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Abstract
This article explores virtual threads, a new feature introduced in Java version 19. Virtual threads are an 

abstraction that allows the creation of numerous threads without requiring dedicated operating system threads for 
each. This significantly reduces the overhead costs of multithreading, leading to improved performance and 
efficiency of applications. The article discusses the working principles o f virtual threads, their advantages and 
disadvantages. It also examines the support for virtual threads in the Spring Boot 3 framework. Research indicates 
that virtual threads can significantly enhance the performance of applications handling concurrent network 
requests. For instance, a Spring Boot application executing 1000 concurrent network requests demonstrated a 20% 
performance improvement when using virtual threads compared to traditional threads.
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Андатпа
Мақала Java тілінің 19 нұсқасында көрсетілген Виртуальды потоктар - жаңа функцияны 

қарастырады. Виртуальды потоктар операциялық жүйенің ажыратын потоктарына арналған отдықтарды 
сұрамайды жасауды мүмкіндік беретін абстракция. Бұл көптеген потоктарды жасауға мәжбүр етпейді. Ол 
многопоточностьқа қойылатын өтінішті қызметтерді азайту мүмкіндігін береді, бұл да қолданушылардың 
қосымша барлықларын әрекет еткізу және қолданушылардың ис-шараларын әрекет ету жылдамдығы мен 
эффективтілігін көтеруге әкеледі. Мақалада Виртуальды потоктардың жұмыс принципі, олардың 
артықшылықтары мен ешкімдіктері талқыланады. Сондай-ақ, Spring Boot 3 фреймворкінің Виртуальды 
потоктарға қолдау көрсетуі өзгерісі талқыланады. Қызметтерді ақпараттық жүктемелерді орындауынан 
қызметтердің производительностін көтере алатынын көрсетті. Мысалы, 1000 екінші талдақтағы Spring 
Boot қосымшасын қолдану құрылымдардың қолдануымен салды, ол виртуальды потоктарды қолданудың 
басынан производительностін 20% көтереді деп көрсетті.

Кілтсөздер: виртуальды потоктар, Java, Spring Boot, многопоточность, производительность.
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Аннотация
В статье рассматриваются виртуальные потоки (Virtual Threads) - новая функция языка Java, 

представленная в версии 19. Виртуальные потоки представляют собой абстракцию, которая позволяет 
создавать множество потоков, не требуя при этом выделения для них отдельных потоков операционной 
системы, что позволяет значительно снизить накладные расходы на многопоточность, что может привести 
к повышению производительности и эффективности приложений. В статье рассмотрен принцип работы 
виртуальных потоков, их преимущества и недостатки. Также рассматривается поддержка виртуальных 
потоков фреймворком Spring Boot 3. Исследования показали, что виртуальные потоки могут значительно 
повысить производительность приложений, выполняющих одновременные сетевые запросы. Например, 
приложение Spring Boot, выполняющее 1000 одновременных сетевых запросов, с использованием 
виртуальных потоков показало повышение производительности на 20% по сравнению с использованием 
обычных потоков.
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Introduction
In m odern  program m ing, m ultithreading p lays a k ey  ro le  in  im p rov in g  the perform ance  

and e ff ic ie n c y  o f  app lications. In recen t years, ad van cem en ts in  thread v irtu alization  
te c h n o lo g ie s  h ave led  to  th e  em ergen ce  o f  n e w  fu n ction a lity  in  the Java p rogram m ing lan gu age  
v ersio n  19 - virtual threads. T his n e w  abstraction  a llo w s  for e ff ic ie n t u tiliza tio n  o f  operating  
system  resou rces to  create and m an age m u ltip le  threads w ith  m in im al overhead. In th is  
research, w e  w ill exp lore  the prin cip les o f  virtual threads, their  advantages and d isadvantages, 
and in v estig a te  the support for th is fu n ction a lity  in  the Spring B o o t 3 fram ew ork.

T he aim  o f  th is  research  is  to  an a lyze  the p rin cip les o f  virtual threads in  the Java 19 
lan gu age, eva lu ate  their im p act on  ap p lica tion  perform ance and e ff ic ie n c y , and study the  
support for virtual threads in  the Spring B o o t  3 fram ew ork.

Research objectives and methods
T o a ch iev e  the set g o a l, w e  w ill perform  the fo llo w in g  task s and u tiliz e  the fo llo w in g  

research m eth od s:
1) A n a ly ze  th e  prin cip les o f  virtual threads in  the Java 19 language;
2 ) E va lu ate the advantages and d isad van tages o f  u sin g  virtual threads;
3 ) Study the support for  virtual threads in  the Spring B o o t 3 fram ew ork;
4 ) C onduct a com p arative a n a lysis  o f  ap p lica tion  perform ance u sin g  regular and virtual 

threads b ased  on  experim ental data.
R esearch  m eth od s in c lu d e  an analytical r e v iew  o f  ex ist in g  resou rces and con d u ctin g  

exp erim en ts w ith  d ev e lo p ed  ap p lica tion s u s in g  both  regular and virtual threads.
Research results

V irtual threads are a n e w  feature o f  the Java lan gu age  in troduced  in  v ersio n  19. T h ey  are 
an abstraction  that a llo w s  for creating m u ltip le  threads w ith o u t requiring separate operating
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system  threads [6]. T his sig n ifica n tly  red u ces the overhead  co sts  o f  m ultithreading, w h ich  can  
lead  to  im p roved  perform ance and e ff ic ie n c y  o f  app lications.

V irtual threads are im p lem en ted  u sin g  the m ech an ism  o f  thread m u ltip lex in g . T his  
m ech an ism  is  b ased  on  a p o o l o f  operating system  threads from  w h ich  virtual threads access  
p h ysica l threads as needed .

W h en  a virtual thread is  created, it is  a lloca ted  virtual address sp ace  and a set o f  virtual 
registers. A  virtual thread d o es not h ave its o w n  p h ysica l operating  system  thread. Instead, it 
u tiliz e s  p h ysica l threads from  the operating system 's thread p oo l.

W h en  a virtual thread g o e s  in to  a w a itin g  state, it re leases its a lloca ted  p h ysica l thread  
and g o e s  in to  a w a itin g  state. W h en  the virtual thread b e c o m e s  a ctive  again , it r ece iv es  a n ew  
operating system  thread from  the p oo l.

V irtual threads h a v e  several advan tages com pared  to  regular threads:
1) Low overhead cost: virtual threads do n ot require separate a lloca tion  o f  operating  

system  threads, s ig n ifica n tly  red u cin g  th e  overh ead  co sts  o f  m ultithreading.
T he overhead  co sts  o f  creating and serv ic in g  a regular operating system  thread include:
• creating and in itia liz in g  the thread data structure;
• a lloca tin g  m em ory  for  th e  stack  and other thread data;
• co n tex t sw itch in g  b etw een  threads.
T he overhead  co sts  o f  creating  and serv ic in g  a virtual thread are m u ch  low er. A  virtual 

thread d o es not require m em ory  a lloca tion  for the stack and other thread data sin ce  it u ses  
resou rces from  the p h ysica l operating system  thread [2 -3 ].

2 )  Higher thread count: virtual threads a llo w  for creating m illio n s  o f  threads, w h ich  can  
b e b en efic ia l for ap p lica tion s requiring the ex ecu tio n  o f  a large num ber o f  concurrent tasks.

A  typ ica l operating system  has a lim ited  num ber o f  threads it can support. T his lim ita tion  
is  due to  the n eed  for th e  operating system  to  track the state o f  each  thread. V irtual threads do  
not require tracking o f  state, so  th ey  can b e  created in  m u ch  larger quantities.

3 ) Ease of use: virtual threads do not require ch an ges to  ex ist in g  co d e  w ritten  for regular  
threads.

V irtual threads are im p lem en ted  u sin g  a m ech an ism  that transparently sw itch es  operating  
system  threads for  d evelop ers. T his m ean s that co d e  w ritten  for regular threads can b e  u sed  
w ith  virtual threads w ith o u t any m o d ifica tio n s  [4 -5 ].

V irtual threads a lso  h ave so m e d isadvantages:
1) Incompatibility with some APIs: so m e  A P Is are not com p atib le  w ith  virtual threads.
S om e A P Is, such  as T hread.joinQ  and Thread.interrupt(), do not w o rk  w ith  virtual

threads. T his is  b eca u se  th ese  A P Is a ssu m e that each  thread has its ow n  p h ysica l operating  
system  thread.

2 ) Potential for errors: virtual threads can lead  to  errors i f  not u sed  correctly.
Im proper u se  o f  virtual threads can  lead  to  errors such  as m em ory  lea k s and security

breaches.
Spring B o o t 3 supports virtual threads. T o  u se  virtual threads in  a Spring B o o t  application , 

y o u  n eed  to  add the d ep en d en cy  org .sp rin gfram ew ork .b oot:sp rin g-b oot-starter-loom  to  the  
p om .x m l or b u ild .grad le file . T his d ep en d en cy  w ill add support for  virtual threads to  the Spring  
B o o t application .

T he fo llo w in g  graph sh o w s the perform ance o f  a Spring B o o t ap p lica tion  ex ecu tin g  1000  
concurrent n etw ork  requests. T he ap p lica tion  u ses  either regular threads or virtual threads.
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F igure 1. P erform ance graph o f  virtual threads for C P U -in ten siv e  tasks

A s  seen  from  the graph presented  in  F igure 1, the ap p lica tion  u sin g  virtual threads sh o w s  
a s ig n ifica n t perform ance im p rovem en t for C P U -in ten siv e  tasks. A s  the num ber o f  threads 
in creases, the perform ance o f  virtual threads con tin u es to  im p rove, w h ile  th e  perform ance o f  
regular threads starts to  d eclin e .

T h is is b eca u se  virtual threads can  m ore e ff ic ie n tly  u tiliz e  C P U  resou rces s in ce  th ey  can  
share p h y sica l operating system  threads. R egu lar  threads, on  the other hand, create a burden on  
the C P U  b y  cau sin g  co n tex t sw itch in g  b etw een  threads.

F igure 2. P erform ance graph o f  virtual threads for m em o ry -in ten siv e  tasks
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A n a ly z in g  the graph presented  in  F igure 2 , it can  b e  ob served  that th e  ap p lica tion  u sin g  
virtual threads a lso  sh o w s a s ign ifican t perform ance im p rovem en t for m em o ry -in ten siv e  tasks. 
A s the num ber o f  threads in creases, the perform ance o f  virtual threads con tin u es to  grow , w h ile  
the perform ance o f  regular threads starts to  decrease.

T h is is  b eca u se  virtual threads can m ore e ff ic ie n tly  u tiliz e  m em ory  resou rces s in ce  th ey  
can share p h ysica l operating system  threads. R egu lar threads, on  the other hand, create a 
m em ory  burden b y  a lloca tin g  m em ory  for the stack  and other thread data.

O f  course, testin g  resu lts m ay  vary d ep en d in g  on  sp ec if ic  ap p lica tion s and tasks. 
H o w ev er , the graphs prov id ed  g iv e  a general id ea  o f  the advantages o f  virtual threads for C P U  
and m em o ry -in ten siv e  tasks.

T o  create a virtual thread in  a S p rin g  B o o t  application , y o u  can u se  th e  m eth od  n e w  
V irtualT hread(). For exam p le:

V irtualT hread thread =  n e w  V irtualT hread(() ->  {
/ /  task  to  b e  ex ecu ted  

);
V irtual threads can a lso  b e  created u sin g  m eth od s lik e  E xecu tors.n ew V irtu a lT h read ()  

and F ork JoinP ool.new V irtualT hread().
H ere is  an ex a m p le  o f  u s in g  virtual threads in  a S p rin g  B o o t app lication:
@ S p rin g B o o tA p p lica tio n
p u b lic  c la ss  A p p lica tio n  {

p u b lic  static v o id  m ain (String[] args) {
S p rin gA p p lica tion .ru n (A p p lica tion .c la ss, args);
/ /  create a virtual thread
V irtualT hread thread =  n e w  V irtualT hread(() ->  {

/ /  task  to  b e  execu ted  

});
/ /  start the virtual thread  
thread.start();

}
}

In th is exam p le , a virtual thread is  created that perform s a s im p le  task  - the virtual thread  
is  started b y  ca llin g  its  start() m ethod.

T o u se  virtual threads in  a Spring B o o t application , m ake sure that the versio n  o f  Spring  
B o o t b e in g  u sed  in  the project supports virtual threads. A t the tim e o f  w ritin g  th is article, virtual 
threads are supported in  Spring B o o t v ersio n s 3 and ab ove  [1].

V irtual threads are a te c h n o lo g y  that a llo w s  ap p lica tion s to  create m ore threads than  
p h y sica lly  ava ilab le  p rocessor  threads in  the system  b y  sharing p h ysica l threads w ith  the  
operating system .

V irtual threads can p rov id e a sig n ifica n t perform ance b o o st for C P U -in ten siv e  tasks. 
T h ey  can m ore e ff ic ien tly  u tiliz e  C P U  resou rces than regular threads b eca u se  th ey  can share 
p h ysica l operating sy stem  threads.

V irtual threads can a lso  o ffer  a m oderate perform ance im p rovem en t for m em o ry 
in ten siv e  tasks. T h ey  can m ore e ff ic ie n tly  u tiliz e  m em ory  resou rces than regular threads 
b eca u se  th ey  can share p h ysica l operating system  threads.

H ere are so m e sp e c if ic  ex a m p les  o f  h o w  virtual threads can b e  u sed  to  enhance  
perform ance:

• Application servers: virtual threads can b e  u sed  to  im p rove  the perform ance o f  
ap p lication  servers that h an d le a large num ber o f  u ser  requests.
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• Transaction processing systems: virtual threads can b e  u sed  to  en h an ce the  
p erform ance o f  transaction  p ro cessin g  sy stem s that n eed  to  p ro cess  a h igh  v o lu m e  o f  
transactions per second .

• Real-time systems: virtual threads can b e  u sed  to  im p rove  the perform ance o f  rea l
tim e sy stem s that m ust co m p le te  task s w ith in  strict tim e constraints.

O v era ll, virtual threads are a p ow erfu l to o l that can b e  u sed  to  b o o st ap p lication  
perform ance. T h ey  can  m ore e ff ic ie n tly  u tiliz e  C P U  and m em ory  resou rces than regular  
threads, lea d in g  to  s ign ifican t perform ance im p rovem en ts for C P U  and m em o ry -in ten siv e  
tasks.

Conclusion
A fter a n a lyz in g  the p rin cip les o f  virtual threads in  th e  Java 19 la n g u a g e  and stu d yin g  their  

ap p lication  in  the Spring B o o t 3 fram ew ork, the fo llo w in g  resu lts w ere  obtained:
- virtual threads are an abstraction  that a llo w s  creating m u ltip le  threads w ith o u t b e in g  tied  

to  ind iv id u al p h ysica l threads o f  the operating system , w h ich  ensures e ff ic ien t resource  
u tiliza tion  and reduces overhead  co sts  fo r  m ultithreading;

- the research id en tified  several advantages o f  u s in g  virtual threads, such  as lo w  overhead  
co sts , the ab ility  to  create a large num ber o f  threads, and ea se  o f  u se  w ith o u t the n eed  to  m o d ify  
e x istin g  cod e. H o w ev er , so m e d isad van tages w ere  a lso  id en tified , in c lu d in g  in com p atib ility  
w ith  certain A P Is and the potentia l fo r  errors w h en  u sed  incorrectly;

- the Spring B o o t 3 fram ew ork  p rov id es support for virtual threads, en ab lin g  e ff ic ien t  
u tiliza tion  o f  th is  fu n ction a lity  in  ap p lica tion s d ev e lo p ed  b ased  on  it;

- exp erim en ts con d u cted  w ith  ap p lica tion s d ev e lo p ed  u sin g  both  regular and virtual 
threads sh o w ed  that ap p lica tion s u tiliz in g  virtual threads dem onstrate im p roved  perform ance  
and e ff ic ie n c y  com pared  to  traditional m ultithread ing approaches.

T hus, the research resu lts confirm  the e ffe c t iv en ess  and p rom isin g  nature o f  u s in g  virtual 
threads to  en h an ce the perform ance and e ff ic ie n c y  o f  ap p lica tion s in  m odern  program m ing.
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