Intuitionistic fuzzy approach for analysis the blood donation system in Bulgaria
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1. Introduction: In 2000, a reform in the transfusion system in

Bulgaria was undertaken, with aim of centralized diagnostics anc
blood processing and improving the quality of the produced blood
components . A work algorithm is followed, providing quality blooc
components for all health facilities in the country. According [12]
Centers of transfusion hematology supply hospita
oncology centers with diagnosed and processed b
components. The Military Medical Academy and t

s and complex
ood and blood
ne hospitals, in

which structure there are departments of transfusion hematology,
supply the centers of transfusion hematology with the taken from

them blood.

Table 1. Centers of transfusion hematology in Bulgaria and territorial scope of activity

Center for transfusion hematology

Territorial scope of activity

National Center of Hematology
and Transfusion

Regions: districts of Sofia, Sofia, Blagoevgrad,
Pernik, Kyustendil, Vratsa, Vidin, Lom

Regional center for transtusion he-
matology Plovdiv

Regions Plovdiv, Haskovo, Smolyan, Pa-
zardzhik, Kardjali

Regional center for transtusion he-
matology Varna

Regions Varna, Silistra, Dobrich, Targovishte,
Shumen

Regional center for transtusion he-
matology Pleven

Regions

Pleven, Veliko Tarnovo,
Razgrad, Lovech, Gabrovo

Ruse,

Regional center for transfusion he-
matology Stara Zagora

Regions Stara Zagora, Sliven, Yambol, Burgas

2. Application of the ICA method: The dataset from is organized in two index matrices:
index matrix with 10 rows (for the age groups) and 17 columns (for the years). The age groups are following: under 20 years, between 21 and 25 years, between 26 and 30 years,
between 31-45, between 46-50, between 51-55, between 56-60, over 61, that are presented by sets of indices X = {x;, x,, ..., X,o}- The years are from 2005 to 2021 and they are

presented by sets of indices Y ={y,, V,, ---, V175
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Fig. 1. Total number of the blood donors by years in Republic of Bulgaria

index matrix with: 29 rows (for the centers/departments of transfusion hematology) and 17 columns (for the years). The centers/departments of transfusion hematology are
following: National Center of Hematology and Transfusion; Military Medical Academy; and Regional 4 centers for transfusion hematology (Plovdiv, Varna, Pleven, Stara Zagora) with
territorial scope of their activity, that are presented by sets of indices Z={z,, z,, ..., z,5}. The years are from 2005 to 2021 and they are presented by sets of indices Y ={y,, ¥,, ..., Y17}

2.1. Application of the ICA method for age
group:
After applying the ICA method, 45 IFPs were
obtained, reflecting the degree of correlation
between the age groups. Indexed matrices
with membership part and non-membership
part of the IFPs are given in Table 2 and Table
3.

2 pairs of criteria are in positive consonance:
“41-45”"-“51-55": (0,912; 0,088); “56-
60”—"over 60”:(0,851; 0,148).

L [under 20/21-25|26-30|31-35|36-40| 41-45| 46-50|51-55 | 56-60 |over 60
under 20| 1,000 |0,676|0,456|0,397|0,559|0,441|0.485|0,426 0,272 | 0,221
21-25 | 0,676 [1,000]0,581|0.419|0,588|0,360|0,456|0,360|0,353 | 0,257
26-30 | 0,456 [0,581/1,000|0.691|0,757| 0,662 0,691 |0,603|0,669 | 0,574
31-35 | 0,397 |0.,419|0,691|1,000|0,647|0,809|0,691|0,765 | 0,816 | 0,765
36-40 | 0,559 |0,588(0,757|0,647[1,000| 0,706 0,809 0,691 |0,610| 0,529
41-45 | 0441 [0,360(0,662|0,809|0,706| 1,000/ 0,838 |0,912|0.816| 0,765
46-50 | 0485 [0.456/0,691|0,691|0,809|0,838|1,000|0,824|0,728 | 0,662
51-55 | 0,426 |0,360|0,603|0,765|0,691|0,912|0,824|1,000(0.816| 0,765
56-60 | 0,272 |0,353|0.669|0,816|0,610|0,816|0,728(0,816 | 1,000| 0,904
over 60| 0,221 |0,257|0,574|0,765|0,529|0,765| 0,662 0,765 0,904 | 1,000

Table 2. Eesult matrix with membership parts of the IFPs of the correlations of the age groups

Table 3. Eesult matrix with non-membership parts of the IFPs of the correlations of the age groups.

v |under 20|21-25|26-30|31-35|36-40| 41-45|46-50|51-55|56-60 |over 60
under 20{ 0,000 |0.316|0.544|0,603|0.434|0.559(0,515|0,574|0.728 | 0,779
21-25 | 0,316 |0,000|0.412|0,574|0,397|0,632|0.,537|0,632|0,640]| 0,735
26-30 | 0,544 |0.412]0,000(0,309|0,235|0,338|0,309|0,397|0,331| 0,426
31-35 | 0,603 |0,574|0,309(0,000|0,346|0,191| 0,309 |0,235 (0,184 | 0,235
36-40 | 0,434 |0,397|0,235|0,346|0,000(0,287|0.184 (0,301 |0,382| 0,463
41-45 | 0,559 |0,632|0,338(0,191|0.287|0,000| 0,162 |0,088(0,184 | 0,235
46-50 | 0,515 |0.537/0,309(0,309|0,184|0,162|0,000|0,176|0,272| 0,338
51-55 | 0,574 |0,632|0,397(0,235|0,301|0,088| 0,176 0,000 0,184 | 0,235
56-60 | 0,728 |0,640/0,331|0,184|0,382(0,184|0.272|0.184[0,000| 0,096
over 60| 0,779 |0,735|0.426|0,235|0.463|0.235| 0,338 |0,2350,096| 0,000

12 pairs are in weak positive consonance: “41-45"-“46-50", “46-50”"-“51-55", “31-35”"-“41-45", “31-35"-“56-60", “36-40”"-“46-50", “41-45”"-“56-60", “51-55"-“56-60",
“31-35"-“51-55", “31-35"—“over 60”, “41-45”"—“over 60", “51-55”"—“over 60", “26-30”"-“36-40". This means that these age groups are in very similar behavior.
The low age groups — ,,under 20“ and “between 20 and 25” have the opposite behavior of the other age groups.
8 pairs of criteria are in weak dissonance, 17 pairs are criteria in dissonance, 5 pairs are in strong dissonance and 7 pairs are in weak negative consonance, 1 pair is in weak negative
consonance. That means, that these pairs are independent from each other.

2.2. Application of the ICA method for centers/departments of transfusion hematology:
After applying the ICA method, 406 IFPs were obtained, reflecting the degree of correlation between the centers/departments of transfusion hematology.

3 pairs of criteria are in positive consonance: “Vraca

35 pairs of criteria are in weak positive consonance.
70 pairs are in weak dissonance, 151 pairs of criteria are in dissonance, 139 pairs are in strong dissonance, 7 pairs are in weak negative consonance, 1 pair is in negative consonance.

7

”n

Vidin”: {0,882; 0,118); “Blagoevgrad”-

Lom”:{0,868; 0,132), “Sofia Region

]

-“Vraca”: (0,853; 0,147).

Table 4. Result matrix with membership parts of the IFPs of the transfusion hematology centers/transfusion hematology departments.

Dhstrnict |[Blagoe Eyus Eard- |Pazar- | Smo- | Has- St Tarzo | Shu- W.Tar | Gab- Raz-

kL MCHT| of Sofia | verad | Vratsa | Vidin [tendil | Lom | Permik |Plovdiv| jal dzhik | Iyvan | kovo | Zazora|Sliven | Yambol |[Burzas | Vama | Silistra |Dobrich|vishte | men |Pleven| noveo | rove |Lovech| grad | Buse | VA
MCHT 1.00 0.75 062 | 067 |0 671049 )10, 78 [ 0.80 0.76 0.50 | 0,80 | 063 | 0.485 0.564 0.62 0.58 0. 72 0.74 0.66 0.50 0.862 | 0.61 0.59 | 0,62 | 0.56 0.65 044 | 0.68 [ 0,73
District of | 0, 75 1.00 062 | 0067 |0&866 061|080 0,79 0,70 041 | 071 | 064 | 029 0.559 0.65 0.67 0,66 0,62 0,54 0.61 0.76 | 062 | 043 | 0,55 | 0,68 0,68 0,33 | 0,50 (0,75
EBlagoevzrd 0 62 0,62 1,00 | 074 |0 78| 0560866 080 0,80 046 | 081 | 075 | 0,37 0.59 0,54 0.65 0.75 0,78 0,62 0.55 062 | 069 | 054 | 0,55 | 0,60 0,65 0.37 | 0,58 (0,72
Vratsa 0,67 0,87 0,74 | 1,00 | 0,90 | 063|069 0,71 0,69 0.39 | 0,66 | 0,56 | 0,32 0,60 0,52 0,63 0,564 0,78 0,62 0,649 0,66 | 0,63 | 0,41 0.56 | 0,68 0,68 0,32 | 0,39 | 0,649
Vidin 0,67 0,86 0,76 0.90 | 1,000 71|10, 73| 0,73 0,74 0.36 | 0,75 | 0,54 | 0 24 0,66 0,65 0,649 0,62 0,81 0,58 0,72 0.71 | 067 | 0039 | 051 | 0,76 0,75 0.32 | 042 | 0,75
Eyustendi] 0,49 0.61 0,56 063 | 0,71]11,00] 050 052 0,564 0.36 | 0,54 | 0,35 | 0,39 0.67 | 0,59 0,68 044 | 0,62 0,58 0,85 0.51 | 067 | 037 | 0568 | 0,76 0,71 045 | 046 | 0. 62
Lom 0,78 0,80 0,88 069 073|050 ([1,00( 082 0.76 050 | 078 | 078 | 0,41 0.55 0.54 0.61 0,78 0,80 0.559 0,48 060 | 069 | 056 | 0,56 | 0,59 0.63 0.41 | 061 (0,71
Permik 0,80 0.79 0,60 071 1073|062 [10862[ 1,00 0,72 048 | 071 | 075 | 0,41 0.50 0.62 0.60 067 | 073 0,54 0,62 0861 | 065 | 059 | 0,56 | 0,59 0,66 0,43 | 0,57 | 067
Plowdiv 0,76 0,70 0,80 069 | 0,74 ]054 |10, 76| 0,72 1,00 048 | 0,78 | 0,72 | 0,40 0,63 0.46 0.65 0.69 0,78 0,67 0,60 076 | 0,58 | 0,59 | 052 | 0,65 0,68 0.45 | 0,50 | 0,68
E ardjali 0,50 0.41 046 | 0,39 | 0,36 | 0,36 | 050 0,48 0,48 1,00 | 050 | 065 | 0,74 0,49 | 0,59 0,48 0.55 0,41 0,564 0,36 0563 |1 042 | 0,76 | 050 | 0,43 0,29 | 063 | 0,66 | 0,36
Pazardzhik| 0,60 0,71 0,81 068 |0.75|054 10 78| 0,71 0,78 0.50 | 1,00 | 0,73 | 0,39 0,66 0,45 0.59 0.81 0,82 0,64 0.57 084 | 056 | 052 | 0041 | 0.61 0,66 0.368 | 0,56 | 0,75
smolvan 0,83 0,64 0.75 066 1054 1035|078 0,75 0,72 065 | 073 | 1,00 | 056 046 | 0,45 0.48 0,78 0,65 0.59 0,39 .76 | 055 | 073 | 052 | 047 0.51 0.51 | 0,65 | 0,63
Haskovo | 0,48 0,29 037 | 0,32 024 1039|041 | 041 0.40 0.74 | 0.39 | 0.56 | 1,00 0.50 0,64 0.50 0,45 0,29 0.50 0,39 042 | 046 | 075 | 0,58 | 0,36 042 | 073 | 067|031
St.Zazora | 0,564 0.59 0,59 0.60 |068|067 055 0,50 0,63 0,49 | 0,66 | 046 | 0,50 1,00 | 0,56 0,64 0.60 0,65 0,62 0,71 056 | 0,55 | 049 | 0,37 | 0,69 0,69 0.50 |0, 48 | 0,61
Shven 0,62 0.55 0,54 052 |0,55]1059)054 | 0,52 0,46 0.59 | 045 | 045 | 0,64 0,56 1.00 0.67 046 | 0,48 0,563 0.57 054 | 058 | 0,568 | 0.bb | 0,58 0,61 0.60 | 0,62 | 0,50
Yambol 0,58 0.67 0,65 063 | 069|068 | 061 | 060 0,65 0468 | 0,59 | 048 | 0,50 0,64 0.67 1.00 0,54 0,63 0,70 0,68 0631049 | 043 | 052 | 0,73 0,69 042 | 0,55 | 0,60
Burgzas 0,72 0.66 0,75 054 062|044 |10, 76| 0,67 0,69 0.55 | 0,81 | 0,78 | 0,45 0,60 0.46 0,54 1.00 | 0,69 0,61 0,43 0.75 | 056 | 0,59 | 042 | 0,52 0,565 0.49 | 065 | 0,69
Vama 0,74 0,82 0,78 078 |081 |0 62080 0,73 0,78 0,41 | 082 | 065 | 0,29 0,65 0.48 0.63 0,69 1.00 0,60 0.66 077 | 063 | 044 | 062 | 0,72 0,71 0,36 | 0,458 | 0,82
Silistra 0,56 0,54 0,62 062 0568|058 (059 0,564 0.67 0,54 | 064 | 059 | 0,50 0,62 0.563 0,70 0.61 0,60 1.00 0.61 062 | 042 | 056 | 0,51 | 0,64 0.55 0.9 | 0,59 0,61
Dobrnch 0,50 0.61 0,65 069 | 0,720,685 | 046 | 0,52 0,60 0.36 | 057 | 0,39 | 0,39 0,71 0.57 0,68 0,43 0,66 0,61 1.00 046 | 059 | 039 | 057 | 0,75 0,70 047 | 045 | 0,62
Targowvishy 0, 62 0,76 0862 | 066 |0, 710511080 0,81 0,76 0531 0,84 | 0,76 | 042 0,568 0,564 0,63 0,75 0,77 0,62 0.46 1,00 | 057 | 055 | 050 | 0,62 0,63 0.39 | 0,54 | 0,75
Shumen 0,61 0,62 0,69 063 | 067067069 0,65 0,568 042 | 066 | 0,55 | 0,46 0,565 0,58 0,49 0.58 0,63 0,42 0.59 0.57 | 1,00 | 052 | 068 | 0,55 0.67 | 0,52 | 0,586 | 0,61
Pleven 0.559 0,43 0,54 041 1039|037 | 0566 0,59 0.59 076 | 0521 0,73 | 0,75 0.49 | 0,58 0,43 0.559 0,44 0.56 0,39 055 | 05621 1,00 | 0.56 | 0,41 042 | 069 |0 66| 0,39
V. Tamovo| 0, 52 0,55 0.55 0,66 1051|0568 |0586( 0,566 0,62 0,50 | 041 | 052 | 0,58 0.37 | 0.bb 0.62 042 | 052 0,51 0.57 050 | Oba | 056 | 1,00 | 0. 49 0.56 0.67 | 0,50 052
Gabrovo 0,56 0,68 0,60 068 |0,76 |0, 76| 059 | 059 0,65 043 | 0,671 | 047 | 0,36 0,69 0,58 0,73 0,52 | 0,72 0,64 0,75 0,62 | 0,55 | 0,41 0.49 | 1,00 0,69 0.44 | 046 | 0,69
Lowvech 0,65 0.68 0,65 068 |0.75]|0.71 |0 63| 0,66 0,68 0,29 | 066 | 0,51 | 0,42 0,69 0,61 0,649 0.565 0,71 0,65 0,70 063 | 067 | 042 | 056 | 0.6Y 1,00 | 050 | 042 | 0,69
Razrgrad 0,44 0,33 0,37 | 0,32 |0, 320451041 0,43 0,48 063 | 0,368 | 0051 | 0,73 0,50 0,60 0,42 0.49 | 0,386 0,59 0.47 0,39 | 052 | 069 | 067 | 0,44 0,50 1,00 | 056 | 0,39
Euse 0,58 0,50 0.58 039 1042|1046 (061 | 067 0.50 066 | 0,56 | 065 | 0,67 0,48 0,62 0.65 0,65 0.48 0.559 0.45 054 | 056 | 066 | 0,50 | 0. 46 042 | 0.56 | 1.00] 049
WIVLA 0.73 0.75 0.72 069 10751062071 067 0.68 036 | 075 | 063 | 0,31 0.61 0.50 0.60 0.69 0.62 0.61 0.62 0.75 | 0.61 0.39 | 052 | 0.659 0.69 0.39 (0,49 [ 1,00

3. Conclusion. The promotion of regular, anonymous and voluntary blood donation is of particu-lar importance. The supply of high-quality blood and blood components is
indispensable for the effective treatment of patients.
This study investigates the relationships between number of blood donors in the 29 centers/departments of transfusion hematology in Bulgaria for a period of seven-teen years
(2005-2021). The dependencies between the age groups of blood donors were investigated.
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