A |gor:+hms :
b‘a Robert Sedﬂew.‘ck

Tex-l: bool( :
' ’:PeY.Sona\ ?Ye-fek“e

* Program dcsigﬂ,

implementation datails

8 ?GSCA‘ lomaque (C} C++) Modula 3, ._J'aw_\

Goal :
. Suvve% most important algori-rhms
. Ab‘.lﬂ'-d to dGSa'ﬂn C|'ea'.Y &% Q'F-F.'c.'ent algori—l-hms



A\%oviﬂnm Development
. design

. Wovkina version (Simple)
* Pprogram optimization : inner loop
Yecursion Yemoval

* implementation
. simple, inefficient 2
. Simple.  efficient .
- complicated, efficient ?

s mathematical anal:dSis
e aVem%c

wereh ¢ COMP'éXE'I'a &= Yecurrent velation
. upper/lower bound. :
+ asymptotic ahahasis . Hy= ‘T""'Elv.""“""ﬁl

=InN +¥ + O('ﬂ')

. empirical anahdsis
« benchmarks



A‘gori-r\nm, Design — a Case s—l'udg
Find  Qcd(4,v) = cave&fes\' commen divisey of U,V
cacd(.u; 60) =2 .

() Brile - force
't = Mmin (U.,VJ;
while (u mod + 40) 2x (v med t #0) do = t-;

%Cd e

/ ! {1324-0 23‘]9
2898 an3é
’ & 2 2
(2) Euclid s alao'n‘fkm (ﬁ*&#ﬂ?ﬁ;&) 3?:: ,'6:
. mothematics = (u, v) = (v, U-v) (3240, 2895)
= (v, u-) (2898, 342)

| we I : 342, |6
o Re.cu‘vs.ve ’Pkoavam: = (v, leailv) ((I::, :82))

& v=o0 then Cr
%Cd = u,; 4 )

elSe%td = oacd(v, W med v).

o Recursion: call iself
. Yeduced o small problem — simple, clear

. tevmination Condition — — ‘tn'ckg , inefficient

. 'p\rog\mmmi ng enVironmeu‘t CS'I'ack)

NoT in TFORTRAN.



(3) ]?ew,rﬁon PemoVa‘
* Non vecursive program

while (Vo) {

't = U mod V;
U= V;
Vi=t,

: d

%C V- uj

o Yewyrsion femoval
 easy wivh single Yecuysion

e MOYeE e{-chu'en{;



Ana\-dsis of A'aoﬂ""“m
. ComPaYe. d:{-fevent 'Proarams fov resources used

: Memwz : SIN) N: input size
. ComPu.t“na time :* TW)
* Pletter distance

o

° Average cose & Wors'" case

+y1|;ica\ ase

e Spau/time tvadeoff
’ EmmP'& : CaCOL
. Brnile-fovte: S =3 _
T(a,v) = min (u,v)- 3cd(u,v) +\

. vac\.‘dfs alaor’nhm:
° (_oVevheaJ. 'fof Yecsysive Call) * (# Yecuysive c.alls)
> |amﬂwa §e featuves
° COVHP\iodrgd

12 w2 dnv
-n;z

“"qo% CPU time on lo% code” !

¢ |cads o batter unde\rs"'anding of the program
i l impyovements to +he program.



?ro%vam Comp|ex‘.+¢d
= a\NlogN +bN +C
= O NlgV + O ()

leaolina term
o 1 Constant : each stdlement constant times
logN  log : Cy=Ca+1 SCnv=IgN

R »e each step holf input
N linear « Cy=CY+N =>Cn=2N

Cv=2Cl +1> Cv=2N

divide + Conﬁ.
Nlogtv - Cn=2Ca+N= CN=NlogN
N? 3u.a\d¥a'b€c o CN = Cna +N  (vecurvent Yelation)
= N+ NI+AN2+-- +| = :—;_-N(/V'f-l)

N3  cubic
2N  exponential

» Common Mistakes
+ Ignove Performance : large N - efficient pregm

« oo Cont’emeal PeY-FoYmam(e ¢« Small NN = Simple proamm

N log ?



Elementava Data Sth’I'uYes
. ddla stvuclives :  (stack)

imFlemen’mt{oY\ . arm‘a, linked list
+
opevations t PusH,Pop
s abstyact ddla type

. Cannot access ddia Olilfec‘t,g,
onlta thvu operations
o modulay, simple wierface

s Awaﬂs: a[1..N], ali]

e Linked lists
a—{ AL TS
head B

e circulay linked lists
# doubha linked lists

e Stack TFI1ILO

e Queue TFIFO



Tree - undirec‘l'ed, connecled,, c%cless gmgh
S 7,31 path béetiveen ony nodes W,V

o Yoo'i'ed (orien‘l’éd) tvee

free tree v
e YOO'{', &

parent, children, Siblina

) level

e terminal mode = leaf (esfernal) .

monterminal mode (ivfernal) " 1
e level &

hﬁgh‘t v 3

infernal pau-h Ieng*l-la, I= 0+1+1{+1+2

Q)(‘-CYV\Q.‘ 7 ’ E == 2+3+Q-\-1+2+2

o b‘mama +vee : 0 or 2 children

.’Propey't'g! N modes trees —» iVied ed%es

o’Proped'H: Binary trees with A/ ifernal modes
1(1) N+1 edernal modes
2 E=TI+2N

ﬁ: 1) ol & player
int & qame
T« 14442 =4

E= 24+3+3+2
% 2-3 B +2
L =5 7 =12

@ E=T+ (3 edges)



TYee -l:ravevsal

° Ye
Preordey Yecuysion
e YeCursive = yemove|
travevse (t)
i £ nl then {
visit (t);

traverse (t. left);
tyaverse (t. right);

¥

. \noydey
. post ovder

« level-ovder

. Mon Yecuy sve

-traveyse (t)
’PU\S‘N (t) ;
vepeat
Tt im Pepll)y
visit (£);
i €. left %l shen
Push (t.right);
if t. vight + il +Hhen
"Pu.sh [t. le-Ft);

J V\t-\ S'taCk = ¢




TFractal G[eome-tra.

- Mandelbrot process
Zn-}-‘ = an + C

'oc-:.a

e C =-0.12375+0.56508 «

o C=-012+0.T4 1

. break info Pieces

Yecuysive

attractors 0, 6o

Julia Set
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"Random Number Generaloy
hd APP‘ECa'biOhS ; ramdom soumplina . deCESioh ‘makfna, simulq-b{on/

e Random numbey Seguence
enuine — lmposs‘b\e wi+h compufférs
$seudo-random — some %ood Properfies of rn.
3M$i—¥anc\om =G

Lmeow Conﬂmehﬁal method - Qo : vyandom S’eea(
" o seed m : 2°" 400(
{ak=(a;-\*'b+|)fmoolm b=4di%it less +Hhan M
-. 21
QQVQYI

* Avoid overflow
*Oi = mult (A, ) +1 modm

mult (p, ) = (((?o*%, +'P,*3,) mod. tmi) % m4 +'Po‘5.,>modm

- P o,  Pox Pmdmt o MmL
%I % d|v ’"\1 30 i 8 mod mi ('P|1 rPo :
2871 Ro
« Example: m=10%, ma=10% F B
?:.' |o4?| +PO 9
D= 1%+ g, = T8I0 1>,3,+(’Pos.+ﬂzo) + PoBo

o Yandem mumbey € [0, -1  r=2N <m

[0 = mult (a, b) +1 mod m
< (x) & mod Y : vight K bits
(x) A%y divm : left. » é,ﬂ,‘(
((adiv *mi) ¥ Y) div m4 | =
G - 7.7 (a div m1)#)
e Yandom fn!,unl')e.\r ‘- [0, 1) : a m - divmi

m



‘Ado\‘.-l::ve Gngruent‘a\ me+hod

tap pesitiens
o Lineay ferdback shift regis"'er Y“i‘i"m
(LFSR) ilol il )
o~
o Software Implementation : .
J [0000]
X - : e lo i /
afk] = (afe-+] + alk-c]) medm e & A
P Aot !
b=24 I loli1]o 5

C=6%

& s'ze 5'5 i“:t\h” .
Nesd %e*::‘r:\‘!'ce‘l by Linear 0"33"““*"“( a ‘T 1 [e] )

Qs [054- c Gyt Ga 4 Qg]
[Qs-q. - Q3 - A2 Qy Ops] Qo « Qg := (Q-o + Qy) mod M
[054 R Q-+ q"a'] al o 056 i= (a| e agz) mod, MU

® a[a] ==(&E3] + a[(a'ut) md.:ss]) med M

e ImPIemerLtation Note :

v 2 %eneva‘\"ov-‘» * one 3enem1'e;#1e table
anothey  Ppicks H



" j-ésting Randemness

# & [o, r-1]
96 ~test :
e ( ) ‘ ..e-wa.
> = ‘ :

" osi<y
_zf -2§+T’ ;iz “.
=[z-r—)ci~2N+N e (n v, =i)
R N oy g
NEv < 2T Pprobably ‘Random !
- No !

’ SP¢d’ml—+¢s't=



?ol%nomials & Matvrices

- Blynomial : fy=oct 4 %% 3% + | T
t
away :  Pplo..4]= (1304 1] PL<]

Jinked list: 'P(_;l4 | | +>|2]4 | (3 o I_L-

» Md‘tﬁ’x :

avvay. N a6 My
Doubly linked list: (Sparse matrix)




’Polanomia\s 'P(x)= On X+ ...+ QX+ Ao

[ % 9, = P(x.)
of:. ﬂ_ap '8::- @(“3)
\0:(.4 k'au =?(‘Xu)

- Co\mpd\'e, '3: evaluation

(& ir&'Po'at-’on
%: find voot : New‘\'on’s mexhod, -



© BEvalwation Y- puo = 2% 347 4% 2+ |

g BYG\'Q-{OYCQ :
2%* 3%
(2x4+3%3)+ - e -
Reoblems : %> x4 éﬁi‘\'ﬁ.

. Hovner's vule:
’P('X) (7"(')('(')(02-\-3)-6)1-2) +1 + 4 % +4_ g

FFT (Tast Touvier \yansforms Chap. 41)
con evoudle ob N povils with N Vog N %

“ v

(—6)',(2}' * 4+3+2+| ﬂ-(NH)

¢ 'X)N on\a: (Hovnevls vule : (v-1) iR )

%55__ %[' el l]
- - %32 %'6 % 9(' % LeR
4
xi”” ro2’s 2H2H]  omes ul

m‘)l 4—/0)24—!)2 +/|)z+| e

;:Q;:):" “(((1 %) - '\xl ) )2° %)2")0

d
55-[1' 1’ 1/ 1! 1]2
Y“;lg | | ; lr ; : s \"_4

)'<'3 I [ : v Y=Y’XI
%‘1 ' | ‘j( v *:Y_xl’
%1 \ l \{_ \\/=Y-X4,
X 23 g = Y1
9(55 =Y-9(”’



In‘f'e\fpoh.tion : P(“)= '
such that bix)=Yy, ..., Plxw) = Yn

g Lagvange me+thod, : a
(X~%1) - -- (X=%K3 ) - (X-Xw)

'P(M): Z g\) (K;-2) - (,(fod)... f“‘j-%d)‘

£§&N
= O K#fx‘j'
i = Ks
-Exa.mylu ,P(L)ga, 19(3)371 P0:) =13, Lids
- - = - («",) K-Z
b = g, K22%3)  Jpe(-3) (%-2)
(-2)(1-3) (2-1)(2-3) - (3-) (3-2)
= i X+ |
/P“):-B'i ""'7-0*'3'0 =3
P@) = 3.0 +7- 1 +15:0 &0
'P(3)-::. 5:0 * 7. 0 +)3-1 =)3

- O(N?) opevations



Mult{ plication

P)= Po+Px - + T, o P -Gl =2
?(x) =3o+g.x+..- +8~_’ “N-, .

- Brule-force: NZ “%”

- Divide + Conguer . g
Px) =(1’° +Rx+ - +Pan ’)(A'Ll) +x* (P-.d +Faa %+, ‘Xj

= b+ X% Rex)
B = e+ x & G0

> P6o-300 = BueGo + (Beln+ Pl )x%'+f&-3.,)i'

T
(Rer)* (B2 8n) - Tede-Tu B
¢ MIN) := & %" Sor Peo- 3o
M(N) =3 M (4) N=2"

= 3M(2"")
= 3*M (2"2)

- 3" M(2°)
& 3"' e (2 ‘°a¢ ;)’l =(2n) ﬂoa;B

VIR

Exomple: Py = |+K+ 3x-4x> = (1+X) +X*(3-4%) =_?i,_+x‘l_’.3_
P = |+2x-$x‘-3fx3= (1+2%) + X (-5-3_35)_3 j_yxz}_,,_‘



LQY%Q numbeyrs

- b =o01202001031| ocoo 200004012314

I

b= K2 ool o2 3 oo+ K205 3X K4 it
I

Px) = )20 o("... 2001 x°+ 31| o<4+443+ 2000 X =+ 4o| X +23 M—l

X =|0000

° )Po 8. = 'p(’x)' 8(«) l X=|0
=P« Q) | A= 10060

Example : P=4385 2 = 6857
D)= 403+ 3K% 82+ B = 6K +PK+5X+TT

. 60 |0k 147 1o 84
P-g = # o Z 7 9 45

(P-3)md N (PR mod N)

Theorem: (x+Y) mod N = X mod N + Ymod N mod N
(%*Y) mod N = (xmodN) % (4 modAN) modN

P mod N
_ 120 (x4 mod N/ )+ 2001 (x5 mod N )+ 311 (XFmod V)
+ (x2mod N') +2000 (X*mod N) + 40| (X medA))
+2314

mod N



Stmssen’s al %ovu'-l-hm

° [an Q|z I)u bu] [ v G2 S:l: G bu +Giaba

A2y azz bzl bza Gy sz] ?.1 :
= (le-an)(bq +b3;)

M, = (Gu+au) (bu +h1z)

"3 = (all-azl) (by+ Bu)

Mg = (du-\-au) bz2

Mg = Qu (bia - b2a)

m¢ = Qaa (bzy-bn)

e (all*au) by

= Cy = m+mz - Mq +Me
Ciz = Mg +Ms
Czy = m¢ + el
Czza = Mz - M3 + Mg -m7

+ Compite [Ty~ (g Jpw = 4 Jwaw

. 'Bm'\'e-foﬂv C';»j = a{;‘lmo‘ + a;:;°|r:=3+"""af~ﬁ"”5
|s£,'3£N
N3 in"-lﬁei a*n

- Strasgen's alaovi-rlm : Cu = An Byt Ausz.t

..A_'l.. A'.‘.] [..91'1‘_3'3 ..] - [_C:'.E S'B:J
Azz. le\ 22 ANXN Cay ) Caa 1 prx AN

M. - My, --°

M(N) = 'IM(?)
= N8 =N



G’aussiqn E'imination

o dee Simultaneous ebmbons

/)6|+3'Xa-4“3=8 1 3 -4\ /%
o+ XNz-2%3=2 Z|[1 | -2|[ %=
-%=-2%X2+5 A3 =-| -1 =2 5 [|x
(1) Fwwavd E'-mmatmn (thohauhfnm)
K +3%X2-4%y= 3) X +3%z-4%3 = 8
S ' ~Fmvem e -2%2 +29(3=--6
Ka+ X3= 2% = 4
(2)
a) Backmwd Substitution
Y3 = "5.' =2
'Xz = -3 (-6-2-2) =5
X, = (8-a)y2-35)=|
b) Gauss - Jordan Reduction
% + 3% = 16 %, <
® "t i, o R L -24, =-10 |
2%X3 =4 S
ob X, =1
X2 =5

N



(Geneval me+hod

on --- QN Ky b
Qz( -+ Qav |[X2 | = (b2} ~ (“ij) \
Ont -+ ONN T Loy bN N X (N+)
TFovwayd Elimination:
Ay Q2 Ao - Owk -- QN = QA1 Nt &
Q22 _A'Gz:.'. .-« Qafy .. Qay = Qa2 N+l

L |oop —> lQ&L:)"- ali‘z" auuz' Q: Nﬂ]})‘g’tmg
T B S AL M
é. * %4’. . o9 G‘jk . aan - aj N+| Qa;;
¢ s : I :

N L aNL ae. G,:.Q <. ONN = GNN-b]J
<
yam .
3: Al to N
K= N¥ to A
G
b . . .
. T=0(N?) e e ol ey

+ To avoid overflow

chovse 3 St }I‘g‘:‘,.,\“a'*'—\”“’

Gei » Qin,d = -oc mONL wo Gatk)
¢ Qii=0kin =-- =03 4=0 3> dependent, 0o Solutioms
Yow =0, Mept CasT one = pr’.’fﬂno‘l‘(t NO &
(G nw) ()

e Cmnp\exﬂ'a AX=% -
= Complexity A-B = Comple&'u"‘g A'l =..-

(-n-)J



CuYVe T—-ittina

- Given (1,9), (15,92, -, % 40) N points
.FiMl ]\]ice-look-'na Cuvve Hhru these 'po‘mts

€., gf(‘xl] = %L I€SLAZN (ngl)
Yeasonable ot other Po‘mt's /\
(Xn, 9n)
(%, 9.)

¢ :Pe‘ghomia‘ Id'wplu{::on
4 Polﬁnomitﬂ. of degm N-|md|'ch£s 1>ts

. Com?\.‘c&\'c&, -flud:ua"'eal, slow N\){

« Spline In‘,avpolah'on

« from mechanics
» piece together A-| cwbic cavves together Smothlg

Silx) = Gi 0 by X3¢ X+ de 4N
(%, 9,)

) Si(X:)=9x : . (%3,9.)
= T 3 ol | 2
S: (“;.H) - 3'1*‘ A=],2 - N-| S (%) 500 SK-1 (%)
(s, %:)

@S x:) = S{x) k=2 N (g, 4y
() QF, (%) = S{(x) A=32 -, N-|
S.‘ (%)=o0

SN-1{%y)=0 4N-4 unknowns
4N-4 -esns

Qo.ussmn Elimination caw do



¢ Bettey aPPYoaclfL te Hoda
ﬁ Kivt - Xy
o Theovem X(e) = (Kim - %) & + X )
Carve Si8)) iy = 4 g + (1-t) % + 2 (K- X2)
S® : [(t% &) B + ((1-45-0-) R-J

= it"ol X=X, Y=Y«
t=1, K’%{q a'-'B*""'

O<t<1

(2) [ =0, S (K‘) aj (;- 3:{-! (%, ))
t=1 / S’ (“gﬂ) & ,R‘_'
(RO"'?’ S B ) e
- %3( ?f 3‘{‘ !,,;—:\'_‘3: o -6|" (Xxu-“;)[(ﬁ:-')?xn i (-3(l-t)+|)EJ
/4 Al
f Z;

Aawt = X t=0, 8.006) = =, +%(“m 9() [ Tini - zﬁ]
()i{: =1, Silw) = 2o+ (K- %) [2%n+ B ]

gxsz‘t - .t B\.-l-l + (I t) ? it=o, S,; (X;_) = R‘:
=1, S w)= Ton

¢ Sp‘-lne Cum/e h=fn=0
Sint (1) = S5 o) el .., N-1
= Zia+ 'g (%Ki %im) [2 1?;4'?,:4] = Z,;+% (’Xm-x,;)[‘ Pt ‘2?&]

S {(Ze-2ea) = Kie%ee) ot +2 (Kerr = Kz ) B+ (K- Xe) P

W Ur-) ai Un
(5 fis [, (2]  A=2
Uz d3 Uz P3 wy| =2
* N=T, % Sa‘bifﬁ Us da Us Ta = |Wa| A=4
Ue ds Us||Ps Wy
Us dL’ 3 [We] =6
° SO‘\’C ?&‘ ~

Plugin Sitt)  T=oW) PePy=o



Least Szmve Meshod. (%)

’Prob‘(m:—F}nd C'a’ C: ¢t. %’0: C|+C;;I; best fn'i}
?o'mts (Lo, 2.8) (2,0, 1.53) (40, 1.2H)

(50, 1.21) (8.0, 1-8) (lo.0, 1.1) 'TW]’
i€, minimize

E oGz 2 (5"‘5’ - 95 )2 i —

|ﬁds%
Selution: fro=cCifid+Gfico =), fiw=s

2 : 'f;(“{)

E = (cfiony+ Ghixd-4,) £ |00

+ (€, Ft+ Cafu(x2) - ﬂz)Z £.(x3)

+ (i) + GFabo)- 0s) 4,

AE J=19
=0 = 2 (G fitk)+ Cfitx0-90) F) ( )

o +2 (ahte)+ cfi i) -4.) Fix) X

+2 (el CGfilos)- Ys)-F: 00)
v (C"&‘* C‘_*z"y )4,
l-.'-) C\'&'.- {F\ * Ca‘ﬁ'.-‘(’ﬁ =\Y'(F| 4‘._\(:| {F‘-'\ﬂ\[ct)‘;/y‘*
&;=°$C'#z'ﬁ+cz =) T, v VY

af = (1o, 10, 1o, 12 Lo, 1.2 f=1
'\cz= (I-O A 0. i’ o,as; 02 o.m: Q‘,l’) ‘f"")"';"?

Yo=(25 063 .-~ 1)

¢.o 2.19% G, - (8280

2475 1318 )(c.. ~ \alas
C\ = 0.499¢

Co= Loty



1,
n G
C::eral
WENn :
(
9‘:,3.) .
o=, (Xw
)

'F'.
md
C
\
,Ca
5@
such
+h
at

g
==
> (j(('xj)-ﬁ)
J -
IS mi
inmmi
|2€'A

£ 4
JéN

j("" =
af
(X) +
C
;‘fl "") +
v
Cuf
M’)‘)

Me-:r:otl
K 2%
Y
= %
ie ; C; dﬁ(.zc
(a,:- )A fa- 2 i
(: (Cj‘) ‘ = y 5-)3&(«
LJJ :-'fn 1‘3) ;
2!



In'l'egva.t.‘ ore
= gﬂmbolo‘c Computation
.%PUIP‘“ Pn —70?, _?"....-ﬁ;.-

s 2 2 3, ln...'

[ S oo s R w BT Bt
: Heurcsbc me+hods (A.I.) : 5"""‘/=W‘V-jvdu(

- MACSYMA package (Mople. Masematica)

* Can do m+e%¥at~on d-ffe\fenho.t\on
Solve eauwbwu.s O.D.& PD.E.

fad‘owzat- on,_

 Bample + Tugate [112] 5 xed ™ ¢

’ Nunerica\ 'm"'egvati on
- Assume : given %_ can Compdfe. ~ts)
+ Goal : Compile _ﬂ:—_fbgdx

oy
Exomple jo 1+% > 0.628



Simple Quadrature
- ?ed'ana\e meshod, (Constant)

r’.% (Kim - %) f (KirZim) %
= Zw-f(mw;.-%’.) |

144 4N W= l’-ﬁ-‘s- “a'l. X Kiw %N X
Evrev: 2
)= fio) + o) (-0 + Tw- o) ..
[*foadx= floyb- 00+l L L 5 |
) 2)b i G I <
oo g} ..

= w +weg
= Y+_ 0+ ol iy E
. -";'apezmd method. ( lineayr)

arb/2
U )+{c'x&...)
1= 'gn(%m ;) /%\rm

Erroy :
5:{09« =t-2 w’e,-4-w’e,.+a--

N Simpson’s meﬂ-lnocl (rodvdhc)
--—Y-l- st
S ,Z("*ﬂ‘x) l [235(“‘*’“‘") _;fm.qq:-f(xm)]

. Z 'anx\ [f(&)+4§( %‘-a-%m) ,,,{(«M_,)]

Errof Lf‘“": _|3_(2r+t -2W eS Fooe )

. gpline me+od (Cubo'c)



. WW Simpson's meshod Quadratic ?

Exeycise :

él’s'nh{jc(%)

b= dhrpx +¥ &

such that :  fta) = P [
= pb) a o

{la)=p(4)
PRove +hat
5: PAx = b—%‘-[-f(a) +4_f( G;L )+'f(b)]




¢ Keal S’cat;stccs
Jibax = a2 = 0.6421471808594

N=lo N= o0 N =Jood
Kec angle 0.6928353604100 0.693144055 €283  0.692147/493
: -3
Trapezoid = 06931714031154 089315 34304818 0.6931472430€
+b
S;mp.sm’s 0.6931413 1466¢| 0.6931471805195 o4 J31a)18055 71
Adn.pi:ive me+thod
* Method 4
Adapt (a, b)

!{:l Rect (a, b, 10) - Trap (a, b, lD)I( tolevance yhen
adapt = Rect (a, b, 10).
else

adapt = adapt(Q, a+by adapt(“;b, b)}_

2

e Me+hod 2
Adapt (&, b)

if \ng (a, b, 10) - S‘,.,,P(a, b, 5) l < tolerance +hen
adapt = Simp (a, b, I0);

else :
adapt := adapt (0, —%‘—l’—) + adapt (4= L),



