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How to describe LLCs

m 4-1 Register Transfer Language
4 Microoperation
e The operations executed on data stored in registers(shift, clear, load, count)

¢ Internal H/W Organization(best defined by specifying)
1. The set of registers o |
2. The sequence of microoperations

3. The sequence control of misrooperations
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The RTL Language

¢ Register Transfer Language
o The symbolic notation used to describe the microoperation transfer among
registers
» The use of symbols instead of a narrative explanation provides an organized and

concise manner

o A convenient tool for describing the internal organization of digital computers in
concise and precise manner
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Registers

¢ Registers : Fig. 4-1
o Designated by Capital Letter(sometimes followed by numerals) : MAR(Memory
Address Register), PC(Program Counter), IR(Instruction Register), R1(Processor

Register)
Figure 4-1 Block diagram of register.
R1 76 5 4 3 2 10
(2) Register R (b) Showing individual bits
15 0 15 . g8 7 0
R2 PC (H) PC (L)
(¢) Numbering of bits (d) Divided into two parts
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Registers

o The individual F/Fs in an n-bit register : numbered in sequence from O(rightmost

position) through n-1

o The numbering of bits in a 16-bit register : marked on top of the box
o A 16-bit register partitioned into two parts : bit 0-7(symbol “L" Low byte), bit 8-

15(symbol “H” High byte)

Figure 4-1 Block diagram of register.

R1

7 6 5 4 3 2 10}

(a) Register R

15

15

(b) Showing individual bits

R2

PC (H) PC (L)

(¢) Numbering of bits

(d) Divided into two parts
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RTL Explanation

¢ Register Transfer : Information transfer from one register to another

¢ R2 « RI (transfer of the content of register R1 into register R2)
» The content of the source register R1 does not change after the transfer

¢ Control Function : The transfer occurs only under a predetermined control condition

if (P =1) then (R2 « R1) }_ """""
P:R2« Rl

T:R2<RLRI«<R2 oo
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RTL Definition

¢ Basic Symbols for Register Transfer : Tab. 4-1

Letters(and numerals) Denotes a register MAR, R2

Parentheses ( ) Denotes a part of aregister R2(0~7), R2(L)

Amow <— Denotes transfer of nformation  R2 <— Ri

Comma Separates two microoperations  R2 <—R1, R1 <—R2
Example:

Figure 4-2 Transfer from R1 to R2 when P = 1.

Control P Load

OpI:Dde lllllllllll .l:.fjl- . : -
‘ circuit R2 3

Clock

Meaning;: /} n In RTL.:
If P then R2 «— R1 R1 P:R2 <« Rl
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RTL meaning

t t+1
Clock —I_I I I I
P Load / [
Transfer occurs here
(b) Timing diagram
Example:
Figure 4-2 Transfer from R1 to R2 when P = 1.
J— aitr Control P Load
P " circuit EE— R2 < Clock

P:R2 « R1 R1
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RTL timing

t+ 1

N ]

P Load / [
Transfer occurs here

* The clock is not included as a variable in
the register transfer statements

— It is assumed that all transfers occur during a
clock edge transition.
 The control condition such as P becomes
active just after time t

* The actual transfer occurs when the
register is triggered by the next positive
transition of the clock at time ¢ + 7.
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Reminder

An n-bit counter with parallel load

n n
Data out Data in
TABLE 2.5 Function Table for the Register of Fig. 2-11
—
Clock Clear Load Increment Operation
No change

Increment count by 1
Load inputs I through I

!
!
!
t Clear outputs to 0

- D 0
oo o =
A L
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Another Reminder

Figure 4-6 4-bit binary adder.
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Another Reminder

4 4

4

Figure 4-6 4-bit binary adder.
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A structure consists of
set of common lines
(one for each bit of a
register) through which

ata is transferred
among them, from one
source register at a
time.

®16



The BUS

A structure consists of

Control signals set of common lines

determine which (one for each bit of a

source register is register) through which

selected during each data is transferred

particular register among them, from one

transfer source register at a
time.




The BUS

Control signals
determine which
source register 1s
selected during each
particular register
transfer

R1

'Y X R8

BUS
R8 « R2
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The BUS

Control signals
determine which

source register 1s
selected during each
particular register
transfer
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The BUS

Constructed by
using multiplexers
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_ = O O

_ O = O

e BUS - MUX

Figure 4-3 Bus system for four registers.

\ ]

= 4- line
common
S > bus
56 ——
> 4x1 > 4x1 —> 4x1 4x1
- MUX 3 - MUX 2 - MUX 1 - MUX0
3 2 1 0 3 2 1 0 32 1 0 3 2 1 0
R R Pt
A D, C; By A, D, C, B, A Dy Cy By Ap
C D, D, Dy C, C GCo B, B, By A A Ay
3 2 1 0 3 2 1 0 32 1 0 32 1 0
Register D Register C Register B Register A



The BUS Transfer in RTL

o The content of register C is placed on the bus, and the content of the bus is
loaded into register R1 by activating its load control input

Simply R8 « R2

'Y X | IR

BUS
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The BUS

Constructed by
using Tri-states
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The BUS - Tristate

e Tri-state buffer gate : Fig. 4-4
» When control input =1 : The output is enabled(output Y = input A) 2 logic states
» When control input =0 : The output is disabled(output Y = high-impedance)

Normal - /— If C=1, Output ¥ = A

input A ] It C=0, Output = High-impedance
Control

input C

0 0 high imp.
0 1 0
1 0 high imp.
1 1 1
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The BUS - MUX

Figure 4-3 Bus system for four registers.

Y

= 4- line
common
S ™ bus
So

> 4x1 > 4x1
o Muxs | mux2
32 1 0 3 2 1 0
IS T T T T
D, C; By A
D, D, Dy C C G
3 2 1 0 3 2 1 0 2 1
Register D Register C Register B

Register A
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Construct a MUX with a Tristate

A bus line for
one bit
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The MEMORY

input data output data

address
n

2nwords

read

write

m bits = one word
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The MEMORY - read

0000000001

10000000
input data 10010101 output data

address Memory 2" words

m=8 n=10

8 bits = one word What is the
size of the

ReadinRTLis DR MARI 76700
bits? 210 x 8

28



The MEMORY - write
0000000001

‘ 10000000
input data 10010101 output data

address Memory

m=8 n=10

write

8 bits = one word

\ ®29



