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®parMeHTH KOy Iporpamu

final class FilesViewController: UIViewController {

@IBOutlet private var collectionView: UICollectionView!
@IBOutlet private var label: UILabel!
@IBOutlet private var spinner: UIActivityIndicatorView!

private lazy var deleteButtonItem =
UIBarButtonItem(barButtonSystemItem: .trash,
target: self,
action:
#selector (deleteObjects(_:)))

private lazy var addButtonItem = UIBarButtonItem(barButtonSystemItem:
.add,
target: self,
action:
#selector (insertNewObject(_:)))

private var detailViewController: DetailViewController?
private var ids: [Network.FileID] = []

override func viewDidLoad() {
super .viewDidLoad ()
navigationItem.leftBarButtonItems = [editButtonItem,
deleteButtonlItem]
navigationItem.rightBarButtonItems = [addButtonItem]
observeFileUpdates|()
prepare ()

}

override func viewDidAppear(_ animated: Bool) {
super .viewDidAppear (animated)
setEditing(false, animated: false)

}

override func viewDidDisappear(_ animated: Bool) {
super .viewDidDisappear (animated)
collectionView. indexPathsForSelectedItems?.forEach { indexPath in
collectionView.deselectItem(at: indexPath, animated: false)
}
}

private func observeFileUpdates () ({
NotificationCenter.default.addObserver (forName:
Network.FileChangedNotification, object: nil, queue: nil) {
[weak self] notification in
guard let self = self else { return }



let changedIdsArray: [Network.FileID]

notification.userInfo?[Network.FileChangedNotificationIDsKey]
[Network.FileID] ?7? []
let changedIds = Set(changedIdsArray)

let newIds = DataManager.sharedInstance.network.ids ()

let oldIdsSet = Set(self.ids)
let newldsSet Set (newlds)

assert (oldIdsSet.count == self.ids.count && newlIdsSet.count

newlds.count)

let insertions = newldsSet.subtracting(oldIdsSet)

let deletions = oldIdsSet.subtracting (newIdsSet)

let refreshes
newIdsSet.intersection (oldIdsSet) .intersection (changedIds)

var insertionCommands: [IndexPath] = []
var deletionCommands: [IndexPath] = []
var refreshCommands: [IndexPath] = []

var i = 0
while i < self.ids.count {
if refreshes.contains(self.ids[i]) {

refreshCommands . append (IndexPath (row: i, section:

}

if deletions.contains(self.ids[i]) {
deletionCommands.append (IndexPath (row: i,

}
i+=1
}
var j = 0
while j < newlds.count ({

if insertions.contains (newIds[]j]) {
insertionCommands. append (IndexPath (row: j,

self.ids = newlds

self.collectionView.performBatchUpdates ({

self.collectionView.reloadItems (at: refreshCommands)
self.collectionView.deleteItems (at: deletionCommands)
self.collectionView.insertItems (at: insertionCommands)

}, completion: nil)

section:

section:

66

as?

0))

0))

0))

if let id = self.detailViewController?.id,

deletions.contains (id) {

self.navigationController?.popViewController (animated:

true)

}

private func setInteractionEnabled(_ isEnabled: Bool) {



navigationItem.leftBarButtonItems?.forEach { $0.isEnabled
isEnabled }

navigationItem.rightBarButtonItems?.forEach { $0.isEnabled
isEnabled }

collectionView.isUserInteractionEnabled = isEnabled

collectionView.allowsSelection = isEnabled

}

@objc private func deleteObjects(_ sender: Any) {
deleteSelectedItems ()
}

@objc private func insertNewObject(_ sender: Any) ({
create()

}
// MARK: - Segues
private var pendingMemoryId: Memory.InstancelD?

override func prepare (for segue: UIStoryboardSegue, sender: Any?) ({

if segue.identifier == "showDetail", let controller
segue.destination as? DetailViewController {
if let indexPath
collectionView.indexPathsForSelectedItems?.first, let memoryId
pendingMemoryId ({
let crdt

DataManager.sharedInstance.memory.getInstance (memoryId)
controller.crdt = crdt
controller.id = self.ids[indexPath.row]
controller.navigationItem.leftItemsSupplementBackButton
true
}
detailViewController = controller
pendingMemoryId = nil

}

override func setEditing(_ editing: Bool, animated: Bool) {
super.setEditing(editing, animated: animated)
deleteButtonItem.isEnabled = editing

}
// MARK: - Actions
extension FilesViewController {

private func prepare() ({
setInteractionEnabled (false)

handleAction("Logging in...")

DataManager.sharedInstance.network.login { error in
if let error = error {
self.handleError ("Could not log in: \ (error)")
} else {
self.handleSuccess("Data synchronized!")
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self.ids = DataManager.sharedInstance.network.ids ()
self.collectionView.reloadData ()

self.setInteractionEnabled (true)

}

private func create() {
setInteractionEnabled (false)
handleAction("Creating file...")

let id = DataManager.sharedInstance.memory.create(withString: "Edit
me! Created on \(Date().description) by \ (DataManager.sharedInstance.id)",
orWithData: nil)

DataManager.sharedInstance.memoryNetworkLayer. sendInstanceToNetwork (id,
createIfNeeded: true) { _, error in
defer {
// file was only opened to save
DataManager.sharedInstance.memory.close (id)

DataManager.sharedInstance.memoryNetworkLayer. tempUnmap (memory: id)

}

if let error = error {
self.handleError ("Could not create file: \ (error)")
self.setInteractionEnabled (true)

} else {
self.handleSuccess ("Created file, good to go!")

// notification will have arrived at this point to alter
table
self.setInteractionEnabled (true)

}

private func deleteSelectedItems () {
collectionView. indexPathsForSelectedItems?.forEach { indexPath in
delete (ids[indexPath.item])
}
}

private func delete(_ id: Network.FileID) ({
setInteractionEnabled (false)

handleAction ("Deleting file...")

DataManager.sharedInstance.memoryNetworkLayer.delete(id) { e in
if let error = e {
self . handleError ("Could not delete file: \ (error)")
self.setInteractionEnabled (true)
} else {
self.handleFileDelete ("Deleted file!")
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// notification will have arrived at this point to alter

table
self.setInteractionEnabled (true)

}

// MARK: - Loading Indicator
extension FilesViewController {

private func handleError (_ message: String) {
spinner.stopAnimating()
spinner.isHidden = true

label. textColor = .red
label. text = message

}

private func handleSuccess(_ message: String) {
spinner.stopAnimating()
spinner.isHidden = true

var hue: CGFloat = 0
UIColor.green.getHue (&8hue, saturation: nil, brightness: nil, alpha:
nil)
label. textColor = UIColor (hue: hue, saturation: 0.8, brightness:
0.7, alpha: 1.0)
label. text = message
}

private func handleAction(_ message: String) {
spinner.startAnimating()
spinner.isHidden = false

var hue: CGFloat = 0

UIColor.blue.getHue (&hue, saturation: nil, brightness: nil, alpha:
nil)

label. textColor = UIColor (hue: hue, saturation: 0.9, brightness:
1.0, alpha: 1.0)

label. text = message

}

private func handleFileDelete (_ message: String) ({
spinner.stopAnimating ()
spinner.isHidden = true

var hue: CGFloat = 0

UIColor.blue.getHue (&hue, saturation: nil, brightness: nil, alpha:
nil)

label. textColor = UIColor (hue: hue, saturation: 0.9, brightness:
1.0, alpha: 1.0)

label. text = message

}

}

// MARK: - Collection View
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extension FilesViewController: UICollectionViewDataSource,
UICollectionViewDelegateFlowLayout ({

func collectionView (__ collectionView: UICollectionView,
numberOfItemsInSection section: Int) -> Int {
return ids.count

}

func collectionView(_ collectionView: UICollectionView, cellForItemAt
indexPath: IndexPath) -> UICollectionViewCell ({
let cell = collectionView.dequeueReusableCell (withReuseldentifier:
"Cell", for: indexPath) as! FileCollectionViewCell

let metadata =
DataManager.sharedInstance.network.metadata (ids[indexPath.item])!

let formatter = DateFormatter ()
formatter.dateFormat = "yyyy-MM-dd HH:mm:ss Z"

if let date = formatter.date(from: metadata.name) ({
let prettyFormatter = DateFormatter ()
prettyFormatter.dateFormat = "MMM d, h:mm a"

cell .namelabel. text
} else {
cell .namelLabel. text

prettyFormatter.string (from: date)

metadata.name

}

var hue: CGFloat = 0

UIColor.green.getHue (&8hue, saturation: nil, brightness: nil, alpha:
nil)

let green = UIColor (hue: hue, saturation: 0.9, brightness: 0.8,
alpha: 1.0)

if metadata.remoteShared {
cell .namelabel. textColor = green
} else {
cell .namel.abel. textColor = metadata.associatedShare !'= nil *?
.blue : .black
}

return cell

}

func collectionView(_ collectionView: UICollectionView,
layout collectionViewLayout:
UICollectionViewlLayout,
sizeForItemAt indexPath: IndexPath) -> CGSize {
let interItemSpacing: CGFloat = 16 * 2
let sectionInset = (collectionViewLayout as!
UICollectionViewFlowLayout) .sectionInset.left + (collectionViewLayout as!
UICollectionViewFlowLayout) .sectionInset.right
let contentWidth = collectionView.bounds.width - interItemSpacing -
sectionInset
let itemSize = contentWidth / 3
return CGSize (width: itemSize, height: itemSize)
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func collectionView(_ collectionView: UICollectionView, didSelectItemAt
indexPath: IndexPath) {

guard 'isEditing, let indexPath =
collectionView.indexPathsForSelectedItems?.first else {
return

}
let id = ids[indexPath.row]

var memoryld: Memory.InstancelD?
var errorValue: Error-?

let group = DispatchGroup ()
group.enter()

DataManager.sharedInstance.memoryNetworkLayer. sendNetworkToInstance (id,
createIfNeeded: true,
continuingAfterMergeConflict: false) ({

identifier, error in
if let error = error {
errorValue = error
} else {
memoryId = identifier
}
group. leave ()

}

group.notify(queue: .main) {
if let error = errorValue {
self.handleError ("Error retrieving file: \ (error)")

} else {
self.pendingMemoryId = memoryId
self.performSegue (withIdentifier: "showDetail", sender:

nil)

}

public final class CRDTTextStorage: NSTextStorage {
public private (set) wvar stringWrapper: CausalTreeStringWrapper
private var backedString: NSMutableAttributedString!

private var defaultTextAttributes: [NSAttributedString.Key: Any] {
let paragraphStyle = NSMutableParagraphStyle ()
paragraphStyle.lineSpacing = 2.5
return [
.font: UIFont.systemFont(ofSize: 16),
.foregroundColor: UIColor.darkText,
.paragraphStyle: paragraphStyle
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}

public var revision: CausalTreeString.WeftT? ({
didSet ({
stringWrapper.revision = revision
reloadData ()

}

private var isFixingAttributes = false

// AB: a new container is sometimes created on paste — presumably to
hold the intermediary string — so we have

// to do this slightly ugly hack; this CT is merely treated like an
ordinary string and does not merge with anything

var _kludgeCRDT: CausalTreeString?

// MARK: - Init

public override convenience init() ({
let kludge = CausalTreeString(site: UUID.zero, clock: 0)
self.init (withCRDT: kludge)
self. kludgeCRDT = kludge

}

public required init(withCRDT crdt: CausalTreeString) {
self.stringWrapper = CausalTreeStringWrapper ()
self.stringWrapper.initialize(crdt: crdt)

super.init ()

self.backedString = NSMutableAttributedString(string:
self.stringWrapper as String, attributes: defaultTextAttributes)

}

public required init? (coder aDecoder: NSCoder) {
fatalError ()
}

public required init? (pasteboardPropertylist propertylist: Any, ofType
type: UIPasteboard.Type) ({
fatalError ()

}

// MARK: - Reload

public func reloadData() {
self.beginEditing ()
let oldLength = backedString.length
let newString = stringWrapper
backedString.replaceCharacters(in: NSRange (location: 0, length:
oldLength), with: newString as String)
let newlLength = backedString.length
edited(.editedCharacters, range: NSRange (location: 0, length:
oldLength) , changeInLength: newLength - oldLength)
endEditing ()
}
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// MARK: - Parent Methods

public override var string: String ({
return backedString.string

}

public override func replaceCharacters(in range: NSRange, with text:

String) {
stringWrapper.replaceCharacters(in: range, with: text)

let oldCachelength = backedString.length
backedString.replaceCharacters (in: range, with: text)
let newCachelength = backedString.length

edited(.editedCharacters, range: range, changeInLength:
newCacheLength - oldCachelength)
}

public override func setAttributes (_ attributes:
[NSAttributedString.Key: Any]?, range: NSRange) {
if isFixingAttributes {
backedString.setAttributes (attributes, range: range)
edited(.editedAttributes, range: range, changeInLength: 0)

}

public override func fixAttributes (in range: NSRange) {
isFixingAttributes = true
super.fixAttributes (in: range)
isFixingAttributes = false

}

public override func processEditing() {
isFixingAttributes = true
setAttributes (nil, range: editedRange)
setAttributes (defaultTextAttributes, range: editedRange)
isFixingAttributes = false
super .processEditing ()

}

public override func attributes(at location: Int, effectiveRange range:
NSRangePointer?) -> [NSAttributedString.Key: Any] {
return backedString.attributes (at: location, effectiveRange: range)
}

}
public final class CRDTTextEditor: NSCopying, Codable {

public typealias CRDTMapType = CRDTMap<CausalTreeString.SiteUUIDT,
AtomId, CausalTreeString.SiteUUIDT>

public private (set) var tree: CausalTreeString
public private(set) wvar cursorMap: CRDTMapType

public init(site: CausalTreeString.SiteUUIDT) {
self. tree = CausalTreeString(site: site, clock:

Clock (CACurrentMediaTime () * 1000))
self.cursorMap = CRDTMap (withOwner: site)

}
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public func updateCursor (to atomId: AtomId) ({
cursorMap. setValue (atomId)

}

public func transfer(to uuid: CausalTreeString.SiteUUIDT, clock: Clock)

-> ([SiteId: SiteId]) {
let remap = tree.transferToNewOwner (withUUID: uuid, clock: clock)

for pair in cursorMap.map ({
if let newSite = remap[pair.value.value.site] {
cursorMap.setValue (AtomId (site: newSite, index:
pair.value.value.index), forKey: pair.key, updatinglId: false)
}
}

cursorMap.owner = uuid

return remap

}

public func incrementTimestamp () {
let _ = tree.weave.lamportTimestamp.increment ()
let _ = cursorMap.lamportTimestamp.increment ()

}

public static func ==(lhs: CRDTTextEditor, rhs: CRDTTextEditor) -> Bool

return lhs.tree == rhs.tree && lhs.cursorMap == rhs.cursorMap

}

public func hash(into hasher: inout Hasher) ({
hasher.combine (tree)
hasher.combine (cursorMap)

}

public func copy(with zone: NSZone? = nil) -> Any {
let returnCopy = CRDTTextEditor(site: tree.ownerUUID())

returnCopy. tree = tree.copy() as! CausalTreeString
returnCopy.cursorMap = cursorMap.copy () as! CRDTMap

return returnCopy

}
// MARK: - CvRDT
extension CRDTTextEditor: CvRDT {

public func integrate(_ v: inout CRDTTextEditor) ({
let remaps = tree.integrateReturningSiteIdRemaps (&v.tree)

for pair in cursorMap.map ({
if let newSite = remaps.localRemap[pair.value.value.site] {
cursorMap.setValue (AtomId (site: newSite, index:
pair.value.value.index), forKey: pair.key, updatinglId: false)
}
}

for pair in v.cursorMap.map {
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if let newSite = remaps.remoteRemap|[pair.value.value.site] ({
v.cursorMap.setValue (AtomId(site: newSite, index:
pair.value.value.index), forKey: pair.key, updatingId: false)
}
}

cursorMap.integrate (&v.cursorMap)

}

public func isSuperset(of v: inout CRDTTextEditor) -> Bool {
return tree.isSuperset(of: &v.tree) && cursorMap.isSuperset(of:
&v.cursorMap)

}

public func validate() throws -> Bool {
return try tree.validate() && cursorMap.validate ()

}
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MiHicTepcTBO OCBITU i HAYKM YKpaiHK
XapKiBCbKMIM HaliOHaNIbHWUM YHIBEPCUTET pasioeneKTpoHiKK

ATECTALIMHA POBOTA MATICTPA

JocnigkeHHs moaenein 6e3KoHMNIKTHUX pennikoBaHUX TUNIB JaHWUX B
KonabopaTMBHMX olaiH 3aCTOCYHKax

BuKoHas: HayKoBui KepiBHMK:
ct. rp. IN3m-18-4 npod. A.T.H. EpoxiH A/,
MonTopaubkui A.O.

MeTta po60oTHn

»  JocnigeHHs moaenen 6e3KOH(MNIKTHUX peniikoBaHMx TMNiB AaHux (CRDT)
AnA poboTM 3 TEKCTOM. IX 3actocyBaHHs Yy Kosa6opaTMBHMX OaaMH
3aCTOCYHKax ANA pefaryBaHHsA TEKCTOBUX JOKYMEHTIB.

» [porpamHa peanisauisa Mo6iNbHOro A0AaTKy, WO JO03BO/IMTb KOPUCTYBauy
npauloBatTM 3 TEKCTOBMMWU JOKYMEHaMM Y KO/IaBOPaTUBHOMY PEeXMMi 3
AeKiNbKOX NpUCTPOIB OAHOYACHO.



78

AHani3 npeaMeTHoO1 ranysi

» KonabopatuBHe nporpamHe 3abe3neyeHHs €
ayxe nowupennm: Google Docs, Evernote,
Notes Ta iHLWi

» TOWMPEHMM € HeZONIK 3HaHb Y NPOEKTYBaHHi
ocnaiH 3aCTOCYHKiB

» IcHytoui nporpamHi pilleHHs €
NpOnNpUETAPHUMMU

» Ad-hoc pilleHHA MatloTb BE/IMKi PU3MKM Ta \
CK/IaAHMIM NPOTOKON KOMyHiKauii \

» € HeobXigHICTb Yy MaTeMaTMYHOMY MiArPyHTI

lNocTaHoOBKa 3azaui

> Aocniguti moaeni poboTH 3 TEKCTOM
» PeanizyBaTti nporpamHy cucTemy, WO 3a40BOJIbHAE HACTYMHMM BUMOram:

» pepaaryBaHHA AOKYMEHTIB 6e3 3aTpMMKM, HaBiTb NPM BiACYTHOCTI NiAKNIOYEHHA 40
mepexi; pobota B ohiaiH pexkmmi

» CHMHXPOHi3auia y (hOHOBOMY peUMi
)  aBTOMAaTHUYHE 3/IMTTA BHECEHUX 3MiH

» ycA Heo6xigHa ANA CMHXpOoHi3auii iHdopmalin NoBMHHA 36epiraTMca y Camomy
[OKYMEHTI

» MaKCMMaNbHO CNPOLLEHHI NPOTOKON KOMYHiKaui

» BuHecT mopeni Ta onepauii AnA po6oTH 3 6e3KOHGMNIKTHUMM pennikoBaHUMM
TUNaMK A3HWX Y OKPEMMI NMPOrpPaMHUIA MOAY b



Buan CRDT: nepeBaru 1a He40NiKU

» CVRDT (state-based)

» HeBMMOrnMBiCTb 4O NPOTOKONY nepejadi AaHux

» [pocTota peanisauii

» AcouiaTMBHa, KOMyTaTMBHA Ta iAEMNOTEHTHA byHKLiA 31MTTA
» CmRDT (operation-based)

» Bucoki BUMOrK Ao npoTokony nepeaadi AaHUX

» CknagHictb peanisauii

ICHYIOYi CTPYKTYPU AaHUX

»  [nA poboTH 3 TEKCTOM BUAINAIOTb AeKiNbKa iCHYOUMX Moaenen:
» WOOT

» Treedoc
» Logoot
» RGA

» Peanizayis RGA - Hail6iNblu aKTyaslbHa Ta BUKOPUCTaHA A/1S NOPIBHAHHA Ta
aHanisy B AaHin po6ori

» peani3zayis Ha 6a3i CyMiXXHOro Macuy

» peani3ayis Ha 6a3u NPUYUHHUX AEpEB
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BUcHOBKM

Kona6opaTusHi 3acToCyHKM NoTpe6yloTb 3acTocyBaHHA odnaitH MoAeni ANa poboTH 3 AaHUMU

Byno pocnigeHo 0co6aMBOCTi Mogenei 6e3KOHMNIKTHUX pennikoBaHUX TUMIB AaHWX ANA
po6otu 3 Tekctom: RGA, WOOT Ta iHLi.

» bByno nopisHaHO 2 peani3auii mogeni RGA:
» peanisauii Ha 6a3i CyMiXKHOro macuey
» peanisauii Ha 6a3i NpUYUHHKX AepeB

» Y pesynbTati JOCNiIAKEHHA BUABNEHO:

»  AKWO BiAOMO, WO Onepavia 3/IMTTA BUKOHYETLCA PiIAKO, PEKOMEHA0BAHOI0 € peanisauia mogeni
RGA Ha 6a3i cyMiXHOro macmsy

> [InA peXxuMmy aKTMBHOIO KONabOpPaTMBHOIO peAaryBaHHA NiAXOAATb CTPYKTYPU AaHMX Ha 6a3i
NPUYUHHMX AEepeB, TOMY L0 BOHM MaloTb Kpally peanidauiio pyHKLUiT 3IMTTA JOKYMEHTIB

»  Mopaeni 6e3KOHMNIKTHUX pennikoBaHUX TMNIB AaHUX MiAXOAATb ANnA apxitekTypu M3 3
HaABHICTIO «TOBCTOr0» KAi€HTa

» Po3pobneHe nporpamHe 3a6e3neyeHHA 3a0BOJIbHAE YCiM BUMOram nocTaBneHoi 3agavi
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JIOJIATOK B

Ampo0airist pe3ysibTaTiB poOoTH

B xoa1 HaykoBO-n1ocniiHOI poOoTH Oyi0 3p00JIeHO Te3U I y4acTl Y HAyKOBHX
KOH(pEPEeHLISIX:

— IlonTopaupkuii A., €poxin A. «Mogen cuHXpOHI3alli Oe3KOH(IIKTHUX
PEIUTIKOBAaHUX THUIIIB JAHUX B MOOUTbHUX O(IaifiH 3acTocyHkax» / PagioenekTpoHika Ta
Mononb y XXI cromitti 2020.

— TMonropanpkuii A., €poxiH A. «3acTocyBaHHs 0€3KOH(IIKTHUX PETUTIKOBAHUX
TUIIB JaHUX B MOOUTbHUX oduaitH 3acTocyHkax» / iH(poOpMaIliiiHI TEXHOJIOTIi: HayKa,
TEXHiKa, TEXHOJIOTIsA, ocBiTa, 310poB’st. MicroCAD-2020.

VY HacTynmHHMX MiApO3/ijaax J0AaTKy HAaBEJIEHO TEKCT Te3 JOMOBIACH IS JaHUX

KoH(epeHIIii.

B.1 Mogueni cuHXpOHI3amii O0e3KOH(MIIKTHUX PEIUTIKOBAHUX THIIB JaHUX B

MOOUTEHUX O(IaifH 3aCTOCYHKaX

There are a lot of ad-hoc and error-prone approaches for eventual consistency.
This article reviews the solution of the problem of data synchronization in offline
applications. The main goal is to describe main models and approaches of
synchronization using existing conflict-free replicated data types (CRDTS). It describes
main principles of CmRDT, CvRDT and their modifications. CRDT will be compared
to Operational Transformation in scope of text editing tasks. Finally, we will make a
conclusion about feasibility of implementation of CRDTs in mobile applications.

CydvacHi nporpaMHi OpOAYKTH JOCUTh 4acTO MOTPEOYIOTh MIATPUMKH POOOTH 3
JTaHUMH y pexkumi oduaitH. Takumu € po3MmoiijieHl CXOBHINA JaHUX, PEIAKTOPH TEKCTY,

KaJIeHJapl Ta 1HII1 KOJIAOOpAaTUBHI 3aCTOCYHKHU. Y SIKOCTI MPHUKJIAAY TaKOTO MPOIYKTY
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MOkHa BuUAUIUTH Evernote, mo € cepBicom s poboTu 3 HoTaTkamu. OjHi€0 3
HAaWBXJIUBIIINX BUMOT B JIAHOMY BHUIIJIKy € BIJICYTHICTh KOH(JIIKTIB Ta OJIOKYBaHb
JUTsI KOpUCTyBava, abo ix miHiMizallis. CydacHUM pillleHHsIM 1aHoi mpobiemu € conflict-
free replicated data types (CRDT, 6e3xk0oH(ITIKTHI peruTikoBaHi TUIIN JaHUX ).

Buxonsun 3 CAP-teopemu, st Oyab SKOI PO3MOIIIEHOI CHUCTEMH MOKIHUBO
OJTHOYACHO 3a0€3IeUNTH JIUIIE JIBi 3 TPHOX BIIACTUBOCTEH [1]:

— Y3TOJIKEHICTD;

— JIOCTYITHICTb;

— CTIUKICTb IO PO3IOALICHHS.

CRDT Bupimye pany mnpoOiemMy 3aBASKH 3a0€3MEUYCHHIO MPUHIHUIY strong
eventual consistency (SEC), momyckaroun y3roJKEHICTh TaHUX Y KIHIIEBOMY PaxyHKY
Ta HAsABHOCTI MEBHUX aJTOPUTMIB BUpIIIEHHS KOHDIIKTIB [2].

3a moxensimu cuaxponizaiii CRDT posmoginsiroTscs Ha q8a kiacu [3]:

— komyTaTuBHi (operation-based, CmRDT);

— 3acHOBaHI Ha 30epiranus crany (state-based, CvRDT).

B komyratuBaux CRDT ycim permtikam BIINpaBisSiOTHCS JIMIIE JaHl TpO
BHKOHAHY orepaliro. Hampukian, npu go1aBaHHI HOBOTO €JIEMEHTY JIO CITMCKY Oyne
BiJIIpaBJICHUH JIMIIE JTOJaHWNA eeMEeHT. BapTo BiJ3HAYMTH, IO ormeparlii MaloTh OyTH
KOMYTaTHBHUMH, 11100 HE 3aJIe)KaTH BiJl IOPSAKY OTPUMAHHS 3MiH.

Mogenb, 1m0 3acHOBaHa Ha 30epiraHHi CTaHy, Iepeadayae BiIMPaBKy I1JI01
CTPYKTYpH JIaHHUX, & HE OKpeMHX 3MiH. JlaHl CTPYKTYpH JaHUX MOBUHHI MiATPUMYyBaTH
oreparii:

— (query — omeparlis YuTaHHs 0€3 MyTaIlii CTaHy;

— update — myTaris crany;

— Merge — 3JIUTTA 31 CTAHOM 3 1HILIOT PETUTIKH.

Omnepartis merge TMOBMHHAa Oyau  acoOlliaTUBHOIO, KOMYTAaTHBHOIO  Ta
17IeMIIOTEHTHOO [4].

JInst  yCHINIHOTO BHWKOPHUCTAHHS JAHOTO MIiAXOMYy TaKoXX HEOoOXiIHO, 1100
BUKOHYBAJIUCh HACTYITHI BUMOTH [5]:

— JIaH1 MarOTh CKJIaJIaTH HAITIBPEIIITKY;
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— PeIUTiKM MaroTh CKJIJaTH 3B’ a3HUM Tpad.

byno noseaeno, mo 6yap-saky ctpykrypy CRDT moHa npeacTaBuTH y BUIIISIIL
CmRDT Tta CvRDT. KomyratuBHuii miaxin moTpeOye HaIaromKeHOro Crocody
JOCTaBKUA MOBIJOMIIEHb 10 peruik, y Tod yac sk CvRDT nmorpebye nuiie 3amucy ta
YUTaHHS CTaHy, aje MPH bOMY PO3Mip CTaHy MOXe OyTH JOCTaTHHO BEITUKHM.

Jlns onrumisarii state-based CRDT Oyiio ctBopeHo okpemuii migkiac delta-based
CRDT, mo o00'eqnye obuaBa MOMepeiHi MiIX0AH, PO3CUIAIOUN JIeJIbTa-MyTaTOPH, IO
OHOBJIIOIOTh CTaH 3TiAHO /10 MONEPEIHbOr0 Yacy CHHXpPOHI3auli [S5]. Ane npu nepurii
CHUHXPOHI3aIlil Bce 0JHO HEOOX1THO NIepeaTH YBECh CTaH.

Icaye Takox amprepHatmBa CRDT mms poGotm 3 Texctom — Operational
Transformation. Ane moTpibHo BuaiIuTH, o miaxia Operational Transformation Ginbin
BUMOTJIMBUM 10 peCypcCiB, CKIAAHUM Ta 3a pe3yiabTaTaMu JACSKUX JOCTIIKEeHb — MEHII
ctabinpHuil [4]. OTxe, HEMOXJIMBO OOpaTH OJHO3HAYHO Kpaluid 3 JaHUX JBOX
1HCTPYMEHTIB.

[Ticnst anamizy icHytouux iHCTpyMmeHTIB pobotu ¢ CRDT Oyno BusiBieHo, 10
ICHY€ TI€BHA KUIbKICTh TOTOBHX BIJIKPUTHX MPOTPAMHUX PIllIeHb JJis Be0-3aCTOCYHKIB.
Y MOOITBHHMX 3aCTOCYHKaX, SIK MPaBHJIO, BUKOPUCTOBYIOTH ad-hoC abo mpomnpueTapHi
pimenHs (Hanpukian, kommnadis Apple BukopuctoBye CRDT y momarky Notes, ane e
Hajae TyOmiyHMi i1HTepdeic mais pobOTH 3 MOMIOHUMHM THIAMH JaHHWX), TOMY €
JOLUUIFHUM y MalOyTHbOMY peaji3yBaTH BIIKPUTY HaTUBHY 010Ji0oTeKy Uit poOOTH 3
CRDT Ta nmporectyBaty fi.
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4. Perummkaruss 6e3 koHpnukroB: CRDT B Teopum m Ha mnpaktuke. URL:
https://habr.com/ru/post/272987/ (nara 3Bepuenss: 15.02.2020).

5. CRDT: Conflict-free Replicated Data Types. URL.:
https://habr.com/ru/post/418897/ (nara 3eepuenns: 15.02.2020).

B.2 3acrocyBaHHs O€3KOH(IIKTHUX PEIUIIKOBAaHUX THIIB JAaHUX B MOOUIBHHMX

o(uiaifH 3aCTOCYHKax

B po0oTi po3risiHyTO MHUTAHHS 3aCTOCYBaHHS OE€3KOH(IIIKTHUX PEIIIKOBAHHUX
tuniB ganux (conflict-free replicated data types, CRDT) y MoOumbHHX odiaiiH
3aCTOCYHKaX.

B naHuii MOMEHT iCHye MEBHHI HEAOJIK 3HAHb IOB’S3aHUX 3 MPOCKTYBaHHSIM
o(aiin 3aCTOCYHKIB, a OlJIbllIa YacTHHA MOOLIBHHUX KJIIEHTIB BUKOPUCTOBYIOTH ad-hocC
pimenHs. Hacimiakyu HenpaBWIbHOTO BHOOpPY Mojielli poOOTH 3 JaHUMH MOXYTh MaTH
BEJIMKUNA BIUIMB Ha KIHIIEBUH pe3ynbTaT Ta JOCBiA KopucTyBada. Ha erami
NPOEKTYBaHHS Jy>K€ Ba)XJMBO IMPaBWIbHO oOOpaTH MoOJelb poOOTH 3 JaHUMH.
Buninaiores 3 ocHOBHI Mojeni: oHjaiiH-monenb, «frequently-connected» momens Ta
oduaitn-mozens [1]. Jlani Mozieni MaroTh pi3HY CTYIIHb TOJIEPAHTHOCTI A0 BIJCYTHOCTI
MIIKIIOYCHHS. 0 MEPEeXl y TMOPSAKY 3pPOCTaHHS BiJ MEPINOi MOAENHI JO OCTaHHBOI.
OCHOBHOIO TIOMIJIKOKO € BUKOpUCTaHHA «frequently-connected» wmomeni 3amicTh
oduraitH-MO e,

KonabopatuBHi 3actocyHkm, Hampukiaa Evernote, MOBHHHI TapaHTyBaTd
MOCTIMHY JOCTYIHICTh JAHUX Ta MOXJIMBICTH iX OHOBJICHHS HE3aJeXKHO BiJ
NIAKII0YeHHS 10 Mepexi. [logiOHl BUMOrM TakOoX HOPHUCYTHI B ACSIKUX MEIUYHHUX
3aCTOCYHKax. Buxonsuum 3 LBOro € HEOOXIIHICTh BHUKOPUCTAaHHA OQUIaiiH-MOJel,
OCHOBHHMMH CKJIAJTHOCTSAMH AKOi € MPOOJIEMHU PO3NOAITIEHHS JaHUX Ta PEeTUTIKaLIi.

3acTocyBaHHs 0€3KOHQIIKTHUX PEIUIIKOBAaHUX THIIIB JAHUX JO3BOJISIE BUPILINUTH

npoOjemMy perunkauii JAaHuX 13 BUKOPHUCTAHHSIM MPUHLUIY «strong eventual


https://habr.com/ru/post/272987/
https://habr.com/ru/post/418897/
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consistency» Ta HasIBHOCT1 IEBHOTO aJiTOPUTMY YHUKHEHHS a00 BUPIIIECHHS KOH(IIIKTIB
[2]. Buminstors 2 ocHoBH1 T CRDT: CvRDT (state-based) ta CmRDT (operation-
based), koxxeH 3 skux Mae Hemoidiku Ta mepeBard [3]. CmRDT € Oinbmn rHy4YKHM
IHCTPYMEHTOM, ajie HakjIaJae OUIbII BHUCOKI BUMOTH 0 SAKOCTI MiJKIIOYEHHS 0
mepexxi. CVRDT Bumarae mepemaBaTu UM CTaH y TPOIECI peruTiKaili, a OTxKe
nepeaada Beaukux o0’emiB gaHux € npodiemoro. [Ipore CvRDT mae mabaraTto meHiri
BUMOTH J0 SIKOCTI 3’€AHaHHs. BiamoBiiHO 10 BUMOT, (YHKIISI 3JUTTS CTaHIB JBOX
00’ekTiB Yy CmRDT € koMyTaTHBHOIO Ta 1IEMIOTEHTHOIO, 1110 JI03BOJISIE O6€3 MpodemM
BIJINPABJISITA OJHE U T€ caMe MOBIIOMJIEHHS JI€K1IbKa pa3iB, a TAKOK OTPUMYBATH iX y
JOBUILHOMY HOPSAAKY. Y SIKOCTI BUCHOBKY OYJIO MTPOAaHaII30BaHO, 10 IHCTPYMEHTH IS
podotn 3 CRDT Ha moOutbHMX TIuaT@opmax € 37e0UIbIIOro MPONPUETAPHUMHM, a
aKTYaJIbHOIO € pO3p0o0Ka BIAKPUTOIO MPOTPAMHOTO MOJIYJIS SISl POOOTH 3 HUMH.
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