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@ Profiling tool for Legion and Regent applications

December 7, 2015 http://legion.stanford.edu



N
> IEAIamos

NATIONAL LABORATORY

Legion Prof

EST.1943
<ANVIDIA
N o

@ Profiling tool for Legion and Regent applications

@ Tracks timing information about tasks, copies, and instances
@ When a task started and when it finished

@ When a region instance was created and when it was destroyed
@ How long a low-level copy from one memory to another executed
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@ Profiling tool for Legion and Regent applications
@ Tracks timing information about tasks, copies, and instances
@ When a task started and when it finished
@ When a region instance was created and when it was destroyed
@ How long a low-level copy from one memory to another executed
@ Also tracks dependencies among tasks, copies, and instances
@ Which runtime tasks were initiated by which task

@ Which region instances were created by which task on which memory
@ Which copies were initiated by which task
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@ Profiling tool for Legion and Regent applications

@ Tracks timing information about tasks, copies, and instances
@ When a task started and when it finished
@ When a region instance was created and when it was destroyed
@ How long a low-level copy from one memory to another executed

@ Also tracks dependencies among tasks, copies, and instances

@ Which runtime tasks were initiated by which task
@ Which region instances were created by which task on which memory
@ Which copies were initiated by which task
@ Generates a trace log for post-processing
@ Logging enabled when the application is passed -hl:prof N

@ Requires the logging level to be at least 2 (-1evel legion prof=2)
@ Trace visualizer takes this log and generates a stand-alone visualizer
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Legion Prof Trace Visualizer

@ Used to be one static SVG file
@ SVG is a vector image format supported by all major web browsers
@ Often becomes too long to fit on one page
@ Very slow to navigate with large numbers of tasks
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Legion Prof Trace Visualizer
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@ Used to be one static SVG file

v
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SVG is a vector image format supported by all major web browsers
Often becomes too long to fit on one page

Very slow to navigate with large numbers of tasks

@ Developed a new web-based visualizer

v

v

™

December 7, 2015

Javascript program that dynamically renders SVG for trace data
Runs as a stand-alone visualizer (legion_prof.html)

Can zoom in and out for a particular time span

Renders only the objects that are big enough to be readable
Supports search with regular expressions

http://legion.stanford.edu



Legion Prof Trace Visualizer

Live Demo
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Operation Graphs

@ Show data dependencies between tasks
@ Hierarchically generated for every non-leaf task
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Operation Graphs

@ Show data dependencies between tasks

@ Hierarchically generated for every non-leaf task
@ c.f. event graphs show all operations and events:

child task is flattened

more operations rendered
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Event Graphs

@ Show all event dependencies in operations

Ol Copy 3
_p| [nst: 0x4@0x1 ==>0x6@0x1
Field: {1} ==> {1}
Req: {index:0x2 field:0x1 tree:1}

P :E check_task
Unique ID 5

v Copy 4

Inst: 0x2@0x1 ==> 0x3@0x1 Inst: 0x5@0x1 ==> 0x6@0x1

Field: {0} ==> {0} Field: {1} ==> {1}
Req: {index:0x3,field:0x1 tree:1} Req: {index:0x3 field:0x1 tree:1}

\

point tasks from indexspace task launch
tasks from single task launch
copy events inserted by runtime

l —
v Copy 1
Inst: 0x1@0x1 ==>0x3@0x1
Field: {0} ==> {0}

- Req: {index:0x2 field:0x1 tree:1}

Y 4

Copy 2

Release 31
Inst: Ox1
Fields: 2
{index:0x4 field:0x1 tree:1}
(ghost_Ir_0_L)

user-triggered acquire operations release operations phase barriers
copy operations
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Event Graphs

@ Can show more information
@ Alist of accessed physical instances with their privileges

Privileges Coherence

RO: Read-Only E: Exclusive
WO: Write-Only S: Simultaneous
RW: Read-Write A: Atomic

Red: Reduction R: Relaxed

@ Implicit dependences between parent tasks and their children

_level_task | |
Unique ID 1
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Instance Graphs

@ Provide an instance-centric view of operations
@ Which instances are used by which tasks
@ Which instances are copied to which

13
December 7, 2015 http://legion.stanford.edu



N
> IEAIamos

NATIONAL LABORATORY
EST.1943

< NVIDIA.

Partitioning Graphs

@ Show index spaces and region trees
@ Edge labelled “*’ means a disjoint partition

subspace 0x2 (color: 0)

_—

* disjoint_ip (ID: Oxl1) ——# subspace 0x3 (color: 1)

is (ID: 0x1) ~ "
ghost_ip (ID: 0x2) ——® subspace 0x4 (color: 0)
subspace 0x5 (color: 1)

Indexspace tree

subregion (index: 0x2,field: 1,tree: 1)
* o disjoint_Ip (part: Ox1 field: 1,tree: 1) —® subregion (index: 0x3,field: 1,tree: 1)

stencil_Ir (index: Ox1,field: 1,tree: 1) .

ghost_Ip (part: Ox2 field: 1,tree: 1) —® subregion (index: 0x4.field: 1,tree: 1)

\

subregion (index: 0x5,field: 1,tree: 1)

Region tree
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Disjointness Checks in Legion

@ Verify the disjointness of partitions claimed to be disjoint
@ Without checks, runtime and compiler just believe the code

// Legion C++ API
IndexPartition create_index_partition(Context ctx, IndexSpace parent,
Coloring &coloring,

disjoint;
part_color = -1);
-- Regent
var rp = partition(disjoint) r, some_coloring)

@ Legion Runtime will check the disjointness with flag -
hl:disjointness

$ ./partitioning -hl:disjointness
Running daxpy for 1024 elements...

Dantitinning data intna 2 ciih-rooginnc
2ALTITIoNLNI. 2Ll 0T 2.SL

[0 - 1] {ERROR}{runtime}: ERROR: colors @ and 1 of partition 1 are not disjoint when they
are claimed to be!

Assertion failed: (false), function create_index_partition, file /Users/wclee/Workspace/
stanford/projects/legion//runtime/runtime.cc, line 5348.
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Privilege Checks in Legion

@ Check if the task abides by privileges stated in requirements
@ Enabled optionally by compile flag -DPRIVILEGE_CHECKS
¢ E.g.

TaskLauncher launcher(...);
launcher.add_region_requirement(RegionRequirement(r,| READ_ONLY,| EXCLUSIVE, r));
runtime->execute task(ctx, launcher);

init_field task(...)

acc = regions[@].get field accessor(FID X).typeify<double>();

acc.write(...);

$ ./privileges

Running daxpy for 1024 elements...

Initializing field @...

PRIVILEGE CHECK ERROR IN TASK init field task: Need WRITE-DISCARD privileges but
only hold READ-ONLY privileges

Assertion failed: (false), function check privileges, file /Users/wclee/Workspace/
stanford/projects/legion//runtime/accessor.h, line 160.
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Privilege Checks in Regent

@ Regent type system guarantees all typed Regent programs do
not violate privileges
@ No runtime overhead for privilege checks

¢ E.g

check(r : region( ))
reads(r)

e r -- needs write privilege as well

$ regent.py check.rg
legion/language/src/regent/std.t:1113: Errors reported during tvpechecking.

check.rg:21:| invalid privilege writes($r) for dereference of ptr(int32, $r)
for e in r do @e = 10 end -- needs write privilege as well

AN

December 7, 2015 http://legion.stanford.edu N



N
> IEAIamos

NATIONAL LABORATORY
EST.1943

“NVIDIA.

Bounds Checks in Legion

@ Check if any region access was out of bounds
@ Only valid when the application used region accessors from the API

@ Enabled optionally by compile flag -DBOUNDS_CHECKS
¢ E.g

$ ./bounds
Running daxpy for 1024 elements...
Initializing field ©o...

Initializing field 1...

Running daxpy computation with alpha 0.39646477...

BOUNDS CHECK ERROR IN TASK 3: Accessing invalid 1D point (1024)

Assertion failed: (false), function check _bounds, file /Users/wclee/Workspace/
stanford/projects/legion//runtime/runtime.cc, line 12368.
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Performance Tuning Example:
Reducing Copies in MiniAero
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@ Mesh size: 2M cells, 7M faces (512x1024x4)
@ Run 5 iterations with 1, 2, 4, and 8 cpus on a single node

120 115

90

61

Elapsed Time (s)

34

30 22

# CPUs

5x speed up on 8 CPUs
Is this the best speed-up we can get?
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Profiling MiniAero

Utility Processor 8x80082000

C€PU Processor 0x80000001 . ol

CPU Processor x80000002

CPU Processor 9x88000203 —_— e B s EEEENS SN SO NENNS RS S0 SN RS SO NENNS S 0 SN W U NSNS WG OSSN UNC O NESSS W GOSN OCE NN N OO NSNS 8 O NENSS CN OSSN NC U NN EC OO NENNSNC S SN N OSSNSO S0 NN NG GO NENNSNS SO mum
CPU Processor 6x80000004

System Memory 0x60800809
=%> System Memory @x600e0e8

[

mm— = 1
S ————————
e ——————————————————————————————————————

115 instances
5.7 GB

PATEeRHBRY"¥x28628888%°
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Profiling MiniAero

Utility Processor 9x8ee20000

CPU Processor 9x88000801
CPU Processor 9x88000802
CPU Processor 9x80000003

CPU Processor 9x80008804

Utility Processor 9x82008000

CPU Processor 9x88000881
CPU Processor 8x80000092
CPU Processor 9x88000083
CPU Processor 9x86800084

System Memory ©x60908002
=%> System Memory @x60202000
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Some gaps found between tasks
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20 RK steps (5 * 4 steps)

hl |JII III I |

Copy initiated by="Task "compute_limiter_tfsk" UID=1594" size=60986768) total=10316 us start=16583581 us stoff16593897 us

\/
low-level copies on the critical path
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Finding Copies in the Event Graph

1 RK step on 2 partitions

84 tasks, 142 copies
=>» This shouldn’t be the case as all updates are made only to disjoint
partitions and all regions are mapped to the same memory
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Finding Copies in the Event Graph

N\

Copy 82 R

t: 0xe0000027 @0x60000000 (2097152gy=> 0xe000003e@0x60000000 (2097152)
Field: {210} ==> {210}
Req: {index:0x3,field:0x1 tree:2} |
—

Copy 124
st: 0xe000002b@0x60000000 (6823936) ==> 0xe0000049@0x60000000 (6823936)

Field: {100} ==> {100}
Req: {index:0xa,field:0x3 tree:1}
Copy 86
Axeoooooso@omooooooo (6823935}' ==> 0xe000003f@0x60000000 (6823936)
Field: {100} ==> {100}
/ Req: {index:0x7 field:0x3 tree:1}

Copy 90
Inst: 0xe0000027 @0x60000000 (2097152§y=> 0xe0000040@0x60000000 (2097152)
Field: {210} ==> {210}
Req: {index:0x11,field:0x1 tree:2}

=p-

mapped to two different instances
even though the first one is only a subset of the second
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Finding Copies in the Instance Graph

0xe0000027 @0x60000000 0xe0000040 @0x60000000
fields: 210 fields: 202,206,210~211
blocking 1acior: 2097152 blocKing 1acior: ZUY /152

0xe000003e@0x60000000

fields: 202,206,210~211
blocking tactor: 2097152

0xe000003f@0x60000000
fields: 100,102~105
blocking factor: 6823936

mapped to two different instances
even though the first one is only a subset of the second
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Writing a Custom Mapper

Y<Anvibia

@ Creating instances with all necessary fields upfront
@ Add the fields to additional fields of the region requirement

@ Still needs some copies between ghost regions on one system
memory to owned regions on the other memory
@ Choice remains between system and RDMA memory

@ New Mapper APl will allow us to map one region to a union of
physical instances that satisfies the requirement
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Legion Prof Trace after Tuning

Utility Processor 0x80820000
CPU Processor Bx88000001
CPU Processor 9x80000082
CPU Processor B6x88000003
CPU Processor 0x808000004

System Memory ©x6008000
File Memory ©x60910900

Utility Processor 8x82208000

CPU Processor 0x80080081
CPU Processor ©x80000882

CPU Processor ©x800000@3

CPU Processor 0x80000084

System Memory ©x60980808
File Memory ©x60810890
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lllL-_L-_L-JLL-.L-]J_.L-JJ_-_L-lI_.L-ILL-UL-L-ﬂ_-J_-J_-.L_-iLl

Only 4 physical instances
No low-level copies exists

Il | \
L|JII||III I|

I | W — || n
NS | N —— | ||
I | BN — n

Smaller gaps between tasks
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Instance Graph after Tuning

==

ROE

|
Tasks are now using the same instance
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Performance after Tuning

=~ NVIDIA.
120 115
‘ o original
110 © optimized
90
0
Q
E
=
- 60
Q
7]
Q.
L.
w
30
0
1 2 4 8

# CPUs
We now get 6.5x speed up on 8 CPUs
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Questions?
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Bounds Checks in Regent

@ Check if any region access or access to a statically sized array
was out of bounds

@ Regent compiler inserts the bounds checks to the compiled code
with flag -fbounds-checks 1

¢ E.g

foo()
X : int[1]

$ regent.py bounds.rg -fbounds-checks 1
assertion failed: array access to int32[5] is out-of-bounds
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