JIOJIATOK A

[Tpuknanu KoaiB mporpam

A.1 Kon I'emi-tabmuiii 3 METO0M BIIKPHUTOTL ajpecarrii

public class RedisLikeHashMap<K, V> implements HashTable <K, V> {
private static final int INITIAL CAPACITY = 16;
private static final float LOAD FACTOR = 0.75f;
private Entry<K, V>[] table;
private int size;

public RedisLikeHashMap () ({
table = new Entry[INITIAL_CAPACITY];

}

private static class Entry<K, V> {
final K key;
V value;

Entry (K key, V value) {
this.key = key;
this.value = value;

}

private int hash(Object key) {
return Math.abs (key.hashCode() % table.length);

}

public void put(K key, V value) ({
if (size >= LOAD_FACTOR * table.length) ({
resize() ;

}

int index = hash (key) ;
while (table[index] !'= null && !table[index] .key.equals (key))

index = (index + 1) % table.length;
}

if (table[index] == null) {
size++;
}
table[index] = new Entry<>(key, value)

}

public V get (K key) ({
int index = hash (key) ;
while (table[index] !'= null) {
if (table[index] .key.equals (key)) {
return table[index] .value;

}
index = (index + 1) % table.length;



return null;

}

public V remove (K key) ({
int index = hash (key) ;
while (table[index] '= null) {
if (table[index] .key.equals(key)) {

V value = table[index] .value;
table[index] = null;
size--;
rehash (index) ;
return value;

}
index = (index + 1) % table.length;

}

return null;

}

A.2 Kop I'emr-tabimii 3 MeTOq0M OakeTiB

import java.util.TreeMap;

public class RedisLikeHashMapWithTree<K, V> implements HashTable <K,
V> {
private static final int INITIAL CAPACITY = 16;
private static final float LOAD_ FACTOR = 0.75f;

private TreeMap<K, V>[] table;
private int size;

public RedisLikeHashMapWithTree() {
table = new TreeMap[INITIAL CAPACITY];
for (int i = 0; i < INITIAL CAPACITY; i++) {
table[i] = new TreeMap<>() ;
}
}

private int hash(Object key) {
return Math.abs (key.hashCode () % table.length) ;

}

public void put(K key, V value) {
if (size >= LOAD_ FACTOR * table.length) {
resize() ;

}

int index = hash (key) ;
if (table[index] .put(key, value) == null) {
size++;
}
}

public V get(K key) {
int index = hash (key) ;



return table[index].get (key) ;
}

public V remove (K key) ({
int index = hash (key) ;
V value = table[index] .remove (key) ;
if (value '= null) {
size--;
}

return value;

}

private void resize() {
TreeMap<K, V>[] oldTable = table;
table = new TreeMap[oldTable.length * 2];
for (int i = 0; i < table.length; i++) {
table[i] = new TreeMap<>() ;
}

size = 0;

for (TreeMap<K, V> bucket : oldTable) {
for (K key : bucket.keySet()) {
put (key, bucket.get (key))
}
}
}
public int size() ({
return size;
}
}

A.3 Koa b-nepeo

public class BTree<T extends Comparable<T>> ({

private int minKeySize =1

private int minChildrenSize = minKeySize + 1; /
private int maxKeySize = 2 * minKeySize
private int maxChildrenSize = maxKeySize + 1;

private Node<T> root = null;
private int size = 0;

public BTree() {
}

public BTree (int order) ({
this.minKeySize = order;
this.minChildrenSize = minKeySize + 1;
this.maxKeySize = 2 * minKeySize;
this.maxChildrenSize = maxKeySize + 1;

}

public boolean add (T value) ({
if (root == null) {
root = new Node<T>(null, maxKeySize, maxChildrenSize) ;
root.addKey (value) ;



} else {
Node<T> currentNode = root;
while (currentNode '= null) {
if (currentNode.numberOfChildren() == 0) {

currentNode . addKey (value) ;
if (currentNode.numberOfKeys () <= maxKeySize) ({
break;
}
split (currentNode) ;
break;
}
T lesserKey = currentNode.getKey (0) ;
if (value.compareTo (lesserKey) <= 0) {
currentNode = currentNode.getChild(0) ;
continue;

}

int numberOfKeys = currentNode.numberOfKeys () ;

int lastKeyIndex = numberOfKeys - 1;

T greaterKey = currentNode.getKey (lastKeyIndex) ;

if (value.compareTo (greaterKey) > 0) {
currentNode = currentNode.getChild (numberOfKeys) ;
continue;

}

for (int i = 1; i < currentNode.numberOfKeys(); i++)

T previousKey = currentNode.getKey(i - 1);
T nextKey = currentNode.getKey (i) ;
if (value.compareTo (previousKey) > 0 &&
value.compareTo (nextKey) <= 0) {
currentNode = currentNode.getChild (i) ;
break;

}

size++;
return true;

}

private T remove (T value, Node<T> node) {
if (node == null) return null;

T removedValue = null;
int index = node.indexOf (value) ;
removedValue = node.removeKey (value) ;
if (node.numberOfChildren() == 0) {
if (node.parent !'= null && node.numberOfKeys () <
minKeySize) ({
this.combine (node) ;
} else if (node.parent == null && node.numberOfKeys () ==
0) {
root = null;
}
} else {
Node<T> lesserNode = node.getChild (index) ;
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Node<T> greatestNode = this.getGreatestNode (lesserNode) ;
T replacementValue =
this.removeGreatestValue (greatestNode) ;
node.addKey (replacementValue) ;
if (greatestNode.parent != null &&
greatestNode.numberOfKeys () < minKeySize) ({
this.combine (greatestNode) ;

}
if (greatestNode.numberOfChildren() > maxChildrenSize) ({

this.split (greatestNode) ;
}
}

size--;
return removedValue;

}

A.4 Kopg Ckim-imucra

public class SkipList<K extends Comparable<K>, V> {
private static final int MAX LEVEL = 16;
private final Node<K, V> head = new Node<>(null, null,
MAX LEVEL) ;
private final Random random = new Random() ;

static class Node<K, V> {
final K key;
V value;
final Node<K, V>[] forward;

Node (K key, V value, int level) {
this.key = key;
this.value = value;
this.forward = new Node[level + 1];

}

public void put(K key, V value) {
Node<K, V>[] update = new Node[MAX LEVEL + 1];
Node<K, V> x = head;

for (int i = MAX LEVEL; i >= 0; i--) {
while (x.forward[i] 1= null &&

x.forward[i] .key.compareTo (key) < 0) {
x = x.forward[i];

}
update[i] = x;

x = x.forward|[0];

if (x '= null && x.key.compareTo (key) == 0) ({
x.value = value;
} else {

int level = randomLevel () ;



x = new Node<> (key, value, level);
for (int i = 0; i <= level; i++) {
x.forward[i] = update[i].forward[i];

update[i] . forward[i]

}

public V get(K key) {
Node<K, V> x = head;

= X,

for (int i = MAX LEVEL; i >= 0; i--) {
while (x.forward[i] 1= null

x.forward[i] .key.compareTo (key) < 0) {
x = x.forward[i];

}

x = x.forward|[0];

if (x '= null && x.key.compareTo (key) == 0) ({

return x.value;

}

return null;

}

public void remove (K key) ({

Node<K, V>[] update = new Node[MAX LEVEL + 1];

Node<K, V> x = head;

for (int i = MAX LEVEL; i >= 0; i--) {
while (x.forward[i] = null

x.forward[i] .key.compareTo (key) < 0) {
x = x.forward[i];

}
update[i] = x;

x = x.forward|[0];

if (x '= null && x.key.compareTo (key) == 0) {
for (int i = 0; i <= MAX LEVEL; i++) {
if (update[i].forward[i] '= x) break;

update[i] . forward[i]

}

private int randomLevel () ({
int level = 0;
while (random.nextInt(2) ==
level++;
}

return level;

}

A.5 Kon rpadoBoro cxoBuia

= x.forward[i];

0 && level < MAX LEVEL) {

&&

&&



import java.util.ArrayLlist;
import java.util.HashMap;
import java.util.List;
import java.util.Map;

public class GraphStore ({

class Node {
private final String id;
private final Map<String, String> properties;
private final List<Relationship> relationships;

public Node (String id) ({
this.id = id;
this.properties = new HashMap<>() ;
this.relationships = new ArrayList<>();

}

class Relationship ({
private final String type;
private final Node startNode;
private final Node endNode;
private final Map<String, String> properties;

public Relationship(String type, Node startNode, Node endNode) ({
this.type = type;
this.startNode = startNode;
this.endNode = endNode;
this.properties = new HashMap<>() ;

private final Map<String, Node> nodes;
private final Map<String, List<Relationship>> relationships;

public GraphDatabase() {
nodes = new HashMap<>() ;
relationships = new HashMap<>() ;
}

public Node createNode (String id) {
Node node = new Node (id) ;
nodes.put (id, node) ;
return node;

}

public Relationship createRelationship (String type, Node

startNode, Node endNode) ({

Relationship relationship = new Relationship (type, startNode,
endNode) ;

startNode.addRelationship (relationship) ;

endNode .addRelationship (relationship) ;

relationships.computeIfAbsent (type, k -> new
ArrayList<>()) .add(relationship) ;

return relationship;

}

public Node getNode (String id) {



return nodes.get (id) ;

}

public List<Relationship> getRelationships (String type) {
return relationships.get (type) ;

}

public List<Node> findNodesByProperty (String key, String value) {
List<Node> result = new ArrayList<>();
for (Node node : nodes.values()) {
if (value.equals(node.getProperty (key))) {
result.add (node) ;

}
}

return result;

}
public List<Relationship> findRelationshipsByProperty(String key,

String value) {
List<Relationship> result = new ArrayList<>();

for (List<Relationship> rellist relationships.values()) {
for (Relationship rel : rellist) {
if (value.equals(rel.getProperty (key))) {
result.add(rel) ;

}
}
}

return result;

}

public void deleteNode (String id) {
Node node = nodes.remove (id) ;
if (node '= null) {
for (Relationship rel

ArrayList<>(node.getRelationships())) {
deleteRelationship (rel) ;

new

}

}

public void deleteRelationship(Relationship relationship) {
relationship.getStartNode () . removeRelationship (relationship) ;
relationship.getEndNode () . removeRelationship (relationship) ;
List<Relationship> rellist =
relationships.get (relationship.getType()) ;
if (rellist !'= null) {
rellist.remove (relationship) ;

}
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I-TabJIMLI 3 BIAKPUTO aJipecalli€ro nokKasasay Kpauli pe3yibTaTHi M0 BCTaBlli Ta BUAAJIEHHIO
KJIFOYIB /1J1s1 HEBEJIMKUX Ta cepejiHiX 00cATIB JaHUX, ajie MOCTyNnaJlucs iHIIKUM CTPYKTypam IpHu
MOIIYK

Xewm-rabsmii 3 6aketaMy Ha OCHOBI OIHApHUX JepeB MPOAEMOHCTPYBaJIM OUIbII CTAbIIbHUM

4ac NouykKy, aje BUMarasy oiablue nam'sTi.

b-pepeBa 3abeznevyusiv ’ TIPOAYKTHUBHICTH NpH BEJIHUKHX 00cArax JAaHUX 3aB/AKHU
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NPOAYKTHUBHICTh 3HHXKYBaJacd 3 POCTOM KIJIBKOCTI ; ' '

MOMDK HOJJaMH, TOMY nam'aTi BUKOPHUCTOBYETBCHA 3HAYHO OUIbUIE,

—b
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BWCOKOMD DIBHA NEpanenbHoCT, WO CrpYRE edErTMBHOMY BUKODNCTAHHID pecypCis

CHCTEMM
ke 1y

Crmamizayis EJ‘IF:IFHTMIEI Ta obuncneHs. Jani =
EWKOpWCTOBYBATA ONTHMISOS

CHoTEMLA ~:5:;.-35—|—; SaHK jC(_E' 1
OMNEepaTUBHIN NaM'ATI MOXHE KNacMdikyBaTI 38 pisH

1. In-Memory Key-Value Stores

Redis € H3J3BM4ANHO WBWAKOH Q330K S3HWX ¥ NAMRTI, ODCHOBEHOH HA
CTRYKTYPEX GEHMX Ty KIKH-3HE4eHHR. TigTpuMye pRG TWNIB GEHWVX, BRADYEHINW
CTPOKM, MW, CTIMCKW, MHOXKWHW T8 COPTOBaHI MHOMMWHK. 35023Meqys MONNMBICT
KELLYBAHHR T8 36SQirgHHA TMMUSCOEN A5HMK ANR MIASWVILESHHR LISMIKOAI 1088TKIB.

2 |I'I—|"-|"|EFI"II:II"_||' Columnar Databases
SAP HAMNA BUKODWCTOBYE XONOHKOBE 36EQirEHHR ANR BWCOKOLE

SWIKICHO
Kt BHENITWYHKX ONEpaLin B peanaHOMy Yaci. J0SBOoNAE BUKODWCTOBYBETH

A5HI B NawW'sTi AN NPUCKOPSHHS ONepauii 3 A5HWMMKW T8 336S3n8ueHHN BenUKOo|

wisngkagi. MigTpuwye aHan
Google Bigtable svkopWCTOBYE MO 2 IESQIraHHA JGHWK i BMIARA] KONOHDK
T8 £ pO3NOJINEHOH) CWCTEMOH) ONR  MACUTEE0S3HOI pOGOTH 3 OEHWMM.
NTHUMIZOBEHMIA MR LUBMAKDND J0CTYMY 40 BEAMKIAX OOCAriS CTPYKTYDOBE HAX JaHVN.

m )

HMEKDQDHCTOBYETECA 00Zie 4N

WBMAKDANT BHYTRILLHIX CyoKb.
3. In-Memory Document Store

R 386E3MEYEHHA BEAWKOl JOCTYNHOCT TE BWCoKD]

{H]

Couchbase - us Mo5S0L €833 faHUX, AKS BUKOPWCTOBYETECR ANA 3BepiraHHA
AEHWK y DODMETI JDKYMEHTIB, OCHOBaHWX Ha |5CM. 3a6e3nedye rHyYKiCTh y poBoTi 3
pisH# THMEMW  SEHVX T4 LUSMAKMA JOCTYN 40 JOKYMEHTIE ¥ MaMATi
BUKOpWCTOBYETECA ANR Pi3HMK 38608HE. BRAHHEHYM pO3po6xy Be6-000aTKiE Ta

[}
€I
i

=i
1

4 In- Memu:ur},.'ﬁnai}ltlcal Databases

Apache Spark npsuxs y mEM'ATI Té A03BONRE BUKOH
QOQUWCAEHHR TA 8HANI3 JsHWX Yy peaneHoMy Yac. 3a6e3nedye
IEEORKN YTPWMEHHIO J8HWX Y NaMATI nig 4sc obuncnedn. Bukopw ,_T"“:u_rET_,_r ang
QGpoEKW BEAMKMX OBCRMB ASHKWK T3

5. In-Memory MewSOL Dal:al:u.ases

VoltDB swkopwcToBys epxiTexTypy Yy MNaMATI AR 336£3Me4eHHR BWCOKD
WESMAKSAT T8 TDSH3SKUIWHOD CTIRKOCTI faHM. OnTHUMIBCESHWMA Ans poboTh S
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L

OBpOGK TpEH3aKWN. BUKODWITOBYETECR AAR BUMOrAWBWK 10
TaKMX K DIHEHCOET CHCTEMIA T8 TENSKOMYHIKELIWHI NNaThopMie
MPoNoHyE posnogineHy EDXITEXTY Y. MOpH3OHTANEHY
MECLUTAEYEETH CHWCTEMY
MERHOCT Bid HEBEHTIAEHHR. BUKOPUCTOBYETECR 4R SEMMKMX TS
CHNEAHWX J0O8TKIE, A8 NoTpibHa CTIMKICTE Ta MacWwTatosaHicTh.

6. In-Memory Graph Databases

Meod| = rpafosotd 623010 ASHWX, RKS SHEKTMBHO 3bepiras T3
rpadoBi CTPYKTYEW LaHv. 338e3neuye rHyYKiCTe A8 MOAEAKBIHHR T
3E'R3KIE Mk 06'exTaM. BUKODWCTOBYETBIR ANA CLUEHAPIE, g8 BEMNWEE pOBOTE 3

3B'FIKEM W, TEKWX RK COUansHi Mepe

PoBOTE 3 JaHWMUK ¥ ONepaT
pPEaKTHBHICTE CWCTEM, ane BHOC
OEMENYBETI POIMID T TWM J&H
BECTM A0 BTpand geakol  iHgopwmsull npw  3608X
CHHXPOHIZEWR T8 KOHCWCTEHTHICTE MK KOMOSHEHTEMM €
MoK BUCOKMY HEBEHTEMSHHRX. 353 NepesaréMe BapTo

PEAKTVIBHOCTI T& NITPWMKY PEEABHOrD Yacy AnA CUCTEM, RKi NpELHIOTE 3 SEHUMM Y
pEanEHOMY Y8C, TEKMMK AK IHEHCOBI anepaLli YW MOHITOPWMHT NOgiN.

Aocni ¥ Yy OMEPSTUEHIA NaM'RTI €
BETYEABHIN WBHUM. T 1 PO3BMTOK T& ONTHMISEUIR ICHYHMMX
TEXHOAOMA MOXYT A L] WK i A, CIDAMOSSHIE HE BHMDILLEHHR

BAKRIAKIE, V¥ T3 OOMEXSHICTHD NaM'sTi

Mpasuns 51 M0y Th 3HEYHD NOKPSLLMTK
MpogyKTHBHICTE 1 Ta 1T 6i GEKTUEHY pOBOTY A0MATKE Yy
pEaNEHOMY HaC nepesar

Cnucor BM KOPHCTAMHAX SMepen:

[1] Maptw=  Krennmads. (20718) BoCoKoHSBESHTSMEHWMY NPOrPaMK DOrZENyESHHR
reacwTafyea=s=A, nigrpwnes K "Tnofan-Tpena”, 202-255
[2] d=oumsd Kapnoos. (20713) "Redis in Action” migrpesaxa kKuia: «0'Reilly Medias, 152-245
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This article delves into the adoption of Sorted Siring Tables (S8 Tables) as
a solution for efficient and organized data storage in modern information
systems. 1L addresses the challenges posed by disorderly data arrangement and
presents SS5Tables as a remedy, with a [ocus on key aspects such as key
uniqueness and the compaction process. The advantages ol S8 Tables, including
sireamlined data merging and two-level indexing, are underscored alongside
strategies [or risk minimization. Moreover, the article highlights the widespread

adoplion of 85Tables in various data stores and distiributed sysiems, advocatling
for lurther research o oplimize performance and enhance dala recovery
mechanisms.

In contemporary information systems, there 1s a pressing need [or elTicient
and structured data storage. Disorderly arrangement ol keys and their associated
values in journal tables presents a significant challenge. This article discusses
the shill towards a more organized data storage approach using S5Tables, along
with methods 1o ensure data orderliness on disk.

Ensuring kev umigueness in each data segment 1s vital for 35Tables'
elTective operation, aiming o prevent data duplication and maintain inlormation
consistency. The compaction process plavs a pivotal role in achieving this goal
by merging and restructuring data segments, chminating duplication, and
ensuring key umgueness. This involves analvang, orderning, and merging kevs
[rom dilTerent segments o meel uniqueness requirements, thereby preserving
data order and integrity in SSTables. Additionally, data management
mechanisms  like replication strategies, data version control, and conflict
resolution Turther contribute 1o ensuring key uniqueness, reinlorcing the
structuredness and integrity ol data in SSTables.

The advantages ol transitioning 1o 55 Tables encompass a wide array ol
benefits that sigmilicantly enhance the elliciency and performance of data
sloraze systems. One notable advantage 15 the capability 10 merge data, even
when the volume of keys exceeds available RAM. This capability opens up new
possibilities for handling large volumes of data, previously hindered by memory
limitations. Transilioning o $8Tables, based on the merge sorl algorithm, olTers
an elMcient mechanism for combining data from dilTerent segments. enabling
optimal utilization ol available resources. Moreover, dala merging lacilitates
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elTective management of changing data volumes and enables dynamic scaling ol
svslem performance according o application requirements. Furthermore, the
data merging mechanism ensures proper handling of maiching keys, retaining
only the latest walues [or identical keys, thereby reducing information
duplication and opiimizing data storage utilization. Consequently, transitioning
o S5 Tables not only ensures elTicient management ol data volumes butl also
guaraniees the integrity and consistency ol information in siorage.

Data block compression 15 essential [or elficient utilization of storage
resources and bandwidth in data storage systems. Maintaining data orderliness
in 38Tables necessitates the application ol a two-level indexing stratesy. This
strategy involves sorting data both on disk and in memory 1o enhance query
performance and ensure rapid access (o data. Data indexing oceurs on disk at the
first level, wsing specialized data structures such as B-trees or LSM-lrees,
lacilitating quick data retneval and elTicient disk space ubilization. The second
level ol indexing, conducted in memory using data structures such as hash tables
or search trees like AVL or red-black trees, enables [ast access 1o data in
MEemory, minimizing system response hme o queries. Thus, the two-level
indexing  strategy, both in memory and on disk, ensures ellicient data
management i S8Tables, facilitating swill and convenient access o
mflormation.

The transition to S8Tables not only streambines data siorage bul also
[acilitates the lormation ol optimal queries by ensuring data orderliness and
elficiency. The systematic arrangement ol dala segments in S5Tables enables
sireamlined query execulion, reducing computlational overhead and latency.
Additionally, the inherenl compaclion process aids in mainlaining guery
integrity by eliminating redundant data and ensuring key uniqueness, thereby
enhancing the accuracy and rehability ol query result [1].

The vulnerabihity of data storage systems based on memiable, particularly
in the event of apphication lailures, poses a nsk ol data loss. To miligate this
risk, a combined mechanism lor saving data 1o disk and memory 15 proposed.
Memitable is utilized lor quick data recording to RAM belore their long-lerm
storage on disk in 85Tables. Periodic data recording 1o disk ensures reliable data
recovery [ollowing application [ailures, minimizing the risk ol data loss and
ensuring data integrily in slorage.
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