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Background: Major Advances

__________________________ @___________________________

Separate architecture from
IBM System/360 1964
DEC PDP-8

Ease the design for control unit

Suggested by Wilkes 1951
Produced by IBM S/360 1964

IBM S/360 model 85 1969




Major Advances in Computers(2)

__________________________ @___________________________

Introduces parallelism into fetch execute cycle

Dramatic departure from the historical processor
architecture

Driving force for CISC

__________________________ @___________________________

CISC- omplex nstruction et omputer
Why CISC?

far exceed

Increasingly complex (HLL):
structured programming or object-oriented design,

Difference between operations
provided in HLLs , lead to complier complexity
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Driving force for CISC

__________________________ @___________________________

To close the gap, Leads to:

of HLL statements
=e.g. CASE (switch) on VAX

Intention of CISC

__________________________ @___________________________

compiler writer

, because complex
operations can be implemented in microcode

|

A different approach of the studies results is to make
the architecture that
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Why CISC ?

__________________________ @___________________________

Program takes up

But memory is

to be fetched, reducing

in symbolic machine language
= More instructions in CISC

= RISC tend to , and register references

Why CISC ?

__________________________ @___________________________

control unit
Microprogram control store

thus simple instructions

It is far from clear that CISC is the appropriate

solution
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The Next Step - RISC

__________________________ @___________________________

RISC- educed nstruction et omputer

Key features

of , or use of
compiler technology to optimize register use

instruction set
Emphasis on

Key Points

__________________________ @___________________________

The simple instruction set of a RISC allows
because

A RISC Instruction Set architecture leads itself to

the (instruction are
rearranged to occur later so to improve pipeline
efficiency).




CISC VS. RISC

Comparison of processors

Complex Instruction Set Reduced Instruction Superscalar
{CISC)Compuicr Set (RISC) Comp uter
Characteristic BM VAX Intel SPARC MIPS | PowerPC | Ulia MIES
F0/6E | LL/7BO BO4B6 RA4000 SPARC | R10000

Year developed 1973 1978 1989 1987 1991 1993 1996 1996

Number of 208 303 5 69 94 225

instructions
[Tastruction sice (byles> 26 257 1-11 4 + + 4 4
P —

Addressing modes > + » 1 L L 2 L L
FFumber of general” 16 16 g 10-5%0 2 12 40-520 £
~purpose registers

Control memory size 420 480 M —_ — — — —

(Kbits)

Cache size (KBytes) 64 &+ B 32 128 16-32 k) 64
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Execution Characteristics of RISC

__________________________ @___________________________

The development of RISC was based on the
study of

= determine functions to be performed and interactions
with memory

= determine memory organization and addressing modes

= determines the control and pipeline organization

Execution Characteristics

__________________________ @___________________________

The following table summarizes

All of the results are based on dynamic measurements.
Vocabulary

are measured

merely perform these counts on




Relative Dynamic Frequency

7N
................. —— T
Dynamic Instruction Weighted
Occurrence Weighted

Pascal

Pascal

Pascal C

ASSIGN

45% 14%

Operations

__________________________ @___________________________

The results from the table suggest that:

, movement of
data is of high importance

Preponderance of (IF, LOOP)

The results are representative for the CISC
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Operands

__________________________ @___________________________

The of occurrence of classes of

Maijority are (non-composite) variables
Optimization is the mechanism for

Procedure Calls

__________________________ @___________________________

Is the most , it is profitable to improve
these operations efficiently.

Two aspects are significant:

that a procedure
deals with

The

Most procedures were passed
and used

A high proportion of operand references is




Implications

__________________________ @___________________________

Making instruction set architecture close to all
HLL is not most effective design strategy (

)
Best support is to

of typical HLL
programs

From the work of a number of researchers,

Implications

__________________________ @___________________________

Operand referencing optimization coupled with
locality of references = memory references
reduced

Conditional branch and procedure call

2016-12-08
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Use of a Large Register File

__________________________ @___________________________

From the analysis

Large number of assignment statements in HLL
program, A<B

Most accesses to local scalars

Heawy reliance on register storage is suggested

allows the
and minimizes the register-memory
operations

Registers for Local Variables

__________________________ @___________________________

Store local scalar variables
Reduces memory access

Some problems
Every procedure call changes locality

On return, the local variables from the calling program
must be , so the variables
from calling programs are restored.

11



RISC Characteristics

__________________________ @___________________________

One Instruction Per Machine Cycle

__________________________ @___________________________

, defined to be
two operands from registers

an ALU operation
the result in a register
With one-cycle instructions,

Machine instructions can be

2016-12-08
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Register-to-Register Operations

__________________________ @___________________________

Most operations is

Only accessing memory
instruction set and control unit
RISC include only ADD instructions
While VAX has  different ADD instructions
Encourages the
Frequently accessed operands remain

Simple Addressing Modes

__________________________ @___________________________

Almost all RISC instructions use simple

May include several additional modes

13



Simple Instruction Formats

__________________________ @___________________________

and aligned on

, are fixed

and
accessing can

Simplify control unit

Typical of a RISC

A single (typically
A small number of
(typically

No operations that
arithmetic

No more than one
per instruction

2016-12-08

14



RISC Pipelining

__________________________ @___________________________

RISC: Most instructions are register to register
of execution

E: (ALU operation with register input and
output)

For load and store:

(Calculate memory address)

(Register to memory or memory to
register operation)

Effects of Pipelining

Only one memory access per phase

""" R e s R
sowi i fmEs i e s v @ ED
coapl I e oA @ E
woe bbb ] e
X P [IE] Branch X M
12345678910111213 ~ woop g
D B B e o arow v

(a) Sequential execution 12345678
(b} Two-way pipelined timing

O

10

ting two memory access per phase

||||| Load A [ R R

Load B M 2Dy 0
i i
NOOP [ A o

I
C A+
.....

M (. 1 1 ] 1

Add

Store

||||| 1 Branch X [ I |

NOOP

NOOP
() Three-way pipelined timing 12345678910
(d) Four-way pipelined timing
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Effects of Pipelining

Load rA+ M
Load B« M
Add rCerhA + 1B
Store M« C

Branch X

Two-stage Pipelining

Load rAeM [I[EIRI |
Load B« M L E)IE D i
Add  CerA+ B [ T H)IE g
Store MeoC [ [P [MIPUTJE]D,
Branch X I EOEE
NOOP BN I
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Three-stage Pipelining

__________________________ @___________________________

Permitting two memory access per phase

Four-stage Pipelining

Load rA+« M I |E, [E4|Iy

B+ M I [E
NOOP 1|[E,IE,
NOOP, I|E

Ce—rA + B N JE (A
Store M C 1|E; D
Branch X I |Ey|E;5
NOOP I|[E;|E4
NOOP 1JE,\E,

17
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Optimization of Pipelining

__________________________ @___________________________

Delayed branch

Makes use of a branch until

The instruction location immediately following the
branch is referred to as

Normal and Delayed Branch

__________________________ @___________________________

Address Normal Delayed Optimized
100 LOADX,A LOADXA LOADXA
101 ADD 1,A ADD 1,A

102

103 ADD AB ADD AB
104 SUB C,B ADD AB SUB C,B

105 STOREAZ SUBCB STORE A,Z
106 STORE A/Z

18



Use of Delayed Branch

.
P
5

100 LOAD X, A

101 ADD 1, A

102 JUMP 105

103 ADD A, B

1
105STORE A, Z |

{a) Traditional Pipeline

Use of Delayed Branch

10 LOAD X, A

101 ADD 1, A

102 JUMP 106

103 NOOP )

(b} RISC Pipeline with Inserted NOOP

2016-12-08
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Use of Delayed Branch

=

105STORE A, Z

{c) Reversed Instructions

Controversy

__________________________ @___________________________

Problems

No pair of RISC and CISC that are directly comparable
No

Difficult to separate hardware effects from compiler
effects

Most comparisons done on “

Most commercial devices are a mixture

20



Homework

__________________________ @___________________________

Review Questions: 13.2

Hand in 29t" Nowv.
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