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JIT+0S=7?

We all know...
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JIT+0S=7?

We all know...

Dynamic specialization so far:

m SPIN: Change OS functionality via dynamic linking
from applications

« Pin
\‘e\,\‘l\
Sy

Cocoon
?

m Synthesis/Synthetix: Use code-synthesis
techniques to specialize system functions

m Cocoon: Apply target-dependent optimizations at
boot time
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JIT+0S=7?

Our goals: Specialize whole OS at runtime based on whole system state:

Operating Systems
Just-in-Time Compilers

Runtime Knowledge m Utilize full potential of underlying system

Generic/Configurable m Re-compile for configuration transitions

-> e.g. Adaptive Locking Mechanism
-> e.g. Adaptive Scheduling Strategies

Dynamic Optimizations
(HW-)Specific

Specialization
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not simply. (Part 2)

Plenty of JITs for User-Space Apps! Why not for the Kernel?
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Why not simply...?

Plenty of JITs for User-Space Apps! Why not for the Kernel?
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Why not simply.

Plenty of JITs for User-Space Apps! Why not for the Kernel?

(—~ )

AOT-Compiled : : JIT
di d : %13=alloca 010010000000101
o store © 001010100010000
LLVM Intermediate Code : stors @ eo1610190510068
- 8 2 %15=icm 1001001000001
JIT-Compi led : e 610010001010161
: store 2 010010010001110
———
5 e N
010010000000101 :
001010100010000 2 entry
001010100108000 3
o10010010000011| read TP pss oS
010010001010101 001010100100000 read
010010010001110 :
Sos010300300000| SYSCA l: 910010010000011 010010000000101
010010010001110 2 GACIICLEICIONCE 001010100010000
3 910010010001110
001010100100000 :

kmap

010010000000101

010010010001110

User-Space Kernel-Space G

Ott et al i mpiling of Operating System




Why not simply.

Ott et al

Plenty of JITs for User-Space Apps! Why not for the Kernel?

AOT-Compiled
LLVM Intermediate Code
JIT-Compiled

010010000000101
001010100010000
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010010010000011 read

(—~ )

010010001010101
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001010100100000 syscall
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Why not simply...?

Plenty of JITs for User-Space Apps! Why not for the Kernel?

= (——
AOT-Compiled : : JIT
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Why not simply...?

Plenty of JITs for User-Space Apps! Why not for the Kernel?
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Why not simply...?

Plenty of JITs for User-Space Apps! Why not for the Kernel?
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Why not simply...? (Part 1)

Plenty of JITs for User-Space Apps! Why not for the Kernel?

Observation #1: Existence of resource-limited environments!
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Why not simply.

Ott et al

Plenty of JITs for User-Space Apps! Why not for the Kernel?

AOT-Compiled
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Why not simply...?

Plenty of JITs for User-Space Apps! Why not for the Kernel?
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Why not simply...?

Plenty of JITs for User-Space Apps! Why not for the Kernel?
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Why not simply...?

Plenty of JITs for User-Space Apps! Why not for the Kernel?

e
. IR
AOT-Compiled : b
. o %13=alloca
LLVM Intermediate Code : store 0
R o %1A=¥oad
JIT-Compiled erton
store 2
010010000000101
0101010001000 : entry
001010100100000 rea d . 0100" 1
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Why not simply...? (Part 2)

Plenty of JITs for User-Space Apps! Why not for the Kernel?

Observation #2: Existence of cyclic dependencies due to missing runtime!

Ott et al. Towards Just-In-Time Compiling of Operating Systems



DOSY Dynamic Operating System

DOSY: First steps towards on-demand compilation of operating systems.

m Design for future symbiosis of OSs + Just-in-Time compiler® + Interpreter.
= Implementation of interpreter for resource-limited environments.

m Static Analysis to enforce required interpreter properties.

*currently Work-in-Progress

Ott et al. Towards Just-In-Time Compiling of Operating Systems



Wry-met-stmpty—2 Custom-Tailored Interpreter!

2 (— )
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Wry-met-stmpty—2 Custom-Tailored Interpreter!

: —
AOT-Compiled : Ll JIT Interp.

q : %13=alloca 010010000000101 010010000000101
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—
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——— 010010010000011
ee010001010101 |INterrupt kmap
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Wry-met-stmpty—2 Custom-Tailored Interpreter!

Ott et al.

(. . . .
The interpreter must not require exclusive access to shared resources.

= No (b)locking!
= No dynamic allocations!

-> Interpreter requires preparation phase for all allocations.

-> Interpreter uses only separate stack at runtime.

~

Towards Just-In-Time Compiling of Operating Systems



Integration

DOSY is not restricted to a particular OS...
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Desired properties:
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Integration

DOSY is not restricted to a particular OS... but certain concepts help!

Desired properties:

O Strict separation of hardware
in-/dependent subsystems

O Strict separation of
startup/runtime code

QO Strict "used-by” hierarchy
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Integration

DOSY is not restricted to a particular OS... but certain concepts help!

JITTY OS: An Unix-/Linux-compatible kernel built with JIT in mind!

Desired properties: ‘ B R [ Driver J [ E— } [ H

O Strict separation of hardware
in-/dependent subsystems

O Strict Separation of B kernel.elf [ Architecture J
startup/runtime code
O Strict "used-by” hierarchy B loader. elf { toader }
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Integration

DOSY is not restricted to a particular OS... but certain concepts help!

JITTY OS: An Unix-/Linux-compatible kernel built with JIT in mind!

Desired properties: ‘ ‘IR@[ Driver J [ E— } [ H

© Strict separation of hardware
in-/dependent subsystems

@ Strict Separation of errnel.elf@[ Architecture @ J
startup/runtime code
@ Strict nused_byn hierarchy B loader.elf { Loader @ }
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Unfortunately, no results without JIT-Compiler in Kernel... Determine expected
performance based on observations in user space.
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Unfortunately, no results without JIT-Compiler in Kernel... Determine expected
performance based on observations in user space.

@ DOSY interpreter ~ Our baseline

LLVM 111 (basic IT compiler) ~ Expected costs of warmup phase
B LLVM clang -03 (pco) ~ Expected performance of optimized JIT code
B LLVYMclang -00 ~ Expected performance of unoptimized JIT code
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Towards Just-In-Time Compiling of Operating Systems

DOSY: Dynamic Operating System Preprint version of the
accepted PLOS '23 paper

Future symbiosis of...
© Operating Systems: JITTY 0S @, built to be JITed
Just-In-Time Compiler
© Interpreter: DOSY Interpreter, used as safety net

...based on whole system state

Ott et al. Towards Just-In-Time Compiling of Operating Systems
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Static Analysis

Problem: Hidden allocations within interpreter.
Solution: Static analysis based on minimal annotations.

Basic algorithm:
‘Example::should_not_alloc‘

1. Assign initial annotations \ \

2. Query all traits and their
implementation

List::push

3. Generate call graph for each
function |Box::new| |Box::leak| |List::push_node
\ | | |
4. Extended call graph based on |

collected trait information | Allocator::allocate | — : Calls relation
| ‘ - > : Analysis step

5. Propagate annotations
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Invocation Mechanism

Mark for JIT

Interpret function

| Invoke function

Cycle detected? JIT function

m Each function described by Global Function Table (GFT)
= Implementation similar to PLT/GOT
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Global Function Table

— foo:
sub $0x20, %rsp

add $0x20, %rsp

func: = ret
ce ® — b b
// Call foo . ar_stub:
call *%rdi ; Save context
o sub $0x80, %rsp
églial;rzzr ; Call interpreter
0 _1+ "' call interpreter
cen ~

; Call JIT compiler
call jit_compiler
Restore context

’

add $0x80, %rsp
jmp *baraGFT

GFT
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