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Abstract

Human blood is a perishable product : it has a legal lifetime of 21 days from collection, during which it
can be used for transfusion to a Patient of the same type, and after which it has to be discarded. There-
fore, blood must be supplied safely and effectively because it is one of the medical resources which keep
humanlife.

In this study, the effects of blood issuing policies on average inventory levels and average age of blood
at transfusion are determined by simulation applied the theory of absorbing Markov chains. And as a
practical study, the daily demand distribution of blood is estimated by using the data of B General Hospit-
al. The distribution estimated follows poisson distribution and the estimator of parameter estimated from
the poisson distribution is 0.762.

Simulation is done by using the parameter. The most important problem when control blood is the
amount of outdata. So we compared random policy with Modified LIFO and Modified FIFO by using
outdata. As a results it is shown that Modified LIFO and Modified FIFO by using outdata. As a results it
is shown that Modified LIFO and Modified FIFO present better issuing policy than Random Policy.
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Table 1. Classification of the Policies for Perishable Inventory Models

AUTHOR REVIEWED INVENTORY POLICY MODELS
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Bulinskaya (1964) A A ol F4 At A T vkl 7ke] A F F4 Sl AE W
Kt
Pegel & Jelmert (1970) Mm% F£E BRS FHEvt22AdE o &3 B
Pierskalla & Roach (1972) B GES 13 &F MEBBEK 3t BiE
Jennings (1973) MEHRIT £E Tl AT HE
Brodhein & Derman & mE=t 722 Rt ahell ol3t 72 AN 59 3 $72 ool 2T P
Prastacos (1975)
Chazan & Gal (1977) Bt PRAEEES T rtReek 2y 33 HRE
Dumas & Rabinowitz (1977) | #fe MBIl MK BEE Eo 218 sl W
| £

171 a3
Cohen & Prastacos (1981) LIFO BUR Toll A Rt £ A"l i3t @E FL K




THQEBE H13E H28 199045 58 135

Brodheim, Derman Prastacos(1975)

& “mgEst e mfz gmou nm i R %°l (ol
A3t PFETE s, o RE-L s 4 7

AL

A Y
2

W QA Eo] BEL xz|sls] 4] i
A Agdtm fEE BOR BEEe]l o wAl Aus

Chazan3}t Gal(1977)-& “IBBiE WG EHES 2
7k2) 4=47F Bl o] Ao AR 58S falsha AlAer #bke] A ad
o] HE Sl

Dumsét Rabinowitz(1977)% “iREi @B Wik BES Tl $13 BR'& ﬂ%ﬂﬁ%tﬂ. ase
4%] double-crossmathinge| e} E2l& 542 &%o At Aol £ YAl HFHEE MK 5Y 3 Units
2 Hmrele Mol T SFolAl HRstche A& »aksts olch & bl AL elabA o R e o
olwd iy vhol skl RHT BEIA RH™ iﬂlﬂ’i‘% A-ggtohe A8 23k oF BuRel FAldl <& 7hedt
A& HEsk e

Cohen®} Prastacos(1981)% “LIFO 4 #&lel] 4] BBt M /‘]”LE“O'H Hek FIE (I”ﬁ( BUREE WE sy
ol Two-Period -9 1 zbat GHIEECHC olsted HAfERERA olat 48 A&shA f-xsted FIFO#F LIFO
Foksholl A 2o 8128 wlwslgich o] dhell © wFE s KA Eol it 924. ol Azl Zr-2 /A ES s
Table—12 iebiud cb& o zhef,

gk ohalwl ok fERlel bt BETE slglewl, of BWEL 7 7
& JHA sl EELL L

2.2 i 0jRE Ho!

Mol Bl ek BEEH 2eln A olo] B TARC whebd 7 vhol ol BB} 21EHo]
o4, EEEMOL 7 Bl R2 & 23S Al

WU qd el em wlubrlsh Sobsd BHES Hli‘ 0'4 e RIS duolE Lobselal
qh, Arhe] MLICEIMEL- §E JPRIGEIER el olsalel bl o) cqg PR

shrel gl sbEs alelol ek chgak 7 37419 %u 7 7R e},

of staol ol HAT MArikaEe) Aol F4u BEE Avhelsh?
o) shalo] Gs el Al HEeh A SAAE 5 (ErR bl A v wSIA2 0] SEEEE oot

2) 5
<) 7k
3) of shaelA @ o sl EFdeel A
o 37b4 RIEEL Qlwie® of shgel Fuehs 4uel ez

ofwl alolo] My whEly A|el-g 4l Aeha). obel & &2 M oRRE A2l HEXeL flo)rh

I I 1 2
1 [ 1 0 0 0 }
M=1 | 0 1 0 0
1 0.2 0.3] 0 0.5 |
2 Loz o8l o1 o J
A 13k I+ Fgubdlolil o) a2 229 B w4 Frs]t o 48 Joja 19)of & 03] tle|sf Hojc}
F ool FEgsh ol F g e, ol g oheal 22 259 (standard form) & Zc

A714 1+ m*n2 kel o], O m*n® 4ad% R QF 27 n¥km. n*n? & Ho|c|.



136 FHR - 2EE

Wa el a4t A2k el 4 skl asis] bl Fol Jeizbal Aol o 2E-g bl 9l
ok,

pre e Fgel g Fo| He=

-6
. [ 1] o
P R o
o] Hejocf,

o714 Re| ##L &3 2o A nkm FE-E Jeb T Qv o] AL Al AkSlA] el pro] BL
Q2] 847t A5Rr wFFsbA e 29 Atedol vﬂs}oﬂ 3| 8] Al Fell 7 v Faateiel dE FEL el
c},

olok

kek, (I—Q)9] gy adoe] EAtelsd, FolzE3y
7] 2.3 = (fundamenal matrix)ejel &tel.

N [T Q] T roretere ettt (2.1)
obas #91¢ sl W Fo] Rel nkm FEL Fahad Bl nkm FHE et

B [1— Q] TR erereesesererrrste sttt (2.2)
4% BE b, 44F2 F4H

1=1, 2, *+,n

=1 2, , m

4714 1 Al 12 $e F4Al ol £48 REoleh whFo] Waixia, Y BE nd
sz A shgolebd ml F4A 39 shuol 4 Foe 339 BEL el
Yol o Folalwe uE+ Lsnow —E—T%Eﬂ o] Zo|wEg vrhit Yook

g Frd a7ta FAR = 4 sl gtoll ciste] 44X ¥ )

el v 94AER TASR, i=1, 2, -, noleh 974 A9 (& aFFAd A FFA R o] F3t
Hgh

71 s 878 A B9 Auizte veblth 2lE 41(2.3)L o] Ldted 8 chAlo] ol aele] z+
9] 7loltele] WElE ofel o] 4Ala] oa AAHY 5 Uk

2.3 &% okaE Holol S WY D MM
| 2ASTES FhAE Yhol BT FY

33 uol & dehdch webd vo] w4 489
ZAYTES A A THE Yo HF ol B B B LT 44 drk oA 4LAsE AL
449 ZASHEE A A sl

+49) ZALRES a% sate) whgo s Audasgel ek ek ot +49 FEol, p=1—q
+q9a b GEoleh 1 MEE aeh 3, g

2L t=0, 1, ‘- 200) 3.

’



THesae $13%E H218 1990F 58 137

o elal gtk
3. Algdiojd 3 &R

3.1 Aol A8

ol MRS o) S RERES Ao Ak A3
) ddgod ey 9738 4 FEIHE(N)

) FEge] 27(R)

) AH&-= Pints 5(U)

Be AT $e oleld MEBME Y917 old LEE B2EA FelAEe AEAo] AL North 72
2y Wl 2188 2838k Elstonzt Pickred(1963)-& Ml <4 AFg2Fo| lognomal B-EL ol Za}ghs
Az, ostele Hdel A2F F Rockwell(1963)% Fotg HEf 3ol oste T4lsloid £+ Ad&E
Al A1 g el

a2l & gl v A4l 44 BEERELS e
e Bl AR R Folbi T TolH g
:‘1}_ M =0, 7620“2‘ o)—o\-x;],‘

at2ta] of B4 o] gl 4 Fdo]ldE 4454, E€ AEdel4d 313 GWBASIC 3.2002 =2
Wt shgdch A Fdo] A 448 R/ Table—20] ehbglen] o]t upiy alole] o8 BR WEHA
o] c}.

W N e

g SHYze] REY 089l 2Mfé 422 dlo]
2, 2 gl %E 4 A BEE F4T A

Table 2. Probability Matrix by Markov Chain{B General Hospital)

t 1 T 01 2 3 456 7 8 9 1011121314151617 181920
1 1 0

1 0 1

0 015 0 0.85

1 037 0 0. 63

2 023 0 0.77

3030 0 0.70

4 033 0 0.67

5 0.45 0 0.55

6 0.20 O 0. 80

7 003 0 0.97

8 039 0 0. 61

9  0.49 O 0.51

10 0.43 0 0.57

11 003 0 0.97

12 0.06 0 0.94

13 017 O 0.83

14 020 0 0. 80

15 024 0 0.76

1% 017 O 0.83

17 012 O 0.88

18 0.04 O 0. 96
19 0.14 © 0. 86
20 0.01 0.99 0

o

32 g

z DHE_E—,L"_% ol gated Al(2.1)3 (2.2)e o8 Mige] WY WXy MKo| WFEHL HRL 4HET
2, A (2.3)3h (2.4)0] oish BmERES] ST < 72 sluidaiel FA Al EAR Y 7)ol

e

1
+ 2



138 Fiht - £EE

Zhzt AbEE = dolvh 2L &b Table—3, Table—4elth, L1532 4 (2,505 o] §sted HfTgiated ols) v}
o] t9] FiGFEMES &M= 2 -8 vhol o) minmEERS AE9 L, 2 Ft Table—5ol Vel odrh

Table 3. The results of a FIFO policy.

t F]ib_so_l'k)m*gijgfi_vﬂth resultant prp@abilit@_es} | - TE.;nsfused state
b b | ;
Age| Probability of ) ‘P—roibﬁnlﬁl?{ofi o I Expected day until Expected age upon
' transfusion expiration | transfused state is arrival in transfused
i reached state
0 0. 9960 0.0010 ! 7.08 7.08
1 0. 9959 0. 0041 | 6. 14 7.14
2 0. 9953 0. 0047 ’ 5.96 7.96
3] 0. 9951 ! 0. 0049 5.16 8.16 |
4 0.9944 0. 0056 4.76 8.76 |
5 0.9932 | 0.0068 ; 4.52 9.52 t
L6 0.9911 | 0. 0089 1 4.63 10. 63 ﬁ
Ly 0.9889 | 0.0111 | 4.54 11. 54 |
8. 0.9866 0.0134 4.27 ; 12.27 |
9 0.9858 | 0.0142 i 3.48 : 12.48 :
10 ! 0.9853 | 0.0147 ,; 2.55 12.55 )
1| 0.9743 0.0257 & 2.73 ! 13.73 |
12, 0.9496 | 0. 0504 3.38 15.38 '
13 0.9175 0.0825 3.91 16.91
14 0.9149 | 0.0851 3.00 17.00
15 0.8936 0.1061 & 2.50 1750
16 0.8066 0.1934 2.73 18.73 ]
1T 0.7114 . 0. 2886 2.58 19.58 !
| 18 | 0.5877 | 0.4123 2.66 20.25
19 | 0.4645 | 0.5355 1.63 20. 63
20 | 0.1500 0. 8500 1.00 21.00
Table 4. The results of a LIFO policy.
t | Absorbing states with resultant probabilities Transfused state
b; b t’ t”
Age| Probability of Probability of Expected day until Expected age upon
transfusion expiration transfused state is arrival in transfused
reached state
0 0. 9960 0. 0040 3.72 3.72
1 0.9953 0.0047 3.20 4,20
2 0.9925 0.0075 3.49 5.49
3 0. 9903 0. 0097 3.23 6.23
4 0. 9861 0.0139 3.18 7.18
5 0. 9792 0. 0208 3.26 8.26
6 0. 9622 | 0.0378 4.12 10.12
7 0.9528 0.0472 3.90 10. 90
8 0.9513 0.0487 2.99 ! 10. 99
9 0. 9201 0.0799 3.26 ; 12.26 !
10 0.8434 0.1566 4.44 14. 44 !
11 0.7253 0. 2747 6.02 ‘ 17.02 i
12 0.7168 0.2832 ‘ 5.18 : 17.18
13 0. 6987 0.3013 ; 4.44 | 17.44
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14 | 0. 6370 0. 3630 } 4.15 18.15 }

15 0.5463 0.4537 : 3.94 | 18.94

16 0. 4030 0.5970 3.86 ‘ 19. 86 J

17 0. 2807 0.7193 ‘ 3.45 20. 45

18 0.1827 0.8173 2.79 20.79 '

19 0. 1486 0.8514 1.86 20. 86
 20{ o000 | 09900 o100 21. 00

Table 5. Comparition of Different Policies on Average Inventory

‘ FIFO B LIFO
N P, I, P, I,
0 0. 9960 19.92 0. 9960 19.92 T
1 0. 9959 19.84 0. 9953 19.83
2 0. 9953 19.75 0.9925 19.68
3 0.9951 19.65 0. 9903 19.49 \
4 0. 9944 19. 54 0. 9861 19. 22 i
5 0.9932 19.41 0.9792 18.82 }
6 0.9911 19.23 0.9622 18.10 :
7 0. 9889 | 19.02 0.9528 17.25 !
| CH 0. 9866 , 18.76 0.9513 16.41
i 9 0.9858 ! 16. 62 0.9201 15,10
| 10 0. 9853 16. 38 0. 8434 12.73 ;
& 11 “ 0.9743 : 15. 96 0.7253 9.24
a 12 0. 9496 | 15.15 0.7168 6. 62 :
i 13 0.9175 | 13.90 0. 6987 4.63 1
| 14 0.9149 ; 12.72 | 0. 6370 2.95 ?
5 0.8936 ! 11.37 0.5463 1.61 i
16 0. 8066 ! 9.17 0. 4030 0. 65
i 0.7114 | 6. 52 0. 2807 0.18 -
18 , 0.5877 i 3. 83 0.1827 0.03
19 0.4645 3 1.78 0.1486 0.00
20 015 0.27 0.01 0.00
Average inventory 298. 79 L 222, 46
P,=Probability of blood of age t not being transfused.
I,=Average inventory of age t.
3.2 BRLW
317 Random policy% #3 Q) FIH 44 BHEEHERS 4$E ZAR d3 B T BER 26
pints% o} A5 FIFOst 4% LIFOE 8% of Bcohbi oF 2u sleke] =0 BHEES ol F gt

AL \)rs}”t} ool BERe ey 45 FIFO £33 LIFOS 4443
A4 2 Avs £5E ATdckes AE 4+ Aotk
thdl 43 LIFO9t 445 FIFOE # o) wel 445 FIFOE B®EEo| 12.37 pints, =43 LIFO:
BEERC] 14.82 pints® Vebyteh o] A3 Table—6el vhebvt ek BERBS 71522 i $43 FIFO
7b 9 £F ANCR dehbAal AulA S50 See Bt Q4T aE s TEE F 4 Ay 48
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Table 6. Comparition of different Policies on Outdate

FIFO LIFO

Age Outdate Age Qutdate

0 31.87cc | 0 37.28
1 32.54 1 37.28

2 37.13 | 2 59. 04

3 38.51 | 3 75.62

4 43.77 4 106. 86
5 52.80 5 156.58
[ 6 68. 46 6 273.67
: 7 84.45 7 325. 68
8 100.55 8 319. 67
9 94. 40 9 482. 60
i 10 96. 31 10 979. 41
| 1 20.15 11 1015. 29
c 12 305. 42 12 749. 91
’ 13 458.70 13 558. 01
; 14 432. 99 14 428. 34
‘ 15 483.91 15 292.18
16 709. 39 16 155. 22

17 752. 67 17 51.79

18 631. 64 18 9.81

19 381.28 19 0. 00

20 91. 80 20 0.00
Total outdate 4948, 71 Total outdate 5926. 76
[Total pints 12. 37pints Total pints 14.82
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