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NMpobnemun NoToKOOGE3NEeYHNX KONeKuin

= Knacu Collections Framework He € noTokobesneyHnmu (thread-safe), npoTe X MoXHa 3pobuTK
TakKMMW, SIKLLO BUKOPUCTATN CUHXPOHI308aHi Memodu-ob62opmku (synchronized wrapper
method) 3 knacy java.util.Collections.

» Hanpwuknag, moxHa nepegatum ekdemnnap ArrayList B Collections.synchronizedList() ons otpumaHHSA
noTokobe3nevyHoro BapiaHTy ArrayList.

= X04Y BOHU CMpPOLLYIOTb KO B baratonoTodHOMY cepefoBuLLi, iCHYE Kinbka npobrnem 3 thread-
safe konekuigamu:
» HeobxigHo oTpnmMaTtn 3amMok (acquire a lock) 0o iTepyBaHHA MO KoseKuil, AKy MOXe 3MiHUTW IHLWKI NOTIK Nig Yac
CBOro NPOXOAy.

»  AKWo 3amMoK He 3400YyTO, a Konekuist 3MiHeHa, AyXe NMOBIpHO, Wo Byae BUKUHYTO
java.util. ConcurrentModificationException.

= Knacu Collections Framework noseptatoTb fail-fast imepamopu, siki € iTepatopamu, WO BUKNOAKOTb
ConcurrentModificationException, Konu Konekuil 3MiHIOKTLCA B NpoLeci Npoxoay no HUM.

= Fail-fast iTepaTopu YacTo He nigxoaaTb Ans baraTonoTOYMHUX AOoAATKIB.
» [1pOAYKTUBHICTb 3HMXXYETBLCSA MNPU YAaCTOMY 3BEPHEHHI 10 CUHXPOHI30BaHUX KOMeEKLin 3 baraTbox NOTOKIB.
» Lla npobnema npoayKTUBHOCTI B KiHLIEBOMY paxyHKy BRfiMBae Ha MacwitaboBaHicTb (scalability) gogartky.


https://en.wikipedia.org/wiki/Fail-fast

= Concurrency Utilities framework Bupiwye Ui npobrnemu, BBoaa4n edpeKkTuBHI Ta
BucokomMmacLtaboBaHi collections-oriented Tunw.

= |x collections-oriented knacu nosepratoTb weakly consistent imepamopu — itepaTtopu 3
HACTYMHMMU BNacTUBOCTAMM:

= EnemeHT, wo 6yno BnganeHo nicns nodaTtky iTepyBaHHS, NpoTe e He 6yno noBepHEHO 3a AONOMOrol MeToay
next() iTepatopa, He Oyae noBepTaTUCh.

= EnemeHT, WO AoAaHo nicns novaTtky iTepyBaHHA MOXe noBepTaTtucb abo He NoBepTaTUCh.

= XKogeH enemeHT He noBepTaeTbes BiNblle OQHOro pasy B Npoueci NPOXOMXKEHHS MO KOSEKLiT, He3anexHo Big,
30iMCHEHNX 3MiH B KOSIEKUIT NPOTArOM iTepyBaHHS.



= KopoTtkuin cnmcok concurrency-oriented collection types, wo 3HaxooaTbCs B NakeTi
java.util.concurrent:
= BlockingQueue — nigiHTepdenc java.util. Queue, ssiknin Takox NiaTpUMye BOKyroYi onepadil, SKi OYiKyHOTb,
" TIOKWN 4Yepra CtTaHe HEMNMOPOXHbOK 0 OTPUMYBAHHA EJNTEMEHTY 3 Hel
" OKM 3'dBUTbCS MiCLe B Yep3i nepeq AoAaBaHHSM efleMEHTY B Hel.

= Knacwu ArrayBlockingQueue, DelayQueue, LinkedBlockingQueue, PriorityBlockingQueue, SynchronousQueue peanisyoTb
uen iHtepdewnc.

= ConcurrentMap — nigiHTepdenc java.util.Map, wo oronowuye gogatkosi atToMicTUYHI meToaun putlfAbsent(),
remove() Ta replace().

= Knacu ConcurrentHashMap (baratonotoyHa Bepciqa java.util. HashMap), ConcurrentNavigableMap, Ta
ConcurrentSkipListMap peanisytoTb 1Oro.



?ublic class PC neMOHCTpaui;‘
p{)ublic static void main(String[] args) B I O C ki n g Q u eu e Ta

final BlockingQueue<Character> bq;

bq = new ArrayBlockingQueue<Character>(26); A r ray B I O C kl n g Q u e u e
final ExecutorService executor = Executors.newFixedThreadPool(2);
Runnable producer;

producer = new Runnable()

executor.execute(consumer);

}

{
@0verride
public void run()
{
for (char ch = 'A"; ch <= 'Z'; ch++)
{
try executor.execute(producer);
{ Runnable consumer;
bq.put(ch); consumer = new Runnable()
System.out.println(ch + " produced by producer."); {
} @0verride
catch (InterruptedException ie) public void run()
{ {
assert false; char ch = "\0';
} do
} {
} try
}; {
ch = bg.take();
System.out.println(ch + " consumed by consumer.");
= I_IpMKﬂlaéﬁ pro_ducer-consumer AO0OATKy Ha zatch (InterruptedException i)
OCHOBI ocklngQueue HabaraTto NPOCTILLNN, {
OCKUTbKN HE Ma€ Cl'lpaBy 3 CMHXp0H|3aL|||€|'O. assert false;
= BuKOpUCTOBYIOTbCS MeToay put() Ta take() 3 -
BlockingQueue, wob aoaartn t1a BuganuTtn o6’ekt while (ch 1= 'Z'); 0
BIAMOBIAHO 3 6J'IOKy}O‘—IOI Yepru. executor.shutdownl',\low(); f
= put() Gnokye gogaBaHHs, Konn Hemae Micus; take() } :
JIOKyE BUOAJIEHHA 3 NMOPOXHbBLOI YEPIn. b f

}




Knac ConcurrentHashMap

= [laHuin knac noBoanTb cebe Tak, sik i HashMap, npoTte BiH cnpoekToBaHui ans pobotn B
baratonoTo4YHoMy cepenoBuLli 6e3 NoTpedn IBHOI CUHXPOHI3aLil.

= Hanpuknag, YyacTto NoTpibHO NepeBipsATU, YN MICTUTb KapTa KOHKPETHE 3HAYEHHS, | AKLLO MOro
HemMae, godaTtn Uoro B KaprTy.

" 1f (!map.containsKey ("some string-based key"))

map.put ("some string-based key", "some string-
based value");
= |len kog He € NOTOKOBE3NEUYHUM.
= Mix BuKknmkom map.containskKey() Ta map.put() moxe 3anyCTUTUCb Ta BCTaBUTU BfiaCHE 3HAYEHHS iHLIWI NOTIK.
= Toai ue 3Ha4YeHHs MOXe nepesanncaTuch.



BupiweHHa npobnemu - |

» [TOTPiIBHO ABHO CUHXPOHI3yBaTK KOA;:

synchronized(map)
{
if (!map.containsKey("some string-based key"))
map.put("some string-based key", "some string-based value");

}

» [Ipobnema 3 Taknm nigxo4om: BECb MEN 3aMUKAETbCS NS onepauin 34nTyBaHHA Ta 3anucy, NoKn nge
nepesipKka Ha ICHYBaHHS Krto4a Ta Ao4aBaHHSA entry B Men, AKLWO KoY He iCHYE.

= BnokyBaHHS (locking) BnnuBae Ha NPOAYKTUBHICTb, KON Barato NOTOKIB HAMaararTbCa OTpUmaTm
OOCTyn Ao Meny.



BupiweHHa npobnemu — li

» Y3aranbHeHui krnac ConcurrentHashMap<V> Bupillye Lo npobnemy, nocravyaroum
mvetoq V putlfAbsent(K key, V value), akuin npeacrasnsie key/value entry B mer, 9KLo
KITHOM BIOCYTHIW.

» MeTopq ekBiBaneHTHU oparMeHTy KoAy, NpoTe Mae Kpally NPOAYKTUBHICTb:

synchronized(map)

{
if (!map.containsKey(key))
return map.put(key, value);
else
return map.get(key);

» BukopuctoBytoun putlfAbsent(), nonepegHin kog NepeTBopOETLCSA B MPOCTILLNN oparMeHT:
= map.putlfAbsent("some string-based key", "some string-based value");



ATtomapHi 3miHHI. lNMakeT java.util.concurrent.atomic

* BHYTPILLHI 3aMKN, LLO NOB’si3aHi 3 MOHITOpaMu 00’eKTIB, ICTOPUYHO MatOTb NOraHy
NPO4YKTUBHICTD.
= Xo4 BOHa 3 YacoMm nokpalumniach, Bce e npucyTHin bottleneck npn ctBopeHHi Be6-cepBepiB Ta AoaaTkiB, SKi

BMMaratoTb BUCOKOI MacLLuTaboBaHOCTI Ta NPOAYKTUBHOCTI 3a HAsiBHOCTiI 3HAYHOT HEY3ro4)KeHoCTi NOTokKiB (thread
contention).

= baraTo gocnigxkeHb O0yno npoBeaeHo AN PO3pOOKM HEDMOKYUMX anropuTMIB, SKi MOXYTb
pagukanbHO NOKpaLWMTX NPOAYKTUBHICTb B KOHTEKCTI CUHXPOHI3aLlil.

= Lli anropyTmn NnponoHyoTb NnokpalleHy MaclTaboBaHICTb, OCKINbKU NOTOKN HE ONOKYOTbLCH, KOMK KirnlbKa NoTOKIB
crnepedaroTbCs 3a OOHI W Ti X OaHi.

= TakoX NOTOKM He CTpaXkaalTb Big AeASIoKiB Ta iHWKMX npobnem liveness problems.

= Java 5 3abesneynna MoXnuMBICTb CTBOPIOBATN epekTUBHI HEDMOKyoYi anropuTmin, NpeacTaBuBLLIM NakeT
java.util.concurrent.atomic.

= 3rigHO 3 OKYMeHTaLi€elo, NakeT nocrtayae Hesenukun toolkit knacie, wo ningTpumytoTe lock-free, thread-safe
onepauii Hag eaAUHUMM 3MIHHUMW.

= Knacu 3 nakety java.util.concurrent.atomic po3LmptoloTb NOHATTA volatile-3HadeHb, nonie Ta
enemeHTiB MacuBy, BKMo4atodm atomic conditional update, 100 30BHILIHA CUHXPOHI3aLlis He
Byna noTpibHoto.



Heski 3 knaciB 3 java.util.concurrent.atomic

AtomicBoolean: boolean-3Ha4yeHHs, sike MOXXHa aTOMapHO OHOBUTMN.,

Atomicinteger: int-3Ha4YeHHSA, AKe MOXXHa aTOMapHO OHOBUTW.

AtomicintegerArray: int-macus, 41l efieMeHTU MOXXHa aTOMapHO OHOBUTM.

AtomicLong: long-3Ha4yeHH4d, ke MOXHa aToOMapHO OHOBUTW.

AtomicLongArray: long-macus, 4ni enemMeHTn MOXHa OHOBUTW aTOMapHoO.

AtomicReference: nocnnaHHsi Ha 00’EKT, AKMN MOXHa OHOBUTU aTOMapHO.

AtomicReferenceArray: nocunaHHa Ha MacuB, YN eNeMeHTU MOXXHa OHOBUTU aTOMapHoO.

» ATOMapHi 3MiHHi BUKOPUCTOBYIOTLCSA AN peanisauil NiYnnbHUKIB, reHepaTopiB NOCnigoBHOCTEN (Hanpukniag,
java.util.concurrent. ThreadLocalRandom) Ta iHLIMX KOHCTPYKTIB, AKi BUMaratoTb B3aEMHOIO BUKITIOYEHHS 6e3
npobrem 3 NPOAYKTUBHICTIO MPWU BUCOKIN HEY3ro4pKEHOCTI NOTOKIB



[NoTokoOe3ne4yHe NOBEepPHEHHSA YHiKarnbHUX igeHTUdikaTopiB

151""55 1b = X04 Kof, HopMarbHO CUHXPOHI30BaHO (BKMtoyatoum visibility),
BHYTPILLHIM 3aMOK, NnpuB’d3aHui 0o synchronized, moxe

private static volatile long nextID = 1; ] ; o : ]
NOrpWnUTN NPOAYKTUBHICTb MNP BUCOKIN KOHKYPEHTHOCTI NMOTOKIB.

static synchronized long getNextID() = Maker java.util.concurrent.atomic Bkntoyae knacv DoubleAccumulator,
{ DoubleAdder, LongAccumulator Ta LongAdder, wo BigHOCATLCA 0
return nextID++; NpobnemMu MacluTaboBaHOCTi B KOHTEKCTI NMiATPUMKMA €OUHOTO NiYUNbHKKA,
} CYMW Y iHLIOro 3HA4YEHHS 3 MOXIUBICTIO OHOBNEHDb Bif 6araTbOX MNOTOKIB.
} = Lli HOBI Knacwu “3cepeanHu 3agitooTb contention-reduction nigxoaw, LWo

nocTayae BenuyesHe nokpawleHHs NpornycKHOI 30aTHOCTI B MOPIBHSHHI 3
aTOMapHUMN 3MiHHUMU. Lle Byno 34iIMCHEHO LUNSXOM 3MEHLUEHHA rapaHTin
import java.util.concurrent.atomic.Atomiclong; aTOMapHOCTI 40 NMPUNHATHOIO pPiBHA B BINbLLIOCTI foaaTkis.”

3aMiHMMO Ha;

class ID
{

private static AtomicLong nextID = new AtomiclLong(1);

static long getNextID()

{
}

return nextID.getAndIncrement();



Po3yMiHHA marii Atomic

* Hn3bKopiBHEBUIN MEXAHI3M CUHXPOHI3aUil B Java, Lo Beae 40 B3aEMHOIo BUKMOYEHHSA Ta
BuammoctTi (visibility), BnriMBae Ha 3aBaHTaXeHICTb «3ani3a» Ta MacluTaboOBaHICTb:

= Contended synchronization (Kinlbka NOTOKIB MOCTIMHO CrepevaloTbCs 3a 3aMOK) — opora, y pesynsrati cTpaxaae

NPOnyCcKHa 30aTHICTb.

= JlopoxkHeYa NOSICHIETLCS, B NEPLUY Yepry, YacTUM NepPeKOYEHHAM KOHTEKCTY (context switching).
=  KoXXHe nepekntiovYeHHs KOHTEKCTY Moxe 3abupatu 6arato npoLeCcopHUX LMKMIB AN BUKOHAHHS.
CyuyacHi BipTyanbHi MalumMHM Java BUKOPUCTOBYIOTb Hegopory uncontended synchronization.

= Konu noTik, Wwo TpMMae 3aMoK, Bigknagae poboty (Hanpuknag, Yepes nnaHyBanbHMKa), XX0O€EH 3 NOTOKIB, LLO

noTpebyoTb 3aMOK, HE Nporpecye; anapartHe 3abesnedeHHsa isn’t utilized Tak, sik morso 0.

* BukopucrtaHHs volatile sk ansTepHaTUBN CUHXPOHI3aUil HE € BUPILLEHHAM.

Volatile-3miHHI BUpIiLWYyOTb Nnwe npobrnemy BUOMMOCTI.

BoHu He MoXyTb 6e3neyHo peanidyBatn atoMmapHi read-modify-write nocnigoBHOCTI, WO HEOBXiAHI Ans
peanisauil NoTokobe3neyHMx NiYNIIbHUKIB Ta IHLWNX CYTHOCTEN, sIKi NOTPEBYOTb B3AEMHOIO BUKITHOYEHHS.

[MpoTe iCHye anbTepHaTUBa, AKa BiANOBiAaE 3a nepesarn B NpoayKTUBHOCTI B concurrency utilities (Hanpuknag,
Knaci java.util.concurrent.Semaphore).



AnbtepHaTtuBa: Compare-and-swap (CAS)

" 3aranbHuii TEpMiH Ans creunivHnx Ans Mikponpolecopa iHCTPYKLUIM, Lo He nepeprBatoThbCs
Ta 34NTYIOTb MiCLIe B MaM’ATi, NOPiIBHIOKOTb 34MTAHE Ta OYiKyBaHe 3Ha4YeHHS i 30epiratoTb HoBe
3HaA4YeHHs1 B J@HOMY MiCLli, KONW 34MTaHe Ta O4ikyBaHe 3Ha4YeHHs CniBnagatoThb.

= |Hakwe, HIYoro He pobuTbCs.

= CyuacHi npouecopu nponoHytoTb Bapiauil CAS. Hanpuknag, npouecopy Intel nocta4aroTb CiMENCTBO IHCTPYKLIN
cmpxchg, B Tol Yac, sk ctapiwi PowerPC-npouecopu nocrtavyatoTb ekBiBaneHT — load-link (3okpema, lwarx) Ta
store-conditional (K stwcx) iHCTpPyKU,iT.

= 3a3Buyam CAS BMKOPUCTOBYIOTb TaK:
1) 34nTyeTbCHA 3HAYEHHS X 3a agpecoto A.
2) BukoHyeTbcsi GaraTokpokoBe 0B6UNCNEHHA Haa X, Wob oTpuMaTh HOBE 3HAYEHHS — Y.

3) BukopuctoByetbcs CAS, o6 3MiHUTK 3HAaYeHHSA B KOMipLi A 3 X Ha Y. CAS BUKOHYETBLCS YCMILLHO, KONK
3Ha4yeHHA B A He 3MiHMNOCb, BUKOHYHOUU Lii KPOKM.

= [1na po3ymiHHA nepeBar CAS po3rngaHeMo NICTUHE Knacy ID, aknu noBepTae yHIKanbHUA
lAeHTngiKkaTop.

= QOckinibku Krac oronowye cBin metoq getNextiD() CMHXpOHI30BaHNUM, BUCOKA KOHKYPEHLA 3a 3aMOK MOHITopa

NpU3BOANTL 40 HAAMIPHOIMO NepeMmnKaHHs KOHTEKCTY, LLIO MOXe 3aTpuMaTty BCi MOTOKM Ta NPU3BECTU A0 NoraHol
MacLwwTaboBaHOCTI goaaTky.



* [Mpunyctnmo icHyBaHHSA knacy CAS, wo 30epirae uino4ymceribHe 3HadeHHs y value.

= Kpim TOro, BiH NponoHye atoMmapHi metogu int getValue() ons nosepHeHHA value Ta int
compareAndSwap(int expectedValue, int newValue) gns peanisauii CAS.

= 3a kynicamu CAS noknagaetbcd Ha Java Native Interface [JNI], wo6 otpumatn goctyn oo
cneyndivyHnx gnsa mikponpouecopa CAS-IHCTPYKUIN.

» MeTtog compareAndSwap() BUKOHYyE HACTYrMHY NOCNIgOBHICTb IHCTPYKLIM aTOMapHO:

int readValue = value; // Obtain the stored value.
if (readValue == expectedValue) // If stored value not modified ...
value = newValue; // ... change to new value.

return readValue; // Return value before a potential change.



HoBa Bepcisa knacy ID, sika BukopuctoBye knac CAS ans
OTPUMAaHHSA YHiKanbHOro id y BUCOKONpPOAYKTUBHUU CMNOCIO

class ID

{

private static CAS value = new CAS(1);

static long getNextID()
{

int curValue = value.getValue();

while (value.compareAndSwap(curValue, curValue + 1) != curValue)
curValue = value.getValue();

return curValue - 1;

}
}

» |D iHkancyntoe ekzemnnsap CAS, akun iHilianiayetbca 1 (Uine 4ncno) ta orosriowye Meton
getNextID() ona oTpMmMaHHA NOTOYHOrO 3HAYeHHs igeHTUdikaTopa, a NoTiM — NOro iIHKPEMEHTY.

= [licna ogepaHHA NOTOYMHOro 3Ha4YeHHs ek3emnnspy, getNextiD() noBTopHO BMKNMkae compareAndSwap(), noku
3Ha4yeHHsA curValue He 3MiHUIOCh (IHLIXM NOTOKOM).

» Toai MeTog MOXe 3MIHUTU Lie 3HaYEHH4, Micng Yoro noBepTae nonepeaHe 3Ha4eHHs.
= Konu He 3afisiHO 3aMKa, KOHKYPEHTHUM OOCTYN Ta HaAMIpHE NepeMuKaHHA KOHTEKCTY YHUKaKTbCA.
» [lpoayKTMBHICTb NOKPALLYETLCA, a KoA cTae binbw macluTaboBaHUM.



lNpuknap nokpaweHb concurrency utilities Big CAS

* PosrnsaHemo java.util.concurrent.locks.ReentrantLock.
= Krnac nponoHye Kpawly NpoayKTUBHICTb, HiXK synchronized npu BUCOKiM KOHKYPEHTHOCTI MOTOKIB.

= [Ins nigBuWeHHSA NpoAYKTUBHOCTI CUHXPOHI3aLis ReentrantLock ynpaBnsaeTbcs NigkrinacomM abCcTpakTHOro Knacy
java.util.concurrent.locks.AbstractQueuedSynchronizer.

= Y CBOW 4epry, Len Krnac oTpumye nepesaru Big HeAOKYMEHTOBAHOro Kracy sun.misc.Unsafe ta
noro CAS-metogy compareAndSwaplint().
= Knacu atomapHux 3MiHHUX TaKoX OTpUMYIOTb nepeBaru Big CAS.

= Kpim TOro, BOHM nocta4yaroTb MeTo[,
boolean compareAndSet(expectedValue, updateValue)

= BiH (3 pisHUMK aprymeHTamMn 3anexHo Bif Knacy) aBToMaTUYHO 3aga€e 3MiHHIM 3HavyeHHs updateValue, konu Ha
NOTOYHMI MOMEHT BOHa Ma€ 3Ha4YeHHs expectedValue, noBepTatoun true npu ycnixy.

» [TakeT java.util.concurrent.locks 3abesneuye 6ibrioTeky iHTepdencis Ta Knacis asns
briokyBaHHs (locking) Ta odikyBaHHs for conditions y ctuni, BigMiHHOMY Bif, BOyaoOBaHOro
MeXaHi3aMy CUMHXPOHi3auil Ta wait/notification gnga java.lang.Object.

= |Locking Framework nokpatuye CMHXpOHi3auito Ta wait/notification, nponoHyto4n Taki MOXMBOCTI, sk lock polling
Ta timed waits.



IHTepdeunc Lock

» [TpornoHye BinblL eKcTeHCUBHI onepauil brnokyBaHHSA (locking operations), HiXX 3aMKku 3
MOHITOpaMMu.

Hanpuknag, MoOXHa HeramHo BigxXunmTu cnpoby oTpMMaHHSA 3aMKa, KOnn 3aMOK HEAOCTYMHUNA.

* |[HTepdenc orosowlye MeToau:

void lock(): oTpumye 3amok. Konn 3amMOK HeOCTYMHUIN, BUKIMKAKOYMIA NOTIK 3MYLLEHUA YeKaTu, NOKN 3aMOK He
CTaHe OOCTYMHUM,

void locklinterruptibly(): oTpumye 3aMOK, SIKLLIO BUKIMKAOUYMIA NOTIK HE nepepBaHo. Konu 3amMok He4OCTYMNHUMN,
BUKINKAKOYMI MOTIK 3MYLLUEHUN YeKaTKn, MOKN 3aMOK He CTaHe AOCTYynHMM abo NoTik He Byae nepepBaHo, WO
npussene Ao sBMknaaHHsA InterruptedException.

Condition newCondition(): noBepTtae HoBun ek3emnnisgp Condition, npue’aszaHnn 0o eksemnngapy Lock. Metog
Bukngae java.lang.UnsupportedOperationException, konu peanisauis Lock He nigTpumye ymoBu (conditions).

boolean tryLock(): oTpumye 3amMoOK, Konn BiH AOCTYMHUA B MOMEHT BUKINUKY LbOro metoay. [oBepTtae true,
KON 3aMOK OTpuMaHo Ta false B iHLLOMY BUNaaky.

boolean tryLock(long time, TimeUnit unit): oTpumMye 3aMOK, KOnn BiH AOCTYNHUWA B MOMEHT 3aaHOoro
MNPOMIDKKY Yacy, a BUKITMKaK4YM NOTIK He nepepBaHo. Konm 3amMoK He4OCTYNHUIW, BUKITUKAKYMA NOTIK 3MYLLUEHUN
YyekaTu, MOKMN 3aMOK CTaHe JOCTYNHUMMNPOTAroM AEeAKOro Yyacy odikyBaHHSA abo noTik byae nepepsaHo, WO
npu3BoaAnNTL A0 BUKMAaHHSA InterruptedException.

void unlock(): 3BinNbHSE 3aMOK.



= OTpuMaHi 3aMKN MatoTb 3BIfIbHATUCH.

= B KOHTEeKCTi synchronized-meTtoaiB Ta BupasiB HESIBHUIN 3aMOK MOHITOpa, NOB'A3aHNIN 3 KOXXHUM 00’€KTOM, BCi
OTPMMaHHS Ta 3BiNlbHEHHSA 3aMKa BigdyBatoTbcs B block-structured ctuni.

= Konu Kifibka 3aMKiB OTPMMYHOTBLCS, BOHU BUBISNTIbHAOTLCA Y 3BOPOTHOMY MOPALKY, @ BCi 3aMKU 3BISTbHAKOTLCA B
TOMY X lexical scope, B AKOMy BOHU OTPUMYBaSIChb.

» OTpMMaHHSA Ta 3BiNbHEHHA 3aMKa B KOHTEKCTI peanisauiv iHtepdency Lock moxe 6yTn GinbLu

THYYKUM.
» Hanpwuknapg, gesaki anroputMmn ob6xoay BUKOHYHOTb KOHKYPEHTHUW OOCTYN A0 CTPYKTYP OaHUX, LLO BUMarae
BUKopuctaHHsa hand-over-hand abo chain locking: oTpumye 3amok By3na A, notiMm By3na B, noTim 3BifibHAEMO A
Ta oTpumyemo C, noTim 3BinbHAeMo B i otpumyemo D i T. 4.
= Peanisauii iHTepdency Lock garoTb MOXNUBICTb BUKOPUCTOBYBATU TakUA Niaxia, 4O3BOMSKYMN 3aMKy
OTPUMYBATUCH Ta 3BINIbHATUCHL Y PI3HUX SCOPES, a TaKoX A03BONSA4N KiSTbKOM 3aMKaM OTpUMyBaTUCH Ta
3BINIbHATUCbL B OOBISIbHOMY MOPALKY.



= BigcyTHicTb block-structured locking Bugansae aBtomatuyHe 3BifIbHEHHS 3aMKiB, LLO
BiabyBaeTbCA 3 synchronized-metogamu Ta BMpasamu.

= Y pes3ynbTari 3a3Buyan 3a4itol0Tb HACTYMHUN KO4 OJ19 OTPUMAaHHA Ta 3BiNNlbHEHHA 3aMKa:

lock 1 = ...; // ... is a placeholder for code that obtains the lock

1.1lock();

try

{
// access the resource protected by this lock

}

catch (Exception ex)

{ Llen wabnoH koay 060B’s13koBe 3BiNIbHEHHS BYOb-AKOro OTPUMAaHOro
// restore invariants

} 3aMKa.

finally Note Bia ycix peaniszauin Lock BumaratoTb 3afitoBaHHS TiEl X

{ CEMaHTUKN CUHXPOHI3aLil nam’aTi, Wo noctadaeTbca BOygOBaHUM
1.unlock(); monitor lock.

}



Knac ReentrantLock

* |[HTepenc Lock peani3yeTbca 3a gonomoroto knacy ReentrantLock, sknn onuncye
B3aEMOBWUKINIOYHE BII0OKYBaHHSA 3 NOBTOPHMM BXxoadoM (reentrant mutual exclusion lock).
= |len 3amok nos’a3aHum 3 hold count.

= Konu noTik TpuMae 3aMOK Ta 3aHOBO OTpUMYE (reacquires) 3amok 3a gonomoroto lock(), lockUninterruptibly() um
oaHoro 3 metoais tryLock(), hold count 36inbluyeTbes Ha 1.

= Konwu notik Buknukae unlock(), hold count ameHwyeTbca Ha 1.
= 3aMOK 3BifibHAETbCA, Konu count gocsarae 0.

» ReentrantLock nponoHye Ty XX ceMaHTUKy poboTn 3 6araTtonoTOYHICTIO Ta NaM'ATTHO, SK |
HesaABHMM monitor lock, 4OCTyn 40 AKOro ogepXXyeTbCs 3a 4ONOMOror synchronized-metoais
Ta BMpaasiB..

» [1poTe BiH Ma€e po3LLIMPEHi MOXIMBOCTI Ta MPOMNOHYE KpaLly NPOAYKTUBHICTb MPW BUCOKIN KOHKYPEHLT MOTOKIB
(MOTOKM YacCTOo 3BEPTAOTLCA 32 OTPMMAHHAM 3aMKa, SKUN YXKe TPUMAETLCA IHLLUXUM NMOTOKOM).

= Konwn 6arato NOTOKIB HAMaratoTbCsa OTpUMaTu O4OCTyn A0 crifibHoro pecypcy, JVM npoBoanTb MEHLLE Yacy 3a
nfaHyBaHHAM LMX MNOTOKIB, a Bifiblle — 3a 1X BUKOHAHHSIM.



Knac ReentrantLock

» KoHcTpykTOopu ReentrantLock:
» ReentrantLock(): ctBoptoe eksemnnap ReentrantLock. EkBiBaneHTHMI kKOHCTpyKTOPY ReentrantLock(false).

» ReentrantLock(boolean fair): ctBoptoe eksemnnsp ReentrantLock i3 3agaHoto fairness policy. INpw fair=true
3aMoK Mae BuKopuctoyBaTu fair ordering policy: npun KOHKYpeHLil 3amok Byae BiggaBatn nepeBary HagaBaHHIO
OOCTYMy NOTOKY, LLIO OYiKye HaugoBLle.

= ReentrantLock peanisye metoan Lock.

» [IpoTe noro peanisauia unlock() Buknpae java.lang.lllegalMonitorStateException, Konn BUKNMKaOYNW MOTIK HE
byne TpumaTtn 3aMok.

= Takox ReentrantLock nocTtavyae cBol BracHi MeToau.
» Hanpwknag, boolean isFair() noBeptae fairness policy
» boolean isHeldByCurrentThread() noBepTtae true, konn 3amok is held notouHum notokom (current thread).
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void main(String[] args)

final Lock lock = new ReentrantLock();

final BlockingQueue<Character> bg;

bg = new ArrayBlockingQueue<Character>(26);

final ExecutorService executor = Executors.newFixedThreadPool(2);
Runnable producer;

producer = new Runnable()

@0verride
public void run()
¢ for (char ch = 'A'; ch <= "Z"'; ch++)
{
try
{
lock.lock();
try
{

while (!bg.offer(ch))

lock.unlock();
Thread.sleep(50);
lock.lock();

System.out.println(ch + " produced by producer.

catch (InterruptedException ie)

{
assert false;
}
}
finally
{
lock.unlock();
}

}
}
b

= JlictuHr gemoHcTpye Lock ta ReentrantLock y
Bapiauii nonepeaHbOoro MiCTUHTY, WO 3aBXau
3abesnevye BUBIO Y KOPEKTHOMY NOPSAOKY

= consumed message appearing before a produced message.

");



executor.execute(producer);
Runnable consumer;
consumer = new Runnable()

{
@0verride
public void run()
{
char ch = '\o';
do
{
try
{
lock.lock();
try
{
Character c;
while ((c = bg.poll()) == null)
{
lock.unlock();
Thread.sleep(50);
lock.lock();
}
ch = ¢; // unboxing behind the scenes
System.out.println(ch + " consumed by consumer.
}
catch (InterruptedException ie)
{
assert false;
}
}
finally
lock.unlock();
}
while (ch 1= 'Z");
executor. shutdownNow();
}
};
executor.execute(consumer);

}
}

");

= JlictuHr Bukopuctosye metoau lock() Ta unlock() 3

iHTepdoency Lock, wob oTpumaTti Ta 3BifIbHUTU
3aMOK.

= Konu notik Buknukae lock(), a 3aMok HegoCTYNHWUIA, NOTIK IS
disabled (i He BxoaunTb y NnaHyBaHHSA), MOKWU 3aMOK He CTaHe
OOCTYMNHUM,

IlictuHr Takox BUKopuctoBye metop offer() 3 knacy
BlockingQueue 3amicTb put(), Wwob 3bepiratn o0’ekT
y briokytodin 4yepasi, Ta metog poll() 3amictb take(),
o6 oTpmumMaTh 06’EKT 3 Yepru.

» Lli anbTepHaTMBHI METOAMN BUKOPUCTOBYHOTLCS Yepes Te, Lo
BOHU He BIOKYH0Tb.

[Tpn 3anycky noaaTtky MOXHa NOMITUTU, LLO BiH
HIKOSIM He BUBOAUTbL CONSUMing message o
producing message a4 O4HOro i TOro X efieMeHTy.



CueHapin gepnioKy 3a ymoBu BUKopuctaHHga put() i take()

1)
2)

3)

4)
S)

[ToTiK-crnoXkmBay oTpuMye 3aMOK 3a ONOMOroto BUKIUKY lock.lock().

[MOTiK-BUPOBOHUK HamaraeTbCca oTpumaTn 3amMok 3a gonomoroto lock.lock() Ta is disabled,
OCKISfTbKM 3aMOK Y>Xe TPpUMae MOoTIK-CroXueau.

[MoTik-crnioxxmnBad BuKnukae take(), wob otpumaTn HacTynHum ob’ekT java.lang.Character 3
yepru.

OckinbKun Yepra NOPOXKHS, MOTIK-CMOXKUBaY NOBMHEH YEKaTH.

[TOTiK-CroXXmnBa4y He Big4a€ 3aMOK, KU BUMAarae roTik-BUPOOHUK, KM TEX NPOOOBXKYE
yekaTu.



IHTepdenc Condition

= BuHocuTb (factors out) metoam wait(), notify() Ta notifyAll() knacy Object B OKpemi condition-
o0’ekTu, WODO to give the effect HAABHOCTI KiNbkoX walit-sets Ha 00’ekT per object, KOMOiHyuM 1X
3a JOMNOMOrol OOBiNbHUX peanisauin iHTepdency Lock.

Tam, ge Lock samiHge synchronized-metoau ta Bupasu, Condition 3amiHge metogm wait()/notify()/notifyAll().

* Note Eksemnnap Condition mae BbynoBaHy NpuB’a3Ky 40 3aMKa.
» o6 otpumaTtu eksdemnndap Condition gna KOHKpeTHoro ek3emnnapy Lock, BukopuctoBymnte metoq newCondition()

3 Lock.

= MeTtoawu iHTepdency:

void await(): aMyLlye BUKNUKaO4YM MOTIK YekaTn, NOKM Noro He po3byasaTth (signal) um nepepsyTh (interrupt).
boolean await(long time, TimeUnit unit)

long awaitNanos(long nanosTimeout): 3myLLye BUKMMKa4MA NOTIK YekaTun, MOKM Moro He po3dbyaaTs (signal),
nepepsyTb (interrupt) Y He Nponae 3agaHum nepioq yacy.

void awaitUninterruptibly(): amywye Buknukaro4umin NOTiK YekaTn, NoKn noro He po3dyaate (until it’'s signaled).

boolean awaitUntil(Date deadline): amyLlye BUKNuUKawo4nid NOTiK YeKaTu, NOKK AOro He po3dyaAaTh (signal),
nepepByTh (interrupt) yn He npovae 3agaHun deadline.

void signal(): «Byantb» oguH YeKaroumnm NoTiK.
void signalAll(): «byanTtb» yci Yekaroui NOTOKM.



JJocArHeHHs1 CUHXPOHI3auil 3 To4KM 3opy Locks Ta Conditions

import java.util.concurrent.locks.Condition;
import java.util.concurrent.locks.Lock;
import java.util.concurrent.locks.ReentrantlLock;

public class PC
{

public static void main(String[] args)

{
Shared s = new Shared();

new Producer(s).start();
new Consumer(s).start();

}
}

= Metog main() iHcTaHuitoe knacu Shared, Producer
Ta Consumer.

= Ek3emnnsap Shared nepenaetbcs B KOHCTpYKTOpU Producer
Ta Consumer, a NoTiM Ui MOTOKN PO3MNoYnHaOTL POBOTY.

class Shared

{

private char c;
private volatile boolean available;
private final Lock lock;

private final Condition condition;

Shared()

{
available = false;
lock = new ReentrantLock();
condition = lock.newCondition();

}



Lock getLock()

{ [MpopoBxeHHA kKoay (knac Shared)

return lock;

}
void setSharedChar(char c)
char getSharedChar() {
{ lock.lock();
lock.lock(); try
try {
{ while (available)
while (lavailable) try
try {
{ condition.await();
condition.await(); }
} catch (InterruptedException ie)
catch (InterruptedException ie) {
{ ie.printStackTrace();
ie.printStackTrace(); }
} this.c = c;
available = false; available = true;
condition.signal(); condition.signal();
} }
finally finally
{ {
lock.unlock(); lock.unlock();
return c; }
} }

¥ }



class Producer extends Thread

{

private final Lock 1;

private final Shared s;
Producer(Shared s)

{

this.s = s;
1 = s.getlock();

}

@0verride
public void run()

{

for (char ch = 'A"; ch <= 'Z"; ch++)

{
1.1ock();

s.setSharedChar(ch);

System.out.println(ch + " produced by producer.");

1.unlock();

class Consumer extends Thread

{

private final Lock 1;

private final Shared s;

Consumer (Shared s)

{

}

this.s = s;
1 = s.getlock();

@0verride
public void run()

{

char ch;
do
{
1.1ock();
ch = s.getSharedChar();

System.out.println(ch + "

1.unlock();

}
while (ch = 'Z");

consumed by consumer.");



Po3rnaHemMo KOHCTpPYKTOp Shared

= Y HbOMY CTBOpPIOETLCA 3aMoK (lock = new ReentrantLock();) Ta condition, nos’dA3aHa 3 Lum
3amkom (condition = lock.newCondition();).

= |len 3aMOK cTae AOCTYNHMUM NOTOKY-BMPOOHMKY Ta NOTOKY-CNOXuBady 3a gornomoroto metoay getLock() 3 Lock.

= [loTik-BMpOOHUK BMKNMkae metop void setSharedChar(char c) 3 knacy Shared, w006
3reHepyBsaTu HOBU CUMBOJT, a NOTIM BUBECTM NOBILOMIEHHS, LLO IHOPMYE NMPo BUPOONEHNI
CUMBOIT.

= Llen meTon 3amukae nonepenHbO CTBOpeHMN 00’ekT Lock Ta BxoanTb y umkn while, Lo noBTOpHO nepesipse
3MiHHY available, ska mae 3Ha4yeHH4 true, Konn BUPOBIEHN CUMBON AOCTYMHUN ONA CNOXUBAHHS.

= [lokun available = true, BUpobHUK BUKNnKae metog condition’s await(), o6 yekatn, nokn available He Habyne
3HayeHHs false.

= CnoxwuBau signals the condition, Wwob «po3dyautn» BUpOOHMKA, KON CUMBOST Byae CnoXnTo.

= [licna Buxony 3 LMKy NOTIK-BUPOOHUK 3anncye HoOBMK CUMBOIT, MPUCBOIOE available 3Ha4eHHs
true, W06 BKasaTu Ha AOCTYMHICTb CUMBOSY A9 CNOXUBAHHA, and signals the condition
«po36y,q|/|T|/|» OYIKYHHOro CroXxmneaya.

= Y KiHUi BiH BigMukae (unlock) 3amok Ta Buxogutb 3 setSharedChar()



3ayBaxTe

» bnok setSharedChar()/System.out.println() 3amkHyT0 (lock) B meTogai run() knacy Producer, a
bnok getSharedChar()/ System.out.printin() — B metogai run() knacy Consumer, wob YHUKHYTH
BMBOAY OO4ATKOM consuming messages 4o producing messages, HaBiTb He3BaXkaroum Ha Te,
LLIO CUMBOJSIM BUPOONEHi 4O CBOrO CNOXXMBAHHA.

= [loBeAdiHKka NOTOKy-cnoxmBada i metoay getSharedChar() aHanoriyHi noBeaiHLi NOTOKY-BMPOOHNKY Ta MeToay
setSharedChar().

= |llabnoH try/finally ona 3abesneyeHHs BuganeHHs (dispose) 3amky B Mmetogi run() 3 knacis
Producer Ta Consumer He BUKOPUCTOBYBABCS, OCKIfNIbKN 3 LIbOr0 KOHTEKCTY HE BUKMOAETHLCS
BUKITIOYEHHS.



BuBig nporpamu

= BKasye Ha lockstep synchronization
" MOTIK-BUPOOHUK HE BUPODISIE ENEeMEHT, AOKM cTapui He Byae CnoXnTo, a NOTIK-CNOXUBaY HE CroXMBae

OooOQQwWwwr >

LLie He BUpPOBNeHnn enemeHT
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producer.
consumer.
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ReadWriteLock

* BMHUMKaIOTL CUTyaLil, KOnu CTPYKTYPU JaHUX YNTAKOTLCA YacTiwe, HiXK 3MIHIOTbCA.

= Hanpwuknag, CTBOPEHO OHMNaMH-COBHMK BU3HAYEHb, KM Byae Yntatu 6arato NOTOKIB y napaneribHOMY PeXxumi,
a okpeMum NoTik byae vac Big Yacy gogaBaTu HOBI BUBHAYEHHS Y/ OHOBIOBATM iCHYHOMI.

» Locking Framework nocta4yae 3ammkaloumin MexaHiam 34ntyBaHHs/3anuncy (readwrite locking mechanism) gns
TakMX CUTYyaLUiln, KON nNpu 34NTYBaHHI BaXknnBa BMCOKA KOHKYPEHLiS, a Npu 3anucy — 6e3aneka ekcKIo3nBHOro

OOCTyny.
» |len mexaHi3am 6a3syeTbca Ha iHTepdoenci ReadWriteLock.

» ReadWriteLock nigTpumye napy 3amkis: Ha read-only onepadil Ta onepaduil 3anucy.

= 3aMOK Ha 34nTyBaHHA MoXe be held ogHo4acHo Kinbkoma noTokamu-4yutadamu, JOKM HEMAE NOTOKIB-
3anucysadvis.

= 3aMOK Ha 3arnuc eKCKINI3NBHUI: NULLe OOMH MOTIK MOXe 3MiHoBaTK cninbHi (shared) gaHi (3aMok, NoB’si3aHnm 3
KNnoyoBMM cnoBoM synchronized TakoX eKCKMto3MBHUN).

» ReadWriteLock oronowiye metoau, WO NoBepTaroTb Li 3aMKu
= Lock readLock()
= Lock writeLock()



ReadWriteLock peani3yeTbca knacomMm ReentrantReadWriteLock

» Onucye reentrant read-write lock 3i cxoxoto cemaHTUko 0o ReentrantLock.

» KoHcTpykTopu ReentrantReadWriteLock:
» ReentrantReadWriteLock(): ctBoptoe eksemnnsp ReentrantReadWriteLock, eksiBaneHTHUn ReentrantReadWriteLock(false).

» ReentrantReadWriteLock(boolean fair): ctBoptoe ekszemnnsp ReentrantReadWriteLock i3 3agaHoto fairness policy. Pass true to fair when this lock
should use a fair ordering policy.

= Note [nga fair ordering policy, Korim NOTOYMHUIM YTPUMaHUIN 3aMOK 3BINbHAETLCA, either the longest-waiting single writer
thread will be assigned the write lock or, when'there’s a group of reader threads waiting longer than all waiting writer
threads, that group will be assigned the read lock.

= [loTik, Wo HamaraeTbecs oTpumaru fair read lock (non-reentrantly), 6yae 6nokyeatucek, konu write lock is held a6o
MNPUCYTHIN OMiKYO4YMIA Writer-noTik.

. ![?]OTiK _F{e Fy,u,ke oTpumyBaTtu read lock, noku after the oldest currently waiting writer thread has acquired and released
e write lock.

= HAkwo oqu_YrquVl writer abandons its wait, leaving one or more reader threads as the longest waiters in the queue with the write lock free, those
readers will be assigned the read lock.

= [loTik, Wwo HamaraeTbca otpumarwu fair write lock (non-reentrantly) will block, nokn obungga (read lock and write lock)
3aMKu He ByayTb BifibHUMMU (TOOTO, He Byae O4YiKytouMX NOTOKIB).

= Hebnokytodi metoam tryLock() He GepyTb oo yBaru fair setting i 3a MOXNMBOCTI ByayTb HEraMHO OTPUMYBATU 3aMOK, HE3arEXHO Bif OYiKYOUNX NOTOKIB.



* [licnga iHCTaHUitoBaHHSA LbOro Kracy Ans oTpuMaHHA 3aMKiB Ha 34MTYBaHHS Ta 3anuc
BUKIMUKAOTb METOAM:
» ReentrantReadWriteLock.ReadlLock readLock().
» ReentrantReadWriteLock.WriteLock writeLock().

= KoxeH i3 BknageHux krnacis ReadLock ta WriteLock peanisye
iHTepdenc Lock Ta oronowlye BrnacHi metogu.

= Kpim Toro, ReentrantReadWriteLock oronowye gogaTtkosi metoaum:
» int getReadHoldCount(): noBepTae number of reentrant read holds on this lock by the calling thread, which is O
when the read lock isn’t held by the calling thread. A reader thread has a hold on a lock for each lock action
that’s not matched by an unlock action.

» int getWriteHoldCount(): noseptae number of reentrant write holds on this lock by the calling thread, which is 0
when the write lock isn’t held by the calling thread. A writer thread has a hold on a lock for each lock action that’'s

not matched by an unlock action.



public class Dictionary

{
public static void main(String[] args)
{
final String[] words =
{
gigﬁiﬁ;"‘” ’ = [OfOBHMI MOTIK CrOYaTKy CTBOPIOE CoBa Ta
3 .
"assiduous”, BN3HaAYEHHA AK MaCUBWUN PAOKIB,
"indefatigable", » OronowytoTbes final, ockinbkn gocTyn Ao HUX dyae 3 aHOHIMHUX
"castellan” Kracis.
1 » [licna ctBopeHHs meny ans nap word/definition, noTik ogepxye

reentrant read/write lock Ta oTpumye gOocTyn 40 3aMKiB Ha

final String[] definitions 34MTYBaHHS Ta 3anuc.

{
"a deficiency of calcium in the blood",
"unduly prolonged or drawn out",
"showing great care, attention, and effort",
"able to work or continue for a lengthy time without tiring",
"the govenor or warden of a castle or fort"
b

final Map<String, String> dictionary = new HashMap<String, String>();

ReadWriteLock rwl = new ReentrantReadWritelLock(true);
final Lock rlock = rwl.readlock();
final Lock wlock = rwl.writelock();



final Map<String, String> dictionary = new HashMap<String, String>();

ReadWritelLock rwl = new ReentrantReadWritelock(true);
final Lock rlock = rwl.readlLock();
final Lock wlock = rwl.writelock();

Runnable writer = () -»>

{

for (int i = 0; i < words.length; i++)

{
wlock.lock();

try
{

dictionary.put(words[i],
definitions[i]);
System.out.println("writer storing " +
words[i] + " entry");

}
finally

{
}

try
{

}

catch (InterruptedException ie)

{

wlock.unlock();

Thread.sleep(1);

System.err.println("writer " +
"interrupted”);

};

= Tenep cTBOpeHO runnable-o6’ekT anga writer-rnoToky.

Moro meToa run() itepye no macusy words.
KoxHa iTepauis locks the writer lock.

Konu uen meton returns, writer-noTik Mae eKCKIM3NBHUN
writer lock Ta MoXe oHOBMOBAaTU MEN, BUKNMKaOYM UOro
meTog put().

[Micna BuBoA4y nNoBigoMeHHa ans igeHTudikauil gogaHoro
cIioBa Writer-noTiK 3BifIbHAE 3aMOK Ta cnnTb 1Mc, pobnsayn
BUrMAL4 BUKOHAHHSA iHLWOT poboTH.

Ek3ekyTop, 3acHOBaHMN Ha Mysi NOTOKIB, BUKOPUCTOBYETLCA
ansa BUKNUKY writer thread’s runnable.



3aBepLleHHS Kooy Ta pe3ynbTaTyu BUBoAy

ExecutorService es = Executors.newFixedThreadPool(1);

es.submit(writer);

Runnable reader = () -»>

{

while (true)

{
rlock.lock();
try

{
(int) (Math.random() *
words.length);
System.out.println("reader accessing " +
words[i] + ": " +
dictionary.get(words[i])

+ " entry");

int 1 =

}
finally

{
}
}
b

es = Executors.newFixedThreadPool(1);
es.submit(reader);

rlock.unlock();
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storing hypocalcemia entry
storing prolixity entry

accessing

hypocalcemia: a deficiency of calcium in the blood entry

storing assiduous entry

accessing
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accessing
accessing
accessing
accessing
accessing
accessing
accessing
accessing
accessing
accessing
accessing
accessing
accessing
accessing
accessing
accessing
accessing
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assiduous: showing great care, attention, and effort entry
castellan: null entry

hypocalcemia: a deficiency of calcium in the blood entry
assiduous: showing great care, attention, and effort entry
indefatigable: null entry

hypocalcemia: a deficiency of calcium in the blood entry
hypocalcemia: a deficiency of calcium in the blood entry
assiduous: showing great care, attention, and effort entry
indefatigable: null entry

prolixity: unduly prolonged or drawn out entry
hypocalcemia: a deficiency of calcium in the blood entry
castellan: null entry

assiduous: showing great care, attention, and effort entry
hypocalcemia: a deficiency of calcium in the blood entry
prolixity: unduly prolonged or drawn out entry

assiduous: showing great care, attention, and effort entry
castellan: null entry

hypocalcemia: a deficiency of calcium in the blood entry
indefatigable: null entry

castellan: null entry

prolixity: unduly prolonged or drawn out entry
hypocalcemia: a deficiency of calcium in the blood entry

storing indefatigable entry

accessing
accessing

assiduous: showing great care, attention, and effort entry
assiduous: showing great care, attention, and effort entry




