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Generic Programming Based on O’ Caml Language
LI Yang, ZHAO Jian-Ping, ZHANG De-Hua, CHENG Xiao-Lin
(Satelite Maritime Tracking & Controlling Dgpartmeﬁt of China, Jiangyin 214431, China)

Abstract: O’Caml is.a popular functional programming language with a lot of advanced features, such as: simple module,
clear grammar and sem'émtci, etc. Generic programming which programs through the abstracting of algorithm, data structure
and all other of the software components can avoid the repeated work of coding with similar functions. In order to combine
the generic programming and O’Caml language which can improve the reuse of soft, we extend the grammar of O’Caml
language to implement type-indexed function, the structure transition and isomorphism of type and generic function. The
experimental result shows that the implementation of generic programming in O’Caml language has improved the
efficiency and universality of programming.
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2.2 KEFFICE L
HTHE O’Caml 55 LSl IR BoR, F-41]
X HARVERATY R G IN — R8I i) pR AL, XA 57 e 2
W] R 2 R IE b A BB S 4. Tl
Z51 UL BT RR HR T 3
add(bool) = fun (x,y)—>x vy
add (int)
add(string) = fun (x,y) > x"y

>

H Bl UL, add pAEUE 2 SUFE bool, int, string — AN
Ehneg %L, LA S 221 RO S bR
BORKAE, & HEAEA add. < () "FI—RA4L
Y, XL 2 bR BORR A A bl bR 4R _TE%LPEI"J
RI4 R AT RO T S '

FINKABR IR B TFHEY JE O’ Caml i 5 HIIETE,
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Value declarations

= fun (x,y) o> x+y

d = x{a) = typecase a of {F, - ¢}

PR BRAL B W
Expressions
ex= x(A) E A bR i HR B X
Type patterns
Pu=T{a}"" Y 2 10 B S Y
Type arguments
A=T o Y
| . B.7,.. b e A2
| (4, 4,) RN

K1 AR B O W

eSS PRSI TE S (I ENIA S F |
DU IR AL I s g e, i mT LU SRR 2% )
KA. B add bR ECEF XS SR a dist A2 XA
add<a list> = fun(x,y) —if (list.length x) = (list.length y)
then list.map(add<'a>) (zip(x,y)) else raise “args must
have same length!”, JHid 52 X AT LSZHLER X 51 2 14
AR, e LT sn, L add<a list>f H] T pR %KL
add<*a> K HLAASE RPN FIRRT  ICE A, s
FHT add FH0AR R e SRBARIC RS, RAFRIC R EL
T PRI FH DG 2R Bk Ay B 1, k0 PR 1 R R Ny
Jo5t o 50 Y B o

IR R KD PR 15 S LA I LA o B (g 2 8
40 ek % add<'a list> 25T 0N add<'a list>::
(add<’a>:’a—’a—’a)=>’a list—’a list—’a list, XEIK
H A MR add< a>w L H BN a— a—a
i, add<'a list>ftJ2E Y 4 BE 2 a list—’a list—’a list. *{
7 3k 20 T (00 /NS 5 LT 1) PN 2R R B B 0 R, e
B8 bR 5 ) iR R B R A B Y R 4 RIS
HH IR A AR B A B Je A
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{HI =cpx_T=[e] } " (vii)
ﬂ_r(u} =typecasea of {T »e ™" ﬂ ={d )" - (1)} =
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3 FTO’camlify 75 [IE H 2 FE 5L 0
3.1 B ERR
Kl 3 /R T O’Caml 15 5 HRBWHEIEVL, H

H name &R 4, a it name R TI SR R, 55 )5
JHl 2 A 2R A R IE . X AT E X =AN B 2R AL
unit. sum 1 prod, ZEAFHE UK PR,

type unit = Unit

type ('a,'b) sum=1Inl of a | Inr of b

type ('a,'b) prod='a * 'b

Z unit TG, A sum G MEFER, K
70 prod A TLASKTHY. AT AR KR 7 W (45 A
L, BATATDME 2R sum. prod 1 unit XA FFR
IR ARIATHEIR. B R IE e el 282 sum., prod
F1 unit ZH R 2 2RI RE PR A 28 2R 11 25 ) £ B .
B, = SRR N type Ca tree = Leaf | Node
of (Ca tree)*’a*("a tree), AT HEAT AR &5 M) I 45 3]
M) 45 B type Ca str tree = (unit,Ca tree,(’a’a
tree)prod)prod)sum, str_tree.

| Name; of t;......
| Name, of t, =*...... Fs;

K3 RAFEH]ET

3.2 ZEAEIpET j !
%ﬁ%‘éiﬂ‘%ﬁﬂlﬂ@éﬁ%(&%%ﬁ%%ﬂ%ﬁ& [i) K 1147,

BT LU F S B B 2 ep. T S22 0 [ R )

filtn, KA T FIE RIS ste T 2[RI,
I AAFAE WL R EZH A ep T = EP (from, go), ep T ¥
HH Jyrep T (P2} 4T, (P&} =" "str_T)ep, from
H1 go JEXFTFRER KL, 2574 from:: {"a;} " " T— {’a;}
Eletstr T A go: (Ca} M str T— {Ca) N,
e SRR tree RIMST BRI 4L 5 1A 72 LR Foss.
ep_tree::(’a tree, ’a str_tree) ep

let ep tree = let fromtree Leaf = Inl Unit and fromtree
(Node (1, x, r))=Inr(1, (x, r)) and gotree (Inl Unit)= Leaf

108 #AFH AR « 53 Software Technique * Algorithm

and gotree (Inr(l,(x,r)))= Node (1, x, 1) in
EP(fromtree, gotree);
33 mARHEX
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AT add BEEEN X2 int. bool Al string [ 3,
N A A AT I HE T ) T BUS B e add BEXT tree
HIfE X @)

975 1B 24 add %150 unit, “prod A sum
BN, ARG H K EY add ((a tree) & X122 3K add

(Catree) xy =add (‘astr tree) (fromep_tree x) (from
ep_tree ¥), 1%/ LI FAR A B 45 B W F TR, R
P e 2 ] Jak A A cp_add_tree
let_tif rec cp_add_tree = fun cp_add_‘a —

cp_add_str_tree cp_add ‘a D

fi t
[ un (X, y) - go ep_tree {(from ep_tree x) (from ep_tree y)

R X, Bt e LALPE cp add str tree, 1 BRI 4K
add Castr_tree) 4w Xan s, 4R
let tifreccp add str tree=fin cp add "a—
cp_add sum cp add unit [cp_add_pod (op-aktee cp okl ) J
(cpiadd | prod cp add "a (cp add tree cpiaddi‘a))
S8 TSN # cp_add str tree Al cpran_tree S 18 U
Jf, X HF cp_add_unit.cp add_sum il cp_add_prod
18 L E A AFAE 5 PRI LAAS ] cp_add_tree [1)5E X.
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B DR, AR a2 X T iBL4 H type declaration_str
T B 8 B W] £, 159 31 6 S8 8 3k A i 28 2
unit.sum Fl prod #4Ji&. SRIFT“let_type”fF kA AL Ll
BRI B FE I B 4 H IR OGBS, B4 45 B let_binding
_type AR BRE R IATIEL 8T, BT RIECRE
AR R IS H .

str_item:
[ ["let_tif";r=W(FLAG "rec");1=¥ (LIST1 let hinding tif SEP "a=nd")
-» match 1 with
[ <:wala< [{p, e)]>» ->»
match p with

[ <:patt< Py -y <rstr_itemd Sexp:e$ »»

| _ -» <:str_item< walue §_flag:r$ $_list:1$ »» ]
| _ -» <istr_item< walue §_flag:r$ §_Llist:1§ »» ] 11

let binding tif:
[ [x1 =func_name; "<"; =2 =type_war; "»";"=";"{";x3d=type_sig ;"}";
"typecase”;xd=type_war;'of";x5=type_case_type;"--:";xb=expr -

11

expr:
[ ["let tif";o=V¥(FLAG "rec’);1=¥(LIST1 let_binding tif SEP "and');
"in"; m=expr LEVEL "top'-:
<iexprd let §_flag:of §_list:1$ in 8x$ >

| ®1 = func_name ; "<";1l= type_arqument ;":"-: ... ... 11

type_case_type: [[xl = type_sig_type -». .. .. 11;
type_sig:
[ [xl=type_sig_name;"<";xZ=type_war;":>";"::";" (";x3= type_sig_dep;")";

"=3";24=LISTO type sig_type -
let 1= (type_signature (x1,x2, x3,24)) in {(x1, =2, x3,x4),.1)]];

5 RAbrid R EGRE A H

str_item:
[ [ "type_str'; tdl = ¥ (LISTL type_declaration_str SEP "and") -»
<str_ltemd type $_list:tdld 5> ] ]

type_declaration_str:
[ | tpl = type_parameters; n =type_patt; "=";
cl = ¥ (LISTO constrain) -3
let nZ = (loc, <:wala< ("str"*'_""(snd n)) »») in
{MLast. td¥am = n2; MLast. tdPrm = <:vala¢ tpl »>;
MLast. tdPrv = pf; MLast. tdDef = tk; Mbast tdion = cl} ] ] "

tk = type kind_str;

str_1tem:
[ ["let_type";r=V(FLAG "rec');1=V(LISTL let hinding type SEP "and")
-» match 1 with
[ <:walat [(p, &)y -»
match p with
[ <:patts _ »» -» ostr_items Sexpred
| _ -» 4:str_iteme value §_flag:rd §_list:13 »» |
| _ -» <:str_items walue $_flagird § list:1$ 2] 1]
let_binding type:
[ [c=V(FLAG "rec");"type"; tpl = type_parameters; n = type_patt;'=";
tk = type kind_type; cl = ¥ (LISTO constrain) -» ... ... 11
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42 HIGLERIGE
4.2.1 1@ T A%k add

AR SCAE T IR 57 A 4938 FH g B 1 i) Ak 2L 10
T add BREAE R 7R, R EZR O’ Caml 1 5 il
FHRREL add (75 B SR, 1 o e SCIE FH s 4
B —Le B, AFE2EY prod. sum A unit [ B, add
BRI B SRS bool. int A string (IR B LA & add
PREEN XA prod. sum A1 unit R BH, FHICE SCIL

3L
75 T 285 unit. sum A1 prod A1 add pREFEA E

X5, ol AR e e A= s e g, 1617 R
N T add BREET X IEIY tree BN RS Kl 8 &
78 T AT R 3 add EHRTRAY tree I E.

type (‘2 'h) tree= Leaf | Node of (('a'h) tree)*('at'h)* (('a 'h) tree);;

type ste (‘s 'h) tree= Leaf | Node of (('a ‘B tree)*('a*'b)* ({'a'h) tree);;

Let_type type ('a'h) tree= Leaf(Wode of (('a 'h) bree)*('a*'b)*(("a, ') tree)s;

Let taf rec add <ap ={addiar:: (addead)=d'a->'a-3'a} typecase a of (o, h)tree--

Fun % y-» (g0 ep_tree) (addeste_treedaddd avadde by (from ep_tree ) (fron ep_tree v))

and add <ar ={addiar oo (addar)=d'a-r'a-'a) typecase 2 of (ah) str tree-—
ald¢ ((umat, ("=, "h) tree, (Ca k) prod, (2 'h) tree) prod) prod) sm)y;;

Kl 7 KA tree S FAIA L H AR DL A2 add (tree)
b [ X
let _=add¢((int, string)tree)>

(Node { (Node(Leaf, (1, "a"),Leaf)), {

) 1, (Node (Leaf, (3, "c"), Leaf))))
(Node { (Node(Leaf, (3, "c"),Leaf)), {

2, b
2,"h"), (Wode (Leaf, (1,"a"), Leaf))));;

# - (int, string) tres =
Node {Node (Leaf, {4, "ac"),Leaf), (4, "bb"), Node(Leaf, (4, "ca"),Leaf));;

let =add¢(int cons list)s {Cons(l, (Gons(2,Yone)))) (Cons(l, (Cons(2,None)}));;

# - ¢ ink List = Cons (2, Cons (4, None);;

8 W A% add (i 5

ATCUE h, WA R E BRI S 1K) add 2T
XULKﬁiﬁﬁ%ﬂiﬁﬁbﬂﬁwﬁE‘JE%%?%%I‘XU‘E%%&TE
A0 T 53 245 IR A (s SR, i R P P B A
51 add BR BT AN F RSG5 RN add AL
S 5 S BT S IR e T R g A, G-
HYF AR BAN T #98D> T 55%.

4.2.2 2 SRR

B VT AR IS AU HE R 18 5 DL S A v
AT T D, R X AN [ 2R 2R B (),
(ERER IG5 =9 & 5= WU S NI =I5 Al i
TAERARE P2, h T4 B UL T ok ) i H
P, FRATTS INTE ] G R B AR A2 et A UL P e £

FEECUCHLH T e & — i, T n) BLe O AR
R R IE AR AR IR R, B 2R A n] LU 44
A T::=v|e(T,...T,), vE Var, cE€ Con, Var F/~48 5 HI4E
&, Con Xrntyit 7RG, B ULHCH AL PR R AL O
PRI %A 3 4 children. varcheck Fll topeq, children
BRI EICH] TR AL 5 130, BRI varcheck H T4
P A A, WAL A H 2 A, BREK topeq ]
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TREPRAN IO e A0 JZ AT LA, DA R DL E T 1 4%
. IR = AN R EE 6 AN R () S B 75 SR e DA A
AR5 S, T |\ FH g R e A n] DAKE F o R 2507 1
Shil H ek 2
type 'a tree = V& oob var | Node of 'a free * 'a *('a treg) i
type_str 'a tree = Vt of var | Node of 'a tree * 'a *{'a tree)
let_type type 'a tree = ¥t of var | Node of 'a tree * 'a *('a tree)
type ('a.'h) treef = BVt of var | FNode of ‘b * 'a *('h) i
type_str ('a,'h) treef = F¥t of var | FMode of 'h * ‘2 *('h) ;;
let_type type ('a,'b) tresf = TVt of var | Fode of 'b *+ 'a +('b}
let varcheck_tree x = varcheck< (" a tree)s x;;
let children tree x =
let local Fflattenc as={Fflattencalby:: (Fflattencalhy)=3"a-3'h} (fun = -x)in
let Local mapd” ad={nap<(a,b)>:: (nap< (@, by>)=>"a-»'b} (fun x- >Nune) in
let local mapd” he={maps (2, b) e (mapd (2, B) #)=r a2} (Fun %->Cons (% None) ) in
(Eflattend ({" a, "h)treef)s) ((map(((‘ a, hitreef)y) (flxtree ® o
Let topeq kree x y=
Llet local fequal< ar={fequal<albools:: (fequalealhools)=3'a-3'a-2hool})
{fun a b-3a=h)in
let local fequal< he={fequal<albools:: (fequalalhools)=>'a->"a->hool}
[fun & b-rkrue)in
fequal<(( a, "b)treef) s (fixtree x) (fixtree y);;

Ko 27 tree 5 W LI B H b6 ) 2 XL

K9 R TR tree, JERIEREAT T S5 M0

MISE RIS, AR5 MR 4l 75 4243 31 T s % varcheck
children Fl topeq 1425 tree (30 2 X, R
F T AR 3 S 70 S R S, 33K 6 R 25 1) e SCIA
N RIEAEIX AT VR R, 18] 10 o 1B UL T b
BUEF XA int tree IS 545 5.

let _= wnify [] (¥t "x', Node(Vt 'xl",1,¥t "=0"));;

# - ¢ fvar * int tree) list maybe = Just [{"x",Node (¥t "xl", 1, W& 'x2'0}];;

let = wmify [("x", Node (¥t 'x1', 1, ¥t "=2"}}]
{Node (V£'=", 1, ¥t "y"), Node (Node(Vt"x3" 1V, 1 Node (9ey1", 3, 98" 92 )))

# - ¢ (var * int tree) list maybe =
Tust[ (=30, Wb ) (e, WE R,
{"=', Node (V& 'x3', 1, V& '=d"));('y" Node (¥t 'y1', 3, ¥t 'y2')) 5]

K 10 E%IUE%@Z&@TXT%&’*” int tree [F)iz 445

Lﬁ@ﬁﬁ%ﬁi?ﬂ%@m@ﬁﬂuﬁﬁm
FH (A s U I B8 8, T 0 A 512 360 45 SR AT e 45t
I8 P 20 T A 5 P 2 P 442 X i 1 4 S )
P T R s AR AR 1K) 40%, AT 2 17 30 T 4 et
R0 2 FH Rk R R P 5 2
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