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Why 64-bit?

m Larger word sizes allow:
m Greater integer math precision

m Larger virtual address space
m 1.8x10719 bytes

m Handle very large data sets:
= Large databases
= Satellite images




Why 64-bit?

m Faster processing of parallel data

= Double bandwidth between register file
and L1 cache

m Higher performance




Porting Software to 64-bit
Platform

m Some 4 byte types change to 8 bytes

= long (depending on platform)
m 4 bytes on Windows compilers (LLP64 model)
m 8 bytes on Linux/Unix compilers (LP64 model)

= Pointers
m Sizeof

m Size_t

m Off t




Porting Software to 64-bit
Platform

= Most of the work is good coding practice

m Use stdint.h (C99 spec)
= Defines fixed-size data types




AMD’s approach: x86-64

m Extend the “standard” x86 instruction set
to 64 bits

m Very similar to extension from 16- to 32-bit
processors (286 to 386)




Intel’s Approach: |IA-64

m Design new Instruction Set Architecture
from scratch

m Support 32-bit x86 programs through an
Emulation Layer




ISA Paradigm

m |A-64

= EPIC (Explicitly Parallel Instruction set
Computing) architecture
m superset of VLIW

m X86-64
m CISC architecture




x86-64 modes

m Global control bit and code segment
description flags are used to specity the
operation mode of the CPU

Legacy 32-bit mode
Compatibility 16-bit mode
0 64bitmode |




Instruction Encoding

X86-64

Immediate
Immediate
Immediate
Immediate
Displacement
Displacement
Displacement
Displacement
SIB
ModRM
Opcode
Opcode
REX Prefix
Legacy Prefix
Legacy Prefix
Legacy Prefix
Legacy Prefix

* optional, depending on instruction
+ optional, with most instructions

1 < Instruction Length < 15 bytes

ALU
Shift L and Add
ALU Immg
Add lmmiy
Add lmmize
Compars
Compare o Zero
Compars Immg,
FAR ALY
kM Shift and Add
PARA RAUltiply S hift
MM M pytdin/Pack
Pl b 1
P B uxZ
Shift R Wariable
KM Shift R Fixed
Shift L Wariable
FAM Shift L Fizesd
Popcount
Shift Right Pair
Extract
Dep.Z
Dep Z Imms
Deposit Imm
Deposit
Test Bit
Test MNaT
Mop/Hint
Break
Int Spec Check
Movae to BER
Mo from BR
Miovwe to Prad
Mowe to Pred Imm, ,
Pk owe from PredlP
Move to AR
Mowve to &R Immg
Mo from AR
SxbFxtiCex
Int Load
Int Lcad +Reqg
Int Load +Imm
Int Store
Int Store +mm
FF Load
FP Load +Reg
FP Locad +1mm
FP Stors
FP Store +lmm
FF Load Pair
FP Lcad Pair +lmm
Lin= Prefetch
Line Prafetch +Reg
Line Prafstch +lmm
{Cmp &) Exchg
Fatch & Add
Set FR
St FR
Int Spac Chack
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Addressing Modes

= |A-64 = X86-64
= register indirect absolute
register indirect
based
Indexed

relative to program
counter (RIP)




x86-64 Registers

x86-64 Registers

In x86
Added by x86-64

GPR SSE & SSE2
MMO/STO
MM1/ST1
MM2/ST2
MM3/ST3
MM4/ST4
MM5/STS
MMG6/ST6
MM7/ST7

Program Counter
| EIP |




|A-64 Registers

m 128 general purpose
m 128 floating point

m [tanium contains dedicated hardware to
rename and remap registers




Hammer Architecture

DDE memoly
cohiloller From/ta System imerface [Hy perTrnsport)
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ltanium Architecture

L1 instruction cache
and
fetch/prefetch engine

Eranch
prediction Deooupling |A-32
o [%] Ala Mol
buffer & bundles decode

¥ | oo
@@@ ﬂ@@ ﬂ

Redqister stack enginaremapping i

H5-Kvte * - + / - . 4-Mbryte
L2 Eranch and 128 inteqer 128 floating-point 3
rache predicate reqisters redisters cache

‘4 S

_ Integer Dual-
Beaneh and port

it MK L1
units data ALA Floating-
cache point
units

Scoreboard, predicate NaTs, exceptions

Eus controller




ltanium Branching

= Branch hints
m Specific branch hint instruction: BPR

= All branching instructions have branch hint
fields

m Predicates
= Almost all instructions can be predicated

= [urns a control dependency (branching) into a
data dependency (predicates)

= Allows forwarding to solve some control
hazards




Scalability

® Hammer
= Integrated DDR DRAM

memory controller
Controller

= HyperTransport

technology Ay nstroction
L1

m [tanium Progessor
= 4-way glueless _m.

multiprocessing




32-bit Compatibility

® [tanium
= Currently has hardware emulation of x86

= Recently decided to instead include software
in OS to translate |A-64 to x86

m Hammer
m X86-64 Is a superset of x86
m 32-bit Xx86 programs are run natively




Itanium vs. Hammer

m 128 vs. 16 GPRs

m 128 FPRs vs. 8 FPRs and 16 SIMD
registers

m Parallelism: compile-time vs. run-time

m Decoding: Fixed vs. Variable length

m Addressing Modes: 1 vs. many

m Address Generation Units: 0O vs. 3

m Execution Units: 4 Int, 2 FP vs 3 Int, 3 FP
m Cache: 3 levels vs. 2 levels
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