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Control Unit
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Control unit design

» For each machine instruction:

Define the behavior using RTL (register transfer language)
for every clock cycle.

Translate the behavior to values of each control signal at
each clock cycle

Design a circuit that generates the value of each control
signal at each clock cycle
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Control unit design

» For each machine instruction:

Define the behavior using RTL (register transfer language)
for every clock cycle.
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Control unit design
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Control unit design

» For each machine instruction:

Define the behavior using RTL (register transfer language)
for every clock cycle.

Translate the behavior to values of each control signal at
each clock cycle

Design a circuit that generates the value of each control
signal at each clock cycle
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Control techniques

» Hardwired (relay logic) control unit

: B
AN
I=MEE
, TUTIR
SEER iyimm
» Microprogrammed control unit
| .g nAddress N Memory

Sefiales de Control
» Explicit sequencing
» Implicit sequencing
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Example

» Design of a control unit for a set of 4 machine
instructions.

» Instructions to consider:

add Rd, Rf: Rd <- Rd + Rf
lw Rd, dir: Rd <- MP[dir]
sw Rf, dir: MP[dir] <- Rf
bz R, dir: 1f (R==0) PC<- dir
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State machine for the example

Example for a computer with

only 4 machine instructions
1

_____—-

.‘_
PG 4= PG +4 add rd, rf
1w rd, dir
l lectura .
sw Rf, dir
MBR <4— MP bz R, dir
|
z =0
IR 4+— MBR
C-O 00
Iw CO 10 co=1
(sw) (b2) 1
Rd 4— Rd + Rf MAR < |R(direccion) MAR #— IR (direccion) R+R0O

l 6 lectura l g z=1 l 12

MBR 4— MP MBR 4— Rf PC 44— |R(direccion)
l 7 l 10 escritura
Rd <— MBR MP<— MBR
11 ARCOS @ UC3M
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Control techniques

» Two techniques to design and build the control unit:
Relay logic
Programmable logic (microprogrammed)

1
MAR <— PC
PC 4—PC+4

R14—R1+R2 3
-
CO =00 C/O
(add) 7 > .
co=o1 g C?W)lﬂ oo a0 PSW Control unit +> g%r:]télosl
cccccccc ’.MAR‘— RI(direccion PC<—RI(direccion) Interupts
—_—

MBR €—MP MBR €—R1

MP<€— MBR
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Control Unit: relay logic

» Construction by means of logic gates,
following logic design methods. ST

» Characteristics: > B

Laborious and costly circuit design *
and tuning. - Slll®
Difficult to modify: -

Complete redesign.

Very fast (used in RISC computers).
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Control Unit: programmable logic

microprogramming

» Basic idea: Use a memory (control store) to store
the signals of each cycle of each instruction..

» Characteristics:

Easy modification o
Upgrade, expansion, etc. £ [»|_wAddress Control memory
| 1]
E.g.: Certain consoles, routers, etc. &2
ul

Sefales de Control

Easy to have complex instructions
E.g.: Diagnostic routines, etc.
Easy to have several sets of instructions

Other computers can be emulated.

Simple HW = hard microcode

ARCOS @ UC3M
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General structure
control unit

IR | co

/ R
PSW | 'f Sequencing logic

Interrupt /

signals

J_LrCIock signal ¢

Control memory

of a microprogrammed

Cl C2 C3C4 R5C6C7 C8C9C10Cll Td Ta Tl T2 T3 T4 T5 T6 T7 T8 RA4 RA3 RA2 Ral
0O 0 0 0 01 0 0 0 O 0 0O 0 0 01 0 0O 0 0 0 O 0 0 0

RB4 Rb3 RB2 RB1 RBO RC4 RC3 RC2 RC1 RCO SC L E Cop3 Cop2 Copl Cop0
0 0 0 0 0 0 0 0 0 0 0 000 0 0 0

v

Microinstruction

W

Control signals
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General structure of a microprogrammed

control unit

IR | co

/ R
PSW | 'f Sequencing logic

Interrupt /

signals

J_LrCIock signal ¢

Control memory

Cl C2 C3C4 R5C6C7 C8C9C10Cll Td Ta Tl T2 T3 T4 T5 T6 T7 T8 RA4 RA3 RA2 Ral
0O 0 0 0 01 0 0 0 O 0 0O 0 0 01 0 0O 0 0 0 O 0 0 0

RB4 Rb3 RB2 RB1 RBO RC4 RC3 RC2 RC1 RCO SC L E Cop3 Cop2 Copl Cop0
0 0 0 0 0 0 0 0 0 0 0 000 0 0 0

v

Microinstruction

W

Control signals
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Microprogrammed control unit.
microinstructions

mmmmm

oo )
{
— -
Auxiliar f\

ul

Sefiales de Control

» Microinstruction: To each word defining the value of
each control signal in a cycle of an instruction/fetch+|IAC

» The microinstructions...

Are a list of I's and O's representing the state of each control signal
during a period of one instruction.

Have one bit for each control signal.
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Microprogrammed control unit.

microprogram and microcode
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Sefiales de Control

» microprogram: ordered list of microinstructions, which

represent the chronogram of a machine instruction.
» microcode: set of microprograms of a machine.
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Contents of the control memory

(=R =R =]
Cos e

19

000000000000

o000 000
60000 o
nlnauE 9 LUH
01000 o ey g
121100 [+]

o
o
]
1

» FETCH: get next instruction

|AC: interrupt acknowledge cycle.
IR<- Mem[PC], PC++, jump-to-O.C.

» Microprograms:

one for every machine instruction

fetch rest of operands (if any)

Updates PC on multi-word instructions

Execute the instruction
Jump to FETCH
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General structure of a microprogrammed
control unit

[ R ]
|

/ .

VAR
| pPsw |+~
Interrupt /

signals

B [ P

CO

Sequencing logic

Clock signal

v

Control memory

Cl C2 C3C4 R5C6C7 C8C9C10Cll Td Ta Tl T2 T3 T4 T5 T6 T7 T8 RA4 RA3 RA2 Ral
0O 0 0 0 01 0 0 0 O 0 0O 0 0 01 0 0O 0 0 0 O 0 0 0

RB4 Rb3 RB2 RB1 RBO RC4 RC3 RC2 RC1 RCO SC L E Cop3 Cop2 Copl Cop0
0 0 0 0 0 0 0 0 0 0 0 000 0 0 0

v

Microinstruction

W

Control signals
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Microprogrammed control unit structure

» Three basic conditions:

Sufficient control memory to store all microprograms
corresponding to all instructions.

Procedure for associating each instruction with its
microprogram

Procedure that converts the instruction operation code to the control
memory address where your microprogram starts..

Sequencing mechanism to read successive
microinstructions, and to branch to another
microprogram when the current one is finished.

» Two alternatives:
Explicit sequencing.
Implicit sequencing.
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Microprogrammed C.U. structure

with explicit sequencing

22
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Control memory stores all yprograms, where each pinstruction provides

the next pinstruction paddress

The OC represents the pAddress of the first pinstruction associated with

the machine instruction.
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Microprogrammed C.U. structure
with explicit sequencing

23

C. OP. |

™ de Control
i~ Mc

S
wl |‘_ Oscilador

TR e

| Sefales de Control

* Memoria

Mux.

—/\

T Control Mux.

Control memory stores all yprograms, where each pinstruction provides
the next pinstruction paddress

Problem: large amount of control memory for instruction sequencing,
required stores the next paddress
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Microprogrammed C.U. structure
with implicit sequencing

24

C. OP. ]
ROM P
o} +1
P
y
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Control Mux. Oscilador
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|
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Estado
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Sefiales de control

Control memory stores all microprograms consecutively in the control memory.

The ROM/PLA associates each instruction with its microprogram (first yaddress,
uconditional pinstruction (+1), yconditional pbifurcations or ploops).

Next pinstruction (+1), conditional pbifurcations or ploops
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Addr = OC

Example of Control Unit
with implicit sequencing
Control Memory

Program for fetch
ROM (co2pAddr) HFTo9 )
0 | wAddr for 1t pl of uP 0 // UProgram for Inst. 0 ~ HPO
1 | pAddr for 15t ul of puP 1 > n
uProgram for Inst. 1 - HP1
N | pAddr for 15t pl of uP N .
puProgram for Inst. N } MP N

25 ARCOS @ UC3M
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Example of Control Unit

with implicit sequencing
Control Memory

—

ui0 ]
ROM (co2pAddr) — 1 K
oC fetch
0 | pAddr for 15t pl of uP 0 WK (Jump to pProg) |

1 | pAddr for 15t ul of pP 1

N [ pAddr for 15t pl of uP N

26 ARCOS @ UC3M
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Example of Control Unit

with implicit sequencing
Control Memory

—

ui0
il =
oc ROM (co2pAddr) fetch — >
0 | pAddr for 15t pl of uP 0 WK (Jump to pProg) |

1 | pAddr for 15t ul of pP 1

N [ pAddr for 15t pl of uP N
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Example of Control Unit
with implicit sequencing

/ \Eontrol Memory
10

oc ROM (coZpAddr) fetch —

0 | pAddr for 15t pl of uP 0

1 | pAddr for 15t ul of pP 1

N [ pAddr for 15t pl of uP N

The Operation Code (OC) is at the Instruction Register (IR)
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Example of Control Unit
with implicit sequencing

oC ROM (co2uAddr)

0 | pAddr for 15t pl of uP 0

1 | pAddr for 15t ul of uP 1

]

N [ pAddr for 15t pl of uP N

29

fetch

Control Memory

| ulo

il

WK (Jump to pProg) |

~ 10

WLk

_ UM (jump to fetch)

— UP 1
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Example of Control Unit

with implicit sequencing
Control Memory

—

ui0
il
oc ROM (coZpAddr) fetch —
0 | wAddr for 15t ul of uP 0 | uIK (jumpto pProg) |
1 | pAddr for 15t ul of pP 1
— 110 =
uP 1 i L

N [ pAddr for 15t pl of uP N

- UM (jump to fetch)
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Example of Control Unit

with implicit sequencing
Control Memory

—

ui0
il
oc ROM (coZpAddr) fetch —
0 | wAddr for 15t ul of uP 0 | uIK (jumpto pProg) |
1 | pAddr for 15t ul of pP 1
C | o
uP 1
ull ‘7
N [ pAddr for 15t pl of uP N
- UM (jump to fetch)
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Example of Control Unit

with implicit sequencing
Control Memory

—

ui0
il
oc ROM (coZpAddr) fetch —
0 | wAddr for 15t ul of uP 0 | uIK (jumpto pProg) |
1 | pAddr for 15t ul of pP 1
C | o
uP 1 M

N [ pAddr for 15t pl of uP N

_ |  wIM (jump to fetch)”
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Microinstruction format

» Microinstruction format:
specifies the number of bits and the meaning of each bit.

y
e

Control signals

» Signals grouped into fields:
Tristate bus signals
ALU signals
Registers file signals
Main memory signals
Multiplexor signals
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Example of state machine

Example for a computer with
only 4 machine instructions

1
— . MAR +—FC add rd, rf
PC 4— PC+4 .
lw rd, dir
J g sw Rf, dir
MBR 4— MP bz R, dir
s
IR 4— MBR
CO =00
I co :N CO = 11
4 " '[- {sw) 8 (bz) L
Rd €—Rd + Rf MAR <— |R(direccion) MAR 4— IR (direccion) R+R0
l 6 lectura l 9 z=1 i 12
MER 4— MP MER 4— Rf PC+— |R{direccion)
1 7 l 10 escritura
Rd «— MBR MP<4— MBR
34 ARCOS @ UC3M
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Microinstructions for the example

Example for a computer with
only 4 machine instructions

1
— . MAR +—FC add rd, rf
pfetcho " 7 1w rd, dir
|, tecwra sw Rf, dir
ufetchl  pre—up bz R, dir

s

z=0

ufetch2
IR 4— MBR
CO =00
Iw co :N COo =11
4 (W) { (sw) 8 (bz) 11
Rd €—Rd + Rf MAR <— |R(direccion) MAR 4— IR (direccion) R+R0
paddo pnlwo uswo ubz0

lectura z=1 i
l 6 9 12

MIW]. MER “— MP MBR 4— Rf PC+4— |R({direccion)

pswl ubzl

17 110

Rd €— MBR MP4— MEBR

psw2
35 ARCOS @ UC3M
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ulw2



r2
dir

add rl,

lw rl,
bz dir
sw rl

Microcode for the example

PL
EL

LN
N
[N
0dN
[dIN
VIN
d71
O1.L
6L
8L
LL
9L
cL
vL
tL
<L
[L
LI
90
90
o
€D
)
[J
09

fetch

add

lw

5W

bz

1010000001 000000000000010000O00
O1T00000000000COCDOCODODODOCOODODODODODODTITIODTIO
0001 0O0OO0DO0OTOO0ODO0DODODODODODODOODODOODOODOD0DDO0DO0
0O00000010000O01O0O00O01O00O0O001O00O0O00
10000000001 O0O0C0CO0CO0COO0OCO0ODO0OO0ODO0CODO0OO0ODO0OO0
0O1T000000O0O0OO0COOCOCDOOCODODOCODOOODODODTOTIO
000000001 0000000001 0000000000
10000000001 00000000000000O0O00O00O0
0O1T00000000OO0C0CO0OCO0OCOCOCOCTOOCOCODODTOODO0ODDO0DOO
000000000000 000D00ODCO0D0O0O0DO00000111

Oo00000CO0OCTOOCOCODOCODODODODODOCODODODODODTITODODODO

0

0

nfetch0
ufetchl

nfetch2

naddo

nlw0

nwl
ulw2
JswO
nswl

Hsw3
ubz0

nbzl
36
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Microprogrammed control unit for the example

Memoria de contral

o | A B HDir
100 pfetcho 0000
1(00 ufetch 0001
0 —s] 0/0 1 pfetch2 0010
ROM { Teich) | 0|00 paddd no11
o
oo [ oot MUK A 1l00 phw0 0100
co 01| o100 10 100 phw 1 0101
-
0] 011 o ojoo phwa 0110
11 1010 1 A0 1(00 |..IS'I.I'|'|:| 0111
1100 pswl 1000
000 pswe 1001
1/10(0000)  pbzo 1010
oloo| [ ubz1 1011
pDir d Salto
HInsiruccion
[ —
He | / UL
MUX B z
i i
Z10
4
. 7
HDir de salto
3/ ARCUS @ UC3M
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Control Unit in WepSIM

=]
» 01 "2 Control Memory
o 10 MUX A 5 A
00— N
CLK
fetch A1 AD
(fetch) Fy A J_I_I_L
pHAddress HInstruction
80|~
124, “
co2uaddr
M1U><DB < MADDR
|
6}00 4GOF' 7 I 1 i
0 CLKfc|B|A0| MR | SelA | SelB |SelC MC|SelCop|ExCode
'l J | |
IR |
49b 4
MUX C e
10 8 6 54 3 210 v, & T11
A A A 4 A& A A T :ﬁ E
InE z jé:‘ I I 55 ﬁ"l’
nex L asz S5 oo
= 0 SE | Mux Lo
SR CIVIN|Z]---| 1 |U o
31 30 29 28 1 0 RC Cop
38 ARCOS @ UC3M
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Control Unit in WepSIM

=]
(YT 12 Control Memory
» 10
0 — N
CLK
fetch A1 AD
L — Egigl
pHAddress HInstruction
80}~
co2uaddr MUX B
1 0
Bico 4;:3(:)? ‘ +
0 s MC|SelCop|dxCode
JU
|
IR |
48] 4
MUX C e
10 8 6 54 3 210 < e T11
2 4 4 & & JLJLTTT E% 2
< 3 |—I Ss %
=0 o0 ® = MC
2= MUX |—
SR CIVIN|Z]---| 1 |U o *
31 30 29 28 1 0 Cop
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Félix Garcia-Carballeira, Alejandro Calderdn Mateos



Control Unit in WepSIM

=]
» 01 " Z Control Memory
< )
| 10 MUXA = \
0 — 11 B 10
AM A0 CLK u
e t 4 JHL Add ull
ress
! fetch —
12+
co2uaddr ulK (jump to uProg)
M1U><UB < MADDR -
Bico 4{:0? 1 : A 1
0 %. CLKJc|B|AO| MR | SelA [ selB | s¢ _
Jur | | u0
Y
IR | ],l|
ADD -
MUX C
10 9 8 6 54 3 2 10
A A A A A A A 1 l T I 8 HIM (jump tO fetCh)
InEx E 9 E
=0 o0
cl|v|N|z|...|1]|u
31 30 29 28 1 0
40 ARCOS @ UC3M
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Control Unit in WepSIM

Control Memory

» 01 > %
> <
1o MUXA =1 ’\
0 — 11
CLK
Al AD
(fetch) 2 oo
pAddress
124,
co2uaddr
- MUX B | MADDR
$CC} \iGDF' L B j‘
‘5 ¥ At ]
- \ ' oLk T~lnTaplmr | sela ] seiB | se
oC

uAddr

0

uDir of 15t ul of ADD

1

uDir of 1st ul of LW

uDir of 1st ul of uP N

41

Vo o o ' e

—

fetch <

ulo

ull

ulK (jump to uProg)

ulM (jump to fetch)

ARCOS @ UC3M
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Control Unit AL AQ Adlon
. 0 0 Next uDir
11N \N epSIM 0 1 Jump to uProg. (ROM)
1 0 uDir of jump
1 1 fetch \
/
i / 5
» 01 B
’1 ! ux A 2 Control Memory
0 —»y M
(fetch) AL‘I iﬂ IIIIEI:_LK |
pAddress pinstruction
80|~
12% “
co2uaddr
MUX B | MADDR «— |
Lco icop La |
5 4 A [ | v
lo | %‘ CLK, c| B |AO| MR | SelA | SelB |SelC| - |MC|SelCop|ExCode
1 1 r J [ [
IR |
49 4
MUX C o &
10 9 8 6 54 3 2 10| v, & T11
Fy 9 9" F 0 —= o
1 T 2§ g4
InEx gz 2 = 5 v
= 0 1| % 8 0 1
SE MBI mux SE | MUX L&
c|v|N|z|.-|1|u 8 7
31 30 29 28 10 RC Cop

42
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. Al |AO |Action
Control Unit
. — |0 0 Next uDir
11N \N GPSIM 0 1 Jump to uProg. (ROM)
1 0 uDir of jump
1 1 fetch \
/
i / -
1L 12 Control Memory
Non-existing |
. . 0 — 11
instruction T ok
(fetch) AL" "1’0 M |
pAddress pinstruction
80~
12% I
co2uaddr
MUX B | MADDR «— |
Lco icop La |
5 4 A [ | v
lo | %‘ CLK, c| B |AO| MR | SelA | SelB |SelC| - |MC|SelCop|ExCode
1 1 r Jr | |
IR |
49 4
MUX C ) 1 =
10 9 8 7 6 54 3 2 10| { - T11
% 4 4 & JLJLTT Elg? E
1) %%II o5 %
o< 0 1] =P ; 1
SE MRimux | 8E | mux M€
clv|n|z|-|1|u 3
31 30 29 28 10 RC Ctp

43
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Control Unit in WepSIM

AO | B [ C3 | C2|CIl | CO | Action

0 0 0 0 0 0 | Next pAddress

0 I 0 0 0 0 | Unconditional jump to MADDR

0 0 0 0 0 | | Conditional jump to MADDR if INT = | (¥)

0 I 0 0 I 0 | Conditional jump to MADDR if IORdy =0 (*)
0 I 0 0 I | | Conditional jump to MADDR if MRdy =0 (¥)
0 0 0 I 0 0 | Conditional jump to MADDR ifU=1 (¥

0 0 0 I 0 I | Conditional jump to MADDR if | = | ()

0 0 0 I I 0 | Conditional jump to MADDRifZ=1 (%)

0 0 0 I I | | Conditional jump to MADDRifN=1 (%)

0 0 I 0 0 0 | Conditional jump to MADDR if O = | @)

I 0 0 0 0 0 | Jump to yProg. (ROM c02puaddr)

I I 0 0 0 0 | Jump to fetch (uDir = 0)

» (*) If the condition is not satisfied — Next yAddress

44 ARCOS @ UC3M

Félix Garcia-Carballeira, Alejandro Calderdn Mateos



Example
Elemental operations with CU

» Jump to address 000100011100 (12 bits) if Z = 1.
Otherwise jump to the next one.

Elemental operation Signals

If (2) A0=0, B=0, C=0110,, mADDR=00010001 1100,
uPC=000100011100

» Unconditional jump to address 000100011111

Elemental operation Signals

uPC=000100011111 A0=0, B=1, C=0000,, mADDR=00010001 1111,

» Jump to first paddress of the pprogram related to OC

Elemental operation Signals

Jump to OC A0=1, B=0, C=0000,
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Example

» Jump to the pAddress 000100011100 (12 bits) if Z=1.
Otherwise, jump to the next one:

A0 =0 +1—*|” 5

B=0 uDir ———>| o ” <

C=01I10 ROM (co2pAddr) —— | 10 MURA

uAddr = 00010001 | 100 o - T
» Unconditional jump to pAddress 000100011111

A0=0

i:— OIOOO uAddress encoded

in bits 72-61

uAddr = 00010001 1111 of the plnstruction
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MADDR

A

[

N

Microinstruction format

SelB

SelC| -

SelCop|ExCode

~80 bits

Co0..C7 Load register
Ta, Td Tristate buffers to bus
TI.TIO Tristate buffers

MI,M2, M7, MA, MB

Multiplexors

SelP

State register selector

v

LC Load in Register File

SE Sign extension

Size, Offset Selector of IR register
BW Size of memory Access
R,W Main memory operation
IOR, IOW I/O operation

INTA INT selector

I Enables interuptions

U User/kernel modes
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Control Unit in WepSIM

=]
(T "2 Control Memory
»| 10 =+
00— N
CLK
fetch A1 A0
L . Egigl _
pHAddress HInstruction
80}~
co2uaddr
H MUX B |
1 0
Eico 4icol:' i +
0 LY MC|SelCop|gxCode
Ju
1
IR |
49)
MUX C 2
10 8 6 54 3 210 4 x T11
2 & 4 4 & JLJLTTT E% E4
= = -
InEx T 3 E I E% ¥ :
$G6= 22 [0 mc
=0 o0 E=
2E MUX |—
SR CIVIN|Z]|---| I |U o *
31 30 29 28 1 0 Cop
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Register file selector

| |— HU
| 12
— coZ2uaddr
MUX B | MADDR
"CO "COP 1 0
5’ 4 h
[o ] % CLK fc|B |AO| MR | SelA [ SelB |SelC| - [MC|SelCop|ExCode
E—— JU 1 ]
IR
/ 491 ‘Lz
MUX C s el B ;
10 9 8 7 6 54 3 210 = T g' 1 = 1111
T.Ihu.un ALILTTT L] E% Ed "{7_
L iy i) 5 %/ 5 St O g, w
InEx 28 = T\ % . Y 5@ LR ]
= 1 0 1| =B 0 1
=2 0 MR :‘Ill‘ MR Bux | MB| mux E‘g mux M€
sr (C]V|N[z[-] 1]u] ! ! ]
31 30 29 28 1 0 R RB RC Cop
Data (IR)

Select 5 bits within 32-bit

starting from the position Selector [~ pispi (sela, sel, selc)
indicated in Displ (lower bit)
1

Output
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Register file selector

Example

50

| | I— 0 HU
— coZuaddr
- MUX B | MADDR
B"oo 4"cop 1 'c:I r_l_]
o %' C_LIJK?|0|B|A0|MR|Se|A|Se|B|Se|c| - [mc]seicop|Excade]
—— - N
IR |
4 49 4}
MUX C  Ell g
10 9 8 7 6 54 3 2 10 E " - ﬁ;ﬂ
Ijhund AJLTTT EE Ed,
InEx a:::f E‘ = ? 5‘.: %% vy
20 o MEJ 0 1 22 [0 1]mc
MLX d? § MUX —
sr LelvInfz]-]1]u] 7 !
31 30 29 28 1 0 RA Cop
Data (IR)
32{ RI: D31D30D29D28D27D26D25 ....... D4D3D2D1DO
5 If Displ = 11011 — Output = D3;D3,Dy9D,D,;
Selector [~ Disl

1

Output

If Displ = 00000 — Output= D,D,D,D,D,

If Displ = 10011 — Output= D,3D,,D;DyD1q
If Displ = 01011 — Output= DysD;,D;5D1,Dy;
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Register file selector

| [ — . 2
— coZ2uaddr MUX Bl MADDR
A Iy 1 0
JL.co J|coP . r_)nﬁ
" %' o folefao] mr| sela | seis |seic] - [mc[seicop|Excode]
I
IR |
49 4
MUX C o
109 8 7 6 54 3 2 10 ww?.f + T11
_T.ih.nnn ALJLI‘TTI g‘—g Ed}, ':,
InEx 2 E‘ ';_—, "6'%, LR
=g £ | gux |[MC
sr LClvIn[z]-[1]u] 8 3
31 30 29 28 10 Cop
Data (IR)
32{
« IfMR =1, RA isobtained
Select 5 bits within 32-bit 5 from the pinstruction
starting from the position Selector [ pisl
indicated in Displ (lower bit) * ITMR=0, RAis obtained
ij from a field of IR
Output
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Register file selector

» If the format of an instruction stored in IR is:

31 26 25 21 20 16 15 11 10 0

COs ... CO, Instruction
Register (IR)

Operation Code Regl Reg 2 Reg3

I 12%
co2paddr
MUX B MADDR
E%co 4%009 O (—1—1

C_'-Lﬁr>| c| B |AOI MR | SelA | SelB |SeIC| |MCIS€\CDp|ExCode‘
- 1

MR =0

control signals

» If you want to select the field with the Reg 2 in gate B of the record file —
SelB = 10000 (RB is obtained from bits 20...16 of IR)

» If you want to select the field with the Reg 3 in port A of the record file —
SelA=01011 (RA is obtained from bits |5...11 of IR)

» If you want to select the field with the Reg | in gate C of the record file —
SelC = 10101 (RC is obtained from bits 25...21 of IR)
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Selection of the ALU operation

| i)
I
coZ2uaddr
: : M1UXOB . MADDR
- r
|
EE’/co ‘L’COP 1 r ]
lo | CLK,fc|B|AO|MR | SelA | SelB |SeIC| - |MC |SelCop|ExCode
\ : ] Ju | |
IR |
4}// 49 L 4
MUX C . s 2 2 g
10 9 8 7 6 54 3 2 10| =T '] s*? 1 p T11
Innun JinT?T [ w w :‘r-_rg =
> = 5| s} 5 EJ/ sl sl & = 4
InEx 22 E + ! vy f. Yy
= 0 1 0 1 0 1 B 0 1
=2 o0 MR vux | MBf mux | MBI mux E mux <
sRr [S]V[N]z[--[1]u] ! 7
31 30 29 28 1 0 RA RB RC Cop

= |f MC = [, the operation code of the ALU is obtained directly from the
microinstruction (SelCop)

= |f MC =0, the operation code of the ALU is obtained from the last four
bits stored in the instruction register
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Exception codes

|
— co2uaddr

L

MUX B |
1 0

*co tcor

18]

8 i '
[0 | %‘ CLE,lc]B|A0| MR
| | JU

Sela|selB [seic| - [Mc|selchp|Excode
Y | |
R N
41 49[- 4.
#
MUX C . 9 2 1 ¢ ’
09876 54 3 210] “r =7 s 1 e 1111
A 3 2 & F T T T Lo 2] 3% ? RF
—1 > = 5| s} sl sl 5 s,t 55 “|%
InEx E F: E v r b u B Yy
= = 0 1 0 1 0 1| =78 ]
2 0o MRjux| MBI mux | MB| mux :é‘g mux [MC
sr LelvIn[z]-[1]u] 7 7 7 !
31 30 29 28 10 RA RB RC Cop

= ExCode:

* Allows to have an immediate value of any 4 bits,

* Especially useful for generating the interrupt vector to be used
when an exception occurs in the instruction.
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Examples

» Instruction for microprogramming with WepSIM*:

Instruction Operation code Meaning
ADD Rd, Rfl, Rf2 000000 Rd < Rfl+ Rf2
LI R, value 000001 R < value
LW R, addr 000010 R «— MP[addr]
SW R, addr 00001 1 MP[addr] < R
BEQ Rfl, Rf2, offl 000100 if (Rfl == Rf2)
PC «— PC +offl
] addr 000101 PC « addr
HALT 000110 HALT (infinite loop)

* Memory answer in one cycle
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Microprogrammed instructions

» FETCH
Cycle Elemental Op. Activated signals
(rest to 0)

0 MAR «— PC 12,CO0 0000 0 O
I MBR «— MP Ta,R,BW = 1,CI, M| 0000 0 O

PC—PC+4 M2, C2 0000 0 O
2 IR — MBR TI,C3 0000 0 O
3 Decode 0000 0 |
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Microprogrammed instructions

» ADD Rd, Rfl, Rf2

Elemental Op. Activated signals
(rest to 0)
0 Rd < Rfl + Rf2 SelCop = 1010,MC | 0000 | |
SelP=11, C7,M7
T6,LC

SelA = 10000 (16)
SelB = 01011 (1)
SelC = 10101 (21)

6 bits 5 bits 5 bits 5 bits 11 bits

O.C. Rd Rf Rf2 not used

31 26 25 2120 16 15 1110 0
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Microprogrammed instructions (another)

» ADD Rd, Rfl, Rf2

Cycle Elemental Op. Activated signals
(rest to 0)

0 Rd < Rfl + Rf2 SelCop = 1010,MC 0000 1 |
SelP=11, C7,M7
T6,LC

SelA = 10000 (16)
SelB = 01011 (1)
SelC = 10101 (21)

6 bits 5 bits 5 bits 5 bits 7 bits 4 bits
000000 Rd Rf1 Rf2 |notused| 1001
31 26 25 2120 16 15 11 10 43 0
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Microprogrammed instructions

» LI R, value

Elemental Op. Activated signals

(rest to 0)

0 R — IR (value) LC 0000 | |
SelC = 10101 (21)
T3,

Size = 10000
Offset= 00000
SE=|

6 bits 5 bits 5 bits 16 bits

O.C. R not used value of 16 hits

31 26 25 2120 16 15 0
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Microprogrammed instructions

» LW Raddr  # sync memory, | clock cycle

Cycle Elemental Op. Activated signals
(rest to 0)
0 MAR « IR (dir) T3,C0 0000 0 O
Size = 10000,
Offset= 00000
I MBR «— MP[MAR] | Ta,R,BW =11,ClI, M| 0000 0 O
2 R — MBR TI, LC, 0000 I |
SelC = 10101
6 bits 5 bits 5 bits 16 bits
O.C. R not used address of 16 bits
31 26 25 2120 16 15 0
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Microprogrammed instructions

» LW Raddr # async memory (MRdy=1 for ready)

Cycle Elemental Op. Activated signals C B A0
(rest to 0)

0 MAR « IR (dir) T3,CO0 0000 0 O
Size = 10000,
Offset= 00000

I while (MRdy) Ta,R,BW =11,CI|,MlI, oolr 1 O

MBR < MP[MAR] | MADDR=pAdd of this
microinstruction /

2 R — MBR TI,LC, 0000 I |
SelC = 1010l

This microinstruction is beening executed while MRdy==0
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Microprogrammed instructions

» SW R addr # sync memory, | clock cycle

Cycle Elemental Op. Activated signals C B A0
(rest to 0)
0 MBR — R T9, Cl,SelA=10101 0000 0 O
I MAR <« IR(addr) T3, CO, 0000 0 O
Size = 10000,
offset= 00000
2 MP[addr] < MBR Td,Ta, BW = | |, W 0000 I |
6 bits 5 bits 5 bits 16 bits
O.C. R not used address of 16 bits

31

62
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16 15
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Microprogrammed instructions

» BEQ Rfl, Rf2, offsetl

Cycle  Elemental Op. Activated signals (rest to 0) C B A0
0 Rfl- Rf2 SelCop = 1011,MC,C7,M7 {0000 O O
SelP=11,SelA= 10101
SelB = 10000
| If (Z == 0) goto fetch | MADDR =0 o110 10
else next
2 RTI «—PC T2,C4 0000 0 O
RT2 «— IR (offsetl) Size = 10000 0000 0 O
Offset = 00000, T3,C5
4 PC «— RTI +RT2 SelCop = 1010, MC, 0000 I |
MA, MB=01, T6,C2,
6 bits 5 bits 5 bits 16 bits
O.C. Rf1 Rf2 offsetl
31 26 25 2120 16 15 0
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Microprogrammed instructions

» | dir

Elemental Op. Activated signals

(rest to 0)

0 PC — IR (dir) C2,T3, 0000 I |
size = 10000,
offset= 00000

6 bits 10 bits 16 bits

O.C. not used address of 16 bits

31 26 25 16 15 0
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Defining instructions in WepSIM

<List of implemented instructions>
<Register file specification>

<Pseudo instructions>
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Defining instructions in WepSIM

begin
{
fetch: (T2,C0=1),
(Ta, R, BW=I1, CI, MlI),
(M2, C2,TI,C3),
(A0, B=0, C=0)
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Defining instructions in WepSIM

ADD RI1,R2,R3 {
co=000000,
nwords=1,
Rl=reg(25,21),
R2=reg(20,16),
R3=reg(15,11),

(SelCop=1010,MC, SelP=1 1, M7,C7,T6,LC,
SelA=0101 1, SelB=10000, SelC=1010,
AO=1,B=1,C=0)
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Defining instructions in WepSIM

BEQ RI,R2, desp {
co=000100,
nwords=1,
RI=reg(25,21),
R2=reg(20,16),
desp=address(15,0)rel,
{

(T8, C5),

(SELA=10101,S

label, represents a
Maddress

(SE=1, OFFSET=0, SIZE=10000,T3, C5),
(MA=1,MB=1,MC=1, SELCOP=1010,T6, C2,A0=1, B=1, C=0),
bck2ftch: (T5,M7=0, C7),
(AO=1,B=1, C=0)
}
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Register specification

registers {
0=%zero, |=9%at,
2=%$v0, 3=9%vl,
4=%$a0, 5=%al,
6=%a2, 7=%a3,
8=%$t0, 9=%tl,
10=$t2, |1=%t3,
12=%$t4, 13=$t5,
14=$t6, 15=%t7,
16=$s0, 17=$%sl,
18=$s2, 19=$s3,
20=%$s4, 21=$s5,

22=%s6, 23=$%s7,
24=%t8, 25=%19,

26=%$k0, 27=$%$kl,
28=%gp, 29=%sp (stack pointer),
30=%fp, 31=%ra
}
69 ARCOS @ UC3M

Félix Garcia-Carballeira, Alejandro Calderdn Mateos



ARCOS Group
vucdm | Universidad Carlos lll de Madrid

Lesson 4 (II)
The processor

Computer Structure
Bachelor in Computer Science and Engineering

@050




