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Feedback from ALU
Decoder & Sequencer
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#2 #4#4#4#3#2 #3

Inherent Immediate Direct Indirect Indexed
Indexed
Indirect

Stack
(pull)

INC
DEC
NEG
COM
LSL
LSR
ASR

ROR

CLR

ROL

ADD
SUB
ADC
SBC
AND
OR
EOR
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ý þVÿ���� �����
	�����������Jÿ�� � ��� ÿ����

LDA
LDX
LDS

Immediate Direct Indirect Indexed
Indexed
Indirect

Stack
(pull)

#4#4#4#3#2 #3

ý ��2ÿ���� �����
	��� ����2ÿ � ��� ÿ����

STA
STX
STS

Direct Indirect Indexed
Indexed
Indirect

Stack
(push)

#3#4#4#3 #3
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#2 #2 #3 #4#4 #4 #5
BRA
BRN
BCC
BCS
BVC
BVS
BEQ
BNE
BLT
BGE
BGT

BSR

JSR
RTS

JMP

Relative
PC

Direct Indirect

BLE

(pull)
Stack
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Microinstruction PC

Control

to other

units

Memory

Operation Code

Decoder & Sequencer

Microcode

Address Select
Logic

+1

Feedback from ALU
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t u v�w!x�y�w3y�z*{ |U}
~"�(x��Bw4��v�y�}
~

Reg O/P Reg I/P

To address select

Memory

Control to other units

CondJump AddressALU Control

� � }�{�� � v�w!x�y�v�}
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Enable_ACC

Enable_X

Enable_S

Enable_PC

0

0 0

0 1

1

1 1

Encoded Field
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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

È�É



Ê ËlÌ�Í�ÎoËqÏTÐ Ì�ÑeÍuÒ ÓxÔyÑ{ÕTÌ

Ö�× Ø�Ù�Ú Û�Ü�Ù�ÝVÞ ß�à�á â4×�ã�ß�ä"×7Üxå#ã�Ù�ß,Ýæ×�ä¬å�ØSá ÙPã à,Ù�ç�à â'ÜP×�â'è ä�é�ß¢á5Ú ×1ê#á�ä�ã Ú ÙPâ�ä"×�ë
Û�ä"×1â�á�Ø�Øh×�ä;Ø ì á â�é�ã í�ä[Ø�ß$ØSá*Û#é�ä�éîß@á ß�à�á ß@é�Ø�èxØ ×7Ý$ØSá�ï�å#á�ã_â'ÙPã�ç éªã_ê ê�á�â4×�ê,ë
ÙPã�ç,ð

Control

to other

units

Decoder

Logic

Combinational

Feedback from ALU

S
T
A
T
E

Sequencer

Logic

Combinational

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

Immediate DataFunction

Addressing Mode
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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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â ãsä�å

D Q

D Q

D Q

D Q

0100 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]
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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

��
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Format field
Function Code

Source 1Destination ALU function

Addressing mode

Source 2

1 00 rd rs1 0 rs2ignoredF4:F0
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Addressing mode

ignored1 00 rd rs1 0 rs2

1 00 rd rs1 simm13F4:F0

F4:F0
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Format field
Function Code

1 rd rs100
ignored rs20

simm131
1 1

11 = SRA
10 = SRL
01 = SLL

0
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Format field

Function Code

1 0rd rs11 0000
ignored rs20

simm131

0 = LD
1 = ST

Source (ST)
Destination (LD)
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CALL

Format field

10 disp30
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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
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JMPL

Function Code
Format field

1 rd rs100
ignored rs20

simm131
0 1 1 1 0
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Format
field

Function Code

rd 00 0 01 imm22

j[k�l3mon W?XOXyx x\SL]r_ `La z h{g |Jg9} ~ b c e�f f �=�
`La z � |L} ~Bb�c }
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¯ °�±�²

³ ´ µ�¶�·6¸ ¹ º�µ5»*·�¼,¶ ¼F½[·¡¾ ¾ ¿^ÀO·�µ5»Á¿ µ�¶[À ÀO·6Â�¸ º�µ�Ã�¿Ä¾ ¿p¶�»[Å3µ5º6¹(¿:Â=Æ

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
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