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�HY�H���UW�FOH

�UWLILFLDO�,QWHOOLJHQFH�LQ��LDJQRVWLF�3DWKRORJ�

5DYL�3UDNDVK��JDU�DOOD

�EVWUDFW

3DWKRORJ��LV�WKH�GLVFLSOLQH�RI�GLDJQRVLQJ�D�GLVHDVH�PRVWO��WKURXJK�DQDO�VLV�RI�WLVVXHV�FHOO�
DQG�ERG��IOXLG�VDPSOHV��2YHU�WKH�SDVW�IHZ��HDUV��GHHS�OHDUQLQJ�KDV�FUHDWHG�TXLWH�D�K�SH�DERXW�
DUWLILFLDO� LQWHOOLJHQFH� LQ�KHDOWKFDUH��7KH�SUDFWLFH�RI�GLDJQRVWLF�SDWKRORJ��KDV�JRQH� WKURXJK�D�
WUDQVIRUPDWLRQ� ZKHUHLQ� QHZ� WRROV� VXFK� DV� GLJLWDO� LPDJLQJ�� DGYDQFHG� DUWLILFLDO� LQWHOOLJHQFH�
DOJRULWKPV�DQG�FRPSXWHU�DLGHG�GLDJQRVWLF�WHFKQLTXHV�DUH�EHLQJ�XVHG�IRU�DVVLVWLQJ��DXJPHQWLQJ�
DQG�HPSRZHULQJ�WKH�FRPSXWDWLRQDO�KLVWRSDWKRORJ��DQG��,�HQDEOHG�GLDJQRVWLFV��7KLV�LV�SDYLQJ�
WKH�ZD��IRU�DGYDQFHPHQW�LQ�SUHFLVLRQ�PHGLFLQH�LQ�FDQFHU�� ,Q�WKLV�DUWLFOH�� WKH�PLOHVWRQHV�DQG�
ODQGPDUN� WULDOV� LQ� FRPSXWDWLRQDO� SDWKRORJ�� DUH� GLVFXVVHG� DORQJ� ZLWK� HPSKDVLV� RQ� IXWXUH�
GLUHFWLRQV��

.H��RUGV���,��:6,��'LJLWDO�3DWKRORJ���0/�

,QGLDQ�-RXUQDO�RI�3DWKRORJ���5HVHDUFK�DQG�3UDFWLFH��
9ROXPH����1XPEHU�����SULO���-XQH�����

'2,��KWWS���G[�GRL�RUJ����������LMSUS���������;��������

�R��WR�FLWH�WKLV�DUWLFOH�

5DYL�3UDNDVK��JDUZDOOD���UWLILFLDO�,QWHOOLJHQFH�LQ�'LDJQRVWLF�3DWKRORJ���,QG�-U�RI�3DWK��5HV�DQG�3UDFWLFH�����������������

�XWKRU� �IILOLDWLRQ�� )DFXOW�� RI� 0HGLFDO� 6FLHQFHV��
/LQFROQ�8QLYHUVLW��&ROOHJH��.XDODOXPSXU��0DOD�DVLD�

&RUUHVSRQGLQJ� �XWKRU�� 5DYL� 3UDNDVK� �JDU�DOOD��
)DFXOW�� RI� 0HGLFDO� 6FLHQFHV�� /LQFROQ� 8QLYHUVLW��
&ROOHJH��.XDODOXPSXU��0DOD�DVLD�

(�PDLO��UDYLSUDNDVKDJDUZDOOD��JPDLO�FRP

5HFHLYHG�RQ������������

�FFHSWHG�RQ������������

,1752�8&7,21

,Q�WKH�HYHU�HYROYLQJ�ODQGVFDSH�RI�PHGLFLQH��GLJLWDO�
SDWKRORJ���'3��KDV� HPHUJHG� DV� D�SRZHUIXO� DOO��

in�the��eld�of�cancer�diagnostics.�Imagine�a�world�
ZKHUH� SDWKRORJLVWV� FDQ� KDUQHVV� FXWWLQJ�HGJH�
WHFKQRORJLHV� WR� HQKDQFH� DFFXUDF��� VSHHG�� DQG�
SUHFLVLRQ� LQ�GLDJQRVLQJ�GLVHDVHV�� 7KLV� LV� SUHFLVHO��
ZKHUH��,�VWHSV�RQWR�WKH�VWDJH��

Arti�cial� Intelligence� is� expected� to� have� a�
SURIRXQG� HIIHFW� RQ� WKH� SUDFWLFH� RI� PHGLFLQH� LQ�
WKH�QH[W�WHQ��HDUV��,Q�SDUWLFXODU�PHGLFDO�LPDJLQJ�
LV� DOUHDG�� EHLQJ� WUDQVIRUPHG� E�� WKH� DSSOLFDWLRQ�
RI��,� VROXWLRQV�� 6XFK��,� VROXWLRQV� FDQ� DXWRPDWH�
PDQXDO� WDVNV� LQ�PHGLFDO� LPDJH� DQDO�VLV� EXW� FDQ�
DOVR� EH� XVHG� WR� H[WUDFW� LQIRUPDWLRQ� WKDW� LV� QRW�
YLVLEOH� WR� KXPDQ� H�H�� 'LJLWL]HG� KLVWRSDWKRORJ��
LPDJHV� FRQWDLQ� D� ZHDOWK� RI� FOLQLFDOO�� UHOHYDQW�
LQIRUPDWLRQ�WKDW��,�FDQ�H[WUDFW��)RU�H[DPSOH��GHHS�
FRQYROXWLRQDO� QHXUDO� QHWZRUNV� KDYH� EHHQ� XVHG�
WR� SUHGLFW� PROHFXODU� DOWHUDWLRQV� RI� FDQFHU� IURP�
URXWLQH�SDWKRORJ��VOLGHV�

Arti�cial�intelligence�applications�have�enabled�
UHPDUNDEOH� DFKLHYHPHQWV� LQ� KHDOWKFDUH� GHOLYHU���
7KHVH��,�WRROV�DUH�RIWHQ�DLPHG�WR�LPSURYH�DFFXUDF��
and� ef�ciency� of� histopathology� assessment�
DQG� GLDJQRVWLF� LPDJLQJ� LQWHUSUHWDWLRQ�� ULVN�
strati�cation� (in� prognostication)� and� prediction�
of� therapeutic� bene�t� for� personalized� treatment�
UHFRPPHQGDWLRQ�
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�KH��UD�VIRUPDW�R��RI���DJ�RVW�F�3DWKRORJ�

7UDGLWLRQDOO���SDWKRORJLVWV�KDYH�UHOLHG�RQ�PDQXDO�
H[DPLQDWLRQ� RI� JODVV� VOLGHV� XQGHU� PLFURVFRSHV��
+RZHYHU��WKLV�SUDFWLFH�KDV�XQGHUJRQH�D�VWDJJHULQJ�
WUDQVIRUPDWLRQ��1HZ�WRROV�KDYH�HPHUJHG��LQFOXGLQJ�

��� �LJLWDO� ,PDJLQJ�� +LJK�UHVROXWLRQ� LPDJHV�
RI� HQWLUH� JODVV� VOLGHV� DUH� QRZ� FDSWXUHG�
XVLQJ� DXWRPDWHG� ZKROH� VOLGH� LPDJLQJ� �:6,��
VFDQQHUV��7KHVH�LPDJHV�VHUYH�DV�WKH�IRXQGDWLRQ�
IRU�FRPSXWDWLRQDO�DQDO�VLV�

��� �GYDQFHG� �,� �OJRULWKPV��0DFKLQH� OHDUQLQJ�
DOJRULWKPV�� SDUWLFXODUO�� FRQYROXWLRQDO�
QHXUDO� QHWZRUNV� �&11V���DUH� UHYROXWLRQL]LQJ�
GLDJQRVWLF� SURFHVVHV�� 7KH�� OHDUQ� IURP� YDVW�

GDWDVHWV�� UHFRJQL]H� SDWWHUQV�� DQG� DVVLVW�
SDWKRORJLVWV�LQ�PDNLQJ�DFFXUDWH�GLDJQRVHV�

��� &RPSXWHU��LGHG� �LDJQRVWLF� 7HFKQLTXHV��
�,� WRROV�JR�EH�RQG�KXPDQ�FDSDELOLWLHV��7KH��
DVVHVV� VXEMHFWLYH� IHDWXUHV�� TXDQWLI�� FHOOXODU�
FKDUDFWHULVWLFV�� DQG� HYHQ� LGHQWLI�� VXEWOH�
SDWWHUQV�WKDW�HOXGH�KXPDQ�H�HV�

��&.�5281�

3DWKRORJ�� LV� WKH� GLVFLSOLQH� RI� GLDJQRVLQJ� D�
GLVHDVH� PRVWO�� WKURXJK� DQDO�VLV� RI� WLVVXH�� FHOO�
and� body� �uid� samples.� The� examination� starts�
ZLWK� D� ELRSV��� 6RPH� LPSRUWDQW� PLOHVWRQHV� LQ�
FRPSXWDWLRQDO�SDWKRORJ��DUH�DV�IROORZV�

�� �������ODQ�7XULQJ�FRQFHLYHG�WKH�LGHD�RI�XVLQJ�
FRPSXWHUV�WR�PLPLF�LQWHOOLJHQW�EHKDYLRXU�DQG�
FULWLFDO�WKLQNLQJ��

�� ����:�John�McCarthy�coined�the�term�arti�cial�
LQWHOOLJHQFH�

�� �������UWKXU�6DPXHO�FRLQHG�WKH�WHUP�PDFKLQH�
OHDUQLQJ� �0/�� DV� WKH� DELOLW�� WR� OHDUQ�ZLWKRXW�
EHLQJ�H[SOLFLWO��SURJUDPPHG�

�� ������3UHZLWW�DQG�0HQGHOVRKQ�VFDQQHG�LPDJHV�
IURP�EORRG� VPHDU� DQG� UHSRUWHG� D�PHWKRG� WR�
FRQYHUW�RSWLFDO�GDWD�LQWR�RSWLFDO�GHQVLW��YDOXHV�

�� ������ &RPSXWHUL]HG� LPDJH� DQDO�VLV� RI�
PLFURVFRS��LPDJHV�RI�FHOOV�DQG�FKURPRVRPHV�
E��-XGLWK�3UHZLWW�DQG�0RUWLPHU�0HQGHOVRKQ�

�� ������7HUP�GHHS�OHDUQLQJ��'/��FRLQHG�E��5LQD�
'HFKWHU

�� ������ &RQYHQWLRQDO� QHXUDO� QHWZRUN� �&11��
LQYHQWHG�E���DQQ/HFXQ�

�� ������:KROH�VOLGH�VFDQQHUV�LQWURGXFHG�

�� ����:�Tripath�becomes�the��rst�company�with�
DQ�DXWRPDWHG�3�3�VPHDU�VFUHHQLQJ�SURGXFW�WR�
UHFHLYH�)'��DSSURYDO�

�� ������&�W�F� UHFHLYHG�)'�� DSSURYDO� IRU� WKHLU�
7KLQ3UHS�,PDJLQJ�6�VWHP�

�� ������ 'HYHORSPHQW� RI� SKRWRDFRXVWLF�
PLFURVFRS��LPDJLQJ�WHFKQLTXH�

�� ������ 3KLOLS� UHFHLYHV� DSSURYDO� IRU� D� GLJLWDO�
3DWKRORJ��ZKROH�VOLGH�VFDQQLQJ�VROXWLRQ�

�� ����:�FDA�permits��rst�medical�device�using�
�,�WR�GHWHFW�GLDEHWLF�UHWLQRSDWK��LQ�DGXOWV

�� ����:�FDA�authorize�the��rst�AI�based�software�
WR�GHWHFW�SURVWDWLF�FDQFHU�

5DYL�3UDNDVK��JDUZDOOD���UWLILFLDO�,QWHOOLJHQFH�LQ�'LDJQRVWLF�3DWKRORJ��
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Depiction�of�Arti�cial�Intelligence�and�Machine�Learning�approaches�currently�used�by�Pathologists�
WR�DQDO��H�LPDJHV�IURP�7XPRUV�

�ROH�RI�������3DWKRORJ��

�,� PHWKRGV� DUH� EHLQJ� LQFUHDVLQJO�� XVHG� LQ�
SDWKRORJ�� IRU� D� ZLGH� YDULHW�� RI� LPDJH� DQDO�VLV�
DQG� VHJPHQWDWLRQ� W�SH� RI� WDVNV�� 7KHVH� LQFOXGH�
REMHFW� UHFRJQLWLRQ� RI� FHOOV� HWF� DV� ZHOO� DV� LPDJH�
SDWWHUQ�UHFRJQLWLRQ�IRU�SUHGLFWLQJ�GLVHDVH�GLDJQRVLV�
SURJQRVLV�DQG�WKHUDSHXWLFV�

�,� KDV� KHOSHG� ZLWK� FUHDWLQJ� PRUSKRPHWULF�
DQDO�VLV�PHWKRGV�ZKLFK�FDQ�IDFLOLWDWH�TXDQWLWDWLYH�
KLVWRPRUSKRPHWU�� �4+�� DQDO�VLV� DSSURDFKHV� IRU�
detailed� spatial� con�guration� (e.g.� -� capturing�
QXFOHDU�RULHQWDWLRQ��WH[WXUH�VKDSH�DQG�DUFKLWHFWXUH��
RI� WKH� HQWLUH� WXPRXU� KLVWRORJLF� ODQGVFDSH� IURP�
D� ZHOO� VWDLQHG� +�(� VOLGH�� 7KHVH� �,� DSSOLFDWLRQV�
SULPDULO�� DLP� WR� DXWRPDWH� WDVNV� WKDW� DUH� WLPH�
FRQVXPLQJ�IRU�SDWKRORJLVWV�WKHUHE��DLGLQJ�SURPSW�
DQG�DFFXUDWH�GLDJQRVLV�

��WRPDWHG�:KROH��O�GH��PDJ��J��:���

:6,� LV� D� JDPH�FKDQJLQJ� WHFKQRORJ�� WKDW�
GLJLWL]HV� HQWLUH� JODVV� VOLGHV�� UHYROXWLRQL]LQJ� KRZ�
SDWKRORJLVWV�DQDO�]H�WLVVXH�VDPSOHV��7KHUH�DUH� WKH�
HVVHQWLDO�SRLQWV�WR�FRQVLGHU�

��� De�nition�and�Purpose:

D�� :6,� LQYROYHV� VFDQQLQJ� HQWLUH� JODVV�

VOLGHV� DW� KLJK� UHVROXWLRQ� WR� FUHDWH� GLJLWDO�
UHSUHVHQWDWLRQV�

E�� 7KH�JRDO�LV�WR�UHSODFH�WUDGLWLRQDO�PLFURVFRS��
ZLWK�GLJLWDO�LPDJHV�IRU�GLDJQRVWLF�SXUSRVHV�

��� �PSOHPH�WDW�R���R�V�GHUDW�R�V�

D�� 7HFKQLFDO�DQG�&RVW�)DFWRUV��,PSOHPHQWLQJ�
:6,� UHTXLUHV� FDUHIXO� SODQQLQJ�� &RQVLGHU�
IDFWRUV� OLNH� VFDQQHU� FRPSDWLELOLW���
LQIRUPDWLFV�LQIUDVWUXFWXUH��DQG�FRVWV�

E�� 3DWKRORJLVW� 2YHUVLJKW�� 3DWKRORJLVWV�� LQSXW�
GXULQJ�SODQQLQJ�LV�FUXFLDO��7KH��HQVXUH�WKDW�
VFDQQHG�VOLGHV�PHHW�GLDJQRVWLF�VWDQGDUGV�

F�� 9DOLGDWLRQ� DQG� 'RFXPHQWDWLRQ�� )ROORZ�
JXLGHOLQHV� �H�J��� &ROOHJH� RI� �PHULFDQ�
3DWKRORJLVWV�� WR� YDOLGDWH�:6,� V�VWHPV� IRU�
FOLQLFDO�XVH�

��� �O���FDO��SSO�FDW�R�V�

D�� 'LJLWDO� �UFKLYDO�� :6,� HQDEOHV� ORQJ�WHUP�
VWRUDJH�RI�GLJLWDO�VOLGHV�

E�� &ROODERUDWLRQ�� 3DWKRORJLVWV� FDQ� VKDUH� DQG�
GLVFXVV�FDVHV�UHPRWHO��

F�� 7HOHSDWKRORJ��� 5HDO�WLPH� FRQVXOWDWLRQ�
DFURVV�JHRJUDSKLFDO�ERXQGDULHV�

G�� 3ULPDU�� 'LDJQRVLV�� )'��DSSURYHG�
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:6,� VFDQQHUV� DUH� QRZ� XVHG� IRU� SULPDU��
GLDJQRVLV�

H�� Image� Quanti�cation:� AI-powered� tools�
TXDQWLI��IHDWXUHV�OLNH�LPPXQRKLVWRFKHPLFDO�
ELRPDUNHUV�DQG�WLVVXH�FKDUDFWHULVWLFV�

An�overview�of�the�challenges�and�Roadblocks�Encountered�during�various�steps�of�using�Arti�cial�
,QWHOOLJHQFH�WRROV�LQ�3DWKRORJ��

3URFHVV�LQYROYHG�LQ�LQWHUSUHWDWLRQ��
RI��,�WRROV�LQ�3DWKRORJ�

&KDOOHQJHV�DQG�URDGEORFNV

,GHQWLILFDWLRQ�RI�QHHGV
,QFRUUHFWLRQ�DVVHVVPHQW�RI�HQGRUVHU�DQG�GHPDQGV��VPDOO�PDUNHW�VL]H�RI��,�XVDJH��
ODFN�RI�DZDUHQHVV�RI�SRVVLELOLWLHV�RI�XVH

&ROODERUDWLYH�LQWHUGLVFLSOLQDU��HIIRUWV /DFN�RI�FRRUGLQDWLRQ�EHWZHHQ�GLIIHUHQW�SOD�HUV��GLVFRUGDQFH�LQ�JRDOV�RI�SDUWLFLSDQWV

6WXG��FRQFHSW�GHVLJQ 6FLHQWLILF�EDFNJURXQG��UDWLRQDOH��IXQGLQJ��HWKLFDO�DSSURYDO

'HYHORSPHQW�RI�DOJRULWKPLF�PRGHOV 3UHDQDO�WLFDO��DQDO�WLFDO�IDFWRUV��ODFN�RI�REMHFWLYH�JURXQG�WUXWK

2SWLPL]DWLRQ��YDOLGDWLRQ�DQG�VWDQGDUGL]DWLRQ /DFN�RI�DSSURSULDWH�YDOLGDWLRQ�GDWDVHW��RYHUILWWLQJ

,QWHUSUHWDELOLW� /DFN�RI�LQWHUSUHWDELOLW���JHQHUDOL]DELOLW���EODFN�ER[�WLVVXH

'DWD�FXUDWLRQ 'LIILFXOW��LQ�REWDLQLQJ�ZHOO�FXUDWHG�DQQRWDWHG�GDWD�

5HJXODWLRQ�DSSURYDO /DFN�RI�FOHDUFXW�UHJXODWRU��JXLGHOLQHV

,QVWDOODWLRQ
3DWKRORJLVWV��UHVLVWDQFH�WR�FKDQJHV�LQ�ROG�ZRUNIORZ��,7�,QIUDVWUXFWXUH�LQYHVWPHQW�
DQG�RYHUKHDG�FRVWV

�FFUHGLWDWLRQ 1R�H[WHUQDO�TXDOLW��DVVXUDQFH�VFKHPH��XQHVWDEOLVKHG�DXGLW�F�FOHV�

5HLPEXUVHPHQW� /DFN�RI�GHGLFDWHG�SURFHGXUH�FRGHV

&OLQLFDO��GRSWLRQ /DFN�RI�)'��DSSURYDO�IRU�XVH�RI��,��VNHSWLFLVP�DPRQJ�3DWKRORJLVWV�DQG�2QFRORJLVWV

&RPSXWDWLRQ�6�VWHP�DQG�GDWD�VWRUDJH
1HHG�IRU�SRZHUIXO�KLJK�VSHFLILFDWLRQ�KDUGZDUH

&RVW�EHQHILW�UDWLR�FRQVLGHUDWLRQ

5DYL�3UDNDVK��JDUZDOOD���UWLILFLDO�,QWHOOLJHQFH�LQ�'LDJQRVWLF�3DWKRORJ��

&21&/86,21

'LJLWDO� 3DWKRORJ�� LV� YHU�� SURPLVLQJ� LQ� FDQFHU�
GLDJQRVWLFV� SURYLGLQJ� DGGLWLRQDO� WRROV� IRU� IDVWHU��

KLJK� TXDOLW�� DFFXUDWH� GLDJQRVLV�� 7KH� SUDFWLFH�
RI� GLDJQRVWLF� SDWKRORJ�� KDV� JRQH� WKURXJK� D�
staggering� advancement� via� arti�cial� intelligence�
��,�� DOJRULWKPV�� DQG� FRPSXWHU� DLGHG� GLDJQRVWLF�
WHFKQLTXHV� ZKLFK� DUH� EHLQJ� XVHG� IRU� DVVLVWLQJ��
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DXJPHQWLQJ� DQG� HPSRZHULQJ� WKH� FRPSXWDWLRQDO�
KLVWRSDWKRORJ�� DQG� �,� HQDEOHG� GLDJQRVWLFV��
�XWRPDWHG� ZKROH� VOLGH� LPDJLQJ� �:6,�� VFDQQHUV�
DUH� QRZ� SURYLGLQJ� KLJK� UHVROXWLRQ� LPDJHV� RI�
HQWLUH� JODVV� VOLGHV� DQG� FRPELQLQJ� WKHVH� LPDJHV�
ZLWK� LQQRYDWLYH�GLJLWDO�3DWKRORJ�� WRROV� LV�PDNLQJ�
LW�SRVVLEOH� WR� LQWHJUDWH� LPDJLQJ� LQWR� DOO� DVSHFWV�RI�
3DWKRORJ��UHSRUWLQJ�LQFOXGLQJ�DQDWRPLFDO��FOLQLFDO��

)XWXUH��LUHFWLRQV�

%�� LQWHJUDWLQJ� GLJLWDO� LPDJLQJ�� �,� DOJRULWKPV��
DQG�FOLQLFDO�GDWD��ZH�UH�SDYLQJ�WKH�ZD��IRU�SUHFLVLRQ�
PHGLFLQH�� ,PDJLQH� D� IXWXUH� ZKHUH� �,� DVVLVWV� LQ�
VWDQGDUGL]LQJ�KLVWRORJLFDO�VFRULQJ�FULWHULD��KDQGOHV�
UDUH�DQG�FRPSOH[�FDVHV��DQG�DXJPHQWV�SDWKRORJLVWV��
H[SHUWLVH�

5()(5(1&(6

��� 6KDIL�� 6��� �� 3DUZDQL�� ��� 9�� �������� �UWLILFLDO�
LQWHOOLJHQFH� LQ� GLDJQRVWLF� SDWKRORJ��� 'LDJQRVWLF�

3DWKRORJ�����������

��� �UWLILFLDO�LQWHOOLJHQFH���,��LQ�PHGLFLQH��7UDQVIRUPLQJ�
WKH�SUDFWLFH�RI�VXUJLFDO�SDWKRORJ�����������'LDJQRVWLF�
3DWKRORJ��

��� �,�(QKDQFHG�'LJLWDO�3DWKRORJ��DQG�5DGLRJHQRPLFV�
LQ�3UHFLVLRQ�0HGLFLQH���������

��� &XUUHQW� DQG� IXWXUH� DSSOLFDWLRQV� RI� DUWLILFLDO�
LQWHOOLJHQFH�LQ�SDWKRORJ��GLDJQRVLV����������-RXUQDO�
RI�&OLQLFDO�3DWKRORJ��

��� 3DWKRORJ�� �,� ��UWLILFLDO� ,QWHOOLJHQFH�� 5HIHUHQFH�
*XLGH�E��+ROJHU�/DQJH�DQG�&ULV�/XHQJR���)ODJVKLS�
%LRVFLHQFHV�,QF�

DQG�PROHFXODU�3DWKRORJ���7KH�UHFHQW�DSSURYDOV�RI�
:6,� VFDQQHUV� IRU� SULPDU�� GLDJQRVLV� E�� WKH� )'��
DV� ZHOO� DV� WKH� DSSURYDO� RI� 3URVWDWH� �,� DOJRULWKP�
KDV�SDYHG�WKH�ZD�� IRU�VWDUWLQJ�WR� LQFRUSRUDWH� WKLV�
H[FLWLQJ�WHFKQRORJ��IRU�XVH�LQ�SULPDU��GLDJQRVLV�

�,� WRROV� FDQ� SURYLGH� D� XQLTXH� SODWIRUP� IRU�
LQQRYDWLRQV� DQG� DGYDQFHV� LQ� DQDWRPLFDO� DQG�
clinical�Pathology�work�ow.


