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O10ddmst0 00000000000 100000000 :00000000
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gbos3stbooobgobobooboooobobobobobol1booobobon
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prt;: DO OO0 00000000
Child;: ODOD0O0:0000000000
ST, 000000 :00000D0OO0O
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STymp, SThew: 000000 i00000000000000000000000
00000000
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PartialSolution(S7T): ODO0O0O0O STOOOOOOOOOODOOO
OptimalAnswer(OPT): 000000 OPTOOOOOOOOOOOOO

OO0O000 1: dd-mst

1 /* The algorithm is excuted by each agent i */

2

3 Phasel : ordered tree generation

4  select root agent and generate ordered tree;

5 afterwards Vi € A knows prt; and Child;;

6

7 Phase2: partial solution message propagation

8 if |Child;| == 0 (that means agent i is the leaf) then
9 foreach d; € D; do

10 Ti(k) < (Vo) < {i}, Eryr) < {(6,di)});

11 ST; + ST, UT;(k);

12 else

13 execute Upon receipt of PartialSolution(ST}) message;
14

15 Phase3 : optimal answer message propagation

16  execute Upon receipt of OptimalAnswer (OPT);

17

18 Upon receipt of set PartialSolution(S7};) from agent j:

19 if the message is first recieved one then

20 STtmp — STJ‘;

21 else

22 SThew «Unify_Subtrees(STiy,p, ST)) ;

23 STtmp — SThews

24 if PartialSolution messages from all children arrived then

25 ST; <—Add_My_Domain (SThew) ;

26 if prt; ! = NULL (that means agent ¢ is the root) then
27 send PartialSolution(S7T;) message to agent pri;;

28 else

29 OPT <+ Make_Optimal (ST;);

30 Z; < Choose_Optimal (OPT) ;0

31 foreach k € Child; do

32 send OptimalAnswer (OPT) message to agent k;

33

34 Upon receipt of OptimalAnswer (OPT) from agent j:
35 x;  Choose_Optimal(OPT);

36 if |Child;] ! =0 then

37 foreach k € Child; do

38 send OptimalAnswer (OPT) message to agent k;
39 halt;

40
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procedure Unify_Subtrees (ST}, ST)) :
foreach T, (k) € STimp = {Timp(k)|k =0,1,...,|STymp| — 1} do
foreach Tj(m) € ST; = {Tj(m)/m =0,1,...,|ST;| — 1} do
Thew < ,Ttmp(k) U T’](m),
if T,,., satisfies all comnstraints then
SThew — SThew U Thew;
return (ST,.,) ;

procedure Add_My_Domain (STjey) :
foreach Ty (k) € SThew = {Tnew(k)|k =0,1,....[SThew| — 1} do
foreach d; € D; do
Ti(k) < (Vi) < Vew ) Ui} By < B UG di)});
if T;(k) satisfies all constraints then
ST; - ST; UT;(k);
return (ST;);

procedure Make_Optimal (S7;) :
foreach T;(k) € ST; do
if there is T;(k) that has minimum Q(7;(k)) then
foreach v,u such that (v,u) € V4 do
OPT(v) + u;
return (OPT);

procedure Choose_0Optimal (OPT):
foreach k that is index of OPT do
if i ==k then
value < OPT(k);

return (value) ;

5.1.1 (1)000000
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000000 o00000000D0o000d0pt,=0000000000000
020000 Child,={1,4}00000000000000000O0ODOOCOO
00o0ddbOo0oobooboooDobOodbOoobOoobDoboOoDOoo,3,50000
0do0o0d0oodooo 4000000000000 0O0DO0000O 3,500
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O 6:ddmst0 00000

0000000000000 (00000)00000000000000000
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00000000000000000000 $T0000 PartialSolution(ST) O O
0000000000
0000000000000000000/000000000000000
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000000000000000004000000000000000000
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1. SType = ST, ® ST, & ST.
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2. SCFZ - STabc @ l)z
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0000000 procedure Add_ My Domain 0000000
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gooon 2: dnnt

/* The algorithm is exzcuted by each agent 7 */

procedure Init_Process:
if prt; == NULL (that means agent ¢ is the root) then
deg_count < |Child;|;
rank < random number;
setrank_flag + TRUFE;
foreach k € Child; do
send SetRank(rank) message to agent k;
else
deg_count < |Child;| + 1;

Upon receipt of SetRank(r) message from agent j:
if setrank_flag == FALSFE then
if |Child;| ' =0 then
setrank_flag < TRUFE
rank < random number chosen from [r— 1,7);
foreach k € Child; do
send SetRank(rank) message to agent k;
else
send RankOK message to agent pri;;

Upon receipt of RankOK message from agent j:
if RankOK messages from all children arrived then
if prt; ! = NULL then
send RankOK message to agent pri;;
else
foreach k € Child; do

send StartConnect message to agent k;

Upon receipt of Connect(r) message from agent j:
if j € Child; then
SE(i,j) < Branch;
send Available message to agent j;
else
if r > rank and deg_count < b; then
deg_count < deg_count + 1;
SE(i,j) + Branch;
send Available message to agent j;
else
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41 SE(i,j) + Rejected;
42 send Unavailabe message to agent j;
43

44 Upon receipt of Available message from agent j:
45 if j ! = prt; then

46 send SubtractDegree message to agent pri;;
47 else

48 foreach k € Child; do

49 send StartConnect message to agent k;
50 halt

51

52 Upon receipt of UnAvailable message from agent j:
53 SE(i,j) < Rejected;
54 if there is agent k such that edge(i,k) has the minimum weight then

55 send Connect(rank) message to agent k;
56 else

57 SE(i,prt;) + Branch;

58 send Connect(rank) message to agent pri;;
59

60 Upon receipt of StartConect message from agent j:

61 if prt; | = NULLO then

62 if there is minimum weight edge such that SE(i,k) == Basicl then
63 send Connect(rank) message to agent k;
64

65 Upon receipt of SubtractDegree message from agent j:
66 deg_count < deg_count — 1;

67 send SubtractOK message to agent j;

68

69 Upon receipt of SubtractOK message from agent j:

70 foreach k € Child; do

71 send StartConnect messsage to agent k;

72 halt
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goooo 3: dd-prim

/* The algorithm is exzcuted by each agent 7 */

procedure Init_Process:
find_count < 0;
if prt; == NULL (that means agent ¢ is the root) then
flagment_flag < TRUE;
let k denote the agent that adjacent to agent ¢ and
edge(i, k) has the minimum weight
SE(i, k) < Branch;
deg_count < 1;
send Joint message to agent k;
else
deg_count < 0;
14 flagment_flag + FALSE;
15
16 Upon receipt of Joint message from agent j:
17 leader_flag < TRUFE
18  flagment_flag + TRUFE;
19 SE(i,j) < Branch;
20 deg_count < deg_count + 1;
21 foreach k such that SE(i,k) == Branch do

© 00 O U W N =

— s =
W NN = O

22 send Search message to agent k;
23 find_count < find_count + 1;

24  excute procedure Looking;

25

26 Upon receipt of Search message from agent j:
27 best_wt < 00

28 best_edge < NULL

29 in_branch < j

30 foreach k !=j such that SE(i,k) == Branch do
31 send Search message to agent k;

32 find_count < find_count + 1;

33  excute procedure Looking;

34

35 Upon receipt of Looking message from agent j:
36 if flagment_flag | = TRUEO then

37 send Commit message to agent j;

38 else

39 if SE(i,j) == Basicl then

40 SE(i,j) < Rejected;
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if test_edge ! = jO then

send Abort message to agent j;
else

excute procedure Looking;

Upon receipt of Commit message from agent j:
find_count < find_count — 1;
if deg_count < b;00 then

add agent j and c(i,j) to FElectTable;
else

add agent NULL and cost oo to FElectTable;
excute procedure Advise(FlectTable) ;
if leader_flag == TRU EUO then

excute procedure LeaderReduction;

Upon receipt of Abort message from agent j:
if SE(i,j) == BasicO then
SE(i,j) < Rejected;
excute procedure Looking;

Upon receipt of Advise(w) message from agent j:

find_count < find_count — 1;

add agent j and cost w to FElectTable;

excute procedure Advise(FElectTable) ;

if leader_flag == T RU E0 then
excute procedure LeaderReduction;

else if best_wt == 00 and cost w == 00 and test_edge == NULL then
halt;

Upon receipt of LeaderReduction message from agent j:
excute procedure LeaderReduction;

procedure Advise(FElectTable) :
if find_count == 0 and test_edge == NULLO then
foreach agent k£ and cost w in FElectTable
if w is the minimum cost then
best_edge < k;
best_wt + w;
if leader_flag ! = TRUED then

send Advise(best_wt) message to agent in_branch;

procedure Looking:

if there are adjancent edges such that SFE(i,k) == Basic and
edge(i, k) has the minimum weight then
test_edge < k;
send Looking messege to agent k;

else

36
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37

test_edge < NULL;
if leader_flag ! = TRUED then
excute procedure Advise(ElectTable) ;
else
if find_count == 0 and test_edge == NULL[ then
excute LeaderReduction;

procedure LeaderReduction:
if find_count == 0 and test_edge == NULLO then
if SE(i,j) == BranchO then
send LeaderReduction message to agent best_edge;
else
SE(i,j) < Branch;
deg_count < deg_count + 1;
send Joint message to agent best_edge;
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O 4: dd-mst-cl O 5: dd-mst-tc
Gk fi ik RiRE fi#i%
n: 30 n: 30
B 40 dd-mst-cl L 40 dd-mst-tc
BT L BT L
k HAaHEH | Q1) | EITFAIRER k HAsHEH | Q1) | EITF RS
10,000 27,080 | 1,405 2 10,000 27,264 | 1,290 0
5,000 14,365| 1,406 2 5,000 14,014 | 1,293 0
2,500 7,563 | 1,409 2 2,500 7,249| 1,331 1
1,000 3,054 | 1,435 3 1,000 3,067 | 1,378 2
500 1,507 | 1,440 3 500 1,588 | 1,443 4
O 6: dd-mst-sdeg O 7: dd-mst-mdeg
fE1RE fiZi% f1 =8 figik
n: 30 n: 30
DL 40 dd-mst-sdeg WL 40 dd-mst-mdeg
BA4T:L BAL4T:L
k HAEHLEH | QT | ETTATRERE k HAEHEH | QM) | EITFEIRERE
10,000 26,552 | 1,430 0 10,000 27,639 1,421 0
5,000 14,231 1,411 0 5,000 13,929 | 1,467 1
2,500 7,467 | 1,454 0 2,500 7,776| 1,430 0
1,000 3,098| 1,470 0 1,000 3,159| 1,470 0
500 1,662 | 1,533 2 500 1,618 | 1,481 0
O 8: dd-mst-tcmdeg 0 9: dd-mst-half
il =8 fig ik =8 g%
n: 30 n: 30
1DE: 40 dd-mst-tcmdeg E: 40 dd-mst-half
BT L BT L
k HAsHEH | Q1) | EITF RS k HAaHLEH | Q) | EITFAIEERE
10,000 27,071 1,377 0 10,000 27,186 | 1,414 0
5,000 14,411 | 1,384 0 5,000 14,460 1,428 0
2,500 7,532 | 1,396 0 2,500 7,565| 1,434 0
1,000 3,198 | 1,388 0 1,000 3,198| 1,430 0
500 1,633| 1,430 0 500 1,660 1,451 0
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O 10: dd-mst-cl O 11: dd-mst-tc
fil =2 &% fi%E iRk
n: 30 n: 30
DE: 41 dd-mst-cl WE: 41 dd-mst-tc
BALT:H BALT:H
k HAEHEH | Q1) | EITFARER k HAEHLEH| QT | EITFAIEERE
10,000 27,800| 5,958 1 10,000 27,853 | 5,845 1
5,000 14,473 | 6,112 2 5,000 14,312 | 5,861 1
2,500 7,405| 6,148 2 2,500 7,360| 6,050 2
1,000 3,464 | 6,293 3 1,000 3,054 | 6,408 4
500 1,541 6,303 3 500 1,619 6,482 4
O 12: dd-mst-sdeg 0 13: dd-mst-mdeg
fE1RE gk f1 =8 figik
n: 30 n: 30
DE: 41 dd-mst-sdeg WE: 41 dd-mst-mdeg
BAT:H AL H
k HAEHLEH | Q) | ETTATRER k HAEHEH | QM) | EITFETRERE
10,000 28,013 | 6,390 1 10,000 27,773 | 6,445 0
5,000 14,560 | 6,563 1 5,000 14,930| 6,561 0
2,500 7,613 | 6,605 0 2,500 7,753 | 6,582 0
1,000 3,051| 6,930 3 1,000 3,148 | 6,858 1
500 1,661 | 7,025 2 500 1,620| 6,995 3
O 14: dd-mst-tcmdeg O 15: dd-mst-half
il =8 fiz ik fil %8 figik
n: 30 n: 30
DE: 41 dd-mst-tcmdeg BE: 41 dd-mst-half
247 H AL H
k HAEHLEH | Q) | ETTAIEER k HAaHLEH | Q) | EITFAIEERE
10,000 28,300| 5,797 0 10,000 28,332 | 6,382 0
5,000 14,472 | 5,864 1 5,000 14,834 | 6,429 1
2,500 7,456 | 6,065 2 2,500 7,625| 6,469 1
1,000 3,078 | 6,208 3 1,000 3,153 | 6,596 1
500 1,644 | 6,355 3 500 1,646 | 6,757 1
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il fi#ix
n: 10
D 18 dd-mst dd-mst- | dd-mst- | dd-mst- | dd-mst- | dd-mst-
2AL4T:L cl tc mdeg | tcmdeg half
HAEHLEH(FEY) 6,133 2,633 2,825 2,823 2,793 2,958
HAEHLEEH(FRK) 60,168 | 25,166| 27,090 27,222 | 26,762 | 28,415
6.0259| 6.0608 | 6.0589| 6.0589| 6.0592| 6.0575
o (T 4
RIRRR 1) XE5 XE5 XE5 XE5 XE5 XE5
HIE 2 (R K) 6.0224| 6.0574| 6.0556| 6.0554| 6.0558 | 6.0542
XE6 XE6 XE6 XE6 XE6 XE6
O 17 00000000000o0o00o00 1k
Gl fi#i&
n: 15
D 20 ddtmst dd-mst- | dd-mst- | dd-mst- | dd-mst- | dd-mst-
BAL4T:L cl tc mdeg | tcmdeg half
HAEHLEH(FEY) 6,604 3,752 2,825 2,823 2,793 2,958
HAEHLEEH(FRK) 62,725| 31,659 | 27,090 27,222 | 26,762 | 28,415
. 2.6915| 2.6918| 2.6918| 2.6918| 2.6918| 2.6918
Bl E (15
AR 1) xE7 xE7 xE7 xE7 xE7 xE7
Al (FK) 3.1754| 3.1757| 3.1757| 3.1757| 3.1757| 3.1757
XE8 XE8 XE8 XE8 xE8 XE8
O 18 0000000 0poocogoog 200
fi 8 2k
n: 20
D 26 dd-mst dd-mst- | dd-mst- | dd-mst- | dd-mst- | dd-mst-
BA4T:L cl tc mdeg | tcmdeg half
HAEHEH(FH) 15,688 5,400 5,459 5,410 5,423 5,564
HAEHEH(EX) 172,010 | 45,124 | 46,086 | 45,668 | 45,820| 46,517
4.0947| 9.9279| 9.9279| 9.9279| 9.9279| 9.9279
BIR (15
HICR 1) xE9 xXE9 xXE9 XE9 xE9 XE9
IR (& K) 6.4196| 1.4193| 1.4193| 1.4193| 1.4193| 1.4193
xE10 xE11 xE11l xE11 xE11 xE11
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019 000

gk
ML dd-prim | d-nnt | dd-mst | dd-mst-cl | dd-mst-tc di_(T;:_ (:Cdr;qrzztg ddr;:;fSt_

n | B3% | 247 RE
5 7 L 22 131 0 0 0 0 0
H 80 355 0 0 0 0 0
10 | 18 L 14 148 0 0 1 0 1
18 H 47 739 0 16 0 2 0 41
15| 20 L 11 146 0 7 0 4 0 1
21 H 36 820 0 107 0 19 13 28
20| 25 L 9 134 0 13 4 21 5 10
27 H 33| 1,033 0 167 4 151 13 256
25| 34 L 17 232 - 72 1 69 10
33 H 94 991 - 353 5 220 265
30| 42 L 11 329 - 129 4 113 98
41 H 116 | 1,637 - 653 60 522 67 636

020 00000

&5
il dd-prim | d-nnt | dd-mst | dd-mst-cl | dd-mst-tc di_(?;:[_ (:Cdr;rzztg ddr;g;:t_

n | B3| 2147 RE
5 7 L 27 19 5 5 5 5 5 5
H 31 17 5 5 5 5 5 5
10 | 18 L 105 28 6 6 6 6 6 6
18 H 103 33 7 7 7 7 7 7
15| 20 L 199 43 10 10 10 10 10 10
21 H 195 42 11 11 11 11 11 11
20| 25 L 325 50 13 13 13 13 13 13
27 H 328 51 12 12 12 12 12 12
25| 34 L 473 56 - 14 14 14 14 14
33 H 467 60 - 15 15 15 15 15
30| 42 L 626 67 - 15 15 15 15 15
41 H 644 58 - 14 14 14 14 14
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