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A Design of Object-based Fortran and Development of its Translator

MASAKI SAITO t and MASAYUKI HATAKEYAMALtt

Abstract: We have designed a description language Object-based Fortran (OBF) at the
programming stage in the integrated language system OOJ, and developed the ODDJ/OBF
translator to transform the design descriptions of the ODDJ into the OBF descriptions. The
description rules of the OBF pursuant to the Object-based paradigm with some constraint
rules have been designed based on the Fortran 90. The OBF descriptions can be compiled
using the ordinary Fortran 90 compiler. Using this translator, the automatic transformations
of the part of the ODDJ descriptions have already been realized. At present, no problems
have been found during the transformation processes from the ODDJ into OBF. The future
works are to make more description examples, to built in the automatic distribution system
ADS in the OOJ, and finally to aim at establishing the valuable development environments
for the Domain Users.
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Fig.1 Attribute definition by structure type
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end subroutine A 7Y x 7 FRZ_AV Y FH

' BRI B XYy FESH
B function A7V F&_AV vy F& (R5I1EDY X M)
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Fig.2 Method definition by subroutine and function
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Fig.3 Variable definition for object own self
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module # 7Y x 7 k£ _object
! BSE
use BETEA S b a—NE

! B
type 7Y 27 A _type

end type A 727 b _type

' BEE2RTER

type (A 7P x 7 b&_type) :: A7 M4

' XYy F

contains

subroutine A 7Y x 7 FA_AYV v F4E (REIBV A M)

end subroutine A 7Y x 7 FE_AVy FH

B function 72 PR _AY v FE RBIBV R )

end function F 7Pz bH_AV Y F4

hend module * 7Y x 7 k% _object

4 EZa—-NEBX T2V ER
Fig.4 Object definition by module
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5 OBF & Fortran 90 OB
Fig.5 Relation between OBF and Fortran 90
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Table 1 Correspondence of attribute slot to OBF syntax

B6 727 7L —LDKE
Fig.6 Constitution of ODDJ object frame

F7C27 b7V -3 0OBFOA 727 FE
Ta—Z 11 TEBINDG. ATV T7L—
L@y b, AV Yy FRoy b & OBF OBEX
LOMEERL, R2ICAT. £, @AY FHORE
HPEH, XV y FORD{#ER L OBF O& L OXIE
PRIIINT.

42 EMERIL—L
TREET L — Ik DU BER L - EHP W55

ATz L—A OoDbDJ OBF
BiE4 WEROET A
20y k
ks ibds 77 ABRENT  RERL
7 Ut A HIREN T ks BEZORH DT
ED
XYy R0y bk 2 AVyFAoy b+t OBF #XONG
XYy RR Table 2 Correspondence of method slot to OBF syntax
ROfEH ODDJ OBF
77 EARRENT XV F A& FIN—F B F T RERE
EL S Rt Bi% A DR
E8A 7 7t AHIBREHT fEEmL
B &31%) A + FTN—F v EBRORIIKY A+
Pk BEY 7 Aoy b EBEE
- : AH¥ 7205 b RAX
Y7207 b mp #7281y b BTN F & r BN L
P e if#720v k if #
2 l switch ¥ 720 v+ select case X
LA L Lk while # 720 b while X
KY7ZOv b return ¥ 722y b BERZDORAX
TR (D)
kS £1H #3 ODDJ t OBF 0BG
(BRFREAN) | 2H Table 3 Correspondence of ODDJ types to OBF types
Lk ODDJ OBF
mp Y70 b L3 e integer
BERRE EHH real
E3®WYUZR+ EREE-ER P& character
- - y
TR0k i%ﬂ& cha:racter{len XFIE]
AR logical
= void BELL
then ¥ 7ROy b [TE | -
ese¥720vh [E BTBLDOTL—LTHE. 7L—LEBRT 32
switch #7220y k oy MINRMFLETEEL THV SN EPRIC
B MY T3,
case Y720y bk [RE | OBF TRERERE7L—-L%2 7075 00HEE
default #7720 I\I e BELTHY., £EEHBBE 2 -V 2HVTER
e—— L, SNz EMERESa—NLEHHT 2. 705
= LEBRTI2ETOES 2 - VIERERE 2 — 1L
] use HET S H7EREEBE 2 —VE2RT.
return 4720wy k
lﬁ&%ikmﬁ

! EBERES 2~
module obf_constant_numbers

B, parameter :: EXA = EREFIHIEHR

end module obf_constant_numbers

B7 EMEHRES 21—

Fig.7 Constant number definition module
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P 7L —L0BEREGEENENRET LD
DIVL—LTH2. ZD2O007L—LDRICED
F7Y 27 P 7L —-L0BEOHLBITHOILS.
OBF TR 7L — b LHEREHE7L—L 2
BB Z0FFICES2a—-NELTEREL, 20LFN
MBRAEY 12—, RARBEI 21—V EHEHT 5.
B8 IR EY 2 — N EBREKFETS 2 — 1%
.

~

! AR E Y 2 -0

module obf_initial_condition
V A7 b2 OREE
use A 727 bEYa-NLE
! ERERET 2 - L O

use obf__constant_numbers

end module obf_initial_condition

| BRERHES 2 -0

module obf_boundary_ condition
VAT S a— L e ORE
use A7z bV a—-1E
! EREBES 2 - E OB

use obf__constant_numbers

end module obf_boundary_condition

4 ~

! main 707 J A
program obf_main
! BB U AR 2 - L ORE

use obf_drive_scenario

! BB X Y v FOREE)
call obf_drive_scenario B AV v I
end

| g FIVAET -
module obf_drive_scenario
! MBREE S 2~ ORGE
use obf_initial_condition
use obf_boundary_condition
| EREBES 12— N OWE

use obf_constant_numbers
| BAY ¥

subroutine obf_drive_scenario BAtAx Y v F

- _J
B8 MARMES 2 — L EHIRFFEES 2 -0

Fig.8 Initial condition module and boundary condition

module

44 EDREZRIL—A

BXEHHIM 7 L — A ld main 7V —A EEREIS U A
FL—LP 6B ENS. main 7L —ALI3EES T
VA7V —LEEDEHIEBTEINERT DD
7V —LT, BB F YA 7L —AIINREFR O
PHETL-DD7L—LTHD. ZD2ODTL—
LOTRICED S T aL—va vyiEEHING,

OBF Tii main 7L —A LBH>F VA 7L -4
A z0FFIczhFnE 0 S I74L, BV 2 —
NVELTESEL, 2nFhimain 707540, BB F
UXAEY 21— #5523, B9 main 70275 A
LERE L F U AR 22— VERT.

B10icy 3 2L — 3 Y OBEDHNERT. main
7055 LMEBESFYVFES 2 —LDORABAY Y F
ZEEL %, WEH T ) AT 2 — VBRI E
Ca— N EBREHES 2 —-AEZHAVTA T 27 b
EVa-LVOBREEDHLL, AT P EY 2
NDAYy FEREETAIETIIal—aryz2i
g7 35.

end module obf_drive_scenario

_/

9 main 7075 L LBHIFUAES 2 -
Fig.9 Main program and drive scenario module
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7473V 7Vv—0I37 74 VAHIPBRERR L
Vo RN AEE RS 272007 L —ATHD,
vIalb—vavoRRITREAARLLDTHS. T
4799 7 L—LidBGTRE CORBTHETH S
720, ERICOVTHEEICIIBRIN TV 2.

4.6 ODDJ ftit & OBF IO

hF iR ODD) T2 HEELT2E7L—24
& OBF Lt oxfic%& 4 1cR”7. ODDJ a5 OBF
ERNOZEHICEEL THISBIT 3 B8 v 28,
ODDJ RO HHITRTEHAL w3 bitT
B, BlZE A7 272 727v—0ROBHEA
oy b, AV y ¥2any r33E0O7 7 e AFIREMTF
13 OBF i ST s Tvaden,

¥4 ODDJ D7L—2LriikE OBF OXIG
Table 4 Correspondence of ODDJ frame to OBF program

ODDJ OBF

ATV 70—b ATz bEZSa—N
EBEHR 7L — A EBERBES 2 -
MR 7L — A MPRBRES 2 -0

TREHE7 V-4
main 7L — A4 main 70273 AL
BV A7L—4n  HELFYLFES2-—0
2473V 70L—4 FE

NREHFES 2 -0
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main 7O 35 A

[ ) #‘ED’J—ILJ lmsﬁ#iﬁe{yl—)bJ lﬁﬁ%ﬁ’-f’j:———h}

Ii&fﬁf“):—)l—} ATTr R ES2—ILA

]
1
Bmxy oy ks !

H 1 1
i 1 1
1 H 1 1
» ] i 1 1
ke egs | | H '
EHESR ! !
: 1 :
| AISzorARRE | !

1 1
L ! | |
BRAH B i ! '
! EBELR ! H
] 1
| f ]
! ATI IO FAERE !
| | U
i 1 1 ]
i H 1 t
T emsr U ER i 1 ]
— ) H 1 1
! ATV 19 FADRY v FEE ! !
1 H 1 L

1 H | I
| | 1
- L i 1 |
BE10 v a2l -3 vBEHoEn
Fig. 10 Simulation drive sequence
5. ODDJ/OBF k5 ZL—% 4 . o , b
usage: oddjt [options] input-file

51 FIVAL—90OWEELE

4 ffiTid_7- ODDJ & OBF OEHHAIC I \T
ODDJ 4 & OBF s icE#3 3 ODDJ/OBF
FIVAV—Y DEH%{T>7. ODDJ/OBF 7 v
AL—%3 CUl D7l 5 LT, RETEBETIER X
#1172 ODDJ @ XML XE* FAiA A, 2k THEs
Blizf€-> T OBF &ikicE# L, OBF :&ih% 7 7 4
WHEATDZEVIHDTHD. bV AL—FYDEH
WMz DUMNBELE Z L3 al , — S5 AL —%
EEIFIC ODDI Bk % 7 7 A VIBET2DATH S,
BEXNATDBH ODDI & XML X ¥ —= 4 I0#EA
LTwZWES, 27 —2HhH L EAE% i3 3.
B 112 ODDJ/OBF F 7 v AL =¥ DEffa< v F
ZRT.

52 MSYAL—9ORMHLE

12 ODDJ/OBF + 7 v AL —¥% D7 7 A%
Y. 75 ADHEHE, ODDJ R D F — ¥ BxE& D H
hikw L OBF &iB~OEBWE VW FF AL —%D
RO 2 o0REICERL T 7.

ODDJ b 7~ EFMH &k 9 7:%, ODDJ &
BDNF—F7+r—=v b TH3 XML EFNLICF—
INAL VY FTE77ARAEB L. BEMICEA T
Tz F7 L4 EMET S COddjObjectFrame 7
52 (MEL) , BER0 v b EXIET % COddjAt-
tributeSlot 7 7 2 (R t) | XY v Fzray b &EXF
J54 % COddjMethodSlot 7 7 2 (KIEHH) Lo
1D THB. oM, ROy FAROY T ATy
FIZOWTHLERED 7 5 ADBEEL T3S, XML €
FLOARKEIZ Z NS D7 5 ADEMEEICTIEIT

options:

-h,~help: ~V7TAyL—LEERTS.

-v,-version: ODDJ/OBF + 5 AL —
FDN—=2a VERERRTS.

-0, —output-path : Z#2 L 7- OBF Zk o
WARERET 5. HELARVLBEIRLE
HAATE ODDJ &k & B UBATIc i h
7 5.

-p, -programming-language : ODDJ &
RBroBERT IR 707 E%
BETS. BAEDNDL 23 OBF DAEE
AlE.

f,—frame: FHT257L—LBZEEET
3. BELZWEE&IE ODDJ Eibek
T 5.

o /

11 ODDJ/OBF +t7 v AL —%DEffaev ¥
Fig.11 Execution command of ODDJ/OBF translator

w3,

RO ZE LI I CObfTranslateVisitor 7 7 2 (K
e b) IZEEL 2. Visitor XY~V ERAWTT —
SHE ERMNE Y SR L T30, 5% 7V R
L — %2 OBF UAD ZE~ORIMNE 2 KL 28
T — &R 7 7 ARBIET 2 2 L (e n
PRTEZIIHICTEHHDHDTHS.

53 KSUAL—90OBFERR
ODDJ/OBF k7 v 2L —# i3 FR%gETH
h, &4 TRLKEZODDJ ER L OBF EARDONIED
A3BLATV I P 7V =LA TV I EY 2 —
NNDOEBRERE I EE I N TW L, 2007 L —
LT REEETTH S.
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1 COddjTranslator

________ 3 Cvisitor J‘ 1 l 1 l
_______ - S —
L COddjObjectFrame | Ir—- : COddiMp COJdICH: COx
i |
GOddjFrame : . 1 1 1 1
CoddjnitFrame]  ———1 | [Cobmmansiatovistor Csourseris] | . 1
1 i V [Cosprmuing Codiethodcat] 1
1 1 : : lo——
COddBoundaryF rame , o H ! 1
1 T H |t
:
[COgdiConatFrame COdMethodSiot i — = ! GOddjRetumsiol
. I COddjVariable
1T 1 ;
COddjScenarioFrame COddD, . g
COdGMainFrame D. - S ;
= | T l, ;
D‘ COddiWhile ) Ll 1 [codyCae
GOddjLibraryFrame L—{COo T
; Cod oo T - !
o P ol
K K] ! COddiSection COddjTarget
1 1 . : 1
GOddiThen GOddjElse 1 [ coddCase COddjDetault ' 1 : 7
y | COddjTerm
€« r 3 L
1 1 1
B 12 - ODDJ/OBF F 7 VAL —% D7 5 AR
Fig.12 <Class diagram of ODDJ/OBF translator
6. B & & LDE~20FEDAY v FRuy FEETEHDTH
. 5. ¥ 7r—F HADERIZ Fortran 90 Dk %
OBF 2wt L= T ab—vav7urs sy LD THY, Fortran 90 #HHEEL T2 DU TH

LOERHERT. NRIZ 00 D—EBIBME L T
fER L7 “KORKBER DL S 2L—vavTh53.
E13ILZ20—|WTHs ‘W A7V beda—
MOV TORBERT.

;®7u77AuOMN@£ﬁ%”t%5“ﬁ’
727 P 7Vv—L%2FEHTERLLDDTH 3.
ODDJ & OBF OEMBAIHE->T, A 7Y+ 7
L — Aid “seaobject” EWIHIZHDOA TS/ b
Ca—nNELTEBRBEINTVS. EPa2a—VHAPERET
W 6fTHDS 9THIRDITT “BLEZARA (B
B0)” tMEEE (BE1) "0D2o0F 77
FPES2—NEEREBEEC 2 — L L OEED use &
EINTn3, ‘

RIZ1217HD 5 21 fTEIC 1 TSR “sea_type”
WKLo TBENERBIN TV 3. #EROZEDIE «
W 7V —LDI~TEBEOBYERAT Y P ERIETS Y
DTH5. EﬁXU/F®E&§3®ﬁFk§0mT
Fortran 90 ORI EBI N TV 5.

fTETA T 27 FEHSR2RTEH “sea” #5E
LTw3, #BBRT232AVy FEREOFTIOERERE
HLTA7Y 27 FOBREERR->TWB I L9 h5

20 7HD S 116 fTRICFTH I A —F Vit k-
TAVY FBEEINTVS., bt B 71—

BEBEBRBTELLDE>TWE. BY L AR,
AV v FRay FORFIBOBPLHREROTIZFE 3
DX E-T>T Fortran 90 DEICE#I LT\ 3.
¥/, 10FRA0y b “EHETE” L11EFR0y b ¢
BB I3 EEERE (BE0) 7 & ¥k
E BELD "7/ 77— DAy k-
Ry>vy (mp ¥ 72uy ) b, ZHEEEE
TEELEAT7T 27 2P a—-N0OY T A—F ¥
3B OMUH L kBRI Tw5. 11 X0y F
NTHHABROHEICAV TV IER c & o REHRTE
B7L—LTEREINLLDEZERLTED, il
EBEBRTY 2 —-VTEBLIEEERTH 3.

7. RBRATONM

ODDJ/OBF F 5 v AL —2 3% Fich v, B
1ED OBF DfEkkH 00 DEEBERE L L T+HaEd
DTH3D, DU ILE>TENEITOFEIH 3
PEVORIERODWTRIHMEZ T iz Tk
W ZZT,6HiTTRLT: KOKKTIER > 321 —
> a v ® OBF 84 & ODDJ &, OEDJ &b
B0 ZHB L RPN B LICDWTORR 2,
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' AT PES 2L
module sea_object
implicit none

VAT b a— N EDEE

use air_seaO_object ! ¥ LFEART (HE 0)
use cloud_sea_1_object ! W EZE (HE 1)
|\ EREZBES 2 -V EDOEE

use obf_constant_numbers

v Rt

type sea_type
private
real :: S ! EHBES
real :: C | H#C
real :: Ts ! RMEEBHK Ts
real :: Ms ! FiiflhiMs
real :: Qr ! AR E Qr
real :: Qa ! WINZE Qa
real :: Q ! REHREQ

end type sea_type

! BEERTER
type (sea_type) :: sea
P XYy F
contains
¢ BRINY B
subroutine sea_absorb_heat(Qa)
real :: Qa

sea] = seal,Q + Qa * sealS
call sea_rise_in_temp
end subroutine sea_absorb_heat

! BEBLERT 3
subroutine sea_rise_in_temp
seal,Ts = sealTs + seal\d / (sealMs
* sealC)
call sea_evaporate
end subroutine sea_rise_in_temp

' BRT B

subroutine sea_evaporate
real :: Tz ! HBE (HE 0)Tz
real :: e | KRB e
Tz = air_seaO_getTemp

e = 1.165 * (sealTs - Tz)
call cloud_seal_receive_water(e)
call sea_radiate_heat

end subroutine sea_evaporate

| BT 5
subroutine sea_radiate_heat
sea/\Qr = epsilon * (sigma * 4.18 * 3.6
* 10.0%*(-2)) * (sealiTs + 0.948)**4
call air_seaO_absorb_heat_sea(sealQr)
call sea_drop_in_temp
end subroutine sea_radiate_heat
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87
88
89
90
91
92
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95
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97
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99
100
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103
104
105
106
107
108
109
110
111
112
113
114
115

117
118

! MEMET I3
subroutine sea_drop_in_temp
seal,Ts = sealTs - seal.Qr / (sealMs
* seal,C)
end subroutine sea_drop_in_temp

LI 30N i v A
subroutine sea_outflow
end subroutine sea_outflow

' W/ERRTB .
subroutine sea_receive_rain_snow
end subroutine sea_receive_rain_snow

I RED & BRI S

subroutine sea_absorb_heat_air(Qa)
real :: Qa

sealQ = Qa * sealS
end subroutine sea_absorb_heat_air

| RERERRET S
subroutine sea_setTs(temp)
real :: temp ’

sea)Ts = temp
end subroutine sea_setTs

| RERBERET D
subroutine sea_setQ(temp)
real :: temp

sea/Q = temp
end subroutine sea_setQ

T EBERET S
subroutine sea_setC(temp)
real :: temp

sea/,C = temp
end subroutine sea_setC

| REABA*RET S
subroutine sea_setMs(temp)
real :: temp

sealMs = temp
end subroutine sea_setMs

! HEERET D
subroutine sea_setS(temp)
real :: temp

seaS = temp
end subroutine sea_setS

end module sea_object

B 13 “KOKRER B35 8" A7V 2 7 + D OBF
iy

Fig.13 OBF description example: “Sea” object in
“atmospheric circulation of water”
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7.1 ODDJ fCiltfll & DL

ODDJ il & OBF zoidffil o Hikic DTl 6 fifi
THREBYTHD, AT 7L —0%2%EH
BAN>TA 7Yz b a-NIlEBLE. &
s DU o THERZEMT 2083 %<, &
DIEPOLFTY 2 P 7L —LDEBIIOVTIE
ODDJ/OBF + 5 v AL —92AWTHEEHT 3 =
LHOTHEBTHLEEZLNS.

7.2 OEDJ el & DL

OBF %l & OEDJ Bl 2 k32 L, A 7V =
7 P OEOBHERA Yy FOIRICIT LA LED
Zidbhs. HEAL LTI, OBF CiiBlEOfE%:
WOZH) 7-DICEEEZRTEE “sea” #BHL TTH
RP, 4727 FNEOBEZHRMICEEL T3
'J—:'.ﬁ 35517) unuo)%ouaﬁ:ﬁgbcu b"ﬂikﬁf&‘ﬂ
bDEVZD,

SHROBRE

81 SA4T7SVIL—-LO%H .

ODDJ BB EHRT 274 75V 7L —AlcDW
TORGDBVLERFBEEICZ>TWhRWY, 5473597
L — LD TEHRETERRE &L EEBBE O TR
NEAIFETHB.

8.2 RETER L EERBOMABROMR

BI#E?D ODDJ/OBF F 5 Y AL —F 3R ¥ v ¥ 71
CCEMEI B L REE L THRRT- 723, [k
21z ODDJ =5 ¢ # L& L, DU XL T ODDJ
SR DERK & ODDJ &idd 5 OBF s~ %%
P—ALLVARITZIBRERRET I LEZEHRELTY
3. ¥k, oWEED OONJ b b &0, 4747, Rt
EEDLETOREZHE L -HRBEOEELH 3.

8.3 —REBRMADIER

XORZFEER" LItz b ZBF 2 /ER L, OBF @
iR+ boTHB L L, ODDI/OBF k7~
AL —F DEEBEFICITZ 2 2 LORIEEITS.

8.4 BESHILY AT LODEMAH

DU OXRETIHMES I 2L —2 a3 VB CIEE
B (e Y s, GER) oBMKIcHE-s Toagelt
FIEHER1T) S EBEEN D L H k> TV 505 DU
PEEAEPEBAE L o T ST LK
FoE#i*EBEBL, T8I0 L0098 TD
IKIEFRLEE»»LhHETHZ. ZOREOR
WHELE LTE DU BER L EREO 70 75 L
ZHEBNICOBLT A EBELON, BADHES
N—T T C++SEBRRD 70 S5 L2NRELT
HE7#{t.s 2 7 & ADS (Automatic Disitribution

System)'® DFIFEMTHIT X .

DUIREST, AhFERARYIaL -3 VERE
BeExs k), BEg#dbe 257 4% 00 ICHAA
I Lx2BIET. BEMICIIRETERRE L EERBICT
ZMZ, REtEE IR EESaBdbic B ELEROED
AB%E, %ﬁ?ﬁﬁfti%@ﬁﬂ%%luﬁﬁfﬂ 75 h
EHNTEIEERELTW S :
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