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Processor
Control unit Datapath
ALU
Controller Control
/Status
A
< v
< > Registers
> >
\J > >
> PC > IR RO RI
A
A
\ 4
1/0
\ A 4
100 |load RO, M[500]) Memory ., 10
101 inc R1, RO 501
102 |store M[501], R1
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Assembly instruct. First byte Second byte Operation

MOV Rn, direct 0000 Rn direct Rn = M(direct)

MOV direct, Rn 0001 Rn direct M(direct) = Rn

MOV @Rn, Rm 0010 Rn Rm M(Rn) =Rm

MOV Rn, #immed. 0011 Rn immediate Rn = immediate

ADD Rn, Rm 0100 Rn Rm Rn=Rn+ Rm

SUB Rn, Rm 0101 Rn Rm Rn=Rn -Rm

JZ Rn, relative 0110 Rn relative PC = PC+ relative
(only if Rn is 0)

—— — —
opcode operands

Q1: I16ceg evIOAEC UTOPOVUE VO EYOVLE;
Q2: IT660VC KaToy®MPNTESG UTOPOVLE VO EYOVULE;

Q3: II6on pvnun umopovUE Vo, OOV UE;



Assembly instruct.

MOV Rn, direct

MOV direct, Rn

MOV @Rn, Rm

MOV Rn, #immed.

ADD Rn, Rm

SUB Rn, Rm

JZ Rn, relative

ATAO TPOYpOLLOL

C program
int total = 0;
for (int i=10; 1!=0; i--) 0
total +=1; 1
// next instructions... )
3
Loop:
First byte Second byte Operation 5
6
0000 Rn direct Rn = M(direct) 7
Next:
0001 Rn direct M(direct) = Rn
0010 Rn Rm M(Rn) = Rm
0011 Rn immediate Rn = immediate
0100 Rn Rm Rn=Rn+ Rm
0101 Rn Rm Rn=Rn-Rm
0110 Rn relative PC = PC+ relative
(only if Rn is 0)
\-_Y___/ (. — A
opcode operands

Equivalent assembly program

MOV RO, #0;
MOV R1, #10;
MOV R2, #1;
MOV R3, #0;

JZ R1, Next;
ADD RO, R1;
SUB R1, R2;
JZ R3, Loop;

// total =0
//1=10

// constant 1
// constant 0

// Done if i=0
// total +=1

/] i--

// Jump always

// next instructions...
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Assembly instruct.

MOV Rn, direct

MOV direct, Rn

MOV @Rn, Rm

ADD Rn, Rm
SUB Rn, Rm

JZ Rn, relative

MOV Rn, #immed.

First byte Second byte

0000 Rn direct

0001 Rn direct

0010 Rn Rm

0011 Rn immediate

0100 Rn Rm

0101 Rn Rm

0110 Rn relative
—— . ),

opcode operands

Operation

Rn = M(direct)

M(direct) = Rn

M(Rn) = Rm

Rn = immediate

Rn=Rn+Rm

Rn=Rn-Rm

PC = PC+ relative
(only if Rn is 0)
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Assembly instruct. First byte Second byte Operation
FSMD
MOV Ru, direct 0000 Rn direct Rn = M(direct)
MOV direct, Rn 0001 Rn direct M(direct) = Rn IR=M[PC];
MOV @Rn, Rm 0010 Rn Rm M(Rn)=Rm ™~
l Decode from states
MOV Rn, #immed. 0011 Rn immediate Rn = immediate below .
RF[rn] = M[dir]
= to Fetch
ADD Rn, Rm 0100 | Rn Rm Rn=Rn+Rm pp = 0000
SUB Rn, Rm 0101 Rn Rm Rn=Rn-Rm 0001 to Fetch
. ; . Mov3 | Miml=RE[m]
JZ Rn, relative 0110 Rn relative PC = PC+ relative 0010 to Fetch
(only if Rn is 0)
_ .
RF[rn]=imm
o
opcode operands 0011 0 Feteh

| 5 RF[rn] =RF[rn]+RF[rm]
0100 to Fetch

Aliases:
Declarations: op IR[15..12] dir IR[7..0] > Sub | REIm] = RF[m]-RF[rm]
bit PC[16], IR[16]; m IR[11..8] imm IR[7..0] o L
bit M[64k][16], RF[16][16]; rm IR[7..4] rel IR[7..0] o Jz ] oo R
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Control unit To all P 1 | 0
input RFs A y
control —> 2x1 mux
signals
RFwa v
Controller > _ RFw
(Next-state and control [« —
. . RFwe
loglc; state register) From all RF (1 6)
output RFrla
control —_—
] —>
signals RFrle
A
16 - RFr2a
PCId Irld _
—» PC IR -« | REFrl RFr2
PCinc RFr2e
—>
PC 1—’ ALUs A v
- — ALU
<—
ALUz
2 1 0
Ms \ 4 v w‘
— 3x1 mux Mre Mwe
\ 4 A\ A 4 Jv
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RFwa
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RFrle
RFr2a
RFr2e
ALUs
ALUz
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RFw
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Q1: And ndoa bits (npénel va) amoteAovvTon o akOAOLO cryuoTa:

PCld
PCinc
PCclr
Ms
Irld
Mre
Mwe

S = N >

Control unit To all Datapath 1 VL 0
input RFs ) 2x1 mux
control
signals v

RFwa
Controller —> —> RFw
«— —»
(Next-state and RFwe
control From all RF (16)
logic; state register) output RFrla_»
control —
7y signals RFrle
Cld 16 1~ Hld RFr2a
PCld | ~ R P —(y RFr2
PCinc RFr2e
3 ALUs ¥ ¥
PCclr —>
t <« ALU
ALUz
2 1 0
v v L
Ms
e 3X1 mux Mre Mwe
v A A 4 v
A Memory D




AmAOC EmeCepynotnc

Q2: ITow onjpata TpEMEL Vo, EVEPYOTOINOovV Y va:

« ALU=>o0610A
« ALU=>o0t0D
* Awpdoovpue tov R3
 I'pdyovue 6tov R3
* Avénoovue tov PC

« PC=>A
e [R=>A
« [R=>PC

 ®optwoovue tov IR

Control unit To all Datapath 1 VL 0
input RFs ) 2x1 mux
control
signals v

RFwa
Controller —> —> RFw
«— —»
(Next-state and RFwe
control From all RF (16)
logic; state register) output RFrla_»
control —
7y signals RFrle
16 1~ Hld RFr2a
PCld ) PC R — —(y RFr2
PCinc RFr2e
3 ALUs ¥ ¥
PCclr —>
t <« ALU
ALUz
2 1 0
v v L
Ms
e 3X1 mux Mre Mwe
v A A 4 v
A Memory D




AmAOC EmeCepynotnc

Q3: TI mpémer va yivel o€ kaBe pia amod T1g akdAovBeg eVIOAEC:

Assembly instruct. Operation
i Rn = M(direct :
MOV Rn, direct ( ) Control unit 7o all Datapath | | 5
input RFs ) 2x1 mux
MOV direct, Rn M(direct) = Rn control
signals v
RFwa RE
Controller —> —> w
(Next-state and RFwe
MOV @Rn, Rm / =
@R, M(Rn) = Rm control From all RF (16)
logic; state register) outputl RFrla_»
MOV Rn, #immed. Rn = immediate contro RFile
7'y signals rie
16 1~ Hld RFr2a
PCinc RFr2e
:: ALU \ 4 \ 4
SUB Rn, Rm Rn=Rn-Rm PCclr =S
f Y Pl ALU
ALUz
. . 2 1 0
JZ Rn, relative PC = relative
(only if Rn is 0) M v v L
S
v \A 4 v
A Memory D




Decode

i

A Simple Microprocessor

PC=PC+1
~

from states

below
F[rn] — M[dir]

op = 0000 to Fetch

0001 to Fetch

0010 to Fetch

0011 to Fetch
— RF[rn] =RF[rn]+RF[rm]

0100 to Fetch

Ari Sub RF[rn] = RF[rn]-RF[rm]
0101 to Fetch

*r‘l Iz PC=(RF[rn]=0) ?rel :PC
0110 to Fetch

PCclr=1;

MS=10;
Irld=1;
Mre=1;
PCinc=1;

RFwa=rn; RFwe=1; RFs=01;
Ms=01; Mre=1;

RFrla=rn; RFrle=1;
Ms=01; Mwe=1;

RFrla=rn; RFrle=1;
Ms=10; Mwe=1;

RFwa=rn; RFwe=1; RFs=10;

RFwa=rn; RFwe=1; RFs=00;
RFrla=rn; RFrle=1;
RFr2a=rm; RFr2e=1; ALUs=00
RFwa=rn; RFwe=1; RFs=00;
RFrla=rn; RFrle=1;
RFr2a=rm; RFr2e=1; ALUs=01
PCld= ALUz;

RFrla=rn;

RFrle=1;

FSM operations that replace the FSMD

FSMD operations after a datapath is created

'Evag I1OAY anlog eneéepyoctg!

. Datapath li
Control unit To all input 1y 0
N RFs x1
control —’| X1 mux |
signals
RFwa RF
Controller —> w
ext-state and ¢ RFwe ’
control From all] RF (16)
logic; state output RFrla
register) control
vy signals RFrle
16 1~ | RFr2a
SN R Irid — 3 REI RER
PCinc RFr2e
> v v
C > ALUs
clr i ALU
L ALUZY |
2 1 0 |
Ms \ 4 \ 4 y
ﬂ mux | Mre Mwe
\ 4 A A 4 A
A Memory D
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Summary

General-purpose processors
— Good performance, flexible

Controller, datapath, and memory

Structured languages prevail
— But some assembly level programming still necessary

Many tools available
— Including instruction-set simulators, and in-circuit emulators

ASIPs

— Microcontrollers, DSPs, network processors, more customized ASIPs
Choosing among processors 1s an important step

Designing a general-purpose processor is conceptually the same
as designing a single-purpose processor
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