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Abstract:  Continuous-flow microfluidic biochip is a revolutionary technology for automation and miniaturization of
biochemical experiments. As one of the key links in the automatic design of continuous microfluidic biochips, the control
pattern assignment problem of multiplexers is an NP-hard combinatorial optimization problem. The existing particle swarm
optimization algorithm for control pattern assignment problem has the disadvantages of falling into local optimal solution
prematurely, slow convergence speed, and poor stability of the algorithm. In this paper, control pattern assignment algo-
rithm based on hybrid discrete particle swarm optimization for continuous-flow microfluidic biochips is proposed. First, in
order to accelerate the convergence speed of the proposed algorithm and avoid falling into a local optimum prematurely, a
discrete adaptive region search strategy is proposed. Second, the stability of the proposed algorithm is improved by a sam-
ple-based social learning mechanism. Third, the optimal combination of the important parameters in the adaptive region
search strategy is selected by equidistant sampling to further improve the results. The final experimental results show that
the proposed algorithm optimizes the number of valves by an average of 19.01%, and improves the stability of the algorithm
by 29.18%, and then performs well in practical biochemical applications.
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A, 17 22 26 28 51 45 100 89
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x2 WEHP.T T HEE
ZHAG
s ; . rmax RA30 CPA RO R1 R2 casel case2 case3 index
[D/4] 62 73 117 101 237 299 762 674 15.33
[D/4] [D/2] 61 71 115 99 238 304 769 670 16.10
[3D/4] 60 74 114 100 231 299 770 670 14.22
> "] [D2] 58 75 113 101 240 306 768 667 16.31
[3D/4] 60 72 113 104 233 306 760 664 13.56
[3D/4] [3D/4] 60 74 114 102 242 298 770 669 16.48
[D/4] 64 72 113 100 222 288 770 651 9.13
[D/4] [D2] 59 72 112 99 222 289 756 676 11.43
[3D/4] 60 73 113 98 226 295 758 660 8.74
> 10 "] [D/2] 59 74 121 98 233 299 758 654 10.94
[3D/4] 60 74 113 97 220 292 757 665 8.45
[3D/4] [3D/4] 61 71 118 94 229 301 775 669 14.88
[D/4] 61 73 113 100 221 297 764 665 10.21
[D/4] [D/2] 59 72 114 99 219 291 762 676 11.84
[3D/4] 61 72 114 101 224 285 765 659 8.91
1 "] [D2] 59 73 114 95 210 297 754 666 8.27
[3D/4] 60 71 115 98 223 296 759 667 10.11
[3D/4] [3D/4] 61 72 116 99 228 290 769 662 11.01
[D/4] 60 70 117 100 239 305 764 674 16.66
[D/4] [D/2] 60 74 114 99 240 303 773 675 18.04
[3D/4] 63 73 115 98 241 300 768 665 15.40
i "] [D2] 63 72 117 97 248 311 760 665 18.09
[3D/4] 61 72 119 101 241 307 754 673 16.83
[3D/4] [3D/4] 60 74 121 103 243 307 773 658 17.24
[D/4] 58 71 118 98 229 300 765 663 11.81
[D/4] [D/2] 63 73 116 101 233 301 779 667 16.36
[3D/4] 64 74 115 97 235 296 766 662 12.73
10 10 "] [D2] 58 71 116 99 239 305 771 650 14.69
[3D/4] 59 74 117 97 233 308 760 657 12.83
[3D/4] [3D/4] 63 71 118 101 246 306 779 665 19.40
[D/4] 60 72 117 101 236 305 762 666 14.49
[D/4] [D2] 61 74 117 101 235 306 764 663 14.12
[3D/4] 57 70 118 100 240 306 750 669 15.47
N "] [D/2] 59 74 115 98 237 306 755 665 13.95
[3D/4] 61 72 119 98 232 298 773 669 14.87
[3D/4] [3D/4] 60 73 114 101 234 297 762 673 14.22
[D/4] 59 72 122 100 253 308 765 667 19.78
[D/4] [D/2] 61 72 119 98 249 306 759 670 18.27
[3D/4] 59 72 121 102 238 316 759 661 16.55
13 : "] [D2] 60 73 118 100 242 313 768 671 18.79
[3D/4] 59 73 116 100 257 308 774 665 21.45
[3D/4] [3D/4] 60 70 122 102 250 308 762 661 18.18
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ZHAG

- ; . rmax RA30 CPA RO R1 R2 casel case2 case3 index

[D/4] 58 72 119 100 251 306 757 670 18.68

[D/4] [D/2] 59 74 118 101 239 305 773 668 17.08

o [3D/4] 60 71 113 97 242 295 762 662 13.80

"] [D2] 61 72 117 100 245 302 752 677 17.71

[3D/4] 60 71 119 100 247 308 768 669 18.74

[3D/4] [3D/4] 59 72 117 104 259 305 753 647 19.17

" [D/4] 57 72 121 101 241 295 766 669 15.52

[D/4] [Dr2] 61 70 119 100 241 300 767 663 15.00

s [3D/4] 61 74 119 99 245 315 769 661 18.73

"] [D/2] 59 73 116 104 252 308 754 676 20.17

[3D/4] 62 73 121 103 251 310 758 662 18.64

[3D/4] [3D/4] 60 74 119 102 263 313 760 656 22.09

/ME 57 70 112 94 210 285 750 647 8.27

4.3 ARSREGHIE SIS IIE

BT RIE ARS SR B A RO | AR TR T R
1 DPSO-ARS 8.6 5 SCHR [ 14 ] B9 DPSO B4k 47 %)
Fb il 55 4.2 5 R TR R 4 46 b ok A i SR ek B9 40 AL
JE L AR NFE 4 s . nTRUE I, DPSO-ARS 57k AR fE
FRUEZE F IO AL, (E 7 i A 1 1) i i 22 1 1) i
DL K-35 1 1] e Ay il fe T 11.51% .12.03% |
12.80%. 7 SCHK[ 14 1H L7 5 2 ) B f D0 RE 7 24
21, R i AR 1 B8 2l O 1) — 30, R BGE R AR
R A i, HL— B A SR 3 A A i i ME DLk
T b R o 3 A o 2 30T 4 Ry A A i 1 A R
K. A7 X BB (8 A R e 1 AR S B FE — 2
Rl R A7 IX R4 2R, A LS 88 3l 31 4 Jm B fE f A
H O BEAT Rk R 3 B A A . R, AR 2 i X
KNG R T — Ik K8 R 12 ge R
fe DX R AR AT B R ARS SRS MERE . 45
FWT, B ARS SRm REHRE =0 A 09 0 o, SR AR — AN T e 1
I /D Y B A O B L BE TR M 1A
B
4.4 SLDPSO-ARS-CPA &EixRAIERIE

WAt 4.2 95 F 4.3 50 43T AT LU Y AE O fil
SLDPSO 5 W& i, B3 9 R E P e A5 2 4 b 2 i, 1
R B TR AT RE AT BT NI . AR, 76 BN FH ARS SR
B, Bk R A B A v o A (R R R e T RE S
FEAIL.

T RIGEAE SLDPSO HHE Fl ARS SR B I [RI/E
BB, A58 SLDPSO-ARS-CPA 8.4k 5 3¢k [14]
M DPSO B A7 X b . an e S i, ml LA & A
SCRATE SR T A 2 I 1 A S IR ] R

PL Je Ay ofE 2 50 AR 4k T 16.74% . 20.35% . 19.01% .
29.18%. Horb, M FH 1 R27E 134 4 8RR 54k T
39.75% .35.68% .36.57% .15.38%. {HA% K1 M2, A
FVRAEX A F8 R BR300 L Bl i SLDPSO
TREME AN LA ] ARS WS o AR EE 8 . SEUR 25 SRR, 7
SLDPSO 5B Al ARS S lg iy e [F/E T, A SCE AR LA
R RS M SR A T T IR D 80 A ) s o A X 40
.

J9 7 i — L AIE SLDPSO-ARS-CPA 55 1k 15 45 il #65
253 TE 17 0 v g P B 8 AR SCARE L 5 AR e ARk
 ELAT AR P 1 SSA B3PV AR 8 AN 4 B kAT
XPLG . gk 6 frn , RAS AR SCHILTERRIE 2 | 5 SSA
BN — 2 W 2280 (A B AR IR T B i 22 1 )
B DA N X I 1 5 o A5 2L 0 PR R 4 A T A9
Ak T 23.71% .23.97% .23.86%. L4045 F LM, AL
VLA T SSA FEvAAE I 1 AR i X — F M R AR bR L
A AR KL B AR R, DT 156 B T AR SRR 9
e

BEAR A X e T A SCHE % SLDPSO-ARS-CPA 5
SSA BV K SCHk [ 14 V8L AE 8 AT 1)L i
SR FNSCSIORS BE L AN 9 fi s . 7E RA30 HICPA F 1
WS £ 22 I, 7E VA FT I Y ARS B B, BT A SR 4
FI VA R 3 AT 55 DR 4 Jy 3 e U A, A1 ok A 3
AT A B SRR . T A A 6 A AR
BRI 45 |, ARS — JF IRt ) 1 B S A o 3
WSRO . AL A T SCHk [ 14 5316 SSA ik,
AR SR A A IR 8] A5 30 B A T SRS B AT AR
fer . AT LA B, B DX RS A 186 A, AR SO
DT
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%3 SLDPSOEiZ 5k 1418 R LR
IS2ES L e B 2E 1) EE SER ) R PRt
e ii‘ SLDPSO b ﬁfi‘ SLDPSO | ik j[izt SLDPSO | itk j[ji];( SLDPSO b2
RA30 | 58 59 -1.72% 75 76 -133% | 67 65 2.99% 4 4 0.00%
CPA 70 70 0.00% 86 87 -1.16% | 80 79 1.25% 4 4 0.00%
RO 121 112 7.44% 146 144 1.37% 131 131 0.00% 8 9 -12.50%
R1 100 116 -16.00% | 126 129 —2.38% | 113 123 —8.85% 7 3 57.14%
R2 322 316 1.86% 370 343 730% | 350 332 5.14% 13 7 46.15%
casel | 337 360 —6.82% | 402 377 6.22% | 359 370 -3.06% 14 5 64.29%
case2 | 992 999 -0.71% | 1065 1036 2.72% | 1038 1017 2.02% 21 11 47.62%
case3 | 842 860 —2.14% 927 891 3.88% | 898 878 2.23% 20 9 55.00%
¥l — — —2.26% — — 2.08% — — 0.21% — — 3221%
F4 DPSO-ARSH ik 530k[ 14|18 R R L%
ZE b e HeZE TR S5 A bRt
A | Sciik | DPso- 3CHk | DPSO- CHk | DPSO- C#k | DPSO-
[14] RS Ak (1] ARS Ak [14] ARS Ak [14] ARS k=
RA30 58 57 1.72% 75 66 12.00% 67 60 10.45% 4 3 25.00%
CPA 70 66 5.71% 86 80 6.98% 80 73 8.75% 4 4 0.00%
RO 121 107 11.57% 146 127 13.01% 131 114 12.98% 8 5 37.50%
R1 100 93 7.00% 126 112 11.11% 113 102 9.73% 7 6 14.29%
R2 322 233 27.64% 370 310 16.22% 350 270 22.86% 13 18 —38.46%
casel | 337 293 13.06% 402 346 13.93% 359 314 12.53% 14 15 ~7.14%
case2 | 992 864 12.90% 1065 952 10.61% 1038 915 11.85% 21 26 —23.81%
case3 | 842 737 12.47% 927 812 12.41% 898 779 13.25% 20 23 -15.00%
¥ — — 11.51% — — 12.03% — — 12.80% — — -0.95%
%5 SLDPSO-ARS-CPA Bk 53k 1418 XM LLER
oZed Tk e IR 2E 1B S IR T R bRt
JA | 3ciEk | SLDPSO- ik | SLDPSO- 3k | SLDPSO- #k | SLDPSO-
[14] | ARS-CPA e [14] | ARS-CPA e [14] | ARS-CPA e [14] | ARS-CPA it
RA30 | 58 56 3.45% 75 66 12.00% | 67 60 10.45% 4 3 25.00%
CPA 70 68 2.86% 86 75 12.79% | 80 72 10.00% 4 2 50.00%
RO 121 105 13.22% | 146 125 14.38% | 131 115 12.21% 8 6 25.00%
R1 100 90 10.00% | 126 105 16.67% | 113 97 14.16% 7 5 28.57%
R2 322 194 39.75% | 370 238 35.68% | 350 222 36.57% 13 11 15.38%
casel | 337 278 17.51% | 402 311 22.64% | 359 293 18.38% 14 9 35.71%
case2 | 992 751 24.29% | 1065 817 23.29% | 1038 776 25.24% | 21 16 23.81%
case3 | 842 650 22.80% | 927 692 2535% | 898 673 25.06% | 20 14 30.00%
YA — — 16.74% — — 20.35% — — 19.01% — — 29.18%
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%6 SLDPSO-ARS-CPA E ik 5 #k[311H L&

S ZEa IR e B2 I o SRR brifi2:
Hf] | SCEk | SLDPSO- ‘ Xk | SLDPSO- ) ik | SLDPSO- ‘ ik | SLDPSO- ‘
A= A= A A=
[31] ARS-CPA [31] ARS-CPA [31] ARS-CPA [31] ARS-CPA
RA30 56 56 0.00% 73 66 9.59% 61 60 1.64% 4 3 25.00%
CPA 68 68 0.00% 80 75 6.25% 75 72 4.00% 3 2 33.33%
RO 131 105 19.85% 162 125 22.84% 148 115 22.30% 7 6 14.29%
R1 130 90 30.77% 158 105 33.54% 149 97 34.90% 7 5 28.57%
R2 373 194 47.99% 397 238 40.05% 382 222 41.88% 9 11 -22.22%
casel 404 278 31.19% 426 311 27.00% 416 293 29.57% 8 9 -12.50%
case2 | 1071 751 29.88% 1092 817 25.18% 1079 776 28.08% 6 16 -166.67%
case3 929 650 30.03% 952 692 27.31% 941 673 28.48% 6 14 -133.33%
Y{H — — 23.71% — — 23.97% — — 23.86% — — -29.19%
RA30 Number of particles: 50 CPA  Number of particles: 50 RO Number of particles: 50
—— SLDPSO-ARS-CPA 140 —— SLDPSO.ARS.CPA —— SLDPSO.ARS.CPA
1] —— 14 —— [14]
110 — 1 130 —— B1] 200 — Bl
%1001 Z120 b
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