3-1 CIRCUITOS SECUENCIALES SINCRONOS
Diagrama de Bloques de un automata de Mealy Diagrama de hluque; de un automata de Moore
Sistema 7 Sistema 7
——1 ——
Combinacional - Combinacional . -
. . [ ox N
2 Sistema X; Sistema
Xy Combinacional . . X, Combinacional
] QlHl f_lil]—ﬂl]l] 1 Q11 ﬂil]—ﬂl}l] 1 Qli
; : : 1
Q.1 : Q. . i
flip-flop 2 : s 2
Qu! .
QfQ:| (Qu . Q' Q1| Q:| |Qum Q.
flip flop m _| flip-flop m ‘|

Otras Maneras de disefiar un circuito secuencial sincrono

- Unflip-flop por estado (1 caliente, registro de desplazamiento)
- Sustituyendo las puertas logicas que forman parte de los sistemas
combinacionales por cualquier bloque combinacional, en especial:
o Multiplexores (inversores)
o Decodificador+ puertas logicas
o Memoria de acceso aleatorio
- Sustituyendo los flip-flops por un contador de médulo adecuado
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Binary
Name code IDLE 000
Register operation R<0
or output RUN 0
(a) State box (b) Example of state box (c) Decision box
IDLE
R« 0
0 1
From decision box
Y
Register operation
or output PC <0
(d) Conditional output box (e) Example of decision and condition output box

Fig. 3-1 ASM Chart Elements



SALIDAS:

Moore - AVAIL
Mealy - A (Clear Control of A register)

A4

Entry

ASM BLOCK
IDLE v
STARTI QOi / A
AVAIL Esti/AVAILI Esti+1/AVAILi+

S START

I 0%/0

1
A0 10/1
IDLE / 1 MULO
/ 11/1
0 1

Exit Exit

MULO v MULA1 v

Fig. 3-2 ASM Block Diagrama de flujo equivalente



Entry ASM BLOCK
IDLE

AVAIL

Exit

MULO MUL1

Fig. 3-2 ASM Block

A clear control terminal in cycle 2,

Bucle MUL1 Transition
Clock cycle 1 Clock cycle 2 Clock cycle 3 |
Clock [
START
Qo
State IDLE IDLE X MUL1
AVAIL \
A 0034 0034 >< 0000
A

but A register is cleared in cycle 3

Fig. 3-3 ASM Timing Behavior
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23 10111 Multiplicand MODIFICACIONES:
19 10011 Multiplier )
- 107 1.- Productos Parciales
0111 2.- Desplazamiento derecha suma parcial
00000 3.- +0*multip - solo desplazamiento derecha
00000 n bits x n bits = 2n bits
10111
437 110110101 Product Fig. 3-4 Hand Multiplication Example
23 10111 Multiplicand
19 10011 Multiplier
00000 Initial partial product inicializacion a 0, cont n-1
10111 Add multiplicand, since multiplier bit is 1
10111 Partial product after add and before shift 1st add
010111 Partial product after shift 1st shift
10111 Add multiplicand, since multiplier bit is 1
1000101 Partial product after add and before shift®> acarreo  2nd add
1000101 Partial product after shift 2nd shift
01000101 Partial product after shift 3rd add, 3rd shift
001000101 Partial product after shift 4th add, 4th shift
10111 Add multiplicand, since multiplier bit is 1 Sth add
110110101 Partial product after add and before shift 5th shift
437 0110110101 Product after final shift

a. Note that overflow temporarily occurred.

Fig. 3-5 Hardware Multiplication Example
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23

n—1 IN
g
l Multiplicand
Count —> Counter P Register B

( Iogzn—‘

Y

I —

Zero detect

G (Go)

Control
unit

Cout

Parallel adder

1

4

\/
Control signals

o
!

@)
y

Shift register A

Multiplier

437

Y

Load

P

Load 0 Shift¥

\/

Shift register Q

Product

i

ouT

Fig. 3-6 Block Diagram for Binary Multiplier

10111
10011
00000
10111
10111
010111
10111

1000101

1000101
01000101
001000101

10111

110110101
0110110101

<€ Shift

Multiplicand

Multiplier

Initial partial product
Add multiplicand

Partial product after add
Partial product after shift
Add multiplicand

Partial product after add
Partial product after shift
Partial product after shift
Partial product after shift
Add multiplicand

Partial product after add

Product after final shift

Control Terminals (Output):

Shift
Load
0
Count

Control Input:

G

Qo
Z
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B REGISTER

Load

Clack

Y

e C

e

T

Fig 3.7. 4-Bit Register with Parallel Load

Qg
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Laad
Cy,
D
COUNTER P
DECREMENT INSTEAD OF
INCREMENT
Ci.
o,

Clack

D

{a) Logic disgram

Fig 3.8. 4-Bit Binary Counter with Parallel Load

L_Fun"r.
Cuipis

CTR4

Coard
Do O
Ly &y
L )
Dy 2
GD
(b} Syl
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shit - Q REGISTER

Lo L)
ﬁ.ﬁ“ }- —. A REGISTER HAS ALSO CLEAR CONTROL
|/
Do _D»_ ) T i N P Gy
I I
™ - C
e
5
L—
A
o R N g — oo
1 — " o R
"'\.I - — Lo
A
— — =
E — o, ap —
L a— |:|1 ':]1 —
:f: o — o, Qp —
T3 __,J —;I__,ff o Dz — Dy Qg —
: 1 C ib) Symbal
| A
B
F—
|
" = o e
— .
|— _ A
ok

Fig 3.9. 4-Bit Shift Register with Parallel Load
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MULO |
0 1
A
A« A+B,
C < Cout
MULA1 l
C<0,C||Al]|Q«srC|A]|Q,
PeP—1

MUL1:

C<-0, A(n-1) <- C, WA(O), Q<-srQ
0 1
Z

Fig. 3-10 ASM Chart for Binary Multiplier

Diseaeo Controlador - Cableado

- Control microoperaciones - Salidas de control

- Secuenciacion de la unidad de control

23 10111 Multiplicand
10011 Multiplier
00000 Initial partial product
10111 Add multiplicand
10111 Partial product after add
010111 Partial product after shift
10111 Add multiplicand
1000101 Partial product after add
1000101 Partial product after shift
01000101 Partial product after shift
001000101 Partial product after shift
10111 Add multiplicand
110110101 Partial product after add
437 0110110101 Product after final shift
n—1 IN
n
l Multiplicand y
Count = Counter P Register B
|_ Iogzn-| n
\ ¥ ;
| Zero detect
G (Go) Cout Parallel adder
Z n n
Pull
Control Q  Z Multiplier
it [
00— C [—> Shiftregister A Shift register Q
1 F it |
n
) Load Load 0 Shifﬂ Product ,
Control signals ouT

< Shift
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IDLE |

MULO

- Control microoperaciones - Salidas de control
(circuito combinacional 2)

MUL1 1

C«0,C|AllQ«srClA[Q,

[] TABLE 3-1 PPt
Control Signals for Binary Multiplier /\
0 1
z
Block Diagram Control Control
Module Microoperation Signal Name Expression
Register A: A0 Initialize IDLE-G
A« A+B Load MULO-Q,
C|A|Q «sr C|A|Q Shift_dec MUL1
No terminal control Register B: B« IN Load_B LOADB 4 SALIDAS:
Flip-Flop C: C<0 Clear_C IDLE-G+MUL1 L
CeC,,, Load _ Initialize
No terminal control Register Q: O« IN Load _Q LOADQ ;%af? d
CIA|Q «sr C|A|Q Shift_dec — Clelza? gc
Counter P: Pe—n-1 Initialize — -
P—P-1 Shift_dec —

Table 3-1 Control Signals for Binary Multiplier
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- Secuenciacion de la unidad de control
Estado ciclo siguiente (circuito combinacional 1)

IDLE

Y
A

\ A

00

MULO

A

01

MULA1

A

10

3 ESTADOS: 2 ENTRADAS:
IDLE G
MULO Z
MUL1

2 FLIP-FLOPS + 1 DECOD (2 IN - 4 OUT)

Present Next
state Inputs state Decoder Outputs

Name M M, G Z M, M, IDLE MULO MUL1

IDLE

MUL1

X | =@ X| X X
x|lor|lo|l~o

0 0
0 0
1 0
0 1
0 1
X X

XX X|X|/ e
x|oo|lr|oco
x|loo|lo|r

0
0
MULO O
1
1
1

oo RO O

Table 3-2 State Table for Sequence Register and
Decoder Part of Multiplier Control Unit

Fig. 3-11 Sequencing Part of ASM Chart for the Binary Multiplier

D,,Z MULO
D,,& IDLE*G + MUL1*Z
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—

Initialize
MO
D D Clear_C
P C DECODER IDLE
A0 ? MULO
2 MULT _ ghitt dec
A1 3
M
D
>C
] )— Load

Qo

Clock

D, & MULO

D, IDLE*G + MUL1*Z

Initialize IDLE-G

Load MULO-Q,
Shift_dec MULI1

Clear_C IDLE-G+MULI1

Fig. 3-12 Control Unit for Binary Multiplier Using a Sequence Register and a Decoder
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Entry Entry State

State

Exit Exit
(a) State box
Entry X

0 1 V
Exit 0 Exit 1 LT/

Exit 0 Exit 1

Entry
\

(b) Decision box

Entry 1 Entry 2 Entry 1 Entry 2
Exit Exit
(c) Junction
Entry Entry
X
1
Exit 1

Control
Exit 1

(d) Conditional output box

Fig. 3-13 Transformation Rules for Control Unit with One Flip-Flop per State
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Y
A

IDLE v 00 ®
IDLE (1)
D
>C
0 1 ¢
G |
> ®
MULO v 01 k)
@ -
Initialize
® ®
MUL1 , 10 @——Clear _C
MULO (1) Qo— ) Load
D J
>C
0 1 MUL1 (1) @
z D Shift_dec
>C
Clock f
Control Control :
Signal Name Expression
Initialize IDLE-G ®
Load MULO-Q
Shift_dec MULI1
Clear_C IDLE-G +MULI1

Fig. 3-14 Control Unit with One Flip-Flop per State for the Binary Multiplier

INICIALIZACION



3-16 UNIDAD DE CONTROL MICROPROGRAMADA

- aquella cuyos valores de control binario se almacenan como
palabras en memoria

- cada palabra contiene una microinstruccion
- secuencia de microinstrucciones constituye un microprograma

Control
inputs  Status signals from datapath

Y v ¥

Next-address
generator

+ Sequencer

Control address
register

CAR - variables de estado

—l - Control address ROM (circ comb 2)

Address ROM + Next-address generator (circ comb 1)

Control
memory

(ROM) Automata de Moore

Data
—_—

Control data register |
(optional) |

I
L— — —

- I-_-T {-T =¥ ~ Microinstruction

Next-address Control  Control signals
information outputs to datapath

Fig. 3-15 Microprogrammed Control Unit Organization
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> IDLE !
IDLE l 000
0 1
MULO
INIT 001
A<0,C«0
P« n-1
MULO | 010
MUL1 l
l C<0,ClAllQ«srC|A[lQ,
P<P-1
0 1
0 1
ADD | 011 z
A <A+B,
cocC Automata de Mealy
out
MULA1 l 100
C<o,CllAlQ«srCllA]Q
P<P-1
0 . 1 Automata de Moore

Fig. 3-16 ASM Chart for Microprogrammed Binary Multiplier Control Unit




3-1 8 IDLE

I

000

Control
inputs  Status signals from datapath

| 2N N |

Next-address o
generator

* Sequencer

Control address
register

= |— Control address

INIT

001

A <0,

C«<0

Y
Address

Control
memory
(ROM)

Data

—

Vo

- ~Confrol ~ Confrol signals Microinstruction
outputs  to datapath

Next-address
information

numero direcciones ROM = numero microinstrucciones = numero estados

MULO

010

011

UL1

!

C«0,CJ|A||Q«srC|A]|Q,

PeP-1

0

numero bits / direccion = palabra control (microinstruccion) = secuenciacion + terminales control

[] TABLE 3-3
Control Signals for Microprogrammed Multiplier Control

States in

Which Micro-
Control Signal is instruction Symbolic
Signal Register Transfers Active Bit Position Notation
Initialize A«0,P—n-1 INIT 0 IT
Load A—A+B,CC,, ADD 1 LD
Clear_C C«0 INIT, MULI1 2 CC
Shift_dec C|A|Q «sr C|A|Q, PP -1 MUL1 3 SD

Table 3-3 Control Signals for Microprogrammed Multiplier Control

!

4
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11 9 8 6 5 4 3 0

NXTADD1 | NXTADDO | SEL | DATAPATH

Secuenciacion Terminales control

Fig. 4-17 Microinstruction Control Word Format

IDLE l 000
[] TABLE 3-4
SEL Field Definition for Binary Multiplier
Control Sequencing . 1
SEL
INIT 001
Symbolic Binary Sequencing
notation Code Microoperations Aroc®
NXT 00 CAR—NXTADDO
. MULO 010
DG 01 G: CAR—NXTADDO
G: CAR—NXTADD1
0, CAR<—NXTADDO
DQ 10
Q) CAR—NXTADD]1
DZ 11 Z: CAR—NXTADDO
Z: CAR—NXTADDI1 |
MUL 1 l 100
C«0,Cl|A|lQ«<srC|A|Q,
Table 3-4 SEL Field Definition for Binary P“T”
Multiplier Control Sequencing . 1

z
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Control
inputs  Status signals from datapath
| A 2
Next-address
generator
{ Sequencer
Control address
register
IN — |— Control address
n
¢ Address
Control
memory
2 4 (ROM)
Datapath < Data
vV
— 1 ~Confrol ™ Conifrol signals
n Next-address outputs  to datapath
information
ouT
secuenciador
MUX1
2—to—1 DATAPATH
MUX
0 5x12 SEL
> 3 3 Control
MUX2 —<| CAR |—<p Memory NXTADDO
4—to—1 (ROM)
MUX > NXTADD1
0—>0 S
G—1 1
QO_> 2 3
Z—>»3
3

S4S,

Fig. 3-18 Microprogrammed Control Unit for Multiplier
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[] TABLE 3-5

Register Transfer Description of Binary Multiplier Microprogram
Address Symbolic transfer statement

Control signals Next State

IDLE G: CAR«INIT,G: CAR<IDLE
INIT C—0,A<0,P—n-1 CAR<MULO
MULO Q,: CAR<~ADD, Q,: CAR<~MULI1
ADD A—A+B,C—C_, CAR—MULI1
MULI1 C«—0,C|A|Q«sr C|A]Q Z: CAR<IDLE,Z: CAR<—MULDO,

P«—P-1

Table 3-5 Register Transfer Description of Binary Multiplier Microprogram

IDLE

] 000

001

A<0,C«0
P« n-1

MULO

010

011

UL1 l

C<0,CllAllQsrC|lA]Q,

P<P-1

}

] TABLE3-6
Symbolic Microprogram and Binary Microprogram for Multiplier

Address INXTADD1 |NXTADDO |SEL |DATAPATH [|Address NXTADD1 |NXTADDO |SEL | DATAPATH
IDLE |INIT IDLE DG |None 000 001 000 01 0000

INIT |— MULO |NXT|IT, CC 001 000 010 00 (0101
MULO |ADD MUL1 |DQ |None 010 011 100 10 10000
ADD |— MUL1 |[NXT|LD 011 000 100 00 [0010
MUL1 |IDLE MULO Dz |CC,SD 100 000 010 11 |1100

Table 3-6 Symbolic Microprogram and Binary Microprogram for Multiplier

z




3-22 ARQUITECTURA DE UN ORDENADOR SENCILLO

OBJETIVO: Estudio de la arquitectura de un ordenador sencillo como base para ilustrar distintos enfoques del diseaeo de control

DEFINICIONES:

INSTRUCCION u OPERACION: Conjunto de bits que ordena a la computadora ejecutar una operacion especifica

PROGRAMA: Lista de instrucciones que especifica las operaciones, operandos y secuencia del proceso

PROGRAMA + DATOS (operandos, intermedios y resultado) se guardan en una memoria RAM

UNIDAD DE CONTROL.: Lee cada instruccion, la decodifica y ejecuta generando una secuencia de

microoperaciones (palabras de control) sobre la ruta de datos

CAMPOS: La instruccion se divide en campos (subgrupos de bits) que especifican entre otras cosas:

CODIGO DE OPERACION (OPCODE) - Instruccion - n bits => 2" operaciones

OPERANDOS - Se pueden definir:

Explicitamente - Aparecen en los codigos de operandos de la instruccion. l.e. D <- A+B

Implicitamente - Se deducen del mismo codigo de operacion. l.e. A <- A+1
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ARCHIVO DE REGISTROS - 8 REGISTROS => 3 bits campo operandos

FORMATO REGISTRO

DR <- SA +SB
M[SA] <- SB

FORMATO INMEDIATO
Operando inmediato = cte

DR <- SA + OP

FORMATO BIFURCACION

AD - offset de direccion
complemento a dos

if SA=0 PC <- PC+AD

15 9 8 3 2
Opcod Destination Source reg- Source reg-
pcode register (DR) ister A (SA) ister B (SB)
(a) Register
15 9 8 6 3 2 0
Destination Source reg-
Opcode register (DR) ister A (SA) Operand (OP)
(b) Immediate
15 8 6 3 2 0
Address (AD) Source reg- Address (AD)
Opcode (Left) ister A (SA) (Right)
AD left || AD righ - offset (complemento a dos) - direccionamiento PC relativo

(¢) Jump and Branch

Fig. 3-19 Three Instruction Formats
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EJEMPLO

MEMORIA: 16 bits/palabra

INSTRUCCION: 16 bits (OPCODE - 7 bits)

15 9 8 6 5 3 2 0
o Destination Source reg- Source reg-
pcode register (DR) ister A (SA) ister B (SB)
(a) Register
15 9 8 6 5 3 2 0
Destination Source reg-
Opcode register (DR) ister A (SA) Operand (OF)
(b) Immediate
15 9 8 6 5 3 2 0
Address (AD) Source reg- Address (AD)
Opcode (Left) ister A (SA) (Right)

AD left || AD righ - offset (complemento a dos) - direccionamiento PC relativo

(c) Jump and Branch

Normalmente 1 instruccion = 32 0 64 bits => 2 o0 4 direcciones de memoria

Decimal Memory Decimal Other specified
address contents opcode fields Operation
25 | 0000101 001 010 011 5 (Subtract) DR:1, SA:2 SB:3 R1 <R2 — R3
35 | 0100000 000 100 101 32 (Store) SA:4 SB:5 M[R4] «R5 (R4 =70, R5
45 | 1000010 010 111 011 66 (Add Immedi- DR:2 SA:7 OP:3 R2 «R7+3
ate)
55 | 1100011 101 110 100 96 (Branch on AD: 44 SA:6 If R6 = 0,
Z€ero) PC < PC - 20
70 | 0000000 011 000 000 Data = 192. After execution of instruction in 35, Data = 80.

Fig. 3-20 Memory Representation of Instructions and Data

=> 1 instruccion / posicion memoria

= 80)
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OPERACIONES ORDENADOR

- Se almacenan en memoria principal (RAM)

- Contador de Programa (PC) accede a ellas
y las transfiere al controlador

- Constan de 1 o varias microoperaciones

EJEMPLOS:

OPERACION DE ORDENADOR v.s. MICROOPERACION DE CONTROLADOR

MICROOPERACIONES CONTROLADOR

- Se almacenan en la memoria de control (ROM)
0 se implementan con puertas logicas

- La unidad de control las ejecuta

- Tienen una duracion de 1 ciclo de reloj

1. RUTA DE DATOS + CONTROL CABLEADO (ciclo sencillo)
2. RUTA DE DATOS PIPELINE + CONTROL PIPELINE

3. RUTA DE DATOS + CONTROL MICROPROGRAMADO (ciclos multiples)

INSTRUCCIONES: 3 formatos diferentes mostrados anteriormente
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Program counter
(PC) 16
Instruction
memory
2% x 16
e ) Register file
La memoria fisica puede ser la misma 8x 16
Data
memory
25x 16

Fig. 3-21 Storage Resource Diagram for a Simple Computer
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1 - CONTROL CABLEADO DE CICLO SENCILLO

- y
C—*{Branch
N—>|Control PC
Z—> A
f14 Y
3
PJB Address 1416
LBC —¢
Instruction
memory RW —» D
Instruction DA7‘3> ]fiilgglster
AA 74 <% BA
164 . 3 A B 3
- ;I Zero fill I 1,6'
L 2 IR(2:0) 1 Constant
in
Instruction decoder ‘1' ‘(;
Mux B[*— MB
3¢ 3y 3 5 3 Bus A 16, Address out
Bus B b
t t
‘ 1,6 ata ou MW
DB A MFMRBRMP J B
AAABSDWWLB C ‘A ‘E: D‘t'_lAd;'
FS ata in ress
CONTROL 5
V< F ) Data
C «— url:ir:cnon memory
N «—
CARACTER | STlCAS Data out
Z +—]
F
- Unidad de control cableada L
16 Datain ,
. . A
- Controlador accede y ejecuta cada operacion 16
en un unico ciclo de reloj ‘O' ‘1'
MP—>1\1ux D
Bus D T
DATAPATH

Fig. 3-22 Block Diagram for a Single-Cycle Computer
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[] TABLE 3-7

PL JB

0 * ->nojump or branch instruction
1 1 ->unconditional jump (relative PC)
1 0 ->conditional jump (state bits)

Truth Table for Instruction Decoder Logic

Instruction Function Type

Instruction Bits Control Word Bits

Bit15 Bit14 Bit13 MB MD RW MW PL JB

ALU function using registers 0 0 0 o 0 1 0 0 X
Shifter function using registers 0 0 1 0 O 1 0 0 X
Memory write using register data 0 1 0 0 X 0 1 0 X
Memory read using register data 0 1 1 0 1 1 0 0 X
ALU operation using a constant 1 0 0 1 0 1 0 0 X
Shifter function using a constant 1 0 1 1 0 1 0 0 X
Conditional Branch 1 1 0 X X 0 0 1 (il £S = 00000
Unconditional Jump 1 1 1 X X 0 0 1 1 Para transferir la palabra
que condiciona el salto
Table 3-7 Truth Table for Instruction Decoder Logic
Bit 11 Bit10 Bit9 RW = Bit14 + Bit15 * Bit13 MB = Bit15
o 0 0 z MW = Bit15 * Bit14 * Bit13 MD = Bit14
0 0 1 N
0 1 0 c PL = Bit15 * Bit14
0 1 1 \% .
— JB = Bit13
1 0 0 z
1 0 1 N
1 1 0 C BC2 = Bitll BC1 = Bit10 BCO = Bit9
101 1 %
FS4 = Bitl3 Bit13 coincide con el bit FS4 (seleccion del MUXF) de la Unidad de Funciones
FS3 = Bitl2 FS2 = Bitll FS1 = Bit10 FSO = Bit9
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Instruction
Opcode DR SA SB
15 14 13 12 11 10 9 8-6 5-3 2-0
3 3 3
5
n
—

22-20| 19-17 | 16-14 | 13 12-8 7 6 5 4 3 2-0
DA AA BA MB FS MD|RW |MW | PL | JB BC

Fig. 3-23 Diagram of Instruction Decoder

Control word
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Instruction Bits Control Word Bits
Instruction Function Type Bit15 Bit14 Bit13 MB MD RW MW PL JB
ALU function using registers 0 0 0 0o o0 1 0 0 X
Shifter function using registers 0 0 1 0o o0 1 0 0 X
Memory write using register data 0 1 0 0o X 0 1 0 X
Memory read using register data 0 1 1 0 1 1 0 0 X
ALU operation using a constant 1 0 0 1 0 1 0 0 X
Shifter function using a constant 1 0 1 1 0 1 0 0 X
Conditional Branch 1 1 0 X X 0 0 1 0
Unconditional Jump 1 1 1 X X 0 0 1 1
[] TABLE 3-8
Six Instructions for the Single-Cycle Computer
Operation Symbolic
code name Format Description Function MB MD RW MW PL JB
Fila5 | 1000010 ADI Immediate Add immediate R[DR]«<R[SA]+zfI(20) 1 O 1 O O O
operand
Fila4 | 0110000 LD Register Load memory R[DR]«< M[R[SA]] 0O 1 1 0 0 1
content into
register
Fila 3 [ 0100000 ST Register Store register M[R[SA]] < R[SB] 0 1 0 1 0 O
content in
memory
Fila2 | 0011000 SL Register Shift left R[DR]«sIR[SB] 0O 0o 1 0 0 1
Filal | 0001110 NOT Register Complement R[DR]« R[SA] O 0 1 0 0 O
register
Fila7 | 1100000 BRZ Jump/Branch If R[SA] =0, branch If R[SA] = 1 0 0 0 1 o0
to PC + se AD 0,PC«—PC+seAD ,
If R[SA] #0,PC—PC+1

Table 3-8 Six Instructions for the Single-Cycle Computer
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TABLE 3-9
Instruction Specifications for the Simple Computer
Instruction Opcode Mnemonic Format Description

Move A 0000000 MOVEA RD, RA R[DR] <- R[SA]
Increment 0000001 INC RD, RA R[DR] <- R[SA] + 1
Add 0000010 ADD RD, RA, RB R[DR] <- R[SA] + R[SB]
Substract 0000101 SUB RD, RA, RB R[DR] <- R[SA] — R[SB]
Decrement 0000110 DEC RD, RA R[DR] <- R[SA] -
Add and Increment 0000011 ADDINC RD, RA, RB R[DR] <- R[SA] + R[SB] + 1
Add A+nB 0000100 ADDnB RD, RA, RB R[DR] <- R[SA] + nR[SB]
AND 0001000 AND RD, RA, RB R[DR] <- R[SA] * R[SB]
OR 0001010 ORRD, RA, RB R[DR] <- R[SA] + R[SB]
Exclusive OR 0001100 XORRD, RA, RB R[DR] <- R[SA] & R[SB]
NOT 0001110 NOT RD, RA R[DR] <- nR[SA]
Move B 0010000 MOVEB RD, RB R[DR] <- R[SB]
Shift Right 0010100 SHR RD, RB R[DR] <- SHR R[SB]
Shift Left 0011000 SHL RD, RB R[DR] <- SHL R[SB]
Load 0110000 LD RD, RA R[DR] <- M[R[SA]]
Store 0100000 ST RA,RB M[R[SA]] <- R[SB]
Load Inmediate 1010000 LDI RD, OP R[DR] <- OP
Add Inmediate 1000010 ADDIRD, RA, OP R[DR] <- R[SA] + OP
Branch on Zero 1100000 BRZ RA, AD If(R[SA] =0) PC <- PC +se AD
Branch on Negative 1100001 BRN RA, AD (R[SA] < 0) PC <-PC +se AD
Branch on Carry * 1100010 BRC RA, AD If(C=1)PC <-PC +se AD
Branch on Overflow * 1100011 BRV RA, AD If(V =1) PC <-PC + se AD
Branch on non Zero 1100100 BRNZ RA, AD If (R [SA] #0) PC <-PC + se AD
Branch on Positive 1100101 BRNN RA, AD If (R [SA] = 0) PC <-PC +se AD
Branch on non Carry * 1100110 BRNC RA, AD If (C=1)PC <-PC +se AD
Branch on non Overflow * 1100111 BRNV RA, AD If(V =1) PC <-PC + se AD
Jump 1110000 JMP OP PC <-PC +se AD
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Al principio de la ejecucion:

R3 =248, M[248] = 2, M[249] = 83, M[250] <- resultado

83- (2 + 3)

OPCODE DR SA SB

Registro que cambia

LD R1
ADI R1
NOT R1
INC R1
INC R3
LD R2
ADD R2
INC R3
ST -

R3
R1
R1
R1
R3
R3
R2
R3
R3

3

R1

R2

R1=2

R1=5

R1=-5
R3 =249
R2 =83
R2 =78
R3 =250

M[250] = 78

Fig. 3-24 Example Program

Al final de la ejecucion:
R1=-5

R2 =178
R3 =250

M[250] = 78

LIMITACIONES CONTROL CICLO SENCILLO

- ejecucion de operaciones complejas. l.e. Multiplicacion

- Diseaeo habitual: Unica memoria que almacene
instrucciones y datos

=> aumenta el numero de ciclos por instruccion

- duracion del periodo de reloj larga.
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1 1l
ns
PC
* - IR(8:6) || IR(2:0)
C—*Branch PC
i Control
Instruction N—> C
memory ns Z= 1
114 Y
3
PJB Address 16
LBC —*
* Instruction
memory RW | D
. . , i
Register file 3'ns Instruction DA74»| Fegister
(Read) 6h AA A B |*A4BA
3’:' Zero fill } 1,6
+ L 7 IR 2:0)|—| Constant
n
MUX B 1ns Instruction decoder ‘1' ‘C:
* Mux B[+ MB
3} 3 3 5 3 16, Address out
Function ‘l fj[ | }[ | | ‘l BusA BusB
unit or 16  Data out
ns 7 MW
Data memory DB A ME mE ne d | 1 .
AAABSDWWL B C A = SR
FS+D ata In ress
CONTROL 5
* V] ' Data
MUXD 1ns co—o1 e memory
N <—
+ P Data out
F
Register file 3 ns
(Write) * 16¢ Datain
I 16
LA
i i i MD—1 10
Fig. 3-25 Worst Case Delay Path in Single-Cycle Computer Bus D A
DATAPATH

Instruccion con lectura de operandos desde registro

ejecucion de instruccion en unidad de funciones y
finalmente escritura en registro



3-34 2. CONTROL PIPELINE (Ruta de Datos Pipeline
—---- [ ( 2=t

IR(8:6) || IR(2:0)
-
C—*Branch
A N—{Control PC

Address Z_'T Tf 1
Stage Iomaoton | menos de 4+1 =5 ns P8 [(Adiess te
1 . Instruction ;
Instruction memory RW —»! D
IF Instruction DA’;’ Fiilgglster
- " NN ________ ; 16} RReed & B_|*5BA
DOF FlegISter ?3 f Zero fill | 16
re IR(Z:O)‘—| Constant
AA data B data BA in
Instruction decoder
10
|MUX Bl“MB
5] 16, Address out
Stage \ Zero fill Bus A Bus B a
2 3+41+1=5ns 1’6 Data out
Instruction decoder Yv DBAMFMEBM B l L l
MUX B |« MB AAABS DWW € s A B Datain Address
+ * l CONTROL v 75
AABAMB y ¢ \ \ . Data
DOF N N Data A R ﬁData B c— I memory
—_— NN N e N
=X l Address out = Data out
FS MW F
[ A 4+1=5ns 161 Data in ~
5 A B A 16
FS—4>1 Address
C+—] g vmp—s| 0 1
Function MUX D]
Stage V<— unit Data Bus D Y
memory DATAPATH
3 N <—
Z - F Data out
Data in |
! ! ) Data out IF - Instruction Fetch
EX
AR\ - - wa patal ¥ DOF - Decode and Operand Fetch
B N\% EX - Execution
Stage DA MD RW A WB - Write-Back
4 MD MUX D
3+1+1=5ns sameas
above) retraso por etapa = 5 ns =>f = 200 MHz
WB _ o ______ RW—>
—_ S \
file (same
CONTROL DATAPATH as above)

Fig. 3-27 Block Diagram of Pipelined Computer
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Clock cycle

1 2 3 4 5 6 7 8 9 10
1 IF DOF | EX WB
2 IF DOF EX WB
3 IF DOF | EX WB
4 IF DOF | EX | WB
5 IF DOF | EX | WB
6 IF DOF | EX WB
7 IF DOF | EX WB

Instruction

Fig. 4-27 Pipeline Execution Pattern of Register Number Program

pipeline: 7 instrucciones, 10 ciclos reloj (5 ns) = 50 ns
no pipeline: 7 instrucciones, 7 ciclos de reloj (17 ns) = 119 ns

pipeline: 4 instrucciones, 4 ciclos (5 ns) = 20 ns
no pipeline: 4 instrucciones, 4 ciclos (17 ns) = 68 ns

no llega a 4 por los retrasos introducidos por las plataformas

Diseaeo complicado:

- Instrucciones con diferentes duraciones

- Instrucciones de salto

- Operandos que todavia no han sido calculados

pipeline 2.4 veces mas rapida

pipeline 3.4 veces mas rapida
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3 - CONTROL MICROPROGRAMADO DE CICLOS MULTIPLES

27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

MLl [PIP|T|T|T|M M|R [M|M
| Extend | NA MS IclL |1 |L|po]alB]B FS D[w|m|w
N microinstruccion
2 oy - . .
Modificaciones sobre la de ciclo sencillo:
4
2 ! * Memoria de instrucciones y datos:
= D - acceso desde memoria M a registro IR (instruction register)
ff’rfl’fli RW—» Terminal IL
9x 16
TA || DR —#—>| DA .
76543210 4 E:glster - Mux M - accede al bus de direcciones de memoria M
MUX S desde PC (Program counter) o desde archivo registros
TD || SA #» AA BA <+TB I SB terminal MM
A B
IL—> . .
: Archivo de registros:
> Zero fill + v - registro oculto R8 (para instrucciones de ciclo multiple)
c 10 Terminales TA, TBy TD
MC —»|
MUxB [*—MB
CAR S ¢ r Unidad de Control:
Bus A 0 1 - contador del programa PC(direccion siguiente instruccion)
8" MM—> MUX M Terminales PL (load), PI (increment)
17 7 Data MW Address - registro de instruccion IR (instruccion que se ejecuta)
Control out | yout Terminal IL (Load) (ya indicado)
memory A B
256 x 28 FS —>] Data in Address
<V - CAR - es un contador que se incrementa (bit mas signif)
: © Fu_rtmtion Memory 0 se carga con la salida de MUX C
™ uni
Jlllllnlllllllll N Terminales - MC, MS (3 bits)
1
1 _Z
NMMI PPITTTMFMRMM ) F Data out
ASCLI LIDABBSDWMW Data in
Sequence ! Datapath
control : control y +
- MD —» 0 1
4 Bus D MUX D

MICROPROGRAMMED CONTROL

DATAPATH

Fig. 3-28 Multiple-Cycle Microprogrammed Computer
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15 9 8 6 5 3 2 0
Oocod Destination Source reg- Source reg-
pcode register (DR) ister A (SA) ister B (SB)
(a) Register
15 9 8 6 5 3 2 0
Destination Source reg-
Opcode register (DR) ister A (SA) Operand (OP)
(b) Immediate
15 9 8 6 5 3 2 0
Address (AD) Source reg- Address (AD)
Opcode (Left) ister A (SA) (Right)

AD left || AD righ - offset (complemento a dos) - direccionamiento PC relativo

(c) Jump and Branch

27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
M [ple|T|T]T|M™ MR [M M
NA MS lciL i |L|plalB]|s FS Dlw|m|w

Fig. 3-29 Format for Microinstruction
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[l TABLE 4-10
Control Word Information for Datapath
TD TA TB MB FS MD RW MM MW
Select Select Select Select Code Function Code Select Function Select Function Code
R[DR] R[SA] R[SB] Register 0 F=A 00000 FnUt  No write (NW) Address No write (NW) 0
R8 R8 R8 Constant 1 F=A+1 00001 Data In Write (WR) PC Write (WR) 1
F=A+B 00010
F=A+B+1 00011
F=A+B 00100
F=A+B+1 00101
F=A-1 00110
F=A 00111
F=AAB 01000
F=AvB 01010
F=A®B 01100
F=A 01110
F=B 10000
F=srB 10100
F=slB 11000

Table 3-9 Control Word Information for Datapath



3-39

[J] TABLE 3-11
Control Information for Sequence Control Fields
MS MC IL Pl PL
Symbolic Symbolic Symbolic Symbolic Symbolic
Action Notation Code Select Notation Action Notation Action Notation Action Notation Code
Increment CAR CNT 000 NA NXA No load NLI No load NLP Noload NLP 0
Load CAR NXT 001  Opcode OPC Load instr. LDI Increment PC  INP Load PC LDP 1

If C =1,load CAR; BC 010
else increment CAR
If V=1,load CAR; BV 011
else increment CAR
If Z=1,load CAR; BZ 100
else increment CAR
If N=1,load CAR; BN 101
else increment CAR
If C = 0,load CAR; BNC 110
else increment CAR
If Z=0,load CAR, BNZ 111
else increment CAR

Table 3-10 Control Information for Sequence Control Fields
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EX0O 411000001

CAR<- IR

IF I 11000000

IR = 00000117

1 - Busqueda Instruccion - estados IF, EXO

2 - Ejecucion Instruccion (microprograma)

IR = 00001007

IR = 00001017

IR = 00001107

IR <M [PC]
PC «PC + 1
ADI v 00000000
R [DR] « R [SA] + zf IR [2:0]
|
LD v 00000001
R [DR] < M[R [SA] ]
| R
ST v 00000010
M [R [SA] ] < R [SB]
| N
1
INC v 00000011
R[DR] < R [SA] + 1
|
1
NOT v 00000100
R [DR] < R [SA]
| R
1
ADD v 00000101

R [DR] « R [SA] + R[SB]

el primer estado de la microinstruccion (CAR) coincide

con 0 + OPCODE

-
PL
g
2
4
° }
== D
ZCNZVC1o0 RW—>
LU oo oxe
76543210 3 4 Register
MUXS [ Ms 16 file
D || SA—“&> AA BA #TB || sB
A B
IR
IL—>
Opcode |DR|SA |SB
8
S{sys II Zero fill I_j
10
mMux B [+—MB
Bus B 1§
8 Bus A | o1
MM—> 2 ix M
Data MW Address
Control out l out
memory A B
256 x 28 FS —] Data in Address
\
© Function Memory
Jllll]llllllllll . ’
N
1
1 z
NMMI PP TTTMFMRMM 3 Data out
ASCLILDABBSDWMW Datain |
Sequence Datapath +
control 1 control
1 0 1
MD
4 Bus D MU:< D

MICROPROGRAMMED CONTROL

DATAPATH

Fig. 3-30 ASM Diagram of the Multiple-Cycle Microprogrammed Computer
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e
2
4
Kl !}
ZCNZVC10 e D
rhasdle lon a0 81,
MUX S 4 Ms 16 file
TD || SA —%—>| AA . . BA[+—<—TB | SB
b= Opcode II:I{DH}SAXSB
5 313 II Zero il I—j
Y= N -
MUX B
L. car Bus B 1
8 Bus A 0 1
MUX M
Data MW Address
Control out l out
memory A B
256 x 28 FS _V> Data in Address
r C Erl:irtmtion Memory
TR | B
NMMI PPTTTMFMRMM Data out
ASCLILDABBSDWMW Datain |
st s Y
[] TABLE 3-12 — 40 | o
Symbolic Microprogram for Fetch and Execution of Six Instructions MICROPROGRAMMED CONTROL  DATAPATH
NXT
Address ADD MS MC IL Pl PL TD TA TB MB FS MD RW MM MW
IF EXO0 CNT — LDI INP NLP —  — —  — — — NW PC NW
EXO — NXT OPC NLI NLP NLP — — — — — — NwW — NW
ADI IF NXT NXA NLI NLP NLP DR SA — Constant F=A+B FnUt WR — NW
LD IF NXT NXA NLI NLP NLP DR SA — — — Data WR MA NW
ST IF NXT NXA NLI NLP NLP — SA SB  Register — — NW MA WR
INC IF NXT NXA NLI NLP NLP DR SA — — F= 4 +1 FnUt WR — NW
NOT IF NXT NXA NLI NLP NLP DR SA — — F=A FhUt WR — NW
ADD IF NXT NXA NLI NLP NLP DR SA SB Register F=A+B FnUt WR — NW

Table 3-11 Symbolic Microprogram for Fetch and Execution of Six Instructions
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NXT
Address ADD MS MC IL PI PL TD TA TB MB FS MD RW MM MW
IF EXO0 CNT — LDI INP NLP —  — —  — — — NW PC NW
EXO — NXT OPC NLI NLP NLP — — — — — — NW  — NW
ADI IF NXT NXA NLI NLP NLP DR SA — Constant F=A+B FnUt WR — NW
[] TABLE 3-13
Binary Microprogram for Fetch and Execution of Six Instructions
NXT
Address ADD MS MC IL PI PL D TA B MB FS MD RW MM Mw
192 193 000 0 1 1 0 0 0 0 0 00000 0 0 1 0
193 000 001 1 0 0 0 0 0 0 0 00000 0 0 0 0
000 192 001 0 0 0 0 0 0 0 1 00010 0 1 0 0
001 192 001 0 0 0 0 0 0 0 0 00000 1 1 0 0
002 192 001 0 0 0 0 0 0 0 0 00000 0 0 0 1
003 192 001 0 0 0 0 0 0 0 0 00001 0 1 0 0
004 192 001 0 0 0 0 0 0 0 0 01110 0 1 0 0
005 192 001 0 0 0 0 0 0 0 0 00010 0 1 0 0

Table 3-12 Binary Microprogram for Fetch and Execution of Six Instructions

Cada instrucci n dura 3 ciclos de reloj:
1.- Cargaen IR (IF)
2.- Decadificacion Instruccion (EX0)
3.- Ejecucion de la operacion
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EJEMPLO: Instruccion con ejecucion en 2 ciclos de reloj

R[DR] <- M [M [R[SA] ] ] direccionamiento indirecto

LRIO v 00000110

R8 « M [R[ SA]]

LRI1 v 10000110

R [DR] < M [R8]

| > To IF

Fig. 3-31 ASM Chart for Register Indirect Instruction
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EJEMPLO: Instruccion con ejecucion en varios ciclos de reloj

desplazamiento a la derecha de OP(SB) bits

IR = 00001117

SRM1 v 00000111

R8 < zf IR [2:0]

0

SRM2 v 10000111

R [DR] < sr R [SA], NOTE: SA = DR

SRM3 no consecutivo con SRM2
SRM3 10000110

NOTE: es la combinacion anterior a SRM2
R8 <~ R8 -1

TO IF

La instrucci n no contempla desplazamiento de 0 bits a la derecha. OP debe ser distinto de 0

Fig. 3-32 ASM Chart for Right-Shift Multiple Instruction
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EXO { O

[ oo ]

IR <M [PC],
PC « PC + 1

(ADI)

( R [DR] <R [SA] + zf IR [2:0] )

(LD)

( R[DR]« MR [SA]] )

IR = 00000107

( M[R [SA]] < R[SB] )

IR = 00000117

IR = 00001007

v
( R [DR] < R [SA] + 1 )
|
1 (NOT) i
v
( R [DR] < R [SAl )
|
1 (ADD) ]

IR =0000101?

IR = 00001107

( R [DR] < R [SA] + R [SB] )

(LRI

(

R8 « M[R[SA] ]

)

EX1

10

R [DR] < M [R8]

Alternativa Cableada

solo implementa las 6 instrucciones de ciclo sencillo del ejemplo

y la de ciclo multiple de direccionamiento indirecto

Modificaciones:

- sustituyo CAR por un contador de 4 estados
sustituyo MS y MC por el terminal CR (puesta a 0)
codifico estado IF obligatoriamente como 00

- como no hay instrucciones de salto de programa
elimino terminal PL (carga) del contador

- No hay transferencia de IR a CAR -
Cada instruccion dura un ciclo de reloj menos ya que
en el estado EXO se decodifica y ejecuta la instruccion de
ciclo sencillo o el primer ciclo de la de ciclo multiple

Fig. 3-33 ASM Chart for Multiple-Cycle, Decoder-Based Computer
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Counter
CR —>| Syn. reset
Il_ v y
Decoder Estado IF = 00
012
|| El E
F| X| X
vyOv 1y
|
R
0 ADI .
;o
9 > 5 ST :
10 »| Decoder 3 INC . Control logic
11 > 4 NOT
ADD
5 >
LRI
6 >

DO
—

— —

— T —]

O— +—

> —]
W ]
s
NN ——
O
ST
=
S

Fig. 3-34 Block Diagram of Hardwired Counter and Decoder-Based, Multiple-Cycle Control Unit



