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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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e £ BA BEEC] EXHVA 53 AT
Ao} go] R ATk H2o Bind HEASK
of & AT KRN AMHT lon, 11 o)fE 9
oJol-g- H-ofe] AFd WHME kg BEIH
2 AEH e [1]

Dave Johannseno] 19793 “Bristle Blocks"[2]&
BR3EAM ad d2E oA A mhS
ok RE AR Mao) 815 arHwA oE
AR DYE @golth TRt deE fHudey
FAEL Aoy A B 5 A=A #Hr
Fimo] E¥E =, £k VHDL[3]9] ## ikl uat
AF7tA BAENAVE HE #HRE0] R £
A zuizt o] EAE ¢FE3) @ikl AR
t}, IRt AA AR &= sledo] LR SES) KB R
B 2 Atol o] Bl S trade offdll W) & MBS 73
v B RT#RE Ausde dAolvh (4]

&A@l de o8 Y&l WA HEFHEvF HE A
o2 RE & uzZ Y kY 4 3+ high level
abstraction &S #1 EI ol9 o KM
translation® iald N2 L st=9go] LwEEY
ASPHODEL & #%3t3hal, Wi ik ofhetS 2ol
7198 dudE HAodE BRHEIT) ol &y
5 Agdsis durE Bk HE AR A 2o
AT FREQ] whi) 1) Tof M3l tableS A3
= A EESgo2 A HE Ao AtE =9
o] ST FFE S Hohdejo) KB: it 4 & FHHSA
DFG(Data Flow Graph)[25]¢} t#k #308 782
2N Zzre] RS 2

II. 3t=4%l0] ik EEE2| MR

1. BETF2| BFR 47

sl=glo] gt SRl g Wee 1960dw 2
CDL[6], DDL[7], AHPL[8] 5-& &A= &atay
of whe} o Wt #iTH ol e 1 [9]-[15]

# Holl e rlEd A<t ik 555 Jh2d U
FHQ ErA| EEES o HEE LI K
el 7R (161904 4543 vlo} ol kel
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Wi 715 A-E FHOR K afrsle] M2 &Y
r=slo] il FE7F Aok ¥ ut A3 RS F
yEn 2gte] dEHE HERSE XA AERE F
HES Aoz gtag gioh opgol o] A st

aird st=dde] it 538 EEol R E &t
2 Aol S BHE FEREAA T, A & ki
WE AW SER 2ol7lde B3 Hel gt
24 CDL, DDL, AHPL %<& Zito] oJgx 9
@dA e By ol Roz FdHM,
MacPitts[17]9] Z-$= He& Al Ah 8
E2 A AR JHEstd 8 G4 Ao
Fo] FHeFAE3t1, Lispoll 7H7hE #3C Mg 2 A
readability 7} thA Ho] At}

$3, DoDell ojsf w¥¥® VHDL[3][20]& vl<
kel At HRoz2e #HiEe LRt =ZH te-
chnologyoll ¥ FHE 21 9lo] & kit RE
Al Al="el ANh S5BE F YA $8E U8
Ao 2 AR Y. A FFE AA| 7} 2 dojz A
% HS Fol LAMSE 2Yd F 3l S #iEol
238 e A 5J{AE F 5 UonE Hx
o ¢k #ime 8olAdo MEAEE BHII UL,
g A HAod (343 Al2=d) e B3lo] v o
2 Hrel AFEHD Yk dAz e A #ExsS ¢
3o XYsk= VHDLBA 3t HR = T2 A8
olE] (o & 59 VantageA}2] spreadsheet, Viewlog-
icAke] Viewsim )ol BRE Ao, & kit &
B A" VHDL AA #xe deAdde #62
A5 s A s ojobd BEE Foldut. [26]

2. % KB SRLE SISO BB WEES| MR AR

& WM B ki AR AIZ=HE S R
B MBS A8 1ot SES WA B kE RE S
A ZEE] dNHd A% 353 nald A §
A 2 AE(9EE9 complilation process®} intermedi-
ate formAg] 7|¥)& +ER =9 £k FFE
T oo b3 g BXE VEoE BES
o & kit o dFH oz mAEE 4+ = HDL
& #Este s ch

A, kel Lol A= Kmstd Tl &
B, Bt E A ALl

EA, & kit £ dxeE dd Rk sFEHs
Y3718, datast 21ELY $A1FHQ HEBE XK
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R /W SEdol B A WAl ¥ HR

AR, ol Bigol T2 ad Yy MWL Hrheld &
itstnAtete st=sloje} ol9] ®HE A =2
) B F ME S Ferol 1eiste] XS BE
gt ol &M JEAEZ Y FE sHd WS
7} 43 BM3E7] A& Pascal(21]8 W3t
& EHEL, ot TR Bl ANEHlE Rl
€0l E& RS BRI @tk

I. st=20f 12t MIES| Ikt

1. 3t=9loje] Bzl

# el ASPHODELS VISI R E 8873
o2 EEYS U S high abstraction M2 2=
stedo] Y BENC F, Ah dHolelE 93
clear defined bit length& Zt& Af LES} AN
diolele] AA M, ik S procedural I
E % mENES XY BE M 2250 11 Fy
E Hhdte ih TEE 288 3= 992 main mo-
duleg 24381, BR 2559 BEELS submo-
duleE2 x93l ojuf ojkg2 kil AS-
PHODEL H#& Al2¥9] AtHh #AE main
module B ZZ8 A main AN IZEZ HAFHEY, A
27 ik 225 sub_module(&, procedure)®
A AF wireZE BHE, 7|5 BZ9 AlRFH
HEHL statementE2 AAAHA Y AA e}
o,

2. ASPHODELS| syntax3%3, 81

WA #i Lo (terminal symbol)v XXF XL
‘ '(single quotation mark)& A28l &iLslt, 3k
# % 309 (nonterminal symbol)+= < > (angular br-
ackets) Woll %39l (under line) 2.2 L o).
Syntax rule2 S::=E¢2] ¥z Jelun S
#ik TME, Ex So sl = i &3 A (syntax
expression)¥ Uebdt), o1& EE #&ET e
B M, 7 H%E | (or), { }(brace), [ J(squ-
are bracket) & AMg-Fhrlh FHH, ool Al ILRE X
#H MR A Z AFE g Bh=A] ¢ '(single qu-
otation mark)& A}-&%t}

3. ASPHODELS| %4 &

ASPHODEL 9] %% 5ol = M#E, HAT, %
2F, A o) ded fege] HolE 9 X}
FALo] e M RS S AT BT RAUL

ALg-sto] A BT MAEESH MM T ol @ A%
9 e KIS BREIE W

3.1 Comment

Comments= { } ¢tol| LA S fEiksle o=
FEAAMY BHEE31Y documental design HA S
HIRIIEE Aot t3S& o] 9 oojr),
(AHE o))

{
This is an example of ASPHODEL comment.
}

3.2 ldentifier

JitE7L FAUZ ALEE 5 Qe Ol BXF
9} %=x}, | (period), (under line) S8 FTAEM
B Efe o3 2o
(& A9
<identifier> ;= <letter>( <letter_or_num>)
<letter_or_num> ;:= <leter>i<num>
<letter> ::m <character>{_1.'

h Hid ifigihliljkiminiolpiqirisittulviwixiylzlAIBICTDEIRIGIHIN!

KILIMINIOIPI QIRISITIUIVIWIXIYIZ
<npum> ::= QI HA3ILISI61819

3.3 Constants

olol= A A numeric contants$} alphanumeric
contants®] ¥ 771 9loo Hixe o33 o}
(& A9

kesign><unsigned_number>
kecontant_identifier>
kesign>cconstant_identifier>
kestring>
ber> e

k. igned._ intcger>
Icunsigned_real>
<unsigned_integer> :iw <digit>
<Sign> im '+’
e
«<constant_identifier> :m <identifier>
<siring> ::= “<character>{<character>}™
<digit> ::= { <binary_digit>)"8
I{<octal_digit>] O
I <decimal_digit>)
H{<hexadecimal_digic)"H
<binary_digit> ;= Olliamask_digit>
<mask_digit> ;o= 7
<octal_digit> ;= O HAIMISIET
<decimal_digic> ::= OIIIAJ4SIBITIEN
<hexadecimal_digit> = O1IHIISIGITIZ O Dicidlelf

24 274 1I'Be A3AFEE 3&, aHe JA3F
108 vehdo, (mask_digit) & don’t care 9x]2]
BEES A3 244 et

3.5 Termination
B XFe AvEE vlHIT UG AlvEE
< BEERAA el dEe] B}, XEHAA
FEFY BiES Y8 2oy, A E = 240 it
28T E ebd o 2183}
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4. ASPHODELS| M3 3} i5¥%

4.1 ASPHODELS| Mx2| E

ASPHODEL® st=glol & @it @ W WA pro-
gramo| & BAFER A A8, &4 (identifier) L&
I AEE gelB e e &ids ok v,
ASPHODEL ¢} st=slo] =l mEnr=o AHh
2 A BRGN UF EF LI, EEHANM EF
H stzmdo] wiEg 2y, A4 Fn'iE ol of 3 Zé
Al MEFES ERO A it HEEW S
o & ANerHRl it A& M E 7 Arh
(AHS o)
program example (ASPHODEL Jib): {ASPHODEL program head part)
var a : integer sign(16) main iport ;[declaration part]

temp! : integer sign(16) temp;

b : integer sign(16) main oport;
begin {statement part begin)

templ := 8 -1;

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

42 WES

HEEHIN = st=do] RiRo st HHrt =
o] #tt S EEH, bitktETol 2A F&Hs =R
i BF S ook 3, o] E A #XS

(7% F9)

<declaration_part> ::= <global_document_deciaration>
<Jabel_deciaration>
<const_declaration>

<type_declaration>
<var_declaration>
<procedure_and_function_declaration>

o} gt} olSo) thE MRAH Hx Hole WS B
71utere}. & 7] 4] {global ducument_declaration) &
optiono. 2 A] M eks| = 5t A v, it AWHHA
BE WY BIEES LAY 243 #eS XY
=233 .o, (abel declaration) & 3 A]
goto®S £ 7497 el option ¥ SZA HK
1e Bpolols FSM9] Fukol mAE & U= WX
#ig ot

{const_declaration) & #E# kS Fgijol H=A
3l3, gRiutel HalAln iR SoldE 913 static
& BHE v ERNFE Fo2A FHEHA B
oA B —e] nfA R Y} ole 53 <(bit
_length_definition) (M#$% #8)% 9 ititiol 83
t} S EE0,
(4)

const &c =+ b; { c.ab all must be temp variable.)
falsepulse = 0;
trucpulse = I:

9} gro] AME-3HH, phigol EH Litte]) R 4
g s Fot

{type_declaration) & =LA {scalar_type declar-
ation) ¥} {structured type_declaration) .2 1}
o] A A3 HEL A ole= FA) B kol el ol

{variable_declaration) & 3=l o] o] W &
{port_variable) {temp variable) 52| ##7} Ut}
FE #@gollv= A fikol 24 ASH RE, MH
FE AN ZTEFo] lon, B4HO0F main,
wire 52| £4(attribution) & 7}A™ main2 3=
o] md o] 7pg vt A9l AHAE YER Y, wires
A% EEPEZHe] communication wireE 53

A ATE EkPE ) parameter passing FR O 2 AsE
o},

(Temp_variable) & HEE £ dloJelE A A& 3¢
AMEHEY stodlo] #iE aos By
ementol sjF&c) AE &

(AHE- o)

var vasiablel : integer(3) temp: f""" #.'2:/;-» VY 3 48 Yol¥)
m’ A%
variable2 : one temp; (1 ¥/ % Zo/F TN ¥4 dacs yped THe temp Wof |
variabled : integer sign(9) main iport; &-Fq_tl[_l:, g Q‘t}.ln oo} ¢ u[ K¢ main

, storage el-

£ M3 E 5 Uk

{procedure_and_function declaration) & &h}2]
nE Hfrold st —# 2] subprogram O 2 A
w8 VLSI Al =9 gxitel epiEs 28 Bz 3
o3 T, o]5E bodyiRol A AlxFHoZ RETL
24 Heh 483 Rl wEe &olAL Y3t
= 8% & 9 shiolrh oldf Al port
&4 e wire2 HEESH RN AH i) portwt
FEE

Procedure 2} functiong] z}o]%
Figol glow, o & £9,
(AH& o)

program ........ {program start}
........... : {some declarations)
function comp wire in

£ return value 2

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}

st o] AHg7Hs sk

4.3 ASPHODEL2| M #8
ASPHODEL 9] xx##K:

HEWOA E5H 3=



B/ stedlol BN FiE aatol B MR

o] RiES KB HIL3= ME O3 kS it
st oz A o9 AR Eite ANME A4
A== il 7Hesllobet, ob&el I M H
E7F R3] sofofgirt

ASPHODELS®] #i|# H&f =+ when¥, if, case
2 exit®, goto®So] AYHH, KiE #EE A
X & for, while, repeate® %o| AFgch ofL#
MER AT WH HAaXE Fol stedo] BHE
Wi xE KRl 7He3eE vk A7IA
W A xeld gl AF3 o] ik FiE
BAEES 913 S fEEol 3 shle) MEOEA,
=3 wralA NEke H Ao i FE YL
2E Bl—3d 2 FR7} RBE(hiding) Slojok Fol
FAXG, g g A B Wit vy,
compilation processor®] )& AHE WA
& MAE NI R 2ol ottt &
EolA, XEH A
(AHE o)

amgel;
bmmbia;

2 e dH= a,b:=(b+a), (a+1); 2 il
T Wy e B A3 JeEhY B2 K
78 x#Eo] %8 A u¥l #HEeXE AHEEE
BAlC 2 gch wF) WiITS AubEd WAk WATL
= 873 zol & 1A} o E Y, M) gkeE a
o} b7} 2zt V1, V2 #%E Zetd, vhA x#o]
a5l B3 bel #&# e VI+ V2l vk
MERBYO 2 WITEE, V2+Vi+1o| Hug F9&
oof 3}, Bl FAHoE Wy KIS st=dA
MEo) A A ER, & e B— Ale] F (same cycle)
oA wF wexe gudEs Al AATEE
at o] mEAA Rmd Aojat # 4 AUrh

4.4 ASPHODELS| expression

ASPHODEL 9] expression®. 2+ %4 WX, HE
¥, boolean®® MR, HIE HP KA, shift &
rotate®r®, W% ATl oo Mk o A3
verd T}

WA, £4 HRL HE BRES A8 39 &
%08 A& §of, pc7l BUIERZ EFHIL, pc: =
11111111'B :pc(3:0) : =111'B: pc(5) : =0'B: 2
2 BRnd fitgche 7€ s, AA de pe

ol R E HE 2RE, A dlv B EUFE &THMA4
HE gRE, vhAY d& BT FE A8t 59
A v Eg g2RES Vel

HE KRS HHEETE AHESe B oI, 9
o AMSHE HEFE BE— mETE ), S 2
& wETE 4, ‘mod’, ‘diviEe] th o]
o) H— HEFQ ‘—'= operandE 29 BF3FE
ooy, ‘4 dutd oz KugsElolx dnelE 3
B e o]l & default 2 253}

RE ol 2ol WRE WH T boolean IREE
WETS BE RE MET F @ QoY sh-
ift @ rotate A S 913 WMHE T = £H ko ot
shl(shift_left), shr(shift right), rotl(rotate_left),
rotr(rotate right)$-°)], operand¥& IE§x #9 ze
ol BrEdh

T, MR Bl 2ole MR HETEE =(%
), ‘<> GEHM), ‘<, ‘<=, >, >="(F] K
) Sol glon 1R ¥ g4 wmE Yol

5. E} 3l=4i0f #g:f ®mEEete v

& %ol ASPHODEL¥ c}& HDL#H9] e
Auk x2 a9 HiE HEet gol zZt FE &
£ BHmydl e} —k—gEo) &Astng Mool
BrEg + 2o 2 ¥E5EC 8 S 53 4D
) hgget HA Ele Tl FuUH Hriol we
gatgon, e Hol o} 8 E#ysich

E Avnd, 7120 #£KY HDL R &l &

A Z2ay EEES ol Ea #E dd
oA 1557 S g A o, o& vt
ZAg Aee welth 1 olfE ZROHY EFFE
AAE HDLE M@ A$ole sl=dojet &nE
gho] 7o) #it ol (dEEW, WA HIE #F
#E)og Xd YA F4 He EA) g,
stedio] ftkol s XF3tH it 2ol o8l
A FA4 7} g g

& @M V& oYy sEE ¢ud
E fite] &olsln, 7@ A HEX Lo|F
Pascal & sl=4lo] Hd AL naista, thdsl HE
B4, Aarzle) thekd, slolBee %ig, FE Ll
o MA(MAR 7E)Es S Zigsa FARTE @K
#2) ol S s Wik JHestn, A3 Fo
oM BEE 23 B AAYLR BE 2 uE
E# ife] 715 & FHE& 7tx= ASPHODELE
ML ig- g a=4
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H g stedo] 71& dolshe) v
Table 1. Comparision with other HDLs

#7he HDLE
- CDL | DDL | AHPL | ZEUS ISPSW MACPITTS | VHDL | ASPHODEL
digital design? O 1 O @) O @] O O O
A% A 4A? x \ O 0 o O 0 O O
FEH AA X | X x O O N (@) O
documental design? ] ' 1 ] ] ! O O O
Ao &-2] thFy? X x X (. 0 X O )
el MR x | x x a O 0 © 0
71&e) gol4? O ‘ O x O O 0 O @
ot el 74 gol? o |l o o ( o | o O ) O
a4 el $87FsE| x| X x 0 \ o O o 0
wd 7% 7hs? ol o O a O o ¢ O
EX N1 TR | W& | 2§ | FERAA| Ay | delE e | EEs | 15E 4
o zzagq o 4 | 2 APL Jmodulaz Lisp A} Ada Sz
0% [OIRE  x EARY
IV. ASPHODEL 12| ZTHela
1. h M FMES| MEM
Bok#HRE AW TPl b e FdHom LEXICAL ANALYSIS

= adE g7t FRE olF 3 Jey, o 7IE i

o axesol Hotdelel dole 58 WA [22]°]

A B 011 1A, ol sl=go] Ao R # pame&constants token

F[23]0] #* ARkl BEo 2 HiI e WHhol
1= @Isﬁrﬁ, (25]¢] -9 DFG{Data Flow Graph)
£, (24790 A%= CDFG(Control Data Flow Graph)
ALg-ghc}, olwj ol 23t i) FHHKS [25]0 A=
FE) Wiy, B =50 duE HHde= A
]l & e AW A phase Al CDFGol| 13l o)
oletel S AW i ISEE EEEhe Bk
RE AKY BT REBREAM BRE AU

=2

=

2 YIRS L2 mal

CDFGel fif st dlolet 28 khshs <ie]
§ #utdele ASPHODELZ EHE #af W@
FE A R oI B o 12l A BEE, o
& FdstAgE, & HmdMe UNIX L9
language /1'% SR LEX9 YACCE AHg-3he] <
s AGdEE AfEY dnedF dode
9 zExE ve 29 13 2o

=

2.1 B
R 7 31Y-& ASPHODELE it ¥ i 1%
624

]

PARSING

v v

SYMBOL TABLE T4

YMBOL TABLE

é}a—% Aa

( FRRPEUNY )

oX

—

a3 L g s Hgdeidd ZEE

Fig. 1. a flow diagram of algorithm compiler




R/ SES O B FaE Aol B HE

HE tokeno 2 EHIBIT, LB HEHSl A
= WE tableol fgkdlcl Token® ol = B#IEE, %4

&, H¥, B 5ol Jdon, ol @#e 2 token
EL B He ZER uldo] #X e AhLeE
Eol7HA "otk o2 lexical errorvt B4 s, &)
34T HEE HH8 1, comment = RS}

2.2 M HHD B SR

W ot A2 Ek ot e dalg) token
code & wolx]l ASPHODEL #3x # R wel 34
(parsing) 3l HAog2M, & ®xdsE YACCE
AH2-371998] WA ASPHODEL #x #HBEES
LALR(1) xiko g g, ol £3) #x il
o] Z#AEASH e 8 I=g 22y
st B SRS BB o228 dox= 3
e BX E(tree) o]y, ol Z5-E 3R ool A
PR

EE T M e HA dollM A X E
ZE AAH (recursive) 0.2 FEHESIHUA 2tzro]
& AR BHEE ZEE FAs o EE5 ehd
BHES BRE Hsted AR HolEe wtET, o
& EWE Mol s #ix ESE ol &3t R
code & H K dhc},

HE HolBL g 14 29 2 BE Ml ¥
S ZEE 3a, MHE 2 scope WolE B3] Hig

program examplel (ASPHODEL.lib);

{This description is to solve the equation

3}, B et vlee) s E a7 9s] A9 (stack)
wiEz ddsigdo

4

Kk Aol 3 x<JH

T8 2 A E Ho B BA RE HE
Fig. 2. a basic data structure of symbol table

V.® &

o] goll A $##% % ASPHODEL® 12 s 7 st
29 HAES Holvlglel AA Ekd st=do] B
it edAE 21 RES Bakw

da2lE FAodsod KBS AA N2 A
A 2 fERE 2 JES BESY KBS
Rk olu ALEE AEL thRE Wixnlz oA
(4]52A4 7129 4% A 20N AHEEAY R
2l BEt o olt).

ol E K Al F o & Lo Avlsich
TEol AHEE oAl [17]91M AL8E €z A o5
& @¥xel ASPHODELZ #itsd o9& 19 33
Zol X&),

/\I a? 4+ p? = max [7/8 max( lal,Ibl) + 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



EE 59 MaR it '93—5 Vol.18 No.5

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] g BE Y E g, vhEA BK
§ =St BE and N7)E ARATS AT r outPuT FILE g
H, 19 49} o] E thE A vehdrth ! 7

progran axaaple2 (ASPHODEL.Lib):

const abit » § (R R R R R P E R E RN R R R R AR R
{# CONTROL AND DATA FLO¥® GRAPH DATA FILE 9}
(R AR E R R R E AN R R N R R R N AR R EE R R AR EEERE R RN B
$6 1 40
s 1 Sconst o(_8_ial) on ]
begin { begin of system behavisr description } $2 Scomsd 17277777°8 off 0
i ai{ The op “:v’ is move eperation.} $3 Sconst 10000000°B oftf 0
4 Scomst B(_8_intl) on ]
« bin: 25 Sconst 3 ofI O
band 17777922°B) - 10000009°B then 26 Sconmst 1 off O
11 sin is & negalive} $7 ‘mv’ <- 21 oea a_abds(_8_int) ¢
a_sbs e baet ain: $8 "hand’ - %1 22 o8 11(_8_int) ]
:m--mummru)_-gomownn.- $9 ‘band’ <- 4 22 en t2(_8_iat) 0
B $10 “mv’ <- 24 on b_abs(_8_iat) 0
®ax ie a_shs: $11 ‘=7 ¢- 38 %3 on boel O
in e dads: 212 =" <- 29 #3 oea bool O
"“—“‘>'-""““b, 2113 Simerg <C-%7 211 ct oflf ]
e e baks $14 simerg <-27 #1101 c0 off 0
ain i aebs 215 “baot  <-213 ga (3(_8_inl) O
wii 216 sselec <C-21511 140 oft 0
e oo sax ihed: 307 Simerg <-%410 212 ¢1 off O
oin shri: 218 Simerg <-210 212 ¢0 o(f O
[ - 3
ey e e 219 “"bnet’ <-E17 on (4{_8_int) 0
P mat > eut_tesp then 20 ¥Ygelee <-319101 1810 ol 0

resull := maxi
foulpul the mox value:}
end, { the end of spsien deseription:}

‘S S 208 ZIX(E GER FAAY
12 4 KBS 3 ¢3E Hudeel Ah¥E AS-
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Fig. 4. an ASPHODEL description for inputting of algor- Fig. 5. output result of algorithm compiler

ithm compiler
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{‘*‘#‘*#***##‘*t*t#‘*t*#*t#ttt*t}

{* -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>
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. .

<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>}'l'
<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>')’

1 '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'+'"*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> n="='1'c''< | '<="| >'| >='

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

{* 3-RII. 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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