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Abstract—Algoritma Gaussian-Elimination merupakan
algoritma untuk menyelesaikan sistem persamaan linear
dari suatu matriks. Meskipun dengan alur metode yang
sama, namun bahasa pemrograman berbeda akan
menghasilkan Kinerja yang berbeda pula, Makalah ini akan
membandingkan Kkinerja beberapa bahasa pemrograman
untuk mengaplikasikan salah satu algoritma Aljabar
Geometri.
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I. PENDAHULUAN

. Algoritma Gaussian-Elimination merupakan
algoritma untuk menyelesaikan sistem persamaan linear
dari suatu matriks. Meskipun dengan alur metode yang
sama, namun bahasa pemrograman berbeda akan
menghasilkan kinerja yang berbeda pula, faktor
perbedaan paradigma, fungsi primitif, dan kemampuan
bahasa pemrograman menjadi faktor yang diduga
menyebabkan peredaan kinerja tersebut.

Makalah ini akan membandingkan kinerja beberapa
bahasa pemrograman untuk mengaplikasikan salah satu
algoritma Aljabar Geometri.

II. DASAR TEORI

A. Pseudo Code

Pseudo code Algoritma yang akan digunakan adalah
sebagai berikut :
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B. Paradigma pemrograman

Bahasa-bahasa yang dipilih untuk dibandingkan adalah
bahasa Python, CommonLisp, Haskell, dan Java.
Keempatnya dipilih karena mewakili paradigma berbeda,
Python mewakili prosedural imparatif, CommonLisp
mewakili fungsional list, Haskell mewakili fungsional
non lisp, dan Java mewakili imparatif berorientasi objek.

Perbedaan imparatif dan fungsional adalah sebagai
berikut

II. Percobaan
A. Kode dalam Python

def pprint(A):

n = len(A)
for i in range(0, n):
line = ""
for j in range(0, n+1):
line += str(A[il [j]1) +
Il\tll
if j == n-1:
line += "| "
print(line)
pl"int ( mu )

def gauss(A):
n = len(A)

for i in range(0, n):
# Search for maximum in this
column

maxEl = abs(A[i]l[i])

maxRow = i

for k in range(i+1, n):

if abs(A[k][i]) > maxEl:

maxEl = abs(A[k][i])
maxRow = k

# Swap maximum row with
current row (column by column)
for k in range(i, n+1):

tmp = AlmaxRow] [k]
AlmaxRow] [k] = A[i][k]
A[i]l [kl = tmp

# Make all rows below this one
O in current column
for k in range(i+1, n):
c = -A[k][i1/ATi] [4i]
for j in range(i, n+1):
if i == j:
Alk]l[j] = o
else:
A[KI[j] += c %
Alil [j]

# Solve equation Ax=b for an upper
triangular matrix A
x = [0 for i in range(n)]
for i in range(n-1, -1, -1):
x[i] = A[i]l [n]l/A[i][1i]
for k in range(i-1, -1, -1):
Alkl [n] —= A[Kk]I[i] * x[i]
return x

if __name__ == "__main__":
A =

[[1.00,0.00,0.00,0.00,0.00,0.00,-0.01]

[3.00,0.63,0.39,0.25,0.16,0.10,0.61],
[1.00,1.26,1.58,1.98,2.49,3.13,0.91],
[1.00,1.88,3.55,6.70,12.62,23.80,0.99]

’[1.00,2.51,6.32,15.88,39.90,100.28,0.6
01,
[1.00,3.14,9.87,31.01,97.41,306.02,0.0

211
#b = [[-0.01], [0.61],
[0.99],[0.60],[0.02]]

[0.91],

# Print input
pprint(A)

# Calculate solution
X = gauss(A)

print (x)

B. Kode dalam Common Lisp

(defmacro mapcar-1 (fn n list)
"Maps a function of two parameters where the first one
is fixed, over a list"
*(mapcar #(lambda (1) (funcall ,fn ,n 1)) ,list) )

(defun gauss (m)
(labels
((redc (m) ; Reduce to triangular form
(if (null (cdr m))
m
(cons (car m) (mapcar-1 #cons 0 (redc (mapcar
#'cdr (mapcar #(lambda (r) (mapcar #- (mapcar-1 #*
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(caar m) r)

(mapcar-1 #* (car r) (car m)))) (cdr m)))))) ))
(rev (m) ; Reverse each row except the last element

(reverse (mapcar #(lambda (r) (append (reverse
(butlast r)) (last r))) m)) ))
(catch 'result
(let ((m1 (redc (rev (redc m)))))
(reverse (mapcar #'(lambda (1) (let ((pivot (find-if-
not #'zerop r))) (if pivot (/ (car (last r)) pivot) (throw
'result 'singular)))) m1)) ))))

C. Kode dalam Haskell

type Row = [Float]
type Matrix = [Row]

gaussianReduce :: Matrix -> Matrix
gaussianReduce matrix = fixlastrow $ foldl reduceRow
matrix [0..length matrix-1] where

--swaps element at position a with element at position
b.

swap xsab

|la>b=swapxsba

|la==b=xs

la<b=let

(p1,p2) = splitAt a xs

(p3,p4) = splitAt (b-a-1) (tail p2)

in pl ++ [xs!!b] ++ p3 ++ [xs!!la] ++ (tail p4)

reduceRow matrix1 r = let
--first non-zero element on or below (r,r).
firstnonzero = head $ filter (\x -> matrix1 !! x !! r /=
0) [r..length matrix1-1]

--matrix with row swapped (if needed)
matrix2 = swap matrix1 r firstnonzero

--row we're working with
row = matrix2 !! r

--make it have 1 as the leading coefficient
rowl = map (\x ->x / (row !! 1)) row

--subtract nr from row1 while multiplying
subrow nr = let k = nr!!r in zipWith (\a b -> k*a - b)
rowl nr

--apply subrow to all rows below
nextrows = map subrow $ drop (r+1) matrix2

--concat the lists and repeat
in take r matrix2 ++ [row1] ++ nextrows

fixlastrow matrix' = let
a = init matrix'; row = last matrix'; z = last row; nz =
last (init row)
in a ++ [init (init row) ++ [1, z / nz]]

D. Kode dalam JAVA

GaussianElimination.java

Below is the syntax highlighted version of
GaussianElimination.java from §9.5 Numerical Linear
Algebra.

/

ook ook sk ok ok ok ook ook ook ok sk ok ok ok kR sk ok sk okok kR R okok Rk kR ok kK
ok kokokoskkokokok ok kR ok sk ok ok kR kR kok kK

* Compilation: javac GaussianElimination.java
* Execution: java GaussianElimination

*

* (Gaussian elimination with partial pivoting.

*

* % java GaussianElimination

* -1.0

* 2.0

* 2.0

*

sk sk sk sk sk she sk ske sk sk sk she sk sk sk sfe sfe sk sk sk sk sfe sk sk sk sk sk ske sk sk sk ske sk sk sk sk skeoskeoskosk sk skeoskoskok ok
********************************/

public class GaussianElimination {
private static final double EPSILON = le-10;

// Gaussian elimination with partial pivoting
public static double[] Isolve(double[][] A, double[]

b) {
int N = b.length;
for (int p = 0; p <N; p++) {
// find pivot row and swap
int max = p;
for (inti=p+1;1<N;it++) {
if (Math.abs(A[i][p]) > Math.abs(A[max]
[pD) {
max = i;
b
double[] temp = A[p]; A[p] = A[max]; A[max]
= temp;

double t =Db[p]; b[p] =b[max]; b[max]=1t;
// singular or nearly singular
if (Math.abs(A[p][p]) <= EPSILON) {
throw new RuntimeException("Matrix is
singular or nearly singular");

// pivot within A and b
for (inti=p+ 1;1<N;it++) {
double alpha = A[i][p] / Alpl[p];
b[i] -= alpha * b[p];
for (intj = p; j < N; j++) {
A[i][j] -= alpha * A[p][jl;
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IV. HASIL PERCOBAAN

I IntelliJIDEA

bac {i Seluruh percobaan dilakukan dengan spesifikasi :

Imelil) 1IDEA 15.0 Dimass-MacBook-Pro:sre dimsssaputras python -stiseit -s'isgort main' “main.ge

Dl AC-143.381, butt on Ockeber 30, 2015 (112.00,0.00,0.00,0.00,0.00,0.00,-0.01], [1.00,0.63,0,39,0,25,0.16,0.10,0.61)
JRE 180_40-release-bA2 a6 64 1.99,1.26,1,.58,1,98,2,49,3,13,0.51), (1.99,1.88,3,55,6,70,12,62,23,80,9.99], 11
IVA OpeniN G4-Bt Server VM by Jetirales 5.1.0 ,2.51,6.32,15.88,30.99,100.28,0.62 ], (1.00,3.14,0.87,31.91,07.43,306.92,0.82)

Powered by cpen-rource witware
10999 locps, best of 3: 53.5 usec per loop
Dimass-MacBook-Pro:sre disassaputras |

.
5 Juirain 5.0.0. A rights reserved JHERAINS

substitution
double[] x = new double[N];
for (inti=N-1;1>=0;i--) {
double sum = 0.0;
for (intj =1+ 1;j <N; j++) { Clozure CL

sum += A[i][j] * x[j]; Version 1.10 (16266)

x[i] = (b[i] - sum) / A[i][i]; To report bugs or request enhancements, please go
} 1o the Clozure CL Trac and create a ticket.
return x;
}

Copyright 2002-2014 Clozure Associates and
contributors

// sample client
public static void main(String[] args) {

int N=3; Mesin :
double[][JA={{0,1, 1},
{27 47 -2 }5 IDE :
{0,3,15}
}.

double[]b={4,2,36};
double[] x = Isolve(A, b);

// print results
for (inti=0; 1 <N; i++) {
System.out.println(x[i]);

OS X Yosemite

Verson 10.99 ‘

MecDosh Mo (Putina 1) mch Vs M1 6

Processor 2.6 Grir el Core 8

NMemary 808 14500 Wi DORS

Graghics ol s 1536 V3 )

Darial Mamber 1 TNYT 020G |
| GHCI versi 7.10.1

Syatem Nacort Sotwate Upcate

GAUSS ML)
} took 320 microseconds (0.000320 seconds) to run.
Juring that period, and with 4 available CPU cores,
30 microseconds (9.0000480 seconds) were spent in user mode

} 872 microseconds (0.000372 seconds) were spent in system mode
16,832 bytes of memory allocated.
O minor page foults, 19 mojor poage foults, © swaps.
+0.2009099990 1.6027923 -1.6132091 1,2455008 -9.4009925 ©.06576109)
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Bahasa :

Java 1.8

Python 2.7

Matriks uji :
(1.00,0.00,0.00,0.00,0.00,0.00,-0.01],
[1.00,0.63,0.39,0.25,0.16,0.10,0.61],
[1.00,1.26,1.58,1.98,2.49,3.13,0.91],
[10018835567012622380099]

[1.0@,2.51,6.32,15.88,39.90,100.28,0.6
01,
[1.00,3.14,9.87,31.01,97.41,306.02,0.0

2]

Pengukuran :
Dengan commonlisp
Dengan Python

Dengan Java

- - -

64321
-0.01
1.6027903945020974

-1.6132030599054943

Dengan haskell

#Main> gaussianReduce [[1.00,0.00,0.00,0.00
y2.51,6.32,15.88,39.90,100.28,0.60 ], [1.00,
((1.0,0.0,0.0,0.90,0.0,0.0,~1.0e-2),(~0.0,1.
3,9.588836,6.775985¢~2),(0.0,0.0,0.0,0.90,1.
(0.03 secs, 10,361,376 bytes)

Jika satuan waktu diubah ke milisecond maka :

Haskell : 30 ms

Java : 0.006431 ms
Python : 0.0535ms
CommonLisp : 0.82 ms

V. SIMPULAN

Makalah IF2123 Aljabar Geometri —

Java adalah bahasa pemrograman yang tercepat untuk
membandingkan kinerja algoritma Gaussian elimination,
namun dari segi jumlah baris, CommonLisp adalah yang
tersepat
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