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R!S$TVUMWYXZS\[^]V_`S.a\UbXZTdcY]Vegf*h-XZ]Veji^a\Slk8TVfKm`U�n
SoWpkYq&r^_df^s/XtS.mZ_dfKmtmdfu[vS�r^WYfg_dfwiYi^_Z]�Xt]�W�m`fwx�SoU&W^]ghyW^U&W*ejUMaomZUb[v]VmtmdfwqMa\SzfKm`f�n
[vSYr^W{XtSzX�m`]Vegf|[vS�TVfMa\TVUMa\UY}M~!SzX�m`U�T�U&e�]�SoWYXZS\]Vej]�[vS8_ZSzXZUM_dXt]|h � ;�� }!� = R��(��}Y�\�o��n�Tdc^]
XtU&W^U�f�[^S\XZi�U�XtS\xVS\UMWY]
[vS8TVaoS\]VW�m`S
hyS�i^_`U!TV]�X`XtS�n�Tdc^]�]�W�mZ_dfwW^U�W^]Va6XZS\XtmZ]�egf^}!_ZSzTdc^S\]�[vU&W^U�XZ]V_`~!Sox�S�}!XZS6XtU�Xti8]VWY[^UMW^U�SoW�fKmtm`]�X`f�[^]VaB~M]�_ZSok�T�fw_dXtS8[vSB]V~&]VW�mZS }!]�[
SoWvk�W^]�]�XZTVUMW^U�[Yfwa�XtSzX�m`]Vegf^� ; U&S\Tdc/�](ao]�_ZSzXtU&_`XZ]
XZUMW^U�aoS\ejSlmdfKmZ]�i^r
�UjfMT�TVfM[^]V_`]
Tdc^]�S�i^_`UvT�]�X`XZS�[v]��^�YfwWYU�fKmZmZ]�WY[v]V_`]�S\W
T�Uv[^f�i�]�_(UwmZmZ]VWY]V_`]GrYWpXZ]V_`~!Sox�SoUj[^fjiYfM_tm`]|[vSBr^WYfj_`S\XZUM_dX`f^�

CPU

DISCO

Processi in attesa del
verificarsi di un evento

(up su un semaforo, segnale, ...)

Richieste di I/O
su disco

Nuovo 
Processo

Terminazione
processo

��� = W���rYfMao]|Xtm`fKm`UgXtSBm`_ZUK~KfMW^U�S.i^_ZUvTV]�X`XtS�W^]�aoazfgT�Uv[^fjfMX`XZU!TVS\fwm`f�fwa\a\f�_`S\XZUM_dXZfj� ;+�G�
� � = W*�&r�fwa\]�Xtm`fwmZUgXZSBmZ_`UK~Kf�S\a6i^_`UvT�]�X`XZU�Tdc^]|Xtm`f�UwmZmZ]�W^]VWY[^UgSoa6XZ]V_`~!Sox�SoUj_`S\Tdc^S\]�XtmZUj[^fMaoazfu� ;+���
J � = W���rYfMao]|Xtm`fwmZUuXZS�mZ_`UK~%f�S\a6i^_`U!TV]�X`XtUjTdc^]|Xtm`fjUwmZmZ]�W^]VWY[^U�S\a.XZ]V_`~!Sox�SoU�_ZSzTdc^S\]�XtmZUg[^fMa6� = RY�(� �
� � = W*�&r�fwa\]�Xtm`fwmZUgXZSBmZ_`UK~KfwW^U�SBi^_`U!TV]�X`XtSBWY]Va\a\fjT�Uv[^fjf&XZXZUvT�SzfKm`f�fwa\azf�_`SzXtU&_`X`f�� = RY�(� �
H � = W*��rYfwa\]|X�mdfKmZUgXZS�mZ_`UK~KfwW^U�S6i^_`UvT�]�X`XZSBW^]Va\a\fjTVU![Yf�[^S.fKmZmZ]�X`fj[vS6r^W�]V~&]VW�mZU �
� � ? ��rYfwa\]|X�m`_ZrvmZmZr^_dfg[^fwmZS6[v]�a$R!SzX�m`]Vegfu��i�]�_`fwmZS\~MUjT�UM_`_`S\XZi�U&WY[v]Ga\fgTVUv[^fjfMX`XtUvT�SzfKmdf�fMaoazf�_ZSzXtU&_`X`fg� ;+���
� � ? ��rYfwa\]|X�m`_ZrvmZmZr^_dfj[^fKm`S.[v]�a.R!S\XtmZ]�egfb��i�]�_`fwmZS\~MUjT�UM_`_`S\XZi�U&WY[v]Ga\fjTVU![Yf�f&XZXZUvT�SzfKmdf�fMaoazf�_ZSzXtU&_`X`f�� = RY�(� �
� � ��UMej]jXtS�i^r
�UpTVfMa\TVUMazfw_`]�Soa�a\So~&]Va\aoU�[vS�i^_`UMqM_dfwejegfwx�SoU&W^]�fui�fw_ZmZS\_Z]�[^fbrYW^U{Xtm`fwmZUp[v]Va�XZS\XtmZ]�ejf{[v]�X`T�_`SomtmZU�XtrYaoa\U

X`Tdc^]Vegfj[^fKm`UgXtU&i^_`f�hyUK~!~&]V_`U�S\Wbm`]V_`ejSoW^S$[vS6W!r^ej]V_`Ug[vS6_`S\Tdc^S\]�XtmZ]�i^_`]�XZ]VW�m`SBSoWpT�SzfMX`T�r^W�f�TVUv[^f&n �
L � ��UMej]�XtS$Tdc^S\fMegfjSoa�T�UMeji8UMW^]�W�mZ]�[v]�a$XZS\XtmZ]�ejfjU&i�]�_`fwmZS\~MUgTdc^]�X`T�]�qMa\So]|S\a6i^_`SoejUgi^_`UvT�]�XZXZUg[^fuXZ]V_`~�S\_`]��y_dfg��r^]Va\a\S

S\WpTVUv[^fjfwa\a\fu� ;+�G�
� � ��UMej]|XtS.TdcYS\fMejf�S\a$TVUMeji�U&W^]VW�m`]�[^]Va.XZS\XtmZ]�egfjUMi8]V_dfKmZS\~MUjTdc^]|i^_`]�[^S\XZi�U&W^]GmZrvmZmZS�S6_`]VqMSzXtmZ_`S�[^]Va\a\fb� ;�� hyUK~!~M]�_ZU

Tdc^]
]V�8]Vmtm`rYf�S\a��d�w�Y ¢¡Z£& �¤�¥�¦� §�d¨�W^]�a�ejU&e�]�W�mZU�S\WbT�rYSY~!So]�W^]
m`]V_`ejSoWYfwmZU|S\a8XZ]V_`~!Sox�SoU�[^S�r^Wbi^_ZUvTV]�X`XtU|]�[jSoW^S\xVSzfKm`U
S\a.Xt]�_Z~!S\xVS\U�[^S6r^W*fwaomZ_`Uji^_ZUvTV]�X`XtU�SoW*T�Uv[^f �
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��� _Z]�fM[v­
� � _ZrYW^W^S\W^q
J^® � ®�H �*¯ fwSomZS\W^q*hyUj�^a\UvTd°M]�[Yn
� � fwa\a\f�_`]�f&[v­b��r^]VrY]
� � a\fjTVU![Yf�[^]Va\ao]|_`S\TdcYSo]�X�m`]Gi8]VW�[v]VW�mZS.i�]�_���r^]Va6[vSzX`T�U*hyq&]�XtmZSom`fj[^fwa$[v_ZS\~M]�_([v]Va.[^S\X`T�U!n
� � T�U&_Z_`S\XZi8UMWY[v]|fMa.W!r^ej]V_`Uu[vS2�V±²¦-¡V�Y  ¦�i^_Z]�Xt]�W�mZS.WY]Va.XZS\XtmZ]�egf^}���r^S\WY[vS$Soa$aoS\~M]�aoa\Uu[vS$e�r^aomZS\i^_`UMqM_dfwejegfwx�SoU&W^]@�]�[^fKm`U

[^fMaoazfpXtU&e�egf�[v]Vq&aoS�]�ao]�ej]VW�mZS³S\W´T�Uv[^f�i^SK�rµq&aoS�]�ao]�e�]�W�mZS+Tdc^]gXtm`fMW^W^U�Uwmtm`]VW^]�WY[vU*XZ]V_`~�S\xVS\U´hyW^]�aoa ¶ S\i8UwmZ]�XtS�Tdc^]
a\]�XZ­vX�m`]Ve·TVfMaoa�T�U&_Z_`S\XZi8UMWY[v]�W�mZS�fwa\ao]�UMi8]V_dfwxVS\UMWYS$[vS =Z¸ �¹XZSzfwW^Uu�YaoUvTVT�fwW�mZS�]jTdc^]�~!S�i�U�XZX`fg]�XZXZ]V_`]�fMa$i^SK�rºrYWYf
_`S\Tdc^S\]�Xtm`fj[vS =Z¸ �»i8]VWY[^]VW�mZ]|i8]V_
U&qMW^SBiY_ZUvT�]�XZXZU�n

L � XZTdc^]�[vr^a\]V_
� � [vS\XZiYfwm`Tdc^]�_

EGF�H�IKJML�NML-O�¼
= W�Tdc^]�XZ]VW�XtUjXtS.i^r
�Ug[vS\_Z]�Tdc^]�S\aB�yr^W^x�SoU&WYfwej]�W&m`Ug[vS6r^WpXtSzXtmZ]VegfjU&i�]�_`fwmZS\~MU3�]|½M¾v¦-¿M«w §��¿M«�½w±l¦³¦��Y ¢¡�À�À�¾�ª�  �
© ¦z¤ ªY�%¤� ¢«Ks6S\a��yr^W^xVS\UMW�fwej]VW�mZUG[v]VavXZS\XtmZ]�egf
UMi8]V_dfKm`So~&Up�]�qMr^Sz[^fKm`U�[^fMqMa\S&S\W�mZ]�_Z_`r^ivm�W^]VavXZ]VWYXZU�Tdc^]2r^WYf�~MUMaom`f�f%~!~�SzfKm`U
S\a
XtSzX�m`]Vegfgh��-f&Xt]
[^SY�8U�UMm`XtmZ_dfwi�n�}wm`rvmtm`]
ao](_`SzTdc^So]�X�m`]
[vS�XZ]V_`~!Sox�SoU|[^f�i�fw_ZmZ]
[v]�qMa\S^rvmZ]�W�mZSYU�[Yf�iYfw_ZmZ]
[v]�SY~Kfw_`SY[vSzXZi�U�XtSomZS\~!S
T�UMa\a\]Vq&fwmZS�fMaGXZSzX�m`]Vegf�f%~!~M]�W^qMU&W^U3fKmtm`_`f%~&]V_dXtU´S\W�mZ]V_`_`r^ivmµh�X�m`S\fMe�UQXtrYi^i�U&W^]VW�[vU	Tdc^]@mZrvmZmZ]Áao]µSoW�mZ]�_`fMxVS\UMW^S�T�UMWÂS
[vS\XZi8U&XZSlm`So~!S$f%~!~&]VW^q�fwW^U�mZ_dfwejSomZ]�S\W�mZ]�_Z_`r^ivm�s�S\W@��rYfwazTdc^]�T�fMXZUuT�S\UY¶Yi8Uwm`_Z]��^�8]�W^UMWº]�X`Xt]�_Z]|~&]V_`UY}^W^]�a$XZ]VWYXZUbTdc^]�i�]�_
�&r�fwazTdc^]G[^]V~!S\TV]|Soa$XtSzX�m`]Vegf�i�UMmZ_`]V�^�8]�]���]�mZmZrYfM_Z]|r^Wpi8UMa\aoS\W^qji8]V_`SoUv[vSzT�U!n��
Ã�rYfwWY[^U{r^WÁi^_`UvT�]�X`XZUbcYf��^SzXtU&qMW^Up[vS�r^W3XZ]V_`~!Sox�SoU�[^fwa³XZS\XtmZ]�egf{U&i�]�_`fwmZS\~MU�}8]�Xt]�qMr^]jr^W�f�XZ­vX�m`]VeÄT�fwa\a�}.TdcY]jT�fwrYX`f
r^WYf� �À`«`ª8}YUK~�~&]V_`U�r^WpS\W�mZ]V_`_`r^ivm
XtUM��m ¯ fM_Z]&}vf�TVr^S6S\a.XZS\XtmZ]�ejf�U&i�]�_`fwmZS\~MU�_Z]�fwqMSzX`T�]G]�XZ]VqMrY]VWY[vU�S\a.Xt]�_Z~!S\xVS\U�_`SzTdc^So]�X�m`UY�
Å ¶ f%~�~!SzT�]�WY[^fwej]�W&m`U�[^]VS.iY_ZUvT�]�XZXZS6W^]�aoa ¶ rYXtUu[^]Va\a\fb� ;�� f%~!~�S\]VWY]|UufgTVfwr�XZfg[vS.r^WYfuXZ­vX�m`]VeÆT�fwa\a�hymZ_dfwi�n2�^a\UvTVT�fwW�mZ]&}
UjfjT�fwrYX`f�[^]Va\a�¶ fw_`_ZS\~MUj[vS6rYW�S\W�mZ]�_Z_`r^ivm
[^fMa�mZS\e�]�_�h�k�W^]�[v]Va6mZS\e�]�XZa\S\TV]�n��
Ã�rYfwWY[^UGrYWu[vS\XZi8U&XZSlm`So~&UGc�f|�^SzXtU&qMW^U|[v]�aoa ¶ fwmtm`]VW^x�SoU&W^]
[v]Va8XtSzXtmZ]Vegfgh-i�]�_³]�XZ]Veji^S\U���rYfwWY[^Uµ�](X�mdfKm`f|TVUMeji^a\]�mdfKm`f�rYWYf
UMi8]V_dfwxVS\UMWY]�[vS =Z¸ �¹Xtr´[vSzXZTVU�n�T�S��U{~!S\]VW^]gXZ]VqMW�fwazfKmZU�fKmZmZ_df%~M]V_dXZUgr^WµS\W�mZ]�_Z_`r^ivm�Tdc^]�~M]�_Z_8�fuq&]�XtmZSomZUp[^fwa\a�¶ UMiYi�U&_tm`r^W^U
[v_ZS\~M]�_�}!]|Tdc^]�T�fwrYXZ]V_8�f�azf�_ZSzfKmZmZS\~KfwxVS\UMWY]�[^]VaBi^_`UvT�]�X`XZU�S\W*fKmtm`]�X`fj[v]Va\a\f�kYWY]�[v]Va\a�¶ UMi8]V_dfwx�SoU&W^]M�

EGF�H�IKJML�NML-O3Ç ��UMW�XtSz[v]V_`SzfwejU
r^W�XZSzX�m`]Vegf
U&i�]�_`fwmZS\~MU
Tdc^]2Xtr^iYi�U&_tmdf(S� y¨!À`¡`«&¿K� = WY[vSzTVfM_Z]2�&r�fwa\S&[v]�aoa\]2XZ]Vq&r^]VW�m`S&fK��]V_`egfwx�SoU&W^S
XtU&W^U�~&]V_`]M}v]|��rYfwa\S.XZUMW^U��-fwazXZ]M}vejUwm`So~KfwW�[vUga\f�_`S\XZi8U&Xtm`f^s
��� UMqMWYS8iY_ZUvT�]�XZXZU��]|T�UMeji8U&XtmZUg[^f�r^W^UjUgi^SK�r�mZc^_`]�f&[BÈ
� � S(mZcY_Z]�fM[Éfwi^i�fw_ZmZ]VWY]VW�mZS
f&["r^WYU�X�m`]�X`XtU´i^_`UvT�]�X`XZUÁ[v]�~MU&W^UÁ[^S\Tdc^Szfw_dfw_`]�]�XZi^aoSzT�Som`fMej]VW�mZ]@��rYfMaoS
XtmZ_`rvmtm`r^_`]@[^fKm`S

S\W&m`]VWY[^UMW^UgT�U&WY[vS\~!S\[v]�_Z]&È
J � ]�XZS\XtmZ]�r^W*XZUMa\U�Xtm`f&Td°bT�U&WY[vS\~!S\XZUg[^f�mZrvmZmZS.S�m`c^_`]�fM[�[vS6rYW^UuX�m`]�X`XtU�i^_`UvT�]�X`XZUYÈ
� � �]�i^SK�r@T�U&XtmZU�XtUjS\a.T�U&W�mZ]�Ê!m�X ¯ SlmdTdc��y_`f�m`c^_Z]�fM[�[vS.iY_ZUvT�]�XZXZS6[vS\~M]�_`XZS6[v]Va�T�U&W&m`]�Ê!m
X ¯ Som`Tdc��y_df�mZc^_`]�f&[p[v]Va\aoUuXtmZ]�XZXZU

i^_`UvT�]�X`XZUY�
H � W^U&W�TVS6i�U�XZXZUMWYU�egfwS.]�X`Xt]�_Z]�XtSomZr�fwxVS\UMWYS6[vS��d�KÀd¤V«b�VÀ�¦�  ¦-�`«��y_`f�mZcY_Z]�fM[�[vS6r^W^UuXtmZ]�XZXZU�i^_ZUvTV]�X`XtU��
© ¦z¤ ªY�%¤� ¢«Ks
��� ~M]V_`UY}�S³m`c^_`]�fM[´i8]V_`ej]�mZmZUMWYUµ[vS2_Z]�fwa\Sox�x�fM_Z]jS\W�ejU![^U@WYfKm`r^_dfwa\]bfwi^iYaoSzTVfMxVS\UMW^S2T�UMW�T�UM_`_`]VW�mZS }$TVU&XtmZSomZr^SomZ]�[^f*i^SK�r

ËYrYX`XZS�[vS�TVUMW�mZ_`UMa\a\UµS\W�mZ]V_dfwq&]VW�mZS�h-W^]VaGTVf&XtU3[v]�S
mZcY_Z]�fM[	a�¶ SoW�m`]V_dfwxVS\UMWY]pf%~!~!S\]VW^]@fwmtmZ_df%~M]�_`XZUºazf3T�U&WY[vS\~!S\XZSoU&W^]
[v]�aoa ¶ S\ejegfwqMS\W^]|S\W{ej]�e�U&_ZSzf&n��

� � �-fwazXtU�}8XZUMa\Som`fwej]�W&m`]|mZr^mtmZ]�a\]�XtmZ_`rvmtm`r^_Z]�[^fKm`S$[vS�r^WYUbX�m`]�X`XtUbi^_ZUvTV]�X`XtUuXZUMW^U{T�UMW�[vSo~!SzXt]�[^fgm`rvmtm`S�S$mZcY_Z]�fM[*[v]�aoa\U
XtmZ]�X`XZU�iY_ZUvT�]�XZXZU

Ì



J � �-fwazXtU�}.[v]�~M]j]�X`Xt]�_`TVS�r^W^U@Xtm`f&Td°*i�]�_�UMq&W^S�mZc^_`]�f&[´[^fKm`UpTdcY]jTVS\f&XZTVr^W^U*[vS³]�XZXZS�]�XZ]Vq&r^]jSoW�[vSoi8]VW�[v]VW�mZ]�ej]VW�mZ]&}�S\W
ejUv[vUbfMXZS\WYT�_`UMW^Uj_`S\XZi8]�mtm`Ubfwq&aoS$fwaomZ_`SBmZc^_`]�f&[B}Y]�T�SzfMX`T�r^W^UgiYr
�Ug_ZSzTdc^Szfwegfw_`]�i^_`U!TV]�[vrY_Z]&�(Ã�r^S\WY[vS$UMq&W^SBmZcY_Z]�fM[
f%~!_��f�S\a^Xtr^U�i^_`UMq&_`fMeÍT�U&r^W�mZ]V_�}wXtm`fMTd°�i�U&SoW�mZ]�_�}M]�TVTM� = mZc^_`]�f&[�[^S^r^W^U|XtmZ]�X`XZUGiY_ZUvT�]�XZXZUGSoW!~M]�T�]/T�U&WY[vS\~�Sz[v]�_`fMW^W^U
azf�XtmZ]�XZX`f�m`fM��]�aoazfj[v]Va\ao]|i�fwqMS\W^]&�

� � ~M]�_ZU�}�T�U�X�mdf´[vS
i^SK�rÉSoa�TVUMW�mZ]VÊ!mbX ¯ Som`Tdc	mZ_dfµmZc^_`]�f&[Q[^S
i^_`U!TV]�X`XtS([vS\~M]�_`XZS(i8]V_dTdc2�]pSoWÎ��r^]�X�m`U´T�fMXZUÁT�fwe��^S\fÁa\U
XZiYfwx�SoU´[vS(S\WY[vS\_ZS\xVx�S�}�e�]�W�mZ_`]�XZ]�f%~!~!S\]VW^]�Soa
TVUMW�mZ]VÊ!mjX ¯ SlmdTdc"m`_`fºmZcY_Z]�fM["[^S(r^W^U´X�m`]�X`XtUÁi^_`U!TV]�X`XtUºmZrvmZmZ]*a\]
S\Wv�yUM_`egfwxVS\UMWYS�W^]�TV]�X`XZfM_ZS\]gfwa\a\f >@>@� i�]�_�]���]�mZmZrYfM_Z]gazf{mZ_dfM[vr^x�SoU&W^]g[^fpS\WY[vS\_ZS\xVx�U*aoU&qMSzT�UpfpSoWY[^So_`Sox�xVU�k�XZS\TVU
W^U&Wp[^]V~MU&W^U�]�X`Xt]�_Z]�fwq&qMS\UM_`WYfKm`]M�

H � �-fwazXZUY}v[^fKm`U�TdcY]GTM¶��]GT�U&WY[vS\~�SzXZSoU&W^]G[^SBe�]�ejUM_`S\f�]GTdc^]�S8mZcY_Z]�fM[u]�Xt]�qMr^U&W^U�S\W�e�Uv[vUjfMXZS\WYT�_`UMW^U�]GS\WY[vS\i8]VWY[v]�W�mZ]M}
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T�U&XZ]M}!_`S\XZi8UMWY[v]VmZ]�XZ]Veji^a\S\TV]Vej]VW�m`]�TVUMW�r^Wp]�XZ]Veji^S\U�n��
© ¦z¤ ªY�%¤� ¢«Ks
��� � W^U�X�mdfKmZU�W^UMWbXZSzT�r^_`U�i^r
�U�]�X`Xt]�_Z]�U�ej]VW^U�r^W^U�X�mdfKmZU�[vSB[v]�f&[vaoUvTd°�����f�r^W^U�Xtm`fwmZU�W^UMWbXZSzT�r^_`U�i^r
�U�Xtr�TVT�]�[v]V_`]

Tdc^]
XZSYfw_`_`So~!S^fM[�r^Wu[^]�fM[^aoUvTd°bh�[vSoi8]VW�[v]�[^f|��rYfMaoSY_ZSzTdc^S\]�XtmZ]/i�]�_+a ¶ f&TV��r^SzXtS\xVS\UMWY]/[^SY_`S\XZUM_dXt]2~M]�_Z_dfwWYW^UGf%~KfMW^x�fwmZ]
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