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x y p�z|{~}���}��� { ��p }G{~��o3n"�~���$} � {�pS��� � � n"� l�o � � }G{�l�n"} �
�	�;�7�������D���B����� / �����N���B�$���*��� / �4/ ���D�;�7��¡ � � / �����D�;¢ / �N� / �¤£3¥�¦�§�¨�©�ªW«�¬¨�®W¯7°�¨²±�³�®µ´h¨²´X¥·¶?¸c¹_¦S¹�º±»�½¼��¾¢������¿¢B��¢ / �B�À�;� � ��¡Á�;ÂB�À�;�5¢B��ÃÅÄ[ÂB�¿�À��¢B�c�h�;Æc�4Ç� / º�§ / �*¡ / �D�;��� / ¨K��¡ � � / �����À�;¢ / ��������� � �;Èc¢B�¢����À������� / ������Ä�É É�Ê ÄIÂ�¸��D����¨ / Ê�Ë Ì�Ä Í � �;¡��;ÂB�À�;��ºIÎ�¡ � � / �����À�;¢ / �*�À�Ï¡¿�c������¢��;�*Í¾�À��Ð ���Ñ�D� / �������À���À� / �¢����B�����;��� / º7ÎÒ� / ���D�¿�����;���GÓ/ �[�À�5Æ��B���Ñ�D�À�;�¾¡��;�·���B�Ñ�D�À������� / �B����¨%� / �[�B���ÔÂB�À�Õ� ��¢B�������À� � ���ÅÓ/ �[¢B�5¡ / ���B�¼B�;�����[¸����IÖ / ��Æ½�×� / ÂB�¿���;��� / º3¯3¡ØÂB�Ù�·ÆbÓ���·�A¡�����È��»��������¢�����$��¡Ø¢B��Æc�G¸ / � � ��� / º

NOP  000

3 bits 10 bits

R(0)

3 bits

¯3¡Ø� / ���À���B�¿¢ / ¢B��¡Ø����Ð �¿���À� /ÔÚ ����Ð ���;��¢�����[��¡Ø�À��Ð ���Ñ�D� /cÚ º

XCHG  001 R1 R2

3 bits3 bits3 bits 7 bits

´>���D���À���;Æ�ÂB� / ¢���¡Ø� / ���À���B�¿¢ / ¢B�5¹SÛµ� / �¾¹·ÜÅº

BEQ DESTINO 010

3 bits 13 bits

±���¡¿� / �A§7ª�ÝjÞ����·�À��ß~��Ð �B�;¡Á�½Ã;º

SUBI  100 R1 R2 DATO

3 bits3 bits3 bits 7 bits

¹·Ü7àcÞ·Î3á$¦�¨²�������B¡¿�D�;¢ / ����Ð ���;��¢�������¹SÛh¨²Ð ���B���À�;�B¢ / ���G�;���À� / º

INV  101

3 bits 10 bits

R

3 bits

´>���»�������D�5¹�º

ROR  110

3 bits 10 bits

R

3 bits

¹ / �h�¹������ �&/ �������ÅÓ/ �[�¡Á��¢B���À���h¼���º

Ã



â ãuä�å

A0

Cin

Cout

0

1

2

3

B0

A15

A0

A15

Cin

Cout

0

1

2

3

B15

A14

S0

S15

Carry

‘0’

Z

Alu1

Alu0

Alu1

Alu0 S16

A16

B16

ALU0ALU1

Z

C

ALU

A15

á0Î�®W�ØÎjÞS¯b¯"¥�á·¹·Î�Þ·ÎS±Bæ ±»Î��Ø´XÞ$Î�±Î��	³�ç Î��	³�Û ¦S§"¯"¹$Î$ªN´Ñ¦S¥
Ú Ú ÎmàÏ®
Ú Ã ´X¥·¶iÎÃ Ú ¹_¦S¹mÎÃ Ã ¥�¦�§
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R2

COD
R1

D
A
T
O

MEMORIA
INST.

BANCO REG.

R2 Leer
R2 Escr

R1 Escr
R1 Leer

3

3

Escribir datos
R1 R2

Reg
Write1

Reg
Write2

(R1)

(R2)

16

16

0
1
MPX1

PC
ALU

Zcar

ALUsel

JUMP

C

Z

16

2

UC

<
167

0
1

MPX BEQ

"2" SUM
<

16

16

16

13

ê



ë ì l �~í l ��p ��pIî{�l í pS�f��p � � {ÏoKn �Ôí

´>�����D���B�����ÅÓ/ � ª�Ó/ ¢B��Ð / ¹·��Ðï ���¿�À�;Ã ¹·��ÐAïð�À�¿�À�ÅË ñ¾§K©�Û ñ¾§K©ò®W¯7° Î��	³�Û Î��	³�Ü ßO���;�
¥�¦S§ Ú;Ú Ú Ã Ú Ú Ú Ã Ã Ú©�ªW«�¬ Ú;Ú Ã Ã Ã Ú Ú © © Ú®W¯7° Ú Ã Ú Ú Ú © Ã © © Ú±�³�®N´ Ã Ú Ú Ã Ú Ã Ú Ú Ú Ã´X¥·¶ Ã Ú Ã Ã Ú Ú Ú Ú Ã Ú¹_¦S¹ Ã;Ã Ú Ã Ú Ú Ú Ã Ú Ú

ó



ô õ �Kö���pS� l �~{~}G��l*� ��p � � {Ïo3n �Ôí

ROR SUBI XCHGBEQINV NOP

REG Write2
MPX BEQ
REG Write1

MPX1
ALU0
ALU1

I0
I1
I2

Entrada 
UC

Salida 
UC Zcar

É
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� / �S�À����Æ �4/ �S¢B�Ô¡Á�;���������D���B����� / �������À�Ô¼��;�|Æc��¢B��¢ / �B�À�;�B¢ / ¡ / �5����Ð ���������À����¢���� / ��£5Æc��Æ / �À�Á��Ã Ú Ú �B��¨Î��	³eÃ Ú;Ú �B��¨%�B����¢��;¢[¢B�5� / ���À� / ¡"Ã Ú ����¨%Â��;�B� / ¢B�5�À��Ð ���Ñ�D� / ��É Ú �B��¨%���BÆ½��¢ / �$§7ª_Ý�ù¾Ê Ú �B��¨%Æ��B¡Ù�D� � ¡��úù»û/ �À����Ã Ú �B�_¸ � �B�����h����É×�B��º
ÞS�;¢ / ��¡7���;��Ó�����D����¢��c¡��;�����B�Ñ�D�À������� / �B����¨��BÓ/ ¡ / ¼��G¸|¢ / ���D�¿��Æ �&/ �S¢B�c�¿�B���À�À�B����� / �B����£*�B� /¾� �;�À�[¡��®N¯µ°�¨B¸ / �D� /A� ���D���¡Ø������� / ¢�� /;� ���D�;��� / �B���·�»��� � �;�D�;�[�À�¿��Æ � �À� �4/ �·¡Á��Î��	³�º

MEM
UC
REG.L 
MPX1
ALU
REG.E

MPX BEQ
SUM

AND

100ns

10ns

10ns

50ns

10ns

100ns

50ns

30ns

5ns

Tiempo en ns
Tiempo XCHG, SUBI, INV, ROR y NOP = 310ns

MEM
UC
REG.L 
MPX1
ALU
REG.E

MPX BEQ
SUM

AND

100ns

10ns

10ns

50ns

30ns

5ns

Tiempo en ns

Tiempo BEQ = 155ns

Ä
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DECODIFICACIÓN
LEER REGISTROS
TARGET = PC + DIR13

NOP

XCHG

R1 = R2
R2 = R1

SUBI

ALU = R2 − DATO
Cargar Z

BEQ

Si Z=0 Nada
Si Z=1 PC = Target

INV

ALU = INV(R1)

ROR

ALU = ROR (R1)

PC = PC + 2
IR = MEM (PC)

ALU = R1

0

1

2

3

4

5

6

7

R1 = ALUsalida R1 = ALUsalida R1 = ALUsalida R1 = ALUsalida

8 9 10 11

PRQTSVUXWZY [�\^]`_ba [�\c]X_ed f�gih>a fjgih
d fjgRhlk monpf�g q0rtsu[ vpw�n x�y^UXz g�{�ycU|z }~[py^U|z ��y^UXz� � � �`� �Z� � � � �X� � � � �� � � �`� �c� � � � �X� � � � �� � � �t� �X� � � � �X� � � � �� � � �`� �X� � � � �X� � � � �� � � ��� �X� � � � �X� � � � �� � � �`� �X� � � � �X� � � � �� � � �t� �X� � � � �Z� � � � �� � � �t� �X� � � � �c� � � � �� � � �t� �X� � � � �X� � � � �� � � ��� �X� � � � �X� � � � ���� � � �t� �X� � � � �Z� � � � ��`� � � �t� �X� � � � �c� � � � �

Í
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A0

Cin

Cout

0

1

2

3

B0

A15

A0

A15

Cin

Cout

0

1

2

3

B15

A14

S0

S15

Carry

‘0’

Z

Alu1

Alu0

Alu1

Alu0 S16

A16

B16

ALU0
ALU1

Z

C

ALU

A15

S/R

S/R

S/R
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R2

COD
R1

D
A
T
O

MEMORIA
INST.

BANCO REG.

R2 Leer
R2 Escr

R1 Escr
R1 Leer

3

3

Escribir datos
R1 R2

Reg
Write1

Reg
Write2

(R1)

(R2)

16

16

1
2
MPX1

16

UC

<

16

7

<
1613

IR

0

PCcar
IRcar

2

1
0

MPX3

2

ALU

Zcar

ALUsel

JUMP

C

Z

3

0 1
MPX BEQ

MPX2

1
2

0
"2"

16

(S/R)+ALU

TARGET

Tcar

PC���
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¯7¥�¹$Î�Þ$Î ±²Î��	´XÞ·Î¯3�Ñ�h�;¢ / ´>�B�¿���Á��¡ ª�Ó/ ¢B��Ð / ¦ � ���À�;���GÓ/ � ¯3���D�;¢ / ª�Ó/ ¢B�¿Ð / ±²��Ç���;¡	ª / ���À� / ¡ ª�Ó/ ¢B�¿Ð /�� ���B�;¡ ¯"�Ñ�h�;¢ /�� �¿���;¡Ú ©�©�©�© Ú Ú;Ú Ú ¯"�Ñ�h�;¢ /½Ú Ú Ú;Ú Ã ÃÃ ¥�¦S§ Ú Ú;Ú Ã ¯"�Ñ�h�;¢ / Ã Ú Ú Ã Ú ËÃ ©�ªW«�¬ Ú Ú;Ú Ã ¯"�Ñ�h�;¢ / Ã Ú Ú Ã Ã ÊÃ ±�³�®N´ Ú Ú;Ú Ã ¯"�Ñ�h�;¢ / Ã Ú Ã Ú Ú óÃ ®W¯7° Ú Ú;Ú Ã ¯"�Ñ�h�;¢ / Ã Ú Ã Ú Ã ÉÃ ´X¥$¶ Ú Ú;Ú Ã ¯"�Ñ�h�;¢ / Ã Ú Ã;Ã Ú ÄÃ ¹_¦S¹ Ú Ú;Ú Ã ¯"�Ñ�h�;¢ / Ã Ú Ã;Ã Ã ÌË ©�©�©�© Ú Ú Ã Ú ¯"�Ñ�h�;¢ / Ë Ã Ú;Ú Ú ÍÊ ©�©�©�© Ú Ú Ã Ã ¯"�Ñ�h�;¢ / Ê Ú Ú;Ú Ú Úó ©�©�©�© Ú Ã;Ã Ú ¯"�Ñ�h�;¢ / ó Ú Ú;Ú Ú �É ©�©�©�© Ú Ã Ú Ã ¯"�Ñ�h�;¢ / É Ú Ú;Ú Ú ÚÄ ©�©�©�© Ú Ã;Ã Ú ¯"�Ñ�h�;¢ / Ä Ã Ú Ã Ú Ã ÚÌ ©�©�©�© Ú Ã;Ã Ã ¯"�Ñ�h�;¢ / Ì Ã Ú Ã Ã Ã ÃÍ ©�©�©�© Ã Ú;Ú Ú ¯"�Ñ�h�;¢ / Í Ú Ú;Ú Ú Ú� ©�©�©�© Ã Ú;Ú Ã ¯"�Ñ�h�;¢ / � Ú Ú;Ú Ú ÚÃ Ú ©�©�©�© Ã Ú Ã Ú ¯3�Ñ�h�;¢ / Ã Ú Ú Ú;Ú Ú ÚÃ Ã ©�©�©�© Ã Ú Ã Ã ¯3�Ñ�h�;¢ / Ã Ã Ú Ú;Ú Ú Ú

Ã Ã



x5â å {~}G��l*� ��p � � {Ïo3n �Ôí � }G�$n � ø~n ��� n"l*� l���l � � { ��pS�$��pS{~�$}X�
l�� }�p�{�o � }G� ø í �� ��}�o �

0 0 0 1
0 1 0 0
1 0 0 1
0 0 0 0

0 0 0 0 0 1 0 0 1 0 0 0 1 1 0
0 0 0 0 1 0 0 0 1 0 0 0 0 0 1
0 0 1 0 0 0 0 0 0 0 0 1 0 0 0
1 0 1 0 0 0 0 0 0 0 0 0 0 0 0

0 1 1 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1
1 0 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0
0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0

Señales de control

SUBI

ROR

DECODIF.

REG

4

4
3

COD

¥�¦�á�Î*£%�	�;�·�À��Ç�B�;¡����_¢B��� / ���D� / ¡Ø�À�5� / �À�À��� �4/ �B¢B���¾� / ��¡Á�;�_¢B��¡���D�;ÂB¡���¢B��¡Á� � Ó�;Ð;�����AÍ�º

ÃÿË



x�è å {~}G��l*� ��p � � {Ïo3n �Ôí � }G�$n � ø~n ��� n"l*� l���l � � { ��pS�$��pS{~�$}X�
l�� }�p�{�o � p��Iø í �� ��}�o �

Þ������������ÅÓ/ � ¯3���D�;¢ / ±²��Ç���;¡����_¢B��� / ���À� / ¡ ±²�����B�������Á� ª / ¢¤º7±²�����B���B�����Ú Ú ¯3���D�;¢ /cÚ ±²��� Ú;ÚÃ Ã ¯3���D�;¢ / Ã Þ���� � Ú ÃË Ë ¯3���D�;¢ / Ë ±²��� Ú;ÚÊ Í ¯3���D�;¢ / Í � ���D�h¼ Ã;Ãó Ê ¯3���D�;¢ / Ê � ���D�h¼ Ã;ÃÉ ó ¯3���D�;¢ / ó ±²��� Ú;ÚÄ � ¯3���D�;¢ / � � ���D�h¼ Ã;ÃÌ É ¯3���D�;¢ / É � ���D�h¼ Ã;ÃÍ Ä ¯3���D�;¢ / Ä ±²��� Ã;Ã� Ã Ú ¯3���h��¢ / Ã Ú � ���D�h¼ Ã;ÃÎ Ì ¯3���D�;¢ / Ì ±²��� Ú;Ú® Ã;Ã ¯3���h��¢ / Ã;Ã � ���D�h¼ Ã;Ã

2
"1"

Dirección

REG Reset

CK

DISP
3
1
0

COD. Inst

00  Estado 0
01  Estado 1
00  Estado 2
11  Estado 8
11  Estado 3

...

Camino de datos

0
1
2
3
4
...

2

Señales de
control

COD
Seq

Þ�´Ñ±�§¯3���D�À�;¢�� ±²�;¡��¿¢��¥�¦S§ Ë©�ªW«�¬ ó±�³�®N´ É®W¯7° Ì´X¥$¶ Í¹W¦�¹ Î

ÃÅÊ
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UC
MPX1
MPX2

MPX BEQ
LEE MEM

ALU

Tiempo en ns

Estado 0 = 160ns

30ns

 

100ns

10ns

100ns

20ns
UC
LEE REG
MPX1

ALU
MPX2

Tiempo en ns

Estado 1 = 150ns

30ns

 50ns

20ns

100ns

UC
MPX1
ALU

Tiempo en ns

Estado 2 = 150ns

30ns

 20ns
100ns

UC
MPX3 
ESCRIBIR
REGS.

Tiempo en ns

Estado 3 = 90ns

30ns

 10ns

50 ns

UC
MPX1

ALU
MPX2

Tiempo en ns

Estado 4, 6 y 7 = 150ns

30ns

 20ns

100ns

UC
AND
MPX BEQ

Tiempo en ns

Estado 5 = 45ns

30ns

 5ns

10 ns 

UC
MPX3
ESCRIBIR
REGS.

Tiempo en ns

Estado 8, 9, 10 y 11 = 90ns

30ns

 
 

10ns

50ns

Ã ó
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COD
R1

D
A
T
O

MEMORIA
INST.

BANCO REG.

R2 Leer
R2 Escr

R1 Escr
R1 Leer

3

3

Escribir datos
R1 R2

Reg
Write1

Reg
Write2

(R1)

(R2)

16

16

0
1
MPX1

PC

Zcar
ALUsel

JUMP

Z

2

UC

167

16

16

16
13

<

<

0
1

MPX BEQ

"2"

16

ALU
C

16

16
16

ÃÅÄ
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