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 Open-Source expertise
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Agenda

I will not rephrase the documentation, you can access it
following this link:

http://packages.python.org/pytimechart/index.html

Goal is to present the tool using real-world traces. See
what you can get, what you won't get.

PyTimechart Overview
Audio Player usecase — Hunting the wakes
Bootcharting Ubuntu - Filtering with pytimechart

R W N R

Modem driver traces - Hacking PyTimechart to decode your own traces



http://packages.python.org/pytimechart/index.html
http://packages.python.org/pytimechart/index.html
http://packages.python.org/pytimechart/index.html
http://packages.python.org/pytimechart/index.html

Questions?



PyTimechart
Overview
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PyTimechart Overview

Ftrace/perf are linux kernel tracing system.
« Very low overhead

« Already a lot of tracepoints available

« Can trace all function calls without kernel compile
« Hard to dive into trace

« Most people need visual representation or get lost

PyTimechart aims to let you quickly find what you are
looking for

« Based on chaco, the browsing is very fast

« Based on python, parsing is very simple




PyTimechart Overview

One line per Process. Process in pytimechart can be:
« An IRQ callback

« A workqueue

« A tasklet

« Alinux process, identified by pid, and comm

« A power state (cpuidle, runtime_pm)

Simple browsing

« Zoom with mouse wheel

« Select a part of the chart
- Show time range
- Processor share
- Original trace as text




Audio Player usecase

hunting the wakes
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LowPower MP3 usecase

Playing mp3 is easy. Playing your whole music library in one
battery charge is much harder.

Need to improve wake up count. Each time the cpu wakes up, energy
is spent (cache, PLL, etc)

Audio HW is generating IRQ when a new buffer is needed. This goes all the way
through user space, where the mp3 decode is done.

We are waiting for:
. Audio IRQ
MP3Decode
Sleep

Audio IRQ
MP3Decode
Sleep

. Etc.




LowbDawar MPDR nncaraca

|rq30 INTEL_MID |DMACT:0 (4.7 ms) | | | | | | I
irg30:i2s ssp:0 (.8 ms) | | | | | |
irg30:intel_sst_driver:0 (29.2 ms) | | | | | | | |
sdlftirq1: TIMER:O (7 1).4/rris) 1 1 1 1 I | |
koftirgs: TA$KLET: 0 (637.3 ms) | | | | | I f
softirg7:SCHED:0 [26.5 ms) - | -
kofftirga:RCU:0 (19.1 mhs) 4 1 1 1 | | |
tirher[O]:delayed work titner frn:0 (19.7 ms) | | | | | |

timer{ 0]:hrtimer_wakeup:0 (2.6 ms)
timer{ 0O ]:hrtimer_wakeup:cancel:0 (0.0 us)
timer{ O ]:hrtimer_wakeup:start:0 (0.0 us)

timer[Q]:process_timedut:0 (12.7 ms) |
tirher[O]:tick_sched_tinhet:0 (39,4 ms) f
tirher[O]:tick_scHeH_tirhef:cancel:d (0.0us) |
l:irher[o]:tickﬁscHeHJ:irﬂweI‘:start:O IO‘O us) .l
timer{ 1]:delayed work_timer_frn:0 (2.8 ms)
timer{ 11:hrtimer_walkeup:0 (20.7 ms) | | | | | |
timer[l]:hrtimerlwakeup:cancel:o (0.0 u#} | | | | | | I
timer[l]:hrtimer_wakeup:start:o (0.0 us}l l | | | | | |

timer[1]:process_timeout:0 (15.4|ms) |
timer{ 1 ]:tick_Echef_timer:0 (39.7|rmis) |
I:irner[l]:tickﬁbchk:bil:inher:cancel:d (D.O ds) I I
I
|

|:imer[1]:tickﬁlschlebil:irﬂ\er:start:o (0]0 us| I
Wwork:0000§00:00.2:603 purmp_rmkssages:0 (61.5 ms)
work:events/0:9: vmstat_update:0 (985.0 us) |
work:events/1:10:vmstat_update:0 (1.2 ms) |
jwori:kondemand/0:386:Ho_dbs_timer:0 (26.0 ms) | | | | |
event:hrtimer_init:0 [(0.0 us) | | | | | |
h\lent:timei_canl:el:o (bb us) { | |
levent:timed init:® (0.0]us) | |
kdent:timerlﬁstar’c:o (O]O Lls} | | l
|
|

h\lent:workhueueiinserltitin:o (0.0 Lls)
ksoftirgd/0:2 (306.9 k)
ksoftirqd/1:F (426.2 ms) | | | | | |

events/0:9 (4.6 ms) |

events/1:10 (8.8 ms) |

kohdemand/0:386 (46.1|ms) | I I | | |

Po00:00:00.2:603 (1140.0 ms) | | | i | | | | | | | | | |

rild: 1295 (6.1 ms) |

fnax3110 tead:1299 {181.8 ms)} | | | | | | | | | 1 | | |
Playback Thread]1356 {143.2 ms) | | | |

AudioTrackThrealEF 1 (2.5 s) | | 11 | | | 11 |

+ + + + + t t t t
1500000 715600000 715700000 715800000 715900000 716000000 716100000 716200000 716300000
time




LowDnwar MDPDR 11caraca Nuvarviaw

|rq30 INTEL_MID |DMACT:0 (4.7 ms) | | I

irg30:i2s ssp:0 (.8 ms) | | { { | | | |
irg30:intel_sst_driver:0 (29.2 ms) | | | | | |
soitirg1: TIMER:O (7 1|.4|rris) [ I 1 I I I I I I L S R |

EBoftirgs; TASKLET: 0 (637.2 ms) |
softirq7:SCHED:0 [26.5 ms)
kofftirgg:RCU:© (19.1 nhs) 1
tirher[O]:delayed work_titner fr:0 (19.7 ms)
timer{ 0]:hrtimer_wakeup:0 (2.6 ms)

timer{ 0O ]:hrtimer_wakeup:cancel:0 (0.0 us) []
timer{ O ]:hrtimer_wakeup:start:0 (0.0 us) H e re a re t h e I r S
timer[0]:process_timedut:0 (12.7 ms) h e m
tirher[O]:tick_sched_tinhet:0 (39,4 ms)
tirher[O]:tick_scHeH_tirhef:cancel:d (0.0 us)
l:irher[o]:tickﬁscHeHJ:irﬂweI‘:start:O IO‘O us)
timer{ 1]:delayed work_timer_frn:0 (2.8 ms)
timer{ 11:hrtimer_walkeup:0 (20.7 ms) | | | | | |
timer[l]:hrtimerlwakeup:cancel:o (0.0 u#} | | | | | | |
timer[l]:hrtimer_wd(eup:start:o (0.0 us}l l | } | | | |
timer[1]:process_timeout:0 (15.4|ms) |
timer[ 1]:tick_kched timer:0 (39.7|rris) |
I:irner[l]:tickﬁbchk:bil:inher:cancel:d (D.O ds) I I
I
|

|:imer[1]:tickﬁlschlebil:irﬂ\er:start:o (0]0 us| I
Wwork:0000§00:00.2:603 purmp_rmkssages:0 (61.5 ms)
work:events/0:9: vmstat_update:0 (985.0 us) |
work:events/1:10:vmstat_update:0 (1.2 ms) |
jwrk:kondemand/0:386:Ho_dbs_timer:0 (26.0 rfs) | | | | |
event:hrtimer_init:0 [(0.0 us) | | | | | |
h\lent:timeﬁ_cantel:o (bb us) { | |
levent:timed init:® (0.0]us) | |
hdent:timerlﬁstar’c:o (O]O Lls} | | l
|
|

h\lent:workhueueiinserltitin:o (0.0 Lls)
ksoftirgd/0:2 (306.9 k)
ksoftirqd/1:F (426.2 ms) | | | | | |

events/0:9 (4.6 ms) |

events/1:10 (8.8 ms) |

kohdemand/0:386 (46.1|ms) | I I | | |

Po00:00:00.2:603 (1140.0 ms) | | | i | | | | | | | | | |

rild: 1295 (6.1 ms) }

fnax3110 tead:1299 {181.8 ms)} | | | | | | | | | 1 | | |
Playback Thread]1356 {143.2 ms) | | | |

AudioTrackThrealEF 1 (2.5 s) | | 11 | | | 11 |

+ + + + + t t t t
1500000 715600000 715700000 715800000 715900000 716000000 716100000 716200000 716300000
time




LowDnwar MDPDR 11caraca Nuvarviaw

|rq30 INTEL_MID |DMACT:0 (4.7 ms) | | I

irg30:i2s ssp:0 (.8 ms) | | { { | | | |
irg30:intel_sst_driver:0 (29.2 ms) | | | | | |
soitirg1: TIMER:O (7 1|.4|rris) [ I 1 I I I I I I L S R |

EBoftirgs; TASKLET: 0 (637.2 ms) |
softirq7:SCHED:0 [26.5 ms)
kofftirgg:RCU:© (19.1 nhs) 1
tirher[O]:delayed work_titner fr:0 (19.7 ms)
timer{ 0]:hrtimer_wakeup:0 (2.6 ms)

timer{ 0O ]:hrtimer_wakeup:cancel:0 (0.0 us) []

timer{ O ]:hrtimer_wakeup:start:0 (0.0 us) H e re a re t h e I r S
timer[Q]:process_timedut:0 (12.7 ms) ) e m
tirher[O]:tick_sched_tinhet:0 (39,4 ms)
tirher[O]:tick_scHeH_tirhef:cancel:d (0.0 us)
l:irher[o]:tickﬁscHeHJ:irﬂweI‘:start:O IO‘O us)

timer{ 1]:delayed work_timer_frn:0 (2.8 ms)

timer{ 1 :hrtimer_wakeup:0 (20.7 ms) |
timer[l]:hrtimerlwakeup:cancel:o (0.0 u#} |
timer[l]:hrtimer_wd(eup:start:o (0.0 us}l | | } | | | |
timer[1]:process_timeout:0 (15.4|ms) |
timer[ 1]:tick_kched timer:0 (39.7|rris) }
I:irner[l]:tickﬁbchk:bil:inﬁer:cancel:d (D.O ds) I I

I

|

|:imer[1]:tickﬁlschlebil:irﬂ\er:start:o (0]0 us| |
lwvork:0000100:00.2:6d3 pump_mEssages:0 (61.5 ms)
work:events/0:9: vmstat_update:0 (985.0 us) |

work:events/1:10:vmstat_update:0 (1.2 ms) |
pvdrk:kondemand/0:386:¢o_dbs_timer:0 (26.0 ms) | | | | |
event:hrtimer_init:0 |(0.0 us) | | | } | |

h\lent:timeﬁ_cantel:o (bb us) { { { | | \I
|

I

kvent:timerlﬁinit:lb {0‘0|us) |

kdent:timerlﬁstar’c:o (O]O Lls) | | | | e | e B
| |
| |

h\lent:workhueueiinserltitin:o {0.0Lls)
ksoftirgd/0:2 (306.9 k)
ksoftirqd/1:F (426.2 ms) |
events/0:9 (4.6 ms)
events/1:10 (8.8 ms)
kohdemand/0:386 (46.1|ms)
P000:00:00.2:603 (110.0 ms)
rild:1295 (6.1 ms)
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max3110_tead: 1299 |{ | | | | | | | 1 | 1 | | |
Playback Thread]13#6(143.2 ms) | | | |

AudioTrackThreafl#7 1 (2.5 s) | | [ERE} | | | [l |
‘550000 7156;’0000 7157;’0000 7153;’0000 7159;’0000 7160(‘)0000 7161(‘)0000 7162(‘)0000 7163(‘)0000

time




4 TRO far 1 MD'-Zrlnr

Irq30:INTEL_MID [DMACT:0 (4.7 ms) | | | | | |
irg30:i2s ssp:0 (.8 ms)
irq30:intel_sst_dfiver:0 (29.2 ms) |
kolftirg1: TIMER:O (71| 4|rris) [
EBoftirgs; TASKLET: 0 (637.2 ms) |
softirq7:SCHED:0 [26.5 ms)
kofftirgg:RCU:© (19.1 nhs) 1
tirher[O]:delayed work_titner fr:0 (19.7 ms)
timer{ 0]:hrtimer_wakeup:0 (2.6 ms)

timer{ 0O ]:hrtimer_wakeup:cancel:0 (0.0 us)
timer{ O ]:hrtimer_wakeup:start:0 (0.0 us)

timﬂr[f\]‘prr‘.r‘ﬂvv timedut0 12,7 m=)

i “Ci*jsﬁgi;ii?i;éfiﬁﬁark mp3 decode happens every 4

kitherlo]: t|c timmer:start:0 §0.0 Us
timer{ 1] del:

edgvecrk_times fn:0 (2.8 ms
ta Wﬂ o irg
1 . T
timer] [Rlaifing valk ICé 2 3
timer] rtimer_wa

-~ Can we mcrease the audio HW buffersize and

timer] t| <_sched fimer:0

P p—————

I:Ianr[l] tick & th tlrru:r c:ncpl 0] IC' 0 us)

~ get less wake because of IRQ?

|\|||||||\L13 .p H’\P\‘_

==

work:events/U:9 vmstat_update:U (985.0 us)
work:events/1:10:vmstat_update:0 (1.2 ms) |
pvdric:kondermand/0:386:Ho_dbs_timer:0 (26.0 rmis) | | | | |
event:hrtimer_init:0 [(0.0 us) | | | | | |
h\lent:timeﬁ_cantel:o (bb us) { | |
levent:timed init:® (0.0]us) | |
kdent:timerlﬁstar’c:o (O]O Lls) | | l

|

|

h\lent:workhueueiinserltitin:o {0.0Lls)
ksoftirgd/0:2 (306.9 k)
ksoftirqd/1:F (426.2 ms) |
events/0:9 (4.6 ms)
events/1:10 (8.8 ms)
kohdemand/0:386 (46.1|ms)
P000:00:00.2:603 (110.0 ms)
rild:1295 (6.1 ms)
nax3110 tead:1299 {
Playback Thread]l3 (143.2 ms) | I I |

AudioTrackThreafl@¥ 1 (2.5 s) | | 1z | | | 1l |

+ + + + + t t t t
1500000 715600000 715700000 715800000 715900000 716000000 716100000 716200000 716300000
time




LowbPnawar MPQ 11caraca

|rq30 INTEL_MID [DMACT:0 (4.7 ms) I | | | | | |
irg30:i2s ssp:0 (.8 ms) | | | | | |
irg30:intel_sst_driver:0 (29.2 ms) | | |
kolftirg1: TIMER:O (71| 4|rris) | (| | (| |
koftirgs: TASIKLET:0 (637.3 ms) | | | | |
softirq7:SCHED:0 [26.5 ms) |
kolftirg9:RCU:0 (19.1 ms) 1 1 1 1 I
tirher[O]:delayed work titner frn:0 (19.7 ms) | |

timer{ 0]:hrtimer_wakeup:0 (2.6 ms)

timer{ 0O ]:hrtimer_wakeup:cancel:0 (0.0 us)
timer{ O ]:hrtimer_wakeup:start:0 (0.0 us)
timer[Q]:process_timedut:0 (12.7 ms)
tirher[O]:tick_sched_tinhet:0 (39,4 ms)
tirher[O]:tick_scHeH_tirhef:cancel:d (0.0 us)
l:irher[o]:tickﬁscr‘lebj:irﬂwel':startzo IO‘O us)

timer{ 1]:delayed work_timer_frn:0 (2.8 ms)

tirmer{ 11:hrtimer wakeup:0 (20.7 ms) | |
timer[l]:hrtimerlwakeup:cancel:o (0.0 u#} | |
timer[l]:hrtimer_wd(eup:start:o (0.0 us}| |
timer[1]:process_timeout:0 (15.4|ms)

timer[ 1]:tick_kched timer:0 (39.7|rris)
I:irner[l]:tickﬁbchk:bil:inher:cancel:d (D.O ds) I
|:imer[1]:tickﬁlschlebil:inher:start:o (0]0 us| |
lwvork:0000100:00.2:6d3 pump_mEssages:0 (61.5 ms)
work:events/0:9: vmstat_update:0 (985.0 us)
work:events/1:10:vmstat_update:0 (1.2 ms)
pvdrk:kondemand/0:386:¢o_dbs_timer:0 (26.0 ms) |
event:hrtimer_init:0 |(0.0 us) | |
h\lent:timeﬁ_cantel:o (bb us) { } |

levent:timed init:® (0.0]us) | |
kdent:timerlﬁstar’c:o (O]O Lls) | |
|
|

f
h\lent:workhueueiinserltitin:o {0.0Lls) {
ksoftirgd/0:2 (306.9 k)
ksoftirqd/1:F (426.2 ms) | | | | | |
events/N:Q (4 & ms) 1

*|lot* of stuff happens in between irgs.
Velﬁ:“‘{{éhg__t;\;processmg, but each wake burns energy

a [Ty, 111 111




LowPower MP3 usegase
Irq30:12s ssp:0 (2.8 ms)
irg30:intel_sst_driver:0 (29.2 ms) }
softirg1: TIMER:0[ (71.4 mé) | |
softirgs: TASKLET: 0 (637.3 ms) | | |
softirg7:SCHED:0 (26,5 ms) | | |
softira:RCU:0 (19.1 ms)| | | | | | |

timer[O]:delayed_work tirlher fn:0 (19.7 ms) H

timer[Q]:procesq_timeout:0 (12.7 ms

If we zoom a bit, we see 3 wake-ups. All of them show

timer[O]:tick_sched_timercancel:0 (0.0 us)

timer softirg

timer| 1 :hrtirmer_wakeup:cancel:0 (0.0 us) I l

timer{ 1]:hrtimer_wakeup:start:0 (0.0 us) | l

timer[1]:process_timeout:0 (15.4 ms) I

I
timer[1]:tick_sched_timer:0 (39.7 ms) | | | |
timer[l]:tick_scl’kd_timer:canceI:O (0.0 us) H | | I | I
timer[l]:tickﬁscl’kditimer:start:() (0.0 us) “ | | I | |

work:OOOO:OO:Ob‘Z:603:pump_messages:0 (61.5 ms) | | {
work:kondemand/0:386:do_dbs_timer:0 (26.0 ms) |

event:hrtimer_init:0 (0.0 us) I

event:timer_canl:el:o (O.d us) | I I I I
event:timerﬁinit:b (0.0 us) I I } I
event:timer_star{::o (0.0 l]ls) I I | | l
event:warkqueuk_insertidn:o (0.0 us) ‘ { I |
ksoftirgd/0:3 (3d6.9 ms) | |

ksoftirqd/1:7 (426.2 ms) |

kondernand/0:386 [46.1 tns)
0000:00:00.2:603 (110.0 ms) | | |

max3110_read: 299 (181.8 ms) I I |
Playback Thread: 1356 (143.2 ms) I
AudioTrackThrea:1771 (2.5 s) [ — |
" " | : : " " y
715800000 715825000 715850000 715875000 715500000 715925000 715950000 715975000

time




Irq30:12s ssp:0 (2.8 ms)

LowPower MP3l useciafe |

irg30:intel_sst_driver:0 (29.2 ms) |

softirq1:TIMER:0| (71.4 mk) | | | | | |
Softirg8: TASKLET: 0 (637.3 ms) | | |
softirg7:SCHED:0 (26.5 ms) | | |

softirg9:RCU:0 (£9.1 ms)| | [ | | | |

timer[O]:delayed_work tlrlher fn:0 (19.7 ms)

timer[Q]:procesy_timeout:0 (12.7 ms

If we zoom a bit, we see 3 wake ups. All of them show

timer[O]:tick_sched_timercancel:0 (0.0 us)

timer softirg

timer| 1 hrtimer_wakeup:cancellO (0.0 us) ] I

timer{ 1]:hrtimer_wakeup:start:0 (0.0 us) | I
timer[1]:process_timeout:0 (15.4 ms) I |
timer[1]:tick_sched_timer:0 (39.7 ms) | | |
timer[l]:tick_scl’kd_timer:canceI:O (0.0 us) H | | I l |
timer[l]:tickﬁscl’kditimer:start:() (0.0 us) “ | |
wcrk:OOOO:OO:Ob‘Z:603:pump_messages:0 (61.5 ms) | | {
wnrk:knnder‘nandi’o:386:do_dbs_tir‘ner:0 (26.0 ms)

event:hrtirmer init:0 (0.0 us) | |
evgnt:timer_cangel:0 (0.0 us)y

This-one is not a wake, because at this time

event:timer_starf:0 (0.0 us)

AudioTrackThread is still running.
This is just a normal scheduler interrupt

maxEllO_read:lZQg (181.8 ms) I I |
Playback Thread: 1356 (143.2 ms) I
AudioTrackThrea:1771 (2.5 s) [ — |
" " | : : " " y
715800000 715825000 715850000 715875000 715500000 715925000 715950000 715975000

time




softirgl: TIMER:Q (7 1.4 ms)

softirg6: TASKLET: O (637.3 ms) -

softirg9:RCL:0O (19.1 ms) I

LowPower MP; usecase

timer[O]:process_timeout:0 (12.7 ms) -

timer[0]:tick_sched tlrner 0 (39.4 ms)

zoom on the first wa ke:

timer 01t .u (0.0us)

We i@@kﬁwﬁ@:nmm.@.n kernel framework events

timer[1]:tick_sched_timer:cancel:0 (0.0 us) 1‘ [

timer[ 1]:tick_sched_timer:start:0 (0.0 us) | |
work:0000:00:00.2:603 pump_messages:0 (61.5 ms) -
event:timer_cancel:0 (0.0 us)

event:timer_init:0 (0.0 us) |
event:timer_start:0 (0.0 us) { |

event:workqueue_insertion:0 (0.0 us) }

0000:00:00.2:603 (110.0 ms) -
max3110_read:1299 (181.8 ms) - -

715895400 715895600 715855800 715896000 715896200 715896400 715896600
time




softirgl: TIMER:Q (7 1.4 ms)

softirg6: TASKLET: O (637.3 ms) -

softirg9:RCL:0O (19.1 ms) I

LowPower MP; usecase

timer[O]:process_timeout:0 (12.7 ms) -
max3110_read.
Grep this function in the kernel
Findout why this driver is pollmg

timer[ 1]:tick_sched_timer: start:0 (0.0 us) 1

work:0000:00:00.2:603 pump_messages:0 (61.5 ms)

event:timer_cancel:0 (0.0 us)

event:timer_init:0 (0.0 us) |
event:timer_start:0 (0.0 us) { |

event:workqueue_insertion:0 (0.0 us) }

0000:00:00.2:603 (110.0 ms) -

max3110_read:1299 (181.8 ms)

715895400 715895600 715855800 715896000 715896200 715896400 715896600
time




L.owPower MP secase
ﬁ'l Other wake

softirg9:RCU:0 [19.1 ms) I Exe rC i Se :
o Who is the culprit?

timer[0]:delayed work_timer_fn:0 (19.7 ms)

tirmer[0]:tick_sched_timer:0 (39.4 ms) .

tirmer[0]:tick_sched_timer:cancel:0 (0.0 us) ’ ‘

tirmer[0]:tick_sched_timer:start:0 (0.0 us) ‘ ‘

work kondemand/0:386:do_dbs_timer:0 (26.0 ms) -

event:timer_cancel:0 (0.0 us) ‘
event:timer_start:0 (0.0 us) ’

event:workqueue_insertion:0 (0.0 us) ’

koendermand/0:386 (46.1 ms) -

5905200 715905400 715905600 715905800 715906000 715906200 715906400 715906600
time




LowPower MP:H.lsecasp

Do _dbs_timer?
Kondemand?

softirg9:RCU:0 (19.1 ms) I

timer[0]:delayed work_timer_fn:0 (19.7 ms)

tirmer[0]:tick_sched_timer:0 (39.4 ms)

This is the cpufreq
| | on demand
governor.

tirmer[0]:tick_sched_timer:cancel:0 (0.0 us)

tirmer[0]:tick_sched_timer:start:0 (0.0 us) ‘ ‘

work kondemand/0:386:do_dbs_timer:0 (26.0 ms) - Th i S ti m e r i S
event:timer_cancel:0 (0.0 us) ‘ d efe rra b I e

event:timer_start:0 (0.0 us) ’

event:workqueue_insertion:0 (0.0 us) }

koendermand/0:386 (46.1 ms) -

5905200 715905400 715905600 715905800 715906000 715906200 715906400 715906600
time




http://www.lesswatts.org/projects/tickless/deferrable.php

| Less Watts.

)} Saving Power with Linux on Intel® Platforms J_T _ _

home tips & tricks documentation projects getinvolved downloads results

Index Tickless Idle
PowerTOP
Tickless Idie Deferrable timers
Intreduction In the Linux kernel, timers provide a way for any driver or kernel routine to register an
Deferrable timers event that needs to be handled at some point in the future.
round_jiffies . .. . . . .
FAQ Some timers, used inside the kernel, are important to service in a sub-second interval
when the system is busy, but are not critical when the system is idle. A prime example, is
Downloads the timer usage in ondemand driver, which does a periodic sampling of CPU use.
Applications Power Accuracy is important for these timers when the CPU is busy because they are used to
Management increase the frequency of a CPU to meet increased demand. But, while system is idle,
ondemand governor can tolerate some delay and let the CPU remain idle for a longer
Processor Power time
Management :
Power and Performance To effectively handle such timers, the "deferrable timer” infrastructure was introduced in
Meagurement the Linux kernel. These deferrable timers are handled normally when the CPU is busy.
Linux ACP However, when the CPU is idle, deferrable timers are gueued until there is a non-
ACPICA deferrable timer or an interrupt that wakes the CPU from idle.
BLTK Using deferrable timers significantly reduces the number of times a CPU is woken up from
Power Qo3 idle. The data in the table below is based on an Intel® Core™ 2 Duo-based test platform.
Dizplay and Graphics The table shows the number of interrupts per second and the average time the CPU
Power Saving spends in idle state (in us). Note that the kernel used during the measurement had
Device and Bus Power tickless idle enabled with HZ being 1000.
IManagement

# interrupts | #events | Avg CPU idle

residency (uS)
Ondemand 118 60.60 10161
Ondemand + 89 17.17 20312

deferrable timer



http://www.lesswatts.org/projects/tickless/deferrable.php

LowPower MP3 usecace

Delayed_work_timer_fn !

softirg9:RCU:0 (19.1 ms) I

@ 1st learning:
Use meaningful names for

tmer(0)c schec timer0 (35,4 m) o your functions. Even if it is
static, better put the
shortname of your driver in it.

timer[0]:delayed work_timer_fn:0 (19.7 ms)

tirmer[0]:tick_sched_timer:cancel:0 (0.0 us) ’

= 2nd learning:
Grep, rootcause, fix.
T o S L ‘ -> remove the tlmer
| completely
->put it as deferrable so that
| it does not wake from idle

koendermand/0:386 (46.1 ms) -

work kondemand/0:386:do_dbs_timer:0 (26.0 ms)

event:timer_start:0 (0.0 us)

0000000000000000000000000000000000000000000000000000000000000000000000
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Quick Demo!
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Bootcharting Ubuntu

filtering in pytimechart




T _ Whats wrong here?
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. Until systemd is integrated in

: ubuntu, there are a lot of
short lived process during

_ boot ;-)

~ Need to filter them to have
something viewable
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Bootchart
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- Lots of process are spawn
parallel

work:khelper:f: call usermadehelper:d EIB 6ls)

initdl (1351 1 1 1 ¥ L ¥ " L L L (S . - . - P - - . .
ksoftirqdid:3 (111.8 ms) 1

events/0:6 (272.3 ms)

kblockd/0:15 (3258 ms) t —t 1 1 t 1 t —t t i i+ L i) —
kseriod:22 (349.9 ms)
mountall:222 EIOO 9 msJ ) + L] + 1}
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TTEs]

lufiw-init:317 (1406 ms) ¥
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:326 (202.3 ms) - - 1
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]
%m:r parser:830M130.0 ms)
madnrabilf332 (

139.6 ms)
3 ms)

TmodplibiaIIL (EIE S mel
“adtprobe:335 (118 4 ms)
£3.6 ms)

kid:360 (136.5 ms) o ']
aetopr:361 (205.1 ms)

o 1
D 1

5]
re-id:390 !:isa 5 ms) Ho
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rid:392 !:i-n 5 ms)
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i EO
bl LU
blkid:394 (160.6 ms) i
ifup:395 (295.6 ms) [ —
HI
M

blkid:397 (280.2 ms)
bikid:398 (266.7 ms)

path id:405 (176.2 ms)
mount:406 (315.2 ms)
modprabe:407 (302.0 ms)
path 1d:408 (185.7 ms)
awk:403 (245.7 ms)
Bikiiai0 1282 7 me) [
blkid:411 (245 3 ms) "o
blkid:412 (242 1 ms) "o
blkid:413 (2343 ms) [ —
modprabe 414 (228.5 ms) e 3

blkid:415 (213.7 ms) o i 1

madprobe:d1 (249.5 ms) m O 1

input id:418 (127.1 ms) e

s e [T 1 '

arep:426 (110.4 ms) w1

mkdird27 (161.6 ms) Ho ]

modprobe:429 (112.7 ms) mur—— 8

modprabe:430 (167.2 ms) [ —  — | —

modprabe:432 (303.7 ms) I mo WO
mount:433 (138.1 ms) [ — ——

uname:434 (106.5 ms) [——

mount:235 (1150 ms) e |

ifup:437 (138.9 m

cansole-setup-t: 238 (1510 me)
udisks-part-id:439 (199.7 ms)
setfont:440 (3119 ms)
update-motd-upd:442 (245.6 ms)
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setfont:447 (203.0 m;
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Bootchart
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- Lots of process are spawn in
S T para llel

initdl (1351 1 1 1 ¥ L ¥ " L L L (S . - .
ksoftirqdid:3 (111.8 ms) 1

events/0:6 (272.3 ms)

kblockd/0:15 (3258 ms) t —t 1 1 t 1 t —t t i i+ L i) —
kseriod:22 (349.9 ms)
mountall:222 EIOO 9 msJ ) + ] + 1}
upstal ev- (100.2 ms) L 1 L | L — + 1 1 1 + L 1

hdd\radm.liil(li?lgms} L [ [ 1 1 [ R (LR e R [ e e e | [ e e e e T T ]
ms|
uddwd:289 (121.1 ms) | 1 | "

TTEs]

lufiw-init:317 (1406 ms) ¥
sh:320 (181.2 ms)

e S - When a process is needing

139.6 ms)
3 ms)

bbftidalLTl RN [
s:ﬁ:lrl-ﬂ ELOCKIO (EOE 9

ROU 01 (333 T 01 | U R AR R AR TR AR TN}
w:rk ata sfli/0:20:ata_sff pio casilc (18.5 s)

ST n (5]

%Wémmzaz;gga cpu it is shown in light yellow.
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modprabe 414 (228.5 ms) e 3
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modprabe: 416 (243.5 ms) m O 1

input id:418 (127.1 ms) e
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modprabe:432 (303.7 ms)
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uname:434 (106.5 ms)
mount:235 (1150 ms)
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udisks-part-id:439 (199.7 ms)
setfont:440 (3119 ms)
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- Lots of process are spawn in

workievents/0:6:vmstat update:0 (377.2 m
work:khelper:8. call usermedehelper:0 EIB 6ls)
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w|

initdl (1.3 s) [ ' ¥
ksoftirqdid:3 (111.8 ms) 1

events/0:6 (272.3 ms)
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lufiw-init:317 (1406 ms)
sh:320 (181.2 ms)
:326 (202.3 ms)
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%m:r parser:830M130.0 ms)
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139.6 msJ
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- When a process is needing

Tmadpilll ZTC msJ T

mnruhe 335 (118 4 ms)

" " cpu it is shown in light yellow.
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391 (272.6 m
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path 1d:408 (185.7 ms)
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modprabe 414 (228.5 ms)
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input id:418 (127.1 ms)
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udisks-part-id:439 (199.7 ms)
setfont:440 (3119 ms)
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Bootch

cpu0 . | |

Filtering more process...

art

softirq4:BLOCK:® ($03.9 mili| I i

init:1 (1.3 W1 .| i (B |
async/0:2 45 .S m3$)
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udevadm:68 (554 Hillhs)
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udevd:252 (1.4 s)
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NetworkManager:604 (548.9 ms)
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dmesg:870 (1.1 s)
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VBoxClient:1288 (1.2 s)
gnome-screensav:1295 (921.9 ms)
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trashapplet:1349 (1.1 s)
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clock-applet:1421 (1.7 s)
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notification-ar;1423 (731.0 ms)
Jusr/bintermin:1467 (1.4 s)
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Filtering more process...
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modprobe:334 (548.9 ms)
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dbus-daemon:586 (2.4 s)
NetworkManager:604 (548.9 ms)
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gnome-session: 1002
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Zoom to first sleep
Hunting sl
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Zoom to first sleep
Hunting sl
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Zoom to first sleep
Hunting sl
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http://Ilwn.net/Articles/314808/
An asynchronous function call infrastructure

By Jonathan Corbet Arjan van de Ven's fast boot project will be familiar to most LWN readers
January 13, 2009 by now. Most of Arjan's work has not vet found its way into the mainline,
though, so most of us still have to wait for our systems to boot the slow
way. That said, the 2.6.29 kernel will contain one piece of the fast boot work, in the form of the
asynchronous function call infrastructure. Users will need to know where to find it, though, before
making use of it.

There are many aspects to the job of making a system boot quickly. Some of the lowest-hanging fruit
can be found in the area of device probing. Figuring out what hardware exists on the system tends to
be a slow task at best; if it involves physical actions (such as spinning up a disk) it gets even worse.
Kermel developers have long understood that they could gain a lot of time if this device probing could,
at least, be done in a parallel manner: while the kernel is waiting for one device to respond, it can be
talking to another. Attempts at parallelizing this work over the years have foundered, though. Problems
with device ordering, concurrent access, and more have adversely affected system stability, with the
mevitable result that the parallel code is taken back out. So early system initialization remains almost
entirely sequential.

Although this is far to be new stuff, we don’t see a
lot of drivers using this, AFAIK.



http://lwn.net/Articles/314808/

Disgression on red irqs

O v @wm HR WEII aq&&

Fter: @ o i I AU N TR

dur: 0 . num: O
Comm | Pid stime stime%
irq10:ehci_hcd:usb1 0 0 0.00 , S | |
S SR o ra10:ehci_hedusb1:0 (3.6 ms) L I o
irq11:ohci_hcd:usb2 0 0 0.00 f ; ’ ; II 1) | | |
s o oo ra10:eth0:0 (2.2 ms) L e e e e e e o B o I B
irq15:ata_piix 0 0 0.00
irq1:i8042 0 0 0.00
irgS:intel 82801AA-ICH 0 0 0.00
irgS:ahci 0 0 0.00
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Modem driver traces

Hacking PyTimechart to decode your own traces

from timechart.plugin import *
from timechart import colers
from timechart.model import tcProcess

class hsi(plugin):
additional_colors = """
hsi_bg #8offee
additional_ftrace_parsers = [
]
additional process_types = {
"hsi":(tcProcess, MISC_TRACES_CLASS),
¥
@staticmethod
def do_function ffl start rx{proj,event):
process = proj.generic_find_process(®,"hsiffl","hsi")
caller = proj.generic_find process(@,event.caller, "hsi”)
proj.generic_process_start(process,event,build_p_stack=False)

proj.generic_process_single_ewvent(caller,event)
proj.generic_add wake(caller, process,event)

@staticmethod

def do_function ffl stop_rx(proj,event):
process = proj.generic_find process(®,"hsiffl","hsi")
proj.generic_process_end(process,event,build_p_stack=False)

@staticmethod

def do_function_hsi_start_rx(proj,event):
process = proj.generic_find process(®,"hsi", "hsi")
caller = proj.generic_find_process(@,event.caller, "hsi")
pidcaller = proj.generic_find_process(event.common_pid,event.common_comm, "hsi")
proj.generic_process_start(process,event,build_p_stack=False)

proj.generic_process_single_ewvent(caller,event)
proj.generic_add wake(caller, process,event)

@staticmethod

def do_function_hsi stop_rx(proj,event):
process = proj.generic_find process(@,"hsi","hsi")
proj.generic_process_end(process,event,build_p_stack=False)

plugin_register(hsi)




Hacking PyTimechart to decode
your own traces

Pytimechart is written in python
« Easy to decode its own tracepoints

« Even if you don't add tracepoints, you can take advantage of
function tracing to make more sense of your traces

The trace I took for this is a simple “receive SMS” trace
« I want to see when the hsi driver is in receive mode

«  First, I trace hsi* and ffI* which are the low level, and protocol
driver of our modem interface

« I can see 4 interesting functions in the trace:
- hsi_start_rx()
- hsi_stop_rx()
- ffl_start_rx()
- ffl_stop_rx()




timechart/plugins/template.py

from timechart.plugin import *
from timechart import colors
from timechart.model import tcProcess

# to use with start_spi.sh
class template(plugin}):

additional_colors =
template bg #goffaoe

additional_ftrace parsers = [

Provided for ]

additional_process_types = {

conven Ience as "template”: (tcProcess, MISC_TRACES CLASS),
Ii

1 @staticmethod
a g OOd Sta rtl n g def do_function_my start_ function(proj,event):

'r]t: """This method will be called when the function "my start_function" appears in the trace
F)()I . in this example, we start a process, and mark its caller as waked it

process = proj.generic_find_process(@,"template”,"template”)
proj.generic_process_start(process,event,build p_stack=False)

See doc for o .
. proj.generic_process _single event(caller,event)
more detalled # the function caller

H .f caller = proj.generic_find_process(@,event.caller, "template”)
Ir] () proj.generic_add_wake(caller, process,event)

# the calling process
pidcaller = proj.generic_find_process(event.common_pid,event.common_comm, "hsi™)
proj.generic_add_wake(pidcaller, process,event)

@staticmethod
def do function my stop function({proj,event):
"""This method will be called when the function "my stop function" appears in the trace
in this example, we stop the "template" process
process = proj.generic_find_process(@,"template”,"template”)
proj.generic_process end(prev,event,build p stack=False)

# this plugin is disabled... uncomment to enable it.
#plugin register(template)




timechart/plugins/hsi.py

from timechart.plugin import *

. . from timechart import colors
sed S/template/h5|/g template-py > hS|.py from timechart.model import tcProcess

class hsi(plugin):
additional_colors =
hsi_bg #geffaoe

additional_ ftrace_parsers = [
1
additional process types = {
"hsi":(tcProcess, MISC TRACES CLASS),
1
@staticmethod
def do_function ffl start rx({proj,event):
process = proj.generic_find process(®,"hsiffl”,"hsi")
caller = proj.generic_find process(®,event.caller,"hsi")
proj.generic_process_start(process,event,build p stack=False)

proj.generic process single event(caller,event)
proj.generic add wake(caller, process,event)

@staticmethod

def do_function ffl stop rx(proj,event):
process = proj.generic_find_process(®,"hsiffl","hsi")
proj.generic_process_end(process,event,build p stack=False)

@staticmethod

def do_function_hsi_start rx(proj,event):
process = proj.generic_find process(®,"hsi","hsi")
caller = proj.generic find process(®,event.caller,"hsi")
pidcaller = proj.generic find process(event.common pid,event.common comm,"hsi"}
proj.generic_process start(process,event,build p stack=False)

proj.generic_process_single event(caller,event)
proj.generic_add wake(caller, process,event)

@staticmethod

def do_function_hsi stop_rx(proj,event):
process = proj.generic_find process(®,"hsi","hsi")
proj.generic process end(process,event,build p stack=False)

plugin_register(hsi)




timechart/plugins/hsi.py

from timechart.plugin import *

. . from timechart import colors
sed S/template/h5|/g template-py > hS|.py from timechart.model import tcProcess

class hsi(plugin):
additional_colors =
hsi_bg #geffaoe

I want that the start :
functions begins a
process event

additional_ ftrace parsers =
1
additional process types = {
"hsi":(tcProcess, MISC TRACES CLASS),

1
@staticmethod
ef do_function ffl_start rx({proj,event):
process = proj.generic_find process(®,"hsiffl”,"hsi")
caller = proj.generic_find process(®,event.caller,"hsi")
proj.generic_process_start(process,event,build p stack=False)

proj.generic process single event(caller,event)
proj.generic add wake(caller, process,event)

staticmethod

ef do_function ffl_stop rx(proj,event):

process = proj.generic_find_process(®,"hsiffl","hsi")
proj.generic_process_end(process,event,build p stack=False)

@3taticmethod

deff do_function_hsi_start rx(proj,event):

process = proj.generic_find process(®,"hsi","hsi")

caller = proj.generic find process(®,event.caller,"hsi")

pidcaller = proj.generic find process(event.common pid,event.common comm,"hsi"}
proj.generic_process start(process,event,build p stack=False)

proj.generic_process_single event(caller,event)
proj.generic_add wake(caller, process,event)

@staticmethod

def do_function_hsi stop_rx(proj,event):
process = proj.generic_find process(®,"hsi","hsi")
proj.generic process end(process,event,build p stack=False)

plugin_register(hsi)




timechart/plugins/hsi.py

from timechart.plugin import *

. . from timechart import colors
sed S/template/h5|/g template-py > hS|.py from timechart.model import tcProcess

class hsi(plugin):
additional_colors = """
hsi_bg #geffaoe
I Want that the Sta rt additional_ ftrace_parsers = [

fU nCtiOnS beg i nS a additional_process_types = {
"hsi":(tcProcess, MISC TRACES CLASS),
process event )

@staticmethod

def do_function ffl start rx({proj,event):
process = proj.generic_find process(®,"hsiffl”,"hsi")
caller = proj.generic_find process(®,event.caller,"hsi")

and the stop fu nction proj.generic_process_start(process,event,build p stack=False)

e n d S it proj.generic process single event(caller,event)
proj.generic add wake(caller, process,event)

@staticmethod

f do_function ffl_stop rx(proj,event):

process = proj.generic_find_process(®,"hsiffl","hsi")
proj.generic_process_end(process,event,build p stack=False)

@staticmethod

def do_function_hsi_start rx(proj,event):

process = proj.generic_find process(®,"hsi","hsi")

caller = proj.generic find process(®,event.caller,"hsi")

pidcaller = proj.generic find process(event.common pid,event.common comm,"hsi"}
proj.generic_process start(process,event,build p stack=False)

proj.generic_process_single event(caller,event)
proj.generic_add_wake(caller, process,event)

@staticmethod

do_function_hsi stop_rx(proj,event):

process = proj.generic_find process(®,"hsi","hsi")
proj.generic process end(process,event,build p stack=False)

plugin_register(hsi)




timechart/plugins/hsi.py

from timechart.plugin import *

. . from timechart import colors
sed S/template/h5|/g template-py > hS|.py from timechart.model import tcProcess

class hsi(plugin):
additional_colors = """
hsi_bg #8off8o

I Wa nt that the Sta rt additional_ ftrace_parsers = [
1

fU n Cti O n S beg i n S a additional_process_types = {
"hsi":(tcProcess, MISC TRACES CLASS),
process event )

@staticmethod

def do_function ffl start rx({proj,event):
process = proj.generic_find process(®,"hsiffl"”,"hsi")
caller = proj.generic_find process(8,event.caller,"hsi")

and the Stop fu nction proj.generic_process_start(process,event,build p stack=False)

e n d S it proj.generic process single event(caller,event)
proj.generic add wake(caller, process,event)

@ytaticmethod
f do_function ffl_stop rx(proj,event):
process = proj.generic_find_process(®,"hsiffl”,"hsi")
proj.generic_process_end(process,event,build p stack=False)
@staticmethod
def do_function_hsi_start rx(proj,event):
process = proj.generic_find process(®,"hsi","hsi")
caller = proj.generic find process(8,event.caller,"hsi")
pidcaller = proj.generic find process(event.common pid,event.common comm,"hsi")

I aISO add a Wake proj.generic_process start(process,event,build p stack=False)
event to See Where I proj.generic_process single event(caller,event)

proj.generic_add_wake(caller, process,event)

Come from @staticmethod

def do_function_hsi stop_rx(proj,event):
process = proj.generic_find process(®,"hsi","hsi")
proj.generic process end(process,event,build p stack=False)

plugin_register(hsi)




Results
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Results Zoomed
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Questions?



Thank You







