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Synthesizable Synchronous VHDL Code Generator Design and
Implemetation from SpecCharts

Seong-Jo Yun'- Jin-Young Choi'" - Sang-Yong Han''"- Jeong-A Lee'"""

ABSTRACT

We are using a methodology of virtual prototype(VP) which can reduce costs and developement time to the market. VP
is composed of S/W component, H/W component, and interface component which links H/W to S/W. There are many
methods of realizing H/W components, but we adopt a method which translates from system specification into hardware

description in VHDL.

In this paper, we present design and implementation of code generator from SpecCharts as system specification language
to a VHDL code which can be synthesized and verified. The verification becomes feasible when the hardware satisfies

synchronous semantics, which we call, Synchronous VHDL.
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VHDL 3= X774 gloh 3pA|gt o] 2= A47&=
A2 B4 doj¢l SpecChartso| A A Ed oMol 7}
% VHDL ZTwte] Aldg #o|x] 4o 7h53A|
%= AAolrt

sc2vhdl& o]&3 VHDL ZE=E AAsE 2 2
=9 +4L guard signalg ©]§3t9 ©F block T
o2 FAHAAA A, & el E(states)E EAIS
=4 inactive, excuting, complete AWEHE TEslod 2zt
FHE BAEAG o8 B ANad Ade A
of A 74 2 BAEA 33, ol& o] &3
Fejel7t doju=g st E=F AU sub-
typeS B MEZE type AIE AEYeH oF
signal& register 2 EHsle] FAo) Br15e o
a7 HAth

ol@A sc2vhdl AlEHOIAE A% = A Ix
2 Hof glem® CAD toolg o]&3le A7}
A4 Brbselth T ER B =EqME AEHo
2 @4 715 VHDL 2= Ao didh weke] s
n&3n o]F T3 442 VHDL ZE=Re] 2= A4
4710 dig dAle FHE s A Eo)

3. SpecChartsoll cH#t D&

3.1 SpecChartse| &%

SpecCharte W3E A9 9HAE 434 D
Gajskizh A3 Aoz ZZad-A8 7] Al(Program-
state machine,PSM)®} VHDLE Ze% &2 PSM
= ol &% Alxd BAS 7 AeEd U ¥ 7le
S VHDLE EEE + A dFEv.

SpecCharts?t A 93 EFELS &3 2o

e 35, DHarelo] #3% StateChartse] A1Z39l &
7o} VHDLA A textualdtAl E&o] 7Fssich

o B4, #99] AFXHE AL £x73(sequen-
tia)e} Ay ¥ 3 H(Concurrent) 3t Y
7€ F U

e A AEjzte] Me]E TOC(transition on comple-
tion) arcsE 3 AYF/E +Y F 9
A2 TItransition immediately) arcs® &
st} A3}

o YR AE(ZZ A2 BAE TH WET(sha-
red memory), WAlA] HE(message pass-
ing)& B38te] A Y3t

E port P, Q: |'n integer;

mtype INT_ARRAY is array
(natural range <>} of integer;
signal A: IQT_ARRAY (15 downto 0):

Yvariable MAX ! integer;
| OMAX = 0;

X1

el | forJinOto 15 loop
: if (A(J) > MAX) then
MAX := A(J);

e2 | endif:
| loop:

(3" 1) SpecChartse] T3y

£%, VHDL# FAME 73 oA d&g 2
< EANES AU Tz a9 4 H(programming
constructs)ol 2, TF&H  AEA(Structural hierar-
chy)& zom F713ts} Elo| & AU}

SpecCharts9] Ae{do)E TOCH TI arcs ¥ 9
{(behavior)2 YEldt} TOCy ZAd #AE Al
AAH §le ZaYe] ¢AHUL | Ae)dolE
BAAsHA &1, TIE #iF 2he 9Fse 1 £7
Aol E HaEtA s AolE et

3.2 SpecChartsel Hl&M 3t behaviors

behavior TOC_EX type sequential subbehaviors
begin

A:(TOC. o, B):

8: (TOC, r, A), (TOC. p, C):

G : {TOC, a. B):

behavior A ..., :
behavior 8 ...

bdhavior G ...
end TOC_EX:

(a) TOC arcE ©|-8% 8 Ho]

behavior TI_EX type sequential subbehaviors is
begin
A A (TOC, ture, 8):

behavior A .....;
8 behavior B type concurrent subbehavior is
begin
C: (T, true, stop):
D : (T1, true, stop):

behavior C .....;
behavior D ...

end 8:
E bdhavior E .....:
end TI_EX:

(b) TI arcE o] &3 Ae] #Ho]
(3%l 2) SpecChartse| AEHZI0|2} behavioral HlEAd
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SpecChartsol Al A&A& YXE 89 E(nested be-
haviors)& &3 = AW, 2tz PHEL &3
(sequential) @ 3 3 & (concurrent) & B Y E(sub-
behaviors)2 £&8 % & gtk 28 2&, SpecCharts®]
TEE FA 72 FHE ojFolH o 7} FAE
£ F 7HA9 #egE 74"t 2 F svE OR-
levele] 4A& Ad ¢AH sHEAH Edo] Ha,
UmAl stde And-level?) 429 W Wrs)e)e]
EP‘Q—‘" et A4 729 Hod x5 43L& X

YeEE codedtE BYLEHN AA FY=E P9
‘é‘ol 7le o] At

3.3 SpecCharts2l| 2|a]&(semantics)

SpecCharts®] #e ojw] &L Statechartse] dis-
crete-semanics$} VHDLS] discrete-event semantics
o 2o ojFo|Wtt. VHDL-10767} Statecharts<]
semanticst @ o4 Al (propagation discrete
event)ell 248 P4Hrl &, Speccharts?] EH<
AYTL A2y ZE A ?_101—4 49 WS
3 HG 2 T8+

4. Synchronous VHDL subset

4.1 Synchronous VHDLO st A2

synchronous VHDL2 7]&¢] full VHDLSA 7]
% ¢Jv] &(synchronous semantics)& THEAZ EFHo
£ Wendell Bakere] ¢j3i VHDLel AgA4E& Host
o et 2 olfEE VHDLOY Verilog o)
o} Afol & discrete event ¢V 222 Mg A¢
o 714 oujE ddg FEs7l oj@r) ol
Baker7b 7348 il ojstd ¢ 2Evlel VHDL Al
B HE T 449 VHDL 2=¢F dA2 #AA<
VHDL AE#Holel& %8 & dAAE 3534 &
F ket gk 714 F3 LEnte VHDL Al
EHolE e 4 (abstract) A BHOIEHE 2 7%
FHHA vixe FHAAM AHZ £33 AL Qe F
A3 x5 &9} synchronous VHDL subsete #&
B JuES 7122 AAE oudes HY o)

42 Synchronous VHDL subset & 9|3t ™ StAlgt
synchronous VHDL subset® T+933l7] 938le] A4
o] VHDLA i@ 4712 A ALg-g H4stoo} gict

o A, oHIESE #Aste N2 T2 Holg 3
o] 2718 At &, VHDLAA wa-
veform Y& ARy}t A< (transport)
EE #4(nertial) * H(delay)©] ‘%4-4—4 s
HE 58 A7) @& AMts
of @},

o =4, ZEAX ¢ £ ZDE 2HE ALE
312 gotop gt} & FHHE FF(ZEA
M A 2F, FH A7 AA e
(array type), AFH G H(static) AHE
o] AHE& AFEteiof i)

o AA, B HAFL ¥F AL Adsidor F
. &, Hheap) FHE AMEEA ool
ot VHDL 7749 access typed} new
operator &2 3L A ghaof 3l

o YA Al1d A< (propagation) HAEL HIEA
A#(#A (causa) 2 FAFIA L B} & F

XA Wit oscillation) & &84 oo}
of &t}

A 71 A AL A FEE dEg 27 &
A F3H 9l WS (reaction) A4Hcomputation) FoFR
A F ek o] 47kA AP AL Es Xﬁﬂﬂ
VHDL &4 #o A5 EAHE TEES o)
A8t synchronous VHDL subset2 AR 5}53 Fia=d

5. SpecCharts2 5 E{ VHDL 2 E 44

5.1 SpecCharts® VHDL T+&¢| b1

38N He u} 2], PSM(Program State Ma-
chine)®] ¥4& 712 SpecCharts] E4& VHDLE
71EAe e o BEE 4 Jdg w9 oy, o
graphical®t FEHZE FEY & YodE Holth <
1>allM Aed WEE & 4 sid

SpecCharts®] F2Z+= VHDL 7%% AY &AM 3
HE A" Stk (2¥ 3)8 BYE fed wast
2 AHeo|th. Ao Entity AA¥-ol ALEHo| A& port
statementst VHDL =9} $9% 2RE 7140 &
% VHDL ZE=¥ejs} vhd7tA 2 Entity block th&ol
architecture blocke] F4 5] Ut} architecture 7%
<+ architecture WHi-olX AL EHE signal® 3% be-
havior 7+&& Ho| 3t} behavior? type 3%l A
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Bo}Als sequential, concurrent subbehavior 9} code
2 FAEY (2g DN HoAY AZAL 2= se-
quential® concurrent # subbehavior 7+%& 24 ¢
t}. ol R non-terminal state E°¢|th SpecCharts
AN HA HYE(statements)Eo] EAEE REo]
terminal state$] code behavior ©|t}. 2322 VHDL
ASZ HE A E%Q Alg& AR code behavior
&t A54E M2 A& sequential, concurrent be-
haviorel] dj§ W& ¥¥e] 2934 9.

{E 1) VHDL, StateCharts, SpecCharts H|1

VHDL | Statecharts | SpecCharts |

State ~

Transitions X © -
Behavioral ~

\

Hierarchy o © ~

Concurrency O O O

Program
X
Constructs © Q
Exceptions x O O
Behavioral
completions © X ©

C *fully supported, A : partially supported X : not supported

entity RootE is
port {
in_ain bit ;
in_b :in bit ;
output : out bit %
end;

architecture RootA of RootE is

begin
behavior Root type code is
begin
output <= in_a and in_b;
end Root;
end RootA;

(222! 3) SpecCharts Z& #=&

5.2 SpecCharts2 FE{ VHDLE # &t

entity 729 ZE A4 EPF H@dgle] JA
(parsing)& &3] VDHLE #H ®go] 7Ms3it} o
SpecCharts®} VHDL #3| A9 #A4g & P2
7R 97l WiEelt) s gAe tajA e 73l
A AHAs AHEEE o

architecture definition®ll a3 s REEL entity def-

My rir

inition® Fd5tA AYFHFE AH a2 VHDL ¢

oz Agsd g,

architecture body®l A== A 744 behavior:
A wetA 24 wgdg, 4 7HA behavior EF
4 F AY 7 FulE code behaviors® A AH
Hzteluzt 71¢d A4 statementsER FAET o]
E statements ¥ VHDL 7% 729 49 3 7z
A gernz AY W sised adnw w
43344 F4) code hehavior? definitiong =+ & A
59 HA code behaviorel |23t process® st
A8k code behavioro) &A1= statement® proc-
ess TEUY WE2=Z WMPAFH code behaviord
A= AAo] viiE ")

F WHE sequential subbehavior® VHDLE #g
& AFolth SpecCharts® FAEH A hehaviors
TERE UF FHE A Fz2E 7AHEY ot o2
flatdt 73X process 722 WE AJ|l=d FH&
£t 28 AFHE §78%UA VHDL 222 WA
A5 gtk o] SpecSynolld ALH wygoz oF
blockTZE ©]-§3d AFAHE o439 VHDL 2=
2 ¥8g F ot a8y 3% block FES A4S
Y ¥t Edelztn 9 F7 gy Wi
B =74 blockT?#& F3 VHDL z=2 W3
t B dstde wAsdy. 2ng AFHoz
BEH¥ SpecCharts®] T2E flatdt Fez A= B
B3 AdeHol& & TOC, TI otz (arch)el dist 1

g stdof i},

process { &7] siganl )
variable definition
begin
( 57| signal 4% %) then
statements
end if;
end process;

(3% 4) sequential subbehavior® 25} process =
Fx

WA SpecCharts®] T%E& flat¥ VHDL =%
B3le BAHo E AL Top-levelZ e 3L
Urha A flatdt Z2As FRE AL s
3¢ B3 H4% + Aok A27F2E HlsdA
A8t Z47ke] behaviordl processE WPl TR
438 zkel TOC, TI arche] ZA$-E process T8

DL SR )
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] sensitivity signal list& ©] &8 %7| signalg ¥
dale] Fr1HoR FYE F JYRE FEI} 27
22 TOC, Tl archdluvivitt AejHo]lE $§ Sen-
sitivity signal® mapping3td Z=& AW

[ 528 Z242 ]
PO : process (5711, €712 siganls )
variable definition
begin
staterments
if (2711 & 8712 A& H% o) then
activate next process;
end if;
end process;

[ 3oz Fs= T2 Pl P21
P1 : process ( 57| siganl_2 )
variable definition
begin
statements
if ( 7] A% signal 2 #& %) then
behavior exit;
end if;
end process;

Entity block
fPort(pl:... 1
| p2:... |
! O B

t

Architecture block

1 behavior TOC_EX type sequential subbehaviors is
begin

P2 : process ( 7] siganl_1 )
variable definition
begin
statements
if ( 7] A% signal 1 3% %) then
behavior exit;
end if;
end process;

(32 5) concurrent subbehavior® I8t process ZE
7=

A AR concurrent subbehavior& VHDLEZ ® g
8l 79+t sequential subbehavior$} o] process
T e HPoE FPHTE sensitivity signal listE
o] &3l WPHog FHA s, o] FEFF =
BAME F Y HyHo Sy ZRHMEY F
3ol FRE o 7% 7|2HUt g YT T2
2o A 8438 A7e ARE FH WYdNE MY &
T AT E=F flatstA ¥XA ¥ FHE FRE 2
B2 block TELE wjPste dYE Fod FEY
g Yot o] o FgF H-E& GUARD signalg& AH&3t
2 %1 FHTFEE TSR gk

Inmnd T

Entity block

‘Port(p1:...

Architecture block
l"-'""'—""—“"-""—'""“""“"""‘"""
! Architecture TOC_EX_behavior Of TOC_EX is
' sensitivity signal_declations:
varible declations;

C : (T, true, stop):

]
; ) ' begin
g : ggg gure. 2; i P1 : process (sensitivity signals)
0 E: C, true, E); H ... (behavior)
D H p2_sensitivity signat <= 1;
behavior A - } P2 : process (sensitivity signals)
...... N 1 . (behavior)
" N . ]
gzgalor B type concurrent subbehavior is ' if ( p3_sensitivity & p4 sensitivity signals) then
1

p5_sensitivity signal <= 1;
end if

)
i D : (T, true, stop): I
]
)

behavior C .....;
behavior D .....;

t

]

!>P3 : process (snesitivity signals)

! ... (behavior)
p3_sensitivity signal <= 1;

end B;
t  bdhavior € ...

P4 : process (snesitivity signals)
... (behavior)

| end TOC_EX: L

Sy |

SpecCharts

P05 : process (snesitivity signals)
... (behavior)
| end TOC_EX:

bt e e e - —— - ——— -

]
i p4_sensitivity signal <= 1,
i
1

VHDL

(32! 6) SpecCharts® VHDLE HE
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6. A 7158 synchronous VHDLE H&ls| 47

VHDLA A A48tz e ¥aixal Wy n%7]
1«‘1"‘ FHE JHATh 28] dEd §713% VHDL
TA37] faX = VHDLY discrete event &)
nEG e AlEoHE FA s gk

rulo rle

Partial
1/0\) ﬁ (B: g ~ orc?érlierl]g
\»f C B A b
¥ ¥
( h t+ (A+B+C)

) { \ \ t
k\/:(f \B// {‘)\(_:// (b) asynchronous paralielism
AN ;
| : O]

?
t + (A+8+C)

(¢) synchronous parallelism

[@]v=D-

-~
=

e IAVAYAYS

(a) processing fiow chart
(2% 7) HIS7 (¥ 571 Wy Wy 8lm

BlF714 WExe PHES dvjd #EY T4
289 Y2EE FE A8 Aoz Ae
e WHE ARgtl VHDLAA g8 8%7)
A wyle] o Ao . o] event partial
ordering€ E3A guME dA"E AHALE A¢
& whgo] g7 W&ol

5714 BaAE WHe H 234 (non-determinism)
£ H&AY AFER gerh ol 5w AMAE
| 22 8 A Folu & FHEL @A PAHS
dnto] EXgtn RE AMNL SHHoR £ydc
¥ %713 7}d(synchrony hypothesis)oll 713kt uhy

Eou}.

SpecChartst: A8 2938 & 4 g2 74
o] gleon EH ZIaWF PRI Ho gl9
VHDL =g 44 A4 5 Joh A7, VHDLY
A A QstE 5718 34L& asynchronous W4 & 7] &
Hog AYs=E synchoronous AL A L3
subset2 2 A @Fstejobyt AAZ synchronous VHDL
AEZ Ao F & vk oln] 4FeN AHE W,
Baker 7} A¢te WA VHDL setol A 47bx) A§ A}
ol AFEE FEES "ey $4& F§ VHDL
=g AAw

o

N

{E 2> synchronous VHDLS 9Bt HIStALS

® Dynamic memory allocation
access_type_definition
: ACCESS subtype_indication;
allocator
: NEW subtype_indication
| NEW qualified_expression;
® Manipulate the number of drivers attached to a signal
disconnect_specification
: DISCONNECT guarded_signal_specification
AFTER expression ',
® Transport delay
_optional_transport
:/* NULL */ | TRANSPORT ;
® Inertial and transport delay
_optional_after_expression
*/x NULL #/ | AFTER expression
o Interface from the system to the OS
file_declaration
:FILE identifier ' : ' subtype_indication IS ... ;
file_type_definition
: FILE OF type_mark;
® Waveform assignment use transport model
: waveform WHEN condition ELSE ...
® Unconstrained arrays
® Use of the timeout clause in the wait statement

Futly VHDL

Synthesible
VHDL

ynchronous
VHDL

(712 8) SpecChartsZEE{ VHDL 3= AMA

SpecCharts >

(code ganeration)

2% synchronous VHDL subsetS & £3}7] 9%
filtering A= (2™ 99 2tk <3F A 3
MAE VHDLE E8A40% %73 VHDL FEo=
WAz 4 glvh, =3 VHDL 2=71 A% AAdge

VHDL
synchronous VHDI

[ Syntactic Filtering | ~— subset checking

! modularity checkir
| Semantic Filtering | causality checking

l

I Implementation Generation ]
synchronous
VHOLZ S 4is

(12! 9) synchronous VHDLE2 943t filter T4

Parsing
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2 94 g 3= A4 87 2=d d@ A5F
ol 222 3A H7 GEA FEHA dEHYE F
Likid=

7. lex & vacci#& O|B% EZY & 14

AA, 2= A4 L A3 SpecCharts = F4o] o
a3tk olE 43 B dAFdAE 44 3:=9
Scanning 7159l LexE 34 7]59lE yaccs WA
THAUT Lex toole AA U2 e Hwol 3
T AAY EE A et g e JEg B2
£ 8o yyparse(Qe 48 B TEEYS & &
AE yaccoll Al yytextzhe wjdL o83l HA EZ
# ARE IASY EEY FHE B yaccE
A FEARS dE BNF 722 748 340l
A At £o2 Y 2E{e] ¢ 1 71X
Tt =G lex$ vacc C 98 HYsy
R dg MeE shesi oled fdA Wi,
ARG AAS =Y Zo| Roli= ERoly|E F}
Ed 503 AL 2= AYS A8 FA dAlelA
SpecCharts®l 4l 7|&€8 48 9 AZF AR dis ¥

2 oy N
off g rfr 2

g 2R olg AYA A2 & £ JU=E o}
Lig=3

(2" 103 (29 1D JEd AL lexd W E
3% + d= AR 3ed SpecChartsE BNFE
7NHE o) &3 TS FYE F YrE UE I=
olr}.

]+ {}
\n { lineno++; }
"entity” { return ENTITY; }
"ig"” { retum IS; }
"port” { retum PORT; }
"in" { return IN; }
"out” { return OUT; }
"bit"  { return BIT; }
"integer” { return INTEGER; )
"signal”{ return SIGNAL; }
"variable” { retum VARIABLE; }
"end” { return EEND; }
"architecture” { return ARCHITECTURE; }
"behavior” { return BEHAVIOR; }
"type” { retum TYPE; }
"sequential” { retun SEQUENTIAL; }
"concurrent”  { return CONCURRENT; }
"subbehaviors” { return SUBBEHAVIORS:; )
"code” { return CODE,; }
“of”  { return OF; }
“begin” { return BBEGIN; )
"and” { return AND; }
"or"  { retum OR; }
"<="" { return ASSIGN_S; }
"1=" { return ASSIGN_V; }
[a-zA-Z)[a-zA-Z0-9]* { return IDENT; }
[0-91+ { return NUMBER; )

{ return yytext{0]; }

mini_vhd] : entity_def architecture_def ;
entity_def : ENTITY entity_lable IS {

entity_lable : IDENT ;
port_body : PORT '(" port_def’)’ '}’ ;
port_def : port_def_e | port_def ’;' port_def e ;
port_def e :

| IDENT ' : ' direct_op data_type sigvar_init

direct_op : IN | OUT ;
data_type : BIT | INTEGER ;
architecture_def : ARCHITECTURE architecture_label
OF entity_lable IS
BBEGIN behavior_def behavior_part
EEND architecture_label ;' ;
architecture_label : IDENT
behavior_def :
| behavior_def_e
| behavior_def_e ;' behavior_def e ;
behavior_def_e :
| IDENT ' : ' direct_op data_type sigvar_init ;
behavior_part : BEHAVIOR behavior_label
TYPE behavior_type IS data_init_part
BBEGIN statement_part
EEND behavior_label ;" :
behavior_label : IDENT ;
behavior_type : type_seqcon SUBBEHAVIORS
| CODE ;
data_init_part : init_e | init_e '}’ init_e ;
init_e ! type_sigvar IDENT ' :' data_type sigvar_init ;
type_sigvar : SIGNAL | VARIABLE ;
sigvar_init : | ASSIGN_V NUMBER ;
type_seqcon : SEQUENTIAL | CONCURRENT ;
statement_part : statement
| statement_part ;' statement ;
statement : | assign_st;
assign_st : IDENT ASSIGN_S exp ;
exp iexp '+’ term | exp ‘-’ term | term ;
term : term AND factor | term OR facter | factor ;

(3% 10) 72 scaning® 2IBt basic iex 2=

factor : IDENT | NUMBER | ‘(" exp ") ;

(228 11) 2 parsing2 I8t 2HEk8t yacc Z=

8. W& 3 ¥y AT Wy
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