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Today

* Register Transfer, RTL
e Datapath and control unit



Register Transfer Language

* Moving data from one register to another
* Register transfer language (RTL) notation:

Letters Register PC, F, IR
Arrow Data transfer F<-A
Brackets, parenthesis Register bits F[3:0], F[1]
Brackets Memory address DR <- M[AR]

comma Simultaneous transfers F<-A, B<-R3



Micro-Operations Using RTL

F=A+B Addition

F=A’ 1’s complement
F=A’+1 2’s complement
F=A+B’+1 subtraction

F=A+1 A R ITH M ET I C Increment register
F=A-1 Decrement register
F=A’ Bitwise NOT

F=A A B L OG I C Bitwise AND

F=A v B Bitwise OR

F=A © B Bitwise XOR

F=sl A Shift left

F=sr A Shift right



Example of Register Transfer

 How should we design
control interfaces for
register transfers?

Example:
e If(S1=1) then R4=R1
— Else

* If (52=1) then R4=R2 - CONTROL 222

RED arrows - Control
BLUE arrow- Data
PURPLE - Register involved



Example of Register Transfer

Inside of

Register File
Multiplex

LOAD

IN RO o
* How should we design E N R1 v
control interfaces for Ra4= /I i3

O 1 R4=R2

register transfers?

|
AA[C1] AA[C2] | Load
Example: Enable
for R4
([

If (S1=1) then R4=R1

1 X
— Else 0 1 0 1 1
* If (S2=1) then R4=R2 0O 0 X X 0
d
E?]Zbleo 812 AA[Cl] —
S . AA[C2]=S1S2

‘ Load Enable =S1+S2




Example Control Interface for Register Transfer

* If (S1=1) then R4=R1 AAC1] =
— Else mm) AA[C2]=S1S2
* If (52=1) then R4=R2 Load Enable for R4=S1+S2

BUS D
D (DATA)
n
RIW

(READ/WRITE)  LOAD ENABLE ‘

| s
W 2 Multiplexer AA
— e — If (S1 = 1) then (A ADDRESS) BA a|Busa n

|
— T e - R4 <-R1 (B ADDRESS) BUS B
] 0 else

R2 = c, ©C ENB if (82 = 1) then
rD— R4 <-R2 s LOAD ENABLE ¥
R3 T [T 81482
s1 # R4
DA (DATA s J / | [—
AAAAAA S) s, 1=l S2
s Dy}
CLOCK T
A B
AA

el (- * DR L 08 What if destination m
[[ { L {> registry is inside of
- . the same File R1<-R1

Registry? 0O 1 Ri1<-RO




Example Register Transfer

* Given two 4-bit registers RO & R1, implement the
following transfers using two control signals SO & S1,
and AND, OR and NOT circuits

— Control SO: R1 <- RY’
— Control S1: R1 <-RO

o [ Jomee

R1<- R1’

0 1 R1<- RO




50 s Joperen

S R Example Register Transfer

0 1 R1<- RO

SO |S1 | QO(RO) QO(R1) DO(RO) DO(R1) Load Load
Enable for | Enable for
RO R1

or R

QO(RO)QO(R1) QO(RO)QO(R1) O




50 51 | oparton

B Example Register Transfer

0 1 R1<- RO
- -
S0S1 S0S1

DO(R1) X 0 X 1 :c_ocalraglEnable 0 1 0 1

X 0 X 0 0 1 0 1

QROQORL) x 1 x 0  QOROQRL 0 1 0 1

X 1 X 1 0 1 0 1

D.(RO) =anything;1=0,1,2,3
D.(R1) =S0*Q.(R1) +S1*Q.(R0)
_OAD(R0) =0

 OAD(R1) =S0®S1




Example Register Transfer

D.(RO) = anything;1=0,1,2,3
D.(R1) = S0*Q,(R1) + S1*Q, (RO)
_OAD(R0) =0
_OAD(R1) =S0®S1




Data Path Design: — [
Function Unit — )
7

REGISTER FILE

MEMORY

A B
ADDRESS ADDRESS 47L

A
CONSTANT IN et

I
|
|
|
|
|
DATAPATH : 4 }%
|
| 1 0 I
|
|
|

CONTROL UNIT

A

MD SELECT l

..________________|
A 4

ADDRESS OUT
DATA OUT

INPUT/OUTPUT

FUNCTION UNIT
CONTROL

SIGNALS N

CONTROL
INPUT

——~—> CONTROL UNIT

DATAPATH

STATRS
SIGNARS

CONTROL

il DATA INPUTS MD SELECT 1 0

MUXD




Data Path Design: Function Unit

* Function unit does the following:

— Gets inputs from the Register File
— Performs arithmetic, logical and shift dBUSA Isusa 7

n

micro-operations SN A B
— Outputs to the Register File 4
V dr—
— Controls inputs for selecting functions by ¢+ FUNCTION UNIT
. . N ———
using Function Select (FS) i .
— Provides information back to the control :

unit about Status (V, C, N, Z) {



Status Bits

V — overflow bit

— 1~ overflow, 0 ~ no overflow
C —carry bit

N — sign bit

— 1 ~ negative number, O ~ positive number

/ — result of compare to zero operation

— 1 ~result is zero, 0 ~ result is non-zero



Function Unit Model and Function Select Bits

/Ir BUS A i
"l BUS B
A

A"
C ¢ FUNCTION UNIT
N ——
' ARITHMETIC/

Z et LOGIC UNIT (ALU) SHETER
F : -
i : — | Iy | —
DATAINn l ni/ <NE G
. / /
Z ZERO n
* FS=(G Select, H Select, L oercr [
MF Select)

 Note: N —sign bitis the ;
left mostbitof ALU N\ s Zons ios s ool coi s dan sns 3
output

WHAT DO FS BITS ACTUALLY CONTROL?



Function Select Bits

* Goal: To encode micro-operations applied to A and B,
and add copy/move micro-operation

F=A+B Addition
F=A’+1 2’s complement
F=A+B’+1 Subtraction
F=A+1 Increment register

 ARITHMETIC .
F=A-1 Decrement register

LOGIC twi egisters
F=A N\ B Bitwise AND registers A & B
F=A V B Bitwise OR are involved =>
F=A ® B Bitwise XOR ioTE ey
operation is

F=sI B Shift left needed

F=sr B Shift right



mmmm

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010

1100
1101
1110

©O O O O O O O O o o o

=

Function Select Bits (cont )

0000
0001 XX
0010 XX
0011 XX
0100 XX
MF = F[3]
G[3] = FI3
HIL = P
1X01 XX
1X10 XX
XXXX 00
XXXX 01
XXXX 10

F=A+1
F=A+B
F=A+B+1
F=A+B’

-[2]
G[2] = F[2];G[1] = F[1];G[0] = F[0]

H[0] = F[O]
F=A v B
F=A ©B

F=B
F=s|l B
F=sr B

Move A
Increment register
Addition

Addition plus one

Addition with 1’s complement of B

Bitwise OR
Bitwise XOR

Move B
Shift left
Shift right



