernik, M. Gray, J. Zhang, B.R. Bryant: UsiagProgram
channels in our sample of expression, data stream takesTransformation Engine to Infer Types in a Metamodel Reqp&ystem,

_ ite i ; Acta Electrotechnica et Informatica, Vol.8, No.1, 2008, Bp30.
(80+6+5+5x 64) = 411 bits, i.e. less than 52 bytes, WhIChQ R. Lammel: Grammar Adaptation, In Proc. Formal Methd&srope

is comparable with the number of computer machine instruc= (Fme'01), volume 2021 of LNCS, Springer-Verlag, 2001, pp05570.
tions. But streams do not control current low-level computl0] Martin von Loéwis, Marcus Denker, Oscar Nierstrasz:n@xt-oriented
architecture, but extensible high-level language archite, as programming: beyond layers, Proceedings of the 2007 iatiemal

. . . . conference on Dynamic languages, ACM International Cemfeg Pro-
we have illustrated for functional language case in thisepap  ceeding Series; Vol. 286, Lugano, Switzerland, pp. 143-156

To make more reliable conclusions about the successful] Gregor Kiczales, Erik Hilsdale, Jim Hugunin, Mik Keest, Jeffrey Palm,

applications of streams in practice, it is necessary to ldpve "I’_“,deg"i'\'/igr‘zgﬁeﬁ""%'g; ’*3"550"e’VieW of AspectJ. ECOOP'00@,
Imperative and ObJeCt oriented executable |anguage_ mﬁmls_[ﬂ] Anneke Kleppe: A Language Description is More than a avieddel.
well as some method for automated (or at least assistedlinit  In: the 4th International Workshop on (Software) Languageifeering.
i 2007.

ref:ordlng of source programs to the form of Strea.ms' Secor[;l?;g P. Klint, R. Lammel, C. Verhoef: Toward an Engineerifgscipline
it is necessary to select language of streams, which would B€to; Grammarware, ACM Transactions on Software Engineeramg]
potentially useful as a target communicating language @etw  Methodology, Vol.14, No. 3, July 2005, pp. 331-380.

human body and language oriented computers. [14] M. Mernik, J. Heering, and A.M. Sloane: When and How tovElep
y guag P Domain-Specific Languages, ACM Computing Surveys, Vol. 198, 4,
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getStreamtem:: [String] -> 10 (Int,[String])
getStreamtem (d:ds) = getLine >>=\ns -> return ((aTol ns), (d:ds))

streamtem:: [String] -> 10 (Int,[String])
streamtem (d:ds) = putStr (d++"\n") >>=\() -> return ((aTol d), ds)

construct :: Synbols -> [String] -> 10 (T Synbols,[String])

construct Language ds = construct Exp ds >>=
\(exp,ds) ->return ((T PRINT [exp]), ds)

construct Exp ds = construct Miul ds >>= \(nul,ds) -> closure mul ds
wher e

cl osure mul ds

putStr "#Cl# [0/1]? " >>=
\'() -> streamtemds >>=
\'(n,ds) -> caseSel n ds

wher e
caseSel n ds
| n == = select ds >>= \(op,ds) -> construct Miul ds >>=
\'(rmul’,ds) -> closure (T op [mul,mul’]) ds
| n == = return (nul, ds)
select ds = putStr "#S1# [0:+,1:-]: " >>=
\() -> streamtemds >>=
\'(n,ds) ->return (([ADD, SUB] !! n), ds)

construct Mul ds = construct Termds >>= \(termds) -> optional termds
wher e
optional termds = putStr "#0OLl# [0/1]? " >>= \() -> streanitemds >>=
\(n,ds) -> caseSel n ds

wher e
caseSel n ds
| n == = select ds >>= \(op,ds) -> construct Miul ds >>=
\(mul’,ds) ->return ((T op [termmnul’]), ds)
| n == = return (termds)
select ds = putStr "#S2# [0:+,1:/]: " >>= \() -> streanitemds >>=
\(n,ds) ->return (([MJ,DV] 'l n),ds)
construct Termds = putStr "#S3# [0:val:?,1:Exp]: " >>=
\'() -> streamtemds >>=
\'(n,ds) -> caseSel n ds
wher e

caseSel n ds
[ == 0 =terninal ds >>= \(val,ds) -> return ((T (VAL val) []),ds)
| n==1 = construct Exp ds

termnal ds = putStr ("val: ") >>=\() -> streamtemds
datastream= [SO0,V4,01S50,S1,S0,v300,C1,S0,S0,V200,
ci1,s1,so0v100,C0,00,C1,S1,S0,v500,C0])

Fig. 7. Automated program reproduction
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* Hugs for Windows 32 Q@@

File Edit Interpreter Browse Help

c:3Hughs9841ib\Prelude.hs I o
c:\Moje dokumenty\M Clanky\Clanky2009\Wapl09)sanples09\fundatastreanloud.hs

Main> construct Language (dataStream datastream) >»>= \{lang,ds) -> evaluate lang

#33# [0:val:2,1:Exp]: O

val: 4

#01# [0/1]2 1

#3528 [0:%,1:/]: 0

#53# [O:wal:?,1:Exp]: 1

#53# [O:wal:?,1:Exp]l: O

val: 3

#01# [0/1]2
#Cl# [0/1]2
#51# [0:+,1:
#53# [D:val:?
val: 2

#01# [0/1]2
#C1# [0/1]2
#51# [0:+,1:-]7: 1
#33# [D:val:?
val: 1
#01# [0/1]2
#C1# [0/1]2
#01# [0/1]2
#Cl# [0/1]2
#51# [0:+,1:
#53# [O:wal:?,1:Exp]: O
wval: 5

#01# [0/1]2 O

#Cl# [0/1]2 O

11

Main> I

O+ [N ¢ |B|&F X |2 %

O

[ [ [ [

LI >

Fig. 8. Stream driven verbose computation

* Hugs for Windows 32 Q@@

File Edit Interpreter Browse Help

Hugs session for: »
c:\Hughs98\1lib\Prelude. hs

c:\Moje dokumenty\M Clanky)\Clanky2009\Wapl09)sanples09)\fundatastreancaln.hs

Type :? for help

Main> :e

Main> construct Language (dataStream datastream) >>= \({lang,ds) -> ewvaluate lang

11

Hain>

NCAl: s =

i >

Fig. 9. Stream driven quiet computation

“ Hugs for Windows 32

File Edit Interpreter Browse Help

ﬁ Main> construct Language (dataStream datasubstream) >>= \({lang,ds) -> evaluate lang
val:
ﬁ| wval:
wval:
wval:

X
wval:
e
S

B W -

21
Hain>

£

< |

™

Fig. 10. Stream driven cooperative computation



