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DY A XX lengthlzy, z2, -, 2,] THAOGNEDT, THIZ T LXK

Tr =

mean :: [Double] -> Double

mean xs = sum xs / length xs

TRWEEST, IZIE7V—DY 25T X&flioC, FOTO 75 L%/ED, meanl.hs &
WO LRI CHEYS A 7 A NVKIEFEL, A<y Ry 2207+ 0V XIZBE L.
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7 for help
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= Visual Studio R¥E T037h (2010) - ghci -8

:? for help

Iﬁt ’

' vith actual t'_-,..-'[::-.:'::

T,

Haskell DEOAERIZ—EF LI (Num) 235 0, HET (+,*%,-) WERINTVET, H (Num)
D FIZEE (Integral) & FEH (Fractional) 73% 0, ¥ (Integral) 1ZIXEHE T (div) 25, %
# (Fractional) (ZIFHBE T (/) DPERINTH O, H (Num) TERINZEE T (+,%,-) &
Gl EME £, BE (Integral) O FIZEIERREE (Int) & ZAEEEE (Integer) M v, HHE T
(+,%,-,div) 25| S E £, FE (Fractional) O FIZHKEEFE/NIAE (Float) & AHHEEF
B/ NEURE (Double) 3 0, BT (+,%,-,/) 25 S E £ 9,  (Num) &EH (Integral)
& FE (Fractional) 13827 7 2 F W, EERBH (Int) &LMEREH (Integer) & HIEEIFH)
NS (Float) & AR REI/NSUAEL (Double) 3L SWE T, BARNAL T —XIZHIGT %
HOAPMT, RO LT, Hsofttk (HE) 2ERTL2H0OWMI I AT, M7 52D
ARRIFEL Y S ATHERTEFI S I BN TEETA, BoARRIFRI I enTEEEA, B
ANRY F 2 B OARREGIEMNTVWEZ L ZT A FHY I X B DA Y AKX VA (instance) T
HHEEWVWET,

JCIZRE - T, B sum &

sum :: Num a => [a] -> a

TIN5, Num D1 VAKXV ADY A5 Num DIEZFHE T 2T A, length 1



length :: [a] -> Int

ROT, FEOMOT =KDV A0S Int DIEA2FRETAHEMTT, /| DEHEEHARS &

@ Visual Studio IX¥F: FOY7H (2010) - ghi -0

|z, Numb) => a > b

(/) :: Fractional a => a -> a —> a

T A5, Fractional DA Y ARV ATH HEZ _ME5HUZH > T, Fractional D1 Y AX VAT
» D% R THE T TT NS, Fractional D1 Y AR VAT Int DIEEFIBUZ ENRNE S 5
TXAZE > TWERTY, ZOMEZMRT 221X, Int DfE% Fractional DA Y AX VA L
LTt E 5 L 512, Integral & Fractional @ EfZD Num D1 VAR VAL At b L DIT,
fromIntegral & = 5 BT Int D% Num OEIZE#TNIE N WTT, FromIntegral D& i

fromIntegral :: (Integral a, Num b) => a -> b

<7,
L7edioT, 7ur 7 Al

mean :: [Double] -> Double

mean xs = sum xs / fromIntegral (length xs)



W20 ET, YIS TF 4 R %&2H->T, LTI L%2MED, meanl.hs &\ D ZETCEY 7L 7 +
NEZBEEFEL, av >y Ry 2207 3 VX IZHEE L.

ghci meanl

950

ghci

T. GHCI # &8 L 72
:1 meani

T, TOT T AEBERAA, AU LET, TERTS -2 IFNE. FOY 7 A Prelude>
25 Main> (2720 £ T, mean [1,2,3,4,5] ZHEGT 5L

El Visual Studio TRk 7OV (2010) - ghei -0

[T of 1] Compiling Main ( mean].hs, interpr

cal a, Nomb) => a2 > b

:1: parse error on input /'

( meanl.hs, interpreted )

T3, [1,2,3,4,5] OF¥fEIX 3.0 TT, IELWVWAZWTT, BN, BT I LOEY HXETH
EFEFAUZOTHEVIELERA, 72, #BEREPROSNTOWETOT, UFO BT T LOHM»
BREBIZUERA, QITRBR5, HEBEORMIZERNT 20, B THRBIIETTCHEI5EEL:
ATIBEL TL 23\, BBEI Y07 I IV S5O T0 s 7 I VIR EARE DNEFEFHK E
TEEFOXETT,



sum length IFEHADTERZ LB TEFET, A RAENDHD ET,

sum’ :: Num a => [a] -> a
sum’ xs =
if null xs then O

else head xs + (sum’ (tail xs))

length’ :: [a] -> Int
length’ xs =
if null xs then O
else 1 + (length’ (tail xs))

sum & length Id 9 TIZEHZINTWVWBDT, sum’ & length’ £ UF U7z, if then else %

flio CHRHFIZERZEL TWET, EiTT5E

= Visual smdm :ﬁ'.;!* Jou 7 (201&; ghci

c + (zum’ (tail

en () else head xs + (zum’ (tail

( meanl.hs, interpreted )

Tj—o
NR—=2 - R9F VT %F>T

sum’’ :: Num a => [a] -> a



0

x + (sum’’ xs)

sum’’ []

sum’’ (x:xs)

length’’ :: [a] -> Int
length’’ [1 =0
length’’ (x:xs) = 1 + (length’’ xs)

LTBHILBTEEHY, Hf7ds e

= Visual Studio J¥¥ 1 FD>7H (2010) - ghei

ve + (sum” (tail A

( meanl.hs, inter

7 for help

Main v

T,

sum’’’ :: Num a => [a] -> a
sum’’’ xs
| null xs =0
| otherwise = (head xs) + (sum’’’ (tail xs))
length’’’ :: [a] -> Int
length’’’ xs
| null xs 0
| otherwise = 1 + (length’’’ (tail xs))



LITHIEHTEET, Frdde

in
fain,

T,

sum’’’’ :: Num a => [a] -> a
sum’’’’ xs =

case xs of

tl -> 0
(y:ys) -> y + (sum’’’’ ys)
length’’’’ :: [a] -> Int

length’’’’ xs =
case xs of
(] ->0
(_:ys) => 1 + (length’’’’ ys)

LTBHILBTEEHY, Hfrds e



Visual Studio I¥>I* 7O 7H (2010) - ghci meant

T,

sum’ :: Num a => [a] -> a
sum’ xs = iter xs O
where
iter [] a = a
iter (x:xs) a = iter xs (x + a)
length’ :: [a] -> Int
length’ xs = iter xs O
where
iter [] a = a

iter (x:xs) a = iter xs (a + 1)

ETBHILHTEEHY, Frdse



@ Visual Studio Iv>It 70> 7H (2010) - ghci mean2

- on irput =

:? for help

gp ... : .. done.
... linking ...

.hE,

Maino length® [1..10]
10

T,
BHIAAEAE ST

sum’’ :: Num a => [a] -> a

sum’’ xs = foldl (+) 0 xs

length’’ :: [a] -> Int

length’’ xs = foldl (\a _ -> a + 1) 0 xs

LTBHILHTEEY, Efrdsve
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v length’ [1..10]

:? for help

WMo T, FHEZEEST ST 0TS LI

mean :: [Double] -> Double

mean xs =
let s foldl (+) 0 xs
1 = foldl (\a _ -> a+1) 0 xs

ins /1

LTBHILHTEEY, Efrdsve
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Visual Studio I¥I* 70Y7H (2010) - ghci mean

:? for help

:? for help

T,
RIZ KU 22 % RO BIIBEAED £ {21, 20, -+, 0} DKL EEHERE I

_ 22:1 Tk

n

) Y (a— p)?
n

TROSNET, /o T, DHMEEHERAZFRT S 7077 L1

I

g

mean :: [Double] -> Double

mean xs = sum xs / fromIntegral (length xs)

variance :: [Double] -> Double
variance xs =
let

mu = mean Xs

ys

map (\x -> x - mu) xs

12



zs = map (*%2) ys

in sum zs / fromIntegral (length xs)

standard_deviation :: [Double] -> Double

standard_deviation xs = sqrt $ variance xs

LTBHILHTEEHY, Frdse

.. 10]
iation [1..10]

TY, BHAAZM > T

mean :: [Double] -> Double

mean xs = sum xs / fromIntegral (length xs)

variance :: [Double] -> Double
variance xs =

let m = mean xs

n = fromIntegral (length xs)

foldl (\a x -> a + (x-m)**2) 0 xs

v

13



inv/n

standard_deviation :: [Double] -> Double

standard_deviation xs = sqrt $ variance xs
b

mean :: [Double] -> Double

mean xs = sum xs / fromIntegral (length xs)

variance :: [Double] -> Double
variance xs = v / n where

m = mean Xs

n = fromIntegral (length xs)
v = foldl (\a x -> a + (x—m)**2) 0 xs
standard_deviation :: [Double] -> Double

standard_deviation xs = sqrt $ variance xs

LTHIEHTEET,
EEPR T IR F O R, HBEREEEELTAZL & 5. MHBEREKIZ

AN

WRER = S omERE -y ORERE

<F, LA EE X
I = A@ =D =)+ + (@~ D)y — D)}

T9Y. UkdoT, FIE, BEEREZFE T SBEME>TWH 0T, 0 EEtR T 28z
e BENDH Y £,

mean :: [Double] -> Double

mean xs = sum xs / fromIntegral (length xs)

variance :: [Double] -> Double
variance xs =
let
mu = mean Xxs
ys = map (\x -> x - mu) xs
zs = map (**2) ys
in sum zs / fromIntegral (length xs)
standard_deviation :: [Double] -> Double

standard_deviation xs = sqrt $ variance xs

covariance :: [Double] -> [Double] -> Double
covariance xs ys = iter xs2 ys2 O where

mxX = mean Xs

14



my = mean ys

xs2 = map (\x -> x - mx) xs

ys2 = map (\y -> y - my) ys

iter [J [1 a = a / fromIntegral (length xs)

iter (u:us) (v:vs) a = iter us vs (uxv+a)

- T, MBIMREEFHRE S 5 B

mean :: [Double] -> Double

mean xXs =

sum xs / fromIntegral (length xs)

variance ::

variance xs

let

[Double] -> Double

mu = mean Xs

ys = map (\x -> x - mu) xs

zs = map (**2) ys

in sum zs / fromIntegral (length xs)
[Double] -> Double

standard_deviation xs = sqrt $ variance xs

standard_deviation ::

covariance

[Double] -> [Double]

-> Double

covariance xs ys = iter xs2 ys2 O where

mxX = mean Xs

my = mean ys

xs2 = map (\x -> x - mx) xs

ys2 = map (\y -> y - my) ys

iter [1 [1 a = a / fromIntegral (length xs)

iter (u:us) (v:vs) a = iter us vs (u*v+a)

correlation_coefficient

correlation_coefficient xs ys =

let cov
sdx
sdy
in (cov

/

covariance xs ys
standard_deviation xs
standard_deviation ys
sdx) / sdy

TTurssIvsTERY, ETTbHe

[Double] -> [Double]

15

-> Double



Visual Studio ¥ JOY7 (2010) - ghei mean2
Mai

T, X512, B zipWith 2o T

mean :: [Double] -> Double

mean xs = sum xs / fromIntegral (length xs)

variance ::
variance xs =

let

mu = mean Xs

[Double] -> Double

ys = map (\x -> x - mu) xs

zs = map (**2) ys

in sum zs / fromIntegral (length xs)

standard_deviation ::

standard_deviation xs

covariance ::

covariance Xxs ys

mxX = mean Xs

[Double] -> [Double] -> Double

[Double] -> Double

sqrt $ variance xs

cov / n where

16




my = mean ys

xs2 = map (\x -> x - mx) xs

ys2 = map (\y -> y - my) ys
cov = sum $ zipWith (%) xs2 ys2

n = fromIntegral (length xs)

correlation_coefficient :: [Double] -> [Double] -> Double

correlation_coefficient xs ys =

let cov = covariance xs ys
sdx = standard_deviation xs
sdy = standard_deviation ys

in (cov / sdx) / sdy

U TIIVITBREILETEET,
EF] & AG D Z2 FEERTEOET, INERDEZTO T ILE2ED ET,
DTl Mt EZEZONT T, —DOOHIIERO LSRR T,

import Control.Monad
permutation :: Eq a => Int -> [a] -> [[a]]

permutation n xs = iter 0 [] [] where

iter m ys zs

| m ==n = reverse ys : zS
| otherwise = do
x <- X8

guard (x ‘notElem‘ ys)

iter (m+1) (x:ys) zs

KT E

17
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T,
HAGDLEERDZ IO T I L OABEZONETH, —DOHIIRD LS ITHD T,

import Control.Monad

list_max :: Ord a => a -> [a] -> Bool
[1 = True

list_max x (y:ys) = if x <= y then False else list_max x ys

list_max

combination :: Ord a => Int -> [a] -> [[all]
combination n xs = iter 0 [] [] where

iter m ys zs

| m==n = reverse ys : zs
| otherwise = do
X <- X8

guard (list_max x ys)

iter (m+1) (x:ys) zs

FI79H L
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] Visual Studio TRV JOV7H (2010) - ghei permutation2 = O [
fairny list_max 2 [] l

> list_max 4 [1,2,3]

HIERE DR ERE DA ZHATVD LFHEDMEDDH > T,

B BIE B BN
B BEA BNE BA
B A R BTA
BPUE A BA B

DIEIZRE 2 HET BT >TWELRE, ZTOLS TS —H, $/H, H=A,
BIE R =D OMSWATT 2T NTROTAHXL & I,

[1,2,3,4] DT RCOIEFIDESZ KD, gl [1,2,3,4] £ L. TODNEFIDEEH 4 3fH%
B, &L T4HOESEEZENDNWTT, 7O AIFROLS TR £T,

import Control.Monad

permutation :: Eq a => Int -> [a] -> [[a]]
permutation n xs = iter O [] where

iter m ys

19



| m ==n return (reverse ys)

| otherwise = do

X <- x8
guard (x ‘notElem‘ ys)
iter (m+1) (x:ys)

solver :: [[[Int]]]
solver = iter (permutation 4 [1,2,3,4]) [] where
iter source xs = do

x1 <- [[1,2,3,4]]
x2 <- source
x3 <- source
x4 <- source
yl <= [[x1 !'' 0, x2 11 0, x3 ! 0, x4 !! 0]]
guard(yl ‘elem‘ source)
y2 <= [[x1 111, x2 11 1, x3 11 1, x4 11 1]]
guard(y2 ‘elem‘ source)
y3 <= [[x1 't 2, x2 1! 2, x3 !l 2, x4 !l 2]]
guard(y3 ‘elem‘ source)
y4 <- [[x1 !! 3, x2 ! 3, x3 I 3, x4 Il 3]]
guard(y4 ‘elem‘ source)
[x1, x2, x3, x4] : xs

KITTBE

20



T,

g5 % RkD 2B T0 7T L%EETZOTENEM ST, FFHIREZEHZBOHABLTCAZLE D, &
BB HEF IC/E> TWE E T, HY 2GR T 2B 8UIME-> TWB DT, MiEHR G EH % ]
ETHEBEMED £,

EF J = {j1,42,53, > jn} BT, m = 1.2,---.n — 1 IZXHULTIH j,, DEAIZHDIH
Jim+1<1<nD35T j, &VEINIWVIHDMEE p(j,,) DIEFI

p(J) = p(j1) + p(j2) +p(js) + -+ + p(in-1)
PEBTHNXMEER T, G CTOINIEFERLDOTINE[HES ZLITLET,
g :: Int -> [Int] -> Int

g_M0O=o0
g x (y:ys) = if x > y then 1 + g x ys else g x ys

p :: [Int] -> Int
pll=0
p x:[01) =0

p (x:xs) = (g x xs) + p xs

21



sign :: [Int] -> Int

sign xs = if even (p xs) then 1 else -1

DTVT T LTy g jm Gmats Jmazs s jn) (EH o OBRACHZH jm+1<1<n DH>HT
Jm & VAN S WIHOERZFHE L. 2D g 2B U T, p i1, 2,43, -+, Jn) DIEF] J =
{31,72,73, s Jn} CBWVWT, m=12--- n—1IZHUTH j, DBACHDIEj;m+1<1<n
DI BT jo & VAN NIHOMEEL p(j,,) DFEFI

p(J) =p(j1) +p(j2) + p(is) + - + p(Jn-1)

BB UL sign [, jo s s ju] B3 (1, J2sdas- - ] ¢ BEBTHNUE 1, GHCHNUE— 1 %
BT,
nORIE A8 A OFFFIRIE A O (i) B E a; £T5E

det(A) = Z sign(J)aij, 625,355 - - ngj,
Jep,
TY, 20, [1,2,3,---,n] DIXTOIEFDES P, 2ED. &S] T = [j1,j2, j3, -+, Jn) 1T
XL T
sign([j1, Jo, 3, Jn)) @1, 025, G355 - - Qnj,
ZEIE L. TS OFMBITHIANTH 2 03F 4~ 5@ E S 75 ROEHETT,
THRZGET 272 DIT BRI ORI RD X 512720 £7,

h’> :: Int -> Int -> [Int] -> [[Double]l] -> Double
h’ mn js xs
| m ==n =1
((xs !t m) !'! (head js -1)) * h’ (m+1) n (tail js) xs

| otherwise

det’ :: Int -> [[Int]] -> [[Doublel]] -> Double
det’> _[1 _=0

det’ n (z:zs) xs = fromIntegral (sign z) * h’ O n z xs + det’ n zs xs

det xs = det’ n perm Xxs
where
n = length xs

perm = permutation n [1 .. n]

750% [[1,2],[2,3] ® [[1,2,3],[4,5,6],,[7,8,9] D& >V X s THLU, det [[1,2,3],[4,5,6],,[7,8,9]]
T. 1751 [1,2,3],[4,5,6],,[7,8,9]] DIFFIARZFREL £T, ZD7ZOIZFTHDORE n & [1,2,---,n]
DIEFIOEL ZFE L. det [[1,2,3],[4,5,6],,[7,8,9] DE&E. HiBIREAE det’ Z2{fi-> T,

det’ 3 [[1,2,3],11,3,2],(2,1,3],[2,3,1],[3,1,2],[3,2,1]] [[1,2,3],[4,5,6],,[7,8,9]]
TatELEd., 2L T, Mg b 2i-C

sign([j1, J2, 33, * s Jnl) @14, 25, A3j5 - nj,

ZEHELUET, T07 T LDORKIE

22



import Control.Monad

permutation :: Eq a => Int -> [a] -> [[a]]
permutation n xs = iter 0 [] [] where
iter m ys zs

| m == = reverse ys : zs

| otherwise = do

X <- Xs
guard (x ‘notElem‘ ys)

iter (m+1) (x:ys) zs

list_max :: Ord a => a -> [a] -> Bool
[1 = True

list_max x (y:ys) = if x <= y then False else list_max x ys

list_max

combination :: Ord a => Int -> [a] -> [[a]]
combination n xs = iter 0 [] [] where

iter m ys zs

| m ==n = reverse ys : zS
| otherwise = do
x <- X8

guard (list_max x ys)

iter (m+1) (x:ys) zs
g :: Int -> [Int] -> Int
g_[1=0

g x (y:ys) =if x > y then 1 + g x ys else g x ys

p :: [Int] -> Int

pll=0

p (x:[1) =0

p (x:xs) = (g x xs) + p xs
sign :: [Int] -> Int

sign xs = if even (p xs) then 1 else -1

h’ :: Int -> Int -> [Int] -> [[Double]l] -> Double
h’ m n js xs
| m ==n =1
| otherwise = ((xs !! m) !! (head js -1)) * h’ (m+l) n (tail js) xs
det’ :: Int -> [[Int]] -> [[Double]] -> Double
det> _[1 _=0

23



det’ n (z:zs) xs = fromIntegral (sign z) * h’ O n z xs + det’ n zs xs

det xs = det’ n perm xs
where
n = length xs

perm = permutation n [1 .. n]

T, R 5L

a Visual Studio I I* 70Y 71 (2010) - ghci permutation - sl

inv det [[1,0,0,01,00,1,0,01,00,0,1,01,00,0,0,11]
> det [[1.0,0,07,00,1,0,0],00,0,0,17,00,0,1,0]1]

<9,

FITESVBER T T T MIEACEFRER T8 75 I V755 (Baklidd o1ES C++)
TEYFTOT, BRI 075 I v 73 BETIERL, Lisp 2Lz &k, ~1arolk
BEDMEL Lisp TR I IV 7320 TIEAL Lisp 1 VX TV XOED FIEL VML T\
L. Scheme * Haskell I3 F 7~ F7~- 7075 IV 7ORBBDILNDT, Haskell DBEEIZH S
ko574, BETEZIS>AMEETOTILZIIED FHAMN,. 20K 5 ITBERERE R 2/
D, 7RI LE2ToLHITNUEINNTT, YAREDTHIELLEHKHDZ2EY EIFBZ enT
SNTARBITR D T, Z2EEOHIEIZ L Haskell DEEAM 72075 & UL ZBRRE L 72 5, F7501R
DESIFHHET 27200 RARP TN T AL 2L COWEEBO 70 s I L% -bin 6 5T

24



fEoTHAET, BFEROTB T I L%EGHAT, {IHIAATIITTSEIT T, KL AWVWDOTHEHD
HRIZIZ 0 FE A, HlEO T TS T L% T 2EBMRTIEID Y A, ZOFHREZFET
57075 LDESRTATITLEHDTHETAS LAkl ELES, ¥50Tarv 1
TERWVWh, ETRIIZ I =PRI ->TIEEF->TLESOR, TI7—DEHRZRLESET Z &0
AMOMIEIZA Y 9, Haskell (T2 NA FEHH D ETDOT, SHEMIZIELWT B ST AAHIEK
ERSBRWEFETTEERA, RRTNENVANARI L 2HET LI eNTE T, LlERD
BT Z L2k b, Haskell DEARNZ IR bz HICHRT 2 Z BN TE 9, IRILGHR T 0
TIL%mES>THAET, KRERTOT T MIBEREZDODEBZELLHVTVWEZLEF v Y
LEDS, fEDET, TLTINSZMOTIED o270l I LBMAITET, INER D
LTy TDOFEEEVET, FREMTOISIVITR MY 7Y Vv OFERZMEWVE A, B
MO 75307 TIRIDESICRINLT Yy TOFEEH VKT,
B<mohmiR2#ET 570 3 XA Python OEFUCEHE T WX, 74X DHE
TEDT, #EHEN%E 7 I A=) (Cramer) DARZH>TEFHALTAEL LS, 7F7 A
(Cramer) DARE NS DIE

2¢ + 4y = 10 (1)
r+3y==6 (2)
&, 175 Z2ff->T
2 4\ [z (10
1 3 vy /) \ 6
EREL T,
10 4 2 10
6 3 1 6
r = —— = —
2 4 2 4
1 3 1 3

ZERHR LRI WVWEES LD TY, TR ZFRET SEBUIIME>TWDH DT, THIDERE AN A
BB FNIRTER T, Fla ANEE A B BBERIN/FE> THWWTT A, mEfr5 25 2 53
BalioT, T2 AWBA LT REEN LT, [HRIIERERT L% LWISELHY £,
RiBATH 2 5 2 DB Z P E o T A v X =3y P THARTAHAXY, ED XL

transpose :: [[al]l -> [[all
transpose ([1:_) = []

transpose xs = map head xs : transpose (map tail xs)

INTRWEESDTY, PO TAET,

25



8T T 8T8
,2,41,[4,0,81,07,8,9

,31,05,61,18,91]
2,31,[5,61,08,9]1]

7,8,07]

flRRRWT 0TI LTT, EREMESTBHTIEDN D FEANINEFDL TW7ZL
ZEizUxd, &I

change [ay,as, - ,ap] b=[[b,az, -, ay],[a1,b, -, an], -, [a1, a2, -, b]]
ZEDET, ZO-DIZHBIELK
change’ k [a1, a2, -+, ak,, - ,an] b= [a1,a2, - ,b,, - a,] (0<k<mn-1)
ZHEZITRWTT,

change’ :: Int -> [a] -> a -> [a]
change’ 0 (x:xs) y =y : Xs
change’ k (x:xs) y = x : change’ (k-1) xs y
change :: [a] -> a —> [[al]
change xs y = iter O n xs y where

n = length xs

iter kn xs y

| k ==n = []

| otherwise = change’ k xs y :iter (k+1) n xs y

26



TRWTY, ftoT, mEIZ, HZABRRE2M 7077 L

solver :: [[Double]] -> [Double] -> [Double]
solver xs ys =
let zs = transpose xs
ws = change zs ys
us = map transpose ws
d
in map (\a -> (det a) / d) us

det xs

"C“j—o
LERVAYSY W A A B N L ¥/ NS

import Control.Monad
permutation :: Eq a => Int -> [a] -> [[a]]

permutation n xs = iter 0 [] [] where

iter m ys zs

| m ==n reverse ys : zs
| otherwise = do

X <- X8

guard (x ‘notElem‘ ys)

iter (m+1) (x:ys) zs
g :: Int —> [Int] —> Int
g_M0O=o0

g x (y:ys) = if x > y then 1 + g x ys else g x ys

p :: [Int] -> Int

pll=0

p x:[1) =0

p (x:xs) = (g x xs) + p xs
sign :: [Int] -> Int

sign xs = if even (p xs) then 1 else -1

h’ :: Int -> Int -> [Int] -> [[Double]] -> Double
h’ mn js xs
| m ==n =1
| otherwise = ((xs !! m) !! (head js -1)) * h’ (m+1) n (tail js) xs
det’ :: Int -> [[Int]] -> [[Double]] -> Double
det’ _[1 _=0

det’ n (z:zs) xs = fromIntegral (sign z) * h’ O n z xs + det’ n zs xs
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det xs = det’ n perm xs
where
n = length xs

perm = permutation n [1 .. n]

transpose :: [[a]]l -> [[a]]
transpose ([J:_.) = []

transpose xs = map head xs : transpose (map tail xs)

change’ :: Int -> [a] -> a -> [al]
change’ 0 (x:xs) y =y : xs
change’ k (x:xs) y = x : change’ (k-1) xs y
change :: [a] -> a —> [[al]
change xs y = iter 0 n xs y where

n = length xs

iter k n xs y

| k ==n = []

| otherwise = change’ k xs y :iter (k+1) n xs y

solver :: [[Double]l] -> [Double] -> [Double]
solver xs ys =
let zs = transpose xs
ws = change zs ys
us = map transpose ws
d = det xs
in map (\a -> (det a) / d) us

TY, EITUTHEIPDTAEL & 5,
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@ Visual Studio TYK T 7 (2010) - ghei transpose = O |
Main> det [[3,1],09,5]]

e [[1,11,[2,5]]

[1,11,02,51]) [3,9]
11]

7 for help

: o ...
e ... linking ...

er [[2,4],01,31] [10,6]
[[1,2,-11,02,4,1],

IELWAZNWTT,

EZWSHEBEM 7075 IV U FEE Haskell IT& 57075 IV ZITENTEE L, 175X %
1751 DR & T DRI FOMOINIZT 2 Z 2 RETFEMAT L LEVET, DWVWTITRE TR
Mo T, WIIZATPIRZEIR L TAE L & 5. REFREHEMI D05 20 NIERRE R a4
WWHEMLTLSZEWN,

del :: Int -> [Double] -> [Double]
del k xs = iter 0 k xs where
iter i k xs
| i ==k = tail xs
| otherwise = head xs : iter (i+1) k (tail xs)
det :: [[Double]l] -> Double
det [[x]] = x
det xs = iter O xs where
n = length xs
iter k xs
| k ==n = 0.0

| otherwise =

29



let x = (head xs) !! k
ys = map (del k) (tail xs)
d = det ys
c=x *xd

in ¢ - iter (k+1) xs
NTUT T LTY, MBIBEEIE del k xs 1& xs @ (k+1) B HOERZHIRT 2 B
del k [0‘07 A1,y Ay y 70’”—1] = [(]'03 A1y Q—1, Q415" 7y (1,/,1,] (O < k <n-— 1)

TY, EUKEKZLZ2MENPOTAHAXL & 5,

& Visual Studio 3¥F 705 7H (2010) - ghei det - el

|_|:Z:|;-_'1I '

9

Main

ELWAZWTT, fFFIROEREZMES KVEHRTLZ, 2hoD7a s I L% DTS 2
FhEH 7077 I VI SEO A% Y ) B T n 75 I VU SEED Haskell (28 LT
WBESRADLTEFETH, 50K Haskell THIK 0 I L8 TEEL,
BARABCB/NAERITEEL—2 )y ROHRIEZHBWETH, T2 TIHNERTES &5
WCERBREF > THELTAEZT,

FTERNBOHETE 0TI L%ED T, HIXIE
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decomp :: Int -> [Int]
decomp n = decomp’ n 2 where
decomp’ n m
| n==1=1[]
| otherwise = if mod n m == 0 then m : decomp’ (div n m) m

else decomp’ n (m+1)

T, dtRETEXd, 795

= Visual Studio J¥YE JOY7h (2010) - ghai -8

T9, decomp 60 1% [2,2,3,5]. decomp 1000 1% [2,2,2,5,5,5] TT, ZARMHLZTOT T LTS
Vol FWE#ES TV E T, fIEVWEZET Z & CARRDHEFEITRD 9, TIhz [(2,2),(3,1),(5,1)]
® [(2,3),(5,3)] DIRCERL T, HlIZIZ,

decomp :: Int -> [Int]
decomp n = decomp’ n 2 where
decomp’ n m
| n==1=1[]

| otherwise = if mod n m == 0 then m : decomp’ (div n m) m

31



else decomp’ n (m+1)
factors :: Int -> [(Int,Int)]
factors n = iter ds 1 where
ds = decomp n
iter [1 _ =[]
iter [x] m = [(x, m)]
iter xs m = if head xs == head (tail xs) then iter (tail xs) (m+1)

else (head xs,m):iter (tail xs) 1

T, HRTEET, KiTHE

= Visual Studio T¢I 70V 7H (2010) - ghei gcd -8l

ter tail tall xs (m+ 1) '
) ¢ oiter (tail
]H

n i
II"| H 12

T, factors 60 i% [(2,2),(3,1),(5,1)]. factors 1000 i% [(2,3),(5,3)] TT . Haskell TIE\5
WABRTUT S IVTHERHBDTEDHMABDEEZMEZ XD, ZARMRZTO T 5 LT
LTI ERVIBRLTVWET, MEVEZLXALEML T NEIDTIELS B2 £ TIHVKRL £
T, TuTT I VT OMERIE. BEFERAEGEOMIE L F U TEHAENTT, FREOH D AITIEES
LTEDPRVWETAN, #HTBRVIEL B2 I I v LT, fETALHEINS LS
mI7a s LMIMENRL D, CENKELKELK IO I L2 TobhITRIENTELLDIC
7m0 F9, RIT, factors 2o THIBREZE D B L 9, HIRIX,
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decomp :: Int -> [Int]
decomp n = decomp’ n 2 where

decomp’ n m

| n==1-=1[]
| otherwise = if mod n m == 0 then m : decomp’ (div n m) m
else decomp’ n (m+1)
factors :: Int -> [(Int,Int)]

factors n = iter ds 1 where

ds = decomp n

iter [1 _ = [
iter [x] m = [(x, m)]
iter xs m = if head xs == head (tail xs) then iter (tail xs) (m+1)

else (head xs,m):iter (tail xs) 1
gcd’ n m = iter ns ms where
ns = factors n
ms = factors m
iter [1 _ =[]
iter _ [1 =0

iter uz@(x:xs) zs@(y:ys)
| fst x == fst y = (fst x, min (snd x) (snd y)) : iter xs ys
| fst x < fst y = iter xs zs

| otherwise = iter uz ys

T, R TEXd, 795
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@ Visual Studio 3> I* 70V 7 (2010) - ghdi ged

A | : (]

third arg :

v (f=t %, min s

:? for help

TY, mBIZ. RTNVDY AN EBEICEBL £7,

decomp :: Int -> [Int]
decomp n = decomp’ n 2 where

decomp’ n m

| n==1=1]
| otherwise = if mod n m == 0 then m : decomp’ (div n m) m
else decomp’ n (m+1)
factors :: Int -> [(Int,Int)]

factors n = iter ds 1 where
ds = decomp n
iter 1 _ =[]
iter [x] m = [(x, m)]
iter xs m = if head xs == head (tail xs) then iter (tail xs) (m+1)
else (head xs,m):iter (tail xs) 1

gcd’ n m = iter ns ms where

ns factors n

factors m

ms
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iter [J _ =11

iter _ [1 =[]

iter uz@(x:xs) zs@(y:ys)
| fst x == fst y = (fst x, min (snd x) (snd y)) : iter xs ys
| fst x < fst y = iter xs zs
| otherwise = iter uz ys

ged’’ nm =
foldl (\a x -> a * ((fst x) ~ (snd x))) 1 $ gcd’ nm

T, BWTT, ged &35 BEHD Haskell IZT TIZHEHFINTWADT ged” EEIA4BNZILEL
o FIT$THE

= Visual Studio TR 7057+ (2010) - ghei ged - o[

TY, RIT, BNREBERFEL £,

decomp :: Int -> [Int]
decomp n = decomp’ n 2 where

decomp’ n m

ln==1=10



| otherwise = if mod n m == 0 then m : decomp’ (div n m) m
else decomp’ n (m+1)
factors :: Int -> [(Int,Int)]
factors n = iter ds 1 where

ds = decomp n

iter [1 _ = [
iter [x] m = [(x, m)]
iter xs m = if head xs == head (tail xs) then iter (tail xs) (m+1)

else (head xs,m):iter (tail xs) 1
gcd’ n m = iter ns ms where
ns = factors n
ms = factors m
iter [1 _ = 1[I
iter _ [1 = [I
iter uz@(x:xs) zs@(y:ys)
| fst x == fst y = (fst x, min (snd x) (snd y)) : iter xs ys
| fst x < fst y = iter xs zs
| otherwise = iter uz ys
ged’’ nm =
foldl (\a x -> a * ((fst x) "~ (snd x))) 1 $ gcd’ nm
lcm’ n m = iter ns ms where

ns = factors n

ms = factors m

iter [] ms = ms

iter ns [] = ns

iter uz@(x:xs) zs@(y:ys)
| fst x == fst y = (fst x, max (snd x) (snd y)) : iter xs ys
| fst x < fsty = x : iter xs zs
| otherwise =y : iter uz ys

lcm’’ nm =

foldl (\a x -> a * ((fst x) ~ (snd x))) 1 $ 1lcm’ nm

T, BWTT, lem &= 5B Haskell 2T TIZHEHINTWVWADT lem” EE5LRIICLEL
7o FEITTBL
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= Visual Studio 3> I* 70V 7 (2010) - ghdi ged
ot in clem”
eant one o azet lom’ (line 240, led™ (line

:? for help

e,

lem’™ B0 B0

lem 24 60

lcm B0 60

TY, BRRANBXENAGEHE 21— )y FORREZH > CEHET L7077 A%

ged’’’ nm =
if m == 0 then n else gcd’’’ m (mod n m)

lem’’’ nm=n * m ‘div‘ gcd’’’ nm

T, TNVITY XLDEROEEMEN 0D £9, FI7ddL
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Visual Studio TR 7 (2010) - ghei ged = O]

> lem’ B0 60

7 for help

T9,

TR C++ TTUT I IV LT0EEEITE, LThRZESI R T0 s T L (HUFEOREX
THARDEZRE D DT 0T T IV T RHRAEBC B/ N D ZRB R % > 72517 Y) %
fEoTAHALS EWVWIKUZHRD FHATU, Haskell IFHIHWEFETY, 7272, HARZMIRT 2
7217 T%H Python OFFLL LD D £7,

Haskell DZE#HIZIE, [3D5 D Haskell 7RI T I V7| HRIEREZEY 7 bNv o 1320
Haskell 72D L < %15 | | Miran Lipovaca 3 Ohmsha, [ 7'H 2 I > 2" Haskelll] Graham
Hutton # Ohmsha REVRHDET, 1 VX =%y MIENRNXVEMRLS OO T TSI IV
ERZRUZB—LR=—VU L RIEREDH D T,
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