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Perf event

A framework for performance analysis
– PMU register/unregister
– A system call: sys_perf_event_open
– A file descriptor per event
– Lockless ringbuffer

Multiple PMUs support
– CPU counters: cycles, instructions, cache-misses, ......
– Software counters: page faults, context switches, cpu migration, ......
– Tracepoint
– Breakpoint
– GPU counters
– .......

 Userspace tools
– “perf” tool
– Perfmon
– PAPI



  

“perf top” - system profiling



  

“perf record/report” 
                    

perf record: 
run a command
and record its profile into perf.data

perf report:

read perf.data and display the profile  



  

“perf stat” 
Run a command and gather performance counter statistics



  

Add a new PMU
 Initialize the event for the PMU
int (*event_init)  (struct perf_event *event);

 Adds/Removes a counter to/from the PMU
int  (*add) (struct perf_event *event, int flags);
void (*del) (struct perf_event *event, int flags);

 Starts/Stops a counter present on the PMU
void (*start) (struct perf_event *event, int flags);
void (*stop) (struct perf_event *event, int flags);

 Updates the counter value of the event
void (*read) (struct perf_event *event);

 Fully disable/enable this PMU (optional)
void (*pmu_enable) (struct pmu *pmu);
void (*pmu_disable) (struct pmu *pmu);

 Group events scheduling (optional)
void (*start_txn)  (struct pmu *pmu);
int  (*commit_txn) (struct pmu *pmu);
void (*cancel_txn) (struct pmu *pmu);



  

Intel GPU counters
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Intel GPU counters II

 Pipelines Statistics Counter Registers
MMIO, i915_read/i915_read64

 Performance Statistics Registers
MI_REPORT_PERF_COUNT command

- Allocate GPU memory
- Map GPU memory
- Emit MI_REPORT_PERF_COUNT command
- Read counters

 



  

Export GPU counters
$ tree /sys/bus/event_source/devices/gpu

├── events
│   ├── cl_invocation_count
│   ├── cl_primitives_count
│   ├── gs_invocation_count
│   ├── gs_primitives_count
│   ├── ia_primitives_count
│   ├── ia_vertices_count
│   ├── maxq_flip_a
│   ├── maxq_flip_b
│   ├── num_flip_a
│   ├── num_flip_b
│   ├── ps_depth_count
│   ├── so_num_prims_written
│   └── so_prim_storage_needed
├── power
├── subsystem -> ../../bus/event_source
├── type
└── uevent



  

Export GPU counters II

$ perf list
…...
 
 ia_vertices_count [GPU event]
 ia_primitives_count [GPU event]
 gs_invocation_count [GPU event]
 gs_primitives_count [GPU event]
 cl_invocation_count [GPU event]
 cl_primitives_count [GPU event]
 ps_depth_count [GPU event]
 so_num_prims_written [GPU event]
 so_prim_storage_needed [GPU event]
 maxq_flip_a [GPU event]
 maxq_flip_b [GPU event]
 num_flip_a [GPU event]
 num_flip_b [GPU event]

$ perf stat -e ia_vertices_count gears

 Performance counter stats for 'gears':

                                                   406,904 ia_vertices_count                                          

     1.797759968  seconds time elapsed



  

An example
i915 pipeline statistics pmu

 Initialize the event for the PMU
i915_pmu_event_init,

 Adds/Removes a counter to/from the PMU
i915_pmu_add,
i915_pmu_del,

 Starts/Stops a counter present on the PMU
i915_pmu_start,
i915_pmu_stop,

 Updates the counter value of the event
i915_pmu_read,

 Export events via sysfs
i915_pmu_sysfs_add_events,



  

i915_pmu_event_init

int i915_pmu_event_init(struct perf_event *event)
{
        u64 counter = event->attr.config;

        if (event->attr.type != PERF_TYPE_GPU)
                return -ENOENT;

        if (counter >= I915_COUNTER_MAX)
                return -ENOENT;

        event->hw.counter_base = i915_event_map[counter].addr;
        event->hw.counter_size = i915_event_map[counter].size;

        return 0;
}



  

i915_pmu_{start,stop,add,del}

void i915_pmu_start(struct perf_event *event, int flags)
{
        u64 now = i915_counter_read(event);

        local64_set(&event->hw.prev_count, now);
}

void i915_pmu_stop(struct perf_event *event, int flags)
{
        i915_perf_event_update(event);
}

int i915_pmu_add(struct perf_event *event, int flags)
{
        if (flags & PERF_EF_START)
                i915_pmu_start(event, flags);

        return 0;
}

void i915_pmu_del(struct perf_event *event, int flags)
{
        i915_pmu_stop(event, flags);
}



  

i915_pmu_read
static u64 i915_counter_read(struct perf_event *event)
{
        struct drm_device *dev = i915_pmu_drm_device(event->pmu);
        drm_i915_private_t *dev_priv = dev->dev_private;
        u64 now;

        if (event->hw.counter_size == 64)
                now = I915_READ64(event->hw.counter_base);
        else
                now = I915_READ(event->hw.counter_base);

        return now;
}

void i915_perf_event_update(struct perf_event *event)
{
        s64 prev;
        u64 now;

        now = i915_counter_read(event);
        prev = local64_xchg(&event->hw.prev_count, now);
        local64_add(now - prev, &event->count);
}

void i915_pmu_read(struct perf_event *event)
{
        i915_perf_event_update(event);
}



  

“perf gpu top” - live GPU counters

                            GPU counters(2 sec)
============================================================

                                    ia_vertices_count: 1555008
                       ia_primitives_count: 701792
                               gs_invocation_count: 582400
                                gs_primitives_count: 0
                                cl_invocation_count: 0
                                 cl_primitives_count: 1284192
                                      ps_depth_count: 168583756
                            so_num_prims_written: 0
                       so_prim_storage_needed: 0
                                            maxq_flip_a: 0
                                            maxq_flip_b: 0
                                              num_flip_a: 0
                                              num_flip_b: 0



  

3D API trace
3D library interposers: apitrace
https://github.com/apitrace/apitrace

extern "C" PUBLIC
void APIENTRY glCullFace(GLenum mode) {
    unsigned __call = Trace::BeginEnter(__glCullFace_sig);
    Trace::BeginArg(0);
    __traceEnum70(mode); 
    Trace::EndArg();
    Trace::EndEnter();
    __glCullFace(mode);
    Trace::BeginLeave(__call);
    Trace::EndLeave();
}

LD_PRELOAD=/path/glxtrace.so

https://github.com/apitrace/apitrace


  

Perf userspace trace

“user” tracepoint event

prctl(...)

kernel

userspace

sys_prctl(...)

perf event core

perf ringbuffer

Ingo Molnar: [patch] trace: Add user-space event tracing/injection
https://lkml.org/lkml/2010/11/17/171

perf.data

https://lkml.org/lkml/2010/11/17/171


  

Hack apitrace

extern "C" PUBLIC
void APIENTRY glCullFace(GLenum mode) {
    unsigned __call = Trace::BeginEnter(__glCullFace_sig);
    Trace::BeginArg(0);
    __traceEnum70(mode); 
    Trace::EndArg();
    Trace::EndEnter();
    __glCullFace(mode);
    Trace::BeginLeave(__call);
    Trace::EndLeave();

    Trace::PerfEvent();
}

void PerfEvent(void) {
        prctl(PR_TASK_PERF_USER_TRACE, "gpu api trace");        
}



  

“perf gpu record” - 3D API callgraph

$ sudo perf gpu record gears

perf record: Woken up 28 times to write data ]
[ perf record: Captured and wrote

6.982 MB perf.data (~305055 samples) ]

$ sudo perf report



  

Questions?

Thanks!
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