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% (A): graf berarah berbobot dengan verteks 1,2...,n
terdapat suatu sisi (edge) dari j ke i dengan bobot A(i,j) jika A(i,j) # €
= A € RIX" disebut irreducible jika & (A) strongly connected

o eigenvalue dari A adalah tunggal, A = maximum average weight
o terdapat ko, ¢ > 0 s.h. ASKTE) = 19¢ @ A®k ypruk k > kg

nilai terkecil kq disebut transient

nilai terkecil ¢ disebut cyclicity
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Max-Plus Linear Systems

» Max-Plus Linear (MPL) system: discrete event system (DES)
dengan aljabar max-plus

x(k) =A@x(k—1)

A € R™*": state matriks

max *
x(k) € R": variabel “waktu” pada counter ke k

» Applikasi: transportasi, penjadwalan, manufacturing, biological systems

= MPL + CS: max-plus automata, max-plus based neural networks,
max-plus perceptron
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5
= Waktu keberangkatan fix

= Sebelum berangkat, kereta menunggu penumpang
dari kedatangan kereta lainnya

= Kereta harus segera berangkat setelah diperbolehkan
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xi(k—1) : keberangkatan ke k dari stasiun S;, for i = 1,2.
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= Diberikan suatu MPL system x(k) = A @ x(k

/\Q

initial set unsafe set
X
= Safety Analysis 3
z )
5

xi(k— 1) : keberangkatan ke k dari stasiun S;
unsafe set: {x € R? | |x; —xp| >3}
initial set: {x € R? | |x; — x| < 3}
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referensi: Adzkiya, D., De Schutter, B., and Abate, A. (2013). Finite abstractions of max-plus-
linear systems. /EEE Transactions on Automatic Control, 58(12), 3039-3053.
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menghitung image dan inverse image
dari suatu region (union of DBMs)

forward : Xo,X1,X2,..., | Xg #0,k>0
X, = |m(Xk,1) = {A@X | X EXk,I}
= {A%®x|x € Xy}

backward : Xo,X_1, X »..., X =X__1=...=10]
X = |nV(X_k+1) = {X eR" |A®X EX_k}
={xeR"|A%*@x € Xp}
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Reachability Analysis of MPL systems

= Metode eksplisit

Algorithm 1 Forward-RA  Algorithm 2 Backward-RA

Inputs: A € R, Inputs: A € R,
initial set X C R", initial set X C R",
target set ¥ C R", target set Y C R”,
NeN NeN

Output: boolean Output: boolean

1: reach + false 1: reach < false

2 Xo X 2: Yo« VY

3 k1 3 k1

4: while k <N do 4: while k <N do

5 generate abstraction of A% 5: generate abstraction of A%

6 compute X 6: compute Y_;

7 if X; NY # 0 then 7: if Y_; = 0 then

8: reach < true 8: break

9: break 9: if Y_; NX # 0 then

10 k+k+1 10: reach < true

11: return reach 11: break

12 k< k+1

—
[95]

. return reach
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= Metode eksplisit
contoh:

[Zgg] N B ﬂ ® [282—3} ko=c=2,N=ko+c—1=3

X={xeR?|x; —x, > -3 danx; —x, <3}
YZ{XERz | x1 —xp > 3 atau x; —xp < —3}
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Reachability Analysis of MPL systems

= Metode eksplisit
contoh:

[iigg] N B ﬂ ® [;Ei—m ko=c=2,N=ko+c—1=3

X={x€R?|x;—x; > —3danx; —x; <3}

Y ={xcR?|x; —x > 3atau x; —x» < —3}
o Forward:

Xo=X

X ={xeR*|-1<x —x, <2}

X, ={xeR?|0<x —x, <2}

X3={xe€R?|0<x; —x <2}
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contoh:

[iigg] N B ﬂ ® [;Ei—m ko=c=2,N=ko+c—1=3

X={x€R?|x;—x; > —3danx; —x; <3}

Y ={xcR?|x; —x > 3atau x; —x» < —3}
o Forward: not reachable

Xo=X

X ={xeR*|-1<x —x, <2}

X, ={xeR?|0<x —x, <2}

X3={xe€R?|0<x; —x <2}
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Reachability Analysis of MPL systems

= Metode eksplisit
contoh:

[iigg] N B ﬂ ® [;Ei—m ko=c=2,N=ko+c—1=3

X={xeR?|x; —x, > -3 danx; —x, <3}
YZ{XERz | x1 —xp > 3 atau x; —xp < —3}

o Forward: not reachable o backward:
Xo=X Yo=Y
XII{XER2|—ISXI—)C2§2} Y 1=0

X2:{XER2|O§x1—x2§2}
X3:{X€R2|OSXI7XQ§2}
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= Metode eksplisit
contoh:

[iigg] N B ﬂ ® [;Ei—m ko=c=2,N=ko+c—1=3

X={xeR?|x; —x, > -3 danx; —x, <3}
YZ{XERz | x1 —xp > 3 atau x; —xp < —3}

o Forward: not reachable 0 backward: not reachable
Xo=X Yo=Y
XII{XER2|—ISXI—)C2§2} Y 1=0

X2:{XER2|O§x1—x2§2}
X3:{X€R2|OSXI7XQ§2}
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= Metode eksplisit

Referensi:

Adzkiya, D., De Schutter, B., and Abate, A. (2014). Forward reachability computation for au-
tonomous max-plus-linear systems. In Intl. Conf. on Tools and Algorithms for the Construction
and Analysis of Systems (TACAS14), volume 8413 of LNCS, 248-262. Springer.

Adzkiya, D., De Schutter, B., and Abate, A. (2014). Backward reachability of autonomous max-
plus-linear systems. /FAC Proceedings Volumes, 47(2), 117-122.
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Reachability Analysis of MPL systems

= Metode simbolik
Difference logic + Satisfiability Modulo Theories
o Boolean logic
Boolean variabel: by,b,, ...,

Boolean operator: -, A\,V, —, &
Boolean formula: (b Vby) A (=by Vb3) A (=by V —b3)
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Reachability Analysis of MPL systems

= Metode simbolik
Difference logic + Satisfiability Modulo Theories
o Boolean logic
Boolean variabel: by,b,, ...,

Boolean operator: -, A\,V, —, &
Boolean formula: (b Vby) A (=by Vb3) A (=by V —b3)

o Real Difference logic
Boolean variable digantikan dengan x; —x; ~ ¢

b ST & real variabel
c bilangan rasional
~ {>2z=<x<}

Difference logic formula: (x; —xp > 1) A(x] —x3 <5) A (xp —x3 > 3)
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= Metode simbolik
Difference logic + Satisfiability Modulo Theories

o mengecek apakah formula F terhadap suatu logical theories satisfiable
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= Metode simbolik
Difference logic + Satisfiability Modulo Theories
o mengecek apakah formula F terhadap suatu logical theories satisfiable
jika F satisfiable maka dapat diperoleh satisfying assignment
Boolean logic:

(b1 Vby) A(=by Vb3) A(=byV —b3)
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= Metode simbolik
Difference logic + Satisfiability Modulo Theories

o mengecek apakah formula F terhadap suatu logical theories satisfiable
jika F satisfiable maka dapat diperoleh satisfying assignment

Boolean logic:

(b1 Vby) AN (=by VD3) A (—byV —b3) yes by =true, by =false, by =true
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= Metode simbolik
Difference logic + Satisfiability Modulo Theories
o mengecek apakah formula F terhadap suatu logical theories satisfiable
jika F satisfiable maka dapat diperoleh satisfying assignment
Boolean logic:
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by N by no
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Reachability Analysis of MPL systems

= Metode simbolik
Difference logic + Satisfiability Modulo Theories

o mengecek apakah formula F terhadap suatu logical theories satisfiable
jika F satisfiable maka dapat diperoleh satisfying assignment

Boolean logic:

(b1 Vby) AN (=by VD3) A (—byV —b3) yes by =true, by =false, by =true
by N by no

Real difference logic:

(x1—x2 > ) A(x] —x3 <5)A(xp —x3 > 3)
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Reachability Analysis of MPL systems

= Metode simbolik
Difference logic + Satisfiability Modulo Theories

o mengecek apakah formula F terhadap suatu logical theories satisfiable
jika F satisfiable maka dapat diperoleh satisfying assignment

Boolean logic:

(b1 Vby) AN (=by VD3) A (—byV —b3) yes by =true, by =false, by =true
by N by no

Real difference logic:

(x1—x2 > 1)/\(}{] —x3 <5)A(x3—x3 >3) yes x;=1,%x=0,x3=-35
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Reachability Analysis of MPL systems

= Metode simbolik
Difference logic + Satisfiability Modulo Theories

o mengecek apakah formula F terhadap suatu logical theories satisfiable

jika F satisfiable maka dapat diperoleh satisfying assignment

Boolean logic:
(b1 Vby) AN (=by VD3) A (—byV —b3) yes by =true, by =false, by =true

by N by no
Real difference logic:
(x1—x2 > DA(x1—x3<5)A(xp—x3>3) yes x1=1,%=0x3=-35
Integer difference logic:
(x1—x2 > 1) A(x] —x3 <5)A(xp —x3 > 3)
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= Metode simbolik
Difference logic + Satisfiability Modulo Theories

o mengecek apakah formula F terhadap suatu logical theories satisfiable

jika F satisfiable maka dapat diperoleh satisfying assignment

Boolean logic:
(b1 Vby) AN (=by VD3) A (—byV —b3) yes by =true, by =false, by =true

by N by no
Real difference logic:
(x1—x2 > DA(x1—x3<5)A(xp—x3>3) yes x1=1,%=0x3=-35
Integer difference logic:
(x1—x2 > D) A(x1—x3<5)A(xp—x%x3>3) no
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Reachability Analysis of MPL systems

= Metode simbolik
Difference logic + Satisfiability Modulo Theories

o mengecek apakah formula F terhadap suatu logical theories satisfiable
jika F satisfiable maka dapat diperoleh satisfying assignment

Boolean logic:
(b1 Vby) AN (=by VD3) A (—byV —b3) yes by =true, by =false, by =true
by N by no

Real difference logic:
(x1—x2 > 1)/\(}{] —x3<5)A(x3—x%3 > 3) yes x;=1,%x=0,x3=-35
Integer difference logic:

(x1—x2 > D) A(x1—x3<5)A(xp—x%x3>3) no

x| —x3 >4
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Reachability Analysis of MPL systems

= Metode simbolik
Difference logic + Satisfiability Modulo Theories
o mengecek apakah formula F terhadap suatu logical theories satisfiable
o Logical theories:

Boolean Logic Real Difference Logic (RDL)
Integer Difference Logic (IDL) Linear Real Arithmetic (LRA)
Linear Integer Arithmetic (LIA)  Bitvector Logic (BV)
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Reachability Analysis of MPL systems

= Metode simbolik
Difference logic + Satisfiability Modulo Theories

o mengecek apakah formula F terhadap suatu logical theories satisfiable
o Logical theories:

Boolean Logic Real Difference Logic (RDL)
Integer Difference Logic (IDL) Linear Real Arithmetic (LRA)
Linear Integer Arithmetic (LIA)  Bitvector Logic (BV)

o SMT solvers:
73 (https://github.com/Z3Prover/z3)
MATHSAT 5 (https://mathsat.fbk.eu/)
Yices 2.6 (https://yices.csl.sri.com/)
CVC4 (https://cvcd.github.io/)

o Riset di bidang SMT sangat aktif:
SMT library: http://smtlib.cs.uiowa.edu/
SMT competition: https://smt-comp.github.io/
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x1 (k) ajy app ... an xy(k—1)

X2 (k) any an)n . azy X2 (k — 1)
= &®
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= Metode simbolik
o “mengubah” MPL system menjadi Real Difference Logic (RDL)

/

X1 ayp  apn ... dip X1
/

x2 any ann ... dop X2
= . . L ®
/

Xn anl  4p2 ... dmn Xn
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Reachability Analysis of MPL systems

= Metode simbolik
o “mengubah” MPL system menjadi Real Difference Logic (RDL)

xp = max{ay +x1,a12+x2,...,a1, + %}
/

xy = max{ay +x1,a3 +x2,...,00, + X}
o :

Xp = max{anl+xlvan2+x21---uann+xn}
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~.
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= Metode simbolik
o “mengubah” MPL system menjadi Real Difference Logic (RDL)
n
/\ (x; = max{a; +x1,ap +x2,...,Qin +xn})
i=1
(x§ —x1 >aj)) A\ (xi —xy3>ap)N... A\ (x; —Xp > aiy)
/

(—x1=an)V(xi—xy=ap) V...V —x, = ap)
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= Metode simbolik
o “mengubah” MPL system menjadi Real Difference Logic (RDL)
n
N (= max{a;; +x1,ap +x2,...,ain+xn})
i=1
(xf—x1 > an) AN —xa > ap) A A X —xn > aip)
(—x1=an)V(xi—xy=ap) V...V —x, = ap)
N\ Xi—x; > ay
J€Efin;
V xi—x=ay
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= Metode simbolik
o “mengubah” MPL system menjadi Real Difference Logic (RDL)
n
/\ (x; = max{a;| +x1,ap +X2,. .., din +xn})
i=1

(x;_xl Zail)/\(x§_x2 Zaiz)/\.../\(x;—xn > ain)
(—x1=an)V(xi—xy=ap) V...V —x, = ap)
/\ X; —xj > ajj

J€Efin;

V xi—xj=a;

Jefin;
A\ N Xi—xi>a; | A Xi—x=a;
i=1 \ \jefin; Jefini
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o “mengubah” MPL system menjadi Real Difference Logic (RDL)

n
X =A®x Sym(A,x,X')E/\ /\ Xi—x; > ai | A \/ X —x; = ayj
i=1 Jjefin; Jjefin;
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= Metode simbolik
o “mengubah” MPL system menjadi Real Difference Logic (RDL)

X =A@x — Sym(A,x,x)= A\ N x—x>a; | A X—x=a;
i=1 Jjefin; Jjefin;

0 “mengubah” initial dan target set menjadi RDL
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“mengubah” MPL system menjadi Real Difference Logic (RDL)

)

n
X =A®x —> Sym(4,x,x)) E/\ /\x;—ija,j A \/x;—xj:a,j
i=1 jefin; jefing

0 “mengubah” initial dan target set menjadi RDL

Difference Bound Matrices (DBMs)

Sebuah DBM di R” adalah irisan dari himpunan yang didefinisikan dengan
ij dij, dimana ~;; € {>,>} dand;; € RU{—oo} untuk 1 <i,j <n.

x,'ij
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o “mengubah” MPL system menjadi Real Difference Logic (RDL)

n
X =A®x —> Sym(4,x,x)) E/\ /\x;—ija,j A \/x;—xj:a,j
i=1 jefin; jefing

0 “mengubah” initial dan target set menjadi RDL

Difference Bound Matrices (DBMs)

Sebuah DBM di R” adalah irisan dari himpunan yang didefinisikan dengan
ij dij, dimana ~;; € {>,>} dand;; € RU{—oo} untuk 1 <i,j <n.

|
]
3

Xi 7Xj ~

setiap DBM dapat dinyatakan sebagai RDL
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Reachability Analysis of MPL systems

= Metode simbolik
o Forward: 3xeXsdh A% @xecY &  XASym(A®K x x/)AY satisfiable

Algorithm 3 Symbolic Forward-RA

Inputs: A € R,
initial set X,
target set Y,
NeN

Output: boolean

. reach < false

k<1

. while k <N do

F + Symb(A% x,x')

if check(X AFAY) = SAT then
reach < true
break

k< k+1

. return reach

PO R NN B W=
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o Backward:
IxcV. I € Xst. A% @x  =x & Y ASym(A®K x* x) AX* satisfiable
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Reachability Analysis of MPL systems

= Metode simbolik
o Backward:
IxcV. I € Xst. A% @x  =x & Y ASym(A®K x* x) AX* satisfiable

Algorithm 4 Symbolic Backward-RA
Inputs: A € R:!

max *
initial set X,
target set Y,
NeN
Output: boolean
. reach < false
DX XX )
DXt {xg, )
: X.subs(x,x*)
k1
: while k <N do
F < Symb(A®F x* x)
if check(¥ A F) = UNSAT then
break
10: if check(Y AF AX) = SAT then
11: reach < true
12: break
13: k+k+1
14: return reach
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Reachability Analysis of MPL systems

m Eksplisit vs Simbolik
Eksperimen:
generate 20 (irreducible) matriks A € RiZx<"
terdapat m elemen hingga di tiap baris A
elemen hingga matriks A dipilih secara acak antara 1 s.d 20

posisi elemen hingga matriks A dipilih secara acak
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Reachability Analysis of MPL systems

= Eksplisit vs Simbolik

Eksplisit Simbolik

(n.m) | R1e T T Alg. 2 [Alg. 3] Alg. 4] Te¥1e
(5.3)| 003s| 0.02s 7
(6.3)| 022s| 0.195 4
(7.3)| 136s| 0915 7
(8.3)| 9.06s| 6.565 10
(8.4)| 13325 9.02s 10
(8,5) | 20.58s| 14.62s 1T
(3.6) | 27.69s | 24.64s 5
(8,7) | 32.55s| 20.40s 10
(3.8) | 42.60s | 37.60s 3
(9,0) | 843.135 | 693.905 9
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Reachability Analysis of MPL systems

= Eksplisit vs Simbolik
X={xeR"|x; >x>...> x5}
Y={xeR"|x;<xp<...<xs5}

Eksplisit Simbolik
(n.m) | R1e T T Alg. 2 [Alg. 3] Alg. 4] Te¥1e
(5.3)| 003s| 0.02s 7
(6,3) | 022s| 0.19s 4
(7.3)| 136s| 00Is 7
(8.3)| 9.06s| 6.6 10
(8.4) | 13325 9.02s 10
(8,5) | 20.58s| 14.62s 1T
(3,6) | 27.69s | 24.64s 5
(8,7) | 32.55s| 20.40s 10
(8.8) | 42.60s| 37.69s 3
(9,9) 843135 | 693.99s 9
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Reachability Analysis of MPL systems

= Eksplisit vs Simbolik
X={xeR"|x; >x>...> x5}
Y={xeR"|x;<xp<...<xs5}

Eksplisit Simbolik
(n.m) | R1e T T Alg. 2 [Alg. 3] Alg. 4] Te¥1e
(5.3)| 0.03s| 002s] 0.0Is| 001s| 7
(6,3)| 0225 0.19s| 0.025| 0.01s| 4
(7.3)| 136s| 001s| 0.025| 00Is| 7
(8.3) | 9.06s| 6.56s| 0.025| 0.0ls| 10
(8.4) | 13325| 9.025| 0.025| 0.0ls| 10
(8,5) | 20.58s| 14.625| 0.025| 0.0ls| 11
(3.6) | 27.60s| 24.64s| 0.025| 0.01s| 15
(8.7) | 32.555| 29.40s| 0.025| 0.0ls| 10
(3.8) | 42.60s| 37.695| 0.025| 0.01s| 13
(9,9) [843.135 | 693.995 | 0.035| 0.0Is| 9
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Reachability Analysis of MPL systems

= Eksplisit vs Simbolik

Simbolik
(n,m) Alg 3 Alg 4 #true
(20,10) 0.235 0.055 | 8
(30,15) 0.87s 0.14s | 5
(40,20) 3.18s 0.30s 2
(50,25) 5.67s 0.55s 1
(60,30) 8.865 176s | 3
(70,35) | 16.59s 3255 | 1
(80,40) | 29.20s 6625 | 0
(90,45 | 31.93s | 12205 | 2
(100,50) | 46.01s | 2134s | 5
(110,55) | 70.15s | 4357s | 4
(120,60) | 102405 | 70995 | 2
(140,70) | 154725 | 92285 | 4
(160,80) 220.23s 222.71s 6
(180,90) 380.96s 539.16s 11
(200,100) | 682.10s | 1592.28s 12
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Reachability Analysis of MPL systems

= Eksplisit vs Simbolik

X={xeR"|xi2x0>...2x}, Y={xeR"|x <xp <...<xz}

n
2

Simbolik
(n,m) Alg 3 Alg 4 #true
(20,10) 0.235 0.055 | 8
(30,15) 0.87s 0.14s | 5
(40,20) 3.18s 0.30s 2
(50,25) 5.67s 0.55s 1
(60,30) 8.865 176s | 3
(70,35) | 16.59s 3255 | 1
(80,40) | 29.20s 6625 | 0
(90,45 | 31.93s | 12205 | 2
(100,50) | 46.01s | 2134s | 5
(110,55) | 70.15s | 4357s | 4
(120,60) | 102405 | 70995 | 2
(140,70) | 154725 | 92285 | 4
(160,80) 220.23s 222.71s 6
(180,90) 380.96s 539.16s 11
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m Eksplisit vs Simbolik
= metode simbolik jauh lebih cepat dan efektif
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o “menyederhanakan” (abstraksi) MPL system memiliki
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Reachability Analysis of MPL systems

m Eksplisit vs Simbolik
= metode simbolik jauh lebih cepat dan efektif

o “menyederhanakan” (abstraksi) MPL system memiliki
kompleksitas eksponensial &(m"n>)

o menghitung reach set juga memiliki kompleksitas eksponensial

o metode simbolik tidak menggunakan abstraksi

o RDL lebih “ringan” dibandingkan DBM

= metode simbolik dapat digunakan untuk
matriks dengan dimensi yang besar
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m]
[m]
)
m]

17of 18



Reachability Analysis of MPL systems

» Studi kasus: Dutch Railway Network diambil dari
Subiono. On classes of min-max-plus systems and their applications. PhD
thesis, TU Delft, 2000.

terdapat beberapa stasiun “digabung” jadi satu

terdapat stasiun yang “dipisah”

setelah disederhanakan, terdapat 562 “rute”

dimodelkan menjadi x(k) = A ® x(k — 1), dimensi dari A adalah 214

= mengecek apakah:

m]
[m]
)
m]

17of 18



Reachability Analysis of MPL systems

» Studi kasus: Dutch Railway Network diambil dari
Subiono. On classes of min-max-plus systems and their applications. PhD
thesis, TU Delft, 2000.

terdapat beberapa stasiun “digabung” jadi satu

terdapat stasiun yang “dipisah”

setelah disederhanakan, terdapat 562 “rute”

dimodelkan menjadi x(k) = A ® x(k — 1), dimensi dari A adalah 214

= mengecek apakah:

m]
[m]
)
m]

o dari initial set X = {x € R?!* | x; <x, < ... < xp14} bisa mencapai
target set ¥ = {x € R?14 | x; > xp > ... > x014}
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Reachability Analysis of MPL systems

» Studi kasus: Dutch Railway Network diambil dari
Subiono. On classes of min-max-plus systems and their applications. PhD
thesis, TU Delft, 2000.
o terdapat beberapa stasiun “digabung” jadi satu
o terdapat stasiun yang “dipisah”
o setelah disederhanakan, terdapat 562 “rute”
o dimodelkan menjadi x(k) = A ® x(k — 1), dimensi dari A adalah 214

= mengecek apakah:
o dari initial set X = {x € R?!* | x; <x, < ... < xp14} bisa mencapai
target set ¥ = {x € R?14 | x; > xp > ... > x014}

output dari Algoritma 3 dan Algoritma 4 adalah false
running time: 32.28 menit vs 10.26 detik
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» Studi kasus: Dutch Railway Network diambil dari
Subiono. On classes of min-max-plus systems and their applications. PhD
thesis, TU Delft, 2000.

terdapat beberapa stasiun “digabung” jadi satu

terdapat stasiun yang “dipisah”

setelah disederhanakan, terdapat 562 “rute”
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1<i<j<214
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= Studi kasus: Dutch Railway Network diambil dari
Subiono. On classes of min-max-plus systems and their applications. PhD
thesis, TU Delft, 2000.

terdapat beberapa stasiun “digabung” jadi satu

terdapat stasiun yang “dipisah”

setelah disederhanakan, terdapat 562 “rute”

dimodelkan menjadi x(k) = A ® x(k — 1), dimensi dari A adalah 214

= mengecek apakah:

o selisih keberangkatan di Stasiun i dengan keberangkatan di Stasiun j
tidak pernah lebih dari 2 jam
X= /\ (xiij‘g120)/\()(,‘7)(]‘27120), Y=-X
1<i<j<214
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running time: 13.57 detik vs 9.87 detik
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Reachability Analysis of MPL systems

= Studi kasus: Dutch Railway Network diambil dari
Subiono. On classes of min-max-plus systems and their applications. PhD
thesis, TU Delft, 2000.

terdapat beberapa stasiun “digabung” jadi satu
terdapat stasiun yang “dipisah”
setelah disederhanakan, terdapat 562 “rute”
dimodelkan menjadi x(k) = A ® x(k — 1), dimensi dari A adalah 214
= mengecek apakah:
o selisih keberangkatan di Stasiun i dengan keberangkatan di Stasiun j
tidak pernah lebih dari 2 jam X
X= /\ (xiij‘g120)/\()(,‘7)(]‘27120), Y=-X
1<i<j<214

m]
[m]
)
m]

output dari Algoritma 3 dan Algoritma 4 adalah true
running time: 13.57 detik vs 9.87 detik
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Question time
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