Introduction to Parallel Computing (CMSC416 / CMSC818X)

Performance Modeling, Analysis, and Tools

Abhinav Bhatele, Department of Computer Science

UNIVERSITY OF

MARYLAND



Weak versus strong scaling

¥ Strong scalingixed total problem size as we run on more processes

¥ Sorting n numbers on 1 process, 2 processes, 4 processes, E

¥ Weak scaling: Fixed problem size per processitxttasing total problem size as we
run on more processes

¥ Sorting n numbers on 1 process
¥ 2n numbers on 2 processes

¥ 4n numbers on 4 processes
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AmdahlOs law

¥ Speedup is limited by the serial portion of the code

¥ Often referred to as the serial ObottleneckO

¥ Lets say only a fractiofiof the code can be parallelized prprocesses

1
(1! )+ f/p

Speedup-
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Performance analysis

¥ Parallel performance of a program might not be what the developer expects
¥ How do we Pnd performance bottlenecks?
¥ Performance analysis is the process of studying the performance of parallel code

¥ ldentify why performance might be slow

¥ Serial performance
¥ Serial bottlenecks when running in parallel
¥ Communication overheads
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Performance analysis methods

¥ Analytical techniques: use algebraic formulae

¥ In terms of data size (n), number of processes (p)
¥ Time complexity analysis
¥ Scalability analysis (Isoefbciency)

¥ Model performance of various operations

¥ Analytical models: LogP, alpha-beta model

¥ Empirical performance analysis using tools
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Parallel prefix sum
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Parallel prefix sum
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Parallel prefix sum for n >>p

¥ Assigm/p elements (block) to each process

¥ Perform prebx sum on these blocks on each process locally

¥ Number of calculations:

¥ Then do parallel algorithm with partial prebx sums

¥ Number of phases:

¥ Total number of calculations:
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Parallel prefix sum for n >>p

¥ Assigm/p elements (block) to each process
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N
¥ Number of calculations:—

P
¥ Then do parallel algorithm with partial prebx sums

¥ Number of phases:
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Parallel prefix sum for n >>p

¥ Assigm/p elements (block) to each process

¥ Perform prebx sum on these blocks on each process locally

N
¥ Number of calculations:—

P
¥ Then do parallel algorithm with partial prebx sums

¥ Number of phases:og( D)

¥ Total number of calculations:
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Parallel prefix sum for n >>p

¥ Assigm/p elements (block) to each process

¥ Perform prebx sum on these blocks on each process locally

N
¥ Number of calculations:—

P
¥ Then do parallel algorithm with partial prebx sums

¥ Number of phases:og( D)

N
¥ Total number of calculations: log(p) " —
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Modeling communication: LogP model

¥ Model for communication on an interconnection network

<«—— P(processor$ —»

L: latency or delay ST B ... [BTW
o (overhead 0 f—_ 4 (gap
0: overhead (processor busy In |
: : L
Communlcatlon) Intercoér?;ecrt]ic(:)%] network Limited capacity

(L/g to or from
a processoy

g.gap
1/g = bandwidth

P: number of processors / processes
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alpha + n * beta model

¥ Another model for communication

Tcomm: I TN

| : latency
N: size of message

1/" : bandwidth
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|soefficiency

¥ Relationship between problem size and number of processors to maintain a certain
level of efbciency

¥ At what rate should we increase problem size with respect to number of processors
to keep efbciency constant
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Speedup and efficiency

¥ Speedup: Ratio of execution time on one process to thap@rocesses

tl
Speedup =
b
¥ Efpciency: Speedup per process
| t,
E#cClency = —
tp D
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Efficiency In terms of overhead

¥ Total time spent in all processes = (useful) computation + overhead (extra
computation + communication + idle time)

P ) tp S 1:1 + 1:0
. ( { 1
E#cClency = 1 = Lo t
L P L+l 1+ ﬁ
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|soefficiency function

1

t
1+ =
5]

E#cilency =

¥ Efpciency is constanttif/ t; is constant K)
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|soefficiency analysis

¥ 1D decomposition:

¥ Computation:

¥ Communication:

¥ 2D decomposition:

¥ Computation:

¥ Communication

"@ DEPARTMENT OF
B & COMPUTER SCIENCE

Abhinav Bhatele (CMSC416 / CMSC818X)

ElN

LIVE RECORDING 14



|soefficiency analysis
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¥ Communication:

¥ 2D decomposition:

¥ Computation:
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B DEPARTMENT OF .
@ COMPUTER SCIENCE Abhinav Bhatele (CMSC416 / CMSC818X)

ElN

LIVE RECORDING 14
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|soefficiency analysis

¥ 1D decomposition:
¥ Computation: Vn" % :% E o \/ﬁ 2" p

n

p

¥ Communication: 2" 4/n

¥ 2D decomposition:

¥ Computation:

¥ Communication
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|soefficiency analysis

¥ 1D decomposition:
/i vn

¥ Computation:

¥ Communication: 2" 4/n

¥ 2D decomposition:

vn, vn_n

¥ Computation: —

¥ Communication
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|soefficiency analysis

¥ 1D decomposition:
iV

¥ Computation:

¥ Communication: 2" 4/n

¥ 2D decomposition:

¥ Computation: ﬁ ﬂ:ﬂ
VP P P
¥ Communication 7 J
/P
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|soefficiency analysis

¥ 1D decomposition:
/i vn

¥ Computation:

¥ Communication: 2" 4/n

¥ 2D decomposition:

¥ Computation: ﬁ ﬂ:ﬂ
VP P P
¥ Communication 7 J
/P
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Empirical performance analysis

¥ Two parts to performance analysis

¥ measurement

¥ analysis/visualization

¥ Simplest tool: timers in the code and printf
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Using timers

double start, end,
double phasel, phase2, phase3;

start = MPIl_Witime();
... phasel code ...

end = MPI_Wtime();
phasel = end - start;

start = MPI1_Witime();
... phaseZ2 ...

end = MPI_Wtime();
phase2 = end - start;

start = MPI_Wtime();
... phase3 ...

end = MPI_Wtime();
phase3 = end - start;
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Using timers

double start, end,
double phasel, phase2, phase3;

start = MPI_Wtime();
... phasel code ...

end = MPI Wtime(); Phase 1 took 2.45 s
phasel = end - start;

start = MP1 Wiime() Phase 2 took 11.79 s
... phaseZ2 ...

end = MPI_Wtime(); Phase 3 took 4.37 s

phase2 = end - start;

start = MP|_Wtime();
... phase3 ...

end = MPI_Wtime();
phase3 = end - start;
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Performance tools

¥ Tracing tools

¥ Capture entire execution trace

¥ Probling tools

¥ Provide aggregated information

¥ Typically use statistical sampling

¥ Many tools can do both
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Metrics recorded

¥ Counts of function invocations
¥ Time spent in code

¥ Number of bytes sent

¥ Hardware counters

¥ To bx performance problems N we need to connect metrics to source code
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Tracing tools

¥ Record all the events in the program with timestamps

¥ Events: function calls, MPI events, etc.

Vampir visualizatiohitps://hpc.linl.gov/software/development-environment-software/vampir-vampir-server
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Tracing tools

¥ Record all the events in the program with timestamps

¥ Events: function calls, MPI events, etc.
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Tracing tools

¥ Record all the events in the program with timestamps

¥ Events: function calls, MPI events, etc.
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Examples of tracing tools

¥ VampirTrace
¥ Score-P

¥ TAU

¥ Projections

¥ HPCToolkit
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Profiling tools

¥ Ignore the specibc times at which events v/ -
O C C u rre d 4 bytes per bucket, each sample counts as 10.000ms

Name (location) A Samples Calls Time/Call % Time

. ———————
¥ Provide aggregate information about i

Vistep 958 10000 957.999us B 43.0%

different parts of the code : -

P tstep (tstep.c:48) . 2. 78%

P tstep (tstep.c:49) 46 . 2. 06%

P tstep (tstep.c:50) 46 . 2 .06%

P tstep (tstep.c:51) 48 . 2 15%

P tstep (tstep.c:58) 101 B 4.53%

Exam I eS u P tstep (tstep.c:59) 135 N 6.06%
p - »tstep (tstep.c:60) 120 B 5. 39%

P tstep (tstep.c:61) 126 N 5.66%

P tstep (tstep.c:66) 3 I 0.13%

P tstep (tstep.c:67) 108 B 4. 85%

P tstep (tstep.c:68) 63 . 2 83%

¥ G p rof pe rf b tstep (tstep.c:69) 43 ] 93%
y P tstep (tstep.c:70) 56 . 2 51%

> worker.c 2 I 0.09%

¥ mpiP

¥ HPCToolkit, caliper Gprof data in hpctView

¥ Python tools: cproble, pyinstrument, scalene
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Calling contexts, trees, and graphs

¥ Calling context or call path: Sequence of function invocations
leading to the current sample

¥ Calling context tree (CCT): dynamic prebx tree of all call \
paths Iin an execution vI# ‘ !10#
¥ Call graph: merge nodes in a CCT with the same name into % (1

a single node but keep caller-callee relationships as arcs
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Calling context trees, call graphs, E

#3%

I\

)8+

&"( 1960+ -$961*2

N

1%-3 2,2

Calling context tree (CCT)
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Calling context trees, call graphs, E

Calling context tree (CCT)
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Calling context trees, call graphs, E

Contextual information
File
Line number
Function name
Callpath
Load module

Process ID
Thread ID

Calling context tree (CCT)
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Calling context trees, call graphs, E

Contextual information
File
Line number
Function name
Callpath
Load module

Process ID
Thread ID

3 Performance Metrics
Time

b

Cache misses

Calling context tree (CCT)
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Calling context trees, call graphs, E

Contextual information o

File / \

Line number & g4
Function name l ¢
Callpath

&"( 1960+

Load module

Process ID / \
Thread |ID @ 1%-3 (2,2

l

3 Performance Metrics 5% 3

Time \
R

Cache misses
Calling context tree (CCT) Call graph
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Output of profiling tools

¥ Flat proble: Listing of all functions with counts and
execution times

¥ Call graph proble

¥ Calling context tree
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Hatchet

¥ Hatchet enables programmatic analysis of parallel probles
¥ Leverages pandas which supports multi-dimensional tabular datasets
¥ Create a structured index to enable indexing pandas dataframes by nodes in a grag

¥ A set of operators to blter, prune and/or aggregate structured data

https://hatchet.readthedocs.io/en/latest/
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Pandas and dataframes
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Pandas and dataframes

¥ Pandas is an open-source Python library
for data analysis
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Pandas and dataframes

Columns

¥ Pandas is an open-source Python library node name time (inc) time
for data anaIySiS 0 {'name':'main'}  main 200.0 10.0
_ _ 1 {'name’: 'physics'} physics 60.0 40.0

¥ Dataframe: two-dimensional tabular d
2 {'name": 'mpi'} mpi 20.0 5.0

structure
ROWS 3 {'name': 'psm2'} psm2 15.0 30.0
¥ Supports many operations borrowed from SQL 4 {'name': 'solvers'} solvers 100.0 10.0
databases

5 {'name': 'hypre'} hypre 65.0 30.0
6 {'name': 'mpi'} mpi 35.0 20.0
7 {'name’: 'psm2'} psm2 25.0 60.0
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Pandas and dataframes

Index Columns

¥ Pandas is an open-source Python library l node name time (inc) time
for data anaIySiS 0 {'name':'main'}  main 200.0 10.0
_ _ 1 {'name’: 'physics'} physics 60.0 40.0

¥ Dataframe: two-dimensional tabular d
2 {'name": 'mpi'} mpi 20.0 5.0

structure
ROWS 3 {'name': 'psm2'} psm2 15.0 30.0
¥ Supports many operations borrowed from SQL 4 {'name': 'solvers'} solvers 100.0 10.0
databases

5 {'name': 'hypre'} hypre 65.0 30.0
6 {'name': 'mpi'} mpi 35.0 20.0
7 {'name’: 'psm2'} psm2 25.0 60.0
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Pandas and dataframes

Index Columns

¥ Pandas is an open-source Python library l node name time (inc) time
for data anaIySiS 0 {'name':'main'}  main 200.0 10.0
_ _ 1 {'name’: 'physics'} physics 60.0 40.0

¥ Dataframe: two-dimensional tabular d |
2 {'name’': 'mpi'} mpi 20.0 5.0

structure
ROWS 3 {'name’: '‘psm2'} psm2 15.0 30.0
¥ Supports many operations borrowed from SQL 4 {'name': 'solvers'} solvers 100.0 10.0
databases

5 {'name’: 'hypre'} hypre 65.0 30.0
¥ Multiindex enables working with higt 6  {name''mpi}  mp 35.0 200
dimensional data in a 2D data struct 7 {'name"'psm2’}  psm2 25.0 60.0
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Central data structure: a GraphFrame

¥ Consists of a structured index
graph object and a pandas
dataframe

¥ Graph stores caller-callee
relationships

¥ Dataframe stores all numerical
and categorical data
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Central data structure: a GraphFrame

¥ Consists of a structured index
graph object and a pandas
dataframe

¥ Graph stores caller-callee
relationships

%(!/ %(!/

¥ Dataframe stores all numerical
and categorical data
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Central data structure: a GraphFrame

name nid node time time (inc)

¥ Consists of a structured index /\ node . .
graph ObJeCt and a pandas main man O main 40.0 200.0
d ataframe 7 physics physics 1 physics 40.0 60.0
( ’-(\ mpi mpi 2 mpi 5.0 20.0
¥ Graph stores caller-callee - - psm2 psm2 3 psm2 150  15.0
relat|onsh| S solvers solvers 4 solvers 0.0 100.0
p l i hypre hypre 5 hypre 65.0 65.0
¥ Dataframe stores all numerical " & mpi  mpi 6  mpi 100 350
and categorical data N, Psm2 psm2 7 psm2 250 250
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Dataframe operation: filter

filtered gf = gf.filter(lambda x: x['time'] > 10.0)
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Dataframe operation: filter

filtered_gf = gf.filter(lambda x: x['time'] > 10.0)

name nid node time time (inc)

node
main main 0 main 40.0 200.0
physics physics 1 physics 40.0 60.0
mpi mpi 2 mpi 5.0 20.0
psm2 psm2 3 psm2 15.0 15.0
solvers solvers 4 solvers 0.0 100.0
hypre hypre 3] hypre 65.0 65.0
mpi mpi 6 mpi 10.0 35.0
psm2 psm2 7 psm2 25.0 25.0
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Dataframe operation: filter

filtered_gf = gf.filter(lambda x: x['time'] > 10.0)

name nid node time time (inc)

node
name nid node time time (inc)
main main 0 main 40.0 200.0
node
physics physics 1 physics 40.0 60.0
main main 0 main 40.0 200.0
mpi mpi 2 mpi 5.0 20.0
/\ physics physics 1 physics 40.0 60.0
psm2 psm2 3 psm2 15.0 15.0
psm2 psm2 3 psm2 15.0 15.0
solvers solvers 4 solvers 0.0 100.0
hypre hypre 3] hypre 65.0 65.0
hypre hypre 3] hypre 65.0 65.0
psm2 psm2 7 psm2 25.0 25.0
mpi mpi 6 mpi 10.0 35.0
psm2 psm2 7 psm2 25.0 25.0
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Graph operation: squash

filtered_gf =

gf.filter(lambda x: x['time'] > 10.0)

name nid node time time (inc)

node
main main 0 main 40.0 200.0
physics physics 1 physics 40.0 60.0
mpi mpi 2 mpi 5.0 20.0
psm2 psm2 3 psm2 15.0 15.0
solvers solvers 4 solvers 0.0 100.0
hypre hypre 5 hypre 65.0 65.0
mpi mpi 6 mpi  10.0 35.0
psm2 psm2 7 psm2 25.0 25.0

solvers

mpi mpi

'

psm2

'

psm2
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Graph operation: squash

filtered_gf = gf.filter(lambda x: x['time'] > 10.0)

name nid node time time (inc)

node
name nid node time time (inc)

main main 0 main 40.0 200.0

node
hysics physics 1 physics 40.0 60.0
i b P main main 0 main 40.0 200.0
mpi mpi 2 mpi 5.0 20.0 . .
physics physics 1 physics 40.0 60.0
psm2 psm2 3 psm2 15.0 15.0
psm2 psm2 3 psm2 15.0 15.0
solvers solvers 4 solvers 0.0 100.0
hypre hypre 5 hypre 65.0 65.0
hypre hypre 5 hypre 65.0 65.0
P P psm2 psm2 7 psm2 25.0 25.0
mpi mpi 6 mpi  10.0 35.0
psm2 psm2 7 psm2 25.0 25.0

O Filter —

@ solvers

\ < hypre >
mpi @ mpi
l l psm2 < psm2 >
psm2 psm2
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Graph operation: squash

filtered_gf =

gf.filter(lambda x: x['time'] > 10.0)

name nid node time time (inc)

node
main main 0 main 40.0 200.0
physics physics 1 physics 40.0 60.0
mpi mpi 2 mpi 5.0 20.0
psm2 psm2 3 psm2 15.0 15.0
solvers solvers 4 solvers 0.0 100.0
hypre hypre 5 hypre 65.0 65.0
mpi mpi 6 mpi  10.0 35.0
psm2 psm2 7 psm2 25.0 25.0

solvers

mpi mpi

'

psm2

'

psm2
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filter

name nid node time time (inc)

node
main main 0 main 40.0 200.0
physics physics 1 physics 40.0 60.0
psm2 psm2 3 psm2 15.0 15.0
hypre hypre 5 hypre 65.0 65.0
psm2 psm2 7 psm2 25.0 25.0

psm2

< hypre >

< psm2 >

Abhinav Bhatele (CMSC416 / CMSC818X)

squashed_gf = filtered_gf.squash()
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Graph operation: squash

filtered_gf = gf.filter(lambda x: x['time'] > 10.0) squashed gf = filtered gf.squash()

name nid node time time (inc)

node
name nid node time time (inc) name nid node time time (inc)
main main 0 main 40.0 200.0
node node
physics physics 1 physics 40.0 60.0 . _ . _
main main 0 main 40.0 200.0 main main 0 main 40.0 200.0
mpi mpi 2 mpi 5.0 20.0 _ . . .
physics physics 1 physics 40.0 60.0 physics physics 1 physics 40.0 60.0
psm2 psm2 3 psm2 15.0 15.0
psm2 psm2 3 psm2 15.0 15.0 psm2 psm2 3 psm2 15.0 15.0
solvers solvers 4 solvers 0.0 100.0
hypre hypre 5 hypre 65.0 65.0 hypre hypre 5 hypre 65.0 65.0
hypre hypre 5 hypre 65.0 65.0
psm2 psm2 7 psm2 25.0 25.0 psm2 psm2 7 psm2 25.0 25.0
mpi mpi 6 mpi  10.0 35.0
psm2 psm2 7 psm2 25.0 25.0

© filter > squash S

@ solvers E
. G ) Q) (oo

< hypre >
mpi @ mpi
l l psm2

) » psm2 psm2
psm psm

»
~
1=
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Graphframe operation: subtract

gfl = ht.GraphFrame.from_literal( ... )
gf2 = ht.GraphFrame.from_literal( ... )
gf2 —= gfl
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Graphframe operation: subtract

gfl = ht.GraphFrame.from_literal( ... )
gf2 = ht.GraphFrame.from_literal( ... )
gf2 —= gfl

@ solvers N @ solvers

Ay
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Graphframe operation: subtract

gfl = ht.GraphFrame.from_literal( ... )
gf2 = ht.GraphFrame.from_literal( ... )
gf2 —= gf1l

@ solvers N @ solvers

Ay
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main
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physics

solvers

PN\
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Graphframe operation: subtract

gfl = ht.GraphFrame.from_literal( ...
gf2 = ht.GraphFrame. from_literal( ...
gf2 —= gf1

mpi mpi

https://hatchet.readthedocs.io

Qi) s D

mpi mpi p
DI

solvers

main

/ N\

physics solvers

@ hypre mpi
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Visualizing small graphs

print(gf.tree(color=True))

0.000 foo
— bar
— baz
L grault
— 0.000 qux
L— quux
— corge
— bar
— baz
— grault
— grault
l— 15.000 garply
l— 0.000 waldo

— fred
— plugh
e XYZ2ZY
— thud
— baz
l— 15.000 garply

l— 15.000 garply
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Visualizing small graphs

print(gf.tree(color=True))

0.000 foo
— bar
— baz
L grault
— 0.000 qux
L quux
— corge
— bar
— baz
— grault
— grault
l— 15.000 garply
l— 0.000 waldo

— fred
— plugh
e XYZ2ZY
— thud
— baz
l— 15.000 garply

l— 15.000 garply
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with open("test.dot", "w") as dot_file:
dot_file.write(gf.to_dot())

”
#%) & )$e+"
#$, &"( 1960+
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Visualizing small graphs

print(gf.tree(color=True))

0.000 foo
— bar with open("test.txt", "w") as folded_stack:
= baz with open("test.dot", "w") as dot_file: folded_stack.write(gf.to_flamegraph())
— grault dot_file.write(gf.to_dot())
— 0.000 qux
L— quux o
— corge |
- bar / l \ foo
" baz ) s e o
— grault / l l
— grault
L- 15.000 garply 55, & !%o ? '

l— 0.000 waldo

L\

— fred
— lugh 1%.3 2,2
C 5.000 xyzzy l Flamegraph
— thud
I_ baz #$% 3+

l— 15.000 garply / /
—
15.000 garply ” us,
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Example 1. Generating a flat profile

gf = ht.GraphFrame.from_hpctoolkit('kripke"')
gf.drop_index_levels()

grouped = gf.dataframe.groupby('name').sum()

sorted_df = grouped.sort_values(by=['time'], ascending=False)
print(sorted_df)
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Example 1. Generating a flat profile

gf = ht.GraphFrame.from_hpctoolkit('kripke")
gf.drop_index_levels()

— grouped = gf.dataframe.groupby('name"').sum() nid ime  time (inc)
sorted _df = grouped.sort_values(by=['time'], asce —

print(sorted_df) <unknown file> [kripke]:0 17234 1.82528Pe+08 1.825282¢+08

Kernel 3d DGZ:scattering 60 7.66993pe+07 7.896253e+07

Kernel_3d_DGZ::LTimes 30 5.01043pe+07 5.240528e+07

Kernel_3d_DGZ::LPlusTimes 115 4.94770fe+07 5.104498e+07

Kernel_3d_DGZ::sweep 981 5.01886pe+06 5.018862e+06
memset.S:99 3773 3.16898Pe+06 3.168982e+06
memset.S:101 3970 2.12089pe+06 2.120895e+06
Grid_Data::particleEdit 1201 1.13126pe+06 1.249157e+06
<unknown file> [libpsm2.s0.2.1]:0 324763 9.73341pe+05 9.733415e+05

memset.S:98 3767 6.1977 +05 6.197776e+05
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Example 2: Comparing two executions

gfl
gf2

ht.GraphFrame.from_caliper('lulesh-1lcore.json')
ht.GraphFrame. from_caliper('lulesh-27cores. json')

gf2.drop_index_levels()
gf3 = gf2 - gfl

sorted_df = gf3.dataframe.sort_values(by=['time'], ascending=False)
print(sorted_df)
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Example 2: Comparing two executions

gfl
gf2

ht.GraphFrame.from_caliper('lulesh-1lcore.json')
ht.GraphFrame. from_caliper('lulesh-27cores. json')

gf2.drop_index_levels()
—» gf3 = gf2 - gfl

sorted_df = gf3.dataframe.sort_values(by=['time'], ascending=False)
print(sorted_df)
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Example 2: Comparing two executions

gfl
gf2

ht.GraphFrame.from_caliper('lulesh-1lcore.json')
ht.GraphFrame. from_caliper('lulesh-27cores. json')

gf2.drop_index_levels()
—» gf3 = gf2 - gfl

sorted df = gf3.dataframe.sort_values(by=['time'], ascending=False)
print(sorted_df)

node name nid time time (inc)

Timelncrement Timelncrement 25.0 8.505048e+06 8.505048e+06

CalcQForElems CalcQForElems 16.0 4.455672e+06 5.189453e+06
CalcHourglassControlForElems CalcHourglassControlForElems 7.0 3.888798e+06 4.755817e+06
LagrangeNodal LagrangeNodal 3.0 1.986046e+06 8.828475e+06
CalcForceForNodes CalcForceForNodes 4.0 1.017857e+06 6.842429e+06
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Example 3: Scaling study

datasets = glob.glob('lulesh*.json")
datasets.sort()

dataframes = []
for dataset in datasets:

gf = ht.GraphFrame.from_caliper(dataset)
gf.drop_index_levels()

num_pes = re.match('(.x)-(\d+)(.*)', dataset).group(2)
gf.dataframe['pes'] = num_pes

filtered_gf = gf.filter(lambda x: x['time'] > 1e6)
dataframes.append(filtered_gf.dataframe)

result = pd.concat(dataframes)
pivot_df = result.pivot(index='pes', columns='name', values='time')
pivot_df.loc[:,:].plot.bar(stacked=True, figsize=(10,7))
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Example 3: Scaling study

datasets = glob.glob('luleshx.json")
datasets.sort() 1e7

dataframes = []

for dataset in datasets: +
gf = ht.GraphFrame.from_caliper(datas
gf.drop_index_levels()

mmm CalcEnergyForElems

s CalcFBHourglassForceForElems
B CalcHourglassControlForElems
mmm CalcKinematicsForElems

mm CalcMonotonicQGradientsForElems
mmm CalcMonotonicQRegionForElems
s CalcPressureForElems

mmm EvalEOSForElems

mam  IntegrateStressForElems

mam LagrangeNodal

BN MPI_Allreduce

- MPI_Waitall

w
i

Time (us)

num_pes = re.match('(.x)-(\d+)(.x)",
gf.dataframe['pes'] = num_pes

filtered _gf = gf.filter(lambda x: x['
dataframes.append(filtered_gf.datafrec

N
1

- u

result = pd.concat(dataframes) s = 3«
— pivot_df = result.pivot(index='pes', colt... iy e TEOTROESE e
pivot_df.loc[:,:].plot. bar(stacked-True, f1951ze-(10 7))
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