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Computers viewed as precise calculators
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» Results cannot be arbitrary either

Good enough answers !!!



QUALITY PROGRAMMABLE PROCESSORS

» Notion of built into the instruction set
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QUALITY PROGRAMMABLE PROCESSORS

» Notion of built into the instruction set

Quality programmable 1D/2D vector processor

ality
nto

savings for NO loss in output quality =
=2 savings for modest (<2.5%) quality loss

————— > .
——————— T \
Quality Programmable ISA .Capable' of exgcuting
Quality fields in instructions i IFTStFUCtIOHS W_Ith
e.g. gpADD dest, op1, op2, MAG, 1% | ! different quality

levels




QUALITY PROGRAMMABLE PROCESSORS

» Notion of quality built into the instruction set

e | D
Hmm.. Does this really work?

Lots of design considerations!

. . . ality
Session |A: Approximate Computing o
MONDAY @ 1:30 PM —
- S . %
Quality Programmable ISA = U Fapab|te_ of exgcuting
Quality fields in instructions 5 instructions with

e.g. gpADD dest, op1, op2, MAG, 1% 5 different quality

levels




SAGE: Selt-Tuning
Approximation for Graphics
Engines

Mehrzad Samadi!, Janghaeng Lee!, D. Anoushe
Jamshidi!, Amir Hormati2, and Scott Mahlke!

University of Michigan', Google Inc. ?




GPU Specitic Approximation

Goal: Hardware-aware approximation

Input Program Static Compiler
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We Can Control Output Quality.
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We Can Control Output Quality.

YA WY I N N A

Output Quality

Accumulative Speedup

mmmmmmmmmmmmmmmmmmmmmmmmmmmmm

Invocations

Across 10 applications:

2.5x speedup with 90% output quality
2.0x speedup with 95% output quality
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7070 230/0

faster writes lIfetime extension

Approximate Storage in Solid-State Memories

right here, after lunch



MLP-Aware Dynamic Instruction
Window Resizing for Adaptively
Exploiting Both ILP and MLP

Yuya Kora
Kyoheil Yamaguchi
Hideki Ando

Nagoya University



Problem to Solve

* Difficult to improve single-thread
performance in memory-intensive programs

—Memory wall

* Very large instruction window can overcome
this problem by exploiting MLP
— This degrades the clock cycle time
—While pipelining can solve this, it instead

prevents ILP exploitation, degrading IPC
iIn compute-intensive programs



Dynamic Instruction Window
Resizing
* Adapt window size to available parallelism

—ILP or MLP
— Based on prediction

GM memory-intensive GM compute-intensive
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Issue queue size/pipe depth Dynamic Issue queue size/pipe depth Dynamic
Fixed size resizing Fixed size resizing




Dynamic Instruction Window
Resizing

* Adapt window size to available parallelism
— ILP or MLP
— Based on prediction

GM memory-intensive M compute-intensive
7 o~ . /N ™\
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Issue queue size/pipe depth Dynamic Issue queue size/pipe depth
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Relative IPC

1

Dynamic
resizing

21% speedup on average



Uppsala University / Department of Information Technology

TLC: A Tag-Less Cache for
Reducing Dynamic First Level Cache Energy

Andreas Sembrant, Erik Hagersten, David Black-Schaffer
Uppsala University, Sweden

14:00 Session 1B - Energy Optimizations [Alpha Gamm Rho Room]

L1D Dynamic Read Energy

Before After

ILB eTLB
Tag

=)

Andreas Sembrant — andreas.sembrant@it.uu.se



Problem: L1D consumes energy due to tags and ways

L

L

Uppsala University / Department of Information Technology

L1
0 M
Read 8 Tags & 8 Lines
<0
O
Use 1 Line

TLB
Tag

Read Energy

Andreas Sembrant — andreas.sembrant@it.uu.se



Uppsala University / Department of Information Technology

TLB
Tag

Read Energy

Solution: extend the TLB to eliminate tags and find the way

X

oTLB Per cache line
TITI01 way index

2t 2
L1: Data elLB
Vv
hit/miss D
Read 1 Line

Read Ener
Use 1 Line 9y

Andreas Sembrant — andreas.sembrant@it.uu.se



Uppsala University / Department of Information Technology

Reduce total L1D dynamic energy by 78%

1. Eliminate extra data-array reads
= by determining the correct correct way from the TLB

2. Eliminate the tag-array
= by avoiding tag comparisions

3. Filter out cache misses
= by checking in the eTLB

4. Amortize the TLB lookup energy

= by integrating it with way information

Andreas Sembrant — andreas.sembrant@it.uu.se



Uppsala University / Department of Information Technology

Reduce total L1D dynamic energy by 78%

1. Eliminate extra data-array reads
= by determining the correct correct way from the TLB

2. Eliminate the tag-array
= by avoiding tag comparisions

3. Filter out cache misses
= by checking in the eTLB

4. Amortize the TLB lookup energy

= by integrating it with way information

= More cool stuff in the presentation:
= uPages, synonyms, coherency, replacements, ...

Andreas Sembrant — andreas.sembrant@it.uu.se



M Decoupled Compressed Cache:

Exploiting Spatial Locality for Energy-Optimized Compressed Caching
Somayeh Sardashti and David A. Wood
University of Wisconsin-Madison

Shared L3 Cache' -
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Cache as Energy Filters

~ Shared L3 Cache | |

Main Memory



M Why not double the LLC?

~ Shared L3 Cache | |




M Why not double the LLC?

2X LLC Area!

~ Shared L3 Cache | |




State of the Art: Compressed Cache

Compacting compressed blocks in the same data space

v High Effective Cache Capacity
v" Small Area Overhead
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tate of the Art: Compressed Cache

Compacting compressed blocks in the same data space

v High Effective Cache Capacity
v" Small Area Overhead

— Limited number of tags

w
X

— Internal Fragmentation

— Re-compaction

Normalized Effective Capacity
< X

Baseline 2X LLC Idealized Previous



w Our Proposal:

Decoupled Compressed Cache (DCC)

Decoupled Super-Blocks

— wa tags

— Internal Fragmentation

w
X

— Re-compaction

Normalized Effective Capacity
< X

Baseline 2X LLC Idealized Previous



w Our Proposal:

Decoupled Compressed Cache (DCC)

Non-Contiguous Sub-Blocks

— Limited number of tags

— Inte Fr entation
— Re- pac

Baseline 2X LLC Idealized Previous
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w Our Proposal:

Decoupled Compressed Cache (DCC)

Only 8% Area Overhead
Outperform 2X LLC
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w Our Proposal:

Decoupled Compressed Cache (DCC)

Today at 1:30pm!
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Exploiting GPU Peak-power and
Performance Tradeoffs through Reduced
Effective Pipeline Latency

Syed Gilani (AMD)
Nam Sung Kim (UW-Madison)
Michael Schulte (AMD Research)




Problem

* Thread-level parallelism (TLP) limited by
* Thread synchronization patterns
* Memory access patterns
* Data dependencies
* Limited hardware resources

* Low TLP exposes pipeline latencies
* Data-forwarding networks are power
hungry




Contributions

* Limited forwarding for a few recently
executed instructions

* Reduce impact of pipeline latency on
performance
* Low voltage pipelines with negligible
impact on performance

* Mean speedups of 23% (SP/Int) and 33%
(DP) within the same power-budget




; N A Locality-Aware Memory Hierarchy for Energy-Efficient GPU Architectures TEXAS
(Session 2A — Power-Efficient GPUs)

What are we solving?

* GPUs leverage massive multi-threading
— Core of their latency-tolerance

e Per-thread cache capacity of modern CPUs/GPU

Intel IBM Oracle NVIDIA
Core i7-4960x Power7 UltraSparc T3 Kepler GK 110

32KB L1 32KB L1 8KB LT 48KB L1
2 threads/core 4 threads/core 8 threads/core 2K threads/core
16KB/thread 8KB/thread 1KB/thread 24B/thread

» Efficient caching becomes extremely challenging
— Low cache hit rates
— Low cache block reuse
— Waste In off-chip bandwidth utilization
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; N A Locality-Aware Memory Hierarchy for Energy-Efficient GPU Architectures TEXAS
(Session 2A — Power-Efficient GPUs)

What are we solving?

* GPUs leverage massive multi-threading
— Core of their latency-tolerance

e Per-thread cache capacity of modern CPUs/GPU

Intel IBM Oracle NVIDIA
Core i7-4960x Power7 UltraSparc T3 Kepler GK 110

32KB L1 32KB L1 8KB LT 48KB L1
2 threads/core 4 threads/core 8 threads/core 2K threads/core
16KB/thread 8KB/thread 1KB/thread 24B/thread

» Efficient caching becomes extremely challenging

— Low cache hit rates K ¢ '
— Low cache block reuse ey target of our paper!

— Waste In off-chip bandwidth utilization



; N A Locality-Aware Memory Hierarchy for Energy-Efficient GPU Architectures TEXAS
(Session 2A — Power-Efficient GPUs)

Last level cache block reuse (temporal / spatial)

* Number of repeated accesses to cache blocks -- temporal
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; N A Locality-Aware Memory Hierarchy for Energy-Efficient GPU Architectures TEXAS
(Session 2A — Power-Efficient GPUs)

Last level cache block reuse (temporal / spatial)

* Number of repeated accesses to cache blocks -- temporal

B Zero reuse EmMore than one
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; N A Locality-Aware Memory Hierarchy for Energy-Efficient GPU Architectures TEXAS

Off-chip
byte traffic

(a)

(Session 2A — Power-Efficient GPUs)

How do we solve the problem?

Predict optimal data fetching granularity

— Coarse granularity (fetch all cache block-wide data)

— Fine granularity (fetch just enough to service GPU core)
— Reduce number of RD/WR commands to memory

Lower is bette

Sl N W N \ NN
8 0.8
6 \‘ \ \ \ \ 0.6
4 \‘ \‘ \ mmmByte-Traffic+ 0.4
2 —6—-Normalized || .2
0 0

5] 5] 5] 5] m 5] 5] 5] 5] 5]

2 2 2 2 :@ 2 2 2 2 2

M M M M M M M M M M

IIX SSSP BFS1 SP SsC BFS2

r

Normalized to BASE

[Byte-traffic/num_of_instrs] (left-axis) and the normallzatlon to basellne memory system (rlght-axis).

BASE : Baseline memory system
LAMAR : Proposed solution




Programmer Divergence-Aware

Warp Scheduling
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Divergence-Aware Warp Scheduling§% <= nvibiA
Timothy G. Rogers, Mike O’Connor, Tor M. Aamodt

26%
Speedup

Today 4:30pm Conference Center Ballroom




Divergence-Aware Warp Scheduling§% <= nvibiA

Timothy G. Rogers, Mike O’Connor, Tor M. Aamodt
Within
4%
0

2.8X

less Instr




Warped-GATES
Gating Aware Scheduling and Power Gating for GPGPUs

Mohammad Abdel-Majeed, Daniel Wong and Murali Annavaram
University of Southern California

USC Vlterbl

School of Eng




Power Gating Challenges in GPUs

« Scheduler greedily issues ready instructions
— Agnostic to Instruction type.

[ Scheduler }

INT FP

INT FP

INT FP

INT FP

USC Vlterbl

School of Eng
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Power Gating Challenges in GPUs

« Scheduler greedily issues ready instructions
— Agnostic to Instruction type.

f )
INT
INT x

School of Eng

USC Vlterbl



Proposed Techniques

« Gating Aware Scheduler (GATES)

— Gives priority to same instruction type during scheduling.
— Is able to increase the length of the idle periods.
— ldle periods are not long enough to avoid negative savings!!

 Blackout technique
— Eliminates negative savings by forcing the unit to stay in power
gating state.

15X | [<1%

\_Static Power Savings / \_Performance Overhead /

School of Eng

USC Vlterbl



Virtually Aged Sampling DMR

Unifying Circuit Failure Prediction and Detection

Raghuraman Balasubramanian
Karthikeyan Sankaralingam

% = A gate fails,
3- - causes errors

= = Time (years) 7
) _ . Can we predict

the failure?

WISCONSIN

IIIIIIIIIIIIIIIIIIIII -MADISON



{ virtually Aged Sampling DMR

Virtual Aging Today | - =~ \ Virtual Age
Time (years)

—_— ey >

% A gate fails,
- causes errors
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@ Virtually Aged Sampling DMR

Virtual Aging Today|l. _ -~ \ Virtual Age
Time (years) \'/
e ————————————

% A gate falils,
- causes errors

Fault Exposure

Applications —» E’l&%

Detect Errors

Sampllng - TR

DMR iS aCtive _Q ------- 4 I \')
Checked Core 53'1 EBL-D\ E Checker Core
(Virtually Aged) J20P@HODPaE




@ Virtually Aged Sampling DMR

u-Processor Failure Prediction Technique
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Comprehensive Coverage
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u-Processor Failure Prediction Technique

Comprehensive Coverage

No Performance Overhead

Less than 0.7 % Energy Overhead




@ Virtually Aged Sampling DMR

u-Processor Failure Prediction Technique
Comprehensive Coverage
No Performance Overhead

Less than 0.7 % Energy Overhead

Today @ 3:30PM Alpha Gamma Rho
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Use-it or Lose-it: Wearout and Lifetime 1n
Future Chip-Multiprocessors

Hyungjun Kim,' Arseniy Vitkovsky,?
A M Paul V. Gratz,'! Vassos Soteriou?

TEXAS A&M ! Department of Electrical and Computer Engineering, Texas A&M
UNIVERSITY University

2 Department of Electrical Engineering, Computer Engineering and
Informatics, Cyprus University of Technology
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Chip-multiprocessor Wearout

— HCI and NBTI: transistor slowdown with use
Wearout effects in CMPs: —
Recoverable failures: |_1_1_ 1_1_1i| A
1) Core failure =K Qi—rm-li-iq‘i
liliili.‘il‘Jiiliﬂ‘_ o
I Ll L 1i..\!,i|§.11§.il :

BRBEECT
e

3) Network partition
— Disruption of communication between cores
— T
DDR Controller DDR Controller

Non-recoverable failures
2) I/O device disconnection
— Device unreachable

4) Individual link breakage

— Deadlock potential
A 64-core Chip-Multiprocessor (CMP) with various

peripherals interconnected via a 2-D Mesh, all failure
scenarios illustrated
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Use it or Lose it

Analysis of real CMP workloads: 16 ROM (128)

— Low loads in interconnect

— NBTI causes critical path
slowdown

— of load leads to

interconnect breakdown and

faﬂure Lifetime improvement of 8x8 CMP executing
applications from the PARSEC benchmark suite
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The Use it or Lose it, wear-resistant
router microarchitecture Session 2B

— Increases utilization of router (Alpha Gamma Rho Room)
critical path 4:00 PM today!




MICRO-46, 9" December- 2013 I WV I
| MICHIGAN |

Davis, California |J_L|\/u‘|

UDIREC: Unified Diagnosis and
Reconfiguration for Frugal Bypass of NoC
Faults




Unified Diagnosis and Reconfiguration

¢ cannot resend
y need to re-route around fault

Our contributions:
- Fault Diagnosis at fine granularity
- Integrated Reconfiguration to find new route:

Diagnosis

—End-to-end scheme in SW
—Based on analyzing faulty routes
—Passive and fine-grained

Reconfiguration

—Based on a novel routing algorithm
—Tightly integrated with the diagnosis scheme
—Unconstrained by number and location of fault

—>)

X

Faulty irregular network
@ with deadlock-free routes

X
v ﬂ\/ ollRO

i=h




Reliability and Performance Benefits

— Dedicated testing is not required = no overhead in absence of errors
— Unified implementation in software - low area overhead

fault manifestation unnecessary loss healthy links kept
of healthy links/ n in Qperaﬁion

oo

9

30 o
0 1/3" loss of nodes >20% higher
©
2 20 , 56 -
§ “‘Previous best _g;
S -=-DIREC S
o 10 o3 :
S £ -+-Previous best

0 0 === DIREC
0 10 20 30 40 50 0 10 20 30 40 90

injected faults injected faults



Implicit-Storing and Redundant-
Encoding-of-Attribute Information
In Error-Correction-Codes

Yiannakis Sazeides!, Emre Ozer?, Danny Kershaw?®, Panagiota Nikolaou?,

Marios Kleanthous?, Jaume Abella’
lUniversity of Cyprus, 2ARM, 3NXP, “Barcelona Supercomputing Center

) ¢ ARM X @

HARPA _HITTR

MICRO 46, Dauvis, California, December 9th 2013 .




Implicit Storing (1S)

Leverage error correction codes used for cache and memory
data protection

e encode extra information
 without storing the information
 Infer the information on reads

Based on error and erasure coding

Needs shortened codes: the number of protected data bits to be
smaller than what can be protected by an error correction code

©: reduce area and energy with low performance overhead
@: Hurts error correction code strength
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Redundant Encoding of Attribute Information (REA)

Exploit fine granularity of protection in caches and memory
 encode the same extra information in multiple codewords
 decode the extra information from multiple codewords

Needs the multiple codewords to be correlated

©: improve strength of the code that implicitly stores or tags extra info
©: not full strength recovery

©: minimal area, energy, and timing overheads

Several IS & REA uses: reliability, performance, security, energy
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Redundant Encoding of Attribute Information (REA)

Exploit fine granularity of protection in caches and memory
 encode the same extra information in multiple codewords
 decode the extra information from multiple codewords

Needs the multiple codewords to be correlated

©: improve strength of the code that implicitly stores or tags extra info
©: not full strength recovery

©: minimal area, energy, and timing overheads

Several IS & REA uses: reliability, performance, security, energy

We would be glad to see you all at: .
) Session 2B - Resilience 1 (15:30-17:30) |



Linearly Compressed Pages:
A Main Memory Compression
Framework with
Low Complexity and Low Latency

Gennady Pekhimenko,

Vivek Seshadri, Yoongu Kim, ~ Phillip B. Gibbons,
Hongyi Xin, Onur Mutlu, Michael A. Kozuch

Todd C. Mowry

(Carnegie Mellon University intel)



Summary

= Main memory Is a limited shared resource
* Observation: Significant data redundancy
= Old Idea: Compress data in main memory g
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Summary

= Main memory Is a limited shared resource
* Observation: Significant data redundancy
= Old Idea: Compress data in main memory gims

= Problem: How to avoid inefficiency In
address computation?

= Solution: Linearly Compressed Pages (LCP):
fixed-size cache line granularity compression

1. Increases capacity (62% on average)
2. Decreases bandwidth consumption (24%)
3. Improves overall performance (13.9%)

5
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Uncompressed Page (4KB: 64*64B)
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RowClone: Fast and Energy-Efficient
In-DRAM Bulk Data Copy and Initialization

Limited bandwidth /\ '\

High energy

Carnegie Mellon University Intel Pittsburgh



RowClone: Fast and Energy-Efficient
In-DRAM Bulk Data Copy and Initialization

Bulk Data Copy Data Initialization

0000

0000 T

Forking Zeroing  Checkpointing VM Cloning

Carnegie Mellon University Intel Pittsburgh



RowClone: Fast and Energy-Efficient
In-DRAM Bulk Data Copy and Initialization

«

Bulk Data Copy Data Initialization

Unnecessary Data Movement

0000

0000 ;«» ;»

Forking Zeroing  Checkpointing VM Cloning

Carnegie Mellon University Intel Pittsburgh



RowClone: In-DRAM Bulk Copy & Initialization

Source Row

Destination Row

Row Buffer
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RowClone: In-DRAM Bulk Copy & Initialization

Source Row

Destination Row

Row Buffer

Copy from source Copy from row buffer
row to row buffer to destination row

Latency @l Energy @l

Very few changes to DRAM
(0.01% Increase In die area)



RowClone: In-DRAM Bulk Copy & Initialization

® End-to-end system design to exploit DRAM substrate

® Several applications that benefit from RowClone



RowClone: In-DRAM Bulk Copy & Initialization

® End-to-end system design to exploit DRAM substrate

® Several applications that benefit from RowClone

8-Core System

Current Systems
RowClone

Performance

DRAM Energy
Efficiency




WHAT IS IR DROP ?

METALWIRe  Vottage V — IR

CIRCUIT

Current |
TSV

C4 BUMP (PIN
Voltage V" (PIN)



KEY CONTRIBUTIONS

@ A 3D memory package with few pins & TSVs

=




KEY CONTRIBUTIONS

@ Spice analysis to show voltage maps

—

High IR Drop
Il_ow IR Drop

/




KEY CONTRIBUTIONS

@ Memory controller: what, when, Where

—

High IR Drop
Il_ow IR Drop

/




KEY CONTRIBUTIONS

@ Handle starvation

—

High IR Drop
Il_ow IR Drop

/




KEY CONTRIBUTIONS

@ Place pages in favored regions

-

High IR Drop
Il_ow IR Drop

/




NOW PLAYING

A PAPER ABOU
COST &

VOLTAGE
NOISE

UTAH, SAMSUNG, ARM

NOW PLAYING

/ WHERE ARE THE \
#&$@ PERFORMANCE
NUMBERS?
TUESDAY 9:30am,
SESSION 3A 7!

K I'LL BE THERE'!
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na ‘ P aw... Coordinated Multiprocessor ,
' =EREY Frequency and Folding Control “\;T JMESSR
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Augusto Vega, Alper Buyuktosunoglu, Heather Hanson, Pradip Bose, Srinivasan Ramani “ ,-
IBM T. J. Watson Research Center, IBM Systems & Technology Group CH,”E

Executive Summary

Modern multi-core systems incorporate support for
dynamic power management with multiple actuators ay

[DVFS

Algorithms that control these actuators have evolved independently
Their independent operation can result in suboptimal decisions

What is more appropriate?

4 We argue in favor of a A
coordinated control of these
actuators to avoid potential
conflicts in dynamic power

management
\ J

Pedals Decoupled
Control

Coordinated
Control



Crank It Up or Dial It Down

Performance And Throughput Awareness

]

Operate power management knobs depending
on if an application’s current execution phase is
single-thread performance or throughput bound

OUR
IDEA

|

All turned-on cores are highly utilized

100% g 100% @ 100% [ 100%

Some turned-on cores are highly utilized

=» Increase frequency

All turned-on cores are low utilized or idle

=» Turn cores on

= Decrease frequency,
turn cores off
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Wavelength Stealing: An Opportunistic
Approach to Channel Sharing in Multi-
chip Photonic Interconnects

Arslan Zulfiqar (UW-Madison)
Pranay Koka (Oracle Labs)
Herb Schwetman (Oracle Labs)

Mikko Lipasti (UW-Madison)
Xuezhe Zheng (Oracle Labs)
Ashok Krishnamoorthy (Oracle Labs)

ORACLE

"Approved for Public Release. Distribution Unlimited"




Problem: What is the “best” topology
design for photonic substrates?

Point-to-Point
or
Channel sharing

ORACLE



. Our Contributions

- Analytical model to quantify the limits
and gains of channel sharing

« # of senders per channel <3

* Performance speedup < 1.70x

- “Wavelength Stealing” architecture

* Arbitration-free accesses

« Strong fairness guarantees

« Up to 28% EDP improvement over baseline

ORACLE

3 "Approved for Public Release. Distribution Unlimited"



The High Cost of Data Movement
-

A significant
and growing o 17 Compute Energy
fraction of on- D 038 - On-die
die energy is e 0.6 - Interconnect Energy
spent in data ol
movement. -%. 047
o 0.2 -
Long, capacitive r | | | | | | . |
interconnects 90 65 45 32 22 14 10 7
consume most
of the LLC Technology (nm)
dCCess energy. Shekhar Borkar, Journal of Lightwave Technology, 2013

1850

UNIVERSITY of DESC: Energy-Efficient Data Exchange using Synchronized Counters
ROCHESTER Mahdi Nazm Bojnordi and Engin Ipek



Proposal: Time Based Data Transfer
.

Parallel Communication

Key idea: =
represent 3 0 I
information by el
the number of 5 —F ! ]
I il
clock cycles 10 4
between two :Y |
consecutive —N 4/ Time
pulses to 0 1 (cycles)
reduce the
interconnect DESC Communication
activity factor. (mmmmmmmm s 3
5 ¥ # i
| € \ J .
— S — >» Time
0 5 (cycles)
B 1, SLVERSITY o DESC: Energy-Efficient Data Exchange using Synchronized Counters
‘m\@' ROCHESTER Mahdi Nazm Bojnordi and Engin Ipek




Summary of Results
e

DESC reduces

LLC energy by - 3 - ® Binary Encoding ADESC
1.8x at the cost N 4
o c D 25 -
of a 2% £ .S N
increase in 28 2 s
execution time. Sw 45 oo
= E FUVVVVY Wy o oo ®
c Cc 1 - A o0 o o
DESC expands 28m —
= DESC
the Pareto § 2 051
frontier in 0 0 | | . . | |
0 0.5 1 1.5 2 2.5 3

energy-efficient

. L2 Cache Energy Normalized to Binary Encodin
cache design. 9 i J

1850
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UNIVERSITY of DESC: Energy-Efficient Data Exchange using Synchronized Counters
ROCHESTER Mahdi Nazm Bojnordi and Engin Ipek



Linearizing Irregular Memory
Accesses for Improved Correlated
Prefetching
Akanksha Jain, Calvin Lin

University of Texas at Austin



The Problem : Irregular Prefetching
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Our Solution : Transformation

Irregular
Prefetching

Regular
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Our Solution : Transformation

Irregular
Prefetching

Regular
Prefetching \/
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Our Solution : Transformation

Irregular
Prefetching Previous| Our
Best | Solution
Speedup 8.3% 23.1%
Regular

SR T ccuracy  J8.6%  93.7%
AYAYATAYAY




MichiganEngineering E R M -

RAS-Directed Instruction Prefetching
(RDIP)

Aasheesh Kolli* Ali Saidi’ Thomas F. Wenisch*

* University of Michigan " ARM

MICRO-46 12/10/2013 1



MichiganEngineering

Why another instruction prefetcher?

e Poor IS behavior affects modern workloads
e Cache size constraints = Prefetching

Performance

Overhead

Our Goal: Low overhead, high accuracy instruction prefetcher

2



Py | MichiganEngineering

Contributions

* |S misses correlate to program context
e Program contexts are repetitive = predictable
e RAS succinctly captures program context
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Contributions

* |S misses correlate to program context
e Program contexts are repetitive = predictable
e RAS succinctly captures program context

RAS-Directed Instruction Prefetching (RDIP)



MichiganEngineering
T >

Contributions

* |S misses correlate to program context
e Program contexts are repetitive = predictable
e RAS succinctly captures program context

RAS-Directed Instruction Prefetching (RDIP)

Performance improvement of 11.5%
Overhead of 64kB (3X V)



SHIFT

Shared History Instruction Fetch
for Lean-Core Server Processors

Cansu Kaynak, Boris Grot, Babak Falsafi

A 'r

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

Session 4A, Tuesday @ 11:30am
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Instruction fetch stalls:

Major performance bottleneck
Up to 60% of server exec. time

LLC

Instruct







Prefetch

LLC
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L]
Shared History Instruction Fetch

Core Core Core Core

I-History | | I-History | | I-History | | I-History

N/

Core Core Core Core

I-History

v Preserves performance of per-core history
v At 1/14t of history size

Session 4A, Tuesday @ 11:30am



Insertion and Promotion for Tree-Based
PseudolLRU Last-Level Caches

¢ Daniel A. Jiménez, Texas A&M University
¢ LRU keeps blocks 1n a recency stack
¢ n-way cache, 0 1s MRU, n-1 1s LRU

¢ When a block 1s inserted or promoted (used) it
goes to the MRU position

+ Not always the best choice

¢ Instead, let’s use the blocks’ former position to
indicate 1ts new position

1




Searching a Large Design Space

+ We want to develop a new transition graph

old / /]
' CORORO. ORORORORORORORORORORO,
o W W RS W © “ insertion eviction
& For 16-way, there are > 300 trillion
possibilities

¢ So we use a genetic algorithm to search them

¢ Fitness function 1s estimate of speedup




PseudoLLRU instead of LRU

¢ This 1dea works just as well for tree-based
PseudoLRU

¢ Use set-dueling to dynamically choose between
policies

¢ Replacement policy consumes < 1 bit per block

¢ Performance comparable to state-of-the-art
¢ 5.6% speedup over LRU on SPEC CPU 2006

¢ 15.6% on a memory-intensive subset
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Imbalanced Cache Partitioning tor

Balanced Data-Parallel Programs
Abhisek Pan & Vijay S. Pai, Purdue University

» Balanced data parallel

programs need imbalance ., |working set 1= e

. . _8 \ +—+ Thread 3

|n.allolcat|on s / working setl
« High imbalance helps = ‘Yo e /

0.2 | X

both rewarded and ol T NN

penalized threads U W e F
* Prioritizing each thread in Inefficient

turn at a time ensures Allocation!

balanced progress MICRO-46, 2013



T
Two-Stage Partitioning Method

- Evaluation Stage  Divide cache sets
into segments with

different levels of
Imbalance

» Choose segment
with lowest # of
Mmisses

ONO G DN W

B TilT2] T3l T4

- Stable Stage
» Use chosen partition for the entire cache

» Choose preferred thread in round-robin
manner MICRO-46, 2013



Sl
Evaluation

» Partitioning beneficial only when per-thread
working set between the default allocation
and the cache capacity

» Improves upon the state-of-the-art runtime
partitioning method in most such cases
= 6% drop in execution time, 17 % drop in

misses for 8 MB cache with 4 cores

- Limited overheads in space (way-
partitioning, phase detection) and time
(evaluation stage)

MICRO-46, 2013



The Reuse Cache

Downsizing the Shared Last-Level Cache

Jorge Albericio', Pablo Ibanez?, Victor Vifals?,
and José M. Llaberia?®

Tuesday, Session 4B (10:30-12:00)

S uNiveRsITY oF 2% Universidad 3
TORONTO i0i  Zaragoza



Enabling Datacenter Servers to Scale Out

Economically and Sustainably

Chao Li, Yang Hu, Ruijin Zhou, Ming Liu, Longjun Liu, Jingling Yuan, Tao Ll

University of Florida

1g, Servers must scale out

As data sets become b

n
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Power Capacity

....

Constraints

ervers are both

power-constrained and carbon-constrained

Unfortunately, modern datacenter se
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with zero emissions and 25% cost reduction
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Oasis & Ozone: A unified power provisioning
framework for scale-out green datacenters

Energy source control

Architectural support |

) Power supply monitoring

Welcome! (15:30-17:00 Session 5A - #1)

ol
\é"\\
@ Engincering



Efficient Multiprogramming for Multicores

with SCAF

Timothy Creech, Aparna Kotha,Rajeev Barua

University of Maryland, College Park, MD

= Scheduling and Allocation with Feedback
* Runtime system for multiprogramming
parallel processes
= ~15% gains over equipartitioning
= Targeting shared-memory systems

T. Creech, A. Kotha, R. Barua SCAF - Session 5A, Tues. 6pm MICRO-46 1



Efficient Multiprogramming for Multicores

with SCAF

= Problem?
= Parallel runtimes try to let the OS
handle parallel multiprogramming
= SCAF runtime: automatic space-sharing
* No porting, modification, recompilation
= Policy: maximize sum of speedups

thread-based time-sharing dynamic space-sharing

hardware contexts

time — time —
T. Creech, A. Kotha, R. Barua SCAF - Session 5A, Tues. 6pm MICRO-46 2



Efficient Multiprogramming for Multicores

with SCAF

Dynamic Allocation Serial “Experiments”
= Realtime feedback | = Estimate serial
= Reward efficient performance to

processes reason about
efficiency

feedback loop
............... \

. ' Training control
performance metric | performance thread spawned

Efoo—fl(pfoo) .metrlchaz i\______———“’- Ty
| Control thread
Threads .
, forks training
spawned
. process

f
|
|
|
| e
|
|
\

2715
Client foo scafd Client baz PN N
~ > ~
e // c o | A N \\ N > ~
Y ¥ ¥ v Y oy oy N
| 21|l Paate |x2||x|l2] |B syseallp |
) ) o|l|6||BFr =" vauaiE||B|]| B € inter- <)
resource allocation | resource allo- =||2[| 3| execution |=||=||=| |g cepted 2
Pfoo = fa (Efoo) , cation Pbaz I EeeEma-m = —___---
~ N \ | / 7 *
| SN I -7 Training
~ N~ N | /s -
_____________ -+ AN ends
Sy gz 7

available resources N ~——— OS’s time-sharing scheduler ﬁ

T. Creech, A. Kotha, R. Barua SCAF - Session 5A, Tues. 6pm MICRO-46 3



intel/ Look inside:

Allocating Rotating Registers

by Scheduling
Hongbo Rong Hyunchul Park
Cheng Wang Youfeng Wu

Intel Labs




Rotating Registers for Alias Detection

» Given a software
/ST M pipelined schedule
o] Of aloop, how to
allocate registers?

—Detect ALL aliases
—No false positive
—Minimal spilling
—Minimal registers




Rotating Register Allocation = Scheduling!

* |t is a software pipelining problem
— A modulo schedule of lifetimes

» Contributions
—Framework
— A simple algorithm
—Near-optimal results
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Multi-Grain Coherence
Directories

Dr. Jason Zebchuk

Principal Engineer, Cavium Inc.

Prof. Andreas Moshovos, University of Toronto
Prof. Babak Falsafi, EcoCloud, EPFL
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Multi-Grain Coherence Directory
(MGD)

Conceptual MGD Directory:

v Dynamically refine granularity of entries
v 18% fewer directory entries (on average)

Practical MGD Directory:

v Limited number of fixed granularities
v 41% less area

v Robust performance

v No coherence protocol changes



BulkCommit: Scalable and Fast Commit of Atomic

Blocks in a Lazy Multiprocessor Environment

Xuehai Qian, Josep Torrellas (UIUC)
Benjamin Sahelices (Univ of Valladolid) and Depei Qian (Beihang Univ.)

 Problem: CO

e Current atomic block (chunk) C1
execution incurs unnecessary

C1 squash
squashes coc1 NS e

* Atomic block commit operationina CO squash

lazy environment has sequential
bottlenecks
Sequential Dir
Group Formation
[MICRO’10]

Xuehai Qian BulkCommit: Fast and Scalable Atomic Block Commit 1 wmg

e Qur solution:

 IntelliSquash: no squash on WAW-
only conflict

* IntelliCommit: parallel directory group
formation

Thursday, December 5, 13



IntelliSquash: No Squash on WAW-only Conflict

* Insight: WAW is a name dependence. It does not break semantic atomicity
e Similarity with two conflict stores from two processors

 |f two chunks only have WAW conflicts, IntelliSquash serializes them without

squash
0 C1
WT X WT X Chunks

o C
’ store buffer
C1 Squashed/ »

| Re-exec

WT X

I-acoma

I8 XuehaiQian  BulkCommit: Fast and Scalable Atomic Block Commit 2 > tiom

Thursday, December 5, 13



IntelliCommit: Parallel Directory Group Formation

e On chunk commit:

 Processor sends commit requests to all the
relevant directory modules

commit a 2 e Directory module receives commit request:
requests « Locks the memory lines
commit_ack « Responds with commit_ack

Processor counts the number of

commit_acks received
@ @ @ @ e Processor sends commit_confirm when it
receives the expected number of

commit_acks

* Challenge: resolving conflicts from two
processors

Parallel
Group Formation

e ChunkSort: ordering all the conflicting chunks in
the same order in all relevant directories by
preemption

Xuehai Qian  BulkCommit: Fast and Scalable Atomic Block Commit 3 | SCcOMG

Thursday, December 5, 13
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Large-Reach Memory Management
Unit Caches

Abhishek Bhattacharjee

Rutgers University

International Symposium on Microarchitecture-46

December 2013



Address Translation and MMU Caches

On a typical TLB miss: TLB

* x86: 1-4 memory references
* ARM: 1-2 memory references | MMUS

Last Level Cache

e Sparc: 1-2 memory references l

Abhishek Bhattacharjee - Rutgers University

0a0
Oal
0a2

L1

PPN 111
PPN 092
PPN 213




Approaching an Ideal MMU Cache

Percentage of Runtime

Intel i7: 8 cores, 8GB memory, 512-entry L2 TLB, and 8MB LLC

B Measured page walk overhead
[0 Ideal MMU caches overhead

2923 43 28

Coalescing: HW/SW
Sharing: HW

10-12% perf. improvements

Canneal

bk

Streamcluster

X264
Dedup
Ferret
Facesim

Fluidanimate r
Blackscholes E

Swaptions E

Parsec

Spec)BB
Cassandra

Server

Tigr

Mummer

Bio

Abhishek Bhattacharjee - Rutgers University

Mcf
CactusADM

Astar

Omnetpp
GemsFDTD

Spec
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GPU LLC Management for
3D Scene Rendering

Jayesh Gaur, Intel
Raghuram Srinivasan, Ohio State
Sreenivas Subramoney, Intel
Mainak Chaudhuri, IIT Kanpur




GPU last-level cache interface

DRAM

Efficient management of the LLC shared
between different 3D rendering streams



DRRIP

Solution approach and results
* |nter- and intra-stream reuses in LLC

—RT, TEX, Z are dominant in the LLC traffic

— Significant reuse from RT production to
TEX consumption (render to texture)

—Intra-stream reuses vary across streams

» Learn intra- and inter-stream dynamic reuse
probabilities from sample sets and modulate
insertion/promotion in other sets

PROPOSED
GS-DRRIP . 16 MBLLC
' —>FPS

1.0 1.04 1.08 112




GPU Transactional Memory

" JORGE CHAM © 2012



GPU Transactional Memory




Energy Efficient

GPU Transactional Memory
via Space-Time Optimizations

JORGE CMAM B 2012



Warp-Level
Transaction
Management




Temporal
Conflict
Detection
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Low conflict workloads: § 7
TM = Fine-Grained Locks _Semsuam

65% 2X->1.3X

Speedup Energy Usage



Energy Efficient

GPU Transactional Memory
via Space-Time Optimizations

Wednesday 10:15am, Section 6A
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How to Turn Data Updates Into

Permanent Records?



How to Turn Data Updates Into

Permanent Records?

Previous: With “Log”

i

Leave original data intact



How to Turn Data Updates Into

Permanent Records?

Previous: With “Log” Our Design: “Kiln”

Leave original data intact  Directly overwrite
original data



speedup across 6 benchmarks




Details about “Kiln”

Closing the Performance Gap Between Jishen Zhao Penn State
Systems With and Without Sheng Li HP Labs
Persistence Support Doe Hyun Yoon IBM Research
Yuan Xie Penn State/AMD Research

Norm Jouppi Google

D> Poster Session: Tue (Dec.10) 2 — 3PM

Presentation: Wed (Dec. 11) 9:45AM
Session 6B
(Alpha Gamma Rho Room)

)

PENNSTATE
i

MICRO 2013




Aegis: Partitioning Data Block for Efficient Recovery
of Stuck-at-Faults in Phase Change Memory

Jie Fan, Jiwu Shu,

Youhui Zhang, and Song Jiang
Weimin Zhen

~ WAYNE STATE
|JNIVERSITY




Stuck-at Faults in PCM

= PCM has Iimited endurance.

= Stuck-at faults occur when memory cell fails to change
its value.

> It1s a major type of faults in PCM.
> This type of faults 1s permanent and accumulates.
> Values 1n such faulty cells can still be read.

= Jnversion-based correction

> Partition data block into a number of groups and exploit the fact
that stuck-at values are still readable (e.g., SAFER).

> Each group can tolerate only one fault.

" Proposal of an efficient partition scheme separating

faults into different groups. 5.



lllustration of Aegis Partition
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" PCM bits are laid out on an A X B Cartesian plane.

= Aegis considers all points on a line as a group.
= Any two bits in the same line will not be in the same line after

Aegis changes slope of the lines.

= Aegis distributes faults more evenly to tolerate more faults with

lower overhead.



Fine-grained Heterogeneity

Little

Transfer Overhead: ~20K cycles



Fine-grained Heterogeneity

Little

Share
Architectural State

Transfer Overhead: ~20K cycles



Fine-grained Heterogeneity

Big ]
Little Backend Little

Backend

Share
Architectural State Shared
Frontend

Transfer Overhead: ~20K cycles Transfer Overhead: ~35 cycles



tle

ime Spent On Lit

%T

D
o
X

50%
40%
30%
20%
10%

o
X

Oracle

100

1K 10K 100K
# Instructions per Quantum

1M



D
o
X

50%
40%
30%
20%
= 10%

ime Spent On Little

%T
o
X

——Oracle -m- Reactive

100

# Instructions per Quantum

—
!/.4/F —- = :’.
1K 10K 100K 1M



60%
50%
40%

w
o
X

20%
10%
0%

% Time Spent On Little

——Qracle -m- Reactive

\\\ —_—
100 1K 10K 100K 1M

# Instructions per Quantum

Don’t React — Predict!




——Qracle -m- Reactive

(]
2 50%
E_ L
___________ = 50%
Traditional Reactive ! S 40% \\\
-
: Controllers l < 30% -
——————————— o - -— —
v 20% !/.A/r
(J]
£ 10%
; O% T T T 1
100 1K 10K 100K 1M

# Instructions per Quantum

Don’t React — Predict!

Code repeats (loops, functions)

Behavior repeats in the same program context



—o—Qracle -m- Reactive

2 60%
£
___________ = 50%
| . . | c
Traditional Reactive : O 40%
: Controllers : ‘q:'; 30% —
___________ Q i U ™M
v 20% !/.4/. —d
v
£ 10%
z O% T T T 1
o
100 1K 10K 100K 1M

# Instructions per Quantum

Don’t React — Predict!

Code repeats (loops, functions)

Behavior repeats in the same program context

Online Trace-Based Predictive Controller

Construct Predict next Predict next
Super-Trace Super-Trace backend

Feedback



Trace Based Switching For A Tightly
Coupled Heterogeneous Core

Reduce energy consumption by 43% more than state of art

Shruti Padmanabha, Andrew Lukefahr, Reetuparna Das, Scott Mahlke

Micro-46
December 2013

Full Talk: Session 7
Wednesday, 11t December 2013: 11 am

% . o University of Michigan
CCCQ comp:lers creating custom processors Electrical Engineering and Computer
Science



HETEROGENEOUS SYSTEM COHERENCE
AMDC\
for Integrated CPU-GPU Systems

Jason Power#*, Arkaprava Basu*, Junli Gut, Sooraj PuthoorT,
Bradford M Beckmannt, Mark D Hill*t, Steven K Reinhardtt, David A Wood*t

*University of Wisconsin-Madison tAdvanced Micro Devices, Inc.

PN RS D0t POONAR RO AR BRF AR R 2T AN Dby e
» . . . ¥ . :

L2020
B »

{0 wisconsIN

Y OF WISCONSIN-MADIS



HETEROGENEOUS SYSTEM COHERENCE
for Integrated CPU-GPU Systems

Jason Power#*, Arkaprava Basu*, Junli Gut, Sooraj PuthoorT,
Bradford M Beckmannt, Mark D Hill*t, Steven K Reinhardtt, David A Wood*t

*University of Wisconsin-Madison tAdvanced Micro Devices, Inc.

AMDZ1

] 5 6 5 84 6 kg

3 FH.'...-" 'f .:'.‘.'.'.'.‘.’.‘.‘l'.‘.‘ﬁa

{ | EhiaEeey s A L Al aemur»

{0 WISCONSIN

Y OF WISCONSIN-MADIS



HETEROGENEOUS SYSTEM COHERENCE AMDZ

for Integrated CPU-GPU Systems

Jason Power#*, Arkaprava Basu*, Junli Gut, Sooraj PuthoorT,
Bradford M Beckmannt, Mark D Hill*t, Steven K Reinhardtt, David A Wood*t

*University of Wisconsin-Madison tAdvanced Micro Devices, Inc.




CPU-GPU COHERENCE AMD 2\

Directory




CPU-GPU COHERENCE AMD 2\

m 4x slowdown

Directnry

Bottleneck




CPU-GPU COHERENCE AMD 2\

m 4x slowdown

Directory 1. tha
requ pe le

Bottleneck

/

A0 WisconsIN

W/ UNIVERSITY OF WISCONSIN-MADISON



CPU-GPU COHERENCE AMD 2\

m 4x slowdown

Directory 1. tha
requ pe le

Bottleneck

DGR

A0 WisconsIN

W/ UNIVERSITY OF WISCONSIN MADISON



HETEROGENEOUS SYSTEM COHERENCE AMDZ

HSC

Region
Directory

A
W

)l



HETEROGENEOUS SYSTEM COHERENCE AMDZ

Baseline Directory HSC

Memory

/R—e\gion yk -

Directory




HETEROGENEOUS SYSTEM COHERENCE AMDZ

Region
Directory

-
i
2
=
o)
C
qu)
an)




NO001001 1101010101 1010700110100101011 #10)000101010

WA AlsioAaIanIng
BOULE AOURT IOV IRt
FEDERAGE D8 LN

Meet the Walkers
Accelerating Index Traversals for In-Memory Databases

Onur Kocberber
Boris Grot, Javier Picorel, Babak Falsafi,
Kevin Lim, Parthasarathy Ranganathan

G\

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE




1010110107001 10100101011 #1010001010104
. 1M1 “ " . . . " L) ) e .




10001001 1101010101 10101001 10100101011 11 0)000101010

Ci=0

| large data
Index /’3/

Lookup K[ \

pointer-
Intensive



010101 10107001 10190101011 1010001010104

RN Ao oAI 80N
BCOLE POUFTICMN IR
FADERAGE D LSS

complex

e

|
LI
L]

| |
p Jp JpJ 2 e )

General-purpose
Oo0O




Si=0

2011101010101 1010700110100101011 #10)000101010

AN sIoAIANINg
BOURE AU ETIOEN R
FEDORAGE DN LMAANNS

Index Lookups on General-Purpose OoO

— [ \e™
0000 — 53
1 =2

| |
p Jp JpJ 2 e )

General-purpose
Oo0O

Index
Lookup



11101010101 10107001 10100101011 #1010001010104

RN Ao oAI 80N
BCOLE POUFTICMN IR
FADERAGE D LSS

General-purpose
Oo0O



01001 1101010101 10107001 10100101011 101000101010

NI Ao oAI 80N
UL ORIV IR
FADERACE DN LAAANAE

| |
p Jp JpJ 2 e )

General-purpose
Oo0O




¥ Beyond inst. window
capacity

| |
p Jp JpJ 2 e )

General-purpose
Oo0O




10001001 1101010101 10101001 10100101011 #10)000101010

Throughput




010101 10107001 10100101011 #1010001010104
nin N . A1 e . LA L e .

|
LI
L]

|
p Jp JpJ 2 e )

Throughput

| e
H&)




010101 10107001 10100101011 #1010001010104

LN Ao oAI 80N
BCOLE POUFTICMN IR
FADERAGE D LSS

4 Walkers

Throughput

/e

IO

|
p Jp JpJ 2 e )




10001001 1101010101 10107001 10100101011 #10)000101010

NI AlsioAaIanIng
BOULE AOURT IOV IRt
FADERACE DN LAAANAE

4 Walkers

v'Simple

Throughput

— Q: ,,
==
1 HE

| |
p Jp JpJ 2 e )

Energy Efficiency



Throughput

v Simple
<9 v'Parallel
LI -
1 =
| ==
| |
> 1o 10 p e o

Energy Efficiency



10001001 1101010101 lOW?OOHOlOO!:OI\,O\) 101000101010

WA AlsioAaIanIng
BOULE AOURT IOV IRt
PEDEAAGE DN LAAANNE

s PR R TR
2 NN \%\
2 v'Simple
_g v'Parallel
[ ]
= 000 v'Programmable
L
|
| |
p Jp 101 P Ip0 90

Energy Efficiency



Throughput

| |
p Jp JpJ 2 e )

Energy Efficiency

v'Simple
v'Parallel
v'"Programmable

D.9X




Throughput

A

3X

LAST TALK of the conference
Wednesday, 12pm

[ ]
LI

L |

| |
p Jp JpJ 2 e )

Energy Efficiency

1041 1010001010104
-

Walkers

W W W

5.9X




	session1Apaper1
	session1Apaper2
	session1Apaper3
	session1Bpaper1
	session1Bpaper2
	session1Bpaper3
	session2Apaper1
	session2Apaper2
	session2Apaper3
	session2Apaper4
	session2Bpaper1
	session2Bpaper2
	Blank Template Slide
	Slide 2
	Slide 3

	session2Bpaper3
	session2Bpaper4
	session3Apaper1
	session3Apaper2
	session3Apaper3
	session3Bpaper1
	session3Bpaper2
	session3Bpaper3
	session4Apaper1
	session4Apaper2
	session4Apaper3
	session4Bpaper1
	session4Bpaper2
	session4Bpaper3
	session5Apaper1
	session5Apaper2
	session5Apaper3
	session5Bpaper1
	session5Bpaper2
	session5Bpaper3
	session6Apaper1
	session6Apaper2
	session6Bpaper1
	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	How to Turn Data Updates Into Permanent Records?
	How to Turn Data Updates Into Permanent Records?
	How to Turn Data Updates Into Permanent Records?
	How to Turn Data Updates Into Permanent Records?
	Slide Number 9

	session6Bpaper2
	session7paper1
	session7paper2
	session7paper3


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




