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WANG Peng, XU Jian, YU Shang-chao
(College of Command Information System,PLA Univ of Tech & Sci,Nanjing 210007 , China)

Abstract: The main idea of generic programming is to design an algorithm that is generic and can be reused. The purpose is to reuse of
shuttering. The efficiency of the generic function is equal to the function which is designed for some special data type. Generic program-
ming can completely separate the algorithm and the data type,and make the function more flexible. O‘Caml has been achieved type—in-
dexed function and generic programming. Nevertheless , the type argument must be one concrete type. Generic abstraction allows people to
abstract from the type argument in the definition of functions. It shows the extension of the grammar of O’Caml based on some rules,
which also introduces the idea of generic abstract programming ,and gives some methods to define generic abstract functions. Finally, the

function of generic abstraction would be completed in O“Caml.
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1 “ZEmHmF”HEXHR

AL size RPCHBPIEA T RMR" HELS
Yo R(1)FRZRBEEF LITE“FIR” (list) K
BEL,R(2) PR RREOT DT XUR AT S

(let size ( @ :: * ) = const1 in size(listar }) [1;
2;3;4;5] (1)

(let size {a:: * ) = const 1 in size(tree a) )

(Node leaf x” leaf)

(2)

list o 5 tree a 4331k size(list « ) Fl size(tree a )
MARSH X HAELRBUSRWRBHRZ /KR
WICERE . size (a:: * )FHRBBBE N a, a::
* £7% o W kind J * , kind FRFBMAE Hzk
BT UM EE B RAAA, kind - * KR
PRz R A" kind K+ FRRHRZH“LHL
KE”, BN ree K MR AE” ,H kind g x — * ;T
tree a N LHLAR”, H kind 2 + . BB TR
B LN, size(list o ) F1 size( tree o ) 75 4o A
HEZRAA size (o), XM[S I HAFARHR, B
B, TUMEARIEE XL R let. .. in iFAFEH
i size () B9 X, ATOH BRI IR/

MRERKFHE BRI FRMBR KD R
W FEREHE, BAR(1) 5R(2) TRLEXHRA(3)
: 35; 7= W8
sizeList = let size {(a:: * ) = const 1 in size(list a)
sizeTree = let size {(a:: * ) = const 1 in size(tree a)

(3)

HAG) A, FIMRTFESHAE—ARIKER
REHHORRBH, — K tree, — AR list, IR
IR SER R EN R TR LR
(3) PR BB BT UG —FER (4) PR REE
Ko

fsize( y :: * — * ) =let size( a ) =const 1 in
size{ ya ) (4)

R(4) Py KR fsize( v ) A BBSH, H kind
Hox—w, Hik,fsize( y ) RS H y B WMRE
B, XFPENERBRRN T ERI ERMBE". X
(3) iy sizeList F sizeTree B& 3 AT LA FH fsize ( list)
fsize(tree) TR, “ZHME” RPFRLAR S L+
K—Ea MR, U MR R ENLRBSYEE

EHRK X RBOH TR, RRRR T ZHER"

IR EHE

% OCaml h“ZRIGHAE" A XFRB S kind
K ox FEREE X, MR (4) F fsize BERKBBSHH
kind g * —  , TPl OCaml“ E R GR " R X FHX(4)
H fsize MEME X R BEIL fsize RPTEEFHIR

O°Caml 7] LALEBE A ¥ HLEH o

AT 3 OCaml 7] DL4b 3 fsize{ v ) KRR BUE X,
FE O'Caml 4#iF 28 P38 T Xt fsize BRBOHATILHRHI 53
¥o BEMMIER: B %7 OCaml REFH/ATRE
fsize{ y ) Fm iy fsize( Abs y ) , o Abs & kind g x
—* R, NTFEENERY o , K% Abs o ) kind
R * . RIS fsize( Absy ) IR ZRINE" B IL
W #40 cp RRMAETE R cp(fsize Abs) cp
(sizey ), FlbIBIRK(S) Fim,
[fsize(y:: ¥ — * ) = let size{a) = const1 in size(y a)]
= [ fsize( Abs y) = let size{a) = const 1 in size(y a)]
=>[cp(fsize,Ahs) cp(size,y) = let cp(size,a) = const 1]

in cp(size,y) cp(size,a)
(5)

R(S)H op BR—NAH" , EAE - RHEZ
UK B — P RESH, 487 & OCaml AL
Y- REE . F55UK cp(size, y EN cp
(fsize,Abs) B ¥, § 5 A 34 cp(size, a ) fEH cp
(size, y ) WIS, I let. . . in BAPHHHE L,

RAZR(4) KB, fsize(list) RoRAK (3) 7 sizeList i
¥ R fsize list) B A B, AT ARG LA cp (fsize,
Abs) cp(size, vy ) FIER, REBK(5) PHALERY
& RT3 2 fsize(list) BIE X o

2 “ZEBK"ELRN

HT O Caml Z BAHRA LIS HRK (4) oF fize
RPOE L, AR (6) SR (8) HR MM o HEAXH
AU, AT AR (4) o % AL, O"Caml W AL 3
KA.

{dpcpigoga>T; 33,1 ?rz. = {dgt

3 =x{(Abs);I=x{(m)::0
gapp(x(Abs 4)) = ¢

{e..q} = = e”[¢]
::9" ra ¢ - (d/tr — gabs)
{x(A::x) =€ r>e;3F 7y

= {cp(x,Abs) =e¢[e’]}

(6)

“T RIS KB EE O Caml fUFE AL 20

K (6) Fim. R(6) PIREU L AAMEFEX,

SR LT BN 8 B AARE . B ( d /tr-gabs)

BWAN (A: k) =e, FilliK{cp(x, Abs)= e[e] |

BRBRE, P, KRR BEFH", ATHEEH

HHEME, M #R REUELH" AT HHERES.

RS B RPN A KB H R TSR,

R (4) B8, R (6) PHMRETEIRIMA
() BR.
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[fsize(y:: ¥ — * ) = let size{a) = const 1 in sizey a))

[x = fsize; S = [ ];T = [ (fsize;f; [ size(f) ] ifa — Int) ]
A = y; e = |let size{a) = const 1 in size(y a) |

rq gappr(fsize(Abs>) = size{y) ;

L3 = (fsize{Abs)) ;3" = [(fsize(Abs))]]

{e::q} &3 = funq¢" — ¢ ;¢° = cp(size,y) ]

=

‘e’ = let cp(size,a) = const 1 in cp(size,y) cp(size,a)

[ cp(fsize, Abs) cp(size,y) = let cp(size,a) = const 1 ]
in cp(size,y) cp(size,a)

(7)

HMUE =x(m)::0 ARRE s W RKBER”

(type signature) ,fsize {)“RBIZ 2" K fsize( f:: * —

*)::(size( f)) = fa >Int, HFESZIFH fa —Int

R fsize MBARRT, S 2ZH1: . Z /M size( f) FR
fsize RPKBL T size( f ) BE

EFREAPHAERBR BRS —BHER

PRICRBOR IR , B b B8 4144 cp(fsize, Abs) KRR

BEMEREXL . Fit,d F 2Bl BEik
HIE AR I (8) BiR .

gabs =
{chmgmh.} s = {epn t

x(Abs) ¢ 3
gappr(%(4)) = ¢;{x(A) 1o =
{x(A) 430y =e
x(Abs) € 3
gapp(2(Abs A)) = ¢;{x(Abs A)} oy =
{x(A) ;1) ?; =e

e
(e/tr - genapp)

e
(e/tr - gabs)

(8)
TR R R AL BN B (e/tr - genapp) F
(e/tr - gabs) i, x(Abs) ¢ 3 RR x(Abs) K4
AEZEEMR I P, B« REBET RRE, #HAAN
(e/tr - genapp) #1754k, x(Abs) e SFRs R“T
BMR” R, MM (e/tr - gabs) #1784k,
(e/tr - gabs) MMFAREIL“ T MR " BERMEE
Ko TEAERIER (4) B, FI/H gapp(x(A)) = qit
Box B9 HKBER " g gtrans B BB HEEL
K x(Abs A) HE S OCaml EXRFBHEMELR
e. PIX (4) H#l. MM fsize(tree) B, i F
fsize(Abs) e 3, B LA AR (e/tr - gabs) EATHE
o, mAHALN cp(fsize, Abs) cp(size,tree) ERK

3 MEBEMANERREE

AT OCaml LI ERME” WIBEY R,
F A CamlpS T A%t OCaml &5 #1TiEEY R,
CamlpS BB NNEFTHNFLEBMERBRITHT
8, O Caml FEFHIFFTT BHMAIM. ERH—1

BULHES, BT Y REHRESHIEE, REEHE
SGETHEBNEE,

233%f Camlps T RIFAB#AT 447, “ 12 B
£ HMETHARATEB K pa_o. ml THWFERE, X
ERTAENSIHERANBHRAL, £1 I THEE
it

A1 ¥t
HE SHRAE ERTR SRERHL XBER%L
RIBE 432400 17 82 f7 205 47 135 7

BEEOCam! PMA“ERMR” B, AFER
O'Caml i A“Z R MELIN, Ik (9) By
Ao
Value declarations
d::= ... ( * everything from O°Caml declaration * )

| let_abs x{a;::x) = e ( * generic abstraction * )

(9)
& CamlpS TR A& sig_item & B , ¥ iNH T4
FEZRMR” OIEANS IR, RS ZIER S
EMBOTFR: “let_abs” I TR ZKBRFE AT R
R TERRE SGIFRRF rec RRNKEHEREE T let_
binding_abs X H AR TRE LM EE TR
&L, let_binding_abs 4% H X% T name_and_sig
#H \expr & H, name_and_sig 4% B & F R /¥ B 3
ARFTHEARNRUSEN ., B TEENEL IS
B, ERB B MARBEBRE—IEBETETES
PR ER . name_and_sig % H F I T fun_name
% H \type_var % H .type_sig_new & H. /- 5If%k45
PreR¥E SPEE RPRAE L., AL BZ A
RAXFRMA 1 iR,

sig_item ::= “let_abs” ; “rec” ; let_binding_abs

—<:sig_item< $ _flag:r$ $ _list;1$ >>

let_binding_abs :: = name_and_sig; expr

—[ (<:patt< -+ >>,<:eXpr< - >>) 5 -+ |
name_and_sig ::= fun_name_abs;"“<” ;jtype_var;“>";
({3 { » ; tyw_sig_new; 13 ] ”

— (x,,%,,1,, signature_e)
fun_name_abs ::= LIDENT; — (x,, ,)

A1 Camlp5 P& & EB&AALR
VA BB B 4 R X,
let_binding_abs %% H % B & A o 315 B H TR
Fek, HAERARBHH base_type KR L&
Ao RRIGEN type_arg RPCI RS RH#TR K,
JEK base_type 2R3 it Str L5 B ISR B94R Abs,
MABMSH S ER(Abs ) R, HEWBLEY
gapp BILARYE 210 BB type_arg 1L A0 2 BB B0
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RPWARBE 2 HHEXRHMBRAR . RGEHR
- AHGE N expr_fun_def IMPLAS MR T A patt_
Quotation 1, BJ55 expr £ Hik H#Y expr_Quotation
4G BoT4LR B4 sig_item % H 4 30EA
TRAEHRI ( e /tr—genapp) 5 (e /tr—gabs) X} expr
HATBY . expr K HP RS STETMTHUR:

x _1 =LIDENT; ‘<’; [ _1 =type_argument; >" —--- ;

x_1REIEEH A, 1 BERBSH, LEDHH
FAT type_argument % H, %% Hi& Bl argu_type 3§
B, HRERE(,“Abs”) BREEELIMES, RE
SEZFED, VL« | RPR T RHER” RP 7L
BUbn E— NS RIRAR Abs BI(Abs I 1), RIGHRME
BB RRRE AT E

4 SRR
BB AN Camlps ¥ 4AR, 7E O Caml
PEF TR BT MARRBEER LB, X
RA——F%, B¥UE K CamlpS FAUHE L HiFH
BEFRE. EFHREARTHRI “EHER" R
BOHEATHIR , fequal BREAERT 40 i 3R T M IAAB M
B 2 B, iR R 3 o
let_tif equal <a> = {equal<a> ::(equal<a>)=>a->a->a}
typecase a of int ——> fun a b-> a=b ;;

let_tif equal <a> = {equal<a> ::(equal<a>)=>a->a->a}
typecase a of string ——> fun a b-> a=b;;
let_tif equal <a> = {equal<a> ::(equal<a>)=>a->a->al
typecase a of unit ——>
( fun a b ~> match (a,b) with (Unit, Unit) ->Unit) ;;
let_tif rec equal <a> = {equal<a> ;: (equal<a>)=>a->a->
a}
typecase a of (a,b) sum-->
( fun a b -> match (a,b) with
(Inl x,Inl y) ~> Inl (equal <a>xy )
| (Inr x,Inr y)~> Inr (equal <b>xy));;
let_tif equal <a> = {equal<a> :: (equal<a>)=>a->a->al
typecase a of (a,b) prod —->
(fun (a,b) (c,d) ->((equal <a> ac),((equal<d>) bd
)))ss
let_gf rec equal <a> = {equal<a> ;. (equal<a>)=>a->a->
a}
typecase a of (type “a list = Non | Cons of ‘a * ( a list) )
--> (funab);;
let_abs fequal<r> = |fequal<l> ;. (equal<l>)=>a->a->a}
let equal <a> = (fun ab —> a=b) in equal <(a) r>;;
let _ = equal<int list> ;;
let _ = fequal<list> (Cons (1,Non)) (Cons (1,Non))

B2 equal &H& FH A AR fequal S F W

# val cp_equal_int ; ‘a -> ‘a —> bool = <fun>

# val cp_equal_string : 'a —> “a —> bool = <fun>

# val cp_equal_unit ; unit —> unit -> unit = <fun>

# val cp_equal_sum ;: (a->b->7%c) > (d->e->1) -

>(‘a, d) sum -> (b, €¢) sum -> (c, f) sum = <fun>

# val cp_equal_prod : (a->b->%¢) ->(d->%e->1T) -

>a* d->b *x e->% * = <fun>

# val cp_equal_list :

(a->1b->%c) ->alist -> Db list -> < list = <fun>

#— ; “_alist -> ~_a list —> bool list = <fun>

# val cp_fequal_abs : ((a—-> a->bool) ->b) -> b =<

fun>

# — . bool = true

B3 equal & AR fequal 2 MHHBFLER
fequal B ¥ L — B B A S B R R B HOHAT

“ERITAR” X, LR R A F 8 R 3
FRBFATIIR, Hit, TRABEPXN—HAFAR
YR RPN A R A RHTRIER K, ZRIME2
B o
A2 BEABEHAXNARAEABERMGETRER

‘alist “atree (a,b) tree (7a,b,c) tree
fsize v v v v
fequal v v v v
fadd v v v v
fmap v v v v

SR X RIESR R, ERHHAR” AT LAZE OCaml
EEPEH, HE1 PR, T EZ R R equal 1Y
KB SHLFRBE LR, I (int list) o T Z B
7 R fequal KB SETLIR MR AR, 40 list,
REEL, ‘ERMRBRARBTEHRABHRE
.
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et — S FT, EREETHZREEPIIAZEH
27 A, 3BT R Camlps XMiEHEH#TTHNEY
B, ‘TR FEMEEEXTUUMRERE
HERBEH AURE TERGBYR G, mEESR
OCaml EFFELRMAPEMEH, ¥RAHRIE
RE—MEHEITMEARTH, ZEER ik nl A
Tt — 2 B AL , (1 1502 By R 50 A0 3 3 S O 760 355 T AT
RE IR
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