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Introduction

Execution tracing is used for performance analysis and debugging.

Usually the trace size is huge, and we need some heuristics to cope with it.
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Current methods

~Sampling or event filtering.

~Time view filtering.

»Global filtering
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Event type
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syscall_entry_connect
sched_waking
sched_wakeup
syscall_exit_connect
sched_switch
syscall_exit_poll
syscall_entry_accept
syscall_exit_accept
syscall_entry_Futex
sched_waking
sched_wakeup
suerall exit fiitex
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tid=861
Fd=3, uservaddr=0x

comm=mysqld, tid=861, prio=20, target_cpu=0, context._tid=1544, context._pid=1544, context._procname=sysbench

ret=0, context._tid=1544, context._pid=1544, context._procname=sysbench

prev_comm=sysbench, prev_tid=1544, prev_prio=20, prev_state=0, next_comm=mysqld, next_tid=B61, next_prio=20, context._tid=154:
ret=1, nfds=2, fds_length=1, fds=[[fd=23, raw_events=0x1, events._POLLIN=1, events._POLLPRI=0, events._POLLOUT=0, events._POLL
Fd=23, upeer_sockaddr=0x7fffd9470d50, upeer_addrlen=128, context._tid=861, context._pid=861, context._procname=mysqld

ret=39, upeer_addrlen=2, family=1, sport=0, _v4addr_length=0, v4addr=[], v6addr_length=0, v6addr=[], context._tid=861, context._pit
uaddr=31402148, op=133, val=1, utime=1, uaddr2=31402144, val3=67108865, context._tid=861, context._pid=861, context._procname=r
comm=mysqld, tid=1291, prio=20, target_cpu=0, context._tid=861, context._pid=861, context._procname=mysqld

comm=mysqld, tid=1291, prio=20, target_cpu=0, context._tid=861, context._pid=861, context._procname=mysqld
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Method

Data
Collection

|

Graph

Construction

3 Network Visualization
Analysis —M in Trace
! Compass
Community Page
Analysis Ranking

~Extract the processes interactions based
on the execution graph.

»Building a graph G = (VE)

+V includes all the processes running on

the system

~E is a set of edges defined based on

the interactions between the processes.

Algorithm 1 Execution Graph Construction algorithm, for

events collected from lock library .

Input Input: Trace T, Threads = {tl, t2, ..., tn}

Setl = {*_lock_req},
Set2 = {*_lock_acq},
Set3 = {*_unlock}
Output Output: execution graph G
1: THREADS + initial set of threads active in the multi-
thread application Declarations
: LOCKHOLDER « 0
: for all thread t € THREADS do//Initialization
Create initial vertex of thread t with timestamp t.begin
: end for
: for all event e € T do//Mainprocedure
if ¢ € Setl then

DU W N

8: new_h_edge(e.tid, e.ts, blocked)

9: new_v_edge(e.tid. LOCKHOLDER)
10: endif

11: if ¢ € Set2 then

b B new_v_edge(LOCKHOLDER, e.tid)
13- new_h_edge(e.tid, e.ts, running)
14 : LOCKHOLDER « e.tid

15: end if

16 : if ¢ € Set3 then

17 : LOCKHOLDER « e.tid

18 : end if




Method

Compute connected components on the
graph to extract all the subgraphs. (e.g.,

BFS)
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Method

NB. Computing connected components on the graph

Other approaches:
e.g., Graph Modularity
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Method

NB. Computing connected components on the graph

Other approaches:
e.g., Graph Modularity




Method

«Apply a ranking algorithm on each
connected component to assign a rank
to each process

+Choose the top-K processes..




Method

Modified PageRank algorithm: Includes only one iteration

Node rank initialization: equal weights, or even CPU/IO usage

R(v)
R(u) =c —
W= N

a process
ne set of u's in-edges

Z W <

gt
1

\'

O

Algorithm 2: Process Ranking Algorithm (PRA)

1 if event == sched_ttwu then

2
3
4
5
6
7
8
9

10

11

j = getVMvCPU(wakee_tid);

k = getVMvCPU(waker_tid);
wakerCR3 = getLastCR3(vCPUy);
updateWaker(vCPUj, wakerCR3);

Ise if event == vm_inj_virq then

j = getVMvCPU(tid);

pCR3 = getVMvCPU(vCPUj);

if vec == IPI then

wakerCR3 = queryWaker(vCPUj);

LINK_HORIZONTAL(wakerCR3, pCR3);

12 for all process cr3; € CR3 do

13

L R(cr3;);

14 connected_subgraph = breadth-first-search(CR3);
15 customized_graph = denoise(connected_subgraph, R(CR3));

ne number of out-edges of process v
. the normalization factor
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Use case |

Trace Compass:

Extract process interactions using EASE scripting.

Providing a view showing top-ranked processes in each subgraph.

Filtering top-ranked processes in event view.

runtime-EclipseApplication - Tracing/extractGraphinfo s - Eclipse Platform

i Q@ vip il eo o - QuickAccess | i| B & M8
[ Project Explorer 52 = o = Resources S Control Flow 52 | CJ Statistics = 13 i le[alallx]<[siel=il&V <]=]o
B % ~ || Process TID  PTID Birthtime  18:15:39 18:15:40 18:15:42 18:15:43 18:15:44 18:15:45
B Active Thread mysqld 121 1 18:15:38.769
» & Context Callstacks mysqld 1212 1 18:15:38.765
= 3 mysald 1213 1 18:15:38.765
»
xca"te"tsw't(h mysald 1214 1 18:15:38.765
LIEED mysald 14241 |1 18:15:38.765 v el === fz=pmafI] I S AL A A S A A Lo
'v':_"U““QE mysald 14316 1 18:15:38.765 | . T L L L it L L L. g AL — LML AR
» & File Access mysald 14339 1 18:15:38.765 o | T S L L L L i i i, A s o i, . o i
» éit Futex Contention Analysis mysald 14368 1 18:15:38.765 — e e B . o et . o .1 L R
» B Input/Output mysqld 14369 1 18:15:38.765 ¥ L e S ——— o) g T ey
» & IRQ Analysis mysald 14371 1 18:15:38.765 e e ——— i
ernel memory usage mysald 14372 1 18:15:38.765 | e ¥ N — L L L L, L L L L
+ A Linux Kernel mysald 14373 1 18:15:38.765 Telfemli =l = fm===]i = B e e o e
e —— sshd 1096 1 18:15:38.765
a"’c't' \Flow Vi P ¥ dnsmasq 2265 |1 18:15:38.765
S AL AT dnsmasq 2266 2265 | 18:15:38.769
@ Scripted analyses
> State Machi 5 "
(> state Machine Backend state sy|| = Normal0/kernel anking-apache-sql/kernel | @ extractGraphinfo s & =B
i<t // load additional UI commands
* @ statistics loadModule( " /TraceConpass/Analysis') ;
» @ system Call Latency LoadModule( ' /TraceCompass/View') ;
# System call stats P 5
o . open_message box
» & Test a builtin XML module file var analysis = getAnalysis(*activetid.js");
» & External Analyses
if (analysis == null) {
[ Reports print("Trace is null");
[ extractGraphinfe exit();
» B sample js )
> Bitestjs var ss = analysis.getStateSystem(false);
o var stackSTring = "";
o= Control & & = var session :
var dict = {
g & ® B X b var sessions = {};
5 var processes = {};
type filter text var pids = {3
var names = {};
[ properties Ll Bookmarks B Console |2 Critical Flow View SIS > ¢ e L =i =)
B Elapsed  pi 181539 18:15:40 18:15:41 18:15:42 18:15:43 18:15:44 18:15:45
¥ "¢1f0453-2088-4300-01b¢-d41083b3213c” 10.586743570 1
[usrfbin/termin,3596] 17.696122680 2«
[Xorg,2771] 10.586743570 1 ‘
T Thennd 27761 avai7eaaan o
writable Smartinsert  24:13 ? a = 7 .
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Use case |




Use case |

Top-ranked processes in subgraph |

14764/apgche2

14339mysgld 14

—

14241 )mesTTa
14371/m¥sqfd
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Use case |

Top-ranked processes in subgraph Il and I

1675/c/9ntainerd

/

12277/File

1115/c9ﬁ/tainerd

2998/ibus-engine-sim /

1227/d<>ckan:;1\rpﬁe
13082/Compositor /CompositogLile\V

\ / T nerd
2936/gdbus 1111/containerd \
\\ 1224/dockerd

13076/Chrome_ChildIOT

2964/ibus-ui-gtk3
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Use case |

Top-ranked processes in other subgraphs:

13038/Chrome_ChildIOT

4605/Ittng-sessiond

T

4623/Ittng-consumerd

13065/CompositorTileW

2345/teamviewerd
13032/chrome
12848/CompositorTileW
2347/teamviewerd

2991/gdbus
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Conclusions & Future work

.Filtering based on process ranking

.Top interacting processes in one system

.Interaction between VM's processes in a cloud environment
.Time-window feature extraction for machine learning applications

.Enhance graph structure analysis, e.g., graph modularity
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Questions

Thanks for your attention!
nezzati@brocku.ca
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