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Schedulers: why care?



tot= 650 local=80.62 wake/exp/reenq=16.77/ 2.62/ 0.00
xlayer_wake=17.69 xlayer_rewake=15.85
keep/max/busy= 0.15/ 0.00/ 2.92 kick= 0.00 yield/ign= 0.15/ 0
open_idle= 0.00 mig= 9.38 xnuma_mig= 0.00 xllc_mig= 0.00 affn_viol= 0.31
preempt/first/xllc/xnuma/idle/fail= 0.00/ 0.00/ 0.00/ 0.00/ 0.00/ 0.00 min_exec=97.69/ 392.91ms, slice=20ms
cpus= 2 [ 2, 2] 00000003

ACEXIT: unregistered from user space

thread ' 111 /home/daniel #

HDRTEST usr/include/linux/dvb/dmx.h

HDRTEST usr/include/linux/dvb/net.h

HDRTEST usr/include/linux/dvb/osd.h

cC crypto/compress.o

HDRTEST usr/include/linux/dvb/video.h

CC fs/super.o

cC block/bio.o

HDRTEST usr/include/linux/dvb/version.h

HDRTEST usr/include/linux/dvb/frontend.h

CC security/keys/keyring.o

HDRTEST usr/include/linux/genwqge/genwqge_card.h

CC init/do _mounts_initrd.o

HDRTEST usr/include/linux/hdlc/ioctl.h

HDRTEST usr/include/linux/hsi/cs-protocol.h

HDRTEST usr/include/linux/hsi/hsi_char.h

HDRTEST usr/include/linux/iio/events.h

HDRTEST usr/include/linux/iio/buffer.h

CC arch/x86/1ib/cmdline.o

HDRTEST usr/include/linux/1iio/types.h

HDRTEST usr/include/linux/isdn/capicmd.h
/\Z
[1]+ Stopped make -j ‘nproc’
. /home/daniel/git/hodgesds-1linux #
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Uptime: 01:22:33
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zrm:0K used:0K uncompressed: 0K

Swp:0K used:0K cache:0K frontswap:
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COMM CPU SCHED NI DISK READ DISK WRITE START PID USER PRI NI VIRT RES SHR S CPU%XWEM% TIME+ Command
supertuxkart 5 OTHER 0 0.00 B/s 0.00 B/s 16:23 18894 daniel 20 0 2951M 285M 93160 S 25.3 0.6 4:37.82 supertuxkart
PiSetup [ESearch|giFilter|@Tree [@dSortBy[gNice -[@iNice +[@Kill [BEIQuit

6.11.0-rc1-x86_64

/ 353.1 GiB 62.1% ; 0% 2024-16-29 16:47:35



https://docs.google.com/file/d/1c47s3USfzqmW7QiPeSm2Xgg2lMvTZ2vV/preview

Real World Use Case: Al Training
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Throughput vs Latency

Saturation

Applications should still function

Latency

Enforcement of deadlines

$ stress-ng -c 3000 -t 35

stress-ng: info:
per stressor

stress-ng: info:
cpu

stress-ng: info:

stress-ng: info:
(3000)

stress-ng: info:
stress-ng: info:

stress-ng: info:

[3989107] setting to a 35 secsrun

[3989107] dispatching hogs: 3000

[3989107] skipped: O
[3989107] passed: 3000: cpu

[3989107] failed: O
[3989107] metrics untrustworthy: O

[3989107] successful run completed

in 1 min, 11.94 secs



Schedulers: Out of tree

Many out of tree schedulers exist
BORE, GhOst, etc

Upstreaming can be difficult

CachyOS: Out of tree scheduler support




Why sched_ext

Multiple schedulers for various workloads
Update scheduler independent of kernel

Rapid iteration (no reboot required)

Scheduler fuzz testing?

sched_ext



Scheduler design choices



Fairness

How to handle saturation?

Example

Task sleeps for 1 day, how long should it run?

Unfairness desired (in some cases)
background work

preemption



Work Conservation

Predictable performance vs use of resources

When to use idle/SMT CPUs?
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Vtime/Vruntime

Virtual timeline for scheduler
Not walltime!

Multiple vruntimes

Can span Run Queues (DSQs)

Task vtime -> prioritization

Processes have niceness

(

+10ns

+10ns

Run
Queue 1

——_



Queuing

FIFO: First In, First Out

Global DSQ Local DSQ Sched DSQ
Vtime: queue on task vtime FIFO
ey I
S .
Global/CPU FIFO DSQs g §
v

Schedulers can have multiple vtime
and FIFO queues!



Resource Control

Complex Topology (CCX, NUMA, Big/Little)

Resource Contention

Power Management (turbostat)

Bzy_MHz C1E% CoreTmp PkgTmp PkgWatt RAMWatt UncMHz
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SMT Second
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Complex Topologies

How shared is your queue: sharing across sockets is probably bad,
sharing within LLCs might be okay, one per CPU?
Shared queue helps latency sensitive processes but thrashes caches

Where should GPU tasks be scheduled?
The scheduler is best placed to choose where to schedule GPU tasks

How do we handle network interrupts?
scxX_layered can place network interrupts on idle CPUs if they are any,
or spread them out
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Complex Topologies

How shared is your queue: sharing across sockets is probably bad,

sharing within LLCs might be okay, one per CPU?
Shared queue helps latency sensitive processes but thrashes caches
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Complex Topologies

How shared is your queue: sharing across sockets is probably bad,

sharing within LLCs might be okay, one per CPU?
Shared queue helps latency sensitive processes but thrashes caches

Where should GPU tasks be scheduled?
The scheduler is best placed to choose where to schedule GPU tasks

How do we handle network interrupts?
scx_layered can place network interrupts on idle CPUs if they are any,

or spread them out



Scheduler Design: Review

Fairness

Work Conservation

Vruntime

Queueing (FIFO/vtime) and shared queues

Resource Control/Complex Topologies



sched _ext Schedulers

Overview of sched_ext schedulers



How to choose the right scheduler?

What is the workload constraint?
What are the latency vs throughput requirements?

Is scheduling a bottleneck?

Is the system mostly idle?

What is the hardware topology?



scx_bpfland/scx_rustland

Interactive workloads i i
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Write a scheduler in Rust

Scheduling in userspace!

scx_rustland scheduler
~60 Fps




scx_lavd: Latency-Criticality Aware Virtual Deadline

Portable gaming

FPS

More is better
1500.00 fps

Task graph
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Core compaction

Bpfland — Flash — LAVD p2dg — Rusty

0.7% 840MHz 44°C] 7] 0.0% 896MHz 44°C]
0.0% 855MHz N/A] 8] 0.0% 858MHz N/A]
0.7% 831MHz N/A] 9] 0.0% 876MHz N/A]
0.0% 1010MHz N/A] 10[ 0.0% 859MHz N/A]

0.0% 830MHz 47°C] 11[ 0.0% 900MHz 47°C]
0.0% 858MHz N/A] 12] 0.0% 846MHz N/A]

Uptime: 14 days, 11:11:22 Battery: N/A

Mem:46.6G used:1.82G shared:11.9M compressed:@K buffers:2.61M cache:17.4G available:44.36 Tasks: 40, 77 thr, 184 kthr; 1 running
zrm: 0K used:@K uncompressed: 8K Load average: 0.05 0.03 0.00

Swp:0K used:0K cache:0K frontswap:0K PSI some CPU: 99.00% 99.00% 99.00%
Disk I0: 0.0% read: 0KiB/s write: @KiB/s PSI full IO: 0.00% 0.00% 0.00%
Network: rx: 1KiB/s tx: 39KiB/s (13/23 pkts/s) PSI full memory: 0.00% 0.00% 0.00%




SCx_rusty

NUMA/Multi CCX
Userspace load balancing
General Purpose

scx_wd40- BPF arenas

HH#### Thu, 27 Feb 2025 08:10:56 -0800, load balance @ -1772.7ms #H#H#HH##H

cpu= 0.73 load= 0.96 mig=0 task_err=0 time_used= 4.0ms

tot= 16047 sync_prev_idle= 0.22 wsync= 0.22

prev_1idle=81.62 greedy_idle= 1.86 pin= 0.00

dir=14.28 dir_greedy= 0.00 dir_greedy_far= 0.00

dsg= 1.79 greedy_local= 0.00 greedy_xnuma= 0.00

kick_greedy= 0.00 rep= 0.01

dl_clamp= 1.34 dl_preset= 0.45

slice=20000us

direct_greedy_cpus=ffff ffffffff ffffffff ffffffff ¥ FFEFffff
kick_greedy_cpus=ffff ffffffff frffffff ffffffff ffrrfeff frEfffff

NODE[OO] load= 0.96 imbal= -0.00 delta= +0.00

.08 imbal= -0.00 delta= +0.00
.08 imbal= -0.01 delta= -0.02
.09 imbal= +0.00 delta= +0.02
.08 imbal= -0.00 delta= +0.03
.10 imbal= +0.01 delta= -0.01
.08 imbal= -0.00 delta= +0.00
.11 imbal= +0.02 delta= -0.02
.09 imbal= -0.00 delta= +0.01
.08 imbal= -0.01 delta= -0.04
.08 imbal= -0.01 delta= +0.00
.09 imbal= +0.01 delta= +0.02

DOM[OO] load=
DOM[O1] load=
DOM[02] load=
DOM[03] load=
DOM[04] load=
DOM[G5] 1load=
DOM[06] load=
DOM[O7] load=
DOM[O8] load=
DOM[09] load=
DOM[10] load=

OO0 0000000000 o o



scx_p2dqg

BPF load balancing (pick?2)

Multi-level queueing

16:12:07 [INFO] Running scx_p2dqg (build ID: 1.0.8-gc47214ca x86_64-unknown-linux-gnu)
16:12:07 [INFO] DSQ[O] slice_ns 10000
16:12:07 lInrO] DSQ[1] slice_ns 40000
Autotune mode 16:12:07 0] DSQ[2] slice_ns 80600

16:12:87 LINFO] P2DQ scheduler started! Run scx_p2dq --monitor for metrics.
direct/idle/greedy 1/6/0

dsq same/migrate 14/8

keep 0 pick2 0O

migrations 1lc/node: 0/0
direct/idle/greedy 317/20134/233

dsq same/migrate 11837/9907

keep 0 pick2 0O

migrations 1lc/node: 2002/0




scx_layered

Wldely deployed at Meta #H##H# Wed, 26 Feb 2025 20:05:17 -0800 ######

tot= 15953 local_sel/enq=56.50/ 0.50 open_idle= 0.00 affn_viol= 0.42 hi/lo= 0.43/ 0.00
busy= 0.3 util/hi/lo= 34.8/ 0.17/ 0.00 fallback_cpu/util= 1/ 0.0 proc=7ms
excl_coll=0.00 excl_preempt=0.00 excl_idle=0.00 excl_wakeup=0.00
hodgesd: util/open/frac= 4.7/ 0.00/ 13.6 prot/prot_preempt= 0.01/ 0.01 tasks= 427
- . I tot= 5151 local_sel/enq=56.90/ 0.12 wake/exp/reenq=42.87/ 0.12/ 0.00
Conventlonal approaCh° Hard afflnlty keep/max/busy= 0.04/ 0.00/ 0.00 yield/ign= 0.00/ 0
open_idle= 0.00 mig=30.17 xnuma_mig= 0.00 x1lc_mig/skip= 0.00/ 0.00 affn_viol= 0.00
1FF3 preempt/first/x1lc/xnuma/idle/fail= 0.00/ 0.00/ 0.00/ 0.00/ 0.00/ 0.00
dlffICUIt to SChedUIe xlayer_wake/re= 0.99/ 0.47 1lc_drain/try= 0.02/ 0.33
slice=1ms min_exec= 0.00/ 0.00ms
poor utilization cpus= 2 [ 2, 2] 00000001 0OOOOOOO O1OOOOEO OOOOEEEO OEEEOEEOO 0OOOO000
[LLC] nr_cpus: sched% lat_ms
[000] 2:99.00% 0.06 | 0: 0.17% 3.60 | 0: 0.17% 2.88 | 0: 0.11% 3.91
[004] ©0: 0.22% 3.41 | 0: 0.06% 3.88 | 0: 0.06% 3.02 | 0: 0.06% 3.61
[008] O0: 0.00% 3.60 | 0O: 0.00% 3.89 | 0: 0.17% 2.88
. e normal : util/open/frac= 30.1/ 0.48/ 86.4 prot/prot_preempt= 0.01/ 0.01 tasks= 2688
SCX Iayered: SOft afflnlty tot= 10802 local_sel/enq=56.31/ 0.68 wake/exp/reenq=42.65/ 0.36/ 0.00
__ keep/max/busy= 0.12/ 0.00/ 0.20 yield/ign= 0.19/ 73
open_idle= 0.00 mig=26.92 xnuma_mig= 0.00 x1lc_mig/skip= 0.02/ 0.00 affn_viol= 0.62
cgroup, comm, user, pcomm etc preempt/first/xllc/xnuna/idle/fail= 0.00/ 0.00/ 0.00/ 06.00/ 0.00/ 0.00
xlayer_wake/re= 0.71/ 0.47 1lc_drain/try= 0.31/ 0.79
slice=0.8ms min_exec= 0.00/ 0.00ms
cpus= 2 [ 2, 2] 00000000 00200000 OOOOOOOO OOOOOOOEO OOEO2000 0OOO0000
[LLC] nr_cpus: sched% lat_ms
[000] O0: 0.22% 5.34 | 0: 0.22% A sl 5.48 | 0: 0.20% 5.80
[004] 0: 0.18% 7.23 | 0: 0.16% : 297 4.18 | 0: 0.13% D21
[008] 0: 0.31% 5.28 | 0: 0.29%




scx_layered

[ {
JSON!? "name" :"simple",
| "comment":"it's easy",
Confined, | "
Grouped matches":[[]],
Open "kind" :{
"Open": A
Matches \ b

]



[{
SCX_Iaye red "name" : "hodgesd",

"comment"” :"hodgesd user”,
"matches" ;|
[ {"UIDEquals" :12345} ]

]

Soft Affinity "‘;}Ed"r e
rouped"” :
(Grouped) "util_range": [0.05, 0.6],

"slice_us": 1000,
"preempt”: true,
"preempt_first": true,
"perf": 1024

Frequency control }
(schedutil) ),

"name"” :"normal",
"comment" :"the rest”,
"matches":[[]],

"kind" :{
"Confined": {
Time Slice "util_range": [0.25, 0.6],

'‘preempt"”: false,
"slice_us": 500,
"perf": 512

r]



O1 02 03

Testing Debugging Deploying




Cl and Testing
Same Rust compiler & linting tools
Same Clang compiler
Same kernel config & build steps

All available locally to reproduce



BPF verifier failures

R2_w=map_value(map=bpf_bpf.bss,ks=4,vs=37975176,0ff=6135, smin=smin32=0, smax=umax=smax32=umax32=0x484d94, var_off
=(0x0; Ox7ffffc)) R6_w=2035 refs=23,105,195,198

» str_idx++; @ glob.bpf.c:31
314: (bc) w8 = w1
315: (04) w8 += 1

: R1_w=2034 R8_w=2034 refs=23,105,195,198
- R8_w=2035 refs=23,105,195,198

: unsigned char d = pat[pat_idx]; @ glob.bpf.c:38

316: (71) r3 = *(u8 *)(r2 +0)

R2_w=map_value(map=bpf_bpf.bss,ks=4,vs=37975176,0ff=6135, smin=smin32=0, smax=umax=smax32=umax32=0x484d94, var_off

=(0x0; Ox7ffffc)) R3_w=scalar(smin=smin32=0, smax=umax=smax32=umax32=255,var_off=(0x0; Oxff))
refs=23,105,195,198

°
)

» switch (d) { @ glob.bpf.c:40
317: (16) if w3 == 0x2a goto pc+21

The sequence of 8193 jumps is too complex.

processed 80376 insns (limit 1000000) max_states_per_insn 65 total_states 2618 peak_states 2346 mark_read 67



Cl and Testing

Linux r‘o“ing-staue. j'___>r
\_ J

~

Linux sched- >
ext/For-next Tests

Rust iler 5 '
[ e verc'.::s = clamg version }_% SCcx SCL\eolulel'S

[ )

Linux BpF-nex‘t —_—
g J e

e N




_()

Reproducibility with x/- Nix & “Vilionn o=

L \

Lock kernel versions in the repo source (and update automatically!)
Provide a local build environment identical to the Cl with Nix

Test pull requests against the kernel version they merge with (merge queue)

|l N7 _ |
O I B O By

N I PO
|/

Keep the matrix manageable in a “monorepo” (scheduler compatibility promises)



Cl: Review

Scheduler options

Kernel versions

Clang versions

Reproducibility

All checks have passed

1 skipped, 25 successful checks
() build-and-test / integration-test (scx_rlfifo) (pull_request) Successful in 3m Required
() build-and-test [ integration-test (scx_rustland) (pull_request) Successful in 4m Required
() build-and-test / integration-test (scx_rusty) (pull_request) Successful in 3m Required
() build-and-test / layered-matrix (scx_layered, --disable-topology=false, --disable-antistall) (pull_request) Succes...
() build-and-test [ layered-matrix (scx_layered, --disable-topology=false) (pull_request) Successful in 3m

() build-and-test [ layered-matrix (scx_layered, --disable-topology=true, --disable-antistall) (pull_request) Success...

() build-and-test [ layered-matrix (scx_layered, --disable-topology=true) (pull_request) Successful in 4m

() build-and-test / lint (pull_request) Successful in 9s Required



Testing: Correctness

Testing scheduler changes is hard

Did the scheduler make the right decision?

1
Cpu 8

S & | |
H

v Ftrace Events

~ CPU
~ Softirgs

Softlrg Cpu 0

Softlrg Cpu 1

Softlrg Cpu 10 N |

Softlrq Cpu 11 NE.. | I

Softlrq Cpu 2 m | m



Testing: Performance

Benchmarking
stress-ng
schbench

sysbench

Can easily mislead (ex: Geekbench)

Throughput vs Latency

Single-Core Performance

Single-Core Score

File Compression

Navigation

HTML5 Browser

PDF Renderer

Photo Library

Clang

Text Processing

Asset Compression

it
Lo
e
P
L
P
o

1835

1971

( { ( Q ( ( (



Testing: Synthetic Workloads

Starting hasher (maxcon=65536 lat=75.0ms rps=65536 file=201.016 anon=603.026)

Example: rd-hashd

LIW_:]
[INFO
!I\\[
[INFO
[INFO

pS0: 41.
p56: 65.
pS0: 46.
pob: 51.
pS0: 58.
pS0: 44.
pS0: 76.
pS0: 44,

p84: 52.
p84: 93.
p84: 63.
p84: 67.
p84: 88.
p84: 56.
p84:116.
p84: 70.

p98: 56.
p90:102.
p?0: 68.
p2o: 75.
p?0:104.
p90: 61.
p90:124.
p90: 82.

p99: 80.
p99:161.
p?9: 93.
P99
p?9:
p9%: 79.
po9:
p99:

PPSt 539.
rps: 394.
PpS: 455,
rps: 424.
Pps: 257.
PpS: S72.
Pps: S15.
rps: 289.

con: 26.
con: 29.
con: 22.
con: 22.
con: 14.
con: 20.
con: 15.
con:als:

[INF
[ INFO
[ INFO

phBi125.1 p84:169.3 p2V:182.2 p?9:232.4 rps: 421.9 con: 23.4

p50: 42.4 p84: 52.5 p98: 55.6 p29: 66.5 rps: 609.7 con: 32.4

pS0: 45.1 p84: 56.3 p90: 60.0 p99: 73.0 rps: 861.2 con: 50.0

pS0: 51.4 p84: 65.3 p90: 69.8 p99: 88.8 rps:1135.6 con: 70.8

INFO pSB: S4.7 p84: 71.0 p98: 76.5 p99: 95.8 pPps:1583.7 con: 84.9

° pob H3.8 p84: 72.0 P79 78,9 p99:1085 .4 PpS: 1545 .5 cons 69.2

Workload representatK)n pS50: 47.4 p84: 64.1 p90: 69.9 p99: 93.9 rps:1204.6 con: 59.8
>IM pS0: 43.1 p84: 55.2 p90: 59.4 p99:100.0 rps:1324.3 con: 65.4

LIITO psb: 53.4 p84: 76.2 p2b:1B81. 1 p99:165.7 rps:1B825.5 con: 44.8

p58: 47.2 p84: 65.6 p9B: 74.3 p99:115.4 rps: 847.4 con: 38.7

1 p84: 81.9 p90: 91.3 p99:153.7 rps: 614.8 con: 26.8

° JFO poB: 46.5 p84: 65.8 p90: 73.2 p99:101.0 rps: 444.7 con: 23.0
Malntenance INFCJ pS0: 44.4 p84: 64.2 p90: 70.3 p99:131.5 rps: 531.7 con: 24.3
0 3 1 7 8 6

3 S S S 9 3

8 3 8 1 7 6

9 7 3 4 6 8

3 0 6 ./ 4 2

0) 7 0) 0) 8 5

3 g 9 .5 5 9

4 8 2 .9 6 1

FO ]
0]
J
0]
0]
]
0]
0]
0]
]
J
0] p50: 56.
]
]
]
]
0]
]
]
0]
]
]
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Debugging: Remember Scheduler Design?

Fairness -> Time slice (per CPU, task, etc)

Work Conservation -> system/scheduler stats

Vtime -> vtime progression

Queueing (FIFO/vtime) -> Queue depth, latency, vtime progression

Resource Control/Complex Topologies -> load balancing, (un)core freq, pkg watts



Debugging: bpf_trace_printk

[jakehillion@devbig@®@2] /data/users/jakehillion/scx%
<idle>-0 [003] d.h.1 2001648.455385:

sudo bpftool prog
bpf_trace_printk:

tracelog | grep hillion | head -n 100
LAYER=0 carbon-global-s[1529985] cgrp="

<idle>-0
procreader_work-3731087
procreader_work-3731087
<idle>-0

below-3730981
procreader_work-3731088
procreader_work-3731088
below-3730981
procreader_work-3731084
procreader_work-3731084
below-3730981
procreader_work-3731083
procreader_work-3731083
below-3730981
procreader_work-3731083
procreader_work-3731083
below-3730981
procreader_work-3731087
procreader_work-3731087
below-3730981
procreader_work-3731087
bpftool-3036252
procreader_work-3731087
below-3730981
procreader_work-3731087
procreader_work-3731087
below-3730981
procreader_work-3731087
procreader_work-3731087
below-3730981
procreader_work-3731083
procreader_work-3731083
below-3730981
procreader_work-3731088
procreader_work-3731088
bpftool-3036252
below-3730981
scx_layered-3037007
procreader_work-3731084

thrmon_bpf_pol1-255066
procreader_work-3731084
below-3730981
scx_layered-3036991

[000]
[089]
[089]
[008]
[024]
[117]
[117]
[024]
[073]
[073]
[024]
[000]
[000]
[024]
[000]
[000]
[024]
[089]
[089]
[024]
[089]
[061]
[089]
[024]
[089]
[089]
[024]
[089]
[089]
[024]
[000]
[000]
[024]
[117]
[117]
[061]
[024]
[063]
[162]
[087]
[162]
[024]
[056]

[eNeNeBeoRoReoBeoRoRoeReoRBeoRoReoRoeRoeNeoBeRoReoeReoReRoeBeRoeRoeReoeReRoReoeRoeRfeRoeReoeRofoeRefeRoReRoeRoloRNat

.h.

" ™'® ®= ® ®w ®m ®m ®W ®w ®m ®W ®W ®w W ®W ®W W W ®w ®W W W W W ®w ™ W ®m ®w W =w ®w ®

" e =

o T R R T T T T T

N e = =

2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.
2001648.

459824:
460818:
460840:
460851:
460871:
460895:
460917:
460945:
460967:
460993:
461038:
461047:
461056:
461082:
461089:
461096:
461123:
461129:
461136:
461162:
461167:
461173:
461175:
461201:
461207:
461215:
461243:
461248:
461255:
461281:
461287:
461294:
461320:
461329:
461344:
461356:
461370:
461374:
461378:
461385:
461393:
461430:
461430:

bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:
bpf_trace_printk:

LAYER=0 ScribeQS-pr-def |
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:
jakehillion:

select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu
select_cpu

25

38614] cgrp="

24
24
8
117
73
24
73
0
24
0
73
24
0
89
24
89
117
24
89
162
95
24
89
163
24
89
0
24
("
117
24
117
162
24
95
162
87
163
170
pL
163
74




Debugging: Scheduler Stats

# Q TASK

WWwWwwwwwwhaLbWw

# Q TASK

WWwwwwwww

# ACT CPU
5
96

# ACT CPU
13

|
|
|
|
|
|
|
|
|
|
|
|
|
| 6
| 13
| 6
| 3
| 3
| 3
| 2

# SCHED
1223
26862
4483
3955
PLYE
2252
1234
1504
3201
5509
# SCHED
2872
4529
7357
2920
850
854
1636
2886

PERF-CR%
100
100
100
100
100
100
100
100
100
100
PERF-CR%
100
100
100
100
100
100
100
100

LAT-CR%
72.2813
49.3522
60.3168
55.5247
71.1461
67.3623

73.987
68.484
54.4205
62.7156

LAT-CR%
72.4582
60.8744
51.6787
66.1301
81.2941
83.2553
88.3863
72.2107

X-MIG%s |
0.0817661 |
32.1867 |
0.289984 |
0.202276 |
0.0403551 |
0.044405

0
0
0.187441
4.12053
X-MIGS%
0.348189
0.353279
1.84858
0.856164
0.235294
0.117096
0
0.17325

# STLEE

oo w

S S IS IS RS

# STLEE

DS IS B S IS IS RS S S

| BIG%
0 |

I
100 |

100 |
100 |
100 |
100 |
100
100
100
100
100

100
100
100
100
100
100
100
100

PC/BIG%

100 |

100
100
100

100 |

100
100
100
100
100
PC/BIG%
100
100
100
100
100
100
100
100

LC/BIG%

| POWER MODE

72.2813 | balanced
49,3522 | performance |
60.3168 | balanced
55.5247 | balanced

71.1461 | powersave

67.3623
ER:
68.484

54.4205

62.7156

LC/BIG%

72.4582

60.8744

51.6787

66.1301

81.2941

83.2553

88.3863

72.2107

powersave
powersave
powersave
powersave
balanced

POWER MODE

balanced
balanced
balanced
balanced
powersave
powersave
powersave
powersave

| PERFORMANCES | BALANCED%

2.8431e-08 |

98.5095
2.81847e-06
3.31671e-08

2.80284e-08 |

2.45714e-08
4.06103e-08
3.31657e-08
2.84411e-08

2.4889%e-08

PERFORMANCESs

4.06033e-08
3.37309e-08
2.88559%9e-08

2.5188e-08
4.06198e-08
3.37294e-08
2.88397e-08
2.51902e-08

95.9147 |

0.425263

63.2284 |

100

0.0036965 |

2.45714e-08
4.06103e-08
3.31657e-08
2.84411e-08
95.8979
BALANCEDS
48.983
99,9998
100
99.9433
4.06198e-08
3.37294¢e-08
2.88397e-08
0.000312585

POWERSAVES

4.08526 |

1.06519
36.7715
3.31671e-08

99.9963 |

100

100

100

100

4.10206
POWERSAVES

51.017

0.000238849

2.88559e-08

0.0566609

100

100

100

99.9997




Debugging: Start with bpftrace

[jakehillion@devbig®@02] /data/users/jakehillion/scx% sudo scripts/dsqg_lat.bt
scripts/dsqg_lat.bt:1-25: WARNING: scx_bpf_dsqg_insert is not traceable (either no
scripts/dsqg_lat.bt:26-27: WARNING: scx_bpf_dsq_insert_vtime is not traceable (ei
Attaching 7 probes...

cannot attach kprobe, Invalid argument

ARNING: could not attach probe kprobe:scx_bpf_dsqg_insert_vtime, skipping.
cannot attach kprobe, Invalid argument

ARNING: could not attach probe kprobe:scx_bpf_dsqg_insert, skipping.

[CEEEEEE
279

444

542

517
(64, 128) 413
[128, 256) 452
[256, 512) 321
[512, 1K) 257
[1K, 2K) 155
[2K, 4K) 181
[4K, 8K) 92
[8K, 16K) 100
[16K, 32K) 17
[32K, 64K)




Debugging: Make a tui in bpftrace

cxtop
freq: dsqs:0 lat_avg/lat_max(0,0) : freq: dsqs:0 lat_avg/lat_max(0,0)
freq: dsgs:0 lat_avg/lat_max(0,0) : freq: dsqs:0 lat_avg/lat_max(0,0)
freq: dsqs:0 lat_avg/lat_max(0,0) : freq: dsqs:0 lat_avg/lat_max(0,0)
freq: dsqs:0 lat_avg/lat_max(0,0) : freq: dsqgs:1 lat_avg/lat_max(4068439390,4068439410)
freq: dsqgs:2 lat_avg/lat_max(3328723030,4068439292) : freq: dsqs:0 lat_avg/lat_max(0,0)
freq: dsqs:2 lat_avg/lat_max : freq: dsqs:3 lat_avg/lat_max(739716241,4068439362)

DSQs
dsq(vtime) : 0x00000000 nr_avg/nr_max(2,5) wght_avg/wght_max(100,100) vtime /99171609919
dsg(vtime) :0x00000001 nr_avg/nr_max(1,1) wght_avg/wght_max(100,100) vtime/99171100817




Debugging: Make a proper tool (scxtop)

How many L3 misses?

How many Context switches?

etc...

Aggregations on topology (LLC, NUMA)

cache-misses) avg 398,705 max 3,126,162 min 57,015
LLC @ avg 348,240 max 1,738,629 min 91,122

J.-_-______L_-L_h_—-l—._

LLC 1 avg 447,012 max 3,013,689 min 108,765

m-.__g_l_l-*.-—l.‘_-_._h_;._._._-l_

LLC 2 avg 489,545 max 1,990,644 min 101,204

d. & wonl. I, __ ..

LLC 3 avg 458,509 max 3,126,162 min 57,015

LLC 4 avg 382,857 max 2,433,138 min 61,136

- e e oemalln W _L_-_L_I_-._.-._._ e e

LLC 5 avg 373,831 max 2,233,191 min 69,660

J_-h—ﬂ—*-_-—-_—_—-_-_—_‘L-I-Lh-#-_l_l

LLC 6 avg 367,681 max 1,550,379 min 83,412

ol el o a s . . .n adhe . . .

LLC 7 avg 388,396 max 1,963,577 min 87,120

T RTINS

LLC 8 avg 320,386 max 1,695,681 min 77,103

.I_.I.l___..u.-.-l_.__.l.‘-.-__.lu___._______._...__u.___-.

LLC 9 avg 329,884 max 2,105,109 min 64,002

.I_L_ _.J_.____._._l_L_.—.I S —

LLC 10 avg 479,415 max 1,742,524 min 87,297

o T RN I R T |




Debugging: Make a proper tool (scxtop)

p2dq dsq_lat_us avg 20 max 797 min 0O Y [ Node® (cycles) avg 73,337,307 max 544,743,930 min 175,564
0 max 295 min O 13 B 2.816GH: , 10 1 2.699GHz 6,650,249
6 max 96 min 5 13 2 2.699GHz 3,817,399 3 2.001GHz ), 877

avg 2
avg 1
avg 2
ik
1

3 max 797 min O (&) 2.001GHz 8,679 2.001GHz
1 max 53 min 0 : 6 3.196GHz 3 7,688 ] 2.883GH

avg 19 max 301 min S 9 3 2.001GHz 3,219,192 ¢ 2.001GHz
Ox800000000000LOBO2 avg 30 max 483 min 3 : 7

, 771
751

O O ?

avg

= 00N T N

~No~N

.816GHz
.980GHz
B01GHz
.001GHz
.001GHz
.969GHz
.001GHz
.001GHz
001GHz
.850GHz
001GHz
D01GHz
850GHz
.900GHz
.897GHz

.850GHz

.077GHz

001GHzZ

.870GHz

.8866GHz

044GHz 5,106,10
.001GHz é,““7 509
0016GHZz 49@ 773
.8496Hz - (153
.001GHz :
001GHz

.8846Hz

. 7996GHz

0 ©
0 ~J =

~]

N

D

0

N -~

~ N 0D -

0

oo
~ =2 O
) SN I N O e
) 00 U1~

(00]

LS

c

oo

noo
O O~ NN

NN O NN NN NN
NN NNNNNNNMNMNNDNNDNDNDN

p2dq dsq_vtime_delta avg 89,203,079,992 max 227,723,843,928 min 0
avg 95,069,060,4“0 max 225,175,980,067 min O

avg 114,130,274,980 max 197 570,278,764 min 34,467,961,909

avg 36,309,210,755 max 211
avg 83,223,376,889 max 216
avg 118,883,470,924 max 22

Nodel (cycles) avg 86,939,715 max 611,825,350 min 225,989
.9426Hz 22,651,668 21 3.400GHz
.400GHz kv,dql 709 001GHz
001GHz 3,020,159 .878GHz
.001GHz 001GHz
.0016GHz 001GHz
UthL .001GHz
D01GHz
001GHz
.794GHz
001GHz
.826GHz
.001GHz
D01GHz
.001GHz
.001GHz
5.3896Hz
2.001GHz
2.808GHz
01GHz

0
2.533GHz

N
<

) N

oo

)
w

,478,010 min B
, 073,279,439 min O
7,723,843,928 min 31,86

) N
~ N

(33

o0

28
20
73

N
Do O~
NN
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= 0N IS
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= 00 NSO

NN
[T
w

c

~
~ 0

.00 ‘|JH7
001GHZz
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.0016GHz
001GHZz
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.001GHz
.7”Q0h4
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g
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Debugging: ...and generate Perfetto traces

|

i | 11 i LI L | i N I N Y |
s | | ] | | I | - | B0 WAl | A ] | | | || ] l | N R
o | | : | I? | | } II LN = = : | |11 I_I

eas | | | | | 1| | | | o] |

s EEiiE W i == I | - | RN | | 1] |
i B (F | N | [ | ] | | | |

i || BN I ||| | |1 l 1 —_— l | | i il
il | AR IR IR . HAEEIITEN O 1| | J

oo | IR A | Il ||| | o | | | l

i I | | || | [ | 1l il f Il | AU | | [ LA R 1] |

b | | | | 1] 1 | | il | || i 11 1IN BRA

s [ |l | | | J | | l k4

i | | | i ] | (N (1. | | 1| | | Hiaf goul 8

Cpu13 } ‘ :

E"L:f I AL - | 1 | I AN (. 1 e . !

il | 1 Il | nil | | | ==




O1 02 03

Testing Debugging Deploying




Deploying: Monitoring

What dimensions are important? (hint: scheduler design)

How to observe?
Overview -> What is the health of the scheduler (golden signals, USE etc)?
Aggregation -> What is p95% queue latency across all hosts?

Insights -> What is the p99% queue depth of PID 123 on testhost.123?

For each dimension you must observe!



Deploying: Healthchecks

R stress-ng-cpu[4017493] -16260ms

scx_state/flags=3/0x9 dsq_flags=0x0

Run Queue Latency: Depends on the DSQ! ops_state/qseq=0/0
sticky/holding_cpu=-1/-1 dsq_id=0x80000000

dsq_vtime=382679009

cpus=Fffff et FEffffff, FEFfefef, Ferrfeef fefffrfff
Scheduler unloads from stalls P

__X64_sys_clock_nanosleep+0xef/0x160

p2dq dsq_lat_us avg 1 max 185 min 0 do_syscall_64+0x63/0x130
max 19 min 0O

max 44 min © entry_SYSCALL_64_after_hwframe+0x4b/0x53

max 9 min 0O

Ll R stress-ng-cpu[4015957] -16260ms
max 7 min 0O
max 18 min
max 20 min
max 12 min
max 17 min
max 11 min
max 14 min
max 13 min
max 22 min
max 7 min O === =====================
max 16 min O
max 23 min 0O
max 20 min 0O

scx_state/flags=3/0x9 dsq_flags=0x0
ops_state/qgs

~anve TRUNCATED ~~we

(«» B «» B «» B «» B «» B «» B «» B >

Error: EXIT: runnable task stall (watchdog failed to
check in for 30.001s)
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[

{ -~
Deploying: Healthchecks aetenes (0

.{

"CgroupPrefix": "workload.slice"

}
]
1,
"kind": {
"Grouped": A{
"util_range": [
0.6,
0.75

App specific scheduling -> Tricky

Scheduler deployment
App specific configs

"name": "normal",
"comment": "the rest",
"matches": [

o o []
Tight coupling! 1,
Nleind™: o
"Confined": {
"util_range": [
0.8,

Reuse service health checks for scheduling 0.9




Lessons from deploying scx_layered

Need to know application design (latency critical threads etc)

Proper thread naming/observability
Kernel bugs -> your bugs
Deploying a new kernel version and scheduler (at the same time) is tricky

Testing, debugging, monitoring, and deploying is hard



Get involved

GITHUB.COM/SCHED-EXT/SCX




