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Implementation of Recursion Removal System for Linear

Recursive Programs and its Problems

Naoki Sakamoto’ Fumio Kawamoto' Zenjiro Konishi’  Yoshihiko Futamura™
tGraduate School of Science and Engineering, Waseda University
T1School of Science and Engineering ,Waseda University

Recursive Programs are often easy to write and read, but in executing on computers, they require
procedure calls and stack operations. Therefore, methods to transform given recursive programs into
iterative ones without using stack and increasing amount of computation time have been studied. We
have already proposed methods to transform a linear recursive program, which essentially include only
one recursive procedure call in it. Later on, we implemented the system of transforming linear
recursive programs into efficient iterative programs automatically, based on our proposed methods, in
Lisp. This paper describes the way of implementation, applicable examples and the problems with the

implementation.
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a MWESHEEETAHEBILUMNCE, FRRkEEEL
DWEER X IO TUW, HAREEMER T 1
75 LhLERBREETHREMNF BT SEREINT
WB[L2]. LAL, ENODOFEREEHEETEAIZE
IZIHRILEN TV, Tx i3, MBIBIEMELRE A
K THRHRABLOREREEHTRHEMUC, HEHE
1R7asT L0305 BB ERRE T2 FREIT -

-, EeBEHLARITLOT-DITIE, KB ART s T A
BT AT (IR 5y BHE6)]) o AL 2
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3 WBNAAM a SRS AN THIBE
YAMAEC LBV DB cons |3HEGHITIIARV S,
B S THBM]. 16-T, QOBERBREFNEF A
L7=HI@E7 125 recursion-removal Z@EH 31
iE, ROLSRERTRER T s 7005 HhEN5.
> (recursion—-removal
(if (p x)
(bx)
(cons (c x) (F (d )N
S(UF (P X)
B X
(LET* ((V (LIST (C X)) W V) (U X))
(DO O
(((LAMBDA (A) (P A)) (D L))
(SETFU (D W)
(SETF W ((LAMBDA (A)
(PROGN (RPLACD W A) A))
(LIST (C UM
((LAMBDA (A) (RPLACD W (B A))) (D U))
V)
3.1 BB ETRERIR DB

(1) pair-merge(x)
YRS x DBV EIBRE~—UT 5!
#1213 pair-merge((3 14 159 2])=[[1 3][1 41[5 9][2]]
pair-merge([[1 3][1 4][5 9][2]D=([1 1 3 4][2 5 9]]
CHEBYIRTZETe—T ) — M RTRE*
pair-merge(x) = if x=[] then []
else if atom(car(x)) then
{if cdr(x)=[] then [[car(x)]] else
[mer-a(car(x),cadr(x)).pair-merge(cddr(x))] }
else{if cdr(x)=[] then x else
[merge(car(x),cadr(x)).pair-merge(cddr(x))] }
(@) distribute(x,y)
I*y % x DFHEFIT cons LIUANAED:
#iZiT distribute((b ¢ d],a)=[[a.b]{a.c][a.d]]
BlxiE, EEOETOMHESERDDLEITENDY
distribute(x,y) = if x=[] then []
else [ [y.car(x)].distribute(cdr(x).y)]
+FRD pair-mergex)D &7 1 5IEOEHETET TR
< distribute(x,y)D &Sz, 2 513k (£31H0) THo>Th
2 & B LR I E 5D L7 & &4 2B
(c@x,y) T, y OFHERRO. dxy),pEIZOVTHE
B 2b il BB ERERETHD.
2FY, ZOMUZY append(x,k)=° random-list(x,n)
n UTORS x OELEFIEIED) LS BB RELR
B, Oz, #HBIBIEL a 23 cons THAHEIIEED
BOT, WHRKEHIIE. (BfEN =7 ar5 L5006
FHm, [711538)

4 B FONRIEBAM h =R T HEE
FIZITHEBIBEE a DEEEMNTHDIDIE, fR)IZRHE
BE h(u,v)=alc() V)2 H T 5[4]. #-T, WOERER
EHAZFIAL-BERERET 0 75 recursion-
removal ZEATHIE, KOLHBACRER T2
FLBH s,
> (recursion—-removal
i (p x)
(b x)
(aa (¢ x) (f (d x)))) 'aa)
>IF (P X)
BX)
(LET ((V (C X)) (U X))
(DO O
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((LAMBRA (A) (P A) (D U))
(SETF U (D L)
(SETF V (AAV(C L))
((LAMBDA (A) (AA V (B A)) (D L))
ZhIZXE0F 2T, axy)=appendx,y)DEE, FIRER

EKERETHS. (e, append ZHHBIEIEL 3287
FEER S NNIERARDIENE DT, $HE
VER O LB EOESITIE, axy)=aaly,x)&/2 B850
FLLEEL TRAZLTHBICARS. BATEAHEL
T, reverse®) (VAL x 2REESE5) 03H5. £, B
IR (FREEO T CHERE DT D) AT A
%7075 1 flatten(x), twist(®)72 81 2hE A TEB[5).

5 ZEIMEARA~DERE
TAVETIL, FEHMIC 1 5I8OEEEP LI HRRE
BEORBUCDWTIRARTE T, 22T, 2515850
BAEOEBRFEIRNTRAS. FlELTiX
merge(x,y)=if x=[] theny
else if y=[] then x
else if car(x)<car(y) then [car(x). merge(cdr(x),y)]
else [car(y).merge(x,cdr(y))]
W% X merge((12 3],[234])=[122334]
A9 5. fx)=if p(x) then b(x) else a(c(x),{dx)))D
W CEESIL, 1 31 EDOEETIXEBRICEIRRETRE
ThHo7=b merge ZLLTDIIICEET .
(defun merge (x y)
mergel((cons x y)))
(defun mergel (x)
(if (or (null (car x)) (null (cdr x)))
G (null (car x))
(cdr x)
(car x))
(cons (if (< (car (car x)) (car (cdr X))
(car (car x))
(car (cdr X))
(merg  (if (< (car (car x)) (car (cdr X))
(cons (cdr (car x)) (cdr x))
(cons (car x) (cdr (cdr X))
)]
>FD, merge ® 2 3| (cons x y)ELT, AT E 1
51O mergel(x)Z 5. mergel X {(x)=if px)
then bx) else a(cx),fAE))DIFETERESN, 1 5L T

HBDT, mergel % recursion-removal (ZANF TR
&V, L, mergel (IEIRERE TEDHIRER cons
FEALF DI RAO 7 0r T AL #ET b2, £
ZT, mergel ZERRELLET, RiEbEE25. >
%0, mergelX)EFHRREL 70T L0BRERT
a/'5 2 mergeloopx,y) & BB LEEXD. T EHRD
BEHZ 1T,
car(®)— x,cdr(x)— y, car(w)—ux, cdr(w—uy,
(ux) = (xx Wy
Ziuik, BA%k change (245.
ZFOHETTaT S L RDHE
((LAMBDA (A)
(OR (NULL (CAR A)) (NULL (CDR A)))
(IF (< (CAR ux) (CAR uy))
(CONS (GDR ux) uy)
(CONS ux (CDR uy))))
DI cons BATRSTZHT, car R cdr ZT/25EVM
DEDPEL TS, ZHEBDRLIZOIZ, 5E T lambda
KL Q22 5% lambda RO TICERT
2 "
((OR (NULL (CAR (IF (< (CAR ux) (CAR uy))
(CONS (CDR ux) uy)
(CONS ux (CDR uy)))))
(NULL (CDR (IF (< (CAR ux) (CAR uy))
(CONS (CDR ux) uy)
(CONS ux (CDR uy))))
ZZhb, cons DT caredr 172> TNHEZA%
¥ remove-cons {2 EVERDERSE
((OR (NULL (IF (< (CAR UX) (CAR UY)) (CDR UX) UX))
(NULL (IF (< (CAR UX) (CAR UY)) UY (CDR UY))))
LI DES OBGELITSET .
3
(SETF U (IF (< (CAR ux) (CAR uy))
(CONS (CDR ux) uy)
(CONS ux (CDR uy))))
D3 trans-setf 1289
(IF (< (CAR UX) (CAR UY))
(SETF UX (CDR UX))
(SETF UY (CDR UY))) &745.
INODOFIEEELDDHE
() BAbhie7ul L5 iZ K07 ar5 52 cons
EEST1BI¥TEEET.
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@ LEEREODTarTr0REH2ES% recursion-
removal (28D, BIRREEITR. 72720, % TRE
{bZAT225ER53 1% lambda &V VR 2L LT3,
() recursion-removal |ZX0EBNT 1 BlEDTas
FLHG 2 BIBORER 70T 2555,
(3.1) B8% change IZIWEHOBEEHBRZ %95,
(3.2) B84 remove-cons I24Y cons DD car,edr
EEHET D2 4.
(3.3) BB%K trans-setf |2XY setf DESIPD cons D
H#D caredr ZHHFHETE (1 7D
@ EFREQOUEDKbo T asT L%
(defun floop (x y)
/17 3DTTSL// ) LT AIETET.

ERO~@FTOREZEELSR TV E R

P OE ST BEMEASERIN TVWS. 0,Q085%

LETHE%E autoZrm &3, ZHIZLD, HlxE

vsum(x,y) (7ML OFERDB) 2 prod(x,y) (RZhL

DONEEL LD D) 2 E OFIRIRES BB TS

5.

6 JodSLBERETOERH
6.1 pair-merge sort
TITiR, v — PV N urTa0ERERILT, 7
uZ' S LRI D« OBFIRREV AT LOFAE
IZOWTHATA.
(defun pair-merge (x)
(i Cor (null x) (null (cdr x)))
Gif (null x)
nil
(if (atom (car x))
(list (list (car x)))
x)
(cons (if (atom (car x))
(merge-a (car x) (cadr x))
(merge (car x) (cadr x)))
(pair-merge (cddr x)))))
PIARNT =w—U0T 5 (BIEEIR) */

(defun merge (x y)
(cond ((null ) )
((nully) %
(K (carx) (cary))

(cons (car x) (merge (cdr x) y)))
(t (cons(cary)(merge x (cdry)))
YRR x by B~e—35 (BRI *
(defun merge—a (x y)
(cond (O x y) (list y x))
t ist x y))
[FT D xy Bo— UTZURNEVES (R L)Y/
(defun pair-merge—sort (x)
(cond ((and (atom (car x)) (null (cdr x))) x)
((null (cdr x))  (car x))
(t (pair-merge—sort (pair-merge x)))))
[* YR x BT =Y — 3 GRE IR */
pair-merge 13X 1 SIOBHEERTHY, BEEHTE
PILTWABD T, ZH% recursion-removal (2275,
@ Hiz2H)
Xrecursion-removal
/// pair-merge DG ///)
>(IF (OR (NULL X) (NULL (CDR X))
(IF (NULL X) NIL. (IF (ATOM (CAR X)) (LIST (LIS
(CAR X)) X)) '
(LET* (v
(LIST (IF (ATOM (CAR X))
(MER-A (CAR X) (CADR X))
(MERGELOOP (CAR X) (CADR X))
wv)
ux»
((>loX¢)
(((LAMBDA (A)
(OR (NULL A)
(NULL (CDR A)))) (CDDR U)))
(SETF U (CDDR U))
(SETF W
((LAMBDA (A) (PROGN (RPLACD W A) A))
(LIST (IF (ATOM (CAR U))
(MER-A (CAR U) (CADR U))
(MERGELOOP (CAR U) (CADR UD))
((LAMBDA (A)
(RPLACD W
(IF (NULL A)
NIL
(IF (ATOM (CAR A))
(LIST (LIST (CAR A))) A))
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(CDDR L))
V)
(defun pair-mergeloop (x)

1/ NEER///

) &3 BZLT, pair-merge DEIRERENSET .
merge |3 2 BTHY, BIROBEONFTHEEIIC 2
EHOBESEHEL THROR TOVRNDT, 5 HiDH
EIZ IVERERERITRD. £7°, mergex,y)% 5 B0
n/SAHIEXHZ S, mergel OFH% auto2rm I7»
3.
>(auto2rm

/// mergel DHRE///)
>(F (OR (NULL X) (NULL Y)
(IF (NULL X Y X)
(LET* (v
(LIST (IF (< (CAR X) (CAR Y)) (CAR X) (CAR Y))))
wwv)
UX X)
YY)
(o100} ,
((OR (NULL (IF (< (CAR UX) (CAR UY)) (CDR UX) UX))
(NULL (IF (< (CAR UX) (CAR UY)) UY (CDR UY)))
(IF (< (CAR UX) (CAR UY))
(SETF UX (CDR UX))
(SETF UY (CDR UY)))
(SETFW
((LAMBDA (A) (PROGN (RPLACD W A) A))
(LIST (IF (< (CAR UX) (CAR UY)) (CAR UX) (CAR UY)))))
(RPLACD W
(IF (NULL (IF (< (CAR UX) (CAR UY)) (CDR UX) UX))
(IF (< (CAR UX) (CAR UY)) UY (CDR UY))
(IF (< (CAR UX) (CAR UY)) (CDR UX) UX))
V)
(defun mergeloop (x y)
J//BNEER /// ) ETBILT, merge ODFIRER
ENFET. Bi&IC
(defun pair-merge—sortioop (x)
(cond ((and (atom (car x)) (nuli (cdr x))) x)
((null (cdr x))  (car x))

(t (pair-merge-sortioop (pair-mergeloop x))))
pair-merge-sort HFFEXE I TSI o2EE
BRODRIRICERTES.

62 EEOBERTOVSL expby)hoDOL7 AIGR
EOWH
x D y ROIIRBERHEOFHELL Trd 7 NEURE
DS TS, 22T, BRREICIIeS 7 ALk
EEHT AR EER TR,
(defun exp (x y)
(fEy0
1
(if (oddp v)
(k x (exp (sgr x) (floor / 'y 2)))
(exp (sarx)(/y 2
(defun sar (x)
(k x X))
/* expxyiZ x D y B RDIBIR TS5 Lx/
exp L 2 FIBOBEERTHDN, TOHDOEIFD
FEIENED explsqr(x),y/2)&ao> T\ 572, SEEMIZ
1 31O ETIILNRTET, b HDHIEILLD.
(7, exp BROIICERLET.
(defun exp (x y)
(exp1 (cons x y)))
(defun exp1 (x)
(if = (cdrx) 0)
1
(* (if (oddp (cdr x))
(car x)
1
(exp1 (cons  (sqr (car x))
(floor (/ (cdr x) 2
#LT, expl % auto2rm {243} %.
>(auto2rm
///exp DRE/// %)
XIFEYO®1
(LET (v (IF (ODDP Y) X 1)) (UX X) (LY Y))
((0Te]0)
(= (FLOOR (/ UY 2)) O)
(SETF UX (SQR UX))
(SETF UY
(FLOOR (/ UY 2))
(SETF V (* V (IF (ODDP UY) UX 1)))
GV
(defun exploop (x y)
/// MADEER ///) CHEIRBRENET.
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ORI, FICHIEE 2 BT THY, &bI2E#E
{LZTDUENDHD. DD, THRED setf D% /L —
TOHERGEOFIZANT, SHIZk v DE v IZLTR
UL, ZTIVT, REFREROLBROT 0T T L0,
T T NBGRENET TS,

7 BRBREZOMDRE
1 pair-merge~sort UL exp DFRITHER

SEERERE (s)
pair-merge | FRRMR | 132.140(49.190)
-sort RiEMR | 62.812(17.590)

= 69.328(31.600)
YER 0.475(0.357)
exp BRI | 49.406(5.410)
FAERR | 20.595(1.510)
%= 28.811(3.90)
MER | 0.416(0.279)

{BL, Z=FER — (FER) LU, &L= (ER)
/(BIRIR) & 2. FEIROEEITS ZE DR R O
ERERL TS, (EH#E Sun Ultra2, LE%
" "Allegro Common Lisp)

pair-merge-sort TiZ, & 60000 BHE 100000 @
HEFIT 100 EHRDELT-. exp T, exp(2,100000)%
10000 EWEDIRLT=. Wit 2 Ll EoEREM _EASiE
RTE. SbIZ, AEV—ERELSREN RN .
HeF T pair-merge-sort TiE, ESEEDIZKELTS
EEIRIRIL stack-overflow 22U CEITRAELRS.
exp TiE, B 1 5IEEKRETHE, A—F —1IEbbLA
WDIZEED overflow ZEEZTOT, 8 1 5$E/h&<
L.

8 Hhyiz ,

BIERT 0T D LOBRBREIC SV CHBIEIS
a DRON-HEEFTHIHEITONWT, BEEEIA
BETHHIEERBA LT, FDOIH72HIRO T T %L DF
PEAFRECHDHIL AR, SBOBELL T, K
DHLORBHIFHND. '

(D—EDE B IEBEIZ SV THIEA L= B EH A
TEBIINTT 3.

@QEATEIHBEILT D280, SETEREINTH
BENZOVTE, BENFEREREFTREIZT S,

() ATEBISCCE LR S O FEBIEAE RO AT /LY
ALEFRTD.

IZDWTHE 2 B DFHAIT cons 2T 1 53T
FEEHEL- BT, BRBREEITRIEVOERFIELRT
Lizas, —iXIIZ n BIEOBEOFEREEZ DL cons
T 1 5T EEET I list TEXELEINLI—
N TED. LL, FERSERRA L= FIELTIER
CChHENLERFRETHS.
EQOBENRINIL, BREBRELEEMET 2T
L, DR ESITRB. L, RREBECCELE A
D EH BRI RD DT LEA RV ELV E b,
B, ZOTHITIE, — s EHE 6] ULE 8] 2 F]
R 206ERHD. Bk, SEIOEMEDLS7E 4 DOf)
(1), OIZBAL THERL T LIz k- T, EA TR
IRREOFH L, »OERBREICET M AR
DT EDROLISD. TNEFBHZQ) DA ET
LT ED BRI THDEE LTS,

Ebiz, FENE T 0T —RTas T ARFEFICY —
NELTRWDIFEERNAN LI, RO ar T
EEZ O, ZOPILHERERERTIE RO B ERNC
HEL, RET 27T MIERSN- T 0y T 05 R T X
SEBOELTZ,
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