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Elemental operations (l)

e Control Unit perform following tasks:
- Read pointed by PC current instruction from memory (fetch)
- Instruction decoding
- Instruction execution
- Program Counter update

e Instruction execution is controlled by the period counter. Control
Unit will generate needed signals in such periods. Control Unit get
information about the instruction from:

— Machine code instruction
- Flag register
- 1/O signals (interrupts, DMA, reset, ...)
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Elemental operations (ll)

e Instruction execution requires a set of steps to be performed by
activating control signals. These steps are named elemental operations.

e Elemental operations are classified in:

- Transfer operations . Move information from one element to
another.

- Process operation. Source information pass through an operator.

e The whole elemental operations, whatever transference or
whatever processes one, must start in a memory element and must
also end in a memory element
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Elemental operations (lll)
Transference

Data bus
Transfer operation: MOV RegB, RegA
= Pass Registro A content to Data Bus
= Load Data Bus content in Register B
SD'FT Automatic Department Computers Structure and Organization.
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Elemental operations (and 1V)

Process
LA LB
> Register A }Register ]
Process operation: XOR RC, RA, RB 4 v

= Carry Register A to ALU
= Carry Register B to ALU
= Choose XOR operation

= Load result in Register C

Data Bus

-
1 .
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An elemental computer structure (l)

e Generated control signals by the computer control unit will be studied by
using a simplified von Neuman computer architecture
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An elemental computer structure (ll)
Main Memory (I)
e Main memory block is built by: ]
_ RAM memory modules Control signals are:
- Addresses register
- . . | Activated N Meani
- Bidirectional data bus buffer Signa by ame eaning
MEM Level  Memory Start memory cycle
Mem RD Level Memory read Reading cycle
Memoria [*Rg—— WR Level  Memory write \Writing cycle
Principal |«——— LDIR Falling Address latch Load adresses
WWr edge enable register
When high level
T TMEM| Level - data pass to data
mem bus
l Bus de datos
Bus de direcciones
:L’Lﬁ@ Automatic Department Computers Structure and Organization.
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An elemental computer structure (lll)
Main Memory (and Il)

e RD and WR timming depend on memory implementation
e MEM period is the same as the computer clock period

sefales sefales

MEM ——|—— MEM J_l—_
LDIR _I— LDIR

RD || - RD
WR WR
vuelca
TMEM contenido TMEM lee el .
e Qpice
Ciclo de lectura tiempo Giclo de escritura tiempo
Reading cycle chronogram Writing cycle chronogram
Y
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An elemental computer structure (IV)
Register File

e Register files is built by:
- 16 general purpose registers
- 2 output ports that allow reading of two register at once
1 input port that allows to write on a single register from the data

bus
la AL OirB
Dir A r . .
—fsalA] [Salf|<—— Control signal is:
Banco de z
Registros Signal Ac"l;';ted Name Meaning
Information of the
Entrada LR Falling Load data bus is stored
Lr Edge register ~ on DIRECCION A
pointed register
Bus de D atos
>
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An elemental computer structure (V) Unidad
Aritmethical-Logical Unit ()

e ALU elements are:
- A4 control signal operator to choose desired operation
- 2 4x1 multipelexor to choose operands
- An accumulator register for storing temporal data

- Accumulator output may be tranfered to multiplexor X,
data bus or addresses bus depending on control
signals

Automatic Department Computers Structure and Organization.
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An elemental computer structure (VI) Unidad
Aritmethical-Logical Unit (and II)

Control signals are:

de CP
de salida B del banco de registros Activated
Signal b Name Meaning
de salidaA del banco de registros y S -
de saiidaA del banco de registros i elect operation to
g Selop | Level Selection Be performed
X0, X1 | Level . Choose among
3 operands
Y0, Y1 | Level - Choose among
4 operands
Fallin Loads accumulator
LAC o dgeg Load acumulator  with operator output
Bus de datos
Transfers accumulator

l Busdedirecdones  TAC | Level Data transfer content to data bus

Transfiers accumulator

TALU | Level Address transfer content to addressses bus

Automatic Department Computers Structure and Organization.
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An elemental computer structure (VII)
Addressing Unit

e Addressses unit generates memory adressses to be accessed
e PC must be updated with the size of the current instruction. Such
increment will be in data bus

Lep N
—p ] Signal Adg’yamd Name Meaning
LPC Faling  Load program A new value is store don PC
alaALU ‘ Tep Edge counter from data bus
; Data bus Transfers data bus contents to
TBDAD Level transfer addresses bus
TCP Level Zgzg;z;" PC content is transferred to
transfer addresses bus
Bus de datos
l [ briad
i Bus de direcciones
:?I S . Computers Structure and Organization.
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An elemental computer structure (VIII)
Control Unit (I)
e ——

e Control unit generates the whole signals of the control bus
e Control Unit needs:
- Instruction register,to store machine code instruction bits
- Output port, offset, or immediate data of some instruction will be
send to data bus
- Flag register, gets and sets information from / to this register
- Phase counter register, is handled by computer clock and can be
set to 0 by using RESET signal
- Two 4 bits buses, to address each one of the output ports of the
register file

=i Automatic Department Computers Structure and Organization.
Graduate in Computer Sciences / Graduate in Computer Engineering

ey




An elemental computer structure (VIII)
Control Unit (and Il)

Bus de datos
Reloj
DIT Oscilador
Li
RIns [Desp./DI.| |C Fases P
<
-— = i
al banco de registros 12 Unidad de Control
—F| T RegsoEsa]
se—ales de control
Signal ACt:;tEd Name Meaning
LI Falling edge Load instruction  Load machine code from data bus
DIT Level Data inst. transfer An Offset or immediate data is transferred to data bus
LFlags | Falling edge Load flags Sets flags register after execute a logical or arithmetical
instruction
RESET | Falling edge Reset Phase counter register is set to 0

Computers Structure and Organization.
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An elemental computer structure (and IX)

Lep
—Dcr]

Mem
Banco de - Memora [Rd
Registros Principal | e——ow—
A

Lan

Tmem

Bus de datos

Entrada
Lr
v

Thdad
Reloj -
oI Y s 0 aieccince
R.ns [Desp./ DI [C.Fases {Jo—

Li
Reset
-] Unidad de Control
al banco de registros
— e
-

VELERL TR LT

se-ale s de control

>
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Timming
e —

e Computer behaviour is governed by the computer clock

Instruction execution is divided in:
- 1. Instruction fetch
- 2. Instruction decoding
3. Instruction execution and:
3.1 Operands gathering
3.2 Perform operation
3.3 Store the result
3.4 Flag register update

e PC update
e Each one of above phases takes one or more clock cycles

Automatic Department Computers Structure and Organization.
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Instructions execution ()
ADD A, B (l)

e Add operation with register-register addressing mode
Instruction format is as following:

[ ]
Operation Code Register | Register
ADD A B
0 78 1 12 15
e Instruction size: 2 bytes

e Meaning: A:=A + B;

Computers Structure and Organization.

= Automatic Department
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Instructions execution (ll)

ADD A, B (Il)

ACTION ELEMENTAL OPERATION CONTROL SIGNAL
Read instruction:
= Addressing CP - addresses bus TCP
Load Addresses Register LDIR
= Reading Start memory cycle MEM
Read RD
Open buffer to data bus TMEM
Load instruction machine code on Instruction LI
Register
Decoding: Delay (1 period)
Update PC:
= Add PC+2 UC put 2 on data bus DIT
Operands and operation selected X0, X1 (B.Datos),
Y0, Y1 (CP),
Selop (suma)
Load Accumulator Register
LAC
TAC
= Store new PC Transfer Accumulator content to data bus LPC

value

Store new PC value on PC register

- ’Iﬁ'i:; Automatic Department Computers Structure and Organization.
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Instructions execution (lll)
ADD A, B (Ill)
CONTROL
ACTION ELEMENTAL OPERATION SIGNAL
Performing add operation:
= Get registers addresses UC generates registers A and B DIR A (register B),
addresses DIR B (register A)
= Add Operands and operation selection X0, X1 (salida B),
YO, Y1 (salida A),
Selop (suma)
Load accumulator LAC
Store result:
= Transfer data from accumulator Accumulator - data bus TAC
= Store in A register UC generates A register address DIR A (register A)
Load register file (on A register) LR
Update flag register:
LFlags
Set to 0 to the counter phases
register RESET
:L’Iﬁ[; Automatic Department Computers Structure and Organization.
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Instructions execution (1V)
ADD A, B (IV)

senale}
reloj LI—J /S S I
TCP
LDIF —
MEM
MR J _
MW ‘ ‘ =
TMEN
Ll ,7
DIT
X0, X1 Cena) verto
Y0, Y1 (> wero
SELOP sum * suma
E
LAC -
DIRA
DIRB \egistro/”
TAd |
TALU
LPC
LR
LFlag [ S
RESEF

periodo Tperiodo 2periodo Jperiodo 4periado Speriodo periodo 7periodo 8

Computers Structure and Organization.
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Instructions execution (V)
ADD A,B (y V)

e Improving remarks:

- Fetch phase only gets one byte from memory in one byte data bus
length. So, two read operations must be done.

- 4th period is lost on decoding instruction machine code.

- Pcis updated on 5th and 6th periods. These periods can be avoid
if an adder exists only for the Addressing Unit.

- PC update takes one period if ALU results directly goes to
addresses bus or to data bus instead of storing them on
Accumulator Register

- We can overlap current instruction end phase with fetch of
following instruction

- Mind conflicts on buses

D Automatic Department

Computers Structure and Organization.
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Instructions execution (VI)
MOV A, [B + 1234h] ()

e Relative to register addressing mode

e Instruction format:

Operation code Register| Register 1234h
MoV A B

0 78 112 1516 31

e Instruction length: 4 bytes
e Meaning: A:= Memory (B + 1234h);

Computers Structure and Organization.
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Instructions execution (VII)
MOV A, [B + 1234h] (Il)

CONTROL
ACTION ELEMENTAL OPERATION SIGNAL
Fetch
Address CP - addresses bus TCP
Load addresses registere LDIR
Read instruction Start cycle of memory MEM
Read RD
Memory buffer - data bus TMEM
Load instruction register LI
Decoding 1 periodo de
retardo

Computers Structure and Organization.
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Instructions execution (VIII)
MOV A, [B + 1234h] (lll)

CONTROL
ACTION ELEMENTAL OPERATION SIGNAL
Update PC
Add CP + 4 UC puts 4 on data bus DIT
Operands and operation selection <XO0, X1 = B. Dat>
<Y0, Y1 =CP>

Store new PC value

Load accumulator

Accumulator > Data bus
Load PC register

<Selop = sumar>
LAC

TAC
LCP

.:.lf’lfrz; Automatic Department Computers Structure and Organization.
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Instructions execution (1X)
MOV A, [B + 1234h] (IV)
CONTROL
ACTION ELEMENTAL OPERATION SIGNAL
Calculate source
operan address
B selection + offset UC puts 1234h. - Data bis DIT
UC generates B address <DIRA=B>
Add Operands and operation selection <X0, X1 = b.dat>
<Y0,Y1 = Sal A>
<Selop = suma>
Load accumulator LAC
-
- LGE“ Automatic Department Computers Structure and Organization.
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Instructions execution (X)
MOV A, [B + 1234h] (V)

ACTION
Store result

Put source operand on
data bus

Set to 0 phase counter

Automatic Department

ELEMENTAL OPERATION

Transfer accumulator to addresses
bus

Load addresses register

Start memory cycle

Read

Buffer memory - Data bus

UC generates A address

Load register of the registers file

CONTROL
SIGNAL

TALU

LDIR

MEM

RD

TMEM
<DIRA=A>
LR

RESET

Computers Structure and Organization.
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Instructions execution (XI)
MOV A, [B + 1234h] (y VI)

sefiale$

reloj

L]

L

TCP

LDIR[—

MEM

RD

WR

TMEM

Ll

DIT

bus de bus de’

X0, X1

YO0, Y1

P uerto

SELOP|

suma m

LAC

DIRA

jistro

istro

DIRB

TAC

TAL

LPC

LR

RESE
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Instructions execution (and XII)
JZ EsCero
e —

sefiales sefales
reloj| L LI LT LI LI LI reloj|] L LT
TCP - TCP . —
I K
LDIR |—— e LoiR—— — M
MEM ——— = MEM < —
TMEM MEM
RD (——— ‘ RD
WR : WR
Ll I S Ll Ny
DIT It —
X0, X1 K&, X0, X1[ K& [T
Y0, Y1 Y0, Y[ ¢
SELOP SELOP
tac— | Lac— | I
DIR A| DIRA
DIR B[ 7 DIR B —
TAC TAC —
TALU TALY
LPC I LPC SR S
LR LR
LFlags| = LFlags|
RESET RESET| LI S
periodo 1 periodo 2 periodo 3, periodo 4, periodo 5 periodo 6 periodo 7 periodo 1 periodo 2 periodo 3 periodo 4 periodo 5 periodo 6 periodo 7
decodiicacién... tiempo decodficacid. tiempo
. eva\uaciér: de la condicion de Sé_!\lo- evaluacién de la condicion de salto
No-jumping condition Jumping condition
—
) . R
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Control Unit Design (I)
.|

e Operation code, flags and | / O signals are needed by de CU
e CU generate control signals to perform instructions executions
e CU is implemented by defining all control signal for the whole possible

inputs
CONTROL
COUNTER
SIGNALS
UNIT
FLAGS
110 [S—
=)
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Control Unit Design (Il)
.|

e Wired CU (wired logic) Microprogrammed CU (stored logic)
e Logic design method e Control words are stored in Control
e Examples: Memory. Each control words enable /
e Alpha 21164, 21264, AMD K86, disable control signals of one period
Pentium Examples:
e Simple logic computers e 180x86 computers
Advantages: Advantages:
- Faster circuits than stored ones - Instruction set can be modified
e Drawbacks: - Same computer can have
_ Difficult to design several instruction set. But only
- . one at once
- Difficult to modify Drawback:
- Slow decoding
—
- Iﬁ\‘ Automatic Department Computers Structure and Organization.
L Graduate in Computer Sciences / Graduate in Computer Engineering
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Control Unit Design (lll)
Wired logic (l)

e Control Unit is a Moore machin where outputs are function of inputs
and current state.

e The number of states depends on the number of elemental
operations needed to perform the whole instructions set.

e CUisin an Idle State and needs a signal to start.
e CU implementation can be done:
- States table method. Depending on the current state and the
input signals next state is set and control signal generated
- Delay cells method. In the state table diagram, states are
replaced by delay cells
- Counter-sequencer method. A cycles counter is used to
activate / deactivate control signal of each period

.ﬁ.lf’frz; Automatic Department Computers Structure and Organization.
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Control Unit Design (IV)
Wired logic (ll). States machine (I)

e Control Unit design will be:

Estado siguiente
S3 J

S3
S2
Estado S2 Légica 1
actual 1 combinacional
SO
S0 Senales
decontrol [
=) - ) Computers Structure and Organization.
= FU Automatic Department Graduate in Computer Sciences / Graduate in Computer Engineering
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Control Unit Design (V)
Wired logic (lll). States machine (ll)

e RISC instruction set is used in previous simple computer. Execution
model register-register
e \Wished instruction set:
- Memory instructions:
e LD R, Memory (R € Memory content)
e ST Memory, R (Memory Position < R content)
- Process instructions:
e ADDI/SUBI R1, R2, immediate (R1 = R2 +/- immediate datum)
e ADD/SUB R1, R2, R3 (R1=R2 +/- R3)
- Control flow instructions:
e JZ label (CP <« CP + offset)
e JMP label) CP < label address)
e Allowed addressing modes::
- Immediate, process instructions only
- Relative to register, memory instructions and conditional jump only
- Direct to memory, unconditional jump only

~|ff’z. Automatic Department Computers Structure and Organization.
! Graduate in Computer Sciences / Graduate in Computer Engineering

Control Unit Design (VI)
Wired logic (IV). States machine (lll)

e Instruction format 32 bits.

e Operation codes are: Memory instructions
[co T R ] Offset
Operation Code 3 @ (25)
Instruction 03 [e7] [e]]
LD 0 0 0 Process instructions
ST 0 0 1 [ CO [ RI [ R2 | Immediate |
ADDRT,R2,R3 | 0 1 0 G @ ® @D
SUB R1, R2, R3 0 1 1
ADDIRT, R2, Imm |1 0 [ 0 [ CO [RITR2[RS [NotUsed |
SUBIRT, R2, Imm | _1 0 1 G @& @ l®  a)
J‘IJVIZPLfabng 1 1 ? Conditional / Unconditional Jump Instructions
[ CO [ Offset/ Direct memory address |
(3) (29)
Sﬂ Computers Structure and Organization.
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Control Unit Design (VII)
Wired logic (V). States machine (IV)

e States machine (first part)

CP a Reg. Dir.
CP=CP+4

0

1 Inic. ciclo Mem.
Acum. aCP

: [y

K8 Decodificacion

CO = memoria CO = Salto incondicional CO = proceso CO = Salto condicional
Computers Structure and Organization.

Graduate in Computer Sciences / Graduate in Computer Engineering

Automatic Department

Control Unit Design (VIII)
Wired logic (VI). States machine (V)

e States machine (second part)
Del estado 3
CO = memoria CO = Salto mcondlcwna\J CO=proceso CO = Salto condicional
SinoZ Siz
Reg + Despl. Destino CP + Desplaz
4 aA%umuIasgor 9 (1 ' Acumulador
iTnmediato SiRegistr
Reg OP Reg

¢l Acumacp

Reg OP Inm
alAgumuIador | al Acumulador

Acum aReg | Acuma Reg |
[

5 Acumulador a
Reg. Direcc.

Iniciar ciclo
de memorial
Simemareg Sireg a mem
¥dl Mem a Reg | Reg a Mem |
l Al estado 0
>
= ) Automatic Department Computers Structure and Organization.
L Graduate in Computer Sciences / Graduate in Computer Engineering
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Control Unit Design (1X)
Wired logic (VII). States machine (VI)

e Transition between states function must
be defined

e 4 bits are needed to number 15 states
e State #0 (0000), state #1 (0001), state #2

- [
(0010), etc
B oo
: : Siz,
ez H® i |

e Transition states equations: B e | [ Feotie
New State
State S3 S2 S1 SO Condition Ecuation

1 0jojo0 |1 Previous State 0 i 50

2 0j0][1 0 Previous State 1

3 0|01 1 Previous State 2

4 o|1]0(0 Previous State 3
And CO=memory

Computers Structure and Organization.

Automatic Department Graduate in Computer Sciences / Graduate in Computer Engineering

Control Unit Design (X)
Wired logic (VIII). States machine (VII)

e Transition states equations (cont):

Estado nuevo
Estado S3 S2 S1 Condicion Ecuacion

5 0 1 0 1 Estado Anterior 4 §2=5392:5150 Y S0=5352-5150
6 0 1 1 0 Estado Anterior 5 §2=5352-5150 Y §1=5352-5:50
i/ 0 1 1 1 Estado Anterior 6 - o

Y CO=ST §2 = §1= 50 =F352-5150-02-0100
8 1 0|0 0 Estado Anterior 6 - s omze

YCO=LD §3=5352:5150020100
9 1 0 0 1 Estado Anterior 3 —

Y CO = Salto incondicional | &= 50 7525150020100
14 1 1 1 0 Estado Anterior 3 — _
Y CO = Salto condicional Y z | ¥ 92= 51 =528281500201002
15 1 1 1 1 Estado Anterior 14 §3=§2= §1= §0=5352-51:50
Automatic Department Computers Structure and Organization.
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Control Unit Design (XI)
Wired logic (IX). States machine (VIIl)

CO=memoria GO = Salo incon: Salto condi
inmediato | SiRegistro
Reg OF Inm Reg OP Reg
Y aiAcumuiador | |gd o Acumulador

e Transition states equations:

To 100

New State
State S3 S Condition Ecuation

10

1

0

2 S1 SO
110

Previous State 3
And CO = ADDI or SUBI

§3 = 51 =535251S0:(020100 + 02:0100)

11 1 0[11[1 Previous State 10 53 = S1 = S0 =S352.51'S0

5 tip1jofo AndP(r:eélgu:DS[;aé? ;UB 53 = §2 5352:5150:02.01:00 + 020100)

13 111071 Previous State 12 53 = 52 = 50 =53:52:51:50

0 0| 0| 0| 0 |Previous State 7or8 or 8 or| s3- SIS0+ 3525150 + 3525150 +

+ 53525150 + S352S5150 + S3525150 + $3525150Z

11 0or 13 or15 or (3 and not
Z)

Automatic Department

Computers Structure and Organization.
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Control Unit Design (XIlI)
Wired logic (X). States machine (IX)

e Generated signals:

State Elemental Op. Signals

0 Address Reg. €PC TCP, LDIR
PC=PC+4 MUXY, DIT, MUX X, SELOP, LAC

1 Start Memory Cycle MEM, RD
PC <« Accumulator TAC, LCP

2 RI € Memory RD, TMEM, LI

3 Decoding Anything but checking flags

4 Accumulator € Register | DIR A, DIT, MUX X, MUXY, SELOP, LAC
+ Offset

5 Address Reg. €Accum | TALU, LDIR

6 Start Memory Cycle MEM

7 Register € Memory RD, TMEM, DIRA, LR, RESET

8 Memory € Register DIR A, DIR B, MUX X, MUX' Y, SELOP,

TAC, WR, RESET

Automatic Department

Computers Structure and Organization.

Graduate in Computer Sciences / Graduate in Computer Engineering
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Control Unit Design (XIII)
Wired logic (XI). States machine (X)

e Generated signals:

State Elemental Op. Signals
9 PC € Target DIT, LCP, RESET
10 Accumulator € Register | DIR A, DIT, MUX'Y, MUX X, SELOP, LAC,
OP Immediate LFLAGS

11 Register € Accumulator | TAC, DIR A, LR, RESET

12 Accumulator € Register | DIR A, DIR B, MUX Y, MUX X, SELOP,
OP Register LAC, LFLAGS

13 Register € Accumulator | TAC, DIR A, LR, RESET

14 Accumulator € PC + MUXY, DIT, MUX X, SELOP, LAC

offset
15 PC <« Accumulator TAC, LCP, RESET
=)
.ﬁ/LﬁD Automatic Department Computers Structure and Organization.
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Control Unit Design (XIV)
Wired logic (XII). States machine (XI)

e CU moves throught states machine when transition states
equations are defined.

e Several different states generate same output signals

e LCP signal is activated in 1, 9 and 15 states. LAC signal is
activated in 0, 4, 10, 12 and 14 states. Signals equations are:

States in which

1,9and 15
LAC 0,4,10,12 and 14 | 24C =53:52:51:50 + $3.52:51:50 + §3-52:S1:S0 + $3:.52:51:50 + §3:52:51-50

) .
- GD Automatic Department Computers Structure and Organization.
/ Graduate in Computer Sciences / Graduate in Computer Engineering
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Control Unit Design (XV)
Wired logic (XIII). States machine (XII)

e Signals equations:

States in which
Signal signal is activated Signal output equation
LCP

1,9and 15 LCP = 1:50 4 §3:52:51°:50 + §3:52:51-50
TCP 0 TCP = 1:50
DIRA [4,7,8, 10i :; 1,12and | prra= S3525150 + S352S150 + S3S2S150 + SIS2S150 + S3S25150 + S3528150 + §3525150
DIRB 8and 12 DIRB=S352:51'S0 + §3:52:51:S0
LR 7,11 and 13
MUX X 0,4,8,10,12and 14 S1:50 + §3:52S1'S0 + 53
MUXAND | 0,4, 8,10, 12and 14 | A7x ¥=53.52:S150 + S3:52:51:50 + S3:52:S1:50 + S3:52:51:50 + $3:52:S1:50 + §3:52:51:50
SELOP | 0,4,8,10,12and 14 | sr0P - 1:50 + §3:52:51:50 + SIS0+ §3:52:51:50 + $3:.52:51:50 + §3:52:51.50
LAC 0,4,10,12and 14 3 150 + S3:§2:51'50 + $3:52:S1-S0 + §3:52:51:S0 + §3:52:51:50
TAC 1,8,11,13and 15 25150+ $3:52:S1:50 + §3:52:51:50 + §3:52:51:50 + §3:.52:51:50
TALU 5 TALU = 53525150
> .
-’ M) Automatic Department Computers Structure and Organization.
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Control Unit Design (XVI)
Wired logic (XIV). States machine (and XIll)
e Signals equations:
States in which
Signal signal is activated Signal output equation
DIT 0,4,9, 10 and 14 | DIT=53.52:51:50 + S3S2S1:S0 + §3:52:51:50 + S3IS2S1:S0 + §3:52:51.50
LI 2 LI =§3:52:S1:S0
RESET | 7,8,9, 11,13 and | RESET -53525150 + $3525150 + 53525150 + S352S150 + S3525150 + S3525150
15
LFLAGS 10 and 12 LFLAGS =§3:52- S1:50 + S3:52:51:S0
MEM 1and 6 MEM =S352S1'50 + §3.52.51:50
RD 2and7 RD =S. 50+ 53525150
WR 8 WR =532 5150
LDIR Oand 5 LDIR 25150 + §3:52:51:50
TMEM 2and7 TMEM 53525150 + $§3.52:51:S0
=) )
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Control Unit Design (XVII)
Wired logic (XV). Delay cells (1)

e States machine diagram is implemented by using daly cells.
e Control signals are attached to delay cells

e Delay cells sinchronized control signals generation

e One only pulse is introduced in the system

e Pulse circulates thrught the circuit and activates control signals
when required.

Automatic Department Computers Structure and Organization.
Graduate in Computer Sciences / Graduate in Computer Engineering

Control Unit Design (XVIII)
Wired logic (XVI). Delay cells (ll)

e LRis activated in 7, 11 and 13 states for previous I
elemental computer and instruction set o BN

P rc_ciclo Mem

Acum a CP.

¥Y vemoriaaRi

: 2

+ R - B [ i |
[ SiTnmediato SiRegistio
g | B iR ] e

s
de memorial

Simemareg Sireg a mem
- (G| - (T

States in which
Signal signal is activated Signal output equation l Al estado 0
R 7o11and 13 | LR-53525150+53525150 . 53525150

. Computers Structure and Organization.
Automatic Department Graduate in Computer Sciences / Graduate in Computer Engineering




Control Unit Design (XIX)
Wired logic (XVII). Delay cells (and ll)

e One only pulse is introduced in the circuit
]

CAula de
il etano 1

CZlula de
bl retardo 2

20 = Salto condicional

CZlula de
retardo 14

CZlula de
rétardo 4

4

Clula de
retardo 15

CZlula de
retardo 5

5

Clua de il de
Wl cerh | et 13

Cuade
G retardos

Lmema reg EL LR(@2)
Giulade Chuade |
7 I retardo 8

LR(1)
I

—
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Control Unit Design (XX)
Wired logic (XVIII). Sequencier
e A counter is used to establish when signals must be activated
e Control unit must also know:
- Current instruction
- Flags information
e Using above information, instruction will be executed by
activating control signal when needed.
[ 1] )]
D ESTADO
R N E LOGICA ::'—I
I . c COMBINACIONAL
. g INDICADORES
[ENARNNRRERE)
Seiiales de Control
—
- Iﬁ'\ Automatic Department Computers Structure and Organization.
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Control Unit Design (XXI)
Wired logic (XIX). Sequiencier (ll)

AMD 2910. Specifications
e Microinstruction counter with self = jz;:;f;, % 0

increment
e Five level micro stack

multiplexor inputs

Counter with zero detection W ¥
e Next instruction address is set via

]

2
{ P

e Conditional micro jumps are possible via v R owe || P

condition signals input

Automatic Department

Mubplexor

cL

Incrementador

Computers Structure and Organization.
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Control Unit Design (XXII)
Wired logic (and XX) Sequiencier (and lll)

IBM 370 / 45 Control Unit
implementation by using an

AMD2910

e AMD 2910 based microprocessor
e 32 bits length instruction format

e 8 bits operation code

Automatic Department

Registro de Instrucciones.

Cod. Oper. | Otros campos

Voo

AMD 2910

z
s
3

e

Direccion de | Seleccion de | Otras sefiales
bifurcacion | - direc de control

Computers Structure and Organization.
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Control Unit Design (XXIII)
Microprogrammed logic ()

e A set of microinstructions is a microprogram to execute an instruction

e Firmware is the set of all microprogram to execute the whole
instructions of an instruction set.

e To be taken into account:
- Control memory size
- Each instruction must be related to its microprogram
- Microinstruction control sequence

.ﬁ.lf’frz; Automatic Department Computers Structure and Organization.
/ Graduate in Computer Sciences / Graduate in Computer Engineering

Control Unit Design (XXIV)
Microprogrammed logic (ll)

Explicit sequence of instructions: Instruction

e Each pl. has a field to store next pl ’

address.

e Operation code points to starting
micro program memory address.

e Each pl has an ending bit MUX Control
microprogram.

: Memory
e Advantage: different
microprograms can use common
pls. sequences
e Drawback: Required Control
Memory Word Size to store next pl -
addresses 4‘ lNext.pI. Fomml Signals
Instructions sequence
=)
- FD Automatic Department Computers Structure and Organization.
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Control Unit Design (XXV)
Microprogrammed logic (lll)

Implicit sequence of

instructions: Instruction
'
e The whole pls. belonging to a ucP
microprogram are sequential
ordered.
ROM MUX R:,g. Control
e |t's needed: Memory

- A microprogram counter
(MCP) to point to
subsequence pls.

- First pl. address of tht?
microprogram must be :
stored on a ROM- [ [ control signals |

Instructions sequence

.ﬁ.lf’frz; Automatic Department Computers Structure and Organization.
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Control Unit Design Control (XXVI)
Microprogrammed logic (IV)

pinstructions decoding
- Horizontal yprogramming, when codification is not used
- Vertical pprogramming, pls. Are codified

Horizontal pprogramming Vertical yprogramming

° pls. Perform an elemental ) Control memory capacity
operation per cycle only decrease

° Each one of the n bits straight ° pls. are slow because
controls a hardware element decoding is neede

° pls. have long formats
° uls. are fast

° The main drawbacks is that
memory is disperse.

1 .
- ﬁD Automatic Department Computers Structure and Organization.
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Control Unit Design (XXVII)
Microprogrammed logic (V)

Hinstrucciones coding
Control signals are grouped in:

- Data bus access - Addressing Unit control
- Addresses bus access signals

- ALU control signals - Flags

- Registers file control signals - 1/ 0O control signals

- Memory control signals

Data Addresses . ., Registers Memory Addressing

Bus Bus File Unit
TMEM TALU SELOP LR MEM LPC
TAC TCP X0, X1 DIR. A RD
DIT TBDAD YO, Y1 DIR.B WR
LAC LDIR
E; Automatic Department . ~ Computers Structure and Organization.
Graduate in Computer Sciences / Graduate in Computer Engineering

Control Unit Design (XXVIII)
Microprogrammed logic (VI)

Conditional micro jumps

e  Depending on condition, conditional instructions have two possible
chronograms.

e A micro jump needs a mechanism to decide where to jump.

° Deplendding on instruction sequence different mechanisms will be
applied.

() Automatic Department Computers Structure and Organization.
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Control Unit Design (XXIX)
Microprogrammed logic (VII)

Conditional micro jumps. Explicit sequence of instructions:
° Each micro instruction has next micro instruction address

° Instruction format will be increased a lot if two addresses required.
Solution is differentiate both addresses in one bit only

° Condition bit will be 1 if condition is true or 0 if false

Next ul. Addres: Control Signals ’

! f

Sequence Bit Condition bit

Data Bus Regs.F{ Mem. ‘ Addr.LF Cond. ‘ 110 ’

Addr. B ‘ ALU

Automatic Department Computers Structure and Organization.
Graduate in Computer Sciences / Graduate in Computer Engineering

Control Unit Design (XXX)
Microprogrammed logic (VIII)

Conditional micro jumps. Implicit sequence of instructions:
Instruction

e  To choose between normal [Op.C] ]
sequence of instructions or

another pl, ubC
° Next ul address is overlapped Adr
with another / others control ROM |- MUX ge Control
signals field depending on a o Memory
control bit
° C.F.: Control bit
[T Convorsinai]
Comparer Sequence bit
P DEMU
Flags X

1
[ Data.BlAddr.B]ALU Regd. Men]. Adrd. Cond. C.F. 10 __—Addr |
T T T T T T T =

Automatic Department Computers Structure and Organization.
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Control Unit Design (XXXI)
Microprogrammed logic (1X)

° A control memory has a lot of micro instructions.

° Nanoprogramming allows to remove duplicate microinstruction by
implementing control memory in a two levels control memory. All
microinstruction of the second level memory will be different.

° Second level control words are called nanoinstructions.
° Can be grouped in micro procedures
° It's recommended to use nanoprograming if:
n~m<(n~10g2~d)+(d-m)
Where :
n is the number of microinstructions in the control memory
m is the length of each microinstruction (in bits)

d is the number of different microinstructions

ey

lzi'lf’i:, Automatic Department Computers Structure and Organization.
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Control Unit Design (XXXII)
Microprogrammed logic (and X)
M68000 nanoprogramming
e  Two-level nanoprogramming [ EwER |
system: ==
- First level words are pointers to |
second level ones L
- Second level words are UNIDAD DE CONTROL
differents [rom oE icRo ConTROL
- Second level words activate / SREgIoN
desactivate a hardware piece CE ) ZEy
(horizontal microprogrammig) e
° Second level control word is 70 bits
length ——
>
=7 N Automatic Department Computers Structure and Organization.
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Control Unit Design (XXXIII)
Microprogrammed Computer Design (l)

Registers load signals
Reset

Lflags

Li

Lr

Lac

Ldir

o

Seiiales de carga de registro
5 4 13 ]2 1 0
Ldir | Lac | Lr | Li | Lflags | Reset

)P A ic D Computers Structure and Organization.
'ﬁ-’ﬁb} utomatic Department Graduate in Computer Sciences / Graduate in Computer Engineering

Control Unit Design (XXXIV)
Microprogrammed Computer Design (ll)

Data bus access control signals
e Tmem
e Tac
° Dit
B.Datos
7 6
B7 | B6
0 [0 |Tmem
0 |1 |Tac
1 0 | Dt
1 1 | Nop
=) - ) Computers Structure and Organization.
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Control Unit Design (XXXV)
Microprogrammed Computer Design (lll)

Addresses bus access control signals

e Tcp
° Talu
° Tbdad
B Direcciones
9 8
B9 | B8
0 [0 |Tep
0 1 | Talu
1 |0 | Thdad
1 1 | Nop

Computers Structure and Organization.

) .
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Control Unit Design (XXXVI)
Microprogrammed Computer Design (IV)

ALU control signals Selop Y1[v0[X1[%0
° X1. X0 17[16]15]14[ 13 1211 [ 10
’ [ T 1
e Y1,Y0 B11]BI10
[ ] Selop 0 0 Acumulador
0 1 B. datos
1 0 Salida A
1 1 Nop
B13 | Bl12
0 0 CPp
0 1 B. datos
1 0 Salida A
1 1 Salida B
B17 [ B16 | B15 | B14
0 0 0 0 | ADD
0 0 0 1 | SUB
0 0 1 0 | MUL
0|01 [1|DWw
b b b Lo

=) < . Computers Structure and Organization.
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Control Unit Design (XXXVII)
Microprogrammed Computer Design (V)

Memory control signals

° Mem
° Rd
° Wr
Mem | RdMWr
19 18
B19 [ B18
0 0 Nop
0 1 Nop
1 0 Escribir
1 1 Leer

:.).r;\ Automatic Department ) ) Computers St(ucture and Orgarjizatign.
1 L‘. P Graduate in Computer Sciences / Graduate in Computer Engineering
Control Unit Design (XXXVIII)
Microprogrammed Computer Design (VI)
Addressing Unit control signals
° Lep
Unidad
Direccionamiento
20
B20
0 Nop
1 Cargar CP
Sﬁ.ﬁ\ Automatic Department ) ) Computers Str_ucture and Organizatign.
= U"U P Graduate in Computer Sciences / Graduate in Computer Engineering
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Control Unit Design (XL)
Microprogrammed Computer Design (VIII)

Remaining bits:

o Condition bit Fin Microsalto | Condicién
e  Micro jump bit microprograma
. . 31 30 29
° End micro program bit / sequence of
instruction bit
B29
) 0 No cumple la condicién
L 1 Sicumple la condicién
B30
0 No lleva microsalto
1 St lleva microsalto
B31
0 No termina microprg
1 Fin de microprograma

Computers Structure and Organization.
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Control Unit Design (XLI)
Microprogrammed Computer Design (IX)
Remaining bits: .
° Lets a control memory of 1K. It will T
be necessary 10 bits to address it. :
° Depending on 29th and 30th bits
value, bits numbered from 0 to 9
will be a micro jump address or
registers load and data bus access
control signals by using fields
overlapping.
— . Computers Structure and Organization.
— Lﬁ\" Automatic Department Graduate in Computer Sciences / Graduate in Computer Engineering
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Fin Microsalto | Condicion Banco de Unidad! Memoria ALU Direccidn de microsalto dependiendo del
ricroprograma registros Direccionamiento valor que tengan B30 y B29
K 0 F R [ 2L 20 0] 18 | 17 ] [ 10 I o
Y i i
) P Aut tic Depart ¢ Computers Structure and Organization.
- . . . . X
' ILG(L‘ utomatic Departmen Graduate in Computer Sciences / Graduate in Computer Engineering

Control Unit Design (and XLII)
Microprogrammed Computer Design (and X)

Micro instruction without micro jump

Fin Microsalto | Condicidn Banco de Unidad Memoria ALU Bus de Bus de Carga de
microprograma registros Direccionamienta direcciones datos registros
31 ki) E ® ] . | 21 20 0] 18 | 17 ] [10 9 3 7165 ] [

Micro instruction with micro jump

Exceptions
e ——

Exceptions are unexpected events in microprocessor.
Exceptions are asynchronous signals (divide by zero, parity error,
overflow, operating system traps, etc)
Control Unit must detect exception and be handled by the operating
system as steps bellow:

Stop program execution

Send exception type to the operating system

Give control to the operating system
To send exception type to the operating system we can use:
Exception register. Control Unit set exception type in a special register
- Vectored exceptions. Different addresses are assigned to each

exception type. Operating system executes the found procedure in such

address.

—
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Booting up the computer

° A random value is set to computer elements when starting up.

e ARESET is forced to all computer registers. PC is load with the
loader program ROM address.

e  This program will do:
- Testing routines.
- Setting up routines. (devices, assigned ports, interrupts array, etc)
- Load vector array
- Load operating system
- Load device drivers

.ﬁ.lf’f(z; Automatic Department Computers Structure and Organization.
! Graduate in Computer Sciences / Graduate in Computer Engineering
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