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1. M\h^ 

Ihlj_[_� kZ\j_f_gh]� k\_lZ� aZ� k\_� [j`bf� jZqmgZjkdbf� kbkl_fbfZ� b� k\_� [j`hf�
dhfmgbdZpb�hf�km�h]jhfg_��IZjZe_egb�jZqmgZjkdb�kbkl_fb�dh�b�km�m�ijhrehklb�
dhjbr�_gb�b�jZa\b�Zgb�m�fZehf�[jh�m��m]eZ\ghf�\h�gbo�b�ZdZ^_fkdbo�mklZgh\Z��km�
ij_klZeb�^Z�[m^m�kdmib�b�g_^hklmigb��b�ihgm^beb�k\h�m�\_ebdm�jZqmgZjkdm�kgZ]m�
k\Zdhf_�dhf_��_�ihlj_[gZ� 
IZjZe_egb�jZqmgZj��_�kdmi�ijhp_khjkdbo�_e_f_gZlZ�dh�b�aZ�_^gh�jZ^_�b�f_{mkh[gh�
dhfmgbpbjZ�m� ^Z� [b� \_ebdb� ijh[e_f� j_rbeb� [jah� [Culler97]�� IZjZe_egZ�
Zjobl_dlmjZ� k_� fh`_� ihkfZljZlb� dZh� ijhrbj_�_� dhg\_gpbhgZeg_� Zjobl_dlmj_�
_e_f_glbfZ� aZ� dhfmgbdZpb�m��Ij_fZ�gZqbgm�dhfmgbdZpb�_�baf_{m�ijhp_khjkdbo�
_e_f_gZlZ� iZjZe_eg_� jZqmgZj_� fh`_fh� ih^_eblb� gZ�� ���� kbkl_f_� kZ�
ijhke_{b\Z�_f�ihjmdZ� �_g]e��Message Passing Systems) b�����kbkl_f_�kZ�^_�_ghf�
f_fhjb�hf��_g]e��6KDUHG�0HPRU\�6\VWHPV�� 
IZjZe_egb� jZqmgZjkdb� kbkl_fb� kZ� ^_�_ghf� f_fhjb�hf� k_� fh]m� ih^_eblb� gZ�� 
(1) SMP (engl. Symmetric Shared-Memory Multyprocessors)�kbkl_f_�dh�b�k_�kZklh�_�
h^�\br_�ijhp_khjZ�dh�b�nbabqdb�b�eh]bqdb�^_e_�Z^j_kgb�ijhklhj�b�����DSM (_g]e��
Distributed Shared-Memory)� kbkl_f_� dh�b� k_� kZklh�_� h^� \br_� ijhp_khjZ� dh�b�
nbabqdb�g_�^_e_�f_fhjb�m��Zeb�eh]bqdb�^_e_�Z^j_kgb�ijhklhj� 
Pb�� h\h]� jZ^Z� �_�ijhrbj_�_� khnl\_jkdh]�hdjm`_�Z� /LPHV� >0DJGLF��@�^Z�[b� k_ 
hkbf�kbfmeZpb�_�SMP�kbkl_fZ�hfh]m�beZ�b�kbfmeZpb�Z�'60�kbkl_fZ� 
H\Z��jZ^� �_�hj]Zgbah\Zg� m� k_^Zf� k_dpb�Z��M�^jm]h��k_dpb�b� �_�^Zl�djZlZd�ij_]e_^�
kbkl_fZ� kZ� ^bkljb[mbjZghf� ^_�_ghf� f_fhjb�hf�� M� lj_�h�� k_dpb�b� km� hibkZgb�
gZqbgb� kbfmeZpb�_� kbkl_fZ� kZ� ^_�_ghf� f_fhjb�hf�� M� q_l\jlh�� k_dpb�b� �_�
ijbdZaZgZ�kljmdlmjZ�f_fhjb�kdh]�kbfmeZlhjZ�m�SMP�b DSM�kbkl_fbfZ��M�i_lh��
k_dpb�b� km� hibkZgb� ^_lZ�b� j_ZebaZpb�_� kbfmeZlhjZ� kbkl_fZ� kZ� ^bkljb[mbjZghf�
^_�_ghf�f_fhjb�hf��M�r_klh��k_dpb�b� �_�^Zl�aZd�mqZd��b�m�k_^fh��j_n_j_gp_��M�
ijbeh]m� �� �_�^Zl�^_h�ba\hjgh]�dh^Z� �_a]jZ�Limes�kbfmeZpbhgh]�hdjm`_�Z�dh�b� �_�
baf_�_g� ^Z� [b� [beZ� hfh]m�_gZ� kbfmeZpb�Z� DSM� kbkl_fZ�� M� ijbeh]m� �� �_� ^Zl�
dhfie_lZg� ba\hjgb� dh^� f_fhjb�kdh]� kbfmeZlhjZ� kbkl_fZ� kZ� ^bkljb[mbjZghf�
^_�_ghf�f_fhjb�hf�b�k_d\_gpb�Zegbf�fh^_ehf�aZ�h^j`Z\Z�_�dhgabkl_gpb�_� 
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2. Kbkl_fb�kZ�^bkljb[mbjZghf�^_�_ghf�f_fhjb�hf 

Kbkl_fb� kZ� ^bkljb[mbjZghf� ^_�_ghf� f_fhjb�hf� ij_^klZ\�Z�m� dhf[bgZpb�m�
gZ�[h�bo� hkh[bgZ� ^\Z� jZaebqblZ� ijbklmiZ�� ���� SMP (_g]e�� Symmetric Shared-
Memory Multiprocessor)�b�����DCS (_g]e��Distributed Computer Systems). 

SMP kbkl_fb�bfZ�m��_^gm�]eZ\gm�^h[jm�hkh[bgm��Z�lh��_��_^ghklZ\Zg�ijh]jZf_jkdb�
fh^_e�� aZkgh\Zg�gZ�^_�_ghf�Z^j_kghf�ijhklhjm��EhrZ�hkh[bgZ�h\bo�kbkl_fZ� �_�
g_kdZeZ[beghkl� 
=eZ\gZ� ^h[jZ� hkh[bgZ�DCS kbkl_fZ� �_� kdZeZ[beghkl�� Z� ]eZ\gZ� ehrZ� hkh[bgZ� �_�
ijh]jZf_jkdb�fh^_e� aZkgh\Zg�gZ�ijhke_{b\Z�m�ihjmdZ� �_g]e��Message-Passing) b�
\br_�h^\h�_gbo�Z^j_kgbo�ijhklhjZ�dh�b��_�dhfiebdh\Zg�aZ�ijh]jZfbjZ�_� 
Kbkl_fb� kZ� ^bkljb[mbjZghf� ^_�_ghf�f_fhjb�hf� dhf[bgm�m� ^h[j_� hkh[bg_� h[Z�
ijbklmiZ�� �_^ghklZ\Zg� ijh]jZf_jkdb� fh^_e� aZkgh\Zg� gZ� �_^bgkl\_ghf� ^_�_ghf�
Z^j_kghf�ijhklhjm�b� kdZeZ[beghkl��KdZeZ[beghkl� �_�ihke_^bpZ�qb�_gbp_�^Z� k_�
^_eh\b�^_�_g_�f_fhjb�_��eh]bqdb��_^bgkl\_g�Z^j_kgb�ijhklhj��nbabqdb�gZeZa_�gZ�
jZaebqblbf�q\hjh\bfZ�kbkl_fZ��DhfmgbdZpb�Z�gZ�gZ�gb`_f�gb\hm�dh^�kbkl_fZ�kZ�
^bkljb[mbjZghf�^_�_ghf�f_fhjb�hf� �_�hkl\Zj_gZ�iml_f�ihjmdZ�� lZdh�^Z� k_�h\b�
kbkl_fb�fh]m�ihkfZljZlb�b�dZh�ijhrbj_�_�DCS�kbkl_fZ�eh]bqdb� �_^bgkl\_gbf�
Z^j_kgbf�ijhklhjhf��Ij_]e_^�DSM�kbkl_fZ�fh`_�k_�gZ�b�m�[Protic96a]. 

2.1. Hkgh\gZ�kljmdlmjZ�DSM kbkl_fZ 

Hkgh\gZ� kljmdlmjZ�DSM kbkl_fZ� �_� ijbdZaZgZ� gZ� kebpb� �����Hkgh\Z� kbkl_fZ� �_�
kbkl_fkdZ�bgl_jdhg_dpbhgZ�fj_`Z��_g]e��Interconnection Network - ICN��[beh�dh]�
lbiZ��G_db� kbkl_fb� km� aZkgh\Zgb�gZ�fbgbfZegh��bgl_jdhg_dpbhgh��fj_`b� lbiZ�
fZ]bkljZe_��ijkl_gZ�beb�ehdZeg_�fj_`_�-�m]eZ\ghf�ethernet lbiZ�(_g]e��Bus, Ring, 
LAN). >jm]b�kbkl_fb�km�aZkgh\Zgb�gZ�fZdkbfZegh��bgl_jdhg_dpbhgh��fj_`b�lbiZ�
grid, mesh beb� crossbar, beb� g_dh�� ob[jb^gh�� fj_`b�� dh�Z� �_� ijh�_dlh\ZgZ�
ihrlm�m�b�dhfijhfbk�p_gZ-i_jnhjfZgk_� 
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 KebdZ������KljmdlmjZ�b�hj]ZgbaZpb�Z�'60�kbkl_fZ�>3URWic96a] 
E_]_g^Z� ICN - bgl_jdhg_dpbhgZ� fj_`Z; IC Controller - dhgljhe_j� aZ� ijbklmi�
bgl_jdhg_dpbhgh�� fj_`b; Directory -� ^bj_dlhjb�mf� aZ� h^j`Z\Z�_� dhgabkl_gpb�_� f_fhjb�_; 
DSM - nbabqdZ� f_fhjb�D� dh�Z� ij_^klZ\�Z� ^_h� ^bkljb[mbjZg_� ^_�_g_� f_fhjb�_� m� kbkl_fm; 
Cache - d_r� f_fhjb�Z; CPUs - �_^Zg� beb� \br_� ijhp_khjZ; DSM ^_�_gb� Z^j_kgb� ijhklhj� - 
ijbdZa�eh]bqdh]�Z^j_kgh]�ijhklhjZ�gZ�dhf_�km�fZibjZgb�^_eh\b�nbabqd_�f_fhjb�_� 
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Q\hjh\b�DSM�kbkl_fZ�gZ�kebpb�����km�ijbdZaZgb�dZh�deZkl_jb��DeZkl_j�fh`_�^Z�
[m^_�fhghijhp_khjkdb�beb�\br_ijhp_khjkdb��gZ�q_r�_�SMP kbkl_f��kZ�^h^Zlgbf�
bgl_jdhg_dpbhgbf� dhgljhe_jhf��� Kbkl_f� fh`_� ^Z� [m^_� mgbnhjfZg�� kZ�
b^_glbqgbf� deZkl_jbfZ�� beb� ob[jb^gh]� lbiZ�� kZ� deZkl_jbfZ� aZkgh\Zgbf� gZ�
jZaebqblbf�Zjobl_dlmjZfZ�� 
Hkgh\gb� _e_f_glb� deZkl_jZ� km�� ���� �_^Zg� beb� \br_� ijhp_khjZ� b� �boh\Z� d_r�
f_fhjb�Z�� ���� ^_h� f_fhjb�_� kZ� ^bj_dlhjb�mfhf� aZ� h^j`Z\Z�_� dhgabkl_gpb�_�
f_fhjb�_� �_g]e��0HPRU\�&RQVLVWHQF\�0DLQWHQDQFH��b� ����bgl_jn_�k� aZ�ih\_ab\Z�_�
gZ�bgl_jdhg_dpbhgm�fj_`m� 

2.2. =jZgmeZjghkl�h^j`Z\Z�Z�dhgabkl_gpb�_ 

=jZgmeZjghkl� h^j`Z\Z�Z� dhgabkl_gpb�_� d_r� f_fhjb�_� �_� lbibqgh� h^j_{_gZ�
bgl_jghf� hj]ZgbaZpb�hf�fbdjhijhp_khjZ�b�fh`_�[blb�jZaebqblZ� m�jZaebqblbf�
deZkl_jbfZ�dh�b�qbg_�DSM kbkl_f��<_ebqbgZ�[ehdZ�lbibqgh�\ZjbjZ�baf_{m���b���
beb����j_qb��Ijhlhdhe�aZ�h^j`Z\Z�_�dhgabkl_gpb�_�d_r�f_fhjb�_� �_�ih�ijZ\bem�
j_Zebah\Zg�m�oZj^\_jm� 
=jZgmeZjghkl� h^j`Z\Z�Z� dhgabkl_gpb�_� ^bkljb[mbjZg_� ^_�_g_� f_fhjb�_� �_�
h^j_{_gZ� ijbebdhf� ijh�_dlh\Z�Z� kbkl_fZ� b� fh`_� bfZlb� jZaebqbl_� \_ebqbg_�� 
����j_q������[ehd������fZem�kljZgbpm��_g]e��page�������\_ebdm�kljZgbpm������h[�_dZl��
����k_]f_gl� 
Kbkl_fb� dh�b� bfZ�m� j_Zebah\Zg� ^_h� aZ� h^j`Z\Z�_� dhgabkl_gpb�_� m� oZj^\_jm�
lbibqgh�dhjbkl_�fZ�m�]jZgmeZjghkl��j_q��[ehd�beb�fZ�Z�kljZgbpZ���H\h��_�fh]m�_�
�_j� km� oZj^\_jkdZ� j_r_�Z� _nbdZkgZ� ijbebdhf� ij_ghkZ� fZebo� [ehdh\Z� baf_{m�
q\hjh\Z� kbkl_fZ�� FZeZ� ]jZgmeZjghkl� �_� ^h[jZ� hkh[bgZ� �_j� ih[h�rZ\Z�
bkdhjbr�_�_�f_fhjb�_��kfZ�m�_�GDWD�WUDVKLQJ1�b�false sharing2. 

Khnl\_jkdb� ijbklmib� h^j`Z\Z�m� dhgabkl_gpb�_� ^_�_g_� f_fhjb�_� lbibqgh�
dhjbkl_�\_�m�]jZgmeZjghkl��H\h��_�ihke_^bpZ�qb�_gbp_�^Z�khnl\_jkdb�kbkl_fb�g_�
fh]m�_nbdZkgh�^Z�ij_ghk_�fZe_�[ehdh\_�baf_{m�q\hjh\Z�kbkl_fZ��>h[jZ�hkh[bgZ�
�_� ^Z� khnl\_jkdb� kbkl_fb� fh]m� ^Z� dhjbkl_� khnbklbpbjZg_� Ze]hjblf_� aZ�
hilbfbaZpb�m� ijbklmiZ� m^Z�_gbf� ih^ZpbfZ� b� mfZ�_� g_]Zlb\g_� ihke_^bp_�
dhjbr�_�Z�\_ebd_�]jZgmeZjghklb��Khnl\_jkdb�kbkl_fb�fh]m�\jeh�eZdh�dhjbklblb�
b� k_fZglbqd_� kljmdlmj_� ih^ZlZdZ� dZh�rlh� km� h[�_dlb� b� k_]f_glb�rlh� �_� \_hfZ�
dhjbkgh�aZ�g_d_�ZiebdZpb�_� 
Ob[jb^gb� kbkl_fb� gZ�q_r�_� dhjbkl_� kj_^�_� \_ebqbg_� �_^bgbp_� aZ� h^j`Z\Z�_�
dhgabkl_gpb�_� 
 

                                                        
1 Data trashing� �_�_g]e_kdb�l_jfbg�dh�b�hagZqZ\Z�ih�Z\m�^Z�k_�kbkl_f��Zdh�mkihjb�beb�qZd�ihlimgh�
ij_hil_j_lb�ijbebdhf�ba\jrZ\Z�Z�kbkl_fkdbo�ihkeh\Z�dZh�rlh��_�h^j`Z\Z�_�dhgabkl_gpb�_� 
2� )DOVH� VKDULQJ�hagZqZ\Z�ih�Z\m�^Z�k_�m�bklhf�[ehdm�gZeZa_�ih^Zpb�dh�b�gbkm�aZbklZ�^_�_gb��Zeb�
ihrlh� k_� dhgabkl_gpb�Z� f_fhjb�_� h^j`Z\Z� gZ� gb\hm� p_eh]� [ehdZ�� ^heZab� ^h� g_ihlj_[gh]�
hil_j_�_�Z�bgl_jdhg_dpbhg_�fj_`_��False sharing�k_�fh`_�ba[_�b�kf_rlZ�_f�ih^ZlZdZ�dh�b�gbkm�
f_{mkh[gh�^_�_gb�m�jZaebqbl_�[ehdh\_��Zeb�k_�h\bf�kfZ�m�_�bkdhjbr�_�_�f_fhjb�_� 
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2.3. :e]hjblfb�aZ�ijbklmi�ih^ZpbfZ�m�DSM�kbkl_fbfZ 

Ihklh�_� ljb� hkgh\gZ� Ze]hjblfZ� dh�b� k_� dhjbkl_� m� DSM kbkl_fbfZ�� ��� SRSW  
(_g]e��6LQJOH�5HDGHU�6LQJOH�:ULWHU�������056:��_g]e��0XOWLSOH�5HDGHU�6LQJOH�:ULWHU��
b�����MRMW (_g]e��Multiple Reader Multiple Writer). 

SRSW Ze]hjblZf�ih^jZamf_\Z�^Z��_�kZfh��_^ghf�q\hjm�^ha\h�_gh�^Z�qblZ�ih^Zld_�
ba� h^j_{_gh]� [ehdZ� dhgabkl_gpb�_� lhdhf�h^j_{_gh]�\j_f_gkdh]�i_jbh^Z�b� kZfh�
�_^ghf� q\hjm� �_� ^ha\h�_gh� ^Z� mibkm�_�ih^Zld_� m� lZ��[ehd� lhdhf� lh]�\j_f_gkdh]�
i_jbh^Z�� H\ZM� Ze]hjblZf� h^]h\ZjZ� h^ghkbfZ� ihljhrZq-ijhba\h{Zq� �_g]e��
consumer-SURGXFHU��� Kbkl_fb� dh�b� bfZ�m� \br_� q\hjh\Z� fhjZ�m� ^Z� hfh]m�_�
f_oZgbaf_�aZ�fb]jbjZ�_�[ehdh\Z��H\Z��Ze]hjblZf�k_�gbdZ^Z�g_�dhjbklb�dZh��_^bgb�
Ze]hjblZf�aZ�ijbklmi��Zeb�m�ih�_^bgbf�kbkl_fbfZ�dh�b�bfZ�m�oZj^\_jkdm�ih^jrdm�
aZ��_]Z��dhjbklb� k_� aZ�hg_�ih^Zld_�dh�b�k_�ihgZrZ�m�dZh�SRSW. AZ�hg_�ih^Zld_�
dh�b�g_�bkih�Z\Z�m�SRSW�aZ\bkghkl�k_�dhjbkl_�^jm]b�Ze]hjblfb� 
MRSW Ze]hjblZf� ih^jZamf_\Z� ^Z� g_dhebdh� q\hjh\Z� fh`_� ^Z� qblZ� ih^Zld_� ba�
�_^gh]� [ehdZ� lhdhf� h^j_{_gh]� \j_f_gkdh]� i_jbh^Z�� Zeb� kZfh� �_^ghf� q\hjm� �_�
^ha\h�_gh� ^Z� mibkm�_� ih^Zld_� m� lZ�� bklb� [ehd� lhdhf� lh]� \j_f_gkdh]� i_jbh^Z��
F_oZgbaZf�aZ�fb]jbjZ�_�[ehdh\Z� �_�ihlj_[Zg�aZ�kemqZ��dZ^Z�\br_�q\hjh\Z�lj_[Z�
^Z�mibkm�_�ih^Zld_�m�bklb�[ehd� 
MRMW Ze]hjblZf� ih^jZamf_\Z� ^Z� k\b� beb� \_�bgZ� q\hjh\Z� fh`_� ^Z� qblZ� b�
mibkm�_� ih^Zld_� m� g_db� [ehd� [_a� h]jZgbq_�Z�� M� kbkl_fbfZ� m� dh�bfZ�
bgl_jdhg_dpbhgZ�fj_`Z�k_jb�Zebam�_�k\_�mibk_�m�kbkl_fm��dhgabkl_gpb�Z�ih^ZlZdZ�
�_�[blb�hqm\ZgZ��M�kbkl_fbfZ�m�dh�bfZ�lh�gb�_�kemqZ��^h^Zlg_�Zdpb�_�fhjZ�m�^Z�k_�
ba\jr_�^Z�[b�k_�hqm\ZeZ�dhgabkl_gpb�Z� 

2.4. Ijhlhdheb�aZ�h^j`Z\Z�_�dhgabkl_gpb�_�^_�_g_�f_fhjb�_ 

Ijhlhdheb� aZ� h^j`Z\Z�_� dhgabkl_gpb�_� fh]m� [blb� kljbdlgb� �kljbdlgZ� beb�
k_d\_gpb�ZegZ� dhgabkl_gpb�Z�� beb� j_eZdkbjZgb� �ijhp_khjkdZ�� keZ[Z��
dhgabkl_gpb�Z� ijb� hlimrlZ�m�� dhgabkl_gpb�Z� e_�h]� hlimrlZ�Z�� meZagZ�� VFRSH�
dhgabkl_gpb�Z�� 
Kljbdlgb� fh^_e� aZ� h^j`Z\Z�_� dhgabkl_gpb�_� f_fhjb�_� ih^jZamf_\Z� ^Z� k\b�
q\hjh\b� [m^m� lj_gmlgh� h[Z\_rl_gb� h� k\bf� ijhf_gZfZ� ^_�_gbo� ih^ZlZdZ��H\Z��
fh^_e� dhgabkl_gpb�_� bfZ� \br_� l_hj_lkdb� agZqZ�� hkbf� mdhebdh� km� dZr�_�Z� m�
bgl_jdhg_dpbhgh��fj_`b�aZg_fZj�b\Z� 
K_d\_gpb�ZegZ� dhgabkl_gpb�Z� f_fhjb�_� ih^jZamf_\Z� ^Z� k\b� q\hjh\b� ihklZgm�
k\_kgb� h� ijhf_gZfZ� ^_�_gbo� ih^ZlZdZ� gZdhg� dZr�_�Z� dh�_� mghkb�
bgl_jdhg_dpbhgZ� fj_`Z�� H\Z�� fh^_e� h^j`Z\Z�Z� dhgabkl_gpb�_� �_� lbibqgh�
ih^j`Zg�m�kbkl_fbfZ�kZ�bgl_jdhg_dpbhghf�fj_`hf�lbiZ�fZ]bkljZeZ��ijkl_g�beb�
LAN��K\b�q\hjh\b�\b^_�k\Zdb�ih�_^bgZqgb�lhd�ih^ZlZdZ�b�]eh[Zegb�lhd�ih^ZlZdZ�
m�bklhf�j_^hke_^m� 
Ijhp_khjkdZ�dhgabkl_gpb�Z�f_fhjb�_�ih^jZamf_\Z� ^Z� k\b� q\hjh\b� \b^_� k\Zdb�
ih�_^bgZqgb� lhd� ih^ZlZdZ� m� bklhf� j_^hke_^m�� Zeb� g_� b� ]eh[Zegb� lhd�ih^ZlZdZ��
H\Z�� fh^_e� dhgabkl_gpb�_� lbibqgh� ih^j`Z\Z�m� kbkl_fb� kZ� bgl_jdhg_dpbhghf�
fj_`hf�lbiZ�fZ]bkljZeZ��ijkl_g�beb�LAN�kZ�ijbklmigbf�[Zn_jbfZ� 
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KeZ[Z�dhgabkl_gpb�Z� �_g]e��:HDN��ih^jZamf_\Z�^Z� km� ki_pb�Zeg_�ijbfblb\_�aZ�
kbgojhgbaZpb�m� md�mq_g_� m� ijh]jZfkdb� dh^�� KbgojhgbaZpbhg_� ijbfblb\_� km�� 
(1) acquire��gZ� meZkdm� m� djblbqgm� k_dpb�m�b� ���� release��gZ�baeZkdm�ba�djblbqg_�
k_dpb�_�� Dhgabkl_gpb�Z� f_fhjb�_� k_� h^j`Z\Z� kZfh� dZ^Z� k_� gZb{_� gZ�
kbgojhgbaZpbhg_� ijbfblb\_� ijbebdhf� ba\jrZ\Z�Z� ijh]jZfZ�� b� ijh]jZfm� gb�_�
^himrl_gh�^Z�gZklZ\b�kZ�ba\jrZ\Z�_f�^hd�k_�g_�hkl\Zjb�dhgabkl_gpb�Z�f_fhjb�_� 
Dhgabkl_gpb�Z�ijb�hlimrlZ�m��_g]e��Release)�ih^jZamf_\Z�^Z�k_�dhgabkl_gpb�Z�
f_fhjb�_� fhjZ� hkl\Zjblb� kZfh� ijbebdhf� gZbeZkdZ� gZ� kbgojhgbaZpbhgm�
ijbfblb\m� release��LZqd_� hlimrlZ�Z� �gZbeZaZd� gZ� ijbfblb\m� release��fhjZ�m� ^Z�
ihrlm�m�ijZ\beZ�ijhp_khjkd_�dhgabkl_gpb�_� 
Dhgabkl_gpb�Z� e_�h]� hlimrlZ�Z� �_g]e�� Lazy Release)� ih^jZamf_\Z� ^Z� k_�
dhgabkl_gpb�Z� f_fhjb�_� fhjZ� hkl\Zjblb� l_d� ijbebdhf� gZbeZkdZ� gZ� ke_^_�m�
ijbfblb\m�acquire��H\bf�k_�^h[b�Z�m[jaZ�_�ba\jrZ\Z�Z�ZiebdZpb�Z��dh�_�k_�fhjZ�
ieZlblb�kZ�\_�bf�[Zn_jbfZ�aZ�ih^Zld_�gZ�q\hjh\bfZ�kbkl_fZ� 
MeZagZ�dhgabkl_gpb�Z��_g]e��Entry)�ih^jZamf_\Z�^Z��_�k\ZdZ�^_�_gZ�ijhf_g�b\Z�
�beb� ]jmiZ�� aZrlb�_gZ� �_^ghf� kbgojhgbaZpbhghf� ijhf_g�b\hf�� M\h{_�_f�
dhfiebdh\Zgb�_]� ijh]jZf_jkdh]� hdjm`_�Z� ^h[b�_gh� �_� agZqZ�gh� kfZ�_gh�
hil_j_�_�_�bgl_jdhg_dpbhg_�fj_`_� 
AURC (Automatic Update Release Consistency) ijhlhdhe� �_� j_ZebaZpb�Z�
dhgabkl_gpb�_�ijb�hlimrlZ�m�m�dh�h��k\ZdZ�ehdZpb�Z�m�^_�_gh��f_fhjb�b�bfZ�k\h]�
q\hjZ�^hfZ�bgZ� �_g]e��home node���Ijhlhdhe�dhjbklb�oZj^\_jkdb�Zdp_e_jZlhj�aZ�
ZmlhfZlkdh�ijhke_{b\Z�_�mibkZ�� 
Scope�ijhlhdhe� [I ftode96] �_�ihdmrZ��^Z� k_�^h[j_�hkh[bg_� meZag_�dhgabkl_gpb�_�
hkl\Zj_�[_a�m\h{_�Z�gh\h]�ijh]jZf_jkdh]�hdjm`_�Z��H\Z��ijhlhdhe��_�mgZij_{_�_�
$85&�ijhlhdheZ. 
>_lZ�gb�b� hibk� fh^_eZ� b� ijhlhdheZ� aZ� h^j`Z\Z�_� dhgabkl_gpb�_� ^_�_g_�
f_fhjb�_� fh`_� k_� gZ�b� m� [Adve96], [Bennett90a], [Bennett90b], [Eggers88], 
[Gupta92], [Hill 98], [I ftode96], [Milutinovic00], [Protic96b], [Protic97], [Tartalja92], 
[Tartalja97]. 
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2.5. KbgojhgbaZpb�Z�m�DSM kbkl_fbfZ 

Dhgabkl_gpb�Z� kbgojhgbaZpbhgbo�ijhf_g�b\Z� k_�fhjZ�h^j`Z\Zlb�g_aZ\bkgh�h^�
h^j`Z\Z�Z� dhgabkl_gpb�_� h[bqgbo� ^_�_gbo� ijhf_g�b\Z��Fh^_e� dhgabkl_gpb�_�
kbgojhgbaZpbhgbo� ijhf_g�b\Z� fhjZ� [blb� k_d\_gpb�ZegZ� beb� [Zj� ijhp_khjkdZ�
dhgabkl_gpb�Z�� Ijbklmi� kbgojhgbaZpbhgbf� ijhf_g�b\ZfZ� k_� hkl\Zjm�_� ij_dh�
ijbfblb\Z�LOCK (acquire) b�UNLOCK (release). 

M�SMP�kbkl_fbfZ�ihklh�b��_^bgkl\_gZ�^_�_gZ�fZ]bkljZeZ��Ijbebdhf�ijbklmiZ�Z�
kbgojhgbaZpbhgbf� ijhf_g�b\ZfZ� ijhp_khj� fhjZ� ij\h� ^Z� ^h[b�_� ijbklmi�
fZ]bkljZeb� qbf_� k_� hkl\Zjm�_� k_jb�Zebah\Zg� ijbklmi� ^_�_gbf� ijhf_g�b\ZfZ��
DZ`_�k_�^Z�fZ]bkljZeZ�k_jb�Zebam�_�ijbklmi�kbgojhgbaZpbhgbf�ijhf_g�b\ZfZ� 
M� DSM� kbkl_fbfZ� g_� ihklh�b� �_^bgkl\_gZ� fZ]bkljZeZ�� \_�� dhfie_dkgZ� bgl_j-
dhg_dpbhgZ�fj_`Z��K_jb�ZebaZpb�Z�ijbklmiZ�kbgojhgbaZpbhgbf�ijhf_g�b\ZfZ�k_�
hkl\Zjm�_� m\h{_�_f� f_gZ�_jZ� aZd�mqZ\Z�Z� �_g]e�� Lock Manager)� beb� gZ� g_db�
^jm]b�gZqbg. AZ�k\Zdm�^_�_gm�ijhf_g�b\m�ihklh�b�f_gZ�_j�dh�b� �_�h^]h\hjZg�aZ�
h^j`Z\Z�_�dhgabkl_gpb�_�l_�^_�_g_�ijhf_g�b\_��F_gZ�_j�fh`_�[blb�gZ�ijbf_j�
q\hj� dh�b� �_� \eZkgbd� nbabqd_� f_fhjb�kd_� ehdZpb�_� m� dh�h�� �_� kf_rl_gZ�
kbgojhgbaZpbhgZ� ijhf_g�b\Z�� Ijbebdhf� k\Zdh]� ijbklmiZ� kbgojhgbaZpbhgh��
ijhf_g�b\h�� aZol_\� k_� mim�m�_� mgZij_^� ihagZlhf� f_gZ�_jm� dh�b� �_� �_^bgkl\_g��
qbf_�k_�hkl\Zjm�_�k_jb�ZebaZpb�Z�ijbklmiZ� 
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3. Ijbf_gZ�kbfmeZpb�_�m�ijh�_dlh\Z�m�kbkl_fZ�kZ�^_�_ghf�
f_fhjb�hf 

3.1. F_lh^b�ZgZeba_�kbkl_fZ�kZ�^_�_ghf�f_fhjb�hf 

Ijbebdhf� ijh�_dlh\Z�Z� gh\bo� kbkl_fZ� b� ijh\_jZ\Z�Z� gh\bo� b^_�Z� m� h[eZklb�
Zjobl_dlmj_� jZqmgZjZ� dhjbkl_� k_� ZgZeblbqdb�� kbfmeZpbhgb�b�bfie_f_glZpbhgb�
ihklmipb� 
:gZeblbqdb� f_lh^� ih^jZamf_\Z� ba]jZ^�m� fZl_fZlbqdh]� fh^_eZ� dh�b� hibkm�_�
j_ZeZg� kbkl_f�� G_^hklZlZd� h\h]� f_lh^Z� km� fgh]h[jh�g_� ZijhdkbfZpb�_� dh�_� km�
g_hioh^g_�^Z�[b�ijh[e_f�[beh�fh]m�_�gmf_jbqdb�j_rblb��M]eZ\ghf�gb�_�fh]m�_�
ba\_klb�hirl_� aZd�mqd_�dhjbkl_�b�bkd�mqb\h�ZgZeblbqdh�fh^_eh\Z�_��Zeb�hgh�
ij_^klZ\�Z� ^h[jm� hkgh\m� aZ� ijhp_gm� gh\bo� b^_�Z� ba� ke_^_�bo� jZaeh]Z��
(1) ZgZeblbqdh�fh^_eh\Z�_�ihfZ`_� ^Z� k_� [h�_�jZamf_� kbkl_f�dh�b� k_�fh^_em�_��
(2) j_eZlb\gh��_��_^ghklZ\h�aZ�j_ZebaZpb�m�b�g_�aZol_\Z�kdmim�hij_fm��b���� aZol_\Z�
fZ�_�\j_f_gZ�g_]h�hklZeb�f_lh^b� 
KbfmeZpb�Z� �_� ^jm]b� dhjZd� ijbebdhf� ZgZeba_� kbkl_fZ� b� hgZ� hfh]m�Z\Z�
fh^_eh\Z�_� ^_lZ�Z� dh�_� gb�_� fh]m�_� fh^_eh\Zlb� m� fZl_fZlbqdhf� fh^_em��
KbfmeZpb�Z� k_� \jrb� kZ� fZ�_� ZijhdkbfZpb�Z�� b� fh`_� kbfmebjZlb� kbkl_f� ^h�
gZ�kblgb�bo� ^_lZ�Z�� KbfmeZpb�Z� hfh]m�Z\Z� ihdj_lZ�_� j_Zegbo� ZiebdZpb�Z� gZ�
kbfmebjZghf�kbkl_fm��rlh�gb�_�fh]m�_�dhjbr�_�_f�ZgZeblbqdh]�f_lh^Z� 
Bfie_f_glZpb�Z�ih^jZamf_\Z�ba]jZ^�m�ijhlhlbiZ�j_Zegh]�kbkl_fZ��gZ�dhf_�k_�
fh]m�g_ihkj_^gh�ba\jrblb�k\Z�ihlj_[gZ�f_j_�Z��H\h� �_�gZ�kdmi�b�b�\j_f_gkdb�
gZ�aZol_\gb�b�f_lh^��Pb��ZgZeblbqdbo�b�kbfmeZpbhgbo�f_lh^Z��_�^Z�k_�rlh�[h�_�
ij_^\b^b�ihgZrZ�_� j_Zegh]� kbkl_fZ�b� ^Z� k_� m��_]Z� m]jZ^_� kZfh� ^h[j_�b^_�_�b�
lbf_� kij_qb� f_�Z�_� b^_�Z� l_d� gZdhg� bfie_f_glZpb�_� ijhlhlbiZ�� G_^hklZlZd�
bfie_f_lZpbhgh]�f_lh^Z��_�m�lhf_�rlh�ijhlhlbi�ihdZam�_�kZfh�ihgZrZ�_�kbkl_fZ�
dh�b� �_� b^_glbqZg� ijhlhlbim��IhgZrZ�_� kbkl_fZ� kZ� jZaebqblbf� j_kmjkbfZ�� gZ�
ijbf_j�[jh�_f�ijhp_khjZ��aZol_\Z�fh^bnbdZpb�m�ijhlhlbiZ� 
KbfmeZpb�Z� ij_^klZ\�Z� gZ��_^ghklZ\gb�b� b� gZ��_nlbgb�b� gZqbg� ^Z� k_� ijh\_j_�
b^_�_�\_aZg_� aZ�Zjobl_dlmjm�fmelbijhp_khjkdbo�kbkl_fZ�kZ�^_�_ghf�f_fhjb�hf��
3_^bgh� mdhebdh� k_� jZa\b�Z� bkd�mqb\h� khnl\_jkdb� DSM� kbkl_f�� ba]jZ^�Z�
ijhlhlbiZ� [_a� ijh\_j_� b^_�Z� gZ� kbfmeZlhjm� �_� fh]m�Z�� �_j� g_fZ� ihlj_[_� ^Z� k_�
jZa\b�Z� ki_pb�Zegb� oZj^\_j�� F_{mlbf�� mdhebdh� k_� jZa\b�Z� oZj^\_jkdb� beb�
ob[jb^gb�DSM� kbkl_f��ij_�ba]jZ^�_�ijhlhlbiZ�ihlj_[gh� �_�ba\jrblb�^_lZ�gm�
ZgZebam�kbkl_fZ�gZ�kbfmeZlhjm�� 
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3.2. GZqbgb�j_ZebaZpb�_�kbfmeZlhjZ 

KbfmeZlhjb� kbkl_fZ� dh�b� dhjbkl_� j_Zeg_� ijh]jZf_� dZh� hil_j_�_�_� fh]m�
dhjbklblb�� ��� kbfmeZpb�m� ijb� ba\jrZ\Z�m� �_g]e�� H[HFXWLRQ-driven simulation), 
(2) bgl_jij_lZpb�m� dh^Z� �_g]e�� code interpretation�� b� ��� kbfmeZpb�m� ihdj_lZgm�
ljZ]h\bfZ�ba\jrZ\Z�Z��_g]e��trace-driven simulation). 

KbfmeZpb�Z� ijb� ba\jrZ\Z�m� ih^jZamf_\Z� ^Z� km� m� fZrbgkdb� dh^� ZiebdZpb�_�
dh�Z� k_� ba\jrZ\Z� m[Zq_gb� ihab\b� kbfmeZlhjm�� IhklmiZd� m[Zpb\Z�Z� ihab\Z�
kbfmeZlhjm� m� dh^� k_� gZab\Z� Zm]f_glZpb�Z� dh^Z� �_g]e�� augmentation��� Ijbf_jb�
kbfmeZlhjZ� dh�b� dhjbkl_� h\Z�� f_lh^� kbfmeZpb�_� fh]m� k_� gZ�b� m� [Magdic97] b�
[Herrod96]. 

Bgl_jij_lZpb�Z� dh^Z� ih^jZamf_\Z� ^Z� k_� fZrbgkdb� dh^� ZiebdZpb�_� dh�Z� k_�
ba\jrZ\Z� bgl_jij_lbjZ� m� kbfmeZlhjm�� H\Z�� f_lh^� k_� dhjbklb� ijbebdhf�
kbfmeZpb�_� gZ� ijhp_khjm� dh�b� gb�_� aZkgh\Zg� gZ� bklh�� Zjobl_dlmjb� dh�Z� k_�
kbfmebjZ��Ij_^ghkl�h\h]�f_lh^Z��_�m�lhf_�rlh�gb�_�ihlj_[gh�ihgh\gh�ij_\h{_�_�
ba\hjgh]� dh^Z� ZiebdZpb�_�� H\Z�� f_lh^� �_� m]eZ\ghf� kihjb�b� h^� kbfmeZpb�_� ijb�
ba\jrZ\Z�m�� Zeb� k_� jZaebdZ� m� [jabgb� kfZ�m�_� kZ� ih\_�Z�_f� ^_lZ�ghklb�
kbfmeZpb�_�a[h]�qm\Z�Z�dhgl_dklZ�ihlj_[gh]�ijbebdhf�k\Zdh]�ihab\Z�kbfmeZlhjm�
m�kbfmeZpb�b�ijb�ba\jrZ\Z�m��� 
KbfmeZpb�Z� ihdj_lZgZ� ljZ]h\bfZ� ba\jrZ\Z�Z� �_� gZ�[j`b�f_lh^� kbfmeZpb�_�
f_fhjb�kdh]� kbkl_fZ� �_j� k_� g_� ba\jrZ\Z� j_ZegZ� ZiebdZpb�Z� \_�� k_� kbfmeZlhj�
ihdj_�_�\_��]_g_jbkZgbf�ljZ]h\bfZ�ba\jrZ\Z�Z��LjZ]��_g]e��trace���_�aZibk�m�dhf_�
k_�gZeZab�bgnhjfZpb�Z� h� �_^ghf�f_fhjb�kdhf�ijbklmim��H\Z��gZqbg� kbfmeZpb�_�
gb�_� ijbdeZ^Zg� aZ� fmelbijhp_khjkd_� kbkl_f_�� Z� ihk_[gh� g_� aZ� kbfmeZpb�m�
jZaebqblbo�DSM kbkl_fZ�kZ�j_eZdkbjZgbf�fh^_ebfZ�aZ�h^j`Z\Z�_�dhgabkl_gpb�_�
f_fhjb�_� a[h]�g_^_l_jfbgbafZ�ijbebdhf�iZjZe_egh]�ba\jrZ\Z�Z��<br_�h�h\h��
\jklb�kbfmeZlhjZ�b�h�ih^jrpb�aZ�Limes�hdjm`_�_�fh`_�k_�gZ�b�m�[I kodinovic99]. 
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4. DSM Limes 

Limes� �_�khnl\_jkdh�hdjm`_�_�aZ�kbfmeZpb�m�fmelbijhp_khjkdbo�kbkl_fZ�dh�_� �_�
jZa\b�_gh�gZ�?e_dljhl_ogbqdhf�nZdmel_lm�Mgb\_jabl_lZ� m�;_h]jZ^m� [Magdic97]. 
=eZ\gZ�ij_^ghkl�Limes�hdjm`_�Z�m�h^ghkm�gZ�kebqg_�ZeZl_��TangoLite [Herrod96] 
jZa\b�_g�gZ�Kl_gnhj^�Mgb\_jabl_lm�� �_�m�lhf_�rlh�k_�ba\jrZ\Z�gZ�hi_jZlb\ghf�
kbkl_fm� Linux� gZ� eZdh� ^hklmigbf� b� gZ�\br_� dhjbr�_gbf� LQWHO� dhfiZlb[begbf�
ijhp_khjbfZ� 
Limes� �_� aZkgh\Zg� gZ� kbfmeZpb�b� ijb� ba\jrZ\Z�m� �_g]e�� execution-driven). 
Hjb]bgZegb�Limes��_�bfZh�hkgh\gm�ih^jrdm�aZ�kbfmeZpb�m�ihfh�m�ljZ]h\Z��_g]e��
trace-driven simulation��� KhnbklbpbjZgZ� ih^jrdZ� aZ� kbfmeZpb�m� ihfh�m� ljZ]h\Z�
^h^ZlZ��_�m��>,NRGLQRYLF��@� 
>_lZ�gh�mimlkl\h�aZ�mihlj_[m�Limes�iZd_lZ�fh`_�k_�gZ�b�m�[Magdic96]. 

Limes�dhjbklb�ANL�fZdjh_�aZ�dhgljhem�ba\jrZ\Z�Z�gblb�ijhp_kZ�dh�b�k_�dhjbkl_�
b�m�SPLASH�b�SPLASH��ZiebdZpb�ZfZ��[Singh92] b [Woo95]). 

4.1. KljmdlmjZ�f_fhjb�kdh]�kbfmeZlhjZ�SMP�kbkl_fZ 
LbibqgZ�kljmdlmjZ�f_fhjb�kdh]�kbfmeZlhjZ�SMP�kbkl_fZ�ijbdZaZgZ� �_�gZ�kebpb�
�����F_fhjb�kdb� kbfmeZlhj� dhfmgbpbjZ� kZ� �_a]jhf� Limes-Z� ij_dh� deZk_� IO_buf 
dh�Z� ih\_am�_� h^]h\ZjZ�m�b� ijhp_khj� kZ� �_]h\bf� d_r� dhgljhe_jhf�� D_r�
dhgljhe_j� �_� aZ^m`_g� kZfh� aZ� h^j`Z\Z�_� dhgabkl_gpb�_� kbgojhgbaZpbhgbo�
\Zjb�Z[eb� �lock-h\Z��� b� aZ� kbfmeZpb�m� ijbklmiZ� ^_�_gh�� f_fhjb�b�� ^hd� �_�
h^j`Z\Z�_� dhgabkl_gpb�_� ^_�_g_� f_fhjb�_� ij_imrl_gh� �_a]jm� Limes-Z�� H\h� �_�
aZ^h\h�Z\Z�m�_� j_r_�_� aZ� kbfmeZpb�m� SMP� kbkl_fZ�� Zeb� g_� h^]h\ZjZ� ^_lZ�gh��
kbfmeZpb�b�DSM�kbkl_fZ�kZ�dhfie_dkgbf�fh^_ebfZ�aZ�h^j`Z\Z�_�dhgabkl_gpb�_�
f_fhjb�_��LZd\Z� kbfmeZpb�Z� [b� bfZeZ� ij_\br_� dhgabkl_glgm�f_fhjb�m� aZ�DSM 
kbkl_f� 

 

C A C H E

I O_buf

B U S

C A C H E

I O_buf

C A C H E

I O_buf

M E M O R YM M M

 
KebdZ������KljmdlmjZ�f_fhjb�kdh]�kbfmeZlhjZ�SMP�kbkl_fZ 
E_]_g^Z� BUS - fZ]bkljZeZ; Cache - d_r�dhgljhe_j; F�-�d_r�f_fhjb�Z��Memory - aZ�_^gbqdZ�
^_�_gZ�f_fhjb�Z�dh�h��k_�ijbklmiZ�ij_dh�fZ]bkljZe_��IO_buf - fh^me�aZ�dhfmgbdZpb�m�kZ�Limes 
�_a]jhf� 
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4.2. KljmdlmjZ�f_fhjb�kdh]�kbfmeZlhjZ�DSM�kbkl_fZ 
KljmdlmjZ� f_fhjb�kdh]� kbfmeZlhjZ� DSM� kbkl_fZ� ijbdZaZgZ� �_� gZ� kebpb� �����
F_fhjb�kdb� kbfmeZlhj� dhfmgbpbjZ� kZ� �_a]jhf� Limes-Z� ij_dh� deZk_� IO_buf dh�Z�
ih\_am�_�h^]h\ZjZ�m�b�ijhp_khj�kZ��_]h\bf�fh^mehf�aZ�h^j`Z\Z�_�dhgabkl_gpb�_��
Fh^me� aZ� h^j`Z\Z�_� dhgabkl_gpb�_� �_� aZ^m`_g� aZ� h^j`Z\Z�_� dhgabkl_gpb�_�
^_�_g_� f_fhjb�_�� Z� �_]h\� ^_h�� f_gZ�_j� lock-Z� �_� aZ^m`_g� aZ� h^j`Z\Z�_�
dhgabkl_gpb�_�kbgojhgbaZpbhgbo�\Zjb�Z[eb��JZaebdZ�baf_{m�SMP b�DSM�kbkl_fZ�
�_� ij\_gkl\_gh� m� lhf_� rlh� ijbklmi� ^_�_gh�� f_fhjb�b� dh^� DSM� kbkl_fZ� gb�_ 
mgbnhjfZg� -� ijbklmi� ^_�_gbf� ih^ZpbfZ� dh�b� k_� nbabqdb� gZeZa_� m� ehdZegh��
f_fhjb�b��_�^Ze_dh�[j`b�h^�ijbklmiZ�^_�_gbf�ih^ZpbfZ�dh�b�k_�nbabqdb�gZeZa_�m�
f_fhjb�b�g_dh]�^jm]h]�q\hjZ��A[h]�lh]Z�k_�DSM�kbkl_fb�gZab\Z�m�NUMA (_g]e��
Non Uniform Memory Access) kbkl_fb��>Z�[b�k_�ih[h�rZe_�i_jnhjfZgk_�kbkl_fZ�
dhjbkl_�k_�j_eZdkbjZgb�fh^_eb�dhgabkl_gpb�_�f_fhjb�_�b�[Zn_jbkZ�_�g_ehdZegbo�
^_�_gbo�\Zjb�Z[eb� 

 

 

I O_buf

MCM
+

LM

local
memory

DSM

Buffers
+

Dir

ICN

I O_buf

MCM
+

LM

local
memory

DSM

Buffers
+

Dir

I O_buf

MCM
+

LM

local
memory

DSM

Buffers
+

Dir

...

KebdZ������KljmdlmjZ�f_fhjb�kdh]�kbfmeZlhjZ�DSM kbkl_fZ 
E_]_g^Z� ICN - bgl_jdhg_dpbhgZ� fj_`Z; MCM+LM - fh^me� aZ� h^j`Z\Z�_� dhgabkl_gpb�_�
f_fhjb�_� b�f_gZ�_j� lock-Z; local memory -�ehdZegZ�f_fhjb�Z� m�dh�h�� k_�gZeZa_�ehdZpb�_�dh�_�
gbkm�mhirl_�^_�_g_��DSM - ^_h�]eh[Zeg_�^bkljb[mbjZg_�^_�_g_�f_fhjb�_��%XIIHUV+Dir -�^_h�
f_fhjb�_�dh�b�kem`b�aZ�m[jaZ\Z�_�ijbklmiZ�ehdZpb�ZfZ�^bkljb[mbjZg_�^_�_g_�f_fhjb�_�dh�_�
k_� nbabqdb� gZeZa_� m�f_fhjb�b� g_dh]� g_ehdZegh]� q\hjZ�� IO_buf - fh^me� aZ� dhfmgbdZpb�m� kZ�
Limes ��_a]jhf� 
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5. >_lZ�b�j_ZebaZpb�_ 

5.1. Baf_g_�m��_a]jm�Limes-Z 

3_a]jm� Limes-Z� �_� ^h^ZlZ� ^bkljb[mbjZgZ� ^_�_gZ� f_fhjb�Z� dh�Z� k_� bgbpb�Zebam�_�
ijbebdhf� bgbpb�ZebaZpb�_� kbkl_fZ� m� kernel.c (ih]e_^Zlb� ijbeh]� ���� :^j_kgb�
ijhklhj�kbfmeZlhjZ��_�ijbdZaZg�gZ�kebpb����� 

5.2. :ehdZpb�Z�^bkljb[mbjZg_�^_�_g_�f_fhjb�_ 

K\Zdb�q\hj�fh`_�^Z�ZehpbjZ�ijhklhj�m�^bkljb[mbjZgh��^_�_gh��f_fhjb�b�ihfh�m�
fZdjh�ihab\Z G_MALLOC. Mdhebdh�k_�ijbebdhf�ihab\Z�g_�ki_pbnbpbjZ�q\hj�gZ�
dhf_�lj_[Z�^Z�k_�ZehpbjZ�ijhklhj��ZehpbjZ�k_�ijhklhj�m�^_em�DSM�f_fhjb�_�dh�Z�
k_� nbabqdb� gZeZab� m� ehdZegh�� f_fhjb�b� q\hjZ� dh�b� �_� iha\Zh� fZdjh�� >_lZ�b�
j_ZebaZpb�_�ZehdZpb�_�f_fhjb�_�k_�fh]m�gZ�b�m�ijbeh]m��� 
 

    DSM #0

    DSM #1

. . .

    DSM #n-1

...
St ack #0

St ack #1

St ack #n- 1

DSM

Heap

Code

KebdZ������:^j_kgb�ijhklhj DSM Limes kbfmeZlhjZ 
E_]_g^Z� Code - ^_h� f_fhjb�_� dh�b� kZ^j`b� dh^� k_]f_gl; DSM - ^bkljb[mbjZgZ� ^_�_gZ�
f_fhjb�Z�� DSM #i - k\Zdhf� q\hjm� L� m� DSM� kbkl_fm� �_� ^h^_�_g� ^_h� �_^bgkl\_g_� ^_�_g_�
f_fhjb�_��Heap - ijhklhj m�dhf_��_a]h�ZehpbjZ�f_fhjb�m�aZ�ihlj_[_�kbfmeZlhjZ�b�m�dhf_�k\Zdb�
q\hj�fh`_�^Z�ZehpbjZ�g_^_�_g_�ih^Zld_��Stack #i - ehdZegb�kl_d�aZ�q\hj�i. 
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5.3. KbfmeZpb�Z�ijbklmiZ�^bkljb[mbjZgh��^_�_gh��f_fhjb�b 

KljmdlmjZ�kbfmeZlhjZ� �_�ijbdZaZgZ�gZ�kebpb������>_lZ�gb�b�ijbdZa� �_^gh]�q\hjZ�
DSM kbkl_fZ��_�ijbdZaZg�gZ�kebpb����� 

Fh^me� MCModul� �_� aZ^m`_g� aZ� kbfmeZpb�m� ijbklmiZ� ^bkljb[mbjZgh�� ^_�_gh��
f_fhjb�b��H\Z��fh^me�ijbfZ� aZol_\_�h^� �_a]jZ�Limes�hdjm`_�Z��b� lh�� (1) READ 
REQUEST, (2) WRITE REQUEST, (3) LOCK REQUEST b�(3) UNLOCK REQUEST, 
h^ghkgh�aZol_\b�aZ�qblZ�_��ibkZ�_��mabfZ�_�b�hkeh[Z{Z�_�ehdZ��j_ki_dlb\gh��GZ�
hkgh\m�kZ^j`Z�Z�j_]bklZjZ� ORFDOBGVPBVWDUW�b� local_dsm_end fh^me�aZd�mqm�_�^Z�eb�
k_�jZ^b�h�ehdZpb�b�dh�Z�k_�nbabqdb�gZeZab�m�ehdZegh��f_fhjb�b�q\hjZ��Mdhebdh�k_�
gZeZab�� hg^Z� k_� f_fhjb�kdZ� ljZgkZdpb�Z� h^jZ^b� [_a� baeZkdZ� kZ� aZol_\hf� gZ�
bgl_jdhg_dpbhgm� fj_`m�� Mdhebdh� k_� ehdZpb�Z� g_� gZeZab� m� ehdZegh�� f_fhjb�b�
ij\h�k_�h^j_^b�dh�b�q\hj��_�q\hj�^hfZ�bg�aZ�ljZ`_gm�ehdZpb�m��_g]e��home node). 
H\h� k_� h^j_{m�_� ihab\hf� nmgdpb�_� find_dsm_node(bitsADDR). KbfmeZlhj�
lj_gmlgh�g_�hfh]m�Z\Z�fb]jbjZ�_� kljZgbpZ�� lZdh�^Z� �_�nmgdpb�Z� aZ�h^j_{b\Z�_�
q\hjZ� ^hfZ�bgZ� �_^ghklZ\gZ�� �_j� k\Zdb� q\hj� m\_d� agZ� dh� �_� ^hfZ�bg� k\Zdh��
ehdZpb�b� m� ^_�_gh�� f_fhjb�b��GZdhg� h^j_{b\Z�Z� q\hjZ� ^hfZ�bgZ� fh^me�rZ�_�
aZol_\�ij_dh�bgl_jdhg_dpbhg_�fj_`_�b�q_dZ�h^]h\hj��DZ^Z�fh^me�ijbfb�h^]h\hj��
ijhp_khj�^h[b�Z�h^]h\hj�gZ�ljZ`_gm�f_fhjb�kdm�ljZgkZdpb�m� 

IO_buf

CPU

MCModul

LM

ICN

Local
memory

DSM #i

Buf fer

Di r

Cache

DSM #i  start
DSM #i  end

ICN out msg
queue

ICN out msg

ICN in msg

KebdZ������Q\hj�DSM�kbkl_fZ 
E_]_g^Z� CPU - ijhp_khj; IO_buf - M�B�[Zn_j�aZ�dhfmgbdZpb�m��DSM #i - ^_h�^_�_g_�f_fhjb�_�
dh�b� k_� gZeZab� m� ehdZegh�� f_fhjb�b� q\hjZ� i; Buffer - ^_h� ehdZeg_� f_fhjb�_� m� dh�h�� k_�
ijb\j_f_gh� kf_rlZ�m� kljZgbp_� g_ehdZeg_� DSM� f_fhjb�_� ijbebdhf� ijbklmiZ�� Dir - 
^bj_dlhjb�mf� aZ� h^j`Z\Z�_� dhgabkl_gpb�_�f_fhjb�_; MCModul - fh^me� aZ^m`_g� aZ� ijbklmi�
^_�_gh��f_fhjb�b�b� h^j`Z\Z�_�dhgabkl_gpb�_; LM - f_gZ�_j�ehdZ; DSM#i start - j_]bklZj�m�
dhf_�k_�gZeZab�ihdZab\Zq�gZ�ihq_lZd�DSM�f_fhjb�_�dh�Z�k_�gZeZab�m�f_fhjb�b�ehdZegh��aZ�^Zlb�
q\hj; DSM#i end - ihdZab\Zq�gZ�djZ��ehdZeg_�DSM�f_fhjb�_; ICN out msq queue - j_^�q_dZ�Z�aZ�
ihjmd_�dh�_�q\hj�rZ�_�ij_dh�bgl_jdhg_dpbhg_�fj_`_; ICN out msg - ehdZpb�Z�m�dh�m�k_�kf_rlZ�
ihjmdZ�aZ�keZ�_�m�ij\hf�ke_^_�_f�pbdemkm�bgl_jdhg_dpbhg_�fj_`_; ICN in msg - ehdZpb�Z�m�
dh�m�k_�kf_rlZ�meZagZ�ihjmdZ�dh�Z�k_�ijbfZ�ij_dh�bgl_jdhg_dpbhg_�fj_`_. 
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Mdhebdh�k_�kbfmebjZ�g_db�j_eZdkbjZgb�fh^_e�aZ�h^j`Z\Z�_�dhgabkl_gpb�_��fh`_�
k_�dhjbklblb�[Zn_jbkZ�_�g_ehdZegbo�kljZgbpZ�^bkljb[mbjZg_�^_�_g_�f_fhjb�_��
M� aZ\bkghklb� h^� ijhlhdheZ� aZ� h^j`Z\Z�_� dhgabkl_gpb�_�� �_^gZ� kljZgbpZ� k_� m�
�_^ghf�lj_gmldm�g_�gZeZab�kZfh�gZ��_^ghf�f_klm��KljZgbpZ�fh`_�[blb�[Zn_jbkZgZ�
gZ� \br_� q\hjh\Z� DSM� kbkl_fZ�� H\Zd\bf� ijhlhdhehf� k_� m[jaZ\Z� ijbklmi�
g_ehdZegbf�ih^ZpbfZ�m�^_�_gh��f_fhjb�b���_j�gb�_�m\_d�ihlj_[gh�^Z�k_�ijbklmiZ�
bgl_jdhg_dpbhgh�� fj_`b�� Zeb� k_� ih\_�Z\Z� hil_j_�_�_� gZ� bgl_jdhg_dpbhgh��
fj_`b���_j�k_�g_�ij_[Zpm�m�kZfh�g_hioh^gb�ih^Zpb��\_��qblZ\b�[ehdh\b��>Z�[b�k_�
hkl\ZjbeZ� dhgabkl_gpb�Z� ^_�_g_�f_fhjb�_�dhjbkl_� k_� keh`_gb� Ze]hjblfb�� �_j� m�
�_^ghf�lj_gmldm�jZaebqblb�q\hjh\b�\b^_�jZaebqbl�kZ^j`Z��^_�_g_�f_fhjb�_� 

5.4. H^j`Z\Z�_�dhgabkl_gpb�_�kbgojhgbaZpbhgbo�ijhf_g�b\Z 

KbgojhgbaZpb�Z� k_� h^j`Z\Z� ZikljZdpb�hf� ehdZ� f_gZ�_jhf� ehdZ�� >_lZ�gZ�
j_ZebaZpb�Z� k_�fh`_� \b^_lb� m�ijbeh]m� ���K\Zdh�� kbgojhgbaZpbhgh��\Zjb�Z[eb� �_�
^h^_�_g��_g�f_gZ�_j��h^ghkgh�q\hj�dh�b� �_�^hfZ�bg�aZ�^Zlm�ehdZpb�m�m�^_�_gh��
f_fhjb�b��DZ^Z�ijhp_khj�aZol_\Z�ehd��mdhebdh� �_�f_gZ�_j�ehdZ�mijZ\h�lZ��q\hj��
f_gZ�_j� ijh\_jb� ^Z� eb� �_� ehd� keh[h^Zg� beb� g_�� b� mdhebdh� �_kl_� ehd� ^h^_eb�
ijhp_khjm� dh�b� ]Z� �_� aZol_\Zh��Mdhebdh� �_�ehd� aZma_l��f_gZ�_j� klZ\�Z�ijhp_khj�
dh�b�]Z��_�aZol_\Zh�gZ�djZ��j_^Z�q_dZ�Z�gZ�ihkfZljZghf�ehdm��Mdhebdh��_�f_gZ�_j�
ehdZ�g_db�^jm]b�q\hj��rZ�_� k_� aZol_\�ij_dh�bgl_jdhg_dpbhg_�fj_`_�b�q_dZ�gZ�
^h^_em� aZol_\Zgh]� ehdZ�� Ijbebdhf� aZol_\Z� aZ� hkeh[Z{Z�_f� ehdZ� ijbf_�m�_� k_�
kebqgZ�ijhp_^mjZ��Mdhebdh�j_^�q_dZ�Z�gZ�ehdm�gb�_�ijZaZg��f_gZ�_j�ijbebdhf�
hkeh[Z{Z�Z�ehd�^h^_�m�_�ijhp_khjm�dh�b��_�ij\b�m�j_^m�aZ�q_dZ�_��GZ�kebpb������_�
ijbdZaZgZ�j_ZebaZpb�Z�f_gZ�_jZ�ehdZ�ihfh�m�^bgZfbqd_�ebkl_� 

 

 

 

 0x50001 2locks

 0x5032A1

 0x4F0012  0

 5

 15

10

3

2

lock address    holder

 KebdZ������F_gZ�_j�ehdZ 
H[�Zr�_�_�� GZ� kebpb� �Z� ijbdZaZgZ� kblmZpb�Z� m� dh�h�� km� ljb� ehdZ� aZma_lZ�� gZ� ehdZpb�ZfZ�
0x500012, 0x5032A1 b�0x4F0012, h^�kljZg_�ijhp_khjZ� ������b� ���j_ki_dlb\gh��J_^�q_dZ�Z�aZ�
ij\Z�^\Z�ehdZ��_�ijZaZg��Z�gZ�lj_�_f�q_dZ�m�ijhp_khjb������b�����Ijhp_khj����_�ij\b�^h[blb�ehd� 
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5.5. KbfmeZpb�Z�bgl_jdhg_dpbhg_�fj_`_ 

Bgl_jdhg_dpbhgZ� fj_`Z� �_� aZ^m`_gZ� ^Z� ijhke_^b� ihjmd_� baf_{m� q\hjh\Z�� M�
aZ\bkghklb�h^�`_�_g_�^_lZ�ghklb� kbfmeZpb�_��fh]m�_� �_� kbfmebjZlb�ihgZrZ�_�
bgl_jdhg_dpbhg_�fj_`_�^h�gZ�kblgb�bo�^_lZ�Z��Q\hj�mibkm�_�ihjmdm�aZ�keZ�_�m�
meZagb�ihjl��b�qblZ�ihjmd_�ba�baeZagh]�ihjlZ�bgl_jdhg_dpbhg_�fj_`_� 
Lbih\b�ihjmdZ�dh�b�k_�ijhke_{m�m�djha�bgl_jdhg_dpbhgm�fj_`m�km�^_nbgbkZgb�gZ�
ke_^_�b�gZqbg� 
 
enum ICN_Message_Type {  
    READ_REQUEST, 
    READ_RESPONSE, 
    WRITE_REQUEST, 
    WRITE_ACK, 
    LOCK_REQUEST, 
    LOCK_GRANTED, 
    UNLOCK_REQUEST, 
    UNLOCK_ACK 
    };  

>_lZ�b�j_ZebaZpb�_�k_�fh]m�gZ�b�m�ijbeh]m��� 
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6. AZd�mqZd 
KbfmeZlhj�DSM kbkl_fZ� k_�fh`_�dhjbklblb� aZ�ijh\_jm�gh\bo�b^_�Z�\_aZgbo� aZ�
Zjobl_dlmjm� b� hj]ZgbaZpb�m� jZqmgZjkdbo� kbkl_fZ� kZ� ^bkljb[mbjZghf� ^_�_ghf�
f_fhjb�hf��KbfmeZpbhgh�hdjm`_�_�Limes�bfZ� �Zdm�ih^jrdm�aZ�kbfmeZpb�m�SMP 
kbkl_fZ��lZdh�^Z�kbfmeZpb�Z�DSM�kbkl_fZ�kZ�q\hjh\bfZ�dh�b�km�dhfie_lgb�SMP 
kbkl_fb�g_�ij_^klZ\�Z�ijh[e_f� 
Limes kbfmeZpbhgh� hdjm`_�_� kZ� ih^jrdhf� aZ� DSM kbkl_f_� b� jZag_� fh^_e_�
h^j`Z\Z�Z� dhgabkl_gpb�_� ^_�_g_� f_fhjb�_� fh`_� k_� dhjbklblb� m� hp_�b\Z�m�
_nbdZkghklb� iZjZe_egbo� Ze]hjblZfZ� b� �boh\_� ijbf_g_� gZ� h^j_{_gbf�
Zjobl_dlmjZfZ�� <br_� h� hp_�b\Z�m� _nbdZkghklb� Ze]hjblZfZ� m� kbkl_fbfZ� kZ�
^_�_ghf� f_fhjb�hf� fh`_� k_� gZ�b� m� [Agarwal88], [Conte90], [Kessler89],� b 
[Marinov97]. 

KbfmeZlhj� DSM� kbkl_fZ� dh�b� �_� gZibkZg� �_� kZfh� iheZagZ� hkgh\Z� aZ� ibkZ�_�
kbfmeZlhjZ� j_Zegbo� kbkl_fZ�� Ihlj_[gh� �_� gZibkZlb� kbfmeZlhj_� aZ� g_dhebdh�
j_eZdkbjZgbo�fh^_eZ�aZ�h^j`Z\Z�_�dhgabkl_gpb�_�^_�_g_�f_fhjb�_�b�hfh]m�blb�
^Z�q\hj�DSM kbkl_fZ�[m^_�dhfie_lZg�SMP�kbkl_f��LZdh{_� �_�ihlj_[gh�gZibkZlb�
^_lZ�g_�kbfmeZlhj_�gZ�q_r�_�dhjbr�_gbo�lbih\Z�bgl_jdhg_dpbhg_�fj_`_� 
Dhfie_lZg�ba\hjgb�dh^�kbfmeZlhjZ�fh`_�k_�gZ�b�gZ� 
http://galeb.etf.bg.ac.yu/~zorand/dsmlimes  
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7. AZo\Zegbp_ 
Ij\_gkl\_gh�[b�`_e_h�^Z�k_�aZo\Zebf�Ijhn��>j��<_�dm�Fbemlbgh\b�m�gZ�k\_fm�
rlh�kZf�gZmqbh�lhdhf�jZ^Z�m�]jmib�dh�m�hg�\h^b�b�gZ�jZamf_\Z�m�aZ�fh�Z�q_klZ�
dZr�_�Z� ijbebdhf� bajZ^_� jZagbo� ba\_rlZ�Z�� Ihk_[gh� fm� k_� aZo\Z�m�_f� aZ�
hj]Zgbah\Z�_�fgh]h[jh�gbo�ij_^Z\Z�Z�\jomgkdbo�k\_lkdbo�kljmq�ZdZ�dh�b�km�fb�
hfh]m�beb� ^Z� kl_dg_f� ^Ze_dh� [h�m� kebdm� lj_gmlgh]� klZ�Z� m� jZagbf� h[eZklbfZ�
jZqmgZjkdbo�gZmdZ� 
<_ebdm� aZo\Zeghkl� ^m]m�_f� Fj�� :e_dkZg^jm� Fbe_gdh\b�m� b� dhe_]b� B]hjm�
Bdh^bgh\b�m�gZ�^jZ]hp_gbf�kZ\_lbfZ�b�ihk\_�_ghf�\j_f_gm�lhdhf�bajZ^_�h\h]�
jZ^Z�� Ihk_[gh� k_� aZo\Z�m�_f� dhe_]b� b� ijb�Zl_�m� >Z\hjm� FZ]^b�m� gZ�
fgh]h[jh�gbf�^bkdmkb�ZfZ�lhdhf�^m]hljZ�g_�kZjZ^�_� 
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>h^ZlZd����Baf_g_��_a]jZ�Limes kbfmeZpbhgh]�hdjm`_�Z 

J_ZebaZpb�Z�^bkljb[mbjZg_�^_�_g_�f_fhjb�_ 
 
preferences.h 
 
...  
/*  
 * SMP or DSM simulation  
 * Change globals.make for DSM or SMP simulation  
 */  
 
/*  
 * Maximum number of processors in the system.  
 */  
#define MAX_CPU_COUNT 32  
 
/*  
 * DSM preferences  
 * DSM_SIZE is size of the simulated DSM memory  
 */  
#define DSM_SIZE 32*1024*1024  
...  
 
kernel.h 
 
...  
/*  
 * DSM memory  
 */  
#define DSM_START (bitsADDR)&_etext  
#define DATA_HEAP_START (bitsADDR)&_end  
extern bitsADDR dsmStart[MAX_CPU_COUNT], dsmEnd[MAX_CPU_COUNT];  
 
/*  
 * Macro determinining whether an adress is shared -  in the sense that it  
 * could be both read and written by all. Locations other than those in the  
 * data segment could be shared as well (like constants in the code  
 * segment), but they are read only and need not be simulated to the level  
 * of contents.  
 * Actually, the second line should read "START+MAXSIZE", but since MAXSIZE  
 * is 512MB, DATA_SEGMENT_START is much less than DATA_SEGMENT_MAXSIZE.  
 */  
#ifndef DSM_LIMES  
#define ISSHARED(ADDR)                                              \  
    ((bitsADDR)(ADDR) >  DATA_SEGMENT_START &&                      \  
     (bitsADDR)(ADDR) < DATA_SEGMENT_MAXSIZE)  
#else  
#define ISSHARED(ADDR)                                              \  
    ((bitsADDR)(ADDR) >  DSM_START &&                               \  
     (bitsADDR)(ADDR) < dsmEnd[MAX_CPU_COUNT-1])  
#endif /* DSM_LIMES */  
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/*  
 * system-memory allocation policy: kernel and memory simulator heap should  
 * be separated from the application's; this is what mmap() is for, called  
 * by the sys_malloc() that kernel and memsim should use instead of malloc  
 * if mmap() doesn't work on your system, uncomment this and the ordinary  
 * malloc() will  be used; but there will be no much difference anyway.  
 * DSM_LIMES extensions tend to be more allocation intensive and do not use  
 * mmap... DSM_SIZE is all you get for shared memory, although application  
 * can use malloc for non-shared data.  
 */  
#ifndef DSM_LIMES  
#define USE_MMAP_FOR_SYS_MALLOC 
#endif /* DSM_LIMES */  
...  
 
kernel.c 
 
...  
static void do_system_init(int *argc, char *argv[]) {  
    int i;  
    /* set up defaults */  
    sys_output = stdout;        /* by default, output goes to stdout */  
    sys_debug_events = 0;  
    sys_gather_statistics = 0;  
 /* parse command line options: "--" option means the rest is for Limes */  
    for(i = 1; i < *argc; ++i)  
        if (!strcmp(argv[i],"--"))  {  
            int appargc = i++;  
            startup_argv = &argv[i]; /* remember the rest of the array */  
            while(i < *argc) {  
                if (argv[i][0] != '-') break;  
                switch (argv[i][1]) {  
                    case 'e':   /* force output to stderr */  
                        sys_output = stderr;    break;  
                    case 't':   /* produce trace file */  
                        produce_trace_file = 1; break;  
                    case 's':   /* statistics on */  
                        sys_gather_statistics = 1;  break;  
                    case 'i':   /* INI file other than limes.ini */  
                        INIfile = argv[i+++1];      break;  
                    case 'd':   /* define INI item, form -dITEM=VALUE */  
                        break;  
                    case 'b':   /* lemme sleep */  
                        beep_at_end = 0;    break;  
                    default :  
                      fprintf(stderr, "Incorrect simulator option. \n");  
                      fprintf(stderr, "Syntax: <application> <app args> "\  
                            "--  [-e] [-t] [-s] [-i file] [-dKEY=VALUE]\n");  
                      fprintf(stderr, "\t-e : force output to stderr "\  
                                         "instead of stdout\n");  
                      fprintf(stderr, "\t-t : produce trace file\n");  
                      fprintf(stderr, "\t-s : dump threads' statistics\n");  
                      fprintf(stderr, "\t-i : specifies INI file other "\  
                                      "than limes.ini\n");  
                      fprintf(stderr, "\t-d : specifies value for an "\  
                                      "INI item (overrides .ini value)\n");  
                      exit(1);  
                    }  
                ++i;  
                }  
               *argc = appargc; argv[appargc] = NULL;   
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               /* the app won't see "--" options */  
            break;  
            } 
PRINTF("\n**************************************************\n");  
    PRINTF("Simulation start: ");  
    for(i=0; argv[i]; ++i) PRINTF("%s ",argv[i]);  
    if (startup_argv) {  
        PRINTF("--  ");  
        for(i=0; startup_argv[i]; ++i) PRINTF("%s ",startup_argv[i]);  
        }  
    PRINTF("\n");  
#ifdef DSM_LIMES  
    do_dsm_init();  
    dsm_malloc_init();      
#endif  
    sys_init_threads_and_memsim();  
    simulation_start = time(NULL);  
    PRINTF(  
      "MAX_THREAD_COUNT=%d, BUSY_LOCK_TIME=%d, %sBUSY_LOCK_OPTIMIZATION\n", 
      MAX_THREAD_COUNT, BUSY_LOCK_SLEEP_TIME, BUSY_LOCK_OPTIMIZATION ? "" :  
      "NO ");  
    PRINTF("---------------------------------------------------------\n");  
    FFLUSH; 
    sys_signal_setup();          
    }  
 
/*  
 * Init the dsm memory and misc  
 */  
static void do_dsm_init() {  
 int i;  
 bitsADDR p;  
  
 dsmStart[0]=(bitsADDR)malloc(DSM_SIZE);  
    if(!dsmStart[0]) {  
        fprintf(stderr,"Could not allocate DSM_MEMORY: "\  
                       "try to decrease DSM_SIZE\n");  
        exit(1);  
        }  
    dsmEnd[MAX_CPU_COUNT-1]=dsmStart[0]+DSM_SIZE;  
    p=DSM_SIZE/MAX_CPU_COUNT; 
 for(i=1;i<MAX_CPU_COUNT;i++) {  
  dsmEnd[i-1]=dsmStart[i]=dsmStart[i-1]+p;  
  }  
/*  DEBUG ( 
  printf("DSM_START=%d\n",DSM_START);  
  printf("DATA_HEAP_START=%d\n",DATA_HEAP_START);  
  for(i=0;i<MAX_CPU_COUNT;i++)  
   printf("dsm[%d]=%d -  %d\n",i,dsmStart[i],dsmEnd[i]);  
  )  
*/  
    }  
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J_ZebaZpb�Z�ZehdZpb�_�DSM�f_fhjb�_ 
 
dsm.c 
 
#include "sys_stdlib.h"  
ALOCKDEC(dsmMallocLock,MAX_CPU_COUNT);  
bitsADDR dsmMallocP[MAX_CPU_COUNT];  
 
void dsm_malloc_init() {  
 int i;  
 ALOCKINIT(dsmMallocLock,MAX_CPU_COUNT);  
 for(i=0;i<MAX_CPU_COUNT;i++) dsmMallocP[i]=dsmStart[i];  
 }  
  
void *dsm_malloc(size_t allocSize, int n) {  
 void *p;  
 
 if(allocSize<=0) return NULL;  
 
 if (n==-1) {  
  AUG_OFF 
  n=sys_thread_ID;  
  AUG_ON 
  }  
 ALOCK(dsmMallocLock,n);  
 p=(void *) dsmMallocP[n];  
    if (dsmMallocP[n]+allocSize < dsmEnd[n]) {  
     dsmMallocP[n]+=allocSize;  
     }  
    else {  
     p=NULL;  
     }  
    AULOCK(dsmMallocLock,n);  
 return p;  
    }  
 
void dsm_free(void *p) {  
 /* Not implemented */  
    }  
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>h^ZlZd����Ba\hjgb�dh^�f_fhjb�kdh]�kbfmeZlhjZ�kbkl_fZ�kZ�
^bkljb[mbjZghf�^_�_ghf�f_fhjb�hf 
 
dsm.make 
 
CS     = memsim.cc topology.cc io_buf.cc icn.cc mcm.cc lock.cc  
 
CC    = $(GCC) -O2 -g -I$(INCLUDEDIR)  
CPP    = $(GCPP) -I$(INCLUDEDIR) -Wall -O2 $(DETACHED)  
 
OS    = $(CS:.cc=.o)  
 
$(SIMLIB): $(OS)  
    $(AR) ru $(SIMLIB) $(OS)  
 
$(OS): %.o : %.cc  
    $(CPP) -c $< -o $@  
 
dep:  
    $(CPP) -MM $(CS) > .depend  
 
ifeq (.depend, $(wildcard .depend))  
include .depend  
endif  
 
clean:  
    rm -rf $(OS) $(SIMLIB)  
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dsm.h 
 
/*  
 *    DSM LIMES -  dsm.h  
 *    Author: Zoran Dimitrijevic  
 *    zorand@galeb.etf.bg.ac.yu  
 */  
     
extern "C" {  
#include "memsim_interface.h"  
}  
 
// and this: redefinition of new and delete so that all the data needed by  
// your simulator is allocated on the system heap, and not the application 
// heap  
// This is not needed for DSM_LIMES because sys_malloc is same as malloc  
 
static inline void * operator new(size_t size) { return sys_malloc(size);}  
static inline void * operator new[](size_t size){ return sys_malloc(size);}  
static inline void operator delete(void *p)      { sys_free(p); }  
static inline void operator delete[](void *p)    { sys_free(p); }  
 
// dsm memory simulator specifics  
 
#include "icn_interface.h"  
 
#define TOPOLOGY_CLASS          Base_Topology  
#define TOPOLOGY_FRIENDS        friend class Base_Topology;  
#define TOPOLOGY_HDR            "topology.h"  
 
#define ICN_HDR                 "icn.h"  
#define ICN_CLASS               ICN_Module  
 
#define IO_BUF_HDR              "io_buf.h"  
#define IO_BUF_CLASS            IO_Buf  
 
#define MCM_HDR                 "mcm.h"  
#define MCM_CLASS               MCModul  
 
#endif _DSM_H_  
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icn_interface.h 
 
#ifndef _ICN_INTERFACE_H  
#define _ICN_INTERFACE_H  
/*  
 *    DSM LIMES -  ICN interface  
 *    Author: Zoran Dimitrijevic  
 *    zorand@galeb.etf.bg.ac.yu  
 */  
enum ICN_Message_Type {  
    READ_REQUEST, 
    READ_RESPONSE, 
    WRITE_REQUEST, 
    WRITE_ACK, 
    LOCK_REQUEST, 
    LOCK_GRANTED, 
    UNLOCK_REQUEST, 
    UNLOCK_ACK 
    };  
 
typedef struct {  
    enum ICN_Message_Type type;  
    bitsMAX data;  
    bitsADDR addr;  
    int size;  
    } ICN_Message;  
#endif  // _ICN_INTERFACE_H  
 
icn.cc 
 
#define PRAGMA_IMPLEMENTATION_ICN_MODULE 
#include "icn.h"  
 
icn.h 
 
#ifndef _ICN_H_  
#define _ICN_H_  
/*  
 *    DSM LIMES -  Inter Connection Network class  
 *    Author: Zoran Dimitrijevic  
 *    zorand@galeb.etf.bg.ac.yu  
 */  
#include "dsm.h"  
#include TOPOLOGY_HDR  
 
// InterConnectionNetwork IO Buffers  
struct ICN_IO_Buf {  
    struct In {  
        int STROBE;  
        int dest;  
        ICN_Message msg;  
        } in;                // to the ICN  
    struct Out {  
        int STROBE;  
        int src;  
        ICN_Message msg;  
        } out;               // to the MCM  
    };  
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// Simple InterConnection Network  
class ICN_Module {  
    const DEFAULT_ICN_DELAY = 10;   // CPU clock -  ICN clock rate ratio  
    int icn_delay;  
    int icn_delay_cnt;  
    struct Stats{  
        int msgcnt;  
        } stats;  
  public:  
    struct ICN_IO_Buf io_buf[MAX_CPU_COUNT];  
     
    ICN_Module();  
    void dump_stats(Thread_Time);  
    void cycle();  
    void dump_state();  
    bool isidle() { return 1; }  

TOPOLOGY_FRIENDS 
    };  
 
#ifdef PRAGMA_IMPLEMENTATION_ICN_MODULE 
///////////////////////////////////////  
#include <iostream.h>  
 
ICN_Module::ICN_Module() {  
    stats.msgcnt=0;  
    icn_delay=DEFAULT_ICN_DELAY;  
    icn_delay_cnt=icn_delay;  
    for(int i=0;i<MAX_CPU_COUNT;i++) {  
        io_buf[i].in.STROBE=0;  
        io_buf[i].out.STROBE=0;  
        }  
    }  
 
void ICN_Module::dump_stats(Thread_Time total_time) {  
    if (total_time == 0) return;  
    cout<<"ICN stats: MSG_CNT=" << stats.msgcnt << endl;  
    }  
 
// This method is called by Topology every topology cycle  
void ICN_Module::cycle() {  
    if(icn_delay_cnt--) return;  
    icn_delay_cnt=icn_delay;  
    for(int i=0;i<MAX_CPU_COUNT;i++) {  
        if(io_buf[i].in.STROBE)  
            if(io_buf[io_buf[i].in.dest].out.STROBE==0) {  
                io_buf[io_buf[i].in.dest].out.STROBE=1;  
                io_buf[io_buf[i].in.dest].out.msg=io_buf[i].in.msg;  
                io_buf[io_buf[i].in.dest].out.src=i;  
                io_buf[i].in.STROBE=0;  
                stats.msgcnt++;  
                }  
        }  
    }    
 
void ICN_Module::dump_state() {  
    }  
#endif //PRAGMA_IMPLEMENTATION_ICN  
#endif //_ICN_H_  
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io_buf.cc 
 
#define PRAGMA_IMPLEMENTATION_IO_BUF 
#include "io_buf.h"  
 
io_buf.h 
 
#ifndef _IO_BUF_H_  
#define _IO_BUF_H_  
 
/* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
 * Module: io_buf.h  
 * Author: Davor Magdic, magdic00390d@buef31.etf.bg.ac.yu  
 *  
 * Changed for DSM limes  
 * Author: Zoran Dimitrijevic, zorand@galeb.etf.bg.ac.yu  
 *  
 * This module isolates the other modules from the Limes kernel.  
 * It reads the requests from the kernel, and leaves them on its  
 * output ports. It reads the responses from its input ports and  
 * transmits them to  the kernel.  
 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * */  
 
#include "dsm.h"  
#include TOPOLOGY_HDR  
 
class IO_Buf {  
    int index;                  // index of the belonging PE (processing 
element)  
    bool request_pending;       // 1 (true) if yes, 0 (false) if not  
    // output signals  
    struct Out {  
        // to the MCM  
        struct Request {  
            struct Memory_Request *request_ptr;     // request description  
            int STROBE;         // set by IO_Buf and cleared by Topology  
            } request;  
        } out;  
    struct In {  
        // input signals: from the MCM  
        struct Response {  
            enum PE_response signal;  // filled by topology when called  
            bitsMAX data;  
            } response;  
        } in;  
  public:  
    IO_Buf();  
    void assign_index(int ind)  { index = ind; }  
    void start_cycle();              
    void end_cycle();  
    bool isidle() {return !request_pending;}  
    TOPOLOGY_FRIENDS 
    };  
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#ifdef PRAGMA_IMPLEMENTATION_IO_BUF  
//---------------------------------  
 
#include <iostream.h>  
 
IO_Buf::IO_Buf() {  
    request_pending = false;  
    index = 0;  
    out.request.STROBE = 0;  
    }  
 
// each IO_Buf module has two main methods: start_cycle() and end_cycle().  
// The Topology decides when to call each: at the beginning of the  
// simulated cycle, start_cycle() is called for each IO_Buf instance if  
// there is an indication that one or more requests exist at this cycle.  
// Each IO_Buf checks it, reads the request from the kernel  and leaves it 
// on its output port, waiting for the cache to collect it. At the end of  
// each simulated cycle, end_cycle() is called, which checks if there is  
// any response from the underlying cache controller. The response is  
// forwarded to the kernel.  
 
void IO_Buf::start_cycle() {  
    if (REQUEST_EXISTS(index)) {  
        if (request_pending) {  
            cerr << "\aIO_Buf[" << index << "] overrun error!\n"; exit(1);}  
        REQUEST_FILL(index, out.request.request_ptr);  
 
        // misalignment not  allowed! GCC never makes one anyway.  
        bitsADDR addr = out.request.request_ptr->virtual_addr;  
        int size = out.request.request_ptr->size;  
        int mask = ~(DATA_WIDTH-1);  
        if ( (addr & mask) != ( (addr+size-1) & mask ) )  {  
            cerr << "\aIO_Buf[" << index << "] alignment error!\n";  
            exit(1);  
            }  
        out.request.STROBE  = 1;  
        request_pending = true;  
        }  
    }  
 
void IO_Buf::end_cycle() {  
    if (request_pending) {  
        if (!Topology::io_buf_input(index))  // if there is no response  
            REQUEST_RESPOND(index, PROCESSOR_STALLED); 
        else {  
            // if there was a read from the CPU, it had waited till now  
            fastcpy(&sys_threads[index]->memory_request.data,  
                &in.response.data,  
                sys_threads[index]->memory_request.size);  
            REQUEST_RESPOND(index, in.response.signal);  
            request_pending = false;  
            }  
        }  
    else    // if there was no request, there will be no response  
        REQUEST_RESPOND(index, PROCESSOR_NORESPONSE);        
    }    
 
#endif // PRAGMA_IMPLEMENTATION_IO_BUFF_  
#endif //_IO_BUF_H_  
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lock.cc 
 
#define PRAGMA_IMPLEMENTATION_LOCK_MANAGER 
#include "lock.h"  
 
lock.h 
 
#ifndef _LOCK_H_  
#define _LOCK_H_  
/*  
 *    DSM LIMES -  Lock Manager class  
 *    Author: Zoran Dimitrijevic  
 *    zorand@galeb.etf.bg.ac.yu  
 */  
#include "dsm.h"  
#include TOPOLOGY_HDR  
 
#include <stdio.h>  
 
class Locks{  
  public:  
    bitsADDR lockaddr;  
    int holder;  
    class LockQueue *lq;  
    class Locks *next;  
    };  
 
class LockQueue{  
  public:  
    int node;  
    class LockQueue *next;  
    };  
 
// LockManager class is abstraction of locks for DSM systems  
// Locks allways comply to sequentialy MCM  
// in fact, this realization for simulation purposes never looks what  
// is really in memory location; it is using only addresses of locks  
class LockManager {  
    Locks *locks;  
  public:  
      LockManager();  
      void addnode(LockQueue * &lq, int node);  
      bool lock(bitsADDR, int);  
      int  unlock(bitsADDR lockaddr);        // returns node to get lock 
next or -1 if none  
    void printlocks();  
    };  
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#ifdef PRAGMA_IMPLEMENTATION_LOCK_MANAGER 
//---------------------------------  
 
#include <iostream.h>  
 
LockManager::LockManager() {  
    locks=NULL;  
    }  
 
void LockManager::addnode(LockQueue * &lq, int node) {  
    LockQueue *prev=lq, *cur=lq;  
    if(lq==NULL) {  
        lq=new LockQueue;  
        lq->next=NULL;  
        lq->node=node;  
        }  
    else {  
        while (cur) {  
            prev=cur;  
            cur=cur->next;  
            }  
        prev->next=new LockQueue;  
        prev->next->next=NULL;  
        prev->next->node=node;  
        }  
    }  
 
// returns true if lock is granted or false if busy  
bool LockManager::lock(bitsADDR lockaddr, int node) {  
    Locks *cur=locks, *prev=locks;  
    while (cur) {  
        if (cur->lockaddr == lockaddr) {  
            addnode(cur->lq, node);  
            return false;  
            }  
        prev=cur;  
        cur=cur->next;  
        }  
    if (prev) {  
        prev->next=new Locks;  
        prev->next->lockaddr=lockaddr;  
        prev->next->holder=node;  
        prev->next->next=NULL;  
        prev->next->lq=NULL;  
        return true;  
        }  
    else {  
        locks=new Locks;  
        locks->lockaddr=lockaddr;  
        locks->holder=node;  
        locks->next=NULL;  
        locks->lq=NULL;  
        return true;  
        }  
    }  
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// returns -1 if nobody is waiting for lock or  
// number of the node to be granted the lock next  
int LockManager::unlock(bitsADDR lockaddr){  
    Locks *cur=locks, *prev=locks;  
    LockQueue *lqtmp;  
    int node;  
    while (cur) {  
        if(cur->lockaddr==lockaddr){  
            if(cur->lq) {  
                node=cur->lq->node;  
                lqtmp=cur->lq;  
                cur->lq=cur->lq->next;  
                delete lqtmp;  
                cur->holder=node;  
                return node;  
                }  
            else {  
                if(cur==locks){  
                    locks=locks->next;  
                    delete cur;  
                    return  -1;  
                    }  
                else {  
                    prev->next=cur->next;  
                    delete cur;  
                    return -1;  
                    }  
                }  
            }  
        prev=cur;  
        cur=cur->next;  
        }  
    printf("Unlock error! -  unlock attempt of not locked lock\n");  
    return -2;  
    }  
 
// print locks -  for debuging     
void LockManager::printlocks() {  
    Locks *cur=locks;  
    LockQueue *lqcur;  
    printf("locks:\n");  
    while(cur) {  
        printf("%d:[",cur->lockaddr);  
        lqcur=cur->lq;  
        while(lqcur){  
            printf("%d,",lqcur->node);  
            lqcur=lqcur->next;  
            }  
        printf("]\n");  
        cur=cur->next;  
        }  
    }  
 
#endif // PRAGMA_IMPLEMENTATION_LOCK_MANAGER 
#endif //_LOCK_H_  
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mcm.cc 
 
#define PRAGMA_IMPLEMENTATION_MCM 
#include "mcm.h"  
 
mcm.h 
 
#ifndef _MCM_H_  
#define _MCM_H_  
/*  
 *    DSM LIMES -  Memory Consistency Model Modul class  
 *    Author: Zoran Dimitrijevic  
 *    zorand@galeb.etf.bg.ac.yu  
 */  
#include "dsm.h"  
#include TOPOLOGY_HDR  
#include ICN_HDR  
#include "lock.h"  
 
// Queue of ICN messages to be sent  
class ICN_Queue {  
    struct Queue_Member {  
        ICN_Message msg;  
        int dest;  
        } q[MAX_CPU_COUNT];  
    int size;  
    int ptr;  
  public:  
      ICN_Queue() { size=0; ptr=0; }  
      bool isempty() { return size?false:true; }  
      bool put(int dest, ICN_Message msg) {  
          if(size<MAX_CPU_COUNT){  
            q[(ptr+size)%MAX_CPU_COUNT].dest=dest;  
            q[(ptr+size)%MAX_CPU_COUNT].msg=msg;  
            size++;  
            if(size>MAX_CPU_COUNT) {  
                printf("ICN_Queue buffer overflow !\n");  
                exit(-1);  
                }  
            return true;  
        } else return false;  
    }  
    bool peek(int &dest, ICN_Message &msg) {  
        if(!size) return false;  
        dest=q[ptr].dest;  
        msg=q[ptr].msg;  
        return true;  
    }  
    void get() {  
        if(size>0) {  
            size--;  
            ptr=(ptr+1)%MAX_CPU_COUNT;  
        }  
    }  
};  
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// MCM controler module declaration  
class MCModul {  
    int index;  
 
    // port definitions  
    struct In {                         // Input port:  
        struct Memory_Request request;  // from the CPU  
        } in;  
    struct Out {                        // Output port  
        struct Response {               // to the CPU  
 
    // signal to the IO_Buf: PROCESSOR_SATISFIED, PROCESSOR_STALLED etc.  
            enum PE_response signal;     
            bitsMAX data;  
            bool STROBE;     // set to high when 'signal' is formed  
            } response;  
        } out;  
     
    struct IcnPorts {  
        ICN_Message out_msg;       // to the ICN  
        int send_to_node;  
        ICN_Message in_msg;        // from the ICN  
        int node;  
    } icn;  
 
    // output queue  for ICN messages  
    class ICN_Queue icnqueue;  
 
    // Lock Manager  
    class LockManager lock_mng;  
 
    // dsm registers  
    bitsADDR local_dsm_start;  
    bitsADDR local_dsm_end;  
     
    // returns addr home node number  
    int find_dsm_node(bitsADDR addr);  
     
    // states this finite state machine can be found in  
    enum State {  
        INITIAL,                 // INITIAL --  not doing anything  
        READ_WAIT_RESPONSE,      // wait for non local read response  
        WRITE_WAIT_ACK,          // wait for non local write ack  
        LOCK_WAIT,               // wait for local lock grant  
        LOCK_WAIT_GNT,           // wait for non local lock grant  
        UNLOCK_WAIT_ACK          // wait for non local unlock ack  
        } state;  
 
    // some internal vars  
    int wait_state_counter;  
    int get_lock_from_myself;  
    int next_lock_holder;  
 
    struct Stat {                // statistics:  
        Stat()  { }  
        void dump(int index);  
        } stat;  
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  public:  
 
    MCModul();  
    void assign_index(int ind) {  
        index = ind;  
        local_dsm_start = index?dsmStart[index]:DSM_START;  
        local_dsm_end = dsmEnd[index];  
        }  
    void Introduce();  
    void cycle();    
    bool isidle() {return (state == INITIAL);}  
    void dump_state();  
    void dump_stats() {stat.dump(index);}  
    TOPOLOGY_FRIENDS 
    };  
 
//-----------------------------------------------------  
#ifdef PRAGMA_IMPLEMENTATION_MCM 
 
#include <iostream.h>  
#include <stdio.h>  
     
MCModul::MCModul() {  
    index = 0;           // default, but will be changed  
    state = INITIAL;     // PCC will be in the INITIAL state  
    // clear input and output ports  
    out.response.signal = PROCESSOR_NORESPONSE;  
    out.response.STROBE = 0;  
    };  
 
int MCModul::find_dsm_node(bitsADDR addr) {  
    if ( (addr>=DSM_START) && (addr<dsmEnd[0]) ) return 0;  
    for(int i=1;i<MAX_CPU_COUNT;i++)  
        if ( (addr>=dsmStart[i]) && (addr<dsmEnd[i]) ) return i;  
    return -1;   // not shared in DSM address space  
    }  
 
void MCModul::Introduce() {  
    COUT << "Protocol: DSM [" << index << "] sequential MCM controller. ";  
    COUT << "\n";  
    }  
 
void MCModul::Stat::dump(int index) {  
//    COUT << "DSM"<<index<<" " << "\n";  
    }  
 
// the main method: Topology calls it in each simulated cycle. If it was  
// not  in initial state, it will resume from the point where it left off in  
// the previous cycle.  
void MCModul::cycle() {  
    ICN_Message tmpmsg;  
    int tmpdest;  
    bool in_msg_exists;  
 
    // get msg if exist  
    if(in_msg_exists=Topology::icn_receive_msg(index,icn.node,icn.in_msg))  
        switch(icn.in_msg.type) {  
            case READ_REQUEST: 
                icn.out_msg.type=READ_RESPONSE;  
                icn.out_msg.size=icn.in_msg.size;  
                fastcpy(&icn.out_msg.data,  
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                        (void *)icn.in_msg.data,  
                        icn.in_msg.size);  
                icnqueue.put(icn.node,icn.out_msg);  
                break;  
 
             case WRITE_REQUEST:  
                fastcpy((void *)icn.in_msg.addr,  
                        &icn.in_msg.data,  
                        icn.in_msg.size);  
                icn.out_msg.type=WRITE_ACK;  
                icnqueue.put(icn.node,icn.out_msg);  
                break;  
 
            case LOCK_REQUEST: 
                if(lock_mng.lock(icn.in_msg.data,icn.node)){  
                    icn.out_msg.type=LOCK_GRANTED;  
                    icnqueue.put(icn.node,icn.out_msg);  
                    }  
                break;  
 
            case UNLOCK_REQUEST: 
                next_lock_holder=lock_mng.unlock(icn.in_msg.data);  
                icn.out_msg.type=UNLOCK_ACK;  
                icnqueue.put(icn.node,icn.out_msg);  
                if(next_lock_holder==index)  
                    get_lock_from_myself=1;  
                else if(next_lock_holder!=-1){  
                    icn.out_msg.type=LOCK_GRANTED;  
                    icnqueue.put(next_lock_holder,icn.out_msg);  
                    }  
                break;  
            case READ_RESPONSE: 
            case WRITE_ACK:  
            case LOCK_GRANTED: 
            case UNLOCK_ACK:  
                break;  
            default:  
                break;  
        }  
 
    // try to send one msg if buffer is not empty  
    if(!icnqueue.isempty()) {  
        icnqueue.peek(tmpdest,tmpmsg);  
        if(Topology::icn_send_msg(index,tmpdest,tmpmsg)) icnqueue.get();  
        }  
 
    switch (state) {  
        case INITIAL                  : goto L_STATE_INITIAL;  
        case READ_WAIT_RESPONSE       : goto L_STATE_READ_WAIT_RESPONSE;  
        case WRITE_WAIT_ACK           : goto L_STATE_WRITE_WAIT_ACK;  
        case LOCK_WAIT                : goto L_STATE_LOCK_WAIT;  
        case LOCK_WAIT_GNT            : goto L_STATE_LOCK_WAIT_GNT;  
        case UNLOCK_WAIT_ACK          : goto L_STATE_UNLOCK_WAIT_ACK;  
        }  
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L_STATE_INITIAL:  
    if (! Topology::mcmodul_read_request(index))  
        return;                     // return if there was none  
    switch (in.request.type) {      // select where to go  
        case REQUEST_READ   : goto L_READ;  
        case REQUEST_LOCK   : goto L_LOCK;  
        case REQUEST_UNLOCK : goto L_UNLOCK;  
        case REQUEST_WRITE  : goto L_WRITE;  
        default : break;  
        }  
    return;  
 
// ------------------------  READ --------------------------  
L_READ: 
    if (in.request.isshared) {  
        if ( (in.request.virtual_addr>=local_dsm_start)  
             && (in.request.virtual_addr<local_dsm_end) ) {  
 
        // local memory access:  
            fastcpy(&out.response.data,  
                    (void *)in.request.virtual_addr,  
                    in.request.size);  
            out.response.signal=PROCESSOR_SATISFIED;  
            out.response.STROBE=1;  
            state=INITIAL;  
            return;  
            }  
        else {  
 
        // remote memory access  
            icn.out_msg.type = READ_REQUEST;  
            icn.out_msg.data = in.request.virtual_addr;  
            icn.out_msg.size = in.request.size;  
            icn.send_to_node = find_dsm_node(in.request.virtual_addr);  
            icnqueue.put(icn.send_to_node,icn.out_msg);  
            state = READ_WAIT_RESPONSE;  
            return;  
            }  
        }  
    else {  
        // this is read from local memory -  kernel maintains consistency  
        out.response.signal=PROCESSOR_SATISFIED;  
        out.response.STROBE=1;  
        state=INITIAL;  
        return;  
        }  
 
L_STATE_READ_WAIT_RESPONSE: 
    if(in_msg_exists && (icn.in_msg.type==READ_RESPONSE)) {  
        fastcpy(&out.response.data,  
                &icn.in_msg.data,  
                icn.in_msg.size);  
        out.response.signal=PROCESSOR_SATISFIED;  
        out.response.STROBE=1;  
        state=INITIAL;  
        }  
    return;  
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// ------------------------  WRITE --------------------------  
L_WRITE:  
    if (in.request.isshared) {  
        if ( (in.request.virtual_addr>=local_dsm_start)  
             && (in.request.virtual_addr<local_dsm_end) ) {  
 
            // local memory access:         
            fastcpy((void *)in.request.virtual_addr,  
                    &in.request.data,  
                    in.request.size);  
            out.response.signal=PROCESSOR_SATISFIED;  
            out.response.STROBE=1;  
            state=INITIAL;  
            return;  
            }  
        else {  
 
            // remote memory access  
            icn.out_msg.type = WRITE_REQUEST;  
            icn.out_msg.data = in.request.data;  
            icn.out_msg.addr = in.request.virtual_addr;  
            icn.out_msg.size = in.request.size;  
            icn.send_to_node = find_dsm_node(in.request.virtual_addr);  
            icnqueue.put(icn.send_to_node,icn.out_msg);  
            state = WRITE_WAIT_ACK;  
            return;  
            }  
        }  
    else {  
        // this is write to local memory -  kernel maintains consistency  
        out.response.signal=PROCESSOR_SATISFIED;  
        out.response.STROBE=1;  
        state=INITIAL;  
        }  
    return;  
 
L_STATE_WRITE_WAIT_ACK: 
    if(in_msg_exists && (icn.in_msg.type==WRITE_ACK)) {  
        out.response.signal=PROCESSOR_SATISFIED;  
        out.response.STROBE=1;  
        state=INITIAL;  
        }  
    return;  
 
// ------------------------  LOCK --------------------------  
L_LOCK: 
    if ( (in.request.virtual_addr>=local_dsm_start)  
         && (in.request.virtual_addr<local_dsm_end) ) {  
    // I am lock manager for this lock  
        if (lock_mng.lock(in.request.virtual_addr,index)) {  
            out.response.signal=PROCESSOR_SATISFIED;  
            out.response.STROBE=1;  
            state=INITIAL;  
            return;  
            }  
        else {  
            get_lock_from_myself = 0;  
            state=LOCK_WAIT;  
            return;  
            }  
        }  
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    else {  
    // Must ask lock from lock manager  
        icn.out_msg.type = LOCK_REQUEST;  
        icn.out_msg.data = in.request.virtual_addr;  
        icn.send_to_node = find_dsm_node(in.request.virtual_addr);  
        icnqueue.put(icn.send_to_node,icn.out_msg);  
        state = LOCK_WAIT_GNT;  
        return;  
        }  
 
L_STATE_LOCK_WAIT: 
    if(get_lock_from_myself){  
        out.response.signal=PROCESSOR_SATISFIED;  
        out.response.STROBE=1;  
        state=INITIAL;  
        return;  
        }  
    return;  
 
L_STATE_LOCK_WAIT_GNT: 
    if(in_msg_exists && (icn.in_msg.type==LOCK_GRANTED)) {  
        out.response.signal=PROCESSOR_SATISFIED;  
        out.response.STROBE=1;  
        state=INITIAL;  
        return;  
        }  
    return;  
     
// ------------------------  UNLOCK --------------------------  
L_UNLOCK: 
    if ( (in.request.virtual_addr>=local_dsm_start)  
         && (in.request.virtual_addr<local_dsm_end) ) {  
    // I am lock manager for this lock  
        next_lock_holder=lock_mng.unlock(in.request.virtual_addr);  
        if(next_lock_holder!=-1){  
            icn.out_msg.type = LOCK_GRANTED;  
            icnqueue.put(next_lock_holder,icn.out_msg);  
            }  
        out.response.signal=PROCESSOR_SATISFIED;  
        out.response.STROBE=1;  
        state=INITIAL;  
        return;  
        }  
    else {  
    // Must ask unlock from lock manager  
        icn.out_msg.type = UNLOCK_REQUEST;  
        icn.out_msg.data = in.request.virtual_addr;  
        icn.send_to_node = find_dsm_node(in.request.virtual_addr);  
        icnqueue.put(icn.send_to_node,icn.out_msg);  
        state = UNLOCK_WAIT_ACK;  
        return;  
        }  
L_STATE_UNLOCK_WAIT_ACK: 
    if(in_msg_exists && (icn.in_msg.type==UNLOCK_ACK)) {  
        out.response.signal=PROCESSOR_SATISFIED;  
        out.response.STROBE=1;  
        state=INITIAL;  
        }  
    return;  
// ----------------------------------------------------------  
    }  
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// debugging...  
void MCModul::dump_state() {  
    COUT << "MCM" << index << ": State: ";  
    COUT << "\t\t[";  
    if (state != INITIAL) {  
        switch (in.request.type) {       
            case REQUEST_READ  : COUT << "READ " << in.request.addr; break;  
            case REQUEST_WRITE : COUT << "WRIT " << in.request.addr; break;  
            case REQUEST_LOCK  : COUT << "LOCK " << in.request.addr; break;  
            case REQUEST_UNLOCK: COUT << "UNLK " << in.request.addr; break;  
            default : break;  
            }  
        }        
    COUT << "]\n";  
    }  
#endif PRAGMA_IMPLEMENTATION_MCM 
#endif _MCM_H_  
 
topology.h 
 
#ifndef _TOPOLOGY_H_  
#define _TOPOLOGY_H_  
/*  
 *    DSM LIMES -  Topology class  
 *    Author: Zoran Dimitrijevic  
 *    zorand@galeb.etf.bg.ac.yu  
 */  
#include "dsm.h"  
 
// declares the types of modules in the system  
class MCM_CLASS;  
class ICN_CLASS;  
class IO_BUF_CLASS;  
 
class Base_Topology {  
  protected:        // each module is instantiated through a pointer to it  
    static IO_BUF_CLASS             * io_buf [MAX_CPU_COUNT];  
    static MCM_CLASS                * mcmodul [MAX_CPU_COUNT];  
    static ICN_CLASS                * icn;  
  public:  
    // services for individual types of modules  
    static bool io_buf_input(int index);  
    static bool mcmodul_read_request(int index);  
 
    // icn servicies  
    static bool icn_send_msg(int src, int dest, ICN_Message msg);  
    static bool icn_receive_msg(int dest, int &src, ICN_Message &msg);  
 
    // system services. These exist for each simulator.  
    static void system_init();  
    static void system_cleanup(Thread_Time last_time);  
    static bool system_isidle();  
    static void system_dump_state();  
    static void system_collect_requests();  
    static void system_cycle();  
    };  
typedef TOPOLOGY_CLASS Topology;  
#endif // _TOPOLOGY_H_  
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topology.cc 
 
/*  
 *    DSM LIMES -  Topology methods  
 *    Author: Zoran Dimitrijevic  
 *    zorand@galeb.etf.bg.ac.yu  
 *  
 */  
     
#include <stdio.h>  
#include "topology.h"  
 
#include MCM_HDR        // include header files with definitions  
#include ICN_HDR        // of the classes that represent  
#include IO_BUF_HDR     // the hardware modules  
 
// these are the pointers for module instances  
IO_BUF_CLASS            * Base_Topology::io_buf[MAX_CPU_COUNT];  
ICN_CLASS               * Base_Topology::icn;  
MCM_CLASS               * Base_Topology::mcmodul[MAX_CPU_COUNT];  
 
// these routines are called from the memsim  
 
void Base_Topology::system_init() {  
    icn = new ICN_CLASS;  
    for(int i=0; i<MAX_CPU_COUNT; i++)  {  
        io_buf[i] = new IO_Buf;  
        io_buf[i]->assign_index(i);  
        mcmodul[i] = new MCM_CLASS;  
        mcmodul[i]->assign_index(i);  
        }  
    }  
     
void Base_Topology::system_cleanup(Thread_Time last_time) {  
    PRINTF("TOTAL simulation time: %d cycles.\n", last_time);  
    for(int i=0; i<MAX_CPU_COUNT; ++i)   
        mcmodul[i]->dump_stats();     // should be doing DELETE in 
addition...  
    icn->dump_stats(last_time);  
    }  
 
// returns true if all the modules in the system are idle  
bool Base_Topology::system_isidle() {  
    if (!icn->isidle()) return false;  
    for (int i=0; i<CPU_COUNT; ++i) {  
        if (!io_buf[i]->isidle()) return false;  
        if (!mcmodul[i]->isidle()) return false;  
        }  
    return true;  
    }  
 
void Base_Topology::system_dump_state() {  
    for(int i=0; i<CPU_COUNT; ++i)   
        mcmodul[i]->dump_state();  
    icn->dump_state();       
    }  
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// Called at times when a set of request *could* exist  
void Base_Topology::system_collect_requests() {  
    for(int i=0; i<CPU_COUNT; ++i)  
        io_buf[i]->start_cycle();  
    }  
 
// The main function: polls all the modules to do their share in this 
cycle.  
void Base_Topology::system_cycle() {  
    for(int i=0; i<CPU_COUNT; ++i)  
        mcmodul[i]->cycle();  
    icn->cycle();  
    for(i=0; i<CPU_COUNT; ++i)  
        io_buf[i]->end_cycle();  
    }  
 
// Topology for your own simulator will need all the methods listed  
// above; only implementations of these method will differ.  
 
// These methods are called from various modules; their names and  
// implementations depend on the structure of your system.  
 
// ******************* write in IO_buf's input port *******************  
 
// each IO_Buf calles this method (passing its index) upon the  end  
// of each simulated cycle. This method checks if the cache controller  
// placed immediately below the io_buf module in question has set its  
// STROBE bit high. If so, the controller has an information to communicate  
// to the io_buf module. The topology will read this information from the  
// controller's output port, write it into the io_buf module's input port,  
// and clear the STROBE bit.  
 
bool Base_Topology::io_buf_input(int index) {  
    if (mcmodul[index]->out.response.STROBE) {  
        io_buf[index]->in.response.signal =  
            mcmodul[index]->out.response.signal;  
        io_buf[index]->in.response.data =  
            mcmodul[index]->out.response.data;  
        mcmodul[index]->out.response.STROBE = 0;  // clear  
        return true;    // tell the io_buf that a response appeared  
        }        
    else  
        return false;  
    }  
 
// ********************* MCM modules services *********************  
 
// The similar procedure is followed for reading io_buf's output  
// (request description) and writing it into MCM controller's  
// input port. The STROBE bit is also used. However, the controller  
// module will not call this method at every cycle, but only when  
// it's idle. If it is already processing previous request (such as  
// read that was a miss), it will not call this method and the STROBE  
// bit will not be cleared. Only when the controller gets idle again  
// (returns to its INITIAL state) it will call this method. By inspecting  
// its STROBE bit, the IO_Buf can know that the controller has read the  
// request.  
 
bool Base_Topology::mcmodul_read_request(int index)   {  
    if (io_buf[index]->out.request.STROBE) {  
        mcmodul[index]->in.request =  
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            * io_buf[index]->out.request.request_ptr;  
        // this is where virtual address translates to physical.  
        // In this case, just physcial = virtual.  
        mcmodul[index]->in.request.addr =  
            (mcmodul[index]->in.request.virtual_addr);  
        io_buf[index]->out.request.STROBE = 0;          // clear  
        return true;    // yes, a request exists  
        }  
    else  
        return false;   // no request this time  
    }  
 
// ********* Inter Connection Network-related Topology functions *********  
 
bool Base_Topology::icn_send_msg(int src, int dest, ICN_Message msg) {  
    if(!icn->io_buf[src].in.STROBE) {  
        icn->io_buf[src].in.STROBE=1;  
        icn->io_buf[src].in.dest=dest;  
        icn->io_buf[src].in.msg=msg;  
        return true;  
        }  
    else return false;  
    }  
 
bool Base_Topology::icn_receive_msg(int dest, int &src, ICN_Message &msg) {  
    if(icn->io_buf[dest].out.STROBE) {  
        src=icn->io_buf[dest].out.src;  
        msg=icn->io_buf[dest].out.msg;  
        icn->io_buf[dest].out.STROBE=0;  
        return true;  
        }  
    else return false;  
    }  



>biehfkdb�jZ^��������������������������������������������������������������������������������������������������AhjZg�>bfbljb�_\b������� 

 45 

 
memsim.cc 
 
/* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
 * Module: memsim.cc  
 * Author: Davor Magdic, magdic00390d@buef31.etf.bg.ac.yu  
 *  
 * Changed for DSM LIMES  
 * Author: Zoran Dimitrijevic, zorand@galeb.etf.bg.ac.yu  
 *  
 * The main (and generic) simulation class, followed by the C++ to C  
 * interface to the simulation kernel.  
 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * */  
 
#include <iostream.h>  
#include <stdio.h>  
#include <string.h>  
#include <unistd.h>  
 
#include "dsm.h"  
#include TOPOLOGY_HDR  
 
#ifdef DETACHED_MEMSIM  
static int debug = 1;  
#else  
static int debug = 0;  
#endif  
 
class Memsim {  
    Thread_Time last_simulation_time;  
  public:  
    void init() { Topology::system_init(); }  
    void end()  { Topology::system_cleanup(last_simulation_time); }  
    void simulate(Thread_Time time_before, Thread_Time time_now);  
    void dump_state()    
        { Topology::system_dump_state(); }  
    void memsim_print_requests(Thread_Time time);  
    void memsim_print_responses(Thread_Time time);  
    } memsim;  
 
/*  
 * The main routine. Called by the kernel every time a new request or a set  
 * of requests appear, and in successive cycles where all the processors  
 * are stalled.  
 */  
void Memsim::simulate(Thread_Time time_before, Thread_Time time_now) {  
    for(Thread_Time time=time_before; time<=time_now; ++time) {  
        int i;  
 
        // optimization: if the whole system is in initial time,  
        // shift current time to present  
        if (time < time_now && Topology::system_isidle()) time = time_now;  
 
        // if time now is time_now, wherein there are some requests, for  
        // that is the reason we have been called in the first place,  
        // collect them. The only situation where before != now is when  
        // in before-1 everyone was satisfied, and we had to finish a  
        // write or something. From before to now-1 there are no requests.  
        if (time == time_now) {  
            if (debug)   
                for(i=0; i<CPU_COUNT; ++i)  
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                    // don't print anything if there are no requests  
                    if (REQUEST_EXISTS(i)) {  
                        memsim_print_requests(time);  
                        break;  
                        }  
            Topology::system_collect_requests();  
            }  
        if (debug) dump_state();  
        Topology::system_cycle();  
        if (debug) { memsim_print_responses(time); FFLUSH; }  
        }  
    last_simulation_time = time_now;  
    }        
 
/*  
 * These two are used for debugging.  
 */  
void Memsim::memsim_print_requests(Thread_Time time) {  
    struct Memory_Request *req;  
    char line[100]; int i;  
    int pos =0;  
    for(i=0; i<78; ++i) line[i] = ' ';  
    sprintf(line, "==>  [%3d]:", time); pos += 15;  
    #define BASE (bitsADDR) DATA_SEGMENT_START  
    for(i=0; i<CPU_COUNT; ++i) {  
        REQUEST_FILL(i, req);  
        if (REQUEST_EXISTS(i))  
            sprintf(line+pos, "P%d:", i);  
        pos +=4;  
             
        if (REQUEST_EXISTS(i)) {  
            REQUEST_FILL(i, req);  
 
            switch (req->type) {  
                case REQUEST_READ  : sprintf(line+pos, "R %u",  
                    req->virtual_addr -  (req->isshared ? BASE : 0));  
                    break;  
                case REQUEST_WRITE : sprintf(line+pos, "W %u",  
                    req->virtual_addr -  (req->isshared ? BASE : 0));  
                    break;  
                case REQUEST_LOCK  : sprintf(line+pos, "L %u",  
                    req->virtual_addr -  (req->isshared ? BASE : 0));  
                    break;  
                case REQUEST_UNLOCK: sprintf(line+pos, "U %u",  
                    req->virtual_addr -  (req->isshared ? BASE : 0));  
                    break;  
                default : break;  
                }  
            switch (req->size) {  
                case 1 : line[pos+1]  = 'b'; break;  
                case 2 : line[pos+1] = 'w'; break;  
                default: break;  
                }  
            }  
        else     
        pos += 12;  
        }  
    for(i=0; i<78; ++i) if (!line[i]) line[i] = ' ';  
    line[78] = 0;  
    COUT << line << '\n';  
    }  
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void Memsim::memsim_print_responses(Thread_Time time) {  
    struct Memory_Request *req;  
    char line[100];  
    int pos =0;  
    const DELC = '-';  
    for(int i=0; i<78; ++i) line[i] = DELC;  
    sprintf(line, "<==  [%3d]: ", time); pos += 15;  
    for(i=0; i<CPU_COUNT; ++i) {  
        REQUEST_FILL(i, req);  
        switch (req->satisfied) {  
            case PROCESSOR_SATISFIED:  
                sprintf(line+pos, "P%d: OK ", i);  
                break;  
            case PROCESSOR_LOCK_BUSY: 
                sprintf(line+pos, "P%d: LOCK_BUSY ",i); break;  
            case PROCESSOR_STALLED: 
                sprintf(line+pos, "P%d: STALLED ",i); break;  
            default : break;  
            }  
        pos += 16;  
        }  
    for(i=0; i<78; ++i)  if (!line[i]) line[i] = DELC;  
    line[78] = 0;  
    COUT << line << "\n";  
    }  
 
/**********************************************************************/  
// C++ to C interface. Guess it's common for all the memsim's.  
 
enum Memsim_Memory_Strategy memsim_init() {  
    memsim.init();  
    return Memsim_Maintains_Memory_Consistency;  
    }  
 
void memsim_cleanup() {  
    memsim.end();  
    }  
 
void memory_simulate(Thread_Time time_before, Thread_Time time_now) {  
    memsim.simulate(time_before, time_now);  
    }  
 
void memsim_dump_state() {  
    memsim.dump_state();  
    }  
 
Thread_Time initial_thread_time(Thread_Time parent_time, int thread_number) 
{  
    return parent_time;  
    }  
 
void memsim_fork(int parent_ID, int child_ID) {  
    }  
 
void memsim_debug_toggle(int on)  {  
    debug = on;  
    }  
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dir.cc 
 
#define PRAGMA_IMPLEMENTATION_DIR  
#include "dir.h"  
 
dir.h 
 
#ifndef _DIR_H_  
#define _DIR_H_  
 
/*  
 *    DSM LIMES -  Directory class  
 *    Author: Zoran Dimitrijevic  
 *    zorand@galeb.etf.bg.ac.yu  
 */  
 
#include "dsm.h"  
#include TOPOLOGY_HDR  
#include <values.h>                // just for MAXINT definition  
 
class Dir {  
    const DEFAULT_DIRSIZE=256;    // default Directory size in pages for 
one node  
    const DEFAULT_PAGESIZE=4096;// default pagesize in bytes  
    int dirsize;  
    int pagesize;  
    bitsADDR pagemask;  
 
  public:  
   
  // line -  should be modified for advanced MCM  
    struct Line {  
        bool valid;  
        int access_cnt;  
        bitsADDR page;  
        bitsADDR bufaddr;  
        bool modified;  
        } *line;  
    Dir();  
    Dir(int size);  
    bool ispresent(bitsADDR);  
    int getlinenum(bitsADDR);  
    int put(bitsADDR);  
    bitsADDR get(bitsADDR adr, int n=-1);  
    int find_page_for_replacement();  
    void del(int);  
    };  
 
#ifdef PRAGMA_IMPLEMENTATION_DIR  
//---------------------------------  
 
#include <iostream.h>  
 
Dir::Dir() {  
    pagesize=DEFAULT_PAGESIZE;  
    pagemask=~((bitsADDR)pagesize-1);  
    dirsize=DEFAULT_DIRSIZE;  
    line = new Line[dirsize];  
    for (int i=0;i<dirsize;i++) {  
        line[i].valid=0;  
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        line[i].bufaddr=0;  
        }  
    }  
 
Dir::Dir(int size) {  
    pagesize=DEFAULT_PAGESIZE;  
    pagemask=~((bitsADDR)pagesize-1);  
    dirsize=size;  
    line = new Line[dirsize];  
    for (int i=0;i<dirsize;i++) {  
        line[i].valid=0;  
        line[i].bufaddr=0;  
        }  
    }  
 
// returns true if adr is in buffer on the node (page is valid in dir)  
bool Dir::ispresent(bitsADDR adr) {  
    for(int i=0;i<dirsize;i++)  
        if(line[i].valid && (line[i].page==(adr&pagemask)) ) return 1;  
    return 0;  
    }  
 
// returns -1 if page with adr is not in dir, and linenum if it is  
int Dir::getlinenum(bitsADDR adr) {  
    for(int i=0;i<dirsize;i++)  
        if(line[i].valid && (line[i].page==(adr&pagemask)) ) return i;  
    return -1;  
    }  
 
// put is caaled if page is not in dir to create new line  
// returns -1 if dir is full  
int Dir::put(bitsADDR adr) {  
    for(int i=0;i<dirsize;i++)  
        if(!line[i].valid) {  
            line[i].page=adr&pagemask;  
            line[i].valid=1;  
            line[i].access_cnt=0;  
            line[i].bufaddr=(bitsADDR) malloc(pagesize);  
            return i;  
            }  
    return -1;  
    }  
 
// returns address in local buffer memory for adr  
// if n is not specified get finds the page if valid in dir or returns 0 if 
not  
bitsADDR Dir::get(bitsADDR adr, int n=-1) {  
    int i;  
    bitsADDR bufaddr;  
    if(n==-1){  
        for(i=0;i<dirsize;i++)  
            if(line[i].valid && (line[i].page==(adr&pagemask)) ) n=i;  
        if(n==-1) return 0;  
        }  
    bufaddr=line[n].bufaddr+adr&(~pagemask);  
    return bufaddr;  
    }  
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// returns linenum for replacement  
int Dir::find_page_for_replacement() {  
    int i;  
    int minaccess=MAXINT;  
    int page=-1;  
 
    for (i=0;i<MAXINT;i++) if(line[i].access_cnt<MAXINT) page=i;  
    return page;  
    }  
 
// deletes linenum n from dir  
// n is returned value from Dir::find_page_for_replacement()  
void Dir::del(int n) {  
    line[n].valid=0;  
    line[n].access_cnt=0;  
    line[n].modified=0;  
    free((void *)line[n].bufaddr);     
    }  
 
#endif // PRAGMA_IMPLEMENTATION_DIR_  
#endif //_DIR_H_  
 
 


