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Hybrid discrete artificial bee colony algorithm for distributed flexible
flowline scheduling with unrelated parallel machines

XUAN Hua®, LI Wen-ting, LI Bing
(School of Management, Zhengzhou University, Zhengzhou 450001, China)

Abstract: A distributed flexible flowline scheduling problem with unrelated parallel machines at each stage is studied.
Considering sequence-dependent setup times and job dynamic arrival times, an integer programming model is established
with the objective of minimizing total weighted earliness and tardiness penalty. A hybrid discrete artificial bee colony
algorithm is proposed combined with the discrete differential evolution algorithm, the variable neighborhood descent
algorithm and local search so as to obtain near optimal solutions. In this algorithm, factory-job number based encoding
is applied and a dynamic decoding mechanism with the earliest machine idle time is designed. The initial factory-job
sequence group is then generated by using a random rule and an average assignment strategy. In the leading bee phase, the
discrete differential evolution algorithm is introduced to yield factory-job sequences with high quality. In the following
bee phase, a variable neighborhood descent algorithm is used to search around the selected sequences in order to gain
neighborhood sequences. Local search based on insertion between critical/non-critical factories is designed to enhance
algorithm search ability in the scout bee phase. Simulation experiments are performed on different scale problems, and
testing results demonstrate the proposed hybrid discrete artificial bee colony algorithm has a better resolution performance.
Keywords: distributed flexible flowline scheduling; unrelated parallel machines; hybrid discrete artificial bee colony
algorithm; discrete differential evolution algorithm
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BC AN T B B LS X AL AR A
HRE S A AN f /N D A 7 H AR, 2 B PR A 5%
{HE £ B[] R A 2 2 380 2k (8], B 9T & AR ORI AT
WL 2347 SRR K 214 FE 17/ (distributed flexible
flowline scheduling problem with unrelated parallel
machines, DFFSP-UPM).

T AR R, AR 22 27 3 50 8 A A SR IR AT WL R PRI
7K 28 1 £ In] 5 (flexible flowline scheduling problem
with unrelated parallel machines, FFSP-UPM) 14T | #iff
55 N T R B K 5€ LI ] (makespan) 7] &3, %5 55
SRR R AR ik AR AE FEE, Sun 5B R R &
IS TR, MR I 58 TN ], Xuan 451
2 FE A AR A DG HE 4 BT 1), 32 1 T el 2
N TR,

FE 531 22 ) 2 UK, #5205 AL
A B UKL RMETKE FRIEE L4 ) 45
XT3 A 2B ZE i K 28 4 B, Shao 265! fil Zhang 2516
I3 4R T VR A Y o HOR R AL FOE AR S
22 43 3340 B 7% DA @ Wk makespan [W] #51. &F Xt 7 A
3 I K 26 1 S, Huang 25071 25 £8 I AH 26 1 4%
I 1E), 2 T R 2GR R AR A B AN T g
(discrete artificial bee colony, DABC) & % DL #x/Mb
makespan; Khare 258 $& Hi T & & B 81 Harris /& 575
LN v RS S UN S A SE i

FESP 5 73 A 7 1Y) 42 i U 7 J DFESP. £ 5%
[ HATHUIR %, LA /)N fb makespan A H #%, Shao
SOV R T A SR ) R 50 R VR R 22 48
BOE AT A RE. AR 51T UGB, Zheng 55101
BE XTI DEFSP 2t 1 456 73 A il v B Ak AR 5t
R4 R W [R) BE A S35 DA R I 00 A AR e 4 300 P
B e, FEAFHOCIFATHURGA R, Shao 551 5 R TC 46 4+
290, N 22 Moy i 2R e aQER0E DU e K 58 1k
ISF T ) L, 7 L B 4520 5 RN P A S 4 4% I ), 2 Y
ZIEHCA A FLVE DL IR I f /)M makespan A K SE
RN [A). Li S04 by g | BT L E AL B B A,
I3 I DABC AR AR 15 55 [F/ A AH R AT HLEY
DFFSP.

Xf 4 At SR AR Y 28 B, S AT it
T ok N TR 57 DL A /N b makespan; Li 250161 £
HH T iE R B TR & 2R B R L DL R N S2 3R
1t makespan . f R A7 ek B s A AT AE A 1T 41
H#5.
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Bl JKER B 2 1) AT 026 () i L7181 i 2
F& T A 5 25 235 i 8] f¥) DFFSP-UPM 2= il BT F 43 il
SR G AT S BR AR = TR, A SO Hh R R O Ay ik
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discrete artificial bee colony, HDABC) 5%, PAfif P&
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[ ERAH [F], E/T Rk B bR 2 B w4 4 &
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dj: AT j A B A;
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2) AT E.
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CT;: TAFj 156 T [l

X;p: 0-1 o0 8, 5 T j I ET] fINT,
WX, =18 X, =05

Yjpem: 0-1 0488 & AR AE L) f AR Bt
FIFLEE m I Y = LAWY pem = 0;

Zjrjpem: 0-1 Z 085, 5 TAF 5/ R j ¥ 43 Be 2 T
7 f Bt IRLES m B T H TR 57 76 T4k 5 1
BT Z 0 pom = L, Z50 1, = 0.
1.3 1REME

N
min TWET = > (o E; + 3,T}). (1
j=1
S.t. Cj"FEj—T’j :dj, \V/j, (2)
E; >d; — Bjg—
F Uc
Z Z Yjram(Pigm + Siiam),
f=1m=1
V' g, ' # J; (3)
T; >
F Ug
Bjc + Z Z Yj¢am(Pjam + Sjrjam) — dj,
f=1m=1
Vi'5,3 #3; 4)
F
> Xjp=1,75; )
f=1
Uy
Xjf:ZYijtm’v.j)fvt; (6)
m=1
Bj1 = rj, ¥ j; @)

F U
Cjt = Cie—12 D > Yigem(Pitm + Sjrjem)s
f=1m=1

Vi'gtg #gt#1; 3
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f=1m=1
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Vi’ gt g #7; (10)
CT; = Cja, ¥ j; (11)
E;,T; 20,V j (12)
Bjtycjt 207 \V/],t, (]3)
X, Yiptms Zyjpem € {0,1},

Vi’ g ft,m, g # g (14)
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HR T A AR 5 — AN AE 7= W B T T 0] 75 76 6 Bk AR
FEEANZ JG 4R (8) Fon Rl — L N —/N LA L
FPARJa 0K 225 290 (9) A1 (10) i R — B WLAS AEAT —
I} %1 28 22 A B — A T A 938 (D) 2 XCTAF 58 T
()5 299 (13) F1 (14) 158 B ke SR A 8 1) B Y
2 REBEMALEREEE

ABC S 5] 4704 | IR BEIE A 5% 3 MR R
BB S TRA FE T DOP AR R AR, &
B oy A L LA B ) A R 8 &R e ), B T
REAIE AR AR 30 R e AR ot DX AT IR &R,
Je A 2R AT B My S ) 7 ) DAk e o R 2R, [
WX AN B S Ak 5 fE 42 HE HDABC 532
2.1 RASFNFERG
211 EFIT) -THSHGEHLH

F & BN AT N MERK L S L Z A FAT
BT, SR I T - RS B R R A ML, K
WEMERRAKEANK L - TR, el T
FPolr = {r¢|f = 1,2, ,F}RMTAFFFo 7 =
(Jpo1, o,y s | B Hb p FiliR TAET f
PSS —ANAE =B BOI T A TR, Bl E s T
SPBC A T AT DRI e T A0 A
E,Eﬁan = N.
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2.1.2  FETHLARER A R [ IS A RS LA

TEWT B 1L I8 O TR I ZI R e A, T
Ja B B AR B 5T — [ Be % LA 8 58 0 [ A Z By
B LA ) B DR N TR SR A o, e — P B s i
AL, BRI FE T

BB 1 X 7 RS — AN A Ty, AT IEAS
MIRIHATHLRRSE(UM]_ |, ..., UM]_, iR FE R
) 5 FE I ML A8 g 16 iz A% B9 T HLES, I AT ik
WL2% 65 N B2 B, 4k 22 4 18 f5 o A 35 B ] F0 A 2R
Ty STURHLES, FE R AT E LA AR B 258
T UL A TAFRIHL A B, 4 By, 0 = 1y, ,, 05
5 HL A 0 B 25 A B 1) 4dy,, 2 iR 2 AL 28 70 T
PR THIEL X+ T4 T (G = Uy + 1,...,nf),i%

Ji_a,..

FEA R/ AL, BRS¢ FIN T TARPLEE,
é\B-ff—jl = min{r,,_;,idl, + S-’ffufl)Jf—jlq}*E%ﬁ
LR 2 N A idLy, = Cy, 1.

Brecet > 1): ¥ A0 TR B e — 1
(1) 5 I 18] T e 1R 21, 6 T 1 U A TAF, i M s
Ak TR T B DU AR 43 BE 2 Uy B BLAR, 2 By,
Cy,_y -1 0K idly X T HR T T (5 = U +
L.oond) BB 2 B B/ idl, (VLR ¢, 2
By, o =max{Cy,_ —1,idlyg + S5, ;1,100 2
#idly, = Cy, e

BT = [4,12,11,3,9,1;2,5,7,6,8,10]; R %
G = Uy = 3;Sjjtm 115114:*5%,%3‘(%{?%35]{7&
r BEEN{3,2,2,1,2,3,2,3,2,3,2, 1}; T4k F H]
A& I (B T 56 1 A ER 2 s

®1ALIERE
t Pltm P2t7n PStTn P4tm P5t7n PGtT‘VL P?tm PSMn PQtTn PlOtm Plltm P12t7n
2 5 9 9 3 5 8 2 7 9 8 4
1 4 6 5 6 2 3 6 3 5 9 4 9
7 8 2 3 5 9 4 5 5 5 5 9
4 9 5 3 4 2 6 9 8 8 9 6
2 5 7 4 2 5 3 5 2 5 9 9 9
6 5 3 5 8 4 7 6 5 5 7 8
6 5 3 3 4 5 4 5 3 5 2 7
3 9 3 5 4 3 6 6 4 4 6 9 6
4 6 8 2 2 4 8 9 5 9 9
*2 EREE
jl S_;”l S_;'/z Sj/3 SJ/4 SJ/5 Sj/G Sj/7 Sj/s Sj/g Sj/lo Sj’ll Sj’12
1 0 3 2 3 4 4 5 4 2 5 1 5
2 3 0 1 5 2 5 1 3 3 1 4 1
3 2 2 0 2 1 3 4 1 4 5 1 2
4 3 1 4 0 5 4 1 2 5 3 2 4
5 3 2 2 4 0 3 5 1 3 2 4 3
6 2 4 3 1 4 0 5 2 2 2 2 3
7 4 5 2 5 4 3 0 2 2 1 4 2
8 5 3 4 5 3 3 5 0 3 2 3 5
9 1 5 5 5 2 5 3 5 0 2 5 1
10 4 2 1 5 2 1 3 3 4 0 5 2
11 1 3 2 3 2 4 5 3 2 5 0 3
12 4 3 5 2 2 1 5 3 2 5 2 0

P 1 945 i B B AR fg sk A2 () 2[R 2.
BrBEL: T = [4,12,11,3,9,1].

B41 =T4 = 17
C41 = By + min{Py11, Pyi2, Pais} =
143 =4,

Yinz = 1,idlis = O = 45

312,1 =712 =1,

Ci21 = Biag + min{Pia1 1, Pia12} =
1+4=5,

Yio1,1,1 = 1,idlyy = Cia1 =5

311,1 =7 =2,

Ci1,1 = Byip +min{Py; 1,2} =2+ 4 =6,
Y11,1,1,2 = 1,idlip = Cn,l = 6;
min{idly,idlys,idli3} =4 = Y3113 = 1,
Bj; = min{rs,idl;3 + Si3} =7,
Cs1=Bg1+ Paiz=7+2=09,

idliz = C31 = 9;

min{idly,idlyg,idli3} =5 = Yo111 = 1,
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By, = min{rg,idly; + S129} =7,

Co1 = Bo1 + Po11 =7+ 7 = 14,

idl;; = Cop = 14;

min{idly, idlip, idlis} = 6 = Y1112 = 1,
Byy = min{ry,idlis + S111} =7,

Cii =B+ Prio=7T+4=11,

idljp = C1y = 11.
ME2:4—-12—>11—-3—1—0.

B42 = C'41 = 4a
Cy2 = Byo + min{ Pya1, Pyaa, Pros} =
442 =6,

Yi190 = 1,idlyy = Cyo = 6;

Bias = Ciz1 =5,

Ci2,2 = Bigo +min{Pis91,Pia23} =
546 =11,

Yig 101 = 1,idly; = Cia0 = 11;

Bi1o=Ci1,1 =6,

C’11,2 - Bll,2 + min{Png)g} =6+ T = 137

Yii1123=1,idlys = C11 5 = 13;
min{idlyy, idlys, idlag} = 6 = Y3100 = 1,
Bgy = max{Cj3y, idlys + Sz} = 10,

Csy = Bay + Pagy = 10+ 4 = 14,

idlyy = Csp = 14;

min{idlgl,idIQQ,id123} =11 = Yji01 = ].,

312 = max{Clh idlgl =+ 51271} = 15,
012 :B12+P121 =15+4= 19,
id].gl = 012 = ].9,

min{idlgl,idlgg,idlgg,} =13 = Yy123 = 1,

By, = max{Cyy,idlos + S119} = 15,
Coa = Bga + Pya3 = 15+ 5 = 20,
idlog = Cyo = 20.
MrEe3:4—12—11—53—1—9.
Byz = Cy2 = 6,
Cy3 = Byz + min{ Py31, Py3, Pys3} =
6 + min{3,4,2} = 8,
Yii33 = 1,idlzz = Cy3 = §;
Biaz = Clia =11,
012,3 = B12,3 + min{P1273,1, P12,3,2} =
11+6 =17,

Yiz132 = 1,idlgy = Cio3 = 17;

Bi13 = Ci12 =13,

Cisz = Buz+min{P3,} =13+2=15,
Yii131 = 1,idly; = Cy1 3 = 15;

min{idlsy, idlss, idlg3} = 8 = Y3133 = 1,

Bss = max{Clss,idl33 + Sy3} = 14,

C33 = Bag + Pazz = 14+ 8 = 22,idl33 = Cs3 = 22;
min{idlsy, idlso, idlgs} = 15 = Y1131 = 1,

B3 = max{Ciq,idl3; + S111} =19,

Ciz = B3 + P31 = 19 4+ 6 = 25,idl3; = Ci3 = 25;
min{idls;, idlss, idlzs} = 17 = Yoi30 = 1,

Bgs = max{Cloy,idlss + S129} = 20,

Co3 = Bgs + Poza = 20 + 4 = 24,idl3y = Cy3 = 24.
PRI, 2 LR e AR A5 2 B 1 1 B B A 25

L2 A
- UML] 3
s UM 12 ] 9 |
=M 11 | 1]
o UML 11 9
| [ 4 | 3 |
= UM, [ 12 | | 1]
@Eﬁi 441|1| 3|1 | A 375 Bk |
= 1- Ej]m»?”liﬁi“ﬂ
= oM, 12 ] 9 | 0 45 e 1]
0 5 0 15 20 25
T)1
P2 A
- UML| 6
= UM, [2] [ 10 |
= o | | 7|| | |8 |
o UML| 2 10
UM, [ 7 | [3]
B 1
UM, [ 5 | Je]
— oMLl 7 ] 1o
= umL[]5] B2 S FIiki 1
UM, 2 [ [¢] [ 45 ]
0 5 0 15 20 25
T2

E1 fFEENIEAEEEE
22 WL -ITHFIIBNEE
I F B AL 7= A2 — AN N AN A
T 50, 88 )5 51 NS84 o IR SR s i e TAHF R T
53 BC, RV | N/ F ) A 8R4 T 240 T A
BBEHLZAEN — F - [N/F)ALT R8T 4
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B TARE R (N/F] + 1,000 A T 1 TR
BN [N JF |, T e 4852 7% LT 0 T TAF%
nd I TR 2 A TS E T 1,50 +1
b + 2 MBI TR T2, K R HE, 2B
ntn . T 1 ER 024+ A
MEMTHRNT F. &a, AT o mE
ZLT I AR B T HESTE s 24 00 T A7 17
FlTs.
23 S|GUEERME

51 X\ DDE 5y A# 5] S/ 4 70 T.) - LA 751
I AR IR T4 2, DASREGHT 1) - AR 4.
2.3.1 DE/best/132 7

K “DE/best/1” 78 5377 3, Hovh “DE” R %
SR, “best” FoniEF B T - TAF 741
PERAR 5 ) &, 17 om0 Sl B vp 22 1) = 1R A4
N1 4 H, = [ha(1),...,ho(K),... ha(N)| F H, =
[y (1), ... hy(k), ..., he(N)] A Bl HL 3% B 1 A L
J - TAEFE 5,3 R Zhang 10 (IR 5L, 15 B8 SR 1

Vi=Hig®ooH —H™). 15

Hria,b,i € [1,NS],NSH L - T4 51 B 1
N RTEREL o N TR T
A ST BARAT I B 2 R, BLEE 33

H'[3]7]4J2Jwo]Je [t ]8]9]s5]
H'[9oTaT7T2Te[8 [t [3T10]5]
HuftH/jfllfél3I*3I0I4I*2I0I5I*1I3I
HE-HEY[O T4l 7Tol6[8Tol3[i0]o]
RAN [0.32]0.93]0.39]0.17]0.75]0.03]0.74]0.21]0.65]0.70]
H'-HY[9ToJ7JoJols8Jof[3]oTJo]
v v v

H![8T6[2Jtol4T1T7]T37T57[09]
V[9T6 711041823 [5]1]

2 TRET
step 1: X HL- U0 1P @b 4T 200 T3 81 2 1)
B(HSY — H7Y K HS VR HT S R G R A
AR (H — B, SRR R, A
H~ Vst A B 1 LA S BRIZAEZ o R, B
€= (T - HY

hyt(k), Rt (k) # hy ' (k);
gé(k)_{bm 0 AR w:

0, otherwise.

Hpg=1[£(1),€(2),....&(NV)].

step 2: HR#E o FBEHLEL rand, X Z [0 & (HL* —
H 7YY ez a8 mbEm & = - Y. B
BUP AR —A 5 0T - LA 7 51U AH (R 4E B2 1 5 51 RAN,

FEAI LR TE[0, 1] FEHLARR. #rand < o, MIFR B 22
i) 52 L0 A B B e R AN A ) 22 ) & gL
B GER G #N0, /)
A LT
{ﬁf(k), rand < o;

0, otherwise.

(17

Hy = [y(1),7(2), ..., v(NV)].

step3: K (HY — HI7Y ST -TAH4F
I H S PAT o @8, B8 AR T -THF5H
VL B WLk = 1,985, 444 (k) = 08k~ (k) #
0 Hrf (k) = hisegy () IF GREF Ryl () A2 2k (k) #
hiod (k) # O, 76 hi L sh 4R IR T T4 5 A4t (k)
FITAb i B K, 284 hl L A B kK T A
hi-d (k) FIRLL (B), B AL L R Ak = k+ 17
k< N, EERT— R, Wi H V= bl L.
232 BEZX

St VERTET UGS T - T AR BB i HL - i
B 8 R A0 3 o, A8 HE P RV P Ar
TR p BT B BT AR s Wl =
wll(1),.. ., wll(p—1),wil(p),. .., wli(N) f1 W2l
= w2i(1),..., w2k (p — 1), w2k (p), ..., w2L(N). i3k
W1 BEEE TS WAL E o Mo, ¥ TS
w1 (py) BHR AT w2l (o), ERZIBREHEW]
B EE R TS 5 W2l 7 & E 2.

N
H'[BETTT3TS5T 7161410971 2T10]
v O ONNGeN] 2 [ 8 [ 5 [3 [ 1141
v
W) D T IR I T e T a9 2 10]
e L ———
(sz)'lsl113151213|s|3|1|4|
wi[3 T 1 [5[8T7]6]4To9o[2T10]
w26 T7T9TJi0] 2181571317 [ 4]

B3 XXNEF
233 MEERER

FR) I 356 SFE GG, 48 R EL K )PP 51t REE N A AR
GRS 5 HY . 45 & Khare 311 ()3 3 41U
Bt T - TR IR AR T

H! =

W}, AO < 0 8 rand’ < Exp(—AO < T);
{Hf_l, otherwise.
(18)
H:AO = TWET(W}) — TWET(H! *);rand” €
(0,1); T A Tai A 5 O [ 5 il B2 AHL, 45 7€ M
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j=1

FP(H) = fit(H)/ 3 fit(i). 21)
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PR, 2 T AR HU T 24 w0 4, D0 4 i
P B ARG, Bk ELHAT T —Fh B R
24.1 BENLT) RIEA

BEBLIEEE T fA LA Jrp(1 < 0 < nf) ¥
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2.6 HDABCHE:%ihiz

BT PR A 15 2/ HDABC Hyk ) B AR FE.

step 1: ZEWIGEA, W B T - T4 F 5B
NS, i K& E MaxG, 28 57 5200 K 1 o, e K22
# limit;

step 2: K FH Bl LI D) A0 35 4687 43 DR SR R& A1 4 44 T
J - AR

step3: THREEEAS T - T4 5 20 09 3& B A, 2
KA RBRART;

step 4: B L I MaxG I, F H A L) - A
75 ] H HBRE, 75 W 4% 22404 T step 55

step 5: 5| S BHAT B AL 22 7 AL B0, R — €
PSR B B R MG = A L - AT A

step 6: R 14 R FH & B W N e B e 1) - 1
PEFF 5, AT AR AR B %

step 7: 5 3 NL) - TAFFFAIAE limit OEAREAT)
A TS, W) 5] 400G B AR SR Ao % e, Ak 235 step 8, 153 U %
Fstep 3;

step 8: TSI X 4 TS5 7 H kAT SR I3 2R, 7 AR
L) -TARF A, % % step 3.

3 SERMGAESST
3.1 HEER

T W HDABC ik i) PE e, BEALAE BSOS IR 30
B SR AT 0 LS00, Bl = A F e {2,4,
5,6}, N € {10,20,40,60,90,120},G € {3,4,5},U,
€ {3,4,5,6}; Pjtm € U[1,10],S;jem € U[0,5],7;
€ UIL,5]. & L TAFAE A B Bt e - 35 4b B2 ) []
PrYE UG P HERG I 8] .S58 4 T

G U G
PR (32 Puw) /D Un @2)
t=1

t=1 m=1
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—~ Ux(N-1)
B, TR AR TR TR A0
dj = (P;"® + 578) x (1+ A x3),A € U[0,1]. (24)
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Xuan Z£4 2 1 () 503k DABC 534 (IDABC) 347 % L,
ORISR R PR RE. BT A 5923k H Matlab R2020a 4
&, 7£ Inter Core i5-6200U CPU(2.30 GHz) [fIf¥bL 35
TN A TR 6 FE B IER LR BB =
0.5, limit = 5, NS = 80; MaxG = 100; ¥ ABC $ii%iz
17 1004K, L K CPU B[] AN 1 1 000 s BT 75 1 CPU
B R A S LAt S b BBV 45 L B ).
{F,N,G,U,} FANRI 2 & 3677 A2 56 Fi i) RIS,
T AR BE AL AR 10 L5451, JL It 560 20 5541, &
SCHNE oy e 22 (%)
R — TWET. — TWETupaBC
TWETwupaBC
Horp: TWETupasc A HDABC 53245 3 (1% H b5
B, TWET. A X415 ke (e € {VNS,ABC,HDDE,
AGA,IDABC}) K 551 1)~ 35 H AR 1E.
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W E 100 IEAE B 12404, LN = {40,
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W1 8 AT 7, HDABC 592 (1) 3R fift 255 S e e, FoAth 3 Fh
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VND LS 3% 3 F 11 51 N g2 7+ HDABC (1) 5
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X6 RN RIS ) 8, 7E 735 CPU B[R] 126.4 s A,
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FxNxGxU, VNS ABC HDDE AGA IDABC HDABC Ryys/% Ragpc/% Ruppe/% Raca/% Ripasc/% CPU/s
2x10%3x3 1000 1092 103.8 986 982  96.8 33 13.4 72 1.8 1.4 422
2x10x3 x4 89.0 978 812 850 808 794 12.0 23.1 23 7.1 1.8 49.8
2x10x4x3 853 842 806 838 864 764 11.6 102 0.05 9.7 13.1 54.8
2x10x4x4 2002 1968 1942 1904 1768 1522 315 29.3 275 25.1 16.2 66.1
2x20x3x3 5192 5082 4882 4830 466.8 4558 139 115 7.1 5.9 24 77.6
2x20x3x4 2808 2692 261.6 2550 2414 2332 204 15.4 12.2 9.3 35 91.8
2x20x4x3 8124 7944 7894 7762 7566 7532 7.9 54 4.8 3.1 05 105.1
2X20x4 x4 1908 2808 2956 257.6 2530 2488 169 12.9 18.9 35 1.7 122.1
2x40x3x3 33746 32492 3349.6 32864 32168 31006 8.8 48 8.0 5.9 3.7 143.5
2x40x3x4 20720 1967.6 2011.2 20374 19458 18542 117 6.1 8.5 9.9 49 174.2
2x40x4x3 32602 3211.2 31722 3076.6 30002 2900.6 124 10.7 9.4 6.1 3.4 190.4
2x40x4x4  2183.8 2032.8 2081.8 1981.6 1902.0 18054  20.9 12.6 15.3 9.8 5.4 229.8
4x20x3x3 3016 287.6 2650 2646 2498 2390  20.1 20.3 10.9 5.9 45 84.1
4x20x3x4 2300 2220 2048 2056 2036 2034 131 9.1 0.7 1.1 0.1 93.1
4x20x4x3 2906 2836 259.6 2522 2268 2244 295 26.4 157 12.4 1.1 108.9
4x20x4x4 3052 2988 2756 2386 2432 2330 309 28.2 18.3 24 44 129.5
4x40x3x3 22008 21256 2157.0 22468 2051.0 17934 227 18.6 203 253 14.4 149.6
4x40x3x4 12246 1167.0 11756 11382 10640 10212 199 14.3 15.1 1.5 42 182.1
4x40x4x3 25542 24736 23462 2229.6 22068 20766 229 19.1 13.0 74 6.3 195.4
4x40x4x4 11904 11714 12566 11942 10914 10254  16.1 142 25 16.5 6.4 237.5

) 10732 10415 10424 1019.1 978.1 9287 173 152 11.8 8.9 49 126.4
R4 KHECREAMINLE R

FXNxGxU, VNS ABC HDDE AGA IDABC HDABC Ryns/% Rapc/% Ruppe/% Raca/% Ripasc/% CPU/s
4x60x4x3 72818 72642 72767 6990.6 68078 6689.0 8.9 8.6 8.8 45 1.8 283.1
4x60x4x4 35802 34838 3577.8 35134 33148 32272 109 7.9 10.9 8.9 2.7 358.0
4x60X5%3 68700 68074 67940 65258 63636 62488 9.9 8.9 8.7 44 1.8 352.1
4x60x5x4 37834 3930.6 39700 36474 36178 35390 69 11.1 122 3.1 22 4315
4x90x4x4 11551.6 11163.2 11931.8 11353.4 10796.4 10784.6 7.1 3.5 10.6 53 0.1 518.9
4x90x4x5 72822 73854 77730 71632 69652 67688 7.6 9.1 14.8 5.8 2.9 614.7
4x90x5x4 129722 12207.4 12077.6 12334.6 116794 114852  12.9 6.3 52 7.4 1.7 657.0
4x90X5x5 73992 7273.0 72556 72002 69452 68488 8.0 6.2 5.9 5.1 14 776.0

4x120x4x5 149556 147944 149438 145144 140612 140098 6.7 5.6 6.7 3.6 03 791.9

4x120x4x6 104362 104146 106556 97188 9809.6 94794  10.I 9.9 124 25 35 910.4

4x120x5%5 161250 15783.8 157064 148402 143632 143212 125 102 9.7 3.6 03 1000.0

4x120x5%6 99374 9821.8 103060 9249.8 93114 93020 6.8 5.6 10.8 0.5 0.1 1000.0
5x60x4x3 70138 67844 68632 69404 65016 62932 114 7.8 9.1 103 33 288.2
5x60x4x4 36060 37566 3771.0 34744 33098 31212 155 20.4 20.8 11.3 6.0 348.5
5x60x5x3 76470 7567.6 73848 67608 68122 65054 175 163 135 39 47 3537
5x60x5x4 37538 37266 3770.0 36508 33242 31424 194 18.6 20.0 162 5.8 435.1
5x90x4x4 112416 112842 10933.8 10307.4 99938 92272 218 223 185 11.7 8.3 517.2
5x90x4x5 70290 68658 68662 65208 63020 62658  12.1 9.5 9.6 4.1 0.6 607.9
5x90x5x4 122726 122250 121148 11809.2 111054 106144  15.6 152 14.1 11.3 4.6 644.4
5x90x5x5 75642 75500 7430.0 67668 67138 66520  13.7 135 117 1.7 0.9 759.3

5x120x4x5 146782 143450 14771.8 140530 13769.6 137144 7.0 46 77 24 04 807.1

5x120x4x6 9830.6 96482 8749.8 90456 86792 86374 318 13.8 1.3 47 05 919.1

5x120x5x5 15569.6 15138.8 148132 142432 141034 139986 112 8.1 5.8 1.7 0.7 997.3

5x120x5x6 109804 10610.6 10492.8 103312 9967.6 98780  11.4 74 62 45 09  1000.0
6x60x4x3 66944 6567.6 65018 63156 59222 56522 184 162 15.0 117 48 290.4
6x60x4x4 33494 33132 31614 31606 29958 27792 205 192 138 137 78 353.8
6x60x5x3 67314 65420 62164 56588 58912 55468 213 179 12.1 2.0 62 362.4
6X60x5x4 43000 40448 35486 35002 33756 33306  29.1 214 6.5 5.1 1.4 4467
6x90x4x4 113106 11057.0 10652.0 98474 96662 9380.8  20.6 179 136 49 3.0 514.6
6x90x4x5 77072 73156 70818 68230 6688.0 66242 163 104 6.9 29 0.9 607.3
6x90x5x4 124162 118852 12030.0 11209.0 11074.6 10922.6 132 8.8 10.1 26 1.4 637.6
6X90x5x5 75864 75240 6957.6 72144 68660 6602.8 149 14.0 54 93 40 748.2

6x120x4x5 167362 16257.6 15949.6 14611.8 148804 142144 177 143 122 2.8 47 819.7

6x120x4x6 11688.8 11397.0 11089.4 10718.6 10111.0 98048 192 162 13.1 93 3.1 934.2

6x120x5x5 16658.0 16093.0 159034 15360.4 143438 13852.8 202 162 14.8 10.9 35 1000.0

6x120x5x5 120204 10737.8 10614.0 103982 102032 10067.8  19.4 6.7 54 33 1.3 1000.0

1 9460.0 92380 91648 87715 85177 83204 146 11.9 10.7 6.0 27 641.3
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