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Salient P oints

128 Register s (1KB cac he)

• Eliminates renaming

• Reduces cac he accesses

Speculative Loads

• Moves loads past contr ol barrier s

Predicated Ex ecution

• Eliminates 40% of conditional branc hes

First time we’ ve seen all these in one place
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Goals of Ar chitecture

Overcome perf ormance limiter s:

• Branc hes

• Memor y latenc y

• Sequential pr ogram model

Long Ar chitecture Lif etime

• Large register file

• Full y interloc ked ar chitecture

• No fix ed issue-width

Retain Bac kwar d Compatibility with x86
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Backgr ound

In the Beginning ... CISC

RISC -> larger register files, simpler design

• (better IC tec hnologies)

VLIW -> possib le to do lots in parallel

• Influenced super scalar design,
dynamic sc heduling

Super scalar Design:

• Dependenc y-checking, I-dispatc h,
register renaming, out-of-or der

• A lot of har dware required
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Performance Limiter s:
Branc hes

20-30% Execution Time on
Today’s Processor s: MISPREDICTS

4-issue , 8-stage pipe , BR resolved sta ge 7:
24 issue slots squashed per mispredict

Mispredicts:

• 95% prediction accurac y

• Branc hes = 1/6 instr s

ALSO: break pr ogram into “basic b loc ks”
Severel y limits oppor tunities f or parallelism

24 stalls
------------
120 instr
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Performance Limiter s:
Memor y Latenc y

Processor Speed/P erformance = 60% per yr
Memor y Technology = 5% per yr

Not J ust Memor y => Cache Technology:

• Today’s cac hes often pipelined

• 2+ cycle latenc y
(assumes A GI)

COMPOUNDED BY ISSUE WIDTH:

• STALL *= issue-width

load
use

load
STALL
use

=>
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Performance Limiter s:
Sequential Pr ogram Model

Today:
Prog. Lang

Parallel Representation

Parallel Ex ecution

Se-
ri-
al

Re-
pre-
sen-
ta-

tion

compiler

compiler+assemb ler

hardware

Sequential
Program
Model:
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Performance Limiter s:
Sequential Pr ogram Model

Sequential model undoes m uch of
the compiler’ s work—we spend HUGE
amounts of die area to reco ver it

Allo ws “ar tificial sequentiality” to creep in

Goal:
Prog. Lang

Parallel Representation

Parallel Ex ecution

compiler

hardware
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Obvious Ans wer: VLIW

(Very Long Instruction W ord)

Where did VLIW fail that Intel/HP can win?

• Code expansion

• Binar y compatibility

• Cannot e xploit full parallelism:
Contr ol instructions serializ e execution
Cannot mo ve loads abo ve branc hes

A B NOP NOP

A B C D

A Bvs:
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Intel’ s Solution: EPIC

(Explicitl y Parallel Instruction Computing)

PREDICATED
EXECUTION
eliminates if-then-else

SPECULATIVE LOADS
allo w cr ossing contr ol

LARGE REGISTER FILE
enables pref etches,
reduces cac he misses

VARIABLE INSTR UCTION WIDTH
never need to inser t NOP instructions

EPIC

IA-64

Merced
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Variab le Instruction: Bundle

Instructions:

• Opcode

• Predicate register (6)

• Sour ce1 & Sour ce2 (7 each)

• Dest (7)

Template (8?):

• Instruction gr ouping
(can do in 3 bits: I0, I1, I2 paired w/ pre v)

• Prefetch hints?

Instr2 Instr1 Instr0 Template
0128
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Predicated Ex ecution

Jerr y Huc k on instruction-le vel parallelism:

“J ust because y ou allo w it doesn’t mean
you’ re going to get any of it. ”

BRANCHES LIMIT ILP:

Sequential, no-predict: normal bank teller

Sequential, predict: fill out slip in ad vance
(predict whether deposit or withdra wal)

Predicated Ex ecution: fill out both slips,
thr ow away whic hever is wr ong
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Predication Example

64 1-bit predicate register s

IF i1
i2

BEQ a b label1

i3
i4

JUMP label2

label 1:  i5
i6

label2:  i7
i8

THEN

ELSE

i1
i2

p1, p2 <- (a == b)

(p1) i3
(p1) i4
(p2) i5
(p2) i6

i7
i8

Becomes:
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Speculative Loads

Why the e xplicit c heck?
Not explained — “a good reason”

i1
i2

BEQ a b label1

load
use

label 1:  i3
i4

i1
i2

BEQ a b label1

chk.S
use

label 1:  i3
i4

load.S
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Long Ar chitecture Lif e

Large Register File

• Like jump fr om 8 -> 32 in 70’ s -> 80’s

Full y Interloc ked

• Not tied to a par ticular implementation

VLIW w/ Variab le Instruction Width

• Not tied to par ticular implementation,
Works well f or “sho vels” of diff erent
widths


