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The Landscape of Modern Computing
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Hardware Software

i (stagnation of single thread performance) (a substantial chunk of our workloads is inherently sequential)
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The Widening Hardware-Software Gap

Despite advances in compiler technology, a considerable chunk of
wasteful computation still persists even in highly machine-tuned code.

i=0;
while (i < n) {
a=>5;
i @>0{ » sum += 5%n;
sum += a;
T++;
} else {

i += 2;

}

Optimizable at compile-time
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The Widening Hardware-Software Gap

Despite advances in compiler technology, a considerable chunk of
wasteful computation still persists even in highly machine-tuned code.

i=0;
while (i < n) {
a = x[i];
if (a > 0) {
sum += a;
T++;
} else {
1 4= 2;

}
}

Not optimizable at compile-time
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The Widening Hardware-Software Gap

Despite advances in compiler technology, a considerable chunk of
wasteful computation still persists even in highly machine-tuned code.

i=0;
while (i < n) {
a = x[i];
if (a > 0) {
sum += a;
T++;
} else {
1 += 2;
}
}

Not optimizable at compile-time
But what if the values of array x are predictable at run-time?
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The Widening Hardware-Software Gap

Despite advances in compiler technology, a considerable chunk of
wasteful computation still persists even in highly machine-tuned code.

Optimization 1 Optimization 2
i=0; ) )
while (i < n) { i = 0; i=0;
a = x[i]; sum = 0; sum = 0;
if (a> 0) { while (i < n) { i =2%((n+1)/2)
sum += a; » sum += x[1];
T4+ T++;
} else { }
1 += 2;
}
}

Not optimizable at compile-time
But what if the values of array x are predictable at run-time?
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Speculative Code Compaction
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Step 1: Hot Code Detection
Identify regions of hot code
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Speculative Code Compaction
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Step 3: Perform

Optimizations

Track register context and
prediction sources

Process one [op per cycle

» 1d  t1,
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[ADDR]
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t2, 2

t3, foo

foo: add t4, t5, t6
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Step 3: Perform
Optimizations
Speculative Data Invariant
Identification — Value
Prediction

mpkld ti, [ADDR]
1d  t2, [ADDR + 8]
addi t3, t2, 2
beq t1, t3, foo

foo: add t4, t5, t6
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foo: add t4, t5, t6
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2. Resume
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Step 3: Perform
Optimizations
Constant Folding

%1d t1, [ADDR]
%1d t2, [ADDR + 8]
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beq t1, t3, foo

foo: add t4, t5, t6
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2. Resume
execution at
mispredicted
instruction

Step 3: Perform
Optimizations
Dead code Elimination

%1d  t1, [ADDR]
%1d t2, [ADDR + 8]

mp sddit w2

beq t1, t3, foo

foo: add t4, t5, t6




Speculative Code Compaction

Processor Front-end

Processor
Backend

UNIVERSITY
TRGINIA

Fetched Tacro-ops Decode Hop Queue
v
Hop Translation Engine :
Speculative Code Compaction Unit —————> Reservation Stations
1:1 Decoder pops out -
- 1:1 Decoder
o Invariants D
RD1Y > Control 1:1 Decoder
WR
Control 1:4 Decoder
64
Reglster
st | G ) ¢
A2, Data * l e Misprediction
DEST, apz2l-2 Data Detection and
Data pop Fusion Unit pops in Recovery Logic
1. Flush pipeline
X
Reg Value Fused pops 2. Resume
execution at
v mispredicted
t1 7 Request Queue pop Cache instruction
Unoptimized Hops in
t2 5 ] R e q |
t3 7 1 ID | Hot
t4 | Code

Step 3: Perform
Optimizations
Constant Propogation

%1d t1, [ADDR]
%1d t2, [ADDR + 8]
-a-d-dHB—,—'t—E—;—E—

» beq t1, t3, foo

foo: add t4, t5, t6




Speculative Code Compaction

Processor Front-end

Processor
Backend

> Reservation Stations

UNIVERSITY
TRGINIA

Fetched Tacro-ops Decode Hop Queue
v
Hop Translation Engine
Speculative Code Compaction Unit
1:1 Decoder
- 1:1 Decoder
o Invariants D
RD1Y Control 1:1 Decoder
WR
Control 1:4 Decoder
64
st | Comon )
RS2 Data *
=M l decoded pops
DEST 64 Data
=== RD:;
Data pop Fusion Unit uops in
7Y
Reg Value Fused pops
Y
t1 7 Request Queue pop Cache
Unoptimized Hops in
t2 5 R e q . |
t3 7 —| ID Hot
t4 | Code

Misprediction
Detection and
Recovery Logic

1. Flush pipeline

2. Resume
execution at
mispredicted
instruction

Step 3: Perform
Optimizations
Branch Elimination

%1d t1, [ADDR]
%1d t2, [ADDR + 8]
-a-d-dHB—,—'t—E—;—E—

»—beq—'Hrt-B,—Fee-

add t4, t5, t6




Speculative Code Compaction

Processor Front-end Processor
: Backend
Fetched Tacro-ops Dec:de Hop Queue : Ste p 4: Dum p Live-outs
Speculative Code Compaction Unit kop Translation Engine 4—) Reservation Stations I no rd er tO ma I nta I n p ro pe r
1:1 Decoder pops out - .
: : register state, we must
1:1 Decoder 7
Invariants - - : .
L RD1 Z > Control :: :::xer dump Ilve OUtS
o Control 1:4 Decoder .
64
RSt | Conoxt A oma_|k| :
= s = = ==
- RD: > ata :
Data pop Fusion Unit pops in Recovery Logic
: 1. Flush pipeline *ld tl, [ADDR]
Reg | Value Fused yops 1 Ll 2 mesume %1d t2, [ADDR + 8]
v | mieprodted ;
+1 - Request Queue o pop Cache _ | instruction -a'd'dH;'J_.ba'J_a'
Live-outs: | Req bl lops I : —beg—ti—E3—Fe0-
t3 =7 | ’ | : add t4, t5, t6
ID ] Hot
[—] ]
t4 | Code

UNIVERSITY
TRGINIA



Speculative Code Compaction

Processor Front-end :  Processor
Backend
Fetched Tacro-ops Decode Hop Queue
2
Hop Translation Engine :
Speculative Code Compaction Unit —————> Reservation Stations
1:1 Decoder uops out -
1:1 Decoder .
Invariants
” ‘_, 1:1 Decoder
RD1Y > Control 1:1 Decoder
WR
Control 1:4 Decoder
64
Re
st | Comon )
Asz )| Data * l I : | Misprediction
DEST, | Aoz s Data . Detection and
Data pop Fusion Unit pops in - | Recovery Logic
1. Flush pipeline
X :
Reg Value Fused pops : 2. Resume
. execution at
v : mispredicted
t1 7 Request Queue pop Cache : | instruction
Unoptimized uops in .
t2 5 ] R e q |
t3 7 1 ID | Hot
t4 | Code
-
A1l
UNIVERSITY

TRGINIA

Step 4: Dump Live-outs

In order to maintain proper
register state, we must
dump live outs

%1d t1, [ADDR]

%1d t2, [ADDR + 8]
—addi—t3—E2,2
—beg—+1; 35 foo-
add t4, t5, t6

Live-outs:
t3 =7
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profitability analysis
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Misprediction
Detection and
Recovery Logic

1. Flush pipeline

2. Resume
execution at
mispredicted
instruction

Subsequent Executions
Next time the head PC is
fetched, probe both
partitions and perform
profitability analysis
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Subsequent Executions
Next time the head PC is
fetched, probe both
partitions and perform
profitability analysis
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Next time the head PC is
fetched, probe both
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Squashing and Recovery
If a prediction source is
mispredicted, we must
redirect execution to
unoptimized sequence
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Misprediction
Detection and
Recovery Logic

1. Flush pipeline

2. Resume
execution at
mispredicted
instruction

within unoptimized
Hop sequence

Optimizations:

* Data Invariant
Identification

* Control Invariant
Identification

* Constant Folding

* Constant
Propagation

* Branch Folding

* Inlining Live Outs
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Speculative Code Compaction
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The majority of code compaction occurs within short, hot

regions of code
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Speculative Code Compaction
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Benchmarks with high data and control predictability benefit the
most from SCC
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Speculative Code Compaction
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SCC is able to reduce energy consumption even on applications

which see no speedup
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Speculative Code Compaction

* An aggressive scheme of dead code elimination implemented entirely within the
processor front-end

* Minimally invasive (incurring just 1.5% in area overhead)
* Provides as much as 18% speedup (average of 6%) for SPEC applications

* Significant energy savings due to aggressive dead code elimination (an average
of 12%)

* This research also involved several interesting explorations that study the
sensitivity of our approach with different branch and value predictors

» Aggressive prediction could lead to aggressive compaction, but also increases the risk
of squashing, suggesting a balanced approach.
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Thanks!

Questions?

www.qgithub.com/logangregorym/gem5-changes

lgm4xn@yvirginia.edu



http://www.github.com/logangregorym/gem5-changes
mailto:lgm4xn@virginia.edu

Extensions to The Micro-op Cache

| [

I tag ] index ‘offsetl

Unoptimized
Partition

Optimized
Partition

—:—»
Stream

'
I

Stream

Line
Extended Datal/Tag Selection
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Line selection logic extended to select line with highest
profitability score
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Fetch State Machine

Squash Due To Unoptimized Inst Misprediction
Lookup In Lookup In Decode and
Optimized Unoptimized

»{ Cache New
Partition

Uops

Partition

Not
Profitable

Update SCC Squash Due To

Invariant Optimized Inst Streaming
Confidences /,__Misprediction From
- Unoptimized
Partition
Squash Due To

Optimized Inst
Misprediction

Increase
Hotness
Update
Confidences

Streaming
From
Optimized
Partition

Profitable

Profitability
Analysis

Squash Due To Unoptimized Inst Misprediction

Additional states and transitions added to handle streaming
from optimized partition



