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Agenda

1. Introduction (5 min)

2. Motivations (5 min)

3. Basic concepts (60 min)
e Low-level Tracing, End-to-end Tracing, Debugging, Profiling, Logging, Monitoring
e Kernel/user space
e Process/ thread states

1. Detecting/Diagnosing and fixing real performance problems (60 min)

Introducing real performance problems
Introducing Differential flame graph
Detecting performance problems

e Diagnosing performance problems
2. Hands-on exercises (30 min)

e Installing TraceCompass

e  C(Collecting Traces with LTTng
3. Conclusion (5 min)
4. Questions and Answers (5 min)
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Welcome to Microservice City!
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latency issue!
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Basic Concepts!
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Question: Have you ever wondered how developers track the
behavior of distributed applications in real-time, especially in
complex systems?
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Question: What technique allows software developers to
analyze and monitor the detailed operations of a system,
including interactions with the operating system, to enhance
performance and diagnose issues?!
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Levels of observability

) DEBRUGING LOGING TRACING
e Debugging ® %3 87 — o
. & ON

e Logging r~/’
e Profiling A
e Tracing P

o Low-level Tracing

o High-level Tracing e e | L)

e Monitoring ' 4%, PROFOLLING

-
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Debugging

e The process of finding errors in source code!
e Performed in the development environment.

(numbers):
total_sum = sum(numbers)
count = len(numbers)
average = total_sum / count

average sThrow a division by zero error!!

numbers = []

, calculate_average(numbers))




Logging

e Recording information during the execution time.

e Levels of logging
o DEBUG
© l N FO logging.basicConfig(level=1ogging.DEBUG,
o WARNING
o ERROR Tagtng
- FATAL ‘

logging

(transaction_id, amount):

amount <=

ValueError(

logging.info(
ValueError
logging.error(

process_transaction(
process_transaction(

Profiling

cProfile
random
time

e Statistical summary of observed events. o:

time.sleep(1)

e Where is performance lost? R
e Won't report the reason! Cim-cloon2) # 5in

sum(random.sample(range(

0):
time.sleep(2)
data = [random.randint(1,
sum(data)

0:
fast_result = process_data_fast()
medium_result = process_data_medium()
slow_result = process_data_slow()

print(

__name__ ==

profiler = cProfile.Profile()

profiler.enable()
main()
profiler.disable()

profiler.print_stats(sort=



Low-level Tracing!

e Printfl

e Every location in the code that we want to trace is referred to as a
The process of inserting tracepoints into the code is known as
and each time a tracepoint is executed, it is generated an

e [nstrumentation

m  Static instrumentation
m  Dynamic instrumentation

Low-level Tracing!

total = O3 $ ./myprog

Starting calculation
Adding index 0O, total
Adding index 1, total

printf( s
( i=0; 1< MAX; i++) {
total += array[il;

printf( , i, total); - opoi Adding index 2, total

3 Adding index 3, total

peiulEe » total); G Adding index 4, total

total:

total;

O €
numbers[MAX] = {1, 2, 3,
calculate_sum(numbers) ;




Two Levels of low-level tracing

User-space Tracing

Kernel-Level Tracing

17
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Tracing VS Logging

e Tracers are designed to record much lower-level events that occur much
more frequently than log messages.

e Logging is more appropriate for a very high-level analysis of less frequent
events: user accesses, exceptional conditions (errors and warnings, for
example), database transactions, instant messaging communications, and
such. Simply put, logging is one of the many use cases that can be satisfied
with tracing.

18
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Competing software tracers (low-level tracers)

e LTTng

e Dtracedlinux ﬂeBPF
e eBPF

e Ftrace "4ATRACE
e Perf ) Sysdig

e Strace

® SySd Ig systemtap

e SystemTap 1? '@'
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Low-level Trace Visualization Tool -

COMPASS

&5 ProjectExpl 8 = O PU Usage 2 Al TS ()
B < || typefilter text a CPU Usage
» info-test: 2
%d?b‘{gmro testappd || b o cess D % a
»® flipping-endianness ' o o
» fafunky_trace vﬂiernel_vm 4 Total!wllooo e
»Bshello-lost 8 lting:consumerc 11343 3279 09:45:45 09:45:50 09:45:55 09:46:00 09:46:05
» :
Bykernel = Disk 1/O Activity 33 wl F =
~[Views type filter text a E.
E: Active Thread & =l
5 s Disk Name Legend -]
» 3% Call Graph Analysis e ofs
T Context switch i .ke’“e'—‘”" =
~ 3 254,0 v
» % Counters o 09:45:45 09:45:50 09:45:55 09:46:00 09:46:05
» = CPUusage N /)
== Kernel Memory Usage View 23 &) ¥ = 5
~ [  Input/Output smary tsage -
Disk /O Activity || type filter text a|c
Kernel memory usag s
Process name TID Legen
== Kernel Memory Us: 2
» A LinuxKernel ~ [ kernel_vm Total 2 0
: 0 0 ;
» 2 05 Execution Graph I 09:45:45 09:45:50 09:45:55 09:46:00 09:46:05
» @ system Call Latency Bk L 23‘ s
» @ Tmf Statistics i= kernel_vm |
» & XML Futex Contenti | Timestamp Channel CPU  Eventtype Contents ”
» & XML IRQ Analysis = — = = = I
& External Analyses 09:45:40.555 978 750 channelo_0 0 kmalloc call_site=OxFFFFFFFfa0265214, ptr=OxFFFF88002F8FbA00, bytes_req=708, bytes_alloc=1024, gfp_flags=208, cc
(& Reports
» @ many-threads il Histogram & | Ll Bookmarks. Wi v = o
V%_L“:_m"ry Selection Start [ 09:45:40.555 978 750 |
~[@Views
e : ; e 1 3 O 1 OV o VOO P (0 P N (NP 0 0 NSO [ [ | (TR
» 4 Call Graph Analysis [ SelectionEnd | 09:45:40.555 978 750 :40.555 978 750 09:46:10.550 261 288
I covptars o ‘
45 Debugiafo R S S s st S - A A R

@ ngUsTcalistack [l kernel_vm
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Visualization Approaches

Flame Graph

e The horizontal axis of the call stack collection represents the function names
e Alphabetical arrangement of function names

from left to right o ‘
e Combining identical functions placed

side by side horizontally
e The width of each box shows

the appearance frequency of that functions
e Random colors

“Hom

Reference:https://github.com/brendangregg/FlameGraph
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Flame Chart The self time of a function is indicated by the difference in
width between its frame and the frames directly beneath it
e Time on the horizontal axis
e Call stack on the vertical axis
e Single thread applications Ti
ime
P
= Flame Chart x LHPNCIREE Y CORAAv =01
S + PID/TID Dept 15:00:45.908 15:00:45.909 15:00:45.910 15:00:45.911 15:00:45.912 15:00:45.913. O
e TS, | Total time N &
v [ 26064 26064 Ve A - ~N -
Y@ ls 1
= T e ——
= print_dir 2 | I or
= print_current_files 3 ]I [T I el i sort_hles m
= print_file_name_and_Frills 4 | WU m o
= print_name_with_quoting H SRR RN R R 011 il | -~
= quote_name 6 ——F A Wwﬂlmmmﬂmmr i
= quotearg_buffer 7 mpsort_with___mpsort_into_t._[] | mpsort_with t._mpsort_with___ || _JIILTITJIUICILNURRNRRENIY JXSURREIRIRSNG
= quotearg_buffer_restyled 8 fmps..._mps... ['mps... mps... [ T]J[[mes... mps... — mps... mos... | 11T (KT KN EXRERERE! il 1]
ociosl e eeii  ceioeleeeell | f *
T T | T
Reference: https://archive.eclipse.org/tracecompass/doc/stable/org.eclipse.tracecompass.doc.user/LTTng-UST-Analyses.html
22
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Visualization Approaches

Differential Flame Graph
CPU Flame Graph Differential

p-.
bu..
longestan ) . .
do_..
path_loo.. S. dm.. zlib_deflate
do_path_.. zfs_.. zap.. z_compress_level
user_path_.. zpl_.. zap_c.. Bl  ccip_compress
user_path_at vis_g.. zfs_read.. d.  zio_compress_data
vis_fstatat zpl_read.. C.. zio_write_bp_init
5. sys_newfstatat vfs_read.. . zio_execute
- system_call_fastpath sys_getde.. s..  taskq_thread
__.. _ fxstatat64 system_ca.. X..  kthread
__getdents64 X..  kernel_thread_helper
S.. Z_wr_iss/0

java

Reference: https://www.brendangregg.com/blog/2014-11-09/differential-flame-graphs.html

Distributed Tracing (High-level Tracing)
e End-to-end tracing!
e Technique for monitoring application requests as they move from frontend
devices through backend services, databases, and any intermediary services.
Child Span Time
________________ S
Parent Span
ID propagation >

DTraComp: Distributed Trace Compare ©Maryam Ekhlasi et al. Presented at ICPE 2024
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Distributed End-to-end Tracing Standards

1. OpenCensus

Service A

(@ OpenCensus GOgle

OpenCensus I
Collector

Jaeger I

Zipkin I

Stackdriver I

Backend

Other Monitoring

Reference: https://opencensus.io/service/components/agent/

DTraComp: Distributed Trace Compare
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Distributed End-to-end Tracing Standards

2. OpenTracing

& Uber

OPENTRACING

Application

Jjaeger-collector

adaptive Jjaeger-quest
sampling
i

jaeger-client

Jjaeger-agent

Control flow poll
(sampling, etc)

Spark jobs

Reference: https://www.jaegertracing.io/docs/1.33/architecture/

DTraComp: Distributed Trace Compare

©Maryam Ekhlasi et al. Presented at ICPE 2024
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Distributed End-to-end Tracing Standards

3. OpenTelemetry F7 CLOUD NATIVE

L o COMPUTING FOUNDATION

OPENTRACING OpenCensus

Microservices

OTel Auto. Inst.

i Time Series
OISIAR) Databases
@Islisbi oK OTel Collector Trace

Databases

—
Shared Infra Column

Stores
Kubernetes
L7 Proxy
B s / Managed DBs APIs

Reference: https://opentelemetry.io/docs/
27
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High-level Trace Visualization Tools

i JA E G E e \isualizing distributed requests
B ZRKIN e Distributed conte?d prope.mgatlo.n
e Span’s parent-child relationships

Search [y System Architecture Monitor About Jaeger v
e frontend: HTTP GET / P | oy routing: post /location/update/vd. = sPANTABLE | =
h race Timeline v
dispatch sfic2s pe. 0 s asestticeosn
Trace Start February 6 2023, 19:40:58.077 Duration 675.89ms Services1 Depth3 Total Spans 24 T o ervice name Span name
ops. 168.97ms 337.94ms 506.91ms 675.89ms i _— fouting post focation/update/vd
= Spar Parent ID
——— ~~v © > 2e8cibi5abs9adtf none
oms sa40ms s7.08ms 1. 6dems
Service & Opera... v > ¥ » Ops. 168.97ms 337.94ms 506.91ms 675.89ms routing: post flocation/updateNvd 131.848ms  Annotation ~
v | frontend TP GET dispatcn ® el maiiap_proo: post ot rosy proy o | o7poums 13148
mamoache: et my_cacnename 2 s
~ | frontend HTTP GET: customer 36.3¢ ety cache »
e @ T o e e st o assams Jor24 14:52:55 287
rontend TP GET 86.3
mysaegin ; s one Senver start
I frontend /driver.DriverService/Fi... 4.62ms ‘memcache: get user_details_cache-20150801 1.068ms P routing
v | frontend HTTP GET: /route frontend:HTTP GET: /route | 42.9ms S mcach: gl my._cchs_nam.v1 2338
1024 14:52:55.369
| frontend +rre Ger — mysal:commit \ 780
mobde_ai post ocationupca R Server Finisn
~ | frontend HTTP GET: route — @ tie_api post focation/updateivs i sor
mameache: ettt moble_ap ronco +066ms routng
| frontend +rre GeT (2 62ms j—] i
memcache: set mooie_aptnonce 1oz6ms
v | frontend TP GET /route == &
spece:get P ™ rags .
| frontend 1P Ger [=) bit: post 1ams
prod
uswestiaprod
hitp.uri clien Nocation/update/va 28
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Power of Tracing!

e Over Profiling Profilingr | Tracing
e Over Debugging
e Over Logging

Execution Execution

e Over Monitoring

Latency
Spike

+
|
|
|
|
|
|
|
|
|
|
|
+
29

Software Performance!

Deadlines! Fast! Limited Machine Resources!

30



What is Software Performance

e Software Aspects

o Caching strategy
o  Architecture and Design
o Concurrency and Parallelism

e Hardware Aspects

o Processor Speed Core Count
o Memory (RAM)
o Storage (HDD/SSD)

(©]

Network Speed

e Other Factors

Motivation!

Code Efficiency!

31
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Executions Differences!

TiDB: server.dispatch 6e96e6d

9 Spans @ e 09

TiDB: server.dispatch 1674941

9 Spans @ o209
A TiDB:serverdispatch [} M g TDB: serverdispatch 167404 &2
Todo, 1072483 sooys <0 Todoy 10638 am 0 Tt S0
os
P ——
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Detective DTraComp Enter!

0 50,000 100,000 150,000 200,000 250,000 300,000 350,0¢
¥ Group2-Group1
v diff

0 ( [Z.07 %] server.dispatch

1 arses... [-0.10 %) session.ExecuteStmt

2 (A5 %) sessi... | (3.33 %) executor.Compile )

3 B35
Start Time End Time Duration Spanid OperationName TracelD ThreadiD RUN RUNSYSTEMCALL INTERRUPTED WAITCPU WAITUNKNOWN
11:06:56.933 952 078 11:06:56.933 980 155 28,077  4442450064020525663 *executor.ShowExec.Next 1618081973820362342 1805943 17108 12915 0 0 0
11:06:56.934 022 060 11:06:56.934 042 663 20,603  6023047575761396435 *executor.ShowExec.Next 1618081973820362342 1805943 7188 15709 0
11:07:46.711 230 210 11:07:46.711249416 19,206  2871436018761349651 *executor.ShowExec.Next 7968810417120810813 1813228 10054 11450 0 0 0
11:07:46.711 292 718 11:07:46.711303334 10,616  1574938190389480438 *executor.ShowExec.Next 7968810417120810813 1813228 4326 8727 0 0 0
11:06:56.933 723 277 11:06:56.933 843056 119,779  7456353795818001242 executor.Compile 1618081973820362342 1805943 68216 53966 0 0 0
11:07:46.711 033 606 11:07:46.711 132920 99,314  2159668538522373865 executor.Compile 7968810417120810813 1813228 0 0 0

11:06:56.933 567 600| 11:06:56.933 592 324| 24,724 | 3369336188777566051| Search: Duplicate 1618081973820362342| 1805943 | 10539 \ 16130 _____

11:07:46.710 746 696 11:07:46.710772 468 25,772 8310292673920133684 Search: Duplicate 7968810417120810813 1813228 10960 16687

DTraComp: Distributed Trace Compare ©Maryam Ekhlasi et al. Presented at ICPE 2024

WAITFORK UNKNOWN

© oo o oo

JAEGER

[

© oo oo

Today

Today

808us

11:07:46 am

13 minutes ago

747ys

11:06:56 am

14 minutes ago
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We need more detail informations to answer this question!

What is happening inside the system?!

How a program runs?

What are the processes and threads?
What are kernel and user space levels?
What are process/ thread states?

What is a process”?

Instruction 1
Instruction 2

Instruction 1
Instruction 2

______________________________________



What is a process?

Program in execution!!

Local variables in functions,
function call management

Objects, dynamic memory {

Fixed size!

DTraComp: Distributed Trace Compare

©Maryam Ekhlasi et al.

What is a thread?

/,

Process

—_—
4—

.

Presented at ICPE 2024

{

r

<

BSS

Uninitialized, zero-initialized global
and static variables

System reserved low memory

Thread!

CPU

<:|| Scheduler

DTraComp: Distributed Trace Compare

©Maryam Ekhlasi et al.

Presented at ICPE 2024

Thread!

Unit of execution

instructions

Unit of execution

Instruction 1
Instruction 2

instructions

Instruction 1
Instruction 2

37
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What is a thread?

A Thread contains \
A program counter /— \

Aregister set
A stack

BSS

Uninitialized, zero-initialized global
and static variables

Benefits of threads

e Each process can d
more than one task| at
atime

e Threads are
lightweight however
processes are

S

heavyweight
Systemrreserved-lov
istributed Trace Compare ©Maryam Ekhlasi et al. Presented at ICPE 2024 39
Differences between threads and Processes
/ Process \ ...............................................................................................................
e /% / Process \ / Process \
. n =y
=/ () |
40
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Context Switch in processes

Process 1
Int t l .
Snyztrg:s c(;l Context Switching Save state into process control block1
} Overhead |:> Reload state from PCB2
l Process 2
Interrupt or
System call Context Switching
} Overhead
41
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Context Switch in threads

Context Switch .
—  Tim
N e
4 A\
T .
N J o~ N ~ /
Y Save Context  Restore Context
Thread 1 Thread 2
42

DTraComp: Distributed Trace Compare ©Maryam Ekhlasi et al. Presented at ICPE 2024



We have to know the process states

Process Queue

Scheduler Dispatch

Interrupted

1/0 or Event completion 1/0 or Event wait

43
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What the state of a process can tell us

Process Status

Resource Utilization

Prioritization

I/O Status

Inter-process Communication (IPC)
Concurrency and Parallelism

Life Cycle Management

44
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Example!

Database

Client

IActively handling request

Utilizing CPU Resources

A0
Reading from a disk file . d 0 Q N
Waiting for DB query Dynamic content [ frr. : )
’ b

Querying a database A
Performing computations ]

Memory resources are
being utilized

45
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Example!
Web Database
q e
Client
Server
Actively handling request
Utilizing CPU Resources
Reading from a disk file gynamlc cogt?ng
Waiting for DB query uerying a database
Performing computations
46
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Caching
strategy

Example!

Database

Web

Client Server

Actively handling request

Utilizing CPU Resources

Dynamic content
Querying a database
§ Performing computations

Reading from a disk file
Waiting for DB query

e
O )

How we can know why the process is in the waiting state?
By system calls
Data is ready
Data is not
immediately
available
System call to
read data
48
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What is Kernel?

Cosomwen | o
a N

Syscall Handler
File System
Device Drivers
Scheduler
Memory Manager

" kema |

(&
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What are system calls?

Process Control

File Manipulation

Device Management
Information Maintenance
Communication

DTraComp: Distributed Trace Compare ©Maryam Ekhlasi et al. Presented at ICPE 2024



We have all the required information let’s have an
example!

What is the time complexity?

Complexity: Using Nested Loops

( arr[], size) {
; 1< size - 1; i++) {

j=1+ 1; j < size; j++) {

* (arr[i] == arr[j]) (

51

Complexity: Using a Hash Table

( arr[], size) {
hashTable[MAX_VALUE] = { fal 163

for ( i=0; i< size; i++) {
(arr[i] < O || arr[i] >= MAX_VALUE) {
printf( );

}
(hashTable[arr[i]]) {

}
hashTable[arr[i]] = t H

52



Actual Use case - C Language

O(n”2) Complexity: Using Nested Loops

( arr[], size) {
; 1< size - 1; i++) {

j=1+ 1; j < size; j++) {

(arr[i] arr[jl) {

Differential Flame graph

( arr[], size) {
hashTable[MAX_VALUE] { fal 163

i < size; i++) {

|1 arr[il >= MAX_VALUE) {

);

(hashTable[arr[i]]) {

3

}
hashTable[arr[i]] =

O(n) Complexity: Using a Hash Table

GroupA GroupB
o Sh
£ 5
3 3
o ” S J
o T T T T T L= K i L o T T T T T T T T T T T T T
10ps 20ps 30ps 40ps 50ps 60 s 70ps 80ps 90 s 90.6 us 90.8 s 91ps 91.2ps 91.4ps 91.6 s 91.8ps 92ps
Duration Duration
1 . 1
3 | 3
o | o
o T T T T — . T T - o T T T T T T T T T T
0 Sps  10ps  15ps  20ps  25ps  30ps  35ps  40ps  45ps  S0ps  S5ps 43ps 44ps 45ps 46ps 47ps 48ps 49ps S0ps S1ps 52ps 53ps S4ps 55pus 56ps S7ps
SelfTime SelfTime
S e b o s
Process y 657cfb930b §d581 b, Dura tl'on § 891 87' Selle'me y 55733 3108ashiazacree Quration; 1321
Pmcess’ ; S e i Process = 42fa784f8a717fae; Duration = 58178; SelfTime = 38133
LORES Process =4a75d73d89705¢32; Duration = 72077; SelfTime = 46236
Drarace ~ EFar26AA2AahA1EA: Nurakinn — 72027: CalfTima — 10400
[} 20,000 30,000 40,000 50,000 60,000 70,000
¥ Group2-Group1
v diff
0 (22:37% ) Main Function

1 [Z5:57 %] Douplicate Finder

13:47:15.359 310 272 13:47:15.359 335485
13:47:16.738 207 718 13:47:16.738 233 559
13:47:18.228 442 215 13:47:18.228 462 260
13:47:19.714 625 553 13:47:19.714 659 007
13:47:21.584 354 488 13:47:21.584 384 450
13:47:23.745 666 585 13:47:23.745 694 731
13:47:25.408 232 748 13:47:25.408 254 120
13:47:27.035865 759 13:47:27.035 899 632
13:47:15.359 290 786 13:47:15.359 364 608
13:47:16.738 189 070
13:47:18.228 425 593
13:47:19.714 602 785
13:47:21.584 331 231 13:47:21.584 420419
13:47:23.745 646 959 13:47:23.745726 229
13:47:25.408 216 405 13:47:25.408 277 447
13:47:27.035842 432 13:47:27.035933 994

25,213
25,841
20,045
33,454
29,962
28,146
21,372
33,873
73,822
72,077
58,178
89,187
89,188
79,270
61,042
91,562

5776357360359181435
6989984953073631454
8646302322566141477
5233248868204268300
7523690523383491055
3868363194620979092
1666668865312156241
5156404004869947743
6884938253811269974
5365431190380633138
4826302233701351342
7313767938840680475
3345091565387249850
3964475762937331426
7977113268090916696
962505875242740675

Douplicate Finder
Douplicate Finder
Douplicate Finder
Douplicate Finder
Douplicate Finder
Douplicate Finder
Douplicate Finder
Douplicate Finder
Main Function
Main Function
Main Function
Main Function
Main Function
Main Function
Main Function
Main Function

6884938253811269974 162675 10890 16267
5365431190380633138 162886 9004 19620
4826302233701351342 163087 7677 14242
7313767938840680475 163288 14800 21505
3345091565387249850 163522 14730 18504
3964475762937331426 163723 9423 21087
7977113268090916696 163911 8515 14801

962505875242740675 164118
6884938253811269974 162675
5365431190380633138 162886
4826302233701351342 163087
7313767938840680475 163288
3345091565387249850 163522
3964475762937331426 163723
7977113268090916696 163911
962505875242740675 164118

11937 24717
29880 45871
25691 49222
22057 38399
38678 53344
39025 53488
31904 50133
24711 38259
37350 57536

©Cocooo0oo0oo0oo0oo0o0o0o0o0o0o0o0
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What is Software Performance

e Software Aspects

o Code efficiency
Caching strategy
Architecture and Design
Concurrency and Parallelism

e Hardware Aspects

o o O

o Processor Speed Core Count
o Memory (RAM)

o Storage (HDD/SSD)

o Network Speed

e Other Factors

55
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L]
Caching Strategy Caching
import (
. database/sql
No-caching e
time
TG _ "github.com/mattn/go-sqlite3
database/sql )
" fmt
"time // User struct to hold user details
_ "github.com/mattn/go-sqlite3 type User struct {
) D int
. Name string
// User struct to hold user details }
type User struct {
I int
Name string // Global cache variable
} var userCache = make(map[int]User)
// Global cache variable
var userCache = make(map[int]User)
/1 Non-caching version X // caching version
- getéfler:frta:f:;f_":::&“:‘s;’f:I? ‘:":)r(dufe)r ersor) { func getUserDetailsWithCache(userID int) (*User, error) {
Aferr 1= nil { if user, found := userCache[userID]; found {
y return nil, err return &user, nil
defer db.Close() }
var user User user, err := getUserDetailsWithoutCache(userID)
err = db.QueryRow("SELECT id, name FROM users WHERE id = ?", userID).Scan(&user.ID, &user.Name) if err != nil {
if 1= nil !
e re;urn nil, err return nil, err
} }
} RS Suseryntt userCache[userID] = *user
return user, nil
}
Execution time without cache: 0.05859804153442383 seconds e ation: | in blocked fi wait ti . 4 to fetch dat
Execution time with cache: 0.0003237724304199219 seconds xpectation: ncrease [n blocked time and walll time since we need fo felch cata
from database
More context switch and cpu execution time for handling connection 56
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What do you expect?

Without Caching: Expect more frequen
possibly blocked states

significantly reduced

DTraComp: Distributed Trace Compare ©Maryam Ekhlasi et al. Presented at ICPE 2024

Expectations are Confirmed!

t and longer periods in the 1/0 wait and

With Caching: The frequency and duration of I/0O wait and blocked states are

e Without Caching: Expect more frequent and longer periods in the 1/0 wait and possibly
blocked states
e \With Caching: The frequency and duration of I/O wait and blocked states are significantly
GroupA GroupB
reduced ;. -
3| LW 1 [ 7| LI 1! I
2% 200ps 400ps 600ps 800ps 1ms 1.2ms 1.4ms 1.6ms 1.8ms 2ms 22ms 2.4ms S 200ps 400ps 600ps 800ps 1ms 1.2ms 1.4ms 1.6ms 1.8ms 2ms 2.2ms 2.4ms
Duration Duration
il I %'l I
S Sps  10ps  15ps  20ps  25ps  30ps  35ps  40ps  45ps  S0ps g Sps  10ps  15ps  20ps  25ps  30ps  35ps  40ps  45ps 50ps
SelfTime SelfTime
Process = 36fbcdd589b7b024; Duration = 1040776; SelfTime = 52521 Process = 794b28e512f11d4; Duration = 1250649; SelfTime = 54476
0 100,000 200,000 300,000 400,000 500,000 600,000 700,000 800,000 900,000 1,000,000 1,100,000
¥ Group2-Group1
v diff
0 1576 %] Caching EXample )
1 1534 %] getUserDetais )
Start Time End Time Duration Spanid OperationName TracelD ThreadlD RUN RUNSYSTEMCALL WAITCPU WAITUNKNOWN

14:33:19.065 559 991| 14:33:19.066 219 644| 659,653 | 878708228217677786 | getUserDetailswithoutCache|8698218330698166442| 246961 | 449304212619 __

14:33:19.066 232 914 14:33:19.066 631430 398,516 9073351341883728441 getUserDetailswithCache

14:33:19.065 544 346 14:33:19.066 654 477 1,110,131 8698218330698166442 Caching Example

14:33:20.892 361 205 14:33:20.893 006 121 644,916 7929464920158992492 getUserDetailswithoutCache 7373370459793230796 247172
7248847200101164513 getUserDetailswithCache

14:33:20.893 021 137 14:33:20.893 499 970 478,833

8698218330698166442 246961
8698218330698166442 246961

193475 207244
666026 445762 0 0
398048 233423 0 16272

7373370459793230796 247172 236359 219809 25909 0
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What is Software Performance

e Software Aspects
o Code efficiency
o Caching strategy
o  Architecture and Design

e Hardware Aspects
o Processor Speed Core Count
o Memory (RAM)
o Storage (HDD/SSD)
o Network Speed

e Other Factors

Concurrency and Parallelism

CPU Bound Example:

59
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Parallel and sequential

. // isPrime checks if a number is a prime
» func isPrime(number int) bool {

if number <= 1 {
1 return false
] }
f for 1 := 2; 1 <= int(math.Floor(math.Sqrt(float64(number)))); i++ {
] if number%i == 0 {
! return false

| }

4 return true
'}
i // calculatePrimesSeq calculates the first n primes sequentially
» func calculatePrimesSeq(upperLimit int) [Jint {

primes := []int{}
] for num := 2; num <= upperLimit; num++ {
' if isPrime(num) {
| primes = append(primes, num)

fmt.Printf("Found Sequential Prime: %d\n", num) // Print found primes

t }
' }

return primes

// isPrime checks if a number is a prime
func isPrime(number int) bool {
if number <= 1 {
return false
¥
for 1 2; 1 <= int(math.Floor(math.Sqrt(float6é4(number)))); i++ {
e {

if number%i ==
return false

return true

// calculatePrimesParallel calculates the first n primes in parallel
func calculatePrimesParallel(upperLimit int) [Jint {

var primes []int

var mu sync.Mutex

var wg sync.WaitGroup

// Use a channel to generate numbers to be checked for primality
numbers := make(chan int, 100) // Buffered channel

// Start a fixed number of worker goroutines to check numbers for primality in parallel
for 1 := 0; 1 < 10; i++ [ // Limit concurrency to prevent excessive resource usage
wg.Add(1)
go func() {
defer wg.Done()
for number := range numbers {
if isPrime(number) {
mu.Lock()
primes = append(primes, number)
fmt.Printf("Found Parallel Prime: %d\n", number) // Print found primes
mu.Unlock()

}
10

61
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What do you expect?
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Performance Metrics!

Start Time End Time

10:51:16.862 378 440 10:51:16.862 406 586 28,146

10:

10:

:51:21.713 632 643 10:51:21.713729 933
10:51:21.713 609 456 10:51:21.713 754 727

parallel x
Trace

A <srch>
kernel
kernel
kernel
kernel
kernel
kernel
kernel
kernel
kernel
kernel
kernel
ust/uid/1000/64-bit]
kernel
kernel
kernel
kernel
kernel
kernel
kernel
kernel
kernel

Duration Spanid

OperationName

8409096035200089774 calculateFibunacciParallel 2881530242770011486 2410233 0

1:16.862 346 033 10:51:16.862 506 809
:16.862 278 217 10:51:16.862 517 355
:21.713 643 539 10:51:21.713 676 923
1:21.713 692 777 10:51:21.713712 263

TracelD

11378 19128 0

160,776  9169217551823845228 calculateFibunacciParallel 2881530242770011486 2410227 53358 28973 70736 9567
239,138  2881530242770011486 fibunachi 2881530242770011486 2410227 53358 66529 115698 9567
33,384 6514851310001073122 calculateFibunacciSequent 5476396147119877088 2410540 0 9424 25903 [
19,486 7465671310475914216 calculateFibunacciSequen« 5476396147119877088 2410540 0 5235 16687 0
97,290 8807225039319203146 calculateFibunacciSequent 5476396147119877088 2410540 0 33155 66468 0
145,271  5476396147119877088 fibunachi 5476396147119877088 2410540 0 52978 94605 0

Timestamp Channel CPU Event type Contents

<srch> <srch> <srch> <srch> <srch>

10:51:16.862 308 668
10:51:16.862 309 576
10:51:16.862 309 576
10:51:16.862 311 042
10:51:16.862 311 042

kernelchannel 5 5
kernelchannel_14 14
kernelchannel 8 8
kernelchannel_14 14
kernelchannel 4 4

sched_switch
writeback_dirty_page
power_cpu_idle
writeback_mark_inode_dirty
syscall_exit_clock_gettime

10:51:16.862 311 042 kernelchannel 5 5
10:51:16.862 312439 kernelchannel_1 1

10:51:16.862 312 439 kernelchannel_14 14

10:51:16.862 312 439 kernelchannel 4 4
16.862 312 439 kernelchannel_5
:16.862 313 417 kernelchannel_14

:16.862 313 417| userchannel_4
:16.862 314 814 kernelchannel_1
:16.862 314 814| kernelchannel_1
:16.862 314 814 kernelchannel 4
:16.862 314 814| kernelchannel_5
16.862 315 792| kernelchannel_1
:16.862 315 792 kernelchannel 1
kernelchannel 5
kernelchannel _1

kernelchannel_14
kernelchannel_1

syscall_exit_futex
syscall_entry_recvmsg
writeback_mark_inode_dirty
syscall_entry_clock_gettime
syscall_entry_clock_gettime
writeback_dirty inode_start
jaeger_ust:start_span
kmem_kfree
kmem_cache_alloc
syscall_exit_clock_gettime
syscall_exit_clock_gettime
syscall_exit_recvmsg
block_touch_buffer
syscall_entry_clock_gettime
syscall_entry_recvmsg
kmem_cache_free
kmem_kfree

writeback dirty

prev_comms=swapper/5, prev_tid=0, prev_prio=20, prev_state=0, next_comm=Ffibunachi-par
name=259:0, ino=21764999, index=2006, context.packet_seq_num=21, context.cpu_id=14, ct
state=2, cpu_id=8, context.packet_seq_num=10, context.cpu_id=8, context._tid=0, context._
name=259:0, ino=21764999, state=7, flags=4, context.packet_seq_num=21, context.cpu_id=
ret=0, tp=140730733719008, context.packet_seq_num=8, context.cpu_id=4, context._tid=24
ret=0, uaddr=824634769736, uaddr2=0, context.packet_seq_num=10, context.cpu_id=5, con
Fd=33, msg=140722553225216, flags=0, context.packet_seq_num=7, context.cpu_id=1, cont:
name=259:0, ino=21764999, state=7, flags=7, context.packet_seq_num=21, context.cpu_id=
which_clock=1, context.packet_seq_num=8, context.cpu_id=4, context._tid=2410227, conte)

name=259:0, ino=21764999, state=7, flags=7, context.packet_seq_num=21, context.cpu_id=|
trace_id_high=0, trace_id_low=2881530242770011486, span_id=8717727913264033703, par

call_site=0xffffffffa94be865, ptr=0xffFF99a4000c5a80, bytes _req=56, bytes_alloc=56, gfp_Fld
ret=0, tp=140730733717984, context.packet_seq_num=8, context.cpu_id=4, context._tid=24
139832860861152, context.packet_seq_num=10, context.cpu_i

1, msg=140722553225216, context.packet_seq_num=7, context.cpu_i
dev=271581186, sector=87032280, size=4096, context.packet_seq_num=21, context.cpu_id
which_clock=1, context.packet_seq_num=10, context.cpu_id=5, context._tid=2410233, contq
Fd=33, msg=140722553225232, flags=0, context.packet_seq_num=7, context.cpu_id=1, cont
call_site=0xfFFFFfffag4bfoes, ptr=0xfffF99a4000c5a80, name=mbcache, context.packet_seq
call_site=0xffffffffagaaa2cd, ptr=0x0, context.packet_seq_num=7, context.cpu_id=1, conte:
name=259:0, ino=21764999, state=7, flags=7, context.packet seq num=21, context.cpu id=

, context._tid=2
, context._tid

|s parallel mechanism good for all situations?

When Parallelism Is Beneficial

o

o

(@]

o

o

o

1/O-Intensiv

e Tasks

Highly Concurrent Applications
Tasks with High Latency Operations
When Parallelism May Not Be Beneficial
Computationally Intensive Tasks
Memory Bandwidth Saturation
Scaling Issues

DTraComp: Distributed Trace Compare

©Maryam Ekhlasi et al.

Presented at ICPE 2024

ThreadiD WAITBLOCKED RUN RUNSYSTEMCALL WAITCPU
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I/O intensive tasks!

[E] 5pan Metrics Summary x

Start Time End Time Duration Spanid OperationName TracelD ThreadiD WAITBLOCKED RUN RUNSYSTEMCALL INTERRUPTED WAITCPU

12:40:39.048 186 492 12:40:49.056 377 540 10,008,191,048 7716729211719815633 sequentialio 1543448237193233578 2606198 10006110793 566716 789417 14386 712288

12:40:49.056 469 731|12:40:50.057 822 420| 1,001,352,689 | 273328434949176064 | Parallelio 1543448237193233578 2606198 1001026179 [217319[99977 o [12431 ||

12:40:39.048 166 936 12:40:50,057 847 773 11,009,680,837 193233578 i i 193233578 2606198 11007136972 920359 910197 14386 724719
oparallel x
Trace Timestamp Channel CPU  Event type Contents D Prio  PID

& <srch> <srch> <srch> <srch> <srch> <srch> <srch>  <srch> <srch>
kernel 12:40:49.056 355 191 kernelchannel 0 0 timer_hrtimer_start hrti , functi 188420, softc 0 0 o
kernel 12:40:49.056 356 658 kernelchannel 15 15 syscall_exit_clock_gettime ~ ret=0, tp=140731946925616, context.packet_seq_num=17, context.cpu_id=15, context. tid= 2606198 20 2606198
kernel 12:40:49.056 359 102 kernelchannel 0 0 power_cpu_idle state=3, cpu_id=0, context.packet_seq_num=22, context.cpu_id=0, context. _tid=0, context._ 0 20 o
kernel 12:40:49.056 359 102 kernelchannel 15 15 syscall_entry_futex Uaddr=824634769736, 0p=129, val=1, utime=0, uaddr2=0, val3=0, context.packet_seq_num= 2606198 20 2606198
kernel 12:40:49.056 362874 kernelchannel 15 15 sched_waking comm=iolntensivePara, tid=2606204, prio=20, target_cpu=13, context.packet_seq_num=17, 2606198 20 2606198
kernel 12:40:49.056 366 156 kernelchannel 15 15 syscall_exit_futex ret=1, Uaddr=824634769736, Uaddr2=0, context.packet_seq_num=17, context.cpu_id=15, co 2606198 20 2606198

kernel 12
ust/uid/1000/64-bit 12

kernel 12
kernel 12

kernel 12:40:49.056 391998 kernelchannel 15 15 syscall_entry_clock_gettime which_clock=1, context.packet_seq_num=
15 syscall_exit_clock_gettime  ret=0, tp=140731946925888, context.packet_seq_num=17, context.cp!
2 503678, order=0, gfp_flag
kernel 12:40:49.056 425 103 kernelchannel 15 15 kmem_mm_page_alloc ~  page=Oxffffcff90a68a880, pfn=2728610, order=0, gfp_flags="
49.056 457858 kernelchannel_15 15 kmem_mm_page_alloc  page=Oxffffcffo151F1e80, pfn=5536890, order=0, gfp_flags=17829322, migratetype=1, contc 2606198 20
49.056 461630 kernelchannel_15 15 kmem_mm_page_alloc  page=Oxffffcffo0553ea80, pfn=1396650, order=0, gfp_flags=17829322, migratetype=1, cont 2606198 20
kernel 12:40:49.056 468 335 kernelchannel 15 15 syscall_entry_clock_gettime which_clock=1, context.packet_seq_num=17, context.cpu_id=15, context._tid=2606198, conl 2606198 20
ust/uid/1000/64-bit] 12:40:49.056 469 731| userchannel 15 | 15 6

kernel
kernel

kernel 12
kernel 12:

49.056377 540 userchannel 15 15 jaeger_ust:end_span trace_id_hig!
kernel 12:40:49.056 378937 kernelchannel 15 15 syscall_exit_clock_gettime ~ret=0, tp= |
49.056387 668 kernelchannel 15 15 syscall_entry_clock_gettime which_clock=0, context.packet_seq_num=17, context.cpu_id=15, context._tid=2606198, conl 2606198 20 2606198
49.056390042 kernelchannel 15 15 syscall_exit_clock_gettime ret=0, tp=140731946925904, context.packet_seq_num=17, context.cp
7, context.cpu_id=15, context._tid=2606198, conl 2606198 20 2606198

15 kmem_mm_page_alloc  page=OxFfffcffo112e1f80, pfi

jaeger_uststart_span trace_id_high=0, trace_id_loy

140731946924976, context.packet_seq_num=17, context.cp

49.056376074 kernelchannel 15 15 syscall_entry_clock_gettime which_clock=1, context.packet_seq_num=17, context.cpu_id=15, context._tid=2606198, conl 2606198 20 2606198
=0, trace_id_low=1543448237193233578, span_id=7716729211719815633, dur: 2606198 2606198

2606198 20 2606198

5, context._tid= 2606198 20 2606198

_id=15, context._tid= 2606198 20 2606198
7829322, migratetype=1, cont 2606198 20 2606198
7829322, migratetype=1, cont 2606198 20 2606198

73328434949176064, pare| 2606198

kernel 15 | syscall_exit_clock_gettime | ret=0, tp=140731946924864, context.packet_seq_num=17, context.cpu_id=15, context. tid: 20
kernel 15 | syscall_entry_clock_gettime| which_clock=0, context.packet_seq_num=17, context.cpu_id=15, context._tid=2606198, conl 20
88 Trace Timeline v
t April 15 2024, 12:39:23.869 Duration 11s  Services1 Depth2 Total Spans 3
ous 2755 555 8255 115
[ T
Service & Operation v >V¥»  ops 2.75s 5.5 8.25s 1s
v | simple-http-server i
| simple-http-server <cqueniaio 1
| simple-http-server raraieio —

What we created!
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Differential Flame Graph and System metrics

0 100,000 200,000 300,000 400,000 500,000 600,000
[24.36 % server.dispatch )
ex.. 24, Session.Pars..| (23.66 % session.Executestme )
‘E?.I’ KI 15 92 % ’ execqur.Complle

Start Time End Time Duration Spanid OperationName TracelD ThreadiD RUN RUNSYSTEMCALL INTERRUPTED WAITCPU WAITUNKNOWN WAITFORK UNKNOWN
11:06:56.933 952 078 11:06:56.933980 155 28,077  4442450064020525663 *executor.ShowExec.Next 1618081973820362342 1805943 17108 12915 0 0 0 0 0
11:06:56.934 022 060 11:06:56.934042 663 20,603  6023047575761396435 *executor.ShowExec.Next 1618081973820362342 1805943 7188 15709 0 0 0 0 0
11:07:46.711230 210 11:07:46.711249.416 19,206  2871436018761349651 *executor.ShowExec.Next 7968810417120810813 1813228 10054 11450 0 0 0 0 0
11:07:46.711292 718 11:07:46.711303334 10,616  1574938190389480438 *executor.ShowExec.Next 7968810417120810813 1813228 4326 8727 0 0 0 0 0
11:06:56.933 723 277 11:06:56.933843 056 119,779  7456353795818001242 executor.Compile 1618081973820362342 1805943 68216 53966 0 0 0 0 0
11:07:46.711033 606 11:07:46.711132920 99,314  2159668538522373865 executor.Compile 7968810417120810813 1813228 52290 49358 0 0 0 0 0
11:06:56.933 567 600] 11:06:56.933 592 324] 24,724 | 3369336188777566051 | Search: Duplicate 1618081973820362342| 1805943 | 10539 [16130 _____
11:07:46.710 746 696 11:07:46.710772468 25,772  8310292673920133684 Search: Duplicate 7968810417120810813 1813228 10960 16687
67
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e Software performance analysis
e Latency detection
e New Software version or system updates
e Runtime discrepancies
e Pinpoint root causes
68
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Flame Graph

e An aggregated view of the function calls from the call stack
e Each entry (box) represents a function in the stack.
e The x-axis represents total duration (execution time) and not absolute time.
e The width of an entry is the total time spent in that function, including time spent calling the children.
e Comprehensive yet simple and concise view, ideal for comparison
& Flame Graph zzr\ (B, = B
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Differential Flame Graph-Computation
Suppose having two traces, we need to compare them
Tracel Trace2
| F | | F |
L a [B] ¢ | L A | 8 | ¢ |
b|E| G H | K| G
Differential Flame Graph
F2-F1/F1
A2-AVA1 | B2-BIBI | C2-Cl1C2 |
H K G2-G1/G1
70
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Differential Flame Graph-Representation

e Color
o Flame Graph: The color of each function is randomly assigned based on the function name
o Differential Flame Graph: colors are assigned based on the difference ratio
m  Red color palette for longer execution -
m Blue color palette for shorter execution -

m  White for difference ratio between -5% and 5%

0 10,000,000 20,000,000 30,000,000 40,000,000 50,000,000 60,000,000 70,000,000 80,000,000
!

¥ GroupB-GroupA
v diff

0 |m(-7...(-84.4 -60.28 % % ) Nod 87 % [eDo % P B z (114.30 % ) PluginLocalizationBacken bution.initialize

1

2

71
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Execution Comparison
e \We have two mode for execution comparison
o Sequential traces
o Distributed microservice-based system’s traces (request comparison)
72
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Sequential trace comparison

Select two groups to be compared

[0 Execution Comparision X

3 F sl
[roupA GroupB
: 3 : 3
type filter text type filter text
Trace name Trace name
2 | | | "

v [42023-8-31T5-16-8.txt. @ v [42023-8-31T5-16-8.txt. @

Total < Total <
~ [ 2023-9-10T5-17-7.kxt. L 1- ) ~ [ 2023-9-10T5-17-7.kxt. & 1-]

Total Total
~ [ 2023-9-11T5-16-26.txI ~ [ 2023-9-1175-16-26.txI

9 Total gt L : : : 9 Total peiachad e : : .
« ®170122.0.19TEAAE vk 19:00:00.480 19:00:00.500 19:00:00.520 19:00:00.540 « ®150122.0.19TEAAE vk 19:00:00.480 19:00:00.500 19:00:00.520 19:00:00.540
ResaETimaintervalA From: [1969-12-31 19:00:00.472.046.933| To: [1969-12-31 19:00:29.034.038.587| RésaETimeintervald From: [1969-12-31 19:00:00.472.046.933| To: [1969-12-31 19:00:29.034.038.587|

“iltering Query

> Get filtering query

0 10,000,000,000 20,000,000,000 30,000,000,000 40,000,000,000 50,000,000,000
¥ GroupB-GroupA
v diff
0———M .. L. X ... J0.0..] X startContributions | 0.00 %] revealShell I 10.00 %) startPlugins 1 10.00 %] frontend
1 0O om (DO )00 OO0 %I E-) - (000 % . )(0.00 %) syncPluging
2 10 I
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Select Relevant Traces

[T Execution Comparision X

B
GroupA GroupB
type filter text 37 type filter text 37
Trace name Trace name
2 2
v | 12023-8-31T5-16-8.txt. |9 v (4 2023-8-31T5-16-8.txt. @
@ Total E Total E
v [ 2023-9-10T5-17-7.txt, >~ 1| v | 12023-9-10T5-17-7.txt. b 1
Total B Total
v (4 2023-9-11T75-16-26.tx| v (4 2023-9-11T75-16-26.tx|
& Total — — : : :  Total — — : : :
+ ®19072.0.19TE1AK kv 19:00:00.480 19:00:00.500 19:00:00.520 19:00:00.540 + ®19072.0.19TE1A-K kv 19:00:00.480 19:00:00.500 19:00:00.520 19:00:00.540

Reset Time Intervala|  From: [L969-12-31 19:00:00.472.046.933] - To: [1969-12-31 19:00:29.034.038.587]

Reset Time intérvals From: [1969-12-31 19:00:00.472.046.933] To: [L969-12-31 19:00:29.034.038.587

Filtering Query
> Get filtering query

0 5,000,000,000 10,000,000,000 15,000,000,000  20,000,000,000  25,000,000,000 30,000,000,000  35,000,000,000  40,000,000,000
!
¥ GroupB-GroupA
v diff
5 ) 192 %] Frontend )
1 |
2
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Select desired time range graphically

[ Execution Comparision X

GroupA

type filter text

Trace name

v | 12023-8-31T5-16-8.txt. M

:

v @ 2039107547700, [
Total

v 4 2023-9-1175-16-26.tx|

Total

il

+ ®M7M2.0.19TE A8 3
Range=[19:00:00.493 615 560,19:00:00.493 833 425]

GroupB
; 3=
type filter text
Trace name
2 -

v (4 2023-8-31T5-16-8.txt, |
Total

v | 12023-9-10T5-17-7.txt,

v 4 2023-9-1175-16-26.tx|
Total

:

Al

||. N\I

e fRIAIRQAITEARE Fvk

, : . .
19:00:00.480 19:00:00.500 19:00:00.520 19:00:00.540

Reset Time IntervalA (Y

Filtering Query
> Get filtering query

10,000,000

12-31 19:00:00.508.652.249

20,000,000

Reset Time Intervald From: ‘1969-12-31 19:00:00.499.858.793] * To: ‘1969-12-31 19:00:00.512.537.730]

30,000,000 40,000,000 50,000,000

¥ GroupB-GroupA
v diff
0
1
2

{T7.45 % PluginLocalizationBackendContribution.initialize
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GroupA
type filter text 3z

Trace name

(% Total
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Select desired time range textually

v M15072.0.19TE1A.C

v 12023-831T5-168.xt, @ £ |
:
v [ 2023-9-10TS17- 7.0, L2 1-
9 Total
v [ 2023-9-11T5-16-26.tx|
- 1 — -

Reset Time IntervalA

From: 1969-12-31 19:00:00.495.564.315|  To: [1969-12»31 19:00:00.508.652.249)|

Filtering Query
) Get filtering query

10,000,000

20,000,000

GroupB

type filter text 35

Trace name

v (9 2023-8-3175-16-8.txt, 9 A |
(% Total é
v 12023-9-10T5-17-7.txt. L2 1-
v [ 2023-9-11T5-16-26.tx!
. 1 — .

Total
+ ®17072.0.19TEAAE K

Reset Time Intervalg From: [1969-12-31 19:00:00.499.858.793 To: [1969-12»31 19:00:00.512.537.730

30,000,000 40,000,000 50,000,000

¥ GroupB-GroupA
v diff
0
1
2

{17:45 %] PluginLocalizationBackendContribution.initialize
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Reset to initial state

[ Execution Comparision X

§ =
GroupA GroupB

type filter text

type filter text 3

Trace name Trace name
v [22023-8-3175-16-8.txt, @ & | v [22023-8-31T5-16-8.xt. @ & ‘
IR gl {
v [ 2023-9-10T5-17-7.bxt, e v |1 2023-910T517-7.bxt, & 1-

Gl
v [ 2023-9-1175-16-26.tx v [ 2023-91175-16-26.tx

Total ”

— , : . , @ Total E
+ 19:00:00.480 19:00:00.500 19:00:00.520 19:00:00.540

From: [1969-12-31 19:00:00.472.046.933] To: [1969-12-31 19:00:29.034,038.587)

—_

~

19:00:00.480 19:00:00.500 19:00:00.520 19:00:00.540
From: [1969-12-31 19:00:00.472.046.933]  To: [1969-12-31 19:00:29.034,038.587

Reset Time IntervalA

Reset Time IntervalB

Filtering Query

) Get filtering query

0 5,000,000,000 10,000,000,000  15,000,000,000  20,000,000,000  25,000,000,000  30,000,000,000  35,000,000,000  40,000,000,000

¥ GroupB-GroupA
v diff
0
1
2

9.2 %] frontend )
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Experiment reproducibility

[T Execution Comparision X

i FE
GroupA GroupB
type filter text 25 type filter text 2y
Trace name Trace name
2= 75 "
v (4 2023-8-31T5-16-8.txt. @ v 4 2023-8-31T5-16-8.txt, 9
T goal 4
v 4 2023-9-10T5-17-7.txt, b 1| v | 12023-9-10T5-17-7.txt, b2 1=
gl
v (4 2023-9-11T5-16-26.tx/ v (4 2023-9-11T75-16-26.tx/
2 _ I
& Total - : : : : & Total — : : : :
~ ®17072.0.19TC1AK bvk 19:00:00.480 19:00:00.500 19:00:00.520 19:00:00.540 ~ ®17072.0.19TC1A.K bvk 19:00:00.480 19:00:00.500 19:00:00.520 19:00:00.540
Reset TimeIntervala|  [FFOM: [1969-12-31 19:00:00.472.046.933]  To: [1969-12-31 19:00:29.034.038.587|

ResetTime Intervalg|  From: [L969-12:31 18:00:00.472.046.933] To: [1969-12-31 19:00:29.034.038.587]

Filtering Query
v Get filtering query

Trace(s): 2023-9-14T5-16-12.txt.json,2023-9-13T5-16-3.txt.json,2023-9-11T5-16-26.txt.json, 2023-8-31T5-16-8.txt.json, 2023-9-12T5-16-5.txt.json, 2023-9-10T5-17-7.txt json,
From:1969-12-31 19:00:00.472.046.933

T0:1969-12-31 19:00:29.034.038.587

Compare to:

Trace(s): 2023-9-14T5-16-12.txt.json,2023-9-13T5-16-3.txt.json,2023-9-11T5-16-26.txt.json,2023-8-31T5-16-8.txt.json, 2023-9-12T5-16-5.txt.json,
From:1969-12-31 19:00:00.472.046.933

To'1969-12-31 19:00-29 134 N3R 5R7.

0 5,000,000,000 10,000,000,000  15,000,000,000  20,000,000,000  25,000,000,000

30,000,000,000  35,000,000,000  40,000,000,000
¥ GroupB-GroupA

v diff
0
1
2

DTraComp: Distributed Trace Compare ©Maryam Ekhlasi et al. Presented at ICPE 2024



Request comparison

[] Execution Comparision [ Concurrent Execution Comparison X

® E~B § =B

GroupA GroupB
2 2
- -
€ €
3 3
o o
o i o i
0.9- T T T T T L — T L L - 0.9- T T T T T e L T L 5 —
100 ys 200 s 300 ps 400 ps 500 ps 600 ys 700 s 800ps 900ps 1ms 1.1ms 1.2ms 1.3ms 100 ys 200 ps 300 ps 400 ys 500 ps 600 ps 700 s 800 ys 900ps 1ms 1.1ms 1.2ms 1.3ms
Duration Duration
1 1
£ E
3 3
o o
o o
0.9-~ T T T T T T T T T T T T 0.9- T T T T T T T T T T T T T T T 1
20ps 40ps 60ps 80ps 100us 120ps 140ps 160ps 180ps 200us 220ps 240 s 20 s 40 ps 60 ys 80 ys 120ps 160 ps 200 ps 240 ps 280 ps 320ps
SelfTime SelfTime

Process =24831babb113117e; Duration = 582898; SelfTime = 248638

Process = 3def006387436d7f; Duration = 724885; SelfTime = 319106

0 100,000 200,000 300,000 400,000 500,000 600,000
¥ Group2-Group1
v diff
0 (2436 %) server.dispatch )
1 %
2
3 (070%]..)
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Let’s collect traces and see the result
in TraceCompass!
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Find all the commands here

https://qithub.com/maryamekhlasi/ICPE2024

DTraComp: Distributed Trace Compare ©Maryam Ekhlasi et al. Presented at ICPE 2024

Installing LTTng on Ubuntu

1. Add the LTTng Stable 2.13 PPA repository and update the list of packages

# apt-add-repository ppa:lttng/stable-2.13
# apt-get update
2. Instan the main LI INg £.15 paCkages

# apt-get install lttng-tools
# apt-get install lttng-modules-dkms
# apt-get install liblttng-ust-dev

DTraComp: Distributed Trace Compare ©Maryam Ekhlasi et al. Presented at ICPE 2024
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Recording Kernel Events With LTTng

1. Checking the status of session daemon

$ systemctl status lttng-sessiond

2, Starting the session

$ sudo systemctl start lttng-sessiond

3. Create tracing session

Installing TraceCompass

1. Installing Java

java -version

sudo apt update

sudo apt install default-jre
2. Installing TraceCompass

Go to https://eclipse.dev/tracecompass/

Tar xf <name>
Cd trace-compass

Jtracecompass
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Empty space TraceCompass

There are no projects in your
workspace.

To add a project:
Create a new Tracing
mnmim

8% Control X
type filter text

DTraComp: Distributed Trace Compare ©Maryam Ekhlasi et al. Presented at ICPE 2024

Create a tracing project

File >> new tracing project

» & Tracing

B2 Control X
type filter text

DTraComp: Distributed Trace Compare ©Maryam Ekhlasi et al. PJ?.EﬁE‘i‘L?LLCPE 2024
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Install the required add-ons

v

Trace Compass = EuX
File WCLEM Window Help
P Add-ons = B % Resources X = Control Flow [ Statistics = B8
CRSR I 0 M AN, e, T S 0 0 R UGN W 10
» S Tracing
C »
Lo =

sy Histogram X [ Properties [Jll Bookmarks

Nl 8 =1

Selection Start I &
— 7
o s Selection End
o= Control X a
Cstptsisilibary W

0

Nitame calactad
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Import traces

Trace Compass

File Tools Window Help

@Pro%| = O |2 ControlFlow 3 i Resources [ Statistics

B

eGP %kl
¥ & Tracing Process TID PTID

Presented at ICPE 2024

% Experiments ‘
0
Open Trace...
Open As Experiment... »

New Folder...

Clear Delete
Import Trace Package...

Eetch Remote Traces...

Export Trace Package...

Manage Custom Parsers...

Manage XML analyses...

Apply Time Offset...

—— | Clear Time Offset

85Co B =  Refresh F5 |Bookmarks
(A S A 2 Selection Start o
typefiltertext € Selection End
0|
—_—
0
o

& Traces [0]

Wl = =0
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Install Extensions %

Select extensions to install. Press Finish to proceed with installation.
Press the information button to see a detailed overview and a link to more information.

Find: Show Installec

SCrIpUNg rramework.
Ecole Polytechnique de Montréal
Trace Compass Scripting Python (Incubation)

This Feature provides Python scripting capabilities to Trace Compass, using the EASE scripting
framework.

Ecole Polytechnique de Montréal

Call Stack analyses

Contains feature related to call stack data, stack traces, sampling, etc.
Generic Callstack (Incubation)

Generalization of the callstack/callgraph analysis to support data-driven stacks and stacks not
grouped by process/thread. API for sampled or instrumented applica
Ecole Polytechnique de Montréal

Trace Types

Perf Profiling (Incubation)

Adds a trace type for perf traces converted to CTF and support of perf's profiling data in the
callstack analyses.
Ecole Polytechnique de Montréal

Trace Compass for Android Traces (Incubation)

@ Cancel

Trace Import X

File system
Import a trace from the local file system H

© select root directory:  /home/maryam/Ittng-traces/my-session-202 ~ Browse...

Select archive file: -

v v & mysess
» @Eust

20240227-155123

Trace Type: <Automatic Detection> -
Import unrecognized traces
Into folder: /callstack/Traces
Options
Overwrite existing trace without warning
Create links in workspace
Preserve folder structure

Create experiment  m 2

Time Range filtering (yyyy-MM-dd HH:mm:ss.SSS SSS SSS)

@ Cancel
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View results

File Edit Novigate Search Project Run

=R QrifivflreD D

2 Project Explorer X 5%

& Distributedoeadiock
& Distributedpeadlock
& douplicate
& fetchjaeger
& hotrod
Sicpe
- SR
» ¢ Experiments [1]
~ 9 Traces [¢]
> @ ust[1]
» & abnormalt json
» & abnormalz json

~ [ Views
K Active Thread
» & Context Callstacks
» ™ Context switch
# Counters
~ m CPUUsage

» & Critical Path Agaregated
~ & Bxample state System Module
£ Example Data Provider Time Graph View
1 Example Data Provider XY View
» & Futex Contention Analysis
» % Inand out
» B input/output
»io
» @ IRQAnalysis
» & Kernel memory usage
» A LinoxKernel
» = 05 Execution Graph
» 3 Sched Wakeup Switch Latency.
& scripted analyses
J Source Code Assistant

File Tools

Window Help Window Help

= O #CPUUsage X

Filter text CPU Usage
Process TIo i 1.6k
o
e Jaomw 1
I T
idb-ser 3081400 0. % 14
G oo 0w 19
it [abion|tien .
ol it byt
tidb-server 3081401 0.158% 26
e il .
eina i
Bosthed pncigle.
weti0s 1% 13 2
oo itolin
psh ol
pootane i
3081395 0.012% 15 600
similaons )
el 1)
seimisean
o 16
sntotjoon 1]
3081390 0001% 16 290 | ‘M‘ [ |
iy o ot LU W e
wisksd o oo% ac \1
o s | I I (N W M JWHT
et s [uasan. (4
= =
sy sosimmsacariel s [y ity ((goudvaisey sameisin s inastoa i .

10:23:24.923416 347 kernelchannel 8.
10:2324.923 417 325 kernelchannel 8
10:23:24.923419 630 kernelchannel 8
10:23:24.923 420608 kernelchannel 8
10:23:24.923 422982 kernelchannel 8
10:23:24.923423 960 kernelchannel 8

syscall_exit_clock_gettime
syscall_entry_clock_gettime
syscall_exit_clock _gettime
syscall_entry_clock_gettime
syscall_exit_clock _gettime
syscall_entry_clock_gettime

ket_seq_num=t 2722637, context. pid=2722637

which_clock=1, context packet_seq_num=6, context.cpu.

3 _seq_r
which_clock=1, context packet_seq_num=5, context.cpu_i
3 text packet_seq_num:
which, ket_seq_r text.

63
37, context._pid=2722637
text._pid=2722637

1 id=8, conte)
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Source codes are available for free!
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) GitHub

https://github.com/eclipse-tracecompass-incubator/org.eclipse.tracecompass.i

ncubator

https://qit.eclipse.ora/r/c/tracecompass.incubator/org.eclipse.tracecompass.in

cubator/+/196496
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‘amazoncom

chig span

D propagation

System reserved low memory
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