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NAND

AND OR

NOR

NOT

XOR
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A
B
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Cin

Out

A B C Out Cin out

0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1
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S0 S1 Out

0 0 A
0 1 B
1 0 C
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D Q

G

D Latch

Voltage here determines
whether the bit is 0 or 1

When this is 0, we cannot
write to the latch. When it is
1, the voltage at D becomes
the new value of the bit.

If we want to update the 
value in the latch, we put
the new value in here. 
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Control
Unit

 e.g. 64 MByte
2^26 x 8 =

536,870,912bits

Address Data Control

Processor

Reset

Bus

Memory
Execution

Unit

Register File 
(including PC)

Sound Card

Framebuffer

Hard Disk

Super I/O

Mouse Keyboard Serial
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Data in D Q

clock

NN

N-bit Broadside Register
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Data in

Write Address

N

A

Dual Read-Ported Register File

Data out a

Read Address a

N

A

Data out b

Read Address b

N

A

Data in Data out

Read AddressWrite Address

N N

AA

M x N Register File

clock

clock
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Address Data

output enable

write enable

/oe

/wr

A N

chip select/cs

MxN RAM
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D Q

G

D Q

G

D Q

G

D Q
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D Q

G

D Q

G

D Q

G

D Q

G

A1
A0

/wr

D0 D1

/oe

D0

D1
/cs

/cs
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bit bit

word

SRAM Cell (4T+2R)
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Bit 0 Bit 1 Bit N-1

Word 0

Word 1

Bit N-2

Word 2

Sense Amplifiers & Latches
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COLUMN LATCHES

COLUMN MUX
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� ����� ���
	���
�������� ������
�� �����! �" �$#

� %&�' (	��)�+* �'�(	��,
 	�-�-��,
'�.� /102�3���547698 : ;7698 �

��<
=�>�
-�
=�=��-�
?�@�A�B"  �C�#

� DFEHG �JILKNM �O8JK5476�G PQ	=���R
��7PS�A�L�T	U" 
 �V��� ��
�	�-?��#

WTX



Y Z\[ ] ^J_ ` a,b c Z d e f(b

Address Data

output enable/oe

A N

chip select/cs

MxN ROM
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32K ROM
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le Execution
Unit

Control
Unit

Address

Data

Control

CPU

Data
Cache

Instruction
 Cache

Cache (SRAM)
Main Memory

B
us

 I
nt

er
fa

ce
 U

ni
t

64MB
DRAM

Bus
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Control Unit

IBDecode

Execution Unit
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Execution 
Unit PC

#Ra
A

#Rb
A

Fn
K

#Rd
A

Register File
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Ú ÿ õ Ü8è õ à¦ædï õ àhß á ú ædïoàCé��+ïAá õ3ú æ é�æ�éXÜ�ä¤ä î �?Ü�Þ�ß Ü æ�é�� � ï õ
è&ß+ï7ß?à�� á ú ß ï���ß æ�á�ç�ß�êëß0ìkí»ì
	���
�� õ à�ãoî�ï/ß0ê�	���
�� õ à ôöõ à�è¥ê
	���
�� õ à�ä õ�ú í ôöõ àhè¥ì

Ú � ��ß ú ædï õ à á ú í � ÷ ãoî�ï/ß0ê��XÜ�Þ�ß ï ôöõ � Üyá ú õ�� ï�á õ3ú æ��
ã}á�í ß ú è á�Ü ú Ü ú è ä�á¸ïQï+ä^ß ß ú è á�Ü ú�� ß0ìkí»ìOædï õ àâá ú í ä õ3ú í ôöõ à�è
 "!$#&%&'$#$(&%&%$) á ú ï õ � ß*� õ à�î Ü;ï Ü8è�è�à�ß;æ/æ  +!&, ì

Little Endian

00 01 02 03

Big Endian

04 05 06 07 08

EF BE AD DE

DE AD BE EF

- �©à�ß�Ü�è ãXÜ���. Ü /10�243 � à õ � Ü8è&è�àhß�æ/æ  +!$, êëí&ß�ï  "!$#$% á5�
ã}á�ímòQß ú è á�Ü ú ê õ à  "!$%&) á6�©ä�á¸ïQï+ä^ß+òQß ú è á Ü ú ì

Ú 7 õ è0ÜAî �XÜ�Þmß �mñ�ø 8 9=ä � �XÜ äªá@ï ïoäåß ß ú è á Ü ú:�<;�� Ü�à=� 8
ø�ñ?>Éê×ã�á�í ß ú è á Ü ú��A@ á � æB8 9DC @ ßmá¸ï��mß?à¢ì
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S TVU WYXZXZ[�\"]^]$_�`ba c d�XZ\ e^f*ghg5ije�k�f l�m�n oZpqe^f*r�stk�f�r=f e$k�f
uwv e v x mwr v U yzU{i|e�r�p�l$e+y�m?U y6i}e~m lqm?n f x r�m�n �

S ��f$e v sjy u f � v r�y�f$e��q��fw�h�<�
� f���y�i|e�f�r�� �1�&� �*�*� �q�:�B�q�
� n n f u y v e�f�� �1�&� �*�*� �q�:� �q�$�
��� � f�g v e"y6��fw� � �+¡ ¢+£q�$¢
� f���y�i|e�f�r � U u yzr¤f�l&eq� ¥¦�&� �*�*� §¨���"©
ª « ¬ y6i­o�g v l{f�n f�U�eq� ®^¯­� �*�*� §¨����� �­°�©
� U u f$±bf u � ²Y³¦´ ¥ �*�*� µ¶����� �·��¸
Tº¹{i»m�g�pqe^f�¼ ¬ yzr¤f{l$e�� ²Y³¦´ ¥ �*�*� ½+¢+£�¾¿�ÁÀ&Âq¢��^�&¢
Ã f�n mwrÄ� � U u yzr¤f{l$eq� �1�&�{¥ �*�*� µ�½�¢"£$¾¿�OÀ­Â·¢b�^�$¢�¸

S Ã m¿i|e n m u f*rÅU n v l�k¿yzU�f·i v r=f ÆÇd�WYXqÈ�]qÉ�dY[Å\ Ê
lqm�Ubl�f�U�e�r v e^f m�U ËÌr¨i|eÍË���f Î~Î~Î
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Þ ß�à�à*á â$ã�ä�á�à{å æZá�å çZá{â$ã�ä�á�à{å ãzáqè�à�äZà*é¨â æëêhé=à æ�å*ìqí

Þ î à�ï ðwé¨ì ñ�æëá æëê5â»ð ò�ð�ê�å<ó
ô õ æ·è$çZéöæëêø÷�æëábä�çYæ�äZàwù
ô ú à æZê<áZçZï ûëà*é¨â üþý?ð�æqè"ãzá�ä ÿ¿ð:ãzáqè��qù
ô � ð�ï ÿ¿ð�çZá�å � æqè»æ ß:è$éÅç�ñ&è�çZé=à­â ù
ô � á â|è�é�ç�ñ$è+ã�ð�á â

Þ �Vê�� æ+ì{â	�»ç â|è}â»ð�ï à áZçZï ûëà*éÜð�
 û¿ã è|â � ç�ÿ è^ð
ÿbé�ðwä�éöæëï ï à�é�è^ð ã áqè�à�é�ÿbé¤à&è
�tòYæ·è ã�â��tò�à*é¤à �����
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20 62 75 50
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g hji k lmi(n o2l(prq9ptsMlmiEuvuxw y'q%lmz'st{|uT} ~4qA��n z/lK���'q w��^~KqA�*n
p9k lmz&z6i'�'k �mq��*p%�

g �#prq {/y'q%l w�� ��p�o4{/qAiEu�{|�>o i2wAurlGuJ{�w�i2����q7�&�6��� � � � �%���
� � {?p\o2lmz�z�q(y uT}4q � �A ¢¡�£?¤x¤T�
� ¥ {:p o%l'z�z�q(y uT}Kq ¦H§A¨>©7 7¦( ¢¡ª�
q7�&�6�¬« � ­¯®°�>�±� �²�A³ k ´�p%�

g µ�w¶�·o(w�k ¸'�Eu¹qA�*p2�#�²prq �N{ºi�lK��n {»�&q7��� � � � ¼ � ��s3}4qA��q
� {ºiKoAz&�Ky'qGp l �¹�N{ºi�lK�*n ¸Nw¯{ºiEux���

g ½¾w�uT} � lmiKy ¥ o2lmi �mq ¸mwNp�{|uJ{:~Kq w��¿iKq²�¶lGu�{|~4q7À¢uÁn'¸m{�o2lmz�z0n
� p�{���i w��¬k lmiEu�{:p¹pJl �-{|~4qAi �Tn l'i l2y7y-{0u�{�w<i�lmz'¤�£�Â¯  �N{0u(�
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Í �²prq � � ÉÄÎÌ�%ËÐÏÅ� � ¼A�jÑ²Òª��s3}Kq���q � Ó � Ô ¼ lmiKy Õ\{?p
uT}Kq �N{Sl(p%�

g q7�&�6��Ö�×H�m{0u k lmi(uJ{?pxpJl Ø ­4×r�N{|u �N{Ùl²pÐ×`­ q�Ã¶¸Nw�iKq�iEu\lmz&z:w%sÚp
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S Exponent(11) Mantissa (52)

06263 5152

S Exponent(8) Mantissa (23)

022233031

Bias-127Bias-1023
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§ ¨E©�ªh«{¬®­�¯ ° ¯~±�¬I²
ªL±�²P¬®©W¯.³*©q´qª�µ ¶�©�·X­ ¯~±+«{¬®©!­ ´!¯ ´�¸
«�¹�¯º©L±i»5¬k«½¼ ´ ¾�¿CÀ�Á ¿�Â�ÂPÃIÁÄÀ#ÀhÅ

§ Æ`´
¬�ÇÈ´�É�·�© ¯LÇËÊ!© ¯~±�¬�²
ª�±�²P¬w©C¯.³*©�Ì{ÍP·ÎÇÏªÐÇx±�·�Ñ ¯~±+«Ò¬w© ´q­P­Q¬w©W¯7¯º©W¯Ó�Ô�Õ{Ö�×�Ø Á!ÃwÀqÙ Ç�¸�¯�ÇÏ­P© ¯~±�¬�²
ª�±�²P¬w©{Úu©�Å�ÛuÅ
ÜhÝ8Þ!Ý8ÞWßáàqâ ã!âCä å æ
çºÜ!â çáè é+æWÞ ê é+æWÞ ê ãhâCä

ë ì â�ÝÄè çáè é+æWÞîí
ï Ý ì âáðhÝ+ñhà ì â å æqç8Ühâ�ò@ó½ô õZôöæ
ç8Ühâ�òI÷cô øcô ì âLÝáèGò�ùqúLú�úPí

û ¼ ´
ÛZÇz¸Ð© âáð!Ý~ñhà ì â Ç�¯ü¯~±+«{¬®©!­ ´C± ´q­�­G¬w©C¯#¯ ý ð�þ ýLýLý�³
ÿ ­�­G¬w©C¯#¯ Æ:´�·�²Ð© �E«½¼ ¼ ©�¸h±
ý ð ý�����ý ý ð ������� �E«½¸�¯~±�¬�²
ª�±#«{¬ ±�´
Û »�«{¬`´ ·�©q´h»
ý ð ý���� ó ù û ¸h±7©!ÛP©�¬��ÅÅÅ
ý ð ý�����	 ý ð ������
 �E«½¸�¯~±�¬�²
ª�±#«{¬ ±�´
Û »�«{¬`´ ¸q«G­P©
ý ð ý�� ó ý ÷ û ¸h±7©!ÛP©�¬��
ý ð ý�� ó�ó ø û ¸h±7©!ÛP©�¬�

ý ð ý�� óCù ý ð ý�����ý ÿ ­P­G¬w©C¯#¯_«�» Çz¸�¸
©�¬ ¸q«Q­P©ÅÅÅ
ý ð�þ ýLý�ý ý ð ������
 �E«½¸�¯~±�¬�²
ª�±#«{¬ ±�´
Û »�«{¬`´ ¸q«G­P©
ý ð�þ ýLý ó ó û ¸h±7©!ÛP©�¬��
ý ð�þ ýLý ù õ û ¸h±7©!ÛP©�¬��
ý ð�þ ýLý�	 ý ð ý�����	 ÿ ­P­G¬w©C¯#¯_«�» Çz¸�¸
©�¬ ¸q«Q­P©
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00 I Opcode S Ra Rd Operand 2

31 25 24 21 20 19 16 15 1211 026

Cond

2728

p���r sGt1yKu sGt y�u ¡@y7t ¢ £¥¤�¦�w�£�r�rl£7t�§ ¢
t�t�t1£ £�£ t £�£�£�£ £ t�t1£7t t�t1£7t £�£�£�£�£�£�£7t�t�t�t�t

¨7©�ª s�y�u slyKu s�w ¢ £¥¤�¦Bt ª y�y�£�£@w ¢
t�t�t1£ £�£ £ t�t�t £ £ £�£ft�t £�£ft�t £�£�£�£�£�£�£�£�£�£ft £

ª¬«�­ sGtGu s�w ¢ £�¤�¦ft ®ft1£�£�£�w ¢
t�t�t1£ £�£ £ t1£7t £ t £�£�£7t £�£�£�£ £�£�£�£�£�£�£�£�£�£ft £
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A[0:x]

D[0:7]

chip select/cs

Serial Input

Serial Output

Baud
Rate

Generator

read/writer/w
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hsync
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VRAM/ 
SDRAM/
SGRAM

PCI/
AGP
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Processor Memory

Other Devices

ADDRESS
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Memory Address To Read

Data

CLOCK

A[0:31]

D[0:31]
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Memory Address To Read

Data

A[0:31]

D[0:31]

/MREQ
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/SYN

/ACK
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0x184c: add r0, r0, #8

0x1850: sub r1, r5, r6

0x1854: ldr r0, [r0]

0x1858: and r1, r1, r0

0x0020:    ...

0x0024: <do stuff>

......     ...

0x0038:    rti
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IR0
IR1
IR2
IR3
IR4
IR5
IR6
IR78

2
5
9
A
 
P
I
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Intel
Clone

 INT 

 INTA 

 D[0:7]
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