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Artificial bee colony algorithm based on improved neighborhood search
strategy

WEI Feng-tao', YUE Ming-juan, ZHENG Jian-ming
(College of Mechanical and Precision Instrument Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract: As to overcome the drawback of easily falling into local optimum and slow convergence rate of the conventional
artificial bee colony algorithm, this paper proposes an artificial bee colony algorithm based on the improved neighborhood
search strategy. Firstly, in order to enhance the diversity of population and prevent local optimum, a kind of chaotic
anti-base initialization mechanism is designed according to the chaotic thoughts and opposed-based learning method.
Then, in the following stage of following bee stage, the quantum behavior is introduced to simulate the optimal solution of
the artificial bee according to the optimal position of the former individual, the optimal position of the former individual
is designed with crossover, and the control parameters of the well model is used to improve the balance exploration and
development capability, a strategy of neighborhood search improvement strategy in observation is designed, to improve the
convergence accuracy of the algorithm, Finally, the proposed algorithm is compared with the particle swarm optimization
algorithm, ant colony algorithms, and other improved artificial colony algorithm, and simulation analysis is made on
12 standard test functions, the results show that the proposed algorithm not only improves the convergence speed and
accuracy, but also has certain advantages in terms of high-dimensional function optimization.

Keywords: artificial bee colony algorithm; chaotic anti-base initialization strategy; neighborhood search improvement

strategy; improved algorithm; function optimization; simulation analysis

0 531 & N LB SR AE AL SIOR AR 5 NS R 1R

N I #& Bf (Artificial bee colony, ABC) %7k /& AR, V2 H N Hb AT T A gL SR (8] 38
Karaboba 7£ 2005 4E 15017 B W HEVR B AT AT R —Fp s XL BCHHT A3 39 RIS SCSemes, [ RS S 1) 572 23 5T
RESRVE, oA B2 o) V5T B 5 T SE I DL R s i) 2 AR S SR R, SR T T Y B, S g Sk 1
BUNGEAL SU2 B N T2 TREAIRET £ B R AR B SCHR [9-101 K 2 b AL S0k

Yris BHA: 2017-11-08; 1&[E HHA: 2018-01-18.

ESWH: EF ARSI (51575443, 51475365);  BEVFGE B AR HARHTE 70 rHRITTE (2017IM5088);  BEF
BHE TRV R (15JK1521); P52 H T K B33 45 H (102-451115002).

RERE:

TR BEE (1976-), 5, BIZEZ, 11, NEIAMRA BT EE 57715 24477 2 H AR 2 SRR AL 55T
Fes FREEW](1968—), T, #d%, {1, MBS K TR N &0 9.

T IAA/EH . E-mail: weifengtao@xaut.edu.cn.



966 # % 5

xR #34%

RN N TG R B0, AT 48 S50 R PR R AT A g
3. Kiran 55 A 5 22 8 20 SRE, 0 AN [3] B9 AR A4 )
R A AN [R] B 48 2 SR SCHR [12] 76 N 0T Y 2
fitlt b 51N 8] 38 38 2 BOF0 R P 28, B 23 B e it
ARG RS HUG TR 2 A1), ) P I 20 B JR
RGP WA PAT RGIAE T HR w4718 3
MR [13-14]#5 A\ T8 B 5 Kmeans 2405 28 25 75 2 4H 45
&, BIFE N T B B0 46 Bl B A 21 Kmeans 53 1)
WIGER B, 45 SR W T ek SRt B0 52K B H i) A
Rk, EENISEDST $7 2 38 RS P R AL BN T
WA SR, Bh A T B R B 4 B AR R AR, O
G5 N TR S0 AN TR 1 2R SRS Py o, (5 ) 2k
1, SR 45 S AT B AL S AR B2 L 4510
A=Wyt BALAG 55 BBO T K e 71 5 N L HE B0
IR R BE 1A R &, e R R L A, IR 1 5
WSR2 I ST et 1 a0 B B A e
BRI, PR T S0 B N J) B B B O 2, O g 3Lk
AR, AT M BRAT B A R AR AR, & A

AL Bt SRk 38 AN [ P2 19 98 1 ABC 5%
f -1 RE 7, P BEAS BUAR KR, IR A5 21 =2 M
JHI, AL o) B8 2 b 1 147 4 JR 48 R AR BT A e 4T
it — B FT. % T, A SCAR Al T ek 4
B R FWE BN T B 5% (Artificial bee colony
algorithm based on improved neighborhood search
strategy, ISABC), ZHIE N T KF#E 2 FE 1%, 7E9)
ALK B, R T TR [ AR AT AR A S . (R I, E BR
W e 1 B 5 N R3S 2R St S, SR 747 g 3
BRI R AR BEAT JR 18 2R, DLORIE SV R SRS
JEEAN FEE . 368 T X A o4 00 R A AT S B8 47 31, OF 5
ABCHIE, R REE . WO 5 S H A B N T
WA T BV A AN [R] 4 480N BEAT LA, LI IE ISABC 5
A R
1 ANLEREE

N TR SR VR T S AR R AT I B e
SR, B WA T | AU | SR A R T T e AT AR B
Fr. 5] AR AN PR e T 2 AR T | YR (CRUR) BT R
AR, 3 P 0 ) K A R, A i R e B — A
A, AT 0 B STER R BT R AL

X T SRk R B A T, U ) o AR R BRI )
FAT iR, B P AL B R AR T TR R B E N
18, BRBOR i B 0B R AR B 2 B 4R T AL B iR
I A2, KA B bR ek EL f () I, BE LI A6 46 SN(F] 43
g R UL 5 0 B B ) M s (0= 1,2, -+ ,SN), B

fift ;& —A> DYER &, ZEEN TAEL R T,

Step 1: 75 4 1if fife 2% [ A LW UG AL FREE, HF 015 0R
BHIE N .

Step 2: 5| AT AT U6 % YR R FH T 203 &R BT ET
BB WIR AT VRN, B IS o AR IR B AT B IR
H:

Vij = Tij + @i (Tij — Tiz)- (1)
o g N1, 1) Z M BENLELG 4, k € 1,2,--- SN
Hi#kjel,2,---,D.

Step 3: FRFEIEARHE X (2) IFC AL I MR e R 5 —

IR, I 20 (1) BEAT AR = SR, A

fit,
pi = 2

SN
D it
i=1
Step 4: i 25 e By B, 0T IR S8 ) Fr U,
T 1 R I e e A DNy AT A el e 5 (3) E B A AT
FUHRZB B YIR, A
x; = b +rand(1,d) x (ub — lb). 3)

Forr: ub Mo 43 5 AR . F 5 rand(1, d) Ron e
A=A UTdHIRERE, d € (1,2,---, D).

Step 5: Z& 1k 26 I, 50 A2, T o e £ A, 7
I3 [ Step 2.

2 BT AR R RS N TR SR

N TG SVRTE AR P Ak 10 LT, SR FH BE AT 46
75 58, FLRE AL A 15 2 M A BB 70 - 19 2R B R () 1
28], Gy BN = E AN, TR, R o e S P I AL 415 k4
RS, HEEHLE RS B e TIRR AR EE I
AN, B AR T SR RSO S RS . X DL RS
JB TR VR I 17 AR 6 1A SRS R 408 3 2R St SR s 51
N ABCHEIEH, LA s S R W Sl P ARG
2.1 SRR BRI RS

N TR 22 R, 338 5 Sk R R e
(FIfE 77, W TR SRR 2 17 2 ) J5 5] NP6 1L
IR, B B R Al S R AR 46 A TR % R S
2R SE AR VR L T (19 1F R R0 I Tm) AT 4L, W AT
BE I A SR Sk, 37 KA 2 ).

/

1) VR AR,
VR L A A T A2 B L AR « AN R S0 A, A AR
1 BRT 25, — /IR L IR 25 (] 3 & — A B O TH) (1 3 &
5, FACH R
Tpr1 = flag), 0<ap<1,k=0,1,---. (4

BATERELHPRE T IR ALK {2 : £ =0,1,--}
AL B Iy



%58

WA F AT ARSI R R A TR ik 967

ARG ELAT 38 7 IR T R A A
FEALONTRMAR & R I IESZE R A RN
chy1 = sin(wchy,), 5)
Hrich, € (0,1),k = 0,1, ,m, k NIERITH
2%, m N ECR AR ME AR UK
¥ IE5ZIEARA R () BINFHEEY] 4 4h it F2 R
FHR AR B (P B A B 40 0 30 R B
xf = xfnin + Chi (xfnax - $fnin)v (6)
Hohad  Fiad o3 RARIEAA I _E SR S
2) R A5 3 JT
TEMEZE 52 8 — AN 50 % LA 3
5 [ I R 75, LT S ST AT U o R A A 7 L I v
H 3 KA 22 B DI BRI SIGH
PR A R i 1 24 T BN 2, A BN
T I [A) 2 31 5 6 ) 4 b AR R A S B
e N I R AR, R4 7 5 5 AR BN vy, R )
P E A 5E SCA
Tij = Thin + Thax — 2. @)
¥ DA YR il S 17 A A7) s A SR I - o A 46
P, BRI
Step 1: B S BEHLYILE LS FIEE A BOREASFI
MNECHNPA).
Step 2: Kr A M 2 (6) Fe A TR AN EE A,
[ B K B R 4% B X (7) B Ak b AR = 2R s vl i
FhEE B’
Step 3: MR A’ 5 B 3& N FEAH 1)K /NE£ENP A
BARAMRANE NI IEFHHE.
22 SRR R UH SR
PRBE R B, i B A 4 B B B R T S AR
LB AR SE BT AR 1 S A B, S SE B AT AR A
PRAL B AR A 51N BT R0 FE T4 2%, LU PR
AT S P R T
5 B 43 () AU her 7 1) 3 B R A7 B A B TR N
AT, D A I BR B o (a, t) SR IR T RS U
BRI A 3 R SR U8 o B 1) S A R TE 2R 1]
B AL R B, B
dedydz = Qdadydz, 8)

Horp Q WRE R R £, B 20— &1 E & T
T TS NI E WA b W

0 B2

ih-b(X,1) = (f V4 V(X))z/z(X, £). (9
Horb i N B EEAAL, h O B T B, VOB H
F,mNRF I E, V(X)) AR T ER A,

BB AT AN TR vk AR 6 H B
AT RN T B SR A A AL SR i e A0 A1 D
T8 N7 B /IMHE, 75 3R A5 B e I AR AL B, MO B SRR
R B 5 SOFR I A 4 i, 45 B AE X USSR PRD
HERAAL B 1 — 4 0 B RIBEHLIZ ) 7 F2 a0 R Bos:

X:Pigmuﬁ) (10)

KL =1/ = h?/my NSABRIDK, h 8w
WL m IRLTBUR, 7 (0, 1) Z T8 3550 43 A BE AL
K. B BN 4E 0, B B A B Y St T A
Y7 (A M (USSR
N TR R G A 2 SR 5 — o R
MG EEE T RR, R PN EIEH BA 2117
N.EXLET RG T 6 AP LR b 2414
Ja g SR AR B 5 i AN IR B A ER R L
A
L' = 2a(mpest — ;). (11)

WA P B AR A, SN 4 0 S BB RIS 3)
JiRe, ROy i B SO TR, A
Vi=A;+a x (Mpest — x;) x In(1/7), (12)
Forpr A N TR AU, Bl B O B IR
7 e A B AR AT MR A B, RE A X
RO L B B AE 5 B A 2 i B AR A 48
R E. AT MR E W T s
A=Y xz;+ (1 - Y) x Queen,. (13)

Horp:Queen N P L AL AL B XX ERY =

exp (o) LI B A I R
max Cycle

AET AN, R AR B EARRRE BT AR, iter /& 24

HIEARIREL, max Cycle & g RKIERIREL o NIZEH|S

%&,XﬁDg&E(J#/I\/EEO@ i’ﬂﬁaj = (—1) XWj XY,

BEANRIIE IR 13 S LA 101 22

iter

1
Mpest = - E Tibest s
iter 4 1
1=

Tivest 72 T8 L4 AL P sk S LA, w; =2 10, 1T BE L
A, o RIS IR 5177 2 ¥ chaotic T 52,

chaoticl; =4 x ro; x (1 —135), (14)

chaotic2; =4 x r3; x (1 —r3 ), (15)
chaoticl;

R 16

¥ chaotic2; I’ (16)

;H\:EP 7'273' ﬂ:ﬂ 1“3)]‘ i‘/}jy‘j [O, 1] Z“.I‘Eﬂ%%*ﬂﬁ
FEIERAII, Y BORE R T KA R G, 5 hn
FRE 0 22 AR AR U1, Y BN A A Tl sl ) 4



968 # % 5

xR #34%

JR) B A1 . BRI e T R B 1 B e P B 1) R B, DA 4
JR R R A B g 5 I, R e ) 3 A AR 1) 7 10 i
E P FIE SO
2.3 ISABCHISLILRIE
ISABC Hyk BARRAZ W B 1 .
H ik

IR

v
HRAREIL S [17.(6), (7)
TR R

»
Ll

v
51 AR AR (1)
HZOHT I
HIHa bR R

v

BR AR A 2K (2)
FE AL MR G B
JF 5 eibric B

v

BRBAEIERL A 50(12)
o 7 U A 7
RO A

JTEIZ AR, PRBEIE
AR AT 0, AR
X (3) BEHLAL Z0HT I

| AR B |

| e |

E|1 ISABCELRIE

2.4 ISABCEZEMEFRE ST

ABC 5.3 1) I 18] 5 2% £ 5 O(Maxcycle x NP),
ISABC 5% b T ABC 5%, ¥ B AL 46 10 ity
TRV W) AT A6 A, BTG 4K 0 TR R R, SIS (] 55 2%
£ A O(Maxcyclex NPx D+NPx D). H H: Maxcycle
N B KIEARIREL, NP AR A E, D ki1 44 8]
I, SR i e o B A HH A0 334 2R gt MK, ISABC ik
WK ABC B2 1) 58 24 QS8 WOH: v Ta) 52 2% 2
5 ABCH k5. 1 WL, ISABC Sudt 5 i ) i i) &2 2%
J£ 8 O(Maxcycle xNPx D).

XF T ISABC S50 1 75 18] 52 % B2, VR i I 1 figé 47
UEA TR BENP AN, MR I 4E RN D, 0825 (7] 2 2%
9 O(NPx D), 5 ABCHLiE—EL.

3 SERTESST
3.1 IR R

9T MR ISABC 532 1) £t A6 1 B, SR A 12 4
Fr 0 4 B8 %, JF % ISABC 5 ABC.  TABC!I,
GABC?, SABCPP!, qABC &y, i T BEH 2
(PSO) AU 5L (ACO) AT ELR. 124N Ik ki 25 11
BARME BNk 1 s,

F=1 EAXRNRHEH

EERs PR JaCEA il RARAE
f1 Quartic 5 [—1.28,1.28] 0
f2 Rastrigin & [—5.12,5.12] 0
f3 Sphere i [—100, 100] 0
fa Alpine & [—10, 10] 0
fs Griewank 2 [—600, 600] 0
fo  Schewefel2.22 o [—10, 10] 0
fr Schaffer e [—10, 10] 0
fs Sumpower & [—10, 10] 0
fo Sumsquares i [—10,10] 0
f1o Ackley 2 [-32,32] 0
f11 Michalewicz & [0, 7] —0.8013
f12 Levy s [—10, 10] 0

32 IRFERSBHEE

SE B % 45 N — M PC #l, Pentiun(R)Dual-Core
CPU 2.93GHz,2.00 GB N 17, bt %% 5.7 5 T Matlab
2014a SLHL. K A STHR [19] 1 28 2 240 50 560 2 40, Bk
WEUN: B MBI NP = 40, i KR H 5 8
Limit = NP x D. SEEH5 51X 5 H7E 50 451100
YR AT 3, S OIE AR B 5000, ELER VI
RS HI S IR SR T e . 6 A I B 23 1
ALIEAT 30K, B U (Best). “T-31E (Mean). /7%
(Std) FIz 47 W) (8] (Time(s)) 347 EL 5, oR %550 4E 1 il
AR B R 2 R,

H & 2 7] LU th, % T T o5 3k, ISABC 5 ABC.,
PSO F1 ACO Fb 45, H WS SIoks FE Az e M3 AL T 3 Fh B
RS fon f5 M f7 BREL ISABC B3k B SIOKS &2
T8 I 3 P EE IS BB B AAE X T R B fas fs fro
AT f11, ISABC 5% AL A 1 A6 #0218 ik 3 ot 5925 %
TR f12, ISABC 5L (1) B AL AP Y (H 36 2 B35
XA R ISABC VAR IS AT I [A] b AR b 3 gk
ABEEAZTE L. 7L, ISABC B Ak 1tk R B &
T 3R,

ISABC 5 HoAth ek 592 b Ase: 6 F R0 f1+ f3 ~
J11, ISABC B3 I SIORS B2 AR g PR3 A0 T oAt
iﬁﬁﬁt-xﬂiui& fo~ f5 F1 f7,ISABC A TABC 3% 5

i A, H A 1R SR AR e P 4 2 T ek 4
f4\ J3 A1 f11, ISABC 503K PRI STSSORE o8 A o JHG At 5 B



%58

WAEH F A THBAMBILE G HATSHFE &

969

EAAR KR & 0T BR 2L f12, ISABC s AR AP 344
1) 370 76 3ok LAt O3k B 6 BT R AL, ISABC Sk

2 ISABCEEMIRZERELE (D = 50)

FE IR 8] 20 B2y 0 A oo ik vk, #ISABC 5k
RIDCA P RE T B A0 T o Ath ES ik RE0E.

BR% ABC PSO ACO IABC GABC SABC qABC ISABC

Best 6.07e-16 1.26e-09 6.21e-05 2.28E-16 3.02E-16 2.20E-16 2.77e-16 5.68¢-18

f Mean 1.30e-15 4.11e-08 8.14e-05 2.98e-16 5.70e-16 2.94e-16 3.77e-16 7.91e-18

! Std 2.72e-31 3.84e-26 3.78e-30 1.21e-33 2.64e-32 1.28e-33 7.269e-33 2.227e-34
Time 12.54 17.5 13.52 48.69 36.40 33.64 29.15 18.16

Best 0.00e+00 2.01e+00 8.77e+01 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00

f Mean 6.62¢e-11 6.54e+01 1.46e+01 0.00e+00 4.35e-12 3.55e-16 1.78e-16 0.00e+00

? Std 3.32e-20 2.21e-26 5.33e-19 0.00e+00 4.53e-23 5.61e-31 3.15¢-31 0.00e+00
Time 10.56 18.62 16.25 32.61 24.58 21.72 31.62 14.65

Best 1.54e-14 2.69e-02 9.56e-02 4.66e-16 6.57e-15 4.50e-16 8.73e-16 2.38e-18

f Mean 8.13e-13 7.21e-02 8.95e-01 6.82e-16 8.26e-15 7.78e-16 9.94e-16 3.26e-17

8 Std 1.11e-28 6.35e-30 6.32e-28 1.04e-32 1.09e-23 4.54¢-32 1.88e-32 3.55e-32
Time 10.57 20.71 19.34 37.85 29.49 26.41 19.54 13.12

Best 1.68e-05 3.33e-03 6.34e-04 1.53e-15 1.02¢-08 5.02¢-09 1.17e-07 3.28e-16

f Mean 5.02¢-05 5.96e-02 5.14e-03 7.66e-12 4.15e-08 1.43e-06 2.51e-06 4.05e-16

4 Std 1.08e-09 8.69¢-21 5.88e-28 1.74e-18 1.44e-11 1.80e-11 6.31e-09 1.09e-32
Time 18.55 23.64 25.81 46.28 35.21 29.58 27.33 22.18

Best 7.22e-15 5.66e-04 7.33e-03 0.00e+00 9.99¢-16 0.00e+00 2.22e-16 0.00e+00

7 Mean 3.21e-11 6.74e-04 7.64e-03 1.11e-17 1.22e-14 9.77e-14 5.00e-15 0.00e+00

° Std 8.67e-21 4.12e-35 7.11e-32 1.23e-33 1.04e-27 9.43e-26 5.63e-29 0.00e+00
Time 13.48 15.44 16.28 39.25 26.88 37.21 29.45 17.34

Best 9.47e-13 2.65e-01 8.46e-10 9.97e-16 3.33e-14 4.56e-14 4.17e-11 5.14e-16

f Mean 2.22e-12 8.21e-01 7.14e-09 1.43e-15 8.76e-14 1.63e-13 1.43e-10 5.98e-16

© Std 1.45¢-24 1.33e-29 9.56e-28 4.75e-32 3.15e-27 1.88e-26 6.62¢-21 9.22¢-33
Time 15.58 14.54 15.36 34.28 29.65 28.99 29.48 17.43

Best 1.66e-07 3.31e-05 4.15e-04 5.55e-17 1.88e-15 1.48e-11 2.3le-14 0.00e+00

f Mean 3.17e-05 3.55e-03 8.11e-04 2.15e-08 3.53e-07 2.81e-06 3.58e-12 0.00e+00

Y Std 4.06e-13 7.41e-19 6.49¢-18 2.37e-09 1.07e-15 1.84e-11 8.24e-11 0.00e+00
Time 12.71 15.0 13.6 36.84 29.11 34.21 19.62 16.54

Best 9.35e-11 7.21e-10 5.41e-08 7.14e-18 2.87e-17 2.67e-17 2.39-17 1.17e-19

f Mean 4.23e-09 9.54¢-09 2.11e-07 1.84e-17 4.33e-17 4.65e-17 3.99¢-17 1.46e-19

8 Std 8.59¢-18 6.54¢-30 3.54e-32 5.63e-35 5.92e-35 2.29e-34 1.35e-34 6.36e-36
Time 16.34 25.19 13.25 49.26 19.64 28.15 21.33 18.64

Best 2.48e-15 5.11e-02 8.21e-01 5.18e-16 6.65¢-16 5.20e-16 7.64e-16 1.72¢-18

f Mean 4.72e-15 9.11e-01 9.51e-01 5.72e-16 7.59%-16 7.16e-16 9.54e-16 5.25e-18

o Std 3.87¢-30 3.54e-21 8.45e-19 4.13e-33 4.20e-33 291e-32 1.27e-32 3.25e-35
Time 12.59 13.54 14.65 31.25 28.64 29.33 24.31 15.55

Best 1.35 5.74e+00 6.54e-02 8.35e-13 3.26e-14 3.23e-15 9.16e-15 7.66e-16

f Mean 2.36 8.11e+00 6.87¢-01 1.82e-12 5.22e-13 9.12¢-14 8.84e-14 4.35e-15

10 Std 5.81e-01 3.54e-02 4.51e-26 2.67e-28 4.55e-27 3.85e-27 4.46e-28 6.31e-29
Time 17.36 18.5 14.38 37.91 28.36 29.14 28.74 18.52
Best —46.64 —13.56 —23.59 —49.61 —35.73 —35.44 —33.86 -17.54
f Mean —47.34 —12.62 —23.92 —49.61 —37.12 —35.70 —34.32 -18.67

" Std 2.55e-01 1.45¢-01 4.36e-02 5.08¢-03 19.28 8.56e-03 1.42¢-01 1.41e-29
Time 10.43 15.62 12.25 39.22 23.15 24.59 21.44 12.28

Best 3.08e-12 5.12¢-05 3.88¢-02 4.97e-16 1.17e-15 1.64e-15 1.64e-15 1.35e-31

f Mean 3.44e-11 4.22e-05 9.61e-01 5.37e-16 1.81e-14 6.27e-14 5.27e-14 5.26e-25

2 Std 6.46e-22 6.33e-24 9.61e-20 2.44e-33 6.01e-28 1.15e-26 6.25¢-27 5.68e-22
Time 14.66 16.45 15.31 29.95 27.66 18.35 24.82 16.54
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&2 ISABCEEMIK iR B ILIE R BiZ L5 (D = 100)

*x3 SR TISABCEEAMILMREITEL (D = 400F01 D = 800)

PREL D ABC PSO ACO IABC GABC SABC qABC ISABC
Best 2.46e-05 3.55e-04 6.54e-04 3.73e-14 3.91e-07 3.71e-08 6.63e-08 0.00e+00
400 Mean 1.76e-04 9.58¢-03 8.21e-03 1.22e-14 1.31e-05 5.58e-06 5.59¢e-06 0.00e+00
Std 4.93e-08 6.33e-33 7.21e-35 5.31e-35 3.73e-10 6.74e-11 6.19¢-11 0.00e+00

fa Time 26.59 29.48 28.66 68.51 49.22 51.49 38.69 29.48
Best 5.83e-05 3.94e-03 5.11e-03 6.35e-14 1.02e-08 2.45e-09 4.52e-07 0.00e+00
800 Mean 6.36e-04 3.71e-02 8.77e-02 8.16e-14 1.19e-05 9.99¢-06 9.17e-06 0.00e+00
Std 5.25e-07 6.99¢-34 9.14e-30 4.22e-34 3.89¢-10 7.32e-11 3.08e-10 0.00e+00

Time 49.36 33.58 38.64 84.65 58.52 73.56 47.31 32.14
Best 9.46e-05 1.66e-05 3.97e-06 8.69%¢-13 1.65e-05 3.44e-06 1.46e+00 6.58e-15
400 Mean 5.10e-04 4.23e-04 5.88e-05 521e-12 4.09¢e-04 4.24e-05 1.78e+00 8.87e-15
Std 2.04e-07 9.51e-29 5.44e-30 3.55e-29 1.41e-19 1.05e-09 4.39¢-02 6.35¢-34

fs Time 20.94 23.66 18.58 69.81 37.39 39.48 34.16 21.52
Best 5.62e-03 6.44e-04 7.14e-05 7.66e-12 1.27e-03 5.44e-03 6.78e+01 1.68e-14
200 Mean 1.78e-02 8.77e-03 8.11e-04 5.33e-11 1.41e-03 6.51e-03 8.66e+01 1.78e-14
Std 8.57e-05 5.14e-29 1.66e-28 5.62e-28 1.05e-08 8.12e-07 5.77e+00 7.58e-31

Time 21.55 25.62 20.29 95.36 44.68 41.22 37.98 23.33
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