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Outline Problem of boot time increase rapidly 
with increase in CPUs and NUMA nodes

Linux Kernel Boot Phases and SMP 
initialization

Overall boot optimization and future 
proposals



Problem

# CPU # NUMA
BootTime 

(Sec)

32 1 0.5

960 15 11

1024 16 15

1780 16 45

For a 1780 CPUs 
machine with 16 
NUMA nodes, 
booting takes 
about 45 seconds.

Linux boot time 
increases rapidly 
with increase in 
CPUs and NUMA 
nodes

A similar system 
with 32 CPUs boots 
up in less than a 
second.



Parallel bring-up of secondary CPU

➢ A “parallel CPU bringup” patch series was upstreamed in 6.5 kernel, but didn’t help 
Hyper-V VMs.

➢ Claims to save at most 720 ms for 112 CPU machines.

➢ Appears to be more useful for baremetal.

➢ Unlike the name suggests its not completely parallel … 

➢ It parallelized the sequence where BP waits for AP alive status after “Kick AP alive”. [3]



Linux Kernel Boot Phases

As per the time taken, Linux kernel boot time can be 
divided into 4 stages:

1. Boot Processor (BP) bring up

2. Symmetric Multi-Processor initialization (SMP init)

3. “Scheduler Domain” initialization (build sched 
domains)

4. Various init level calls (Init_calls).

Linux kernel boot 
phases

Time(Sec)

BP 1

SMP init 25

build sched domains 10

initcalls 9.5



SMP initialization

➢Major task is to invoke callbacks for each of 
states for each of CPU.

➢Callbacks are serial for each CPU. (237 
callbacks)

➢ vmstat callback which does the repeated 
calculation (refresh_zone_stat_thresholds) 
takes the most time out of all.

Phase Notes
Further breakup

Time 
before 
(Sec)

Time 
after 
(Sec)

Savings 
(Sec)

SMP init CPU 
callbacks

#198, 
workqueue_online_cpu

5 5

+ 14

#154,
hv_cpu_init

1.5 1.5

#204,
vmstat

14 0

Others

4.5 4.5
25 11

SMP init boot-speed improvement with vmstat fix



vmstat fix

refresh_zone_stat_threshold function Potential fix

Total calculations = “number of CPU” * 2 * Numa * “mean CPU count”
eg:
1 NUMA, 32 CPU = 32*2*1*16 = 1024 loop iterations
16 NUMA, 1780 CPU = 1780*2*16*890 = 50 million loop iterations.

➢Lot of this calculation is throwaway and serial. Can possibly 
avoid it ?

➢Fix for vmstat based on above idea under review [1].



“Scheduler Domain” initialization

➢ topology_span_sane() checks that each processor's non-NUMA scheduling domains are completely equal.

➢ Sufficient confidence on the topology can help taking the risk of avoiding this sanity check.

➢ Can move this function as debug option (SCHED_DEBUG/sched_verbose).

Phase Further breakup Time before (Sec) Time after (Sec) Savings (Sec)

sched_init_domains topology_span_sane 8 0 + 8

sched-domain init boot-speed improvement without topology sanity check



Init level calls

➢ All the CPUs are online at this stage.

➢ Callbacks are serial for each CPU.

➢ VMBus initcall took 3 seconds.

➢ Implemented workqueue to enable parallel scheduling of 
these callbacks.

➢ Saved 2 seconds, compared to standard CPU callback 
APIs (cpuhp_setup_state_nocalls_cpuslocked)

➢ Patch has been accepted upstream [2]

Phase Notes

Further breakup
Time before 
(Sec)

Time after 
(Sec)

Savings in 
seconds

Initcalls Various 
initcalls

VMBus init 3 1

+2

msr_init 1.7 1.7

percpu_counter_startup 1 1

cacheinfo_sysfs_init 2 2

mshv_vtl_init 1.7 1.7

9.4 7.4



VMBus init optimization fix



Overall boot optimization

Phase Notes Further breakup Time before (Sec) Time after (Sec)
Savings 

(Sec)
BP BP time 1 1

SMP init CPU callbacks

#198, workqueue_online_cpu 5 5

+ 14
#154,  hv_cpu_init 1.5 1.5
vmstat 14 0
Others 4.5 4.5

sched_init_domains Creating CPU schedule domain sched_init_domains 10 2 + 8

Initcalls Various initcalls

VMBus init 3 1

+2
msr_init 1.7 1.7
percpu_counter_startup 1 1
cacheinfo_sysfs_init 2 2
mshv_vtl_init 1.7 1.7

45.4 21.4



Overall boot optimization

Phase Notes Further breakup Time before (Sec) Time after (Sec)
Savings 

(Sec)
BP BP time 1 1

SMP init CPU callbacks

#198, workqueue_online_cpu 5 5

+ 14
#154,  hv_cpu_init 1.5 1.5
vmstat 14 0
Others 4.5 4.5

sched_init_domains Creating CPU schedule domain sched_init_domains 10 2 + 8

Initcalls Various initcalls

VMBus init 3 1

+2
msr_init 1.7 1.7
percpu_counter_startup 1 1
cacheinfo_sysfs_init 2 2
mshv_vtl_init 1.7 1.7

45.4 21.4



Future enhancements

Phase Notes Further breakup Time before (Sec) Time after (Sec)
Savings 

(Sec)
BP BP time 1 1

SMP init CPU callbacks

#198, workqueue_online_cpu

25 11 + 14
#154,  hv_cpu_init
vmstat
Others

sched_init_domains Creating CPU schedule domain sched_init_domains 10 2 + 8

Initcalls Various initcalls

VMBus init

9.4 7.4 +2
msr_init
percpu_counter_startup
cacheinfo_sysfs_init
mshv_vtl_init

45.4 21.4

Opportunities for further boot time reduction:
SMP init: 11 seconds
Initcalls: 7.4 seconds



Parallelizing CPU hotplug callbacks

➢ Require more parallel callbacks.

➢ Idea similar to VMBus init fix

➢ Review all the CPU callbacks for
potential parallelization.



Group CPU bring-up

CPU 0

CPU 1

Legend:

onlines

CPU 2

CPU 3

CPU N

CPU 0

CPU 1CPU 0

CPU 1

CPU 2 CPU 3

CPU 0 CPU 1 CPU 2 CPU 3

Current Approach 
CPU 0 onlines all CPUs sequentially

Proposed Approach 
CPUs online other CPUs in parallel

Theoretical time-complexity: O(N), where N is no. of CPUs Theoretical time-complexity: O(logN), where N is no. of CPUs

……..



Q & A
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