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F_lh^bdZ�jZajZ[hldb�[b[ebhl_db�rZ[ehgh\

%/$6�^ey�jZaj_`_gguo�fZljbp

K_f_gh\�<�:���LZjeZiZg�H�:�

<� klZlv_� hibku\Z_lky� mgbnbpbjh\ZggZy� j_ZebaZpby� iZd_lZ
BLAS� \� \b^_� [b[ebhl_db� rZ[ehgh\� gZ� yaud_� Kb���� RZ[ehgu
iZjZf_ljbamxlky� lbiZfb� jZaj_`_gguo� fZljbqguo� b� \_dlhjguo
hi_jZg^h\�� ^ey� dhlhjuo� hij_^_eyxlky� ki_pbZevgu_� kj_^kl\Z
gZ\b]Zpbb�ih�bo�ihjlj_lZf��>ey�[hevrbgkl\Z�nhjfZlh\�f_lh^bdZ
h[_ki_qb\Z_l� \ukhdmx� wnn_dlb\ghklv� dh^Z� ]_g_jbjm_fuo
[b[ebhl_d� ijb� kms_kl\_gghc� mgbnbdZpbb� b� ihjlZ[_evghklb
ijh]jZff�

���<\_^_gb_

B^_y� nhjfbjh\Zgby� [Zah\h]h� gZ[hjZ� ijhp_^mj�� gZb[he__� qZklh

bkihevam_fuo�ijb�j_ZebaZpbb�f_lh^h\�ebg_cghc� Ze]_[ju� �E:���\i_j\u_

[ueZ� knhjfmebjh\ZgZ� _s_� \� ����� ]h^m� [7]�� IZd_l�� i_j\hgZqZevgh

ij_^gZagZq_gguc� ^ey� jZ[hlu� k� \_dlhjgufb� ^Zggufb�� ihemqbe� gZa\Zgb_

BLAS� (BasiF Linear Algebra Subprograms)�� <� g_]h� \hreb� ijhp_^mju�

j_Zebamxsb_�ke_^mxsb_�ij_h[jZah\Zgby�

• kdZeyjgh_�ijhba\_^_gb_�^\mo�\_dlhjh\�
• ij_h[jZah\Zgb_�Axpy�\b^Z \ [ \← ⋅ +α �

• dhibjh\Zgb_�we_f_glh\�h^gh]h�\_dlhjZ�\�^jm]hc�
• i_j_klZgh\dZ�f_klZfb�we_f_glh\�^\mo�\_dlhjh\�
• mfgh`_gb_�\_dlhjZ�gZ�kdZeyj�
• \_dlhjgu_�ghjfu� �_\deb^h\Z�ghjfZ�� kmffZ� Z[khexlguo� agZq_gbc

we_f_glh\�b�fZdkbfZevgh_�Z[khexlgh_�agZq_gb_)�
• \jZs_gb_�=b\_gkZ�

Kh\j_f_ggu_�\_jkbb�iZd_lZ� agZqbl_evgh�jZkrbj_gu��<� aZ\bkbfhklb

hl�Ze]hjblfbq_kdhc�keh`ghklb�\�gbo�\u^_eyxl�ijhp_^mju�lbiZ�³\_dlhj�

\_dlhj´� ³fZljbpZ�\_dlhj´�� ³fZljbpZ�fZljbpZ´� h[t_^bg_ggu_� h[sbfb

gZa\Zgbyfb�BLAS1��BLAS2�b�BLAS3 [1,4]�
<� gZklhys__� \j_fy� iZd_l� BLAS� kqblZ_lky� klZg^Zjlguf� [Zah\uf

kj_^kl\hf�jZajZ[hldb�qbke_ggh]h�ijh]jZffgh]h�h[_ki_q_gby��^hklmiguf

dZd� \� \b^_� ihjlZ[_evguo� ijh]jZff�� lZd� b� \� \b^_� [b[ebhl_d�

hjb_glbjh\Zgguo�gZ�dhgdj_lgu_�ZiiZjZlgu_�ieZlnhjfu�

DZd�ijZ\beh��iZd_lu�b�[b[ebhl_db�BLAS�ij_^gZagZq_gu�^ey�jZ[hlu�k
fZljbqgufb� b� \_dlhjgufb� ^Zggufb�� ij_^klZ\e_ggufb� \� dZdhf�eb[h

nbdkbjh\Zgghf� gZ[hj_� nhjfZlh\� �h[uqgh� h^ghf� beb� ^\mo��� Ijbf_jhf



���

fh`_l� kem`blv� [b[ebhl_dZ� NIST�� h[_ki_qb\ZxsZy� jZ[hlm� kjZam� k

g_kdhevdbfb�jZaj_`_ggufb�fZljbqgufb�nhjfZlZfb� [�]��H]jZgbq_gghklv
^Zgguo� ijh]jZff� k\yaZgZ�� ]eZ\guf� h[jZahf�� k� bo� keZ[ufb

bgkljmf_glZevgufb� \hafh`ghklyfb�� g_h[oh^bfufb� ^ey� ih^^_j`db

gh\uo�fZljbqguo�nhjfZlh\�b�h[_ki_q_gby�kh\f_klbfhklb�f_`^m�gbfb��<

wlbo� kemqZyo� jZkrbj_gb_� iZd_lh\� k\h^blky� d� ljm^h_fdhc� ih\lhjghc

j_ZebaZpbb� ijhp_^mj� BLAS�� hlebqZxsboky� ebrv� lbiZfb� \_dlhjguo� b

fZljbqguo�hi_jZg^h\�

<f_kl_� k� l_f��ihiuldb� mgbnbpbjh\Zlv�ijh]jZffu�ih� hlghr_gbx� d

jZaebqguf�fZljbqguf� lbiZf�fh]ml� ijb\h^blv� d� ihl_j_� wnn_dlb\ghklb�

qlh�y\eyehkv�[u�djZcg_�g_`_eZl_evguf�^ey�BLAS��h[uqgh�bkihevam_fh]h
\�dZq_kl\_�\uqbkebl_evgh]h�y^jZ�keh`guo�ijbdeZ^guo�ijh]jZff�

<� gZklhys_c� jZ[hl_� ij_^eZ]Z_lky� f_lh^bdZ� mgbnbpbjh\Zgghc

j_ZebaZpbb� ijhp_^mj� BLAS� ^ey� ijhba\hevguo� jZaj_`_gguo� fZljbqguo
nhjfZlh\� k� bkihevah\Zgb_f� l_ogbdb� rZ[ehgh\�� ij_^mkfZljb\Z_fhc

kh\j_f_gguf�klZg^Zjlhf�ANSI yaudZ�C++�
JZkkfhljbf� ijbf_g_gb_� f_lh^bdb� gZ� ijbf_j_� j_ZebaZpbb

[b[ebhl_db�rZ[ehgh\�BLAS2�

���KhklZ\�iZd_lZ�BLAS�

IZd_l�BLAS2� \dexqZ_l� ke_^mxsb_� ]jmiiu� hi_jZpbc�� j_Zebamxsb_

jZaebqgu_�nhjfu�fZljbqgh�\_dlhjgh]h�mfgh`_gby�
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]^_� α β� � ±� kdZeyjgu_� i_j_f_ggu_� [ \�  ± \_dlhjZ� $±� ijyfhm]hevgZy

fZljbpZ, 7±�gb`g_- beb� \_jog_lj_m]hevgZy�fZljbpZ� + ±� kbff_ljbqgZy

fZljbpZ�

Djhf_� ijb\_^_ggh]h� klZg^Zjlgh]h� gZ[hjZ� ijhp_^mj�� g_dhlhju_

iZd_lu� >1,3@� ^hihegbl_evgh� \dexqZxl� hi_jZpbb� i_j_klZgh\db� b

i_j_mihjy^hqb\Zgby� kljhd� b� klhe[ph\� fZljbpu�� Z� lZd`_� jZaebqgu_



���

ijhp_^mju� ihbkdZ� ]eZ\gh]h� we_f_glZ�� \dexqZy� ijhp_^mju�fbgbfbaZpbb

aZiheg_gby�ijb�jZ[hl_�k�jZaj_`_ggufb�fZljbpZfb��<�jy^_�kemqZ_\�gZ[hj

jZkrbjyxl� qZklgufb�� gh� [he__� wnn_dlb\gufb� \ZjbZglZfb� mihfygmluo

h[sbo� ijhp_^mj�� GZijbf_j�� gZjy^m� kh� klZg^Zjlguf� ij_h[jZah\Zgb_f

h^ghjZg]h\hc�fh^bnbdZpbb�j_Zebamxl�qZklgu_�ij_h[jZah\Zgby�Ydh[b�b

OZmkohe^_jZ�

H[sbc� gZ[hj� ijhp_^mj� h[uqgh� jZkijhkljZgyxl� b� gZ� kemqZb

\_s_kl\_gguo�fZljbp�k�^\hcghc�lhqghklvx�b�dhfie_dkguo�fZljbp��LZdbf

h[jZahf�� ihegZy� j_ZebaZpby� iZd_lZ� %/$6� ^he`gZ� \dexqZlv� g_kdhevdh

Ze]hjblfbq_kdb�wd\b\Ze_glguo�\_jkbc��jZaebqZxsboky��\�dhg_qghf�kq_l_�

lbiZfb�fZljbqguo�hi_jZg^h\�

���<hafh`gu_�ih^oh^u�d�j_ZebaZpbb�%/$6

Kms_kl\m_l� g_kdhevdh�f_lh^heh]bq_kdb� jZaebqZxsboky� ih^oh^h\� d

j_ZebaZpbb�iZd_lZ�%/$6�

I_j\uf� y\ey_lky� ljZ^bpbhgguc� ijhp_^mjguc� kihkh[� hj]ZgbaZpbb

iZd_lZ� \� \b^_� Z\lhghfguo� ijhp_^mj�� kljh]h� hjb_glbjh\Zgguo� gZ

dhgdj_lgu_�nhjfZlu�^Zgguo��Ijb�lsZl_evghf�ijh]jZffbjh\Zgbb�ih^oh^

h[_ki_qb\Z_l�fZdkbfZevgmx� wnn_dlb\ghklv� ]_g_jbjm_fh]h� dh^Z�� h^gZdh

y\ey_lky� ^hklZlhqgh� ljm^h_fdbf� b� g_� m^h\e_l\hjy_l� lj_[h\Zgbyf

bgkljmf_glZevghklb�ijb�jZkrbj_gbb�gZ[hjZ�hi_jZpbc��ih^^_j`d_�gh\uo

fZljbqguo� nhjfZlh\� beb� bgl_]jZpbb� k� ijbdeZ^gufb� ijh]jZffZfb�

>jm]bf�g_^hklZldhf�ih^oh^Z�y\eyxlky�ljm^ghklb�bkihevah\Zgby�iZd_lZ�\

ijh]jZffZo�� \� dhlhjuo� g_kms_kl\_ggZ� beb� g_`_eZl_evgZ� dhgdj_lbaZpby

lbiZ� fZljbpu�� GZijbf_j�� f_lh^u� ebg_cghc� Ze]_[ju� \iheg_� fh]eb� [u

j_Zebah\u\Zlvky� \� kZfhf� h[s_f� \b^_� [_a� mlhqg_gby� dhgdj_lguo� lbih\

fZljbp�ijb�hij_^_e_gbb�^ey�gbo�g_h[oh^bfuo�hi_jZpbc�%/$6�

>Zggmx� \hafh`ghklv� h[_ki_qb\Z_l� h[t_dlgh�hjb_glbjh\Zgguc

ih^oh^�� ijbf_g_gb_� dhlhjh]h� \� ^Zgghf� kemqZ_� k\h^blky� d� hj]ZgbaZpbb

_^bghc� fZljbqghc� deZkkbnbdZpbb� b� j_ZebaZpbb� ijhp_^mj� %/$6� \� \b^_

ihebfhjnguo� f_lh^h\� gZke_^m_fuo� fZljbqguo� deZkkh\�� <hijhku

ijh_dlbjh\Zgby� fZljbqguo� deZkkbnbdZpbc� ^hklZlhqgh� ohjhrh

ijhjZ[hlZgu� >8,9@�� L_f� g_� f_g__�� b� a^_kv� fh`gh� \u^_eblv� g_kdhevdh
\hafh`guo�iml_c�j_ZebaZpbb�ijhp_^mj�%/$6�

• g_ihkj_^kl\_ggh�\�dZ`^hf�dhgdj_lghf�fZljbqghf�deZkk_�
• \�fZljbqguo�kmi_jdeZkkZo�k�bkihevah\Zgb_f�\bjlmZevgh]h�^hklmiZ

d�we_f_glZf�fZljbp�beb�hi_jZpbc�%/$6�[he__�gbadh]h�mjh\gy�

• \� dZ`^hf� dhgdj_lghf� fZljbqghf� deZkk_� iml_f� i_j_\uah\Z

khhl\_lkl\mxs_]h�rZ[ehgZ�k�mdZaZgb_f�dhgdj_lguo�lbih\�



���

I_j\uc� kihkh[� ih� wnn_dlb\ghklb� b� ljm^h_fdhklb� j_ZebaZpbb

wd\b\Ze_gl_g� ijhp_^mjghfm� ih^oh^m�� gh� \f_kl_� k� l_f� h[_ki_qb\Z_l

\hafh`ghklv�fZgbimebjh\Zgby�k�Z[kljZdlgufb�fZljbqgufb�lbiZfb�

<h� \lhjhf� kemqZ_� aZljZlu� gZ� ijh]jZffbjh\Zgb_� fbgbfZevgu�

ihkdhevdm� hi_jZpbb� %/$6� j_Zebamxlky� lhevdh� gZ� \_jogbo� mjh\gyo

fZljbqghc�b_jZjobb�b� Z\lhfZlbq_kdb�gZke_^mxlky� \k_fb�ijhba\h^gufb

deZkkZfb�� >ey� ih^^_j`db� gh\h]h� fZljbqgh]h� lbiZ� ^hklZlhqgh

i_j_hij_^_eblv� ebrv� [Zah\u_� hi_jZpbb� ^hklmiZ� d� we_f_glZf�� H^gZdh

lZdhc� kihkh[�fh`_l� ijb\h^blv� d� djZcg_� gbadhc� wnn_dlb\ghklb� dh^Z� aZ

kq_l� qZklh]h� �ih� hlghr_gbx� d� qbkem� \uihegy_fuo� we_f_glZjguo

Zjbnf_lbq_kdbo�hi_jZpbc��bkihevah\Zgby�\bjlmZevguo�hi_jZpbc�^hklmiZ

d�we_f_glZf�fZljbpu��Ijbf_g_gb_�hi_jZpbc�%/$6�[he__�gbadh]h�mjh\gy

\�dZq_kl\_�[Zah\uo�lZd`_�kgb`Z_l�\hafh`ghklv�hilbfbaZpbb�dh^Z�

<Z`gh� aZf_lblv�� qlh� ^Zgguc� kihkh[� g_� bkdexqZ_l� ij_^u^ms_]h�

ihkdhevdm� ex[Zy� hi_jZpby� fZljbqgh]h� kmi_jdeZkkZ� fh`_l� [ulv

i_j_hij_^_e_gZ� \� ijhba\h^ghf� deZkk_� [he__� wnn_dlb\guf� h[jZahf� k

mq_lhf� fZl_fZlbq_kdbo� k\hckl\� b� hkh[_gghkl_c� ij_^klZ\e_gby� ^Zgguo�

H[_ki_q_gb_� ]b[dh]h� dhfijhfbkkZ� f_`^m� ijhba\h^bl_evghklvx� b

aZljZlZfb�gZ�ijh]jZffbjh\Zgb_�\�^Zgghf�kemqZ_�fh`_l�jZkkfZljb\Zlvky

dZd� h^gh� ba� ij_bfms_kl\� w\hexpbhgghc� jZajZ[hldb� fZljbqgh]h

h[_ki_q_gby�

<�gZklhys_c�jZ[hl_�jZkkfZljb\Z_lky� lj_lbc�Zevl_jgZlb\guc�kihkh[

j_ZebaZpbb�iZd_lZ� %/$6��<f_klh� hi_jZpbc�^hklmiZ� d� we_f_glZf�fZljbp

ij_^eZ]Z_lky� bkihevah\Zlv� [he__� wdhghfbqgu_� hi_jZpbb� bl_jbjh\Zgby

g_gme_\uo� we_f_glh\� \� ihjlj_l_� ijhba\hevghc� jZaj_`_gghc� fZljbpu�

F_lh^u� bl_jbjh\Zgby� fh]ml� [ulv� ^hklZlhqgh� ijhklh� b� wnn_dlb\gh

j_Zebah\Zgu� \� dZ`^hf� dhgdj_lghf� deZkk_� k� mq_lhf� hkh[_gghkl_c

ij_^klZ\e_gby� ^Zgguo� b� bkihevah\Zlvky� \� dZq_kl\_� [Zah\uo� ijb

j_ZebaZpbb�ijhp_^mj�%/$6��Qlh[u�bkdexqblv�\bjlmZevgh_�bkihevah\Zgb_

f_lh^h\� bl_jbjh\Zgby�� iZd_l� hj]Zgbam_lky� \� \b^_� [b[ebhl_db�rZ[ehgh\

nmgdpbc�� iZjZf_ljbam_fuo� lbiZfb� kdZeyjguo�� \_dlhjguo� b� fZljbqguo

hi_jZg^h\��Ijb�wlhf�hi_jZpbb�%/$6�j_Zebamxlky�\�dZ`^hf�dhgdj_lghf

fZljbqghf� deZkk_� q_j_a� \uah\� khhl\_lkl\mxs_]h� rZ[ehgZ� k� mdZaZgb_f

dhgdj_lguo�lbih\�

B�� gZdhg_p�� lj_lvbf� ih^oh^hf� y\ey_lky� kha^Zgb_� deZkkbnbdZpbb

we_f_glZjguo� fZljbp�� Hi_jZpbb� k� gbfb� wd\b\Ze_glgu� g_dhlhjuf

fZljbqguf� ij_h[jZah\Zgbyf� BLAS�� Ijbf_jZfb� we_f_glZjguo� fZljbp
fh]ml� kem`blv� fZljbpZ� Njh[_gbmkZ�� wd\b\Ze_glgZy� ijhp_^mj_

h^ghjZg]h\hc� fh^bnbdZpbb�� fZljbpZ� i_j_klZgh\hd�� wd\b\Ze_glgZy

ijhp_^mj_� i_j_mihjy^hq_gby� kljhd� beb� klhe[ph\� fZljbpu�� Ih^oh^

h[_ki_qb\Z_l� ^jm`_kl\_gghklv� bgl_jn_ckZ� fZljbqguo� deZkkh\�

ijb[eb`Zy� ijh]jZffbjh\Zgb_� Ze]hjblfh\� E:� d� ljZ^bpbhgghc



���

fZl_fZlbq_kdhc� aZibkb�� G_^hklZldhf� ih^oh^Z� y\ey_lky� g_\hafh`ghklv

ij_^klZ\e_gby� jy^Z� ij_h[jZah\Zgbc� BLAS� \� \b^_� wd\b\Ze_glguo

hi_jZpbc�k�we_f_glZjgufb�fZljbpZfb��Hkh[_gghklb�ijbf_g_gby�^Zggh]h

ih^oh^Z�ih^jh[gh�jZkkfZljb\Zxlky�\�[9]�
HklZgh\bfky�[he__�ih^jh[gh�gZ�j_ZebaZpbb�ij_^eh`_gghc�f_lh^bdb�

���FZljbqguc�bl_jZlhj�dZd�kj_^kl\h�gZ\b]Zpbb

H[km^bf�\hafh`ghklv�^hklmiZ�d�we_f_glZf�fZljbp�k�bkihevah\Zgb_f

fZljbqgh]h�bl_jZlhjZ�

<�kZfhf�^_e_��[hevrbgkl\h�Ze]hjblfh\�E:�g_�lj_[mxl�oZhlbq_kdh]h

^hklmiZ� d� we_f_glZf� fZljbp�� GZb[he__� mihlj_[bfuf� y\ey_lky

ihke_^h\Zl_evgh_�kdZgbjh\Zgb_�we_f_glh\�kljhdb��klhe[pZ�beb�^bZ]hgZeb�

Ijb� wlhf�hi_jZpby�\uqbke_gby� Z^j_kZ�g_gme_\h]h� we_f_glZ�fh`_l�[ulv

kms_kl\_ggh� mijhs_gZ�� _keb� ba\_kl_g� Z^j_k� khk_^g_]h� k� gbf� we_f_glZ�

ijbq_f� wlh�\_jgh�dZd�^ey�iehlguo�� lZd�b�^ey� jZaj_`_gguo�nhjfZlh\��<

kemqZ_� jZaj_`_gguo� nhjfZlh\� fh`gh� gZ^_ylvky� gZ� [he__� hsmlbfuc

\ub]jur��ihkdhevdm�[hevrbgkl\h�ba�gbo�bkihevamxl�fZkkb\u�beb�kibkdb

we_f_glh\��mihjy^hq_ggu_�ih�bg^_dkZf�

Bkihevah\Zgb_� bl_jZlhjh\� iha\hey_l� Z\lhfZlbq_kdb� ih^^_j`b\Zlv

jZaj_`_gghklv� \_dlhjguo� b� fZljbqguo� hi_jZg^h\� b�� dZd� ke_^kl\b_�

khdjZlblv� h[t_f� \uqbke_gbc� aZ� kq_l� bkdexq_gby� hi_jZpbc� k� gme_\ufb

we_f_glZfb��>Zgguc� Zki_dl� y\ey_lky� dexq_\uf� b� aZgbfZ_l� p_gljZevgh_

f_klh�\�l_ogheh]byo�jZaj_`_gguo�fZljbp�

K�dZ`^uf�fZljbqguf�deZkkhf�[m^_f�k\yau\Zlv�^jm`_kl\_gguc�_fm

deZkk�fZljbqgh]h�bl_jZlhjZ�� ^ey� dhlhjh]h� hij_^_ebf�f_lh^u�gZ\b]Zpbb

ih� ihjlj_lm� fZljbpu�� Ihkdhevdm� bl_jZlhj� bf__l� g_ihkj_^kl\_gguc

^hklmi� dh� \k_f� qe_gZf� khhl\_lkl\mxs_]h� fZljbqgh]h� deZkkZ�� f_lh^u

gZ\b]Zpbb� fh]ml� [ulv� j_Zebah\Zgu� wnn_dlb\guf� h[jZahf� k� mq_lhf

hkh[_gghkl_c� ij_^klZ\e_gby� dhgdj_lguo� kljmdlmj� ^Zgguo�� Ijb� wlhf

fh`_l� [ulv� \ujZ[hlZg� mgbnbpbjh\Zgguc� gZ[hj� f_lh^h\� gZ\b]Zpbb�

ijbf_gbfuc�d�ijhba\hevguf�fZljbqguf�h[t_dlZf�

FZljbqgu_� bl_jZlhju�� khhl\_lkl\mxsb_� jZaebqguf� fZljbqguf

lbiZf��fh]ml�kljhblvky�dZd�g_aZ\bkbfuf�h[jZahf��lZd�b�hj]Zgbah\u\Zlvky

\� _^bgmx� b_jZjobx� gZke_^m_fuo� deZkkh\�� iZjZee_evgmx� fZljbqghc�� <

ihke_^g_f� kemqZ_� bl_jZlhju� fh]ml� bkihevah\Zlvky� ijb� h[h[s_gghc

j_ZebaZpbb�hi_jZpbc�BLAS�\�fZljbqguo�kmi_jdeZkkZo�
<� dZq_kl\_� ijbf_jZ� ijb\_^_f� bgl_jn_ck� deZkkZ� bl_jZlhjZ� ^ey

fZljbp��ij_^klZ\e_gguo�\�nhjfZl_�DgmlZ:

VWUXFW�.QXW(OHPHQW����EDVLF�VWUXFW�IRU�QRQ�]HUR�HOHPHQW
FODVV��.QXW0DWUL[�����.QXW�PDWUL[�IRUPDW



���

FODVV�.QXW0DWUL[,WHUDWRU�^
��IULHQG�FODVV�.QXW0DWUL[�
��.QXW0DWUL[�PDWU�
��.QXW(OHPHQW�SWU�
SXEOLF�
��.QXW0DWUL[,WHUDWRU���
��.QXW0DWUL[,WHUDWRU�.QXW0DWUL[�	PDWU��
��.QXW0DWUL[,WHUDWRU�.QXW0DWUL[�	PDWU��1XPEHU�URZ��1XPEHU�FRO��
��a.QXW0DWUL[,WHUDWRU���
��
��YRLG�$WWDFK�.QXW0DWUL[�	PDWU��
��YRLG�$WWDFK�.QXW0DWUL[�	PDWU��1XPEHU�URZ��1XPEHU�FRO��
��YRLG�'HWDFK���
��
��YRLG�6HW,Q5RZ�1XPEHU�URZ��1XPEHU�FRO��
��YRLG�6HW,Q&ROXPQ�1XPEHU�URZ��1XPEHU�FRO��
��
��LQOLQH�79DOXH��(OHPHQW���FRQVW�
��LQOLQH�79DOXH	�(OHPHQW���
��LQOLQH�1XPEHU�5RZ,QGH[����FRQVW�
��LQOLQH�1XPEHU�&ROXPQ,QGH[����FRQVW�
��

��LQOLQH�%RRO�:KLOH���FRQVW�
��LQOLQH�%RRO�:KLOH�FRQVW�%ORFN�	EO��FRQVW�
��LQOLQH�%RRO�:KLOH�1XPEHU�LPD[��1XPEHU�MPD[��FRQVW�
��LQOLQH�%RRO�:KLOH,Q5RZ���FRQVW�
��LQOLQH�%RRO�:KLOH,Q5RZ�1XPEHU�MPD[��FRQVW�
��LQOLQH�%RRO�:KLOH,Q&ROXPQ���FRQVW�
��LQOLQH�%RRO�:KLOH,Q&ROXPQ�1XPEHU�LPD[��FRQVW�
��

��LQOLQH�YRLG�1H[W,Q5RZ���
��LQOLQH�YRLG�1H[W,Q&ROXPQ���
`�

AZdjulu_� ^Zggu_� deZkkZ� ij_^gZagZq_gu� ^ey� ijb\yadb� bl_jZlhjZ� d

dhgdj_lghfm� fZljbqghfm� h[t_dlm� b� we_f_glm�� hkms_kl\ey_fhc

dhgkljmdlhjZfb� b� ki_pbZevgufb� f_lh^Zfb� Attach b Detach�� F_lh^u

SetInRow b�SetInColumn mklZgZ\eb\Zxl�bl_jZlhj�gZ�dhgdj_lguc�we_f_gl
fZljbpu�� <� kemqZ_� hlkmlkl\by� bkdhfh]h� we_f_glZ� bl_jZlhj

mklZgZ\eb\Z_lky�gZ�ke_^mxsbc�g_gme_\hc�we_f_gl�\�mdZaZgghc�kljhd_�beb

klhe[p_�fZljbpu��>Zggh_�ijZ\beh�jZkijhkljZgy_lky�gZ�\k_�f_lh^u�deZkkZ�

<k_�ke_^mxsb_�f_lh^u�j_Zebah\Zgu�gZb[he__�wnn_dlb\guf�h[jZahf

\�\b^_�inline�nmgdpbc�
F_lh^�Element�h[_ki_qb\Z_l�^hklmi�d�agZq_gbx�l_dms_]h�g_gme_\h]h

we_f_glZ� fZljbpu�� F_lh^u� RowIndex� b� ColumnIndex \ha\jZsZxl

agZq_gby�kljhqgh]h�b�klhe[ph\h]h�bg^_dkZ�l_dms_]h�we_f_glZ�

JZaebqgu_�fh^bnbdZpbb�f_lh^Z�While�ij_^gZagZq_gu�^ey�ijh\_jdb
gZoh`^_gby� bl_jZlhjZ� \� ij_^_eZo� \k_c� fZljbpu�� kljhdb�� klhe[pZ� beb� \

aZ^Zgghf�[ehqghf��kljhqghf�beb�klhe[ph\hf�k_]f_gl_�



���

F_lh^u� bl_jbjh\Zgby� NextInRow b NextInColumn
i_j_mklZgZ\eb\Zxl�mdZaZl_ev�gZ�ke_^mxsbc we_f_gl�\�kljhd_�beb�klhe[p_
fZljbpu�

B^_glbqguc� gZ[hj� f_lh^h\� gZ\b]Zpbb� j_Zebam_lky� \� ZgZeh]bqguo

deZkkZo� bl_jZlhjh\�� khhl\_lkl\mxsbo� ^jm]bf� fZljbqguf� deZkkZf�

Knhjfbjh\Zgguc� gZ[hj� f_lh^h\� y\ey_lky� nmgdpbhgZevgh� iheguf� ^ey

g_ihkj_^kl\_gghc�j_ZebaZpbb�[hevrbgkl\Z�Ze]hjblfh\�E:��GZ[hj�fh]�[u

[ulv�jZkrbj_g�f_lh^Zfb�gZ\b]Zpbb�\�^jm]bo�gZijZ\e_gbyo��\�lhf�qbke_�b

\� gZijZ\e_gbyo� ijhlb\hiheh`guo� mihfygmluf�� <� \b^m� j_^dh]h

bkihevah\Zgby�b�\hafh`ghc�gbadhc�wnn_dlb\ghklb�^ey�jZkijhkljZg_gguo

fZljbqguo�nhjfZlh\�hgb�g_�[ueb��\dexq_gu�

����;b[ebhl_dZ�rZ[ehgh\�%/$6

�L_ogbdZ� bkihevah\Zgby� rZ[ehgh\� \� gZklhys__� \j_fy� ihemqbeZ

rbjhdh_� jZkijhkljZg_gb_�ijb�ijh]jZffbjh\Zgbb� � klZg^Zjlguo� [Zah\uo

kljmdlmj�^Zgguo��g_dhlhjuo�h[t_dlh\�E:�b�ZgZebaZ�>5,6@�
�Ijbf_g_gb_�l_ogbdb�rZ[ehgh\�ijb�j_ZebaZpbb�iZd_lZ�%/$6�bf__l

p_evx� bkdexqblv� \bjlmZevgh_� bkihevah\Zgb_� f_lh^h\� ^hklmiZ� d

we_f_glZf� \_dlhjguo� b� fZljbqguo� hi_jZg^h\� b� l_f� kZfuf� h[_ki_qblv

fZdkbfZevgh�\hafh`gmx�wnn_dlb\ghklv�]_g_jbjm_fh]h�dh^Z�ijb�iheghc

mgbnbdZpbb� kZfbo� ijh]jZff� ih� hlghr_gbx� d� jZaebqguf� \_dlhjguf� b

fZljbqguf��nhjfZlZf�

�<� dZq_kl\_� iZjZf_ljh\� \� rZ[ehgu� ijhp_^mj� i_j_^Zxlky� lbiu

kdZeyjguo�� \_dlhjguo� b� fZljbqguo� hi_jZg^h\�� mqZkl\mxsbo� \

ij_h[jZah\Zgbyo��>ey� j_ZebaZpbb� kZfbo� ijhp_^mj� %/$6� ^he`gu� � [ulv

hij_^_e_gu� lZd`_� lbiu� bl_jZlhjh\�� g_h[oh^bfu_� ^ey� gZ\b]Zpbb� ih

jZaj_`_gguf� \_dlhjguf� b�fZljbqguf� h[t_dlZf��Qlh[u� g_� i_j_]jm`Zlv

kibkhd� iZjZf_ljh\�rZ[ehgh\�� i_j_^Zqm� ^Zgguo� � ^hihegbl_evguo� lbih\

p_e_khh[jZagh�hkms_kl\eylv�g_y\gh�k�hkgh\gufb�lbiZfb��k�dhlhjufb�hgb

k\yaZgu��<�ke_^mxs_f�jZa^_e_��ijb\h^blky�ijbf_j�j_ZebaZpbb�rZ[ehgZ�k

g_y\ghc��i_j_^Zq_c�lbih\�

�Ijbf_g_gb_� rZ[ehgZ� ijhp_^mju� ij_^iheZ]Z_l� hij_^_e_gb_� ^ey

i_j_^Z\Z_fuo� lbih\� g_h[oh^bfuo�f_lh^h\� b� hi_jZpbc�� bkihevam_fuo� \

ijhp_^mj_�� Ihkdhevdm� fu� g_� � lj_[m_f�� qlh[u� deZkku� fZljbqguo

bl_jZlhjh\� hj]Zgbah\u\Zebkv� \� _^bgmx� b_jZjobx� deZkkh\� k� h[sbf

bgl_jn_ckhf�� � \dexqZxsbf� jZkkfhlj_gguc� \ur_� gZ[hj� f_lh^h\

gZ\b]Zpbb�� hl\_lkl\_gghklv� � aZ� ih^^_j`dm� g_h[oh^bfuo� hi_jZpbc

p_ebdhf�\haeZ]Z_lky�gZ��ihevah\Zl_ey�

�<� dZq_kl\_� ijbf_jZ� ijb\_^_f� iheguc� kibkhd� j_Zebah\Zgguo

rZ[ehgh\�ijhp_^mj�%/$6���>ey�wdhghfbb�f_klZ�\�g_dhlhjuo�hibkZgbyo

hims_gh� h[ty\e_gb_� kZfh]h�rZ[ehgZ��Bkihevam_fu_� h[hagZq_gby� lbih\

khhl\_lkl\mxl�k_fZglbd_�i_j_^Z\Z_fuo�iZjZf_ljh\�



���

RZ[ehg�ijhp_^mju

WHPSODWH�79DOXH��70DWUL[�79HFWRU���79HFWRU�!
YRLG�$[S\�79DOXH�DOSKD��FRQVW�70DWUL[	�$��FRQVW�79HFWRU�	�[�
����������79DOXH�EHWD��79HFWRU�	�\��

hij_^_ey_l� klZg^Zjlgmx� fZljbqgmx� ijhp_^mjm� $[S\�� :gZeh]bqgh_

ij_h[jZah\Zgb_�� ijbf_g_ggh_� d� fZljbp_�� � ljZgkihgbjh\Zgghc

hlghkbl_evgh�aZ^Zgghc��j_Zebam_l�ijhp_^mjZ

YRLG�$[S\7�79DOXH�DOSKD��FRQVW�70DWUL[	�$�
�����������FRQVW�9HFWRU�	�[��79DOXH�EHWD��79HFWRU�	�\��

Ke_^mxsb_� ijhp_^mju� hkms_kl\eyxl� mfgh`_gb_� khhl\_lkl\mxsbo

gb`g_��b�\_jog_lj_m]hevguo�k_]f_glh\�fZljbpu�gZ�\_dlhj�

YRLG�8S7ULDQJXODU0XOWLSO\�FRQVW�70DWUL[	�7��FRQVW�79HFWRU�	�[�
��������������������������79HFWRU�	�\��
YRLG�8S7ULDQJXODU70XOWLSO\�FRQVW�70DWUL[	�7��FRQVW�79HFWRU�	��[�
���������������������������79HFWRU�	�\��
YRLG�/RZ7ULDQJXODU0XOWLSO\�FRQVW�70DWUL[	�7��FRQVW�79HFWRU�	�[�
���������������������������79HFWRU�	�\��

Ijhp_^mju

YRLG�5DQN0RGLI\�79DOXH�DOSKD��70DWUL[	�$��FRQVW�79HFWRU�	�[�
����������������FRQVW��79HFWRU�	�\��
YRLG�6\PPHWULF5DQN0RGLI\�79DOXH�DOSKD��70DWUL[	�$�
�������������������������FRQVW�79HFWRU	��[��

j_Zebamxl� ijhklmx� b� kbff_ljbqgmx� h^ghjZg]h\mx� fh^bnbdZpbb

ijhba\hevghc�fZljbpu��Z�ijhp_^mjZ

YRLG�6\PPHWULF5DQN0RGLI\6\PPHWULF0DWUL[�79DOXH�DOSKD�
������������������������76\PPHWULF0DWUL[	�$���FRQVW�79HFWRU	�[��

– kbff_ljbqgmx�h^ghjZg]h\mx�fh^bnbdZpbx�kbff_ljbqghc��fZljbpu�

>ey� j_r_gby� kbkl_f� mjZ\g_gbc�� aZ^Zgguo� gb`gbf� beb� \_jogbf

lj_m]hevguf�k_]f_glhf�fZljbpu��ij_^gZagZq_gu�ijhp_^mju

YRLG�6ROYH/RZ7ULDQJXODU�FRQVW�70DWUL[	�7��79HFWRU�	�[�
������������������������FRQVW��79HFWRU�	�\��
YRLG�6ROYH8S7ULDQJXODU�FRQVW�70DWUL[	�7��79HFWRU�	�[�
�����������������������FRQVW��79HFWRU�	�\��

AZf_lbf��qlh��g_kfhljy�gZ�lh��qlh�ijhp_^mju�nZdlbq_kdb�hi_jbjmxl�k

fZljbpZfb� ki_pbZevghc� kljmdlmju�� \� dZq_kl\_� iZjZf_ljZ� i_j_^Z_lky

kkuedZ�gZ�fZljbpm� �h[s_]h�\b^Z�� �>Zggh_�h[klhyl_evkl\h�k\yaZgh�k� l_f�



���

qlh�j_Zevgh_��ij_h[jZah\Zgb_�ijbf_gy_lky�g_�dh�\k_c�fZljbp_��Z�lhevdh�d

aZ^Zgghfm�k_]f_glm�

���Ijh]jZffbjh\Zgb_�ijhp_^mj�%/$6�k�bkihevah\Zgb_f

f_lh^bdb�rZ[ehgh\

JZkkfhljbf� [he__� ih^jh[gh� j_ZebaZpbx� rZ[ehgh\� %/$6� � k

bkihevah\Zgb_f� ij_^eh`_gghc� f_lh^bdb� gZ� ijbf_j_� klZg^Zjlghc

fZljbqghc�ijhp_^mju�$[S\�

���$[S\
���\ DOSKD$[�EHWD\
���DOSKD��EHWD���VFDODU
���[�������������FRQVW�YHFWRU
���\�������������YHFWRU�YDULDEOH
���$�������������FRQVW�PDWUL[
WHPSODWH�FODVV�79DOXH��FODVV�79HFWRU��
���������FODVV�79HFWRU���FODVV�70DWUL[!
YRLG�$[S\�79DOXH�DOSKD��FRQVW�70DWUL[	�$��FRQVW�79HFWRU�	�[�
����������79DOXH�EHWD��79HFWRU�	�\��^
��W\SHGHI�79HFWRU���LWHUDWRU��,WHUDWRU��
��W\SHGHI�79HFWRU���LWHUDWRU��,WHUDWRU��
��W\SHGHI�70DWUL[��GYDOXH�����7'9DOXH�
��W\SHGHI�70DWUL[��LWHUDWRU���0DWUL[,WHUDWRU�

��,WHUDWRU��LWHUB[�[��
��,WHUDWRU��LWHUB\�\��
��0DWUL[,WHUDWRU�LWHUBPDWUL[�$��
��'LPHQVLRQ�GLP $�*HW'LPHQVLRQ���
��'LUHFWLRQ�G $�%HVW'LUHFWLRQ���
��LI�G  $OO�__�G  5LJKW��^
��������GRW�LPSOHPHQWDWLRQ�IRU�URZ�RULHQWHG�IRUPDWV
�����\�6FDO�EHWD��
�����IRU�1XPEHU�L ���L�GLP�Q��L����^
��������7'9DOXH�VXP ��
�����������XSGDWH�0DWUL[�LWHUDWRU
��������IRU�LWHUB[�6WDUW����LWHUBPDWUL[�6HW,Q5RZ�L����
������������LWHUB[�:KLOH���		�LWHUBPDWUL[�:KLOH���
������������LWHUBPDWUL[�1H[W,Q5RZ����^
��������������1XPEHU�M LWHUBPDWUL[�&ROXPQ,QGH[���
�����������������8SGDWH�;�LWHUDWRU
��������������IRU���LWHUB[�:KLOH�M���LWHUB[�1H[W���
�����������������
��������������LI�LWHUB[�:KLOH���		�LWHUB[�,QGH[��  M�
����������������VXP� LWHUB[�(OHPHQW��LWHUBPDWUL[�(OHPHQW���
��������`
��������\>L@� DOSKDVXP�
�����`
��`
��HOVH�^
��������D[S\�LPSOHPHQWDWLRQ�IRU�URZ�RULHQWHG�IRUPDWV
�����\�6FDO�EHWD��



���

�����IRU�LWHUB[�6WDUW����LWHUB[�:KLOH����LWHUB[�1H[W����^
��������1XPEHU�M LWHUB[�,QGH[���
��������79DOXH�YDU LWHUB[�(OHPHQW��DOSKD�
��������IRU�LWHUBPDWUL[�6HW,Q&ROXPQ���M���LWHUBPDWUL[�:KLOH���
������������LWHUBPDWUL[�1H[W,Q&ROXPQ���
����������\>LWHUBPDWUL[�,QGH[5RZ��@� YDULWHUBPDWUL[�(OHPHQW���
�����`
��`
`

<�^Zgghc�nmgdpbb�bkihevamxlky�ke_^mxsb_�lbiu�i_j_f_gguo�

• [Zah\u_� lbiu� ij_^klZ\e_gby� qbkeZ� k� h^bgZjghc� b� ^\hcghc

lhqghklvx�79DOXH��7'9DOXH�

• \_dlhjgu_�lbiu�79HFWRU���79HFWRU��
• fZljbqguc�lbi�70DWUL[�

• lbiu�\_dlhjguo�bl_jZlhjh\�,WHUDWRU���,WHUDWRU��
• lbi�fZljbqgh]h�bl_jZlhjZ�0DWUL[,WHUDWRU�

Hq_\b^gh�� qlh� i_j_^ZqZ� \k_o� lbih\� \� dZq_kl\_� iZjZf_ljh\�rZ[ehgZ

y\ey_lky� g_m^h[ghc� b� ba[ulhqghc�� GZijbf_j�� lbi� 7'9DOXH� y\ey_lky

h^gbf� ba� ij_^hij_^_e_gguo� lbih\� \_dlhjguo� b� fZljbqguo� deZkkh\�

@_eZl_evgh�h]jZgbqblv�i_j_^Z\Z_fuc�gZ[hj�b�aZ�kq_l�bl_jZlhjguo�lbih\�

l_f�[he__�qlh�hgb�ijbf_gbfu�lhevdh�^ey� �gZ\b]Zpbb�ih�^jm`_kl\_gguf

kljmdlmjZf� khhl\_lkl\mxsbo� \_dlhjguo� b� � fZljbqguo� deZkkh\�� Wlh]h

m^Z_lky� ^h[blvky� aZ� kq_l� hibkZgby� � \kihfh]Zl_evguo� lbih\

g_ihkj_^kl\_ggh�\��bgl_jn_ckZo�fZljbqguo�b�\_dlhjguo�deZkkh\�

FODVV��.QXW0DWUL[���SXEOLF�1RQ6\PPHWULF0DWUL[�^
���
SXEOLF�
  ���W\SHGHIV
��W\SHGHI�9DOXH�YDOXH�
��W\SHGHI�'9DOXH�GYDOXH�
��W\SHGHI�.QXW0DWUL[�PDWUL[�
��W\SHGHI�.QXW0DWUL[,WHUDWRU�LWHUDWRU�
���
  ��
��LQOLQH�'LUHFWLRQ�%HVW'LUHFWLRQ���FRQVW�
���
`�

Ih^h[gufb� hibkZgbyfb� kgZ[`Zxlky� b� \_dlhjgu_� deZkku�� Ihke_

dhgkljmbjh\Zgby� bl_jZlhjh\� hij_^_ey_lky� gZijZ\e_gb_� bl_jbjh\Zgby�

gZb[he__�ij_^ihqlbl_evgh_�^ey�gZ\b]Zpbb��G_h[oh^bfh�aZf_lblv��qlh�^ey

[hevrbgkl\Z�fZljbqguo�nhjfZlh\�aZljZlu� �gZ�bl_jbjh\Zgb_�we_f_glh\�\

jZaguo� gZijZ\e_gbyo� fh]ml� kms_kl\_ggh� � jZaebqZlvky� b� l_f� kZfuf

jZ^bdZevgh�\ebylv�gZ�h[smx�wnn_dlb\ghklv� �ijhp_^mj�%/$6��GZijbf_j�

ijhoh^� ih� kljhd_� fZljbpu� \� jZaj_`_gghf� � kljhqghf� nhjfZl_



���

wd\b\Ze_gl_g� ijhkfhljm� bg^_dkh\� \� iehlghf� fZkkb\_�� � k\yaZgghf� k

we_f_glZfb� kljhdb�� \� lh� \j_fy� dZd� ijhoh^� ih� klhe[pm� � k\h^blky� d

ijhkfhljm� \k_o� kljhqguo� fZkkb\h\� fZljbpu� b� h[oh^blky� � agZqbl_evgh

^hjh`_�

Ihkdhevdm� [hevrbgkl\h� ijhp_^mj� %/$6� ^himkdZ_l� jZaghh[jZagu_

j_ZebaZpbb��k\yaZggu_�kh�kljhqghc�beb�klhe[ph\hc��h[jZ[hldhc�we_f_glh\

fZljbp��\�ijhp_^mju�\dexqZxlky�jZaebqgu_�Ze]hjblfbq_kdb_�\ZjbZglu��Z

bo�\u[hj�hkms_kl\ey_lky�Z\lhfZlbq_kdb�gZ��hkgh\_�hij_^_e_gby�gZb[he__

wnn_dlb\gh]h�kihkh[Z�bl_jbjh\Zgby��Ijb\_^_ggZy�j_ZebaZpby�ijhp_^mju
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