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Ɣ 3URFHVV�DQG�DQVZHU�UHTXHVWV
Ɣ &RPSXWH
Ɣ ,�2��5HDG�DQG�ZULWH�ΈOHV
Ɣ 5HDG�IURP�GDWDEDVHV�DQG�QHWZRUN
Ɣ 6\QFKURQL]DWLRQ
Ɣ 5HQGHU
Ɣ /RJJLQJ���0RQLWRULQJ���0HWULFV
Ɣ *DUEDJH�FROOHFWLRQ

7KHUH�LV�D�Oü�WR�GR���������������$QG�OLPLWHG�UHVRXUFHV
Ɣ 'HYHORSHU�%UDLQ
Ɣ &38���+\SHUWKUHDGLQJ
Ɣ 0HPRU\
Ɣ ,���2
Ɣ 1HWZRUN
Ɣ 'LVN
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:KDW�LV"
$�7KUHDG



$�7KUHDG
Ɣ $V\QFKURQRXV�8QLW�RI�([HFXWLRQ

Ɣ 0XOWLSOH�7KUHDGV�UXQQLQJ�LQVLGH�D�3URFHVV

Ɣ 2QH�7KUHDG�DW�D�WLPH�RQ�D�&38

Ɣ ,QVLGH�D�WKUHDG���V\QFKURQRXV�H[HFXWLRQ

Ɣ 6ZLWFKLQJ���6ZLWFK�6DYH�5HJLVWHUV���,QYDOLGDWH�&DFKHV�ȏ

Ɣ &KHDSHU�WKDQ�SURFHVV�VZLWFKLQJ��+:�VXSSRUW

Ɣ JUHHQ��SODWIRUP�QDWLYH��YLUWXDO�7KUHDGV



*UHHQ�7KUHDGV�YV��1DWLYH�7KUHDGV
*UHHQ�7KUHDGV

Ɣ 8VHU�/HYHO�7KUHDGV
Ɣ 6LPXODWHG�0XOWLWKUHDGLQJ
Ɣ 5XQV�RQ�VLQJOH��/:�3URFHVV���&38
Ɣ 6FKHGXOHG�E\�90��QRW�26
Ɣ /RWV�RI�+:�FRQWH[W�VZLWFKLQJ
Ɣ �VORZ�
Ɣ $EDQGRQHG�LQ�-DYD����
Ɣ 0DQDJHPHQW���6WDWH�RYHUKHDG

1DWLYH�7KUHDGV

Ɣ 0DSSHG�WR�DOO�+:�7KUHDGV��+7�
Ɣ /LPLWHG�WR�+:�FRQFXUUHQF\
Ɣ EORFNLQJ��V\QFKURQRXV�H[HFXWLRQ
Ɣ 6LQFH�-DYD������6RODULV�������
Ɣ %HWWHU�RQ�,�2�	�FRQWH[W�VZLWFKLQJ
Ɣ )DVWHU�WKDQ�SURFHVV�EDVHG�FRQFXUUHQF\
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2SWLRQV�7RGD\



+HOOR�7KUHDGLQJ�:RUOG
([DPSOH�&RGH�	�5XQ

�� QHZ�7KUHDG���VWDUW��
�� 7KUHDG3RRO�([HFXWRU
�� 5HDFWLYH�6WUHDPV�5HDFWRU
�� .RWOLQ�&RURXWLQHV
�� /RRP���9LUWXDO�7KUHDGV
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%ORFNLQJ�YV��1RQ�%ORFNLQJ



%ORFNLQJ�YV��1RQ�%ORFNLQJ�YV��&RQWLQXDWLRQV
%ORFNLQJ

Ɣ OLQHDU�SURJUDP�ΉRZ
Ɣ H[HFXWH�ZKDW�\RX�

ZURWH��HDV\�WR�UHDVRQ
Ɣ EORFNV�RQ�LQWHQVLYH�

RSHUDWLRQV
Ɣ LQHΊFLHQW�XVH�RI�

UHVRXUFHV�
�XWLOL]HG�EORFNHG�

Ɣ FODVVLFDO�-DYD�7KUHDGLQJ

&RQWLQXDWLRQ

Ɣ DELOLW\�WR�FDSWXUH�
FRPSXWDWLRQ�VR�IDU�DQG�
FRQWLQXH�ODWHU

Ɣ H[SOLFLW�FRQWLQXDWLRQV�
�DZDLW��DV\QF��\LHOG�

Ɣ LPSOLFLW�FRQWLQXDWLRQV��RQ�
HQWU\�SRLQWV�WR�EORFNLQJ�
RSV�

Ɣ VLPSOHU�$3,
Ɣ KDUG�ZRUN�LV�LQ�WKH�

LPSOHPHQWDWLRQ
Ɣ .RWOLQ��-6��/RRP

1RQ�%ORFNLQJ

Ɣ '6/�IRU�GHVFULELQJ�D�
SURFHVVLQJ

Ɣ XQGHUO\LQJ�UHDFWLYH�HQJLQH
Ɣ GDWD�ΉRZ
Ɣ UHVRXUFH�HΊFLHQW
Ɣ KDUG�WR�UHDVRQ��GHEXJ�

XQLW�WHVW��SURΈOH��PDLQWDLQ
Ɣ ODUJH�FRPSOH[�$3,
Ɣ GLΊFXOW�WR�FRUUHODWH�

RSHUDWLRQV
Ɣ 5[-DYD��5HDFWLYH�6WUHDPV��

$NND



&RQFXUUHQF\�	�3DUDOOHOLVP�KHOS�XV�PDNH�
PRUH�H÷FLHQW�XVH�RI�H[LVWLQJ�UHVRXUFHV



&RQFXUUHQF\�	�3DUDOOHOLVP��LQ�-DYD�



&RQFXUUHQF\�YV��3DUDOOHOLVP
&RQFXUUHQF\

Ɣ $ELOLW\�WR�H[HFXWH�PDQ\��GL·HUHQW��WDVNV�
DQG�PDNH�SURJUHVV�RQ�DOO�RI�WKHP

Ɣ 6HHPLQJO\�VLPXOWDQHRXVO\��H�J��RQ���&38�

3DUDOOHO�&RQFXUUHQW�([HFXWLRQ

Ɣ 0XOWLSOH�WDVNV�DUH�H[HFXWHG�FRQFXUUHQWO\�
�DW�WKH�VDPH�WLPH��$1'

Ɣ 0XOWLSOH�&38V�DUH�XVHG�WR�H[HFXWH�WDVNV�
LQ�SDUDOOHO

Ɣ 0RVW�FRPPRQ�WRGD\

3DUDOOHO�([HFXWLRQ

Ɣ 8WLOL]H�PRUH�WKDQ����&38�7KUHDG�WR�
SURJUHVV�PXOWLSOH�WDVNV�VLPXOWDQHRXVO\

3DUDOOHOLVP

Ɣ $ELOLW\�WR�GLYLGH�DQG�FRQTXHU�D�VLQJOH�
WDVN�LQWR�VXEWDVNV�WKDW�FDQ�EH�H[HFXWHG�
LQ�SDUDOOHO

VRXUFH��MHQNRY�FRP

https://jenkov.com/tutorials/java-concurrency/concurrency-vs-parallelism.html


&RQFXUUHQF\�YV��3DUDOOHOLVP
&RQFXUUHQF\

Ɣ $ELOLW\�WR�H[HFXWH�PDQ\��GL·HUHQW��WDVNV�
DQG�PDNH�SURJUHVV�RQ�DOO�RI�WKHP

Ɣ 6HHPLQJO\�VLPXOWDQHRXVO\��H�J��RQ���&38�

3DUDOOHO�([HFXWLRQ

Ɣ 8WLOL]H�PRUH�WKDQ����&38�7KUHDG�WR�
SURJUHVV�PXOWLSOH�WDVNV�VLPXOWDQHRXVO\

3DUDOOHO�&RQFXUUHQW�([HFXWLRQ

Ɣ 0XOWLSOH�WDVNV�DUH�H[HFXWHG�FRQFXUUHQWO\�
�DW�WKH�VDPH�WLPH��$1'

Ɣ 0XOWLSOH�&38V�DUH�XVHG�WR�H[HFXWH�WDVNV�
LQ�SDUDOOHO

Ɣ 0RVW�FRPPRQ�WRGD\

3DUDOOHOLVP

Ɣ $ELOLW\�WR�GLYLGH�DQG�FRQTXHU�D�VLQJOH�
WDVN�LQWR�VXEWDVNV�WKDW�FDQ�EH�H[HFXWHG�
LQ�SDUDOOHO



3DUDOOHO�([HFXWLRQ�&KDOOHQJHV
Ɣ &RQWH[W�6ZLWFKHV���&DFKHV���%UDQFK�3UHGLFWLRQV
Ɣ 5DFH�&RQGLWLRQV
Ɣ 0XWDEOH�GDWD���YLVLELOLW\
Ɣ 'HDGORFNV
Ɣ 6WDUYDWLRQ
Ɣ 5HVRXUFH�RYHU����XQGHUXWLOL]DWLRQ
Ɣ ,PPXWDELOLW\���2ZQHUVKLS
Ɣ 5HDVRQLQJ���'HEXJJLQJ���/RJJLQJ
Ɣ 6WDWH�0DQDJHPHQW
Ɣ ([HFXWLRQ�'HSHGHQFLHV



3URMHFW�/RRP
-(3����

,PDJH�2SHQ-'.���6KDUDW�&KDQGHU



-(3�������3URMHFW�/RRP���RSHQMGN�RUJ�MHSV����



*RDOV

Ɣ (QDEOH�VHUYHU�DSSOLFDWLRQV�ZULWWHQ�LQ�WKH�
VLPSOH�WKUHDG�SHU�UHTXHVW�VW\OH�WR�
VFDOH�ZLWK�QHDU�RSWLPDO�KDUGZDUH�
XWLOL]DWLRQ�

Ɣ (QDEOH�H[LVWLQJ�FRGH�WKDW�XVHV�WKH�
MDYD�ODQJ�7KUHDG�$3,�WR�DGRSW�
YLUWXDO�WKUHDGV�ZLWK�PLQLPDO�
FKDQJH�

Ɣ (QDEOH�HDV\�WURXEOHVKRRWLQJ��
GHEXJJLQJ��DQG�SURILOLQJ�RI�YLUWXDO�
WKUHDGV�ZLWK�H[LVWLQJ�-'.�WRROV�

-(3�������*RDOV
1RQ�*RDOV

Ɣ ,W�LV�QRW�D�JRDO�WR�UHPRYH�WKH�WUDGLWLRQDO�
LPSOHPHQWDWLRQ�RI�WKUHDGV��RU�WR�
VLOHQWO\�PLJUDWH�H[LVWLQJ�
DSSOLFDWLRQV�WR�XVH�YLUWXDO�WKUHDGV�

Ɣ ,W�LV�QRW�D�JRDO�WR�FKDQJH�WKH�EDVLF�
FRQFXUUHQF\�PRGHO�RI�-DYD�

Ɣ ,W�LV�QRW�D�JRDO�WR�RIIHU�D�QHZ�GDWD�
SDUDOOHOLVP�FRQVWUXFW�LQ�HLWKHU�WKH�
-DYD�ODQJXDJH�RU�WKH�-DYD�OLEUDULHV��7KH�
6WUHDP�$3,�UHPDLQV�WKH�SUHIHUUHG�ZD\�
WR�SURFHVV�ODUJH�GDWD�VHWV�LQ�SDUDOOHO�

https://docs.oracle.com/en/java/javase/18/docs/api/java.base/java/util/stream/package-summary.html
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Ɣ &RQWLQXDWLRQV�LQWHUQDOO\�LQ�WKH�-90
Ɣ 5HLPSOHPHQWDWLRQ�RI�1HWZRUNLQJ���,2�&RGH�LQ�-90
Ɣ OLJKWZHLJKW�9LUWXDO�7KUHDG��VDPH�$3,�DV�MDYD�XWLO�7KUHDG
Ɣ 7KUHDG�%XLOGHU
Ɣ 9LUWXDO7KUHDG([HFXWRUV
Ɣ $XWR�&ORVHDEOH�([FHFXWRUV
Ɣ 6WUXFWXUHG�&RQFXUUHQF\��6WUXFWXUHG7DVN6FRSH�

:KDW
V�LQ�WKH�ER[FXS"



:KDW�LV"
$�YLUWXDO�7KUHDG



9LUWXDO�7KUHDG
Ɣ VDPH��VWDEOH�$3,�DV�WUDGLWLRQDO�WKUHDG��GHSUHFDWLRQV�ZLOO�EH�UHPRYHG�

Ɣ KDQGOHG�GL·HUHQWO\�GXULQJ�EORFNLQJ�RSHUDWLRQV

Ɣ OLJKWZHLJKW������E\WHV��OLNH�D�5XQQDEOH��-90�FDQ�H[HFXWH�PLOOLRQV

Ɣ WHPSRUDULO\�ERXQG�WR�D�SODWIRUP��FDUULHU��WKUHDG

Ɣ RQ�HDFK�EORFNLQJ�SDUNLQJ�RSHUDWLRQ��!�&RQWLQXDWLRQ�\LHOGLQJ

Ɣ VWDFN�LV�FRSLHG�WR�KHDS

Ɣ RQ�UHVXPH��VWDFN�FRSLHG�EDFN�DQG�

Ɣ H[HFXWLRQ�UHVXPHG�RQ�GL·HUHQW�FDUULHU�7KUHDG

Ɣ XVHV�D�VHSDUDWH�)RUN-RLQ3RRO��)-3���WR�DOVR�SUHYHQW�VWDUYLQJ
��E?F�?@A<PGO�>C@?PG@M�K<M<GG@GDNHÓ�
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8QGHU�7KH�+RRG
Ɣ 9LUWXDO�7KUHDGV�UXQ�RQ��GL·HUHQW��3ODWIRUP�7KUHDGV

Ɣ 7KH\�XVH�D�VHSDUDWH�)RUN�-RLQ�3RRO

Ɣ ,QVWHDG�RI�EORFNLQJ��,2��QHWZRUNLQJ��VOHHS��V\QFKURQL]DWLRQ��WKH\�DUH�

\LHOGLQJ�FRQWURO

Ɣ %ORFNLQJ�&RGH�LQ�WKH�-90�UHIDFWRUHG�WR�XVH�&RQWLQXDWLRQV

Ɣ &RQWLQXDWLRQV�PRYH�VWDFN�IURP�3ODWIRUP�7KUHDG�WR�+HDS

Ɣ &DQ�SLFN�XS�ODWHU�RQ�DQRWKHU�WKUHDG

Ɣ ([FHSW�ZKHQ�XVLQJ�DGGUHVVHV�RU�QDWLYH�FRGH



([DPSOH�7KUHDG�VOHHS��
Ɣ 7KUHDG�VOHHS��

ż 97KUHDG�VOHHS1DQRV��
Ŷ 97KUHDG�GR6OHHS1DQRV��

Ɣ 97UHDG�WU\<LHOG��
ż 97KUHDG�\LHOG&RQWLQXDWLRQ��

Ŷ XQPRXQW���
Ŷ &RQWLQXDWLRQ�\LHOG��

���NO<OD>�ADI<G��JIODIP<ODJI�>JK@��������­������Ó�

I@R��JIODIP<ODJI�>JK@�¯�DMOP<G�CM@<?N¯ �

���°�C<IB@N�PMM@IO�CM@<?

���KMDQ<O@�=JJG@<I�TD@G?�JIODIP<ODJI� �£

�������=JJG@<I�IJODAT
QHOD�Ó�IJODAT
QHOD�Q@ION�

����������PIHJPIO

�������DA��IJODAT
QHOD �IJODAT
QHOD�IHJPIO�@BDI�A<GN@ �

�������PIHJPIO� �

�������OMT�£

�����������M@OPMI��JIODIP<ODJI�TD@G?��������­����� �

�������¤�ADI<GGT�£

��������������M@�HJPIO

�����������HJPIO� �

�����������DA��IJODAT
QHOD �IJODAT
QHOD�JPIO�I?�A<GN@ �

�������¤

���¤

���KMDQ<O@�QJD?�PIHJPIO� �£

����������N@O��CM@<?�>PMM@IO�CM@<?� �OJ�M@OPMI�OC@�KG<OAJMH�OCM@<?

��������CM@<?�><MMD@M�Ó�OCDN�><MMD@M�CM@<?�

�������><MMD@M�N@O�PMM@IO�CM@<?�><MMD@M �

����������=M@<F�>JII@>ODJI�OJ�><MMD@M�OCM@<?��NTI>CMJIDU@?�RDOC�DIO@MMPKO

�������NTI>CMJIDU@?��DIO@MMPKO�J>F �£

�����������N@O�<MMD@M�CM@<?�IPGG �

�������¤

�������><MMD@M�>G@<M�IO@MMPKO� �

���¤

https://github.com/openjdk/jdk/blob/master/src/java.base/share/classes/java/lang/Thread.java#L449-L453
https://github.com/openjdk/jdk/blob/3fa6778ab2068a5dfc57773c8665f7f1827db30f/src/java.base/share/classes/java/lang/VirtualThread.java#L701-L724
https://github.com/openjdk/jdk/blob/3fa6778ab2068a5dfc57773c8665f7f1827db30f/src/java.base/share/classes/java/lang/VirtualThread.java#L653-L665
https://github.com/openjdk/jdk/blob/3fa6778ab2068a5dfc57773c8665f7f1827db30f/src/java.base/share/classes/java/lang/VirtualThread.java#L363-L376
https://github.com/openjdk/jdk/blob/3fa6778ab2068a5dfc57773c8665f7f1827db30f/src/java.base/share/classes/java/lang/VirtualThread.java#L345
https://github.com/openjdk/loom/blob/fibers/src/java.base/share/classes/jdk/internal/vm/Continuation.java#L349-L395


&DYHDWV�RU�ZKHQ�GRHV�LW�Qü�ZRUN"
Ɣ ZKHQ�VWDFN�FDQQRW�EH�PRYHG�WR�KHDS
Ɣ LI�LW�FRQWDLQV�PHPRU\�DGGUHVVHV�

�V\QFKURQL]HG���!�XVH�5HHQWUDQW/RFN�
Ɣ FDOOV�F�FRGH
Ɣ )LOH�,�2
Ɣ '16��:LQGRZV�

Ɣ WKHQ�WKH�WDVN�VWD\V�SLQQHG�WR�D�SODWIRUP�
WKUHDG

Ɣ WR�DYRLF�H[KDXVWLRQ�WKH�)-3�FUHDWHV�QHZ�
WHPSRUDU\�SODWIRUP�WKUHDGV

Ɣ FDQ�WUDFN�ZLWK�
��E?F�OM<>@�DII@?�CM@<?NÓAPGG

H[DPSOH�E\�%��7YRHEVEVENER

https://twitter.com/sundararajan_a


Ɣ /DUJH�SXOO�UHTXHVW���������WRXFKLQJ������ΈOHV
Ɣ 7KUHDG�%XLOGHU��YLUWXDO7KUHDG3HU7DVN([HFXWRU
Ɣ UHIDFWRU�DOO�EORFNLQJ�SDUNLQJ�FRGH�WR�XVH�&RQWLQXDWLRQV�IRU�9LUWXDO�7KUHDGV

ż 1HWZRUN�,�2��
ż /RFNV
ż 7KUHDG�VOHHS�

Ɣ UHSODFH�F�FRGH�ZKHUH�SRVVLEOH�ZLWK�-DYD�FRGH��H�J��LQ�0HWKRG��!�
0HWKRG+DQGOHV�

Ɣ QRW��\HW��
ż )LOH�,�2��ZDLWLQJ�IRU�LRBXULQJ�
ż V\QFKURQL]HG��GXH�WR�DGGUHVV�XVDJH

-'.�&KDQJHV

https://github.com/openjdk/jdk/pull/8166/files


&RQWLQXDWLRQV�RQ�WKH�ORQJ�ZD\�WR�/RRP



:KDW�LV"
$�&RQWLQXDWLRQ"



�$�FRQWLQXDWLRQ�LV�D�FDOOEDFN�IXQFWLRQ�N�WKDW�UHSUHVHQWV�WKH�FXUUHQW�
VWDWH�RI�WKH�SURJUDP
V�H[HFXWLRQ��0RUH�SUHFLVHO\��WKH�FRQWLQXDWLRQ�N�LV�
D�IXQFWLRQ�RI�RQH�DUJXPHQW��QDPHO\�WKH�YDOXH�WKDW�KDV�EHHQ�
FRPSXWHG�VR�IDU��WKDW�UHWXUQV�WKH�ΈQDO�YDOXH�RI�WKH�FRPSXWDWLRQ�DIWHU�
WKH�UHVW�RI�WKH�SURJUDP�KDV�UXQ�WR�FRPSOHWLRQ��

$�FRQWLQXDWLRQ



&RQWLQXDWLRQ�LQ�3LFWXUHV

3URJUDP

3URJUDP

6WDFN +HDS

3URJUDP
FRQWLQXHG

6WDFN +HDS



DHKJMO�E?F�DIO@MI<G�QH��JIODIP<ODJI�
DHKJMO�E?F�DIO@MI<G�QH��JIODIP<ODJI�>JK@�

Q<M�N>JK@�Ó�I@R��JIODIP<ODJI�>JK@�¯N>JK@¯ �

Q<M�>�Ó�I@R��JIODIP<ODJI�N>JK@��� ��Õ�£
�����TNO@H�JPO�KMDIOGI�¯�O<MO@?¯ �
�����JIODIP<ODJI�TD@G?�N>JK@ �
�����TNO@H�JPO�KMDIOGI�¯�PIIDIB¯ �
�����JIODIP<ODJI�TD@G?�N>JK@ �
�����TNO@H�JPO�KMDIOGI�¯�ODGG�MPIIDIB¯ �
¤ �

�TNO@H�JPO�KMDIOGI�¯�O<MO¯ �
DIO�DÓ»�
RCDG@���>�DN�JI@�  �£
����>�MPI� �
�����TNO@H�JPO�KMDIOGI�¯�PIIDIB�¯ÏDÏ¯�M@NPGO�¯Ï>�DN�JI@�  �
����DÏÏ�
¤
�TNO@H�JPO�KMDIOGI�¯�I?¯ � &RQWLQXDWLRQV�LQ�WKH�-'.

�O<MO
�O<MO@?
�PIIDIB�»�M@NPGO�A<GN@
�PIIDIB
�PIIDIB�¼�M@NPGO�A<GN@
�ODGG�MPIIDIB
�PIIDIB�½�M@NPGO�OMP@
�I?

https://github.com/openjdk/loom/blob/fibers/src/java.base/share/classes/jdk/internal/vm/Continuation.java#L238


:KDW�LV"
6WUXFWXUHG�&RQFXUUHQF\

-(3����

https://openjdk.org/jeps/428


/DXQFKLQJ�0LOOLRQV�RI�7KUHDGV�LV�QR�EHWWHU�
WKDQ�*272

1DWKDQLHO�6PLWK

http://vorpus.org/blog/notes-on-structured-concurrency-or-go-statement-considered-harmful


6WUXFWXUHG�&RQFXUUHQF\��-(3�����
*RDOV

Ŷ ,PSURYH�WKH�PDLQWDLQDELOLW\��UHOLDELOLW\��DQG�
REVHUYDELOLW\�RI�PXOWLWKUHDGHG�FRGH�

Ŷ 3URPRWH�D�VW\OH�RI�FRQFXUUHQW�SURJUDPPLQJ�
ZKLFK�FDQ�HOLPLQDWH�FRPPRQ�ULVNV�DULVLQJ�IURP�
FDQFHOODWLRQ�DQG�VKXWGRZQ��VXFK�DV�WKUHDG�
OHDNV�DQG�FDQFHOODWLRQ�GHOD\V�

1RQ�*RDOV

Ŷ ,W�LV�QRW�D�JRDO�WR�UHSODFH�DQ\�RI�WKH�
FRQFXUUHQF\�FRQVWUXFWV�LQ�WKH�
MDYD�XWLO�FRQFXUUHQW�SDFNDJH��VXFK�DV�
([HFXWRU6HUYLFH�DQG�)XWXUH�

Ŷ ,W�LV�QRW�D�JRDO�WR�GHILQH�WKH�GHILQLWLYH�
VWUXFWXUHG�FRQFXUUHQF\�$3,�IRU�-DYD��2WKHU�
VWUXFWXUHG�FRQFXUUHQF\�FRQVWUXFWV�FDQ�EH�
GHILQHG�E\�WKLUG�SDUW\�OLEUDULHV�RU�LQ�IXWXUH�-'.�
UHOHDVHV�

Ŷ ,W�LV�QRW�D�JRDO�WR�GHILQH�D�PHDQV�RI�VKDULQJ�
VWUHDPV�RI�GDWD�DPRQJ�WKUHDGV��L�H���FKDQQHOV���
:H�PLJKW�SURSRVH�WR�GR�VR�LQ�WKH�IXWXUH�

Ŷ ,W�LV�QRW�D�JRDO�WR�UHSODFH�WKH�H[LVWLQJ�WKUHDG�
LQWHUUXSWLRQ�PHFKDQLVP�ZLWK�D�QHZ�WKUHDG�
FDQFHOODWLRQ�PHFKDQLVP��:H�PLJKW�SURSRVH�WR�
GR�VR�LQ�WKH�IXWXUH�

https://en.wikipedia.org/wiki/Channel_(programming)


6WUXFWXUHG�&RQFXUUHQF\��-(3��������72'2
Ɣ ZLWK�VR�PDQ\�WKUHDGV�UXQQLQJ�\RX�QHHG�PDQDJHPHQW�DQG�FRQWURO�

VWUXFWXUHV
Ɣ VLQFH�-'.���QR�GLUHFW�LQWHUDFWLRQ�ZLWK�7KUHDGV�EXW�VXEPLW�WR�

([HFXWRU6HUYLFH��!�)XWXUH
Ɣ ([HFXWRU6HUYLFH�LV�VWLOO�XQVWUXFWXUHG
Ɣ 0XOWL�7KUHDG�&RQWURO�VWUXFWXUHV�DUH�PLVVLQJ�LQ�-DYD��OLNH�(UODQJ�$NND�

ż HYHQ�LI�WKH\�H[LVW�LQ�WKH�EXVLQHVV�SURFHVV
ż QR�WDVN�!VXEWDVN�UHODWLRQVKLSV�EHWZHHQ�WKUHDGV
ż HYHU\�WKUHDG�FDQ�UHDG�IURP�D�IXWXUH�RU�VXEPLW�WR�DQ�H[HFXWRU

Ɣ /RRP�NHHSV�WKLV�PRGHO��!�6WUXFWXUH�LV�PLVVLQJ
Ɣ ZKDW�KDSSHQV�ZKHQ�D��FKLOG�RU�SDUHQW��WKUHDG�IDLOV"



Ɣ VSHFLDOL]HG��DXWR�FORVHDEOH��VKRUW�OLYHG�H[HFXWLRQ�VFRSH
Ɣ OLNH�DQ�H[HFXWRU��EXW�XVHV�YLUWXDO�7KUHDGV�DQG�)-3�
Ɣ VXEPLW�WDVNV�WR�LW��AJMF� �
Ɣ �OMP>OPM@?�<NF�>JK@Ô�Õ� 

Ɣ 	POPM@Ô�Õ�APOPM@�Ó�N>JK@�AJMF�O<NF �

Ɣ N>JK@�EJDI� ��!�UHWXUQV�ZKHQ�DOO�WDVNV�DUH�FRPSOHWH
Ɣ VZLWFK�RQ�APOPM@�NO<O@� ��	�������������
�������������������� 

ż APOPM@�M@NPGO�JR� ���APOPM@�@S>@KODJI�JR� �

Ɣ EHWWHU�ZLWK�VSHFLDOL]HG�LPSOHPHQWDWLRQV��ΈUVW�RQH�ZLQV�RU�IDLO�IDVW�

6FRSH���YLUWXDO�WKUHDG�ODXQFKHU



6WUXFWXUHG7DVN6FRSH�([DPSOH
WU\���YDU�VFRSH� �QHZ�6WUXFWXUHG7DVN6FRSH�6WULQJ!�����^

����YDU�IXWXUH�� �VFRSH�IRUN�WDVN���

����YDU�IXWXUH�� �VFRSH�IRUN�WDVN���

����VFRSH�MRLQ���

����UHWXUQ�VZLWFK��IXWXUH��VWDWH����^

��������FDVH�)XWXUH�68&&(66��!�IXWXUH��UHVXOW1RZ���

��������FDVH�)XWXUH�)$,/('��!�IXWXUH��H[FHSWLRQ1RZ���

����`�

`� $3,�6WUXFWXUHG7DVN6FRSH�

https://download.java.net/java/early_access/loom/docs/api/jdk.incubator.concurrent/jdk/incubator/concurrent/StructuredTaskScope.html


6WUXFWXUHG7DVN6FRSH�6KXWGRZQ2Q6XFFHVV
DHKJMO�E?F�DI>P=<OJM�>JI>PMM@IO�¥�

OMT���Q<M�N>JK@�Ó�I@R��OMP>OPM@?�<NF�>JK@��CPO?JRI�I�P>>@NNÔ�OMDIBÕ� � �£

�����IO�OM@<H�M<IB@�»�¼» �AJM�<>C�D��Õ�

�N>JK@�AJMF�� ��Õ��OMDIB�Q<GP@�A�D   �

����N>JK@�EJDI� �

�������ADMNO�M@OPMIDIB�RDIN��@S>@KODJI�DA�IJI@�?D?

�����TNO@H�JPO�KMDIOGI�N>JK@�M@NPGO�  �

¤�

Ɣ 6KXWGRZQ2Q)DLOXUH���VDPH�MXVW�IRU�IDLO�IDVW $3,�6WUXFWXUHG7DVN6FRSH�

https://download.java.net/java/early_access/loom/docs/api/jdk.incubator.concurrent/jdk/incubator/concurrent/StructuredTaskScope.html


Ɣ WR�LPSOHPHQW�\RXU�RZQ��VWUXFWXUHG�EXVLQHVV�ORJLF�

Ɣ 6XEFODVV��OMP>OPM@?�<NF�>JK@

Ɣ RYHUULGH�C<I?G@�JHKG@O@�	POPM@Ô�Õ 

Ɣ GHSHQGLQJ�RQ�IXWXUH�VWDWH��GR�ZKDW�\RX�QHHG�WR�GR

Ɣ LV�FDOOHG�FRQFXUUHQWO\��QHHGV�WR�XVH�WKUHDG�VDIH�LQVWDQFH�VWDWH

Ɣ FXVWRP�UHVXOW�PHWKRG��UHGXFH�VWDWH�WR�D�UHVXOW��RU�([FHSWLRQ�

Ɣ &RQFHUQ��6WLOO�D�ORW�RI�PXOWL�WKUHDGHG�WHFKQLFDO�LQIUDVWUXFWXUH�FRPSOH[LW\

<RXU�RZQ�6FRSH

-(3�&DI«�����

https://www.youtube.com/watch?v=2nOj8MKHvmw&t=2465s


Ɣ 6WDFNWUDFH�LQ�,'(�'HEXJJHUV��DV�H[SHFWHG�

Ɣ 3DWFKHV�LQ�-DYD�'HEXJ�:LUH�3URWRFRO��-:'3���	�-DYD�'HEXJJHU�,QWHUIDFH��-',�

Ɣ &KDOOHQJH���'LVSOD\�0LOOLRQV�RI�7KUHDGV

Ɣ 6WUXFWXUHG�FRQFXUUHQF\�FDQ�KHOS�KHUH�WRR��7UHH�'LVSOD\�

Ɣ -)5�VKRXOG�ZRUN���PDWFK�DOORFDWLRQV��PHWKRG�FDOOV��HWF��WR�YLUWXDO�7KUHDGV

Ɣ *DSV�LQ�7KUHDG�$3,�

ż OLVW�DOO�UXQQLQJ�WKUHDGV

ż FDUULHU���!�YLUWXDO�WKUHDG

/RRP�'HEXJJLQJ���-XVW�UHJXODU�"

ZLNL�RSHQMGN�RUJ�GLVSOD\�ORRP�'HEXJJHU�6XSSRUW

https://wiki.openjdk.org/display/loom/Debugger+Support


/RRP�'HPRV�	�
&RPSDULVLRQV
JLWKXE�FRP�HEDUODV

:HE�%DFNHQG
*DPH�RI�/LIH

�0�SHUVLVWHQW�FRQQHFWLRQV

(OOLRW�%DUODV���0LFUR+WWS���/RJ0H,Q

https://github.com/ebarlas/project-loom-comparison


3HUIRUPDQFH�&RPSDULVRQ
:HE�6HUYHU�FDOOLQJ�%DFNHQG

JLWKXE�FRP�HEDUODV�SURMHFW�ORRP�FRPSDULVRQ

https://github.com/ebarlas/project-loom-comparison
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6DPH�ROG�([HFXWRU��IRU�EüK�3ODWIRUP�	�9LUWXDO�7KUHDGV�



:HE6HUYHU

Ɣ %URZVHU��DE�
Ɣ :HE�6HUYHU�FDOOLQJ�
Ɣ �[�%DFNHQG�����V�ODWHQF\�

ż $XWKHQWLFDWLRQ
ż $XWKRUL]DWLRQ
ż 'DWDEDVH

Ɣ 3ODWIRUP�7KUHDGV
Ɣ $V\QFKURQRXV�
Ɣ 9LUWXDO�7KUHDGV
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+HOLGRQ�1LPD
1RWH��,Q�HLWKHU�FDVH��\RX�VKRXOG�QRW�
³REVWUXFW´�WKH�WKUHDG��2EVWUXFWLRQ�LV�D�
ORQJ�WHUP��IXOO�XWLOL]DWLRQ�RI�WKH�WKUHDG��
,Q�D�UHDFWLYH�IUDPHZRUN�WKLV�ZRXOG�
FRQVXPH�RQH�RI�WKH�HYHQW�ORRS�WKUHDGV�
HIIHFWLYHO\�VWRSSLQJ�WKH�VHUYHU��,Q�
EORFNLQJ��1tPD��WKLV�PD\�FDXVH�DQ�
LVVXH�ZLWK�WKH�³SLQQHG�WKUHDG´��,Q�ERWK�
FDVHV�WKLV�FDQ�EH�UHVROYHG�E\�
RII�ORDGLQJ�WKH�KHDY\�ORDG�WR�D�
GHGLFDWHG�H[HFXWRU�VHUYLFH�XVLQJ�
SODWIRUP�WKUHDGV�



3HUIRUPDQFH�FRPSDUDEOH�WR�1HWW\�SLSHOLQHG
1RWH��:KDW�ZH�FDQ�VHH�IURP�WKHVH�QXPEHUV�
�DQG�ZKDW�LV�RXU�JRDO�ZLWK�1tPD��LV�WKDW�ZH�
FDQ�DFKLHYH�SHUIRUPDQFH�FRPSDUDEOH�WR�D�
PLQLPDOLVW�1HWW\�VHUYHU��ZKLOH�PDLQWDLQLQJ�
D�VLPSOH��HDV\�WR�XVH�SURJUDPPLQJ�PRGHO�



*DPH�RI�/LIH
&63���&RPPXQLFDWLQJ�6HTXHQWLDO�3URFHVVHV

JLWKXE�FRP�HEDUODV�JDPH�RI�OLIH�ýS

https://github.com/ebarlas/game-of-life-csp


&63���1ü�SRVVLEOH�LQ�-DYD�EHIRUH

Ɣ &KDQQHO��%ORFNLQJ4XHXH�%RROHDQ!��WR�H[FKDQJH�LQIRUPDWLRQ
Ɣ *ULG���&KDQQHO�ERROHDQ>@>@!
Ɣ (DFK�&HOO�KDV

ż D�YLUWXDO�WKUHDG
ż FKDQQHOV�IRU�WLFNV�DQG�UHVXOWV��ZLGWK�[�KHLJKW�[���
ż RQH�FKDQQHO�SHU�QHLJKERXU��a�ZLGWK�[�KHLJKW�[���
ż DND�D�/27�RI�FKDQQHOV�TXHXHV

:LNLSHGLD�&63

https://en.wikipedia.org/wiki/Communicating_sequential_processes


&HOO
V�ELRORJLFDO�&ORFN����/LIH�
����KMDQ<O@�QJD?�MPI� �£
��������RCDG@��OMP@ �£
������������OD>F�C<II@G�O<F@� �����R<DO�AJM�OD>F�NODHPGPN

���������������<IIJPI>@�GDQ@I@NN�OJ�I@DBC=JMN
������������JPO�C<II@GN�AJM�<>C�>C��Õ�>C�KPO�<GDQ@  ��
������������
���������������M@>@DQ@�GDQ@I@NN�AMJH�I@DBC=JMN
������������DIO�I@DBC=JMN�Ó�DI�C<II@GN�NOM@<H� 
�����������������H<K��C<II@G��O<F@ 
�����������������H<K�J�IO�=��Õ�=���¼���» �NPH� ��

���������������><G>PG<O@�I@SO�NO<O@�=<N@?�JI�B<H@�JA�GDA@�MPG@N
������������<GDQ@�Ó�<GDQ@�ww�I@DBC=JMN�ÓÓ�½����I@DBC=JMN�ÓÓ�¾�

���������������<IIJPI>@�M@NPGODIB�I@SO�NO<O@
������������M@NPGO�C<II@G�KPO�<GDQ@ ��
��������¤
����¤

Ɣ O<F@���KPO��!�EORFN��!�VXVSHQG
Ɣ H[FKDQJH�YLD�>C<II@G�LP@P@
Ɣ ZULWH�RQO\�WR�ORFDO�NO<O@





5HVRXUFHV
�WKHUH�LV�D�Oü�



Ɣ -(3�������9LUWXDO�7KUHDGV

Ɣ -(3�������6WUXFWXUHG�&RQFXUUHQF\

Ɣ -(3�&DI«���������0�7KUHDGV

Ɣ -(3�&DI«�������/RRP�7XWRULDO

Ɣ +HLQ]�.DEXW]�/RRP�9LGHR

Ɣ -DYD6SHNWUXP�/RRP��PH�

Ɣ /RRP�/DE��1LFRODL�3DUORJ�

Ɣ 0LOOLRQ�9LUWXDO�7KUHDGV

Ɣ 1HZV�*UDE�%DJ�-DYD���

Ɣ 9LUWXDO�7KUHDGV�35

5HVRXUFHV
Ɣ /RRP�:LNL

Ɣ ,QVLGH�-DYD�/RRP

Ɣ /RRP�1HWZRUNLQJ�XQGHU�WKH�+RRG

Ɣ ,QIR4�,QWHUYLHZ�5RQ�3UHVVOHU

Ɣ 6WDWH�2I�/RRP�3DUW��

Ɣ 6WDWH�2I�/RRP�3DUW��

Ɣ +HOLGRQ�1LPD

Ɣ /RRP�DQG�7KUHDG�)DLUQHVV��0RUOLQJ�

Ɣ /RRP�&RPSDULVRQ

Ɣ 6WUXFWXUHG�&RQFXUUHQF\

https://openjdk.org/jeps/425
https://openjdk.org/jeps/428
https://inside.java/2022/07/07/jepcafe12/
https://www.youtube.com/watch?v=2nOj8MKHvmw
https://www.youtube.com/watch?v=N9BQuO5HEMc
https://github.com/jexp/blog/blob/gh-pages/adoc/articles/javaspektrum-loom-fibers.adoc
https://github.com/nipafx/loom-lab
https://github.com/rokon12/project-loom-slides-and-demo-code
https://www.youtube.com/watch?v=KuHhUDhIFYs
https://github.com/openjdk/jdk/pull/8166/files
https://wiki.openjdk.org/display/loom
https://inside.java/tag/loom
https://inside.java/2021/05/10/networking-io-with-virtual-threads/
https://www.infoq.com/podcasts/java-project-loom/
https://cr.openjdk.java.net/~rpressler/loom/loom/sol1_part1.html
https://cr.openjdk.java.net/~rpressler/loom/loom/sol1_part2.html
https://medium.com/helidon/helidon-n%C3%ADma-helidon-on-virtual-threads-130bb2ea2088
https://www.morling.dev/blog/loom-and-thread-fairness/
https://github.com/ebarlas/project-loom-comparison
https://vorpus.org/blog/notes-on-structured-concurrency-or-go-statement-considered-harmful/




:KDW�FDQ�\RX�GR"

7HVW��3URYLGH�IHHGEDFN�
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