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Transformation Methodology from Specification of
ESTELLE to VHDL

+

Mi Kyoung Lee*, lk Seob Lee*, Seon Kyu Kim*, Jun Mo Jo' and Sung Un Kim'"

ABSTRACT

Formal methods for protocol description of a system is based on the implementation of S/W. However,
the importance of H/W implementation for a parts of protocol design is increasing. The combination
between H/W and IP technology is needed since the implementation environment is changing from S/W
to H/W for implementation of specific application protocol. H/W implementation method starting with
formal description procedure is essential to guarantee correctness and reliability of the implemented H/W
by characteristic of formal description language.

In this paper, for an automated H/W implementation, ESTELLE, a formal description method, is adopted.
A transformation method from specification of ESTELLE to VHDL is suggested. This 1s an conceptual
method that comparing and analyzing similarities between basic units of protocol description such as
computation and communication unit and inter processors in H/W. Then we describe transformation model,
and suggest example of transformation from ESTELLE to VHDIL with Inres protocol.
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2. ESTELLEZ VHDL

2.1 ESTELLE
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Protocol Specification

Channel Definition
Module Type Definition

Module Body Definition

[ Types, Module’s Variables, States, State Sets, Definitions ,

l Initialized Part for the body |

Transition Definition

Trans
From, to, when, provided,
Begin
{Action Pascal-like Statements}
end;

I Module Variable Definition }

lized Part for the Specificati

L Initialized Module Varables with Module Bodies

LJL

L Channet Connection Definitions
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2.2 VHDL

VHSIC (Very High Speed Integrated Circuits)
Hardware Description Language (VHDL)-& 19813
vl 22 VHSIC Program OfficeZ 828 A5
o} 72 % 1987 ol VHDL Analysis and Standardi-
zation Group (VASG)o| ¢l&] IEEE Standard-
VHDL 1076 2.8, ¢f7he] BA & 717} o] FojH T},
IRE AW, BE, WA, S=do wAY H28
st=gof Al voje) o) B4l 58 Qg VHDL
& o188 HAPRE 243 BdeNn YA
e /W AA @70 2o gA 28 448
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F7hska ATH71.

VHDL®] 71222 /d-e dEE, egxH
Aot AHEE 75 BE, 49 g2n
= HAHIE vfolag A wE H($) Al2EHg g
S dzgole dR R o Y. VHDL WA=
SHAR Jod dEElY HFPow TG
ElE] dol= MElE] 4dx olrlgld Aoz 24
et AEE AL ARA AN S Hejsta, of
718 A2 dEE ] B2 k= 725 Ao}
1% 3& VHDLBAS Mag neoZo

AEE = AFTRE o] Fo]H glo] #
dol& b7 AL ZEE Baleid, 273
HlE 71 Hol yHxog Fasi)

A (sibling) AEE A}e] mE 2paln 71 By
AEE Alolo] {AG B4l =ik Alzrdo|th Al
2 Fold By e A 33t g n)
ehe] oz, HAc Aldo] ZhH W gk wmut of
2 HA A5 goA= HEL MsEtA shd e
AMade FHE HEE QAHo] oW B9 @
Rk ol 2519 AE vole gozx AFHT

[

U o

AR A9 AEE X E f2AE A oA Ao
Hoh AdEEE 239 AGNF we IEASE
Aol AXTAE(RA AEEDY ZE A998 47
Ao 29 4w Alnd Add T gAY YREe
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AAAIZITH Alade] =a}olnl= VHDL concurrent

Package (optional)

Entity (design 1/0)

Architecture (design function)

Concurrent statements
Signal declaration

Component instantiation statement
Conditional signal assignment statement
Generate statement

Process statement

segential statements
Variable declaration

Signal assignment

Variable assignment
Procedure call

If, case, loop, next, exit, return
Wait statement
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entity A ;2:3 Als
signal SO: in Bit,
S2 signal S2: out Bit );
end A;

s0| TP - s
p instance K instance L architecture AA of A is
> P

A \ 4 signal Si, 83, S5:integer;

i S3 -
begin
@J ss I—’D K: Kcomponnent

port map (50.51,52,83);
L: Leomponnent
port map (S2.53,85),

endAA.
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An ESTELLE specification
Module A A _—
The correspordding designunits
1 » M A
Computation unit A 71 Communication umt Computation unit B
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4354, signal

Data
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TRAY AA

A

A Flink

An ESTELLE specification

Module A systemactivity

Module B systemactivity

P B

interaction
EQHE“C

An HIW mapping

Actor A

FHAZEA

Actor B

data M
4——1 FANRYA
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two sets of ESTELLE interactions VHDL signal types

channel route! (A, B), | —p{ typech_routel_ais(s ac,r _ac),

by A:s_ac,r_ac, type ch_routel b is{(s_ac, r_ac),

by B _§_rq(u_data integer), r_rq; type mst_s_rq is record

u_data : integer,
end record,

r type rol_routel_b is record
msg : ch_routel_b;
meg_s_rq: mst_s_rq;

end record,

L
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ESTELLE text structure VHDL text structure

i specification t systemactivity, |

entity spec_ttis I /:rchitedure sbod_tt of spec_ttis

end spec_tt;
aa_h
end component;

begin sbod_tt
mm : aa_h;
end sbod_u;

entity aa_h is architecture aa_b of aa_h is
endaa_h; end aa b,

initialize i
begin . A SIS
init mm with aa_h; <0 + configuration cuf_spec_ of spec_it is
end, - ¥ ¢ for sbod_tt
E B formm : aa_h
3 ) ¢ use entity work.aa_h(aa_b};

end for;

module aa_h activity;
end,

body aa_b for aa_h;
end,

modvar mm: aa_h;

B end for;
¢ end cnf_spec_[T,

a3 9. 7lg Fx2 ¥

ESTELLE module: Receiver

module receiver systemactivity use work.pack_context_body.all;
(init_: init_states; confirm:bool entity receiver is

)
ip rin ~<agtextchannel(roREry———f—_ \w“h‘sm‘  in init_states;
export:?)?)m:m'\ confirm : in Boolean);
end; port(

T i_rin : in rol_contextchannel;
get_rin : out boolean;
new_rin : in boolean;
o_rin : out rol_contextchannel;
put_rin : out boolean;
\A ack_nin : in boolean;
abort : in boolean};
end receiver;

VHDL entity: Receiver

body receiver_body for receiver;
ip cp : contextchannel(router); ™~
{ *textiRglevant to this example* }

use work.pack_context_body.all;
architecture receiver_body of receiver is|
--translation of the “cp” internal ip
declaration

signali_cp : rol_contextchannel;

signal get_cp : boolean;

signal new_cp : boolean;

signal o_cp : rol_contextchannel;

signal put_cp : boolean;

signal ack_cp : boolean;

--text irrelevant to this example
end receiver body;

T2 10. BE H#HE o

2 F2 5NN TF5 = NE F=2 AEH
X2 2Ad 7538t} o] #+ VHDLO A g e =2 3
$rj=dl, 28 110 A 7 AEEY F2E R E)

ESTELLE structure VHDL structure
ueue -
module A module C entity A entity C
. . queue
ip S p—+ip Q1 entity S |4——
Individual
module B entity B — | queuc
queues Y entity 02
. ip 02 queue
St
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ESTELLE text structure VHDL text structure

. ™ B

body aa_b for aa_h; architecture aa_b of aa_h is;

{*declarations*} -- declarations
initialize epin
begin H—1{ transitions : process
{*structure and data initialization* variable tr_cond : rr_cond_{{1 to 2);
end, begian

-- structure and data initialization
trans foop
{*conditionl slalcmcnls"«)\ wait on clk until clk = *1";
begin - \Lrnd“) =
*action] statements* -- condition] expression
{ } ~— PI

end, | | .

Wuu_mnd) is
trans when | = action! statements

{*condition2 statements® }

/

/

begin end case;
{*action2 staternents* } end loop;
end, {_end process transitions;
nd, nd HAE;
\2 AN J

%12, WA JiE gEe of

timie parameters in ESTELLE theirs VHDL representation

channel ligne (abonne, central); when | =>
by abonne: - et =<0.5>

{$ st=<1.5>} wdat(frame: complex); crc_eval (frame, voumy,
by central if (k<limit) then
{5 st=<0.2>} trep(fr: o_us.msg <= tdat after tppd;
o_us.msg_wdat frame <= frame after tpd;
out_synchro{cik, put_user, ack_user);
wait for 1.5 ms;
trans end if;
begin 19 wait for 0.5 ms;
(S et=<0.55) ——""" | |when2=>
cre_eval(frame, voum);
if k < limit then
output us.tdal( frame),
end,

{*text irrcievant to this example®) ™~

T3 13, At mietojee] &8 o
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® Specification Structure

Specification ¥-8-& VHDLAIA e g2 A
L2h=5

entity spec_inres is
end spec_inres;

architecture sbod_inres is
begin
end sbod_inres;

type ISDUType is ... ;
type Seqyencenumber is boolean;
type TduType is (CR, CC, DT, AK, DR);
type MSDUType is record
Id : PduType;
Num : Sequencenumber;
Data : ISDUType;
end record;

e VHDL Signal Types
ESTELLEY sAld H5-& VHDLAA Al21d g
Yoz Mddr

type ISAPchn_USER is
(ICONreq, ICONresp, IDATreq, IDISreq);
type ISDU is record
ISDU : ISDUType;
end record,

type ISAPchn_USER_ is record
msg : ISAPchn_USER;
msg_IDATreq : ISDU;

end record;

® Modules and Module Variables
SEe) M Wre] P wlFT

entity initiator is

port (i_USER : in ISAPchn;
get_USER : out boolean;
new_USER : in boolean;
o_USER : out ISAPchn;
put_USER : out boolean;
ack_USER : in boolean;
i_PDU :in Ipdu;
get_PDU : out boolean;
new_PDU : in boolean;
o_PDU : out Ipdu;
put_PDU : out boolean;
ack_PDU : in boolean);

end initiator;

architecture initiator_Body of initiator is
type Cnt is range 0 to 4;
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variable olddata : ISDUType;
variable counter : Cnt;
variable number : Sequencenumber;
function succ (Number : Sequencenumber)
: Sequencenumber
begin
if Number = 0 then succ :=1
else succ =0
end;
state ini_state is (DISCONNECTED, WAIT,
CONNECTED, SENDING);
signal state: ini_state

begin

end initiator_Body
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