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ABSTRACT

A new high level Hardware Description Language, ASPHODEL(Algorithm Synthesis Pascal
Hardware for Optimal Design and Efficient Language), and its algorithm compiler for high level
synthesis are described in this paper.

The new HDL,, appropriated to the description of algorithmic level and lower level, models VLSI
circuits as an abstracted block which is consisted of input /output ports and hierachical processors
to control VLSI complexities with efficiency. Also, in order to improve the descriptive power,
popular Pascal programming language is modified to build ASPHODEL syntax rules.

ASPHODEL algorithm complier generates an intermediate form through lexical and syntax
analysis from ASPHODEL source codes.

To show the validation of presented language and its compiler, those are applied to practical de-
sign examples,
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1.7 %

IC 39 7t Zoigel o) &5 gdhitol o
g Eskvl A Fksla Aok #aTe aE Bl
o] & manual el vl &S = A E
e i A2A #EC A Bolz== Hh wEof
WE £ BE BeEo] EXHAAM S5 AT
Ao} go] #EH D Atk o ;HES HEAK
of & AT RV AMET e, 11 o)fE 8
oJolg- H-ofe] g WHtE Ligdol #EIIT
2 AEH e [1]

Dave Johannseno] 1979'd “Bristle Blocks”[2]&
BREAM aE dE HAgdH) g HwhHS
ok RE AR Wao) a3 BrHHEA v
AR DYE @Holtt TR HE fHudely
FAEL duhg A% EEE 5 deAd #r
Fimo] E¥ S =, Bk VHDL[3]9] ##{kdl uat
AF7tA gAENAJG HE #FREC] TUE £
A z2uzt o] FAE GE3] s et dAR
t}, slA| gt AA 7R = stedo] Rl SES) KB B
B 2 Atol o] Fi& o] trade offol] th 3t #EES T3}
=d Be RT#RE Fusde dAoluh[4]

A de o8 98l UX #ItEv @t A%
o2 RFE & uZ AFH @Bl & A& high level
abstraction &8 Z3 EF ol ohg ERge
translation® a3 N2 L d=go] RimZE
ASPHODEL & ##t3hal, B ik alEm S 2o
7198 dudE HudHE HHEso o)w &g
5 Agdsis dubEl Bk RE AR A 2E o)
AT FREQ] whi) 18 Zof tHM Sl table S 43
= A EESFo 2 BERE A, AtE =9
o] FLMEFFES Haldejol KE: #®it o8 #EHSA
DFG(Data Flow Graph)[25]9} s et & 782
2A 7o) HREES 20

I. 3t=9i0f it EEES| HR

1. BETF2| BT 4K

sl=glo] it SFE dd Wre 1960dd ¢
CDL[6], DDL[7], AHPL[8] 5& &ug= atay
of whe} oy Weesk AT ol 22 Avk[9]-[15]

A "ol 7l&Ed AgE it 555 7hed U
FHQl g EEEY o KRS ST K
9] 7he R (161014 #43 vie} go] kel
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B 5, R, KRB, AFFH ®EH 2 e 2
Wi 7hs S FHOR ik sk A2 & e
t=slo] il FEZF Ao & utE A S MEE &
yEn 2gte] dEHE HESE 4K AEE E
HES Aoz gtaa gtk ool o] & AHa syt

aird st=dde] it 535 AY-Eo) UAE &t
UL Ao S EHE FARHAAT, AA & kg
WE AW SHER Zol7ldE 2EFI Ho] @)
24 CDL, DDL, AHPL %2 {itto] oJg 1 3¢
@AY e By o ALz AdHW,
MacPitts[17]9] ¢+ He) & Hodele AH 8
E2 AP AR 7HEsh) Y AR Ao
Fo] FH8Fx| &3, Lispol 7H7he #3C Mg 2 A
readability 7} thA Ho] At}

$3, DoDell 2jsf #w¥¥® VHDL[3][20]& ¢
kel BEt FRoEY S JAEIT=HH te-
chnologyoll 82 FHE& 21 U] & kit RE
Al Al="el Ah S5EE ZF WA 28E U
Ao 2 ALY, A FFE AMA| 7} i doj2 A
% HS Fol LAMSZE 2 F e $Httol
238 e A EJ{FL F 5+ U 0E B
o ¢k #imel &olAdol BEAEE Biisty UL,
o A AL (33 A 2d) e BBlo] ml$ oy
2 Hrel AFHHI Yk dAZ e A ExS &
3o XYsk= VHDLBA it HRAe T2 A &84
olE} (| & 59 VantageA}l2] spreadsheet, Viewlog-
icAkS] Viewsim )0l BRES lod, & kit &
B A" VHDL AA #xe 4843 #6462
A5 s s ojobd #EE Follvt. [26]

2. M K SRLE SISO ISt MBS MR AR

& WwXoME B ki Ak AIZHE T BE
B MBS A8 it SES 9N & kK BRE 4
A EEE] AN AK 253 ned HY &
A 2 AE(9EE9 complilation processe} intermedi-
ate formAg] 7|¥)& +ER =90 Lk FFE
T ooE g3 g BRE VEOE BES
o & kit Aol dFH o= mEE F e HDL
& #Este s ch

A, A& 2ol Az Rmests e &
B, Bt s 7 243,

EA, & ki & daeE dd @it mESES
Y3718, datast 18] £AH Y HEE K
Bl 5] = procedural language F41E 2 B sich
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R /R SEdo) B AEE Wi Y R

AR, ol Bigol =2y RWE Hrlsle] &
itstnatate st=diojs} ol £HL AP =2
) B F ME S Fsgol 22l sto] X BE
gt ol &M &Yz gy F8 skd WS-
7} 43 WMM3E7] A& Pascal[21]18 RSt #X
& EHREL, ot TR B el AlEdgolE A
€14 E AES BRI Ttk

II. st=gifo] Kt MEES| Wkt

1. t=9ofel 22l

#* el ASPHODELS VISI g E 8873
o2 EEYS UEE high abstraction M2 S 2E
stedlo] Y BENTD. &, AHh dHolelE 93
clear defined bit length® 3te AH XES AH
dlolele] AAl M, B, B8 procedural g
E % BENES XY BR #ek BEE50 0 A
E Whete Wh TEZ 248 3= 999 main mo-
dules 24381, R 2559 BEME-S submo-
duleE2 x93t oo ojdyS ki AS-
PHODEL E#& Al2"9 AtH #FAE main
module B Z& A main A HIZEZ ASHEY, A
27 #Etk E25-& sub module(&, procedure)s
A AT wireZE BME, 715 B9 AlEFHA
HHE statementE2 AAXHA o Y=AA e}
o,

2. ASPHODELS| syntax¥%3R M Al

WA #i Lo (terminal symbol) & %XF £&
‘ '(single quotation mark) & AM&3te &icsta, Ik
# % 309 (nonterminal symbol)+= < > (angular br-
ackets) Woll %39}  (under line) 2.2 #Zic g
Syntax rule2 S::=E¢ ¥z Jelun S 3k
#ik ME, Ex Soll #m= = #x %3 (syntax
expression)¥ Uebdt}, o}&z EE FHAF 9o
B M, B FXEE | (or), { }(brace), [ J(squ-
are bracket) & AFg-%tch U, go] A LRE #X
#H A AL ALE g wh=4] ¢ *(single qu-
otation mark) & A}-§-$c},

3. ASPHODELS] %4 IE%

ASPHODEL 9] %% 3E#ol = MM, MATF, X

xF, A o) ded #eae] HolE s ExF
FALol 3 ML RS YA AT £H RAUL

Abg-ste] A9 BT MaEESH MM Tl e A H
9 e HKE BRI wlAT

3.1 Comment

Comment+= { } ool A3t Foitisle o= fr
EoM BF =239 documental design FRE
BRI = Aok FL o] 9 ool
(AHE o))

{
This is an example of ASPHODEL comment.
]

3.2 ldentifier

HirHE7 dYUE AR F e olES BXF
o} 5=}, | (period), (under line) S22 FAEH
X E#e oS3 g
(78 A9
<identifie:> ;= <letter>( <letter_or_num>)

<letter_or_num> ::= <leter><num>
<leaa-> 2w <character>l_1.'
e ifigihlitjlkiminiolpiqirs)
K/me:anolmsmwwwmm
<num> ::= OLH2A31415/6071819

ixlylzl AIBICIDIEIRGIHINN

3.3 Constants
olol= A A numeric contants®} alphanumeric
contants®] ¥ F/F7F o M2 oS g}
(& A9
e signed.mumbers
kecontant_identifier>

kesign>cconstant_identifier>
kestring>
ber> .

igned._ intcger>
Icunsigned_real>
<unsigned_integer> :iw <digit>
<sign> :m '+
r
mmm_idenaﬁap im <identifier>

I <hoxadecimal_digic>)"H
<binary_digit> ;= Olliamask_digit>

<mask_digit> ;o= 7

<octal_digit> ;= O HAIMISIET

<decimal_digic> ::= OIIIAJ4SIBITIEN
<hexadecimal_digit> = O3SV Dicidlelf

d 24 2314 1I'Be A3+ EE 3&, aHe d3+
108 vehY, (mask_digit) & don’t care $}x]9]
BEES A3 244 et

3.5 Termination
B XFe AvEE v RS U HleEE
< BEERANA shte] dEe] e}, XA
SEAY BiES 8 2oy, tlAFE = 248 it
28T E Viepdo] AREFT
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4. ASPHODELS| M} #E3%

4.1 ASPHODELS| #x2| #E

ASPHODELZ sl=glo] & it ¥ we WA pro-
gramo| & B#FERE A 23y, £#(identifier) 22]
I AMEE el eige g &ids ok v,
ASPHODEL®} &t=do] mdl Rut2e] Ath
2 Y BRE N EELSE, EEMAA EF
H st=do] WiIRE 2, dA M&E g o A
A MEFEE EERl A STk eth AEEW oS
1} & AErAel FEil ol g PR E o ATk
(AHS o)
program cxample (ASPHODEL.1ib); { ASPHODEL program head part}
var a : integer sign(16) main iport ; {declaration part]

temp] : integer sign(16) temp;

b : integer sign(16) main oport;

il {statement part begin}

templ := 8 -1;

b :=templ; (statement elements)
end. {statement and program end)

42 HER
HER = st=do RS HEs HH7} sl=
dio] it 559, bitkESl RA BEHE] ER
A3 HFS ojo} 3vl, o] B AT B
(2 3el)
<declaration_part> ::= <global_document_deciaration>
<Jabel_deciaration>
<const_declaration>
<type_declaration>

<var_declaration>
<procedure_and_function_declaration>

o} gt} olSo) i MBAH X Hole WS 2
71utere}. & 714 {global ducument_declaration) &
optionS. 2 A A eksl = syhst R wh, it HAnkE<
¥E R BIHES EAsd £43 #EeE XY
stz 231 ¢lom, {label declaration) & 3L #ol A
gotoES £749 % el option #4224 K
1% Birolo]d FSMQ) ol AR F A= B
#ig ot

{const_declaration) & #E# &S Ffiol HA
3l3, EBiutel WA BiRe] o148 fl8 static
3 #EE vle ERNTFE Fo2EA FEIYU BY
oA B —e] npAaRo) et ole 53] (bit
_length_definition) (¢ #) %< ool #83
o A EE
(4)

n;m lc =g +b; { caball mustbe temp variable.}
falsepulse = 0;
trucpulse = 1:

9} o] AME-3HH, phigol EH sLite] MR 41,
g s Fot

{type_declaration) & = A {scalar_type declar-
ation) ¥} {structured type declaration) &2 1}3
o] W 23 HE A ole QA BHekel Ve o

{variable_declaration) & 3l= ¢ o] #itol E =
{port_variable) {temp variable) %] ##7} Ut}
FE #gollv= A fkell 2A Ah XE, WH
FE AN ZTEFo] Jon, X4 o Z main,
wire 59| %4 (attribution) & 7FAH maine 3=
o] md o] 7Hg vt A9l AHAE JENY, wirew
A% EERES communicationd wireE %3
A ATE E&ME ) parameter passing F R o8 AP
o},

(Temp_variable) & FiEF £ dlo]elE A2 3¢
AREEY stodlo] HiE ao2 B9, storage el-
ementol] &)@3tc}. & & Eo,

(AHE- o)

var variablel : integer(3) wmp; (R #| 8§ EQstxjthn Y442 3 ujB Yol §)
{ 3N emp W4 e}
varisble2 : one temp; (1 4|2 o] The ¥4 dam yped FHe temp Wiof |
variable3 : integer sign(9) main iport; (R LM A F EY et ol7}t 9 WXt maia
PLE 1 &2 .

£ M3 E 5 Uk

{procedure_and_function declaration) & 342
nE HfrolM #Este —iE9 subprogram 24
w8 VLSI Al 29 gxitol syie s =8 Bz 3
ola) F1, o]5% body#olAM AZFHOZ KHETL
24 B 4839 Ll wEel olAd8 AUt
= Fa8% #& 9 shvo|th olm) Al portd
£X8 wire2 HESH I AN Hh portdt
FEE

Procedure ¢} function®] x}o]d-& return value 2
Figol glow, o & £9,
(AH& o)

wire inJone wire out

if (strength >= normvinal_strength)
then compute,_delay ;= delay;
end; [ the end of function definition |
; {some statements)
= comput_delay(D, add); {function call and its assignment siatement)

........... i (some statements)
end. (the end of program}

9} o] Abg-7tgstet
4.3 ASPHODEL2| M #8
ASPHODEL 9] x#¥#+= EFHINA 59 st=
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B /Ek stedol K FIE Bt B8 HR

o] RiES KB EBsle MM o3 k& it
st oz A o9 ARH ik HANME A4
A== dgiol 7hesobsli, ol &8 e His &
7 o] Hojofdirt

ASPHODELS®] #i|# ##% =+ when¥, if&, case
2 exit®, goto®So] Y=, KA WEE 9
X & for, while, repeate® Fo| A-Fg}t g
MRk AL WH Haexs 5ol stedo] e
Wi wE KRl I E gk 71N
WH el AolA JFF stsdlo] ik HEE
BEES 93 S o] i3 shie) MEOEA,
=3 uraiA] HEk S Wy Aol HEEY EEYL
2 F—3td 2 FR7} BE (hiding) Hojob ol
FAXT, £ oxE A3 Wit vy,
compilation processor 8] FHth 3 AFHE MW7)
&) MAEH NYIEEe FH Mol Holth A
EolA, XEH A
(AHE o)

parbegin
amgel;
bmmbia;

2 e d8= a,b:=(b+a), (a+1); 2 ik
T Wy A Bge A9E Ve BRE K’
78 x#o] %8 AdE W¥ HAXE AHEEE
BRAlo 2 ach W TS AL Mk AT
= #}7F 2ol AL o E EY, M gkeR a
9} b7} 2zt V1, V2 g8 Zevid, vh| el
o5l B3 be] B Fe Vi+ Vel uidd
MERByO 2 WATSH, V2+Vi+10o] Hug F43
ool 3t} Bt FAFHoE W S F=dA
MEo A A &R, &g B— Ale] Z(same cycle)
oA wF wexwe dudEd A% AAKEE
at o] MEANA Rme Aojgt B 4 Ut

4.4 ASPHODELZ| expression

ASPHODEL9] expression® 2+ # 4 W=, #HHE
¥, boolean®® KX, PIE RP KA, shift &
rotate®r®, B AT don Kkl A3
verd T}

WA, £4 KR L HE BRES 4 198 &
%02 A& §ol, pc7t BUIERE HEFH I, pc: =
11111111'B:pc(3:0) : =111'B;pc(5) : =0B: 52
2 BAnd fitdche 7138 84, A ds pe

ol R E HE 2RE, 4 dlv K EAFE KT 4
HE gRE, i d& &TH 28 A8t 59
A v Eg g2RES Vel

HE B ANEETE AMEEle B oIy, 9
o AHEHE HEFE B— mETE -, e 2
& wETE -, 4, ‘mod, ‘diviee] ) o]
o) H— HEFQ ‘—'= operandE 29 HFEEE
ooy, ‘4= dutd o g Kexsox dneE§ A
B o]l & default 2 2@t

W Bl 2ole HE WA T boolean FmEE
WET S BE HE MET 5 @ 2o, sh-
ift @ rotate A2 93 WHE T = EF FHitd gt
shl(shift_left), shr(shift right), rotl(rotate_left),
rotr(rotate right)%°), operand¥ IE# 9 2=
ol BrEdh

T, MR Bl 2ols Mk MBETEE ="(%
), ‘<> GEHM), ‘<, ‘<=, >, >="(k/ K
) Sol slon 1R 2 34 HmE Yot

5. E} 3l=¢j0] #ig:k ®EESte] vl

& %ol ASPHODEL¥ c}& HDLH2| W+
Aut x2 g9 HiES HEel ol 7 FFEU &
£ Hmydl e} —k—gEe) &Aslnz daigolet
g + 2o, 2 ¥E5Ec g £dg 8 48
A hget AA Time T FH Hrtd o
et on, e Hol o} 8 EstA)

BE g9ud, 71&d #%Y HDL di-&ol &
A Z2ady EEE ol Hiral it ddd
oA 1557 YT Exg Agsty don, ol vt
ZAg Aeg welth 1 olfE TR HiE
AXE HDLE T A$ole st=dojet &AnE
gho] o] #iE o) (dSEW, WAL HIE #F
#E)og Xd YA F4 He A7 sk,
stedlo] ftkole xE3tH ikt sl oY
A FA4 7} g g

& @ ME 71Ee Zg oy HEE ¢nd
E o] golatn, Jl&d A9 sEx §olgh
Pascal & sl=4dlo] HdAe n#ista, ohFst vlE
B4, Aarzte) thekd, slelBel Xig, T8 i
o MA(MAR 7Nd)s S Zifst FART HK
#2) Frol s E Wik rHsstn, FE3] Ho
oM BEE I B AMYLR BY 2 uE
E# fite]l 715% FH& 71x= ASPHODELE
ML ig- g a=4
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1B sEso] 714 dojete) nla
Table 1. Comparision with other HDLs

#7hel HDLEg

B as CDL | DDL | AHPL | ZEUS ISPS‘J MACPITTS | VHDL | ASPHODEL
digital design? O l (@] O ] @] O O O
AEH A7 X \ O O O O 0 O O
TE=H A x | % X O O a O O
documental design? O ' ] O 0 () O O O
Ao o] cheky? X X X a 0 X O O
el WD x | x x a O 0 © 0
7o) 8ol A7 O ‘ O X O O O O O
@jlr%leh‘” £ol? O O O ( o | o O [ O

e L 5 CN-DA R DA B X x 0 \ ] O o O
wd & 7hg? | O O a O o} O O
FEH? TR | w& | w§ | FERHA| MEgely | delE Hude | 23 24E 84
#Ed Tz 9o 43 | A4 | APL Jmodulaz Lisp A} Ada HAazd

O %% OE% X FAEE

IV. ASPHODEL 22| E ZTHel 2

1. ) Mk WMEM

BKERE AR TPolM R e Edow LEXICAL ANALYSIS
= gz g7t FiRE olF 1 e, oe 7IE i
o] AZEo] Zsdeie dolel 3§ i [22]9
A iR °ﬂ 1ABE, o]2 =so] AHOR Y K name&constants token
m23lel 7 Qe BEoR B U WO —
1= @Isﬁrﬁ, (2519 7% DFG(Data Flow Graph) ;
&, [24]91 4= CDFG(Control Data Flow Graph) PARSING

E ALggho) olu) oleigt il ®EEES [25]dX =
F g Mg, B =50 duzlE Hudes 74
Aol Ao AW A phase2 A CDFGol 3l o
olele}l @ik E AW hf Z =B ERSE BARE

WE AHS B REERA BHRE AdU

SYMBOL TABLE 74}
2. ¥ElE Hm 2| ma

CDFGoll #ifEst= dlolet 28 ii&’é‘}“ &g
& 7uddeis ASPHODELZ EHH 3t H@®= OLTABLE
] A Rk oS B o el R8T
& FAsALA, & @Fxore UNIX Le

language 712 5EE<) LEX9} YACCE AM&3ld & Z7 IYE ;g
e HAAdHE BHEEY dndE F9de
9 ZEEE g 1Y 13 g}

oX

—

( FRErEREMHY )
2.1 Bl 3
%% S #3e ASPHODELZ ¥ it fi 8 1. gnd s ARl 255
624 Fig. 1. a flow diagram of algorithm compiler
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R/ eSO W F3E Wil B MR

HE tokeno 2 EHISIE, LB HHE tHaA
= WE tableol] fsk3tch TokenEdl = B#EE, &

8, ¥, B 5] on, ol @#E 2 token
EL e ZEF ulyo] @ e AheE
Eol7HAl "ol ob 22 lexical errory} B4 s, &)
34T HEE HH8LT, comment = HERE ST}

2.2 M3 AT} BB SR

W ot A2 @Bk o g9 A7 token
codeE olA ASPHODEL #% o] we} 54
(parsing) 3t o8, & @mxoHdE YACCE
AH2-37198] WA ASPHODEL #x #HEES
LALR(1) ko2 ntEue, o8 53 #x #i
o] ZAEAsH HiiEeE 53 I=g 22y
st By RS HRYY o278 dolxe 3
e X E(tree)oln], o] Z5E EE ool A
PR

HE o A E A Yol ARE B E
2 E AAH (recursive) 02 EHsIHA ztzhel x
& ARG B¥E FRE S8 EEm et
BHES BRE Srstad A HlolBg WE 1, of
& EdZ w&ERo] sl X ESE ol &3t Rl
code & H K dhc},

HE HolBL g 1Y 29 & R HE I
5 ZEE 3a, WHE Y scope ZolE F Y3 Hip

program examplel (ASPHODEL.lib);

{This description is to solve the equation

3}, soiet vlee) s HE 98798 A9 (stack)
wiEz ddsigdo

Jp

Kk Aol 3 x<JH

T8 2 A E Ho B X B HiE
Fig. 2. a basic data structure of symbol table

V.® B8

o] gol A $#£% % ASPHODEL® ¢tm2) s 7 sl
219 HAS BolvIlsl AA ki st=do] i
it edAE 21 RES Pk

da2E FAodsed KBS A V1= 4Rk
A Hed {ERE 29 AES BESS KBS
Rk olu AMEE AEL RE wixulz o4
(4]52A4 7129 a5 A 2=l AFEEAD HE
2l BEt o olt).

ol E K ATl F & thgol Avlgch
TErol AHEE dAlE [17]14 ALSE d2A o5
4 @ ASPHODELZ f@itsid ohe 19 33
Zol X&),

/\I a? 4+ p? = max [7/8 max( lal,lbl) + 1/2 min(a,b),max(a,b)]}

const &bit = 16; { The length of integer in this description is 16 }

var a,b : integer main iport; { System input ports are a and b; }
aab,bab,less,great,sqs,t1,t2,t3: integer temp; ( Temporary variables; }
result: integer main oport; { System output port is result;}

{The begin of statement part;}

begin
if a< 0 then
aab:=-a;
else
aab :=a;
if b< 0 then
bab :=-b;
else
bab :=b;

625
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if aab > bab then
begin
great := aab;
less := bab;
end;
else
begin
less := aab;
great := bab;
end;

t1 := great div 8;
12 := great - t1;
3 :=less div 2;
sqs =12 +1t3;
if great > sqs then
result := great;
else
result := sqs;

end. { system end;}

1%l 3. ASPHODELZ it ¥ MacPitts9] o
Fig. 3. An ASPHODEL design example for MacPitts
example

S, 9] e EE U E U, vk EK
§ =St BI= and A71E QaEE AHEUT r outPuT FILE g
H, 13 49} o] & thEA vehdrt ! 7

progran axaaple2 (ASPHODEL. ib):

const @it » §: Ry R R R RN
{# CONTROL AND DATA FLO® GRAPHK DATA FILE »#}
R RN R R R NN NN N
p:iateger temp: §6 1 40
eger main aport: $1 Sconstl a(_8_ianl) on ]
{ systen behavior description } $2 Scomst 172777727°8 off 0
ai{ The op *:+° {s move eperation.} $3 Sconst 10000000°B off
4 Scomst B(_8_intl) on ]
< bin ¢S Sconsi 3 off 0
band 17727922°B) - 10000000°B thea 26 Sconmst 1 off O
11 sin is & negalive} $7 ‘mv’ <- 21 oa a_abdbs(_8_ial) O
’ aabs e baet aini $8 Chand’ (- 21 22 o0 L1(_8_inat) []
ikin band 21110ETD) - 10000008'D Lhea $9 ‘band’ (- t4 $2 ew t2(_8_iat) 0
bobs t= bast sin: $10 “av’ (- 4 on bd_adbs(_8_int) 0
-p:-;_n;:: $11 ‘=7 ¢~ 38 %3 on boel O
R 212 = (- 29 23 oea bool O
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{i*‘#‘*#***##‘*t*t#‘*t*#*t#ttt*t}

{* 5.5 1: ASPHODEL SYNTAX *}

{#t**#t#*tt*****##***#****tt****}

<program> ::= <program_head><block>""
<program_head> ::= program <identifier>['('<file_identifier>(','<file_identifier>)")]"’
<file_identifier> ::= <identifier> { Standard cell 1ib. identifier is ASPHODEL.lib in the
current
version of algorithmic compiler ]
<block> ::= <declaration_part><statement_part>
<declaration_part> :;= <global_document_declaration>

<label_declaration>

<const_declaration>

<type_declaration>

<var._declaration>
<global_document_declaration> ::= <empty>
I'{* <identifier> '’ {<identfier>};"}'
<label_declaration> ::= <empty>

| label <identifier>(",' <identifier>}";’
<const_declaration> ::= <empty>
| const <const_definition>(';'<const_definition>)";'

<const_definition> ::= <bit_length_definition>

I<value_definition>
<bit_length_definition> ::= &bit =" <unsigned_integer>

1&bit '=' sign <unsigned_integer>

<value_definition> ::= <value_number>

I<mask_number>
<value_number> ::= <identifier> '=' <constant>
<mask_number> ::= &mask<unsigned_integer> '=' {<binary_digit>})"B
<type_declaration> ::= <empty>

I type <type_definition> {';'<type_definition>}"’
<type_definition> ::= <identifier> '=' <hardware>
<hardware> ::= <simple_hardware>

I<structured_hardware>

<simple_hardware> ::= <scalar_form>

I<subrange_form>

I<predefineed_form>
<scalar_form> ::= ‘(‘<identifier>{",'<identifier>')’
<subrange_form> ::= <constant>'.' <constant>
<predefined_form> ::= integer

! one

! character

| boolean

! real
<structured_hardware> ::= <array_form>

| <record_form>
<array_form> ::= array [' <simple_hardware>[','<simple_hardware>]']' of <hardware>
<record_form> ::= record <field_list> end
<field_list> ::= <record_section> {';'<record_section>)
<record_section> ::= <empty>
I<field_identifier> (', '<field_identifier>}';'<hardware>
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<field_identifier> ::= <identifier>
<var_declaration>:= var <hardware_var_def>(';'<hardware_var_def>]";'
<hardware_var_def> ::= <identifier> (', <identifer>)"'<type>
<type> ::= <hardware>[<bit_spec.>][var._spec.>]
<bit_spec.> ::= ‘(‘<unsigned_integer>')’
I sign '(‘'<unsigned_integer>’)'
<var_spec.> ::= <System_port>
I<subsystem_port>
I<temp>
<system_port> ::= <input_port_type>
I<output_port_type>
I<ioport_type>
<input_port_type> ::= iport | main iport
<output_port_type> ::= oport | main oport
<ioport_type> ::= ioport | main ioport
<subsystem_port> ::= <wire_input_port>
I<wire_output_port>
<wire_input_port> ::= wire_in
<wire_output_port> ::= wire_out
<temp> ::= <empty>
! temp
<procedure_and_function_declaration> ::= {<procedure_or_function>;’ ]
<procedure_or._function> ::= <procedure_declaration>
I<function_declaration>
<procedure_declaration> ::= <procedure_head><block>
<procedure_head> ::= procedure <identifier>’;’
| procedure <identifier>'(‘'<formal_parameters>
{'<formal_parmameters>})" ;'
<formal_parameters> ::= <parameter._group>
| var <parameter._group>
| function <parameter._group>
| procedure <identifier> (', '<identifier>)
<parameter_group> ::= <identifier> {','<identifier>];'<type>
<function_declaration> ::= <function_head><block>
<function_head> ::= function <identifier> ;' <result_type> ;'
| function <identifier>
‘('<formal_parameters> {';'<formal_parameters>}’)":'<result_type>’;’'
<result_type> ::= <type>
{ start of statements )
<statement_part> :: begin <statement> {';'<statement>}';'end
<statement> ::= <unlabeled_statement>
| <label>":'<unlabeled_statement>
<unlabeled_statement> ::= <simple_statement>
I<structured_statement>
<simple_statement> ::= <assignment_statement>
I<procedure_statement>
I<empty_statement>
<assignment_statement> ;:= <serial_assignment_statement>
| <par_assignment_statement>
<serial_assignment_statement> :;= <variable> ":='<expression>
| <function_designator> ":='<expression>

629

www.dbpia.co.kr



R E SRR "93-5 Vol.18 No.5

. .

<par_assignment_statement>::=<variable> {','<variable>} "=' <expression>{','<expression>)
<variable> ::= <entire_variable>
I<component_variable>
<entire_variable> ::= <identifier>[<bit_spec.>]
<component_identifier> ::= <indexed_variable>
| <field_designator>
<indexed_variable> ::= <array_variable> ['<simple_expression>
{’,'<simple_expression>}']'
<array_variable> ::= <variable>
<field_designator> ::= <record_variable>'.'<field_identifier>
<record_variable> ::= <variable>
<field_identifier> ::= <identifer>
<procedure_statement> ::= <procedure_identifier>
| <procedure_identifier> "('<actual_parm>{','<actual_parm>}’)’
<procedure_identifier> := <identifier>
<actual_parm> ::= <expression>
! <variable>
! <procedure_identifier>
| <function_identifier>
<empty_statement> :;= <empty>
<structured_statement> ::= begin <statement> {';'<statement>}";'end
| parbegin <statement> { ;'<statement>)’; parend
| <when_statement>
| <if_statement>
| <case_statement>
! <exit_statement>
| <continue_statement>
| <go_to_statement>
| <for_statement>
I <while_statement>
| <repeat_statement>
<when_statement> ::= when <expression> whendo <statement>
<if_statement> ::= if <expression> then <statement>
1if <expression> then <statement> else <statement>
<case_statement> ::= case <expression> of <case_list_element> {';'<case_list_element> end
<case_list_element> ::= <case_label_list> "' <statement>
| <empty>
<case_label_list> ::= <case_label>{','<case_label>)
<exit_statement> ::= exit
<continue_statement> ::= continue
<go_to_statement> ::= goto <label>
<while_statement> ::= while <expression> do <statement>
<repeat_statement> ::= repeat <statement>{';'<statement>} until <expression>
<for_statement> ::= for <control_variable> ":=' <for_list> do <statement>
<for_list> ::= <initial_value> to <final_value>
! <initial _value> downto <final_value>
<control _variable> ::= <identifier>
<initial_value> ::= <expression>
<final_value> ::= <expression>
<expression> ::= <simple_exp>
| <arithmetic_exp>
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| <boolean_logical_exp>

I <bit_logical_exp>

I <shift_rotate_exp>

| <relation_exp>
<simple_exp> ::= <constant>

| <hardware_identifier> [<bit_ref>]

| <array_identifier>'{<expression>']'

| <record_identifier>','<element_identifier>

| <function_designator>

| '(‘<expression>)’'
<bit_ref> ::= '("<bit_position>')'

I'C<msb>":'<Isb>")'
<bit_position> ::= <unsigned_integer>
<msb> ::= <usigned_integer>
<lsb> ::= <unsigned_integer>
<arithmetic_exp> ::= <un_arithmentic_op><expression>
| <expression> <bi_arithmetic_op> <expression>
<un_arithmetic_op> ::="-'| '+I<empty>
<bi_arithmetic_op> ::="-I'+1"*Imodidiv
<boolean_logical_exp> ::= <un_logical_op> <expression>
| <expression> <bi_logical_op> <expression>
<un_logical_op> ::= not
<bi_logical_op> ::= and | or | xor | nand | nor
<bit_logical_exp> ::= <bit_un_logical_op> <expression>
| <expression> <bit_bi_logical_op> <expression>

<bit_un_logical_op> ::= bnot
<bi_logical_op> ::= band | bor | bxor | bnand | bnor
<shift_and_rotate_exp> ::= <expression><sh_or_rot_op> <unsigned_integer>
<sh_or_rot_op> ::= shl | shr/rotl | rotr
<relation_exp> ::= <expression> <rel_op> <expression>
<rel_op> :="='1'c''<'|'<="1 >'| '>='

[***********t******t*#******************#*t’

{* 3-]1I. ASPHODEL intermediate file syntax *)

{****#*********** e 2 e 3 e o e 2 "#**#**#*t*}

<dfg_file> ::= <file_number> <the_last_node_number> {<data_control_flow>)

<file_number> ::= <unsigned_integer>

<the_last_node_number> ::= <unsigned_integer>

<data_control_flow> :;= <node_number> <node_type_definition>
[<previouse_information>] [<hardware>] <flag_on_off>
[<jump_value_expression>] <outgoing_information>
<end_mark>

<node_number> ::= #<unsigned_integer>

<node_type_definition> ::= <const_node_def.> | <op_node_def.> | <flow_mark_def.>

I<sub_program_processing_node_def.>

<hardware> ::= <hardware_type._descriptor> | <design_information_descriptor>

<flag_on_off> ::= < data_synthesis_or_not>

<data_synthesis_or_not> ::= on | off

<end_mark> ;=0
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