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Relational Meta-Language

a system for generation of efficient executable
code from SOS/Natural Semantics specifications

fast learning curve, used in teaching and
specification of languages such as: Java,
Modelica, MiniML, Pascal,..

developed by Mikael Petterson

“Compiling Natural Semantics” PhD Link6ping
University 1996

also as Springer Lecture Notes in Computer Science
(LNCS) vol. 1549 in 1999

previously poor environment support (Emacs,
command line tools)



SOS/Natural Semantics vs. Relational Meta-Language

RML has the same visual syntax as SOS/Natural Semantics

rule <cond>
RelNamel (H1,Tl) => Rl & ...
RelNameN (Hn,Tn) => Rn &

RelName(H, T) => R

RML language properties
Separation of input and output arguments/results
Statically strongly typed
Polymorphic type inference
Efficient compilation of pattern-matching



SOS/Natural Semantics vs. Relational Meta-Language

Natural Semantics formalism Relational Meta-Language
Integers.
ve Int module expl:
expressions (abstract syntax): et o syntax ot language
eec Exp:=v datatype Exp = INTconst of int

ADDop of Exp * Exp

I
el+e2 | SUBop of Exp * Exp
el — e? | MULop of Exp * Exp

| DIVop of Exp * Exp
el* e2 | NEGop of Exp
el/ e2 relation eval: Exp => int

end

—e




Natural Semantics vs. Relational Meta-Language

Natural Semantics formalism Relational Meta-Language
relation eval: Exp => int =
1) v=>vVv | | |
axiom eval (INTconst (ival)) => ival
rule eval(el) => vl &
(2) el=vle2=v2 vlt+v2=vVv3 eval (e2) => v2 & int add(vl,v2) => v3
el+e2=v3 eval ( ADDop (el, e2) ) => v3
rule eval(el) => Vvl &
(3) el=vl e2=v2 vl-v2=Vv3 eval (e2) => v2 & int sub(vl,v2) => v3
el+e2=v3 eval ( SUBop(el, e2) ) => v3
rule eval(el) => vl &
(4) el=vl e2=v2 v1*v2=v3 eval (e2) =Z v2 & int mul (v1l,v2) => V3
el+e2=v3 eval ( MULop (el, e2) ) => v3
rule eval(el) => Vvl &
(5) el=vl e2=v2 vI/v2=V3 eval (e2) => v2 & int div(vl,v2) => Vv3
e1+e2:>V3 eval( DIVop(el, e2) ) => Vv3
e=>V v=>vneg i
(6) eval ( NEGop(e) ) => vneg
—e:>Vneg end (* eval *)



The Need for RML Integrated Environment

Facilitate language learning and specification
development

easy creation of RML projects and modules

easy discovery of errors

browsing, code highlighting and assistance

debugging (step, run, stop and inspect features)
code refactorings

Large specifications are hard to develop

Example: The OpenModelica compiler for Modelica
43 packages
57083 lines of code
4054 relations
132 data structures



The RML System

. | RML
.rml flle " Compiler

Frontend

cfile

GCC
Compiler

.cfile




The RML Eclipse Environment - Overview ()

RML
Compiler

RML Parser

RML Code

Assistant RML
RML Editor Debugging
Framework

RML Browsing

RML Browser

RML Debug
Interface

RML Debugging

SOSDT Perspective



The RML Eclipse Environment - Overview (lI)

. | RML
.rml flle Compller

Type Inference
I nfor mation

RML Parser

| RML Parser |
RML model

RML RML
Browser Editor
RML
Code Assistant
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The RML Eclipse Environment - Overview (lII)

i R RML
.rml flle Comp”er
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Debug | +
Interface Debugging
runtime

RML
Editor
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Creating RML projects

& RML - absyn.rml - Eclipse SDK

Fle Edit Refactor Mavigate Search Project Run Window  Help

sy e: /IR 7 Project...

Open File... —

Close - —— x

Close Al Cirl+Shift+04 || Folder ' Create a Rml project

= Fila Create a Rml project in the workspace.

- |EEE ChlHS
I-;:!.;I. Save As... l_ij Examp 1 Project name: | test
| PR Chp 4+ SHifE-5 r

Reyverk

Ko, | PTE of T

Hename. .. |

Hefresh —
Creation of RML

- - Finish I Cancel

projects using

wizards
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Creating RML modules (1)

File Edit Refactor Mavinate Search  Project Run Window  Help i
- e M =
|25 - = =
Select a wizard
ﬁg RMLF '--m!ﬁﬂ REML Module

Create a new RML module,

LT expl Create a new RML module,

g petrol

Bl fest : Wizards:

o |K] . project T o 12 Source folder: Itest

EH& Java MName: | MewMadule
[-(=- Java Emitter Templates
(- (= Modelica
- Plug-in Development

e ML Module

L B8 oML Project
-[=- Server
[ Simple
- SVN
-[=- Web
-[=- Web Services
- XML
[ Examples

Creation of RML

< Back Mexh = Finish Cancel

modules using
wizards
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Creating RML modules (lI)

£ RML - NewM-odule.rmil - Eclipse SDK

File Edit Refactor Mavigate Search Project Runm Window Help

s N o e e N R =
%® ML Projects 33 - Eﬁm
- T expl lmodule NewModule:
-1 petrol z
=@ test
- J2] MewModule. rmi
@ per:jE;UE - S5end {* HewModule *)
[ .

A
E
Console | 1 RMLConsaleview Eﬁ\grrmng

Creation of RML
projects and

modules using
wizards
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Code browsing
1o/

File Edit Refactor Mavigate Search | Project Run Window Help
Is-Hel@lrla- 18988806 | S $ooebug [Prm | >

= S - = T
m—ﬁ 'R absyn.rml 3 B

o T expl || 10module Ebayn: ;I
EI@ petrol 11 type Ident = atring

E? testd 12 datatype Constant = INTcon of int

E? testp 13 | BEALcon of real

W

| IDENTcon of Ident

=-Jr ] absyn.rml +
BinCp 15 datatype ConBnd = CONBHD of Ident * Constant
Block 1la datatype Ty = HAME of Ident
17 | PTR of Ty

ConBnd
Constant
Exp

| ARR of Constant * Ty
1 | REC of VarBnd liat
20 and VarBnd VAFBND of Ident * Ty
Ident 21 datatype TyEnd TYEND of Ident * Ty
Prog datatvpe TnCp ADDR | INDIR | NOT
RelCp datatype Binlp BOD | SUB | MUL | RDIV | IDIV | IMDD | IRND | IOR
Stmt RelCp LT | LE

Ty Exp INT of int _ILI
: : : b

TyBnd : LI
UnOp =
E-4r ] foemit.rml El console 32 RMLCN
- |l binop_to_str A& console is not available.

1 kY R

block_opt_recs
compare

- Jell compare'

T Code Browsing for
s easy navigation within

emit

large RML files.
Automatic update on
file save.
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Error detection (I)

& RML - absyn.rml - Eclipse SDK

File Edit Refactor

| i

Mavigate Search Project Run  Window Help

(& rlla- B |2 8588 |-

- |

Ff % Debug lw »

=101 %]

-

@8 DML Projects 532

BinOp
Blodk
ConBnd
Constant
Exp
Ident
Prog
RelOp
Stmit
Ty
TyBnd

- UnCp
EII_E.] fcemit.rml

: binop_to_str
block_opt_recs
COompare
compare’
cony_formal_ded
conv_formal_defn
ermit
emit_assign_retval
emit_hase
emit_ded_retval
emit_exp
emit_invty
emit_load_formals

A0 00040 000-a0d

EE-\

FS
—

=4

EE-\

i -
|R] absyn.rml 23

e T = ==

*1

10module Absymn:

17 | PTR of Ty
| AFR of Constant * Ty

ki

1 | REC of VarBnd liat

20 and VarBnd = VARBMD of Ident * Ty

z21 datatype TyBnd = TYBND of Ident * Ty

22 datatype Unip = AODER | INDIE | NOT

23 datatype Bin0p = ADD | SUB | MUL | BDIV |
Z4 datatype Rellp = LT | LE

Q11 type I dent = string
12 datatype Constant = INTcon of int
13 | REALcon of real
14 | IDENTcon of Ident
15 datatype ConBnd = CONBMD of Ident * Constant
1& datatype Ty = HAME of Ident

IDIV |

IMOD

IAND

afm

| IDR

o6y 8 B RMLConsoleView X Error Log

absyn_rml-11_12-11_12 Error:

ParseError

Error:

5

ayntax errcr found at IDENT

=
[L Problems &3

1 error, 0 warnings, 0 infos

| Description | Resource

| In Folder

3 Error: syntax error found at IDENT absyn.rml

petrol

Parse error
detection on
file save
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Error detection (ll)
o/

File Edit Refactor Mavigate Search Project Run Window Help
Iti-Ha@l® | rla-8 |5 888 [6o- 0 - s Y %5Debug | %fpm. >
(88 oL projects 52 = ﬁ\m = 5

— datatype Bin0p = ADD | SUB | MUL | EDIV | IDIV | IMDD | IAND | IOR

i 17 expl = ; *) T S o S ;I!
Eg petral l0module Absyr:
E? testd 11 type dent = atring
E? testp 12 datatype Constant = INTcon of int
=-Jr] absyn.rmi 13 | REALcon of real -
--JJll BinOp 31 4 | IDENTcon of Ident
Elock 15 datatype ConBnd = CONBHND of Ident * Constant
ConBrid 18 datatype Ty = NAME of Ident
-~} Constant 17 | PTR of Ty
_____ dent 18 | ABR of Constant * Ty
Exp 15 | REC of WVarBnd liat
Proa |- 20 and VarBnd = VARBMD of Ident * Ty
o 21 datatype TyBnd = TYBND of Ident * Ty
RelOp ZZ datatype Unlp = ANDR | INDIE | MNOT
z
z

D

Ty datatype BelOp = LT | LE =
TyBnd ﬂ =
UnOp
' —_— — 5
=-JR] feemit.rmi Console | ] RMLConsoleView 22 ™. Error Log B
binap_to_str gbsvn.rml:-14.15-14_.22 Error: unbound type constructor Ident ﬂ

block_opt_recs Error: SteticElzboraticnError
compare

compare'
conv_formal_ded LI
conv_formal_defn

Em?: o K[LF‘rDblems;?ﬂ - SemantiC errOr
e detection on

emit_base | Description | Resource
emit_ded_retval 3 Error: unbound type comstructor Ident | absyn.rml petral

emit_sxp

o il
:z;t_:E:d_ﬁ:nrmals lI I e Save
Writable Ingert 11: 10 |

LA OO0 4040 0-00a0-0-0d
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Conclusions and Future work

Conclusions
first prototype of RML Eclipse Environment
project and file management
code browsing and assistance
Integrated debugging

Future Work
a lot of bug fixing
code folding (comments, relations, etc)
refactorings (AST refactorings)
better code checking
faster debugging
more code assistance
code templates
better integration with the RML compiler
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RML Eclipse Environment Demo

Demo
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Thank youl!
Questions?

RML : http://www.ida.liu.se/~pelab/rml
SOSDT: http://www.ida.liu.se/~adrpo/sosdt
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