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Multi-robot-multi-task Coordination Framework Based on the

Integration of Intelligent Agent and Petri Net

LI Yong' LI Kun-Cheng' SUN Bai-Qing' ZHANG Qiu-Hao' WANG Yi-Na' YANG Jun-You'

Abstract In order to solve the coordination problem of heterogeneous service robot team serving multiple elderly
people meanwhile to maximize the overall satisfaction of the elders, a multi-robot-multi-task coordination frame-
work for multi-person is proposed. Firstly, scalable timed-colored Petri net (STACPN) is proposed based on timed
Petri net and colored Petri net to model the process of service robots caring for the elders in the context of nursing
home. Then the satisfaction model of service object is constructed taking the elders’ feelings and emotions as im-
portant indicators. Finally, an agent is designed to schedule the coordination framework. The agent can plan and
schedule tasks reasonably by considering the “personal factors” of the elders and the real-time status and location of
the robots, so that the robots can help elders to complete the tasks while maximizing the overall satisfaction.
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Fig.3  Diagram of coordination framework considering
human factors based on intelligent agent
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Fig.4  Algorithm flow chart of coordination framework considering human factors based on intelligent agent
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Fig.5 Nursing home simulation scene plan
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Table 3  Task information
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Fig.6  Initial position of the robots
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Fig.7 STACPN model of nursing home situation
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Table 4 Personal information of the elders in case 1 Table 5  Personal information of the elders in case 2
v PEAS S ﬁ*ﬁ‘i@%ﬁ ﬁiﬁﬁtﬂ ﬁiﬁ?ﬁé E%% AH PEAS SR ﬁﬁ@iﬁ ﬁiﬁﬁﬁ ﬁiﬁ?ﬁé E%%r
TR R (m/s) WA (s) INFIE] (s) I IE] (s) TR JEEE (m/s)  HHE] (s) IS IE] (s) I IE (s)
ZANA 11 0.5 3 3 0 ZANA 11 0.5 3 3 0
A\ B 1.1 0.5 3 3 0 ZA\ B 1.1 0.9 3 3 0
ZANC 1.1 0.5 3 3 0 ZANC 1.1 0.5 3 3 0

PRIURE 1 A28 NIEN BATE], IR/ A (S A I CAB IR 7 HATHESS .
) LK A FI B IS S5 AR I 1], R O i Ak e sE DA 602, s 11 Fras, BLBAC Y 35



8 HH ZR S FBEAR Petri WRRG 2 LA N—Z A5 W HAE LR 2039

®6  EH3PZAMPNGEE

Table 6 Personal information of the elders in case 3
B PEAG S APEEE fPEhi APE AR e
TORE HFE (m/s) W (s) W () WA (s)
ZANA 1.4 1.2 1 1 15
A B 1.1 0.9 3 3 0
ZA\C 1.1 0.5 3 3 0
Personal satisfaction
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Task sequence
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Fig.8 Personal satisfaction of the elderly under
different task execution sequences in case 1
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Fig.9  Overall satisfaction of the elderly under different
task execution sequences in case 1

L NTE AL SR 215 B i KIS AR . S
2, IR B G BOE A B RO T
LAz, IO B B AT B (K 6T 118 B B, 7 4 73 i
B e A E I, P T R 3 A AN IE AR BT AR
NN, Hl T B REF & A, Hopl o Bl i
BB, B eH B B #EATAES T L
kN E T 2 A NRISERFISTE]. DL ERIfLS O
REHUE N TG ELR B C 155 18] frig s 25 %5, ik
B REMYeE DL BAC BIIRFF AT AE S

Personal satisfaction

I \an A
40 F [N Man B
Man C

60

20

Satisfaction
o

|
o
(=}
T

0 1 1 1 1 1 1
CBA CAB BCA BAC ACB ABC
Task sequence
Bl 10 F 2 hARMESHATITE T2 NAS N

Fig.10  Personal satisfaction of the elderly under
different task execution sequences in case 2

Overall satisfaction

60

40

20 1

Satisfaction
=}

|
[
S
T

C.BA C.AB B‘CA B;&C A.CB A]‘30
Task sequence
K11 =02 A FEMES HAT BT T & AR S

Fig.11  Overall satisfaction of the elderly under
different task execution sequences in case 2
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Fig.12  Personal satisfaction of the elderly under
different task execution sequences in case 3
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Fig.13
different task execution sequences in case 3
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Fig. 14
different task execution sequences in case 4
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Fig.15  Overall satisfaction of the elderly under
different task execution sequences in case 4

R 8 NEG b hE NS TR, K16, 17 7
ARG 5 hE NAMES SRR, B 17 &
WL BCA HINR 35 B ANHATAE 55 ) A B e K
flmlfk. B B i ZEHAT AR S5O0 56 Sim s, Jafi Bl
B fR BB C Frié i 25 %/ T 56 1 B B Brig
BRI . LG Ak B 2B BAEfE, T C )
55 R /T A AR5 R, Je B C #5358
A & PRI EARSE RS IN R AR KT T e T
SIS PE ) A P s, R g iAok e
LA BCA HIMRFPAT AR 55

£T R AP E £8 G5 L AMIES (S E
Table 7 Task information of the elders in case 4 Table 8 Task information of the elders in case 5
N JRATAESS N FRATAESS
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ZANB ES ZANB XA
ZANC XA ZANC it
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Fig.16  Personal satisfaction of the elderly under
different task execution sequences in case 5
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Fig.17  Overall satisfaction of the elderly under
different task execution sequences in case 5
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Table 9 Task information of the elders in case 6
N AT %
ZNA % A ]
A\ B S
ZANC KRBT

4.3 FEIBERATHES S

HLBE R L8 NIAG AL BAS B 2 AT
WSS FhSR AL ZE NI N5 BRI R e i 4
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Fig.18 Personal satisfaction of the elderly under
different task execution sequences in case 6
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Fig.19  Overall satisfaction of the elderly under
different task execution sequences in case 6
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Fig.22  Overall satisfaction of the elderly under
Bl 20 S 7 RIS AIUEALE different task execution sequences in case 7
Fig.20  Initial position of the robots in case 7
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Table 10  Personal information of the elders in case 7
A MR aEE  EEH  fEhE FETA O%R
” BRE HEFE (m/s)  BHA (s) RS (s) A (o)
ZNA 1.0 0.4 2.5 3.5 0
ZA B 1.3 0.3 2.3 2.6 0
ZAN\C 1.1 0.5 1.7 1.7 2
® 11 FBHTHEANMEEER
Table 11  Task information of the elders in case 7
N P ATAESS
ZNA LA
ZAN B KRIT
ZANC KA
60 Personal satisfaction
I \Van A
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[ 1Man C
g 20}
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0 1 1 1 1 1 1
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Task sequence
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Fig.21  Personal satisfaction of the elderly under

different task execution sequences in case 7
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Fig.23 Initial position of the robots in case 8
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Table 12 Personal information of the elders in case 8
v M SR B FEhR fFETAe o8
” B OMPE (m/s)  WHEL () I (s) T (s)
ZANA 1.1 0.25 2.4 3.5 7
ZA\B 1.0 0.38 2.0 2.3 3
ZAN C 1.2 0.42 3.1 2.5 0
*® 13 ZH 8 FEAMTEEER
Table 13  Task information of the elders in case 8
A FrATAESS
ZNA ERIT
Z A\ B it
ZANC % PAENA
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Fig.24 Personal satisfaction of the elderly under
different task execution sequences in case 8
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Fig.25  Overall satisfaction of the elderly under
different task execution sequences in case 8
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Fig.26 Initial position of the robots in case 9
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Table 14  Personal information of the elders in case 9

ERSST S o us e R TN U e Ll N SR

AU e s (mys) WML (s) M (s) B (s)
ZNA 1.0 0.65 5.2 4.6 15
ZAN B 1.3 0.88 4.8 3.0 0
ZANC 1.2 0.51 4.3 4.4 10

R 15 FZH9 PZAKESER

Table 15 Task information of the elders in case 9
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Fig.27  Personal satisfaction of the elderly under
different task execution sequences in case 9



2044 H

(8

v

= 47 %

Overall satisfaction
60

40 1

20

Satisfaction
o

—60

CII3A CAB B(IJA BI‘AC AéB A]IBC
Task sequence
K28 Rl 9 PANFEME S AT T & N B A L

Fig. 28
different task execution sequences in case 9

Overall satisfaction of the elderly under
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e
STAdCPN = (P,T; F, D, C, W, M) (A1)
P:{p17p2a“' ap’m}vm:28 (A2)
T = {ti,t2, - ,tn},n = 26 (A3)

F = {(p1,t1), (p2,t2), (p2, t15), (p3, t2), (3, t15),
(past2), (ps,t3), (Pe; ta), (p7,t5), (Ps, te), (Po, t7),
(p10,t8), (P11, t9), (P12, t10), (P13, t11), (P14, t12),
(p15,t13), (P16, t14), (P17, t15), (P18, t16), (P19, t17),
(p20,t18), (P21, t19), (P22, t20), (P23, t21), (D24, t22),
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(t2,ps5), (t3,p6), (ta,p7), (ts5,8), (6, Po), (t7,P10),

(ts,p11), (t9, p12), (t10,P13), (t11,D3), (t11, P14),

(t12,p15), (t13,02), (t13, p16), (14, D17), (15, P18),

( t17,p20), (t18,21), (19, p22), (t20, P23),

( toa, P2s), (t23, p2c), (t2a, p3), (tad, Pa7),

(

t26,p1), (t26,p2)} (A4)

)
ti6,P19),
to1,p24),

)

o~~~ —~

tas, D28),

D : P — {x1,22,23,%4,d/Vmax, T6, tup, T8, tdown,
0, m/v, 212, tup, T14, tdown, £16, €17, d/Vmaz, T19, tup,

Z21, tdown, 0, M/, T25, tup, T27, tdown } (A5)

C ={MAN1,MAN2,MAN3, MAN4, SR1,
SR2,CR1,CR2} (A6)

Mo : P —{[1,1,1,1,0,0,0,0],0,0,0,0,1,1,0,0],
[0,0,0,0,0,0,1,1],0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0}
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W F—~{[4x8, ((1, 1), (2, 2), (3, 3), (4, 4))], [2x8, ((1, (14, 8), (15, 4), (15, 6), (15, 7), (16, 4), (16, 6), (16, 8))],
5), (2, 6))], [2x8, ((1, 5), (2, 6))], [2x8, (1, 7), (2, 8))], [16x8, ((1, 1), (1,5), (1, 7),(2,1), (2,5), (2,8), (3, 1),
2x8, (1, 7), (2, 8))], [4x8, ((1, 1), (2, 2), (3, 3), (4, 4))], (3,6), (3, 7), (4, 1), (4, 6), (4,8), (5, 2), (5, 5), (5, 7), (6,
16x8, ((1, 1), (1,5), (1, 7), (2, 1), (2, 5), (2, 8), (3, 1) ), (6,8), (7, 2), (7,6), (7,7), (8 2), (8,6), (8, 8),
3,6),(3,7), (4, 1), (4, 6), (4, 8), (5, 2), (5, 5), (5, 7), (6, (9, 3), (9, 5), (9, 7), (10, 3), (10, 5), (10, 8), (11, 3), (11,
2), (6, 5), (6, 8), (7,2), (7, 6), (7, 7), (8, 2), (8, 6), (8, 8) 6), (11, 7), (12, 3), (12, 6), (12, 8), (13, 4), (13, 5), (13, 7),
9, 1

o

[
(

(9,3), (9,5), (9, 7), (10, 3), (10, 5), (10, 8), (11, 3), (11, (14, 4), (14, 5), (14, 8), (15, 4), (15, 6), (15, 7), (16, 4),
6), (11, 7), (12, 3), (12, 6), (12, 8), (13, 4), (13, 5), (13, 7), (16, 6). (16, 8))], [16x8, ((1, 1), (1, 5), (1, 7), (2, 1), (2,
(14, 4), (14, 5), (14, 8), (15, 4), (15, 6), (15, 7), (16, 4), 5), (2, 8), (3, 1), (3,6), (3, 7), (4, 1), (4, 6), (4, 8), (5, 2),
(16, 6), (16, 8))], [16x8, ((1, 1), (1, 5), (1, 7), (2, 1), (2, (5,5), (5, 7), (6, 2), (6, 5), (6, 8), (7, 2), (7, 6), (7, 7), (8,

5),(2,8), (3, 1), (3,6), 3, 7), (4, 1), (4, 6), (4, 8), (5, 2), 2), (8,6), (8,8), (9, 3), (9,5), (9, 7), (10, 3), (10, 5), (10,
(5,5), (5, 7), (6, 2), (6, 5), (6, 8), (7, 2), (7, 6), (7, 7). (8, 8), (11, 3), (11, 6), (11, 7), (12, 3), (12, 6), (12, 8), (13, 4),
2), (8, 6), (8, 8), (9, 3), (9, 5), (9, 7), (10, 3), (10, 5), (10, (13, 5), (13, 7), (14, 4), (14, 5), (14, 8), (15, 4), (15, 6),
8), (11, 3), (11, 6), (11, 7), (12, 3), (12, 6), (12, 8), (13, 4), (15, 7), (16, 4), (16, 6), (16, 8))], [8x8, ((1, 1), (1, 5), (2,
(13, 5), (13, 7), (14, 4), (14, 5), (14, 8), (15, 4), (15, 6), 1), (2, 6), (3, 2), (3, 5), (4, 2), (4, 6), (5, 3), (5, 5), (6, 3),
(15, 7), (16, 4), (16, 6), (16 8))] [16%8, ((1, 1), (1, 5), (1, (6, 6), (7,4), (7, 5), (8,4), (8, 6))], [8x8, ((1, 1), (1, 5),
7),(2,1),(2,5), (2,8), 3, 1), (3, 6), (3, 7), (4, 1), (4, 6), (2,1), (2,6), (3,2), (3,5), (4, 2), (4, 6), (5, 3), (5, 5), (6,
(4, 8), (5,2), (5, 5), (5, 7), ( 2), (6, 5), (6, 8), (7, 2), (7, 3), (6, 6), (7, 4), (7, 5), (8, 4), (8, 6))], [4x8, ((1, 1), (2,
6), (7,7), (8, 2), (8, 6), (8,8), (9, 3), (9,5), (9, 7), (10, 3), 2), (3, 3), (4, 4))], [4x8, (1, 1), (2, 2), (3, 3), (4, 4))],
(10, 5), (10, 8), (11, 3), (11, 6), (11, 7), (12, 3), (12, 6) [16x8, ((1, 1), (1, 5), (1, 7), (2, 1), (2, 5), (2, 8), (3, 1),
(12, 8), (13, 4), (13, 5), (13, 7), (14, 4), (14, 5), (14, 8), (3,6), (3, 7), (4, 1), (4, 6), (4, 8), (5, 2), (5, 5), (5, 7), (6,

(15, 4), (15, 6), ( (7,2), (7, 6), (7,7), (8, 2), (8, 6), (8, 8),
(

: . 6), (15, 7), (16, 4), (16, 6), (16, 8))], [16x8, 2), (6, 5), (6, 8)

(1, 1), (1,5), (1, 7), (2, 1), (2, 5), (2, 8), (3, 1), (3, 6), (3, (9, 3), ( 9,7), (10, 3), (10, 5), (10, 8), (11, 3), (11

7). (4, 1), (4, 6), (4, 8), (5, 2), (5, 5), (5, 7), (6, 2), (6, 5), 6), (11, 7), (12, 3), (12, 6), (12, 8), (13, 4), (13, 5), (13, 7),
1 1

(6,8), (7,2), (7,6), (7, 7), (8, 2), (8, 6), (8 38), (9, 3), (9, (14, 4), (14, 5), (14, 8), (15, 4), (15, 6), (15, 7), (16, 4),
5), (9, 7), (10, 3), (10, 5), (10, 8), (11, 3), (11, 6), (11, 7), (16, 6), (16, 8))], [16x8, ((1, 1), (1, 5), (1, 7), (2, 1), (2,

(12, 3), (12, 6), (12, 8), (13, 4), (13, 5), (13, 7), (14, 4), 5), (2, 8), (3, 1), (3,6), (3, 7), (4, 1), (4, 6), (4, 8), (5, 2),
(14, 5), (14, 8), (15, 4), (15, 6), (15, 7), (16, 4), (16, 6), (5, 5), (5, 7), (6, 2), (6, 5), (6,8), (7,2), (7,6), (7,7), (8,

(16, 8))], [16x8, ((1, 1), (1, 5), (1, 7), (2, 1), (2, 5), (2, 8), 2), (8,6), (8,8), (9, 3), (9, 5), (9, 7), (10, 3), (10, 5), (10

(3,1), (3,6), (3,7), (4, 1), (4, 6), (4, 8), (5, 2), (5, 5), (5, 8), (11, 3), (11, 6), (11, 7), (12, 3), (12, 6), (12, 8), (13, 4),
7), (6, 2), (6, 5), (6, 8), (7, 2), (7,6), (7,7), (8, 2), (8, 6), (13, 5), (13, 7), (14, 4), (14, 5), (14, 8), (15, 4), (15, 6),
(8, 8), (9, 3), (9, 5), (9,7), (10, 3), (10, 5), (10, 8), (11, 3), (15, 7), (16, 4), (16, 6), (16, 8))], [16x8, (1, 1), (1, 5), (1,
(11, 6), (11, 7), (12, 3), (12, 6), (12, 8), (13, 4), (13, 5), 7). (2,1), (2,5), (2, 8), (3, 1), (3, 6), (3,7), (4, 1), (4, 6),
(13, 7), (14, 4), (14, 5), (14, 8), (15, 4), (15, 6), (15, 7), (4, 8), (5, 2), (5,5), (5, 7), (6,2), (6, 5), (6, 8), (7, 2), (7,
(16, 4), (16, 6), (16, 8))], [16x8, ((1, 1), (1, 5), (1, 7), (2, 6), (7,7), (8,2), (8, 6), (8,8), (9, 3), (9, 5), (9, 7), (10, 3),
1), (2, 5), (2, 8), (3, 1), (3,6), (3, 7), (4, 1), (4, 6), (4, 8), (10, 5), (10, 8), (11, 3), (11, 6), (11, 7), (12, 3), (12, 6),
(5, 2), (5,5), (5,7), (6, 2), (6,5), (6, 8), (7, 2), (7, 6), (7, (12, 8), (13, 4), (13, 5), (13, 7), (14, 4), (14, 5), (14, 8),
7). (8,2), (8, 6), (8, 8), (9, 3), (9, 5), (9, 7), (10, 3), (10, (15, 4), (15, 6), (15, 7), (16, 4), (16, 6), (16, 8))], [16x8,
5), (10, 8), (11, 3), (11, 6), (11, 7), (12, 3), (12, 6), (12, 8), ((1,1), (1, 5), (1,7), (2, 1), (2, 5), (2, 8), (3, 1), (3, 6), (3,

(13, 4), (13, 5), (13, 7). (14, 4), (14, 5), (14, 8), (15, 4), 7). (4,1), (4, 6), (4, 8), (5, 2), (5, 5), (5, 7), (6, 2), (6, 5),
(15, 6), (15, 7), (16, 4), (16, 6), (16, 8))], [16x8, ((1, 1), (6, 8), (7,2), (7, 6), (7, 7), (8,2), (8, 6), (8, 8), (9, 3), (9,

(1,5), (1,7), (2, 1), ( ,5), (2,8), (3, 1), (3, 6), (3,7), (4, 5), (9, 7), (10, 3), (10, 5), (10, 8), (11, 3), (11, 6), (11, 7),
1), (4,6), (4, 8), (5,2), (5, 5), (5, 7), (6,2), (6, 5), (6, 8), (12, 3), (12, 6), (12, 8), (13, 4), (13, 5), (13, 7), (14, 4),
(7,2), (7,6), (7,7), (8, 2), (8, 6), (8,8), (9, 3), (9, 5), (9, (14, 5), (14, 8), (15, 4), (15, 6), (15, 7), (16, 4), (16, 6),
7), (10, 3), (10, 5), (10, 8), (11, 3), (11, 6), (11, 7), (12, 3), (16, 8))], [16x8, (1, 1), (1, 5), (1,7), (2, 1), (2, 5), (2, 8),
(12, 6), (12, 8), (13, 4), (13, 5), (13, 7), (14, 4), (14, 5), (3,1), (3,6), (3,7), (4, 1), (4, 6), (4, 8), (5, 2), (5, 5), (5,
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); (6,2), (6, 5), (6, 8), (7, 2), (7, 6), (7, 7), (8 2), (8, 6),
(9,3),(9,5), (9, 7), (10, 3), (10, 5), (10, 8), (11, 3),

N

15, 6), (15, 7), (16, 4), (16, 6), (16, 8))], [16x8, ((1, 1),
2

(

(8, 8), (1,5), (1, 7), (2, 1), (2,5), (2, 8), (3, 1), (3, 6), (3, 7). (4,
(11, 6), (11, 7), (12, 3), (12, 6), (12, 8), (13, 4), (13, 5), 1), (4, 6), (4, 8), (5,2), (5, 5), (5, 7), (6,2), (6, 5), (6, 8),
(13, 7), (14, 4), (14, 5), (14, 8), (15, 4), (15, 6), (15, 7), (7,2), (7,6), (7,7), (8, 2), (8, 6), (8,8), (9, 3), (9, 5), (9,
(16, 4), (16, 6), (16, 8))], [16x8, ((1, 1), (1, 5), (1, 7), (2, 7), (10, 3), (10, 5), (10, 8), (11, 3), (11, 6), (11, 7), (12, 3),
1), (2,5),(2,8), (3, 1), (3,6), 3, 7), (4, 1), (4, 6), (4, 8), (12, 6), (12, 8), (13, 4), (13, 5), (13, 7), (14, 4), (14, 5),
(5,2), (5,5), (5, 7), (6, 2), (6, 5), (6, 8), (7, 2), (7, 6), (7, (14, 8), (15, 4), (15, 6), (15, 7), (16, 4), (16, 6), (16, 8))],
7), (8,2), (8,6), (8, 8), (9, 3), (9, 5), (9, 7), (10, 3), (10, [16x8, ((1, 1), (1, 5), (1, 7), (2, 1), (2, 5), (2, 8), (3, 1),
5), (10, 8), (11, 3), (11, 6), (11, 7), (12, 3), (12, 6), (12, 8), (3,6), (3,7), (4, 1), (4, 6), (4, 8), (5, 2), (5,5), (5, 7), (6,
(13, 4), (13, 5), (13, 7), (14, 4), (14, 5), (14, 8), (15, 4), 2), (6, 5), (6, 8), (7, 2), (7, 6), (7, 7), (8, 2), (8, 6), (8, 8),
(15, 6), (15, 7), (16, 4), (16, 6), (16, 8))], [16x8, ((1, 1), (9,3), (9, 5), (9, 7), (10, 3), (10, 5), (10, 8), (11, 3), (11,
(1,5), (1,7), (2, 1), ( 5), (2, 8), (3, 1), (3, 6), (3, 7), (4, 6), (11, 7), (12, 3), (12, 6), (12, 8), (13, 4), (13, 5), (13, 7)
1), (4, 6), (4, 8), (5, 2), (5, 5), (5, 7), (6, 2), (6, 5), (6, 8), (14, 4), (14, 5), (14, 8), (15, 4), (15, 6), (15, 7), (16, 4),
(7,2), (7, 6), (7, ) (8,2), (8,6), (8, 8), (9, 3), (9, 5), (9, (16, 6), (16, 8))], [16x8, (1, 1), (1, 5), (1, 7), (2, 1), (2,
7), (10, 3), (10, 5), (10, 8), (11, 3), (11, 6), (11, 7), (12, 3), 5), (2, 8), (3, 1), (3,6), (3,7), (4, 1), (4, 6), (4, 8), (5, 2),
(12, 6), (12, 8), (13, 4), (13, 5), (13, 7), (14, 4), (14, 5), (5,5), (5, 7), (6, 2), (6, 5), (6, 8), (7, 2), (7, 6), (7, 7). (8,
(14, 8), (15, 4), (15, 6), (15, 7), (16, 4), (16, 6), (16, 8))], 2), (8, 6), (8, 8), (9, 3), (9, 5), (9, 7), (10, 3), (10, 5), (10,
[16x8, ((1, 1), (1,5), (1, 7), (2, 1), (2, 5), (2, 8), (3, 1), 8), (11, 3), (11, 6), (11, 7), (12, 3), (12, 6), (12, 8), (13, 4),
(3,6), (3, 7), (4, 1), (4, 6), (4, 8), (5, 2), (5, 5), (5, 7), (6, (13,5), (13, 7), (14, 4), (14, 5), (14, 8), (15, 4), (15, 6),
2), (6, 5), (6,8), (7, 2), (7, 6), (7, 7), (8, 2), (8, 6), (8, 8), (15, 7), (16, 4), (16, 6), (16, 8))], [16x8, ((1, 1), (1, 5), (1,
(9, 3), (9, 5), (9, 7), (10, 3), (10, 5), (10, 8), (11, 3), (11, 7). (2, 1), (2,5), (2, 8), (3, 1), (3, 6), (3, 7), (4, 1), (4, 6),
6), (11, 7), (12, 3), (12, 6), (12, 8), (13, 4), (13, 5), (13, 7), (4, 8), (5,2), (5,5), (5, 7), (6,2), (6, 5), (6, 8), (7, 2), (7,
(14, 4), (14, 5), (14, 8), (15, 4), (15, 6), (15, 7), (16, 4), 6), (7, 7). (8, 2), (8, 6), (8, 8), (9, 3), (9, 5), (9, 7), (10, 3),
(16, 6), (16, 8))], [16x8, ((1, 1), (1, 5), (1, 7), (2, 1), (2, (10, 5), (10, 8), (11, 3), (11, 6), (11, 7), (12, 3), (12, 6),
5), (2, 8), (3, 1), (3, 6), (3, 7), (4, 1), (4, 6), (4, 8), (5, 2), (12, 8), (13, 4), (13, 5), (13, 7), (14, 4), (14, 5), (14, 8),
(5,5), (5. 7), (6,2), (6,5), (6, 8), (7, 2), (7, 6), (7, 7), (8, (15, 4), (15, 6), (15, 7), (16, 4), (16, 6), (16, 8))], [16x8,
2), (8,6), (8,8), (9,3), (9,5), (9,7), (10, 3), (10, 5), (10 (1, 1), (1,5), (1,7, (2, 1), (2,5), (2,8), 3, 1), 3, 6), 3,

8), (11, 3), (11, 6), (11, 7), (12, 3), (12, 6), (12, 8), (13, 4) 7). (4,1), (4, 6), (4, 8), (5, 2), (5, 5), (5, 7), (6, 2), (6, 5),
(13, 5), (13, 7), (14, 4), (14, 5), (14, 8), (15, 4), (15, 6), (6, 8), (7,2), (7, 6), (7, 7), (8,2), (8, 6), (8, 8), (9, 3), (9,

(15, 7), (16, 4), (16, 6), (16, 8))], [8x8, ((1, ) (1,5), (2, 5), (9, 7), (10, 3), (10, 5), (10, 8), (11, 3), (11, 6), (11, 7),
1), (2,6), (3,2), (3,5)), (4, 2), (4, 6), (5, 3), (5, 5), (6, 3), (12,3), (12, 6), (12, 8), (13, 4), (13, 5), (13, 7), (14, 4),
(6,6), (7,4), (7, 5), (8,4), (8, 6)], [8x8, ((1, 1), (1, b), (2, (14, 5), (14, 8), (15, 4), (15, 6), (15, 7), (16, 4), (16, 6),
1), (2,6), (3,2), (3, 5)), (4, 2), (4, 6), (5, 3), (5, 5), (6, 3), (16, 8))], [16x8, ((1, 1), (1, 5), (1, 7), (2, 1), (2, 5), (2, 8),
(6,6), (7, 4), (7,5), (8, 4), (8 6)], [4x8, (1, 1), (2, 2), 3, (3,1), (3,6), (3, 7), (4, 1), (4, 6), (4, 8), (5, 2), (5, 5), (5,
3), (4, 4))], [16x8, ((1, 1), (1, 5), (1,7), (2, 1), (2, 5), (2, 7), (6, 2), (6,5), (6, 8), (7, 2), (7, 6), (7, 7), (8, 2), (8, 6),
8), (3,1), (3,6), (3, 7), (4, 1), (4, 6), (4, 8), (5,2), (5,5 (8, 8), (9, 3), (9, 5). (9,7), (10, 3), (10, 5), (10, 8), (11, 3),
(5,7), (6,2), (6, 5), (6,8), (7,2), (7,6), (7,7), (8, 2), (8, (11, 6), (11, 7), (12, 3), (12, 6), (12, 8), (13, 4), (13, 5),
6), (8, 8), (9, 3), (9, 5), (9, 7), (10, 3), (10, 5), (10, 8), (11, (13, 7), (14, 4), (14, 5), (14, 8), (15, 4), (15, 6), (15, 7),
3), (11, 6), (11, 7), (12, 3), (12, 6), (12, 8), (13, 4), (13, 5), (16, 4), (16, 6), (16, 8))], [16x8, ((1, 1), (1, 5), (1, 7), (2,
(13, 7), (14, 4), (14, 5), (14, 8), (15, 4), (15, 6), (15, 7), 1), (2,5), (2, 8), (3,1), (3,6), (3, 7), (4, 1), (4, 6), (4, 8),
(16, 4), (16, 6), (16, 8))], [16x8, ((1, 1), (1, 5), (1, 7), (2, (5, 2), (5,5), (5,7), (6, 2), (6,5), (6,8), (7, 2), (7, 6), (7,
1), (2,5), (2,8), (3, 1), (3,6), 3, 7), (4, 1), (4, 6), (4, 8), 7, (8, 2), (8,6), (8, 8), (9, 3), (9, 5), (9, 7), (10, 3), (10,
(5,2), (5,5), (5, 7), (6, 2), (6,5), (6, 8), (7, 2), (7, 6), (7, 5), (10, 8), (11, 3), (11, 6), (11, 7), (12, 3), (12, 6), (12, 8),
7). (8, 2). (8, 6), (8, 8), (9, 3), (9, 5), (9, 7), (10, 3), (10, (13, 4), (13, 5), (13, 7), (14, 4), (14, 5), (14, 8), (15, 4),
5), (10, 8), (11, 3), (11, 6), (11, 7), (12, 3), (12, 6), (12, 8), (15, 6), (15, 7), (16, 4), (16, 6), (16, 8))], [2x8, ((1, 7), (2,
(13, 4), (13, 5), (13, 7), (14, 4), (14, 5), (14, 8), (15, 4), )1, [8x8, (1, 1), (1, 5), (2, 1), (2, 6), (3, 2), (3, 5)), (4,
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(5,3), (5,5), (6, 3), (6, 6), (7, 4), (7, 5), (8, 4),
(1 1), (1,5), (2, 1), (2, 6), (3, 2), (3, 5)),

, (5, 3), (5, 5), (6, 3), (6, 6), (7, 4), (7, 5), (8,
x (1, 1), (2, 2), 3,
1,1), (2,2), (3, 3), (4, 4))], [16x8, ((1,
1,7),(2,1), (2,5), (2,8), (3, 1), (3,6), (3, 7),
), (4, 8), (5,2), (5, 5), (5, 7), (6, 2), (6, 5), (6,
:(7,6), (7,7), (8,2), (8,6), (8,8), (9, 3), (9, 5),
(9, 7), (10, 3), (10, 5), (10, 8), (11, 3), (11, 6), (11, 7), (12,
3), (12, 6), (12, 8), (13, 4), (13, 5), (13, 7), (14, 4), (14, 5),

(14, 8), (15, 4), (15, 6), (15, 7), (16, 4), (16, 6), (16, 8))],
[16x8, ((1, 1), (1,5), (1, 7), (2, 1), (2, 5), (2, 8), (3, 1),
(3,6), (3, 7), (4, 1), (4, 6), (4,8), (5, 2), (5, 5), (5, 7), (6,
2), (6, 5), (6, 8), (7,2), (7, 6), (7,7), (8, 2), (8, 6), (8, 8),

(9, 3), (9, 5), (9, 7), (10, 3), (10, 5), (10, 8), (11, 3), (11
6), (11, 7), (12, 3), (12, 6), (12, 8), (13, 4), (13, 5), (13, 7),
(14, 4), (14, 5), (14, 8), (15, 4), (15, 6), (15, 7), (16, 4),
(16, 6), (16, 8))], [16x8, ((1, 1), (1, 5), (1, 7), (2, 1), (2,
5),(2,8),(3,1),(3,6), (3, 7), (4, 1), (4, 6), (4, 8), (5, 2),
(5,5), (5, 7), (6, 2), (6, 5), (6, 8), (7, 2), (7, 6), (7, 7), (8,
2), (8, 6), (8, 8), (9, 3), (9, 5), (9, 7), (10, 3), (10, 5), (10,
8), (11, 3), (11, 6), (11, 7), (12, 3), (12, 6), (12, 8), (13, 4),
(13,5), (13, 7), (14, 4), (14, 5), (14, 8), (15, 4), (15, 6),
(15, 7), (16, 4), (16, 6), (16, 8))], [16x8, ((1, 1), (1, 5), (1,
7),(2,1),(2,5),(2,8),(3,1), (3,6), (3, 7), (4, 1), (4, 6),
(4,8),(5,2), (5,5), (5, 7), (6, 2), (6, 5), (6, 8), (7, 2), (7,
6), (7, 7), (8,2), (8 6), (8 8), (9,3), (9,5), (9, 7), (10, 3),
, (10, 8), (11, 3), (11, 6), (11, 7), (12, 3), (12, 6),
, (13, 4), (13, 5), (13, 7), (14, 4), (14, 5), (14, 8),
, (15, 6), (15, 7), (16, 4), (16, 6), (16, 8))], [16x8,
(1, 1), (1,5), (1,7),(2,1), (2,5), (2, 8), (3, 1), (3, 6), (3,
7), (4,1), (4,6), (4,8), (5,2), (5,5), (5, 7), (6, 2), (6, 5),
(6,8),(7,2), (7,6), (7, 7), (8, 2), (8,6), (8, 8), (9, 3), (9,
5), (9, 7), (10, 3), (10, 5), (10, 8), (11, 3), (11, 6), (11
12, 8), (13, 4), (13, 5), (13, 7
15, 4), (15, 6), (15, 7), (16, 4
(1, 1), (1,5), (1,7), (2, 1), (2, 5), (2,8
2 7), (4, 1), (4,6), (4, 8), (5, 2), (5, 5), (5,
8), (7,2), (7,6), (7,7), (8,2), (8, 6)
5), (9, 7), (10, 3), (10, 5), (10, 8), (11, 3)
(11, 7), (12, 3), (12, 6), (12, 8), (13, 4), (13, 5),
, (14, 4), (14, 5), (14, 8), (15, 4), (15, 6), (15, 7)
, (16, 6), (16, 8))], [16%38, ((1, 1), (1,
1), (2,5),(2,8),(3,1), (3,6), (3, 7), (4, 1), (4, 6), (4, 8),
(5,2), (5,5), (5, 7), (6, 2), (6, 5), (6, 8), (7, 2), (7, 6), (7,
7), (8,2), (8,6), (8, 8), (9,3), (9, 5), (9, 7), (10, 3), (10,

)

12, 6)
14, 5), (14, 8),

—~ o~ —~ =

7); (6, ) (6 5) (6,
8,8), (9, 3), (9,

)

’

)

5), (1,7), (2,

, )
, (13, 7), (14, 4), (14, 5), (14, 8), (15, 4),
, (15, 7), (16, 4), (16, 6), (16, 8))], [16x8, ((1, 1)
1,5), (1,7), (2, 1), (2,5), (2, 8), (3, 1), (3, 6), (3, 7), (4,
1), (4, 6), (4, 8), (5, 2), (5, 5), (5, 7), (6,2), (6, 5), (6,8),
» (7,6), (7, 7), (8,2), (8, 6), (8, 8), (9, 3), (9, 5), (9,
7). (10, 3), (10, 5), (10, 8), (11, 3), (11, 6), (11, 7), (12, 3),
( , (12, 8), (13, 4), (13, 5), (13, 7), (14, 4), (14, 5),
(14, 8), (15, 4), (15, 6), (15, 7), (16, 4), (16, 6), (16, 8))],
[ (
(

5), (10, 8), (11, 3), (11, 6), (11, 7), (12, 3), (12, 6), (12, 8
)

El

16x8, ((1, 1), (1, 5), (1, 7), (2, 1), (2, 5), (2, 8), (3, 1),
3,6), (3,7), (4, 1), (4, 6), (4, 8), (5, 2), (5, 5), (5, 7), (6,
2), (6,5), (6, 8), (7, 2), (7, 6), (7, 7), (8, 2), (8, 6), (8, 8),
(9,3), (9, 5), (9, 7), (10, 3), (10, 5), (10, 8), (11, 3), (11
6), (11, 7), (12, 3), (12, 6), (12, 8), (13, 4), (13, 5), (13, 7),
(14, 4), (14, 5), (14, 8), (15, 4), (15, 6), (15, 7), (16, 4),
(16, 6), (16, 8))], [2x8, ((1, 7), (2, 8))], [8x8, ((1, 1), (1,
5), (2,1), (2, 6), (3, 2), (3, 5), (4, 2), (4, 6), (5, 3), (5, 5),
(6, 3), (6,6), (7, 4), (7, »4), (8, 6)], [8x8, ((1, 1), (1,
5), (2,1), (2, 6), (3, 2), (3, 5)), (4, 2), (4, 6), (5, 3), (5, 5),
(6, 3), (6,6), (7, 4), (7, 5), ( ,4)7 (8,6)], [4x8, (1, 1), (2,
2), (3, 3), (4, 4))], [2x8, ((1, 5), (2, 6))]} (A8)
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