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1. <\_^_gb_

Klj_fbl_evgh_ jZa\blb_ bgnhjfZpbhgguo l_ogheh]bc

bgl_gkb\gh klbfmebjm_l bkke_^h\Zgby b jZajZ[hldm f_lh^h\ b

ZiiZjZlguo kj_^kl\ ^ey lZdbo h[eZkl_c� dZd h[jZ[hldZ

bah[jZ`_gbc� jZkihagZ\Zgb_ h[jZah\ b fh^_ebjh\Zgb_

g_cjhgguo k_l_c� Hlebqbl_evghc q_jlhc fgh]bo aZ^Zq�

k\hckl\_gguo ^Zgguf h[eZklyf� y\ey_lky [hevrh_ dhebq_kl\h

ijhkluo [Zah\uo hi_jZpbc b \hafh`ghklv iZjZee_evgh]h

\uiheg_gby wlbo hi_jZpbc� LZd dZd j_r_gb_ aZ^Zq lZdh]h deZkkZ

gZ klZg^Zjlguo dhfivxl_jZo lj_[m_l [hevrbo \j_f_gguo aZljZl�

^ey j_r_gby wlhc ijh[e_fu ij_^eZ]Z_lky fgh`_kl\h \ZjbZglh\

iZjZee_evguo \ukhdhijhba\h^bl_evguo \uqbkebl_evguo kbkl_f�

hl mgb\_jkZevguo fgh]hijhp_kkhjguo kbkl_f ^h

ki_pbZebabjh\Zgguo mkdhjbl_evguo ieZl� ij_^gZagZq_gguo ^ey

j_r_gby dhgdj_lghc aZ^Zqb�

< jZajZ[hlZgghf \uqbkebl_e_ h[jZ[hldZ bgnhjfZpbb

jZkij_^_ey_lky f_`^m [Zah\ufb \uqbkebl_evgufb we_f_glZfb�

dhlhju_ [eZ]h^Zjy i_j_ijh]jZffbjm_fhklb fh]ml g_ lhevdh

jZ[hlZlv k hi_jZg^Zfb i_j_f_gghc jZajy^ghklb� gh b f_gylv

imlb ijhoh`^_gby ^Zgguo \gmljb fbdjhko_fu�

Ij_bfms_kl\hf i_j_ijh]jZffbjm_fuo kbkl_f ijb

j_r_gbb aZ^Zq� k\yaZgguo k h[jZ[hldhc bah[jZ`_gbc b kb]gZeh\

b fh^_ebjh\Zgby g_cjhgguo k_l_c� y\ey_lky \hafh`ghklv

gZkljhcdb kbkl_fu gZ j_rZ_fmx aZ^Zqm� <hafh`ghklv baf_g_gby

Zjobl_dlmju iha\hey_l jZkrbjblv deZkk j_rZ_fuo aZ^Zq [_a

kms_kl\_ggh]h m\_ebq_gby klhbfhklb mkljhckl\Z�

�� :e]hjblfu h[jZ[hldb bah[jZ`_gbc

<uqbkebl_ev fh`_l bkihevah\Zlvky \ kbkl_fZo h[jZ[hldb

bah[jZ`_gbc� jZ[hlZxsbo \ klZg^Zjlghf j_`bf_ dZ^jh\hc

jZa\_jldb ihjy^dZ g_kdhevdbo ^_kyldh\ dZ^jh\ \ k_dmg^m b \ur_�

]^_ \j_fy hldebdZ ^he`gh khklZ\eylv g_kdhevdh fbeebk_dmg^� <

lZdbo aZ^ZqZo lj_[m_lky \uihegylv [hevrh_ dhebq_kl\h

h^ghlbiguo [Zah\uo hi_jZpbc gZ^ [hevrbf fZkkb\hf ^Zgguo�

h[uqgh wlh fZljbqgu_ b \_dlhjgu_ hi_jZpbb�

Bah[jZ`_gb_ ihklmiZ_l \ pbnjh\hc nhjf_ k ijb_fgbdZ \

\b^_ ^\mf_jghc fZljbpu� we_f_glZfb dhlhjhc y\eyxlky

agZq_gby hlghkbl_evguo yjdhkl_c khhl\_lkl\mxsbo lhq_d



bah[jZ`_gby� AgZq_gby yjdhklb fh]ml e_`Zlv \ ^bZiZahg_ hl � ^h

��� � l� _� mdeZ^u\Zlvky \ \hk_fv ^\hbqguo jZajy^h\ beb h^bg

[Zcl� < h[s_f kemqZ_ h[uqgh g_h[oh^bfh \uykgblv� _klv eb gZ

bah[jZ`_gbb dZdhc�eb[h ba h[t_dlh\� ij_^klZ\eyxsbo bgl_j_k�

b _keb _klv� lh dZdhc bf_ggh h[t_dl� b \ dZdhf f_kl_ hg

gZoh^blky� < dZq_kl\_ qZklgh]h kemqZy h[s_c aZ^Zqb fh`_l

klhylv aZ^ZqZ memqr_gby dZq_kl\Z bah[jZ`_gby beb

ih^q_jdb\Zgby hij_^_e_gguo ijbagZdh\�

Mkeh\by ihemq_gby bah[jZ`_gby \ jZ[hq_f j_`bf_ fh]ml

kbevgh hlebqZlvky hl mkeh\bc� ijb dhlhjuo [ueb ihemq_gu

wlZehggu_ h[t_dlu� Bah[jZ`_gb_ fh`_l [ulv keZ[hhk\_s_gguf�

aZrmfe_gguf� gbadhdhgljZklguf� jZafuluf b l� ^� >ey

ba[Z\e_gby hl bkdZ`_gbc lZdh]h jh^Z h[uqgh ijbf_gyxlky

jZaebqgu_ \b^u ijhkljZgkl\_gghc nbevljZpbb�

IjhkljZgkl\_ggu_ ijhp_kku bkihevamxl ]jmiiu we_f_glh\

bah[jZ`_gby ^ey ba\e_q_gby bgnhjfZpbb h[ bah[jZ`_gbb�

=jmiiZ we_f_glh\ bah[jZ`_gby� bkihevam_fuo \

ijhkljZgkl\_gguo ijhp_kkZo� gZau\Z_lky h[eZklvx ijbfudZgby�

Ij_h[jZam_fu_ lhqdb �lhqdb� klZjh_ agZq_gb_ dhlhjuo aZf_g_gh

gZ gh\h_ dZd j_amevlZl Ze]hjblfbq_kdbo \uqbke_gbc� gZoh^ylky

\ p_glj_ h[eZklb ijbfudZgby�

JZkkfhlj_gb_ gZ[hjZ lhq_d \ g_ihkj_^kl\_gghc [ebahklb

hl ij_h[jZam_fhc lhqdb ^Z_l bgnhjfZpbx h ehdZevghf

jZkij_^_e_gbb yjdhklb� dhlhjZy bkihevam_lky [hevrbgkl\hf

ijhkljZgkl\_gguo ijhp_kkh\� BgnhjfZpby h jZkij_^_e_gbb

yjdhklb h[uqgh \ujZ`Z_lky \ l_jfbgZo ijhkljZgkl\_gghc

qZklhlu� IjhkljZgkl\_ggZy qZklhlZ hij_^_ey_lky dZd kdhjhklv

baf_g_gby yjdhklb we_f_glh\ bah[jZ`_gby beb bgl_gkb\ghklb�

^_e_ggZy gZ jZkklhygb_� gZ dhlhjhf ijhbkoh^bl wlh baf_g_gb_�

IjhkljZgkl\_ggZy qZklhlZ bf__l dhfihg_glu dZd

]hjbahglZevgh]h� lZd b \_jlbdZevgh]h gZijZ\e_gbc \

bah[jZ`_gbb� Bah[jZ`_gb_ k \ukhdhc ijhkljZgkl\_gghc

qZklhlhc kh^_j`bl j_adb_ [ebadhjZkiheh`_ggu_ baf_g_gby \

agZq_gbyo khk_^gbo we_f_glh\� Bah[jZ`_gby k gbadhc

ijhkljZgkl\_gghc qZklhlhc kh^_j`Zl [hevrb_ h[eZklb

ihklhygguo beb f_^e_ggh f_gyxsboky agZq_gbc we_f_glh\

bah[jZ`_gby� BgnhjfZpby h ijhkljZgkl\_gghc qZklhl_ iha\hey_l

bkihevah\Zlv ijhkljZgkl\_ggu_ ijhp_kku \ dZq_kl\_ nbevljh\

iml_f m^Ze_gby beb mkbe_gby dhfihg_glh\ hij_^_e_gghc

qZklhlu� h[gZjm`_gguo \ bah[jZ`_gbb�



< ijhkl_cr_f kemqZ_ ebg_cghc nbevljZpbb g_h[oh^bfh

\uqbkeblv k\_jldm bkoh^gh]h kb]gZeZ� \ ^Zgghf kemqZ_ ±

^\mof_jgh]h� k bfimevkghc oZjZdl_jbklbdhc khhl\_lkl\mxs_]h

nbevljZ� K\_jldZ � wlh Ze]hjblf hq_gv rbjhdh]h ijbf_g_gby�

dhlhjuc fh`gh bkihevah\Zlv dZd ^ey ij_^h[jZ[hldb

bah[jZ`_gby� lZd b ^ey jZkihagZ\Zgby b b^_glbnbdZpbb

h[t_dlh\� Imklv bah[jZ`_gb_ aZ^Z_lky ^\mf_jghc fZljbp_c

yjdhkl_c $′, Z bfimevkgZy oZjZdl_jbklbdZ fZljbp_c K.
FZl_fZlbq_kdb k\_jldm fZljbpu A k y^jhf K fh`gh

hij_^_eblv ke_^mxs_c nhjfmehc�

10,10, 11
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]^_ N2×M2 � jZaf_j fZljbpu y^jZ k\_jldb� JZaf_j fZljbpu A
jZ\_g (N1+N2-1) × (M1+M2-1) � ]^_ N1×M1 � jZaf_j bkoh^ghc

fZljbpu A′. FZljbpZ A ihemqZ_lky ba bkoh^ghc iml_f
^h[Z\e_gby we_f_glh\ gZ djZyo fZljbpu ih g_dhlhjhfm ijZ\bem

k l_f� qlh[u ijb\_klb __ d g_h[oh^bfhfm jZaf_jm� H[uqgh

bkoh^gZy fZljbpZ gZ djZyo ^hihegy_lky gmeyfb gZ iheh\bgm

rbjbgu fZljbpu K \e_\h b \ijZ\h b khhl\_lkl\_ggh gZ

iheh\bgm \ukhlu \\_jo b gZ klhevdh `_ \gba� Lh]^Z jZaf_j

ihemq_gghc fZljbpu B [m^_l lZdbf `_� dZd b m fZljbpu $′ (jbk�
1).

K\_jldm fh`gh \uqbkeylv g_ihkj_^kl\_ggh

"ijh[_]Zgb_f� h^ghc fZljbpu ih ^jm]hc� dZd m`_ [ueh ihdZaZgh

\ur_� >jm]hc rbjhdh ijZdlbdm_fuc f_lh^ � wlh \uiheg_gb_

pbdebq_kdhc k\_jldb k bkihevah\Zgb_f bgl_]jZevguo nmjv_�

ih^h[guo ij_h[jZah\Zgbc� Bkihevamy ^Zgguc f_lh^ fh`gh

kljhblv lZd gZau\Z_fu_ kh]eZkh\Zggu_ nbevlju� Kh]eZkh\Zgguc
nbevlj \ bah[jZ`_gbb mkbeb\Z_l ebrv l_ qZklhlu� dhlhju_

ijbkmlkl\mxl \ bah[jZ`_gbb h[t_dlZ� gZ dhlhjuc hg gZkljh_g�

hklZevgu_ qZklhlu hkeZ[eyxlky� l�_� qZklhlgZy oZjZdl_jbklbdZ

kh]eZkh\Zggh]h nbevljZ ih\lhjy_l qZklhlgmx oZjZdl_jbklbdm

ihe_agh]h kb]gZeZ� J_amevlZlhf ^_ckl\by lZdh]h nbevljZ ^he`gh

klZlv \u^_e_gb_ bkdhfh]h h[t_dlZ gZ bah[jZ`_gbb b hlk_q_gb_

nhgh\uo kb]gZeh\�

< hkgh\_ \uqbke_gby k\_jldb k bkihevah\Zgb_f

bgl_]jZevguo ij_h[jZah\Zgbc lbiZ Nmjv_ e_`bl l_hj_fZ h

k\_jld_ :
K⊗M = F-1 ( F(K) × F(M)) ,  ( 2 )



]^_ kbf\heZfb F b F-1 h[hagZq_gu khhl\_lkl\_ggh

ijyfh_ b h[jZlgh_ nmjv_�ih^h[gh_ bgl_]jZevgh_

ij_h[jZah\Zgb_� < \ujZ`_gbb kijZ\Z ih^jZamf_\Z_lky ihqe_ggh_

ijhba\_^_gb_ we_f_glh\ fZljbp�h[jZah\� FZljbpu K b M
^he`gu bf_lv h^bgZdh\mx jZaf_jghklv� qlh ^hklb]Z_lky iml_f

^h[Z\e_gby gme_\uo we_f_glh\ d fZljbp_� bf_xs_c f_gvrbc

jZaf_j�

:e]hjblf k\_jldb k bkihevah\Zgb_f bgl_]jZevguo

ij_h[jZah\Zgbc fh`_l bkihevah\Zlvky dZd gZ wlZi_

ij_^h[jZ[hldb� lZd b gZ [he__ iha^gbo wlZiZo h[gZjm`_gby b

b^_glbnbdZpbb [5].
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>ey ba[Z\e_gby hl lhq_qguo b bfimevkguo ihf_o rbjhdh
bkihevam_lky f_lh^ f_^bZgghc �mkj_^g_gghc� nbevljZpbb [7].
>Zgguc Ze]hjblf \ukljZb\Z_l we_f_glu \ h[eZklb ijbfudZgby \

\hajZklZxs_f ihjy^d_ b hl[bjZ_l kj_^gb_ agZq_gby dZd gh\u_

agZq_gby jZkkfZljb\Z_fuo we_f_glh\� J_amevlZlhf mkj_^g_ggh]h

nbevljh\Zgby y\ey_lky lh� qlh ex[hc kemqZcguc rmf�

kh^_j`Zsbcky \ bah[jZ`_gbb� [m^_l wnn_dlb\gh mkljZg_g� Wlh

ijhbkoh^bl ihlhfm� qlh ex[h_ kemqZcgh_ j_adh_ baf_g_gb_ \

bgl_gkb\ghklb we_f_glZ \ ij_^_eZo h[eZklb ijbfudZgby [m^_l

khjlbjh\Zlvky� l�_� hgh [m^_l ihf_sZlvky eb[h gZ \_jrbgm� eb[h

gZ gb`gxx qZklv khjlbjh\Zgguo agZq_gbc h[eZklb ijbfudZgby

b g_ [m^_l mqblu\Zlvky� lZd dZd ^ey gh\h]h agZq_gby we_f_glh\
\k_]^Z hl[bjZ_lky mkj_^g_ggh_ agZq_gb_ �jbk����

���
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F_^bZggh_ beb

kj_̂ g__ agZq_gb_

AgZq_gb_�� aZf_gy_l��\\uoh^ghfbah[jZ _̀gbb�
?keb��[ueh agZq_gb_flhqdbrmfZ� kha^Z\r_c
[_eh_iylgh gZbkoh^ghfbah[jZ̀ _gbb� wlhiylgh
[m̂ _l hlnbevljh\Zgh�

H[jZ[Zlu\Z_lky

p_gljZevgZy

lhqdZkh

agZq_gb_f��

Khjlbjh\dZ\

\hajZklZxs_fihjy^d_

Jbk���F_^bZggucnbevlj

>ey memqr_gby \bamZevgh]h \hkijbylby bah[jZ`_gby

djhf_ ba[Z\e_gby hl ihf_o b bkdZ`_gbc bgh]^Z g_h[oh^bfh

lZd`_ mkbeblv dhgljZklghklv h[t_dlh\� l_fgu_ h[t_dlu k^_eZlv

_s_ [he__ l_fgufb� Z k\_leu_ � [he__ k\_leufb� Bah[jZ`_gby k

\ukhdbf dhgljZklhf bkihevamxl \_kv ^bZiZahg yjdhklb�

khhl\_lkl\mxs_c ihemlhgh\uf bah[jZ`_gbyf� >ey

gbadhdhgljZklguo bah[jZ`_gbc agZq_gby yjdhkl_c \k_o lhq_d

e_`Zl ebrv \ g_dhlhjhf madhf ^bZiZahg_� l� _� [ebadb ^jm] d

^jm]m� Kms_kl\mxl jZaebqgu_ f_lh^u ih\ur_gby dhgljZklghklb

bah[jZ`_gby� < bkihevam_fhf gZfb f_lh^_ ^ey dZ`^hc lhqdb

bah[jZ`_gby \uqbkey_lky kj_^g__ agZq_gb_ yjdhklb bah[jZ`_gby

\ ijbe_]Zxs_c h[eZklb� b aZl_f agZq_gb_ yjdhklb ^Zgghc lhqdb

i_j_hij_^_ey_lky ih nhjfme_�

)( 21 ><⋅−⋅+= AverageKPKPP oldoldnew  ,   (3)
]^_ Pnew , Pold ± gh\h_ b klZjh_ agZq_gby yjdhklb lhqdb� .2

hij_^_ey_l ihjh] \ ^heyo hl agZq_gby kj_^g_c yjdhklb� hl

dhlhjh]h [m^_l \_klbkv i_j_kq_l� .1 hij_^_ey_l agZq_gb_�

dhlhjh_ g_h[oh^bfh ijb[Z\blv d l_dms_c yjdhklb� \ ^heyo

jZaghklb ij_^u^ms_]h agZq_gby yjdhklb b ihjh]Z �jbk���� ?keb

gh\h_ agZq_gb_ yjdhklb gb`_ gmey� lh [m^_f ijbk\Zb\Zlv _fm



agZq_gb_ ghev� _keb \ur_ ���� lh ijbk\Zb\Z_lky agZq_gb_ ���� <

ijhkl_cr_f kemqZ_ .1=K2 �� lh]^Z

><−⋅= AveragePP oldnew 2 � qlh khhl\_lkl\m_l m\_ebq_gbx

l_dms_]h agZq_gby yjdhklb lhqdb gZ \_ebqbgm ij_\ur_gby bf

kj_^g_]h agZq_gby� ?keb l_dms__ agZq_gb_ yjdhklb gb`_

kj_^g_]h� lh yjdhklv lhqdb mf_gvrblky gZ \_ebqbgm ij_\ur_gby

kj_^g_]h agZq_gby gZ^ agZq_gb_f yjdhklb lhqdb� >jm]bfb

keh\Zfb� jZaghklv f_`^m yjdhklvx lhqdb b ehdZevghc kj_^g_c

yjdhklvx m^\Zb\Z_lky� ?keb hij_^_eblv α b β dZd 11 K+=α b

21 KK ⋅=β � lh nhjfmem ��� fh`gh i_j_ibkZlv \ \b^_

><⋅−⋅= AveragePP oldnew βα  . (4)

< aZ^ZqZo fZrbggh]h aj_gby� jZkihagZ\Zgby h[jZah\ b

l�^� hq_gv qZklh \ dZq_kl\_ jZ[hq_c bgnhjfZpbb h

oZjZdl_jbklbdZo h[t_dlh\ b bah[jZ`_gby kem`bl g_ kZfZ yjdhklv

lhq_d� Z ]jZ^b_glu yjdhklb \ jZaebqguo h[eZklyo bah[jZ`_gby�

Ihe_aghc bgnhjfZpb_c a^_kv y\ey_lky bgnhjfZpby h kdhjhklb b

gZijZ\e_gbb i_j_iZ^h\ yjdhklb \ bah[jZ`_gbb� gZ hkgh\_

dhlhjhc nhjfbjmxlky gZ[hju ijbagZdh\� bkihevam_fu_ gZ

ihke_^mxsbo wlZiZo jZkihagZ\Zgby b b^_glbnbdZpbb� LZdmx

bgnhjfZpbx \ jy^_ kemqZ_\ fh`gh ihemqblv iml_f

ih^q_jdb\Zgby h[eZkl_c� \ dhlhjuo \_ebqbgZ baf_g_gby yjdhklb

\ur_ g_dhlhjhc ihjh]h\hc� b m^Ze_gby ba bah[jZ`_gby \k_o

ijhqbo mqZkldh\� l� _� nZdlbq_kdb bkihevamy Ze]hjblfu

hij_^_e_gby djZ_\� F_gyy ihjh] i_j_iZ^Z bgl_gkb\ghklb fh`gh

kljhblv b_jZjobq_kdb_ gZ[hju ijbagZdh\� l� _� \u^_eylv

i_j_iZ^u yjdhklb gZ jZaguo mjh\gyo jZafulhklb� <u^_e_gb_

djZ_\ fh`gh ijh\h^blv� gZijbf_j� \uihegyy hi_jZpbx k\_jldb k

y^jZfb k khhl\_lkl\mxsbfb dhwnnbpb_glZfb b jZaf_jZfb�

Kms_kl\mxl lZd`_ b g_ebg_cgu_ Ze]hjblfu hij_^_e_gby djZy�

H^gbf ba gZb[he__ ba\_klguo Ze]hjblfh\ \uqbke_gby

]jZ^b_glh\ bgl_gkb\ghklb y\ey_lky Ze]hjblf Kh[_ey [7]� <

^Zgghf f_lh^_ \uqbkeyxlky � jZaebqgu_ k\_jldb k y^jZfb�

y^jh ;
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Ihemq_ggu_ lZdbf h[jZahf fZljbpu fh`gh ^Ze__

bkihevah\Zlv \ aZ^ZqZo jZkihagZ\Zgby b b^_glbnbdZpbb

h[t_dlh\�

AZ wlZihf ij_^\Zjbl_evghc h[jZ[hldb bah[jZ`_gby

ke_^m_l g_ihkj_^kl\_ggh wlZi ihbkdZ b b^_glbnbdZpbb h[t_dlh\�

Bgh]^Z wlb wlZiu h[t_^bg_gu� b h^gZ hi_jZpby \uihegy_l kjZam

g_kdhevdh nmgdpbc ± b ij_^h[jZ[hldb� b h[gZjm`_gby� b

jZkihagZ\Zgby� Ih�\b^bfhfm� gZb[he__ wnn_dlb\guc ih^oh^ d

ihkljh_gbx Ze]hjblfZ jZkihagZ\Zgby � wlh jZa[b_gb_ h[s_c

aZ^Zqb h[gZjm`_gby b b^_glbnbdZpbb gZ jy^ ihke_^h\Zl_evguo

ih^aZ^Zq� J_amevlZlhf h[jZ[hldb gZ dZ`^hf wlZi_ ^he`gZ

y\eylvky \k_ [he__ mihjy^hq_ggZy bgnhjfZpby h[ bah[jZ`_gbb b

k\hckl\Zo h[t_dlh\� ijbkmlkl\mxsbo gZ g_f�

KZfuc h[sbc f_lh^� dhlhjuc ijbf_gbf \ ih^Z\eyxs_f

[hevrbgkl\_ kemqZ_\ � wlh ijyfh_ ihlhq_qgh_ kjZ\g_gb_

yjdhkl_c wlZehgh\ b mqZkldh\ bah[jZ`_gby khhl\_lkl\mxs_]h

jZaf_jZ� WlZehg dZd [u ³kdhevabl´ ih bah[jZ`_gbx k rZ]hf \

h^gm lhqdm� b \ dZ`^hf iheh`_gbb ih^kqblu\Z_lky kmffZ

Z[khexlguo agZq_gbc jZaghkl_c yjdhkl_c khhl\_lkl\mxsbo

lhq_d wlZehgZ b bah[jZ`_gby� ?keb kmffZ gb`_ hij_^_e_ggh]h

ihjh]Z� lh kqblZ_lky� qlh \ ^Zgghf f_kl_ h[gZjm`_g bkdhfuc

h[t_dl� <f_klh hi_jZpbb jZaghklb yjdhkl_c fh]ml

bkihevah\Zlvky b ^jm]b_ hi_jZpbb � gZijbf_j� mfgh`_gb_� dZd \

k\_jld_� eb[h dZdb_�lh eh]bq_kdb_ nmgdpbb� =eZ\guf

g_^hklZldhf ^Zggh]h f_lh^Z y\ey_lky g_h[oh^bfhklv hq_gv

[hevrh]h qbkeZ \uqbke_gbc� Z ke_^h\Zl_evgh � [hevrb_ aZljZlu

\j_f_gb gZ h[jZ[hldm h^gh]h bah[jZ`_gby� Ijb ih\hjhl_

h[t_dlZ� _]h m\_ebq_gbb beb mf_gvr_gbb g_h[oh^bfh

nhjfbjh\Zlv gh\u_ wlZehgu b ijhba\h^blv kjZ\g_gb_ lZd`_ b k

wlbfb wlZehgZfb� qlh ijb\h^bl d fgh]hdjZlghfm m\_ebq_gbx

dhebq_kl\Z hi_jZpbc� Gh _keb hjb_glZpby b jZaf_ju h[t_dlh\ gZ

bah[jZ`_gbb ij_^iheZ]Zxlky \k_]^Z kljh]h nbdkbjh\Zggufb� b

jZaf_ju bah[jZ`_gby b bkdhfuo h[t_dlh\ khbaf_jbfu� ^Zgguc

f_lh^ fh`_l wnn_dlb\gh ijbf_gylvky� J_amevlZl h[jZ[hldb

fh`_l [ulv ij_^klZ\e_g \ \b^_ fZljbpu� dZ`^uc we_f_gl

dhlhjhc _klv blh] kjZ\g_gby lhq_d wlZehgZ b bah[jZ`_gby \

dZ`^hc ihabpbb� l�_� \ ^\hbqghf \b^_ hij_^_eylvky dZd :  0 ,
_keb ihjh] ij_\ur_g� b �� _keb ihjh] g_ ij_\ur_g � _keb � �

³h[t_dl g_ gZc^_g´ b _keb � � ³h[t_dl gZc^_g´��



< kemqZ_� _keb bkdhfufb h[t_dlZfb y\eyxlky kiehrgu_

nb]mju� lh ihbkd h[t_dlh\ fh`gh gZqbgZlv k ihbkdZ \k_o

h[t_dlh\ k iehsZ^vx� khhl\_lkl\mxs_c iehsZ^b h[t_dlZ� l�_�

ijh\_klb ij_^\Zjbl_evgmx k_]f_glZpbx bah[jZ`_gby k mq_lhf

g_h^ghjh^ghkl_c� Ihke_ wlh]h� ^ey ^Zevg_cr_c h[jZ[hldb fh`gh

ijbf_gblv� gZijbf_j� f_lh^ ijyfh]h kjZ\g_gby� hibkZgguc

\ur_� Dhebq_kl\h hi_jZpbc ijb wlhf kms_kl\_ggh mf_gvrZ_lky�

:e]hjblf \u^_e_gby mqZkldh\ k iylgZfb yjdhklb aZ^Zgghc

iehsZ^b aZdexqZ_lky \ ke_^mxs_f� Imklv rbjbgZ bkdhfuo

h[t_dlh\ jZ\gZ n lhq_d� Z \ukhlZ m lhq_d� Lh]^Z \k_ bah[jZ`_gb_

jZa[b\Z_lky gZ mqZkldb rbjbghc 2n b \ukhlhc 2m lhq_d� ^Zggu_

mqZkldb gZdeZ^u\Zxlky ^jm] gZ ^jm]Z k rZ]hf n ih ]hjbahglZeb b
m ih \_jlbdZeb� LZdh_ jZa[b_gb_ ijh\h^blky ^ey lh]h� qlh[u ^ey

ex[h]h h[t_dlZ jZaf_jhf n×m gZr_eky [u dZd fbgbfmf h^bg

mqZklhd  2n×2m, \ dhlhjuc ^Zgguc h[t_dl mdeZ^u\Zeky [u

iheghklvx� >ey dZ`^h]h lZdh]h mqZkldZ gZoh^blky kj_^gyy

yjdhklv� b aZl_f ih^kqblu\Z_lky qbkeh lhq_d� yjdhklv dhlhjuo

ij_\urZ_l kj_^gxx [he__� q_f gZ g_dhlhjh_ aZ^Zggh_ qbkeh�

LZdbf h[jZahf ih^kqblu\Z_lky iehsZ^v nb]mju� yjdhklv lhq_d

dhlhjhc \ur_ kj_^g_c� AZl_f ijhba\h^blky kjZ\g_gb_

ihemq_gghc iehsZ^b k iehsZ^vx h[t_dlZ� b _keb hgZ

ijb[ebabl_evgh jZ\gZ beb [hevr_ iehsZ^b h[t_dlZ� lh ^Zgguc

mqZklhd ihf_qZ_lky dZd ³ih^hajbl_evguc´ gZ kms_kl\h\Zgb_

h[t_dlZ \ g_f ± nhjfbjm_lky ]bihl_aZ� >Ze__ wlhl mqZklhd

fh`gh bkke_^h\Zlv ^jm]bfb f_lh^Zfb�

GZb[he__ jZkijhkljZg_ggufb f_lh^Zfb jZkihagZ\Zgby

h[jZah\ y\eyxlky f_lh^u� \ dhlhjuo ijhba\h^blky

ij_^\Zjbl_evgh_ hlh[jZ`_gb_ fZljbp bgl_gkb\ghklb wlZehgguo

h[t_dlh\ b bkke_^m_fuo bah[jZ`_gbc \ g_dhlhjh_ ijhkljZgkl\h

h[jZah\ beb ijbagZdh\� NZdlbq_kdb_ jZkihagZ\Zgb_ b

b^_glbnbdZpby ijh\h^ylky m`_ \ wlhf ijhkljZgkl\_� Ihgylb_

³ijhkljZgkl\h h[jZah\´ a^_kv hij_^_ey_lky ^hklZlhqgh rbjhdh b

g_ kljh]h� Wlh fh`_l [ulv b ijhklh gZ[hj g_dhlhjuo

bgl_]jZevguo oZjZdl_jbklbd bah[jZ`_gby �kj_^gyy yjdhklv�

dhhj^bgZlu ³p_gljZ ly`_klb´ nb]mju� ^bki_jkby� fhf_glu b l�

^�� �  nZah\h_ ijhkljZgkl\h ijbagZdh\� b ijhkljZgkl\h nmjv_�

h[jZah\� b hij_^_eylvky _s_ dZdbf�eb[h bguf iml_f� <u[hj

kihkh[Z hlh[jZ`_gby h[uqgh h[mkeZ\eb\Z_lky lbihf aZ^Zqb�

lj_[h\Zgbyfb d jZaebqguf \b^Zf bg\ZjbZglghklb� k\hckl\Zfb

jZkihagZ\Z_fuo h[t_dlh\ b l�^� GZijbf_j� ^ey b^_glbnbdZpbb

h[t_dlZ� dhlhjuc gZ bah[jZ`_gbb fh`_l ihy\eylvky ih^



ijhba\hevguf m]ehf d hkyf� fh`gh bkihevah\Zlv

ij_h[jZah\Zgby� bg\ZjbZglgu_ ih hlghr_gbx d hi_jZpbyf

ih\hjhlZ� b l�^�

< gZklhys__ \j_fy j_Zebah\Zg jy^ Ze]hjblfh\ \_dlhjgh�

fZljbqguo b fZljbqgh�fZljbqguo \uqbke_gbc� Z lZd`_

j_Zebah\Zgu ki_pbZevgu_ Ze]hjblfu jZ[hlu k ^\mf_jgufb

bah[jZ`_gbyfb�

< lZ[ebp_ � ijb\_^_gZ hp_gdZ ijhba\h^bl_evghklb

\uqbkebl_ey ijb \uiheg_gbb g_dhlhjuo Ze]hjblfh\ jZ[hlu k

^\mf_jgufb bah[jZ`_gbyfb� Ijh]jZffu ^ey l_klbjh\Zgby

\j_f_gb jZ[hlu W<F gZ [Za_ ijhp_kkhjh\ 3HQWLXP b 6SDUF [ueb

gZibkZgu gZ yaud_ Kb� baf_jyehkv ³qbklh_´ \j_fy \uqbke_gbc

[_a mq_lZ bgbpbZebaZpbc� nhjfbjh\Zgby bkoh^guo fZkkb\h\ \

iZfylb b l�^� <hafh`gh� ijb bkihevah\Zgbb ki_pbZevguo

Zkk_f[e_jguo [b[ebhl_d� fh`gh [ueh [u hilbfbabjh\Zlv

^Zggu_ Ze]hjblfu� mf_gvrb\ l_f kZfuf \j_f_ggu_ aZljZlu�

<j_fy mdZaZgh \ k_dmg^Zo�

LZ[ebpZ ��

GZa\Zgb_

Ze]hjblfZ

Pentium
����� k

PentiumII-
���� k

Ultra
SPARC,

c

<uqbke

bl_ev� k

K\_jldZ

k y^jhf �o�
3)

0.65 0.11 0.76 0.02

F_^bZgguc

Nbevlj

1.97 0.49 0.75 0.001

Ih\ur_gb_

dhgljZklghklb

0.51 0.13 1.31 0.004

Ijyfh_ ihlhq_qgh_

kjZ\g_gb_ k fZkdhc

��o��
4)

43.78 7.14 58.89 0.142

Ihbkd ehdZevguo

g_h^ghjh^ghkl_c

��o��

0.120 0.028 0.146 0.032

Mfgh`_gb_

fZljbpu gZ

fZljbpm

8.61 0.60 12.31 0.011

Ijbf_qZgby�

�� Hp_gdb ijb\_^_gu ^ey�



3HQWLXP���� ijb qZklhl_ ��� F=p� h[t_f HAM ��

F[Zcl�

3HQWLXP���� ijb qZklhl_ ��� F=p� h[t_f HAM ���

F[Zcl�

    Ultra63$5& ijb qZklhl_ ��� F=p� h[t_f HAM ��

F[Zcl�

    <uqbkebl_ey ijb qZklhl_ ��F=p�
�� JZaf_j bah[jZ`_gby ���o��� lhq_d� ^bZiZahg yjdhklb

e_`bl \ ij_^_eZo hl � ^h ����

�� H^gh\j_f_ggh fh`gh ijhba\h^blv k\_jldm k �

nbevljZfb � h^bg nbevlj gZ dZ`^uc <W� ijhba\h^bl_evghklv

memqrZ_lky lh]^Z \ � jZa�

�� >Zggu_ ijb\_^_gu ^ey ihbkdZ h^gh]h h[t_dlZ�

h^gh\j_f_ggh fh`_l \_klbkv ihbkd �
� �� h[t_dlh\� qlh

ijb\_^_l d ih\ur_gbx ijhba\h^bl_evghklb \ �� jZa�

�� KljmdlmjgZy ko_fZ b djZldh_ hibkZgb_

\uqbkebl_ey

IZjZee_evguc i_j_ijh]jZffbjm_fuc \uqbkebl_ev

�II<� jZajZ[hlZg \ klZg^Zjl_ 90( b j_Zebah\Zg gZ [Za_

i_j_ijh]jZffbjm_fuo fbdjhko_f k_f_ckl\Z ��D nbjfu Altera.
<uqbkebl_ev ij_^gZagZqZ_lky ^ey jZ[hlu \ dZq_kl\_ ZiiZjZlgh]h

mkdhjbl_ey b y\ey_lky \_^hfuf mkljhckl\hf gZ rbg_ VME� Hg
\k_]^Z ^he`_g \dexqZlvky \ kbkl_fm dZd ih^qbg_ggh_ mkljhckl\h

hkgh\ghc mijZ\eyxs_c W<F �host�fZrbgu� k mgb\_jkZevguf

ijhp_kkhjhf� LZdlh\Zy qZklhlZ \uqbkebl_ey ��F=p�

 JZajZ[hlZggh_ mkljhckl\h bkihevam_lky ^ey ihkljh_gby

kbkl_f jZkihagZ\Zgby h[jZah\ gZ hkgh\_ h[jZ[hldb

l_e_\babhgghc� l_ieh\babhgghc b ^jm]hc bgnhjfZpbb� Z lZd`_

kbkl_f� hkgh\Zgguo gZ j_ZebaZpbb Ze]hjblfh\ k ihjh]h\ufb

nmgdpbyfb b ijhkl_crbfb Zjbnf_lbq_kdbfb hi_jZpbyfb b

iha\hey_l ^h[blvky agZqbl_evghc kdhjhklb \uqbke_gbc ijb

j_r_gbb aZ^Zq ke_^mxsbo lbih\�

• ij_^h[jZ[hldZ bah[jZ`_gby�

• j_ZebaZpby jZajZ[hlZgghc g_cjhgghc k_lb gZ

nhjfZevgh�eh]bq_kdbo g_cjhgZo�

• j_ZebaZpby [Zah\uo g_cjhgguo hi_jZpbc

�mfgh`_gb_� keh`_gb_ k gZdhie_gb_f� ihjh]h\u_



nmgdpbb� ^ey g_cjhgh\ k jZaf_jhf \_kZ b \oh^gh]h

\_dlhjZ hl ^\mo ^h \hkvfb [bl�

• ^jm]b_ lbiu aZ^Zq k\yaZggu_ k h[jZ[hldhc

bah[jZ`_gby b ijbgylb_f j_r_gbc�

< ijhp_kk_ jZajZ[hldb ijh\h^behkv bamq_gb_

\hafh`ghklb ZiiZjZlghc j_ZebaZpbb b ijbf_g_gby \

ihklZ\e_gghc aZ^Zq_ dZd g_cjhgguo k_l_c� lZd b deZkkbq_kdbo

kihkh[h\ h[jZ[hldb bah[jZ`_gby� Bkke_^h\ZeZkv \hafh`ghklv

ij_^klZ\e_gby Ze]hjblfh\ h[jZ[hldb bah[jZ`_gby b g_cjhgguo

k_l_c gZ mjh\g_ \_dlhjgh�fZljbqghc b fZljbqgh�fZljbqghc

fZl_fZlbdb k ^h[Z\e_gb_f ihjh]h\uo nmgdpbc�

KljmdlmjgZy ko_fZ \uqbkebl_ey ij_^klZ\e_gZ gZ jbk� ��

<uqbkebl_ev khklhbl ba ke_^mxsbo nmgdpbhgZevguo

[ehdh\�

• ko_fZ mijZ\e_gby �Ko Mij��

• [Zah\u_ \uqbkebl_evgu_ we_f_glu �;<W��;<W���

• dhgljhee_j \g_rg_c rbgu �Dhgljhee_j E-bus);
• dhgljhee_j kbkl_fghc rbgu �Dhgljhee_j 90(��

• ^\Z fZkkb\Z klZlbq_kdhc iZfylb �HAM�� HAM���

• [ehd \ukhdhkdhjhklguo ijb_fgbdh\/i_j_^Zlqbdh\�
Ko_fZ mijZ\e_gby bkihevam_lky ^ey mijZ\e_gby ;<W b

ihlhdZfb ^Zgguo \ \uqbkebl_e_ b ij_^klZ\ey_l kh[hc

ijhkl_crbc 5,6& ijhp_kkhj� KljmdlmjZ b gZ[hj dhfZg^

ijhp_kkhjZ fh]ml baf_gylvky \ aZ\bkbfhklb hl lbiZ j_rZ_fhc

aZ^Zqb�

;<W bkihevamxlky ^ey \uiheg_gby ijhkl_crbo

Zjbnf_lbq_kdbo hi_jZpbc lbiZ kmffbjh\Zgby� \uqblZgby�

mfgh`_gby b \uqbke_gby ihjh]h\uo nmgdpbc� LZd dZd ;<W

j_Zebah\Zgu gZ i_j_ijh]jZffbjm_fuo fbdjhko_fZo� bo

Zjobl_dlmjZ fh`_l baf_gylvky� :jobl_dlmjZ ;<W ^ey jZaebqguo

Ze]hjblfh\ fh`_l hlebqZlvky� gh h[uqgh e_]dh j_Zebamxlky

iml_f dhf[bgZpbb [b[ebhl_qguo nmgdpbc� dhfibeypbb bo ijb

ihfhsb K:IJ �lbiZ MaxPlus)b aZ]jmadb nZceZ dhgnb]mjZpbb \

\u[jZgguc ;<W�



;<W� ;<W�

 F-bus

6464

64

Dhgljhee_j

    E-bus

;<W� ;<W�

64 6432 10

10
10

;<W�

;<W�

64

64 64

64

Ko Mij

HAM�

Local-bus

;ehd

<II

dhgljhee_j

        VME

ebgd�ihjlu

64

HAM�

32

32

10

64

64 64

64

10

10

64

Jbk.4.KljmdlmjgZy ko_fZ \uqbkebl_ey

GZijbf_j� ;<W ^ey i_j_fgh`_gby \_dlhjh\ b fZljbp

kh^_j`bl� gZ[hj j_]bkljh\ b � \uqbkebl_evguo we_f_glZ�

khklhysbo ba ��jZajy^gh]h dhg\_c_jgh]h mfgh`bl_ey� ���

jZajy^gh]h kmffZlhjZ k gZdhie_gb_f j_amevlZlZ� ko_fu

eh]bq_kdh]h mfgh`_gby� dhfiZjZlhjZ� GZebqb_ lZdbo j_kmjkh\

;<W iha\hey_l ZiiZjZlgh \uihegylv \_dlhjgh�fZljbqgu_ b

fZljbqgh�fZljbqgu_ hi_jZpbb� dhlhju_ y\eyxlky [Zah\ufb ijb

h[jZ[hld_ bah[jZ`_gby b j_ZebaZpbb g_cjhgguo k_l_c� <u[hj

g_h[oh^bfhc Zjbnf_lbq_kdhc hi_jZpbb ijh\h^bfhc gZ^

\oh^gufb ^Zggufb b imlv ijhoh`^_gby ^Zgguo q_j_a ex[hc

\uqbkebl_evguc we_f_gl hij_^_ey_lky mklZgh\dhc ko_fhc

mijZ\e_gby khhl\_lkl\mxs_c dhfZg^u� gZ[hjZ [blh\ gZ rbg_�

<gmlj_ggb_ j_]bklju ;<W bkihevamxlky ^ey ojZg_gby agZq_gbc

\oh^guo dhwnnbpb_glh\� ihjh]h\ b j_amevlZlh\ \uqbke_gbc�



;<W ^ey j_ZebaZpbb jZaebqgh]h lbiZ nbevljh\� \

^hiheg_gb_ d j_]bkljZf b � \uqbkebl_evguf we_f_glZf�

kh^_j`bl \gmlj_ggxx iZfylv dhwnnbpb_glh\�

>\Z fZkkb\Z ehdZevghc klZlbq_kdhc iZfylb kh[jZgu ba �

fbdjhko_f klZlbq_kdhc iZfylb _fdhklvx ��� F[Zcl� bf_xl

jZaf_j �F[Zcl b hj]Zgbah\Zgu dZd fZkkb\ ���D ��[Zclh\uo

keh\� FZkkb\u iZfylb k\yaZgu kh ko_fhc mijZ\e_gby

hl^_evgufb Z^j_kgufb rbgZfb b fh]ml nmgdpbhgbjh\Zlv

g_aZ\bkbfh ^jm] hl ^jm]Z� IZfylv ij_^gZagZq_gZ ^ey ojZg_gby

h[sbo dhwnnbpb_glh\� Z lZd`_ ijhf_`mlhqguo j_amevlZlh\

\uqbke_gbc beb hdhgqZl_evguo j_amevlZlh\� ih^]hlh\e_gguo d

i_j_^Zq_ q_j_a dhgljhee_j kbkl_fghc rbgu \ p_gljZevguc

ijhp_kkhj beb  q_j_a dhgljhee_j (�EXV gZ ebgd�ihjlu�
K\yav g_kdhevdbo \uqbkebl_e_c f_`^m kh[hc beb

\uqbkebl_ey k mkljhckl\hf hpbnjh\db bah[jZ`_gby� ijb

gZebqbb m mkljhckl\Z hpbnjh\db khhl\_lkl\mxs_]h bgl_jn_ckZ�

hkms_kl\ey_lky ihkj_^kl\hf ihke_^h\Zl_evgh]h dZgZeZ

ijb_fgbdh\�i_j_^Zlqbdh\ +27/LQN nbjfu &<35(66�

MijZ\e_gb_ i_j_^Zq_c ^Zgguo \uihegy_l dhgljhee_j \g_rg_c

rbgu� dhlhjuc ij_^klZ\ey_l ba k_[y gZ[hj ��o klZg^Zjlguo ),)2

b j_]bkljh\ mijZ\e_gby b ^Zgguo�

Dhgljhee_j rbgu 90( \uihegy_l nmgdpbx bgl_jn_ckZ

k p_gljZevguf ijhp_kkhjhf b y\ey_lky klZg^Zjlguf

mkljhckl\hf >�@�

K lhqdb aj_gby ijh]jZffbklZ \uqbkebl_ev fh`gh

ij_^klZ\blv dZd 5,6&�ijhp_kkhj �ko_fZ mijZ\e_gby beb

mijZ\eyxsbc ijhp_kkhj� b r_klv \_dlhjguo ijhp_kkhjh\

�\uqbkebl_evguo we_f_glh\�� hljZ[Zlu\Zxsbo 6,0'�dhfZg^u

�h^gZ dhfZg^Z ^ey fgh]bo ^Zgguo� - jbk� ��
;hevrh_ dhebq_kl\h rbg ^Zgguo� \hafh`ghklv

h^gh\j_f_gghc jZ[hlu \k_o ;<W b \uiheg_gb_ Zjbnf_lbq_kdbo

hi_jZpbc mfgh`_gby b keh`_gby aZ h^bg lZdl iha\hey_l

wnn_dlb\gh jZkiZjZee_eb\Zlv ijhp_kk h[jZ[hldb bgnhjfZpbb�
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Jbk��� Ko_fZ \uqbkebl_ey�

� MijZ\eyxsbc ijhp_kkhj

��� KljmdlmjZ b djZldh_ hibkZgb_ ijhp_kkhjZ

KljmdlmjgZy ko_fZ mijZ\eyxs_]h ijhp_kkhjZ

ij_^klZ\e_gZ gZ jbk� ��

Ko_fZ mijZ\e_gby khklhbl ba ke_^mxsbo dhfihg_gl�

• \gmlj_gg_c iZfylb ijh]jZff�

• ^_rbnjZlhjZ dhfZg^�

• j_]bkljh\ ^Zgguo b j_]bkljZ dhgklZgl�

• j_]bkljh\ Z^j_kZ b ko_f bgdj_f_glZ�

• j_]bkljh\ <W

• :EM

• j_]bkljZ khklhygby b mkljhckl\Z mijZ\e_gby

• kq_lqbdZ dhfZg^ b mdZaZl_ey kl_dZ

• dhgljhee_jZ \g_rg_]h HAM�



<uihegy_fZy ijh]jZffZ ojZgblky \h \gmlj_gg_c iZfylb

ijh]jZff� \uiheg_gghc gZ \kljh_gguo \ fbdjhko_fm [ehdZo

iZfylb� < gZklhys__ \j_fy iZfylv ijh]jZff bf__l jZaf_j ���

��� jZajy^guo keh\� < ^Zevg_cr_f� bkihevamy [he__ fhsgu_

fbdjhko_fu� jZaf_j iZfylb ijh]jZff fh`_l [ulv m\_ebq_g ^h

���� ���jZajy^guo keh\�

Jbk� �� KljmdlmjgZy ko_fZ mijZ\eyxs_]h ijhp_kkhjZ

AZ]jmadZ iZfylb ijh]jZff fh`_l \uihegy_lky \h \j_fy

aZ]jmadb fbdjhko_fu� Z lZd`_ ij_^mkfhlj_gZ \hafh`ghklv

aZ]jmadb ijh]jZffu \h \j_fy jZ[hlu q_j_a rbgm VME.
IZfylv ijh]jZff ij_^klZ\ey_l kh[hc gZ[hj ih^ijh]jZff

�fbdjhijh]jZff�� dZ`^Zy ba dhlhjuo j_Zebam_l hij_^_e_gguc

Ze]hjblf h[jZ[hldb bgnhjfZpbb� D ijbf_jm� ��y

fbdjhijh]jZffZ� ojZgbfZy k ��]h Z^j_kZ� \uihegy_l mfgh`_gb_

\_dlhjZ gZ fZljbpm� ��y fbdjhijh]jZffZ� ojZgbfZy k ���]h

Z^j_kZ� mfgh`Z_l fZljbpm gZ fZljbpm� ��y j_Zebam_l k_lv



Ohinbe^Z� ��y ljZgkihgbjm_l fZljbpm b l�^� IZjZf_lju

fbdjhijh]jZff� jZaf_ju \_dlhjh\ beb fZljbp� dhebq_kl\h

ijhoh^h\� rZ] bgdj_f_glZpbb Z^j_kZ aZ^Zxlky iml_f aZ]jmadb

j_]bkljh\ k rbgu VME.
Mkljhckl\h mijZ\e_gby b j_]bklj khklhygby mijZ\eyxl

aZimkdhf� hklZgh\dhc b \u[hjhf j_`bfZ nmgdpbhgbjh\Zgby

ijhp_kkhjZ� J_]bklj khklhygby Z^j_km_lky dZd feZ^rbc j_]bklj

^Zgguo� MijZ\e_gb_ ijhp_kkhjhf aZdexqZ_lky \ mklZgh\d_�

k[jhk_ b ijh\_jd_ hl^_evguo [blh\ j_]bkljZ khklhygby�

J_]bklj khklhygby khklhbl ba lj_o [ehdh\�

• [ehd khklhygby ijhp_kkhjZ �[bl aZimkdZ/hklZgh\Z� [bl
aZ]jmadb kq_lqbdZ dhfZg^� [blu ij_ju\Zgbc� [blu

ihjy^dZ bgdj_f_glZpbb Z^j_kguo j_]bkljh\�

• [ehd� kh^_j`Zsbc agZq_gb_ kq_lqbdZ dhfZg^

• [ehd neZ]h\ khklhygby :EM�

<uiheg_gb_ ijhp_kkhjhf dhfZg^u ijhbkoh^bl aZ ljb

lZdlZ� GZebqb_ \ ijhp_kkhj_ lj_omjh\g_\h]h dhg\_c_jZ iha\hey_l

dZ`^uc lZdl aZ]jm`Zlv gh\mx dhfZg^m� Ih^h[gh RISC
ijhp_kkhjm� ^ey jZ\ghf_jgh]h aZiheg_gby dhg\_c_jZ \k_

dhfZg^u \uihegyxlky aZ h^bgZdh\h_ qbkeh lZdlh\�

Mjh\gb dhg\_c_jZ�

• kqblu\Zgb_ b ^_dh^bjh\Zgb_ dhfZg^u

• \u[hjdZ ^Zgguo ba j_]bkljZ b bo aZ]jmadZ \ :EM

• aZ]jmadZ j_amevlZlZ \ j_]bklj

Ijhp_kkhj kh^_j`bl � ���jZajy^guo j_]bkljh\ Z^j_kZ

RA0-RA7� �� ���jZajy^guo j_]bkljh\ \uqbkebl_evguo

we_f_glh\� � ���jZajy^guo j_]bkljh\ ^Zgguo RD2-RD7, 8 8-
jZajy^guo j_]bkljh\ dhgklZgl� j_]bklju mkdhj_ggh]h \_l\e_gby.
J_]bklj khklhygby fh`gh jZkkfZljb\Zlv dZd kZfuc feZ^rbc

j_]bklj ^Zgguo RD0. J_]bklj RD1 jZa^_e_g gZ ^\Z ���lb

jZajy^guo [ehdZ b \u^_e_g ih^ kq_lqbdb dhfZg^

\uqbkebl_evguo we_f_glh\ b mkdhj_ggh]h \_l\e_gby�

?keb kq_lqbd dhfZg^ <W beb kq_lqbd mkdhj_ggh]h

\_l\e_gby g_ aZ]jm`_g �\ j_]bklj_ RD1 kh^_j`blky ��� lh

dhfZg^Z <W beb dhfZg^Z loop \uihegy_lky h^bg jZa� ihke_ q_]h

kq_lqbd Z^j_kZ bgdj_f_glbjm_lky� FeZ^rbc [ehd j_]bkljZ RD1
khhl\_lkl\m_l kq_lqbdm dhfZg^ <W� Z klZjrbc [ehd ± kq_lqbdm

mkdhj_ggh]h \_l\e_gby� ?keb \ dZdhf�lh ba [ehdh\ j_]bkljZ RD1
kh^_j`blky qbkeh� g_ jZ\gh_ �� lh ihke_ \uiheg_gby

khhl\_lkl\mxs_c wlhfm [ehdm dhfZg^u �dhfZg^u <W beb

mkdhj_ggh]h \_l\e_gby� ^Zgguc [ehd j_]bkljZ RD1



^_dj_f_glbjm_lky� Z kh^_j`bfh_ kq_lqbdZ dhfZg^ g_ f_gy_lky�

DhfZg^Z ih\lhjy_lky ^h l_o ihj� ihdZ khhl\_lkl\mxsbc [ehd

j_]bkljZ RD1 g_ h[gmeblky� LZd dZd dhfZg^Z <W � [Zah\Zy� lh

gZebqb_ lZdh]h j_]bkljZ aZf_lgh m\_ebqb\Z_l kdhjhklv

\uiheg_gby ijh]jZff�

R_klv hklZ\rboky j_]bkljh\ ^Zgguo bkihevamxlky dZd

j_]bklju h[s_]h gZagZq_gby�

J_]bklju <W bkihevamxlky ^ey ojZg_gby gZb[he__ qZklh

bkihevam_fuo ���jZajy^guo dhfZg^ <W� H[s__ qbkeh dhfZg^ <W

fh`_l [ulv agZqbl_evgh [hevrbf� gh h[uqgh dZ`^Zy hl^_evgZy

fbdjhijh]jZffZ g_ lj_[m_l [he__ k_fb dhfZg^ b ijb __ aZimkd_

g_h[oh^bfu_ dhfZg^u aZ]jm`Zxlky \ j_]bklju� J_]bklju

jZa[blu gZ ljb ]jmiiu ih k_fv� DZ`^Zy ]jmiiZ aZdj_ie_gZ aZ

^\mfy <W�

J_]bklju Z^j_kZ bkihevamxlky ^ey ojZg_gby b h[jZ[hldb

Z^j_kh\ ^Zgguo� ojZgbfuo \ ehdZevghc iZfylb� J_]bklju

jZa[blu gZ ^\_ ]jmiiu ih � j_]bkljZ \ dZ`^hc� =jmiiZ

khhl\_lkl\m_l [Zgdm iZfylb� Ihke_ \uiheg_gby dhfZg^u <W

agZq_gb_ Z^j_kguo j_]bkljh\ fh`_l [ulv m\_ebq_gh gZ qbkeh�

ojZgbfh_ \ j_]bkljZo bgdj_f_glZpbb Z^j_kZ�

G_h[oh^bfhklv bgdj_f_glZpbb hij_^_ey_lky mklZgh\dhc

khhl\_lkl\mxsbo [blh\ \ keh\_ dhfZg^u� ijbq_f g_h[oh^bfhklv

bgdj_f_glZpbb ^ey dZ`^hc ]jmiiu mklZgZ\eb\Z_lky hl^_evgh�

<k_ j_]bklju� djhf_ j_]bkljZ khklhygby� fh]ml [ulv

aZ]jm`_gu \h \j_fy \uiheg_gby ijh]jZffu� J_]bklju <W

bkihevamxlky lhevdh ^ey ojZg_gby dhfZg^u b gZ^ gbfb g_ fh]ml

ijhba\h^blvky gbdZdb_ hi_jZpbb�

J_]bklju Z^j_kZ b ^Zgguo lZd`_ fh]ml [ulv aZ]jm`_gu

beb kqblZgu p_gljZevguf ijhp_kkhjhf ih rbg_ VME. WlZ

\hafh`ghklv \\_^_gZ ^ey ]b[dhklb jZ[hlu k fbdjhijh]jZffZfb

b h[e_]q_gby hleZ^db� lZd dZd hleZ^dZ ijhp_kkhjZ aZljm^g_gZ \

k\yab k hlkmlkl\b_f khhl\_lkl\mxs_]h ijh]jZffgh]h

h[_ki_q_gby�

LZd dZd ko_fZ mijZ\e_gby jZajZ[Zlu\ZeZkv ^ey

mijZ\e_gby ihlhdZfb ^Zgguo� :EM ijhp_kkhjZ fZdkbfZevgh

mijhs_gh� < khhl\_lkl\bb k lj_[h\Zgbyfb j_Zebah\Zgguo gZ

k_]h^gyrgbc ^_gv Ze]hjblfh\ :EM \uihegy_l agZdh\h_ b

[_aagZdh\h_ keh`_gb_ b \uqblZgb_� k^\b]h\u_ b eh]bq_kdb_

hi_jZpbb� H[jZ[Zlu\Z_fu_ hi_jZg^u ba\e_dZxlky ba ex[uo

^\mo j_]bkljh\�bklhqgbdh\� beb h[Z ba j_]bkljh\ ^Zgguo� beb

h^bg ba j_]bkljh\ ^Zgguo� Z ^jm]hc ba j_]bkljh\ Z^j_kZ�



J_amevlZl \uqbke_gbc fh`_l [ulv aZg_k_g \ ex[hc j_]bklj�

Ih j_amevlZlm \uiheg_gby dhfZg^u \uklZ\eyxlky ljb

neZ]Z khklhygby� gme_\hc beb hljbpZl_evguc j_amevlZl b

i_j_iheg_gb_�

Dhgljhee_j \g_rg_]h HAM bkihevam_lky ^ey

mijZ\e_gbyfb ehdZevghc iZfylvx b ij_^klZ\ey_l kh[hc ^\Z

hl^_evguo dhgljhee_jZ klZlbq_kdhc iZfylb� k \j_f_g_f ^hklmiZ

g_ f_g__ �� gk�

Ko_fZ mijZ\e_gby kh_^bg_gZ hl^_evgufb ebgbyfb k\yab

kh \k_fb ;<W� Hkh[_gghklvx ko_fu mijZ\e_gby

i_j_ijh]jZffbjm_fh]h \uqbkebl_ey ^ey kbkl_f h[jZ[hldb

bgnhjfZpbb y\ey_lky gZebqb_ jZ[hq_c dhfZg^u� mijZ\eyxs_c

r_klvx [Zah\ufb \uqbkebl_evgufb we_f_glZfb� DhfZg^Z

iha\hey_l h^gh\j_f_ggh� aZ h^bg lZdl� aZ^Z\Zlv jZaebqgu_

j_`bfu nmgdpbhgbjh\Zgby r_klb [Zah\uf \uqbkebl_evguf

we_f_glZf b bgdj_f_glbjh\Zlv Z^j_kZ h[hbo fZkkb\h\ iZfylb gZ

ex[h_ qbkeh hl � ^h ���� ojZgbfh_ \ j_]bkljZo bgdj_f_glZ�

ijbq_f dZ`^hfm fZkkb\m khhl\_lkl\m_l k\hc j_]bklj� DhfZg^Z

fh`_l ih\lhjylvky ex[h_ dhebq_kl\h jZa \ khhl\_lkl\bb kh

agZq_gb_f� ojZgbfuf \ ki_pbZevghf j_]bklj_� Wlh iha\hey_l

\uihegylv hkgh\gmx dhfZg^m [_a ihl_jv gZ hj]ZgbaZpbx pbdeh\

b i_j_oh^h\�

JZ[hqZy dhfZg^Z iha\hey_l h^gh\j_f_ggh aZimkdZlv h[Z

dhgljhee_jZ ehdZevghc iZfylb� bgdj_f_glbjh\Zlv Z^j_kgu_

j_]bklju gZ lj_[m_fh_ agZq_gb_� \uklZ\eylv gZ Z^j_kgu_ rbgu

Z^j_kZ ba khhl\_lkl\mxsbo j_]bkljh\ Z^j_kZ� \uklZ\eylv gZ

rbgu mijZ\e_gby ;<W dhfZg^u ba khhl\_lkl\mxsbo j_]bkljh\

;<W� Djhf_ lh]h� jZ[hqZy dhfZg^Z hkms_kl\ey_l hj]ZgbaZpbx

h[f_gZ ^Zggufb f_`^m dhgljhee_jhf \g_rg_c rbgu b

ehdZevghc iZfylvx�

��� Kbkl_fZ dhfZg^

J_]bklju ko_fu mijZ\e_gby ^_eylky gZ ljb dZl_]hjbb�

j_]bklju ^Zgguo �5'�� j_]bklju Z^j_kZ �5$� b [Zclh\u_

j_]bklju dhgklZgl �50��

GZ ^Zgguc fhf_gl bf__lky � j_]bkljh\ ^Zgguo� �

j_]bkljh\ Z^j_kZ b � [Zclh\uo j_]bkljh\ dhgklZgl� G_dhlhju_

j_]bklju ^Zgguo y\eyxlky ki_pbZebabjh\Zggufb� Wlh 5'�� 5'�

b 5'��

5'� ± j_]bklj dhgljhey b khklhygby�



5'� ± kh^_j`bl dhebq_kl\h ih\lhj_gbc 6,0'�dhfZg^u�

Gme_\h_

agZq_gb_ khhl\_lkl\m_l ��

5'� ± y\ey_lky ^_dj_f_glguf kq_lqbdhf pbdeZ dhfZg^u

loop.
MijZ\eyxsbc ijhp_kkhj bf__l dhg\_c_j gZ ljb dhfZg^u�

<gmlj_ggyy iZfylv ^ey ojZg_gby ijh]jZff bf__l h[t_f ^\Z

dbeh[ZclZ� DZ`^Zy dhfZg^Z aZgbfZ_l \ hi_jZlb\ghc iZfylb h^gh

^ebggh_ keh\h ��� jZajy^Z�� ihf_sZ_lky \ dhg\_c_j

mijZ\eyxs_]h ijhp_kkhjZ aZ h^bg lZdl b \uihegy_lky aZ ^\Z

lZdlZ� AgZq_gby baf_g_gguo j_]bkljh\� khhl\_lkl\_ggh�

^hklmigu ihke_ lj_lv_]h lZdlZ �^ey 5'� ± ihke_ \lhjh]h lZdlZ��

>ey m^h[kl\Z jZ[hlu k pbdeZfb \\_^_gZ dhfZg^Z loop,
khhl\_lkl\mxsZy dhfZg^_ 62% Zkk_f[e_jZ 3'3����

<hafh`gh \\_klb \gmlj_ggbc kl_d gZ q_luj_ agZq_gby

^ey j_]bkljZ 5'�� qlh iha\hebl bkihevah\Zlv h^bg j_]bklj

kq_lqbdZ pbdeh\ ^ey \eh`_gguo pbdeh\�

<b^u dhfZg^ mijZ\eyxs_]h ijhp_kkhjZ�

• DhfZg^u aZ]jmadb ���jZajy^guo qbk_e \ j_]bklju

^Zgguo b Z^j_kZ�

• DhfZg^u aZ]jmadb j_]bkljh\ \uqbkebl_evgh]h

we_f_glZ�

• DhfZg^Z i_j_kuedb ^Zgguo �5'→RD, RA→RA);
• DhfZg^u keh`_gby b \uqblZgby j_]bkljh\ �5' ba

5'� 5' ba 5$��

• DhfZg^u keh`_gby k qbkehf b \uqblZgby qbkeZ ����

jZajy^gh]h��

• DhfZg^u mkeh\gh]h b [_amkeh\gh]h \_l\e_gbc�

• DhfZg^Z pbdeZ loop;
• DhfZg^u ijhimkdZ lZdlZ �123� b hklZgh\Z �+$/7��

• DhfZg^u \uqbkebl_eyf�

>ey jZ[hlu k ���jZajy^gufb qbkeZfb \hafh`gh

ihke_^h\Zl_evgh_ bkihevah\Zgb_ ^\mo dhfZg^� h^gZ ba dhlhjuo

jZ[hlZ_l k feZ^rbf keh\hf j_]bkljZ� Z ^jm]Zy ± kh klZjrbf� Wlh

iha\hebl g_ mkeh`gylv \gmlj_ggxx kljmdlmjm ijhp_kkhjZ

hij_^_e_gb_f lh]h� kdhevdh keh\ gm`gh \u[jZlv �h^gh beb ^\Z��

< ex[hf kemqZ_� dhfZg^Z aZg_k_gby \ j_]bklj ^ebggh]h p_eh]h

qbkeZ ^he`gZ aZgbfZlv ^\Z keh\Z�

Ijbf_j dhfZg^u \uqbkebl_evguf we_f_glZf �aZibkv �

[Zcl S_amevlZlZ� :



<< ra5 adr1 ra5 adr2++ wbank1 wbank2 1 el1 1
el2 >>

M]eh\u_ kdh[db ± ijbagZd dhfZg^u \uqbkebl_evguf

we_f_glZf�

DhfZg^Z ijhba\h^bl aZibkv \ h[Z [ZgdZ ih h^ghfm b lhfm

`_ j_]bkljm Z^j_kZ k _]h bgdj_f_glZpb_c ijb \uiheg_gbb

dhfZg^u� J_]bklj 5'� kh^_j`bl dhebq_kl\h ih\lhj_gbc

\uklZ\e_gby dhfZg^u \uqbkebl_evghfm we_f_glm� ?keb 5'�

jZ\_g �� lh dhfZg^Z aZibr_l ih h^ghfm ^ebgghfm keh\m \ h[Z

[ZgdZ ba \gmlj_gg_c iZfylb we_f_glZ� ?keb 5'� jZ\_g �� ± lh ih

^\Z ^ebgguo keh\Z b l�^� �� HO�� b �� HO�� hagZqZxl� qlh ^he`gZ

[ulv \uiheg_gZ dhfZg^Z � i_j\uf b \lhjuf \uqbkebl_evgufb

we_f_glZfb�

Qlh[u j_Zebah\Zlv ki_pbZebabjh\Zgguc Ze]hjblf beb

]jmiim ki_pbZebabjh\Zgguo Ze]hjblfh\� g_h[oh^bfh hij_^_eblv

gZ[hj fbdjhijhp_kkhjguo dhfZg^� iha\heyxsbc ^hklbqv ijb

j_r_gbb ihklZ\e_gguo aZ^Zq fZdkbfZevghc ijhba\h^bl_evghklb�

GZ yaud_ ijh_dlbjh\Zgby fbdjhko_f lbiZ YHULORJ beb 9+'/�

hibku\Z_lky Zjobl_dlmjZ ijhp_kkhjZ k lj_[m_fuf gZ[hjhf

dhfZg^� wlhl gZ[hj bgkljmdpbc aZ]jm`Z_lky \ II<� LZdbf

h[jZahf� fu ihemqZ_f ki_pbZebabjh\Zggmx \uqbkebl_evgmx

kbkl_fm� dhlhjZy h^bgZdh\h wnn_dlb\gh � \ kfuke_

bkihevah\Zgby dhfZg^ � fh`_l j_rZlv ijbgpbibZevgh jZaebqgu_

aZ^Zqb�

�� Ijh]jZffgh_ h[_ki_q_gb_

G_hlt_fe_fhc qZklvx jZajZ[hldb ex[h]h

\uqbkebl_evgh]h mkljhckl\Z y\ey_lky jZajZ[hldZ ijh]jZffgh]h

h[_ki_q_gby� Ih^ ijh]jZffguf h[_ki_q_gb_f h[uqgh

ihgbfZxlky ^jZc\_jZ� yaudb ijh]jZffbjh\Zgby� [b[ebhl_db

nmgdpbc� < gZr_f kemqZ_ hkgh\ghc aZ^Zq_c klZeZ jZajZ[hldZ

]b[dh]h yaudZ ijh]jZffbjh\Zgby k e_]dh baf_gy_fuf gZ[hjhf

dhfZg^� Ijbq_f� lj_[m_lky mqblu\Zlv g_h[oh^bfhklv \dexq_gby

\ dhfZg^m ijhp_kkhjZ dhfZg^u \uqbkebl_evguf we_f_glh\� >ey

ijhklhlu jZajZ[hldb [ue \u[jZg yaud lbiZ Zkk_f[e_jZ� Dh^u

dhfZg^ fh]ml e_]dh [ulv baf_g_gu� LZd `_ e_]dh fh]ml [ulv

^h[Z\e_gu gh\u_ beb m^Ze_gu kms_kl\mxsb_ dhfZg^u�

Ihkdhevdm Ze]hjblfu h[jZ[hldb ^Zgguo bf_xl g_[hevrb_

h[t_fu� fh`gh h[hclbkv [_a dhfihgh\sbdZ h[t_dlguo fh^me_c�



Bgkljmf_glZevgh_ IH \uqbkebl_ey ihkljh_gh gZ [Za_

>bZeh]h\hc Kbkl_fu Kljmdlmjbjh\Zggh]h Ijh]jZffbjh\Zgby

�>KKI�� Baf_gy_fZy Zjobl_dlmjZ \uqbkebl_ey ijb\h^bl d

g_h[oh^bfhklb bf_lv ljZgkeylhj� iha\heyxsbc [ukljh

gZkljZb\Zlvky gZ gh\mx kbkl_fm dhfZg^� b kj_^kl\Z hleZ^db�

mijhsZxsb_ jZajZ[hldm Ze]hjblfh\�

Bgkljmf_glZevgh_ IH khklhbl ba mijhs_ggh]h

ljZgkeylhjZ k Zkk_f[e_jZ� imevlh\h]h fhgblhjZ b

ljZkkbjh\sbdZ� Imevlh\uc fhgblhj h[_ki_qb\Z_l ijhkfhlj

kh^_j`bfh]h j_]bkljh\ b iZfylb b aZimkd ijh]jZffu k gm`gh]h

Z^j_kZ� <h \k_o dhfihg_glZo IH bkihevam_lky h[jZlgZy ihevkdZy

aZibkv�

��� Kj_^Z jZajZ[hldb

G_h[oh^bfufb oZjZdl_jbklbdZfb� dhlhjufb ^he`_g [ue

h[eZ^Zlv bgkljmf_gl jZajZ[hldb b hleZ^db ijh]jZff ^ey II<�

y\bebkv ke_^mxsb_�

• Gbadhmjh\g_\uc ^hklmi d ZiiZjZlguf j_kmjkZf II<�

\ lhf qbke_ \ ^bZeh]h\hf j_`bf_ hleZ^db

• G_ljm^h_fdh_ gZibkZgb_ \kihfh]Zl_evguo

Ze]hjblfh\ \bamZebaZpbb b ijh]jZffghc h[jZ[hldb

j_amevlZlh\

• Ij_^hklZ\e_gb_ dhg_qghfm ihevah\Zl_ex m^h[gh]h

^ey g_]h bgl_jn_ckZ ijb jZ[hl_ k ijh]jZffguf

h[_ki_q_gb_f II<.
Ijh]jZffu gZ ihimeyjghc \ ihke_^g__ \j_fy Java,

h[eZ^Zxl ohjhr_c f_`ieZlnhjf_gghc i_j_ghkbfhklvx gZ

mjh\g_ bkihegy_fuo fh^me_c� gh \ kbem wnn_dlZ bgl_jij_lZpbb

Java-dh^Z Java-fZrbghc� ijhb]ju\Zxl \ ijhba\h^bl_evghklb

ijh]jZffZf gZ Kb� Kb� ijZdlbq_kdb ih\k_f_klgh bkihevamxsbc�

ky ^ey jZajZ[hldb gbadhmjh\g_\h]h ijh]jZffgh]h h[_ki_q_gby�

kha^Z_l bkihegy_fuc dh^� gh kha^Zgb_ ^bZeh]h\h]h j_`bfZ ^ey

jZ[hlu k II<� m^h\e_l\hjyxs_]h ihlj_[ghklyf jZajZ[hlqbdZ

hleZ`b\Zxs_]h ZiiZjZlmjm� y\ey_lky \_kvfZ ljm^h_fdbf�

Kms_kl\mxl yaudb ijh]jZffbjh\Zgby� m^h\e_l\hjyxsb_

ijb\_^_gguf \ur_ oZjZdl_jbklbdZf� Wlh )RUWK b >KKI�

 Yaud ijh]jZffbjh\Zgby )RUWK� jZajZ[hlZgguc Q�Fmjhf�
klZe \ gZqZe_ ���o [S1]]h^h\ gZ dhjhldh_ \j_fy kZfhc

jZkijhkljZg_gghc \ fbj_ kbkl_fhc ijh]jZffbjh\Zgby�

Ijbqbghc wlh]h fh`gh kqblZlv lh� qlh )RUWK [ue i_j\hc



h[s_^hklmighc bgl_]jbjh\Zgghc kbkl_fhc ijh]jZffbjh\Zgby�

jZ[hlhkihkh[ghc gZ kZfuo kdjhfguo \ hlghr_gbb

\uqbkebl_evguo j_kmjkh\ Zjobl_dlmjZo fbdjhW<F� M^h[kl\h

kbkl_fu ijh]jZffbjh\Zgby g_dhlhjh_ \j_fy i_j_\_rb\Zeb

g_ijb\uqghklv yaudZ�

< ^Zevg_cr_f ihimeyjghklv )RUWK j_adh miZeZ� qlh fh`gh

h[tykgblv l_f� qlh hg ^himkdZ_l ijh]jZffbjh\Zgb_ lhevdh

�kgbam \\_jo�� l�_� g_m^h[_g ^ey dhee_dlb\ghc jZajZ[hldb

[hevrbo ijh]jZff�

< fbj_ \ gZklhys__ \j_fy )RUWK bkihevam_lky ^ey

jZajZ[hldb�

 D� l_klh\h]h IH�
[� \kljh_ggh]h IH�

\� kbkl_f j_Zevgh]h \j_f_gb�

]� [hjlh\h]h IH dhkfbq_kdbo ZiiZjZlh\�

< gZr_c kljZg_ \ gZqZe_ ���o ]h^h\ [ueZ jZajZ[hlZgZ

>bZeh]h\Zy Kbkl_fZ Kljmdlmjbjh\Zggh]h Ijh]jZffbjh\Zgby

�>KKI�� dhlhjZy \h fgh]hf ij_\hkoh^bl yaud Forth.
>KKI �>bZeh]h\Zy kbkl_fZ kljmdlmjbjh\Zggh]h

ijh]jZffbjh\Zgby� kha^ZgZ gZ <FD F=M \ eZ[hjZlhjbb

G�I�;jmk_gph\Z ijbf_jgh \ ���� ]h^m� >KKI� dZd b Forth� fh`gh
hlg_klb d deZkkm kbkl_f ijh]jZffbjh\Zgby� aZgbfZxsbfb

ijhf_`mlhqgh_ iheh`_gb_ f_`^m yaudZfb ijh]jZffbjh\Zgby

\ukhdh]h b gbadh]h mjh\gy�

H[sbfb oZjZdl_jbklbdZfb wlbo yaudh\ y\eyxlky

ke_^mxsb_�

>\mokl_dh\Zy Zjobl_dlmjZ

I_j_^ZqZ \oh^guo b \uoh^guo iZjZf_ljh\ ijhba\h^blky

q_j_a kl_d ^Zgguo� Ijb \uah\_ ih^ijh]jZffu� Z^j_k� gZ dhlhjuc

gm`gh \_jgmlvky ihke_ \uiheg_gby ih^ijh]jZffu� ihf_sZ_lky \

kl_d \ha\jZlh\�

H[jZlgZy ihevkdZy aZibkv

Wlh kihkh[ aZibkb Zjbnf_lbq_kdbo \ujZ`_gbc� ijb

dhlhjhf g_l g_h[oh^bfhklb bkihevah\Zlv kdh[db ^ey

hij_^_e_gby ijbhjbl_lh\ \uiheg_gby hi_jZpbc� Ijb wlhf agZd

hi_jZpbb aZibku\Z_lky ihke_ hi_jZg^h\� GZijbf_j� �
�����

aZibku\Z_lky dZd � � � � 
 beb dZd � � � � 
� Wlh _kl_kl\_gguc

ihjy^hd \uqbke_gbc� dhlhjuc ijbf_gy_l q_eh\_d�

Keh\Zjb

Yaudb )RUWK b >KKI ^himkdZxl hij_^_e_gb_ gh\uo

hi_jZlhjh\ gZ hkgh\_ bf_xsboky� Gh\u_ hi_jZlhju fh`gh



k]jmiibjh\Zlv ih l_fZlbd_� \dexqb\ bo \ keh\Zjv� Wlh iha\hey_l

bkihevah\Zlv hi_jZlhju�hfhgbfu�

DhfiZdlguc dh^

Bkoh^guc l_dkl ljZgkebjm_lky \ krbluc dh^�

ij_^klZ\eyxsbc kh[hc Z^j_kZ \uau\Z_fuo ijhp_^mj� Djhf_

lh]h� kZfb l_dklu ijh]jZff ^hklZlhqgh dhfiZdlgu� GZ kljhd_

bkoh^gh]h l_dklZ jZaf_sZ_lky g_kdhevdh hi_jZlhjh\�

=b[dhklv� fh[bevghklv� gZjZsb\Z_fhklv

:jobl_dlmjZ nmgdpbhgZevgh]h yaudZ ij_^hklZ\ey_l

f_oZgbaf baf_g_gby ih\_^_gby ijh]jZffu Zevl_jgZlb\guc

f_oZgbafm \bjlmZevguo nmgdpbc yaudh\ h[t_dlgh�

hjb_glbjh\Zggh]h ijh]jZffbjh\Zgby�

>KKI j_Zebah\ZgZ \ kj_^_ hi_jZpbhgguo kbkl_f 56;� 57����

&30� 06'26� 81,;� 26� b� \hafh`gh� g_dhlhjuo ^jm]bo�

Kms_kl\m_l \_jkby� y^jh dhlhjhc gZibkZgh gZ yaud_ Kb� DZd

Z\lhghfgZy kbkl_fZ� >KKI j_Zebah\ZgZ gZ ijhp_kkhjZo Intel
8080,  PDP-11, Intel 80x86, Motorola 68000, R3000.

>ey dZ`^hc ijbdeZ^ghc h[eZklb fh`gh kha^Zlv

k\hckl\_gguc _c hi_jZlhjguc [Zabk b ibkZlv ijh]jZffm

ijZdlbq_kdb gZ _kl_kl\_gghf yaud_� � HLDJULVBDJ:G ��

IH>H@>:LVBK?D � A:DJULVBDJ:G

Ih^^_j`dZ \hkoh^ys_]h ijh]jZffbjh\Zgby

�jZajZ[hldZ kgbam�\\_jo� hl dhg_qguo ijhp_^mj d mijZ\eyxsbf

kbkl_fhc \ p_ehf Ze]hjblfZf��

>hihegbl_evgu_ hlebqby >KKI hl Forth:
;he__ ijhklZy aZibkv [Zah\uo dhgkljmdpbc

Ih^^_j`dZ gbkoh^ys_]h ijh]jZffbjh\Zgby

H^bg hi_jZlhj khhl\_lkl\m_l h^ghfm keh\m

bkihegy_fh]h dh^Z

��keh\h _klv keh\h��� Wlhl ijbgpbi iha\hey_l j_Zebah\Zlv

hleZ^dm� j_dhfibeypbx b gbkoh^ysmx jZajZ[hldm ijh]jZff

<kljh_gguc hleZ^qbd k j_dhfibeypb_c

;eZ]h^Zjy j_dhfibeypbb� kbkl_fZ hldjulZ ^ey

ihevah\Zl_ey bagmljb� Hg fh`_l bamqblv jZ[hlm __ Ze]hjblfh\

\iehlv ^h ijbfblb\guo hi_jZpbc�

<ukhdhmjh\g_\uc f_oZgbaf ijh]jZffguo

ij_ju\Zgbc b bkdexqbl_evguo kblmZpbc

Wlh \hafh`ghklv ij_^mkfhlj_lv j_Zdpbx gZ k[hc

ZiiZjZlmju �gZijbf_j� gZ hrb[dm ql_gby nZceZ�� khkj_^hlhqb\

kj_^kl\Z h[jZ[hldb lZdhc kblmZpbb \ hl^_evghf f_kl_

ijh]jZffu�



<ukhdhmjh\g_\u_ kljmdlmju ^Zgguo b hi_jZpbb

?klv \hafh`ghklv jZ[hlZlv k we_f_glZfb kljmdlmj

^Zgguo q_j_a bf_gZ ihe_c� [_a agZgby h lhqghf kihkh[_

jZaf_s_gby kljmdlmju \ iZfylb W<F� kha^Z\Zlv gh\u_ lbiu

^Zgguo� GZ[hj [Zah\uo hi_jZpbc �ijbk\h_gb_� keh`_gb_ k

qbkehf� fh`_l i_j_hij_^_eylvky ^ey gh\uo lbih\� LZdbf

h[jZahf fh`gh ihkljhblv lbi 6(7 �fgh`_kl\h� b hij_^_eblv ^ey

g_]h hi_jZpbb i_j_k_q_gby� ^h[Z\e_gby we_f_glZ \ fgh`_kl\h b

^jm]b_ hi_jZpbb�

Gb`_ ijb\_^_gZ aZibkv g_dhlhjuo hkgh\guo

dhgkljmdpbc gZ yaud_ \ukhdh]h mjh\gy �Y<M�� gZ >KKI b Forth:

Y<M       >KKI    FORTH
IF (T=0) THEN A         IF0 A    NOT IF A THEN
IF (T<0) THEN A         IF- A    NEG IF A THEN
IF (T>0) THEN A ELSE B  BR+ A B  IF A THEN B

 ELSE
IjhqblZlv agZq_gb_ i_j_f_gghc ; b aZibkZlv _]h \ <
Y:=X X ! Y X @ Y !
�7+(1 \ )RUWK y\ey_lky ijZ\hc kdh[dhc mkeh\gh]h

hi_jZlhjZ��

��� LjZgkeylhj

LjZ^bpbhgguc ih^oh^ \ jZajZ[hld_ ljZgkeylhjh\ k

Zkk_f[e_jh\ khklhbl \ lhf� qlh \ ih^Zgghc gZ \oh^ ljZgkeylhjZ

hq_j_^ghc kljhd_ l_dklZ gZoh^blky hi_jZlhj Zkk_f[e_jZ�

dhlhjuc kjZ\gb\Z_lky k h[jZapZfb lZ[ebpu dhfZg^ ljZgkeylhjZ�

AZl_f� \ aZ\bkbfhklb hl hi_jZlhjZ hij_^_eyxlky \b^u

hi_jZg^h\� LZdbf h[jZahf� kljhdZ y\ey_lky iZkkb\ghc

dhfihg_glhc kbglZdkbq_kdh]h ZgZebaZ� Yaud >KKI iha\hey_l

hij_^_eylv gh\u_ hi_jZlhju gZ hkgh\_ bf_xsboky� Z� agZqbl�

fh`gh kha^Zlv gh\uc yaud ijh]jZffbjh\Zgby \ l_jfbgZo

bkke_^m_fhc ij_^f_lghc h[eZklb� < gZr_f kemqZ_ wlh

\hafh`ghklv hij_^_eblv hi_jZlhj k bf_g_f dhfZg^u� Ijb lZdhf

ih^oh^_ kljhdZ Zkk_f[e_jZ y\ey_lky h^gh\j_f_ggh b kljhdhc

yaudZ >KKI� Wlh iha\hey_l g_ j_Zebah\u\Zlv Ze]hjblfu jZa[hjZ

Zjbnf_lbq_kdbo \ujZ`_gbc� Z ihevah\Zlvky \kljh_ggufb \

>KKI kj_^kl\Zfb� LjZgkebjm_fZy ijh]jZffZ y\ey_lky

h^gh\j_f_ggh Ze]hjblfhf \uiheg_gby fbdjhijh]jZffu gZ

yaud_ Zkk_f[e_jZ II<� b ijh]jZffhc gZ yaud_ >KKI� dhlhjZy



ljZgkebjm_l l_dkl fbdjhijh]jZffu \ fZrbgguc dh^ II<� Lh

_klv� ljZgkebjm_fZy ijh]jZffZ kZfZ mijZ\ey_l k\h_c

dhfibeypb_c�

JZkkfhljbf ljZgkeypbx dhfZg^u “add.da” (̂ h[Z\blv
agZq_gb_ ba j_]bkljZ ^Zgguo d j_]bkljm Z^j_kZ��
: add.da [rd.src,rd.dst]   .add.da OP REG2
REG1[] ;
bkihevam_fu_ keh\Z hij_^_e_gu lZd�
: OP        24 29 DEF ;
: REG1      20 23 DEF ;
: REG2      16 19 DEF ;

Hgb aZ^Zxl ^bZiZahgu jZaf_s_gby agZq_gbc \ fZrbgghf

keh\_ ^ey dh^Z hi_jZlhjZ� j_]bkljZ b ^j� Keh\h DEF, gZ dhlhjhf
hgb hkgh\Zgu� jZaf_sZ_l qbkeh \ ^bZiZahg [bl hi_jZlhjZ ^ey

aZibkb qbkeZ� “.add.da” ojZgbl dh^ hi_jZpbb.
LZdbf h[jZahf dhfibeypby kljhdb  “rd1 ra2 add.da ;;”

ijhbkoh^bl ke_^mxsbf h[jZahf�

• rd1 b ra2 – keh\Z�dhgklZglu� aZ^Zxsb_ ghf_jZ

j_]bkljZ ^Zgguo   b j_]bkljZ Z^j_kZ. Dh]^Z

bkihegbl_ev >KKI \klj_qZ_l bo \ l_dkl_� hg

ihf_sZ_l khhl\_lkl\mxsb_ agZq_gby \ kl_d�

• >Ze__ \uihegy_lky keh\h ³add.da”. < kl_d aZghkblky

dh^ wlhc dhfZg^u� dhlhjuc keh\hf OP k^\b]Z_lky \

khhl\_lkl\mxs__ _fm f_klh \ fZrbgghf dh^_� Ijb

wlhf dh^ dhfZg^u ba\e_dZ_lky ba kl_dZ� agZq_gb_

fZrbggh]h dh^Z nhjfbjm_lky \ ki_pbZevgh

hl\_^_gghc yq_cd_ iZfylb�

• :gZeh]bqgh ghf_jZ j_]bkljh\ k^\b]Zxlky \

hl\_^_ggu_ ^ey gbo ihabpbb \ fZrbgghf keh\_ b

^hihegyxl kh[hc agZq_gb_ fZrbggh]h dh^Z�

• AZ\_jrZxs__ keh\h “;;” ihf_sZ_l dhfZg^m \ h[eZklv
\uoh^guo ^Zgguo ljZgkeypbb�

Hij_^_e_gb_ gh\hc dhfZg^u mdeZ^u\Z_lky \ ^\_ kljhdb�

hij_^_e_gb_ dhgklZglu ghf_jZ hi_jZlhjZ �gZijbf_j� dhfZg^hc

“38 VALUE .DGG�GD´ � b kihkh[Z ljZgkeypbb hi_jZlhjZ �kf� \ur_
hij_^_e_gb_ keh\Z add.da).LZdhc ih^oh^ iha\hey_l hq_gv [ukljh
dhgnb]mjbjh\Zlv ljZgkeylhj ih^ gh\mx kbkl_fm dhfZg^�

Qlh[u h[e_]qblv gZibkZgb_ ijh]jZff� kh^_j`Zsbo

hi_jZlhju i_j_oh^Z� \ yaud Zkk_f[e_jZ \\h^ylky f_ldb� Ijb

dhfibeypbb� Z^j_k ^ey i_j_oh^Z beb kf_s_gb_ ^h g_]h hl

l_dms_c dhfZg^u jZaf_sZ_lky \ l_e_ dhfZg^u� ?keb f_ldZ _s_



g_ \klj_qZeZkv� lh Z^j_k i_j_oh^Z aZjZg__ g_ba\_kl_g� ?klv ^\Z

hkgh\guo ih^oh^Z j_r_gby wlhc ijh[e_fu� eb[h kh[bjZ_lky

bgnhjfZpby h f_klZo� \ dhlhjuo mihlj_[ey_lky bfy f_ldb� Z^j_k
dhlhjhc ihdZ g_ba\_kl_g� b ijb hij_^_e_gbb khhl\_lkl\mxs_c

f_ldb ih \k_f wlbf f_klZf ijhba\h^blky aZibkv gm`guo

agZq_gbc� eb[h ljZgkeypby ijhba\h^blky aZ ^\Z ijhoh^Z� GZ

i_j\hf hij_^_eyxlky agZq_gby f_lhd� Z gZ \lhjhf ijhba\h^blky

ljZgkeypby l_dklZ k bkihevah\Zgb_f wlbo agZq_gbc� <lhjhc

ih^oh^ [he__ ijhkl \ j_ZebaZpbb� ohly b aZgbfZ_l [hevr_

\j_f_gb� Fu fh`_f k_[_ iha\heblv bf_ggh _]h� ihkdhevdm

ijh]jZffu ^ey II< fZeu�

Ih ijbqbg_ fZeh]h h[t_fZ ijh]jZff lZd`_ fh`gh

h[hclbkv [_a dhfihgh\sbdZ�

5.3 LjZkkbjh\sbd

LjZkkbjh\sbd y\ey_lky kj_^kl\hf hleZ^db b

ij_^gZagZq_g ^ey hlke_`b\Zgby agZq_gbc j_]bkljh\ b neZ]h\

mijZ\eyxs_]h ijhp_kkhjZ \h \j_fy \uiheg_gby

fbdjhijh]jZffu� >baZkk_f[ebjh\Zggu_ dhfZg^u ijb

ljZkkbjh\d_ \u]ey^yl hlebqgh hl bkoh^gh]h l_dklZ� ]^_

bkihevam_lky ij_nbdkgZy ghlZpby� gh khhl\_lkl\mxl klbex

dhfZg^ ^jm]bo Zkk_f[e_jh\�

< j_amevlZl_ jZ[hlu ljZkkbjh\sbdZ k hij_^_e_ggufb

gZqZevgufb agZq_gbyfb j_]bkljh\� kha^Z_lky l_dklh\uc nZce�

lbibqguc \b^ kljhd dhlhjh]h lZdh\�
15E) 26550001 00000000          ---- subq
1,rd5
15F) 38310000 00000038 0000539B ---- add.da
rd3,ra1
160) 20210000 000001E0 00000000 ---- mov.dd
rd2,rd1
161) 0400015C                  N--- bpl     15C
162) 41000000 00000000          ---- ldrd
0,rd1
163) 28130000 000053D3 00005053 ---- mov.aa
ra1,ra3
164) 10000000                   ---- nop
165) 95E5BFFF 000006a0          -Z-- sync.r
ra2++  EL1=3 EL2=3
166) 95E52FFF 000006a0          ---- sync.r
ra2++ EL1=2 EL2=2



167) F9E52FFF                   ---- sync._
EL1=2 EL2=2
168) ACBC9FFF 00000004 00000004 ---- sync.rw
ra5++,  ra5++ EL1=1 EL2=1

LjZkkbjh\sbd j_Zebah\Zg ebrv ^ey h^gh]h ba \ZjbZglh\

\uqbkebl_ey�

��� Ijbf_j ijh]jZffu

Wlhl njZ]f_gl ijh]jZffu gZdeZ^u\Z_l nbevlj�

ojZgysbcky \h \gmlj_gg_c iZfylb \uqbkebl_evguo we_f_glh\�

gZ bah[jZ`_gb_ \ hi_jZlb\ghc iZfylb�

rd5 –\ukhlZ nbevljZ
ra1 –dhiby Z^j_kZ gZqZeZ ih^fZljbpu
rd9 – g_ijhc^_ggZy \ukhlZ nbevljZ \ i_j_f_gghc pbdeZ

L: CYC14
rd2 rd1  mov.dd �� >rbjbgZ nbevljZ��

aZghkblky \ ih\lhjbl_ev� l�d� ijhba\h^blky

h^gh\j_f_ggZy h[jZ[hldZ q_luj_o [Zcl@

nop �� >ijhimkd ^\mo lZdlh\ ^ey

^hklmighklb@

nop �� >bkihevah\Zgby kq_lqbdZ 5'�

\ dhfZg^_ ^ey \uqbkebl_evguo we_f_glh\@

>dhfZg^Z kdZeyjgh]h ijhba\_^_gby \_dlhjZ

bah[jZ`_gby b \_dlhjZ nbevljZ@

<< ra1 adr1++ rbank1 4 el1 4 el2 >>
nop ;;
nop ;;
rd3 ra1  add.da �� >i_j_kdhqblv gZ

ke_^mxsmx kljhdm \ ih^fZljbp_@

CYC14  loop �� >pbde ih kljhdZf ih^fZljbpu

 �gZeh`_gb_ nbevljZ�@

�� � HO� � HO� !! >^\_ kljhdb ^ey

hqbkldb]
<< 4 el1 4 el2 >>  [ dhg\__jZ@

> khojZgbf � khk_^gb_ ]hjbahglZevgu_

lhqdb

^ebgguf keh\hf@

<< ra5 adr2++ wbank2 1 el1 1 el2 >>
>\hcgZy lhqdZ k aZiylhc y\ey_lky ijbagZdhf dhgpZ

hi_jZlhjZ�



�� AZdexq_gb_

JZajZ[hlZgguc \uqbkebl_ev fh`_l wnn_dlb\gh

bkihevah\Zlvky \ kbkl_fZo h[jZ[hldb bah[jZ`_gbc \ j_Zevghf

\j_f_gb� ]^_ lj_[m_fu_ \j_f_gZ hldebdZ ihjy^dZ fbeebk_dmg^ b

gb`_ ijb h[t_f_ \oh^guo ^Zgguo hl khl_g dbeh[Zcl b \ur_�

Hlebqbl_evgufb hkh[_gghklyfb jZajZ[hlZggh]h \uqbkebl_ey

y\eyxlky�

\ukhdZy iZjZee_evghklv Zjobl_dlmju� iha\heyxsZy

h^gh\j_f_ggh \uihegylv [hevrh_ dhebq_kl\h Zjbnf_lbdh�

eh]bq_kdbo hi_jZpbc�

ZiiZjZlgZy j_ZebaZpbb Zjbnf_lbdh�eh]bq_kdbo hi_jZpbc�

qlh agZqbl_evgh khdjZsZ_l \j_fy bo ijh\_^_gby�

\hafh`ghklv ]b[dhc i_j_gZkljhcdb Zjobl_dlmju

\uqbkeyxsbo we_f_glh\� qlh ^_eZ_l \uqbkebl_ev

mgb\_jkZevguf mkljhckl\hf� dhlhjh_ fh`gh wnn_dlb\gh

bkihevah\Zlv ijb j_r_gbb rbjhdh]h deZkkZ aZ^Zq�

Ihemq_g iheh`bl_evguc j_amevlZl b gZdhie_g

agZqbl_evguc hiul \ jZajZ[hld_ ZiiZjZlguo

\ukhdhijhba\h^bl_evguo kj_^kl\ ^ey j_r_gby aZ^Zq ih

h[jZ[hld_ bgnhjfZpbb b fh^_ebjh\Zgbx g_cjhgguo k_l_c�

Ebl_jZlmjZ

2. :jyr_\ K�B�� ;h[dh\ K�=� G_cjhggu_ k_lb� hkgh\gu_ lbiu�

i_jki_dlb\u jZa\blby���<hijhku db[_jg_lbdb� K[� klZl_c ih^

j_^� <�;� ;_l_ebgZ ��Fhkd\Z� �����k� ��������

3. :jyr_\ K�B�� ;h[dh\ K�=�� Kb^hjh\ ?�:� IZjZee_evguc

i_j_ijh]jZffbjm_fuc \uqbkebl_ev ^ey kbkl_f h[jZ[hldb

bgnhjfZpbb b kb]gZeh\��GZmqgZy k_kkby FBNB�

���<k_jhkkkbckdZy gZmqgh�l_ogbq_kdZy dhgn_j_gpby

�G_cjhbgnhjfZlbdZ����� K[hjgbd gZmqguo ljm^h\� < �

qZklyo� Q��F��FBNB� ����� k�������

4. :oh :�� Ohidjhnl >`�� MevfZg >`� Ihkljh_gb_ b ZgZeba

\uqbkebl_evguo Ze]hjblfh\� I_j� k Zg]e� � F�� Fbj� ������

���k�

 



5. ;jmk_gph\ G�I�� AZoZjh\ <�;�� Jm^g_\ B�:�� Kb^hjh\ K�:�

>bZeh]h\Zy kbkl_fZ kljmdlmjbjh\Zggh]h ijh]jZffbjh\Zgby

>KKI���� � < dg�� >bZeh]h\u_ fbdjhdhfivxl_jgu_

kbkl_fu�F�� Ba^�\h F=M� ����� k������

6. =jb[dh\ B�<� � AZoZjh\ :�<� b ^j� Ij_^h[jZ[hldZ b

jZkihagZ\Zgb_ ^\mf_jguo bah[jZ`_gbc���<hijhku

db[_jg_lbdb� K[� klZl_c ih^ j_^� <�;� ;_l_ebgZ ��Fhkd\Z�

�����k� �����

7. D_eeb F�� KiZck G� Yaud ijh]jZffbjh\Zgby NHJL� � F��

JZ^bh b k\yav ����� ��� klj�

8. Ebg^eb D� IjZdlbq_kdZy h[jZ[hldZ bah[jZ`_gbc gZ yaud_ Kb

� I_j� k Zg]e��F��Fbj� ��������� k�� be�

 
9. Newbridge Corporation, SCV64 User Manual,1994.

.


