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A Two-phase Resource Allocation Mechanism for
Matching Group Needs---A Case Study of Energy

Allocation among Rooms in Smart Home

Student: Mu-Jyun Yang Advisor: Dr. Chi-Chun Lo

Institute of Information Management
Nation Chiao Tung University

Abstract

With the advent of technologies and the needs of convenient life, people began to
focus on how to employ contextual information and provide automated services to
support daily. How to coordinate across multiple group and make a good resource
allocation is a complex problem."However, fast-paced modern society has made
organizations of any size in search of such capability to utilize the resources fast and
appropriately depending on changes.in user needs.or environment state. This thesis
proposed a two-phase resource allocation' mechanism as a solution. The first is an
altered Fuzzy TOPSIS to evaluating alternatives for reaching consensus in each group.
Simulation results present that for the top five alternatives the average utility
difference to the next alternative in percent is +6.71%, the average approval
difference to the next in percent is +27.36%. The second is a context-aware resource
allocation process, mainly solving a MMKP. Simulation results show that the
proposed algorithm performs average 0.05%~7.67% better than Akbar et all's method.
In the smarthome scenario simulation, enabling the proposed mechanism with 24
NTD can save 19.48% cost but only lose 5.40% comfort evaluation for total users.
Key Words: Fuzzy TOPSIS, Multi-Dimensional Multiple-choice Knapsack Problem,

Context-aware Computing, Smart Home
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Importance weight of each user
Linguistic variable Fuzzy number Graded mean integration representation
Very low(VL) (0.0,0.1,0.3) 0.1167
Low(L) (0.1,0.3,0.5) 0.3000
Medium(M) (0.3,0.5,0.7) 0.5000
High(H) (0.5,0.7,0.9) 0.7000
Very high(VH) (0.7,0.9,1.0) 0.8833
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PR ekl g2 Correlated 25 enF bl & (7 ipJ28 o

# 8d=12r G=5(- ATk L4 r F4#ci: 5) Uncorrelated 7 4L F % & %

Uncorrelated(d=1, G=5)

Items C_HEU IF_HEU ValueDif
Size Value CsR(%) Value CsR(%) (%0)
10 4.497439 84.84% 4.502822 85.04% 0.12%
20 4.706390 89.97% 4.709809 90.56% 0.07%
50 4.878694 86.43% 4.880696 88.19% 0.04%
100 4.943107 89.16% 4.944145 90.20% 0.02%
# 9 d=1>r G=5 e Correlated 7415 % % %
Correlated(d=1, G=5)
Items C_HEU IF_HEU ValueDif
Size Value CsR(%) Value CsR(%) (%)
10 3.107097 95.73% 3.178809 98.28% 2.31%
20 3.18987 96.85% 3.264316 98.37% 2.33%
50 3.101834 95.91% 3.195346 98.96% 3.01%
100 3.061638 96.28% 3.15652 99.28% 3.10%
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% 10 d=3 ¥ G=b & Uncorrelated 7419 % % %
Uncorrelated(d=3, G=5)
Items C_HEU IF_HEU ValueDif
Size Value CsR(%) Value CsR(%) (%0)
10 4.038391 80.77% 4.068802 83.19% 0.75%
20 4.522622 83.41% 4.552206 85.16% 0.65%
50 4.811328 82.56% 4.824564 84.27% 0.28%
100 4.893677 83.39% 4.902438 85.63% 0.18%
% 11 d=3 * G=5 & Correlated 7417 % 5% %
Correlated(d=3, G=5)
Items C_HEU IF_HEU ValueDif
Size Value CsR(%) Value CsR(%) (%)
10 2.643506 91.40% 2.727064 94.72% 3.16%
20 2.701287 90.19% 2.841404 95.39% 5.19%
50 2.869252 92.62% 2.948727 95.88% 2.77%
100 2.978416 94.31% 3.034335 96.96% 1.88%
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# 12d=5 ¥ G=5 v Uncorrelated 7427 2 5 %

Uncorrelated(d=5, G=5)

Items C_HEU IF_HEU ValueDif
Size Value CsR(%) Value CsR(%) (%0)
10 3.356947 78.47% 3.438087 81.13% 2.42%
20 4.083495 80.54% 4.202058 83.12% 2.90%
50 4.529243 80.50% 4.584585 83.34% 1.22%
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Size Value CsR(%) Value CsR(%) (%)
10 2.406567 88.15% 2.535607 92.96% 5.36%
20 2.433981 86.80% 2.626745 93.41% 7.92%
50 2.476987 87.13% 2.696637 94.54% 8.87%
100 2.563108 87.78% 2.781489 94.95% 8.52%
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it C_HEURA i B % 1 5078

snf: 4p ticurrent SOl % 5 ¥ /%

penalty: penalty = & > % @& FiRic* k2 *
Feasible(): & & f#2 Fh4£* L7 TR UHIp » L2772 FRIF 2
Utility(): 3+ % 22 3% &

initial_penalty(): penalty & & 4~ 451" Sif)c > 4o % = F 41 %
adjust_penalty(): penalty+ & 2% & e > 4o % = F 4 3
inc_frontier: Z¥EM - ez Y =3RRI R 2 vy B

PLP2: = % ¥ R MBI G L - B

Begin Procedure C_HEU ()

1. current_sol « The item with lowest value from cach group;

N

. if feasible(current_sol)=false then
3. snf«true //Solution not yet found

4. endif

ol

. penalty = initial_penalty()//initialize penalty

(o]

. for repeat < 1 to 3 do //only three iterations for finding solution

7. saved_sol < current_sol //saving the current solution

®©

u «Ultility(current_sol) //saving utility

©

for each group in the MMKP do

10. Transform each resource consumption vector of each item to single
dimension using vector penalty

11. ch_frontier < efficient convex hull frontier of the items of the group

12. list_of frontier_segments « list_of frontier_segments + ch_frontier

13. endfor
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14. Sort the segments of list_of frontier_segments in descending order according
to the angle of each segment

15. for each segment in the list_of frontier_segments do

16. pl, p2 < The items associated with the segment.

17. adjust_selected_item(p1)//hope to find a feasible solution including p1
18. adjust_selected_item(p2)//hope to find a feasible solution including p2
19. end for.

20. if Utility(current_sol)< u then // New solution is inferior than the saved one
21. current_sol « saved_sol

22. endif

23. penalty < adjust_penalty(penalty) //adjust penalty for the next iteration

24. end for

25. if snf = true then

26. Solution Not found

27. else

28. current_sol is the final solution.

29. endif
end Procedure.

Algorithm 1 C_HEU procedure
T KR ¢ "Solving the Multidimensional Multiple-choice Knapsack Problem by

Constructing Convex Hulls” [2]
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ftd = IF_HEUSR 2 iF & 2 i 3745
snf: 1n dicurrent_sol #_% 5 ¥ {7 fi#
penalty: penalty = & » % & & Fih4s* k2 *
Feasible(): ¥k 422 F 4L * L 2 L F R IFIp » L5772 FRIF 2
Utility(): 3+ % 22 3% &
initial_penalty(): penalty® & 4= 41 Sffc > 4ok - £ 4 %
adjust_penalty(): penalty+ & 3 B dndic > 4% = £ 41 %
inc_frontier: Z¥EM - Az P =3RRI R 2 rg B

PLP2: = % WY B ens 8 & p HRT- B2

Begin Procedure IF_HEU ()

1. current_sol « The item with lowestvalue from each-group;

N

. if feasible(current_sol) =false then
3. snf—true //Solution not yet found

4. endif

o1

. penalty = initial_penalty()

(o3}

. for round « 1 to 3 do //only three iterations for finding solution

7. saved_sol < current_sol //saving the current solution

8. u <« Ultility(current_sol) //saving utility

9. for each group in the MMKP do

10. Transform each resource consumption vector of each item to single
dimension using vector penalty.

11. if round =1 do

12. frontier «—efficient convex hull frontier of the items of the group

13. else do
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14. frontier «—increasing frontier of the items of the group

15. list_of frontier_segments < list_of frontier_segments + frontier

16. endfor

17. Sort the segments of list_of frontier_segments in descending order according
to the angle of each segment

18. for each segment in the list_of frontier_segments do

19. pl, p2 < The items associated with the segment.
20. adjust_selected_item (p1)

21, adjust_selected_item (p2)

22. end for.

23. penalty < adjust_penalty(penalty) //adjust penalty for the next iteration
24. end for

25. if snf = true then

26. Solution Not found

27. current_sol < The item with lewest value from each group;

28. else

29. current_sol is the final solution.

30. endif

end Procedure.

Algorithm 1 IF_HEU procedure

Begin Procedure adjust_selected_item (p)

1. current_group «— the group that contains the item corresponding to p.
2. current_item « the currently selected item of group current_group.
3. p_item « item of group current_group denoted by point p.

4.change the selection of group current_group from current_item to p_item
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5. feassibility < feasibility of the resource consumption of current sol

6. if (feassibility = false and snf = true) then

7. change the selection of group current_group from current _item to p_item
8. update saved_sol

9..else if(feasibility = false and snf = false or Utility(current_sol)<u ) then

10. current_sol < saved_sol

11.else

12. snf « false //solution found

13. change the selection of group current_group from current_item to p_item
14. update saved_sol

15. u=Utility(current_sol)

16.endif

Algorithm 2.adjust_selected. item procedure
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