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Abstract

Nowadays in modern Multicore architecture processors more and more
transistors are employed on chip Caches to reduce latency to data and to
achieve high performance computing. Therefore On chip cache consumes
significant amount of processor power and cycles but need to delivery high
performance. To achieve performance cache resources must be optimized to
meet the necessity. Since most modern processors support performance
monitoring unit or performance counters. These performance counters are
implemented to measure the events of the processor. In this paper we are
exploring the different types of events which impact on L1 cache, Instruction
cache, Data cache and cache TLB. It is furthermore based on per CPU
monitoring instead of aggregated no of available CPU’s. This could help
normal application developers to self-profile their codes. Make them to
understand most of the basic programming parameters which are considered
for while developing applications without requiring more complicated
environmental setup or programming.
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Introduction

The increase in nature of complexity in computing increase leads to thousands of
processors in a chip by this decade. Which also implies complex memory hierarchies,
interconnects etc. Moore’s law drivers that the complex ability of Multicore
architecture also will impact other domains like hypervisors, operating systems,
compliers and applications as well. The most majority of the users are exposed to how
fast their applications are running the bottom line. Now all the CPUs are
manufactured with Performance Counters and with architectural registers to support
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it. Performance counters allow a low level analysis of the running programs on a
target machine. As of November 2013 Most of the super computers in the world are
running some form of Linux.

Since the inclusion (2009) of Perf_event subsystem has introduced a wide range of
access to CPUs. There have been various implementations of Performance counters
outside the main Linux code base expect the perf tools over all these years and require
a custom patching to the kernel source code.

Background

Nowadays more number of events are been developed and these events availability
are based upon the hardware architecture and even varies from manufacture to
manufacture. The supported event details are mainly founded from the specification
manual and doesn’t guarantees for useful results. When considering Intel x86 series
an access to the performance counters requires a direct control over Model Specific
Registers (MSRs). These registers are further sub divided into configuration registers
and counter registers. The configuration register holds the control of starting, stopping
events and the event to be monitored and overflow interrupts. Generally 2 to 8
counting registers are available. Read and writing to the configuration registrations
may require privilege levels. Some kernels provide additional features like event
scheduling, multiplexing, Per CPU counting, Process attaching.

Most of the Linux users typically depend upon the psor topcommand and look at
the column %CPU for their running process, when the values are typically low than
100% they start investigate the reasons: Resource conflicts (more process or thread
than the hardware threads), Slow 10, Virtual Memory effects, latency, etc. The CPU
usage doesn’t conclude how often that the processes are scheduled for execution by
the OS.

Remote memory accesses are a major source for latency in multicore. This latency
are due to extra cycles required to access from different levels of cache, main
memory, or from another node Processor and interconnections links on the main
memory. Several techniques have proposed to reduce the like contention aware
scheduling with memory migration, cache coloring, cache aware scheduling. These
techniques are generic and depend on experience-based technique for solving
problems. They are effective as a co-scheduler and they are always not appropriate it
can also reduce the performance of application adding some extra overhead to it. So
these are the parameters made as to make analysis of the perf_event syscall could be
an effective way for self-profiling an end developer’s tool.

The global statically allocated objects and data can be found by analyzing the
embedded program binary and system libraries from which the size and the precise
virtual address range can be gathered by using tools like Intel VTune and Memphis.

Related Works
1. Perf tools: The inbuilt perf tool gives an overview of user application
performance, since it’s a command line tool it lacks the most important feature
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like profiling only the programmer interested area of code especially analyzing
deadlocks and different type of locks.

2. OProfile: OProfile is a system wide sampling profiler which was added to the
kernel v 2.5.43. It allows user to profile based on arbitrary sampling
performance counter. It also has added features like frequency graphs and
stack traces. It requires a root privilege to start and it lacks aggregate event
counts since it’s a sampler.

3. Perfctr: The Perfctr provides interface to the kernel and opening dev/perfctr
and access it using through ioctl () calls. It requires a libperfctr library which
provides an abstraction to the kernel interface.

4. iv)Perform2: It’s an extension of itanium-specific perform. It provides a
variety of syscall and system wide configuration. The libpfm3library a list of
performance events, an event scheduler and a high level interface to the
kernel. It works on the user space.

5. LIKWID: It is a method which bypasses the Linux kernel and directly
accesses the MSRs. It usually conflict when there is a concurrent perf_event. It
is supported on x86 architecture only and it provides only system-wide
profiling (MSRs value can’t save at context switch).

Performance Monitoring Unit

Modern CPUs architectures like x86, x64, ARM, PowerPC provide access to
hardware event counters through programmable performance monitoring unit. The
PMU have control registers by configuring these registers it is possible to monitor the
events which required for analysis like cache accesses or misses or branch
mispredictions. The registers may be read-only or read-write. Kernel controls whether
registers are directly accessible to non-privileged user applications or whether
accesses must be done in privileged mode from user program code/ application. Most
of the CPUs are provide with 5 or 6 registers which are typically limited than the
number of events that are available, so it leaves to the user select a set of events of
interest. The set of events types has to be specific to the micro architecture in which
we are analyzing since they differ from architecture to architecture. Performance
monitoring registers can be set up to trigger interrupts when they overflow.

Cache Framework

Cache framework is a program for the Linux environment. The familiar cache-misses
cache references, branch-misses, CPU-cycles. Our framework reports L1 data cache
Loads, misses, stores, prefetches and prefetch misses. Similarly for L1 instruction
cache loads, load misses prefetches. Finally last level cache load, misses etc. Various
methods to access hardware performance counters proposed, our framework is built
on top of perf_event _open () system call added in Linux Kernel 2.6.32, which is
available on many architectures including x86, x64, PowerPC, ARM. So that using
perf_event_open. We can directly access the hardware performance counters and
reduce the overhead.
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CPU has only the limited number of performance counter registers, to overcome
this problem our framework support event multiplexing. Event multiplexing is a set of
the interested eventsets; kernel schedules them in Round Robin for execution, then
scales theresults to extrapolate their values for the entire program.

Multiple events can be scheduled to start one after other and collects results
individually. The accuracy of this mode is high when compared to Multiplexing mode
but the down side the user program has to start automatically for every event and has
to record the values so it consumes lot of time. The user can select between user,
kernel and hypervisor mode in which they want to run profiling. Our framework
supports both systems wide, Per-processor mode of profiling. Per-thread Per-
Processor mode of profiling this requires privilege support. System wide events has
the advantage that it can account for all threads running in all the processor, it gives
the snapshot of the system resource usage. On the other hand, system wide profiling
makes it difficult to separate events of interest from unrelated system activities or
noise. Per-thread profiling allocates the thread with its own logical set of performance
counter registers, our framework maintain a Per-thread state which updated on each
CPU context switches. In Per-thread Per-Processor profiling allocate the thread with
its own logical set of performance counter register on the pinned Processor and
maintain the thread state and updates when it get job done.

Experimental Setup:
We have used three types of PCs in our experiment are listed in Table 1, on each
system we used Linux kernel version 3.2.54. Make sure that the kernel is mounted
with Cgroup under /sys/fs/cgroup. Also verify the menuconfig whether the kernel is
enabled with following options under

General Setup

-> Control Group Support

—>Enable perf_event per-CPU per-container group (cgroup) monitoring

Table 1: The configuration details of System used for analysis

character Intel core 2 |Intel core i5 | Intel core i5
Duo E8300 2300 M450

Model 23 42

Clock Rate 2800 MHz 3100 MHz 2400 MHz

L1 instruction Cache | 2*32 KB 4*32 KB 2*32 KB

L1 Data Cache 2*32 KB 4 *32 KB 2*32 KB

L2 Cache 6 MB shared | 4 *256KB 2*256 KB

L3 Cache - 6 MB 3 MB

No of Cores/ Threads | 2/2 4/4 2/4

Hyper Threading - - yes

If these settings are not selected then you need to build the kernel with these
changes. Per_event_open supported from Linux kernel 2.6.32 but it lacks per CPU per
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thread support, these features are added from kernel version 3.2.XX. Perf _event
system call "one" system call to setup an event get a file descriptor back to identify
event normal file sharing semantics apply.

The syntax of perf_event_open is as follow

#include<linux/perf_event.h>

int perf_event _open(structperf_event_attr *attr, pid_tpid, intcpu, intgroup_
fdunsigned long flags);

Structure

I milion instraction fancrion or targer
Program based on intrest of user

T
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Figure 1: Successive Multiple Event configuration Steps.
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Figure 2: Successive Multiple event flow steps

The programs we used for analysis are 512*512 native matrix multiplication, a
program containing 1 million instruction based on assembly language,

Fig 1 show the configuration steps for setuping the test code for profiling and
getting a file descriptor for each event. This is based on Succesive Multiple events
profiling (one after the aother events). For multiplexing event mode we the
configuration steps are as same as shown in Fig 1. For per PID per CPU mode of
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profiling we need to mount the cgoup filesystem like as folowfd=open
("/sys/fs/cgroup/test,O_RDONLY™);
Event_fd[i]=sys_perf_event_open(&pe,fd,0,-1,0); close(fd); It
measure in cgroup test on CPUO assuming croup is mounted.

Fig 2 shows how the events are stared and stopped for Succesive Multiple events
mode. In the case of Multilpexing Events mode all the events have to start and stop at
the same time so it requires a little changes. To measure the time of execution we are
using the Gettimeofday API provided by Linux kernel. Apart from general
configuration in order to measure the SW_CONTEX SWITCH and
SW_CPU_MIGRATION the kernel space measurement must be enable in the
perf_event structure attribute. The perf_event structure attribute offer pinned=1,
must always be on PMU, exclusive=1, only group on PMU. The newly created thread
PID is acquired and monitor by configuring task=1, the location of the data’s accessed
are gathered by enabling mmap.

To ensure the accuracy of the performance counters we run a program containing
1,500,000 branches of which 500,000 are not taken branches. We find that most time
the counter very close to the expected values. The experimental count values are just
added in Table 1. Similarly we also run another programming containing 1 Million
assembly instructions. The results are displayed in Table 2.

represents to

Table 2: Experimental result of 1,500,000 branch instructions

1 million instruction | Core 2 Duo | Core i5 m540 | Core i5 2400
Expected 1000000 1000000 1000000
Result 1000015 1000018 1000013

Table 3: Experimental result of 1 million instructions

1 million instruction | Core 2 Duo Core i5 m540 Core i5 2400
Expected 1000000 1000000 1000000
Result 1000015 1000018 1000013

To analysis the self performance profiling of a program we run a 512*512 native
matrix multiplication. The analysis result of the program are shown in graph 1 to 9.
We observed that the software context switch and software CPU migrations are
occuring at the kernel level so we need to measure Kernel space also. When are
measuring in the per CPU per PID mode we find that Software CPU_Muigrataions are
occurred even under hard CPU affinity is applied. Since they save the content of the
required registers any where in the CPU during software Context switch. When ever a
Hardware_CPU_Migrations ocurs in a process then the L2 cache misses are high and
LLC Cache acces are high and also misses . Since the L2 caches have block of datas
that are ready to excute immediately.

In the case of multiplexing events the accuray of events were not up to the level as
we expected. The multiplexing can be effective only for a dual core processor with 2
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levels of cache. In the case of i5 m450 the scaled count error percentage was in the
range of >40% wheras in the case of i5 2300 the error rate was >50%. So it is best
addviceable when you are considdering performance analysis for a heavly threaded
and memory contented program it is better to go for Succusive multiple event or for
only the intresed event profiling. The multiplexing analysis results are listed in Fig 3
core 2 Duo E8300 and Fig 4 intel core i5 m450.

Figure 3: Multiplexing Events output for a Native matrix multiplication of 512*512
For Intel Core 2 Duo E8300

Figure 4: Multiplexing Events Output for a Native matrix multiplication of 512*512
For Intel Core i5 m450
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Figure 5: CPU_CYCLES count as measured for Native Matrix multiplication for
Core 2 Duo E8300, i5-m450, i5-2300
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Figure 6: CACHE_MISSES count as measured for Native Matrix multiplication for
Core 2 Duo E8300, i5-m450, i5-2300

M core 2 m i5m450 m 52300

I 064
I 033
I 054
I 0.4
I 074
I o5
I 0.
. 0.74
I o5
I
I 0.2
N o5
I 6
L W
B o

CPI

Figure 7: Cycles Per Instruction count as measured for Native Matrix multiplication
for Core 2 Duo E8300, i5-m450, i5-2300
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Figure 8: CPU INSTRUCTIONS executed count as measured for Native Matrix
multiplication for Core 2 Duo E8300, i5-m450, i5-2300
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Figure 9: CACHE_REFERENCES count as measured for Native Matrix
multiplication for Core 2 Duo E8300, i5-m450, i5-2300
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Figure 10: CACHE_MISS_RATE count as measured for Native Matrix
multiplication for Core 2 Duo E8300, i5-m450, i5-2300
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Figure 11: Branch Instructions executed count as measured for Native Matrix
multiplication for Core 2 Duo E8300, i5-m450, i5-2300
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Figure 12: Branch miss prediction rate for Native Matrix multiplication for Core 2
Duo E8300, i5-m450, i5-2300
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Figure 13: software cpu context switch count as measured for Native Matrix
multiplication for Core 2 Duo E8300, i5-m450, i5-2300
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Figure 14: Branch misses count as measured for Native Matrix multiplication for
Core 2 Duo E8300, i5-m450, i5-2300
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Figure 15: Branch rate count as measured for Native Matrix multiplication for Core 2
Duo E8300, i5-m450, i5-2300
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Figure 16: software CPU migration count as measured for Native Matrix
multiplication for Core 2 Duo E8300, i5-m450, i5-2300
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Figure 17: software CPU clock count as measured for Native Matrix multiplication
for Core 2 Duo E8300, i5-m450, i5-2300
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Figure 18: L1Data cache Read access count as measured for Native Matrix
multiplication for Core 2 Duo E8300, i5-m450, i5-2300
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Figure 19: L1Data cache write access count as measured for Native Matrix
multiplication for Core 2 Duo E8300, i5-m450, i5-2300
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Figure 20: For Core 2 Duo E8300, i15-m450, i5-2300Fig 20: software Task clock
count as measured for Native Matrix multiplication
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Figure 21: L1Data cache read misses count as measured for Native Matrix
multiplication for Core 2 Duo E8300, i5-m450, i5-2300
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Figure 22: L1Data cache write misses count as measured for Native Matrix
multiplication for Core 2 Duo E8300, i5-m450, i5-2300
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Figure 23: LL cache read access count as measured for Native Matrix multiplication
for Core 2 Duo E8300, i5-m450, i5-2300
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Figure 24: LL cache write acces count as measured for Native matrix multiplication
for core 2 Duo E8300, i5-m450, i5 -2300
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Figure 25: software page fault count as measured for Native Matrix multiplication for
Core 2 Duo E8300, i5-m450, i5-2300
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Figure 26: LL cache read misse count as measured for Native Matrix multiplication
for Core 2 Duo E8300, i5-m450, i5-2300
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Figure 27: LL cache write Misses count as measured for Native matrix multiplication
for core 2 Duo E8300, i15-m450, i5 -2300
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Figure 28: Perf_event creation overhead for each of the event analysied.

Analysising from fig 18 to 27 we conclude that the i5-m450 intel processor with
hyperthreading has the same percentage of L1 cache hit ratio compared to off i5-2300
and have higher than core 2 Duo. But in the case of LL cache hit ratio its more closer
to Core 2 Duo E8300 and much for away from i5-2300. So from this we can say that
how much cycles it saved in the L1 and L2 cache levels compared to of core 2 Duo it
losses it cycles at least 2times greater than Core 2 Duo. The core 2 Duo takes have
advantage in the case of heavly threaded and memory content programs.

According to the memory hiearchy cpu to L1 cache access cost ~1cycles, L1 to L2
cost ~30 cycles, L2 to L3 cost ~100 cycles, L3 to main memory cost ~300 cycles. So
the core 2 has only 2 levels of cache and there fore it elimanates a ~70 cycles delay
due to L3 and the LLC of core 2 Duo is larger than i5-m450 hyperthreaded version of
intel processors. 15-m450 can also achive the same performance when scheduled
under a particular physical processor since the LLC and L2 caches are shared among
the 2 logical processors.

Conclusion

We investigated the features of Linux perf_event_open sys_call for self profiling end
user or application Developers code. We find that it has more advantages like it is
easier to setup the enviroment without any patches to the kernel. It requires only few
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codes to be added to program with very less amount of overhead. It is user friendly
and easily understandable by the users about the impact of parameters being measured
and also where to insert in the target program. Our Cache analysis framework Doesn’t
require any exprince based coding. It is useful for finding deadlocks and race
conditions in the user codes.

In the era of high performance computing becoming more complicated it requires
performace counter based profiling as a key source to find and avoid system
bottelneck.

We are looking forward to adopt this method of profiling for the Real Time
Multicore systems. Since nowadays most of the Embeeded devices for remote
sensings and communications are packed with Multicore of different CPU
architecture to increase the performance based on the performance and available
power aware Real Time Systems.
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