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Storage Components:
Registers Flip-flops ibis g oilusloe llee 3515

Execution (Processing) ¥
Components:
Arithmetic Logic Unit
(ALU): Arithmetic
calculations, Logical
computations,
Shifts/Rotates -

Transfer Components: \

Bus

Register
File

Control Unit

Control Components:
Control Unit
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v Instruction format
v" The instruction Set

v Addressing modes

v’ Register organization




v Accumulator machine

v' Register machine

v" Stack machine
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Data registers »
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index register v
segment pointer v
stack pointer v
Condition codes (flags) »
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Load
(7 lines)
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Load
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Binary Code

000

001

010

011

100

101

110

111
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OPR Select

Operation

00000

Transfer A

00001

Increment A

00010

A+B

00101

A-B

00110

Decrement A

01000

A.B

01010

OR A andB

01100

XORAB

01110

Complement A

10000

Shift Right A

11000

Shift Left A
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010 (011|001 | 01000

SELA SELEB SELD OPR

1. SEL A =010. So, MUX A transfer the content of R2 into bus A.
2.SELB=011. So, MUX B transfer the content of R3 into bus B.
3. OPR =01000. So, ALU performs addition.

4. SEL D = 001. to transfer the result in register R1.
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Block diagram of a 64-word stack.
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PUSH b
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ADD R\, A, B R\ < M[A] + M[B]
ADDRY,C, D RY < M[C] + M[D]

MUL X, R), RY M[X] € R\ x RY
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MOV R), A R\ € M[A]
ADD R\, B Rl € R\ + M[B]
ADD RY, D RY €< RY + M [D]

MUL R), RY R\ €< Rl x RY

MOV X, R\ M[A] € R)
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LOAD A AC < M[A]
ADD B AC €< AC + M[B]
STORET M[T] €« AC
LOAD C AC €« M[C]
ADD D AC < AC + M[D]
MUL T AC < AC x M[T]

STORE X M[X] € AC
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Push A
Push B
ADD
Push C
Push D
ADD
MUL
POP X
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ADD R2,R1
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Register Memory

Increment

Instruction
ADD R1=400
—RIl a0 | g
o AL eor |
i.e., R1=401 =
v
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Register Memory
Instruction

ADD R1=400

{R1)1 ‘—'39 1099H

1088H

decrement
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MOV AX,[Vooo]

Instruction

ADD A
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Effective Address= address part of instruction + content of PC

313,18 ygiwd (550355 )5 Gy )T & (sl o Ja=ll)giwd )3 w23 wysl

Instruction

Opcode BR l 2

100+2=102=E4

=102 Operand
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1394 (50 Juolo dguiue 630l INdeEX yiumuz) 4S5 Hoguaie
Effective Add.= address part of instruction + content of index register

)3 @ 8315 Egpid Joo a5 3940 (50 03l T ey (gl 6315 & Lwyiwd (glp B9y (2] j] Ygano
Index jroieTg) .b.wgJ ég)w Joo b)b_) d)90 031> dlold 9 .)94» &) Uap.m.o L}Aﬂ]l)giw.) )» ahol>

23)S (50 S
10
Memoaory
10+2=12=EA
12 i

Instruction
Opecode IR
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5 eslaiwl 69 5> gy 93 ol Wglal dgd (o edldiwl L Wl I Hasls

Effective Add.= address part of instruction + content of Base register

Instruction
Opecode IR

10
. Memaory
Base register
10+2=12=EA
12 i
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Address Memory

200
201
202

Load to AC h-[ode

Address =500

Next instruction

Addressing Effective
Mode Address

Content
of AC

Direct address
Immediate operand
Indirect address
Relative address
Indexed address
Register

Register indirect
Autoincrement
Autodecrement
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Q-
Address Memory SRS
200 | Load to AC h-[ode
201 Address =500
202 Next instruction

Addressing Effective Content
Mode Address of AC

Direct address 500 /* AC « (500) */ 800
Immediate operand

Indirect address

Relative address

Indexed address

Register

Register indirect

Autoincrement

Autodecrement
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Address Memory

200
201
202

Load to AC h-Iode

Address =500

Next instruction

Addressing Effective
Mode Address

Content
of AC

Direct address 500
Immediate operand -
Indirect address

Relative address

Indexed address

Register

Register indirect
Autoincrement
Autodecrement

7 AC « (500)
/* AC « 500

*f 800
*/ 500
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Address

200
201
202

Memory

Load to AC h-Iode

Address =500

Next instruction

Addressing Effective
Mode Address

Content
of AC

Direct address 500
Immediate operand -
Indirect address 800
Relative address

Indexed address

Register

Register indirect
Autoincrement
Autodecrement

7 AC « (500)
/* AC « 500
* AC « ((500))

*f 800
*/ 500
*/ 300
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Q-
Address Memory SRS
200 | Load to AC h-Iode
201 Address =500

202 Next instruction

Addressing Effective Content
Mode Address of AC
Direct address 500 /* AC « (500) */ 800
Immediate operand - *AC « 500 */ 500
Indirect address 800 * AC « ((500)) ') 300
Relative address 702 /* AC « (PC+500) =/ 325
Indexed address
Register
Register indirect
Autoincrement
Autodecrement
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Q-
Address Memory SRS
200 | Load to AC h-Iode
201 Address =500

202 Next instruction

Addressing Effective Content
Mode Address of AC
Direct address 500 * AC « (500) 800
Immediate operand - *AC « 500 500
Indirect address 800 I AC « ((500)) 300
Relative address 702 * AC « (PC+500) 325
Indexed address 600 I* AC « (XR+500) 200
Register
Register indirect
Autoincrement
Autodecrement
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Q-
Address Memory SRS

200 | Load to AC h-Iode

201 Address =500
202 Next instruction

Addressing Effective Content
Mode Address of AC
Direct address 500 * AC « (500) 800
Immediate operand - *AC « 500 500
Indirect address 800 I AC « ((500)) 300
Relative address 702 * AC « (PC+500) 325
Indexed address 600 I* AC « (XR+500) 200
Register - /*AC «R1 400
Register indirect
Autoincrement
Autodecrement
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Q-
Address Memory SRS
200 | Load to AC h-Iode
201 Address =500
202 Next instruction

Addressing Effective Content

Mode Address of AC
Direct address 500 /* AC « (500) */ 800
Immediate operand - *AC « 500 */ 500
Indirect address 800 * AC « ((500)) ') 300
Relative address 702 /* AC « (PC+500) =/ 325
Indexed address 600 * AC « (XR+500) >/ 200
Register - M AC «R1 =/ 400
Register indirect 400 *AC + (R1) =/ 700
Autoincrement
Autodecrement
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Q-

Address Memory SRS
200 | Load to AC h-Iode

201 Address =500
202 Next instruction

Addressing Effective Content

Mode Address of AC
Direct address 500 * AC « (500) 800
Immediate operand - *AC « 500 500
Indirect address 800 I AC « ((500)) 300
Relative address 702 * AC « (PC+500) 325
Indexed address 600 I* AC « (XR+500) 200
Register - /*AC «R1 400
Register indirect 400 *AC « (R1) 700
Autoincrement 400 I AC « (R1)+ 700
Autodecrement
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Q-
Address Memory SRS
200 | Load to AC h-Iode
201 Address =500
202 Next instruction

Addressing Effective Content

Mode Address of AC
Direct address 500 * AC « (500) *f 800
Immediate operand - *AC « 500 */ 500
Indirect address 800 I AC « ((500)) *f 300
Relative address 702 [* AC « (PC+500) =/ 325
Indexed address 600 I* AC « (XR+500) */ 200
Register - /*AC «R1 =/ 400
Register indirect 400 *AC « (R1) =f 700
Autoincrement 400 I AC « (R1)+ =/ 700
Autodecrement 399 *AC « -(R) ') 450
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Name

Mnemonic

Load
Store
Move
Exchange
Input
Output
Push

Pop

LD
ST
MOV
XCH
IN
OuUT
PUSH
POP

h
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O30 Hgiwd gl 23 ()3T Clls> Cuio

Assembly )

Mode I o Register Transfer
Direct address LD ADR AC €M|[ADR]
Indirect address LD @ADR AC €< M[MJADR]]
Relative address LD SADR AC € M|PC + ADR]
Immediate operand LD #NBR  AC € NBR
Index addressing LD ADR(X) AC € M|ADR + XR]
Register LD R1 AC € R1
Register indirect LD (R1) AC € M|R1]
Autoincrement LD (R1)+ AC € M|R1],R1 € R1+1
Autodecrement LD -(R1) R1 € R1-1,AC € M|R1]
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Pz Jglaio wlygiws

Name Mnemonic

Increment INC
Decrement DEC
Add ADD
Subtract SUB
Multiply MUL
Divide DIV
Add with Carry ADDC
Subtract with Borrow SUBB
Negate(2’s Complement) NEG
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o (69) Oldac g (Sabie Wlygiwd

Name Mnemonic

Clear CLR
Complement COM
AND AND

OR OR
Exclusive-OR XOR

Clear carry CLRC

Set carry SETC
Complement carry COMC

Enable interrupt El
Disable interrupt DI
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Name Mnemonic

Logical shift right SHR
Logical shift left SHL
Arithmetic shift right SHRA

Arithmetic shift left SHLA
Rotate right ROR
Rotate left ROL
Rotateright thiru carty RORC
Rotate left thru cairy ROLC
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aoliyy JyiiS Jolaio wl)giw

Mnemonic
BR
JMP
SKP
CALL
RTIN

Compare(byv-)
Test (by AND) TST

+1

In-Line Sequencing

(Next instruction is fetched from the
next adjacent location in the memory)

Address from other source; Current Instruction, Stack, etc
Branch, Conditional Branch, Subroutine, etc




Name

Mnemo nic

Branch
Jump
Skip
Call
Return

Compare(by-)

Test (by AND)

BR
JMP
SKP
CALL
RTN
CMP

Mnemonic Branch condition

Tested condition

TST

BZ
BNZ
BC
BNC
BP
BM
BV
BNV

Branch if zero
Branch if not zero
Branch if carry
Branch if no carry
Branch if plus
Branch if minus
Branch if overflow
Branch if no overflow

<<Cﬁ”ﬁ?00NN
1] Il
= Nl — N

Status Flag Circuit

C7

{* {

<5

VI]zZI]s IC]

Cg

F,

8-bit ALU
F;-F,

Check for
Zero output

Unsigned compare conditions (A - B)

BHI
BHE
BLO
BLOE
BE
BNE

Branch if higher

Branch if higher or equal
Branch if lower

Branch if lower or equal
Branch if equal

Branch if not equal

>
ANV
===

Signed compare conditions (A - B)
BGT
BGE
BLT

BLE
BE
BNE

Branch if greater than
Branch if greater or equal
Branch if less than
Branch if less or equal
Branch if equal

Branch if notequal
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register addressing
direct addressing
register indirect addressing

displacement addressing
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Design \9A% —19A4

Y& MHz, ¥Y MHz

.Y M transistors

\.o micron

& stage pipeline

Unified A KByte code/data

cache (write-through)

First IA-YY processor capable
of executing \ instruction per

clock cycle

Intel FAF™ DX CPU

fh




Design 19A19 — 149y

7o MHz, #7 MHz

Y.\ M transistors

o.A micron

& stage pipeline

A KByte instruction and A

Kbyte data caches (writeback)

Branch predictor

Pipelined floating point

First superscalar |A-YY: capable
of executing Y instructions per

clock

Pentium® Processor

h




Design 1996 —144Y

YYW MHz, Y% MHz, Yoo MHZ
Y.0 M transistors

o.Y® micron

\¥ KByte L\l, \# KByte L\D, &Y

KByte off-die LY

First compaction of P?

microarchitecture

Pentium® |l Processor




Introduced: 1944

FOdo MHz, Gcoc MHz, OV
MHz, $ooMHz

1.0 M transistors

o.Y® micron

\¥ KByte L\, ¢ Kbyte L\D,
O\ KByte offchip LY
Addition of SSE
instructions.

SSE: Intel Streaming SIMD
Extensions to the xA# ISA

Pentium® Il Processor (Katmai)

h




Introduced: 1944
GooMHz ... WWYMHz
YA M transistors

o.\A micron

¥ KByte L\, \# Kbyte
L\D, Y&FKByte on-
chip LY

Integrate LY cache
on chip, It topped out
at \GHz.

Pentium® Il Processor (Coppermine)

pentium® w..

BISAY5-8973 03835

fh
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Pentium® IV Processor

Introduced: Yooo

L.WGHz ... YGHz ... Y. FGHz
FYM .. OOM .. WO M
transistors

o)A ... o)W . 0.09 micron
Latest one: \¥ KByte L\, \#
KByte L\D, \M on-chip LY

Very high clock speed and

SSE performance




Design 199 — Yooo
YWY MHz, Aoo MHZ
Y® M transistors
o.\A micron

Y levels of cache

v 1% KByte LI, \# KByte L\D
v' 9% KByte LY
v' ¥ MByte off-die LV

Superscalar degree ¥¢,

in-order
machine
First implementation of #¥F-bit

[tanium architecture

Intel® Itanium® Processor

h




Intel® Itanium Y® Processor

Introduced: YooY
\GHz

Y'Y\ M transistors
o.\A micron

v" V¥ levels of cache

v' Y'Y KByte I&D L\

v’ YOF KByte LY
integrated \.0MByte LY
Based on EPIC architecture
Enhanced Machine Check
Architecture (MCA) with extensive
Error Correcting Code (ECC)




199Y: Pentium

8 KByte I-cache
and 8 KByte D-cache

Cache Size Becoming Larger and Larger

199Y: Pentium-lI Yoo¥: Itanium-Y

16 KByte L1l, 16 Level 1: 16K KByte Icache,
KByte L1D 16 KByte D-cache
512 KByte off-die L2 Level 2: 256 KB

Level 3: integrated 3 MB

or1.5MB

fh




Motorola's PowerPC™ 604 RISC Microprocessor

JTAG | COP.

HETRUCTION
CACHT

: “L!

M |MA oaTAl

Y uuy

=

FETCH
AND
BRANCH UNIT

nus
INTEAFACE
UNIT

DATA CAGHE

=1

FLOATING POINT I——

REGISTERS

—l ;

FLOATING POINT.
uNT

LOAD/ STORE
UNIT

FETCH

INSTRUCTION

INSTRUCTION
DECODE

BRANCH
PREDICTION
LOGIC

el

LOGIC

BUS INTERFACE

»=

DISPATCH
AND
COMPLETION UR$ T

() WTEGER UniT

INTEGER UNIT

| GENEAAL PURPOSE
: | REGISTERS
i

INVEGER UNIT.

DATA
TLB!

SUPERSCALER
INTEGER
EXECUTION

UNITS

Motorola’s PowerPC 604

MP LOGIC

COMPLEX
INSTRUCTION
SUPPORT

PIPELINED
FLOATING
POINT

Pentium




Intel Pentium 4 Northwood

Buffer Allocation ¢ Execution Pipeline Start Instruction Trace Cache Trace Cache Acce

Register Rename next Address Predict

uOp Schedulers 1 {3 .| % -t
13 | R Bl 411
. S e — l.fl

FP Move Sche

mu [T n ]
(818 dependency matrix o

Parallel (Matrix) Sch
« th

Instruction Fe
from L2 cache and
Branch Prediction

e i i1 i
~256 kByte | | 3 |- 256 kByte -
L2 Cache § ot L2 Cache ™R
i Cache. e Front Side Bus Intc
face, 400..800 MHz

April 19,2003 www.chip-architect.com




Intel Pentium 5 Prescott

Trace Cache Acce Instruction Trace Cache Execution Pipeline Start Buffer Allocation ¢
next Address Predict q it Ju""‘-' : Register Rename
race Ca Ic N Re: Alias Hist o~
4 : r Alia

e uOps )

16k uOps
128 kByte

Retum Stacks (4 x16 entrie
Trace Cache next IFs (4

8 way set

Instruction Decoder [§ |» = associive

BxS12sets, | uControl

; Matrix) Sc
of 4 uOps RAM/ROM

uble pumped ALL

(from max. one X$6 i
Instructions with mor
handled by Mi
Raw Instruction By

S I[™ M
x8 depen
Data TLB, 64 2 dope

Load / Store Lin

(8x8 dependency matrix)

pages. In: Virtua

FP, MMX, SSEI..3

Floating P

Out: Physical ad
page level b

Instruction Fet

from L2 cache and Ll -

Branch Prediction gt 512 KByle ot | (2 512 §Byte bt

3 L2 Cactfe t 41 g ' 12 Cactic 4 4 LA
Bljc! 2 Batirag | |x|§.-~

| |

' | ! :

Front Side Bus In ! ] | Dooble Pumped AL

face, 533..800 MHz - n

(13) Databus multiplex der B ®
(14) Cache Line Read / Write Transferbufer 2) 16kByte Lev (9) Load Buffer (

April 19,2003 www.chip-architect.com 56 bit wide bus to und from L2 cache

10) Store B
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