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řŽŪŵſšĻJx�h�

! �N&�³©ƀCPUƁ 
" -_³©�
Ē  �¹g³©ķ��³©Ļ-_�

" ��³©�
Ē  ŤſšĺTĬŊ��&��
Ē  ��ŻŝŞšĢ�u�Ĺ¹gō�l�
đ  ãĳĻŻŝŞšļŐŖŵűŻſšķŅBĽŋŊ�

! �¹g³©ƀŲŒŽŲųŹƁ 
" cKƀŤſšƁĻ|¢ķÎk�Ĺ»łvģ�
" ŐŦŻŞĺŇĲĵŤſšĻ�©ō�Q�
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ŭżŗŸű%®tZĻJx�h�
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řŽŪŵſšĻ%Ï�h: �N&�³©�

�¹g³©ķ 
��³©Ļ-_ 
C�ō»łÈł 
;³©ĺm�ō'Ĭ�

ŤſšĺTĬŊ�� 
G.��ž�Æž 
¼���Ĺĸ 

��ŻŝŞš: ¸�ĺ�ĞŤſšž¦{ōĪŁ
Ğ�
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CPUĻ�h�
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CPUĻ�h�

! -_³©(controller, decoder) 
" �~ºō¶zĪĵC�Ļ�ÛķT¾ō�Q�
" TaĬŊ��ž#'0o�ĻįńĺÍu-_�:
ō'0�

! ��³©(ALU) 
" �~ºC�ĺ^Ĳĵ;�Ļ��ōR¯�
" ¹g³©ƀŲųŹĘŻŝŞšƁġň¹g³©ƀŲųŹĘŻ
ŝŞšƁĿŤſšōÅÊĪĘ��ō¯Ğ�
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řŽŪŵſšĻ%Ï�h: �¹g³©�

+>ŲŒŽŲųŹ 
cKō|¢ĬŊLj 
�N&�³©Ģ»łvģ 

ŐŦŻŞ: »łvģĻLjō±ŌĬrq 
Ě1000�Iĺ123ōvĥě 
Ě2013�IĻŤſšō»ńě�
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�¹g³©ƀŲųŹƁ�

! ŲųŹķļ 
" ŤſšĻ»łvģĢ9­Ĺ5U�ŲųŹ�
" �~ºC�ķŤſšō|¢ĬŊ�

!  1Kbyte ĻŲųŹĻŒŲſŝ�
ŐŦŻŞ� ŲųŹĻ%S�

0000000000 1ŧŒťĻŤſš�
0000000001 1ŧŒťĻŤſš�
0000000010 1ŧŒťĻŤſš�

: : 
1111111110 1ŧŒťĻŤſš�
1111111111 1ŧŒťĻŤſš�

ƃūżŐĺƃŧŒťƀ8
ũŢťƁĻŤſšĢ|¢
ĩŋį1024ÔYĵĻũ
źŤőŽŗ�



Copyright © the University of Tokyo 

�~ºŻŮźĻŭżŗŸű�

! řŽŪŵſšĺTĬŊC�Ļ�ľ 
! C�Ö<ƅ�ęĻCPUĶ,�ĶģŊC�ª 

" G.��ƂŲųŹĻ»łvģƂ*sƂ¨ŉÉĪĹĸ�
" ŲųŹķ��ŻŝŞšōo��

! C�Ļ�h 
" C�řſŦÞĆćĀĈýĊĆĈáÝ��OßƅC�Ļ�Ûō±Ĭ�
:�

Ē  ăĆýÿáÝýÿÿÝĹĸ�
" ŕůŸŽŦÞĆćĀĈýąÿáÝ²��OßƅC�Ļ�1cK�
Ē  æƀŐŦŻŞ�ō±ĬƁĹĸ�
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C�Ö<Ļ��

�Û� %S� eA�

ŤſšÅÊC�� load A 

store A 

ŐŦŻŞAĻŤſšō��ŻŝŞš(AC)
ĺ»łÈŃ 
ACĻŤſšōŐŦŻŞAĺvģÈŃ�

¸�C�� add A 
subtract A 

ŐŦŻŞAĻŤſšōACĻ�ĺ1ğŊ 
ŐŦŻŞAĻŤſšōACĻ�ġň[Ĥ�

(XC�� jump Aė 
jumpzero A 

ŐŦŻŞAĺŭżŗŸűĻR¯ō�Ĭ 
ACĻŤſšĢ0ĻL<ƂŐŦŻŞAĺŭ
żŗŸűĻR¯ō�Ĭ�

ĮĻ
� write 
halt 

ACĻŤſšō'0ĬŊ 
ŭżŗŸűĻR¯ō��ĬŊ�
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�~ºC�Ļ�Ĺ�Ûķ�­�

�Û� �­�

ŤſšÅÊC�ÝÝÝÝÝÝ
ƀżſŦƂŞťŐƁ�

ŻŝŞšķŲųŹƂŲųŹķŲųŹƂŻŝŞšķ@Ç
³©ĻÑĶŤſšō»łvģĬŊ�

��C��
ŐŖŵűŻſšĶ�°��Ƃ¼���Ƃ�Æ�
�ƂĠŇľŜūť��ō¯Ğ�

ŝŴŽŭC��
y�(XƂ¨ŉÉĪƂĠŇľ�y�ĻŝŴŽŭō
¯Ğ�

řſź/ŹšſŽC�� ÒqōBľ'Ĭ/Bľ'Ī"ĺiŊ�
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1ġň10ŁĶĻDĻŭżŗŸű�
ŐŦŻŞ� C�� eA� Ü��·º�

1001 load 2001 AC ← 2001 

sum ← sum+1 1002 add 2002 AC ← AC + 2002 
1003 store 2001 2001 ← AC 
1004 load 2002 AC ← 2002 

i ← i - 1 1005 subtract 2003 AC ← AC - 2003 
1006 store 2002 2002 ← AC 
1007 jumpzero 1009 y�(XƀŝŴŽŭƁ�

while i ≠ 0 1008 jump 1001 �y�ŝŴŽŭ�

1009 load 2001 AC ← 2001 
1010 write ¦{Ļ'0� write(sum) 
1011 halt ŭżŗŸű���

2001 0 Mqƀ¦{Ɓ� sum ← 0 
2002 10 Mqƀ i Ļ)w�Ɓ� i ← 10 
2003 1 Qq� 1 
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COMETĕƀ�dCPUƁķCASLĕƀŐşŽŬŹ·ºƁĻC��
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ŲųŹĺÐ©ĩŋįŭżŗŸűĻ��

!  1�¦{ō±�ĬŊŭżŗŸű 
 a = 123; 
 b = 456; 
 a = a + b; 
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ŝŴŽŭC��

!  �y�ŝŴŽŭ 
!  y��ģŝŴŽŭ 

"  ūŸŗŻŝŞšêóĻ�ĺŇĲĵŭżŗŸűŻŝŞšñóĿR2Ő
ŦŻŞōŌįĬ�

�(X � �ìñí �ýÿĈûáùü�žžžÞìċĄćÝĆąÝñíċĉß�

¿(X � �ìîë �ýÿĈûáùü�žžžÞìċĄćÝĆąÝîëąċĉß�

ÙØ(X � �ìïú �ýÿĈûáùü�žžžÞìċĄćÝĆąÝïĆąÝúĀĈĆß�

Ø(X � �ìúé �ýÿĈûáùü�žžžÞìċĄćÝĆąÝúéĈĆß�

ŕſŧūżſ(X�ìð÷ �ýÿĈûáùü�žžžÞìċĄćÝĆąÝð÷ĀĈāăĆČß�

�y�(X �ìöîñ �ýÿĈûáùü�žžžÞöąþĆąÿĂĊĂĆąýăÝìöîñß�

"  (XC�ĺŇĲĵūŸŗŻŝŞšļM4ĪĹĝ�

Copyright © the University of Tokyo 

y��ģŝŴŽŭƀūŸŗŻŝŞšƁ�
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y�(X�

 a = -5; 
 if a < 0 then a = -a; 
 printf(“%d\n”, a); 
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¨ŉÉĪ�

 for(i=0; i<10; i++) { 
   printf (“%d\n”, i); 
 } 
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�~ºŭżŗŸűĻ3ģ�

1001  load 2001 
1002  add 2002 
1003  store 2001 
1004  load 2002 
1005  subtract 2003 
1006  store 2002 
1007  jumpzero 1009 
1008  jump 1001 
1009  load 2001 
1010  write 
1011  halt 
... 
2001  0 
2002  10 
2003  1 

�~ºŭżŗŸűļC�ōÚĺR¯ 
G.��žŲųŹĻ»łvģž*sž¨ŉÉĪ�
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�~ºŭżŗŸűĻ3ģ�

2001�IĻ 
Ťſšō»Ń 
2002�IĻ 
Ťſšō 
1ğŊ 
2001�Iĺ 
vĤ 
2002�IĻ 
Ťſšō»Ń 
2003�IĻŤſšō[Ĥ 
2002�IĺvĤ 
ŻŝŞšĢ0Ĺň1009�IĺÌŃ 
�y�ĺ1001�IĺÌŃ�

1001  load 2001 
1002  add 2002 
1003  store 2001 
1004  load 2002 
1005  subtract 2003 
1006  store 2002 
1007  jumpzero 1009 
1008  jump 1001 
1009  load 2001 
1010  write 
1011  halt 
... 
2001  0 
2002  10 
2003  1 
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¼���ķ¥<ĭHÄ�

!  cKĻ±�: ũŢťŨšſŽ Ė �:ĻON/OFF 
!  �� = Òq 

 = nxĻ#0�:ġňmxĻ'0ōĬŊHÄ 
 = (nxĻ#0�:ġň1xĻ'0ōĬŊHÄ)×m 

!  ĸŎĹÒqĶŅ 
"  ���±ķĪĵvĥŊ�
"  ¼���Ķ±ŌĭŊ�
"  Jx¼�£OĻ¥<ĭĶ�ŋŊ�

×m 

Copyright © the University of Tokyo 

���±�

!  2Ì��Ļn�Ļ#0Ĭ
ŀĵĺĳĝĵĻ'0ō±
ĺ�ĪįŅĻ 

! �: 1ũŢťĻ1� 
" #0ļäũŢťÝĖÝääËŉ�
" '0ļä}ÝĖÝ+ęĻ±�

#
0
1 

#
0
2 
'
0�

0 0 0 
0 1 0 
1 0 0 

1 1 1 
�Ļ}�

#
0
1 

#
0
2 
'
0�

0 0 0 
0 1 1 
1 0 1 

1 1 0 
�Ļ}�
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���±ĻĮĻ
Ļ��

x y AND(x, y) OR(x, y) NOT(x) 

0 0 0 0 1 

0 1 0 1 1 

1 0 0 1 0 

1 1 1 1 0 
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¼�Òq�

!  n#01'0Ļ¼�Òq 
" #0ŨšſŽļäĔËŉƂ¼�ÒqļäĻäĔ	Ëŉ�

! P!b 
" ĬŀĵĻ¼�ÒqōR�ĶģŊbÁ�

! P!bō!ğį��Ļ¥<ĭĻ� 
"  ďÝæïèáÝðóáÝïðõÝĐÝĻ¥<ĭ�
" ïæïè6�Łįļïðó6��
Ē  ���ĹHÄō¡64ĶģŊ�
Ē  RÕĻřŽŪŵſšĶļħıňō���
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¼����

! �: �(1)ķ (0) 
! ��: AND, OR, NOTĹĸ 

" æïèÞčáĎßÝåÝčķĎĻ�tĢ�ĻķģĻł��
" ðóÞčáĎßÝåÝčķĎĻĸıňġĢ�Ļķģ��
" ïðõÞčßÝåÝčĢ ĻķģĻł��
" 
ĺŅùðóáÝïæïèáÝïðóáÝéòĹĸ�

! �: xķyĻ1� 
" �Ļ}åÝæïèÞčáĎß�
" �Ļ}åÝðóÞæïèÞčáïðõÞĎßßáÝæïèÞïðõÞčßáÝĎßß�
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Ŭſź�q�

! ¼���ōqZķĪĵ±� 
" æïèåÝžÝƀ¼��Ɓ�
" ðóåÝÝÝàÝƀ¼�DƁ�
" ïðõåÝÝÝÝƀũŢť8ÅƂ¼�?QƁ�

! ��µ.ĺJĴĤZM]ĺŇĲĵ��Ĺ��ōU
ĥŊ 
" �ƅ�

! ��] 
" ĝġĹŊ��ĺĳĝĵŅE�ĺQŁŊ]Z�

x

121211211 )1()( xxxxxxxxx =+⋅=⋅+=+⋅
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MIL¹��

! Jx�Ĺ¼���ō��ĻJx£OĶ±� 

! Jx£OĻĜĝİĻ¦§ĺŇĲĵ¼�Òqō±��
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¼���Ļvģt�

¼�Z  Ŭſź�q  MIL¹� 
!  NOT(x) 
!  AND(x,y) 
!  NAND(x,y) 
!  OR(x,y) 
!  NOR(x,y) 
!  XOR(x,y) 
!  EQ(x,y) yx

yx
yx
yx
yx
yx
x

⋅
⊕
+
+
⋅
⋅
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XORĻ��]ĺŇŊ±��

!  XORƀn
�¼�DƁ 
"  ä#0Ģ=ī�ĻķģâáÝ�ĹŊ�Ļķģã�

!  Ŭſź�qĺŇŊXORĻ±� 
"  1���]�
"  	���]�

!  MIL¹�ĺŇŊXORĻ±� 
1���]ėėėėėėėėėė	���]�

2121 xxxx ⋅+⋅
)()( 2121 xxxx +⋅+
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1ũŢť51�F�

!  2ĳĻ1ũŢť#0x, yĺTĪĵDsķ}�Ħcoutō
'0�
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ÃĪ�HÄƀ51�FƁ�

#0: x, y 
'0: s(D), cout(}�Ħ) 
! ���± 
! Ŭſź�qÝžÝ¼�Z 

!  MIL¹� 

x y cout 

0 0 0 
0 1 0 
1 0 0 

1 1 1 
�Ļ}�

x y s 
0 0 0 
0 1 1 
1 0 1 

1 1 0 
�Ļ}�

),AND(
),XOR(

out yxyxc
yxyxs

=⋅=
=⊕=
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1ũŢť$1�F�

! }�Ħ#0cinŅ«f 
! 51�F2ĳķORĻ¥<ĭķĪĵR�ĶģŊ 

" 51�FōųŝŵſźķĪĵ���
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ÃĪ�HÄƀ$1�FƁ�

#0: x, y, cin(�ġňĻ}�Ħō«f) 
'0: s, cout (}�Ħ) 
! ¼�ZİķVę´× 
! 51�FĻ¥<ĭĶĶģŊ 

"  ĉåÝÞčķĎĻDßķþĂąĻD�
" þĆċĊåÝÞčķĎĻ}�ĦßķÝÝÝĻ}�ĦĻðó�

inout

in

)( cyxyxc
cyxs

⋅⊕+⋅=
⊕⊕=
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ŕůŻſţőŽŗŜŞţű(OS) 

! ŕůŻſţőŽŗŜŞţű(OS)Ļ�` 
" JxŠūťœŔŐķŅBĽŋŊ�
" řŽŪŵſšĻÂ3ķ=uĺR¯ĩŋŊ�
" ´qĻ�ÑĺŇŊřŽŪŵſšĻ2��Ĺē
,�ōŚŰſťĬŊ�

" řŽŪŵſšĻÀ�ō �ĬŊ�
!  OSķŐŭŹŘſŜŷŽ 

" ðôĻ�ƅîýþÝðôÝùáÝøĂąÿĆČĉÝùñ�
" ŐŭŹŘſŜŷŽĻ�ƅôýāýĈĂƀœŔŬŬŸœśƁƂ
éčþĀăƀ±¸�Ɓ�
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OSĻJx�­�

!  ŭżşŞ � 
"  Â3Ƃ¤
ƂçñöĺŇŊR¯uÑĻ/\ĵ�

!  ŲųŹ � 
"  ŭżşŞĿĻŲųŹ/\ĵƂ¶p�

!  #'0 � 
"  ŭżşŞķ@Ç³©Ļ���

!  ūŏŒź � 
"  ūŏŒźĻ�hƂ�½Ƃ�7ķÔW�Ĺ ����

!  Ŷſś � 
"  ŭżşŞņūŏŒźō,�¬Ĩķĺ�QĻ-ÓĻŅķĶ�½�


