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Decoder

Sequencer
&

ME

RAM
OE

Address Data

WR

Operand

Operation Code

IR

ALU

ACC

X

S

PC

MDR

MAR
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S
T
A
T
E

Control

to other

units

Feedback from ALU
Decoder & Sequencer

Logic

Combinational

Operation Code
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Inherent Immediate Direct Indirect Indexed

Indexed
Indirect

Stack
(pull)

+w +w +2w +2w +2w+3w +3w#3 #4 #4 #5#3

INC
DEC
NEG
COM
LSL
LSR
ASR

ROR

CLR

ROL

ADD
SUB
ADC
SBC
AND
OR
EOR

#5 #5

±�²
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LDA
LDX
LDS

Immediate Direct Indirect Indexed
Indexed
Indirect

Stack
(pull)

+w +2w +2w +2w+3w +3w#3 #4 #4 #5#5 #5

Á ÓFËÔÃFÍ>Ç Æ�Ç¦È�É}Ê'ËÔÇEÍkËÔÃ Ð ÇÑÏ ÃFÍ�Ò

STA
STX
STS

+2w +2w+3w +3w#4 #4

Direct Indirect Indexed
Indexed
Indirect

+2w#4

Stack
(push)

#5 #5

Õ'Ö
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#3 +w #5+2w #3 +w #5+2w #4 +2w #6 +3w

(pull)
Stack

#5 +2w

BRA
BRN
BCC
BCS
BVC
BVS
BEQ
BNE
BLT
BGE
BGT

BSR

JSR
RTS

JMP

Relative
PC

Direct Indirect

BLE
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Microinstruction PC

Control

to other

units

Memory

Operation Code

Decoder & Sequencer

Microcode

Address Select
Logic

+1

Feedback from ALU

üþý
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Reg O/P Reg I/P

To address select

Memory

Control to other units

CondJump AddressALU Control
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Enable_ACC

Enable_X

Enable_S

Enable_PC

0

0 0

0 1

1

1 1

Encoded Field

ÞàßVáãâåä�æNç-èNä âåä�é7ê#ëíì�îàæïì*æïð;é�êDé�êDæNîKñ ëãò�óQæNô ò6êDßVáãáõé�îöô@é7ô1ëãáãá@óQéVé÷ð òøæNêDé�ùúæNîKê æNù#ßð;ð�ëãâåëíæïóQßVá
ð;é÷ì*æïð)ëíóQè
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Microinstruction PC

Control

to other

units

Decoder & Sequencer

Memory
Microcode

Operation Code

+1
Address Select

Logic Feedback from ALU

Memory

Nanocode

�6�
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S
T
A
T
E

Sequencer

Logic

Combinational

Operation Code

Control

to other

units

Decoder

Logic

Combinational

Feedback from ALU
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â?ã ½oº�À�»�Ã�¼�½Kä ã ¼(À�ºå» æ Â�¾�ç©Ã

Type of instruction
- Arithmetic/Logic
- Load
- Store
- Control Transfer

Immediate DataFunction

Addressing Mode

è Î�éVÎ=Õ6Î%Ì;Ó ÌEÑ�Ï7Ç?È Î%Ó4Õ6Ï7Í�×,Ò9Ï:Î%Ì;Ó Î%Ó4ÏgÌ Þ�ÈKÔ%Ý³Õ ê Î=Ô=Ô?Õ6Î�É Ü?Ô=Î=Ñ:Ð Ï7Ç?È Ý�È@ÒQÌ;Ý�È�Í Ê/ÓFÝ
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MAR

PC

R0 (=0)
Decoder

Sequencer
&

ME

RAM
OE
WR

R1
R2
R3
R4
R5
R6
R7

Address Data

IR

SHIFTER

ALU

���
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1 2436587�9;:�3=<4<�36587�9;:�3=<?>@<�A�BC7�:D3@AE:GFH<�3

1 IJ3=K 7MLN9�:O<PFQAE:
7MRSLN9

1 T&3=<�U VW3�K >YXZXC<�3[9�9�7MLN5 \ R]XZ3[9

^ B_3a`H<�R]Ab369;9�Rc<dXQ369�A;<e7gfC3hX B_3=<�3i7�9QfC>j9�3@X R]L >i9�F/fk9l36:JRmV]:OB_3oncpYq 2dr 9�`Q3@A;s
7�tQAb>u:G7MR]L]v=w
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00 10 11

F3

F2

S1 S2

Dest

F0
F1
F4

Clk

C

C

V

Z

N

32 bit Adder

F1:F0

Vo

Co

Vo

Co

Dest[31:0]

Dest[31]

01

D Q

D Q

D Q

D Q

¥e¦
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ADDcc
SUBcc

ANDcc
ANDNcc

ORcc
ORNcc

XORcc
XNORcc

ADDX
SUBX

0 10 0 0 111

000

SUBXcc

SUB ANDN ORN XNOR
ADD AND OR XOR

ADDXcc

1

1

1

111

1

1
1

0

0
0

0

0

0

1
1

0
0
0

1

F4:F3:F2
F1:F0

Shift instructions

ALU instructions

SLL SRL SRA

Ì�Í
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�	�
� ÷��oùcü?ù6÷� ý � ÿ � ý ��� þ
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ábâ]ØNÞ�×uÜMØNÚ��cä=ß�â�ò
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E F GIHKJMLON PQJ�HSR�T'UOV WSXZY[HSR	HSU]\+JMG7^_R`J�HSX�U]\�RaXbU]JcTdHSU TeWKW'JML
P�G=PQWSPgfDT'U]J�h_PQWSV
\ ijXkG
G=PQY[HK\+JlP"G�\mP9WSP�R`JnHSXbU T'UOV F oDp RqX�U]JMG=XrWls
t L
P VuP�RqX�VuP"G HK\ G=P9\wv_X�U]\wHyxzWSP ijXkG P�UOT9xzWKHSU]Y J{L
PQ\mP h_PQWSV|\ V|^(GIHSU]Y JML
P
RqXkG7G=P�R`J
Rw}~R`WSP�s

Format field
Function Code

Source 1Destination ALU function

Addressing mode

Source 2

1 00 rd rs1 0 rs2ignoredF4:F0

���



� �/� �

� �D���?���3�?� �+�3�5� �9� � � �?� � � �	��� � �

�u�
���
�m���Z�k�( �¡/¢S 9£z¤S��¥u�9¤S¦|�� d¤K¤S�k§ �¨�
�&©l� �+ª_��«`¢K�n¬  �;¡=�3¢S®]�¯�k¡7  d©�¢S��® § ¢K©M�D¢S®
  ¤K¢$ ¢K©c��¦ ¢S®]�w©M¡7�_«`©n¢S�b® § ¢S¦
©M�D°+±

² �k¡ �w¢$ ª
¤K¢S«`¢K©{¬ ©M�
���w¢K³�®O��¦ ¢$  ��¦|¢S d©c�´  �¬ �b®]¤$¬ £D���|����¦ ��® ©M�
�¶µ`·¶£O�|�¸±

Addressing mode

ignored1 00 rd rs1 0 rs2

1 00 rd rs1 simm13F4:F0

F4:F0

1

¹»º/¼¾½À¿e½ÂÁwÃl½/½ÄÁw¿ÆÅ»ÇSÈ5É`¿nÊÌË(ÍÏÎ�º/¼¾½/ÃlÊÏÐDÃlÑÒÎ�Ó+Ô»¿�ÎÕ¿lº=½¾Ö7×+½/ÐOÁw¿ØºÙÓwÔ$¿�ÎÕ¿lº=½ÒÍÏ½/ÍÏÎdÃlÊÏÐDÃlÑÒÎ9ÍÚº�½ÄÁw¿ÆÎÕÃlÛ¨¿ÆÓwÊÚÃjÜM¿ÞÝ
ß+à



á â/ã ä

å æ5çDèKéØêOèSë]ì+êMí7î_ï`ê�èSð�ë]ìòñ�í=óôèSëOõ|èSïqñeêló�õ ö]÷ ñ õ|èKéMéjógí7ó�ë]êOéØî_ëOï`ênèSðbë ïqð�õuó5ø

ù ç
ó õuó�ïqð�õuó"í�ú èKûKûbî
ì�ó ñ ü_ñ�í/ê(ðZéDêMç
ó éØî_ëOï`ênèSðbë ïqð�õuó¶èSë ðkí=õuógíýêcð ì�óQûSó�ïmê
ú çDèSïwç éØî_ëOï`ê�èSð�ëOñdû�î_ë]èKê~õDíIè$þ(óQì�êMç
ó õuó9ìwê�èSëOñdênèSðbë özî
ì¸ø

Format field
Function Code

1 rd rs100
ignored rs20

simm131
1 1

11 = SRA
10 = SRL
01 = SLL

0

ÿ+ÿ



� �����

� �	��
� 
��� ��������������������� �!�"�������#�$�%�&�'�)( �+*�
,�-�����'�����	�.�"����� /0����( 
1�2�43
576 8:9<;>=?9A@-BDC49FE G H I JLK I M#N I O

I P J K Q R.Q STG H I U
V?W 9FXYCZ8:9A[\=DEFB G H I J K I ]^N P

Q R!Q STG H I U"J_K I `
Format field

Function Code

1 0rd rs11 0000
ignored rs20

simm131

0 = LD
1 = ST

Source (ST)
Destination (LD)

acb�b



d e�f�g

h ikj�l�m�n�jLo_p�n'ql�r�s0tunwv�l�r�m�n�x y!m"v�j�l�r4z

CALL

Format field

10 disp30

{ v�l�y|t v�l�r�m�n�x y!m"v�j�l�r}q,n�t ~ j�n�� q1o+v+�?l�t��\�Lq�l�� o�j�y|q1m"v�j�l ~ v+m��\v�l m��>t}� � �\��m�t
q�	�7n�t4r'r-r�� qy|tk� q,� �\t qy�y|t�r�r.t,� ��v�q m��>t �?���>� v�l�r'm�n�x y!m2v�j�l���z

�?���>� ���,�|��� � ���! �¡ ¢ £
¢ £   ¡ ¢ £ ¤ ¥§¦1¨ª©�«�¬®°¯Z±�²

³µ´}¶'·)¸º¹�»¼¸¾½�¶!¿�¸ÁÀ�ÂÄÃ:·uÅÇÆ�¸È½�ÂÄ¿0¹�¸ÈÉ¾¸¾ÅÇÊ�Ë�Ì¼Í�Î�¸¾½,Ï'Ð:»ÑÀ7¿�½4ÅÒÆ'»�·Ó»�Ô:¸¾½+ÅÕ»2·u½+ÅÕÃ:·)¸ÁÖ�Ô�ÅÇÆ'»·Ó»2ÅÇ×'·+Ö�¿0À.À�·Ó»2½+½
ØcÙuØ



Ú Û�Ü�Ý

Þ ßkà�á�â�ã�àLä_å�ã'æá�ç�è0éuãwê�á�ç�â�ã�ë ì!â"ê�à�á�ç4í

Bicc

Format field
Function Code

1000 = BA

1010 = BG
1001 = BNE

1011 = BGE

1101 = BCC

0011 = BL 0111 = BVS
0110 = BNEG
0101 = BCS

1100 = BGU

1111 = BVC
0010 = BLE
0001 = BE

0100 = BLEU

1110 = BPOS

0 00 0 1 disp22conda

0000 = BN

å	î>é ì�à�á�ï>ê+â"ê�à�á�æ1ä?ð�ã�æá�ì'î ê�á�ç�â�ã�ë ì!â"ê�à�á�ç î>æ,ñ\é æ çòî>àóã�â�éuã&ã�æá�ô?é ç'ê�á�ì|é âõî>é®ö
á�é,é�ï é4ê+ô�î\â÷ð�ê+â"ç-â�à ç'ø é,ì!ê+è2ö â�î>é#ð�ã'æ�á�ì'î ì|à�á�ï$ê+â2ê�à�á æá�ï â�î>é æá�á�ë>ä+ù	ç�â�æ1â"ë>ç4í

ú?û�ü ýÄþ,ÿ��òý � è���� � �
	�â�î>é,á � � �� � � � ����������������� 	
!#"%$'&�()$+*�,.-0/1"�&2/1(435/768/

9;:=<



> ?%@BA

C DFE�GIHKJ�EMLONPJ5QRGIS.TVU�JXWYGIS.HKJ[Z]\)H7WYE�GIS
^

JMPL

Function Code
Format field

1 rd rs100
ignored rs20

simm131
0 1 1 1 0

N`_aWbS�WYGIS5HKJ[Z]\)HcWYEdG QeLbLYEPf SgQhJ�UjikWbS5H1U�JXWYGmlnW8J�U \oHPpqZsr t�^vuPWYGm\wU�WbHkSoQ xsUjSyHK_zU{E|LYl
tsJ�E|i}J5Q r \�EMZ]GIH1U~JgWbH4r Q � �aUFZnS�U l H1E pqZsr t H1E EPJyJ�UjH7ZsJ.G TcJ[EPr Q S5Z��IJ�EMZs�
H7WYGmU�^

�4���m� ���`���s���a�{�e�m� �����M� � �
� � � � ������� ���
�

�4�R ¢¡¤£
¥[¦�§  ;¨�©�ª ©7«¬£�¨ d«¬®R ;¨ �R ;¯° m±²£w¯g¥;£�¨m©K¯�£´³�©�¯µª~¨�¶b±' ;¯g«q¨k¶%©�¯�¦4¥%©·«¬£�¨�¶y��ª�¶¸£�§ «¹©º©K '¡
ª~¨M» §  ;¨m©7«q£w¨ £V±h©��¼ g½v«¾½¤ %³q«¬¨I«q¨| ª~¨}¡ ¯� Vd«¬¶%©K ;¯F¿ «q¨�¡�£�¿ ±' 'ª ©7¦�¯� ;¶{£V±À©K�R FÁ�Â Ã ÄÆÅ
¶'½¤ =¥[«ÈÇB¥'ª ©7«¬£�¨`Éa�4�R �¯� ;¶�¦4³#©7«¬¨P ¡¤ +¶%¥;¯[«¾½M©·«¬£�¨ «q¶B¶; =³Ê±�¥;£�¨�¶[«¬¶%©K ;¨m©aË~¦�©I«q¨�ªÌ¥%¥[¦�¯'ª ©K �É

Í;Î=Ï



Ð Ñ%ÒBÓ

Ô Õ Ö5×YØIÙ ÚRØ Û�ÜzÜ ×YØIÖ.ÝKÞ[ß]à)Ý7×Yá�Ø â ã à�ÚRØ Öoã
Ý`ÝKäzã åsÚeæbß]ã á|ç]Ú Þ�ãjÙ�×bÖ.Ý1ã~Þh×YØ ÝKäzã
Þ5Ú¼ØIÙ4ãÀècéMêeëRì Ý1á í�éOêeë�îRïoð
ÛBÜnÜ ñ�òôó�õ`ö¼÷n÷Àømù{ó úmû ü�ý�þMÿ ����� � ���

Ô �`äzã 	�
����� ×YØIÖ.ÝKÞ[ß]à)Ý7×Yá�Ø ãÌØmÚ���æYãjÖ{ÝKäzã Öoã
Ý7Ý7×YØIÙ áMçzÝKäzã � áPÞ�ã Ö5×bÙ4ØI×��]à�Ú¼ØIÝ
Þ�ãjÙ�×bÖ.Ý1ã~Þ���×bÝ7Ö´ð
Format

field
Function Code

rd 00 0 01 imm22

	�
����� ö¼÷n÷����{ó�ú�û ü�ý � ��� �����  þ ÿ �!� � "#"
ü�ý � $ �%�  Àþ ÿ �

&('*),+.-%+0/21�+*+3/2-54�6879'*-�:�6<;=;>-�:?6@1�+.-56A4B4�6879'�-DCE+F-�'*:G-!:IH*-DJK),LM-%N2O81QPR-D;S-!'�+T)U'V+0/2-�WYX5HTZ24
[9\^]



_ `*acb

d e fhgji�k�l�mYfonDiYpqg psr�iMt t uwvxiYfonyu fhg�v vxi�z2k�mYfh{�u|t uBgjn�}fom�l~u�z#�

simm13s s ss s s ss ss s ss s sss

simm13

s s

0

s

disp30

disp30

s

00disp22s s s s s s s s s

0

disp22s

imm22 0 0 0 0 0 0 0 0 00

imm22

Sign Extended & Word Aligned

Word Aligned

Sign Extended ADD

CALL

BVC

SETHIShift Left by 10

�9���


