RISC (Reduced Instruction Set Computer)

= Reduced Instruction Set Computing (RISC), is a
microprocessor CPU design philosophy that favors a
smaller and simpler set of instructions that all take
about the same amount of time to execute.
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Instruction Pipeline
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= |nstruction pipelining is a method for increasing the throughput
of a digital circuit, particularly a CPU, and implements a form of
instruction level parallelism.

= The idea is to divide the logic into stages, and to work on
different data within each stage.

= |f you have two loads of laundry to do, you can either wash the
first load and then dry the first load, before moving onto the next,
or, you can wash the first load, and when you put it in to dry,
you can put the next load into wash. |f each step takes 20
minutes, then you will finish in 60 minutes instead of 80.

= A pipelined digital circuit works the same way. Data enters the
first stage, and takes some time to process. When the data
finishes the first stage, the clock ticks, and the intermediate
results are latched into registers at the head of the next stage,
while the next set of data enters the beginning of the first stage.
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Harvard Architecture
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= The term Harvard architecture originally referred to computer
architectures that used physically separate storage and signal
pathways for their instructions and data (in contrast to the von
Neumann architecture).

= |n a computer with a von Neumann architecture, the CPU can be
either reading an instruction or reading/writing data from/to the
memory. Both cannot occur at the same time since the
instructions and data use the same signal pathways and memory.

= In a computer with Harvard architecture, the CPU can read both
an instruction and data from memory at the same time. A
computer with Harvard architecture can be faster because it is
able to fetch the next instruction at the same time it completes
the current instruction. Speed is gained at the expense of more
complex electrical circuitry.

Korea University of Technology and Education

Types of Memories
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= Volatile —Memory units lose the stored information
when power is turned off.
=« Random access Memory (RAM)—each word occupy one
particular location. the access time is always the same.

« Static RAM —The stored information remains valid as long as
power is applied to the unit. Static RAM is easier to use and has
shorter read and write cycles.

= Dynamic RAM-The capacitors must be periodically recharged by
refreshing the dynamic memory. Dynamic RAM offers reduced
power consumption and larger storage capacity.

= Nonvolatile—A nonvolatile memory retains its stored
information after removal of power.
= Magnetic disk
= ROM (Read Only Memory)
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Random-Access Memory
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= [he address lines select one
particular word.

s A decoder inside the memory
accepts this address and
Memory unit opens the paths needed to

Read ——>] 2k words select the word specified
n bit per word

L n data input lines

k address lines —— >

Write ——

l n data output lines

Fig. 7-2 Block Diagram of a Memory Unit
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Content of a 1024x16 Memory
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Memory address

Binary decimal Memory contest
= The 1K * 16 memory has
0000000000 0 1011010101011101 o
10 bits in the address and

0000000001 1 1010101110001001 16 bits in each word
0000000010 2 0000110101000110
1111111101 1021 1001110100010100
1111111110 1022 0000110100011110
1111111111 1023 1101111000100101

Fig. 7-3 Content of a 1024 X 16 Memory
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Write and Read Operations
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= Write operation

i Transfer the binary address of the desired word to the
address lines.

o. Transfer the data bits that must be stored in memory to the
data input lines.

3. Activate the write input

= Read operation

. Transfer the binary address of the desired word to the
address lines.

o, Activate the read input
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Memory Decoding
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= The equivalent logic of a binary cell that stores one bit of
information

= The binary cell stores one bit in its internal flip—flop

= |t has three inputs and one output. The read/write input
determines the cell operation when it is selected.

Select

Select

_’:D_ S {':)_ Output Input—={ BC [— Output
)
| ==

R T

Read/Write

Input —s

Read/Write

(a) Logic diagram 1 / O (b) Block diagram

Fig. 7-5 Memory Cell
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Internal Construction
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Input data
Word 0 ? ? ! 1 .
4 words of 4 bits
y»| BC |~ ¢ BC | = BC | v~ BC |y .
=16 binary cells
i 1 1 1 )
Address
inputr: Word 1 i i i Y
2% 4 = BC > ¢ BC> ¢ BC> &> BC >
decoder f t t *
Word 2 I 7 7 ¥
v BC [ v BC [ v BC |> v BC |
Memory EN 1 1 1 +
enable 3
Word 2 I 7 1 }
‘= BCl>{ Y BCp S BCp 5 BC >~
Read/Write 1 l : 4
Output data

Fig. 7-6 Diagram of a4 X 4 RAM
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Read—-0Only Memory
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ROM = AND gates connected as a decoder + a number of OR gates

0

1

Ty —— 5
Iy —— 3
I 5% 32 '
- decoder
I3 — 28
7 29
30

31

PYYYYY

A, A Ay Ay  A; Ag

Fig. 7-10 Internal Logic of a 32 X 8§ ROM
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ROM Truth Table (Partial)
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Table 7-3
ROM Truth Table (Partial)
Inputs Outputs
4 13 12 1N 10 A7 A6 A5 A4 A3 A2 Al A0
0 o o 0 0 I 0 | 1 0 1 1 0
0 o 0 0 | () () 0 | 1 I ( 1
o o o 1 0 1 1 0 0 0 | 0 |
0 0 0 I 1 1 0 1 | 0 0 1 0
1 | 1 0 O 0 0 0 0 1 0 0 1
1 1 l 0 I | 1 I 0 0 0 I 0
1 I l | 0 0 I 0 0 1 0 I 0
1 l l l | 0 0 1 l 0 0 l I
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Combinational Circuit Implementation
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L11 /"0’
5 )
A\

-"il —

- :

5x32
decoder
28

29

Iy —

YYYVYVWY

Asq Ag As Ay Aj Aj Ay Ag

Fig. 7-11 Programming the ROM According to Table 7-3
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Types of ROMs

= PROM: Programmable Read-Only Memory
= Irreversible and permanent
= EPROM(Erasable PROM)
= can be restructured to the initial value (UV light—>discharge)

s EEPROM(Electrically erasable PROM)

= can be erased with electrical signals instead of ultra violet
light.
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EEPROM vs. Flash Memory
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» EEPROM
= 1HIOIE write & MHOICH £&=ms Ol & 0] 2R &
s AAIZIOZ2 AIEE = HAE J&Eole N2 L AE 222

ANE =2ts

» 2SO Mol =2 30 AtEote Jls, &8s HE 74X
fe SRt €8 ¢t MES= AME

= Flash Memory

= HOIXl 2% writing J|s8t=2 JtXl= EEPROM

« HIOIE ©2IZ2 read Jts, but block (page, sector) &t 2 8¢
write Jts

= Block 3J|: 64, 128, 256 HI0|E ~ 128KB

« EEPROMECLCH HIZ2| Aol 22t 2tEGHH EXM (HEE S
cl AXNE 2tE=0 HE

= 1JH2] block 8N E writeot=Ul =ms & 2222, HEE O
Ol E1 E writedt= A0 EEPROMELCH &M M= CH

Jidn
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