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Natural Semantics and Relational Meta-Language

Natural Semantics, a formalism widely used for
specification of programming language aspects
type systems
static, dynamic and translational semantics
few implementations in real systems

Relational Meta-Language (RML)

a system for generating efficient executable code from
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 Linkdping University 1996

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

previously no support for debugging.



Natural Semantics

HII_TI:RI HIII_TH:RH

it <cond=
H+T:R

Hi are hypotheses (environments)

Ti1 are terms (pieces of abstract syntax)

RiI are results (types, run-time values, changed
environments)

Hj |- T) : RJ are sequents

Premises or preconditions are above the line
Conclusion is below the line

Condition on the side If exists must be satisfied



Natural Semantics vs. Relational Meta-Language

RML has the same visual syntax as Natural Semantics
rule <cond>

RelNamel (H1,Tl) => R1 & ...

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



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
1) v=>vVv

el—=vl e2=v2 vl+v2=Vv3

(2)

el+e2=v3

el=vl e2=v2 vl-v2=v3

(3)

el+e2—=v3

(4) el=vl e2=v2 vl*v2=vVv3
el+e2—=v3

( 5) el=>vl e2=v2 vi2=Vv3
el+e2=v3

e=V -v=vneg

(6)

—e=>vneg

Relational Meta-Language

relation eval: Exp => int =

axiom eval (INTconst (ival)) => ival
rule eval(el) => vl &
eval (e2) => v2 & vl + v2 => V3
eval ( ADDop(el, e2) ) => Vv3
rule eval(el) => vl &
eval (e2) => v2 & vl - v2 => V3
eval ( SUBop(el, e2) ) => Vv3
rule eval(el) => vl &
eval (e2) => v2 & vl * v2 => Vv3
eval ( MULop(el, e2) ) => Vv3
rule eval(el) => vl &
eval (e2) => v2 & vl / v2 => Vv3
eval ( DIVop(el, e2) ) => V3
rule eval(e) => v & -v => vneg
eval ( NEGop(e) ) => vneg

end (* eval *)



The Need for RML Debugging

Facilitate language learning
run, stop and inspect features

Large specifications are hard to debug

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

Also Java 1.2 specification ~18000 lines generating
a bytecode compiler



The RML compiler phases

| nstrumentation with

The RML Debugging framework

module Dump
with “absyn.rml”
relation dump: Absyn.Program =>

Parser

debug nodes at the AST -

level

FOL to CPS via Pattern-Matching Compiler

CPSto Code

Codeto ANSI-C

Linking with the
RML runtime

Code AST

Executable

Static Elaboration
(Typecheck)
AST to FOL




The RML Debugging framework

Portable debugging
framework based on code

module Dump
with “absyn.rml”

relation dump: Absyn.Program =>

()

Instrumentation and a
small runtime interface;
can be adapted/reused

RML
Compiler

External
Program
Database

RML Data Browser

RML Debugging
Emacs Mode

Linking with the
RML
debugging
runtime

Executable
with
Debugging
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Debugger Implementation - Instrumentation

(* Evaluation semantics of Expl ¥*) . :
. ) P (* Evaluation semantics of Expl *)
relation eval: Exp => int =

relation eval: Exp => int =

axiom eval (INTconst (ival)) => ival
axiom eval (INTconst (ival)) => ival
rule eval(el) => vl &
eval (e2) => v2 & rule RML.debug push in01l("el",el) &
vl + v2 => V3 > RML.debug(...) &
"""""""""""""" eval (el) => (vl) &
eval ( ADDop (el, e2) ) => v3 RML.debug push out0l ("vl",vl) &
- RML.debug push in0l("e2",e2) &
end (* eval *) RML.debug(...) => () &
eval (e2) => (v2) &

RML.debug push out0l ("v2",v2) &
RML.debug push in02("v1",vl,"v2",v2) &

RML.debug(...) &
\_ RML.int add(vl,v2) => (v3)
eval (ADDop (el,e2)) => (v3)

end (* eval *)
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Debugger Functionality (1)

emacs @ kafka.carafe.ida.liv.se - | I:I|

File Edit Options Buffers Tool: Complete InfOut Signals Help

@ X DRkG P ?

guvall AlDopiel.e2) I} = w3

Breakpoints

Tule evaliely =F vl =&
evalieZ) =F w2 =&
wl-vw2 =% w3

evali SUBopiel,.e2) 1 = w3

Tule evaliely =F vl =&

™S eval(e2) => v2 &
Ml=wZ = w3

evall{ MULopiel.e2) ¥ =¥ w3

rule evaliely = vl =2
euglieZ) = v2 =
wlA? = w3

evall DIVopiel,e2y 1 = w3

--:-= expl.rnl {RML ¥ --L 28 -—CB--E0H —— ==~ ———————m— - i
expl,.rmnl:dd, 2@evaliBcall tevalieZy =F (w2}
m 1o run

Breakpoint [0]. on expl.rml:lf reached
expl,rnl:le, Zlevallaxionieval (INTconst divall} =» {ival}l
rmldhEstep

Stepp|ng and Runn”‘]g expl,rmlidd,2BevalBoall;RML, int_divivl, w2} => {(uw3)

wlelld -shep

expl,.rmnl:37 2RevalicgllievalisZ) = (w2}
m Ldk@

Breakpoint [0]. on expl.rml:l6 reached
expl.rnl:le, 2levalBEaxionieval (INToconst (ivally =» (iwal?

m Lokl@
expl.rmnl:3d . 2@8evalBoallRHL, int_mul{vl. w2} =3 (w3
m Ldk@
——y*x kg {Debugger srunt--L62-—L7-—Bot ———--—---—- i

E| filelexpl.rml]:=line[38].=columnl1].eline[38] ,ecolumn[12]




Debugger Functionality (2)

macs@kafka.carafe.ida.lin.se - |I:I|

File Edit QOptions Buffers Tools Complete InfOut Sighals Help

Additional functionality Ow xﬂf’fﬁpff} ‘<

viewing status information rule  evaltely => vl &

evaliel) =F w2 &
wl-v2 => w3

printing backtrace @ || @ oo

evall SUBoplel.eZ) 3 => w3

Information (stack trace) rule sualed) 2 v s

printing call chain I E
eval{ Mllopiel.e2} ¥ =» w3

setting debugger defaults || rule evaltet) => u1 s

--:—— expl.rnl fRML Y —-| 28--CB-—-A0H-——————————— - ——————— 1
- rmnldbE:print vl
gettlng help MOTE that the depth of printing iz =et toi 10
Fesults:[not in current contesxt]

FParameters:
YARIABLE «1 HAS TYPE: int

wil=8:int

rnldbEprint w2

HOTE that the depth of printing iz set top 10

Examining data SR 2 s T

wE=31int

- - - Paramsters:
=printing variables VRRIABLE 12 HAS TYPE: int

0 5 rmldbB-display vl

.Sendlng Varlables to an HOTE th.?t the depth of printing is set to: 10

Fesults:[not in current context]
FParameters:

external browser VERIABLE u1 1S TIPE: int

Yariable: [vl] added to display wariasbile list,

rnldbE-display

—————— LIST OF DISPLAY VARIABLES ------

#0 -> wl

rrnldbE:undisplay

List of display wvarisbles cleared,

rmLob@ >

——:xx  xgudx tDebugger zrun}--L88--C7—-Bot——————-——- ]




Browser for RML Data Structures (1)

RMLDataViewer

|| RML Data iewer -
J 4 print depth: 10 Mype: Absyn Program ffile: mainrml S position: HHivve ranne: 4726 3 .
IJ:'I—_l Abzyn PROGRAMIZ] Mype: ((Abayn.Clazs list, AhaynAdthing == (&bsyn Programi) §file: a0 Varl ab I e Val u e
I.J—]—_l LIST Mype: Absyn Class list §file: RML 5 position: 0.0.0.0 7 degpth: 1
;l Abzyn CLASSE] Mype: ((string, bool, bool, bool, Ahsyn Restriction, &bsyn ClazsDef) - - -
] Absyn CLASSIE] fype: ((string, bool, koo, bol, Absyn Restriction, Absyn ClassDef) | INS p e Ct 10N
= _| Ahsyn CLASS[E] Mype: ((string, boal, bool, bool, Akayn Restriction, Abayn ClazsDef] -
# STRING ftype: string £ file: Division § position: 0.0.0.0 [ depth: 3
# falze fype bool §file: RhL [ postion: 0.0.0.0 § depth; 3
# falze fMype bool §file: RhL S posttion: 0.0.0.0 § depth: 3

# falze ftype: bool §file: RML S posttion: 0.0.0.0 § depth: 3 vI
bk

Rl |

Help I friit.rinl | abayn rml
run_tornado cg gl) == true ;I

4 Parser._parse £ == p

4 SCode.elaborateip) == p'

4 Inst.instantiate(p') == d

(*a transform if flat(f d) == d *)
4 Absyn.last classnameip) == cname
& Tornado.generate code(p,d,cname)

translate file [f]

rule (*Print.print_buf "Parsingwn" 4 1

Current Execution

iz modelica file(f)

4 Parser.parse £ =+ p

& Debug. fprint ("dump", "\n--------—--————- Parsed program Point

4 Debuyg. focall ("dunpgraphriz", DunpGraphwiz. dunp, pl

4 Debuy. focall (Udunp”, Dunp. danp, p)
4 Debuy. fprint ("info",

4 Debuy. fprint {("info", "---elaboratingin"}

&.elaborate(p! == p' ;I 14




Browser for RML Data Structures (2)

RMLDataViewer

|| RML Data Viewer -
EI—_I g print depth; 10 ftype: Absyn Program §file: mainuml § position; 4258.22.428.22 §live range:; 426.3 4863

;l Absyn PROGRAMZ] Mype: ((Abhayhn.Class list, AbsynWithind == (Absyn Program]] §file: absynorml Fposition:
I.J—:I—_| LIST MHype: Absyn Class list §file: EML ! position: 0.0.0.0f depth; 1

| Data structure
| Abeyn CLASS[E] Mype: ((string, hool, bool, bool, Absyn Restriction, Absyn ClazsDef) == (Abzyn Cla

;I Abayn CLASS[E] Mype: ((string, bool, boal, bool, Absyn Restriction, Absyn . ClazsDef) == (&bsyn. b rOWS i n g

-] J Abayn CLASS[E] Myvpe: ((string, bool, boal, bool, &bsyn Restriction, Absyn . ClassDef] == [
# STRING Jtype: string [ file: Division [ position: 0.0.0.0 § depth: 3
#® falze ftype: bool §file: BML [ position: 0.0.0.0 § depth: 3
# falze ftype: bool §file: RhL [ postion: 0.0.0.0 § depth: 3

# falze fMtype: bool §file: RML [ position: 0.0.0.0 § depth; 3 vI
b

Kl |

Helpl main.rmll abeyn.rml

F Y
(** Within statements *) J
datatype Within = WITHIN of Path | TOP

[(** — Classzes *)

(** A class definition consists of a name, a flag to indicate if this *)
(** olass is declared as “partial', the declared class restriction, *)
(** and the body of the declaration. *)

datatype Class = [BRCRSISENCT SN et

* bool 1* Partial *)

* bool (* Final *)

* bool 1* Encapsulated *) Data Stru Ctu re
* Bestriction [* Bestricion *)

* ClassDhef (* Body *)

definition

(** The "ClassDef' type contains the definition part of a class *)

(** declaratiomn. The definition is either explicit, with a list of *)
(** parts ("public', “protected', "Temaationc' and “algorithm'), or it F)
(** iz a definition deriwed from ancther class or an enumeration type. *)
(** For a deriwed tcype, the type contains the name of the derived class and

ann opbtional *) ;I 15




Conclusions and Future work

Conclusions
debugging framework for Natural Semantics
based on source code instrumentation
Emacs integration
data value browser

Future Work
debugging enhancements
Eclipse IDE integration

Integration with static equation debugging, or
with dynamic algorithmic debugging
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Debugger Demo

Demo
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Thank you!
Questions?

http://www.Iida.liu.se/~pelab/rmli




Debugger Emacs integration

macskafka.carafe.ida.livse - |EI|1|

EmaCS integ ration Within File Edit Options Buffers Tools Complete InfOut Signals Help
GUD mode Cwx LRI D2

evald Alllopfel.e2y » = w3

riule gvaliel! =+ vl =&

Classical debugging el 3

=g= - euzll SUBopiel.e2) » =2 u3
facilities

riale evalielr => vl =&
evalie?! =F w2 =&
Ml=yz =2 o3

breakpoints R TaT R pe—
rule evaliel) = vl =

stack trace i
data inspection

evall DIVopiel.e2y » = w3

-—:-- expl.rml T e e e |
expl.rml:d3,28evalBoallievalie2) =» (w23
rmldbiE xrun

Breakpoint [0]. on expl.rmlilé reached
expl,rnl:le,3devallaxionieval {IMNTconst (ivalyy => {ivall
rmldbE>step

expl,rnlidd, 2devalidcal L:RML, int_divivl w2 =2 (w32
rmnldbEstep

expl,rnl:37  28evalécallieval el = (uy2i
m 1okl

Breakpoint. [0]. on expl.rml:l6 reached
expl,rnlile, ddevaldaxionieval {INToconst (ival sy =» (ivall

T m 1ol
expl,rnl:38 . 28evaldcal LiRML , int_mul{uvl, w2y =3 (w32
m 1ol
——i=x Fgudx {Debugger truni—-L 62--CF--Bot—---—------ ]

M Filefexpl,rnl]l:zsline[22],scolunn[1],.eline[32].ecolunn[12]
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Data Value Browser

i RMLDataViewer

|1 RML Data Viewer

H e I pS the use r |J:_|—J ! print depth: 10 fype: Absyn Program Jfile: mainrml § position: 4

IJ:'I—_I Absyn PROGEAM2] ftyvpe: ((AbsynClazs list, Absyniithin == (.ﬂ.bs'fn Prl:ugramjj ."fllE'-' abs'fr
u n d e rSt an d S| LIST itype: Absyn.Class list / file: RML / posttion: 0.0.0.0 / depth 1
| Absyn CLASS[E] fMtype: ((string, bool, bool, bool, Absyn Restriction, Absyn . ClazsDef) -
;| Absyn CLASS[E] Mype: ((string, boaol, bool, boal, Absyn Restriction, Absyn.ClassDef) -
CO m p I eX d atatyp eS E- 1 Absyn CLASSIE] fMype: ((string, bool, bool, bool, Absyn Restriction, Absyn. ClassDef) ko
# STRING /type: string £ file: Division §f position: 0.0.0.0 [ depth; 3
® falze Mype: boal [ file: RML S posttion: 0.0.0.0 J degth: 3
#® falze fMype: bool ffile: RML f position: 0.0.0.0 F degpth: 3

# falze fype: bool ffile: RhL f postion: 0.0.0.0 F depth: 3 -
Shows th . | ’
OWS t e Help' main.rmll sk ril

run _tornado cg g} == true ;I

execution point C rasser pares £ o 5

& 8Code.elaborateip) == p'

4 Inst.instantiate(p') == d

(*4 transform if flat(f, d} == d *)
& Absyn. last classname (p) =* chane
4 Tornado.generate_ codei(p,d,cname)

translate_ file [f]

rule (*Print._print_buf "Parsing\n" & 1

iz modelica file(f)

4 Parser.parsze f == p =
4 Debug. fprint ("dunp", "\n------—-—————-—- Parsed program
_______________ '|I.nll:|

4 Debug. focall ("dunpgraphwiz", DumpGraphviz.dunp, p)
4 Debug. focall ("dunp", Dunp. danp, pl

4 Debug. fprint ("info',

& Debug. fprint ("info", "---elaboratingin")
5 -.I_.._u_:l_.-_-_.-_-]_-d_]-_n_uj-_-d_t..;-lll_ull == B ;I -




Data Value Browser

- RMLDataViewer
|| WL Data Wieswver -

H e I pS th e u Se r IJ:'I—_l P fprint depth: 10 Mtype: Absyn Progratm §file: maineml § position: 42822 428 22 [ive range; 426.3 4563

;l Absyn PROGRAM[Z] ftype: ((Absyn. Class list, AbsynAithind == (Absyn Program]) £ file: absyn.rml Fposition:

I.J—]—_l LIST ftype: Absyn.Class list §file: RML S position: 0.0.0.0 f depth: 1
u n e rstan [+ ;l.&bsyn CLASS[E] Mype: ((string, boal, bool, boal, Absyn Restriction, Ahsyhn . ClazsDef) == (&bsyn.Cla
[+ _|Absyn CLASS[E]J’typE ((sdrlng bool, boal, bool, Absyn Restriction, Ahayn. CIassDef) b(.&hsyn Cla

complex datatypes T N S

# falze ftype: t:u:u:ul I file: RML I position: EI.III.III.III .l'depth. 3
# falze ftype: hool §file: RML Jf position: 0.0.0.0 1 depth; 3
® falze fype: bool [ file: RML § position: 0.0.0.0 1 deptt; 3 -

. | o

Helpl tnair.rml | abayn.rml

Presents datatype
definitions

F
(** Within statements *) _I
datatype Within = WITHIN of Path | TOP

(** - Classes *)
(** b class definition consists of a nawe, a flag to indicate if this *)
(** class is declared as "partial', the declared class restriction, *)
1** and the body of the declaration. *)
datatype Class = [BIACESISEEE SN =50

* bool (* Partial *)

* bool (* Final *)

* bool 1* Encapsulated *)

* Bestriction [* Bestricion *)
* ClassDef 1* Body *)

(** The *ClassDef' type contains the definition part of a class *)
(** declaration. The definition is either explicit, with a list of *)
[** parts ("public', "protected', "equationc' and ‘algorithm'), or it *)
(** iz a definition deriwed from another class or an enameration type. )
1** For a deriwved type, the type contains the name of the derived class and

an optional *) LI
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ldeas for Presentation

Natural Semantics/Structured Operational Semantics
common for specification of types systems, programming
languages

RML is a language with efficient implementation of NS,
compiling to C

The current work is first (to our knowledge) debugger for
compiled NS

Portable debugging framework based on code
Instrumentation and a small interface; can be
adapted/reused

Automatic mapping from data term to position in program
where data was created

Emphasis on practical debugging of large specifications
Future work: Integration with static equation debugging,
or with dynamic algorithmic debugging
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RML example: the Exp language

Abstract syntax
datatype Exp = INTconst of int
PLUSop of Exp * EXp
SUBop of Exp * Exp
MULop of Exp * EXp
DIVop of Exp * EXp
NEGop of Exp

Exp: 10 * 12/3




