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Making Recursive Algorithms Generic
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Abstract : Parametric polymorphism is crucial to generic programming in that it adopts parameterized types and therefore fully supports the
abstraction on types. However, current generic algorithms, both developed in C+ + standard template library and in functional program-
ming, have sole and concrete functional definitions, which lack scalability and reusability. Presents the abstraction on algorithms and
primitive recursion constructor, aiming to reinforce the high reusability and extensibility of generic algorithms. In addition, analyzes the
consistency of this algorithmic abstraction with generic iterator concepts and Tecton concepts, presents quantitative time — complexity
analysis, and gives the practical implementation in ML..
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#1385 E%E AppendElem B — N IT R B A
— N ERBERYER. HRBPFEZ-ITHER,
NEERABENETF Cos TEBATHR, TUA
Cons BR¥, Wi B I EFHEF R

AppendElem< X> Elem Nil=Cons<X> Elem Nil
AppendElem< X> Elem (Cons<X> x List<X>) =Cons<
X> x (AppendElem< X> Elem List<X>)

> Cons<X> : V¥ X.X—~(List X)—(List X)

> AppendElem<X>: VY X. X—(List X)—(List X)

2 %3 BB ReverseList i i FiRE XK Ap-
pendElem eRECHHEER T ITR BIHEFIBUF E

ReverseList<X> Nil=Nil
ReverseList<X> (Cons<X> x List< X>) = AppendElem
<X> x (ReverseList< X> List<X>)

> AppendFlem< X> : V X. X—>(List X)—(List X)

> ReverseList<X> : V X. (List X)—(List X)

B3 %IHPESY InsertionSortList & FBiH A HEF &
P:,38 3t InsertionInOrder BEE (K — T K H T HuiE
A—NEHF SRR D) HEF — 1R,

InsertionSortList< X> Nil=Nil
InsertionSortList< X > (Cons< X > x List < X> ) = Inser-
tionInOrder< X> x (InsertionSortList< X > List<X>)

> InsertionInOrder< X> : V X. X—>(List X)—(List X)

> InsertionSortList< X> : ¥ X. (List X)—(List X)

MEL_EBIF7T LA B A B IR R 3 TE A B
[ B AFAE « BTA B9 B 2R 33 18 H 2 oK 30 (Base) F1 4= UK
1 F (Generating Operator, GOper) # i, Ri& h 2
FARIIRIR BT eREL, f REE R, g AERBET, W

h(z,y) = flz), h(z,y,) = glz,y,,h(x,
y(n—l)))

h =rec(f,g)

Y —B W LHEA =0 F, AR I
FHREBEWES z EXRHg BZTTRB BRES
B8 7 B8 I8 B ER % I R B BTl 58 (I Bk ik
Ackmen BB¥0) , HR R URBEXTBIHBBHEEET
3, 45 2% I R B HI 3 F unfold, unfold fE R F—
ANE F 2 B T (Base), — > ZJC BB UK B 59 I
(GOper) FI—/M#HAERI(pX. T) HESR.

Base: T
List: (T =pR. VX. (X*R))
GOper: (Toope= ¥V X. YV Y. X>Y—Y)
Unfold: Topa™ Thae™ Triss™ Thae
Unfold=Unfold GOper Base Nil = Base
Unfold GOper Base (Cons x List) = GOper x(Unfold GOper
Base List) :
Unfold==AGOper. ABase. AList.
match List with Nil=>Base;
| Cons(x, List’)=>GOper(x, Unfold(GOper, Base,
List’));

unfold #E & FUSGRE Al T IR 26 B0LS-61 g 3t 58
VAR X T BRFF, BD unfold BAERRKEHE T
FETA ) X iR BRI 5B T unfold (X .
T) = [X ¥ uX. TIT, Hip —»EIFERBERFS,
XEH unfold ESBEB SR BEHNAES L, AT
HLURBARTHAATR. UTRREF—TZEH
REVBRIE
unfold(List, ) = Cons ¢, unfold (List,)

=Cons ¢; Cons e, unfold (List;)

= Cons e, Cons e, Cons e; unfold (List,)

= Cons €, Cons e, Cons e;. . .Cons e(,-y unfold (List,)
= Cons €, Cons e, Cons e;. . . Cons e,y Nil
BT 4R BB EZSN, W LA unfold

BB LS FHEFREE K, F140 SumList X2
RIGER BT A K TG E R ; MapList BRETIZ BUEE R
#8 JC K ; ConcatenateList ¥ — MZ BRI R T M2
H—MERIEER 2 )G s FilterList R P ARF A KM
HITTE =8Ro

AppendElen= AElem. AList. (unfold Cons { Cons Elem Nil)
List)

Reverse=AListList. (unfold AppendElem Nil List)

InsertionSortList=AList. (unfold InsertionInOrder Nil List)

SumList=Aldentity. AList. (unfold Plus Identity List)

MapList=AUnaryFunction. AList. (unfold (Composelst Cons
UnaryFunction) Nil List)

ConcatenateList=AList. AList”. (unfold Cons List> List)

FilterList=AUnaryPredicate. AList. (unfold (Binder3rd Condi-
tionalCons UnaryPredicate) Nil List)
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BRHRBER—MFRERN SENEN. EE
FATER B ROR , R T & YR 12 R S A
o BXRAE Tecton 35 578 iy 8 4K 2 (use concept)
EHBMRBRE K, ZREESRRE TeconiFF P
HI AR AL BE 2 (refinement concept) , A AR AE FH 5EH
TR AERMBEREHRXR, ATIE S F Bk
NEEREVERSRSRNERZ L, XPHEERH
Z 3t Tecton MBS FES 093, B b xRz A
BAEZRMGBRNAS, TRBE TRIEZBHEKRX
o H Tecton BE R THEM B PR FIHENE
B UTREOESS .

< AppendElem, Using List, Unfold>=

Abbreviation : AppendElem is Unfold [ with Cons as GOper,
Cons(Elem, Nil) as Base, List as Sequence] ;

< ReverseList, Using List, AppendElem, Unfold>=

Abbreviation : ReverseList is Unfold [ with AppendElem as
GOper, Nil as Base, List as Sequence];

< SumList, Using Identity, Plus, list, Unfold>=

Abbreviation : SumList is Unfold [ with Plus as GOper, 1denti-
ty as Base, List as Sequence];

<MapList, Using List, Unary — op, Composelst, Unfold >

Abbreviation ; MapList is Unfold [ with Composelst (Cons
Unary —op) as GOper, Nil as Base, List as Sequence];

< ConcatenateList, Using List, Unfold>=

Abbreviation : ConcatenateList is Unfold [ with Cons as GOp-
er, List” as Base, List as Sequencel;

< FilterList, Using Binder3rd, Conditional — cons, Unary —
predicate, List, Unfold>=

Abbreviation : FilterList is Unfold [ with Binder3rd(Condition-
al— cons, Unary — predicate) as GOper, Nil as Base, List as Se-
Quence};

< InsertionSortList, Using Insertion — in—order, List, Unfold
>

fl

Abbreviation : InsertionSortList is Unfold [ with Insertion — in
— order as GOper, Nil as Base, List as Sequence];

RIE Tecton BEFPHHERABE, FERXRIFE
STL iy BLAB B #R0] DA HBRERN A S R I Un-
fold BR¥X, Plus bR $CFR B {H N | A9 BREAT LA 4 AR
Count BB¥{. BT B Find, Find if, Remove I Remove if
ATLA  FilterList R #R# &, Count if 7 LA Fil-
terList #1 Count R ¥ 8, For each B LA MapList 3k
s, & LAFIE Replace, Rotate %55,

3 % Iterator HL 2
MEFEREF, mold BFH TEZHEZNEINT

Ko X5 iterator FIBEE—H :iterator REHF TR EM
BO,BRE D iterator X & 3% 19 JC R F 47 Ui [a) A
fE. iterator FRIRG WS BEE MM, HAEEE N
A, CEEXTEZRERN unfold B, BRTEZR
BRZH, T LUE S E — 450 4519 unfold BREK,
0 vector, stack, set %, WAL B —HEBIEEHH
unfold BR¥, 1 — U

Unfold bintree=AGOper. ABase. ABintree.

match Bintree with leaf=>Base;

| node(x, leftsub, rightsub) => GOper (x, Unfold bintree
(GOper, Base, leftsub), Unfold bintree(GOper, Base, rightsub));
RIBT LA Unfold bintree 22 5€ X — B4t SR &M 1Y
#1E , 40 Reverse bintree EREOT G AW A4 3T
3 35# , Map bintree BR¥UH — B — XU BT 2 55 — 4R
Z X, Traverse bintree B8 $0H — XU S F 4k U
2 (tree node traverse) , ¥5F,

Reverse bintree= ABintree. ( Unfold bintree ReverseNode leaf
Bintree) 3{ ' ReverseNode=2AValue. ALeft. ARight. (node Value
Right Left)

Map bintree = AUnaryFunction. ABintree. ( Unfold bintree
(Composel st Node UnaryFunction) leaf Bintree)

Traverse bintree left — mid — right=2Bintree. (Unfold bintree
(LMR - traverse) Nil Bintree) F #' LMR — traverse=AValue.
ALeft. ARight. (ConcatenateList Left (ConcatenateList (Cons Value
Nil) Right))

Traverse bintree left ~ right — mid=ABintree. (Unfold bintree
(LRM — traverse) Nil Bintree) H # LRM — traverse= AValue.
ALeft. ARight. (Concatenatelist ( ConcatenateList Left Right)
(Cons Value Nil))

Traverse bintree mid — left — right=>2Bintree. (Unfold bintree
(MLR — traverse) Nil Bintree) H 9 MLR — traverse=AValue.
ALeft. ARight. (ConcatenateList (Cons Value Nil) (ConcatenateList
Left Right))

B, unfold 328 9335 AT AR 45 A BT 2E . — X
—BHREEHIRIE, B — KRN Z EHES AR
f’EO

4 B MLIESSHMREOERESH
HEHEAMLIBE RSB PERNMS, Bl
F:

BEMLEEHERERNES. MLEEXFFABR
PR % (nested function) , PR 2R 45 AT LA 1] FH S15F R 3 Y
TR X FREEREEE, W MFENHE E
XTEB RS, B, 5 LI currying T A
TERBGENF . KK, ML fl C+ +,Generic Java
—HXFMRRER R MSEIL LS, W ML &
REE UHEHARE, B MLEERAERFE R
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A1 Ri#pEHX5REEIAH X6 eEE L EIE (us)
Elements Num. ReverseList MapList FilterList InsertionSortList SumList

NonTail Tail NonTail Tail NonTail Tail NonTail Tail NonTail Tail

10 17825 18025 17575 15825 2400 2655 17775 17925 755 750

50 18275 18125 19525 17625 20080 20230 18575 18680 800 800

100 19530 18180 21335 19130 20130 20330 20680 20830 850 805

500 65280 18620 22020 19820 22440 22420 96340 95940 1400 1200

1000 246400 | 19000 23100 21000 24000 24100 373600 368500 2000 2000

5000 11371500f 25000 30000 30500 35000 30000 ] 14946500 | 14090500 | 10000 5000
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