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Abstract 

In recent years research in Œ©°ß̶œやµØ°ıRª̶²ı©- of hardware and software has 
reached important progresses in the development of methodologies and 
tools to meet the increasing complexity of systems. The explicit role of For-
ß̶œや7Ø°ıRª̶²ı©-やı±や²©やR-ŁやØ°°©°±や̶-Łや²©やıß¬°©µØや²æØや°Øœı̶Æıœı²½や©-や²æØや̶ªª³°̶-
cy of system design, which implies a challenge for ±©Œ²¹̶°ØやØ-ºı-ØØ°ı-º of this 
ªØ-²³°½╆や5æØや¬³°¬©±Øや©Œや²æı±や°Ø±Ø̶°ªæやı±や²©や¬Ø°Œ©°ßや̶や±½±²Øß̶²ıªや°ØµıØ¹や©Œや
²æØやœı²Ø°̶²³°Øや²©やØ±²̶Æœı±æや²æØや±²̶²Øや©Œや²æØや̶°²や©Œや°Ø±Ø̶°ªæやı-やŒ©°ß̶œやµØ°ıRª̶²ı©- 
Ł³°ı-ºや²æØやœ̶±²やｱｰや½Ø̶°±や̶-Łや²©やıŁØ-²ıŒ½や²æØや̶¬¬°©̶ªæØ±╇やßØ²æ©Ł±╇や²Øªæ-ı®³Ø±や
̶-ŁやßØ²æ©Ł©œ©ºıØ±や³±ØŁ╇や̶±や¹Øœœや̶±や²æØやı-²Ø-±ı²½や©Œや²æ©±Øや°Ø±Ø̶°ªæや̶ª²ıµı²ıØ±╆や
%³°ı-ºや²æØや¬°©ªØ±±やı²や¹̶±やŒ©³-Łや²æ̶²や°Ø±Ø̶°ªæやı-や²æı±やRØœŁやæ̶±やŁ©³ÆœØŁや±ı-ªØや
ｲｰｰｵ╇や̶-Łや²æ̶²や ²æØやßØ̶-やµ̶œ³Øや©Œや °Ø±Ø̶°ªæØ±やª©-Ł³ª²ØŁや½Ø̶°や̶Œ²Ø°や½Ø̶°や°Ø-
mains the same and that prevail the application in control and interaction 
±½±²Øß±╆や"ŁŁı²ı©-̶œœ½や ı²や¹̶±や Œ©³-Łや ²æ̶²╇や ²æØや ª̶±Øや ±²³Ł½や ı±や ²æØやß©±²や ³±ØŁや
method and that empirical research is the most applied type.

Resumen 

&-や̶ü©±や°ØªıØ-²Ø±╇やœ̶やı-µØ±²ıº̶ªıŸ-やØ-やµØ°ıRª̶ªıŸ-やŒ©°ß̶œやŁØやæ̶°Ł¹̶°Øや½や±©Œ²¹̶°Øやæ̶や
œ©º°̶Ł©やıß¬©°²̶-²Ø±や¬°©º°Ø±©±やØ-やØœやŁØ±̶°°©œœ©やŁØやßØ²©Ł©œ©ºç̶±や½やæØ°°̶ßıØ-²̶±や¬̶°̶や
æ̶ªØ°や Œ°Ø-²Øや̶や œ̶や ª°ØªıØ-²Øや ª©ß¬œØłıŁ̶ŁやŁØや œ©±や ±ı±²Øß̶±╆や-̶や Œ³-ªıŸ-や Ø¼¬œçªı²̶やŁØや œ̶や
µØ°ıRª̶ªıŸ-やŒ©°ß̶œやØ±やØ-ª©-²°̶°やØ°°©°Ø±や½やßØł©°̶°やœ̶やª©-R̶-¾̶やØ-やœ̶やØ¼̶ª²ı²³ŁやŁØœや
Łı±Øü©やŁØœや±ı±²Øß̶╇やœ©や®³Øや±³¬©-Øや³-や°Ø²©や¬̶°̶やœ̶やı-ºØ-ıØ°ç̶やŁØや±©Œ²¹̶°ØやŁØやØ±²Øや±ıºœ©╆や
&œや©ÆłØ²ıµ©やŁØやØ±²̶やı-µØ±²ıº̶ªıŸ-やŒ³Øや°Ø̶œı¾̶°や³-̶や°Øµı±ıŸ-や±ı±²ØßÀ²ıª̶や̶やœ̶やœı²Ø°̶²³°̶や
¬̶°̶やŁØ²Ø°ßı-̶°やØœやØ±²̶Ł©やŁØœや̶°²ØやŁØやœ̶やı-µØ±²ıº̶ªıŸ-やØ-やµØ°ıRª̶ªıŸ-やŒ©°ß̶œやØ-やœ©±や
1œ²ıß©±や ｱｰや ̶ü©±や Øや ıŁØ-²ıRª̶°や œ©±や Ø-Œ©®³Ø±╇やßÔ²©Ł©±╇や ²Ôª-ıª̶±や ½やßØ²©Ł©œ©ºç̶±や Øß-
¬œØ̶Ł̶±╇やœ©やßı±ß©や®³Øやœ̶やı-²Ø-±ıŁ̶ŁやŁØやØ±̶やı-µØ±²ıº̶ªıŸ-╆や&-やØœや¬°©ªØ±©や±ØやØ-ª©-²°Ÿや
®³Øやœ̶やı-µØ±²ıº̶ªıŸ-やØ-やØ±²̶やÀ°Ø̶や±ØやŁ³¬œıªŸや̶や¬̶°²ı°やŁØœや̶ü©やｲｰｰｵ╇や®³Øやæ̶±²̶やØœやß©-
ßØ-²©やß̶-²ıØ-Øや³-や-1ßØ°©や¬°©ßØŁı©やŁØや ı-µØ±²ıº̶ªı©-Ø±や̶ü©や ²°̶±や̶ü©や½や®³Øや¬°Ø-
Ł©ßı-̶やœ̶や̶¬œıª̶ªıŸ-やØ-や±ı±²Øß̶±やŁØやª©-²°©œやØやı-²Ø°̶ªªıŸ-╆や"ŁØßÀ±╇や®³ØやØœやØ±²³Łı©やŁØや
ª̶±©やØ±やØœやßÔ²©Ł©やßÀ±や³²ıœı¾̶Ł©や½や®³Øやœ̶やı-µØ±²ıº̶ªıŸ-やØß¬ç°ıª̶やØ±やœ̶やßÀ±や̶¬œıª̶Ł̶╆

Descriptores: 

̋ verificación formal

̋ métodos formales

̋ ingeniería de software

̋ técnicas de ingeniería

̋ enfoques de investigación
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Introduction

'³-ª²ı©-̶œや µØ°ıRª̶²ı©-や æ̶±や ÆØª©ßØや ²æØや Æ©mœØ-Øªøや Œ©°や
²æØやŁØ±ıº-や©Œや ª©ß¬œØ¼や ±½±²Øß±╆や4ıß³œ̶²ı-ºやŁØ±ıº-±や ı±や
money-demanding and time-demanding and perfor-

ßı-ºや̶やª©ß¬œØ²Øや±ıß³œ̶²ı©-やı±や̶œß©±²やıß¬©±±ıÆœØ╆や$³-

°°Ø-²œ½╇や̶ ±や̶ や±©œ³²ı©-やŒ©°や²æØ±Øや¬°©ÆœØß±╇やŁØ±ıº-Ø°±やæ̶µØや
±²̶°²ØŁや³±ı-ºやŒ©°ß̶œやßØ²æ©Ł±や²©や¬Ø°Œ©°ßやŒ©°ß̶œやµØ°ıRª̶-

²ı©-や©-やß©±²や©Œや¬°©Ł³ª²±╆や#³²や²æØ°Øやı±や±²ıœœや̶ や¹ıŁØやº̶¬やŒ©°や
²æØやµØ°ıRª̶²ı©-や©ŒやÆıºやŁØ±ıº-±╇や¹æıªæやª̶-やÆØやÆ³ıœ²やÆ³²や
ª̶--©²やÆØやµØ°ıRØŁやª©ß¬œØ²Øœ½やÆØª̶³±Øや©Œや²æØやª©ß¬œØ¼ı-
²½や©Œや²æØや¬°©ÆœØß±や²æØ½やŁØ̶œや¹ı²æや〉44œS©¹やØ²や̶œ╆╇やｲｰｰｹ《╆や
5æı±やæ̶±やª̶³±ØŁや²æ̶²や ı-やß̶-½やª©³-²°ıØ±╇や ²æØや̶ª̶ŁØßıªや
¹©°œŁ╇や ı-Ł³±²°½や ̶-Łや º©µØ°-ßØ-²±やß³±²や Œ̶ªØや ²æØや ªæ̶-

œœØ-ºØや ©Œや °ØŁ³ªı-ºや ²æı±や ²Øªæ-©œ©ºıª̶œや º̶¬や ̶-Łや ¬°©¬©-

±ı-ºや -Ø¹や ̶-Łや ı-ºØ-ı©³±や ±©œ³²ı©-±や Œ©°や ±¬ØªıŒ½ı-º╇や
ŁØ±ıº-ı-º╇や±²°³ª²³°ı-ºや̶-Łや̶¬¬œ½ı-ºや²Ø±²やª̶±Ø±やÆ½や³±ı-ºや
Œ©°ß̶œやµØ°ıRª̶²ı©-.

'©°ß̶œやµØ°ıRª̶²ı©-やı±や̶やª°³ªı̶œやØœØßØ-²やı-や²æØやŁØµØ-

œ©¬ßØ-²や©Œや ²æØや ª³°°Ø-²や ª©ß¬œØ¼や ı-Œ©°ß̶²ı©-や ±½±²Øß±╆や
Moore’s Law is still applied to determine the growth 

rate of the complexity of software and hardware pro-

Ł³ª²±╇やÆ³²や²æØやª©ß¬œØ¼ı²½や©ŒやµØ°ıRª̶²ı©-やÆØª©ßØ±やß©°Øや
ª©ß¬œıª̶²ØŁ╆や *-や Œ̶ª²╇や ²æØ©°Ø²ıª̶œœ½╇や ı²や ̶³ºßØ-²±や Ø¼¬©-

-Ø-²ı̶œœ½や¹ı²æや¬°©Ł³ª²‒±やª©ß¬œØ¼ı²½や̶-ŁやŁ©³ÆœØ±やı-や²æØや
±̶ßØや ¹̶½や ¹ı²æや ²ıßØ╆や 5æØや ª©ßß³-ı²½や ©Œや ª©ß¬³²Ø°や
±ªıØ-ªØ±や°Øª©º-ı¾Ø±や²æ̶²やŒ³-ª²ı©-̶œやµØ°ıRª̶²ı©-やı±や̶-やıß-

¬©°²̶-²や©Æ±²̶ªœØやŒ©°や̶やŁØ±ıº-やßØ²æ©Ł©œ©º½╇や̶-Łや²æ̶²やı²や
ŁØß̶-Ł±や³¬や²©やｷｰゾや©ŒやŁØµØœ©¬ı-ºや²ıßØや̶-Łや°Ø±©³°ªØ±╆や
#³²╇やŁØ±¬ı²Øや²æØや±ıº-ıRª̶-²や̶ß©³-²や©ŒやØT©°²±や̶ -Łや°Ø±©³-

°ªØ±や̶¬¬œıØŁや ı-やµØ°ıRª̶²ı©-╇や Œ³-ª²ı©-̶œや Œ̶³œ²±や ª©-²ı-³Øや
̶±や²æØやª̶³±Øや©Œや²æØや±ıº-ıRª̶-²や-³ßÆØ°や©ŒやØ°°©°±や©Œや²æØや
R-̶œや¬°©Ł³ª²╆や*-やØ¼²°ØßØや±ı²³̶²ı©-±╇や²æØやØ°°©°±や̶°Øや̶°²ı-
Œ̶ª²±や ©Œや ²æØや ±ıß³œ̶²ı©-や ÆØª̶³±Øや ²æØ½や ̶°Øや -©²や ŁØ²Øª²ØŁや
Ł³Øや ²©や ²æØı°や -©-まØ¼æ̶³±²ıµØや-̶²³°Øや ©Œや ²æØやµØ°ıRª̶²ı©-や
¹æıªæやı±やÆ̶±ØŁやı-や±ıß³œ̶²ı©-╆や5æØや°Ø̶œやŒ̶ª²やı±や²æ̶²やı²やŁ©Ø±や
-©²やß̶mØ°やæ©¹やß³ªæや²ıßØやı±や̶¬¬œıØŁやı-や±ıß³œ̶²ı©-や©°や
æ©¹やØ¼æ̶³±²ıµØやı±や²æØや²Ø±²や¬œ̶-╇や̶-½や̶mØß¬²や²©やµ̶œıŁ̶²Øや
̶やŁØ±ıº-やÆ½や³±ı-ºや±ıß³œ̶²ı©-やı±やÆ½やı²±ØœŒやı-ª©ß¬œØ²ØやŒ©°や
any system. 

'©°ß̶œやµØ°ıRª̶²ı©-や 〉'7《や ı±や̶や±½±²Øß̶²ıªや¬°©ªØ±±や ²æ̶²や
³±Ø±やß̶²æØß̶²ıª̶œや°Ø̶±©-ı-ºや²©やµØ°ıŒ½や²æ̶²やŁØ±ıº-や±¬Ø-

ªıRª̶²ı©-や °Øß̶ı-±や ²æØや ±̶ßØや Ł³°ı-ºや ıß¬œØßØ-²̶²ı©-╆や
8ı²æや²æı±やµØ°ıRª̶²ı©-やı±や¬©±±ıÆœØや²©や©µØ°ª©ßØや²æØやªæ̶-

œœØ-ºØ±や©Œや±ıß³œ̶²ı©-やÆØª̶³±Øや̶œœや²æØや¬©±±ıÆœØやı-¬³²やµ̶-

œ³Ø±やª̶-やÆØやØ¼¬œ©°ØŁや̶œº©°ı²æßıª̶œœ½や©°やØ¼æ̶³±²ıµØœ½╆や*-や
©²æØ°や¹©°Ł±╇や²©や̶ªæıØµØや̶やæıºæやŁØº°ØØや©Œや©Æ±Ø°µ̶²ı©-や©Œや
²æØや¬°©Ł³ª²やı²やı±や-©²や-ØªØ±±̶°½や²©やØ¼̶ººØ°̶²Øや²æØやŁØ±ıº-や
©°やª°Ø̶²ı-ºやß³œ²ı¬œØや±ªØ-̶°ı©±╆

0-Øや©Œや²æØや©ÆłØª²ıµØ±や©Œや'7やı±や²©やº³̶°̶-²ØØや²æØやª©ß-

plete coverage of the space of the states in the tested 

ŁØ±ıº-╇や ²©や̶ªæıØµØや ²æ̶²や ı²や³±Ø±や̶-Łや̶¬¬œıØ±や ²Øªæ-ı®³Ø±や

œıøØやß©ŁØœやµØ°ıRª̶²ı©-や²æ°©³ºæや²æØやØ¼¬œ©°̶²ı©-や©Œや±¬̶ªØや
©Œや±²̶²Ø±や̶-Łや̶³²©ß̶²ØŁや²Øªæ-ı®³Ø±や²©やŁØß©-±²°̶²Øや²æØや
²æØ©°Øß±╆や$³°°Ø-²œ½╇や²æØやß©±²や̶³²©ß̶²ØŁや̶-Łやß©±²や̶ª-

ªØ¬²ØŁや'7や²Øªæ-ı®³Øやı±や4½ßÆ©œıªや.©ŁØœや7Ø°ıRØ° or SMV 

̶-Ł╇やŁØ±¬ı²Øやı²±や±³ªªØ±±や̶±や̶-やıß¬©°²̶-²やßØ²æ©ŁやŒ©°や²æØや
Œ©°ß̶œや µØ°ıRª̶²ı©-や ©Œや ±Ø®³Ø-²ı̶œや ª©ßßØ°ªı̶œやŁØ±ıº-±╇や ı±や
±²ıœœやœıßı²ØŁやı-や°Øœ̶²ı©-や²©や²æØや±ı¾Øや©Œや²æØやµØ°ıR̶ÆœØやŁØ±ıº-

-±や 〉$©¬²½やØ²や ̶œ╆╇や ｲｰｰｱ《╆や'©°ß̶œやµØ°ıRª̶²ı©-や°Ø®³ı°Ø±や ²æ̶²や
Ø-ºı-ØØ°±や ²æı-øや ŁıTØ°Ø-²╆や '©°や ı-±²̶-ªØ╇や ±ıß³œ̶²ı©-や ı±や
Øß¬ı°ıª̶œ╇や²æı±やßØ̶-±や²æ̶²や³±ı-ºや²°ı̶œや̶-ŁやØ°°©°や²©や²Ø±²や
̶œœや ©Œや ²æØや ¬©±±ıÆœØや ª©ßÆı-̶²ı©-±や ̶-Łや ²°½や ²©や Łı±ª©µØ°や
Ø°°©°±やª̶-や²̶øØや±ıº-ıRª̶-²や²ıßØ╆や'©°や²æı±や°Ø̶±©-╇やı²やŁ©Ø±や
-©²やŒ³œœ½や̶ ªæıØµØやı²╆や#Ø±ıŁØ±╇やÆØª̶³±ØやØ-ºı-ØØ°±やß³±²やŁØ-

R-Øや̶-Łやª°Ø̶²Øや̶やæıºæや-³ßÆØ°や©Œやı-¬³²や±ªØ-̶°ı©±╇や²æØ½や
Œ©ª³±や ²æØı°や ØT©°²±や ©-や Æ°Ø̶øı-ºや ²æØや ŁØ±ıº-や Æ³²や -©²や ©-や
which design ß³±²や Ł©. '©°ß̶œや µØ°ıRª̶²ı©-, on the con-

²°̶°½╇やı±やß̶²æØß̶²ıª̶œや̶-ŁやØ¼æ̶³±²ıµØや̶-Łや̶œœ©¹±やØ-ºı-
-ØØ°±やÆØª©ßØやŒ©ª³±ØŁやØ¼ªœ³±ıµØœ½やı-やR-Łı-ºや¹æıªæや©-Øや
ı±や²æØやª©°°Øª²やÆØæ̶µı©°や©Œや²æØやŁØ±ıº-╆

5æØや̶ıßや©Œや²æı±や°Ø±Ø̶°ªæやı±や²©やª©-Ł³ª²や̶や±½±²Øß̶²ıªや
°ØµıØ¹やı-や²æØやœı²Ø°̶²³°Øや°Øº̶°Łı-ºや°Ø±Ø̶°ªæやı-やformal ve-

°ıRª̶²ı©-や Ł³°ı-ºや ²æØや œ̶±²やŁØª̶ŁØ╇や ²©やŁØ²Ø°ßı-Øや ²æØや ̶¬-

¬°©̶ªæØ±╇や ßØ²æ©Ł±╇や ²Øªæ-ı®³Ø±や ̶-Łや °Ø±Ø̶°ªæや ßØ²æ©ま 
Ł©œ©ºıØ±や³±ØŁや̶-Łや²æØやı-²Ø-±ı²½や©Œや²æØ±Øや°Ø±Ø̶°ªæや̶ª²ıµı-
²ıØ±╆や5©や̶ªæıØµØや ²æ̶²╇や ²æØや¬̶°̶Łıºßや©Œや ØµıŁØ-ªØまÆ̶±ØŁや
°Ø±Ø̶°ªæや¹̶±や³±ØŁ╆や5æØや¬©±±ıÆıœı²½や©Œや³±ı-ºや ²æı±や¬̶°̶-

digm is proposed in Kitchenham Ø²や̶œ╆や〉ｲｰｰｴ《や̶-Łや%½Æ̶や
Ø²や̶œ╆や〉ｲｰｰｵ《╇や̶-Łや²æØやº©̶œやı±や²©やıŁØ-²ıŒ½や̶や®³Ø±²ı©-や²æ̶²や
ª̶-やÆØや̶-±¹Ø°ØŁ╇や¹æıªæやª©³œŁや¬°©µıŁØやı-Œ©°ß̶²ı©-や̶-Łや
which can lead to evidences for that answer and eva-

œ³̶²Øやı²や〉#°Ø°Ø²©-やØ²や̶œ╆╇やｲｰｰｷ《╆や5æ³±╇や̶や±½±²Øß̶²ıªや°ØµıØ¹や
²©や²æØや œı²Ø°̶²³°Øや ı±や ²æØやR°±²や±²̶ºØや²©やª©-Ł³ª²やØµıŁØ-ªØま
Æ̶±ØŁや°Ø±Ø̶°ªæ╆や5æØやº³ıŁØœı-Ø±や²©や¬Ø°Œ©°ßや̶や±½±²Øß̶²ıªや
°ØµıØ¹や²©や²æØやœı²Ø°̶²³°Øや̶°ØやØ¼¬œ̶ı-ØŁやı-やŁØ²̶ıœやı-や#°Ø°Ø-

ton Ø²や̶œ╆や〉ｲｰｰｷ《や̶-Łや,ı²ªæØ-æ̶ßや〉ｲｰｰｹ《╆
In the next section, the methodology applied in 

²æı±や°Ø±Ø̶°ªæやı±やŁØ±ª°ıÆØŁ╉や²æØや²æı°Łや±Øª²ı©-や±æ©¹±や̶-Łや
̶-̶œ½¾Ø±や ²æØや °Ø±³œ²±や ©Æ²̶ı-ØŁ╉や ²æØや Œ©œœ©¹ı-ºや ±Øª²ı©-や
±æ©¹±や¬©±±ıÆœØや ²æ°Ø̶²±や̶-Łや œıßı²̶²ı©-±や Œ©°やµ̶œıŁ̶²ı©-や
̶-Łや ²æØや œ̶±²や ±Øª²ı©-やºıµØ±やŁØ²̶ıœ±や©-やª©-ªœ³±ı©-±や̶-Łや
Œ³²³°Øや¹©°øや¬°©¬©±̶œ±╆

Methodological process

1Ø°Œ©°ßı-ºや̶や±½±²Øß̶²ıªや°ØµıØ¹や²©やœı²Ø°̶²³°Øやª̶-やÆØやŁı-
µıŁØŁや ı-や ²æ°ØØやß̶ı-や ±²̶ºØ±や 〉#°Ø°Ø²©-や Ø²や ̶œ╆╇や ｲｰｰｷ《╈や 〉ｱ《や
¬œ̶--ı-º╇や〉ｲ《やØ¼Øª³²ı©-や̶-Łや〉ｳ《やŁ©ª³ßØ-²̶²ı©-╇や¹æıªæや
ı-や²³°-やŁıµıŁØ±やı-や̶やª©ßÆı-̶²ı©-や©Œや©²æØ°や±ıß¬œØ°や¬°©ªØ-

Ł³°Ø±╇や̶±や±æ©¹-やı-や5̶ÆœØやｱ╆
"ªª©°Łı-ºや²©や,ı²ªæØ-æ̶ßや〉ｲｰｰｹ《や̶-Łや,ı²ªæØ-æ̶ßやØ²や

al╆や〉ｲｰｰｹ《╇や¬œ̶--ı-ºや̶や±½±²Øß̶²ıªや°ØµıØ¹やı-µ©œµØ±や±ı¼やŁØ-

R-ı²ı©-±╈
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Vcdng"30"Uvcigu"qh"c"u{uvgocvke"tgxkgy"*Mkvejgpjco."422;+
Stages 1°©ªØŁ³°Ø±

Planning
4¬ØªıŒ½ı-ºや°Ø±Ø̶°ªæや®³Ø±²ı©-±
Developing the review protocol
Validating the review protocol

&¼Øª³²ı©-

*ŁØ-²ıR-ºや°ØœØµ̶-²や°Ø±Ø̶°ªæ
4ØœØª²ı-ºや¬°ıß̶°½や±²³ŁıØ±
"±±Ø±ı-ºや²æØや®³̶œı²½や©Œや±²³ŁıØ±
&¼²°̶ª²ı-ºや°Ø®³ı°ØŁやŁ̶²̶
Synthesizing data

%©ª³ßØ-²̶²ı©- Writing the review report
Validating the report

ｱ╆やや5æØや°Ø±Ø̶°ªæや®³Ø±²ı©-±
2.  The searching process

ｳ╆やや5æØやı-ªœ³±ı©-や̶-ŁやØ¼ªœ³±ı©-やª°ı²Ø°ı̶
ｴ╆やや2³̶œı²½や̶±±Ø±±ßØ-²
ｵ╆やや%̶²̶やª©œœØª²ı©-
6.  Data analysis.

Tgugctej"swguvkqpu

5æØや °Ø±Ø̶°ªæや ®³Ø±²ı©-±や ̶¬¬œıØŁや Ł³°ı-ºや ²æØや ŁØµØœ©¬-

ßØ-²や©Œや²æı±や°Ø±Ø̶°ªæや¹Ø°Ø╈

2ｱ╈やや ¨*-や¹æıªæやRØœŁ±や©ŒやŒ©°ß̶œやµØ°ıRª̶²ı©-やı±やª©-Ł³ª²ØŁや
°Ø±Ø̶°ªæやª³°°Ø-²œ½′

2ｲ╈やや ¨8æıªæや ̶¬¬œıª̶²ı©-やßØ²æ©Ł©œ©º½や ı±や ²æØやß©±²や °Ø-

±Ø̶°ªæØŁ′
2ｳ╈やや ¨*-や¹æıªæや Œ©°ß̶œやµØ°ıRª̶²ı©-や ²Øªæ-ı®³Øや ı±や ª©-Ł³ª-

²ØŁや°Ø±Ø̶°ªæやß©°ØやŒ°Ø®³Ø-²œ½′
2ｴ╈やや ¨8æıªæや ̶¬¬°©̶ªæや ̶-Łや °Ø±Ø̶°ªæや ßØ²æ©Łや ı±や ²æØや

ß©±²や³±ØŁ′
2ｵ╈やや ¨8æıªæやı±や²æØやı-²Ø-±ı²½や©Œや°Ø±Ø̶°ªæや̶ª²ıµı²ıØ±やı-やfor-

ß̶œやµØ°ıRª̶²ı©-′

*-や©°ŁØ°や²©や̶-±¹Ø°や²©や2ｱ╇や2ｲ╇や2ｳや̶-Łや2ｴ╇や ı²やæ̶±やÆØØ-や
̶±±©ªı̶²ØŁやØ̶ªæや¬°ıß̶°½や±²³Ł½や¹ı²æや̶-や̶¬¬°©̶ªæや©°や°Ø-

±Ø̶°ªæやßØ²æ©Ł╇や¹ı²æや̶や²Øªæ-ı®³Øや̶-Łや̶¬¬œıØŁやßØ²æ©Ł©-

œ©º½や̶-Łや¹ı²æや̶やª©µØ°ØŁやRØœŁ╆や5©やØ±²̶Æœı±æや²æØやRº³°Ø±や
that will indicate the intensity of research activity, re-

º̶°Łı-ºや²©や2ｵ╇やı²や¹̶±やıŁØ-²ıRØŁや̶や°Ø±Ø̶°ªæやª©°¬³±や©Œや²æØや
-³ßÆØ°や©Œや¬³Æœıª̶²ı©-±やÆ½や½Ø̶°╆や5æØや±œ©¬Øや©Œや²æØやœı-ØやŒ©°や
the FV was compared to the slope corresponding to the 

œı-Øや¹æıªæや°Ø¬°Ø±Ø-²±や²æØや°Ø±Ø̶°ªæや̶ª²ıµı²ıØ±やı-やŒ³-ª²ı©-

-̶œやµØ°ıRª̶²ı©-╆

Tgugctej"rtqeguu

"や±½±²Øß̶²ıªや°ØµıØ¹や̶Æ©³²や̶や±¬ØªıRªや±³ÆłØª²やß³±²やıŁØ--

²ıŒ½や̶-Łやæıºæœıºæ²や²æØや±¬ØªıRªや±©³°ªØ±や̶Æ©³²や©Œや²æØや©Æ-

łØª²や©Œや±²³Ł½╉やæ©¹ØµØ°╉やı-や²æØやRØœŁや©ŒやŒ©°ß̶œやµØ°ıRª̶²ı©- 

¹Ø°Øや-©²や Œ©³-Łや ²æ̶²や ±©³°ªØ±╇や ÆØª̶³±Øや ²æØや °Øœ̶²ØŁや ±²³-

ŁıØ±やª̶-やÆØや¬³Æœı±æØŁやı-やł©³°-̶œ±や̶-Łやª©-ŒØ°Ø-ªØ±や°Øœ̶-

²ØŁや²©やÆ©²æやŒ³-ª²ı©-̶œやµØ°ıRª̶²ı©-や̶-ŁやŒ©°ß̶œやßØ²æ©Ł±╆や
5æØや¬³°¬©±Øや©Œや²æØや±Ø̶°ªæや¹̶±や²©やıŁØ-²ıŒ½や²æØや¬°ıß̶°½や
±²³ŁıØ±や¹æıªæやª©³œŁやÆØやı-ªœ³ŁØŁや©°やØ¼ªœ³ŁØŁやŒ°©ßや²æØや
ŁØR-ı²ıµØや±Ø²や©Œや±²³ŁıØ±や©Œや²æØや°ØµıØ¹╆や5æØや¬œ̶-やı-µ©œ-
µØŁや̶-や̶³²©ß̶²ØŁや±Ø̶°ªæやı-や²æØや"$.や%ıºı²̶œや-ıÆ°̶°½╇や
*&&&や%ıºı²̶œや-ıÆ°̶°½╇や4ªıØ-ªØや%ı°Øª²や̶-Łや4¬°ı-ºØ°や-ı-ø╇や
Æ̶±ØŁや©-や²æØや²ıßØœı-ØやÆØ²¹ØØ-や+̶-³̶°½やｲｰｰｰや̶-Łや"¬°ıœや
ｲｰｱｱ╆や5æØや¬̶°̶ßØ²Ø°±や©Œや²æØや̶³²©ß̶²ØŁや±Ø̶°ªæı-ºや̶-Łや
²æØı°やœ©ª̶²ı©-やı-や²æØや±²³Ł½や¹Ø°Øや²æØやŒ©œœ©¹ı-º╈

ゃややや '©°ß̶œや µØ°ıRª̶²ı©-╈や ı-や ²æØや ²ı²œØ╆や '©°や ̶œœや ©Œや ²æØや °Ø-

±Ø̶°ªæや®³Ø±²ı©-±╆
ゃややや %ı±ª°Ø²やß̶²æØß̶²ıª̶œ╇やŁØªœ̶°̶²ıµØやœ̶-º³̶ºØ╇やŒ©°ß̶œやœ̶--

º³̶ºØ╇やŒ©°ß̶œやßØ²æ©Ł╇やŒ©°ß̶œや±¬ØªıRª̶²ı©-やand formal 

µØ°ıRª̶²ı©-╈やı-や²æØや̶ Æ±²°̶ª²や©°やı-や²æØやª©-²Ø-²╆や'©°や2ｱ╆
ゃややや &¼¬Ø°ıßØ-²̶²ı©-╇やª̶±Øや±²³Ł½╇や±²©ªæ̶±²ıªやandやæØ³°ı±²ıª╈や

ı-や²æØや̶Æ±²°̶ª²や©°やı-や²æØやª©-²Ø-²╆や'©°や2ｲ╆
ゃややや 1ØØ°╇や̶-ıß̶²ı©-╇や±ıß³œ̶²ı©-╇や̶ºıœやßØ²æ©Ł± and XP╈やı-や

²æØや̶Æ±²°̶ª²や©°やı-や²æØやª©-²Ø-²╆や'©°や2ｳ╆
ゃややや 5æØや©Æ±Ø°µ̶²ı©-や©Œや²æØや°Ø±³œ²±やŒ©°や2ｱ╇や2ｲや½や2ｳや¬Ø°-

ßımØŁやªœ̶±±ıŒ½ı-ºや ²æØや̶¬¬°©̶ªæや̶-Łや ²æØや °Ø±Ø̶°ªæや
ßØ²æ©ŁやŒ©°や2ｴ╆や'©°や²æØやØß¬ı°ıª̶œや°Ø±Ø̶°ªæやı²や¹̶±や
performed a search of terms Ø¼¬Ø°ıßØ-²╇や ±³°µØ½╇や
ª̶±Øや ±²³Ł½╇や Øß¬ı°ıª̶œや °Ø±Ø̶°ªæや ı-や ²æØや ̶Æ±²°̶ª²や ̶-Łや
within the content.

ゃややや '©°ß̶œや µØ°ıRª̶²ı©-や "/%や °Ø±Ø̶°ªæ╈や ı-や ²æØや ²ı²œØや ̶-Łや
ª©ßÆı-ØŁや¹ı²æやØ̶ªæや½Ø̶°や©Œや²æØや²ıßØœı-Ø╆や'©°や2ｵ╆

5æØや ²©²̶œや -³ßÆØ°や ©Œや ̶°²ıªœØ±や °Øª©µØ°ØŁや ı-や ²æı±や ±Ø̶°ªæや
¹̶±や ｵｵｲ╆や )©¹ØµØ°╇や ß©±²や ©Œや ²æØßや ¹Ø°Øや ıŁØ-²ıRØŁや Æ½や
ß̶°ºı-̶œや°Øœ̶²ı©-や̶-Łや̶±や̶や°Ø±³œ²や©Œやª©ßÆı-ı-ºや±©ßØやøØ-

½¹©°Ł±╆や5æØやØ¼ªœ³±ı©-や©Œや²æØやı°°ØœØµ̶-²や̶°²ıªœØ±や¹̶±やª̶-

°°ıØŁや ©³²や ß̶-³̶œœ½╇や Æ̶±ØŁや ©-や ²æØや Ø¼ªœ³±ı©-や ̶-Łや
ı-ªœ³±ı©-やª°ı²Ø°ı̶やŁØR-ØŁや̶±やŒ©œœ©¹±╆

Kpenwukqp"cpf"gzenwukqp"etkvgtkc

5æØや¹©°ø±や±ØœØª²ØŁやœıøØや¬°ıß̶°½や±²³ŁıØ±やæ̶Łや²©やÆØや°ØœØ-

vant for the research topic, therefore it was applied the 

Rœ²Ø°ı-ºや ¬°©ªØ±±や ¬°©¬©±ØŁや ı-や 〉%½Æ̶や ̶-Łや %ı-º±©½°╇や
ｲｰｰｸ《╈

ｱ╆ややや *ŁØ-²ıŒ½ı-ºや ²æØや °ØœØµ̶-²や ±²³ŁıØ±╆や 0-œ½や ª©ß¬œØ²Øや
¹©°ø±や¬³Æœı±æØŁやı-やł©³°-̶œ±╇やŒ³œœやª©-ŒØ°Ø-ªØまª©--

º°Ø±±や½や¹©°ø±æ©¬や¹Ø°Øやª©-±ıŁØ°ØŁや̶-Łや±æ©°²や¬̶-

¬Ø°±╇や Ø¼²Ø-ŁØŁや ̶Æ±²°̶ª²±や ̶-Łや ¬©±²Ø°±や ¹Ø°Øや
Łı±ßı±±ØŁ╆や"や -³ßÆØ°や ©Œや ｱｳｱや ±²³ŁıØ±や¹Ø°Øや Ø¼ªœ³-

ded.

ｲ╆ややや &¼ªœ³Łı-ºや±²³ŁıØ±やÆ̶±ØŁや©-や²æØı°や²ı²œØ╆や5æØやØ¼ªœ³-

±ı©-や ª°ı²Ø°ı©-や ̶¬¬œıØŁや¹̶±や ²æØや"/%やRœ²Ø°や ı-や ²æØや
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̶Łµ̶-ªØŁや±Ø̶°ªæや©¬²ı©-や©ŒやØ̶ªæやŁıºı²̶œや œıÆ°̶°½╆や"や
-³ßÆØ°や©Œやｲｸや±²³ŁıØ±や¹Ø°ØやØ¼ªœ³ŁØŁ╆

ｳ╆やや&¼ªœ³Łı-ºや±²³ŁıØ±やÆ̶±ØŁや©-や²æØı°や̶Æ±²°̶ª²±╆や"や-³ß-

ÆØ°や©Œやｴｹや±²³ŁıØ±や¹Ø°ØやØ¼ªœ³ŁØŁ╆
ｴ╆やや"ß©-ºや²æØや°Ø±³œ²̶-²や±²³ŁıØ±や±ØœØª²ı-ºや²æØやß©±²や°ØœØ-

µ̶-²やŒ©°や²æØや°Ø±Ø̶°ªæや²©¬ıªやÆ̶±ØŁや©-や²æØやŒ³œœや²Ø¼²╆や*²や
¹̶±やŁØªıŁØŁやı-ªœ³Łı-ºや©-œ½や²æØや¹©°ø±やŁØØ¬œ½や°Øœ̶-

²ØŁや¹ı²æや²æØや±³ÆłØª²や©Œや'©°ß̶œや7Ø°ıRª̶²ı©-╆や"ªª©°-
Łı-ºや ²©や ²æı±や ª°ı²Ø°ı©-や ｱｴｵや ¹©°ø±や ¹Ø°Øや Ø¼ªœ³ŁØŁ╇や
¹æıªæや °Ø±³œ²ØŁや ı-や ̶や R-̶œや ±Ø²や æ̶µı-ºや ｱｹｹや ̶°²ıªœØ±や
ª©-±ıŁØ°ØŁやœıøØや¬°ıß̶°½や±²³ŁıØ±やŒ©°や²æØや°Ø±Ø̶°ªæ╆

Swcnkv{"cuuguuogpv

5æØや¬³°¬©±Øや©Œや²æı±や±²̶ºØやı±や²©やµ̶œıŁ̶²Øや²æØやŒ̶ª²や²æ̶²や²æØや
¬°ıß̶°½や ±²³ŁıØ±や ±ØœØª²ØŁや Ø¼æıÆı²や ±©œıŁı²½や °Øº̶°Łı-ºや
ßØ²æ©Ł©œ©º½や ̶-Łや °Ø±³œ²±╆や $©-±ıŁØ°ı-ºや ²æØや æıºæや ±²̶--

Ł̶°Ł±や©Œや²æØや°ØµıØ¹や¬°©ªØ±±や¬Ø°Œ©°ßØŁやÆ½や²æØや±ØœØª²ØŁや
ł©³°-̶œ±や̶-ŁやŁ̶²̶Æ̶±Ø±╇やı²や¹̶±やª©-ªœ³ŁØŁ╇やÆ̶±ØŁや©-や²æØや
ØµıŁØ-ªØ±や ²æ̶²や ²æØや ¬°ıß̶°½や ±²³ŁıØ±や ±ØœØª²ØŁや Ø¼æıÆı²や
º©©Łや®³̶œı²½╆

Fcvc"eqnngevkqp

"Œ²Ø°やR-ı±æı-ºや ²æØや ı-ªœ³±ı©-や©°やØ¼ªœ³±ı©-や¬°©ªØ±±╇や ²æØや
±Ø²や©ŒやŁ̶²̶や©Œや²æØや¬°ıß̶°½や±²³ŁıØ±や¹̶±や±²°³ª²³°ØŁ╆や%³-

°ı-ºや²æı±や±²̶ºØや²æØやŒ©œœ©¹ı-ºや̶m°ıÆ³²Ø±や¹Ø°Øやª©œœØª²ØŁ╈

ｱ╆ややや5½¬Øや©ŒやØµØ-²╈や ł©³°-̶œ╇やª©-ŒØ°Ø-ªØまª©-º°Ø±±╇や¹©°ø-

shop.

ｲ╆ややや1³Æœı±æØŁやı-╈やł©³°-̶œ╇や¬°©ªØØŁı-º±╆
ｳ╆ややや1³Æœı±æı-ºやæ©³±Ø╈や"$.╇や*&&&╇や4¬°ı-ºØ°╇や&œ±ØµıØ°╆
ｴ╆ややや:Ø̶°や©Œや¬³Æœı±æı-º╈やｲｰｰｰや²©やｲｰｱｱや²ıßØœı-Ø╆
ｵ╆ややや$©³-²°½╆
ｶ╆ややや$œ̶±±ıRª̶²ı©-や©Œや ²æØや̶¬¬°©̶ªæや̶-ŁやßØ²æ©Ł╆や"ªª©°-

ding to Glass Ø²や ̶œ╆や 〉ｲｰｰｲ《╇や ²æØやß̶ı-や °Ø±Ø̶°ªæや ̶-Łや
±ªıØ-²ıRªや ̶¬¬°©̶ªæØ±や ̶°Ø╈や ŁØ±ª°ı¬²ıµØ╇や Ø¼¬œ̶-̶²©°½や
and empirical and, according to Wohlin Ø²や̶œ╆や〉ｲｰｰｰ《や
̶-Łや %½Æ̶や ̶-Łや %ı-º±©½°や 〉ｲｰｰｸ《╇や ²æØ°Øや ̶°Øや ²æ°ØØや
ßØ²æ©Ł±や ©Œや °Ø±Ø̶°ªæや ³±ØŁや ²©や Øµ̶œ³̶²Øや ²Øªæ-ı®³Ø±╇や
ßØ²æ©Ł±や̶-Łや²©©œ±╈や±³°µØ½╇やª̶±Øや±²³Ł½や̶-ŁやØ¼¬Ø°ı-
ment. 

ｷ╆ややや$œ̶±±ıRª̶²ı©-や©Œや²æØやRØœŁ╆や5æØや±ØœØª²ØŁやRØœŁ±やŒ©°や²æØや
°Ø±Ø̶°ªæや ¹Ø°Ø╈や ß̶²æØß̶²ıª̶œや ß©ŁØœ±╇や Œ©°ß̶œや œ̶--

º³̶ºØ±╇や ̶³²©ß̶²ØŁやß©ŁØœ±╇や ŁØªœ̶°̶²ıµØや œ̶-º³̶ºØ±╇や
Œ©°ß̶œやßØ²æ©Ł±や̶-ŁやŒ©°ß̶œや±¬ØªıRª̶²ı©-╆

ｸ╆ややや$œ̶±±ıRª̶²ı©-や ©Œや ²æØや ßØ²æ©Ł©œ©º½╆や 5æØや ̶-̶œ½¾ØŁや
ßØ²æ©Ł©œ©ºıØ±や¹Ø°Ø╈や Ø¼¬Ø°ıßØ-²̶²ı©-╇や ª̶±Øや ±²³Ł½╇や
±²©ªæ̶±²ıªや̶-ŁやæØ³°ı±²ıª±╆

ｹ╆ややや$œ̶±±ıRª̶²ı©-や©Œや²æØや²Øªæ-ı®³Ø╆や5æØや±ØœØª²ØŁや¬°ıß̶°½や
±²³ŁıØ±や¹Ø°Øや ªœ̶±±ıRØŁや ̶ªª©°Łı-ºや ²©や ²æØや ²°Ø̶²ßØ-²や

ºıµØ-やı-や²æØやØß¬œ©½ØŁや²Øªæ-ı®³Ø╈や¬ØØ°±╇や̶-ıß̶²ı©-╇や
±ıß³œ̶²ı©-や̶-Łや̶ºıœØやßØ²æ©Ł±╆

'©°や̶-±¹Ø°ı-ºや2ｵや²æ°ØØや²½¬Ø±や©Œや̶°²ıªœØ±や¹Ø°Øやı-ªœ³ŁØŁや
̶ªª©°Łı-ºや²æØやŒ©œœ©¹ı-ºやªœ̶±±ıRª̶²ı©-╈や

ゃやややや5Øªæ-©œ©ºıª̶œや̶-Łや±ªıØ-²ıRªや°Ø±Ø̶°ªæや̶°²ıªœØ╆や%©ª³ßØ-²や
that presents in a detailed manner the original re-

±³œ²±や ©Œや R-ı±æØŁや °Ø±Ø̶°ªæや ¬°©łØª²±╆や 5æØı°や ±²°³ª²³°Øや
ºØ-Ø°̶œœ½やæ̶±やŒ©³°や±Øª²ı©-±╈やı-²°©Ł³ª²ı©-╇やßØ²æ©Ł©-

œ©º½╇や°Ø±³œ²±や̶-Łやª©-ªœ³±ı©-±╆
ゃやややや3ØSØª²ı©-や̶°²ıªœØ╆や%©ª³ßØ-²や²æ̶²や¬°Ø±Ø-²±や²æØや°Ø±³œ²±や

©ŒやR-ı±æØŁや°Ø±Ø̶°ªæやŒ°©ßや̶-や̶-̶œ½²ıª╇やª°ı²ıª̶œや©°やı--

²Ø°¬°Ø²̶²ıµØや¬©ı-²や©ŒやµıØ¹や̶Æ©³²や̶や±¬ØªıRªや²©¬ıªや̶-Łや
ª©-±ıŁØ°ı-ºや©°ıºı-̶œや±©³°ªØ±╆

ゃやややや3ØµıØ¹や̶°²ıªœØ╆や%©ª³ßØ-²や¹æıªæや̶-̶œ½¾Ø±や±½±²Øß̶²ı-
¾Ø±や̶-Łやı-²Øº°̶²Ø±や²æØや°Ø±³œ²±や©Œや¬³Æœı±æØŁや©°や-©-ま
¬³Æœı±æØŁや °Ø±Ø̶°ªæや ̶Æ©³²や ̶や ±ªıØ-ªØや ©°や ²Øªæ-©œ©º½や
RØœŁ╇やæ̶µı-ºや̶ ±や¬³°¬©±ØやŁı±±Øßı-̶²ı-ºや²æØや̶ Łµ̶-ªØ±や
̶-Łや²°Ø-Ł±や©ŒやŁØµØœ©¬ßØ-²╆や"やªæ̶°̶ª²Ø°ı±²ıªやŒØ̶²³°Øや
ı±や²æ̶²や²æØ½や¬°Ø±Ø-²や̶やŁØ²̶ıœØŁやÆıÆœı©º°̶¬æıªや°ØµıØ¹や
©Œ╇や̶²やœØ̶±²╇やｵｰや°ØŒØ°Ø-ªØ±╆や

Data analysis

5æØや¬°ıß̶°½や±²³ŁıØ±や¹Ø°Øや²̶Æ³œ̶²ØŁや̶-Łや̶-̶œ½¾ØŁや±²̶-

²ı±²ıª̶œœ½や¹ı²æや²æØや©ÆłØª²ıµØや©ŒやR-Łı-º╈

ｱ╆ややや/³ßÆØ°や©Œや¹©°ø±や¬³Æœı±æØŁやÆ½や½Ø̶°╈や2ｵ╆
ｲ╆ややや/³ßÆØ°や©Œや¹©°ø±や¬³Æœı±æØŁやı-やł©³°-̶œ±や̶-Łや¬°©ªØØ-

Łı-º±╈や2ｵ╆
ｳ╆ややや/³ßÆØ°や©Œや±²³ŁıØ±やÆ½やª©³-²°½╈や2ｵ╆
ｴ╆ややや.̶ı-や²©¬ıª±やª©µØ°ØŁやı-やŒ©°ß̶œやµØ°ıRª̶²ı©-╈や2ｵ╆
ｵ╆ややや"¬¬°©̶ªæや̶-Łや°Ø±Ø̶°ªæやßØ²æ©Ł╈や2ｴ╆
6.   Field of Œ©°ß̶œやµØ°ıRª̶²ı©- in which research is per-

Œ©°ßØŁ╈や2ｱ╆
ｷ╆ややや"¬¬œıª̶²ı©-やßØ²æ©Ł©œ©º½╈や2ｲ╆
ｸ╆ややや6±ØŁや²Øªæ-ı®³Ø╈や2ｳ╆

Results and analysis

*-や©°ŁØ°や²©や³-ŁØ°±²̶-Łや²æØやª̶²Øº©°ıØ±や̶±±ıº-ØŁやŒ©°やØ̶ªæや
±²³Ł½╇や²æØやŒØ̶²³°Ø±や©Œや²æØやŁ̶²̶や±Ø²や©Œや²æØや¬°ıß̶°½や±²³ŁıØ±や
¹Ø°Øや²̶Æ³œ̶²ØŁ╆や*²やı±やıß¬©°²̶-²や²©や-©²ıªØや²æØやŁıTØ°Ø-ªØや
ÆØ²¹ØØ-や °Ø±Ø̶°ªæや ̶ª²ıµı²½や and °Ø±Ø̶°ªæや ̶°²ıªœØ. Research 

activity comprise the set of relevant articles which were 

ı-ªœ³ŁØŁやÆ̶±ØŁや©-や²æØや²ı²œØ╇や²æ̶²やı±╇や°Ø±Ø̶°ªæ╇や°ØSØª²ı©-や
̶-ŁやµØ°ıRª̶²ı©-や̶°²ıªœØ±╇や¹æØ°Ø̶±や ²æØや °Ø±Ø̶°ªæや̶°²ıªœØ±や
̶°Øや²æØやR-̶œや°Ø±³œ²や©Œや̶¬¬œ½ı-ºや²æØやı-ªœ³±ı©-や̶-ŁやØ¼ªœ³-

±ı©-や ª°ı²Ø°ı̶╆や 5̶ÆœØや ｲや ±æ©¹±や ²æØや Ł½-̶ßı±ßや ©Œや ²æØや °Ø-

±Ø̶°ªæや̶ª²ıµı²½やÆ½や½Ø̶°や̶-ŁやØµØ-²や²½¬Ø╆
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Vcdng"40"F{pcokuo"qh"tgugctej"kp"HX
:Ø̶° $©-ŒØ°Ø-ªØま$©-º°Ø±± +©³°-̶œ 8©°ø±æ©¬ Total

ｲｰｰｰ ｰ ｳ ｰ ｳ

ｲｰｰｱ ｰ ｳ ｰ ｳ

ｲｰｰｲ ｱ ｱｳ ｰ ｱｴ

ｲｰｰｳ ｰ ｸ ｰ ｸ

ｲｰｰｴ ｰ ｳ ｰ ｳ

ｲｰｰｵ ｱｱ ｲｱ ｰ ｳｲ

ｲｰｰｶ ｸ ｱｳ ｸ ｲｹ

ｲｰｰｷ ｱｳ ｱｱ ｳ ｲｷ

ｲｰｰｸ ｱｱ ｱｴ ｱ 26

ｲｰｰｹ ｱｰ ｸ ｵ ｲｳ

ｲｰｱｰ ｱｱ ｹ ｷ ｲｷ

ｲｰｱｱ ｰ ｴ ｰ ｴ

Total ｶｵ ｱｱｰ ｲｴ ｱｹｹ

"ªª©°Łı-ºや²©や²æØ±Øや°Ø±³œ²±や²æØや°Ø±Ø̶°ªæやı-やŒ©°ß̶œやµØ°ıRª̶-

²ı©-やŁ©³ÆœØŁや±ı-ªØやｲｰｰｵ╇や°Øß̶ı-ı-ºやª©-±²̶-²や ²æØや-³ß-

ÆØ°や©Œや¬³Æœıª̶²ı©-±や³-²ıœや¬°Ø±Ø-²や²ıßØ╆や'ıº³°Øやｱや±æ©¹±や
²æØやª©ß¬̶°ı±©-やÆØ²¹ØØ-や²æØや°Ø±Ø̶°ªæや̶ª²ıµı²ıØ±やı-や±©Œ²-
¹̶°ØやØ-ºı-ØØ°ı-º╇や4&やµ±や'7╆や5æØや²©¬ıª±やª©µØ°ØŁやÆ½や°Ø-

±Ø̶°ªæやı-や4&や̶°ØやŁıµØ°±Ø╇や̶ß©-ºや²æØßや¹ØやŒ©³-Łやformal 

µØ°ıRª̶²ı©-╇やÆ³²やŒ©°や²æı±や̶-̶œ½±ı±やı²や¹̶±や²̶øØ-や̶やŁıTØ°Ø-²や
ª©-ªØ¬²やÆØª̶³±Øや©Œや²æØや°Ø±Ø̶°ªæやı-²Ø°Ø±²±╆や"±や±æ©¹-やı-や
5̶ÆœØやｵ╇や²æØやı-Ł³±²°ı̶œや̶-Łや̶ª̶ŁØßıªやº°©³¬±や̶°Øや²æØやÆı-
ººØ±²やÆ©©±²ı-ºや̶ºØ-²±や©Œや°Ø±Ø̶°ªæやı-や Œ©°ß̶œやµØ°ıRª̶²ı©-, 

Æ³²や²æØや³-ıµØ°±ı²ıØ±や®³̶Ł°³¬œØや²æØや¹©°øや¬Ø°Œ©°ßØŁやı-や
ı-Ł³±²°½╆や"ŁŁı²ı©-̶œœ½╇やı-や5̶ÆœØやｲやı²やª̶-やÆØや±ØØ-や²æ̶²や²æØ-

°Øや̶°Øや±¬Øªı̶œı¾ØŁやł©³°-̶œ±╇や¹©°ø±æ©¬±や̶-Łやª©-ŒØ°Ø-ªØ±や
²æ̶²やŁØÆ̶²Øや̶Æ©³²や²æØや²æØ©°Ø²ıª̶œや̶-Łや¬°̶ª²ıª̶œや̶¬¬œıª̶-

²ı©-±や©Œや²æı±や±³ÆłØª²╆や
When examining the activities regarding formal veri-

Rª̶²ı©-やÆ½やª©³-²°½やı²やª̶-やÆØや±ØØ-や²æ̶²や²æØや6-ı²ØŁや4²̶²Ø±や 

 

¬°©µıŁØ±やß©°Øや²æ̶-やæ̶œŒや©Œや²©²̶œや¬³Æœıª̶²ı©-±や¹ı²æやｵｵゾ╆や
5æØや6-ı²ØŁや4²̶²Ø±やı±やŒ©œœ©¹ØŁやÆ½や²æ°や6-ı²ØŁや,ı-ºŁ©ß╇や
+̶¬̶-╇や $æı-̶や ̶-Łや (Ø°ß̶-½╆や *-や ©²æØ°や °Ø¬°Ø±Ø-²̶²ıµØや
ª©³-²°ıØ±╇やı²や¹̶±やŒ©³-Łや²æ̶²やı-²Ø°Ø±²や©-や'7や±²̶°²ØŁや̶やœım-

œØやÆı²やœ̶²Ø°や²æ̶-やı-や²æ©±ØやßØ-²ı©-ØŁや̶Æ©µØ╆や5̶ÆœØやｳや¬°Ø-

±Ø-²±や ²æØや ª©ß¬̶°ı±©-や ÆØ²¹ØØ-や ¹©°ø±や ¹æıªæや °Ø¬©°²や
research activities and other type of reports related to 

FV topics.

#Øª̶³±Øや²æØや¬³°¬©±Øや©Œや²æı±や°ØµıØ¹や²©や²æØやœı²Ø°̶²³°Øや
ı±や²©やı-®³ı°Øや̶Æ©³²やßØ²æ©Ł±╇や²Øªæ-ı®³Ø±や̶-ŁやßØ²æ©Ł©-

logies that apply research in Œ©°ß̶œやµØ°ıRª̶²ı©-, from this 

¬©ı-²やı-や²æØや̶°²ıªœØや²æØや¹©°øや¹ıœœやÆØやŒ©ª³±ØŁやı-やｱｰｵや¬̶-

¬Ø°±や²æ̶²やŁı±±Øßı-̶²Øや°Ø±³œ²±や©Œや°Ø±Ø̶°ªæ╆や5̶ÆœØやｴや±æ©¹±や
²æØや¬³Æœıª̶²ı©-±やı-や¹æıªæや²æØや̶°²ıªœØ±や¹Ø°ØやŒ©³-Łや̶Æ©³²や
the researches related to Œ©°ß̶œや µØ°ıRª̶²ı©- and the 

̶ß©³-²や©Œや¹©°ø±や¬³Æœı±æØŁやı-や²æØや²ıßØœı-Øやª©µØ°ØŁやÆ½や
²æı±や ı-µØ±²ıº̶²ı©-╆や 'ıº³°Øや ｲや ±æ©¹±や ²æØや ¬°©RœØや ©Œや ²æØや
ß©±²や̶ª²ıµØやª©³-²°ıØ±やı-や°Ø±Ø̶°ªæやı-や'7╆や

Hkiwtg"30 Kpvgpukv{"qh"tgugctej"cevkxkvkgu""
kp"UG"xu"HX

Vcdng"50"Tgugctej"ctvkengu"xu0"qvjgt"ctvkengu

:Ø̶° Research Other ゾや3Ø±Ø̶°ªæ
ｲｰｰｰ ｱ 2 ｳｳゾ
ｲｰｰｱ ｰ ｳ ｰゾ
ｲｰｰｲ 6 ｸ ｴｳゾ
ｲｰｰｳ 2 6 ｲｵゾ
ｲｰｰｴ ｰ ｳ ｰゾ
ｲｰｰｵ ｱｳ ｱｹ ｴｱゾ
ｲｰｰｶ ｱｷ ｱｲ ｵｹゾ
ｲｰｰｷ ｱｶ ｱｱ ｵｹゾ
ｲｰｰｸ ｱｶ ｱｰ ｶｲゾ
ｲｰｰｹ ｱｶ ｷ ｷｰゾ
ｲｰｱｰ ｱｸ ｹ ｶｷゾ
ｲｰｱｱ ｰ ｴ ｰゾ
Total ｱｰｵ ｹｴ ｸｹ╆ｵゾ
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Vcdng"60"Lqwtpcnu"cpf"rwdnkujgf"Yqtmu"qp"Hqtocn"Xgtkhkecvkqp

1³Æœıª̶²ı©-
&œØª²°©-ıªや/©²Ø±やı-や5æØ©°ıª̶œや$©ß¬³²Ø°や4ªıØ-ªØや〉&/5$4《 ｲｰ
Formal Methods in System Design ｱｲ
IEEE Transactions on Software Engineering ｸ
*&&&や5°̶-±̶ª²ı©-±や©-や4½±²Øß±╇や.̶-╇や̶-Łや$½ÆØ°-Ø²ıª± ｷ
*-²Ø°-̶²ı©-̶œや+©³°-̶œや©-や4©Œ²¹̶°Øや5©©œ±やŒ©°や5Øªæ-©œ©º½や5°̶-±ŒØ°や〉4555《 6

5æØ©°ıª̶œや$©ß¬³²Ø°や4ªıØ-ªØ ｴ
IEEE Design & Test 6

+©³°-̶œや©Œや"³²©ß̶²ØŁや3Ø̶±©-ı-º ｳ
'©°ß̶œや"±¬Øª²±や©Œや$©ß¬³²ı-º ｳ
$©ß¬³²Ø°±やı-やı-Ł³±²°½ 2

$©ß¬³²Ø°や4²̶-Ł̶°Ł±や╄や*-²Ø°Œ̶ªØ± 2

4ªıØ-ªØや©Œや$©ß¬³²Ø°や1°©º°̶ßßı-º 2

+©³°-̶œや©Œや4½±²Øß±や"°ªæı²Øª²³°Ø╈や²æØや&³°©ßıª°©や+©³°-̶œ 2

Real-Time Systems 2

$©ß¬³²Ø° ｱ
*&&&や5°̶-±̶ª²ı©-±や©-や$©ß¬³²Ø°± ｱ
IEEE Software ｱ
*#.や+©³°-̶œや©Œや3Ø±Ø̶°ªæや̶-Łや%ØµØœ©¬ßØ-² ｱ
+©³°-̶œや©Œや$©ß¬³²ı-ºや4ªıØ-ªØやı-や$©œœØºØ± ｱ
+©³°-̶œや©Œや4½±²Øß±や̶-Łや4©Œ²¹̶°Ø ｱ
+©³°-̶œや©Œや²æØや"$.や〉+"$.《 ｱ
+©³°-̶œや©Œや1̶°̶œœØœや̶-Łや%ı±²°ıÆ³²ØŁや$©ß¬³²ı-ºや4½±²Øß± ｱ
'³²³°Øや(Ø-Ø°̶²ı©-や$©ß¬³²Ø°や4½±²Øß± ｱ
+©³°-̶œや©Œや4½ßÆ©œıªや$©ß¬³²̶²ı©- ｱ
"³²©ß̶²ı©-や̶-Łや3Øß©²Øや$©-²°©œ ｱ
Advances in Engineering Software ｱ
+©³°-̶œや©Œや&œØª²°©-ıªや5Ø±²ı-º╈や5æØ©°½や̶-Łや"¬¬œıª̶²ı©-± ｱ
Environmental Modelling & Software ｱ
*-²Øº°̶²ı©-╇や²æØや7-4*や+©³°-̶œ ｱ
*-²Ø°-̶²ı©-̶œや+©³°-̶œや©Œや1̶°̶œœØœや1°©º°̶ßßı-º ｱ
1°©º°̶ßßı-ºや̶-Łや$©ß¬³²ı-ºや4©Œ²¹̶°Ø ｱ
/©°Łıªや+©³°-̶œや©Œや$©ß¬³²ı-º ｱ
Informatics ｱ
+©³°-̶œや©Œや7ı±³̶œや-̶-º³̶ºØ±や̶-Łや$©ß¬³²ı-º ｱ
*&&&や5°̶-±̶ª²ı©-±や©-や%Ø¬Ø-Ł̶ÆœØや̶-Łや4Øª³°Øや$©ß¬³²ı-º ｱ
&63"4*1や+©³°-̶œや©-や&ßÆØŁŁØŁや4½±²Øß± ｱ
Annals of Software Enginnering ｱ
*&&&や5°̶-±̶ª²ı©-±や©-や*-Œ©°ß̶²ı©-や'©°Ø-±ıª±や̶-Łや4Øª³°ı²½ ｱ
4©Œ²¹̶°Øや5Ø±²ı-º╇や7Ø°ıRª̶²ı©-や╄や3Øœı̶Æıœı²½ ｱ
*-²Ø°-̶²ı©-̶œや+©³°-̶œや©Œや"ºØ-²ま0°ıØ-²ØŁや4©Œ²¹̶°Øや&-ºı-ØØ°ı-º ｱ

Hkiwtg"40 Tgugctej"cevkxkv{"kp"Hqtocn"
Xgtkhkecvkqp"d{"eqwpvt{
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Vcdng"70"Pwodgt"qh"Wpkxgtukvkgu"cpf"eqorcpkgu"yjkej"rgthqtou"
tgugctej"kp"HX

2³̶-²ı²½ 1³Æœıª̶²ı©-±
6-ıµØ°±ı²ıØ± ｵｶ ｸｶ
$©ß¬̶-ıØ± ｱｴ ｱｹ

Vcdng"80"Ogvjqfu"qh"Tgugctej
Method Ratio

$̶±Øや±²³Ł½ ｸｶのｱｰｵ
Experiment ｱｹのｱｰｵ

Vcdng"90"Tgugctej"crrtqcej
Approach 2³̶-²ı²½
Applied ｰ

Descriptive ｰ
Empirical ｱｰｵ

Exploratory ｰ

5̶ÆœØやｵや¬°Ø±Ø-²±や̶やª©ß¬̶°ı±©-やÆØ²¹ØØ-や²æØや-³ßÆØ°や©Œや
³-ıµØ°±ı²ıØ±や̶-Łや²æØや-³ßÆØ°や©Œやª©ß¬̶-ıØ±や¹æıªæや¬Ø°-
form research in Œ©°ß̶œやµØ°ıRª̶²ı©-や ̶-Łや ²æØや-³ßÆØ°や©Œや
¬³Æœı±æØŁや¹©°ø±╆

5̶ÆœØ±やｶや̶-Łやｷや±æ©¹や²æØや°Ø±³œ²±や©Œや²æØや̶-̶œ½±ı±や°Øº̶°-
Łı-ºや ²æØや ªœ̶±±ıRª̶²ı©-や ©Œや ̶¬¬°©̶ªæØ±や ̶-Łや ßØ²æ©Ł±や
Œ©³-Łやı-や°Ø±Ø̶°ªæやı-やŒ©°ß̶œやµØ°ıRª̶²ı©-╆

5æØや ß©±²や ̶¬¬œıØŁや ßØ²æ©Łや ı±や ª̶±Øや ±²³Ł½╉や ²æı±や Œ̶ª²や
°Øı-Œ©°ªØ±や ²æØや °Ø±³œ²や ²æ̶²や ı-Łıª̶²Ø±や ²æ̶²や ³-ıµØ°±ı²ıØ±や
have the highest participation in the research in this 

RØœŁ╆や5æØや °Ø±Ø̶°ªæや̶°²ıªœØ±や ı-や Œ©°ß̶œやµØ°ıRª̶²ı©-や³±Øや̶-や
̶¬¬°©̶ªæや©ŒやØß¬ı°ıª̶œや°Ø±Ø̶°ªæ╇やÆØª̶³±Øや©Œや²æØや-ØØŁや©Œや
ª©-R°ß̶²ı©-や©Œや²æØやßØ²æ©Łや̶-Łや²æØや̶¬¬œıØŁやß©ŁØœ╆や5̶-

ÆœØやｸや±æ©¹±や²æØや°Ø±³œ²±や°Øº̶°Łı-ºや²æØやRØœŁや©Œや°Ø±Ø̶°ªæやı-や
Œ©°ß̶œや µØ°ıRª̶²ı©-╇や ı²やß³±²や ÆØや ª©-±ıŁØ°ØŁや ²æ̶²や ²æØ½や ̶°Øや
ı-ªœ³±ıµØ╆

5æØやRØœŁ±やı-や¹æıªæやß©±²や©Œや²æØや¹©°øやı±や¬Ø°Œ©°ßØŁや
̶°ØやŒ©°ß̶œや±¬ØªıRª̶²ı©-╇やß̶²æØß̶²ıª̶œやß©ŁØœ±や̶-ŁやŒ©°-
ß̶œやßØ²æ©Ł±╆や5æØや œ̶±²や©-Øや̶œœ©¹±やŁØ±ª°ıÆı-ºや ²æØや¬°©-

¬Ø°²ıØ±や©Œや²æØや±½±²Øßや²æ°©³ºæや°ıº©°©³±やß̶²æØß̶²ıª±╇や²©や
̶ªæıØµØや²æı±╇や²æØ½や̶¬¬œ½や̶やœ̶-º³̶ºØや©ŒやŒ©°ß̶œや±¬ØªıRª̶-

²ı©-や¹æıªæやß̶øØ±や¬©±±ıÆœØや±¬ØªıŒ½ı-ºや²æØやŒ³-ª²ı©-̶œı²½や
©Œや̶や¬°©º°̶ß╉や²æı±やı±やŁ³Øや²©や²æØや¹̶½やŒ©°ß̶œやµØ°ıRª̶²ı©-や
ı±やÆ³ıœ²╈やR°±²やı²やŒ©ª³±Ø±や©-や²æØや±¬ØªıRª̶²ı©-╇や²æØ-や²æØや²Ø±²や
ß©ŁØœやı±やÆ³ıœ²や̶ -ŁやR-̶œœ½や²æØやµØ°ıRª̶²ı©-や©Œや²æØやª̶±Øや±²³-

Ł½やı±やªæØªøØŁ╆や5æı±やı±や̶やª©ß¬œØ¼や¬°©ªØ±±や²æ̶²やı-µ©œµØ±や
ŁıTØ°Ø-²や²©©œ±╇や±©ßØやß̶-³̶œや©²æØ°や̶³²©ß̶²ØŁ╆や5̶ÆœØやｹや 
 

±æ©¹±や̶やª©ß¬̶°ı±©-やÆØ²¹ØØ-や²æØやßØ²æ©Ł©œ©ºıØ±や³±ØŁや
for Œ©°ß̶œやµØ°ıRª̶²ı©-やı-や²æØや̶-̶œ½¾ØŁや¹©°ø±╆

4ı-ªØや²æØやª̶±Øや±²³Ł½やßØ²æ©Łやı±や³±ØŁや²©や̶¬¬œ½やŒ©°ß̶œや
µØ°ıRª̶²ı©-や ̶-Łや ²©や ªæØªøや ²æØや °Ø±³œ²±やß̶-³̶œœ½╇や ı²や ̶œ±©や
̶¬¬Ø̶°±やœıøØや²æØや¬°Øµ̶ıœı-ºやßØ²æ©Ł©œ©º½や²©やµ̶œıŁ̶²Øや²æØや
°Ø±³œ²±や ©Œや ²æØや Øß¬ı°ıª̶œや ̶¬¬°©̶ªæ╆や 5æØや Ø¼¬Ø°ıßØ-²̶œや
¬̶°²やÆØª©ßØ±やØµıŁØ-²やı-や²æØや¬̶°²ıªı¬̶²ı©-や©Œや²æØやı-Ł³±-
²°ı̶œや°Ø±Ø̶°ªæ╆や5̶ÆœØやｱｰや¬°Ø±Ø-²±や²æØや²Øªæ-ı®³Ø±や³±ØŁやŒ©°や
°Ø±Ø̶°ªæやı-や'7やŒ©°や²æØや¬°ıß̶°½や±²³ŁıØ±╆

5æØや ª³°°Ø-²や ²Øªæ-ı®³Ø±や ©Œや ŁØµØœ©¬ßØ-²や ̶°Øや ÆØ±²や
±³ı²ØŁや²©や²æØや-Ø¹や¬̶°̶Łıºß±や̶-Łや²æØ°Øや̶°Øやª©ßßØ°ªı̶œや
²©©œ±や ²æ̶²や ±³¬¬©°²や ²æØや ®³̶œı²½や ıß¬°©µØßØ-²や ©Œや ±©Œ²-
ware. As information systems increase their complexi-

²½╇や²æØやœ©±±Ø±やª̶³±ØŁやÆ½やŒ̶³œ²±や̶°Øやı-ª°Ø̶±ı-ºœ½やæıºæØ°╆や
"°©³-Łやｹｸゾや©Œや²æØや°Ø±Ø̶°ªæや̶°²ıªœØ±やŁØ±ª°ıÆØや±ıß³œ̶-

²ı©-や ²Øªæ-ı®³Ø±╇や ²æı±や¹ı²æや ²æØや¬³°¬©±Øや©Œや ª©-²°©œœı-ºや
²æØやı-¬³²やµ̶°ı̶ÆœØ±や̶-Łや²æØや°Ø±¬©-±Ø±や©°やØ¼¬Øª²ØŁや©³²-
¬³²±やı-や²æØや²Ø±²やØ-µı°©-ßØ-²±╆や*²やı±やıß¬©°²̶-²や²©や-©²ıªØや
²æØやŒ̶ª²や²æ̶²や©-œ½やｲゾや³±ØŁや²æØや²Øªæ-ı®³Øや©Œや¬ØØ°やªæØª-

øı-º╇や²æ̶²やı-や²æØや°ØµıØ¹±や©Œや²æØやØ-Łま©ŒまªØ-²³°½やœı²Ø°̶²³-

°Øや¹̶±や²æØやß©±²や³±ØŁ╆

Threats and limitations 

In this review we performed a detailed research of the 

œı²Ø°̶²³°ØやÆ̶±ØŁや©-や²æØやR-Łı-ºや©Œやｱｹｹや̶³²æ©°±や̶-ŁやŁı-
TØ°Ø-²や ¹©°ø±╇や ı-ªœ³Łı-ºや ±©ßØや ±Øª©-Ł̶°½や ±²³ŁıØ±や む
¹æØ°Øや °ØŒØ°Ø-ªØ±や ı-や ²æØや¬°ıß̶°½や ±²³Ł½や¹Ø°Øや³±ØŁや ²©や
R-Łや©²æØ°や±²³ŁıØ±╆や)©¹ØµØ°╇やı²やª̶-やÆØや±ØØ-や²æ̶²╇やª©-±ı-
ŁØ°ı-ºや²æØやı-ª°Ø̶±ı-ºや²°Ø-Łや©Œや¹©°ø±やı-や²æı±やRØœŁ╇やı²やı±や
-©²や ¬©±±ıÆœØや ²©や Ø-±³°Øや ²æ̶²や ̶œœや ©Œや ²æØや ̶°²ıªœØ±や ı-や ²æı±や
RØœŁや ¹Ø°Øや °Øª©µØ°ØŁ╇や ¬̶°²ıª³œ̶°œ½や Œ©°や ｲｰｱｱ╇や ÆØª̶³±Øや
the research ended in April.

5æØや±²³ŁıØ±や²æ̶²やŁıŁや-©²やæ̶µØや²æØや¹©°Ł±やformal veri-

Rª̶²ı©-やı-や²æØı°や²ı²œØや¹Ø°Øや-©²やı-ªœ³ŁØŁやı-や²æØや±Ø²や©Œや¬°ı-
ß̶°½や±²³ŁıØ±╉やæØ-ªØ╇やı²やı±や¬©±±ıÆœØや²æ̶²やŁ³°ı-ºや²æØや±Ø̶°ªæや
¬°©ªØ±±や ̶や ±ıº-ıRª̶-²や-³ßÆØ°や©Œや ±²³ŁıØ±や °Øœ̶²ØŁや ²©や ²æØや
°Ø±Ø̶°ªæやRØœŁや¹Ø°Øや Ø¼ªœ³ŁØŁ╆や '³°²æØ°ß©°Ø╇や ²æØや ı-ªœ³-

±ı©-や©Œや¹©°ø±や¬°Ø±Ø-²ØŁやı-や¹©°ø±æ©¬±やª©³œŁやªæ̶-ºØや²æØや
°Ø±³œ²±や ÆØª̶³±Øや ²æØı°や -̶²³°Øや ı±や ŁıTØ°Ø-²や ²æ̶-や ²æ̶²や ©Œや

Vcdng";0"Tgugctej"Ogvjqfqnqikgu
Methodology 2³̶-²ı²½ Percentage

Experimental ｱｸ ｱｷゾ
$̶±Øや±²³Ł½ ｸｱ ｷｷゾ
Stochastic 6 ｶゾ
)Ø³°ı±²ıª ｰ ｰゾ

Vcdng"320"Tgugctej"Vgejpkswgu
5Øªæ-ı®³Ø 2³̶-²ı²½ Percentage

#½や¬ØØ°± 2 ｲゾ
Animation ｰ ｰゾ
4ıß³œ̶²ı©- ｱｰｳ ｹｸゾ

Agile methods ｰ ｰゾ

Vcdng":0"Hkgnfu"qh"Tgugctej"kp"formal verification

Field 2³̶-²ı²½ Percentage

Mathematical model ｱｰｵ ｱｰｰゾ
"³²©ß̶²ØŁやß©ŁØœ 26 ｲｵゾ
Formal methods ｱｰｵ ｱｰｰゾ

'©°ß̶œや±¬ØªıRª̶²ı©- ｱｰｴ ｹｹゾ
'©°ß̶œやœ̶-º³̶ºØ± ｹｷ ｹｲゾ

%Øªœ̶°̶²ıµØやœ̶-º³̶ºØ± 6 ｶゾ
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ł©³°-̶œ±や̶-Łやª©-ŒØ°Ø-ªØ±╆や5æØやŁıUª³œ²ıØ±や²©やŁı±ªØ°-や²æØや
Ø±²̶Æœı±æØŁや¬̶°̶ßØ²Ø°±や ı-や²æØや°Ø±Ø̶°ªæやŒ©°や²æØや±©³°ªØ±や
¹æıªæや©-œ½や ̶œœ©¹ØŁや ̶ªªØ±±や ²©や ²æØや ̶Æ±²°̶ª²╇や ª©³œŁや ̶œ±©や
ı-S³Ø-ªØŁや²æØや°Ø±³œ²±や©Œや²æØやªœ̶±±ıRª̶²ı©-╆

'©°ß̶œやµØ°ıRª̶²ı©-やı-や²æØやŁıTØ°Ø-²やª©³-²°ıØ±や̶-Łや²ıßØや
¬Ø°ı©Ł±やæ̶±やÆØØ-やº°©³¬ØŁや ı-や ²æØß̶²ıªやRØœŁ±や¹ı²æや ²æØや
ı-²Ø-²ı©-や ©Œや ıŁØ-²ıŒ½ı-ºや ²æØや ı-²Ø°Ø±²や RØœŁ±や ı-や Ø̶ªæや ©Œや
them, which do not necessarily correspond with that 

Ø±²̶Æœı±æØŁや ²©や ̶-±¹Ø°や ²æØや °Ø±Ø̶°ªæや ®³Ø±²ı©-±や ©Œや ²æı±や
¹©°ø╆や )©¹ØµØ°╇や ŁØ°ıµØŁや Œ°©ßや ²æØや œı²Ø°̶²³°Øや °ØµıØ¹や
ı²±ØœŒ╇や ²æØや ±³ººØ±²ı©-や ̶°ı±Ø±や Œ©°や ̶±±©ªı̶²ı-ºや ŁıTØ°Ø-²や
Œ³-ª²ı©-±や ²©や ŁıTØ°Ø-²や -ØØŁ±や ̶-Łやß©²ıµ̶²ı©-や ŒØ̶²³°Ø±╆や
(°©³¬ı-ºや̶œœや²æı±や°©œØ±や̶-ŁやŒ³-ª²ı©-±や¬̶°²や©Œや²æØやŁØ²̶ıœや
²æ̶²や¹̶±や ¬©±±ıÆœØや ²©や ı-ªœ³ŁØや ı-や ²æØや ̶-̶œ½±ı±や ª©³œŁや ÆØや
lost. In this review the term Œ©°ß̶œやµØ°ıRª̶²ı©- covers a 

-³ßÆØ°や©Œや°©œØ±やı-や±©Œ²¹̶°ØやØ-ºı-ØØ°ı-º╇やœıøØや²æØや²̶±ø±や
ª̶°°ıØŁや©³²やÆ½や̶œœや²æØや¬°©ŒØ±±ı©-̶œ±や²æ̶²や¬̶°²ıªı¬̶²ØやŁı-
°Øª²œ½やı-や²æØや¬°©Ł³ª²ı©-や©Œや±©Œ²¹̶°Ø╆や5æı±やª̶³±Ø±やœıßı²̶-

²ı©-±や Œ©°や ²æØや±²³Ł½やÆØª̶³±Øや°̶°Øœ½や ²æØ½や̶°ØやŁØR-ØŁや©°や
ŁıTØ°Ø-²ı̶²ØŁや ı-ŁıµıŁ³̶œœ½や ̶ªª©°Łı-ºや ²©や ²æØや ¬°̶ª²ıªØ╇や
Æ³²やı²やı±や̶œ±©や²°³Øや²æ̶²やª©ß¬Ø²Ø-ªØ±╇や°©œØ±や̶-Łや¬°̶ª²ıªØ±や
ı-や²æı±やRØœŁやæ̶µØやªæ̶-ºØŁやŁ³°ı-ºや²æØや²ıßØœı-Øやª©µØ°ØŁや
Æ½や²æØや°ØµıØ¹╉やŒ©°やı-±²̶-ªØ╇やı-や²æØやØ̶°œ½やｲｰｰｰや²æØや°©œØや©Œや
²æØや¬°©º°̶ßßØ°の̶-̶œ½±²や¹̶±やª©ßß©-╉や©-や²æØやª©-²°̶°½╇や
̶²や ßıŁや ｲｰｰｵや ²æØ½や ¹Ø°Øや ̶œ°Ø̶Ł½や ª̶œœØŁや ±©Œ²¹̶°Øや Ø-ºı-
-ØØ°±╆や5æØ°ØŒ©°Ø╇や°Ø±Ø̶°ªæØ±や̶-Łや¬³Æœıª̶²ı©-±や°Øœ̶²ØŁや²©や
Œ©°ß̶œや µØ°ıRª̶²ı©-や ª©³œŁや ÆØや ̶œ±©や ÆØや Æı̶±ØŁや Æ½や ²æØ±Øや
trends.

Conclusions and future work 

5æØや©ÆłØª²ıµØや©Œや²æı±や¹©°øや¹̶±や²©や±³ßß̶°ı¾Øや²æØや±²̶²Øや©Œや
²æØや̶°²や̶Æ©³²や²æØや±ªıØ-²ıRªや°Ø±Ø̶°ªæやı-や²æØやRØœŁや©Œやformal 

µØ°ıRª̶²ı©- and in order to achieve that a systematic re-

µıØ¹や©Œや ²æØや œı²Ø°̶²³°Øや¹̶±や¬Ø°Œ©°ßØŁ╇や ª©-±ıŁØ°ØŁや œıøØや
²æØやR°±²や±²Ø¬やı-や²æØや°Ø±Ø̶°ªæや¬̶°̶ŁıºßやÆ̶±ØŁやı-やØµıŁØ--

ªØ╆や'7やæ̶±やœ̶²Øœ½やÆØª©ßØや̶や¬°̶ª²ıª̶œやßØ̶-やŒ©°やŁØ²Øª²ı-ºや
²æØや ¬°Ø±Ø-ªØや ©Œや ³-¹̶-²ØŁや ÆØæ̶µı©°±や ı-や ±©Œ²¹̶°Øや ¬°©-

Ł³ª²±╇や ̶や °Ø®³ı°ØŁや ŒØ̶²³°Øや Œ©°や ª°ı²ıª̶œやß©ŁØœ±╆や5æØやß©-

ŁØœ±やŒ©°やªæØªøı-ºや®³̶œı²½やı-や²æØや±©Œ²¹̶°Øやı-Ł³±²°½や̶-Łや
²æ©±Øや³±ØŁやÆ½や²æØや²Ø±²Ø°±や©Œや̶Łµ̶-ªØŁや²æØ©°Øß±╇やß̶øØや
Ø̶±ıØ°や¬Ø°Œ©°ßı-ºやª©ß¬œØ¼や̶-̶œ½±ı±や©Œや±¬ØªıRª̶²ı©-±やı-や
̶-や̶³²©ß̶²ØŁや©°や±Øßıま̶³²©ß̶²ØŁや¹̶½╆

#Øª̶³±Øや©Œや²æØや-̶²³°Øや©ŒやŒ©°ß̶œやµØ°ıRª̶²ı©-, the most 

°Ø¬°Ø±Ø-²̶²ıµØや°Ø±Ø̶°ªæや̶¬¬°©̶ªæやı±や²æØやØß¬ı°ıª̶œ╇やŁ³Øや
ı-や¬̶°²や²©や²æØや-ØØŁや©ŒやªæØªøı-ºやı-や̶ やª̶±Øや±²³Ł½や²æØやß©ŁØœや
ª°Ø̶²ØŁや²æ°©³ºæや©Æ±Ø°µ̶²ı©-や̶-Łや°Ø±³œ²や̶-̶œ½±ı±╆

5æØや°Ø±Ø̶°ªæや̶°²ıªœØ±やı-ªœ³ŁØŁやı-や²æı±や±²³Ł½やª©µØ°や̶や
¹ıŁØやµ̶°ıØ²½や©Œや²©¬ıª±や°Øœ̶²ØŁや²©や'7╇やœıøØや1Ø²°ıや/Ø²±やŒ©°や
ª©-²°©œや ŁØµıªØ±╇や Łıºı²̶œや ªı°ª³ı²±や ̶-Łや ¬°©ªØ±±©°±や むı-や
¹æıªæや²æØ½や̶°Øや³±ØŁや²©や¬Ø°Œ©°ßやØ¼æ̶³±²ıµØやµØ°ıRª̶²ı©-や
¬°©ªØ±±Ø±やı-や©°ŁØ°や²©や©¬²ıßı¾Øや²æØやŁØ±ıº-む╉や²æØや²Øß¬©-

°̶œやœ©ºıªや²©やµØ°ıŒ½やŒ©°ß̶œœ½や²æØやª©-ª³°°Ø-ªØや©Œや̶ªªØ±±や²©や
²æØやª©-²°©œや̶œº©°ı²æß±や̶-Łや²æØや±Øª³°ı²½や±¬ØªıRª̶²ı©-±や©Œや
ı-Œ©°ß̶²ı©-や±½±²Øß±や²©やØ-±³°Øや²æØı°や±Øª³°ı²½╉やŒ©°ß̶œや±Ø-

ß̶-²ıª±や Œ©°や Æ³±ı-Ø±±や ±¬ØªıRª̶²ı©-±╉や ²æØやµØ°ıRª̶²ı©-や©Œや
±½±²Øßや°Ø®³ı°ØßØ-²±╉や ²æØや̶-̶œ½±ı±や©ŒやæıØ°̶°ªæıª̶œや¬°©-

cessor, which divides into a set of conditions for the 

̶ªæıØµØßØ-²や ©Œや ̶や ±ıß¬œØ°や µØ°ıRª̶²ı©-や Œ©°や °Ø̶±©-ı-º╇や
̶œœ©¹ı-ºや²©や¬Ø°Œ©°ßや²æØや²Ø±²やı-や²æØやŁıTØ°Ø-²や̶ °ªæı²Øª²³°Øや
œØµØœ±╉や²æØやæØ³°ı±²ıªや©-Ø±や²©やŒ©°ß̶œœ½や̶-Łや̶³²©ß̶²ıª̶œœ½や
µØ°ıŒ½やª©ß¬œØ¼や±½±²Øß±やœıøØや²æØや-Ø¼²やºØ-Ø°̶²ı©-±や©Œやßı-
ª°©¬°©ªØ±±©°±╆や4©Œ²¹̶°ØやØ-ºı-ØØ°ı-ºやı±やŒ̶ªı-ºや³¬や̶や¬Ø°-
manent challenge with Œ©°ß̶œや µØ°ıRª̶²ı©-╇や ÆØª̶³±Øや ı²±や
º©̶œやı±や²©や°ØŁ³ªØや²æØやº̶¬やÆØ²¹ØØ-やæıºæまª©ß¬œØ¼ı²½や±½±-
²Øß±や̶-Łや²æØや̶¬¬œıª̶Æıœı²½や©Œやº©©Łや¬°̶ª²ıªØ±やı-や²æØや¹æ©-

le design process.

'©°ß̶œや±¬ØªıRª̶²ı©-やı±や̶や²©¬ıªや²æ̶²やª̶-やÆØやŒ©³-Łやı-や
̶œœや²æØや°Ø±Ø̶°ªæや̶°²ıªœØ±や©Œや²æı±や±²³Ł½╆や4©ßØや©Œや²æØßやŁØ±-
ª°ıÆØや²æØや-ØØŁやŒ©°やØ±²̶Æœı±æı-ºやßØ²æ©Ł±や©Œや±¬ØªıRª̶²ı©-や
¬°Ø±Ø-²̶²ı©-や̶-Łや¹°ı²ı-ºや¹ı²æやŒØ̶²³°Ø±やœıøØ╈や̶ªªØ±±ıÆıœı-
²½やŒ©°や²æØや³±Ø°やÆ̶±ØŁや©-や²æØやŒ³-ª²ı©-̶œやœ©ºıªや°Ø¬°Ø±Ø-²̶-

²ı©-や©Œやø-©¹œØŁºØ╇や¬©±±ıÆıœı²ıØ±や©Œや̶³²©ß̶²ØŁや̶-̶œ½±ı±や
©Œやª©-µØ°±ı©-や̶-Łや²°̶-±œ̶²ı©-や²©や©²æØ°やœ̶-º³̶ºØ±やŁØµØ-

œ©¬ØŁやı-やŒ©°ß̶œやßØ²æ©Ł±╇や²æØやŒ©°ß̶œや³-ıRØŁやŒ©°ß̶²やŒ©°や
²æØや Ø¼ªæ̶-ºØやÆØ²¹ØØ-やŁıTØ°Ø-²やŁØµØœ©¬ßØ-²や ±½±²Øß±や
and the graphic representation of the logic of the sen-

²Ø-ªØ±や ı-や ²æØや ¬°©º°̶ßßı-ºや œ̶-º³̶ºØ╆や 0²æØ°や ŒØ̶²³°Øや
Œ©³-Łや ı-や ²æØや¬°ıß̶°½や ±²³ŁıØ±や ı±や ²æ̶²や Œ©°ß̶œや µØ°ıRª̶²ı©- 

ÆØª©ßØ±や ı-²Øº°̶²ØŁや ı-や ŁıTØ°Ø-²や RØœŁ±や ²°©³ºæや Œ°̶-

ßØ¹©°ø±╇や¹æıªæや̶ œœ©¹や²æØやŁØµØœ©¬ßØ-²や©Œや̶ ¬¬œıª̶²ı©-±や
to formally verify the systems which remain indepen-

ŁØ-²やŒ°©ßや²æØや³-ŁØ°œ½ı-ºや²Øªæ-ı®³Øや©Œや²Ø±²ı-ºや̶-ŁやŒ°©ßや
²æØや-Ø¹やµØ°ıRª̶²ı©-や²Øªæ-ı®³Ø±や̶Æ©³²や²æØやœØµØœや©Œや¹©°Ł╇や
œıøØや²æØや̶Æ±²°̶ª²ı©-や©Œや¬°ØŁıª̶²Ø±や̶-Łや²æØや²æØ©°½や©Œや²æØや
ß©Ł³œØや©Œや±̶²ı±Œ̶ª²ı©-╆

5æØや°Ø±Ø̶°ªæや®³Ø±²ı©-±や¬°©¬©±ØŁやı-や²æØやßØ²æ©Ł©œ©-

º½や¹Ø°Øや̶-±¹Ø°ØŁや̶ªª©°Łı-ºや²©や²æØや°Ø±³œ²±や©Æ²̶ı-ØŁやŁ³-

°ı-ºや²æØや°ØµıØ¹╆や5æØ±Øや°Ø±³œ²±やª̶-やÆØや³±ØŁやı-やı-Ł³±²°½や
̶-Łや̶ª̶ŁØßıªやı-±²ı²³²ı©-±や²©や¬œ̶-や-Ø¹や°Ø±Ø̶°ªæØ±や̶-Łや
²©や¬œ̶-や¹©°ø±や¹æıªæやœØ̶Łや²©や̶³²©ß̶²ØŁやŒ©°ß̶œやµØ°ıRª̶-

²ı©-╆や5æı±やRØœŁやı±や̶や¬°ı©°ı²½やŒ©°や²æØやª©ßß³-ı²½╇やÆØª̶³±Øや
the complexity of the systems in the coming decades 

¹ıœœやª©-²ı-³Øや²©や ı-ª°Ø̶±Ø╇や̶-Łやß̶-³̶œや ²Ø±²ı-ºや¹ıœœや-©²や
ÆØやØ-©³ºæ╆

5æØや °Ø±³œ²±や ©Œや ²æı±や °ØµıØ¹や ¬°©¬©±Øや -Ø¹や ®³Ø±²ı©-±や
¹æıªæやª©³œŁやÆØや±©œµØŁやÆ½やŒ³²³°Øや°Ø±Ø̶°ªæØ±╆や'©°やı-±²̶--

ªØ╇やÆØª̶³±Øや±©Œ²¹̶°ØやØ-ºı-ØØ°±やæ̶µØやØ±²̶Æœı±æØŁや̶や-Ø¹や
¬°©ŒØ±±ı©-̶œやº°©³¬や°Øº̶°Łı-ºや²©や²æ©±ØやØ±²̶Æœı±æØŁや̶ ²や²æØや
Ø-Łや©Œや²æØやªØ-²³°½やı-やª©ß¬³²̶²ı©-̶œや±ªıØ-ªØ±╇や²æØ°Øや̶°Øや
²©¬ıª±や̶-Łや̶±¬Øª²±や°Øœ̶²ØŁや²©や'7や²æ̶²や°Øß̶ı-や³-±©œµØŁ╇や
²æı±やª̶³±Ø±や²æØや-ØØŁやŒ©°やŒ³°²æØ°や±²³ŁıØ±╆や*²やª©³œŁやÆØや³±Ø-

Œ³œや²©やØµ̶œ³̶²Øやæ©¹や̶ª²ıµØœ½や²æØやŒ©°ß̶œやßØ²æ©Ł±やı-や²æØや
ª³°°ıª³œ̶や©ŒやŁıTØ°Ø-²や³-ŁØ°º°̶Ł³̶²Øや¬°©º°̶ß±や̶°Øや ı--
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matical model toやŒ©°ß̶œı¾Ø software engineering.
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