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1. Description of the problem.

The dynamic patient admission scheduling problem is
about assigning people arriving to a hospital to the
right bed. Indeed, it is a very complex problem to
manage the patient in a hospital, they all have
different diseases, they needs different treatment,
some of them need emergency cares, other have to
stay many days, etc... But the hospital has only
limited resources, such as rooms, beds, medical
equipment, doctors, nurses. So, this problem is about
finding the best way of assigning the best resources
to the different patients arriving.

2. Motivations for resolving this problem

The motivations are very clear and important, it's very hard to
manage a hospital and all its resources, but it's necessary
because a lot of lives are engaged in this process. Indeed,
sometimes a bad organization in a hospital cans provoke
indirectly the death of a lot of people in long term. Moreover, it is
a very complex problem that has to be resolve very quickly, and
it could be impossible to do it for thousands of patients without
using a good algorithm.We can also think about big natural
disaster like the 2004 tsunami, where a lot of hospitals were
destroyed, and the number of patients with big surgery needs
increased by millions.




In that kind of disaster management is the most crucial element
to save thousands of lives, and having this powerful algorithm
implemented can change everything.The reason why we want to
work on this problem for our project is the fact that actual
algorithms are not really adapted. Lots of algorithms were
invented, but most of them are slow whereas olving time is an
important criterion. Furthermore, a big problem is the fact that
they take in consideration only the patients admitted the
previous day. Nevertheless, emergency cases that have to be
solved in few hours are frequent, especially for natural disaster,
so that is a big issue. Another problem is the fact that sometimes
there is a big imbalance for the affected resources. For example,
with some algorithm it could happen that one doctor has to work
90 hours a week, while another one has to work only 10 hours.
The last problem is the fact that some algorithm are not
considering all the parameters, for example sometime it's
impossible for the patient to choose the day when he want to go
to the hospital.

3) Our goal

The goal of our project is to compare the different algorithms
that have been implemented, and then try to make a new one
that can answer to the problems exposed previously. In fact, we
will see what are the advantages and weakness of the different
algorithms and try to see what is impacting them. Like this, we
will try to make our own algorithm, able to deal with the
different issues like the performance, the ability of considering
the patient arriving right now, or a better repartition of the use
of the resources.




4. Work Done

1.

. A work was done by Hans et al. ,wherein he proposed an algorithm
which not only assigns elective patients to operating systems,optimizes
the operating threatre utilization and minimizes the total time taken by
an operation(Though perfection is quite vital as it is a question of life
and dead.). Local and constructive heuristics are applied to solve
theproblem

. The work was done is scheduling patients who needs to be treated by a

psychotherapist.We maintain certain data structures such as list of
psychotherapists,list of patients over a weekend.The algorithm
proposed by Oguluta ,selects a patient from the list,and schedules
him/her to a day of the week, keeping in mind the priority and duration
involved for treatment.They are scheduled in such a manner that the
workload of the physiotherapists is equally balanced. Patients’
preferences concerning the day of the week for treatment are not
taken into consideration. Ogulata et al. solve the problem using
themathematical programming tools GAMS and MPL.

. Another algorithm proposed by Marinagi,looks to maximise the

examination time of a patient and the maximum utilization of the
hospital's resources.The problem is solved by a combination of agents ,a
hierarchical planner which supports the decomposition of complex tests
into smaller parts and a scheduler. Subject to the different actions that
need to be executed, which is the result obtained by the planner, the
scheduler tries to assign the actions to appropriate timeslots

Harper and Shahani [14] describe a simulation model in which bed
occupancy and patients’ refusals can be calculated, taking into account
different what-if scenarios..



4.The Algorithm.

1.We obtained 13 sets of data from the site
“http://allserv.kahosl.be/"peter/pas/ "

2. Our first step was to produce for a particular input data as
many output files as possible that satisfied the hard constraints.

3. We did this using a Validator code (a Java byte code),we got
the code from the site “http://allserv.kahosl.be/~peter/pas/” .

4. If the output is satisfied,then the same code computes the
violation on the soft constraints.

5. We collect all the violation costs of these validator into sets of
size 8,we apply the Tabu Search Algorithm on these data
sets,and compute the most optimal solution.

An Insight into the Tabu Search Algorithm.

. Take a initial solution.
. Maintain a Tabu List
3. Look at its neighbors and keep adding solution to set known

N

as candidate list, if the elements of that soln isn’t present in
the tabu list.

4. Choose optimal solution from the candidate list.

5. Compare this solution from previous solution,if better make it
the current best solution.

6. Finally,add the elements of this algorithm from the new
solution and add it to the Tabu List.

7. 6. Keep repeating this step until a user defined exit condition is
encountered.




5 Hard and Soft Constraint.

There are some constraints we would like to satisfy at any cost
so that one could have feasible solution,these are known as Hard
Constraints and if this feasible solution satisfies many Soft
Constraints ,then the method is better.

Examples:

1. No two patients should be allowed the same room.

2. The stay of the patients should be contiguous.

3. Male and female patients should be assigned different
rooms.

4. The medical treatment of a patient Pi may require that
he/she is assigned to a room Rj with special equipment.
These room properties are mandatory for the treatment.

Examples of soft constraints.

1. The age policy should be satisfied.

2. The room patients should be taken into work.
3. Unecessary transfers should not be made.

4. Gender policy should not be violated.




6. Dataset(We got from the internet)
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7.Dataset(We created)

397 397

369 369 369 369 369 369 369 369 369

221 221 221 221 221 221

155 155 155 155 155 155

265 265 265 265 265 265

168 168 168 168 168 168

12 12 12 12 12 12

8 210 210 210 210 210 210

91

10 142 142 142 142 142 142

11 239 239 239 239 239 239 239 239 239 239 239 239 239
12 222 22

13 324 324 324 324 324 324 324 324 324

14 274

15 351 351 351 351 351

lé 76 76 76 76 76

17 58 58 58 58 58

18 174 174 174 174 174

1% 246

20 321 321

21 88

22 244

23 164 164 164 164 164

24 367 367 367 367 367 367 367 367 367 367 367 367 367
25 42 42 42 42 42 42

26 111 111 111 111 111 111

27 223 223 223 223 223 223

28 220 220

29 394 354 354 354

30 294 254

31 330 330 330 330 330 330 330 330 330 330 330 330 330
32 14 14 14 14 14

33 237 237 237 237 237 237

34 343 343

35 429 423 429 4239 429

36 415 415 415 415 415

37 179 179 179 179 179

38 178 178 178 178 178 178

39 169 169 169 169 169

40 214 214

41 283 283 283 283 283 283 283 283 283 283 283 283 283
42 331 331 331 331 331 331 331 331 331 331 331 331 331
43 249 249 249 249 2439 249 2439 2439

44 442 447 447 447 447

45 301 301

46 380 380 3280 380 280
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3)The Results we got

So, after running the Validator code on the input and output
file, we get the violations for the soft constraints if and only if
the hard constraints are satisfied in the first place.

So for the above input and output files we got the following
outputs:

Uiolations on the room preference of the patients = §44.0
Iiolations on unnecessary transfers = 11.0
Iiolations on patient not heing assigned to single room on medical reasons = .

Uolations on room not having needed and preferred room properties = 22.8

Uiolations on patient not heing assigned to room of the corvect specialism = 24
i
Uiolations on the age policy = 0.8

Iiolations on the gender policy = 0.

Iiolations on patient not heing assigned to a department with the right speciali
sn =) 0.0

Total cost 15 $A1.8

C:\Progran Files (xﬂﬁ)ﬁgﬂgﬂfjdkl.?.ﬂ_i?\hin)_




3)Our implementation

1. Create a pogram that uses the Tabu Search Algorithm that
optimizes the list of Costs.

2. Find an efficient way to write codes that would
automatically produce input and output results.This would be
to make our job easier.

So,the Tabu search code is written in the matlab,when give this

the inputs :-

841 11 O 3 22 O O 0O
845 11 O 22 24 O 5 0O
8245 11 O 22 28 O O 0O
845 11 O =22 24 o 5 0O
B4 11 O 22 26 a 5 0O
845 11 O 12 26 o o Q
844 11 O 14 2& O o o
844 11 O 21 27 O 5 0O
844 11 O la 24 0 5 0O
8322 11 & 4 48 2 3 2
820 11 5 32 24 o 5 0O
829 11 5 =22 12 a 5 0
829 11 5 22 12 Qa 5 0
834 11 4O 22 13 o 5 0
846 11 O 1= 148 o 5 0
297 11 O 22 15 Q 5 0
823 11 0O 34 1& o 5 0
834 11 O 22 17 O 5 0
TZ23 11 0 22 14 O 5 0
822 11 0 22 15 o = 0
822 11 O 22 1a a 5 0

The size of the data set was small,70 was the cardinality ,The
code gave the 55" as the best solution.The output was actually

723110 2114 55 O0.(It represents costs to all the violations.



8)The new things we added

We created a php script, that when given as arguments the
number of patients ,number of departments ,number of rooms
,the code returns as output a new input file.

Now our main plan was to somehow reduce the overhead of
producing too many output files for the Validator code by hand,
Xavier worked on it and these is what we have made.



9)In the Future.

These is what we could look to do in the future.There are a lot
of algorithms to address this very important problem.For
example CF-SA-16-ver2,ConstraintSolver and really a new thing
called the Drools Solver.We could compare them .

CF-5A-10-VerL COntraintSoIversa Uroolssolver
execution time nstance mit. avg. st. dev. min. avg. st dev. min. avg. st dew.
short | testdatal 134,00 764,08 1521 163,40 842,10 4300 | 101400 111482 9221
testdatal | 1308,20 137832 4448 | 131200 137612 3015 | 177420 184156 107,00
testdatal 898,00 925,04 1958 202,40 020,14 1530 | 115620 123830 11849
testdatad | 143280 146134 2234 | 146560 151312 2624 | 188100 200170 14591
testdatal 646,40 636,00 621 632,00 661.20 6,42 693,40 718,00 1761
testdatad 839,60 914,88 1828 924 60 033 46 1587 | 109460 116334 6923
testdata7 | 1431,00 148436 21,70 | 177630 184048 3708 | 233600 242488 10771
testdatad | 304340 515128 7338 | 569140 387088 12190 | 731920  TR24%96 34822
testdata® | 24602,00 2301798 23250 | 5362340 35692234 73582 | 3976220 3088762 16083
testdatal0 | 1154640 1167684 11623 | 1234000 1200938 26144 | 1401380 1545868 636,76
testdatall | 2186740 2206046 147235 | 2038760 2006842 38530 | 2433460 2387664 183332
testdatal2 | 3677940 3723024 302,19 | 39136.80 3962062 20606 | 4492460 4723850 231762
testdatal3 | 11646,80 1178230 110,74 | 1339620 1418738 36211 | 1617720 1639342 41359

CE-3A-16-verd ConstraintSolverSA DroolsSolver
executbion time nstance mit. avg. st. dev. min. avg. st dev. min. avg. st dew.
long | testdatal 671,20 696,08 1923 712,00 752,60 1843 885,00 210,08 26,78
testdatal | 1210,40 122990 12,87 | 123640 123716 1551 | 145960 151264 4220
testdatal 827,00 848,78 1243 832,60 851,12 19.68 | 104600 107492 1833
testdatad | 128300 133522 2583 | 133840 141028 3266 | 172700 174364 1762
testdatal 638,40 641,44 194 644,00 647 .68 307 631,60 639,84 5,86
testdatad 828,80 838,04 2249 870,30 88426 12.06 90380 101502 2347
testdata7 | 1331,20 136564 2742 | 139740 171260 6080 | 207860 216286 63,06
testdatad | 4682,00 4733518 5152 | 548620  5641.78 8298 | TO9860 721772 72,64
testdata® | 22221.80 2240584 106,39 | 4625220 48180.10 109272 | 3938140 3935482 10694
testdatald | 9806,60 990893 68,95 | 1203300 1233298 21366 | 13538,60 1388512 28200
testdatall | 16023,60 1640830 221,82 | 1977060 2000734 23038 | 2214540 2257704 44056
testdatall | 28553,40 2880854 20468 | 3778380 33835292 40471 | 4227540 4204950 51310
testdatall | 1027760 10404,00 06,14 | 1338300 1365448 190,03 | 15256,80 1343774 23300

Table 1: Overall comparison of zolution methods

(The picture is taken from “http://allserv.kahosl.be/~peter/pas/” )



http://allserv.kahosl.be/~peter/pas/
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