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ABSTRACT

Basing upon a strict mathematical theory, the programming language FFP!! is a purely
functional programming language and a subset of the reduction language Elf’al. In this paper
the object-oriented programming (OOP) paradigm is considerably succinctly embeded in the
FFP-AST system. By this means, on the one hand, it.is revealed that the object-oriented
programming paradigm (OOPP) and the functional programming paradigm (FPP} are closely
related. On the other hand, the semantics of OOPP described by the FFP-AST is settled. In
essence, a programming language is proposed, being possessed of both FPP and OOPP. To
put it in a nutshell, the methodology penetrating the work in this paper is the idea of closely
integrating the automationwith practice.
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HAEEAEEAT— KN BEMNLAVEEELE R — 18 #, OOPHEH
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RiEH. OOPEBEHUHARBEZHLRYE WMEBTREKBHAENARHRS
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FARE” fERRHFER RBRROPXiFE, BE ETFPHATFRT4MH
MY HETFPERFERERZ LN —HEEREBN FAEETFXA
66, gk, RMAMFFPHNERTAMEAEFTN “BE - #3H - FFP-AST”
SRR SERMNEERLALRL-BTRTXETZEAARE
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BRFE%R BNEEEDAERF X ONROPFHRK)BHFUER
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§3. FFP-AST ¥ &1
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S« MIETHEAZH

WETE—EBXLWAREHNNER B8 “SHRTHENER . B
HFXNGEHRER DRTFFPHRER T ZE K, X# L EHF Backas B30
FFPROME, BARFEFFP 2 E —HPEEZH(FIN) W “BEH— FHH
FHEEWRIE , B WEFHN CREIERBRRBEZEXLETFR, &5
FEX(—RWHEE—R XBZRMTHHRNFFP PHEARS BAFXH
EMRE BX . BH FFPHPHNRFSENETPFEHWRAMIER, 7
ARLEBYEE BEEFBAL R EHEAXRBFLHEEE -4 XA
FEHIBEE MRLE(WMEFFPERFHIESE), FFPHIERTERY 84
Ay B Tl N

'ﬁfﬁiﬂi%%ﬁIH%TFFP-ASTﬁ%iﬁf’ﬁ@%ﬂ‘loo HEEHEX R -
N, HRE BITETFLAR RIOEFFPET R E XLIE ?’ WAIE R — A

— MW, QEL WA HNEFEFFP qﬂig‘ligiﬁiﬁ?l& {F B DL AR BT &S
— & ¥, UARECORD X & # ¥Z & By J& 1L &S & ok 8 K BB A <RECORD, <<labl,
expl>, <lab?, exp2>, ..., <labn, expn>>>, FEBFIT—F 1L M2 LFETFEH 2.
;E e G0 X — S 4 H) M fE RecordSelect, RecordStore, RecordStorel,
Record With,

Def RECORD=not ceqo (2, % | |—~L5% L /% HRIEHFZ K+/
Def RecordSelect=/+ RecordSelect: {<labi, record>} — ({expi}u{ L }). M 1B F record %
8 AR E B labi wJﬁiﬁiteXPi;.%%, B 1/

and o [pair, eqo [1 0 2, % © RECORD]] — apply o [[% FETCH, 1], apply o {{% ALFA, {%
BU, % apndl, % CELL),, tl]]; % | |
Def RecordStore=/*RecordStore: {<<lab, exp>, record> } — ({newRecord} u {1 }}. ’@'—
<lab, exp> T A record P IE R — ¥ B 2. & record F IR 3k ik H 45 il S5 lab ) iX
— 4, TN E R 4 8 M 3« /and o jpair o 1, and o [pair, eq o {1 0 2, % RECORD!| —
apndl o [% RECORD, id].
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atl o apply o {[% STORE, 1 o 1], apply o [[% ALFA, [%BU, % apnd}, % CELL]}, tl] o 2}
%1
Def RecordStorel = /+ RecordStorel: {<<lab, exp>, record>} — ({newRecord} U { | }),
B 8t Record 1 #7 3C Jy lab B9 HF — M, 53 LA 3 B 5 <lab, exp>, 35 Record f AR M F 7
T FRIC Hlab B R4, W25 | #/and o [pair o 1, and o [pair, eq o [1 0 2, % RECORD]}]
— apndl o [% RECORD, id|,

atl o apply © [[% STOREL, 1 ¢ 1), apply o [[%ALFA, [% BU, % apndl, % CELL]|, tl] o 2J;
% 1
Def <STOREL, n> = pair — (eq o [<pop, n>02,2] = % |; <push, n>c [1, <pop, n> o
2 % L

/v FERE AR %, M 3X ¥ X STOREL T A B <STOREL o>, RENEMERE

X TG #&. % Fpop, push, FETCH(E[ T ), STORE (B} | } {5 Z 86, £ W [1)+/
Def RecordWith = /# Record With: {<record, <<labll, exp1l>, -- -, <lablm, explm>>>} —

{¢newRecord>}. # i? 5 newRecord, J& 2 #5710 Yy 1abll, ..., lablm ) i BE 4+ 5F. 5 R iE
3 record — ¥+ /and o [pair, eqo[lo1, % RECORD]} — 1o (while not ceqo [tlo 2, %
<>]

[RecordStore o [102, 1], t102)); % |

§5. KN FFFP-AST R Z P RIOOPIEENEREN

OOPFHFW B ALAWAERR —RASNI(H2), Eh TRERSAR ()
EILEE FRTEMNBENIMAOELATCHEA - XOEXRE
TRHEABHET AL ENKEE—E WREHUHNABRE, () EE
FE: OPFA KA AT (metaclass) 2R EBHF ANV EB/ BHRBMER.
ERUBRXRANERASR) R RERE NEX;, HIEH
“RFERY”, ERMBEB TR AEHETRURMENERXREREM
e, () RMARE BRRXFNTKHNIXURMNSGERERZ L B4
FOFRBOTHL(BEHESAR). (VRHHE AHMEANREFRER
REHE R,

§6. KIE AT B

BRIMBAENEFFPX—BLEBFZLNBERERE BERE OXBET
ADT(HIS B BB FANBRE BRORAFACHABRE MM HADT
HETERYE FEABHNEFTHEHNVAEDUMEE LUEORUKELME
BB EIE. EANY FFPEFTELEBIEDHER —SRXALRE
A RUBY X (BN, 5, “string” . symbolicCostant %) & T & X f¢ B 2E 1 L H (BR Q
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OCPEFMEKEHTHRE - TEZY., BAPINETRENRBE T
LM BE— BRI g HPETEHNRTE AN R, A&
KEBHUER ENZHESN) EQME, XEFUIEITHNOTR
AETW REEAFUER BRAXNMEBEMNEZHARAE -, BHXEE,

ZERBIUER MTEEMTCHH IS LS EIHERNABRS. B
B BEXROM% AWM FERETFERAATRI(EXAT CARMEMA).,
RibEn “AFLEA” ELEEFFP-AST RLMD P, LOHN THRELELAY
RECHBERNEXNE, Ba BRMAL Y NERFENF, HRFTHIZE
B R B 0T R R 0 U8 B ok 4k AR '

FEEENL ASFHMEXNITE LA TFTHF KEE-BMA - TMESR,
ZHRUBEXEM REM-—THBEEEANERE BEHMNEIEE L£
(E# X A0 3,

2 & ClassName # & X 2 — ¥ K, E R H T H 5 BobjectName(iZ & B
ARG S ¥t FFREE L) Meelector(H L ERBPHEY). BBITA R
g M, F:  <ClassName, objectName, selector>: arguments=ClassName: <<ClassName,
objectName, selector>, arguments>, J Farguments HH B LB PHEFEF B, EFX W
<argl, arg2, .. > B <ClassName, SubClassName(5¥, ClassName), argl, arg2, ...>.

ELLTHERE EMNMEESM
Definputc=[le1,201,3¢1,2]

Def var=apply o |[%COMP, |%FETCH, 2 o 1], ATHREE|, 2|/« T H EH R &, dgii
BRATRX T, B A “CTERER OFMx PR -Fioy &L

* #Smalltalk-80 Lo, TEWEAMepmagarl,
A —MBih FRELSE.
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¥ T 3K R <var, y>:x, B (T y) o 3:ix +/
Def beginClass=id .
Def endClass=(eqo[2¢c 1, %el|=/+ KX B R H B E BB W H +/
(not o eq o [RecordSelect o [301,2], % | |— _
apply o [RecordSeclect 0 301, 2], (eqe 101,104 0 —/+ g FAT L AHEs/
[tletlod o1, 2040 1,apply o [|[BRALFA, [%BU, %apndl, %CELL]),
apply o [[FETCH, 2 0 4 o 1], defs]|, 4, 5, 6, 7}; /+ 2 2 i T 4k «/
[4 01,101, apply o [[BALFA, [%BU, %apndl, %CELL||,
(mot 0 eq o [id, % | ]—id; %<>) o apply o [|RFETCH, 1 o 1, defs]], 4, 5, &, 7])];
{not o belongsTo o {3 o 1, RecordSelect o {%classMethods, 5]|—/+ s H Ff 2% & «/
(eqo(lol,10401] —apply o |[4, %cl, 30 1], apndio [4, tlc d o 1]];
pply o [[4, %cl, 3 o 1], [[4, 10 1, 4 o 1])); /+ HE JF 4 K o/% 1));
PEXEAEONBENEEBHERE
(not. o eq o [RecordSelect o [3 01,3, % 1] —
apply o [RecordSelect 0 |30 1,3] {eqejlol, 1040 1]—/+ % FHT T {f 74
[flotlo 401,204 o0l,apply o [[%BALFA, |[%BU, %apndl, %CELLJ],
apply o [[WFETCH, 2 o 1], defs|], 20 1, 4, 5, 6, 7}; /» b & 25 71f T 1 +/
(401,101, apply o [[%ALFA, [%BU, %apndl, %CELL]|,
(not o eq o [id, % | |—id; %<>) o apply o [[RFETCH, 2 o 1], defs]], 2 o 1, 4,
5, 6, 7));
(not o belongsTo o [3 o 1, RecordSelect o [%instanceMethods, 5}j~+/+ ] 4k 7K +/
(eqoflol, 1040 1]—apply o (4,201, 301], apndl o4, tl 040 1]};
apply of[4, 201,80 1], (4,20 1,4 0 1} /+ # F& & K +/% ).
[2, RecordSelect o [%classMethods, 1], RecordSelect o |%instanceMethods, 1],

RecordSelect o [%super, 1], RecordSelect o [%inheritanceSuppresing, 1],
RecordSelect o [%classVariables, 1], RecordSelect o [%instanceVariables, 1]|

MR, F¥endClss REMMERT, FEUYA: ZERBEBFABLE
HFFPRE M, ZHEFFP-AST R4+ & T HATH, & $ endClass # beginClass — #2,
HAE X R, TL
Def ClaseName=/+ — ™ B (K 65 8 5 X »/
endClass o | \
%<RECORD, <<sguper, SuperClassName>,
<classVariables, <RECORD, <<y, ¢>, <gz, ¢>,...>>>,
<instanceVariables, <RECORD, <<z, ¢>, <23, ¢>, ...>>>,
<classMethods, <RECORD), < <classSelectorl, classFunctionl>,
<classSelector?, classFunction2>, .. >>>,
<instanceMethods, <RECORD, <<instanceSelectorl, instanceFunctionl>,
<instanceSelector2, instanceFunction 2>, ...>>>,
<inheritanceSuppressing /+ Fil 3 30 ) 3 26 0] 4k R M0 JR 45, HE BB o/,
<RECORD, <<classVariables, <y,,, yj,, --->>,
<instanceVariables, <z;,, =z, ...>>,
<classMethods, <classSelectorpl, classSelectorp 2, ...>>,
<instanceMethods, <instanceSeclectorql, instanceSelectorq2, ...>>
>> >>,
inpute

© HEFRES AT http:/ www. jos. org. cn



1000 £ M 4 ] RHER -61-

] o beginClass
R TEMLH W(HEAXET)F u ¥ i {k: E 3 <ClassName, cl,initializeClassName>
<bi, b2, ...>, 3 FinitialiseClassName J& & ClassName #] — 4 % | ¥ % & F; b1, b2,
BB T oy, BPRE. B —BREYERT X R <arguments, Class-

Name, <<CELL, y1, bl> <CELL, y2, b2>, ...> % <>, SuperClassName, <RECORD,
<<clagsVariables, <y;, yi, -..>>,--,...>> <RECORD, <<yl, ¢>, <y2, é>, ... >>

, <RECORD, <<x1, ¢ >, <x2, ¢ >, ... >>> F, M HE =W Py Hbi ¥ %%
A <var,yi>, HE <bLb2,..>NEH “FRNEXELREEXRT AR
MAZPHNERET FVNRNEEWHBME WH bLb2 .. KEFHES
“RABEIA LA L (ClassName) E X FFHFEAF BEXH (&0 ¥ EEX
(TRATIRBHME) EXT0E (FE AL @) BAELFHFNMARBE H
Deﬁ:zitializeClassNameE[[Z, % *is initialized”],
apply o [[%STORE, 2], [1, defs]],
(eq o {3, %<>] — [t] o RecordWith o |[XRECORD, 1], trans o [a1 o 1, 2]]o [concatenate
E; [tlo f;, gelet; ;}[};FfordSelect o {%classVariables, 5|, apply o [%FETCH, 4], defs||], 1], 2;
rans oja2 ¢ 3, 1,

ATHmMAEHBREY XRREEF)ILAFEBRASXRAEEY M
BEXRN (AW LARABRREE NG D) ME IE A (ClasName) £ X KX B B8
classFunctioni B9 4 B, %4 B & (56 M) & & F B classSelectori(#) 4, initializeClass-

Name),

§7. coPXW K IEHZTH

AXOHRE AT BT Smallalk-80" g 3 &, HERF XN EQ R
E-ERBELARZARBLNEN R&KEH OXNEANRASHEXY
2o & AR (X B ), ﬁﬁﬁ.ﬁi‘fﬂzmaaw\mﬂﬁﬂﬁ) M, F—%
HEQXRAEELTEES T

OMETASHARNROE AEREXAR ERLEAHERF
A “new” FHEFSHMLUER KENERIBIGFR oK H=ZR BEQ
Mg BwAXOHR HEQXR,
1L BEQNE,

1% & 4 objectName § EXH — P E R BRI EEKS Boclector, BITH
B W, A

<abject Name, selector>: arguments
= objectName: < <objectName, selector>, arguments>.
Def beginObject=id
Def inputo=[l ¢ 1, 2 o 1, 2]
Def endObject=(not o eq o [RecordSelect 0 {201, 4], % 1]|—

/= .57 FL H 5B ¥ +/apply o [RecordSelect o [2 0 1, 4],
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i2, 1, zpply o [BALFA, [%BU, %apndl, %CELL]],
{not o eq o [apply o [[BFETCH, 10 1}, defs], % | |—
apply o [[BFETCH, 1 o 1], defs); %<>}], 3

[ ﬁﬁgﬁﬂ*j;@ﬂ]@ﬁt/applyo ([2,1e},20 1,30 1)) o
12, RecordSelect o |%Class, 1|, RecordSelect o [%instanceVariables, 1},
RecordSelect o [RoprivateMethods, 1]

[e ERTHAONBEEHREER/
Uef objectName=
endObject o |
% <RECORD, <<class, ClassName>,
<instanceVariables, <x1, x2,...>>,
<privateMethods, <RECORD, <<privateSelectorl, privateFunctionl>>,
<privateSelect2, privateFunction2>, ... >>

>>>

inputo

| @ beginObject

N3 BEFLPBI BT <objectName, initializeObject>:<al,a2,- >, 1 b
nitializeObject f S objectName M X B M A P XM — LR H{ F; al, a2, ...
EHMHXENEREBERD) S HET (BN E KO X R XK H I T, x2,
<o B BR

Wik A KPR IE B BT 4 B B XS & 5 <arguments, ClassName, <<CELL, x1, al>,
<CELL, x2, a2>, ..> @ <>, <x1, x2, ..>> M EF B R o PxifHai W ® &, &
3 <var, xi>,
T2 AROEGD

FHHEAPHANBTARONRIARES —HTEE—E AR “H
A7 E & “IfobjectName X — % i FF & M0 R B” 19 — K M J3: <objectName,
selector>: argument. & i, BWARAMBLFE LR B L HEOH LK S
#ET .
3. g0 &,

B 7 O X & & ¥ i dynamicObject ] 8, 7 i i 2 B dynamicUse Bh 75 b 4 A,
BTEREN #F

<dynamicObject, abjectName, ClassName>:

<listOfValuesOfinstance Variables, listOfPairOfPrivateSelectorsAnd Functions >

=dynamicObject: <<dynamicObject, objectName, ClassName>, «...,...>>
Def dynamicObject=apply o [[3 o 1, %cl, %new], [2 o L, 2]
/s Hf <ClassName, cl, new>: <objectName, <..., ...>>, 3 § new 2§ 2 ClassName & )

Defnew=([to 1, % “is created”],
apply o [[%STORE, [%object, 1 o 1]}, [[BCOMP, %endabject, [SCONSTRUCTN,
[%RECORD, [[%class, 2| , [%instanceVariables, a1 o tl o 6],
[%privatemethods, apnd!l o [RRECORD, 2 o 2 o 1]}}], % inputo],
%beginObject|, apply o [[%STORE, 1 o 1],
{trans o [alotlo €, 1 o2 o 1], defs]|]]
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Def dynamicUse=
[#<dynamicUse, objectName, selector>: arguments=dynamicUse: <<dynamicUse, object-
Name, selector>, arguments>*/

[apply o [apply o [[RFETCH, {%object, 2 o 1]], defs], {[2 2 1, 3 o 1}, 2],

apply o {[%pop, 2 o 1], apply o {[%pop, |Fobject, 2 o 1], defs|]]

§8. COPIEE B NFFP-AST R 4 11

FFP-AST REFFERKAEMT:

- {8 <key, input> 9 ) key=oop.

* Def is-copStream=eq o [%oop, id|

< B Wsubsystem 1 E X F 1 A — &

is-oopStreamo T KEY — 1 INPUT,
HFPimpuw R TFTRAMHEBRZ —

(i} <ClassName, cl,initializeClassName>: arguments.

(ii) <objectName, initializeObject>>: arguments.

(iii) <dynamicObject, objectName, ClassName>: arguments.

i) “FERBEBONEERBFFP RER o1, 2]c “HANTONEH
FFPRIER" o “NYRBHECHBLEHNFFPREIR", BB “BAFHSaM
#WTFFP £ 3£ X" B) <dynamicUse, objectName, selector>: arguments.

(v) “FBRBBQINKERKFFP FiE A7

FAETM. RARMN MAZXH Rinput FPHFPEERXDBELEBRENK
FFP 3% 3% &,

§o. B &5

BEXUFFPERBGLEH, GFFP-ASTRENH YA EBBRTHE -
A= FE KFELE RAERAFFP JF & T — F 3 %& FPP #1 OOPP K iF
He ABRXHE BTOPHFEFCELRANITH ENHEEBERE “EX
RRFFP R XM A EXBI R - & F XE &,

3 ) OOPP R 4 7 Smalltalk-80 #) OOPP §4 L EZh g, W B & ¥ 7 b

- kD SR T BB,

O BURSECHAAE B,

Tk~ “ANR" BERACHE N M EZE H ke Xk

ADT+ AR RE = %= 8 L (#ER),

Bl (BH)+ #RILW =8Pl M= %M,

itk TE) B+ 88 & BLH =0 X £,
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