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This workshop, the ninth its series, focuses on
architecture and system support for big data systems,

aiming at bringing researchers and practitioners from data management, 
architecture, and systems research communities together to discuss the 

research issues at the intersection of these areas.
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What is Big Data Analytics?
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Big data analytics is the application of varied techniques
to very large and diverse data sets in order to uncover 
hidden patterns and produce meaningful insights.

Big data analytics deals with data sets too large, 
problems too complex, and patterns too subtle to be 
handled by conventional relational databases.



Big Data Benchmarks
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BigDataBench

YCSB

CloudSuite

DCBench HiBench

LinkBench
AMPLab Benchmarks

There are ample big data-related benchmarks.

TPCx-BB BigBench

What is it and why should computer architects care?



TPCx-BB Origin and Features
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Proposed at SIGMOD 2013, BigBench was developed with input 
from many industry partners.

BigBench was standardized as TPCx-BB in 2014.



TPCx-BB (BigBench) is Uniquely Realistic
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It simulates a modern retailer with a 
physical and online store presence.

It gathers copious data on products, 
customers, and competitors.

It uses complex queries to extract 
value from its collected data.

Data size is configurable from 1 TB 
to 1 PB.



BigBench Queries
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30 queries operate on collected data to extract useful information.

Q01: Find the top 100 products 
frequently purchased together.

Q12: Find customers who viewed 
certain categories online then 
made an in-store purchase in the 
same category.

Q27: Extract competitor product 
names from online reviews.



Coverage
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BigBench data includes
structured (e.g. customer demographics) data,
semi-structured (e.g. web site click streams) data, and
un-structured (e.g. online product reviews) data.

BigBench operates on the data using
MapReduce,
machine learning,
user-defined functions,
query language operations,
and natural language processing.

Most queries take multiple steps, and many cover multiple data 
types and operation types.



Why Should We Study One More Benchmark?
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It is essential to understand, emulate, and study industry 
perspectives in order to produce believable and relevant insights.

There is a lot of heterogeneity in the applications, something 
that has been oversimplified in past benchmarking efforts.

Thread-limited execution is still pervasive even in scale-out 
big data analytics and demands better scale-up performance.



Big Data Analytics is a Rich and Varied Field
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Computational Method

MapReduce

Machine learning

User-defined 
functions

Query language 
operations

Natural language 
processing

Data Type

Structured

Semi-
Structured
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Experimental Setup
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3+1 setup: 3 workers, 1 master.

Worker nodes:
Intel Xeon E5-2699 v3
384 GB RAM
SSD Storage
10 Gbps Ethernet

BigBench



BigBench Stages
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Data Generation
Creates the data used by the benchmark.

Load Test
Extracts/transforms/loads the data into a usable form.

Throughput Test
Runs multiple queries at 

once to maximize 
throughput.

Power Test
Runs each query 

sequentially to minimize 
latency.

Score
Runs 
each 
query 

sequenti
ally to 

minimiz



Characterization:
A Caution Against Oversimplification
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Only the front and back end-bound cycles are stable across queries.

Compute Caches Bandwidth

Big Data Analytics applications are too varied to represent
with just a few programs.
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With the Promises of what Big Data Can Do,
We Forget About What it Cannot Do
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Hadoop makes reliable, scalable, distributed computing possible 
on industry-standard servers…Hadoop is also designed to scale 
from a single server to thousands of machines.“ ”Microsoft Azure’s Hadoop Page

Apache Hadoop is a highly scalable storage platform designed to 
process very large data sets across hundreds to thousands of 
computing nodes that operate in parallel.“ ”IBM’s Hadoop Page

Architecturally, the reason you’re able to deal with lots of data is 
because Hadoop spreads it out…You’ve got all of these 
processors, working in parallel, harnessed together.“ ”Cloudera Co-Founder Mike Olson

We see these claims about Hadoop scaling to thousands
of machines and we have a tendency to think

we don’t need to worry about scale-up.

In reality, scale-up performance is just as important in
big data analytics as it has ever been.



Amdahl’s Law is Alive and Kicking
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Despite common wisdom that big data is perfect for scale-out,
these applications show universal TLP shortcomings.



How Do We Design For This?
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Big data analytics already scales out.  How can we get the 
performance to scale up?



Contrasting Scale-Out and Scale-Up
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We measure the change in runtime as we scale resources:
• Number of cores
• Operating frequency

We report the efficiency of resource scaling.

Change in run time
Expected change



Scaling Efficiency
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Core scaling shows limited efficiency, sometimes providing no benefit at 
all.

Frequency scaling is more efficient than core scaling.



What About Turbo Boost?
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Turbo Boost uses slack in thermal and current margins to 
increase the operating frequency of CPUs.

With so many halted cycles, Turbo Boost should be 
perfect for BigBench, right?

Not quite…

The Turbo Boost ceiling is a function of the number of 
active cores.  The fewer the cores, the higher the ceiling.



A Deeper Problem
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The Turbo Boost ceiling does not increase
until most cores are disabled.



A Deeper Problem
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The Turbo Boost ceiling does not increase until most 
cores have been disabled.

Prior Turbo Boost studies have 
focused on CPUs in this region



A Deeper Problem…Compounded By Software
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Despite having very little TLP,
nearly all the cores are kept busy most of the time.



A Deeper Problem…Compounded By Software
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Despite having very little TLP, nearly all the cores are kept 
busy most of the time.



Double Whammy
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Hardware: Slack in thermal and current margins does not 
translate to a higher Turbo Boost ceiling until most cores 
are disabled.

Software: The abundant software threads are being 
scheduled onto virtually all available cores, whether they 
are actually needed or not.

Hardware and software cooperatively prevent                            
Turbo Boost from ever exceeding its baseline ceiling.



Core packing is a proposal for proactive enhancement of 
Turbo Boost through hardware and software cooperation.

Core Packing
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Core Packing—Hardware Proposal
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Allow for linear increase in Turbo Boost ceiling with the 
number of deactivated cores.



Core Packing
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Proactively restrict the number of active cores to just meet 
the workload.



Core Packing — Simple Approximation
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Q10 has such consistently low TLP, we can use it to 
approximate core packing behavior.



Core Packing — Better Approximation
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Query 10 could finish in 416 seconds: a 13.5% speedup.

Furthermore, energy consumption decreases by 30%.



Core Packing — Complexity
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Most queries are far too complex to enable such simple 
core packing approximation.



Analytical Model—Turbo Boost Frequency
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Assuming a linear increase in Turbo Boost ceiling for each 
deactivated core, at what frequency can each query run?

Base (current) frequency

Available slack in cores

Turbo Boost ceiling room



Analytical Model—Packed Cores
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Given a potentially higher operating frequency, how much 
speedup can we expect?

Fractional increase in frequency

Efficiency of frequency scaling



Analytical Model—Evaluation
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Notably, Q10’s modeled speedup of 15.1% is remarkably 
close to our predicted speedup of 13.5%.



Takeaways
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TPCx-BB (BigBench) is a new benchmark that strives to 
capture the realism and diversity of industry workloads.

Thread-level parallelism is not abundant in big data
workloads as common wisdom would have us believe.

Need to explore new, more proactive solutions like 
Core Packing by digging deep into the individual queries.
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Scale-out
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Scale-up
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Workload Evolution



Workload Evolution



How Have Tools Evolved?
Tools

Workloads

Single-threaded
SPEC

Multi-threaded
PARSEC

Distributed
Hadoop

???Perf counters     gem5
gprof

Valgrind   Pin



Studying Scale-Out Workloads

Three fundamental requirements

Transparency Instrumentation Full-System



Transparency
The property that program analysis
has ZERO effect
on program environment and execution



Instrumentation
The ability for a user
to write arbitrary tools
for program analysis
using a dedicated API



Full-System
The ability to study the
entire system stack
from BIOS to user space



Intel SAESAE is an x86 emulator
for dynamically instrumenting

scale-out workloads
across the entire software stack

SAE is an x86 emulator
for dynamically instrumenting

scale-out workloads
across the entire software stack
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What is Instrumentation?

A technique that inserts extra code into a program to collect 
runtime information

int bar(int foo) {
__bar_entry();
int res = foo + 2;
__bar_exit();
return res;

}

int main() {
__main_entry();
int foo = 0;
int t = bar(foo);
...
__main_exit();
return 0;

}

Source Instrumentation
110010010000110001000110
call __bar_entry
001000101101010010111000
111010000101010101011001
100101011010010100101001
000001010000101100011101
101000110000010111011000
010111110101010011111011
010001110110101001100000
010010111100010101101010
001001011101000100010101
111111110010010101011001
call __bar_exit
001001110100010110100011
010100010101001010010011

Binary Instrumentation



Why use Binary Instrumentation?
Obviates need for recompiling or relinking

Enables instrumentation of existing binaries



Dynamic Binary Instrumentation

Discover code at runtime

Handle dynamically-generated code

Attach to running process

Instrumentation intercepts 
application execution



How is Binary Instrumentation Used?

Trace Generation
Architectural Structure Modeling
Fault Tolerance Studies
Emulating New Instructions
Call Graph Generation
Memory Leak Detection
Thread Profiling
Race Detection



How is Binary Instrumentation Used?



SAE Overview

Acts as a
software CPU

Tools exist outside of
guest environment

Operates in Simics
virtual environment

Tools operate in
context of CPU,

not OS
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SAE Overview

SAE simulates the Full System

SAE offers powerful Instrumentation API

SAE maintains perfect Transparency





SAE Components

X86 Encoder Decoder (XED)

Interpreter JIT Compiler

Instrumentation API

ztool ztool ztool



Developing a ztool

#include "ztool-api.h"

static ztool_handle_t zhandle;
extern "C" void ztool_init(ztool_init_handle_t handle) {

zhandle = ztool_init_get_tool_handle(handle);
}
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zhandle = ztool_init_get_tool_handle(handle);
}
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Developing a ztool
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Developing a ztool

#include "ztool-api.h"

long unsigned icount = 0;
void fini(ztool_fini_handle_t fhandle, void *data) {

std::cout << "Inst count: " << icount << std::endl;
}
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...
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Configuration events

Run-time events

Architectural-
events 

(e.g. ring transition, cr3 
modification, machine 
mode modification)

Architectural state (registers, memory, active core) + per event data

Per event data

Instruction execution
All instructions

By instruction format

By opcode + address

Memory access
By instruction

By interrupt/exception/
page-walk

State-change
Interrupt (asynchronous)

Exception (synchronous)

Instrumentation Engine
CPU-Level Events

Tool loaded Dynamic reconfiguration Instruction/basic-block discovery (caching)

Finalization events
Per event data

Tool unloaded Instruction deletion (un-caching)Simulation termination



Supporting Multi-Core

#include "ztool-api.h"

long unsigned icount = 0;
void fini(ztool_fini_handle_t fhandle, void *data) {...}
void count_inst(ztool_state_handle_t shandle, void *data) {...}
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{ ... }
{ ... }

}
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extern "C" void ztool_init(ztool_init_handle_t handle) {
int num_cores = ztool_init_get_core_count(handle);
mc_icount = new long unsigned[num_cores];
{ ... }
{ ... }

}
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{ ... }
{ ... }
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Supporting Multi-Core

#include "ztool-api.h"
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void fini(ztool_fini_handle_t fhandle, void *data) {...}
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Supporting Multi-System

ztool_init() is called by each system’s thread



Supporting Multi-System

...
static ztool_system_data_key_handle_t ms_key;
struct system_data_t {

ztool_handle_t zhandle;
unsigned core_count;
long unsigned *mc_icount;

};
...
extern "C" void ztool_init(ztool_init_handle_t handle) {

ztool_handle_t zhandle = ztool_init_get_tool_handle(handle);
system_data_t *sdata = new system_data_t();
sdata->zhandle = zhandle;
sdata->core_count = ztool_init_get_core_count(handle);
sdata->mc_icount = new long unsigned[sdata->core_count];

ztool_system_alloc_data_key(zhandle, &ms_key);
ztool_system_set_data(zhandle, ms_key, sdata);
{...}
{...}

}

...
static ztool_system_data_key_handle_t ms_key;
struct system_data_t {

ztool_handle_t zhandle;
unsigned core_count;
long unsigned *mc_icount;

};
...
extern "C" void ztool_init(ztool_init_handle_t handle) {

ztool_handle_t zhandle = ztool_init_get_tool_handle(handle);
system_data_t *sdata = new system_data_t();
sdata->zhandle = zhandle;
sdata->core_count = ztool_init_get_core_count(handle);
sdata->mc_icount = new long unsigned[sdata->core_count];

ztool_system_alloc_data_key(zhandle, &ms_key);
ztool_system_set_data(zhandle, ms_key, sdata);
{...}
{...}

}

...
static ztool_system_data_key_handle_t ms_key;
struct system_data_t {

ztool_handle_t zhandle;
unsigned core_count;
long unsigned *mc_icount;

};
...
extern "C" void ztool_init(ztool_init_handle_t handle) {

ztool_handle_t zhandle = ztool_init_get_tool_handle(handle);
system_data_t *sdata = new system_data_t();
sdata->zhandle = zhandle;
sdata->core_count = ztool_init_get_core_count(handle);
sdata->mc_icount = new long unsigned[sdata->core_count];

ztool_system_alloc_data_key(zhandle, &ms_key);
ztool_system_set_data(zhandle, ms_key, sdata);
{...}
{...}

}

...
static ztool_system_data_key_handle_t ms_key;
struct system_data_t {

ztool_handle_t zhandle;
unsigned core_count;
long unsigned *mc_icount;

};
...
extern "C" void ztool_init(ztool_init_handle_t handle) {

ztool_handle_t zhandle = ztool_init_get_tool_handle(handle);
system_data_t *sdata = new system_data_t();
sdata->zhandle = zhandle;
sdata->core_count = ztool_init_get_core_count(handle);
sdata->mc_icount = new long unsigned[sdata->core_count];

ztool_system_alloc_data_key(zhandle, &ms_key);
ztool_system_set_data(zhandle, ms_key, sdata);
{...}
{...}

}

...
static ztool_system_data_key_handle_t ms_key;
struct system_data_t {

ztool_handle_t zhandle;
unsigned core_count;
long unsigned *mc_icount;

};
...
extern "C" void ztool_init(ztool_init_handle_t handle) {

ztool_handle_t zhandle = ztool_init_get_tool_handle(handle);
system_data_t *sdata = new system_data_t();
sdata->zhandle = zhandle;
sdata->core_count = ztool_init_get_core_count(handle);
sdata->mc_icount = new long unsigned[sdata->core_count];

ztool_system_alloc_data_key(zhandle, &ms_key);
ztool_system_set_data(zhandle, ms_key, sdata);
{...}
{...}

}

...
static ztool_system_data_key_handle_t ms_key;
struct system_data_t {

ztool_handle_t zhandle;
unsigned core_count;
long unsigned *mc_icount;

};
...
extern "C" void ztool_init(ztool_init_handle_t handle) {

ztool_handle_t zhandle = ztool_init_get_tool_handle(handle);
system_data_t *sdata = new system_data_t();
sdata->zhandle = zhandle;
sdata->core_count = ztool_init_get_core_count(handle);
sdata->mc_icount = new long unsigned[sdata->core_count];

ztool_system_alloc_data_key(zhandle, &ms_key);
ztool_system_set_data(zhandle, ms_key, sdata);
{...}
{...}

}

...
static ztool_system_data_key_handle_t ms_key;
struct system_data_t {

ztool_handle_t zhandle;
unsigned core_count;
long unsigned *mc_icount;

};
...
extern "C" void ztool_init(ztool_init_handle_t handle) {

ztool_handle_t zhandle = ztool_init_get_tool_handle(handle);
system_data_t *sdata = new system_data_t();
sdata->zhandle = zhandle;
sdata->core_count = ztool_init_get_core_count(handle);
sdata->mc_icount = new long unsigned[sdata->core_count];

ztool_system_alloc_data_key(zhandle, &ms_key);
ztool_system_set_data(zhandle, ms_key, sdata);
{...}
{...}

}

...
static ztool_system_data_key_handle_t ms_key;
struct system_data_t {

ztool_handle_t zhandle;
unsigned core_count;
long unsigned *mc_icount;

};
...
extern "C" void ztool_init(ztool_init_handle_t handle) {

ztool_handle_t zhandle = ztool_init_get_tool_handle(handle);
system_data_t *sdata = new system_data_t();
sdata->zhandle = zhandle;
sdata->core_count = ztool_init_get_core_count(handle);
sdata->mc_icount = new long unsigned[sdata->core_count];

ztool_system_alloc_data_key(zhandle, &ms_key);
ztool_system_set_data(zhandle, ms_key, sdata);
{...}
{...}

}

...
static ztool_system_data_key_handle_t ms_key;
struct system_data_t {

ztool_handle_t zhandle;
unsigned core_count;
long unsigned *mc_icount;

};
...
extern "C" void ztool_init(ztool_init_handle_t handle) {

ztool_handle_t zhandle = ztool_init_get_tool_handle(handle);
system_data_t *sdata = new system_data_t();
sdata->zhandle = zhandle;
sdata->core_count = ztool_init_get_core_count(handle);
sdata->mc_icount = new long unsigned[sdata->core_count];

ztool_system_alloc_data_key(zhandle, &ms_key);
ztool_system_set_data(zhandle, ms_key, sdata);
{...}
{...}

}

...
static ztool_system_data_key_handle_t ms_key;
struct system_data_t {

ztool_handle_t zhandle;
unsigned core_count;
long unsigned *mc_icount;

};
...
extern "C" void ztool_init(ztool_init_handle_t handle) {

ztool_handle_t zhandle = ztool_init_get_tool_handle(handle);
system_data_t *sdata = new system_data_t();
sdata->zhandle = zhandle;
sdata->core_count = ztool_init_get_core_count(handle);
sdata->mc_icount = new long unsigned[sdata->core_count];

ztool_system_alloc_data_key(zhandle, &ms_key);
ztool_system_set_data(zhandle, ms_key, sdata);
{...}
{...}

}



Supporting Multi-System

...
struct system_data_t {

ztool_handle_t zhandle;
unsigned core_count;
long unsigned *mc_icount;

};

void count_inst(ztool_state_handle_t shandle, void *data) {
system_data_t *sdata = reinterpret_cast<system_data_t*>(

ztool_state_get_system_data(shandle, ms_key));
unsigned core_num = ztool_state_get_core_num(shandle);
sdata->mc_icount[core_num]++;

}
...

...
struct system_data_t {

ztool_handle_t zhandle;
unsigned core_count;
long unsigned *mc_icount;

};

void count_inst(ztool_state_handle_t shandle, void *data) {
system_data_t *sdata = reinterpret_cast<system_data_t*>(

ztool_state_get_system_data(shandle, ms_key));
unsigned core_num = ztool_state_get_core_num(shandle);
sdata->mc_icount[core_num]++;

}
...

...
struct system_data_t {

ztool_handle_t zhandle;
unsigned core_count;
long unsigned *mc_icount;

};

void count_inst(ztool_state_handle_t shandle, void *data) {
system_data_t *sdata = reinterpret_cast<system_data_t*>(

ztool_state_get_system_data(shandle, ms_key));
unsigned core_num = ztool_state_get_core_num(shandle);
sdata->mc_icount[core_num]++;

}
...



Supporting Multi-System

#include <pthread.h>
static pthread_mutex_t print_mutex =

PTHREAD_MUTEX_INITIALIZER;
...
void fini(ztool_fini_handle_t fhandle, void *data) {

system_data_t *sdata = reinterpret_cast<system_data_t*>(
ztool_fini_get_system_data(fhandle, ms_key));

pthread_mutex_lock(&print_mutex);
cout << "System ”

<< ztool_system_get_name(sdata->zhandle) << endl;
for (int i = 0, ie = sdata->core_count; i < ie; ++i)

cout << "Core " << i << " instruction count: ”
<< sdata->mc_icount[i] << endl;

pthread_mutex_unlock(&print_mutex);
}
...

#include <pthread.h>
static pthread_mutex_t print_mutex =

PTHREAD_MUTEX_INITIALIZER;
...
void fini(ztool_fini_handle_t fhandle, void *data) {

system_data_t *sdata = reinterpret_cast<system_data_t*>(
ztool_fini_get_system_data(fhandle, ms_key));

pthread_mutex_lock(&print_mutex);
cout << "System ”

<< ztool_system_get_name(sdata->zhandle) << endl;
for (int i = 0, ie = sdata->core_count; i < ie; ++i)

cout << "Core " << i << " instruction count: ”
<< sdata->mc_icount[i] << endl;

pthread_mutex_unlock(&print_mutex);
}
...

#include <pthread.h>
static pthread_mutex_t print_mutex =

PTHREAD_MUTEX_INITIALIZER;
...
void fini(ztool_fini_handle_t fhandle, void *data) {

system_data_t *sdata = reinterpret_cast<system_data_t*>(
ztool_fini_get_system_data(fhandle, ms_key));

pthread_mutex_lock(&print_mutex);
cout << "System ”

<< ztool_system_get_name(sdata->zhandle) << endl;
for (int i = 0, ie = sdata->core_count; i < ie; ++i)

cout << "Core " << i << " instruction count: ”
<< sdata->mc_icount[i] << endl;

pthread_mutex_unlock(&print_mutex);
}
...

#include <pthread.h>
static pthread_mutex_t print_mutex =

PTHREAD_MUTEX_INITIALIZER;
...
void fini(ztool_fini_handle_t fhandle, void *data) {

system_data_t *sdata = reinterpret_cast<system_data_t*>(
ztool_fini_get_system_data(fhandle, ms_key));

pthread_mutex_lock(&print_mutex);
cout << "System ”

<< ztool_system_get_name(sdata->zhandle) << endl;
for (int i = 0, ie = sdata->core_count; i < ie; ++i)

cout << "Core " << i << " instruction count: ”
<< sdata->mc_icount[i] << endl;

pthread_mutex_unlock(&print_mutex);
}
...

#include <pthread.h>
static pthread_mutex_t print_mutex =

PTHREAD_MUTEX_INITIALIZER;
...
void fini(ztool_fini_handle_t fhandle, void *data) {

system_data_t *sdata = reinterpret_cast<system_data_t*>(
ztool_fini_get_system_data(fhandle, ms_key));

pthread_mutex_lock(&print_mutex);
cout << "System ”

<< ztool_system_get_name(sdata->zhandle) << endl;
for (int i = 0, ie = sdata->core_count; i < ie; ++i)

cout << "Core " << i << " instruction count: ”
<< sdata->mc_icount[i] << endl;

pthread_mutex_unlock(&print_mutex);
}
...

#include <pthread.h>
static pthread_mutex_t print_mutex =

PTHREAD_MUTEX_INITIALIZER;
...
void fini(ztool_fini_handle_t fhandle, void *data) {

system_data_t *sdata = reinterpret_cast<system_data_t*>(
ztool_fini_get_system_data(fhandle, ms_key));

pthread_mutex_lock(&print_mutex);
cout << "System ”

<< ztool_system_get_name(sdata->zhandle) << endl;
for (int i = 0, ie = sdata->core_count; i < ie; ++i)

cout << "Core " << i << " instruction count: ”
<< sdata->mc_icount[i] << endl;

pthread_mutex_unlock(&print_mutex);
}
...

Like any multi-threaded program,
ensuring thread safety is paramount





Other SAE Power Features

OS Awareness

Dynamic Reconfiguration

CPU Modification & ISA Extensions

Networking



OS Awareness

As a convenience to users, SAE 
provides OS-aware APIs

Currently only available for Linux

Implemented as ztools, so OS experts 
can extend OS awareness to
additional platforms



Configuration events

Run-time events

OS-events 
(e.g. system-call, 
signal, etc.)

OS state (pid, tid) + architectural state + per event data

Per event data

Task
Process/Thread creation

Task switch

Process/Thread destruction

Function
Entry

Exit

Instrumentation Engine
OS-Level Events

Tool loaded Dynamic reconfigurationImage discovery (caching)

Finalization events
Per event data

Tool unloaded Image deletion (un-caching)Simulation termination

Image (per program)
Image load/unload

Program load 
(exec()-like)



OS Awareness

#include "ztool-api.h”
...
extern "C" void ztool_init(ztool_init_handle_t handle) {

{
ztool_os_staged_event_desc_t desc;
desc.os_event = ZTOOL_OS_STAGED_EVENT_TASK_SWITCH;
desc.when = ZTOOL_OS_WHEN_AFTER;
desc.fn = task_switch;
desc.data = NULL;
desc.order = ZTOOL_CB_ORDER_DEFAULT;
desc.config_key = ztool_init_get_default_config_key(handle);
desc.zhandle = ztool_init_get_tool_handle(handle);
ztool_os_staged_event_register_cb(&desc);

}
}

#include "ztool-api.h”
...
extern "C" void ztool_init(ztool_init_handle_t handle) {

{
ztool_os_staged_event_desc_t desc;
desc.os_event = ZTOOL_OS_STAGED_EVENT_TASK_SWITCH;
desc.when = ZTOOL_OS_WHEN_AFTER;
desc.fn = task_switch;
desc.data = NULL;
desc.order = ZTOOL_CB_ORDER_DEFAULT;
desc.config_key = ztool_init_get_default_config_key(handle);
desc.zhandle = ztool_init_get_tool_handle(handle);
ztool_os_staged_event_register_cb(&desc);

}
}

#include "ztool-api.h”
...
extern "C" void ztool_init(ztool_init_handle_t handle) {

{
ztool_os_staged_event_desc_t desc;
desc.os_event = ZTOOL_OS_STAGED_EVENT_TASK_SWITCH;
desc.when = ZTOOL_OS_WHEN_AFTER;
desc.fn = task_switch;
desc.data = NULL;
desc.order = ZTOOL_CB_ORDER_DEFAULT;
desc.config_key = ztool_init_get_default_config_key(handle);
desc.zhandle = ztool_init_get_tool_handle(handle);
ztool_os_staged_event_register_cb(&desc);

}
}

#include "ztool-api.h”
...
extern "C" void ztool_init(ztool_init_handle_t handle) {

{
ztool_os_staged_event_desc_t desc;
desc.os_event = ZTOOL_OS_STAGED_EVENT_TASK_SWITCH;
desc.when = ZTOOL_OS_WHEN_AFTER;
desc.fn = task_switch;
desc.data = NULL;
desc.order = ZTOOL_CB_ORDER_DEFAULT;
desc.config_key = ztool_init_get_default_config_key(handle);
desc.zhandle = ztool_init_get_tool_handle(handle);
ztool_os_staged_event_register_cb(&desc);

}
}



OS Awareness

#include "ztool-api.h”

static void task_switch(ztool_os_staged_event_handle_t evhandle,
void* data) {

ztool_os_task_handle_t task =
ztool_os_get_current_task(evhandle.oshandle);

int pid = ztool_os_task_get_pid(current_task);
int tid = ztool_os_task_get_tid(current_task);
static char name[16];
ztool_os_task_get_name(current_task, name, sizeof(name));
cout << setw(16) << left << name << " pid=" <<

setw(5) << pid << " tid=" << setw(5) << tid << endl;
}

extern "C" void ztool_init(ztool_init_handle_t handle) {
{...}

}

#include "ztool-api.h”

static void task_switch(ztool_os_staged_event_handle_t evhandle,
void* data) {

ztool_os_task_handle_t task =
ztool_os_get_current_task(evhandle.oshandle);

int pid = ztool_os_task_get_pid(current_task);
int tid = ztool_os_task_get_tid(current_task);
static char name[16];
ztool_os_task_get_name(current_task, name, sizeof(name));
cout << setw(16) << left << name << " pid=" <<

setw(5) << pid << " tid=" << setw(5) << tid << endl;
}

extern "C" void ztool_init(ztool_init_handle_t handle) {
{...}

}

#include "ztool-api.h”

static void task_switch(ztool_os_staged_event_handle_t evhandle,
void* data) {

ztool_os_task_handle_t task =
ztool_os_get_current_task(evhandle.oshandle);

int pid = ztool_os_task_get_pid(current_task);
int tid = ztool_os_task_get_tid(current_task);
static char name[16];
ztool_os_task_get_name(current_task, name, sizeof(name));
cout << setw(16) << left << name << " pid=" <<

setw(5) << pid << " tid=" << setw(5) << tid << endl;
}

extern "C" void ztool_init(ztool_init_handle_t handle) {
{...}

}

#include "ztool-api.h”

static void task_switch(ztool_os_staged_event_handle_t evhandle,
void* data) {

ztool_os_task_handle_t task =
ztool_os_get_current_task(evhandle.oshandle);

int pid = ztool_os_task_get_pid(current_task);
int tid = ztool_os_task_get_tid(current_task);
static char name[16];
ztool_os_task_get_name(current_task, name, sizeof(name));
cout << setw(16) << left << name << " pid=" <<

setw(5) << pid << " tid=" << setw(5) << tid << endl;
}

extern "C" void ztool_init(ztool_init_handle_t handle) {
{...}

}



OS Awareness

calculix         pid=1322  tid=1322 
swapper          pid=0     tid=0    
kblockd/1        pid=29    tid=29   
calculix         pid=1322  tid=1322 
swapper          pid=0     tid=0    
kblockd/1        pid=29    tid=29   
calculix         pid=1322  tid=1322 
swapper          pid=0     tid=0    
kblockd/1        pid=29    tid=29   
calculix         pid=1322  tid=1322 
swapper          pid=0     tid=0    
kblockd/1        pid=29    tid=29   
calculix         pid=1322  tid=1322 
swapper          pid=0     tid=0    
kblockd/1        pid=29    tid=29   
calculix         pid=1322  tid=1322 
swapper          pid=0     tid=0    
kblockd/1        pid=29    tid=29   
calculix         pid=1322  tid=1322 
swapper          pid=0     tid=0    



Meeting the Requirements
Transparency Instrumentation

Full-System

Performance
Counters

Pin, Valgrind,
DynamoRIO

gem5 FS

QEMU PinOS

SAE





In Summary
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Architecture
(CorePacking)

Workloads
(BigBench)

Tools
(SAE)

Big data requires a holistic view.

Growing need for academia and 
industry to collaborate with one another
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