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Q_ey[bgkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l

:gghlZpby� < klZlv_ hibku\Zxlky ijbgpbiu jZajZ[hldb b ijh]jZffgZy kljmdlmjZ kbkl_fu mijZ\e_gby

nZceZfb �KMN� y^jZ iZjZee_evghc KM;> Hf_]Z ^ey hl_q_kl\_ggh]h kmi_jdhfivxl_jZ F<K-100.
Nhjfmebjmxlky lj_[h\Zgby d KMN� >Zxlky hibkZgb_ h[s_c kljmdlmju KMN b hibkZgb_ __ dhfihg_gl�

Ij_^eZ]Z_lky kljZl_]by \ul_kg_gby kljZgbp� hkgh\ZggZy gZ ^bgZfbq_kdbo b klZlbq_kdbo j_clbg]Zo

kljZgbp� Hibku\Zxlky Ze]hjblfu ijhklhc \u[hjdb kljZgbp b \u[hjdb k mij_`^_gb_f� Ij_^eZ]Z_lky

wnn_dlb\guc ijhlhdhe ^ey \aZbfh^_ckl\by k ^bkdh\hc ih^kbkl_fhc� Hibku\Z_lky Zjobl_dlmjZ wfmeylhjZ

^bkdh\hc ih^kbkl_fu� HibkZggZy KMN j_Zebah\ZgZ gZ F<K���� b ^himkdZ_l i_j_ghk gZ F<K����� ijb

fbgbfZevguo ^hjZ[hldZo�

Dexq_\u_ keh\Z� kbkl_fZ [Za ^Zgguo� mijZ\e_gb_ nZceZfb� Ze]hjblf \ul_kg_gby kljZgbp� iZjZee_evgZy

KM;>� fmevlbijhp_kkhjgu_ kbkl_fu k fZkkh\uf iZjZee_ebafhf�

1. <\_^_gb_

<ukhdhijhba\h^bl_evgu_�iZjZee_evgu_�kbkl_fu�[Za�^Zgguo�\�gZklhys__�\j_fy�y\eyxlky

h^gbf�ba�hkgh\guo�ijbeh`_gbc�fgh]hijhp_kkhjguo�\uqbkebl_evguo�kbkl_f�k�fZkkh\uf

iZjZee_ebafhf� >1@�� Ohly� \� ^Zgghc� h[eZklb� ^hklb]gml� kms_kl\_gguc� ijh]j_kk� b� m`_

bf_xlky� ijhfure_ggh� wdkiemZlbjm_fu_� kbkl_fu� �kf��� gZijbf_j�� [2, 3, 4])�� \� h[eZklb
iZjZee_evguo�[Za�^Zgguo�hklZ_lky�fgh]h�hldjuluo�\hijhkh\�b�g_j_r_gguo�ijh[e_f�[5].
H^ghc� ba� lZdbo� ijh[e_f� y\ey_lky� \u[hj� ZiiZjZlghc� Zjobl_dlmju� ^ey� iZjZee_evghc

KM;>�

<� khhl\_lkl\b_� k� deZkkbnbdZpb_c� Klhmg[j_cd_jZ� [6]� ZiiZjZlgZy� Zjobl_dlmjZ

iZjZee_evguo�KM;>� ljZ^bpbhggh�^_ebeZkv�gZ� ljb�deZkkZ�� �� Zjobl_dlmjZ� k� jZa^_ey_fhc

iZfylvx�� Zjobl_dlmjZ� k� jZa^_ey_fufb� ^bkdZfb� b� Zjobl_dlmjZ� [_a� kh\f_klgh]h

bkihevah\Zgby�j_kmjkh\��KjZ\gbl_evguc�ZgZeba�^Zgguo�Zjobl_dlmj�ihdZaZe��qlh�dZ`^Zy

ba� gbo� bf__l� k\hb� ij_bfms_kl\Z� b� g_^hklZldb� [6, 7]. LZd�� gZijbf_j�� kbkl_fu� k
jZa^_ey_fhc� iZfylvx� bf_xl� gZbemqrb_ ihdZaZl_eb� ih� ijhba\h^bl_evghklb�� H^gZdh
lZdb_�kbkl_fu�iehoh�fZkrlZ[bjmxlky�b�hlebqZxlky�hlghkbl_evgh�\ukhdhc�klhbfhklvx�

Kbkl_fu� [_a� kh\f_klgh]h� bkihevah\Zgby� j_kmjkh\�� gZh[hjhl�� ohjhrh� fZkrlZ[bjmxlky�

gh�^ey�lZdbo�kbkl_f�ljm^gh�^hklbqv�ohjhr_]h�[ZeZgkZ�aZ]jmadb�[8].

<�khhl\_lkl\b_�k�wlbf��\�gZklhys__�\j_fy�keh`beZkv�l_g^_gpby�d�bkihevah\Zgbx�kbkl_f�k

]b[jb^ghc� beb� b_jZjobq_kdhc� Zjobl_dlmjhc� [9, 10]�� =b[jb^gu_� Zjobl_dlmju� h[eZ^Zxl
[hevrbf� fgh]hh[jZab_f�� q_f� ljZ^bpbhggu_�� b�� \� gZklhys__� \j_fy�� y\eyxlky� _s_

g_^hklZlhqgh�bkke_^h\Zggufb�

<� jZ[hl_� [11]� [ueZ� ij_^eh`_gZ� ^\momjh\g_\Zy� b_jZjobq_kdZy� Zjobl_dlmjZ� [_a

kh\f_klgh]h� bkihevah\Zgby� j_kmjkh\�� >ZggZy� Zjobl_dlmjZ� [ueZ� bkihevah\ZgZ� ijb

jZajZ[hld_�iZjZee_evghc�KM;>�Hf_]Z�gZ�ieZlnhjf_�kmi_jW<F�F<K-100.

Hl_q_kl\_ggZy� kmi_jW<F� F<K-100 [12, 13]� jZajZ[hldb� GBB� �D\Zgl��� BIF� bf�

F�<��D_e^urZ�J:G�b�BFF�MjH�J:G�ij_^klZ\ey_l�kh[hc�fgh]hijhp_kkhjgmx�kbkl_fm�k

                                                     
∗

JZ[hlZ \uiheg_gZ ijb ih^^_j`d_ Jhkkbckdh]h nhg^Z nmg^Zf_glZevguo bkke_^h\Zgbc �]jZgl
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fh^mevghc�Zjobl_dlmjhc��<�khhl\_lkl\b_�k�lZdkhghfb_c�NebggZ�[14]�F<K�����hlghkblky

d�deZkkm�MIMD Zjobl_dlmj.

Hkgh\m� F<K����� khklZ\eyxl� ijhp_kkhjgu_� fh^meb� klZg^Zjlghc� kljmdlmju� [13].
KljmdlmjZ� ijhp_kkhjgh]h� fh^mey� ko_fZlbqgh� bah[jZ`_gZ� gZ� Jbk� 1�� DZ`^uc� fh^mev
ij_^klZ\ey_l� kh[hc� ^\moijhp_kkhjgmx� W<F�� khklhysmx� ba� \uqbkebl_evgh]h� b

dhffmgbdZpbhggh]h� ijhp_kkhjh\�� DhffmgbdZpbhgguc� b� \uqbkebl_evguc� ijhp_kkhju

jZa^_eyxl� h[smx� klZlbq_kdmx� iZfylv� SRAM� h[t_fhf� ������ F[Zcl�� Ihfbfh� wlh]h�

dhffmgbdZpbhgguc� ijhp_kkhj� bf__l� k\hx� kh[kl\_ggmx� [he__� [ukljmx� ^bgZfbq_kdmx

iZfylv� DRAM � h[t_fhf� �� F[ZclZ�� KbgojhgbaZpby� dhffmgbdZpbhggh]h� b

\uqbkebl_evgh]h� ijhp_kkhjh\� j_Zebah\ZgZ� ZiiZjZlgh�� ?^bgkl\_ggufb� \g_rgbfb

mkljhckl\Zfb� ijhp_kkhjgh]h� fh^mey� y\eyxlky� kdhjhklgu_� ^\mgZijZ\e_ggu_� dZgZeu� ±

ebgdb�� bf_xsb_ky� m� dhffmgbdZpbhggh]h� ijhp_kkhjZ�� DhffmgbdZpbhgguc� ijhp_kkhj

bf__l�q_luj_�ebgdZ��K�ihfhsvx�wlbo�ebgdh\�ijhp_kkhjgu_�fh^meb�kh_^bgyxlky�^jm]�k

^jm]hf�b�k�^bkdh\hc�ih^kbkl_fhc��Kbkl_fZ�fh`_l�\dexqZlv�\�k_[y�khlgb�\uqbkebl_evguo

fh^me_c�� h[jZamxsbo� k_lv� ijhp_kkhjguo� we_f_glh\�� Ihemq_ggZy� lZdbf� h[jZahf� k_lv

k\yaZgZ� h^gbf� k\hbf� ebgdhf� k� mijZ\eyxs_c� W<F� �Host-fZrbghc��� ij_^klZ\eyxs_c

kh[hc�IBM PC kh\f_klbfmx�jZ[hqmx�klZgpbx�

E b g d b

DhffmgbdZpbhgguc

ijhp_kkhj

<uqbkebl_evguc

ijhp_kkhj

DRAM

SRAM

Jbk� 1.�KljmdlmjZ�ijhp_kkhjgh]h�fh^mey�F<K-100

<�dZq_kl\_�hi_jZpbhgghc�kbkl_fu�gZ�F<K�����bkihevam_lky�HK�Router jZajZ[hldb�BIF
bf�� F�<��D_e^urZ� J:G�� <� dZq_kl\_� hi_jZpbhgghc� kbkl_fu� Host-fZrbgu� h[uqgh

bkihevam_lky� HK� UNIX/Linux. � HK� Router�� ihklZ\ey_fZy� k� F<K������ g_� ij_^hklZ\ey_l

nZdlbq_kdb� gbdZdbo� kj_^kl\� ^ey� jZ[hlu� k� nZceZfb� ^bkdh\hc� ih^kbkl_fu�� Hlkx^Z

\hagbdZ_l� g_h[oh^bfhklv� jZajZ[hldb� ki_pbZevghc� kbkl_fu� mijZ\e_gby� nZceZfb� ^ey

KM;>�Hf_]Z�

HklZlhd�klZlvb�hj]Zgbah\Zg�ke_^mxsbf�h[jZahf��JZa^_e�2�kh^_j`bl�h[ahj�ZiiZjZlghc�b
ijh]jZffghc� Zjobl_dlmju� kbkl_fu� Hf_]Z�� <� jZa^_e_� 3� hibku\Z_lky� h[sZy� kljmdlmjZ

KMN�� b� ijb\h^ylky� lj_[h\Zgby� d� KMN�� JZa^_e� 4� kh^_j`bl� baeh`_gb_� ijbgpbih\
ijh_dlbjh\Zgby� b� j_ZebaZpbb� f_g_^`_jZ� ^bkdh\�� hibkZgb_� wfmeylhjZ� ^bkdh\hc

ih^kbkl_fu� b� hibkZgb_� ijhlhdheZ� h[f_gZ� k� ^bkdh\hc� ih^kbkl_fhc�� <� jZa^_e_� 5
hibku\Zxlky� ijbgpbiu� ijh_dlbjh\Zgby� b� j_ZebaZpbb� f_g_^`_jZ� kljZgbp�� Z� lZd`_

ijb\h^ylky� Ze]hjblfu� ijhklhc� \u[hjdb� kljZgbp� b� \u[hjdb� k� mij_`^_gb_f�� JZa^_e� 6
ihk\ys_g�ijbgpbiZf�jZajZ[hldb�f_g_^`_jZ�nZceh\��JZa^_e�7�kh^_j`bl�aZdexq_gb_�
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2. :jobl_dlmjZ�kbkl_fu�Hf_]Z

2.1. :iiZjZlgZy�Zjobl_dlmjZ�kbkl_fu�Hf_]Z

:iiZjZlgZy� Zjobl_dlmjZ� kbkl_fu� Hf_]Z� ij_^klZ\ey_l� kh[hc� ^\momjh\g_\mx

b_jZjobq_kdmx�Zjobl_dlmjm�[_a�kh\f_klgh]h�bkihevah\Zgby�j_kmjkh\�

GZ� i_j\hf� mjh\g_� b_jZjobb� ijhp_kkhjgu_� fh^meb� h[t_^bgyxlky� \� Hf_]Z�deZkl_ju

klZg^Zjlghc�kljmdlmju��<hafh`gZy�kljmdlmjZ�Hf_]Z�deZkl_jZ�^ey�F<K�����bah[jZ`_gZ

gZ Jbk� 2. Hf_]Z� deZkl_j� khklhbl� ba� q_luj_o� ijhp_kkhjguo� fh^me_c�� h[t_^bg_gguo� \
dhevph��DZ`^uc�ijhp_kkhjguc�fh^mev�kh_^bg_g�h^gbf�ebgdhf�k�^bkdh\hc�ih^kbkl_fhc�

>bkdh\Zy� ih^kbkl_fZ� ij_^klZ\ey_l� kh[hc� hkh[uc� fh^mev�� \dexqZxsbc� \� k_[y

dhffmgbdZpbhgguc� ijhp_kkhj�� dhlhjuc� ihkj_^kl\hf�SCSI�rbgu� kh_^bg_g� k� q_lujvfy

^bkdh\ufb�gZdhibl_eyfb� �ih�h^ghfm�gZ�dZ`^uc�ijhp_kkhjguc�fh^mev���Hf_]Z�deZkl_j

bf__l�q_luj_�k\h[h^guo�ebgdZ�^ey�k\yab�k�^jm]bfb�Hf_]Z�deZkl_jZfb�

IF

IFIF

IF

SCSIF>I

Jbk� 2. KljmdlmjZ�Hf_]Z�deZkl_jZ
�IF���ijhp_kkhjguc�fh^mev��F>I���fh^mev�^bkdh\hc�ih^kbkl_fu�

GZ� \lhjhf� mjh\g_� b_jZjobb� Hf_]Z�deZkl_ju� k\yau\Zxlky� \� _^bgmx� \uqbkebl_evgmx

kbkl_fm��Lhiheh]by�f_`deZkl_jguo�kh_^bg_gbc�g_�nbdkbjm_lky�b�fh`_l�[ulv�jZaebqghc

\� jZaebqguo� Hf_]Z�kbkl_fZo�� GZ� Jbk� 3� ijb\_^_g� ijbf_j� \hafh`ghc� lhiheh]bb

kh_^bg_gbc�� gZau\Z_fhc� �ijhklhc� ebg_cdhc��� GZebqb_� ^\mo� Host�fZrbg� \� kbkl_f_

fhlb\bjm_lky� khh[jZ`_gbyfb� hldZahmklhcqb\hklb� kbkl_fu� \� p_ehf�� HibkZggZy

Zjobl_dlmjZ�y\ey_lky�hldZahmklhcqb\hc�ih�ex[hfm�ZiiZjZlghfm�dhfihg_glm��ijhp_kkhj�

ebgd��^bkdh\uc�gZdhibl_ev��Host-fZrbgZ�b�^j���

Host-
fZrbgZ

Ω deZkl_j Ω deZkl_j Ω deZkl_jΩ deZkl_j

Host-
fZrbgZ

Jbk� 3. <hafh`gZy�dhgnb]mjZpby�kbkl_fu�Hf_]Z���ijhklZy�ebg_cdZ��
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2.2. Ijh]jZffgZy�Zjobl_dlmjZ�kbkl_fu�Hf_]Z

Ijh]jZffgZy� kljmdlmjZ� KM;>� Hf_]Z� bah[jZ`_gZ� gZ� Jbk� 4�� Ijh]jZffgZy� kljmdlmjZ
kbkl_fu�Hf_]Z�bf__l�^\Z�mjh\gy�Z[kljZdpbb��I_j\uc�mjh\_gv�Z[kljZdpbb�khklZ\ey_l�lZd

gZau\Z_fuc� kehc hi_jZpbhggh]h� hdjm`_gby� y^jZ� KM;>�� <h� \lhjhc� mjh\_gv� \oh^yl

kh[kl\_ggh�y^jh�KM;>�b�mlbeblu.

Hi_jZpbhggh_�hdjm`_gb_�KM;>�Hf_]Z�\dexqZ_l�\�k_[y�ke_^mxsb_�ih^kbkl_fu��fh^mev

lhiheh]bb�� f_g_^`_j� gbl_c� �e_]dh\_kguo� ijhp_kkh\��� Hf_]Z�dhg^mdlhj�� Hf_]Z�

fZjrjmlbaZlhj�b�f_g_^`_j�^bkdh\�

<� dZq_kl\_� ijhf_`mlhqgh]h� kehy� f_`^m� ZiiZjZlghc� ieZlnhjfhc� b� hi_jZpbhgguf

hdjm`_gb_f� bkihevam_lky� HK� 5RXWHU�� HK� 5RXWHU� ij_^klZ\ey_l� kh[hc� jZkij_^_e_ggmx

hi_jZpbhggmx� kbkl_fm� deZkkZ� WRROVHW�� HK� 5RXWHU� h[_ki_qb\Z_l� ke_^mxsb_� hkgh\gu_

nmgdpbb�� �� aZ]jmadm�ijh]jZff�ihevah\Zl_ey� k� +RVW�fZrbgu�gZ�ijhp_kkhjgu_�fh^meb�� �

h[f_g� ^Zggufb� f_`^m� ijh]jZffhc� b� +RVW�fZrbghc� \� \b^_� g_dhlhjh]h� ih^fgh`_kl\Z

kbkl_fguo� nmgdpbc� \\h^Z�\u\h^Z� 81,;�� �� h[f_g� khh[s_gbyfb� ih� ebgdZf� f_`^m

ijh]jZffZfb��aZims_ggufb�gZ�jZaebqguo�\uqbkebl_evguo�ijhp_kkhjZo�

:iiZjZlguc

mjh\_gv

:i i Z j Z l g Z y i e Z ln h j f Z

(I j h p _ k k h j g u c f h ^ m e v F<K � � � � )

HK 5 R X W H U

:iiZjZlgh�

g_aZ\bkbfuc

mjh\_gv

Y ^j h KM ;>

:iiZjZlgh�

aZ\bkbfuc mjh\_gv

Hi_jZpbhggh_�hdjm`_gb_

Ω-FZjrjmlb�

aZlhj

Ω-Dhg^mdlhj F_g_^`_j

^bkdh\

F h ^ m e v l h i h e h ] b b F _ g _ ^ ` _ j g b l _ c

M l b e b l u

Jbk� 4.�Ijh]jZffgZy�kljmdlmjZ�KM;>�Hf_]Z

Fh^mev� lhiheh]bb� bgdZikmebjm_l� ZiiZjZlgu_� hkh[_gghklb� lhiheh]bb� F<K-100� b
iha\hey_l�jZkkfZljb\Zlv�_]h�dZd�kh\hdmighklv�Hf_]Z�deZkl_jh\��:^j_khf�ijhp_kkhjgh]h

maeZ��lZdbf�h[jZahf��y\ey_lky�iZjZ��Z^j_k�deZkl_jZ�b�ghf_j�maeZ�\�deZkl_j_��J_ZebaZpby

fh^mey�lhiheh]bb�y\ey_lky�ZiiZjZlgh�aZ\bkbfhc�
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F_g_^`_j� gbl_c� h[_ki_qb\Z_l� ih^^_j`dm� e_]dh\_kguo� ijhp_kkh\� �gbl_c� beb� ihlhdh\

mijZ\e_gby���Ih^^_j`b\Z_lky�^\Z�lbiZ�gbl_c��kbkl_fgu_�gblb�b�ihevah\Zl_evkdb_�gblb�

Kbkl_fgu_� gblb� ihjh`^Zxlky� \� hi_jZpbhgghf� hdjm`_gbb�� Ihevah\Zl_evkdb_� gblb

ihjh`^Zxlky� \� y^j_� KM;>� b� \� mlbeblZo�� MijZ\e_gby� gblyfb� b� bo� kbgojhgbaZpby

hkms_kl\eyxlky�gZ�hkgh\_�fh^_eb�ijhba\h^bl_ev�ihlj_[bl_ev��hibkZgghc�\�jZ[hl_�[15].

Hf_]Z�dhg^mdlhj� h[_ki_qb\Z_l� wnn_dlb\gmx� j_ZebaZpbx� \gmljbdeZkl_jguo� h[f_gh\

khh[s_gbyfb�gZ�[Za_�f_oZgbafZ� \bjlmZevguo� dZgZeh\��Ijhlhdhe� h[f_gZ� [Zabjm_lky� gZ

nbdkbjh\Zgghc�kbevghk\yaZgghc�lhiheh]bb�\gmljbdeZkl_jguo�kh_^bg_gbc� [16]��>Zgguc
ijhlhdhe� hilbfbabjh\Zg� ^ey� \uiheg_gby� [hevrh]h� dhebq_kl\Z� iZjZee_evguo� h[f_gh\

dhjhldbfb�khh[s_gbyfb�

Hf_]Z�fZjrjmlbaZlhj� h[_ki_qb\Z_l� wnn_dlb\gmx� j_ZebaZpbx� f_`deZkl_jguo� h[f_gh\

khh[s_gbyfb�gZ�[Za_�f_oZgbafZ�\bjlmZevguo�dZgZeh\��Ijhlhdhe�h[f_gZ�hilbfbabjh\Zg

^ey� kemqZy� kjZ\gbl_evgh� g_[hevrh]h� dhebq_kl\Z� iZjZee_evguo� h[f_gh\� ^ebggufb

khh[s_gbyfb�[16].

F_g_^`_j�^bkdh\�h[_ki_qb\Z_l�ij_^klZ\e_gb_�^bkdh\hc�ih^kbkl_fu�Hf_]Z�deZkl_jZ��dZd

gZ[hjZ� \bjlmZevguo� ^bkdh\� kh� kljZgbqghc� hj]ZgbaZpb_c�� iha\heyy� Z[kljZ]bjh\Zlvky� hl

hkh[_gghkl_c� ZiiZjZlghc� j_ZebaZpbb� fh^mey� ^bkdh\hc� ih^kbkl_fu��F_g_^`_j� ^bkdh\

\oh^bl�\�khklZ\�KMN�\�dZq_kl\_�ih^kbkl_fu�gb`g_]h�mjh\gy�

3. H[sZy�kljmdlmjZ�KMN

KMN�y\ey_lky�k\yamxsbf�a\_ghf�f_`^m�y^jhf�KM;>�Hf_]Z�b�^bkdh\hc�ih^kbkl_fhc��b

nmgdpbhgbjm_l�gZ�dZ`^hf�jZ[hq_f�mae_�deZkl_jZ�

Hkgh\guf� gZagZq_gb_f� KMN� y\ey_lky� ih^^_j`dZ� ihgylby� nZceZ�� dZd� gZ[hjZ� aZibk_c

nbdkbjh\Zgghc� ^ebgu�� >Zggu_� nZceu� bkihevamxlky� gZ� [he__� \ukhdbo� mjh\gyo

kbkl_fghc�b_jZjobb�^ey�ij_^klZ\e_gby�hlghr_gbc��lZ[ebp���bg^_dkh\�b�^jm]bo�h[t_dlh\

ojZgbfhc�[Zau�^Zgguo�
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<ha\jZl

aZibkb r
nZceZ f

AZijhk

aZibkb r
nZceZ f

KMN

AZijhk d

\bjlmZevghfm

^bkdm

Ql_gb_ ^Zgguo

k \bjlmZevgh]h

^bkdZ

<bjlmZevguc

^bkd

F_g_^`_j

nZceh\

F_g_^`_j

kljZgbp

AZijhk

kljZgbpu p
gZ[hjZ s

<ha\jZl

kljZgbpu p
gZ[hjZ s

AZijhk

kljZgbpu n
^bkdZ d

<ha\jZl

kljZgbpu n
^bkdZ d

KM;>

Kehc y^jZ

KM;> Ω

Kehc

hi_jZpbhggh]h

hdjm`_gby

KM;> Ω

F_g_^`_j

^bkdh\

Jbk� 5. H[sZy�kljmdlmjZ�KMN

Hkgh\gufb�lj_[h\Zgbyfb�d�KMN�y\eyxlky�ke_^mxsb_�

• KMN� ^he`gZ� ih^^_j`b\Zlv� nZceu�� khklhysb_� ba� aZibk_c� nbdkbjh\Zgghc� ^ebgu�
DZ`^uc�nZce� ^he`_g� bf_lv� b^_glbnbdZlhj�� mgbdZevguc� \� ij_^_eZo� ^bkdZ��DZ`^Zy

aZibkv�nZceZ�^he`gZ�bf_lv�b^_glbnbdZlhj��mgbdZevguc�\�ij_^_eZo�^bkdZ�

• KMN�^he`gZ�ij_^mkfZljb\Zlv�\hafh`ghklv�\\_^_gby�\gmljbnZceh\hc�deZkl_jbaZpbb

gZ� [he__� \ukhdbo� mjh\gyo� kbkl_fghc� b_jZjobb�� F_`nZceh\Zy� deZkl_jbaZpby� \

kbkl_f_�Hf_]Z�g_�ih^^_j`b\Z_lky�

• KMN� ^he`gZ� ih^^_j`b\Zlv� [mn_jbaZpbx� kljZgbp� gZ� hkgh\_� _^bgh]h� \gmlj_gg_]h

[mn_jgh]h�imeZ��>hklmi�d�kh^_j`bfhfm�nZceZ�\hafh`_g�lhevdh�q_j_a�[mn_j�

• KMN�^he`gZ�ih^^_j`b\Zlv�\bjlmZevgmx�Zjobl_dlmjm�[_a�kh\f_klgh]h�bkihevah\Zgby

j_kmjkh\�� Wlh� hagZqZ_l�� qlh� aZ� dZ`^uf� ijhp_kkhjguf� maehf� Hf_]Z�deZkl_jZ
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aZdj_iey_lky� hl^_evguc� \bjlmZevguc� ^bkd� �^bkdh\uc� ime��� Ijhp_kkhjguc� ma_e� g_

\ijZ\_�h[jZsZlvky�d�qm`bf�\bjlmZevguf�^bkdZf��^bkdh\uf�imeZf��

• KMN� g_� ^he`gZ� ij_^hklZ\eylv� kj_^kl\� ^ey� jZ[hlu� k� ^bkdZfb�� g_� ijbgZ^e_`Zsbfb

^Zgghfm�Hf_]Z�deZkl_jm�

• KMN� g_� ^he`gZ� ih^^_j`b\Zlv�njZ]f_glZpbx� b� j_iebdZpbx� nZceh\�� J_iebdZpby� b

njZ]f_glZpby� j_Zebamxlky� gZ� [he__� \ukhdbo� mjh\gyo� kbkl_fghc� b_jZjobb�� Wlh

hagZqZ_l�� qlh� dZ`^uc� njZ]f_gl� beb� j_iebdZ� hlghr_gby� �lZ[ebpu��� k� lhqdb� aj_gby

KMN��j_Zebam_lky�\�\b^_�hl^_evgh]h�g_aZ\bkbfh]h�nZceZ�

H[sZy� kljmdlmjZ�KMN� bah[jZ`_gZ� gZ� Jbk� 5��KMN� \dexqZ_l� \� k_[y� f_g_^`_j� ^bkdh\�

f_g_^`_j�kljZgbp�b�f_g_^`_j�nZceh\�

F_g_^`_j� ^bkdh\� h[_ki_qb\Z_l� ij_^klZ\e_gb_� \bjlmZevgh]h� ^bkdZ� \� \b^_� gZ[hjZ

ijhgmf_jh\Zgguo� kljZgbp� ih� �D;ZclZ�� <� [m^ms_f� ij_^iheZ]Z_lky� ^h[Z\blv

\hafh`ghklv�� mdZau\Zlv� ^ey� nZceZ� `_eZ_fuc� jZaf_j� kljZgbpu�� bkoh^y� ba� bf_xsboky

\ZjbZglh\��gZijbf_j���������beb����D;Zcl��

F_g_^`_j� kljZgbp� h[_ki_qb\Z_l� ij_^klZ\e_gb_� [Zau� ^Zgguo� �lhqg__� __� qZklb��

ojZgys_cky� gZ� ^Zgghf� \bjlmZevghf� ^bkd_�� \� \b^_� kh\hdmighklb� gZ[hjh\� kljZgbp�

ij_^klZ\eyxsbo�kh[hc�k\yagu_�kibkdb��F_g_^`_j�kljZgbp�iha\hey_l�kha^Z\Zlv�b�m^Zeylv

gZ[hju�kljZgbp��^h[Z\eylv�kljZgbpu�\�gZ[hj��m^Zeylv�kljZgbpu�ba�gZ[hjZ��hkms_kl\eylv

ihke_^h\Zl_evguc� ijhkfhlj� gZ[hjZ� kljZgbp�� Z� lZd`_� ijyfmx� \u[hjdm� kljZgbpu� k

mdZaZgguf�b^_glbnbdZlhjhf�

F_g_^`_j� nZceh\� h[_ki_qb\Z_l� ij_^klZ\e_gb_� [Zau� ^Zgguo� \� \b^_� nZceh\�

ij_^klZ\eyxsbo�kh[hc�gZ[hju�g_kljmdlmjbjh\Zgguo�aZibk_c�h^bgZdh\hc�^ebgu��aZibkv

bf__l�lhevdh�h^gh�bgnhjfZpbhggh_�ihe_ info���F_g_^`_j�nZceh\�iha\hey_l�kha^Z\Zlv�b

m^Zeylv� nZceu�� ^h[Z\eylv� \� nZce� gh\u_� aZibkb�� m^Zeylv� aZibkb� ba� nZceZ�� baf_gylv

kh^_j`bfh_� aZibkb� �agZq_gb_� ihey� info)�� hkms_kl\eylv� ijyfhc� ^hklmi� d� aZibkb� ih� __

b^_glbnbdZlhjm�� Z� lZd`_� kha^Z\Zlv� bl_jZlhju�� \u^Zxsb_� [_a� ih\lhj_gbc� mdZaZl_eb� gZ

\k_�aZibkb�nZceZ�

4. F_g_^`_j�^bkdh\

F_g_^`_j� ^bkdh\� j_Zebam_l� bgl_jn_ck� \\h^Z�\u\h^Z� ^ey� hj]ZgbaZpbb� h[f_gh\� k

^bkdh\hc� ih^kbkl_fhc�� F_g_^`_j� ^bkdh\� iha\hey_l� Z[kljZ]bjh\Zlvky� hl� ZiiZjZlguo

hkh[_gghkl_c� ^bkdh\hc� ih^kbkl_fu� deZkl_jZ� b� jZkkfZljb\Zlv� __� dZd� \bjlmZevgh_

mkljhckl\h�� khklhys__� ba� g_dhlhjh]h� qbkeZ� eh]bq_kdbo� ^bkdh\� kh� kljZgbqghc

hj]ZgbaZpb_c�

Dhebq_kl\h� ^bkdh\� [_j_lky� jZ\guf� dhebq_kl\m� ijhp_kkhjguo� fh^me_c� deZkl_jZ�� AZ

dZ`^uf�ijhp_kkhjguf�fh^me_f�aZdj_iey_lky�k\hc�^bkd��Ijhp_kk�g_�fh`_l�h[jZsZlvky�d

�qm`bf��^bkdZf��>Zgguc�ih^oh^�fh^_ebjm_l�Zjobl_dlmjm�[_a�kh\f_klgh]h�bkihevah\Zgby

j_kmjkh\�

JZaf_j�kljZgbpu�^bkdZ�y\ey_lky�iZjZf_ljhf�]_g_jZpbb�kbkl_fu�Hf_]Z�b�[_j_lky�jZ\guf

4�D;ZclZf�

4.1. Wfmeylhj�^bkdh\hc�ih^kbkl_fu

:iiZjZlgZy�ieZlnhjfZ��gZ� dhlhjhc� \uihegyeZkv� j_ZebaZpby� ijhlhlbiZ� kbkl_fu�Hf_]Z�

ij_^klZ\ey_l�kh[hc�fmevlbijhp_kkhj�F<K�����\�dhgnb]mjZpbb�ba�q_luj_o�ijhp_kkhjguo
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fh^me_c� [_a� ^bkdh\hc� ih^kbkl_fu�� Ihwlhfm� ijb� jZajZ[hld_� ijhlhlbiZ� KM;>� Hf_]Z

\hagbdeZ�g_h[oh^bfhklv�kha^Zgby�wfmeylhjZ�^bkdh\hc�ih^kbkl_fu.

>ey�kha^Zgby�\bjlmZevguo�^bkdh\�fh]ml�bkihevah\Zlvky�ke_^mxsb_�^\Z�ih^oh^Z�

• bkihevah\Zgb_� hi_jZlb\ghc� iZfylb� h^gh]h� ba� ijhp_kkhjguo� fh^me_c� ^ey� kha^Zgby

we_dljhgguo�^bkdh\�

• bkihevah\Zgb_�^bkdh\�+RVW�fZrbgu�

Wfmeylhj� ^bkdh\hc� ih^kbkl_fu� �W>I�� gZ� [Za_� we_dljhggh]h� ^bkdZ� [m^_l� agZqbl_evgh

ij_\hkoh^blv�W>I�gZ�[Za_�^bkdh\�+RVW�fZrbgu�ih� wnn_dlb\ghklb�^hklmiZ��Wlh fh`_l
hsmlbfuf� h[jZahf� kdZaZlvky� gZ� wnn_dlb\ghklb� ijhp_kkZ� hleZ^db� b� ijhnbebjh\Zgby

kbkl_fu�\�p_ehf��HljbpZl_evghc�klhjhghc�bkihevah\Zgby�we_dljhgguo�^bkdh\�y\ey_lky

bo�wg_j]haZ\bkbfZy�ijbjh^Z��Ijb�k[hyo�b�j_klZjlZo�kbkl_fu�bgnhjfZpby�gZ�we_dljhgguo

^bkdZo�[m^_l�l_jylvky��qlh��\�k\hx�hq_j_^v��hkeh`gbl�ijhp_kk�hleZ^db�

Bkoh^y� ba� wlh]h�� [ue� \u[jZg� ijhf_`mlhqguc� \ZjbZgl�� ij_^iheZ]Zxsbc� kh\f_klgh_

bkihevah\Zgb_� b� we_dljhgguo� ^bkdh\� ijhp_kkhjgh]h�fh^mey� b�fZ]gblguo� ^bkdh\� +RVW�

fZrbgu��Ijb�bgbpbZebaZpbb�W>I�ijhbkoh^bl�Z\lhfZlbq_kdh_�kqblu\Zgb_�[Zau�^Zgguo

k� ^bkdZ� +RVW�fZrbgu� b� aZ]jmadZ� __� \� we_dljhggu_� ^bkdb� g_dhlhjh]h� \u^_e_ggh]h

ijhp_kkhjgh]h� fh^mey�� Ijb� ghjfZevghf� aZ\_jr_gbb� jZ[hlu� kbkl_fu� ijhbkoh^bl

h[jZlguc� k[jhk� [Zau� ^Zgguo� k� we_dljhggh]h� ^bkdZ� gZ� ^bkd� +RVW�fZrbgu�� <� ijhp_kk_

jZ[hlu�W>I�fh]ml�\uihegylvky�ijhf_`mlhqgu_�k[jhku�gZ�^bkd�+RVW�fZrbgu�

>ey� fh^_ebjh\Zgby� ^bkdh\hc� ih^kbkl_fu� gZ� bf_xs_cky� dhgnb]mjZpbb�F<K����� [ue

\u^_e_g�ijhp_kkhjguc�fh^mev��y\eyxsbcky�dhjg_\uf��>Zgguc�fh^mev�g_ihkj_^kl\_ggh

k\yaZg� ih� ebgdm� k� +RVW�fZrbghc�� Ijhp_kkhjguc� fh^mev� ^bkdh\hc� ih^kbkl_fu� g_

bkihevam_lky� dZd� \uqbkebl_evguc� fh^mev�� LZdbf� h[jZahf�� nZdlbq_kdb� fh^_ebjh\Zeky

Hf_]Z�deZkl_j�k�lj_fy�ijhp_kkhjgufb�fh^meyfb�b�h^ghc�^bkdh\hc�ih^kbkl_fhc�

Wfmeylhj�^bkdh\hc�ih^kbkl_fu�bgdZikmebjm_l�\�k_[_�ZiiZjZlgu_�hkh[_gghklb�^bkdh\hc

ih^kbkl_fu�� >Zgguc� ih^oh^� iha\hey_l� ijb� i_j_oh^_� gZ� ZiiZjZlgmx� dhgnb]mjZpbx� k

j_Zevghc�^bkdh\hc�ih^kbkl_fhc�hklZ\blv�ijZdlbq_kdb�g_baf_gguf�bgl_jn_ck�f_g_^`_jZ

^bkdh\�� qlh�� \� k\hx� hq_j_^v�� iha\hey_l� h]jZgbqblvky� g_[hevrbfb� i_j_^_edZfb� ijb

i_j_ghk_�kbkl_fu�\�p_ehf�

4.2. Ijbgpbiu�ijh_dlbjh\Zgby�f_g_^`_jZ�^bkdh\

F_g_^`_j� ^bkdh\� j_Zebam_l� Zjobl_dlmjm� \bjlmZevguo� dZgZeh\�� Wlh� hagZqZ_l�� qlh� ih

ebgdm��kh_^bgyxs_fm�ijhp_kkhjguc�fh^mev�k�^bkdh\hc�ih^kbkl_fhc��iZjZee_evgh�fh`_l

ijhba\h^blvky�ex[h_�dhebq_kl\h�hi_jZpbc�ql_gby�aZibkb�

Hkgh\gu_�hi_jZpbb��\oh^ysb_�\�bgl_jn_ck�f_g_^`_jZ�^bkdh\��bah[jZ`_gu�gZ�Jbk� 6.

/* AZibkZlv kljZgbpm gZ ^bkd \ Zkbgojhgghf j_`bf_ 
�
int /* No. dZgZeZ*/ ds_write (int /*ghf_j kljZgbpu */, void * /* mdZaZl_ev gZ [mn_j */);

/* KqblZlv kljZgbpm k ^bkdZ \ Zkbgojhgghf j_`bf_ 
�
int /* No. dZgZeZ*/ ds_read (int /*ghf_j kljZgbpu */, void * /* mdZaZl_ev gZ [mn_j */);

/* Ijh\_jblv aZ\_jr_gb_ write/read hi_jZpbb 
�
int /* 1-^Z� ��g_l 
� ds_done (int /* No. dZgZeZ*/);

/* K[jhk kh^_j`bfh]h \bjlmZevgh]h ^bkdZ \ nZce gZ KRVW�fZrbg_ 
�
void ds_dump (char * /* bfy nZceZ 
��;

/* AZ]jmadZ kh^_j`bfh]h \bjlmZevgh]h ^bkdZ ba nZceZ gZ KRVW�fZrbg_ */
void ds_reset (char * /* bfy nZceZ 
��;

Jbk� 6.�Hkgh\gu_�nmgdpbb�bgl_jn_ckZ�f_g_^`_jZ�^bkdh\
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Ijb� ijh_dlbjh\Zgbb� f_g_^`_jZ� ^bkdh\� [ueZ� bkihevah\ZgZ� l_ogheh]by� deb_gl�k_j\_j�

Deb_glkdZy� qZklv� f_g_^`_jZ� ^bkdh\�� aZimkdZ_lky� gZ� dZ`^hf� jZ[hq_f� mae_�� K_j\_jgZy

qZklv�aZimkdZ_lky�gZ�fh^me_�^bkdh\hc�ih^kbkl_fu�

K_j\_j�h[kem`b\Z_l�aZijhku�deb_glh\�gZ�\uiheg_gb_�hi_jZpbc�k�^bkdh\hc�ih^kbkl_fhc�

Deb_glu� b� k_j\_j� h[f_gb\Zxlky� khh[s_gbyfb�� dhlhju_� khklhyl� ba� ^\mo� qZkl_c�� �

aZ]heh\dZ� b� bgnhjfZpbhgghc� qZklb� info�� AZ]heh\hd� khh[s_gby� bf__l� ke_^mxsb_� ihey�

b^_glbnbdZlhj� hi_jZpbb�� lbi� hi_jZpbb�� ghf_j� kljZgbpu�� ghf_j� maeZ� deb_glZ�

BgnhjfZpbhggZy� qZklv� g_� bf__l� kljmdlmju�� wlh� [Zclh\uc� fZkkb\�� ^ebgZ� dhlhjh]h

kh\iZ^Z_l�k�jZaf_jhf�kljZgbpu��I_j_^ZqZ�khh[s_gby�\uihegy_lky�\�^\Z�wlZiZ����kgZqZeZ

i_j_^Z_lky�aZ]heh\hd��Z�aZl_f���qZklv info.

4.3. Ijbgpbiu�j_ZebaZpbb�f_g_^`_jZ�^bkdh\

Ijb� \uiheg_gbb� deb_glhf� hi_jZpbc� ds_read b� ds_write� ^_kdjbilhju� wlbo� hi_jZpbc
^h[Z\eyxlky� \� lZ[ebpm� hi_jZpbc��LZ[ebpZ� hi_jZpbc� hj]Zgbah\ZgZ� dZd� hq_j_^v� b�bf__l

ke_^mxsb_� ihey�� b^_glbnbdZlhj� hi_jZpbb�� ghf_j� kljZgbpu�� ghf_j� maeZ� deb_glZ�

mdZaZl_ev�gZ�[mn_j�b�khklhygb_�hi_jZpbb��LZ[ebpZ�hi_jZpbc�h[jZ[Zlu\Z_lky�kbkl_fghc

gblvx�deb_glZ��NZdlhj�nmgdpby�kbkl_fghc�gblb�[15] ibr_lky�lZdbf�h[jZahf��qlh[u�gblv

Zdlb\babjh\ZeZkv� lhevdh� ijb� aZ\_jr_gbb� Zkbgojhgguo� hi_jZpbc� ql_gby�aZibkb� ih

ebgdZf��\k_�hklZevgh_�\j_fy�gblv�gZoh^blky�\�g_Zdlb\ghf�khklhygbb�

K_j\_j�hnhjfey_lky�dZd� kZfhklhyl_evguc�ijhp_kk��dhlhjuc�h[jZ[Zlu\Z_l� ZgZeh]bqgmx

lZ[ebpm�hi_jZpbc�gZ�klhjhg_�^bkdh\hc�ih^kbkl_fu��Wlhl�ijhp_kk�pbdebq_kdb�\uihegy_l

ke_^mxsmx�ihke_^h\Zl_evghklv�^_ckl\bc�

1) H`b^Zgb_�aZ]heh\dZ�khh[s_gby�hl�deb_glh\�

2) H[jZ[hldZ�aZ]heh\dZ��kha^Zgb_�gh\h]h�we_f_glZ�lZ[ebpu�hi_jZpbc��
3) Ijhkfhlj�lZ[ebpu�hi_jZpbc�b�\uiheg_gb_�g_h[oh^bfuo�^_ckl\bc��ql_gb_�kljZgbpu�k

^bkdZ��k[jhk�^bkdZ�b�l�i���

4) BgbpbZpby�hi_jZpbb�ql_gb_�aZ]heh\dZ�gZ�hk\h[h^b\rboky�ebgdZo�

Deb_gl� b� k_j\_j� ^ey� h[f_gZ� ^Zggufb� bkihevamxl� ke_^mxsbc� ki_pbZevguc� ijhlhdhe

h[f_gZ�khh[s_gbyfb.

K_j\_j�gZoh^blky�\�ihklhygghf�h`b^Zgbb�ihklmie_gby�aZ]heh\dZ�khh[s_gby�hl�deb_glZ

�\k_� khh[s_gby� bf_xl� aZ]heh\db� h^bgZdh\hc� kljmdlmju��� Ijb� ihemq_gbb� aZ]heh\dZ

k_j\_j�^_ckl\m_l�\�aZ\bkbfhklb�hl�lbiZ�hi_jZpbb��mdZaZgghc�\�aZ]heh\d_�khh[s_gby�

<�kemqZ_�hi_jZpbb� �aZibkv�kljZgbpu���g_f_^e_ggh�aZimkdZ_lky�ql_gb_�bgnhjfZpbhgghc

qZklb�khh[s_gby�hl�deb_glZ��b�\�lZ[ebpm�hi_jZpbc�k_j\_jZ�ihf_sZ_lky�aZibkv�h�lhf��qlh

hi_jZpby�\uihegy_lky�

?keb� mdZaZgZ� hi_jZpby� �ql_gb_� kljZgbpu��� lh� \� lZ[ebpm� hi_jZpbc� k_j\_jZ� ijhklh

ihf_sZ_lky�aZibkv�h�lhf��qlh�khhl\_lkl\mxsZy�hi_jZpby�\uihegy_lky�

?keb� g_h[oh^bfh� \uihegblv� hi_jZpbx� \hkklZgh\e_gby� �k[jhkZ�� ^bkdZ�� lh� aZibkv� \

lZ[ebpm�hi_jZpbc�k_j\_jZ�ihf_sZ_lky�lhevdh�\�lhf�kemqZ_��_keb�gZ�^Zgguc�fhf_gl�\�g_c

hlkmlkl\mxl�aZibkb�h[�hi_jZpbyo�ql_gby�kljZgbpu��aZibkb�kljZgbpu��hl�^Zggh]h�deb_glZ�

Ihke_� wlh]h� k_j\_j� h[jZ[Zlu\Z_l� l_dmsbc� we_f_gl� hq_j_^b� ba� lZ[ebpu� hi_jZpbc�� \

aZ\bkbfhklb�hl�lbiZ�hi_jZpbb��Z�aZl_f�m^Zey_l�wlm�aZibkv�ba�hq_j_^b�

Hi_jZpbb� �k[jhk�^bkdZ��b� �\hkklZgh\e_gb_�^bkdZ��\uihegyxlky�g_f_^e_ggh��ihke_�q_]h

deb_glm�\ukueZ_lky�aZ]heh\hd�k�dh^hf��hi_jZpby�aZ\_jr_gZ��
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<� kemqZ_� hi_jZpbb� �aZibkv� kljZgbpu��� aZ]heh\hd� k� dh^hf� �hi_jZpby� aZ\_jr_gZ�

ihkueZ_lky�deb_glm�lhevdh�ihke_�aZ\_jr_gby�\uiheg_gby�khhl\_lkl\mxs_c�hi_jZpbb�

<� kemqZ_� hi_jZpbb� �ql_gb_� kljZgbpu��� k_j\_j� ijhqblu\Z_l� kljZgbpm� k� ^bkdZ�� aZl_f

ihkueZ_l�aZ]heh\hd�k�dh^hf��ijb]hlh\blvky�d�ql_gbx�bgnhjfZpbhgghc�qZklb���ihke_�q_]h

ijhbkoh^bl�ihkuedZ�kZfhc�bgnhjfZpbhgghc�qZklb�

Deb_gl�gZoh^blky�\�ihklhygghf�h`b^Zgbb�ihklmie_gby�hl\_lZ�hl�k_j\_jZ��Ijb�ihemq_gbb

hl\_lZ�deb_gl�^_ckl\m_l�\�aZ\bkbfhklb�hl�lbiZ�bgbpbbjh\Zgghc�hi_jZpbb�

<� kemqZ_� hi_jZpbb� �aZibkv� kljZgbpu�� ebgd� [ehdbjm_lky� ih� aZibkb�� g_f_^e_ggh

aZimkdZ_lky� i_j_^ZqZ� bgnhjfZpbhgghc� qZklb� gZ� k_j\_j�� khhl\_lkl\mxsZy� aZibkv

^h[Z\ey_lky�\�lZ[ebpm�hi_jZpbc�

<�kemqZ_�hi_jZpbb� �ql_gb_�kljZgbpu��ebgd�[ehdbjm_lky�ih�ql_gbx�� aZimkdZ_lky�ql_gb_

bgnhjfZpbhgghc� qZklb� k� k_j\_jZ�� khhl\_lkl\mxsZy� aZibkv� ^h[Z\ey_lky� \� lZ[ebpm

hi_jZpbc�

>ey� hi_jZpbc� �k[jhk� ^bkdZ�� b� �\hkklZgh\e_gb_� ^bkdZ�� ^h[Z\e_gb_� khhl\_lkl\mxsbo

aZibk_c�\�lZ[ebpm�hi_jZpbc�ijhbkoh^bl�lhevdh�\�lhf�kemqZ_��_keb�gZ�^Zgguc�fhf_gl�\

g_c�hlkmlkl\mxl� aZibkb�h[�hi_jZpbyo�ql_gby�b� aZibkb� kljZgbpu�hl�^Zggh]h�deb_glZ� �\

ijhlb\ghf�kemqZ_�ijhbkoh^bl�Z\Zjbcguc�\uoh^�ba�nmgdpbc�ds_dump beb�ds_reset).

5. F_g_^`_j�kljZgbp

F_g_^`_j� kljZgbp� h[_ki_qb\Z_l� ij_^klZ\e_gb_� ojZgbfhc� [Zau� ^Zgguo� \� \b^_

kh\hdmighklb� gZ[hjh\� kljZgbp�� GZ[hj� kljZgbp� ij_^klZ\ey_l� kh[hc� k\yaguc� kibkhd

kljZgbp��KljZgbpZ�khklhbl�ba�aZ]heh\dZ�b�h^gh]h�bgnhjfZpbhggh]h�ihey�info.

F_g_^`_j�kljZgbp�^he`_g�m^h\e_l\hjylv�ke_^mxsbf�hkgh\guf�lj_[h\Zgbyf�

• >he`gZ� ih^^_j`b\Zlvky� lZ[ebpZ� jZaf_s_gby� gZ[hjh\� kljZgbp� �� 6$7� �page Set
Allocation Table��� 6$7� jZaf_sZ_lky� \� g_ij_ju\ghc� h[eZklb�� gZqbgZy� k� gme_\hc

kljZgbpu�^bkdZ�

• >he`_g� ih^^_j`b\Zlvky� hkh[uc� gZ[hj� kljZgbp� �� KKI� �Kibkhd� K\h[h^gh]h

IjhkljZgkl\Z��

• >he`gZ� ih^^_j`b\Zlvky� \hafh`ghklv� ^h[Z\e_gby� \� gZ[hj� g_ij_ju\gh]h� [ehdZ

kljZgbp��gZijbf_j��ih����kljZgbpu��

• >he`gZ� ih^^_j`b\Zlvky� [mn_jbaZpby� kljZgbp� gZ� hkgh\_� _^bgh]h� [mn_jgh]h

ijhkljZgkl\Z�� >he`gZ� ih^^_j`b\Zlvky� lZ[ebpZ� ih^dZqdb� �bg^_dk� [mn_jgh]h� imeZ��

kh^_j`ZsZy� ghf_jZ� \k_o� kljZgbp�� gZoh^ysboky� \� ^Zgguc� fhf_gl� \� [mn_j_�

:e]hjblfu� \ul_kg_gby� b� ih^dZqdb� kljZgbp� ^he`gu� wnn_dlb\gh� jZ[hlZlv� ^ey

iheghklvx�aZiheg_ggh]h�[mn_jZ��wlh�rlZlgZy�kblmZpby�\�kemqZ_�kbkl_f�[Za�^Zgguo���

kljZgbpZ� \ul_kgy_lky� ba� [mn_jZ� lhevdh� lh]^Z�� dh]^Z� wlh� ^_ckl\bl_evgh� g_h[oh^bfh

^ey�aZ]jmadb�g_dhlhjhc�^jm]hc�kljZgbpu��

• >hklmi� d� kh^_j`bfhfm� kljZgbpu�fh`_l� [ulv� hkms_kl\e_g� lhevdh� q_j_a� __� h[jZa� \

hi_jZlb\ghc�iZfylb�

• >he`_g�ih^^_j`b\Zlvky�MBK��MgbdZevguc�B^_glbnbdZlhj�KljZgbpu���MBK�^he`_g

[ulv� mgbdZevguf� \� ij_^_eZo� ^bkdZ�� MBK� ^he`_g� h[_ki_qb\Zlv� ijyfhc� ^hklmi� d

kljZgbp_�� <� ijhkl_cr_f� kemqZ_� \� dZq_kl\_� MBK� fh`_l� bkihevah\Zlvky� ghf_j

kljZgbpu�gZ�^bkd_�
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• >he`gZ�ih^^_j`b\Zlvky�\u[hjdZ�kljZgbp�k�mij_`^_gb_f�

5.1. Ijbgpbiu�ijh_dlbjh\Zgby�f_g_^`_jZ�kljZgbp

>hklmi� d� kh^_j`bfhfm� kljZgbpu� h[_ki_qb\Z_lky� ki_pbZevguf� hi_jZlhjhf� \u[hjdb

kljZgbpu�pg_fetch��dhlhjuc�\u^Z_l�mdZaZl_ev�gZ�h[jZa�kljZgbpu�\�[mn_j_�

?keb� \� ijhp_kk_� jZ[hlu� k� kh^_j`bfuf� kljZgbpu� ijyfh� beb� dhk\_ggh� \uau\ZeZkv

hi_jZpby� ^bki_lq_jbaZpbb th_schedule f_g_^`_jZ� gbl_c� [15]�� lh� i_j_^� ijh^he`_gb_f
jZ[hlu�k�h[jZahf�kljZgbpu�j_dhf_g^m_lky�\lhjbqgh�\uihegblv�hi_jZpbx�pg_fetch��Wlh
k\yaZgh� k� l_f�� qlh� \h� \j_fy� i_j_^Zqb� mijZ\e_gby� ^jm]hc� gblb� fh]eh� ijhbahclb

hldj_ie_gb_�b�\ul_kg_gb_�ba�[mn_jZ�h[jZaZ�^Zgghc� kljZgbpu�\�j_amevlZl_�\uiheg_gby

�iZjZee_evgh]h��pg_fetch.

Hi_jZlhj� pg_fetch� y\ey_lky� kbgojhgguf� \� lhf� kfuke_�� qlh� hg� \ha\jZsZ_l� mijZ\e_gb_

lhevdh� ihke_� lh]h�� dZd� kljZgbpZ� aZ]jm`_gZ� \� [mn_j� �k� \hafh`guf� ij_^r_kl\mxsbf

\ul_kg_gb_�dZdhc�eb[h�^jm]hc�kljZgbpu���?keb�ihke_�aZ]jmadb�kljZgbpu�\�[mn_j�aZjZg__

ba\_klgh�� dZdmx� kljZgbpm� ijb^_lky� qblZlv� ke_^mxs_c� �Z� \� kemqZ_� [Za� ^Zgguo� wlh�� dZd

ijZ\beh�� ba\_klgh��� fh`gh� \hkihevah\Zlvky� hi_jZlhjhf� \u[hjdb� k� mij_`^_gb_f

pg_prefetch. >Zgguc�hi_jZlhj�hkms_kl\ey_l� aZ]jmadm�kljZgbpu�\�[mn_j�\� Zkbgojhgghf

j_`bf_��I_j_^�^hklmihf�d�kljZgbp_��ihke_�hi_jZlhjZ�pg_prefetch��^he`_g�[ulv�\uiheg_g
hi_jZlhj�pg_fetch�^ey�lh]h��qlh[u�]ZjZglbjh\Zlv�aZ\_jr_gb_�aZ]jmadb�kljZgbpu�\�[mn_j�

Hldjulb_� gZ[hjZ� kljZgbp� hkms_kl\ey_lky� k� ihfhsvx� hi_jZpbb� pg_open.�>ey� dZ`^h]h
hldjulh]h� gZ[hjZ� \\h^blky� Zljb[ml�l_dmsZy� kljZgbpZ��Ijb� hldjulbb� gZ[hjZ� ^Zgguc

Zljb[ml�mklZgZ\eb\Z_lky�\�agZq_gb_�NIL ��qlh�khhl\_lkl\m_l�imklhc�kkued_�

Hi_jZlhj� \u[hjdb� kljZgbpu� pg_fetch� mklZgZ\eb\Z_l� mdZaZl_ev� l_dms_c� kljZgbpu� gZ

mdZaZggmx� kljZgbpm�� >ZggZy� kljZgbpZ� gZ[hjZ� aZdj_iey_lky� \� [mn_j_�� lh� _klv� hgZ� g_

fh`_l�[ulv�\ul_kg_gZ�ba�[mn_jZ�gb�ijb�dZdbo�mkeh\byo��Ijb�\uiheg_gbb�ke_^mxs_]h

hi_jZlhjZ� pg_fetch� gZ^� ^Zgguf� gZ[hjhf� mdZaZl_ev� l_dms_c� kljZgbpu

i_j_mklZgZ\eb\Z_lky�gZ�gh\mx�kljZgbpm��Ijb�wlhf�ij_^u^msZy�l_dmsZy�kljZgbpZ�gZ[hjZ

hldj_iey_lky� hl� [mn_jZ�� lh� _klv� hgZ� ijb� g_h[oh^bfhklb� fh`_l� [ulv� \ul_kg_gZ� ba

[mn_jZ�

K�dZ`^hc�kljZgbp_c��gZoh^ys_cky�\�[mn_j_��k\yau\Z_lky�g_dhlhjh_�agZq_gb_��gZau\Z_fh_

j_clbg]hf�kljZgbpu��JZaebqZxlky�klZlbq_kdbc�b�^bgZfbq_kdbc�j_clbg]b��KlZlbq_kdbc

j_clbg]�aZ^Z_lky�ihevah\Zl_e_f�ijb�aZ]jmad_�kljZgbpu�\�[mn_j��>bgZfbq_kdbc�j_clbg]

y\ey_lky�nmgdpb_c� hl� klZlbq_kdh]h� j_clbg]Z�b� \uqbkey_lky�f_g_^`_jhf� kljZgbp��?keb

\hagbdZ_l�g_h[oh^bfhklv�hk\h[h^blv�\�[mn_j_�f_klh�^ey�gh\hc�kljZgbpu��lh�ba�[mn_jZ

\ul_kgy_lky�kljZgbpZ�k�gZbf_gvrbf�^bgZfbq_kdbf�j_clbg]hf��AgZq_gb_�^bgZfbq_kdh]h

j_clbg]Z�kljZgbpu�fh`_l�baf_gylvky�kh�\j_f_g_f�

5.2. Bgl_jn_ck�f_g_^`_jZ�kljZgbp

Hkgh\m�bgl_jn_ckZ�f_g_^`_jZ�kljZgbp�khklZ\eyxl�nmgdpbb,�bah[jZ`_ggu_�gZ�Jbk� 7.
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/* Kha^Zlv imklhc gZ[hj kljZgbp 
�
int /* >=0 - OK, bgZq_ � hrb[dZ 
� pg_createSet (int /* b^_glbnbdZlhj gZ[hjZ 
���

/* M^Zeblv gZ[hj kljZgbp 
�
int /* >=0 - OK, bgZq_ � hrb[dZ 
� pg_dropSet (int /* b^_glbnbdZlhj gZ[hjZ 
���

/* Hldjulv gZ[hj kljZgbp 
�
int /* >=0 - OK, bgZq_ � hrb[dZ 
� pg_open (int /* b^_glbnbdZlhj gZ[hjZ 
���

/* AZdjulv gZ[hj kljZgbp 
�
int /* >=0 - OK, bgZq_ � hrb[dZ 
� pg_close (int /* b^_glbnbdZlhj gZ[hjZ 
���

/* >h[Z\blv n kljZgbp \ dhg_p gZ[hjZ 
�

int /* >=0 - b^_glbnbdZlhj i_j\hc ^h[Z\e_gghc kljZgbpu� bgZq_ � hrb[dZ 
�
pg_append (int /* b^_glbnbdZlhj gZ[hjZ 
�� int /* dhebq_kl\h kljZgbp 
���

/* M^Zeblv kljZgbpm ba gZ[hjZ 
�
int /* >=0 - OK, bgZq_ � hrb[dZ 
�
pg_delete (int /* b^_glbnbdZlhj gZ[hjZ 
�� int /* b^_glbnbdZlhj kljZgbpu 
���

/* <u[hjdZ kljZgbpu 
�

void * /* mdZaZl_ev gZ h[jZa kljZgbpu \ [mn_j_ 
�
pg_fetch (int /* b^_glbnbdZlhj gZ[hjZ 
�� int /* b^_glbnbdZlhj kljZgbpu� beb 1,/ 
�� int /* klZlbq_kdbc j_clbg] 
���

/* <u[hjdZ kljZgbpu c mij_`^_gb_f 
�
int /* >=0 - OK, bgZq_ � hrb[dZ 
�
pg_prefetch (int /* b^_glbnbdZlhj gZ[hjZ 
�� int /* b^_glbnbdZlhj kljZgbpu 
�� int /* klZlbq_kdbc j_clbg] 
���

/* MklZgh\dZ Zljb[mlZ h[jZaZ kljZgbpu modified */
int /* >=0 - OK, bgZq_ � hrb[dZ 
�
pg_setModified (int /* b^_glbnbdZlhj kljZgbpu 
�� FKDU �
 gh\h_ agZq_gb_ Zljb[mlZ 
���

Jbk� 7.�Hkgh\gu_�nmgdpbb�bgl_jn_ckZ�f_g_^`_jZ�kljZgbp

Nmgdpby� pg_fetch� h[_ki_qb\Z_l� ijyfhc� ^hklmi� d� kh^_j`bfhfm� mdZaZgghc� kljZgbpu�
>ZggZy�nmgdpby� ijh\_jy_l� gZebqb_� mdZaZgghc� kljZgbpu� \� kbkl_fghf� [mn_j_� b� \u^Z_l

mdZaZl_ev�gZ�h[jZa�kljZgbpu�\�[mn_j_� ?keb�mdZaZggZy�kljZgbpZ�\�[mn_j_�hlkmlkl\m_l��lh
ijhba\h^blky�__�ih^dZqdZ��?keb�ijb�wlhf�\�[mn_j_�g_l�f_klZ��lh�ijhbkoh^bl�\ul_kg_gb_

ba� [mn_jZ� gZ� ^bkd� h[jZaZ� g_bkihevam_fhc� kljZgbpu�� bf_xs_c� gZbf_gvrbc

^bgZfbq_kdbc�j_clbg]��?keb�[mn_j�iheghklvx�aZiheg_g�b�\k_�h[jZau�klZgbp�y\eyxlky�\

^Zgguc�fhf_gl�bkihevam_fufb��lh�hi_jZpby�i_j_oh^bl�\�khklhygb_�h`b^Zgby�

Ihke_�\uiheg_gby�hi_jZpbb�pg_fetch�mdZaZggZy�kljZgbpZ�klZgh\blky�l_dms_c�kljZgbp_c
mdZaZggh]h� gZ[hjZ� b� ihf_qZ_lky� dZd� bkihevam_fZy��Ij_^u^msZy� l_dmsZy� kljZgbpZ� ijb

wlhf�ihf_qZ_lky�dZd�g_bkihevam_fZy��hldj_iey_lky�.

<uiheg_gb_� hi_jZpbb� pg_fetch� kh� agZq_gb_f� iZjZf_ljZ� �b^_glbnbdZlhj� kljZgbpu��
jZ\guf� NIL �� ijb\h^bl� d� hldj_ie_gbx� ij_^u^ms_c� l_dms_c� kljZgbpu�� <� dZq_kl\_

j_amevlZlZ�\�wlhf�kemqZ_�\u^Z_lky�18//�

Nmgdpby� pg_prefetch� h[_ki_qb\Z_l� hi_j_`Zxsmx� aZ]jmadm� kljZgbpu� \� [mn_j� \

Zkbgojhgghf� j_`bf_�� ?keb� \� [mn_j_� hlkmlkl\m_l� k\h[h^gh_� f_klh�� ijhbkoh^bl

\ul_kg_gb_�gZ� ^bkd� g_dhlhjhc� g_bkihevam_fhc� kljZgbpu� k� gZbf_gvrbf� ^bgZfbq_kdbf

j_clbg]hf�

5.3. Ijbgpbiu�j_ZebaZpbb�f_g_^`_jZ�kljZgbp

B_jZjoby� fh^me_c� b� h[t_dlh\�� ij_^klZ\eyxsbo� j_ZebaZpbx� f_g_^`_jZ� kljZgbp�

bah[jZ`_gZ�gZ�Jbk� 8.
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List
(ls_)

Set
(ps_)

Hi_jZpbb k

gZ[hjZfb

pg_open
pg_close
pg_append
pg_delete

Dir
(dr_)

Buf
(bf_)

Hi_jZpbb kh

kljZgbpZfb

pg_fetch
pg_prefetch
pg_setModified

SAT
(st_)

Hi_jZpbb k

^bkdhf

pg_formatDisk
pg_createSet
pg_dropSet

DD
(dd_)

Jbk� 8. B_jZjoby�fh^me_c�b�h[t_dlh\�f_g_^`_jZ�kljZgbp

J_ZebaZpby� hkgh\guo� hi_jZpbc� f_g_^`_jZ� kljZgbp� kljhblky� gZ� [Za_� ke_^mxsbo

h[t_dlh\�

• Buf (Buffer����[mn_j�^ey�[mn_jbaZpbb�kljZgbp�

• Dir  (Buffer Directory���ba[ulhqguc�bg^_dk�[mn_jbah\Zgguo�kljZgbp��bg^_dk�^ey�Buf);

• List  (Space List����kibkhd�k\h[h^gh]h�ijhkljZgkl\Z��KKI��

• DD (Disk Directory����aZ]heh\hd�^bkdZ�

• SAT (Set Allocation Table����lZ[ebpZ�jZaf_s_gby�gZ[hjh\�

• Set (Open Page Set Descriptor Table����lZ[ebpZ�^_kdjbilhjh\�hldjuluo�gZ[hjh\�

5.3.1. H[t_dl�%XI��f_g_^`_j�[mn_jgh]h�imeZ�

F_g_^`_j� [mn_jgh]h� imeZ� h[_ki_qb\Z_l� j_a_j\bjh\Zgb_� b� hk\h[h`^_gb_� g_ij_ju\guo

mqZkldh\� iZfylb� \� [mn_jghf� ime_� gZ� hkgh\_� kibkdZ� k\h[h^gh]h� ijhkljZgkl\Z� �KKI��

FbgbfZevghc�_^bgbp_c�\u^_e_gby�iZfylb�y\ey_lky�[ehd�jZaf_jhf��D;ZclZ�

Bgl_jn_ck�f_g_^`_jZ�[mn_jgh]h�imeZ�\dexqZ_l�\�k_[y�^\_�hkgh\gu_�hi_jZpbb: bf_alloc -
\u^_eblv�[ehd�ba�KKI��b�bf_free���\_jgmlv�[ehd�\�KKI.

Dhgdj_lguf� ij_^klZ\e_gb_f� [mn_jgh]h� imeZ� y\ey_lky� [Zclh\uc� fZkkb\�� f_klh� ih^

dhlhjuc�\u^_ey_lky�ijb�bgbpbZebaZpbb�ih^kbkl_fu�iml_f�h^ghdjZlgh]h�^bgZfbq_kdh]h

\u^_e_gby�iZfylb��JZaf_j�^Zggh]h�fZkkb\Z� y\ey_lky�iZjZf_ljhf� kbkl_fu�b� ojZgblky� \

nZce_� gZkljh_d�� GbdZdbo� ^hihegbl_evguo� ^bgZfbq_kdbo� \u^_e_gbc� iZfylb� ih^

[mn_jgh_�ijhkljZgkl\h�\�^Zevg_cr_f�g_�ijhbkoh^bl�

F_g_^`_j� [mn_jgh]h� imeZ� ih^^_j`b\Z_l� \gmlj_ggbc� kibkhd� k\h[h^guo� [ehdh\

[mn_jgh]h� imeZ�� ojZgysbcky� \� iZfylb�� >Zgguc� kibkhd� ij_^klZ\ey_l� kh[hc� [Zclh\uc

fZkkb\��char _xbf[N] , ]^_�N ��h[s__�dhebq_kl\h�[ehdh\�\�[mn_jghf�ime_��We_f_gl�_xbf[i]
ijbgbfZ_l�agZq_gb_���lh]^Z�b�lhevdh�lh]^Z��dh]^Z�[ehd�k�ghf_jhf�L�y\ey_lky�k\h[h^guf�

Ihbkd� k\h[h^gh]h� [ehdZ� �� ebg_cguc�� >ey� mkdhj_gby� ihbkdZ� bkihevam_lky� ke_^mxsZy

ijhklZy� hilbfbaZpby�� Ih^^_j`b\Z_lky� mdZaZl_ev� top � gZ� \_jrbgm� kibkdZ� ��i_j\uc� k

dhgpZ� aZgyluc� we_f_gl!����� <u^_e_gb_� k\h[h^gh]h� [ehdZ� \k_]^Z� hkms_kl\ey_lky� ih
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mdZaZl_ex� top �� ?keb� k\h[h^gh]h� f_klZ� \� o\hkl_� [mn_jgh]h� imeZ� g_l�� lh� ijhba\h^blky

kd\haghc� ihbkd� \� fZkkb\_� _xbf[ ] i_j\h]h� we_f_glZ�� jZ\gh]h� ��� MdZaZl_ev� top
i_j_kqblu\Z_lky�ijb�dZ`^hf�\uiheg_gbb�hi_jZpbb�hk\h[h`^_gby�[ehdZ�

5.3.2. H[t_dl�'LU

H[t_dl�Dir �j_Zebam_l�ba[ulhqguc�bg^_dk�[mn_jgh]h�imeZ��Ba[ulhqghklv�ihgbfZ_lky� \
lhf� kfuke_�� qlh� bg^_dk� Dir kh^_j`bl� dhebq_kl\h� ihabpbc�� ij_\urZxs__� dhebq_kl\h

kljZgbp�� dhlhjh_� fh`_l� [ulv� jZaf_s_gh� \� [mn_jghf� ime_�� >ZggZy� ba[ulhqghklv� ih

kms_kl\m� bkihevam_lky� \� j_ZebaZpbb� f_lh^Z� pg_prefetch� �kf�� gb`_��� Djhf_� lh]h�
ba[ulhqghklv� bg^_dkZ� Dir � fh`_l� [ulv� bkihevah\ZgZ� ijb� hij_^_e_gbb� kljZl_]bb

\ul_kg_gby�� iml_f� ZgZebaZ� �bklhjbb�� aZ]jmadb� kljZgbp� \� [mn_j� �\� qZklghklb�� ijb

^hklZlhqguo�jZaf_jZo�Dir �fh]ml�[ulv�h[gZjm`_gu�b�hilbfbabjh\Zgu�pbdeu�ih^dZqdb).

Bg^_dk� Dir � bkihevam_lky� lZd`_� ^ey� hj]ZgbaZpbb� Zkbgojhgguo� hi_jZpbc� aZ]jmadb�
khojZg_gby�b� aZf_s_gby�h[jZaZ�kljZgbpu�\�[mn_jghf�ime_��Wlh�^hklb]Z_lky� l_f��qlh� k

dZ`^uf� we_f_glhf� Dir � fh`_l� [ulv� k\yaZg� dh^� h^ghc� ba� i_j_qbke_gguo� hi_jZpbc�
<\h^blky� ki_pbZevgZy� kbkl_fgZy� gblv� _dr_sys� k� ijbhjbl_lhf� (TH_MINNICE  + 1).
>ZggZy� kbkl_fgZy� gblv� i_jbh^bq_kdb� ijhkfZljb\Z_l� k\hx� \gmlj_ggxx� lZ[ebpm

_dr_sysT��LZ[ebpZ�_dr_sysT�kh^_j`bl�hlh[jZ`_gb_�hi_jZpbc�ba�Dir \�khhl\_lkl\mxsb_

Zkbgojhggu_� hi_jZpbb� f_g_^`_jZ� ^bkdZ�� L_ogbdZ� j_ZebaZpbb� kbkl_fghc� gblb� _dr_sys
[ebadZ�d�l_ogbd_�j_ZebaZpbb�kbkl_fghc�gblb�dhg^mdlhjZ�>16].

Hkgh\gu_�f_lh^u�h[t_dlZ�Dir bah[jZ`_gu�gZ�Jbk� 9.

/* <uqbke_gb_ bg^_dkZ we_f_glZ 
�
int /* >=0 - bg^_dk we_f_glZ� bgZq_ � hrb[dZ 
� dr_iDir (int /* b^_glbnbdZlhj gZ[hjZ 
�� int /* b^_glbnbdZlhj
kljZgbpu 
���

/* <klZ\blv gh\uc we_f_gl 
�
int /* bg^_dk gh\h]h we_f_glZ 
� dr_insDir (int /* b^_glbnbdZlhj gZ[hjZ 
�� int /* b^_glbnbdZlhj kljZgbpu 
���

/* GZclb �`_jl\m� 
�
int /* >=0 - bg^_dk `_jl\u� bgZq_ � hrb[dZ 
� dr_findVictim (void);

Jbk� 9. Hkgh\gu_�f_lh^u�h[t_dlZ�Dir

F_lh^�dr_insDir � ^h[Z\ey_l� \�Dir � gh\uc� we_f_gl�� k� mdZaZggufb� agZq_gbyfb� Zljb[mlh\�
?keb�\�Dir g_l�k\h[h^guo�ihabpbc��lh�ijhba\h^blky�ihbkd�g_bkihevam_fh]h� we_f_glZ�k
fbgbfZevguf�^bgZfbq_kdbf�j_clbg]hf��Gh\uc�we_f_gl�\klZ\ey_lky�gZ�f_klh�gZc^_gghc

�`_jl\u��

F_lh^� dr_findVictim � ijhba\h^bl� ihbkd� \� Dir � we_f_glZ� k� gZbf_gvrbf� ^bgZfbq_kdbf

j_clbg]hf�kj_^b�we_f_glh\��kh^_j`Zsbo�g_imklmx�kkuedm�\�ihe_�pBuf��bf_xsbo�klZlmk

DR_NOTUSING� beb� DR_PREFETCHING �� b� lZdl� hi_jZpbb�� jZ\guc� NIL �� ?keb� lZdb_

we_f_glu�\�Dir �hlkmlkl\mxl��lh�\u^Z_lky�dh^�hrb[db�PG_ENOMEM .

Dhgdj_lgh_�ij_^klZ\e_gb_�h[t_dlZ�Dir �\dexqZ_l�\�k_[y�^\_�lZ[ebpu��kh[kl\_ggh�lZ[ebpm
Dir ��b�o_r�lZ[ebpm�_dr_HT .

LZ[ebpZ� Dir � j_Zebam_lky� \� \b^_� klZlbq_kdh]h� fZkkb\Z�� we_f_glu� dhlhjh]h� bf_xl� lbi
dr_elem_t��JZaf_j�fZkkb\Z�Dir �^he`_g�[ulv�jZ\_g�kM, k>1��ih�mfheqZgbx�k=8���A^_kv�M -
^ebgZ�[mn_jgh]h�imeZ�\�kljZgbpZo��LZdbf�h[jZahf��Dir kh^_j`bl�ba[ulhqgh_�dhebq_kl\h
we_f_glh\��\� lhf� kfuke_�� qlh�g_� \k_� we_f_glu� k\yaZgu� k� h[jZaZfb� kljZgbp� \�[mn_j_�� �

qZklv�we_f_glh\�g_�bkihevam_lky�

KljmdlmjZ�we_f_glZ�lZ[ebpu�Dir �ihdZaZgZ�gZ�Jbk� 10.
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typedef struct{
int pageSet ; /* b^_glbnbdZlhj gZ[hjZ 
�
int page ; /* b^_glbnbdZlhj kljZgbpu 
�

int reit ; /* j_clbg] we_f_glZ 
�
char updated ;/* ijbagZd fh^bnbdZpbb h[jZaZ 
�
int status ; /* klZlmk �khklhygb_� we_f_glZ�

DR_NOTUSING - g_ bkihevam_lky� h[jZa kljZgbpu fh`_l hlkmlkl\h\Zlv \ [mn_j_�

DR_USING - bkihevam_lky� h[jZa kljZgbpu h[yaZl_evgh ijbkmlkl\m_l \ [mn_j_�

DR_PREFETCHING - \u[hjdZ k mij_`^_gb_f�

DR_FETCHING - \u[hjdZ� 
�

pg_page_t  * pBuf; /* mdZaZl_ev gZ h[jZa kljZgbpu \ [mn_j_ 
�
int opcode ; /* DHI �dh^ hi_jZpbb��

OP_LOAD - aZ]jmablv�

LZdl �: kqblu\Z_l kljZgbpm page  \ [mn_j pBuf.
OP_SAVE  - khojZgblv�

LZdl �: aZibku\Z_l kh^_j`bfh_ [mn_jZ pBuf  gZ kljZgbpm page.
OP_REPLACE  - aZf_klblv�

LZdl �: aZibku\Z_l kh^_j`bfh_ [mn_jZ pBuf  gZ kljZgbpm arg ;
LZdl �� kqblu\Z_l kljZgbpm page  \ [mn_j pBuf.  */

int arg ; /* Zj]mf_gl hi_jZpbb 
�
int time ; /* lZdl hi_jZpbb�

== 0 - hi_jZpby g_ \uihegyeZkv�
> 0 - \uihegy_lky mdZaZgguc lZdl�
== NIL (-1) - \uiheg_gb_ hi_jZpbb aZ\_jr_gh� 
�

} dr_elem_t ;

Jbk� 10.�KljmdlmjZ�we_f_glZ�lZ[ebpu�Dir

Ijyfhc� ^hklmi� d� we_f_glZf� Dir � h[_ki_qb\Z_lky� bkihevah\Zgb_f� o_r�lZ[ebpu�� >ey

jZaj_r_gby� dheebabc� bkihevam_lky� f_lh^� p_ihq_d�� IZfylv� ^ey� we_f_glh\� p_ihqdb

\u^_ey_lky� ^bgZfbq_kdb�� Ijb� m^Ze_gbb� khhl\_lkl\mxs_]h� we_f_glZ� ba� Dir � we_f_gl
p_ihqdb� emqr_� g_� m^Zey_lky�� \f_klh� wlh]h� \� ihe_� iDir ihf_sZ_lky� agZq_gb_� NIL ,
hagZqZxs__��qlh�^Zgguc�we_f_gl�p_ihqdb�k\h[h^_g��Ijb�wlhf�hk\h[h^b\rbcky�we_f_gl

i_j_f_sZ_lky� \� gZijZ\e_gbb� dhgpZ� p_ihqdb� lZd�� qlh[u� hg� klZe� i_j\uf� k\h[h^guf

we_f_glhf�\�p_ihqd_�

5.3.3. H[t_dl�/LVW��f_g_^`_j�KKI�

F_g_^`_j�kibkdZ�k\h[h^gh]h�ijhkljZgkl\Z��KKI��h[_ki_qb\Z_l�\u^_e_gb_�g_ij_ju\guo

[ehdh\�kljZgbp�b�mlbebaZpbx�hk\h[h`^_gguo�kljZgbp�gZ�\bjlmZevghf�^bkd_��F_g_^`_j

KKI� j_Zebam_lky� \� \b^_� h[t_dlZ� List. Hkgh\gu_� f_lh^u� h[t_dlZ� List � bah[jZ`_gu� gZ
Jbk� 11.

/* <u^_eblv g_ij_ju\guc [ehd */
int /* >=0 - ghf_j i_j\hc kljZgbpu [ehdZ� bgZq_ � g_l f_klZ gZ ^bkd_ 
�
ls_alloc (int n /* ^ebgZ [ehdZ \ kljZgbpZo 
� �;

/* <_jgmlv kljZgbpm \ KKI
�
void ls_free (int /* ghf_j kljZgbpu 
��;

/* <_jgmlv \k_ kljZgbpu ^bkdZ \ KKI 
�
void ls_clear (void);

Jbk� 11.�Hkgh\gu_�f_lh^u�h[t_dlZ�List

Dhgdj_lguf�ij_^klZ\e_gb_f�h[t_dlZ�List �y\ey_lky�\gmlj_ggbc�bg^_dk�KKI��ojZgysbcky

\�aZ]heh\d_�^bkdZ��Bg^_dk�KKI�ij_^klZ\ey_l�kh[hc�[Zclh\uc�fZkkb\�char _xsl[N], ]^_�N -
h[s__� dhebq_kl\h� kljZgbp� gZ� ^bkd_�� AgZq_gb_� we_f_glZ� _xsl[i] jZ\gh� 1 lh]^Z� b� lhevdh
lh]^Z��dh]^Z�kljZgbpZ�k�ghf_jhf�i�ijbgZ^e_`bl�KKI�
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Ihbkd� g_ij_ju\gh]h� [ehdZ� kljZgbp� \� KKI� �� ebg_cguc�� >ey� mkdhj_gby� ihbkdZ

bkihevam_lky�ke_^mxsZy�ijhklZy�hilbfbaZpby��Ih^^_j`b\Z_lky�mdZaZl_ev� top� ��i_j\uc�
aZgyluc�k�dhgpZ!�����<u^_e_gb_�[ehdZ�kljZgbp�\k_]^Z�hkms_kl\ey_lky�ih�mdZaZl_ex�top.
?keb�k\h[h^gh]h�f_klZ�\�o\hkl_�KKI�g_l��lh�\�KKI�ijhba\h^blky�kd\haghc�ihbkd�[ehdZ

gm`ghc�^ebgu��Ijb�\ha\jZs_gbb�kljZgbpu�\�KKI�\k_]^Z�i_j_kqblu\Z_lky�mdZaZl_ev�top.

5.3.4. H[t_dl�''

H[t_dl� DD� ij_^hklZ\ey_l� f_lh^u� ^ey� jZ[hlu� k� aZ]heh\dhf� ^bkdZ�� AZ]heh\hd� ^bkdZ

aZgbfZ_l� gme_\mx� kljZgbpm� ^bkdZ�� <� aZ]heh\d_� ^bkdZ� ojZgblky� kibkhd� k\h[h^gh]h

ijhkljZgkl\Z��lZ[ebpZ�jZaf_s_gby�gZ[hjh\�b�^jm]Zy�kem`_[gZy�bgnhjfZpby�

AZ]heh\hd�^bkdZ�aZ]jm`Z_lky�\�hi_jZlb\gmx�iZfylv�k�ihfhsvx�f_lh^Z�dd_loadDirectory.
KhojZg_gb_� baf_g_gbc� h[jZaZ� aZ]heh\dZ� ^bkdZ� hkms_kl\ey_lky� k� ihfhsvx� f_lh^Z

dd_saveDirectory.

int pg_prefetch(int pageSet, int page, int reit) {
int iDir, victim;
pg_page_t *pBuf; /* mdZaZl_ev gZ h[jZa kljZgbpu \ [mn_j_ 
�

if (page < 0) return PG_EWRONGPARAM;
if ((iDir=dr_iDir(pageSet, page)) == NIL)

/* ^_kdjbilhj kljZgbpu hlkmlkl\m_l \ Dir */
iDir = dr_insDir(pageSet, page);

Dir[iDir].reit = reit;
if (Dir[iDir].status != DR_ NOTUSING)

return iDir;
Dir[iDir].status = DR_PREFETCHING;
if (Dir[iDir].pBuf != NULL) /* …h[jZa kljZgbpu ijbkmlkl\m_l \ [mn_j_� 
�

return iDir;
/* H[jZa kljZgbpu hlkmlkl\m_l \ [mn_j_« 
�

Dir[iDir].updated = FALSE;
pBuf = (pg_page_t) bf_alloc();

if (pBuf != NULL){ /* …m^Zehkv gZclb k\h[h^guc [ehd \ Buf. */
Dir[iDir].pBuf = pBuf;
Dir[iDir].opcode = OP_LOAD; /* DHI� aZ]jmablv 
�

Dir[iDir].time = 0; /* lZdl hi_jZpbb 
�

_dr_insSysT(iDir, DS_READ, Dir[iDir].page, Dir[iDir].pBuf);
/* - \klZ\blv aZibkv \ Bdr_sysT */

} else { /* G_ m^Zehkv gZclb k\h[h^guc [ehd \ Buf… */
victim = dr_findVictim();
if (victim < 0) return PG_ENOMEM;
Dir[iDir].pBuf = pBuf = Dir[victim].pBuf;
Dir[victim].pBuf = NULL;
Dir[victim].status = DR_NOTUSING;
if (Dir[victim].updated == TRUE){ /* @_jl\Z h[gh\eyeZkv� gm`gh khojZgblv« 
�

Dir[iDir].opcode = OP_REPLACE; /* DHI� aZf_gblv 
�

Dir[iDir].arg = Dir[victim].page; /* qlh aZf_gblv 
�

Dir[iDir].time = 0; /* lZdl hi_jZpbb 
�

_dr_insSysT(iDir, DS_WRITE, Dir[iDir].arg, Dir[iDir].pBuf);
/* - \klZ\blv aZibkv \ Bdr_sysT */

} else { /* @_jl\Z g_ h[gh\eyeZkv� fh`gh g_ khojZgylv« 
�

Dir[iDir].opcode = OP_LOAD; /* DHI� aZ]jmablv 
�

Dir[iDir].time = 0; /* lZdl hi_jZpbb 
�

_dr_insSysT(iDir, DS_READ, Dir[iDir].page, Dir[iDir].pBuf);
}

};
return iDir;};

Jbk� 12.�Ko_fZ�j_ZebaZpbb�Ze]hjblfZ�\u[hjdb�k�mij_`^_gb_f
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5.3.5. H[t_dl�6$7

H[t_dl� SAT� j_Zebam_l� lZ[ebpm� jZaf_s_gby� gZ[hjh\�� >ZggZy� lZ[ebpZ� ojZgblky� \

aZ]heh\d_� ^bkdZ� b� kqblu\Z_lky� \� hi_jZlb\gmx� iZfylv� dZ`^uc� jZa� ijb� bgbpbZebaZpbb

f_g_^`_jZ� kljZgbp�� We_f_glu� lZ[ebpu� SAT kh^_j`Zl� ke_^mxsmx� bgnhjfZpbx�

b^_glbnbdZlhj� gZ[hjZ�� b^_glbnbdZlhj� i_j\hc� kljZgbpu� gZ[hjZ�� b^_glbnbdZlhj

ihke_^g_c�kljZgbpu�gZ[hjZ�b�^jm]mx�kem`_[gmx�bgnhjfZpbx�

Dhgdj_lguf�ij_^klZ\e_gb_f�h[t_dlZ�SAT�y\ey_lky�klZlbq_kdbc�fZkkb\�

5.3.6. H[t_dl�6HW

H[t_dl� Set j_Zebam_l� lZ[ebpm� ^_kdjbilhjh\� hldjuluo� gZ[hjh\�� LZ[ebpZ� Set
ij_^klZ\ey_lky� \� \b^_� klZlbq_kdh]h� fZkkb\Z� aZibk_c�� hj]Zgbah\Zggh]h� \� \b^_� o_r�

lZ[ebpu��>ey�jZaj_r_gby�dheebabc�bkihevam_lky�f_lh^�hldjulhc�Z^j_kZpbb�

5.3.7. :e]hjblfu�ijhklhc�\u[hjdb�b�\u[hjdb�k�mij_`^_gb_f

Ko_fZ�j_ZebaZpbb�Ze]hjblfZ�\u[hjdb�k�mij_`^_gb_f��hi_jZpby�pg_prefetch)�bah[jZ`_gZ
gZ�Jbk� 12��>ZggZy�j_ZebaZpby�h[_ki_qb\Z_l�Zkbgojhgguc�oZjZdl_j�\uiheg_gby�hi_jZpbb
\u[hjdb�k�mij_`^_gb_f�

Ko_fZ�j_ZebaZpbb�Ze]hjblfZ�ijhklhc�\u[hjdb��hi_jZpby�pg_fetch)�bah[jZ`_gZ�gZ�Jbk� 13.

ivoid * pg_fetch(int pageSet, int page, int reit) {
int iDir, /* ghf_j ^_kdjbilhjZ h[jZaZ \ Dir */

prevPage,/* ghf_j kljZgbpu ij_^u^ms_]h fetch ^ey ^Zggh]h gZ[hjZ 
�

iSet; /* ghf_j ^_kdjbilhjZ gZ[hjZ \ Set */
iSet = ps_iSet(pageSet);
prevPage = Set[iSet].curPage;
iDir = dr_iDir(pageSet, prevPage);
if (prevPage != NIL){

while (Dir[iDir].time != NIL)
th_schedule();

if (prevPage == page)
return Dir[iDir].pBuf;

else
Dir[iDir].status = DR_NOTUSING;

};
Set[iSet].curPage = page;
if (page == NIL) return NULL;
iDir = pg_prefetch(pageSet, page, reit);
if (iDir == NIL) return NULL;
Dir[iDir].status = DR_FETCHING;
while (Dir[iDir].time != NIL)

th_schedule();
Dir[iDir].status = DR_USING;
return Dir[iDir].pBuf;
};

Jbk� 13.�Ko_fZ�j_ZebaZpbb�Ze]hjblfZ�ijhklhc�\u[hjdb

Hi_jZpby� \u[hjdb� kljZgbpu� \uihegy_lky� \� kbgojhgghf� j_`bf_�� ?keb� mdZaZggZy

kljZgbpZ�m`_�gZoh^blky�\�[mn_j_��gZijbf_j��\�j_amevlZl_�\uiheg_gby�hi_jZpbb�\u[hjdb

k� mij_`^_gb_f�� lh� hi_jZpby� \u[hjdb� kljZgbpu� g_f_^e_ggh� aZ\_jrZ_lky�� ?keb� h[jZa

mdZaZgghc�kljZgbpu�\�[mn_j_�hlkmlkl\m_l��lh�hi_jZpby�\u[hjdb�aZ\_jrblky�lhevdh�ihke_

kqblu\Zgby�^Zgghc�kljZgbpu�k�^bkdZ�
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6. F_g_^`_j�nZceh\

F_g_^`_j�nZceh\�h[_ki_qb\Z_l�ij_^klZ\e_gb_�;>�\�\b^_� kh\hdmighklb�nZceh\��NZce� �

wlh�ihke_^h\Zl_evguc�gZ[hj� aZibk_c�h^bgZdh\hc�^ebgu��AZibkv� khklhbl�ba� aZ]heh\dZ�b

h^gh]h�bgnhjfZpbhggh]h�ihey�info��AZ]heh\hd�aZibkb�jZaf_sZ_lky�\�dhgp_�aZibkb��lh�_klv

ihke_�ihey�info. <�wlhf�kemqZ_�mdZaZl_ev�gZ�aZibkv�fh`_l�[ulv�ij_h[jZah\Zg�\�mdZaZl_ev
gZ�info��qlh�iha\hey_l�kdjulv�hl�ihevah\Zl_ey�kljmdlmjm�aZ]heh\dZ�

J_ZebaZpby� ojZgbfuo� aZibk_c� hkms_kl\ey_lky� k� bkihevah\Zgb_f� l_ogbdb�� hibkZgghc� \

[17]. DZ`^uc� nZce� jZaf_sZ_lky� \� hl^_evghf� gZ[hj_� kljZgbp�� Khhl\_lkl\b_� f_`^m

nZceZfb�b�gZ[hjZfb�kljZgbp�ojZgblky�\���)$7��File Allocation Table���)$7�jZaf_sZ_lky�\

g_ij_ju\ghc�h[eZklb�^bkdZ��gZqbgZy�k�gme_\hc�kljZgbpu�

Ih^^_j`b\Z_lky�MB>� �MgbdZevguc�B>_glbnbdZlhj�aZibkb���MB>�y\ey_lky�mgbdZevguf

\� ij_^_eZo� ^bkdZ�� AgZq_gb_� MB>� hklZ_lky� g_baf_gguf� gZ� ijhly`_gbb� \k_]h� \j_f_gb

`bagb�aZibkb��MB>�h[_ki_qb\Z_l�ijyfhc�^hklmi�d�aZibkb��h[jZs_gb_�d�ex[hc�aZibkb�ih

__� MB>� lj_[m_l� g_� [he__� h^ghc� hi_jZpbb� ql_gby�aZibkb� kljZgbpu��� <� dZq_kl\_� MB>

bkihevam_lky�iZjZ���MBK!���ghf_j�[ZclZ�hl�dhgpZ�kljZgbpu��kh^_j`Zsbc�Z^j_k�i_j\h]h

[ZclZ�aZibkb�gZ�kljZgbp_!��

Hkgh\gu_�nmgdpbb�f_g_^`_jZ�nZceh\�bah[jZ`_gu�gZ�Jbk� 14.

/* Kha^Zlv imklhc nZce 
�
int /* >=0 - OK, bgZq_ � hrb[dZ 
� fl_createFile (int /* b^_glbnbdZlhj nZceZ 
�� int /* ^ebgZ info */);

/* M^Zeblv nZce 
�
int /* >=0 - OK, bgZq_ � hrb[dZ 
� fl_dropFile (int /* b^_glbnbdZlhj nZceZ 
��;

/* Hldjulv nZce 
�
int /* >=0 - OK, bgZq_ � hrb[dZ 
�

fl_open (int /* b^_glbnbdZlhj nZceZ 
��
char /* j_`bf 0 (FL_READ) - lhevdh ql_gb_� � �)/B:5,7(� � aZibkv b ql_gb_ 
��;

/* AZdjulv nZce 
�
int /* >=0 - OK, bgZq_ � hrb[dZ 
� fl_close (int /* b^_glbnbdZlhj nZceZ 
��;

/* >h[Z\blv aZibkv \ dhg_p nZceZ 
�
int /* >=0 - MB> i_j\hc ^h[Z\e_gghc aZibkb� bgZq_ � hrb[dZ 
� fl_append (int /* b^_glbnbdZlhj nZceZ 
��;

/* Ihf_lblv aZibkv gZ m^Ze_gb_ 
�
int /* >=0 - OK, bgZq_ � hrb[dZ 
� fl_delete (int /* b^_glbnbdZlhj nZceZ 
�� int /* MB> aZibkb 
��;

/* M^Zeblv \k_ aZibkb k ihf_ldhc gZ m^Ze_gb_ 
�
int /* >=0 - OK, bgZq_ � hrb[dZ 
� fl_pack (int /* b^_glbnbdZlhj nZceZ 
�� int /* MB> aZibkb 
��;

/* <u[hjdZ aZibkb 
�

void* /* <>NULL - mdZaZl_ev gZ info aZibkb� bgZq_ � hrb[dZ 
�
fl_fetch (int /* b^_glbnbdZlhj nZceZ 
�� int /* MB> aZibkb 
��;

Jbk� 14.�Hkgh\gu_�nmgdpbb�f_g_^`_jZ�nZceh\

7. AZdexq_gb_

<�^Zgghc�jZ[hl_�[ueb�baeh`_gu�ijbgpbiu�jZajZ[hldb�b�ijh]jZffgZy�kljmdlmjZ�kbkl_fu

mijZ\e_gby� nZceZfb� �KMN�� y^jZ� iZjZee_evghc� KM;>� Hf_]Z� ^ey� hl_q_kl\_ggh]h

kmi_jdhfivxl_jZ�F<K������;ueb�knhjfmebjh\Zgu�lj_[h\Zgby�d�KMN�b�^Zgh�hibkZgb_

__�h[s_c�kljmdlmju��Ijb\_^_gu�hibkZgby�\k_o�hkgh\guo�ijh]jZffguo�dhfihg_gl�KMN�

Ij_^eh`_g�f_oZgbaf� \ul_kg_gby� kljZgbp�� hkgh\Zgguc� gZ� ^bgZfbq_kdbo�b� klZlbq_kdbo

j_clbg]Zo� kljZgbp�� >Zgguc� f_oZgbaf� iha\hey_l� j_Zebah\u\Zlv� ijZdlbq_kdb� ex[u

kljZl_]bb�\ul_kg_gby�kljZgbp�
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>Zgu� hibkZgby� Ze]hjblfh\� ijhklhc� \u[hjdb� kljZgbp� b� \u[hjdb� k� mij_`^_gb_f�

Ij_^eh`_g�wnn_dlb\guc�ijhlhdhe�^ey�\aZbfh^_ckl\by�k�^bkdh\hc�ih^kbkl_fhc��HibkZgZ

Zjobl_dlmjZ�wfmeylhjZ�^bkdh\hc�ih^kbkl_fu�

HibkZggZy� KMN� j_Zebah\ZgZ� gZ� F<K����� \� kbkl_f_� ijh]jZffbjh\Zgby� Kb�

Ij_^eh`_ggZy�Zjobl_dlmjZ�kbkl_fu�mijZ\e_gby�nZceZfb�^himkdZ_l�i_j_ghk�ihemq_gghc

j_ZebaZpbb�gZ�ieZlnhjfm�F<K������ijb�fbgbfZevguo�^hjZ[hldZo�bkoh^guo�l_dklh\�

HibkZggZy�j_ZebaZpby�KMN��ij_`^_�\k_]h��hjb_glbjh\ZgZ�gZ�bkihevah\Zgb_�\�kbkl_fZo

[Za� ^Zgguo�� h^gZdh� hgZ� fh`_l� [ulv� bkihevah\ZgZ� b� \� ^jm]bo� aZ^ZqZo�� lj_[mxsbo

bgl_gkb\guo�h[f_gh\�k�^bkdZfb�
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Abstract. The paper describes a structure and implementation principles of a File Management System (FMS) for
the parallel Omega DBMS. This DBMS is designed for the MVS-100 massively parallel computer system. The
paper specifies requirements for the FMS and describes its structure and components. The paper proposes a page
replacement strategy based on the static and dynamic page rating. The paper gives a specification of fetch and
prefetch algorithms. The paper suggests some effective protocol for interaction with the Disk Subsystem. The paper
describes Disk Subsystem Emulator's architecture. FMS described in this paper is implemented under the MVS-100
and can be ported to the MVS-1000 after minimal rework.


