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<\_^_gb_

Qlh�lZdh_�MATLAB?
MATLAB – wlh� \ukhdhijhba\h^bl_evguc� yaud�^ey� l_ogbq_kdbo� jZkq_lh\��Hg
\dexqZ_l�\�k_[y�\uqbke_gby��\bamZebaZpbx�b�ijh]jZffbjh\Zgb_�\�m^h[ghc�kj_-
^_��]^_�aZ^Zqb�b�j_r_gby�\ujZ`Zxlky�\�nhjf_� [ebadhc�d�fZl_fZlbq_kdhc��Lb-
ibqgh_�bkihevah\Zgb_�0$7/$%�±�wlh�

•�fZl_fZlbq_kdb_�\uqbke_gby
•�kha^Zgb_�Ze]hjblfh\
•�fh^_ebjh\Zgb_
•�ZgZeba�^Zgguo��bkke_^h\Zgby�b�\bamZebaZpby
•�gZmqgZy�b�bg`_g_jgZy�]jZnbdZ
•�jZajZ[hldZ�ijbeh`_gbc��\dexqZy�kha^Zgb_�]jZnbq_kdh]h�bgl_jn_ckZ

0$7/$%�±�wlh bgl_jZdlb\gZy�kbkl_fZ��\�dhlhjhc�hkgh\guf�we_f_glhf�^Zgguo
y\ey_lky�fZkkb\��Wlh�iha\hey_l�j_rZlv�jZaebqgu_�aZ^Zqb��k\yaZggu_�k�l_ogbq_-
kdbfb�\uqbke_gbyfb��hkh[_ggh�\�dhlhjuo�bkihevamxlky�fZljbpu�b�\_dlhjZ��\

g_kdhevdh�jZa�[uklj__��q_f�ijb�gZibkZgbb�ijh]jZff�k�bkihevah\Zgb_f��kdZeyj-
guo��yaudh\�ijh]jZffbjh\Zgby��lZdbo�dZd�Kb�beb�NhjljZg�

Keh\h MATLAB hagZqZ_l�fZljbqgZy�eZ[hjZlhjby�(matrix laboratory). MATLAB
[ue� ki_pbZevgh� gZibkZg� ^ey� h[_ki_q_gby� e_]dh]h� ^hklmiZ� d� /,13$&.� b

EISPACK, dhlhju_� ij_^klZ\eyxl� kh[hc� kh\j_f_ggu_� ijh]jZffgu_� kj_^kl\Z
^ey�fZljbqguo�\uqbke_gbc�

MATLAB jZa\b\Zeky� \� l_q_gbb� g_kdhevdbo� e_l�� hjb_glbjmykv� gZ� jZaebqguo

ihevah\Zl_e_c�� <� mgb\_jkbl_lkdhc� kj_^_�� hg� ij_^klZ\eye� kh[hc� klZg^Zjlguc

bgkljmf_gl�^ey�jZ[hlu�\�jZaebqguo�h[eZklyo�fZl_fZlbdb��fZrbghkljh_gbb�b

gZmdb��<�ijhfure_gghklb��0$7/$%�±�wlh�bgkljmf_gl�^ey�\ukhdhijh^mdlb\-
guo�bkke_^h\Zgbc��jZajZ[hlhd�b�ZgZebaZ�^Zgguo�

<� 0$7/$%� \Z`gZy� jhev� hl\h^blky� ki_pbZebabjh\Zgguf� ]jmiiZf� ijh]jZff�

gZau\Z_fuo� WRROER[HV�� Hgb� hq_gv� \Z`gu� ^ey� [hevrbgkl\Z� ihevah\Zl_e_c

0$7/$%��lZd�dZd�iha\heyxl�bamqZlv�b�ijbf_gylv�ki_pbZebabjh\Zggu_�f_lh^u�

7RROER[HV�±�wlh�\k_klhjhggyy�dhee_dpby�nmgdpbc�0$7/$%��F�nZceh\���dhlh-
ju_�iha\heyxl�j_rZlv�qZklgu_�deZkku�aZ^Zq. Toolboxes�ijbf_gyxlky�^ey�h[jZ-
[hldb�kb]gZeh\��kbkl_f�dhgljhey��g_cjhgguo�k_l_c��g_q_ldhc�eh]bdb��\wc\e_lh\�

fh^_ebjh\Zgby�b�l�^�

Kbkl_fZ�MATLAB
Kbkl_fZ�MATLAB �khklhbl�ba�iylb�hkgh\guo�qZkl_c�

Yaud 0$7/$%. Wlh�yaud�fZljbp�b�fZkkb\h\�\ukhdh]h�mjh\gy�k�mijZ\e_gb_f�ih-
lhdZfb�� nmgdpbyfb�� kljmdlmjZfb� ^Zgguo�� \\h^hf�\u\h^hf� b� hkh[_gghklyfb

h[t_dlgh�hjb_glbjh\Zggh]h�ijh]jZffbjh\Zgby��Wlh�iha\hey_l�dZd�ijh]jZffb-
jh\Zlv�\��g_[hevrhf�fZkrlZ[_��^ey�[ukljh]h�kha^Zgby�q_jgh\uo�ijh]jZff��lZd

b�\��[hevrhf��^ey�kha^Zgby�[hevrbo�b�keh`guo�ijbeh`_gbc�
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Kj_^Z0$7/$%. Wlh�gZ[hj�bgkljmf_glh\�b�ijbkihkh[e_gbc��k�dhlhjufb�jZ[hlZ_l
ihevah\Zl_ev� beb� ijh]jZffbkl� 0$7/$%��HgZ� \dexqZ_l� \� k_[y� kj_^kl\Z� ^ey

mijZ\e_gby�i_j_f_ggufb�\�jZ[hq_f�ijhkljZgkl\_�0$7/$%��\\h^hf�b�\u\h^hf

^Zgguo�� Z� lZd`_� kha^Zgby�� dhgljhey� b� hleZ^db� 0�nZceh\� b� ijbeh`_gbc

MATLAB.

MijZ\ey_fZy ]jZnbdZ. Wlh� ]jZnbq_kdZy� kbkl_fZ� 0$7/$%�� dhlhjZy� \dexqZ_l� \

k_[y�dhfZg^u�\ukhdh]h�mjh\gy�^ey�\bamZebaZpbb�^\mo��b�lj_of_jguo�^Zgguo�

h[jZ[hldb� bah[jZ`_gbc�� ZgbfZpbb� b� beexkljbjh\Zgghc� ]jZnbdb�� HgZ� lZd`_

\dexqZ_l�\�k_[y�dhfZg^u�gbadh]h�mjh\gy��iha\heyxsb_�iheghklvx�j_^Zdlbjh-
\Zlv� \g_rgbc� \b^� ]jZnbdb�� lZd`_� dZd� ijb� kha^Zgbb� =jZnbq_kdh]h�Ihevah\Z-
l_evkdh]h�Bgl_jn_ckZ��*8,��^ey�0$7/$%�ijbeh`_gbc�

;b[ebhl_dZ fZl_fZlbq_kdbo nmgdpbc. Wlh� h[rbjgZy� dhee_dpby� \uqbkebl_evguo

Ze]hjblfh\� hl� we_f_glZjguo�nmgdpbc�� lZdbo�dZd� kmffZ�� kbgmk�� dhkbgmk�� dhf-
ie_dkgZy�Zjbnf_lbdZ��^h�[he__�keh`guo��lZdbo�dZd�h[jZs_gb_�fZljbp��gZoh`-
^_gb_�kh[kl\_gguo�agZq_gbc��nmgdpbb�;_kk_ey��[ukljh_�ij_h[jZah\Zgb_�Nmjv_�

Ijh]jZffguc bgl_jn_ck. Wlh�[b[ebhl_dZ��dhlhjZy�iha\hey_l�ibkZlv�ijh]jZffu�gZ
Kb�b�NhjljZg_��dhlhju_�\aZbfh^_ckl\mxl�k�0$7/$%��HgZ�\dexqZ_l�kj_^kl\Z

^ey�\uah\Z�ijh]jZff�ba�0$7/$%��^bgZfbq_kdZy�k\yav���\uau\Zy�0$7/$%�dZd

\uqbkebl_evguc�bgkljmf_gl�b�^ey�ql_gby�aZibkb�0$7�nZceh\�

H�6LPXOLQN
6LPXOLQN��khimlkl\mxsZy�0$7/$%�ijh]jZffZ����wlh�bgl_jZdlb\gZy�kbkl_fZ�^ey

fh^_ebjh\Zgby�g_ebg_cguo�^bgZfbq_kdbo�kbkl_f��HgZ�ij_^klZ\ey_l�kh[hc�kj_-
^m��mijZ\ey_fmx�furvx��dhlhjZy�iha\hey_l��fh^_ebjh\Zlv�ijhp_kk�iml_f�i_j_-
lZkdb\Zgby�[ehdh\�^bZ]jZff�gZ�wdjZg_�b�bo�fZgbimeypb_c��6LPXOLQN�jZ[hlZ_l�k

ebg_cgufb�� g_ebg_cgufb�� g_ij_ju\gufb�� ^bkdj_lgufb�� fgh]hf_jgufb� kbk-
l_fZfb�

%ORFNVHWV�±�wlh�^hiheg_gby�d�6LPXOLQN��dhlhju_�h[_ki_qb\Zxl�[b[ebhl_db�[eh-
dh\�^ey�ki_pbZebabjh\Zgguo�ijbeh`_gbc��lZdbo�dZd�k\yav��h[jZ[hldZ�kb]gZeh\�

wg_j]_lbq_kdb_�kbkl_fu�

5HDO�7LPH�:RUNVKRS�±�wlh�ijh]jZffZ��dhlhjZy�iha\hey_l�]_g_jbjh\Zlv�K�dh^�ba

[ehdh\�^bZ]jZff�b�aZimkdZlv�bo�gZ�\uiheg_gb_�gZ�jZaebqguo�kbkl_fZo j_Zev-
gh]h�\j_f_gb�
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AZimkd MATLAB

WlZ� dgb]Z�ij_^gZagZq_gZ�^ey�gZqZevgh]h� hk\h_gby�b�bamq_gby�0$7/$%��HgZ

kh^_j`bl�g_dhlhjh_�dhebq_kl\h�ijbf_jh\��dhlhju_�fh]ml�[ulv�aZims_gu�b�hl-
ke_`_gu�\�0$7/$%�

Qlh[u� aZimklblv� 0$7/$%� gZ� JK� beb� FZk�� ^\Z`^u� s_edgbl_� gZ� bdhgdm

0$7/$%��>ey�aZimkdZ�\�kbkl_f_�81,;�gZibrbl_�matlab \�kljhd_�hi_jZpbhgghc
kbkl_fu��>ey�\uoh^Z�ba�0$7/$%�g_h[oh^bfh�gZ[jZlv�quit�\�kljhd_�0$7/$%�

?keb�\Zf�g_h[oh^bfh�ihemqblv�^hihegbl_evgmx�bgnhjfZpbx��gZ[_jbl_�help \
kljhd_�0$7/$%�beb�\u[_jbl_�Help�\�f_gx�gZ�3&�beb�0DF��Fu�[he__�ih^jh[gh

jZkkdZ`_f�\Zf�h[�wlhf�iha^g__�
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FZljbpu�b�fZ]bq_kdb_�d\Z^jZlu

Emqrbc�kihkh[�gZqZlv�jZ[hlm�k�0$7/$%�²�wlh�gZmqblvky�h[jZsZlvky�k�fZl-
jbpZfb��<�wlhc�]eZ\_�fu�ihdZ`_f�\Zf��dZd�gZ^h�wlh�^_eZlv��<�0$7/$%�fZljbpZ

±�wlh�ijyfhm]hevguc�fZkkb\�qbk_e��Hkh[h_�agZq_gb_�ijb^Z_lky�fZljbpZf��o��

dhlhju_� y\eyxlky� kdZeyjZfb�� b� fZljbpZf�� bf_xsbf� h^bg� klhe[_p� beb� h^gm

kljhdm�� ²� \_dlhjZf�� 0$7/$%� bkihevam_l� jZaebqgu_� kihkh[u� ^ey� ojZg_gby

qbke_gguo�b�g_�qbke_gguo�^Zgguo��h^gZdh�\gZqZe_�emqr_�\k_]h�jZkkfZljb\Zlv

\k_�^Zggu_�dZd�fZljbpu��0$7/$%�hj]Zgbah\Zg�lZd��qlh[u�\k_�hi_jZpbb�\�g_f

[ueb�dZd�fh`gh�[he__�_kl_kl\_ggufb��<�lh�\j_fy�dZd�^jm]b_�ijh]jZffgu_�yau-
db�jZ[hlZxl�k�qbkeZfb�dZd�we_f_glZfb�yaudZ��0$7/$%�iha\hey_l�\Zf�[ukljh�b

e_]dh�hi_jbjh\Zlv�k�p_eufb�fZljbpZfb�
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Ohjhrbc� ijbf_j� fZljbpu�� dh-
lhjZy�bkihevam_lky�\h�\k_c� wlhc

dgb]_�� fh`gh� gZclb� gZ� ]jZ\xj_

\j_f_g� J_g_kkZgkZ� om^h`gbdZ� b

ex[bl_ey�fZl_fZlbdb�:ev[j_olZ

>xj_jZ�� Wlh� bah[jZ`_gb_� kh-
^_j`bl� fgh]h� fZl_fZlbq_kdbo

kbf\heh\�� b� _keb� ohjhrh� ijb-
kfhlj_lvky��lh�\�\_jog_f�ijZ\hf

m]em� fh`gh� aZf_lblv� d\Z^jZl-
gmx� fZljbpm�� Wlh� fZljbpZ� ba-
\_klgZ�dZd�fZ]bq_kdbc�d\Z^jZl�b

\h� \j_f_gZ� >xj_jZ� kqblZehkv�

qlh� hgZ� h[eZ^Z_l� fZ]bq_kdbfb

k\hckl\Zfb��HgZ�b�gZ�kZfhf�^_e_

h[eZ^Z_l� aZf_qZl_evgufb� k\hc-
kl\Zfb��klhysbfb�bamq_gby�

<\h^�fZljbp
<u�fh`_l_�\\h^blv�fZljbpu�\�MATLAB �g_kdhevdbfb�kihkh[Zfb�

•�\\h^blv�iheguc�kibkhd�we_f_glh\
•�aZ]jm`Zlv�fZljbpu�ba�\g_rgbo�nZceh\

•�]_g_jbjh\Zlv�fZljbpu��bkihevamy�\kljh_ggu_�nmgdpbb
•�kha^Z\Zlv�fZljbpu�k�ihfhsvx�\Zrbo�kh[kl\_gguo�nmgdpbc�\�F±nZceZo

GZql_f�k�\\_^_gby�fZljbpu�>xj_jZ�dZd�kibkdZ�we_f_glh\��<u�^he`gu�ke_^h-
\Zlv�g_kdhevdbf�hkgh\guf�mkeh\byf�

•�hl^_eylv�we_f_glu�kljhdb�ijh[_eZfb�beb�aZiylufb
•�bkihevah\Zlv�lhqdm�k�aZiylhc������^ey�h[hagZq_gby�hdhgqZgby�dZ`^hc�kljhdb
•�hdjm`Zlv�\_kv�kibkhd�we_f_glh\�d\Z^jZlgufb�kdh[dZfb, [ ].

Qlh[u�\\_klb�fZljbpm�>xj_jZ�ijhklh�gZibrbl_�

A = [16 3 2 13; 5 10 11 8; 9 6 7 12; 4 15 14 1]   

MATLAB ��hlh[jZabl�fZljbpm��dhlhjmx�fu�\\_eb�

A =
    16     3     2    13
     5    10    11     8
     9     6     7    12
     4    15    14     1

Wlh�lhqgh�khhl\_lkl\m_l�qbkeZf�gZ�]jZ\xj_��?keb�fu�\\_eb�fZljbpm��lh�hgZ�Z\-
lhfZlbq_kdb� aZihfbgZ_lky� kj_^hc�MATLAB ��B� fu� fh`_f� d� g_c� e_]dh� h[jZ-
lblvky�dZd�d�:��K_cqZk��dh]^Z�fu�bf__f�:�\�jZ[hq_f�ijhkljZgkl\_�MATLAB,
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ihkfhljbf�� qlh� ^_eZ_l� _z� lZdhc� bgl_j_kghc��Ihq_fm� hgZ� gZau\Z_lky� fZ]bq_-
kdhc"

Hi_jZpbb�kmffbjh\Zgby�we_f_glh\��ljZgkihgbjh\Zgby�b�^bZ-
]hgZebaZpbb�fZljbpu
<u�\hafh`gh�m`_�agZ_l_��qlh�hkh[u_�k\hckl\Z�fZ]bq_kdh]h�d\Z^jZlZ�k\yaZgu�k

jZaebqgufb� kihkh[Zfb� kmffbjh\Zgby� _]h� we_f_glh\�� ?keb� \u� [_jzl_� kmffm

we_f_glh\�\^hev�dZdhc�eb[h�kljhdb�beb�klhe[pZ��beb�\^hev�dZdhc�eb[h�ba�^\mo

]eZ\guo�^bZ]hgZe_c��\u�\k_]^Z�ihemqbl_�h^gh�b�lh`_�qbkeh��>Z\Zcl_�ijh\_jbf

wlh��bkihevamy�MATLAB ��I_j\h_�ml\_j`^_gb_��dhlhjh_�fu�ijh\_jbf�±

sum(A)  

MATLAB �\u^Zkl�hl\_l

ans =
    34    34    34    34

Dh]^Z�\uoh^gZy�i_j_f_ggZy�g_�hij_^_e_gZ��MATLAB �bkihevam_l�i_j_f_ggmx

ans��dhjhldh�hl�answer – hl\_l��^ey�ojZg_gby�j_amevlZlh\�\uqbke_gby��Fu�ih^-
kqblZeb� \_dlhj�kljhdm�� kh^_j`Zsmx� kmffm� we_f_glh\� klhe[ph\� fZljbpu� :�

>_ckl\bl_evgh��dZ`^uc�klhe[_p�bf__l�h^bgZdh\mx�kmffm��fZ]bq_kdmx�kmffm�

jZ\gmx����

:� dZd�gZkq_l� kmff� \� kljhdZo"�0$7/$%�ij_^ihqblZ_l� jZ[hlZlv� kh� klhe[pZfb

fZljbpu��lZdbf�h[jZahf��emqrbc�kihkh[�ihemqblv�kmffm�\�kljhdZo�±�wlh�ljZgk-
ihgbjh\Zlv�gZrm�fZljbpm��ih^kqblZlv�kmffm�\�klhe[pZo��Z�ihlhf�ljZgkihgbjh-
\Zlv�j_amevlZl��Hi_jZpby�ljZgkihgbjh\Zgby�h[hagZqZ_lky�Zihkljhnhf�beb�h^b-
gZjghc� dZ\uqdhc�� HgZ� a_jdZevgh� hlh[jZ`Z_l� fZljbpm� hlghkbl_evgh� ]eZ\ghc

^bZ]hgZeb�b�f_gy_l�kljhdb�gZ�klhe[pu��LZdbf�h[jZahf

A'

\uau\Z_l

ans =
    16     5     9     4
     3    10     6    15
     2    11     7    14
    13     8    12     1  

:�\ujZ`_gb_

sum(A')'   

\uau\Z_l�j_amevlZl�\_dlhj�klhe[_p��kh^_j`Zsbc�kmffu�\�kljhdZo

ans =
    34
    34
    34
    34   
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Kmffm�we_f_glh\�gZ�]eZ\ghc�^bZ]hgZeb�fh`gh�e_]dh�ihemqblv�k�ihfhsvx

nmgdpbb�diag��dhlhjZy�\u[bjZ_l�wlm�^bZ]hgZev�

diag(A)   

ans =
    16
    10
     7
     1   

:�nmgdpby

sum(diag(A))   

\uau\Z_l

ans =
    34   

>jm]Zy� ^bZ]hgZev�� gZau\Z_fZy� Zglb^bZ]hgZevx�� g_� lZd� \Z`gZ� fZl_fZlbq_kdb�

ihwlhfm�MATLAB g_�bf__l�ki_pbZevghc�nmgdpbb�^ey�g_z��Gh�nmgdpby��dhlhjZy
\gZqZe_�ij_^iheZ]ZeZkv�^ey�bkihevah\Zgby�\�]jZnbd_�� fliplr �� a_jdZevgh�hlh[jZ-
`Z_l�fZljbpm�ke_\Z�gZijZ\h�

sum(diag(fliplr(A)))   

ans =
    34   

LZdbf�h[jZahf��fu�ijh\_jbeb��qlh�fZljbpZ�gZ�]jZ\xj_�>xj_jZ�^_ckl\bl_evgh

fZ]bq_kdZy�� b� gZmqbebkv� bkihevah\Zlv� g_dhlhju_� fZljbqgu_� hi_jZpbb

MATLAB. �<�ihke_^mxsbo�jZa^_eZo�fu�ijh^he`bf�bkihevah\Zlv�wlm�fZljbpm

^ey�^_fhgkljZpbb�^hihegbl_evguo�\hafh`ghkl_c�MATLAB.

Bg^_dku
We_f_gl�\�kljhd_�i b�klhe[p_�j fZljbpu�:�h[hagZqZ_lky�A(i,j). GZijbf_j��A(4,2)
±�wlh�qbkeh�\�q_l\_jlhc�kljhd_�b�\lhjhf�klhe[p_��>ey�gZr_]h�fZ]bq_kdh]h�d\Z^-
jZlZ�A(4,2)  �����LZdbf�h[jZahf��fh`gh�\uqbkeblv�kmffm�we_f_glh\�\�q_l\_j-
lhf�klhe[p_�fZljbpu�:��gZ[jZ\

A(1,4) + A(2,4) + A(3,4) + A(4,4)   

ihemqbf

ans =
    34   

H^gZdh�wlh�g_�kZfuc�emqrbc�kihkh[�kmffbjh\Zgby�hl^_evghc�kljhdb�

LZd`_�\hafh`gh�h[jZsZlvky�d�we_f_glZf�fZljbpu�q_j_a�h^bg�bg^_dk��A(k)��Wlh
h[uqguc� kihkh[� kkueZlvky� gZ� kljhdb� b� klhe[pu�fZljbpu��Gh� _]h�fh`gh� bk-
ihevah\Zlv�lhevdh�k�^\mf_jgufb�fZljbpZfb��<�wlhf�kemqZ_�fZkkb\�jZkkfZljb-
\Z_lky� dZd�^ebgguc� \_dlhj�� knhjfbjh\Zgguc�ba� klhe[ph\�bkoh^ghc�fZljbpu�



GZqZeh jZ[hlu k MATLAB

12

LZd��^ey�gZr_]h�fZ]bq_kdh]h�d\Z^jZlZ��A(8)� ±�wlh�^jm]hc�kihkh[�kkueZlvky�gZ
agZq_gb_�����ojZgys__ky�\�A(4,2).
?keb�\u�iulZ_l_kv�bkihevah\Zlv�agZq_gb_�we_f_glZ�\g_�fZljbpu��MATLAB �\u-
^Zkl�hrb[dm�

t=A(4,5)   

???  Index exceeds matrix dimensions.   

K�^jm]hc�klhjhgu��_keb�\u�khojZgy_l_�agZq_gb_�\g_�fZljbpu��lh�jZaf_j�fZljb-
pu�m\_ebqb\Z_lky�

X=A;
X(4,5) = 17   

X =
    16     3     2    13     0
     5    10    11     8     0
     9     6     7    12     0
     4    15    14     1    17   

Hi_jZlhj�^\h_lhqby
>\h_lhqb_�� �� ����wlh�h^bg�ba�gZb[he__�\Z`guo�hi_jZlhjh\�MATLAB ��Hg�ijhy\-
ey_lky�\�jZaebqguo�nhjfZo��<ujZ`_gb_

1:10   

��wlh�\_dlhj�kljhdZ��kh^_j`ZsZy�p_eu_�qbkeZ�hl���^h���

 1     2     3     4     5     6     7     8     9    10   

>ey�ihemq_gby�h[jZlgh]h�bgl_j\ZeZ��hibr_f�ijbjZs_gb_��GZijbf_j

100:-7:50    

qlh�^Z_l

100    93    86    79    72    65    58    51   

beb

0:pi/4:pi   

qlh�ijb\h^bl�d

0    0.7854    1.5708    2.3562    3.1416

Bg^_dkgh_�\ujZ`_gb_��\dexqZy�^\h_lhqb_��hlghkblky�d�qZklb�fZljbpu�

A(1:k, j)

wlh�i_j\u_�k we_f_glh\�j�]h�klhe[pZ�fZljbpu�:��LZd

sum(A(1:4,4))
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\uqbkey_l�kmffm�q_l\_jlhc�kljhdb��Gh�_klv�b�emqrbc�kihkh[��>\h_lhqb_��kZfh

ih� k_[_�� h[jZsZ_lky� dh� \k_f� we_f_glZf� \� kljhd_� b� klhe[p_�fZljbpu�� Z� keh\h

end�±�d�ihke_^g_c�kljhd_�beb�klhe[pm��LZd

sum(A(:,end))   

\uqbkey_l�kmffm�we_f_glh\�\�ihke_^g_f�klhe[p_�fZljbpu�:

ans =
    34  

Ihq_fm�fZ]bq_kdZy�kmffZ�d\Z^jZlZ��o��jZ\gZ���"�?keb�p_eu_�qbkeZ�hl���^h���

hlkhjlbjh\Zgu�\�q_luj_�]jmiiu�k�jZ\gufb�kmffZfb��wlZ�kmffZ�^he`gZ�[ulv

sum(1:16)/4  

dhlhjZy��dhg_qgh��jZ\gZ

ans =
    34

Nmgdpby�magic
MATLAB �gZ�kZfhf�^_e_�h[eZ^Z_l�\kljh_gghc�nmgdpb_c��dhlhjZy�kha^Z_l�fZ]b-
q_kdbc�d\Z^jZl�ihqlb�ex[h]h�jZaf_jZ��G_�m^b\bl_evgh��qlh�wlZ�nmgdpby�gZau-
\Z_lky�magic.

B=magic(4)   

B =
    16     2     3    13
     5    11    10     8
     9     7     6    12
     4    14    15     1

WlZ�fZljbpZ�ihqlb�lZ�`_�fZljbpZ��qlh�b�gZ�]jZ\xj_�>xj_jZ��b�hgZ�bf__l�\k_�l_

`_� fZ]bq_kdb_� k\hckl\Z�� ?^bgkl\_ggh_� hlebqb_� aZdexqZ_lky� \� lhf�� qlh� ^\Z

kj_^gbo�klhe[pZ�ihf_gyebkv�f_klZfb��>ey�lh]h�qlh[u�ij_h[jZah\Zlv�B�\�fZl-
jbpm�>xj_jZ�A��i_j_klZ\bf�bo�f_klZfb�

A=B(:,[1 3 2 4])   

Wlh� hagZqZ_l�� qlh�^ey� dZ`^hc� kljhdb�fZljbpu�B� we_f_glu�i_j_ibku\Zxlky� \
ihjy^d_�����������

A =
    16     3     2    13
     5    10    11     8
     9     6     7    12
     4    15    14     1

Ihq_fm�>xj_j�i_j_mihjy^hqbe� klhe[pu��ih� kjZ\g_gbx� k� l_f�� qlh�bkihevam_l

MATLAB "�;_a� khfg_gby�� hg� ohl_e� \dexqblv� ^Zlm� ]jZ\xju�� ������ \� gb`gxx

qZklv�fZ]bq_kdh]h�d\Z^jZlZ�
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<ujZ`_gby

DZd�b�[hevrbgkl\h�^jm]bo�yaudh\�ijh]jZffbjh\Zgby��MATLAB ij_^hklZ\ey_l
\hafh`ghklv�bkihevah\Zgby�fZl_fZlbq_kdbo�\ujZ`_gbc��gh�\�hlebqb_�hl�fgh-
]bo�ba�gbo�� wlb�\ujZ`_gby�\�MATLAB �\dexqZxl�fZljbpu��Hkgh\gu_� khklZ\-
eyxsb_�\ujZ`_gby�

•�i_j_f_ggu_
•�qbkeZ
•�hi_jZlhju
•�nmgdpbb

I_j_f_ggu_
<�MATLAB g_l�g_h[oh^bfhklb�\�hij_^_e_gbb�lbiZ�i_j_f_gguo�beb�jZaf_jgh-
klb��Dh]^Z��MATLAB \klj_qZ_l�gh\h_�bfy�i_j_f_gghc��hg�Z\lhfZlbq_kdb�kha^Z-
_l� i_j_f_ggmx�b� \u^_ey_l� khhl\_lkl\mxsbc� h[t_f� iZfylb��?keb� i_j_f_ggZy

m`_�kms_kl\m_l��MATLAB baf_gy_l�__�khklZ\�b�_keb�wlh�g_h[oh^bfh�\u^_ey_l
^hihegbl_evgmx�iZfylv��GZijbf_j�

num_students = 25

kha^Z_l�fZljbpm��o��k�bf_g_f�num_students b�khojZgy_l�agZq_gb_����\�__�_^bg-
kl\_gghf�we_f_gl_�

Bf_gZ� i_j_f_gguo� khklhyl� ba� [md\�� pbnj� beb� kbf\heh\� ih^q_jdb\Zgby�

MATLAB bkihevam_l� lhevdh� i_j\u_� ��� kbf\he� bf_gb� i_j_f_gghc��MATLAB
qm\kl\bl_e_g�d�j_]bkljZf��hg�jZaebqZ_l�aZ]eZ\gu_�b�kljhqgu_�[md\u��Ihwlhfm

A b�a ±�g_�h^gZ�b�lZ�`_�i_j_f_ggZy��Qlh[u�m\b^_lv�fZljbpm�k\yaZggmx�k�i_j_-
f_gghc��ijhklh�\\_^bl_�gZa\Zgb_�i_j_f_gghc�

QbkeZ
MATLAB bkihevam_l�ijbgylmx�^_kylbqgmx�kbkl_fm�kqbke_gby��k�g_h[yaZl_ev-
ghc� ^_kylbqghc� lhqdhc� b� agZdZfb� iexk�fbgmk� ^ey� qbk_e�� GZmqgZy� kbkl_fZ

kqbke_gby� bkihevam_l� [md\m� e� ^ey� hij_^_e_gby� fgh`bl_ey� kl_i_gb� ^_kylb�
Fgbfu_�qbkeZ�bkihevamxl� i beb� j dZd�kmnnbdk��G_dhlhju_�ijbf_ju�ijZ\bev-
guo�qbk_e�ijb\_^_gu�gb`_

3 -99 0.0001
9.6397238 1.60210e-20 6.02252e23
1i -3.14159j 3e5i

<k_� qbkeZ� ^ey� ojZg_gby� bkihevamxl� nhjfZl� long, hij_^_e_gguc� klZg^Zjlhf
ieZ\Zxs_c� lhqdb� IEEE�� QbkeZ� k� ieZ\Zxs_c� lhqdhc� h[eZ^Zxl� h]jZgbq_gghc

lhqghklvx� ��ijb[ebabl_evgh����agZqZsbo�pbnj�b�h]jZgbq_gguf�^bZiZahghf�±

ijb[ebabl_evgh�hl� ��
-308

�^h� ��
308 

�Dhfivxl_j�VAX bkihevam_l�^jm]hc�nhjfZl
qbk_e�k�ieZ\Zxs_c�lhqdhc��gh�bo�lhqghklv�b�^bZiZahg�ijb[ebabl_evgh�l_�`_��
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Hi_jZlhju
<ujZ`_gby� bkihevamxl� h[uqgu_� Zjbnf_lbq_kdb_� hi_jZpbb� b� ijZ\beZ� klZj-
rbgkl\Z�

+ keh`_gb_

- \uqblZgb_

* mfgh`_gb_

/ ^_e_gb_

\ e_\h_�^_e_gb_�hibkZgh�\�jZa^_e_�FZljbpu�b�Ebg_cgZy�:e]_[jZ�\�dgb]_

"Using MATLAB")
^ kl_i_gv

' dhfie_dkgh�khijy`_ggh_�ljZgkihgbjh\Zgb_

() hij_^_e_gb_�ihjy^dZ�\uqbke_gby

Nmgdpbb
0$7/$%� ij_^hklZ\ey_l� [hevrh_� dhebq_kl\h� we_f_glZjguo� fZl_fZlbq_kdbo

nmgdpbc��lZdbo�dZd�abs, sqrt, exp, sin. <uqbke_gb_�d\Z^jZlgh]h�dhjgy�beb�eh]Z-
jbnfZ�hljbpZl_evgh]h�qbkeZ�g_�y\ey_lky�hrb[dhc��\� wlhf�kemqZ_�j_amevlZlhf

y\ey_lky�khhl\_lkl\mxs__�dhfie_dkgh_�qbkeh��0$7/$%�lZd`_�ij_^hklZ\ey_l�b

[he__� keh`gu_�nmgdpbb�� \dexqZy� =ZffZ�nmgdpbx� b�nmgdpbb� ;_kk_ey�� ;hev-
rbgkl\h�ba�wlbo�nmgdpbc�bf_xl�dhfie_dkgu_�Zj]mf_glu��Qlh[u�\u\_klb�kib-
khd�\k_o�we_f_glZjguo�fZl_fZlbq_kdbo�nmgdpbc��gZ[_jbl_

help elfun

>ey�\u\h^Z�[he__�keh`guo�fZl_fZlbq_kdbo�b�fZljbqguo�nmgdpbc��gZ[_jbl_

help specfun
help elmat

khhl\_lkl\_ggh�

G_dhlhju_�nmgdpbb�� lZdb_�dZd�sqrt b�sin�� �� \kljh_ggu_��Hgb� y\eyxlky�qZklvx
0$7/$%��ihwlhfm�hgb�hq_gv�wnn_dlb\gu��gh�bo�\uqbkebl_evgu_�^_lZeb�ljm^-
gh�^hklmigu��<�lh�\j_fy�dZd�^jm]b_�nmgdpbb��lZdb_�dZd�gamma b�sinh��j_Zebah-
\Zgu�\�F�nZceZo��Ihwlhfm�\u�fh`_l_�e_]dh�m\b^_lv�bo�dh^�b��\�kemqZ_�g_h[oh-
^bfhklb��^Z`_�fh^bnbpbjh\Zlv�_]h�

G_kdhevdh�ki_pbZevguo�nmgdpbc�ij_^hklZ\eyxl�agZq_gby�qZklh�bkihevam_fuo

dhgklZgl�

pi 3.14159265…
i fgbfZy�_^bgbpZ��√-1
j lh�`_�kZfh_��qlh�b�i
eps hlghkbl_evgZy�lhqghklv�qbkeZ�k�ieZ\Zxs_c�lhqdhc���

-52

realmin gZbf_gvr__�qbkeh�k�ieZ\Zxs_c�lhqdhc���
-1022

realmax gZb[hevr__�qbkeh�k�ieZ\Zxs_c�lhqdhc�����ε)21023

Inf [_kdhg_qghklv

NaN g_�qbkeh



GZqZeh jZ[hlu k MATLAB

16

;_kdhg_qghklv�ihy\ey_lky�ijb�^_e_gbb�gZ�gmev�beb�ijb�\uiheg_gbb�fZl_fZlb-
q_kdh]h�\ujZ`_gby��ijb\h^ys_]h�d�i_j_iheg_gbx��l�_��d�ij_\ur_gbx�realmax.
G_�qbkeh��NaN��]_g_jbjm_lky�ijb�\uqbke_gbb�\ujZ`_gbc�lbiZ�����beb��Inf – Inf,
dhlhju_�g_�bf_xl�hij_^_e_ggh]h�fZl_fZlbq_kdh]h  agZq_gby�

Bf_gZ�nmgdpbc�g_�y\eyxlky�aZj_a_j\bjh\Zggufb��ihwlhfm�\hafh`gh�baf_gylv

bo�agZq_gby�gZ�gh\u_��gZijbf_j

eps = 1.e-6

b� ^Ze__� bkihevah\Zlv� wlh� agZq_gb_� \� ihke_^mxsbo� \uqbke_gbyo�� GZqZevgh_

agZq_gb_�fh`_l�[ulv�\hkklZgh\e_gh�ke_^mxsbf�h[jZahf

clear eps

<ujZ`_gby
<u� m`_�ihagZdhfbebkv�k�g_dhlhjufb�ijbf_jZfb�bkihevah\Zgby�\ujZ`_gbc�\

0$7/$%��Gb`_�ijb\_^_gh�_s_�g_kdhevdh�ijbf_jh\�k�j_amevlZlZfb�

rho = (1+sqrt(5))/2   

rho =
    1.6180  

a = abs(3+4i)   

a =
     5  

z = sqrt(besselk(4/3,rho-i))   

z =
   0.3730 + 0.3214i  

huge = exp(log(realmax))   

huge =
  1.7977e+308  

toobig = pi*huge   

toobig =
   Inf
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JZ[hlZ�k�fZljbpZfb

Wlhl�jZa^_e�jZkkdZ`_l�\Zf�h�jZaebqguo�kihkh[Zo�kha^Zgby�fZljbp�

=_g_jbjh\Zgb_�fZljbp
0$7/$%�bf__l�q_luj_�nmgdpbb��dhlhju_�kha^Zxl�hkgh\gu_�fZljbpu�

zeros \k_�gmeb

ones \k_�_^bgbpu

rand jZ\ghf_jgh_�jZkij_^_e_gb_�kemqZcguo�we_f_glh\

randn ghjfZevgh_�jZkij_^_e_gb_�kemqZcguo�we_f_glh\

G_dhlhju_�ijbf_ju�

Z = zeros(2,4)   

Z =
     0     0     0     0
     0     0     0     0  

F = 5*ones(3,3)   

F =
     5     5     5
     5     5     5
     5     5     5

N = fix(10*rand(1,10))   

N =
     9     2     6     4     8     7     4     0     8     4

R = randn(4,4)   

R =
   -0.4326   -1.1465    0.3273   -0.5883
   -1.6656    1.1909    0.1746    2.1832
    0.1253    1.1892   -0.1867   -0.1364
    0.2877   -0.0376    0.7258    0.1139   

AZ]jmadZ�fZljbp
DhfZg^Z� load kqblu\Z_l� ^\hbqgu_�nZceu�� kh^_j`Zsb_�fZljbpu�� kha^Zggu_� \

MATLAB jZg__��beb�l_dklh\u_�nZceu��kh^_j`Zsb_�qbke_ggu_�^Zggu_��L_dklh-
\u_�nZceu�^he`gu�[ulv�knhjfbjh\Zgu�\�\b^_�ijyfhm]hevghc�lZ[ebpu�qbk_e�

hl^_e_gguo�ijh[_eZfb��k�jZ\guf�dhebq_kl\hf�we_f_glh\�\�dZ`^hc�kljhd_��GZ-
ijbf_j��kha^Z^bf�\g_�MATLAB l_dklh\hc�nZce��kh^_j`Zsbc���kljhdb�

16.0   3.0   2.0 13.0
  5.0 10.0 11.0   8.0
  9.0   6.0   7.0 12.0
  4.0 15.0 14.0   1.0

KhojZgbf�wlhl�nZce�ih^�bf_g_f�magik.dat��Lh]^Z�dhfZg^Z
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load magik.dat

ijhqblZ_l�wlhl�nZce�b�kha^Zkl�i_j_f_ggmx�magik��kh^_j`Zsmx�gZrm�fZljbpm�

F�nZceu
<u�fh`_l_�kha^Z\Zlv�k\hb�kh[kl\_ggu_�fZljbpu��bkihevamy�F�nZceu��dhlhju_

ij_^klZ\eyxl�kh[hc�l_dklh\u_�nZceu��kh^_j`Zsb_�dh^�MATLAB. Ijhklh�kha-
^Zcl_� nZce� k� \ujZ`_gb_f�� dhlhjh_� \u� ohlbl_� gZibkZlv� \� dhfZg^ghc� kljhd_

MATLAB. KhojZgbl_�_]h�ih^�bf_g_f��aZdZgqb\Zxsbfky�gZ�.m.

AZf_qZgb_�� �>ey�\uah\Z� l_dklh\h]h�j_^ZdlhjZ�gZ�JK�beb�Mac��\u[_jbl_�Open
beb�New ba�f_gx�File�beb�gZ`fbl_�khhl\_lkl\mxsmx�dghidm�gZ�iZg_eb�bgkl-
jmf_glh\��>ey�h[jZs_gby�d�l_dklh\hfm�j_^Zdlhjm�gZ�UNIX �bkihevamcl_�kbf\he

���kjZam�aZ�dhfZg^hc��dhlhjmx�\u�bkihevam_l_�\�kljhd_�hi_jZpbhgghc�kbkl_fu�

GZijbf_j��kha^Z^bf�nZce��\dexqZxsbc�ke_^mxsb_���kljhd�

A = [ …
16.0 3.0 2.0 13.0
5.0 10.0 11.0 8.0
9.0 6.0 7.0 12.0
4.0 15.0 14.0 1.0 ];

KhojZgbf�_]h�ih^�bf_g_f�magik.m.�Lh]^Z�\ujZ`_gb_

magik

ijhqblZ_l�nZce�b�kha^Zkl�i_j_f_ggmx�:��kh^_j`Zsmx�bkoh^gmx�fZljbpm�

H[t_^bg_gb_
H[t_^bg_gb_� ±� wlh�ijhp_kk� kh_^bg_gby�fZe_gvdbo�fZljbp�^ey� kha^Zgby�[hev-
rbo��NZdlbq_kdb��\u� kha^Zeb� \Zrm�i_j\mx�fZljbpm� h[t_^bg_gb_f� _z� hl^_ev-
guo� we_f_glh\��IZjZ� d\Z^jZlguo� kdh[hd� ±� wlh� hi_jZlhj� h[t_^bg_gby��GZijb-
f_j��gZqg_f�k�fZljbpu�:��fZ]bq_kdh]h�d\Z^jZlZ��o���b�knhjfbjm_f

B = [A A+32; A+48 A+16]  

J_amevlZlhf�[m^_l�fZljbpZ��o���ihemqZ_fZy�kh_^bg_gb_f�q_luj_o�ih^fZljbp

B =
    16     2     3    13    48    34    35    45
     5    11    10     8    37    43    42    40
     9     7     6    12    41    39    38    44
     4    14    15     1    36    46    47    33
    64    50    51    61    32    18    19    29
    53    59    58    56    21    27    26    24
    57    55    54    60    25    23    22    28
    52    62    63    49    20    30    31    17   
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Wlh�fZljbpZ�ebrv�gZiheh\bgm�y\ey_lky�fZ]bq_kdhc��?z�we_f_glu�ij_^klZ\eyxl

kh[hc�dhf[bgZpbx�p_euo�qbk_e�hl� ��^h� ���� Z� kmffu� \� klhe[pZo� lhqgh� jZ\gu

agZq_gbx�^ey�fZ]bq_kdh]h�d\Z^jZlZ��o��

sum(B)   

ans =
   260   260   260   260   260   260   260   260   

H^gZdh��kmffu�\�kljhdZo�wlhc�fZljbpu�( sum(B')' ��g_�\k_�h^bgZdh\u��G_h[oh-
^bfh�ijh\_klb�^hihegbl_evgu_�hi_jZpbb��qlh[u�k^_eZlv�wlm�fZljbpm�^_ckl\b-
l_evgh�fZ]bq_kdbf�d\Z^jZlhf��o��

M^Ze_gb_�kljhd�b�klhe[ph\
<u�fh`_l_�m^Zeylv�kljhdb�b�klhe[pu�fZljbpu��bkihevamy�ijhklh�iZjm�d\Z^jZl-
guo�kdh[hd��JZkkfhljbf

X = A;   

L_i_jv�m^Zebf�\lhjhc�klhe[_p�fZljbpu�X.

X(:,2) = []   

WlZ�hi_jZpby�baf_gbl�O�ke_^mxsbf�h[jZahf

X =
    16     3    13
     5    10     8
     9     6    12
     4    15     1   

?keb�\u�m^Zey_l_�h^bg�we_f_gl�fZljbpu��lh�j_amevlZl�m`_�g_�[m^_l�fZljbp_c�

LZd�\ujZ`_gb_

X(1,2) = []

j_amevlZlhf�\uqbke_gby�\u^Zkl�hrb[dm��H^gZdh�bkihevah\Zgb_�h^gh]h�bg^_dkZ

m^Zey_l� hl^_evguc� we_f_gl� beb� ihke_^h\Zl_evghklv� we_f_glh\� b� ij_h[jZam_l

hklZ\rb_ky�we_f_glu�\�\_dlhj�kljhdm��LZd

X(2:2:10) = []   

\u^Zkl�j_amevlZl

X =
    16     9     3     6    13    12     1   
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DhfZg^gh_�hdgh

>h�kbo�ihj��fu�bkihevah\Zeb�lhevdh�dhfZg^gmx�kljhdm�MATLAB ��i_qZlZy�dh-
fZg^u�b� \ujZ`_gby�b�gZ[ex^Zy� j_amevlZlu��<� wlhc� ]eZ\_� hibkZgh� g_kdhevdh

kihkh[h\�baf_g_gby�\g_rg_]h�\b^Z�dhfZg^gh]h�hdgZ��?keb�\ZrZ�kbkl_fZ�iha\h-
ey_l�\Zf�\u[bjZlv�rjbnl��lh�fu�j_dhf_g^m_f�bkihevah\Zlv�rjbnlu�k�nbdkb-
jh\Zgghc�rbjbghc��lZdb_�dZd�Fixedsys beb Courier��^ey�h[_ki_q_gby�ijZ\bevgh-
]h�f_`kljhqgh]h�bgl_j\ZeZ�

DhfZg^Z�IRUPDW
DhfZg^Z� format mijZ\ey_l� qbke_gguf� nhjfZlhf� agZq_gbc�� \u\h^bfuo

MATLAB ��WlZ�hi_jZpby�\eby_l�lhevdh�gZ�lh��dZd�qbkeZ�bah[jZ`Zxlky�gZ�wdjZg_�

gh�g_�\eby_l�gZ�lh��dZd�bo�\uqbkey_l�b�khojZgy_l�MATLAB ��Gb`_�ij_^klZ\e_gu

jZaebqgu_�nhjfZlu�qbk_e��bkihevam_fu_�^ey�hlh[jZ`_gby�\_dlhjZ�x k�dhfih-
g_glZfb�jZaebqguo�\_ebqbg�

x = [4/3 1.2345e-6]  

format short   

1.3333    0.0000  

format short e

  1.3333e+000  1.2345e-006  

format short g   

  1.3333  1.2345e-006  

format long

  1.33333333333333   0.00000123450000  

format long e

  1.333333333333333e+000    1.234500000000000e-006  

format long g

  1.33333333333333               1.2345e-006  

format bank

  1.33          0.00  

format rat

  4/3          1/810045  

format hex

  3ff5555555555555   3eb4b6231abfd271   
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?keb�kZfuc�[hevrhc�we_f_gl�fZljbpu�[hevr_���
3
�beb�kZfuc�fZe_gvdbc�f_gv-

r_� ��
-3, MATLAB �ijbf_gy_l� h[sbc�fZkrlZ[guc� dhwnnbpb_gl� ^ey�nhjfZlh\

short b long.
<�^h[Z\e_gb_�d�dhfZg^Zf�format, jZkkfhlj_gguf�\ur_

format compact

m[bjZ_l�fgh]h�imkluo�ebgbc��ihy\eyxsboky�gZ�\uoh^_��Wlh�iha\hey_l�\Zf�\b-
^_lv� [hevr_� bgnhjfZpbb� gZ� wdjZg_�� ?keb� \u� ohlbl_� baf_gblv� dhgljhev� gZ^

nhjfZlhf�\uoh^guo�^Zgguo��bkihevamcl_�nmgdpbb�sprintf b�fprintf.

KhdjZs_gb_�\uoh^guo�^Zgguo
?keb�\u�gZ[_j_l_�\ujZ`_gb_�b�gZ`f_l_�Return beb�Enter, MATLAB �Z\lhfZlb-
q_kdb� \u\_^_l� j_amevlZl� gZ� wdjZg��H^gZdh� _keb� \� dhgp_� kljhdb� \u� ihklZ\bl_

lhqdm�k�aZiylhc��MATLAB �ijh\_^_l�\uqbke_gby��gh�g_�hlh[jZabl�bo��Wlh�qZklh

[u\Z_l�gm`gh�ijb�kha^Zgbb�[hevrbo�fZljbp��GZijbf_j�

A = magic(100);

>ebggu_�dhfZg^gu_�kljhdb
?keb�\ujZ`_gb_�g_�mf_sZ_lky�gZ�h^ghc�kljhd_��bkihevamcl_�ljh_lhqb_��Z�aZ�gbf

Return beb�Enter��^ey�h[hagZq_gby�lh]h��qlh�\ujZ`_gb_�ijh^he`Z_lky�gZ�ke_-
^mxs_c�kljhd_��GZijbf_j

s = 1 –1/2 + 1/3 –1/4 + 1/5 – 1/6 + 1/7 ...
-1/8 + 1/9 – 1/10 + 1/11 – 1/12;   

Ijh[_eu�\hdjm]�agZdh\� �������g_�h[yaZl_evgu��gh�memqrZxl�qblZ_fhklv�l_dklZ�

J_^Zdlhj�dhfZg^ghc�kljhdb
JZaebqgu_� klj_edb� b� mijZ\eyxsb_� deZ\brb� gZ� \Zr_c� deZ\bZlmj_� iha\heyxl

\Zf�\uau\Zlv��j_^Zdlbjh\Zlv�b�fgh]hdjZlgh�bkihevah\Zlv�dhfZg^u��gZ[jZggu_

jZg__��GZijbf_j��ij_^iheh`bf��qlh�\u�^himklbeb�hrb[dm�ijb�\\h^_

rho = (1 + sqt(5))/2   

<u�hrb[ebkv�\�gZibkZgbb�sqrt. MATLAB �hl\_lbl�\Zf�ij_^mij_`^_gb_f

Undefined function or variable 'sqt'.   

<f_klh� lh]h�� qlh[u� aZgh\h�gZ[bjZlv� \kx� kljhdm�� ijhklh�gZ`fbl_� deZ\brm�↑.
Lh]^Z�gZ�wdjZg_�bah[jZablky�hrb[hqgZy�dhfZg^Z��Bkihevamcl_�deZ\brm�←�^ey

i_j_f_s_gby�dmjkhjZ�b�\klZ\db�ijhims_gghc�[md\u� r��Ih\lhjgh_�bkihevah\Z-
gb_�deZ\brb�↑� \uah\_l�ij_^u^msb_� kljhdb��GZ[_jbl_�g_kdhevdh� kbf\heh\��b

lh]^Z�deZ\brZ�↑�gZc^_l�ij_^u^msmx�kljhdm��dhlhjZy�gZqbgZ_lky�k�gbo�

Kibkhd� ^hklmiguo� deZ\br� j_^Zdlbjh\Zgby� \� dhfZg^ghc� kljhd_� hlebqZ_lky� m

jZaguo� dhfivxl_jh\��Ihwdki_jbf_glbjmcl_�� qlh[u� magZlv�� dZdb_� ba�gb`_ke_-
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^mxsbo� deZ\br� ^hklmigu� gZ� \Zr_c�fZrbg_�� �Fgh]b_� ba� wlbo� deZ\br� [m^ml

agZdhfu�ihevah\Zl_eyf�j_^ZdlhjZ�EMACS.)

↑ ctrl-p <uah\�ij_^u^ms_c�kljhdb

↓ ctrl-n <uah\�ihke_^mxs_c�kljhdb

← ctrl-b >\b`_gb_�gZaZ^�gZ�h^bg�kbf\he

→ ctrl-f >\b`_gb_�\i_j_^�gZ�h^bg�kbf\he

ctrl-→ ctrl-r >\b`_gb_�\ijZ\h�gZ�h^gh�keh\h

ctrl-← ctrl-l >\b`_gb_�\e_\h�gZ�h^gh�keh\h

home ctrl-a I_j_oh^�gZ�gZqZeh�kljhdb

end ctrl-e I_j_oh^�gZ�dhg_p�kljhdb

esc ctrl-u HqbkldZ�kljhdb

del ctrl-d M^Ze_gb_�kbf\heZ�aZ�dmjkhjhf

backspace ctrl-h M^Ze_gb_�kbf\heZ�i_j_^�dmjkhjhf

ctrl-k M^Ze_gb_�^h�dhgpZ�kljhdb
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MATLAB bf__l�rbjhdb_�\hafh`ghklb�^ey�]jZnbq_kdh]h�bah[jZ`_gby�\_dlhjh\

b�fZljbp��Z�lZd`_�^ey�kha^Zgby�dhff_glZjb_\�b�i_qZlb�]jZnbdb��WlZ�]eZ\Z�hib-
ku\Z_l�g_kdhevdh�gZb[he__� \Z`guo� ]jZnbq_kdbo�nmgdpbc�b� ^Z_l� ijbf_ju�bo

ijbf_g_gby�

Kha^Zgb_�]jZnbdZ
Nmgdpby�plot bf__l�jZaebqgu_�nhjfu��k\yaZggu_�k�\oh^gufb�iZjZf_ljZfb��gZ-
ijbf_j�plot(y)�kha^Z_l�dmkhqgh�ebg_cguc�]jZnbd�aZ\bkbfhklb�we_f_glh\�y hl�bo
bg^_dkh\��?keb�\u�aZ^Z_l_�^\Z�\_dlhjZ�\�dZq_kl\_�Zj]mf_glh\��plot(x,y) kha^Zkl
]jZnbd�aZ\bkbfhklb�y hl�x.

GZijbf_j��^ey�ihkljh_gby�]jZnbdZ�agZq_gbc�nmgdpbb�sin hl�gmey�^h��π��k^_eZ-
_f�ke_^mxs__

t = 0:pi/100:2*pi;  
y = sin(t);  
plot(t,y)   
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<uah\�nmgdpbb� plot k�fgh]hqbke_ggufb� iZjZfb� x-y kha^Z_l� fgh]hqbke_ggu_
]jZnbdb��MATLAB Z\lhfZlbq_kdb�ijbk\Zb\Z_l�dZ`^hfm�]jZnbdm�k\hc�p\_l��bk-
dexqZy�kemqZb��dh]^Z�wlh�^_eZ_l�ihevah\Zl_ev���qlh�iha\hey_l�jZaebqZlv�aZ^Zg-
gu_� gZ[hju� ^Zgguo�� GZijbf_j�� ke_^mxsb_� ljb� kljhdb� hlh[jZ`Zxl� ]jZnbd

[ebadbo�nmgdpbc��b�dZ`^hc�djb\hc�khhl\_lkl\m_l�k\hc�p\_l�

y2 = sin(t-.25);
  y3 = sin(t-.5);

plot( t, y, t, y2, t, y3)   
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<hafh`gh�baf_g_gb_�p\_lZ��klbey�ebgbc�b�fZjd_jh\��lZdbo�dZd�agZdb�iexk�beb

djm`db��ke_^mxsbf�h[jZahf

plot(x, y, 'p\_lBklbevBfZjd_j')

p\_lBklbevBfZjd_j�wlh������������kbf\hevgZy�kljhdZ� �aZdexq_ggZy�\�h^bgZjgu_

dZ\uqdb���khklZ\e_ggZy�ba�lbih\�p\_lZ��klbey�ebgbc�b�fZjd_jh\�

•�Kbf\heu��hlghkysb_�d�p\_lm���'c' , 'm' , 'y' , 'r' , 'g' , 'b',  'w' b 'k'��Hgb�h[hagZ-
qZxl�]hem[hc��fZebgh\uc��`_eluc��djZkguc�� a_e_guc��kbgbc��[_euc�b�q_jguc

p\_lZ�khhl\_lkl\_ggh�

•�Kbf\heu��hlghkysb_ky�d�lbim�ebgbc���' – ' ^ey�kiehrghc��' – – '�^ey�jZaju\-
ghc��' : '�^ey�imgdlbjghc�� ' –. '�^ey�rljboimgdlbjghc�ebgbc�b� ' none '�^ey�_z�hl-
kmlkl\by�

•�GZb[he__�qZklh�\klj_qZxsb_ky�fZjd_ju��' + ' , '�h�' , ' * ' b '�o�'.

GZijbf_j��\ujZ`_gb_

plot(x,y,'y:+')   

kljhbl�`_eluc�imgdlbjguc�]jZnbd�b�ihf_sZ_l�fZjd_ju� ' +  ' \�dZ`^mx�lhqdm
^Zgguo��?keb�\u�hij_^_ey_l_�lhevdh�lbi�fZjd_jZ��gh�g_�hij_^_ey_l_�lbi�klbey

ebgbc��lh�MATLAB �\u\_^_l�lhevdh�fZjd_ju�

HdgZ�bah[jZ`_gbc
Nmgdpby�plot Z\lhfZlbq_kdb� hldju\Z_l�gh\h_� hdgh�bah[jZ`_gby� �^Ze__� hdgh��
_keb�^h�wlh]h�_]h�g_�[ueh�gZ�wdjZg_��?keb�`_�hgh�kms_kl\m_l��lh�plot bkihevam_l
_]h�ih�mfheqZgbx��>ey�hldjulby�gh\h]h�hdgZ�b�\u[hjZ�_]h�ih�mfheqZgbx��gZ-
[_jbl_

figure

>ey�lh]h��qlh[u�k^_eZlv�kms_kl\mxs_z�hdgh�l_dmsbf��
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figure(n)

]^_�n ±�wlh�ghf_j�\�aZ]heh\d_�hdgZ��<�wlhf�kemqZ_�j_amevlZlu�\k_o�ihke_^mxsbo

dhfZg^�[m^ml�\u\h^blvky�\�wlh�hdgh�

>h[Z\e_gb_�djb\uo�gZ�kms_kl\mxsbc�]jZnbd
DhfZg^Z�hold iha\hey_l�^h[Z\eylv�djb\u_�gZ�kms_kl\mxsbc�]jZnbd��Dh]^Z�\u

gZ[bjZ_l_

hold on

MATLAB �g_�klbjZ_l�kms_kl\mxsbc�]jZnbd��Z�^h[Z\ey_l�\�g_]h�gh\u_�^Zggu_�

baf_gyy�hkb��_keb�wlh�g_h[oh^bfh��GZijbf_j��ke_^mxsbc�we_f_gl�dh^Z�\gZqZe_

kha^Z_l� dhglmjgu_� ebgbb�nmgdpbb� peaks�� Z� aZl_f� gZdeZ^u\Z_l� ik_\^hp\_lghc
]jZnbd�lhc�`_�nmgdpbb�

[x,y,z] = peaks;
contour(x,y,z,20,'k')
hold on
pcolor(x,y,z)
shading interp

DhfZg^Z�hold on y\ey_lky� ijbqbghc� lh]h�� qlh� ]jZnbd� pcolor dhf[bgbjm_lky� k
]jZnbdhf�contour�\�h^ghf�hdg_

  

Ih^]jZnbdb
Nmgdpby� subplot iha\hey_l� \u\h^blv� fgh`_kl\h� ]jZnbdh\� \� h^ghf� hdg_� beb
jZki_qZlu\Zlv�bo�gZ�h^ghf�ebkl_�[mfZ]b�

subplot(m,n,p)
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jZa[b\Z_l�hdgh�bah[jZ`_gbc�gZ�fZljbpm�m gZ�n ih^]jZnbdh\�b�\u[bjZ_l�p�uc
ih^]jZnbd�l_dmsbf��=jZnbdb�gmf_jmxlky�\^hev�i_j\h]h�\�\_jog_c�kljhd_��ih-
lhf�\h�\lhjhc�b�l�^��GZijbf_j��^ey�lh]h��qlh[u�ij_^klZ\blv�]jZnbq_kdb_�^Zg-
gu_�\�q_luj_o�jZaguo�ih^h[eZklyo�hdgZ�g_h[oh^bfh�\uihegblv�ke_^mxs__�

t = 0:pi/10:2*pi;
[X,Y,Z] = cylinder(4*cos(t));
subplot(2,2,1)
mesh(X)
subplot(2,2,2); mesh(Y)
subplot(2,2,3); mesh(Z)
subplot(2,2,4); mesh(X,Y,Z)   

  

Fgbfu_�b�dhfie_dkgu_�^Zggu_
?keb�Zj]mf_gl�nmgdpbb�plot dhfie_dkgh_�qbkeh��lh�fgbfZy�qZklv�b]ghjbjm_lky�
aZ� bkdexq_gb_f� kemqZy�� dh]^Z� dhfie_dkguc� Zj]mf_gl� h^bg��>ey� wlh]h� ki_pb-
Zevgh]h� kemqZy� ijhbkoh^bl� ihkljh_gb_� ]jZnbdZ� aZ\bkbfhklb� j_Zevghc� qZklb

Zj]mf_glZ�hl�fgbfhc��Ihwlhfm

plot(Z)

]^_�Z dhfie_dkguc�\_dlhj�beb�fZljbpZ��wd\b\Ze_glgh

plot(real(Z),imag(Z))

GZijbf_j�

t = 0:pi/10:2*pi;
plot(exp(i*t),'-o')  

hlh[jZabl�^\Z^pZlbklhjhggbc�fgh]hm]hevgbd� k�fZe_gvdbfb�djm`dZfb�gZ� \_j-
rbgZo�
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MijZ\e_gb_�hkyfb
Nmgdpby�axis bf__l�g_kdhevdh�\hafh`ghkl_c�^ey�gZkljhcdb�fZkrlZ[Z��hjb_glZ-
pbb�b�dhwnnbpb_glZ�k`Zlby�

H[uqgh�MATLAB �gZoh^bl�fZdkbfZevgh_�b�fbgbfZevgh_�agZq_gb_�b�\u[bjZ_l

khhl\_lkl\mxsbc�fZkrlZ[�b�fZjdblbjh\Zgb_�hk_c��Nmgdpby�axis aZf_gy_l�agZ-
q_gby�ih�mfheqZgbx�ij_^_evgufb�agZq_gby��\\h^bfufb�ihevah\Zl_e_f�

axis( [xmin xmax ymin ymax] )

<� nmgdpbb� axis� fh`gh� lZd`_� bkihevah\Zlv� dexq_\u_� keh\Z� ^ey� mijZ\e_gby
\g_rgbf�\b^hf�hk_c��GZijbf_j

axis square

kha^Z_l�x b�y�hkb�jZ\ghc�^ebgu��Z

axis equal

kha^Z_l�hl^_evgu_�hlf_ldb�ijbjZs_gbc�^ey�x b y hk_c�h^bgZdh\hc�^ebgu��LZd
nmgdpby

plot(exp(i*t))

ke_^mxsZy�eb[h�aZ�axis square��eb[h�aZ�axis equal�ij_\jZsZ_l�h\Ze�\�ijZ\bevguc

djm]�

axis auto

\ha\jZsZ_l�agZq_gby�ih�mfheqZgbx�b�i_j_oh^bl�\�Z\lhfZlbq_kdbc�j_`bf�

axis on
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\dexqZ_l�h[hagZq_gby�hk_c�b�f_ldb�ijhf_`mlhqguo�^_e_gbc�

axis off

\udexqZ_l�h[hagZq_gby�hk_c�b�f_ldb�ijhf_`mlhqguo�^_e_gbc�

grid off

\udexqZ_l�k_ldm�dhhj^bgZl��Z

grid on

\dexqZ_l�_z�aZgh\h�

Ih^ibkb�d�hkyf�b�aZ]heh\db
Nmgdpbb� xlabel, ylabel, zlabel ^h[Z\eyxl� ih^ibkb� d� khhl\_lkl\mxsbf� hkyf�

nmgdpby�title �^h[Z\ey_l�aZ]heh\hd�\�\_jogxx�qZklv�hdgZ��Z�nmgdpby�text�\klZ\-
ey_l�l_dkl�\�ex[h_�f_klh�]jZnbdZ��Bkihevah\Zgb_�TEX ij_^klZ\e_gby�iha\hey_l
ijbf_gylv� ]j_q_kdb_� [md\u�� fZl_fZlbq_kdb_� kbf\heu� b� jZaebqgu_� rjbnlu�

Ke_^mxsbc�ijbf_j�^_fhgkljbjm_l�wlm�\hafh`ghklv�

t  = -pi:pi/100:pi;
y = sin(t);
plot(t,y)
axis([-pi pi -1 1])
xlabel( ' -\pi \leq \itt \leq \pi ' )
ylabel( ' sin(t) ' )
WLWOH� 
 =jZnbd nmgdpbb VLQ 
 �

text(-1 � ����� 
 ?LW^Hlf_lvl_ g_q_lgmx kbff_ljbx` 
 �

�� �� �� � � � �

��

����

����

����

����

�

���

���

���

���

�

�π ≤ W ≤ π

V
LQ

�W
�

= j Z nb d nm g d p b b VLQ

Hlf_ lv l_ g _ q _ lg m x k b ff_lj b x

  

Nmgdpbb�PHVK�b�VXUIDFH
MATLAB hij_^_ey_l� ih\_joghklv� dZd� z dhhj^bgZlu� lhq_d�gZ^� dhhj^bgZlghc
k_ldhc�iehkdhklb�x-y,�bkihevamy�ijyfu_�ebgbb�^ey�kh_^bg_gby�khk_^gbo�lhq_d�
Nmgdpbb�mesh b�surface�hlh[jZ`Zxl�ih\_joghklv�\�lj_o�baf_j_gbyo��Ijb�wlhf
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mesh kha^Z_l�dZjdZkgmx�ih\_joghklv��]^_�p\_lgu_�ebgbb�kh_^bgyxl�lhevdh�aZ-
^Zggu_�lhqdb��Z�nmgdpby�surface \f_kl_�k�ebgbyfb�hlh[jZ`Z_l�\�p\_l_�b�kZfm
ih\_joghklv�

<bamZebaZpby�nmgdpbc�^\mo�i_j_f_gguo
>ey�hlh[jZ`_gby�nmgdpbb�^\mo�i_j_f_gguo��z = f (x,y)��kha^Zxlky�fZljbpu�X b
Y�� khklhysb_� ba� ih\lhjyxsboky� kljhd� b� klhe[ph\� khhl\_lkl\_ggh�� i_j_^� bk-
ihevah\Zgb_f�nmgdpbb��AZl_f�bkihevamxl�wlb�fZljbpu�^ey�\uqbke_gby�b�hlh-
[jZ`_gby�nmgdpbb��Nmgdpby�meshgrid ij_h[jZam_l�h[eZklv�hij_^_e_gby��aZ^Zg-
gmx�q_j_a�h^bg�\_dlhj�beb�^\Z�\_dlhjZ�x�b�y��\�fZljbpu�X�b�Y�^ey�bkihevah\Z-
gby�ijb�\uqbke_gbb�nmgdpbb�^\mo�i_j_f_gguo��Kljhdb�fZljbpu�X ^m[ebjmxl
\_dlhj�x��Z�klhe[pu�Y�±�\_dlhj�y.

>ey�\uqbke_gby�^\mf_jghc�nmgdpbb�sinc , sin(r)/r, \�h[eZklb�x-y ihklmiZxl�ke_-
^mxsbf�h[jZahf

[X, Y] = meshgrid(-8:.5:8);
R = sqrt(X.^2+Y.^2)+eps;
Z = sin(R)./R;
mesh(X,Y,Z)   

  

<�wlhf�ijbf_j_�R ±�wlh�jZkkhygb_�hl�gZqZeZ�dhhj^bgZl��dhlhjhfm�khhl\_lkl\m_l
p_glj�fZljbpu��>h[Z\e_gb_�eps iha\hey_l�ba[_`Zlv�g_hij_^_e_gghklb�����\�gZ-
qZe_�dhhj^bgZl�

Bah[jZ`_gby
>\mf_jgu_�fZkkb\u�fh]ml�hlh[jZ`Zlv�dZd�bah[jZ`_gby��]^_�we_f_glu�fZkkb\Z

hij_^_eyxl�bo�yjdhklv�b�p\_l��GZijbf_j

load durer
whos
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ihdZ`_l��qlh�nZce�durer.mat�\�^bj_dlhjbb�demo khklhbl�ba�fZljbpu�jZaf_jhf
����gZ������fZljbpu�X��b�fZljbpu�jZaf_jhf�����gZ����fZljbpu�map���We_f_glu
fZljbpu�X ±�wlh�p_eu_�qbkeZ�hl���^h������dhlhju_�kem`Zl�bg^bdZlhjZfb�\�p\_l-
ghf�hlh[jZ`_gbb��PDS��Ke_^mxsb_�kljhdb

imag(X)
colormap(map)
axis image

\hkijhba\h^yl�]jZ\xjm�>xj_jZ��ihdZaZggmx�\�gZqZe_�wlhc�dgb]b��<ukhdh_�jZa-
j_r_gb_�fZ]bq_kdh]h�d\Z^jZlZ��gZoh^ys_]hky�\�ijZ\hf�\_jog_f�m]em��^hklmigh

\�^jm]hf�nZce_��GZ[_jbl_

load detail

b�bkihevamcl_�klj_edm�'\\_jo
�gZ�deZ\bZlmj_�^ey�ih\lhjgh]h�aZimkdZ�dhfZg^�im-
age, colormap b axis.

colormap(hot)

^h[Z\bl�p\_lh\mx�]Zffm�^\Z^pZlh]h�\_dZ�gZ�]jZ\xjm�r_klgZ^pZlh]h�

I_qZlv�]jZnbdb
Hipby�Print  \�f_gx�File b� dhfZg^Z�print� i_qZlZxl� ]jZnbdm�MATLAB ��F_gx

Print  \uau\Z_l�^bZeh]h\h_�hdgh��dhlhjh_�iha\hey_l�\u[bjZlv�h[sb_�klZg^Zjl-
gu_�\ZjbZglu�i_qZlb��DhfZg^Z�print h[_ki_qb\Z_l�[hevrmx�]b[dhklv�ijb�\u\h-
^_�\uoh^guo�^Zgguo�b�iha\hey_l�dhgljhebjh\Zlv�i_qZlv�ba�F�nZceh\��J_amev-
lZl�fh`_l�[ulv�ihkeZg�ijyfh�gZ�ijbgl_j��\u[jZgguc�ih� mfheqZgbx��beb� kh-
ojZg_g�\�aZ^Zgghf�nZce_��<hafh`gh�rbjhdh_�\Zjvbjh\Zgb_�nhjfZlZ�\uoh^guo

^Zgguo��\dexqZy�bkihevah\Zgb_�PostScript.

GZijbf_j��ke_^mxsZy�dhfZg^Z�khojZgbl� l_dms__�hdgh�bah[jZ`_gby�dZd�p\_l-
ghc�PostScript Level 2 Encapsulated \�nZce_�magicsquare.eps:

print –depsc2 magicsquare.eps

<Z`gh� agZlv� \hafh`ghklb� \Zr_]h� ijbgl_jZ� i_j_^� bkihevah\Zgb_f� dhfZg^u

print. GZijbf_j��nZceu Postscript Level 2 h[uqgh�f_gvr_�b�\hkijhba\h^ylky�gZ-
fgh]h�[uklj__��q_f�Postscript Level� ���H^gZdh��g_�\k_�Postscript ijbgl_ju�ih^-
^_j`b\Zxl Level 2, lZdbf�h[jZahf�\Zf�g_h[oh^bfh�magZlv��qlh�fh`_l�h[jZ[Z-
lu\Zlv� \Zr_� mkljhckl\h� \u\h^Z�� MATLAB bkihevam_l� ^bnn_j_gpbjh\Zgguc

ih^oh^�^ey�\u\h^Z�]jZnbdb�b�l_dklZ��^Z`_�^ey�q_jgh�[_euo�mkljhckl\�
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KijZ\dZ�b�l_dmsZy�^hdmf_glZpby

?klv� g_kdhevdh� kihkh[h\� ihemqblv� l_dmsmx� ^hdmf_glZpbx� ih� nmgdpbyf

MATLAB.

• DhfZg^Z�help
• Hdgh�kijZ\db
• MATLAB Help Desk
• L_dmsb_�kijZ\hqgu_�kljZgbpu

• K\yav�k�The MathWorks, Inc.

DhfZg^Z�KHOS
DhfZg^Z�help ±�wlh�kZfuc�hkgh\ghc�kihkh[�hij_^_e_gby�kbglZdkbkZ�b�ih\_^_gby
hl^_evguo�nmgdpbc��BgnhjfZpby�hlh[jZ`Z_lky�ijyfh�\� dhfZg^ghf� hdg_��GZ-
ijbf_j

help magic   

\u^Zkl

 MAGIC  Magic square.
    MAGIC(N) is an N-by-N matrix constructed from the integers
    1 through N^2 with equal row, column, and diagonal sums.
    Produces valid magic squares for N = 1,3,4,5,...   

AZf_qZgb_  MATLAB \�l_dms_c�kijZ\d_�bkihevam_l�aZ]eZ\gu_�[md\u�^ey�nmgd-
pbc�b�i_j_f_gguo�^ey�lh]h��qlh[u�\u^_eblv�bo�ba�l_dklZ��H^gZdh��ijb�gZ[hj_

bf_g�nmgdpbc� \k_]^Z� bkihevamcl_� khhl\_lkl\mxsb_� kljhqgu_� [md\u�� lZd� dZd

MATLAB qm\kl\bl_e_g�d�j_]bkljZf��Z�\k_�bf_gZ�nmgdpbb�kljhqgu_�

<k_�nmgdpbb�MATLAB hj]Zgbah\Zgu�\�eh]bq_kdb_�]jmiiu�b�kljmdlmjZ�^bj_d-
lhjbc� MATLAB [Zabjm_lky� gZ� wlhf� ]jmiibjh\Zgbb�� GZijbf_j�� \k_� nmgdpbb
ebg_cghc� Ze]_[ju�gZoh^ylky�\�^bj_dlhjbb�matfun��Qlh[u�\u\_klb�bf_gZ�\k_o
nmgdpbc�\�wlhc�^bj_dlhjbb�k�djZldbf�hibkZgb_f��gZ^h�gZ[jZlv

help matfun   

  Matrix functions - numerical linear algebra.

  Matrix analysis.
    norm        - Matrix or vector norm.
    normest     - Estimate the matrix 2-norm.

. . .

DhfZg^Z

help   
HELP topics:

matlab\general       -  General purpose commands.
matlab\ops           -  Operators and special characters.
. . .
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Hdgh�kijZ\db
Hdgh� kijZ\db� MATLAB ihy\ey_lky� gZ� PC beb� Mac� ihke_� \u[hjZ� hipbb
Help Window�\�f_gx�Help beb�gZ`Zlb_f�dghidb�\hijhkZ�gZ�iZg_eb�bgkljmf_g-
lh\��WlZ�`_�hi_jZpby�fh`_l�[ulv�\uiheg_gZ�ijb�gZ[hj_�dhfZg^u

helpwin

>ey�\u\h^Z�hdgZ�kijZ\db�ih�hl^_evguf�jZa^_eZf��gZ[_jbl_

helpwin topic

Hdgh�kijZ\db�ij_^hklZ\ey_l�\Zf�lZdmx�`_�bgnhjfZpbx��dZd�b�dhfZg^Z�help, gh
hdhgguc� bgl_jn_ck� h[_ki_qb\Z_l� [he__� m^h[gmx� k\yav� k� ^jm]bfb� jZa^_eZfb

kijZ\db�

DhfZg^Z�ORRNIRU
DhfZg^Z� lookfor iha\hey_l�bkdZlv�nmgdpbb�ih�dexq_\hfm�keh\m��HgZ�ijhkfZl-
jb\Z_l� i_j\mx� kljhdm� l_dklZ� kijZ\db�� gZau\Z_fmx� kljhdhc� H1�� ^ey� dZ`^hc
nmgdpbb�MATLAB � b� \ha\jZsZ_l� kljhdb� H1, kh^_j`Zsb_� aZ^Zggh_� dexq_\h_

keh\h��GZijbf_j��MATLAB �g_�bf__l�nmgdpbb�k�bf_g_f�inverse��Ihwlhfm�hl\_l
gZ�aZijhk

help inverse   

[m^_l

inverse.m not found.   

<�lh�\j_fy�dZd

lookfor inverse  

gZc^_l�fgh`_kl\h� kh]eZkh\Zgguo� hl\_lh\��<� aZ\bkbfhklb� hl� lh]h�� dZdb_� tool-
boxes \u�mklZgh\beb��\u�ihemqbl_�khhl\_lkl\mxsb_�aZibkb��GZijbf_j

INVHILB Inverse Hilbert matrix.
ACOS   Inverse cosine.
ACOSH  Inverse hyperbolic cosine.
ACOT   Inverse cotangent.
ACOTH  Inverse hyperbolic cotangent.
ACSC   Inverse cosecant.
ACSCH  Inverse hyperbolic cosecant.
ASEC   Inverse secant.
ASECH  Inverse hyperbolic secant.
ASIN   Inverse sine.
ASINH  Inverse hyperbolic sine.
ATAN   Inverse tangent.
. . .

>h[Z\e_gb_�dexqZ�±all \�dhfZg^m�lookfor��dZd��gZijbf_j�
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lookfor –all

iha\hey_l�bkdZlv�dexq_\h_�keh\h�\h�\k_o�aZibkyo�kijZ\db��Z�g_�lhevdh�\�kljhd_

H1.

Help Desk
MATLAB Help Desk h[_ki_qb\Z_l� ^hklmi� d�rbjhdhfm� ^bZiZahgm� kijZ\hqghc

bgnhjfZpbb��ojZgys_cky�gZ�^bkd_�beb�gZ�CD� \Zr_c� kbkl_fu��;hevrZy� qZklv

\Z`ghc�^hdmf_glZpbb�bkihevam_l�HTML (HyperText Markup Language) nhjfZl
b�^hklmigZ�q_j_a�[jZma_ju�Bgl_jg_l��lZdb_�dZd�Netscape beb�Microsoft Explorer.
AZimklblv�Help Desk fh`gh�gZ�Pc beb�Mac��\u[jZ\�hipbx�Help Desk \�f_gx
Help beb��gZ�\k_o�dhfivxl_jZo��ijhklh�gZ[jZ\�dhfZg^m

helpdesk

<k_� hi_jZlhju� b�nmgdpbb�MATLAB bf_xl� l_dmsb_� kijZ\hqgu_� kljZgbpu� \

nhjfZl_�HTML ��d�dhlhjuf�fh`gh�h[jZlblvky�q_j_a�Help Desk��Wlb� kljZgbpu
ij_^hklZ\eyxl�[hevr_�^_lZe_c�b�ijbf_jh\��q_f�h[uqgu_�aZibkb�kijZ\db��LZd-
`_�^hklmigu�HTML �\_jkbb�b�^jm]bo�^hdmf_glh\��\dexqZy�wlh�kijZ\hqgh_�ihkh-
[b_��Kj_^kl\h�ihbkdZ��aZims_ggh_�gZ�\Zr_c�fZrbg_��fh`_l�gZclb�\k_�l_dmsb_

kijZ\hqgu_�fZl_jbZeu�

DhfZg^Z�GRF
?keb�\u� agZ_l_�bfy�dhgdj_lghc�nmgdpbb��\u�fh`_l_�h[jZlblvky�d�_z� l_dms_c

kijZ\hqghc�kljZgbp_�gZijyfmx��GZijbf_j��^ey�ihemq_gby�kijZ\hqghc�kljZgb-
pu�^ey�nmgdpbb�eval��gZ[_jbl_

doc eval

DhfZg^Z�doc kZfZ�aZimklbl�\Zr�Web [jZma_j��_keb�hg�_s_�g_�[ue�aZims_g�jZ-
g__�

I_qZlv�l_dmsbo�kijZ\hqguo�kljZgbp
<_jkbb�l_dmsbo�kijZ\hqguo�kljZgbp��dZd�b�[hevrbgkl\h�^hdmf_glZpbb��lZd`_

^hklmigh�\�nhjfZl_�PDF (Portable Document Format) q_j_a�Help Desk���Wlb�kljZ-
gbpu� h[jZ[Zlu\Zxlky� k� ihfhsvx�Adobe's Acrobat reader��Hgb� \hkijhba\h^yl
\g_rgbc�\b^�kljZgbp�ihke_�i_qZlb��iheghklvx�k�rjbnlZfb��]jZnbdhc��k�aZ^Zg-
guf� nhjfZlhf� b� jbkmgdZfb�� Wlh� emqrbc� kihkh[� ihemqblv� i_qZlgu_� dhibb

kijZ\hqguo�fZl_jbZeh\�

K\yav�k�0DWK:RUNV
?keb�\Zr�dhfivxl_j�ih^dexq_g�\�Bgl_jg_l��Help Desk�h[_ki_qb\Z_l�\Zf�k\yav
k�MathWorks� ±�^hfhf�MATLAB �� \u�fh`_l_�bkihevah\Zlv� we_dljhggmx� ihqlm

^ey� \hijhkh\�� ij_^eh`_gbc� b� khh[s_gbc� h� \hafh`guo� hrb[dZo�� <u� fh`_l_

lZd`_�bkihevah\Zlv�Solution Search Engine gZ�kZcl_�MathWorks Web ̂ey�aZijhkZ
\�gh\_crmx�[Zam�^Zgguo�ih�l_ogbq_kdhc�ih^^_j`d_�
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Kj_^Z�0$7/$%

Kj_^Z�MATLAB �\dexqZ_l�\�k_[y�dZd�kh\hdmighklv�i_j_f_gguo��kha^Zgguo� aZ

\j_fy�k_ZgkZ�jZ[hlu�MATLAB ��lZd�b�gZ[hj�nZceh\��kh^_j`Zsbo�ijh]jZffu�b

^Zggu_��dhlhju_�ijh^he`Zxl�kms_kl\h\Zlv�f_`^m�k_ZgkZfb�jZ[hlu�

JZ[hq__�ijhkljZgkl\h
JZ[hq__� ijhkljZgkl\h� ±� wlh� h[eZklv� iZfylb�� ^hklmigZy� ba� dhfZg^ghc� kljhdb

MATLAB ��>\_�dhfZg^u��who�b�whos��ihdZau\Zxl�l_dms__�kh^_j`Zgb_�jZ[hq_]h

ijhkljZgkl\Z��DhfZg^Z�who \u^Z_l� djZldbc� kibkhd�� Z� dhfZg^Z�whos jZaf_j� b
bkihevam_fmx�iZfylv�

Gb`_� ij_^klZ\e_g� \u\h^�� hkms_kl\e_gguc� dhfZg^hc� whos, gZ� jZ[hq_f� ijh-
kljZgkl\_��kh^_j`Zs_f�j_amevlZlu�ba�g_dhlhjuo�ijbf_jh\�wlhc�dgb]b��Hg�ih-
dZau\Z_l� jZaebqby� \� kljmdlmj_� ^Zgguo�MATLAB ��<� dZq_kl\_� mijZ`g_gby� ih-
ijh[mcl_� gZclb� k_]f_gl� dh^Z�� dhlhjuc� khhl\_lkl\m_l� dZ`^hc� ba� gb`_� ijb\_-
^_gguo�i_j_f_gguo�

whos

Name Size BytesClass

A 4x4 128 double array
D 5x3 120 double array
M 10x1 3816 cell array
S 1x3 442 struct array
h 1x11 22 char array
n 1x1 8 double array
s 1x5 10 char array
v 2x5 20 char array

Grand total is 471 elements using 4566 bytes.

>ey� m^Ze_gby� \k_o� kms_kl\mxsbo� i_j_f_gguo� ba� jZ[hq_]h� ijhkljZgkl\Z

MATLAB ��\\_^bl_

clear

DhfZg^Z�VDYH
DhfZg^Z�save khojZgy_l�kh^_j`Zgb_�jZ[hq_]h�ijhkljZgkl\Z�\�F:L�nZce_��dhlh-
juc� fh`_l� [ulv� ijhqblZg� dhfZg^hc� load \� ihke_^mxsbo� k_ZgkZo� jZ[hlu

MATLAB ��GZijbf_j�

save August17th

khojZgy_l�kh^_j`Zgb_�\k_]h�jZ[hq_]h�ijhkljZgkl\Z�\�nZce_�August17th.mat��?k-
eb�gm`gh��\u�fh`_l_�khojZgblv�lhevdh�hij_^_e_ggu_�i_j_f_ggu_��mdZau\Zy�bo

bf_gZ�ihke_�bf_gb�nZceZ�
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H[uqgh�� i_j_f_ggu_� khojZgyxlky� \� ^\hbqghf�nhjfZl_�� dhlhjuc�fh`_l� [ulv

[ukljh��b�lhqgh��ijhqblZg�MATLAB ��?keb�`_�\u�ohlbl_�bkihevah\Zlv�wlb�nZc-
eu�\g_�MATLAB ��\u�fh`_l_�mdZaZlv�^jm]hc�nhjfZl�

-ascii Bkihevam_l���agZqguc�l_dklh\hc�nhjfZl�

-ascii -double Bkihevam_l����agZqguc�l_dklh\hc�nhjfZl�

-ascii -double -tabs JZa^_ey_l�we_f_glu�fZkkb\Z�lZ[meypb_c�

-v4 Kha^Z_l�nZce�^ey�MATLAB 4.

-append >h[Z\ey_l�^Zggu_�\�kms_kl\mxsbc�MAT �nZce�

Dh]^Z�\u�khojZgy_l_�kh^_j`Zgb_�jZ[hq_]h�ijhkljZgkl\Z�\�l_dklh\hf�nZce_��\u

^he`gu�khojZgylv�lhevdh�h^gm�i_j_f_ggmx�\�^Zgguc�fhf_gl��?keb�\u�khojZ-
gy_l_� [he__� h^ghc� i_j_f_gghc�� MATLAB � kha^Z_l� l_dklh\hc� nZce�� gh� \u� g_

kfh`_l_�aZ]jmablv�_]h�h[jZlgh�

FZjrjml�ihbkdZ
MATLAB bkihevam_l�fZjrjml�ihbkdZ��mihjy^hq_gguc�kibkhd�^bj_dlhjbc��^ey

lh]h��qlh[u�hij_^_eblv�dZd�\uihegylv�nmgdpbb��dhlhju_�\u�\uau\Z_l_��Dh]^Z

\u�\uau\Z_l_� klZg^Zjlgmx�nmgdpbx��MATLAB bkihegy_l�i_j\uc�F�nZce�gZ

k\h_f�imlb��dhlhjuc�bf__l� aZ^Zggh_�bfy��<u�fh`_l_� aZf_gblv�ih\_^_gb_�bk-
ihevah\Zgb_f�ki_pbZevguo�^bj_dlhjbc�b�ih^^bj_dlhjbc�

DhfZg^Z

path

ihdZau\Z_l�fZjrjml�ihbkdZ�gZ�\k_o�ieZlnhjfZo��GZ�Pc b�Mac�\u[_jbl_�hipbx
Set Path ba�f_gx�File ^ey�ijhkfhljZ�b�baf_g_gby�fZjrjmlZ�

Hi_jZpbb�gZ^�^bkdh\ufb�nZceZfb
DhfZg^u�dir, type, delete b cd�hkms_kl\eyxl�dhfie_dk�]jmiih\uo�hi_jZpbhgguo

kbkl_fguo� dhfZg^� ^ey�fZgbimeypbc� gZ^�nZceZfb��Gb`_ijb\_^_ggZy� lZ[ebpZ

ihdZau\Z_l�� dZd� wlb� dhfZg^u� khhl\_lkl\mxl� jZaebqguf� hi_jZpbhgguf� kbkl_-
fZf�

MATLAB MS-DOS UNIX VAX/VMS
dir dir ls dir
type type cat type
delete del, erase rm delete
cd chdir cd set defalt

>ey�[hevrbgkl\Z�ba�wlbo�dhfZg^�\u�fh`_l_�bkihevah\Zlv�ihegu_�imlb��rZ[eh-
gu�b�mdZaZl_eb�^bkdh\�\�h[uqghc�nhjf_�
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DhfZg^Z�GLDU\
DhfZg^Z�diary�kha^Z_l�^g_\gbd�k_ZgkZ�MATLAB �\�^bkdh\hf�nZce_��<u�fh`_l_

ijhkfhlj_lv� b� hlj_^Zdlbjh\Zlv� dhg_qguc� l_dklh\hc� nZce�� bkihevamy� ex[hc

l_dklh\hc�ijhp_kkhj��>ey�kha^Zgby�nZceZ�ih^�bf_g_f�diary��dhlhjuc�kh^_j`bl
\k_�dhfZg^u��dhlhju_�\u�bkihevam_l_��\dexqZy�\u\h^�gZ�i_qZlv� �djhf_�]jZnb-
q_kdh]h�\u\h^Z���\\_^bl_

diary

>ey�khojZg_gby�k_ZgkZ�MATLAB �\�nZce_�k�hij_^_e_gguf�bf_g_f��bkihevamcl_

diary filename

Ijb�hklZgh\d_�aZibkb�k_ZgkZ�jZ[hlu��gZ[_jbl_

diary off

AZimkd�\g_rgbo�ijh]jZff
<hkdebpZl_evguc�agZd�hagZqZ_l�\uoh^�ba�h[hehqdb�MATLAB �� �Hg�lZd`_�hagZ-
qZ_l��qlh�ihke_^mxsZy� kljhdZ�\\h^Z�[m^_l� dhfZg^hc� d� hi_jZpbhgghc� kbkl_f_

�beb�Finder gZ�Mac���Wlh�hq_gv�ihe_agh�^ey�\uah\Z�mlbebl�beb�aZimkdZ�^jm]bo
ijh]jZff�[_a�\uoh^Z�ba MATLAB ��GZ�VMS��gZijbf_j�

!edt magik.m

\uah\_l�j_^Zdlhj��gZau\Z_fuc�edt��^ey�nZceZ�magik.m��Dh]^Z� \u� \uoh^bl_�ba
\g_rg_c�ijh]jZffu��hi_jZpbhggZy�kbkl_fZ�\ha\jZsZ_l�mijZ\e_gb_�MATLAB.
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Ih^jh[g__�h�fZljbpZo�b�fZkkb\Zo

Wlhl�jZa^_e�jZkkdZ`_l�\Zf�[hevr_�h�jZ[hl_�k�fZljbpZfb�b�fZkkb\Zfb��m^_eyy

hkh[h_�\gbfZgb_

• Ebg_cghc�Ze]_[j_

• FZkkb\Zf

• Fgh]hf_jguf�^Zgguf

Ebg_cgZy�Ze]_[jZ
L_jfbgu�fZljbpZ�b�fZkkb\�qZklh�g_ijZ\bevgh�bkihevamxl�dZd�\aZbfhaZf_gy_-
fu_��;he__�lhqgh��fZljbpZ�±�wlh�^\mf_jguc�qbke_gguc�fZkkb\��bkihevam_fuc�\

ebg_cguo� ij_h[jZah\Zgbyo��FZl_fZlbq_kdb_� hi_jZpbb�� hij_^_e_ggu_� gZ�fZl-
jbpZo�y\eyxlky�h[t_dlhf�ebg_cghc�Ze]_[ju�

FZ]bq_kdbc�d\Z^jZl�>xj_jZ

A =
    16     3     2    13
     5    10    11     8
     9     6     7    12
     4    15    14     1   

bkihevam_lky�\�g_dhlhjuo�ijbf_jZo��dhlhju_�iha\heyxl�ihqm\kl\h\Zlv�hi_jZ-
pbb�gZ^�fZljbpZfb�\� MATLAB �� <u� m`_� \b^_eb� hi_jZpbx� ljZgkihgbjh\Zgby

fZljbpu��A'. >h[Z\e_gb_�fZljbpu�d�_z�ljZgkihgbjh\Zgghc�^Z_l�kbff_ljbqgmx
fZljbpm�

A + A'   

ans =
    32     8    11    17
     8    20    17    23
    11    17    14    26
    17    23    26     2   

Kbf\he�mfgh`_gby��
��h[hagZqZ_l�fZljbqgh_�ijhba\_^_gb_��\dexqZxs__�\gml-
j_gg__�ijhba\_^_gb_�f_`^m�kljhdZfb�b�klhe[pZfb��Mfgh`_gb_�fZljbpu�gZ�_z

ljZgkihgbjh\Zggmx�lZd`_�^Z_l�kbff_ljbqgmx�fZljbpm�

A'*A   

ans =
   378   212   206   360
   212   370   368   206
   206   368   370   212
   360   206   212   378   

Hij_^_ebl_ev�wlhc�qZklghc�fZljbpu�hdZau\Z_lky�jZ\guf�gmex��hagZqZy��qlh�wlZ

fZljbpZ�y\ey_lky�kbg]meyjghc�

d = det(A)   
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d =
     0   

Ijb\_^_ggZy� d� kljhdZf� klmi_gqZlZy� nhjfZ� fZljbpu�:� \u]ey^bl� ke_^mxsbf

h[jZahf

R = rref(A)   

R =
     1     0     0     1
     0     1     0    -3
     0     0     1     3
     0     0     0     0   

Ihkdhevdm�aZ^ZggZy�fZljbpZ�y\ey_lky�kbg]meyjghc��lh�hgZ�g_�bf__l�h[jZlghc�

?keb�\u�\k_�lZdb�ihiulZ_l_kv�_z�hij_^_eblv

X = inv(A)   

lh�ihemqbl_�ij_^mij_`^_gb_

Warning: Matrix is close to singular or badly scaled.
         Results may be inaccurate. RCOND = 1.175530e-017.

Hrb[dZ�hdjm]e_gby�ij_iylkl\m_l�Ze]hjblfm�h[jZs_gby�fZljbpu�ijb�hij_^_e_-
gbb�lhqghc�kbg]meyjghklb��Gh� agZq_gb_� rcond��dhlhjh_�mklZgZ\eb\Z_l�mkeh\b_
hp_gdb�^ey�h[jZlghc�fZljbpu��bf__l�ihjy^hd�eps��hlghkbl_evghc�lhqghklb�qbk-
eZ�k�ieZ\Zxs_c�lhqdhc��ihwlhfm�\uqbke_gb_�h[jZlghc�fZljbpu�g_�hq_gv�`_eZ-
l_evgh�

Bgl_j_kgh�gZclb�kh[kl\_ggu_�agZq_gby�fZ]bq_kdh]h�d\Z^jZlZ

e = eig(A)   

e =
   34.0000
    8.0000
   -0.0000
   -8.0000   

H^gh�ba�kh[kl\_gguo�agZq_gbc�jZ\gh�gmex��qlh�y\ey_lky�ke_^kl\b_f�kbg]meyj-
ghklb��KZfh_�[hevrh_�kh[kl\_ggh_� agZq_gb_�jZ\gh� ����fZ]bq_kdhc�kmff_��Wlh

ijhbkoh^bl�ihlhfm��qlh�\_dlhj��khklhysbc�ba�\k_o�_^bgbp��y\ey_lky�kh[kl\_g-
guf�\_dlhjhf�

v = ones(4,1)   

v =
     1
     1
     1
     1  

A*v   
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ans =
    34
    34
    34
    34   

Dh]^Z�fZ]bq_kdbc�d\Z^jZl�baf_jy_lky�_]h�fZ]bq_kdhc�kmffhc

P = A/34   

j_amevlZl� [m^_l� [bklhoZklbq_kdhc� fZljbp_c�� m� dhlhjhc� kmffu� \� kljhdZo� b

klhe[pZo�\k_�jZ\gu�_^bgbpZf�

P =
    0.4706    0.0882    0.0588    0.3824
    0.1471    0.2941    0.3235    0.2353
    0.2647    0.1765    0.2059    0.3529
    0.1176    0.4412    0.4118    0.0294   

LZdb_�fZljbpu�ij_^klZ\eyxl� kh[hc� \_jhylghklv�i_j_oh^Z� \�FZjdh\kdhf�ijh-
p_kk_��Ih\lhjgu_�\ha\_^_gby�fZljbpu�\�kl_i_gv�y\eyxlky�ih\lhjgufb�rZ]Zfb

\�wlhf�ijhp_kk_��>ey�gZr_]h�ijbf_jZ��iylZy�kl_i_gv

P^5   

jZ\gZ

ans =
    0.2507    0.2495    0.2494    0.2504
    0.2497    0.2501    0.2502    0.2500
    0.2500    0.2498    0.2499    0.2503
    0.2496    0.2506    0.2505    0.2493   

Ba�wlh]h�ke_^m_l��qlh�_keb�k klj_fblky�d�[_kdhg_qghklb��lh]^Z�\k_�we_f_glu�\�k-
hc�kl_i_gb, Pk,�klj_fylky�d�¼.

<�aZdexq_gb_��jZkkfhljbf�dhwnnbpb_glu�oZjZdl_jbklbq_kdh]h�ihebghfZ

poly(A)   

ans =
  1.0e+003 *
    0.0010   -0.0340   -0.0640    2.1760    0.0000   

Ba�q_]h�ke_^m_l��qlh�oZjZdl_jbklbq_kdbc�ihebghf

det(A-λI)

jZ\_g

λ4 – 34λ3 – 64λ2 + 2176λ

DhgklZglZ�jZ\gZ�gmex��lZd�dZd�fZljbpZ�y\ey_lky�kbg]meyjghc��Z�dhwnnbpb_gl

ijb�lj_lv_c�kl_i_gb�jZ\_g�����lZd�dZd�fZljbpZ�fZ]bq_kdZy�
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FZkkb\u
Dh]^Z�fu�\uoh^bf�ba�fbjZ�ebg_cghc�Ze]_[ju��fZljbpu�klZgh\ylky�^\mf_jgufb

qbke_ggufb�fZkkb\Zfb��:jbnf_lbq_kdb_� hi_jZpbb�gZ�fZkkb\Zo� ijhba\h^ylky

ihwe_f_glgh��Wlh�hagZqZ_l��qlh�kmffbjh\Zgb_�b�\uqblZgb_�y\eyxlky�h^bgZdh-
\ufb� hi_jZpbyfb� ^ey� fZljbp� b� fZkkb\h\�� Z� mfgh`_gb_� ^ey� gbo� jZaebqgh�

MATLAB �bkihevam_l�lhqdm��beb�^_kylbqgmx�lhqdm��dZd�qZklv�aZibkb�^ey�hi_jZ-
pbb�mfgh`_gby�fZkkb\h\�

Kibkhd�hi_jZlhjh\�\dexqZ_l�\�k_[y�

+ kmffbjh\Zgb_

- \uqblZgb_

.* ihwe_f_glgh_�mfgh`_gb_

./ ihwe_f_glgh_�^_e_gb_

.\ ihwe_f_glgh_�e_\h_�^_e_gb_

.^ ihwe_f_glgh_�\ha\_^_gb_�\�kl_i_gv

.' g_khijy`_ggh_�fZljbqgh_�ljZgkihgbjh\Zgb_

?keb�fZ]bq_kdbc� d\Z^jZl�>xj_jZ� mfgh`blv� gZ� k_[y� ih� ijZ\beZf� mfgh`_gby

fZkkb\h\

A.*A   

j_amevlZlhf�[m^_l�fZkkb\��kh^_j`Zsbc�d\Z^jZlu�p_euo�qbk_e�hl���^h����\�g_-
h[uqghf�ihjy^d_

ans =
   256     9     4   169
    25   100   121    64
    81    36    49   144
    16   225   196     1   

Hi_jZpbb�gZ^�fZkkb\Zfb�ihe_agu�^ey�kha^Zgby� lZ[ebp��Imklv�n ±� wlh�\_dlhj�
klhe[_p

n = (0:9)';  

Lh]^Z

pows = [n  n.^2  2.^n]   

kha^Z_l�lZ[ebpm�d\Z^jZlh\�b�kl_i_g_c�^\hcdb

pows =
     0     0     1
     1     1     2
     2     4     4
     3     9     8
     4    16    16
     5    25    32
     6    36    64
     7    49   128
     8    64   256
     9    81   512   
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We_f_glZjgu_� fZl_fZlbq_kdb_� nmgdpbb� jZ[hlZxl� k� fZkkb\Zfb� ihwe_f_glgh�

LZd

format short g   
x = (1:0.1:2)';  
logs = [x log10(x)]   

kha^Z_l�lZ[ebpm�eh]Zjbnfh\

logs =
            1            0
          1.1     0.041393
          1.2     0.079181
          1.3      0.11394
          1.4      0.14613
          1.5      0.17609
          1.6      0.20412
          1.7      0.23045
          1.8      0.25527
          1.9      0.27875
            2      0.30103   

Fgh]hf_jgu_�^Zggu_
MATLAB �bkihevam_l�f_lh^�hjb_glZpbb�klhe[ph\�^ey�fgh]hf_jguo�klZlbklbq_-
kdbo� ^Zgguo�� DZ`^uc� klhe[_p� \� gZ[hj_� ^Zgguo� ij_^klZ\ey_l� i_j_f_ggmx�� Z

dZ`^Zy�kljhdZ�±�j_amevlZlu�gZ[ex^_gbc��LZdbf�h[jZahf��we_f_gl��i,j��±�wlh�i�h_
gZ[ex^_gb_�j�hc�i_j_f_gghc�

<�dZq_kl\_�ijbf_jZ�jZkkfhljbf�gZ[hj�^Zgguo�k�lj_fy�i_j_f_ggufb

• qZklhlZ�k_j^_qguo�khdjZs_gbc

• \_k

• qZku�mijZ`g_gbc�aZ�g_^_ex

>ey� iylb� gZ[ex^_gbc�� j_amevlbjmxsbc�fZkkb\�fh`_l� \u]ey^_lv� ke_^mxsbf

h[jZahf

D =
           72          134          3.2
           81          201          3.5
           69          156          7.1
           82          148          2.4
           75          170          1.2   

I_j\Zy�kljhdZ�kh^_j`bl�qZklhlm�k_j^_qguo�khdjZs_gbc��\_k�b�qZku�mijZ`g_gbc

^ey�i_j\h]h�iZpb_glZ��\lhjZy�kljhdZ�kh^_j`bl�ZgZeh]bqgu_�^Zggu_�^ey�\lhjh]h

b�l�^��<u�fh`_l_�ijbf_gblv�fgh]b_�nmgdpbb�MATLAB ^ey�ZgZebaZ�^Zgguo�d
wlhfm� gZ[hjm� bgnhjfZpbb�� GZijbf_j�� ^ey� lh]h�� qlh[u� ihemqblv� kj_^g__� b

kj_^g_d\Z^jZlbqgh_�hldehg_gb_�^ey�dZ`^h]h�klhe[pZ��gZ^h

mu = mean(D), sigma = std(D)   
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mu =
         75.8        161.8         3.48
sigma =
       5.6303       25.499       2.2107   

Qlh[u�ihkfhlj_lv�kibkhd�\k_o�nmgdpbc�MATLAB �^ey�ZgZebaZ�^Zgguo��gZ[_jb-
l_

help datafun

?keb�\Zf�gm`gh�magZlv�h�Statistics Toolbox��\\_^bl_

help stats

KdZeyjgh_�jZkrbj_gb_
FZljbpu� b� kdZeyju� fh]ml� dhf[bgbjh\Zlvky� jZaebqgufb� imlyfb�� GZijbf_j�

kdZeyj�\uqblZ_lky�ba�fZljbpu�iml_f�\uqblZgby�ba�dZ`^h]h�we_f_glZ��Kj_^g__

agZq_gb_�we_f_glh\�^ey�gZr_]h�fZ]bq_kdh]h�d\Z^jZlZ�jZ\gh������ihwlhfm

B = A - 8.5   

nhjfbjm_l�fZljbpm��m�dhlhjhc�kmffu�\�klhe[pZo�jZ\gu�gmex

B =
          7.5         -5.5         -6.5          4.5
         -3.5          1.5          2.5         -0.5
          0.5         -2.5         -1.5          3.5
         -4.5          6.5          5.5         -7.5   

sum(B)   

ans =
     0     0     0     0   

Bkihevamy� kdZeyjgh_� jZkrbj_gb_��MATLAB � mdZau\Z_l� aZ^Zgguc� kdZeyj� \k_f

bg^_dkZf�\�^bZiZahg_��GZijbf_j�

B(1:2,2:3)=0   

h[gmey_l�qZklv�fZljbpu�B

B =
          7.5            0            0          4.5
         -3.5            0            0         -0.5
          0.5         -2.5         -1.5          3.5
         -4.5          6.5          5.5         -7.5   

Eh]bq_kdZy�bg^_dkZpby
Eh]bq_kdb_�\_dlhjZ��kha^Zggu_�ba�eh]bq_kdbo�hi_jZlhjh\�b�hi_jZlhjh\�kjZ\g_-
gby��fh]ml�[ulv�bkihevah\Zgu�^ey�kkuedb�gZ�ih^fZkkb\u��Ij_^iheh`bf��qlh�X
h[udgh\_ggZy�fZljbpZ�b�L fZljbpZ�lh]h�`_�jZaf_jZ��gh�kh^_j`ZsZy�eh]bq_kdb_

hi_jZpbb��Lh]^Z�X(L) �aZ^Z_l�we_f_glu�X��\�dhlhjuo�we_f_glu�L g_gme_\u_�
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Wlhl�\b^�bg^_dkZpbb�fh`_l�[ulv�hkms_kl\e_g�aZ�h^bg�rZ]�mdZaZgb_f�eh]bq_-
kdhc�hi_jZpbb��lZdhc�dZd�bg^_dkZpby�\ujZ`_gby��Imklv�\u�bf__l_�ke_^mxsbc

gZ[hj�^Zgguo�

x =
  2.1 1.7 1.6 1.5 NaN 1.9 1.8 1.5 5.1 1.8 1.4 2.2 1.6 1.8   

NaN – wlh f_ldZ�^ey�g_^hklZxs_]h�gZ[ex^_gby��dZd�gZijbf_j�hrb[dZ�ijb�hl-
\_l_�gZ�\hijhk�Zgd_lu��>ey�lh]h��qlh[u�m[jZlv�^Zggu_�k�eh]bq_kdhc�bg^_dkZpb-
_c��bkihevamcl_� finite(x)��dhlhjZy�y\ey_lky�bklbghc�^ey�\k_o�dhg_qguo�qbke_g-
guo�agZq_gbc�b�eh`vx�^ey�NaN b Inf.

x = x(finite(x))   

x =
2.1 1.7 1.6 1.5 1.9 1.8 1.5 5.1 1.8 1.4 2.2 1.6 1.8   

K_cqZk�hklZeZkv�h^gZ�gZ[ex^Z_fZy�\_ebqbgZ�������aZf_lgh�hlebqZxsZyky�hl�hk-
lZevguo�� ±� wlh�\u[jhk��Ihke_^mxsb_�^_ckl\by�mkljZgyxl�\u[jhku�� \�^Zgghf

kemqZ_�l_�we_f_glu��^ey�dhlhjuo�kj_^g_d\Z^jZlbqgh_�hldehg_gb_�[he__��q_f�\

ljb�jZaZ�mdehgy_lky�hl�kj_^g_]h�

x = x(abs(x-mean(x)) <= 3*std(x))   

x =
2.1 1.7 1.6 1.5 1.9 1.8 1.5 1.8 1.4 2.2 1.6 1.8   

<� dZq_kl\_� ^jm]h]h� ijbf_jZ� gZc^_f� iheh`_gb_� ijhkluo� qbk_e� \� fZ]bq_kdhf

d\Z^jZl_�>xj_jZ��bkihevamy�eh]bq_kdh_�bg^_dkbjh\Zgb_�b�kdZeyjgh_�jZkrbj_-
gb_��qlh�h[gmeblv�\k_�g_�ijhklu_�qbkeZ�

A(~isprime(A))=0   

A =
     0     3     2    13
     5     0    11     0
     0     0     7     0
     0     0     0     0   

Nmgdpby�ILQG
Nmgdpby�find hij_^_ey_l�bg^_dku�fZkkb\Z�we_f_glh\��k�aZ^Zggufb�eh]bq_kdbfb
mkeh\byfb��<�gZb[he__�ijhklhc�nhjf_�� find \ha\jZsZ_l�\_dlhj�klhe[_p�bg^_d-
kh\��LjZgkihgbjm_f�_]h�^ey�ihemq_gby�\_dlhjZ�kljhdb��GZijbf_j�

k = find(isprime(A))'   

\u[bjZ_l� iheh`_gby�� bkihevamy� h^ghf_jgh_� bg^_dkbjh\Zgb_�� ijhkluo� qbk_e

fZ]bq_kdh]h�d\Z^jZlZ

k =
     2     5     9    10    11    13   

IhdZ`_f�wlb�qbkeZ��dZd�\_dlhj�kljhdm�\�ihjy^d_�hij_^_e_gghf�nmgdpb_c�
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A(k)   

ans =
     5     3     2    11     7    13   

?keb�\u�bkihevam_l_�k dZd�bg^_dk�k�e_\hc�klhjhgu�\�hi_jZlhj_�ijbk\Zb\Zgby�
lh�fZljbqgZy�kljmdlmjZ�khojZgy_lky�

A(k) = NaN   

A =
    16   NaN   NaN   NaN
   NaN    10   NaN     8
     9     6   NaN    12
     4    15    14     1    
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MijZ\e_gb_�ihlhdZfb

MATLAB bf__l�iylv�\b^h\�kljmdlmj�mijZ\e_gby�ihlhdZfb�

• hi_jZlhj�if
• hi_jZlhj�switch
• pbdeu�for
• pbdeu�while
• hi_jZlhj�break

if
Hi_jZlhj� if �\uqbkey_l�eh]bq_kdh_�\ujZ`_gb_�b�\uihegy_l�]jmiim�hi_jZlhjh\�
_keb�\ujZ`_gb_�bklbggh��G_h[yaZl_evgu_�dexq_\u_�keh\Z�elseif�b�else�kem`Zl
^ey�\uiheg_gby�Zevl_jgZlb\guo�]jmii�hi_jZlhjh\��Dexq_\h_�keh\h�end��dhlh-
jh_�kh]eZkm_lky�k� if��aZ\_jrZ_l�ihke_^gxx�]jmiim�hi_jZlhjh\��LZdbf�h[jZahf�

\k_�]jmiiu�hi_jZlhjh\�aZdexq_gu�f_`^m�q_luj_o�dexq_\uo�keh\��[_a�bkihev-
ah\Zgby�nb]mjguo�beb�h[uqguo�kdh[hd�

:e]hjblf�0$7/$%�^ey�kha^Zgby�fZ]bq_kdh]h�d\Z^jZlZ�ihjy^dZ�Q�\dexqZ_l�ljb

jZaguo�kemqZy���Q�g_q_lgh_��Q�q_lgh_��gh�g_�^_eblky�gZ����b�Q�q_lgh_�b�^_eblky�gZ

���Gb`_�ijb\_^_g�ijbf_j�khhl\_lkl\mxs_]h�dh^Z�

if rem(n,2) ~= 0
M = odd_magic(n)

elseif rem(n,4) ~= 0
M = single_even_magic(n)

else
M = double_even_magic(n)

end

<�wlhf�ijbf_j_�ljb�kemqZy�y\eyxlky�\aZbfgh�bkdexqZxsbfb��gh�_keb�[u�wlh

[ueh�g_�lZd��lh�\uihegyehkv�[u�i_j\h_�bklbggh_�mkeh\b_�

<Z`gh� ihgylv�� dZd� hi_jZlhj� hlghr_gby� b� hi_jZlhj� if� jZ[hlZxl� k�fZljbpZfb�
Dh]^Z� \u� ohlbl_� magZlv�� jZ\gu� eb� ^\_� i_j_f_ggu_�� gm`gh� bkihevah\Zlv� ke_-
^mxsmx�dhgkljmdpbx

if A == B, . . .

Wlh�ijZ\bevguc�dh^�0$7/$%�b�hg�hkms_kl\ey_l�lh��qlh�\u�h`b^Z_l_��_keb�$�b

%�y\eyxlky�kdZeyjZfb��Gh�dh]^Z�$�b�%�±�fZljbpu��$�  �%�g_�jZ[hlZ_l��_keb�hgb

g_�jZ\gu��JZ\_gkl\h�fZljbp�hagZqZ_l�ihwe_f_glgh_�jZ\_gkl\h��NZdlbq_kdb��_k-
eb�$�b�%�bf_xl�jZaebqgu_�jZaf_ju��0$7/$%�\u^Zkl�hrb[dm�

IjZ\bevguc� kihkh[� hij_^_e_gby� jZ\_gkl\Z� f_`^m� ^\mfy� i_j_f_ggufb� ±� wlh

bkihevah\Zgb_�nmgdpbb�isequal

if isequal(A,B), . . .
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>Ze__�ijb\_^_g�^jm]hc�ijbf_j��dhlhjuc�bkke_^m_l�wlhl�\hijhk��?keb�A�b�B y\-
eyxlky� kdZeyjZfb�� lh�gb`_ijb\_^_ggZy� ijh]jZffZ�gbdh]^Z�g_� ijb\_^_l� d�g_-
h`b^Zgghc�kblmZpbb��Gh�^ey�[hevrbgkl\Z�iZj�bkihevam_fuo�fZljbp��\dexqZy

gZrb�fZ]bq_kdb_�d\Z^jZlu�k�i_j_klZ\e_ggufb�klhe[pZfb��gb�h^gh�ba�mkeh\bc

A > B, A < B beb�A ==B�g_�y\ey_lky�bklbgguf�^ey�\k_o�we_f_glh\�b�ihwlhfm
\uihegy_lky�kemqZc�else.

if A > B
' greater '

elseif A < B
' less'

elseif A == B
' equal '

else
error ( ' G_ij_^\b^_ggZy�kblmZpby ' )

end

G_dhlhju_�nmgdpbb�fh]ml�[ulv�ihe_agu�^ey�fZljbqgh]h�kjZ\g_gby�ijb�bkihev-
ah\Zgbb�k�hi_jZlhjhf�if��gZijbf_j

isequal
isempty
all
any

VZLWFK�b�FDVH
Hi_jZlhj�switch \uihegy_l�]jmiim�hi_jZlhjh\��[Zabjmykv�gZ�agZq_gbb�i_j_f_g-
ghc� beb� \ujZ`_gby��Dexq_\u_� keh\Z� case b� otherwise jZa^_eyxl� wlb� ]jmiiu�
<uihegy_lky� lhevdh� i_j\uc� khhl\_lkl\mxsbc� kemqZc��G_h[oh^bfh� bkihevah-
\Zlv�end ^ey�kh]eZkh\Zgby�k�switch.

Eh]bdZ� Ze]hjblfZ� fZ]bq_kdbo� d\Z^jZlh\� fh`_l� [ulv� hibkZgZ� gZ� ke_^mxs_f

ijbf_j_

switch (rem(n,4)==0) + (rem(n,2)==0)
case 0

M = odd_magic(n)
case 1

M = single_even_magic(n)
case 2

M = double_even_magic(n)
otherwise

error( ' Wlh�g_\hafh`gh�' )
end

AZf_qZgb_� ^ey� ijh]jZffbklh\�Kb��<� hlebqb_� hl� yaudZ�Kb�� hi_jZlhj� switch \
0$7/$%�g_� �ijh\Zeb\Z_lky���?keb�i_j\uc�kemqZc�y\ey_lky�bklbgguf��^jm]b_
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kemqZb� g_� \uihegyxlky��LZdbf� h[jZahf�� g_l� g_h[oh^bfhklb� \� bkihevah\Zgbb

hi_jZlhjZ�break.

for
Pbde�for ih\lhjy_l�]jmiim�hi_jZlhjh\�nbdkbjh\Zggh_��ij_^hij_^_e_ggh_�qbkeh
jZa��Dexq_\h_�keh\h�end hq_jqb\Z_l�l_eh�pbdeZ�

for n = 3:32
r(n) = rank(magic(n));

end
r

LhqdZ�k�aZiylhc�ihke_�\ujZ`_gby�\�l_e_�pbdeZ�ij_^hl\jZsZ_l�ih\lhj_gby�\u-
\h^Z�j_amevlZlh\�gZ�wdjZg��Z�r ihke_�pbdeZ�\u\h^bl�hdhgqZl_evguc�j_amevlZl�

Ohjhrbf�klbe_f�y\eyxlky�hlklmiu�ijb�bkihevah\Zgbb�pbdeh\�^ey�emqr_c�qb-
lZ_fhklb��hkh[_ggh��dh]^Z�hgb�\eh`_ggu_�

for i = 1:m
for j = 1:n

H(i,j) = 1/(i+j);
end

end

while
Pbde�while ih\lhjy_l�]jmiim�hi_jZlhjh\�hij_^_e_ggh_�qbkeh�jZa��ihdZ�\uihe-
gy_lky�eh]bq_kdh_�mkeh\b_��Dexq_\h_�keh\h�end hq_jqb\Z_l�bkihevam_fu_�hi_-
jZlhju�

Gb`_� ijb\_^_gZ� ihegZy� ijh]jZffZ�� beexkljbjmxsZy� jZ[hlm� hi_jZlhjh\

while, if, else b�end��dhlhjZy�bkihevam_l�f_lh^�^_e_gby�hlj_adZ�ihiheZf�^ey�gZ-
oh`^_gby�gme_c�ihebghfZ�

a = 0; fa = -Inf;
b = 3; fb = Inf;
while b-a > eps*b

x = (a+b)/2;
fx = x^3-2*x-5;
if sign(fx) == sign(fa)

a = x; fa = fx;
else

b = x; fb = fx;
end

end
x   

J_amevlZlhf�[m^_l�dhj_gv�ihebghfZ�x3-2x-5

x =
   2.09455148154233   
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>ey� hi_jZlhjZ�while \_jgu� l_�`_� ij_^hkl_j_`_gby� hlghkbl_evgh� fZljbqgh]h
kjZ\g_gby��qlh�b�^ey�hi_jZlhjZ�if, dhlhju_�h[km`^Zebkv�jZg__�

break
Hi_jZlhj�break iha\hey_l�^hkjhqgh�\uoh^blv�ba�pbdeh\� for beb�while��<h�\eh-
`_gguo�pbdeZo�break hkms_kl\ey_l�\uoh^�lhevdh�ba�kZfh]h�\gmlj_gg_]h�pbdeZ�

Gb`_�ij_^klZ\e_g�memqr_gguc�\ZjbZgl�ij_^u^ms_]h�ijbf_jZ��Ihq_fm�bkihev-
ah\Zgb_�hi_jZlhjZ�break \�^Zgghf�kemqZ_�\u]h^gh"

a = 0; fa = -Inf;
b = 3; fb = Inf;
while b-a > eps*b

x = (a+b)/2;
fx = x^3-2*x-5;
if fx ==0

break
elseif sign(fx) == sign(fa)

a = x; fa = fx;
else

b = x; fb = fx;
end

end
x    
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>jm]b_�kljmdlmju�^Zgguo

Wlhl� jZa^_e� ihagZdhfbl� \Zk� k� g_dhlhjufb� kljmdlmjZfb� ^Zgguo� \� MATLAB,
\dexqZy

• Fgh]hf_jgu_�fZkkb\u

• FZkkb\u�yq__d

• Kbf\heu�b�l_dkl

• Kljmdlmju

Fgh]hf_jgu_�fZkkb\u
Fgh]hf_jgu_�fZkkb\u�\�MATLAB ����wlh�fZkkb\u�[he__�q_f�k�^\mfy�bg^_dkZfb�

Hgb�fh]ml�[ulv�kha^Zgu�\uah\hf�nmgdpbc�zeros, ones, rand beb� randn�k�[he__
q_f�^\mfy�Zj]mf_glZfb��GZijbf_j

R = randn(3,4,5)

kha^Z_l� �o�o�� fZkkb\� k� �
�
� ��� ghjfZevgh� jZkij_^_e_ggufb� kemqZcgufb

we_f_glZfb�

Lj_of_jgu_�fZkkb\u�fh]ml�ij_^klZ\eylv� lj_of_jgu_�nbabq_kdb_�^Zggu_��gZ-
ijbf_j��l_fi_jZlmjm�\�dhfgZl_��J_amevlZl�ij_^klZ\ey_lky�ihke_^h\Zl_evghklvx

fZljbp�A(k)
�beb�aZ\bkys_c�hl�\j_f_gb�fZljbp_c�A(t)��<�wlbo�kemqZyo��we_f_gl

(i,j��N�hc�fZljbpu�beb�tk�hc�h[hagZqZ_lky�A(i,j,k).

<_jkbb�fZ]bq_kdh]h�d\Z^jZlZ�MATLAB �b�>xj_jZ�hlebqZxlky�i_j_klZ\e_ggufb

klhe[pZfb��Hi_jZlhj

p = perms(1:4);   

]_g_jbjm_l���� ����i_j_klZgh\db�qbk_e�hl���^h����N-Zy�i_j_klZgh\dZ�±�wlh�\_dlhj�
kljhdZ��p(k,:)��Lh]^Z

A = magic(4);
M = zeros(4,4,24);
for k = 1:24

M(:,:,k) = A(:,p(k,:));
end  

ojZgbl�ihke_^h\Zl_evghklv����fZ]bq_kdbo�d\Z^jZlh\�\�lj_of_jghf�fZkkb\_�M.
JZaf_j�M jZ\_g

size(M)   

ans =
     4     4    24   

HdZau\Z_lky��qlh����Zy�fZljbpZ�\�wlhc�ihke_^h\Zl_evghklb�±�fZljbpZ�>xj_jZ�

M(:,:,22)   
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ans =
    16     3     2    13
     5    10    11     8
     9     6     7    12
     4    15    14     1   

Nmgdpby

sum(M,d)

\uqbkey_l�kmffu��baf_gyy�bg^_dk�d��LZd

sum(M,1)   

- wlh��o�o���fZkkb\��kh^_j`Zsbc����dhibb�\_dlhjZ�kljhdb

    34    34    34    34   

:

sum(M,2)   

y\ey_lky�fZkkb\hf��o�o����kh^_j`Zsbf����dhibb�\_dlhjZ�klhe[pZ

    34
    34
    34
    34   

B�gZdhg_p�

S = sum(M,3)   

^h[Z\ey_l� ��� fZljbpu� \� ihke_^h\Zl_evghklv�� J_amevlZl� bf__l� jZaf_jghklv

�o�o���ihwlhfm�hg�\u]ey^bl�dZd�fZkkb\��o��

S =
   204   204   204   204
   204   204   204   204
   204   204   204   204
   204   204   204   204   

FZkkb\u�yq__d
FZkkb\u�yq__d�\�MATLAB – wlh�fgh]hf_jgu_�fZkkb\u��we_f_glu�dhlhjuo�y\-
eyxlky� dhibyfb� ^jm]bo� fZkkb\h\��FZkkb\� yq__d� imkluo� fZljbp� fh`_l� [ulv

kha^Zg�k�bkihevah\Zgb_f�nmgdpbb�cell��Gh�[he__�qZklh�hgb�kha^Zxlky�iml_f�aZ-
dexq_gby� jZaghh[jZaghc� ]jmiiu� h[t_dlh\� \� djm]eu_� kdh[db��Djm]eu_� kdh[db

lZd`_�bkihevamxlky�k�bg^_dkZfb�^ey�ihemq_gby�^hklmiZ�d�kh^_j`Zgbx�jZaebq-
guo�yq__d��GZijbf_j�

C = { A sum(A) prod(prod(A)) }   

^Z_l�fZkkb\�yq__d� �o���Wlb� ljb�de_ldb�kh^_j`Zl��fZ]bq_kdbc�d\Z^jZl��\_dlhj�

kljhdm�k�kmffZfb�\�klhe[pZo�b�ijhba\_^_gb_�_]h�we_f_glh\��?keb�hlh[jZablv�C
gZ�wdjZg_��lh�\u�m\b^bl_�ke_^mxs__
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C =
    [4x4 double]    [1x4 double]    [2.0923e+013]   

Wlh�ijhbkoh^bl�ihlhfm��qlh�i_j\u_�^\_�yq_cdb�kebrdhf�[hevrb_�^ey�\u\h^Z�\

wlhf� h]jZgbq_gghf� ijhkljZgkl\_�� Z� lj_lvy� yq_cdZ� kh^_j`bl� lhevdh� hl^_evgh_

qbkeh�������b�^ey�g_]h�_klv�g_h[oh^bfZy�h[eZklv�\u\h^Z�

Hq_gv�\Z`gh�aZihfgblv�^\Z�\Z`guo�fhf_glZ��I_j\h_��^ey�ihemq_gby�kh^_j`Z-
gby�h^ghc�yq_cdb��bkihevamcl_�bg^_dk�\�djm]euo�kdh[dZo��GZijbf_j��C{1} \ha-
\jZsZ_l�fZ]bq_kdbc�d\Z^jZl��Z�C{3} – 16!��<lhjh_��fZkkb\u�yq__d�kh^_j`Zl�dh-
ibb�^jm]bo�fZkkb\h\��Z�g_�bo�mdZaZl_eb��Ihwlhfm��_keb�\u�\ihke_^kl\bb�baf_-
gbl_�fZljbpm�A��k�C gbq_]h�g_�ijhbahc^_l�

Lj_of_jgu_�fZkkb\u�fh]ml�[ulv�bkihevah\Zgu�^ey�ojZg_gby�ihke_^h\Zl_evgh-
klb�fZljbp�h^bgZdh\h]h�jZaf_jZ��:�fZkkb\u�yq__d�fh]ml�ijbf_gylvky�^ey�ojZ-
g_gby�ihke_^h\Zl_evghklb�fZljbp�jZaebqgh]h�jZaf_jZ��GZijbf_j�

M = cells(8,1);
for n =1:8

M{n} = magic(n);
end
M

kha^Z_l� ihke_^h\Zl_evghklv�fZ]bq_kdbo� d\Z^jZlh\� \� hij_^_e_gghc� ihke_^h\Z-
l_evghklb

M =
    [         1]
    [2x2 double]
    [3x3 double]
    [4x4 double]
    [5x5 double]
    [6x6 double]
    [7x7 double]
    [8x8 double]   

<u�fh`_l_�gZclb�gZr_]h�klZjh]h�^jm]Z��ijhklh�gZ[jZ\

M{4}

Kbf\heu�b�l_dkl
<\_^bl_�l_dkl�\�MATLAB ��bkihevamy�h^bgZjgu_�dZ\uqdb��GZijbf_j�

s = 'Hello'   

J_amevlZlhf�g_�[m^_l�y\eylvky�qbke_ggZy�fZljbpZ�beb�fZkkb\��dhlhju_�fu�jZk-
kfZljb\Zeb�jZg__��Wlh�[m^_l�kbf\hevguc�fZkkb\��o��

<gmlj_gg_��kbf\heu�ojZgylky�dZd�qbkeZ��gh�g_�\�nhjfZl_�k�ieZ\Zxs_c�lhqdhc�

Hi_jZlhj

a = double(s)   
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ij_h[jZam_l�fZkkb\�kbf\heh\�\�qbkeh\mx�fZljbpm��kh^_j`Zsmx�ij_^klZ\e_gb_

k�ieZ\Zxs_c�lhqdhc�ASCII dh^Z�^ey�dZ`^h]h�kbf\heZ��J_amevlZlhf�[m^_l

a =
    72   101   108   108   111   

:�\ujZ`_gb_

s = char(a)

hkms_kl\ey_l�h[jZlgh_�ij_\jZs_gb_�

Ij_h[jZah\Zgb_� qbk_e� \� kbf\heu� ^_eZ_l� \hafh`guf� ijbkmlkl\b_� jZaebqguo

rjbnlh\�gZ�\Zr_f�dhfivxl_j_��I_qZlZ_fu_� kbf\heu�\�ASCII dh^_�ij_^klZ\-
eyxlky�p_eufb�qbkeZfb�hl� ���^h� ����� �P_eu_�qbkeZ�f_gvr_� ���ij_^klZ\eyxl

g_i_qZlZ_fu_� kbf\heu���Wlb� qbkeZ� jZkiheh`_gu� \� khhl\_lkl\mxs_f�fZkkb\_

�o��

F = reshape(32:127,16,6)';  

I_qZlZ_fu_�kbf\heu�\�jZkrbj_gghf�ASCII gZ[hj_�ij_^klZ\e_gu�F+128��Dh]^Z
wlb� qbkeZ� bgl_jij_lbjmxlky� dZd� kbf\heu�� j_amevlZl� aZ\bkbl� hl� lh]h�� dZdhc

rjbnl�\�^Zgguc�fhf_gl�bkihevam_lky��GZ[_jbl_�ke_^mxs__

char(F)
char(F+128)   

b�ihlhf�ihbaf_gycl_�rjbnlu�\�dhfZg^ghf�hdg_�MATLAB ��Gb`_�ij_^klZ\e_g

h^bg�ba�ijbf_jh\�lh]h��qlh�fh`_l�ihemqblvky�

ans =
 !"#$%&'()*+,-./
0123456789:;<=>?
@ABCDEFGHIJKLMNO
PQRSTUVWXYZ[\]^_
`abcdefghijklmno
pqrstuvwxyz{|}~•
ans =
 8�3¼�æ�,�/©¤��2
°±1���¶· z�}ª�0~�

:;<=>?@ABCDEFGHI

JKLMNOPQRSTUVWXY

Z[\]^_`abcdefghi

jklmnopqrstuvwxy   

Kh_^bg_gb_�d\Z^jZlgufb�kdh[dZfb�dhgdZl_gbjm_l�l_dklh\u_�i_j_f_ggu_�\f_-
kl_�\�[hevrmx�kljhdm�

h = [s, ' world']   

h[t_^bgy_l�kljhdb�ih�]hjbahglZeb�b�^Z_l

h =
Hello world   
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Hi_jZlhj

v = [s; 'world']   

h[t_^bgy_l�kljhdb�\_jlbdZev��qlh�ijb\h^bl�d

v =
Hello
world   

AZf_lvl_��qlh�i_j_^�kbf\hehf�w \�i_j_f_gghc�h�g_h[oh^bfh�ihklZ\blv�ijh[_e�
Z�h[Z�keh\Z�\�i_j_f_gghc�v�^he`gu�[ulv�jZ\ghc�^ebgu��J_amevlbjmxsb_�fZk-
kb\u�y\eyxlky�kgh\Z�fZkkb\Zfb�kbf\heh\��i_j_f_ggZy�h – 1o11��Z�i_j_f_ggZy�v
– �o��

?klv�^\Z�kihkh[Z��qlh[u�mijZ\eylv�]jmiihc�l_dklZ��kh^_j`Zs_c�kljhdb�jZaghc

^ebgu�� nhjfbjh\Zlv� aZiheg_gguc� fZkkb\� kbf\heh\� beb� de_lhqguc� fZkkb\

kljhd��Nmgdpby�char ijbgbfZ_l�ex[h_�qbkeh�kljhd��^h[Z\ey_l�ijh[_eu�\�dZ`-
^mx� kljhdm�� qlh[u� \k_� hgb� [ueb� jZ\ghc� ^ebgu�� b�nhjfbjm_l�fZkkb\� kljhd� k

kbf\hevghc�kljhdhc�\�dZ`^hc�kljhd_��GZijbf_j�

S = char('A' , 'rolling' , 'stone' , 'gathers' , 'momentum.')   

\u^Z_l

S =
A
rolling
stone
gathers
momentum.   

Ijbkmlkl\m_l�^hklZlhqgh_�dhebq_kl\h�ijh[_eh\�\�i_j\uo�q_luj_o�kljhdZo��qlh-
[u�\k_�kljhdb�[ueb�jZ\ghc�^ebgu��>jm]hc�kihkh[�±�wlh�khojZgblv�l_dkl�\�fZk-
kb\_�yq__d�

C = {'A' ; 'rolling' ; 'stone' ; 'gathers' ; 'momentum.'  }   

[m^_l�fZkkb\�yq__d��o�

C =
    'A'
    'rolling'
    'stone'
    'gathers'
    'momentum.'   

<u�fh`_l_�ij_h[jZah\Zlv� aZiheg_gguc�kbf\hevguc�fZkkb\�\�fZkkb\�yq__d�ba

kljhd�ke_^mxsbf�h[jZahf

C = cellstr(S)

H[jZlgh_�ij_h[jZah\Zgb_

S = char(C)
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Kljmdlmju
Kljmdlmju�±�wlh�fgh]hf_jgu_�fZkkb\u�MATLAB �k�we_f_glZfb��^hklmi�d�dhlh-
juf�hkms_kl\ey_lky�q_j_a�ihey��GZijbf_j�

S.name = 'Ed Plum';
S.score = 83;
S.grade = 'B+';  

kha^Z_l�kdZeyjgmx�kljmdlmjm�k�lj_fy�iheyfb

S =
     name: 'Ed Plum'
    score: 83
    grade: 'B+'   

DZd�b�\kz�\�MATLAB ��kljmdlmju�y\eyxlky�fZkkb\Zfb��ihwlhfm�\u�fh`_l_�^h-
[Z\eylv�\�gbo�we_f_glu��<�wlhf�kemqZ_�dZ`^uc�we_f_gl�fZkkb\Z�y\ey_lky�kljmd-
lmjhc�k�g_kdhevdbfb�iheyfb��Ihey�fh]ml�^h[Z\eylvky�eb[h�ih�h^ghfm

S(2).name = 'Toni Miller';
S(2).score = 91;
S(2).grade = 'A-' ;  

eb[h�iheghklvx

S(3) = struct( 'name', 'Jerry Garcia', . . .
'score', 70, 'grade', 'C' )   

K_cqZk� kljmdlmjZ� klZeZ� ^hklZlhqghc� [hevrhc�� ihwlhfm� i_qZlZ_lky� ebrv� _z

k\h^dZ�

S =
1x3 struct array with fields:
    name
    score
    grade   

?klv�g_kdhevdh�kihkh[h\�i_j_ljZgkebjh\Zlv�jZaebqgu_�ihey�\�^jm]b_�fZkkb\u

MATLAB ��<k_�hgb�[Zabjmxlky�gZ�aZibkb�kibkdZ��jZa^_e_ggh]h�aZiylufb��?keb

\u�gZ[_j_l_

S.score

��wlh�[m^_l�jZ\ghkbevgh�ke_^mxs_fm

S(1).score, S(2).score, S(3).score

Wlh�b�_klv�kibkhd��jZa^_e_gguc�aZiylufb��IjZ\^Z��[_a�^jm]hc�imgdlmZpbb�hg�g_

hq_gv�ihe_a_g��<�wlhc�kljhd_�ijhbkoh^bl�ijbk\Zb\Zgb_�lj_o�kq_lh\� �score��i_-
j_f_gghc�ih�mfheqZgbx�ans b�\u\h^�j_amevlZlh\�dZ`^h]h�ijbk\Zb\Zgby��Gh�_k-
eb�\u�\dexqZ_l_�\ujZ`_gb_�d�d\Z^jZlgu_�kdh[db�
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[S.score]

lh�`_�kZfh_��qlh

[S(1).score, S(2).score, S(3).score]   

j_amevlZlhf�[m^_l�qbke_gguc�\_dlhj�kljhdZ��kh^_j`Zsbc�\k_�kq_lZ��score)

ans =
    83    91    70   

:gZeh]bqgh�

S.name

ijhklh�ijbk\Zb\Z_l�bf_gZ��names���ih�h^ghfm��i_j_f_gghc�ans��H^gZdh��aZdex-
q_gb_�wlh]h�\ujZ`_gby�\�djm]eu_�kdh[db

{S.name}   

kha^Z_l�fZkkb\�yq__d��o���kh^_j`Zsbc�ljb�bf_gb��names)

ans =
    'Ed Plum'    'Toni Miller'    'Jerry Garcia'   

B�nmgdpby

char(S.name)   

k�lj_fy�Zj]mf_glZfb�kha^Z_l�fZkkb\�kbf\heh\�ba�ihey�name.

ans =
Ed Plum
Toni Miller
Jerry Garcia    
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Kp_gZjbb�b�nmgdpbb

MATLAB ±� wlh�fhsguc� yaud� ijh]jZffbjh\Zgby�� lZd`_� dZd� b�bgl_jZdlb\gZy

\uqbkebl_evgZy�kj_^Z��NZceu��dhlhju_�kh^_j`Zl�dh^�gZ�yaud_�MATLAB, gZau-
\Zxlky�F�nZceZfb��<u�kha^Z_l_�F�nZceu��bkihevamy�l_dklh\hc�j_^Zdlhj��Z�aZ-
l_f�bkihevam_l_�bo�dZd�ex[mx�nmgdpbx�beb�dhfZg^m�MATLAB.

Kms_kl\m_l�^\Z�\b^Z�F�nZceh\

• Kp_gZjbb��dhlhju_�g_�bf_xl�\oh^guo�b�\uoh^guo�Zj]mf_glh\��Hgb�hi_-
jbjmxl�k�^Zggufb�ba�jZ[hq_]h�ijhkljZgkl\Z�

• Nmgdpbb��dhlhju_�bf_xl�\oh^gu_�b�\uoh^gu_�Zj]mf_glu��Hgb�hi_jbjm-
xl�k�ehdZevgufb�i_j_f_ggufb�

?keb�\u�y\ey_l_kv�gh\bqdhf�\�MATLAB �ijh]jZffbjh\Zgbb��ijhklh�kha^Z\Zcl_

F�nZceu��dhlhju_�\u�ohlbl_�bkihevah\Zlv��\�l_dms_c�^bj_dlhjbb��?keb�`_�\u

jZajZ[hlZeb�fgh]h�F�nZceh\��\u�aZohlbl_�k]jmiibjh\Zlv�bo�\�hl^_evgu_�^bj_d-
lhjbb�b�i_jkhgZevgu_�iZd_lu�ijh]jZff��toolboxes���>ey�wlh]h�\Zf�g_h[oh^bfh
^h[Z\blv�bo�fZjrjml�ihbkdZ�MATLAB.

?keb� \u� ih\lhjy_l_�bfy�nmgdpbb�� lh�MATLAB � \uau\Zxl� lhevdh� lm�� dhlhjZy

\klj_qZ_lky�i_j\hc�

Qlh[u� m\b^_lv� kh^_j`Zgb_�F�nZceZ�� gZijbf_j��myfunction.m g_h[oh^bfh�gZ-
[jZlv

type myfunction

Kp_gZjbb
Dh^Z� \u� \uau\Z_l_� kp_gZjbc�� MATLAB � ijhklh� \uau\Z_l� dhfZg^u�� kh^_j`Z-
sb_ky�\�nZce_��Kp_gZjbb�fh]ml�hi_jbjh\Zlv�kms_kl\mxsbfb�^Zggufb�\�jZ[h-
q_f�ijhkljZgkl\_�beb�hgb�fh]ml�kZfb�kha^Z\Zlv�wlb�^Zggu_��Ohly�kp_gZjbb�g_

\ha\jZsZxl�agZq_gbc��\k_�i_j_f_ggu_��dhlhju_�hgb�kha^Zxl��hklZxlky�\�jZ[h-
q_f�ijhkljZgkl\_�^ey�bkihevah\Zgby�\�ihke_^mxsbo�\uqbke_gbyo��<�^h[Z\e_-
gb_�d�kdZaZgghfm��kp_gZjbb�fh]ml�hkms_kl\eylv�]jZnbq_kdbc�\u\h^��bkihevamy

lZdb_�nmgdpbb�dZd�plot.

<�dZq_kl\_�ijbf_jZ��kha^Z^bf�nZce�magicrank.m��dhlhjuc�kh^_j`bl�wlb�dhfZg-
^u�MATLAB:

% Investigate the rank of magic squares
r = zeros(1,32);
for n = 3:32

r(n) = rank(magic(n));
end
r
bar(r)   
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<\h^�kljhdb

magicrank.m

ih\e_q_l�aZ�kh[hc�bkiheg_gb_�dhfZg^��\uqbke_gb_�jZg]Z�i_j\uo����fZ]bq_kdbo

d\Z^jZlh\�b�hlh[jZ`_gby�klhe[bdh\hc�^bZ]jZffu�j_amevlZlh\��Ihke_�ihegh]h

\uiheg_gby�nZceZ�i_j_f_ggu_�n�b�r�hklZxlky�\�jZ[hq_f�ijhkljZgkl\_�

Nmgdpbb
Nmgdpbb� ±� wlh�F�nZceu�� dhlhju_� fh]ml� bf_lv� \oh^gu_� b� \uoh^gu_� \ha\jZ-
sZlv��Bfy�F�nZceZ�b�nmgdpbb�^he`gh�[ulv�h^gbf�b�l_f�`_��Nmgdpbb�jZ[hlZ-
xl�k�i_j_f_ggufb�\�ij_^_eZo�bo�kh[kl\_ggh]h�jZ[hq_]h�ijhkljZgkl\Z��hl^_e_g-
gh]h�hl�jZ[hq_]h�ijhkljZgkl\Z�� k�dhlhjuf�\u�hi_jbjm_l_�\�dhfZg^ghc� kljhd_

MATLAB.

Ohjhrbf�ijbf_jhf�y\ey_lky�nmgdpbb�rank��F�nZce�rank.m gZoh^blky�\�^bj_d-
lhjbb

toolbox/matlab/matfun

<u�fh`_l_�ijhkfhlj_lv�_]h�kh^_j`Zgb_��\\_^y

type rank   

function r = rank(A,tol)
%RANK   Matrix rank.
%   RANK(A) provides an estimate of the number of linearly
%   independent rows or columns of a matrix A.
%   RANK(A,tol) is the number of singular values of A
%   that are larger than tol.
%   RANK(A) uses the default tol = max(size(A)) * norm(A) * eps.

%   Copyright (c) 1984-98 by The MathWorks, Inc.
%   $Revision: 5.7 $  $Date: 1997/11/21 23:38:49 $
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s = svd(A);
if nargin==1
   tol = max(size(A)') * max(s) * eps;
end
r = sum(s > tol);   

I_j\Zy�kljhdZ�nmgdpbb�F�nZceZ�gZqbgZ_lky�kh�keh\Z�function. A^_kv�ijhbkoh^bl
aZ^Zgb_�bf_gb�kh�kibkdhf�Zj]mf_glh\��<�gZr_f�kemqZ_��bkihevam_lky�^h�^\mo

\oh^guo�Zj]mf_glh\�b�h^bg�\uoh^ghc�

Ke_^mxsb_�g_kdhevdh�kljhd��^h�i_j\hc�imklhc�beb�\uihegy_fhc�kljhdb��y\ey-
xlky� dhff_glZjbyfb�� dhlhju_� ij_^hklZ\eyxl� kijZ\hqgmx� bgnhjfZpbx�� Wlb

kljhdb�[m^ml�\u\_^_gu�gZ�wdjZg��_keb�\u�gZ[_j_l_

help rank

I_j\Zy�kljhdZ�kijZ\hqgh]h�l_dklZ�±�wlh�H1 kljhdZ��dhlhjmx�MATLAB �hlh[jZ-
`Z_l�ijb�bkihevah\Zgbb�dhfZg^u�lookfor beb�ijb�aZijhk_ help ih�\k_c�^bj_dlh-
jbb�

HklZevgh_�kh^_j`Zgb_�nZceZ�khklZ\ey_l�bkihegy_fuc�dh^�MATLAB ��I_j_f_g-
gZy�s��ij_^klZ\e_ggZy�\�l_e_�nmgdpbb��lZd`_�dZd�b�i_j_f_ggu_��\�i_j\hc�kljhd_�
r, A�b tol��\k_�y\eyxlky�ehdZevgufb��Hgb�hl^_e_gu�hl�^jm]bo�i_j_f_gguo�\�jZ-
[hq_f�ijhkljZgkl\_�MATLAB.

Wlhl� ijbf_j� ihdZau\Z_l� \Z`gmx� hkh[_gghklv� nmgdpbc� MATLAB �� dhlhjZy

h[uqgh� g_� \kl_qZ_lky� \� ^jm]bo� yaudZo� ijh]jZfbjh\Zgby�� �� i_j_f_ggh_� qbkeh

Zj]mf_glh\��Nmgdpby� rank fh`_l� [ulv� bkihevah\ZgZ� \� g_kdhevdbo� jZaebqguo
nhjfZo�

rank(A)
r = rank(A)
r = rank(A, 1.e-6)

Fgh]b_�nmgdpbb�MATLAB �jZ[hlZxl�lZdbf�h[jZahf��?keb�g_l�\uoh^gh]h�Zj]m-
f_glZ��lh�j_amevlZl�khojZgy_lky�\�i_j_f_gghc�ans��?keb�g_l�\lhjh]h�\oh^gh]h
Zj]mf_glZ��lh�nmgdpby�\uqbkey_l� agZq_gb_�ih�mfheqZgbx��<gmljb� l_eZ�nmgd-
pbb�ijbkmlkl\mxl�^\_�\_ebqbgu�nargin b�nargout��dhlhju_�\u^Zxl�qbkeh�\oh^-
guo� b� \uoh^guo� Zj]mf_glh\� ijb� dZ`^hf� bkihevah\Zgbb� nmgdpbb�� Nmgdpby

rank bkihevam_l�i_j_f_ggmx�nargin ��gh�g_�bkihevam_l�nargout.

=eh[Zevgu_�i_j_f_ggu_
?keb� \u� ohlbl_�� qlh[u� [he__� h^ghc�nmgdpbb�bkihevah\Zeb� hl^_evgmx� dhibx

i_j_f_gghc��ijhklh�h[ty\bl_�_z�dZd�global \h�\k_o�nmgdpbyo��>_eZcl_�lh�`_�kZ-
fh_�\�dhfZg^ghc�kljhd_��_keb�\u�ohlbl_��qlh[u�hkgh\gh_�jZ[hq__�ijhkljZgkl\h

ihemqbeh�^hklmi�d�i_j_f_gghc��Hij_^_e_gb_�global ^he`gh�[ulv�^h�kZfhc�i_-
j_f_gghc�� bkihevam_fhc� \� nmgdpbb��Ohly� wlh� g_� h[yaZl_evgh�� bkihevah\Zgb_

[hevrbo�[md\�^ey�bf_gb�]eh[Zevghc�i_j_f_gghc�ihfh`_l�hlebqblv�bo�hl�^jm-
]bo�i_j_f_gguo��GZijbf_j��kha^Z^bf�F�nZce�falling.m:
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function h = falling(t)
global GRAVITY
h = ½*GRAVITY*t.^2;

AZl_f�\\_^_f�ke_^mxsb_�kljhdb

global GRAVITY
GRAVITY = 32;
y = falling((0: .1: 5)' );

LZdbf�h[jZahf��kljhdb�hij_^_e_gby�GRAVITY \�dhfZg^ghc� kljhd_�^_eZxl� _z

^hklmighc�\gmljb�nmgdpbb��<u�fh`_l_�ihke_�baf_gblv�GRAVITY b�ihemqblv
gh\h_�j_r_gb_��g_�j_^Zdlbjmy�dZdb_�eb[h�nZceu�

DhfZg^gh�nmgdpbhgZevgZy�^\hckl\_gghklv�
Ijbf_ju�dhfZg^�MATLAB �±�wlh

load
help

Fgh]b_� dhfZg^u� bf_xl� mijZ\eyxsbc� iZjZf_lj�� dhlhjuc� hij_^_ey_l� ihke_-
^mxs__�^_ckl\b_�

load August17.dat
help magic
type rank

>jm]hc�f_lh^�bkihevah\Zgby�dhfZg^guo�iZjZf_ljh\�±�wlh�kha^Zgb_�kljhdb�Zj-
]mf_glh\�nmgdpbc�

load( 'August17.dat' )
help( 'magic' )
type( 'rank' )

Wlh�b�_klv��dhfZg^gh�nmgdpbhgZevgZy�^\hckl\_gghklv���Ex[Zy�dhfZg^Z�lbiZ

command argument

lZd`_�fh`_l�[ulv�i_j_ibkZgZ�\�nmgdpbhgZevghc�nhjf_

command( 'argument' )

Ij_bfms_kl\h�nmgdpbhgZevgh]h�ih^oh^Z�ijhy\ey_lky��dh]^Z�kljhdZ�Zj]mf_glZ

kha^Z_lky�ba�hl^_evguo�qZkl_c��Ke_^mxsbc�ijbf_j�h[jZ[Zlu\Z_l�fgh]hqbke_g-
gu_�nZceu�k�^Zggufb��August1.dat, August2.dat b�l�^��Hg�bkihevam_l�nmgdpbx
int2str��dhlhjZy�ij_h[jZam_l�p_eu_�qbkeZ�\�kljhdm�kbf\heh\�^ey�kha^Zgby�bf_gb
nZceZ�
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for d = 1:31
s = [ 'August'  int2str(n)  '.dat']
load(s)
% H[jZ[hldZ�kh^_j`Zgby�d-]h�nZceZ

end

Nmgdpby�HYDO
Nmgdpby�eval jZ[hlZ_l�k�l_dklh\ufb�i_j_f_ggufb�^ey�\uqbke_gby�b�j_ZebaZ-
pbb�l_dklh\uo�kljhd�

eval(s)

bkihevam_l�bgl_jij_lZlhj�MATLAB �^ey�\uqbke_gby�b�\uiheg_gby�\ujZ`_gby,
kh^_j`Zs_]hky�\�l_dklh\hc�kljhd_�s.

Ijbf_j�ba�ij_^u^ms_]h�jZa^_eZ�fh`_l�[ulv�lZd`_�j_Zebah\Zg�ke_^mxsbf�h[-
jZahf��ohly�wlh�[m^_l�f_g__�wnn_dlb\gh��l�d��bkihevam_lky�iheguc�bgl_jij_lZ-
lhj��Z�g_�\uah\�nmgdpbb��

for d = 1:31
s = [ 'load August'  int2char(n)  '.dat' ]
eval(s)
% H[jZ[hldZ�kh^_j`Zgby�d-]h�nZceZ

end

<_dlhjbaZpby
Qlh[u�^h[blvky�fZdkbfZevghc�kdhjhklb�\g_�MATLAB ��hq_gv�\Z`gh�\_dlhjbah-
\u\Zlv� Ze]hjblf� \�F�nZceZo��LZf� ]^_�^jm]b_� yaudb�ijh]jZffbjh\Zgby�fh]ml

bkihevah\Zlv�pbdeu�for beb�do, MATLAB�fh`_l�ijbf_gylv�\_dlhjgu_�beb�fZl-
jbqgu_�hi_jZpbb��Ijhkluf�ijbf_jhf�y\ey_lky�kha^Zgb_�lZ[ebpu�eh]Zjbnfh\�

x = 0
for k = 1:1001

y(k) = log10(x);
x = x + .01;

end

(Hiulgu_� ihevah\Zl_eb� MATLAB � ex[yl� ]h\hjblv� �@bagv� kebrdhf� dhjhldZ

qlh[u�ljZlblv�\j_fy�gZ�aZibkv�pbdeh\�)

:�\_dlhjbah\ZggZy�\_jkby�wlh]h�dh^Z�\u]ey^bl�ke_^mxsbf�h[jZahf

x = 0: .10:10;
y = log10(x);

>ey�[he__�keh`guo�ijh]jZff�\hafh`ghklb�\_dlhjbaZpbb�g_�lZd�hq_\b^gu��H^-
gZdh�� dh]^Z� \Z`gZ� kdhjhklv�� \u� ^he`gu� \k_]^Z� bkdZlv� kihkh[u� \_dlhjbaZpbb

\Zr_]h�Ze]hjblfZ�
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Ij_^\Zjbl_evgh_�\u^_e_gb_
?keb�\u�g_�fh`_l_�\_dlhjbah\Zlv�qZklv�dh^Z��\u�fh`_l_�aZklZ\blv�\Zr�pbde�for
jZ[hlZlv�[uklj__��>ey�wlh]h�gm`gh�ij_^\Zjbl_evgh�\u^_eblv�\_dlhjZ�beb�fZk-
kb\u��\�dhlhjuo�[m^ml�ojZgblvky�\uoh^gu_�j_amevlZlu��GZijbf_j��ke_^mxsbc

dh^�bkihevam_l�nmgdpby�zeros ^ey�ij_^\Zjbl_evgh]h�\u^_e_gby�\_dlhjZ��kha^Z-
\Z_fh]h�\�pbde_�for��Wlh�iha\hey_l�pbdem�for jZ[hlZlv�aZf_lgh�[uklj__�

r = zeros(32,1)
for n = 1:32

r(n) = rank(magic(n));
end

;_a� ij_^\Zjbl_evgh]h� \u^_e_gby� \� ij_^u^ms_f� ijbf_j_� bgl_jij_lZlhj

MATLAB �m\_ebqb\Z_l�\_dlhj�r ih�h^ghfm�we_f_glm�dZ`^uc�jZa�\gmljb�pbdeZ�
Ij_^\Zjbl_evgh_�\u^_e_gb_�\_dlhjZ�mkljZgy_l�wlh�^_ckl\b_��b�j_amevlZl�ihem-
qZ_lky�[uklj__�

Nmgdpby�hl�nmgdpbc
DeZkk�nmgdpbc��gZau\Z_fuc� �nmgdpby� hl�nmgdpbc��� jZ[hlZ_l� k� g_ebg_cgufb

nmgdpbyfb�kdZeyjguo�i_j_f_gguo��Lh�_klv�h^gZ�nmgdpby�jZ[hlZ_l�k�^jm]hc .
Nmgdpbb�hl�nmgdpbc�\dexqZxl�\�k_[y

• GZoh`^_gby�gmey

• HilbfbaZpby

• Bgl_]jbjh\Zgb_

• H[udgh\_ggu_�^bnn_j_gpbZevgu_�mjZ\g_gby

MATLAB ij_^klZ\ey_l�g_ebg_cgu_��nmgdpbb�q_j_a�F�nZceu��GZijbf_j��gb`_

ijb\_^_gZ�mijhs_ggZy�\_jkby�nmgdpbb�humps ba�^bj_dlhjbb�matlab/demos

function y = humps(x)
y = 1. / ( (x - .3). ^2 + .01) + 1. / ( (x - .9) .^2 + .04) - 6;

<uqbkebf�wlm�nmgdpbx�\�g_kdhevdbo�lhqdZo�bgl_j\ZeZ�[0,1]

x = 0: .002:1;
y = humps(x);  

AZl_f�ihkljhbf�]jZnbd

plot(x,y)   
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GZ� ]jZnbd_� \b^gh�� qlh� wlZ� nmgdpby� bf__l� ehdZevguc� fbgbfmf� hdheh� x=0.6.
Nmgdpby�fmins gZc^_l�fbgbfmfu��l�_��l_�agZq_gby�x��\�dhlhjuo�nmgdpby�^hklb-
]Z_l�k\h_]h�fbgbfmfZ��I_j\uf�Zj]mf_glhf�fmins y\ey_lky�bfy�nmgdpbb��fbgb-
fmf�dhlhjhc�bs_lky��Z�\lhjuf�±�ijb[eb`_ggh_�iheh`_gb_�fbgbfmfZ

p = fmins( 'humps', .5)   

p =
    0.6370   

Qlh[u�gZclb�agZq_gb_�nmgdpbb�\�fbgbfmf_�

humps(p)   

ans =
   11.2528   

Ki_pbZebklu�bkihevamxl�l_jfbgu�d\Z^jZlmjZ�b�bgl_]jbjh\Zgb_��qlh[u�jZaeb-
qZlv�qbke_ggmx�ZiijhdkbfZpbx�hij_^_e_gguo�bgl_]jZeh\�b�qbke_ggh_�bgl_]-
jbjh\Zgb_� h[udgh\_gguo� ^bnn_j_gpbZevguo� mjZ\g_gbc�� quad b� quad8� ±wlh
ih^ijh]jZffu�MATLAB �ih�\uqbke_gbx�d\Z^jZlmju�

Q = quad8( 'humps', 0, 1)   

\uqbkey_l�iehsZ^v�ih^�djb\hc�gZ�]jZnbd_�b�\u^Z_l

Q =
   29.8583   

<�aZdexq_gb_��gZ�]jZnbd_�\b^gh��qlh�aZ^ZggZy�nmgdpby�g_�bf__l�gme_c�gZ�wlhf

bgl_j\Ze_��Ihwlhfm��_keb�fu�ihiulZ_fky�hlukdZlv�gmev

z = fzero( 'humps', .5)   

lh�fu�gZc^_f�_]h�\g_�gZr_]h�bgl_j\ZeZ
z =
   -0.1316   
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MijZ\ey_fZy�]jZnbdZ

MATLAB �ij_^hklZ\ey_l�dhfie_dk�nmgdpbc�gbadh]h�mjh\gy��dhlhju_�iha\heyxl

kha^Z\Zlv�b� h[jZ[Zlu\Zlv� ebgbb��ih\_joghklb�b� ^jm]b_� ]jZnbq_kdb_� h[t_dlu�

WlZ�kbkl_fZ�gZau\Z_lky�mijZ\ey_fZy�]jZnbdZ��Handle Graphics®).

=jZnbq_kdb_�h[t_dlu
=jZnbq_kdb_�h[t_dlu�±�wlh�[Zabkgu_�we_f_glu�kbkl_fu�mijZ\ey_fhc�]jZnbdb�\

MATLAB ��Hgb�knhjfbjh\Zgu�\�^_j_\h�kljmdlmjghc�b_jZjobb��Wlbf�hljZ`Z_l-
ky� k\yav� ]jZnbq_kdbo�h[t_dlh\��GZijbf_j�� h[t_dlu�Line (ebgby)�gm`^Zxlky� \

h[t_dlZo�Axes (hkb)�dZd�\�kbkl_f_�hlkq_lZ��<�k\hx�hq_j_^v�h[t_dlu�Axes kms_-
kl\mxl�lhevdh�k�h[t_dlZfb�Figure.

?klv�h^bggZ^pZlv�\b^h\�h[t_dlh\�mijZ\ey_fhc�]jZnbdb�

• H[t_dlu�Root y\eyxlky� \_jrbghc� b_jZjobb��Hgb� khhl\_lkl\mxl� wdjZgm

dhfivxl_jZ��MATLAB �Z\lhfZlbq_kdb�bo�kha^Z_l�\gZqZe_�k_ZgkZ�jZ[hlu�

• H[t_dlu�Figure�±�wlh�hdgZ�gZ�wdjZg_��djhf_�dhfZg^gh]h�hdgZ�
• H[t_dlu�Uicontrol ±�wlh�ihevah\Zl_evkdh_�mijZ\e_gb_�bgl_jn_ckhf��Dh]^Z

ihevah\Zl_ev� Zdlb\bjm_l� h[t_dl�� \uau\Z_lky� khhl\_lkl\mxsZy� nmgdpby�� Hgb

\dexqZxl�\�k_[y�pushbutton, radio button b�slider.
• H[t_dlu�Axes�hij_^_eyxl�h[eZklv�\�hdg_�Figure b�hjb_glZpbx�^hq_jgbo

h[t_dlh\�\�wlhc�h[eZklb�

• H[t_dlu�Uimenu ij_^klZ\eyxl�kh[hc�f_gx�ihevah\Zl_evkdh]h�bgl_jn_c-
kZ��dhlhjh_�jZkiheh`_gh�\�\_jog_c�qZklb�hdgZ�Figure.

• H[t_dlu�Image – wlh�^\mf_jgu_�h[t_dlu��dhlhju_�\u\h^bl�MATLAB, bk-
ihevamy�we_f_glu�ijyfhm]hevgh]h�fZkkb\Z�dZd�bg^_dku�\�iZeblj_�

• H[t_dlu�Line y\eyxlky�hkgh\gufb�]jZnbq_kdbfb�[Zabkgufb�we_f_glZfb
^ey�[hevrbgkl\Z�^\mf_jguo�]jZnbdh\�

• H[t_dlu�Surface� ±� wlh� lj_of_jgh_� ij_^klZ\e_gb_� ^Zgguo� fZljbpu�� kha-
^Zggh_�iml_f�]jZnbq_kdh]h�hlh[jZ`_gby�^Zgguo�dZd�\ukhl�gZ^�iehkdhklvx� �x-
y.

• H[t_dlu�Text – wlh�kljhdb�kbf\heh\�
• H[t_dlu�Light hij_^_eyxl�bklhqgbd�k\_lZ��^_ckl\mxsbc�gZ�\k_�h[t_dlu�\

ij_^_eZo�Axes.

MijZ\e_gb_�h[t_dlZfb
DZ`^uc� hl^_evguc� ]jZnbq_kdbc� h[t_dl� bf__l� k\hc� mgbdZevguc� b^_glbnbdZ-
lhj��gZau\Z_fuc�handle��fZgbimeylhj���dhlhjuc�MATLAB ijbk\Zb\Z_l�h[t_dlm
ijb�kha^Zgbb��G_dhlhju_�]jZnbdb��gZijbf_j�k�g_kdhevdbfb�djb\ufb��khklhyl

ba�fgh]bo�h[t_dlh\��dZ`^uc�ba�dhlhjuo�bf__l�k\hc�kh[kl\_gguc�b^_glbnbdZ-
lhj��handle���Q_f�iulZlvky�ijhqblZlv�bo�k�wdjZgZ�b�ih\lhjgh�\\h^blv��\u�m\b^b-
l_��qlh�\k_]^Z�emqr_�ojZgblv�agZq_gb_�\�i_j_f_gghc�b�bkihevah\Zlv�_]h�ih�g_-
h[oh^bfhklb�

B^_glbnbdZlhj�h[t_dlZ�root \k_]^Z�gmev��B^_glbnbdZlhj�figure ±�wlh�p_eh_�qbk-
eh�� dhlhjh_� ih� mfheqZgbx� hlh[jZ`Z_lky� \� aZ]heh\d_� hdgZ�� B^_glbnbdZlhju

^jm]bo� h[t_dlh\� y\eyxlky� qbkeZ� k� ieZ\Zxs_c� lhqdhc�� dhlhju_� kh^_j`Zl� bg-



GZqZeh jZ[hlu k MATLAB

64

nhjfZpbx��bkihevam_fmx�MATLAB ��GZijbf_j��_keb�A –�wlh�fZ]bq_kdbc�d\Z^-
jZl�>xj_jZ��lh

h = plot(A)   

kha^Zkl�ebg_cguc�]jZnbd�k�q_lujvfy�ebgbyfb��^ey�dZ`^h]h�klhe[pZ�:��Z�lZd`_

\ha\jZlbl�\_dlhj�b^_glbnbdZlhj��lZdhc�dZd

h =
    3.0022
    1.0038
    4.0020
    5.0016

>Zggu_�qbke_ggu_�agZq_gby�y\eyxlky�g_kms_kl\_ggufb�b�fh]ml�baf_gylvky�hl

h^ghc�kbkl_fu�d�^jm]hc��DZdb_�[u�qbkeZ�g_�[ueb��\Z`guf�y\ey_lky�lh��qlh�h(1)
–�wlh�b^_glbnbdZlhj�i_j\hc�djb\hc�gZ�]jZnbd_��h(2) – \lhjhc�b�l�^�

MATLAB �bf__l�g_kdhevdh�nmgdpbc�^ey�ihemq_gby�^hklmiZ�d�qZklh�bkihevam_-
fuf�h[t_dlZf�

� gcf
� gca
� gco

<u�fh`_l_�bkihevah\Zlv� wlb�nmgdpbb� \� dZq_kl\_� \oh^guo� Zj]mf_glh\� ^jm]bo

nmgdpbc��hi_jbjmxsbo�k�b^_glbnbdZlhjZfb�figure b axes��Ihemqblv�b^_glbnb-
dZlhju�^jm]bo�h[t_dlh\�fh`gh�\h�\j_fy�bo�kha^Zgby��<k_�nmgdpbb�MATLAB,
dhlhju_�kha^Zxl�h[t_dlu��\ha\jZsZxl�b^_glbnbdZlhj��beb�\_dlhj�b^_glbnbdZ-
lhjh\��kha^Zggh]h�h[t_dlZ�

>ey� m^Ze_gby� h[t_dlZ� kem`bl� nmgdpby� delete�� bkihevamxsZy� b^_glbnbdZlhj

h[t_dlZ�\�dZq_kl\_�Zj]mf_glZ��GZijbf_j��m^Zebf�l_dmsb_�hkb��axes���Z�\f_kl_�k
gbfb�b�\k_�^hq_jgb_�h[t_dlu�

delete(gca)

Nmgdpbb�kha^Zgby�h[t_dlh\
<uah\�nmgdpbb�k�bf_g_f�dZdh]h�eb[h�h[t_dlZ�kha^Z_l�wlhl�h[t_dl��GZijbf_j�

nmgdpby�text kha^Z_l�h[t_dl�text��nmgdpby�figure kha^Z_l�h[t_dl�figure b�l�^��=jZ-
nbq_kdb_�nmgdpbb�MATLAB �\ukhdh]h�mjh\gy� �lZdb_�dZd�plot b�surface��\uau-
\Zxl�g_h[oh^bfu_�nmgdpbb�gbadh]h�mjh\gy�^ey�hlh[jZ`_gby�khhl\_lkl\mxsbo

]jZnbdh\�

Nmgdpbb� gbadh]h� mjh\gy� ijhklh� kha^Zxl� h^bg� ba� h^bggZ^pZlb� ]jZnbq_kdbo

h[t_dlh\� hij_^_e_gguo� MATLAB �� aZ� bkdexq_gb_f� dhjg_\h]h� h[t_dlZ� �root),
dhlhjuc�kha^Z_l�lhevdh�MATLAB ��GZijbf_j�

line( [1 3 6], [8 –2 0], 'Color', 'red' )
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K\hckl\Z�h[t_dlZ
<k_�h[t_dlu�h[eZ^Zxl�k\hckl\Zfb��dhlhju_�hij_^_eyxl��dZd�hgb�\u\h^ylky�gZ

wdjZg��MATLAB � ij_^hklZ\ey_l� ^\Z�f_oZgbafZ� ^ey� aZ^Zgby� k\hckl\��K\hckl\Z

h[t_dlZ�fh]ml� [ulv� mklZgh\e_gu�nmgdpb_c� kha^Zgby� h[t_dlZ� beb�fh]ml� [ulv

baf_g_gu�nmgdpb_c� set, dh]^Z� h[t_dl� m`_� kms_kl\m_l��GZijbf_j�� ke_^mxsbc

we_f_gl�dh^Z�kha^Z_l�ljb�h[t_dlZ�b�aZf_gy_l�g_dhlhju_�ba�bo�k\hckl\�ih�mfhe-
qZgbx�

days = [ 'Su' ; 'Mo' ; 'Tu' ; 'We' ; 'Th' ; 'Fr' ; 'Sa' ]
temp = [ 21.1  22.2  19.4  23.3  23.9  21.1  20.0 ];
f = figure;
a = axes( 'YLim' , [16 26] , 'Xtick' , 1:7 , 'XtickLabel' , days )
h = line(1:7, temp)   
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GD\V�±�wlh�fZkkb\�kbf\heh\��kh^_j`Zsbc�khdjZs_gby�^g_c�g_^_eb��Z�temp ±�wlh
qbke_gguc�fZkkb\�k�lbibqghc�l_fi_jZlmjhc��Hdgh�bah[jZ`_gbc�kha^Z_lky�ih-
ke_�\uah\Z�figure [_a�Zj]mf_glh\��l�_��kh�agZq_gbyfb�ih�mfheqZgbx��Hkb�kms_-
kl\mxl� \gmljb� figure�b�bf_xl� aZ^Zgguc� ^bZiZahg� ih� y b� aZ^Zggu_�f_ldb� ^ey
ijbjZs_gbc�ih�x��Ebgbb�kms_kl\mxl�\gmljb�hk_c�b�bf_xl�aZ^Zggu_�agZq_gby

^ey�^Zgguo�ih�x�b�y��Ljb�b^_glbnbdZlhjZ�h[t_dlh\�f, a�b�h khojZg_gu�^ey�^Zev-
g_cr_]h�bkihevah\Zgby�

VHW�b�JHW
K\hckl\Z�h[t_dlZ� aZ^Zxlky�h[jZs_gb_f�d�g_fm�ihke_� _]h�kha^Zgby��>ey� wlh]h

bkihevamcl_�b^_glbnbdZlhj��\ha\jZsZ_fuc�kha^Z\Z_fhc�nmgdpb_c�

Nmgdpby�set iha\hey_l�mklZgZ\eb\Zlv�k\hckl\Z�h[t_dlh\��mdZaZgb_f�b^_glbnb-
dZlhjZ�h[t_dlZ�b�kh\hdmighklb�iZj�gZa\Zgb_�k\hckl\Z���agZq_gb_��<�dZq_kl\_�mi-
jZ`g_gby�baf_gbf�p\_l�b�rbjbgm�ebgbb�ba�ij_^u^ms_]h�ijbf_jZ�

set( h , 'Color' , [0 .8 .8] , 'LineWidth' , 3)   

>ey�lh]h��qlh[u�m\b^_lv�kibkhd�\k_o�^hklmiguo�k\hckl\�aZ^Zggh]h�h[t_dlZ��\u-
ah\_l_�set k�b^_glbnbdZlhjhf�h[t_dlZ�
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set(h)   

Color
EraseMode: [ {normal} | background | xor | none ]
LineStyle: [ {-} | -- | : | -. | none ]
LineWidth
Marker: [ + | o | * | . | x | square | diamond | v | ^ | > | < |

pentagram | hexagram | {none} ]
MarkerSize
. . .
XData
YData
Zdata
. . .
.

Qlh[u�\u\_klb�kibkhd�\k_o�l_dmsbo�mklZgh\e_gguo�k\hckl\�aZ^Zggh]h�h[t_dlZ�

\uah\_l_�get k�b^_glbnbdZlhjhf�h[t_dlZ

get(h)   

Color = [0 0.8 0.8]
EraseMode = normal
LineStyle = -
LineWidth = [3]
Marker = none
MarkerSize = [6]
. . .
XData = [ (1 by 7) double array]
YData = [ (1 by 7) double array]
ZData = []
. . .

>ey�aZijhkZ�agZq_gby�hl^_evgh]h�k\hckl\Z�bkihevamcl_�get k�bf_g_f�k\hckl\Z�

get(h , 'Color')   

ans =
         0    0.8000    0.8000   

H[t_dlu� axes bf_xl�fgh]h� ^_lZevguo� k\hckl\� ^ey� \k_]h� ]jZnbdZ��GZijbf_j�
aZ]heh\hd���title.

t = get(a , 'title' );
set(t , 'String' , 'Temperature' , 'FontAngle' , 'oblique')

Nmgdpby�title h[_ki_qb\Z_l�^jm]hc�bgl_jn_ck�d�wlbf�`_�k\hckl\Zf�

=jZnbq_kdbc�Ihevah\Zl_evkdbc�Bgl_jn_ck�(GUI)
Gb`_�ijb\_^_g�ijbf_j�beexkljbjmxsbc�bkihevah\Zgb_�mijZ\ey_fhc�]jZnbdb

(Handle Graphics��^ey�kha^Zgby�ihevah\Zl_evkdh]h�bgl_jn_ckZ�

b = uicontrol( 'Style' , 'pushbutton' , . . .
'Units' , 'normalized' , . . .
'Position' , [.5 .5 .2 .1] , . . .



MijZ\ey_fZy ]jZnbdZ

67

'String' , 'click here' );

kha^Z_l�pushbutton \�p_glj_�hdgZ�bah[jZ`_gby� �figure��b�\ha\jZsZ_l�b^_glbnb-
dZlhj�gh\h]h�h[t_dlZ��H^gZdh�ihdZ��gZ`Zlb_�gZ�wlm�dghidm�gb�d�q_fm�g_�ijb\h-
^bl�

s = ' set(b , ' 'Position' ' , [.8*rand .9*rand .2 .1]) ';

kha^Z_l�kljhdm��kh^_j`Zsmx�dhfZg^m��dhlhjZy�f_gy_l�iheh`_gb_�dghidb��Ih-
\lhjgh_�bkihevah\Zgb_

eval(s)

[m^_l�i_j_^\b]Zlv�dghidm�\�kemqZcgu_�f_klZ��HdhgqZl_evgh�

set(b , 'Callback' , s)

mklZgh\bl�s \�dZq_kl\_�h[jZ[hldb�gZ`Zlby�dghidb��Ihwlhfm�dZ`^uc�jZa��dh]^Z
\u�_z�gZ`bfZ_l_��hgZ�i_j_f_sZ_lky�gZ�gh\h_�f_klh�

:gbfZpby
MATLAB ij_^hklZ\ey_l�g_kdhevdh� kihkh[h\� ^ey� kha^Zgby� ^\b]Zxs_cky�� Zgb-
fZpbhgghc� ]jZnbdb�� Bkihevah\Zgb_� k\hckl\Z� EraseMode� ij_^gZagZq_gh� ^ey
^ebgghc�ihke_^h\Zl_evghklb�ijhkluo�]jZnbdh\��]^_�baf_g_gb_�hl�dZ^jZ�d�dZ^jm

fbgbfZevgh��Gb`_�ij_^klZ\e_g�ijbf_j��fh^_ebjmxsbc�[jhmgh\kdh_�^\b`_gb_�

Hij_^_ebf�dhebq_kl\h�lhq_d

n = 20;  

L_fi_jZlmjm�beb�kdhjhklv�dZd

s = .02;  

Emqrb_�agZq_gby�wlbo�iZjZf_ljh\�aZ\bkyl�hl�kdhjhklb�\Zr_c�fZrbgu��K]_g_-
jbjm_f�n kemqZcguo�lhq_d�k�dhhj^bgZlZfb�(x,y) f_`^m���½ b�½.

x = rand(n,1)-0.5;
y = rand(n,1)-0.5;   

Hlh[jZabf� lhqdb� \� d\Z^jZl_� kh� klhjhgZfb� \� ij_^_eZo� hl� ±�� ^h� ��� KhojZgbf

b^_glbnbdZlhj�^ey�\_dlhjZ�lhq_d�b�mklZgh\bf�k\hckl\h�EraseMode jZ\guf�xor.
Wlh�mdZ`_l�]jZnbq_kdhc�kbkl_f_�MATLAB �g_�i_j_jbkh\u\Zlv�\_kv�]jZnbd��dh-
]^Z�baf_gy_lky�dhhj^bgZlZ�h^ghc�lhqdb��Z�\hkklZgZ\eb\Zlv�p\_l�nhgZ�\�hdj_kl-
ghklb�lhqdb��bkihevamy�hi_jZpbx�bkdexqZxs_]h�BEB�

h = plot(x , y , ' . ' );
axis([-1 1 -1 1])
axis square
grid off
set(h , 'EraseMode' , 'xor' , 'MarkerSize' , 18 );
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while 1
x = x + s*randn(n,1);
y = y + s*randn(n,1);
set(h, 'Xdata' , x , 'Ydata' , y)

end   

Kdhevdh�gm`gh�\j_f_gb��qlh[u�h^gZ�ba�lhq_d�\ureZ�aZ�ij_^_eu�d\Z^jZlZ"�Q_-
j_a�dZdh_�\j_fy�\k_�lhqdb�hdZ`mlky�\g_�d\Z^jZlZ"
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Movie
?keb�\u�m\_ebqb\Z_l_�qbkeh�lhq_d�\�[jhmgh\kdhf�^\b`_gbb��gZijbf_j��n = 300,
lh� \� wlhf� kemqZ_� ^\b`_gb_� g_� [m^_l� hq_gv� ih^\b`guf�� lZd� dZd� ihlj_[m_lky

kebrdhf�fgh]h�\j_f_gb�gZ�dZ`^hf�rZ]_��KlZgh\blky�[he__� wnn_dlb\guf� kh-
ojZgblv�hij_^_e_ggh_�qbkeh�dZ^jh\�dZd�bitmap b�ijhb]ju\Zlv�bo�dZd�dbgh�

<h�i_j\uo��imklv�qbkeh�dZ^jh\

nframes = 50;  

<h�\lhjuo��mklZgh\bf�i_j\uc�]jZnbd�dZd�b�jZg__��aZ�bkdexq_gb_f�bkihevah\Z-
gby�EraseMode

x = rand(n,1)-0.5;
y = rand(n,1)-0.5;
h = plot(x, y, ' . ' )
set(h, 'MarkerSize' , 18)
axis([-1 1 -1 1])
axis square
grid off   

L_i_jv�\u^_ebf�^hklZlhqgh�iZfylb�^ey�khojZg_gby�gZr_]h�nbevfZ�

M = moviein(nframes);
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Wlh�mklZgh\bl�[hevrmx�fZljbpm�k�nframes klhe[pZfb��DZ`^uc�klhe[_p�^hklZ-
lhqgh�^ebgguc��qlh[u�khojZgblv�h^bg�dZ^j��Ihegh_�dhebq_kl\h�lj_[m_fhc�iZ-
fylb�ijhihjpbhgZevgh�dhebq_kl\m� dZ^jh\�b� h[eZklb� l_dmsbo� hk_c��gh� hgZ�g_

aZ\bkbl�hl�keh`ghklb�hl^_evguo�]jZnbdh\��>ey����dZ^jh\�b�hk_c�ih�mfheqZgbx

g_h[oh^bfh�hdheh�����f_]Z[Zcl�iZfylb��<�gZr_f�ijbf_j_�bkihevamxlky�d\Z^-
jZlgu_�hkb��dhlhju_�g_fgh]h�f_gvr_��ihwlhfm�lj_[m_lky�hdheh���f_]Z[Zcl�

K]_g_jbjm_f�ihemq_gguc�nbevf�b�bkihevamy�getframe��khojZgbf�dZ`^uc�dZ^j�

for k = 1:nframes
x = x + s*rand(n,1);
y = y + s*rand(n,1);
set(h , 'XData' , x , 'YData' , y)
M(: , k) = getframe;

end

L_i_jv�ijhb]jZ_f�nbevf ���jZa

movie(30)
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>hiheg_gb_

Qlh[u� m\b^_lv� ^hihegbl_evgu_� ijbf_ju� MATLAB �� \u[_jbl_� Examples and
Demos ba�f_gx��beb�gZ[_jbl_

demo

\�dhfZg^ghc�kljhd_�MATLAB ��<u[_jbl_�ba�f_gx�ijbf_ju��dhlhju_�\Zk�aZbg-
l_j_kh\Zeb��b�ke_^mcl_�bgkljmdpbyf�gZ�wdjZg_�

>ey�[he__�^_lZevgh]h�h[tykg_gby�hl^_evguo�l_f��aZljhgmluo�\�wlhc�dgb]_��h[-
jZsZcl_kv�d�ke_^mxs_c�ebl_jZlmj_�

� MATLAB Installation Guide��hibku\Z_l��dZd�mklZgh\blv�MATLAB gZ�\Zrm

ieZlnhjfm

� Using MATLAB�ij_^klZ\ey_l�[he__�]em[hdbc�fZl_jbZe�ih�yaudm�MATLAB,
jZ[hq_c�kj_^_�b�fZl_fZlbq_kdbf�l_fZf�

� Using MATLAB Graphics��hibku\Z_l�bkihevah\Zgb_�]jZnbdb�b�bgkljmf_g-
lh\�^ey�\bamZebaZpbb�MATLAB.

� MATLAB Application Program Interface Guide h[tykgy_l�� dZd� ibkZlv� ijh-
]jZffu�gZ�Kb�b�NhjljZg_��dhlhju_�\aZbfh^_ckl\mxl�k�MATLAB.

� MATLAB 5.1 New Features Guide ij_^hklZ\ey_l�ihe_agmx�bgnhjfZpbx�^ey
i_j_oh^Z�hl�MATLAB ���o��d�MATLAB 5.1.

MATLAB Toolboxes ±�wlh�]jmiiu�F�nZceh\��dhlhju_�jZkrbjyxl�\hafh`ghklb

MATLAB �\�jZaebqguo�l_ogbq_kdbo�h[eZklyo��>hklmigu�hl^_evgu_�jmdh\h^kl\Z

ih�dZ`^hc�ba�gbo��<hl�g_dhlhju_�ba�l_f��dhlhju_�hgb�ho\Zlu\Zxl�

K\yav

Kbkl_fu�dhgljhey

NbgZgkh\u_�\uqbke_gby

B^_glbnbdZpby�\�qZklhlghc�h[eZklb

G_q_ldZy�eh]bdZ

Ki_dljZevguc�ZgZeba�\ukhdh]h�ihjy^dZ

H[jZ[hldZ�bah[jZ`_gbc

Ebg_cgu_�fZljbqgu_�g_jZ\_gkl\Z

MijZ\e_gb_�k�wlZehgghc�fh^_evx

��±�ZgZeba�b�kbgl_a

Qbke_ggu_�Ze]hjblfu
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G_cjhggu_�k_lb

MjZ\g_gby�\�qZklguo�ijhba\h^guo

Ijh_dlbjh\Zgb_�jh[Zklguo�kbkl_f�k�h[jZlghc�k\yavx

Jh[Zklgh_�mijZ\e_gb_

H[jZ[hldZ�kb]gZeh\

Fh^_ebjh\Zgb_��Simulink)

KieZcgu

KlZlbklbdZ

Kbf\hevgZy�fZl_fZlbdZ

B^_glbnbdZpby�kbkl_f

<wc\e_lu

>ey�ihemq_gby�ihke_^g_c�bgnhjfZpbb� h�MATLAB b�^jm]bo�ijh^mdlZo�Math-
Works h[jZsZcl_kv�d

http://www.mathworks.com

b�bkihevamcl_�\Zr�Internet New reader ^ey�^hklmiZ�d�]jmii_�gh\hkl_c

comp.soft-sys.matlab

Dgb]b� h� MATLAB \uimkdZxl� jZaebqgu_� ba^Zgby�� ;jhrxjZ�� haZ]eZ\e_ggZy

MATLAB-Based Books,�fh`_l�[ulv�ihemq_gZ�hl�dhfiZgbb�MathWorks��Z�ihke_^-
gbc�kibkhd�^hklmi_g�gZ�Web�kZcl_�

?keb�\u�ijhqblZeb�\kx� wlm�dgb]m�b� aZimklbeb� \k_�ijbf_ju��iha^jZ\ey_f�� \u

gZqZeb�jZ[hlm�k�MATLAB ijhklh�\_ebdhe_igh��?keb�\u�ijhimklbeb�g_dhlhju_
jZa^_eu�beb�g_�ihijh[h\Zeb�hl^_evgu_�ijbf_ju��fu� kh\_lm_f� \Zf�ihljZlblv

_s_�g_fgh]h�\j_f_gb�gZ�bamq_gb_�Getting Started��<�ex[hf�kemqZ_�^h[jh�ih`Z-
eh\Zlv�\�fbj�MATLAB !
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Ij_^f_lguc�mdZaZl_ev

C
case, 46

D
diag, 11
doc, 33

E
eval, 60

F
for, 47

H
help, 31

I
if, 45

L
lookfor, 32

M
magic, 13
MATLAB

[b[ebhl_dZ

fZl_fZlbq_kdbo

nmgdpbc� �

bklhjby� �

h[ahj� �

ijh]jZffguc bgl_jn_ck�

6
jZ[hqZy kj_^Z� �

mijZ\ey_fZy ]jZnbdZ� �

yaud� �

mesh, 28
movie, 69

P
plot, 23

S
save, 34
Simulink, 6
subplot, 25
sum, 10
surface, 28
switch, 46

W
while, 47
who, 34
whos, 34

:

ZgbfZpby� ��

;

[b[ebhl_dZ fZl_fZlbq_kdbo

nmgdpbc� �

<

\\h^ fZljbp� �

\_dlhjbaZpby� ��

\ujZ`_gby� ��� ��

\uqbke_gb_� ��

\uoh^gu_ ^Zggu_

khdjZs_gb_� ��

nhjfZlbjh\Zgb_� ��

=

]eh[Zevgu_ i_j_f_ggu_� ��

]jZnbdZ

]jZnbq_kdb_ h[t_dlu� ��

^\mf_jgZy� ��

i_qZlv� ��

k\hckl\Z ]jZnbq_kdbo

h[t_dlh\� ��

mijZ\ey_fZy� ��

]jZnbq_kdb_ h[t_dlu� ��

>

^ebggu_ kljhdb \\h^Z� ��

A

aZ]jmadZ fZkkb\h\� ��

aZimkd \g_rgbo ijh]jZff�

36

B

bah[jZ`_gby� ��

bg^_dku� ��

D

de_lhqgu_ fZkkb\u� Kf�

fZkkb\u yq__d

E

eh]bq_kdb_ \_dlhjZ� ��

F

fZjrjml ihbkdZ� ��

fZkkb\u� ��� ��

]_g_jbjh\Zgb_ k ihfhsvx

nmgdpbc b hi_jZlhjh\�

17
aZ]jmadZ ba \g_rgbo

nZceh\� ��

bf_gZ i_j_f_gguo� ��

f_lh^ hjb_glZpbb

klhe[ph\� ��

fgh]hf_jgu_� ��

h[t_^bg_gb_� ��

kbkl_fZ kqbke_gby ^ey

we_f_glh\� ��

kha^Zgb_ \ F�nZceZo� ��

we_f_glu� ��

yq_cdZ� ��

fZljbpZ� �

fZljbpu� �� ��

\\h^� �

fgh]hf_jgu_ fZkkb\u� ��

F�nZceu ^ey kha^Zgby

fZkkb\h\� ��

H

h[t_^bg_gb_ fZkkb\h\� ��

hi_jZlhj ^\h_lhqby� ��

hi_jZlhju� ��

hi_jZpbb gZ^ nZceZfb� ��

hkb� ��

hlh[jZ`_gb_

dhfie_dkguo ^Zgguo� ��

fZljbp� ��

I

i_j_f_ggu_� ��

]eh[Zevgu_� ��

i_qZlv

]jZnbdb� ��

l_dmsbo kijZ\hqguo

kljZgbp� ��

ih^]jZnbdb� ��

ihbkd l_dms_c kijZ\db� ���

33
ihlhdb� ��

ij_^\Zjbl_evgh_ \u^_e_gb_�

61

J

jZ[hq__ ijhkljZgkl\h� ��

bkihevam_fZy iZfylv� ��

kh^_j`Zgb_� ��

j_^Zdlhj dhfZg^ghc kljhdb�

21
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K

kha^Zgb_ ihevah\Zl_evkdh]h

bgl_jn_ckZ� ��

kijZ\dZ� ��

kljmdlmju� ��

kp_gZjbb� ��

L

l_dkl� ��

lhqdZ k aZiylhc ^ey

khdjZs_gby \u\h^bfuo

^Zgguo� ��

ljZgkihgbjh\Zgb_� ��

M

m^Ze_gb_ we_f_glh\ fZkkb\Z�

19
mijZ\ey_fZy ]jZnbdZ� �� ��

N

nbevfu� ��

nhjfZl \uoh^guo ^Zgguo�

20
nmgdpbb� ��� ��

nmgdpby hl nmgdpbc� ��

Q

qbkeZ� ��
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I_j_\h^�k�Zg]ebckdh]h�Dhgxr_gdh�<�<�
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