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Specialization = High Performance

software hardware

JS ) DPDK




Unikernels = Specialized Virtual Machines

e Easy to build and run
GOALS -+ Easy or no app porting
* Great performance



Design Principles

1. Fully modular kernel

2. Provide high performance specialized APls



Design Principles

1. Fully modular kernel



Why not Linux?
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Why not Linux?
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Unikraft is built from scratch to be fully modular
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With Unikraft
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Doing it with existing unikernels?

(1) Require significant expert work to build

(2) They are often non-POSIX compliant

(3) The (uni)kernels are still monolithic




Doing it with existing unikernels?

(1) Reauire siagnificant expert work to build

Unikraft is built from scratch (with borrowing)

(3) The (uni)kernels are still monolithic




Design Principles

2. Provide high performance specialized APls



Specialized APl Example

application
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* Easy to build and run
GOALS



root@kraft:~i [

[0] O:bashx kraft NGINX demo



GOALS -« Easy or no app porting



Binary Compatibility?

Platform Routine call #Cycles | nsecs
_ System call 222.0 61.67
Linux/KVM System call (no mitigations 154.0 42.78

System call 84.0

Unikraft/KVM

1.11

Both Function call




App native build

system

Auto-porting from Source
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Compile Time

musl glue

Size | std | compat. | code

(MB) layer LoC
lib-axtls 0364 | X 0
lib-bzip2 0324 | X v 0
lib-c-ares 0328 | X v 0
lib-duktape 0.756 | v v 7
lib-farmhash 0.256 | v v 0
lib-fft2d 0364 | vV v 0
lib-helloworld 0.248 | vV v 0
lib-httpreply 0252 | vV v 0
lib-libucontext 0.248 | vV v 0
lib-libunwind 0248 | vV v 0
lib-lighttpd 0.676 | X v 6
lib-memcached | 0.536 | X v 6
lib-micropython | 0.648 | v v 7
lib-nginx 0.704 | X v 5
lib-open62541 0252 | v v 13
lib-openssl 2.9 X v 0
lib-pcre 0356 | v v 0
lib-python3 3.1 X v 26
lib-redis-client 0.660 | X v 29
lib-redis-server 1.3 X v 32
lib-ruby 5.6 X v 37
lib-sqlite 1.4 X v 5
lib-zlib 0368 | X v 0
lib-zydis 0.688 | v v 0




What about syscall support?



Syscall Support
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146 syscalls currently supported Linux: ~350 syscalls

Eurosys 2016

Weighted completeness




System call support

Syscall Support
Top 30 Debian Popcon Apps
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Total porting time

If all Else Fails — Manual Porting
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What Unikraft Supports (sample)

JS DPDK Tensoer Lite O Py Torch

@ Open)DK

(ongoing) (ongoing)



GOALS
* Great performance



Does autoporting sacrifice performance?



SQLite: Manual vs. Auto Port

1.121

Linux newlib musl| musl
(baseline) (manual) (manual) (autoport)

time for 60K insertions




SQLite: Manual vs. Auto Port

1.153 1.083 1.065 1.121

Autoporting doesn’t negatively affect performance

Linux newlib musl musl
(baseline) (manual) (manual) (autoport)

time for 60K insertions
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Image Sizes vs. other Projects
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Minimum Memory Requirement

Minimum Memory Requirements

I hello

B nginx

B redis




Throughput
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Redis Performance
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Boot Times - Different Allocators

Total Boot Time (ms)
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Specialized APls
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Average # TSC

Filesystem Specialization — SHFS

Unikraft

Linux

[_1 FILE EXISTS

[
XY NO FILE )
c

VFS VFS VFS
(No mitig.)
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High performance POSIX unikernels are now a reality!

Info: https://unikraft.org/
Code: https://github.com/unikraft
Reproduce: https://github.com/unikraft/eurosys21-artifacts
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