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OPR Select Operation Symbol
00000 Transfer A TSFA
00001 Increment A INCA
00010 Add A+ B ADD
00101 Subtract A — B SUB
00110 Decrement A DECA
01000 And A and B AND
01010 OR A and B OR
01100 XOR A and B XOR
01110 Complement A COMA
10000 Shift right A SHRA
11000 Shift left A SHLA
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e Push
o SP&ESP+
e M[SP]<DR ,EMTY<O0
e f(SP=0) Then (FULL<1)

o POP
e DREM[SP], FULL<O
o SP<SP-1
e if(SP=0) Then (EMTY&1)
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e Push
o SPESP-1
e M[SP]<DR

o POP
e DR<M[SP]
o SP<SP+1
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MOV R1, A R1 €« M[A]
ADD R1, B R1 €« R1 + M[B]
ADD R2, D R2 € R2 + M [D]
MUL R1, R2 R1 € R1 x R2

MOV X, R1 M[A] € R1
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LOAD A AC € M[A]
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STORE T 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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Mode Address
Immediate Operand = A
Register EA=R
Operand EA=(SR)+A

Register Indirect

EA=(SR)+(B)

Based

EA=(SR )+(B) +A

Index EA=(SR )+(l) +A
Scaled Index EA=(SR )+(I)*S +A
Based Index

Based Scaled Index

EA=(SR )+(I)*S + (B)

Based Index with
Displacement

)

)
EA=(SR )+(B) +(1)

)

)

EA=(SR )+(B) +(I) +A

Based Scaled Index
with Displacement

EA=(SR )+(B) +(I)*s
+A

EA = Effective Address
(X) = contents of X

SR = Segment register
A = Contents of an
address field in the
instruction

R =register

B =baseregister

| = index register

S = scale factorB=base
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AND AND AND
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e register addressing
e direct addressing

e register indirect addressing
e displacement addressing
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Intel 486™ DX CPU

e Design 1986 — 1989

e 25 MHz, 33 MHz

e 1.2 M transistors

e 1.0 micron

e 5 stage pipeline

e Unified 8 KByte code/data cache
(write-through)

e First IA-32 processor capable of
executing 1 instruction per clock cycle
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Pentium® Processor

Design 1989 — 1993

60 MHz, 66 MHz

3.1 M transistors

0.8 micron

5 stage pipeline

8 KByte instruction and 8 KByte
data caches (writeback)

e Branch predictor
e Pipelined floating point

e First superscalar |IA-32: capable of
executing 2 instructions per clock
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Pentium® Il Processor

e Design 1995 — 1997
o 233 MHz, 266 MHz, 300 MHz
e /.5 M transistors

e (0.35 micron

e 16 KByte L1l, 16 KByte L1D, 512
KByte off-die L2

e First compaction of P6
microarchitecture
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Pentium® lll Processor (Katmai)

e Introduced: 1999

e 450 MHz, 500 MHz,
533 MHz, 600MHz

e 9.5 M transistors

e 0.25 micron

e 16 KByte L1, 16 KByte | |
L1D, 512 KByte off- *
chip L2

e Addition of SSE
Instructions.

SSE: Intel Streaming SIMD Extensions to the x86 ISA
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Pentium® lll Processor
(Coppermine)

e Introduced: 1999

e S500MHz ... 1133MHz
e 28 M transistors

e 0.18 micron

e 16 KByte L11, 16 KByte
_1D, 256KByte on-chip

e Integrate L2 cache on
chip, It topped out at
1GHz.

68



Pentium® IV Processor :

Introduced: 2000

1.3GHz ... 2GHz ...
3.4GHz

42M ... 55M ... 125 M
transistors

0.18 ... 0.13 ... 0.09 micron

Latest one: 16 KByte L1I,
16 KByte L1D, 1M on-chip
L2

Very high clock speed and
SSE performance
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Intel® Itanium® Processor

Design 1993 — 2000
733 MHz, 800 MHz
25 M transistors
0.18 micron

3 levels of cache

e 16 KByte L1, 16 KByte L1D
e 96 KByte L2

e 4 MByte off-die L3

e Superscalar degree 6, in-order
machine

e First implementation of 64-bit
Itanium architecture
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Intel® Itanium 2® Processor

Introduced: 2002
1GHz

221 M transistors
0.18 micron

3 levels of cache

e 32 KByte I&D L1

o 256 KByte L2

e integrated 1.5MByte L3

e Based on EPIC architecture

e Enhanced Machine Check Architecture
(MCA) with extensive Error Correcting
Code (ECC)

71



Cache Size Becoming Larger and | 33:.
Larger set
1993: Pentium 1997: Pentium-IT 2002: Itanium-2

Level 1: 16K KByte I- @

8 KByte I-cache - 16 KByte L1l,16 @ cache, 16 KByte D-cache
and 8 KByte D- KByte L1D Level 2: 256 KB #
cache

512 KByte off-die L2 ® | evel 3: integrated 3MB @
or 1.5 MB
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Motorola's PowerPC™ 604 RISC Microprocessor

CLOCK DRIVER

INSTRUCTION®
CACHE

" DATA CACHE

INSTRUCTION
DECODE
BUS

INTERFACE
UNIT

‘  COMPLEX
BUS INTERFACE INSTRUCTION

LOGIC SUPPORT

{BRANCH UNIT.

LOAD / STORE
UNIT

FLOATING POINT
REGISTERS

| SUPERSCALER
INTEGER
EXECUTION
UNITS

DISPATCH :
AND i ivrecen unm-| ™ nTEGER UNIT
COMPLETIONUNIT _' e ]
PIPELINED
":l.()‘rrlhICE
. wPOINT .

SERSEONINETES

GENEAAL PURPOSE
. . REGISTERS
LS

FLOATING POINT .
UNIT INYEGER UNIT

MP LOGIC

Motorola’s PowerPC 604 Pentium
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Intel Pentium 4 Northwood

Buffer Allocation ¢ Execution Pipeline Start

Register Rename

Instruction Trace Cache Trace Cache Acces:

next Address Predict

Micro code Sequencer
Micro code ROM & Flash

Trace Cache Distributed Tag comparators
Fill Buffers 24 bit virtual Tags

Register Alias History Tables (2x126)
Register Alias Tables uOp Queuc

Instruction Queue (for
critical fields of the uOps )

General Instruction Addre

Memory Instruction Address Queuc
(queues register entries and latency
fields of the uOps for scheduling)

Floating Point, MM X
Renamed Register File
128 entries of 128 bit.

uOp Schedulers

FP Move Scheduler:
(8x8 dependency matrix)

Parallel (Matrix) Scheduler
for the two double pumped ALU's

General Floating P
Slow Integer Scheduler:
(8x8 dependency matrix)

Load / Store uOp Schedu
(8x8 dependency matrix)

Load / Store Linear Addre
Collision History Table

-

Integer Execution Core

(1) uOp Dispatch unit & Replay |
Dispatches up to 6 uOps / cycle
Integer Renamed Registe
128 entries of 32 bit + 6 status flags
12 read ports and six write ports
Databus switch & Bypasses t
from the Integer Register File.
Flags, Write Back
Double Pumped ALU U
Double Pumped ALU |
Load Address Generator Unit

Store Address Generator Unit

Ll

F &
- LT M

mll““ (1§

e e N —— Y |

| --256-kByte—
8 L2 Cache
img
L

~256 kByte -

L2 Cache

W

e

L EEREE

Trace Cache Branch Predic
Table (BTB), 512 entries.
Return Stacks (2x16 entries)
Trace Cache next IP's (2x)

Miscellaneous Tag Data

Instruction Decoder

Up to 4 decoded uOps

(from max. one x86 instr/cycle
Instructions with more than four
are handled by Micro Sequencer
Trace Cache LRU bits

Raw Instruction Bytes in

Data TLB, 64 entry fully
associative, between threads

I dual ported (for loads and stores)

Instruction Fetc
from L2 cache and
Branch Prediction

Front End Branch |

Tables (BTB), shared, 4096
entries in total

Instruction TLB's 2x

fully associative for 4k and
pages. In: Virtual address [31:1
Out: Physical address [35:12] +
2 page level bits

Front Side Bus Inte
face, 400..800 MHz

Summed Address Index decode and
Cache Line Read / Write Transferbuffers and
256 bit wide bus to and from L2 cache

(11) ROB Reorder Buffer
(12) 8 kByte Level 1 Data cache
four way set associative. IR/1W

Load Buffer ( 48 entries )
(10) Store Buffer ( 24 entries )
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Intel Pentium 5 Prescott

Trace Cache Acces: Instruction Trace Cache Execution Pipeline Start Buffer Allocation
next Address Predict uOp Queue Register Rename

Trace Cache Micro code Sequencer Register Alias History Tables (4x128)
Fill Buffers Micro code Flash & ROM Register Alias Tables

P ———— - . rievgpr wrery

Instruction Queue (for les
Trace Cache Branch Pred fields of the uOps )
l'able (BTB), 1024 entries. $ =T . 1 y . s General Instruction Add
16k uOps . Memory Instruction Address Que
] 128 kByte ) (queues register entries and latency
Trace Cache next [P's (4x) i ficlds of the uOps for scheduling)

Return Stacks (4 x16 entries)

5 8 way sct
Instruction Decoder [ |= + associative uOp Schedulers
La Gran

8x.512 sets,,, “C““tr“l“[ I " Parallel (Matrix) Schedule
of 4 uOps RAM/ROM - - for the two double pumped ALU's

Up to 4 decoded uOy

(from max. one x86 instr/cycl " — 4 (‘nluncml [‘l”‘“.‘“:l I |
1 v * 4 » o1t 15 ~ », »
Instructions with more than four 4 Tag coniparafors .‘\\ut\ iInh,gx;!r Scheduler
: , Micro S . I - e 3x8 dependency matrix)
are handled by Micro Sequencer = = == (8x8 deper y
) : 39 bif virtual Tags

Raw Instruction Bytes in p— FP Move Scheduler
Misc

‘ ;:‘l_k\b 8£x8 depe S s Tha
Data TLB, 64 entry fu | — - . Tag pDatt (8x8 dependency matrix)

associative, between threads
dual ported (for loads and stores)

Load / Store Linear
Collision History Table

Front End Branch Pre 1 =) & Load / Store uOp Sche

Tables (BTB), shared, 4096 I : . (8x8 dependency matrix)

entries in total

Instruction TLB's |

associative for 4k anc - n Fp, MMX, Sbh 1 o)

pages. In: ‘\"iruml address [47:12 : > Floating
Out: Physical address [39:12] + b < Point

= Floating Point, MM X
2 page level bits Registers Renamed Register File
. 256 entries of 128 bit

! Legacy

1 L . - Floating -
Instruction Fetc _ Paint - Integer Execution Core
from L2 cache and |} ‘ A Multiply

\ | ' . ! ; uOp Dispatch unit & Replay
Sy ! -egacy’ Dispatches up to 6 uOps / cycle
BranCh PredlCtlon 512 kB)tc L2 Cache :;ln:lfl\::;':; ! Integer Renamed Registe
4 4 i L. 7 by
' Lz (:aCh(' : - Line n d

g Z 256 entries of 32 bit (+ 6 status flags)
Transfers &

. 12 read ports and six write ports
Blec! J Buffers ‘:

Databus switch & Bypassc
from the Integer Register File.

- =1
Flags, Write Back

Front SldC B UusS 11LC i (5) Double Pumped ALU U
facc 533 800 MHZ { . (6) Double Pumped ALU |

(7) Load Address Generator Unit

(13) Databus multiplexing (11) ROB Reorder Buffer B S i

(14) Cache Line Read / Write Transferbuffers and (12) 16 kByte Level 1 Data cache (9) Load Buffer ( 96 entries )

Apr]l l 95 2003 WWW,Ch[p—arC hllCCLLU] Il 256 bit wide bus to and from L2 cache four way set associative. IR/1W (10) Store Buffer ( 48 entries )




There was a Door to which I found no Key

There was a Veil past which I could not see

Some little Talk awhile of ME and THEE

There seemed -~ and then no more of THEE
and ME

Ommar Khayam
The Sage
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