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ABSTRACT

Out-patient medication administration has been the most error-prone process in contemporary
health care. Most medication administration-error was made when patients take various
medicines from different sources at one time and.with-little or no directions, such as
prescriptions from different doctors, over-the counter medicines from several drug stores and
nutritional supplements. Especially, Elderly or chronic ailment patients are likely to make
these mistakes.

In this paper, we present Wedjat, a mobile phone based medication reminder and monitor to
prevent these medication administration errors. We design a mechanism of dose grouping to
decrease the number of in-take times and assign each in-take to a sufficiently long time slot
and increase chances of taking emergency doses. Wedjat remind patient to take correct doses
in right time and note down the in-take record for future medical care use. Three significant
features of Wedjat are: (1) plan a proper intake schedule obey all intake medication directions

and prescriptions and avoid all latent medicine-food/ medicine-medicine interactions; (2)



control in-take dosage rate in safe range; (3) group in-take doses which in-take time are close
to each others to prevent complicated remind. Wedjat maintains patient’s intake records and

synchronize with local host database or upload to remote Personal Health Record Server.
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Zr PR3 (Medication Scheduling Specification, MSS [6]) ¢ 7 * %371 chffsa

~

(medicine direction) » PP Fr 3l * ZE 24 > B - B B eV o o BB fRR
5 mﬁi;—l »FAR N oMSS A & ¢ 7 BIRA > * Z 44 (Dosage Parameters, DP) v

F 7k %% (Special Instructions, SI) -

211 * =3 ¥

DP & 27 4 AL T WAcPRY RAHE B 4ok 2 1577 o e FEHF D LHEM &
ok HHE G FALRBRIE BB A {ofR¥* BFRFFIEE U] o & Hi-&E G
i ¥ tablet/capsule 2 S E > Hv 2% e 5 Bengded G iHEEREAT ex
kG % k (tablet/capsulel.) » a &= ¢ épdk 2 eppb F S fic> % U — | PFLH = o

JR* 0@ £ & F [dmin, dmax] >~ 7&{@ XPRAEER|E IR A R B R ek < B E
2 [ o JR* PERF R IR A [smin, smax] > - 7&{@6 BREHEL T LS FRRIE
fode & R E IR B o 0 Advil [7]5 &) > * & 3557 3 “take 1 gel caplet every 4 to 6 hours.

If pain or fever does not respond to 1 caplet, 2 caplets may be used.” » #7124 4p %4 J& chpe B R

%8s [4, 6] #EEFSEL[L, 2] -
G- ERDPER P T IRT bl HE AU S (L, P) e (B, R) B bk

“The smallest effective dose should be used and do not exceed 6 gel caplets in 24 hours
unless directed by a doctor.” > ¥ /& 3] MSS #2 e %-#c> & 1A £ 4] (L, P)siE 5 (O,
24) > B HE ] (B, R)=iE: (6, 24) -

@ 4HPE R IR 28 [Smin, Smax]{c@ $# £ § F 58 [Dmin, Dmax]# i i f4 0

PEREfo® £ 4] o - @ Z > [smin, smax]# z **[Smin, Smax] - [dmin, dmax]



¢ 7 *>*[Dmin, Dmax] « # ] %3 » Fosamax [7]s% #4575 b % #£ 3] “The usual dose of
Fosamax is 10 milligram once a day or 70 milligram once a week.” #p % & eh— L PF R Ii
$8ci[24, 241 - wmEFER [, 1] SHPFRIE 585 [24, 168] > %%

AEFE L1, 7] 2RPFT HI* 885 58T I RS i o

212 #7%k 4

MSS % = 3% & e @2 457k % 3c (Special Instructions, SI) - SI % #ci P %% FHF M2 H s
B daf 2 Ban 308t B2 o Interferer <List>fit M 291 H 5 rR B
e (a4 )N PR ¥ B i 8B 5 k3 “The smallest effective dose should be used and
do not exceed 6 gel caplets in 24 hours unless directed by a doctor.” - & 4pie™ & 1 IR
T DR FRES ) PFE  BEL MoE Warfarin 0 B ¥R 3 Interferer e % Bcenis % 0 N
% Crestor > minfrinterferer frmintointerferer shig 4 & 20 - S kE > &9
P HENED - TARE o

Sl e ¥ - %4 §_DosageParameters<List> * &k~ g MALH & 24 22 50pF > 91
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Dosage Parameters

M Name of the medication

G Granularity

[Tmin, Tmax] Minimum and maximum duration over which the
medication is administered

[dmin, dmax] Nominal minimum and maximum dose size

[smin, smax] Nominal minimum and maximum separations
between (consecutive) doses

[Dmin, Dmax] Absolute minimum and maximum dose size

[Smin, Smax] Absolute minimum and maximum separations

(B, R) Maximum intake over a specified time interval

given by budget B and replenishment delay R

L, P) Minimum intake over a specified time interval
given by lower bound L and interval length P

Special Instructions
Interferer <List> | Interacting medications interferes N with M
DosageParameters Required changes of DosageParameters
<List> when some interferer affects M

R e )




Interferer

N Name of interferer medication
minfrinterferer | Minimum separation from interferer N to
medicine M

mintointerferer | Minimum separation from medicine M to
interferer N

¥ 2 FR S

22 EHPiFHE
PG oA e 3B E S F Y2 > One-Medicine-at-A-Time (OMAT) fr
One-Dose-at-A-time (ODAT) [8]> v i* &4 45 T pF & L4712 4 [9] 73k - kejir & 72
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221 #EfEHEE

2211 FhEE

OMAT - ODAT i& * rpF & hipt 47 8 505 ik -2 (Resource Model) spe s o v fdt
ARPEL fbE - Fp - 3G LS (virtual processor PM) {r— B & £ F & (virtual
resource RM) & e d@ £ 42 pF cifp S AFRE 0% o PM | F 2 e — 840 chi B[R * PR on
I BE ©% (intra-dose separations)>'RM f # kg2 % 3 i® % @ fe (2 & 47 )2 B R * pF
R R I B % (inter-dose separations) o § i At B JREpEfepE o A PR - B
(medicine) 4 % — B T i% (task) - =+ — #| (dose) PR * AL Z — B & PM } #H{ {7eh1 iF
(job) » — s p en1 (Pl & = — W iEF% o — B Fehdede B (starttime) & & % F & f
PR chpF Y 2L (in-take time) - — 3 % $- ﬁﬂfﬁfﬁifj&{— BRERE 5 BRFRFAEE - A

B FARIRT PP EL o



2212 FiRA AR

PAFEZHY PM kA2 FH B2 B e IR - U -5 - REPRL - B A
PM F # {7 eh2848 § 58 1 % (non-preemptable job') » & — 1 iFendy (7 EFRY (execution
time) % & FFR F I smin > » ”T}“{I* - B1iTg & * PME] R AIEE R DPFR
PME-PBEREAAGF- BLiFe ¥o VREAPFRFREERMRLS B F2 /@
g ¥+ FLE R (relative-deadling) » M AR R FHE IR BFR AL B A EFR TR o
TR B - E R hirR A E -G S iR > PARF Y 1Y RM R AIL R B (&
P )2 B pR* PR IR o T BELARPARPE > € ¥ 75 B U G BERM %
P FEFTRRM 5571 (TR dopE B gL  * minfrinterferer pF > Ais }

* mintointerferer p5F o 3 Pz > T L B AT IRKRIFLE T § BFRY

1‘3»‘:

fhehf s > 4 gpizie -~ B2 EE B PMA=RM G 4k b % B o 4 B f s

2213 BLER %

OMAT {r ODAT {245 % 4~ il L % B (priority) & fai £ AzvE B o v 4% S48 iR AL 0g
Bt 33 2 0 A R ES BESRPRIEE > FEE LI TR G B BT R DB
DB BT/ DB o BAER AT EG T
1) MVF (most-victimized-first) : v 134 4 1F- /= snfe g7pe F (worst case blocking time)
L pAER - i‘f»{ﬁ_ﬁ»ff"ﬁ'ﬁ;‘ﬁ;_’: "RME st d * ippr L R > RFREFR A
ARE o B R ARG o
2)  MIF (most-interactions-first) : v {34prR £ 4 e K- 2B L EE > » i}u{@?
RERARS B BAERARG o
3) SSDF (shortest-separation-difference-first) : v {345 p& & ¥ 5 e L B £ B kb g4

RS A RIS ERF L Ap A ARES . BATRARS -

Do A N R - BB AR L3R F ALY e (F
(Ajob is non-preemptable if it must be executed from start to completion without interruption)
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4) RM (rate-monotonic) : v Iy EF PR ik ) KA RBAER > P AREA > B

LERARF o

i

5) EDF (earliest deadline first) : iz & - fa & fi A2 BAL MR 22 > U § 14T 1

(Fendp P UEFE R R b2 p;a@f&_m,&img}; s HpPUPE AR S o s .;&im" AXE o

222 #FEZE
- o] & 4 2 OMAT 22 ODAT i & 2 #84 » % 45 34r4 #& 4 » 4 5 OMAT v ODAT
U EAE U PR % - B % ke FeasibleSchedule % 4 7 BH F - B LT
PR EpEfe o ¥ FeasibleSchedule hig 5 E pF > MIS "7 % T 5 I fEft el

4R IR AL -

2221 - = - #;* (One-Medicine-at-A-time, OMAT)
OMAT 342,75 5 3% ¢ 1005 48t bl o= = O 00k 42 % 4} B cHIR PR
b AR OMAT ¢ # & L ey it AR (dose) PR * PEAR o U ¥

Resource Model % 7z i&-#7 5 #& 2B % > A IR - OMAT 4272 ¢ 4y L4+ 5% -

\mL

BHEOELER > o702 EDF AR A2 % & OMAT 427 3 * o

OMAT # ¥ 1 ir5 Eenprfz > m T itﬁ Tk B R {er] oo & Lt ODAT g 45
e £ OMAT if & Wo BprjRE iR ¥ 5 > FIL § R » FuB N L BpF o FRFAE
%¢ﬁ€ﬁ°

Basic OMAT {4 2P € & 7 ac 2 1) %f‘ % AR 0 SR E B (dose) SR PEARARIRITARYF o
Y FRPBAPDPBFRG > FL TG EFEFERM > RE BATRDET L TR
$ B RO R IE B P R P AR L R B AT B 4 eh Y — R & chOMAT -
# % advanced OMAT » ¥ {342 pr § BB B PR * PFAEE ¥ av cnd 2 4 L7 IR
(respective deadline) » ~ ﬁ‘%{? € F T R N PEFE TR L ) R B T AR
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2222 - = - # & (One-Dose-at-A-time, ODAT)
ODAT #4752 & =t R 0T — HeFpR* prAg > T ¢ 1395 EDF & i L 8 B -2
AT - BhoEE By kg § R IR GBHE L ODAT § £ -7 - &
SRR PEAZ > 970U AN E TR A Aeig LTS chpF AR - ODAT &ﬁ T L R e &
Boengic £ 0 v §_ODAT fjeJ2 i@ * '?5 T PR E (7 L 0 & Tt OMAT 45 » #7172 ODAT

& e e K

INPUT:
ListMedicationScheduleSpec MSS[number_medicines]
PrioritySchemes PS
OUTPUT:
Boolean feasibleSchedule
List MedicinelntakeSchedule MIS[number_medicines]
PROCEDURE :
FOR every MSS[i]{
CREATE JobModel, ResourceModel
CREATE integer latestStartTime. }
ASSIGN priority to every MSS[i1]
based on PrioriatySchemes PS
SET feasibleSchedule to TRUE
FOR every MSS[i]-according to- descending priority{
SET latestStartTime of MSS[i] to O
SET ResourceModel.feasible of MSS[i] to TRUE
WHILE ResourceModel.feasible of 'MSS|i1] is TRUE {
FOR 1 from JobModel.release time to
JobModel .deadline of MSS[i] {
IF ResourceModel _processor[i]==0 and
ResourceModel.resource[i}zzo {
SET “Tavail. to..l- THEN BREAK }
IF Tavail is found
IF Tavail>=MSS[i].TheraphyDuration THEN BREAK
APPEND Tavail to ResourseModel.Schedule
SET latestStartTime of MSS[i] to Tavail
SET JobModel .release_time to (Tavail+ nsmin)
SET JobModel .deadline to
(JobModel .release_time + asmax)
FOR k from Tavail to (Tavail + nsmin)
SET ResourceModel .process[k] of MSS[i] to 1
FOR every interferer MSSLi]l-I1P[J1{
FOR k from {
(Tavail — MSS[i].I1P[jJ]-minFrinterferer) to
(Tavail + MSSLi].IP[J]-minTolnterferer)
SET ResourceModel .resource[k] of

MSS[MSS[i].1P[j].med _id] to 1 }}
ELSE

SET ResourceModel .feasible of MSS[i] to FALSE
SET feasibleSchedule to FALSE }
IF feasibleSchedule is TRUE {
SET MIS[i1] to ResourceModel .Schedule of MSS[i]}
RETURN feasibleSchedule and MIS[]
END PROCEDURE

# 1 3: OMAT i #55



INPUT:
List MedicationScheduleSpec MSS[number_medicines]
PrioritySchemes PS
OUTPUT:
Boolean feasibleSchedule
List MedicinelntakeSchedule MIS[number_medicines]
PROCEDURE :
FOR every MSS[i]
CREATE JobModel, ResourceModel
SET numberMedicines to the length of MSS[] array
CREATE integer array
ReleaseTimeCurrentJobs[numberMedicines]
SET ScheduleComplete to O
SET feasibleSchedule to TRUE
WHILE (feasibleSchedule is TRUE) and
(scheduleComplete < numberMedicines){
FIND MSS[i] with earliest time in
ReleaseTimeCurrentJobs[] and highest priority
FOR k from JobModel.release_ time
to JobModel .deadline of MSS[il{
IF ResourceModel .processor[k]==
and ResourceModel .resource[k]==0{
SET Tavail to k THEN BREAK }}
IF Tavail is found
IF Tavail >= MSSEi%-TheraphyDuration {
INCREMENT scheduleComplete THEN BREAK }
APPEND Tavail to ResourseModel.Schedule
APPEND ResourceModel .Schedule to MIS[i]
SET JobModel .release_time to (Tavail+nsmin)
SET JobModel .deadline ;to
(JobModel.release’ time + asmax)
SET ReleaseTimeCurrentJobs[i] to(Tavail+nsmin)
FOR k from:Tavail tog(Tavarl + nsmin)
SET ResourceModel .process[k] of MSS[i] to 1
FOR every. interferer MSS[i1]-1P[1] {
FOR from
ETavail — MSS[i].IP '].minFrlnterferer to
Tavail + MSS[i]:IP -.minTolnterferer) {
SET ResourceModel .resource[k] of

MSS[MSSEi].1P[j].med_id] to 1 }}
ELSE

SET feasibleSchedule to FALSE }
RETURN feasibleSchedule and. MIS[]

END PROCEDURE

# . 4: ODAT i #5245
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5 imis ¥14 4K 2 2 (Multi-Criteria Decision Making Methods, MCDM [10]) &_- #& %7

MARFETAR SR DI FANER T GRS v e -
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P

BEP o 30 RERE T A FAnRE o B0 BRESLES F -

231 ARELNTE

FARARKEEY MY - BHE o EFEL LT odoR 19770 - B KL (Decision
Matrix) £- % (M x n) G=Ed > Fdhit £ 905 a6 FlF (AL P R) 0 St £ 97
3P g e jrEicE R A CIERAR IRER T > A B ATy A R (I
=l.mj=1l.n)cBRERH e LARERRRE FIF 2 Bt L Lk 2 A Ap e
& (relative weight) » Wy 7 847Cj 41 et & o

AR A RELamE Ko7

A={Afori=1223, ..., n}

C={Cj,forj=1,2,3,...,m}

2]

AfrC ¥ E- B3 "ehg & (finiteset) s Ae 7973 Vi & el - C o 7973 AR
FARNTE S AL PR FRAALK R G TG MM AR AR B

- B R A
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C, C, . Cn

Alts.

A1 diy di2 e din
A, doq doo e don
Am am1 amz boc dmn

] [ = e P N 5

232 W EAjEE

v £ 4r 2 (Weighted Product Model Method, WPM) 1 # 4p $F#icie vt ok B 01 3 5%

B (AvirA) iR Y T iRd o vanrtE 2 4T s a5
n
Wi
R(Ak/Ap) = (agi/ary) (D
j=1

WE A A B A - R R A B B RS - R R R e
WE o Rl S 0 B - MARSTE kg o R AT LamE 0 A7 Acie R
ERALE O F e R B 1 R ALY Al AMABERZ TES NEE
oS FRARCM D fLles 4 AES T el

Bol ki 4ok § - B 5 @R AL Lol o R 2 977

Cy C, Cs Cs
Alts.
Al 25 20 10 30
A, 10 30 20 30
Az 30 10 30 20

Bl 20 i R bl
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1+ WPM e 23+ 3

s Ap e A it i G

R(AJ A;) = (25/ 10)°>% x (20/ 30)°* x (10/ 20)°*° x (30/30)** =0.8867 < 1

SR AEE AT 0 Agrt Ay o

N

2.3.3

2 it e 2

s

L
! =4

L N S

4 It {5 2. & A 7% (Revised Analytic Hierarchy Process, R_AHP) 41 * 4p4+ € & |4 s

A0 RV RAFPEBR2ZFNRT o7 § R AN AL onlicd > fik D4 ot

PLE o

R P B 15 s R 4o 34

Bk BRRAGSELIE 2> A RAHP 227 > ¢ ¥z et 4p

THREBARE#E

SR WS 2N

il Ay A B h

Cy C, Cs Cs
Alts.
A 25/30 20/30 10/30 30/30
A 10/30 30/30 20/30 30/30
Asz 30/30 10/30 30/30 20/30
Bl 303 ez Kb diiE KR § b

.

R 8 T EGES e

Bend s PR BES

n

BLERT AN P EES

AR_AHP-score = ml.axz a;jwj (2)

J=1

A1 R AHp-score = (25/ 30)x0.20 + (20/ 30)x0.15 + (10/ 30)x0.35 + (30/ 30)x0.30 = 0.683

feikens ;8 N
Ay, R_AHP-score = 0.749

A3z R_AHP-score = 0.8
115G 2 B A e

Az > Ay > A

1P ‘F“L_E; Ao ‘f\f’ Az 4 #ic

f’is JI]Eﬁ;‘ :‘é
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$3F ZEHPEf2 JRF N - JREPR

G- N el

31 RE

A4 * OMAT % &2 [2.2.2.1] eh e % RJRBEPF I cnag # o 22t 5 OMAT 2=

— BPRF PER T 5 LB R kgt BT R AP SRR DR §
FE o d AR G E T RS FF o AR AR R B g

Has T GREmPHEANP R T E o

-~

32 ke

321 2w Fppapd
N B A MSS o) 15 R PIgEE 0 13 2cfs I NISS T oA R = BARA o K- A F gk
S N % F M engdic (Prescription Parameters) © & 7 A N § shER > G A EF L
o~ BE S RAREE S % - A4 LA E %4 (Dosage Parameters) » £ J & ¢ MSS 4 ir2 >
Ak i S RSV 0k Sl SR A - SR BRI IE [nsmin, nsmax] A
§ 5 PR period - d Yo AL P B £ - RN EAS 0 bldoo - % 2 %0 A
PV EGE BIREAE X g3 S PR E i o - 2t BRI - BLRERET

BEfR SV R 7 B~ ie B g BN chk B & 5 PRET P 0 b4 nsmin fr nsmax ¢ 7 E o

§ = 2% Ah % aniieR %8 (Interaction Parameters, IP) » % — B ek &4 ¢ * - iR
S Bk £ 7 o A PH @ Special Instruction #2 6 ¢ change Dosage Parameters & #-32 & i
Bk BB A% 0 SV Es S MSS thFARLAJE S RS F T et B o iy

% % v change Dosage Parameters -
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Prescription Parameters (PP)

Medicine Identifier M
Medicine Dose g
Medicine Form Capsule/Tablet/...
Medicine Amount n
Therapy Duration T

Dosage Parameters (DP)
Nominal Frequency Separations  period

Max. In-take Amount B over

B, R
Interval R
Min. Intake Amount L over

@, P
Interval P
Absolute Min. & Max. Dose [Dmin, Dmax]

Absolute Min. & Max.

. [asmin, asmax]
Separations

Interaction Parameters (IP) <List>

Interferer Identifier N
Min. Separation from /M to'N minTolnterferer
Min. Separation-from N'to'M minFrinterferer

AT i

322 #EEHPIAEL IR R

3221 REREF IR M
P EERDER AR o KBRS P 0 3 T AR R A gk
- P OMAT £ 420/ % K 3- 5 & &l 0w R B g g F (flexibility)
Bk ARE ZIRY nAl (AL A F R AR B S (A 1(A) o 1245 E R
AR TRl EHER o PR FFRRE L )’jf‘u{i{— A £ AR & 18R]
T (A Ai) FHF A Y T T IEFER [asmin, asmax] > & @& A7 IR
HEM R RS (A) ARG X R R AL 7 A A F (allowable

advance ) » FFAeBheh X ECR B & 7o £ 7 7 45 ] (allowable tardiness) e

15



Ai s B - A A O T o SR % B Rl AT

II71(A) = [t(A;_1) +asmin,  t(A;_y)+asmax] (3)
A i BT = BR Ay B T AL e T BT

I*1(A) = [t(Aj;1) —asmax,  t(Aj;,)—asmin] (4)
S0 A i B T 0 TR g R G (38 (4)h B

I(AD = I'"H(A) n A  (5)

Bk BRREY AR B0 55 A - & BRI 5 [6,10] - OMAT
AR L S Ao B 4 o 0 NPT Y ’?‘1‘ Tl oo Ap il K B AL RE AT 0 FOPRH m%«:%]
5 [6,10] (B¢ % 7)) Ay teilh L& AgenB W4T > 7 IR* 0% @ 5 [6,10] (H +
S HE) i 2N (E)R T L Ay e R 2 BT I(A) = [6,10] 0 i pE R
FRT & TR A F [6,8] (Rl 450(L)) » 7 £ & 7y 7 45 fFT [8, 10] (W] 4 <1

(2)) » F T e R en SR - AERE R T R

B 4 B - FdR v pER SRR

3222 WrREH FPR® PFFEN

Fend & 3 B BrR B4 2 FF R U] o AP F 4] * Resource Model %35 5 R 2
H B A PR o L FER LR U FE G A B
1) k- &5 and FHE 2 el g

2) WrREP 2T IR
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M RH - BRI e R SR R SR P ik S R kP E (258(5)) o B RF -
FERFI TV R B ER D VA E5 M am 7 R (Virtual Resource, []) A b * in
B kB ozt B 2 N L GEA R PR AR R A fo i 3 B Virtual Resource 2 Ak #
i FERE R APHETERFFL ™M) TL MBI R AR EER 2T TR F
¥ o
Fpt o TR - B OEFERAE M T IR B EFAE S e

IM) = 1M n (M) 0o Eeter(My) - (6)

I(A) = I'"1(A) N IFL(A) n IinterNT(AY) N [interNm(p )
[interNi(A;) = [t41(N;) +minTolnter(N;), tA!(N;) + minFrinter(N;)]

Bk > Bk @ * % pEpR* Crestor v Warfarin = f82 > v i 2 [ eoff 4o 5 97
7+ » Crestor epF ¥/ g *24] 2 [10,.24] 2 Warfarin =pF BF /7 1 '] 5 [4,6] > U iz B

ER IR F 5B ) P,

Crestor Warfarin

[10,14] [4,6]

B 50 BB R M 2 B b
B3k B 6 % Crestor fv Warfarin en#t 2.2 % » P(C)4r R(C) 4 %] % % Crestor 1 #% a2
® PM {rm # 7 2 RM>P(W){e R(W) 5 Warfarin :7PM 4= RM> Crestor iR * pE4z 5 (0,

12,24...) » Warfarin <R * pEfz 5 (4,9,15...) c 1 Co 5 &) > P PR* B I(C)) 5

1(Cy) = [0+10,0+14] =[10, 14]

I*(Cy) = [24—14,24—10] = [10, 14]

I"™"(Cy) = [11, 13]

1(C2) = IMC) N I¥Cy) N 1M(Cy)= [11, 13]

Fdfen i o AT B A E B e R BERY B o
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Cy C Cs

POW) L | | | | I I

R(C) DLl L L]
0 2 4 6 8 10 12 14 16 18 20 22 24

B 6: % B ES OpFALPF R E

3223 PFEEMZ 2RI
REE s R Ry i SR e SR W EATE
PP g N 2 (S IRE (et S B ) £ B (SRR
BER - b s § B8 BROE R 7 R %@%ﬁ"f{w¢ﬁmﬁﬂﬁﬁ
PR REBRY §FFIREOFTEECE S T RS REA R IR PR E R
KA S o AP SRR B BB e TR B
P YL o
- R R T PR PR g € A (SR B PP AR 0 e B B (S R R AR & s

ARBEATIUR] o e R R B S B

1) =iw A g PP AEg- 28§ av s pER ERR

2) § 3T bF BT BRI - BEEIRY o B SRR R AR L
&2 eh s § AEPPEAREL o

3 FFMELT RS OFERPRILY B0 3 G4 PUMENT REPEER (B

g
=)

SR T B (T g A R T B o I A R
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BIRF P ¢ HET - BHERHESTRIPFTEF A ER SR P
EREw - BHFERBENTUELEFT R -

- BLE 2 B RandE e OMAT £ 4 R enpFfg T 5 0% K475 PR * "L enpffe > @ ¥ R

*PpE R B 0 0 BB KT PR R R o AT E - B PP ARRE - e 7 At

B R B ERPN -

¥ BEROR FIRF G @ e AR i pE R g AL 1 pE AR B (25 (3),

(@) > i3 F ABPEEFR] EABE > B H

\“‘b

AR EE R LR e APT G

Ho - MR G R RN RS SHAIRT A g PP L6 AR e (L g

<

B 450 15 M R L pE T ) -

an

PR AP AR R - MR EAVIR BRSSO HE D A EORE
d S E R A BN R R b - B P AR
BEAF b B SR B g B BT AFERSIEY > A A TVBRET - HE A D
PER o B PRIRT A — B A B AL R o AT - HR A TR T SRR ]
((Ar) 7 2 BRERF) > 7 0 FEIT 0 P Edd 4o 7 (I'(An) 07 3 pER) o A e — )|
AT RET Aupdag 0 (IAL)ST SRR 7 sy Sueda s ('(AL)
ﬁﬁﬁi%@%Fiﬁﬁoﬁiﬁﬁﬁ?ﬁyaﬁﬁ%gImmhw&ﬁﬁﬁ?Eﬁ

PRTREPEET R AT R NA)DT EBPERT N &7 R
PR P A4 7 R o B R BRES AGIRY A L 8] - o PR IR 45 R

[6,10] - pFizgs & — H| & v JR* PERFFERE4-W 7 () 0 % AsiL16 4% % 1| 15 JR*
B(A)gr P(A)Frg: > — B8 e a BPER > 2 B 15 % (A 1(Ag)4 &> - B
BT R PRSP S AR 4ol 7 (D)o AsiE 16w BT 17 PR 5 B IB(A,)
B (A FRE S — B T RS PR 2 B8 ek % (A8 1(A)- HY R - BE
VRS R A VUG AR F PR e F RO G B R AR S
B 7 (b)  Agj i RenpE gL 15 18 (5 ] 16 IR ¥ > (A7 #& 5 R £ (745, 8]
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$306,8]) 0 L EXE I(A)HT B EPFRFEILT re% [6,8] 0 (A7 28 & F i
v ([8,9]->[8,10]) » I(Ag) ™ & & PR fis iR G #c % » |(Ag)ee af (s e H & 1
H > o ginenifgos g & AR R 7 (C)% > B 7 ()i o

Bagz gR-MEELRY B> Cahi BRENTREBFET L 3 82 %00

TR T G MR N R o FRIBART B AR SRR R G T A
PREMG 22 (3 ¢ Flt s R enP e PR B3 §AIRHETIRT o 2w (5]

BRI OVHRIBFEDG % (7§ F L RGOV REERF)
B Bl N ERAE LB RS LFERF U 2 A ERAE LD R
BFREIEPFRE = §HEUEBRY PF N AT L HRITT - BERBE > TUT - B

RAET T AL 3 BT - AR T

=3
-
e
=
St
=
L]
P

SR RT - R A R AT AT L T 0 3 B E - AR ST RS R
Boo st BrR AR 2 B R R o R ERET R o ST AT AT B 5 il

PR R (BRI T AR SR BAE T RS PR L AR e o
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[%,(10]

A,

As

EE*: P& 7 M
'EZ-'H e Fx %ﬁr
< [a 7

A,

B 7:
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$A4R HHpfE R R - - BEL

3%

41 R

ANPEERE AT B AL E BREDT IR L T REFEAR DR E S

fF— 3 (group) > & BPR* o TG F &P A0 R F|NT JRF PEF F LN i ehv B
Boo N imhdbpifep cdry B E RREART LB a2 3] 5 B el (cluster) o fXis
PEE BN BB Vs el L BB RAR AT - BEH

aFE s o FBFLTY R D R EAFE AR T AR AESR AT L o

n
_-_5
8
W
b
=
i
-
—=
=
\V‘b
“2*
!
fo
RSN

A 3N 42 § g A R A Pt B R

o

N2ostd T A HE S 0 8366 4 8 A Phei Al 5 ik § ik 2% (MCDM) %

421 #EL

AP R-PEARAT A B E RBRE VIR AT b o 42— T 5 B R o B
@mga@mg,%{jiﬁﬁi%’ﬁ{j@%%Qﬁoﬁﬁﬁiﬁi%’{ﬁéﬁ
BHE TR PEF G E FREIE S LA BREOTIRY BRI T
Tl R EP TR AP BERIEOM G R E AEHE G ER
BEon AL MG ERTE MEC FEHIECRMAECGZFHRIEM G
Bkt n BAHE (A, dpy..onndn) * A 2 m B 2B (S1,Sy,....,Sm)

Fo- AR T
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1) - BHRBELPNE - 2u > 2 BRRE - wy o

2) FoMBEpeuEol s TR HE - LFAIRSTRAIEM A P10

Bo| ks BRG = AZ ABC R+ 8 BHI JR* pPFAE2 7 IR PF4cF 8 77
A BHE GRS OB GA ST A B

S1={dy, d2}

Sz={ds, ds, ds, de}

Sz = {d7, dg}

. N
A 9 d3 P
r N r 5\ r
B | d1 y d5 | d7
, \ . 3 r g "
C 02 d4 d6 d8
T RS O A LT

Bl 8 AT A B o

422 RAARPEPFRE Ao PRI AEES
AR E RRAPT EHAB LT L d R FOHERLF ERREFR
BB R T ARR S o P LR R ] R RS R e R S
B BB ERORE L - AR - BRHET A RS S BHE L T
PenpE L > B PFiE PR Y BT VA A 5N (group) ¢ - ) & {3t kAc e 45

SR AN R Ul

3o

- HE()FT IR FREERFETEE v AL O ER A - T ) R



(digye.o i) ® = /] FAPH L dichF R E LR 8% = B %] Sp={ds, ds, ds, d6} %
Gl o BAREL BT B XA o | 3 EFRFE 4ol 9977 cdsdh A = B3 BF
FE ks - BFEFRER AR A S BFEREL  dedh o =5 BFPFRFE © 975
TSRS WL A T R R b 0 4 S R R e

2x1x2x2 = 8 4r@ 10 %717 » F - AR L - BF e s 3 3N s fEde kR e A A
PR E A > A bl - 3 (group) » F - fhle £ 2 5N W LR p e BB PR P
Fhe s > Pae -3 5B bR s 1> 772 BF 2 &5 2 BA

B PR* PR % - BE42F dose 3{rdosed (6 23] 10 BLPR * ) % - B #4275 doseb (10

2.3 14 BLR* ) > § = BHALF dosed (14 2EF] 16 BLIR ¥ ) -

6 8 10 12 14 16 18 20

. Y N
A da1 ds2
. A o
. i N
B dsz  [ds2
. » o
- N - v N
C da1 de1 | ds2
|b—_—d. ~ -\ o

B O #EAKEYETE A
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43 HhhFLr¥Eesd

AElr ANl RENE Benp bl FBeub e B4k
AERBEROERTES o BAPOL g FHHRED L2 32 A RTLLABH

FooF - AATHHBIERFIZEER > 2 0 ATE BRI AL F
2o RS BERYRIE BIEE A adkE > B oo F1% F R K ks A
BAREH nE B N & Bensd S 2 > Revised AHP method 3= 5 320 (4 (B Pl BB A #ic

TEEGER T 6 R4 LE B H B o

431 HEFFRFEER
P T LE e 2 AR SRR £ AR ARG B R A i B
REOT Y B enF] T o AP HE A E ZREL HE G R IRY B G PEE R

CIRE S 2 F N RIRBE AR G s sl o 2P e PRI RN Y D

>$;\-

FlF o it FIF A BT A LA — A B A% (group) F M TF) S 0§ - s L AR E
(dose) F M enF]F o drk 2 679 m 0 % — (7 EAHE § M DFF > ¢ G RH £
P BBV IRF BER O BB AR PR X BB I PERER o % (L AR E S
FEf MenFls - ¢ AT MR R PE R R E RS 6 3 B mE TR MG 35
ALk d 15 0ol S (deadline) § 5 B 5 LT B R SURERE (5 15
FERFISBIPERER (BHSIBET UIRE) $Z FEEAEG BT F 0 jaE -
HAE FABE B group (AT PR BERFL BB (S - BEZ A FE 2 & (combination of

groups) § M TS 0 E - Ba AP RS S
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EEAE

HE PEFER TS

e )3

VIR LR PEREER HER ERER
R e FIARPE BB i | Bk
P B T i FEALEp P chpE 2% 0 B ik

2 F 6 973 T A anTi Bl

fo B3 2L AP enF]F g P AR S AR R E AR Bl 0 2 g &2 AR M D

Fl+ gL oo APEHEDFRF]FFZBo- BIELFEF M BN aE ek

yeba pEEHE F EI?,F'&;,\F BenF 3 > I PR L R > U fléhT PRI E Bk o

B %3 B 8% - 4] S1={d1, d2}eher3 7RG A B (d11, d21), (d12, d21) >
d11 ‘:’J,/’F&FE‘&{[O, 4] » d12 FﬁEEFE'F{[Q 6] » d21 _rﬁp%g&{[o’ 4] ) L 5;]_% F]'J#ﬁ T - B
Lo fpEedep » & - REL WG B FEEHLAPM 2 3 2 F]F 0 Fpt e g
| EEE RS s B R BlA 2o e SLen R 4o B 11 47T o

3 e Bk =R S ¥ A=t $ic 2= T‘J = e
e (d1)) (d1) (d2j) (d2))

(wl) (w2) (w3) (W4) (W5)
(d11, d21)
(d12, d21)

Bl 11 » 32 - jaEd

432 MR CERFF ot £
4321 Ppk i s
Aol gk i (Hierarchy) e g » kot ik F]F chip € B4 o & — 5 ehid- i

F]F ot B ) S g g2 (pairwise comparison) o U erPE S FE-3 B iR FE 4Rt o

dARFATE - TR R RO HE R AT 2 T BT s f25¢ [Saaty,
1980] > & &1 & @i FlE ant £ o AP — B A < (scale) kB 1L At fhE &

e (Wil W) o etk e R R A - - iR B % (one-to-one-mapping) 0 T R-3E S A Ak

CipfReng £ F Radcen] LR £ o A
27
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i# * [Maand Zheng, 1991]#73 1) K eZ| B = > dok 2 7 #7577 o
F - kPR R RO RET U - BELALT CELAGE - BRgi Ay
| 1 criteria 22 % | & criteria enE & Mot B (Wilwj) o %P B enay = Va0 #7040 A £- B 1)

B4 (reciprocal matrix) o #7207 12 3& 3 = T 5] g0 47 54 [Saaty, 1980] :

n n
Z ai]'W]' = Z W; = nw; (7)
j=1 j=1

fori=1,2,...,n
FE A AR AN D AW=nW (8)

nacriteria B e HRINFAE: N ks T W T L5 B RZant£E -

s £ 2 % o
n EER B R TS O AR AR E
£
o kL & Wi e £ % - F]F
o5 L& B7 e ALY - FS
9/3 e & A F T et EFARY - FS
91 HHLL BTSN EARE - T
9/8. 9/6, 9/4. 9/2 | A AR T B R ERY R A AR E
X ik iE B A B € FI
Bl &

1 7. 4p¥t £ a0t 3 (Maand Zheng, 1991, Satty,1980)
Rk et o NPT i F S A S B - K HEFFEHE R

—;ﬁjbbﬁia %:_:é] 773}1]&&%7’3"‘]L7 melybﬁia

¥ = ko BEFF LBt 1S 5
Blo & - gt e BT S B ey BRE G BT L RaipERE S %
= Kt gidosel £ dose2 2 I erAp$HE R0 % Z K AHEE BARIE R E P S B
F 2 BeapE & Mo dosel 3 PFRF LK & dose 1 el 4R = Beenfp £ & |2 > dose 2
eh+ PR B L 27 dose 2 sl A=t icenfp S E R 2 o 50 0B B fheh- R F 2 R o
BRIV Efrg S - BB ERPECEM G 5o KRB Efo gLy -

G EANEM o R T E R AT A S BRI
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H % 1)
¥ — R ernt g vt a3 e %1% (Group Criteria) 22 %€ %1% (Dose Criteria)ship ¥+ £ & 14 >

T E o RAE Agp Ao AT o aij = Wi /Wj °

G D

G a1 aio
Acp =
D | ax do2

2 2)
FI* B 4258 AW=nW 5 20§ n 5 2 pForid i ondd e

|

o Wy H_FH B F & gt

8 W A E F] R £ e

ai1 di2 Wy Wi
~ W
a1 d2 W3 )
Acp W = nv W
# 5% 3)
I Rt 4’9% 2 Fodv kg £ W 0= — ;uﬁ?fﬁ_“,f e AT i e e
w, s N
W1 normalize w, + w, B We
W
2 Wy Wp
Wy + Wy _ y,
W W
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2 4)

Fo ket W RAABEZFOpHEHERNE T ant B AdeT BlATT oo

di 6;1 ai e aln\

d> a1 a
App =

dn1 an2 . . . dnn

M _/

# 3 5)
F1* P £258 AW =nW 3+ 5 #jiele 5 n(dose 5B )4 ks e £ o
= 3 C 3
W1 W1
W W
App p = n 2
Wh, Wh
. J \\ J
AD/D w = n w
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4 2 6)

DR HIE KD ks B W BHE - s e BTG Rl

/'
C w0 Wer
W1
wy; + + wy
Wa normalize W2 Wa.
» Wt + wp =
Wn
Wn \wl + .. + Wn/ Wen
| S \_
w Wi
#H 3 T)
Bt B s i e £k ﬁ% JerE- kel g £ Ewpr kRS ehiE

- N - N
W1 W1
W2, W2
Win Wan

- J - J

Whbip
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¥ 2 8)
$Z RO CRARE T R R RS fe i HE R S - BAERG -

Tﬂ;l%fiﬁ?éfri ' N fﬁ,@dé%,}g n fl;—/{l_:_"‘_é_ s

di-duration di-time

4 N

ADf/Df = di-duratlon an ar

di-time o A

N Y,
% % 9)

7 B 255 AW SN W 35 s 5 2 Prip Sk i £ -

W1 Wi
Abtipt — 9
W> W

Abfipt w W oW

% 2 10)

IR B9 A e £ W

] Wy
Wi normalize m Wii-duration
Wo
W2 Woi-time
wy; + w,
w Wi
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¥
3
¢
-
o
=
?\{1-
[
3\
9
(s
=
| -—
T
N

B wy (AT k) e

Woi-duration Wii-duration

Woi-time Woi-time

4 5 12)
EAT(HZ9,10,1)nw £ - n i dose PR e o B (LT FIE BiER FF A E @ Ae

—L‘t"‘-i‘—/-_]t o

~ 0

We
W(d1-duration

W1-time

Wn-duration

\ Win-time /

gl FuE A Lt B E R M G S E N R E Rl b £
(weight of criteria) - 5 7 iz T > T 7 E 2 AP gL RAEL > RS * Revised AHP

method * 5 & BEH A > &n FIREDES -
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4322 EFipHEHLRELSE

AR - BRI RE MR v R F S 2 P E R iR R o AR R

iﬁﬁﬁﬁﬁﬁﬁnﬁ%%Aﬁﬁ%ﬂﬁﬁﬁﬁ‘ﬁ%%@%XWmT%ﬁﬁ(iﬁﬁ)

AR RERBEFDEL Y B S AR EPM AR F]F AR £ o AR PR

B e o

Class1l) £& #: Lt FFp ¢ Op S ARG R PR H A LR &

Fap LA GRS wRREES

Class2) - %5 @ B B E LeRY 7 €7 L dp'a

Class 3) 2t & 2 &4 @ L 4p% & H A7 & PFIR* (h# (take when need) » » #{PRN
(prorenata) * % > AT EESNFR FEX > FRAEE T HFIR

MR LR FIRE -

Pl AN g e 2 B cndp it E RS 40T A TR
7

Freigpw PHERE tagh &
ERED Vs, - LEH e g 9/5
- BB ovs, LR MBS TR 95
TRES vs, LU B PES g & 9/3
e — $E & hELE 1/1

L 8 AEES 2 pHERM R

S AGEPE IR RN R S R T e R R
RPN T = K &£ IR F]E L o AN AL Fﬁ"fi‘-@}ﬁ‘ﬁ‘!g@"%}’am{go

ERELULAF T S i FPom it SeIRE ST R hE S AP E F g it IR
A E AT AL ERE S AP EF TP A FIRF PFRE (remaining slots) i § apE
Bp PR R L R o - B AR b g R A R EF
AT e R R RS AL YR WRER S o i A BRT R sl s

GORE R R RS o T U R A BB SRE S 0 (SR T R el e R o T
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B PFR* R > NP RS BFRIFARL - RER o T HEM GAoT £ A7

B B E Vs fle= B IE AU
€ EHE e & 7/9
~ A e E & 9/7
EIE EF F 3 ELR U1

2% 9 SEERETFF2ZApHEL LR
THAPAL- BHEDHF > F im0 BEREEEF EY 0B ALK
FELMEaER g% o

A2 ’B

i
ETIS

M- RESFORARE A, B

e
¥

B&XF ABABEF AEL Y- L& ¥
¥R pE R 4w 4 [0, 6]4+[4,8] 0 4T B o

0 6

Aq

B1

2
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Medicine Priority § it7 % = § A S N5 & FH BAL R ad-2 2 5% > EDF 7 #* »

ODAT &% & ;2 -

Class MSS{
int med_id; DosageParameters dp;
List<InteractionParameters> ip;
3
Class DosageParameters{
int T;
int nsmin, nsmax, asmin, asmax;
inr dmin, dmax, Dmin, Dmax;
int B, R, L, P;

Class InteractionParameters{
int med_id; int mintolnterferer;
int minFrinterferer;

B 200 % Az e dAp M AR )

Class MedicationScheduler{
int feasibleSchedule;
public bool OMAT(LISt<MSS> mss,
PrioritySchemes -ps, ref List<MIS> mis);
public bool . ODAT(List<MSS> mss,
PrioritySchemes ps; ref List<MIS> mis);
private void SetbDoseSize(List<MSS> mss, ref
List<MIS> mis);
private void SetProcessor(int latestStartTime,
MSS mss, ref ResourceModel rm);
private void SetResource(int med_id,
List<MIS> mis, List<MSS> mss,
ref ResourceModel rm);
}
Class ResourceModel{
int[] resource = new Int[T];
int[] processor = new Int[T];
bool feasible = TRUE; List<int> schedule = NULL;
int priority =

}
Class JobModel{
int release _time = 0;
int execution_time = ns_min;
int deadline = release_time + execution_time;

}
Class MIS{

int med_id; int time; int dose_size;
}

Enum PrioritySchemes{RM, MVF, MIF, SSDF, EDF};
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