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Metadata-Based Data Structure Analysis to Optimize
Search Speed and Memory Efficiency

Kim Se Yeon' - Lim Young Hoon'

ABSTRACT

As the amount of data increases due to the development of artificial intelligence and the Internet, data management is becoming
increasingly important, and the efficient utilization of data retrieval and memory space is crucial. In this study, we investigate how to
optimize search speed and memory efficiency by analyzing data structure based on metadata. As a research method, we compared and
analyzed the performance of the array, association list, dictionary binary tree, and graph data structures using metadata of photographic
images, focusing on temporal and space complexity. Through experimentation, it was confirmed that dictionary data structure performs
best in collection speed and graph data structure performs best in search speed when dealing with large-scale image data. We expect
the results of this paper to provide practical guidelines for selecting data structures to optimize search speed and memory efficiency
for the images data.
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Fig. 1. Data Structure
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Fig. 2. Array Structure
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Fig. 3. Linked List Structure

Table 1. Dictionary Structure
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Fig. 4. Binary Tree Structure

Fig. 5. Graph Structure
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def get_image_metadata(file_path, data_structure):
img= Image.open(file_path)
exifdata= img.getexif()
img.close()

if exifdatais not None:
for tagid, value in exifdata.items():
tagname= TAGS.get(tagid)
data_structure.append((tagname, value))
return data_structure

Fig. 6. Metadata Extraction and Insertion Algorithm

Table 2. Notation

exifdata |Exif data from image

tagname |the tagname you want to search

value the value you want to search

an array to store results if the searched

result .
tagname and value exist
data kind of data structure
- array, linked list, dictionary, binary tree €
structure

data_structure

ast.literal_ |the function that safely evaluates Python literal
eval values

value to be searched for the corresponding

search .
— |taga search value safely evaluated using the

value ; .
au ast.literal_evalfunction
metadata, . .
— | tagidof exifdata
tagname
metadata, .
= | value for the corresponding tag
value
append |the function that adds a new element to a list
. a PIL function that returns the Exif metadata of
getexif .
an image
root binary tree's root node (starting node)
et_image . . . .
BELIMABE_ |\ otadata extraction and insertion algorithm
metadata

new_node |a new metadata node to be added to the graph
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FE ARES O o2 AA|E MRS “search_value 2}
“metadata_value’7} X5}, “metadata_tagname’¥+ A
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EA4E FHZ vuE sy

def search_metadata_in_data_structure(tagname, value,
data_structure):
result = []
for metadata_tagname, metadata_valuein data_structure:
try:
search_value= astliteral_eval(value)
if metadata_tagname== tagnameand
metadata_value== search_value:
result.append((metadata_tagname,
metadata_value))
except(ValueError, SyntaxError):
if metadata_tagname== tagnameand
str(metadata_value) == value:
result.append((metadata_tagname, metadata_value))
return result

Fig. 7. Metadata Search Algorithm

def insert(root, tagname, value):
if root is None:
return TreeNode(tagname, value)
if tagname< root.tagname:
root.left= insert(root.left, tagname, value)
else:
root.right= insert(root.right, tagname, value)
return root

Fig. 8. Insertion Function in Binary Tree
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if tagname in graph:
found = False
for node in graph[tagnamel:
if str(node.value) == str(value):
found = True
break
if not found:
new_node = GraphNode(tagname, value)
for node in graph[tagname]:
node.add_neighbor(new_node)
new_node.add_neighbor(node)
graph[tagname].append(new_node)
else:
new_node = GraphNode(tagname, value)
graph[tagname] = [new_node]

Fig. 9. Extra Insertion Function in Graph

def search(root, tagname, value):

results = []

if root is None:
return results

if tagname< root.tagname:
return search(root.left, tagname, value)

elif tagname> root.tagname:
return search(root.right, tagname, value)

else:
if str(value) == str(root.value):

results.append((root.tagname, root.value))

results.extend(search(root.left, tagname, value))
results.extend(search(root.right, tagname, value))
return results

Fig. 10. Search Algorithm in Binary Tree
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Table 3. Time Complexity Comparison

Big-O Big-Omega Big-Seta
Array O(N*M) Q(N*M) ON*M)
Linked List O(N*M) Q(N*M) ON*M)
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YMUEE &35t 2+ oju] x| dis) A3 A
2 O(N*M)Lo.2 AT whaha] HA At
H O(N*M) + O(N*M) = O(ZN*M)O] Ho} 0]'7(]“} A BT
£ 71 dolle= Aot g BF L 7 2 %S F
= U LEsteg @%QEEO(N*M)O] et | @ #7]
HE Fore] A5 skl ALl Zolehd B o7t &
7IHe HA9 B9E A4 weF BE on|X|d Fes
shuke] vgkEolEet QUekd, & Mo Aehd QINCE #
A 4= Ak SEAITE GRrAQl F4-, 2} oju]R]ofl= = 7 o]
o] HetElolE 7t EAIE 7hsAdol ¥ HE Q(N'MOE
dol= Zlo] T Wt} o]z EF]9] -9 get_image_metadata
%}—roﬂfﬂ insert & T&5t0] HEH o[BS AU 4
Y EEE B ol AM Am V4o 2190 Bl
(13]. o]% E&9] &ol= EF9| w3 ofFof wet ZA=+=
o, E27t 3 9 Aot E2l9] Eol= logN*M)o]aL A
7t BT QogN*M)o] Hrt. ST EE7} gH{ o2
FAA A Aols =07 N*MolL O(N'M)S At B3¢
£ 2=t A8 E AR BEAES] &2 N Mo| 2
7o w=h 2 EH, Y] A EFE=E OIN*M), 2419
A B EE QUog(N*M))oltt. B Alet 7 ¥ & &
713} 8] ou|7} 7|0l T2 W ®7|SIEE o]X EZo
Ae ALt AAIZ F=7F AgEE A gRlsh] 9
3l time. perf counter() &5 AMESHH o] e AT
7HeE 9 g2 Wity oAl e, w9 2 713 Ss)
= AREE 7P w2 s AA R, ¥ Foll A
AZbs ZRtsto] AA| A" A A-ERITHION

1‘2.

F

33 37t SHE 2M

1 EREE S H @ #7|HOoR Y'Y 7 Aet
%9 37t B Table 49 2.

image_array ¥j€o] AHgH HLg]= Z} o|u]z] 9] HEHH|
ole| & A5z | AHEE B7tolth. o] A9 47} NojiL
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Array O(N*M)
Linked List O(N*M)
Dictionary O(K*V)
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Graph O(N*M*p)




316 FEXZ|EE ==Xl HM13H HM75(2024. 7)

N

tolm||9] vletdo]E g=o] Molzta & f, vjE o] & &
EXTE= ON*M)oltt. QZZAER #i@y} npriA 2
[9]A]19] 47} NoJaz, Z}+ o]u|2|9] wetH|o]E| F=o] MY
W, 2 olue] HetdoleE AU B AgE UL
ON*M)elt}. 13y JAZAELE -9 tagname, value &
next #f= A dizo] =9 FH7HA] dEsoRetitt.
Z} oju|z|of| 3] shte] =t AJAE 7] ] =EE A
Aok wlEE= ON)oltt. wekA & 33 B == ON'M
+ NojH, Zkaststd ON*M)e] Hoth HMuel= key?t
valueg ¥ o= ZHXIL Q7] mizol Z+ oln|A|o thgt
tagname 52} Z tagnamed value?| 47} S5t} whahA
Z7Zre K Vet & o & 37 BdEE OK*V)oltt. o|
E79 37 EXEE 8 Ef9] #o|9F #o] itk ZF &
E= tagname, value, left child, right child2 °]Fo{A Q)
o}, Z} ojuj|] s M7 Q] HgtdolE 7}t TrEoiXiThal 7}
Mo, 1wE9 £b NMolT old Efle] kolt g
logN*M)olet. 12fut E-j7t o] Qo] BE BV} &
02 XA Sl oo ALol= ON*M)ol F & Ut
kA o]z Efl9] 37 E{E= OIN*M)A Olog(N*M))
Atololeh21]. iz 7MY A7t b2 ¢ N'MA9] &
o7 AAE ¢ At ESF ZF 5= tagnamed valueE Rt
ofzt o] LE9| HAEES ARt PFHHORE 7} 11
of thsf p7He] FYARE 7ho] AT, ZF L E9] o] HAE
9] A7 Ao p-10] Hoh. webA I F3F B
ON*M*(p-1))o]™, ZtA3FstH ON*M*p)oltt. ZEXHOE
o|zl E¥|9] 37t EF LI AlY R, Iz 3k B =
7t AL =2 Ao=Z YER

o

o

=wolAe 2849 AN A9 Frsh] sl Azt
7F BEYEE Attt AAZ 357t AgE
AlZHe R15}7] 3 time.perf_counter() IS AFESF
t}. o] §= A5 7RE Y] ghE wiRlkslith thA] e, o
B2 7174 SAoke dl AR EE 7 w2 =Y Al
2, 8 Fol AFE AR Zgsto] HA| AlAoA 2

2 7 gz sl 534 vHEE 9 o, A
A glolg %2 50008 100422 o] T 7FA] 249
A AFE et A¥AT = Table 59 Ztt.

Hetdo]E o] FPAIZRE g7t B 1.042=2 71
7ok, weldolel o] HA Az T 7t Wt 0.0012 7F
Z godct. o]X ERje}t I n HE w2 HA AZRS HolE
A, o] HA &w7t o w2 A YERgT ol 18
I7} tagnameBZ edgeE TlolHE AZotL 4 AZ2" o
TE g840=8 gag & A AW wEoltt 1
DojAe A44d LEE5S S0 & ol gt " 4
27} tpfstEy HHshE o2, Qs YRS A&otA &

[

2

Table 5. Results of 5000 and 100 Images Data(Time Unit: Sec)

5000 Images Data 100 Images Data
Min | Max | Avg Min | Max | Avg
Collection| 4 4o | 1173 | 1.131 | 0.050 | 0.110 | 0.065
Time
Array S h
arch | (201 | 0.336 | 0.251 | 0.008 | 0.010 | 0.009
Time
_ Collection| , « <50117.851 [17.142| 0.065 | 0.076 | 0.070
Linked Time
List | Search | ) 161 0,023 | 0.020 | 0.001 | 0.001 | 0.001
Time
Collection| o7 | 1 170 | 1.042 | 0.049 | 0.066 | 0.056
- Time
Dictionary S b
Carch | 0014 | 0.028 | 0.019 | 0.001 | 0.001 | 0.001
Time
. Collection| ;) 460 29.440|23.372 0.057 | 0.068 | 0.061
Binary Time
Tree | Search | 11 10013 | 0.012 | 0.000 | 0.000 | 0.000
Time
Collection| ) o7 | ¢ 435 | 2.389 | 0.038 | 0.040 | 0.038
Time
Graph Search
€arch 001 | 0.002 | 0.001 | 0.000 | 0.000 | 0.000
Time
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