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Overview

● TTTTrrrreeeeeeeeSSSSLLLLSSSS    PPPPrrrrooooppppoooossssaaaallll::::    TreeSLS is a whole-system persistent microkernel. It simplifies the entire 

system's state maintenance through a capability tree and a robust checkpoint manager.

● EEEExxxxppppllllooooiiiittttiiiinnnngggg    NNNNVVVVMMMM::::    TreeSLS takes advantage of the emerging non-volatile memory (NVM) 

technology, eliminating the need to distinguish between ephemeral and persistent devices.

● DDDDeeeellllaaaayyyyeeeedddd    EEEExxxxtttteeeerrrrnnnnaaaallll    VVVViiiissssiiiibbbbiiiilllliiiittttyyyy::::    ensures transparent external synchrony with minimal overhead.

● PPPPeeeerrrrffffoooorrrrmmmmaaaannnncccceeee    EEEEvvvvaaaalllluuuuaaaattttiiiioooonnnn: Microbenchmarks and real-world applications demonstrate that 

TreeSLS achieves whole-system persistence in approximately 100 μs and can take a checkpoin

every 1 ms with reasonable overhead to applications.
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 Limitations of Existing SLSs

SSSSiiiinnnngggglllleeee----LLLLeeeevvvveeeellll    SSSSttttoooorrrreeee    ((((SSSSLLLLSSSS))))

Uses checkpointing to extend the memory layer down to include disks. This approach manages 

data, both permanent and ephemeral, and system state together with transparent persistence.

IIIIssssssssuuuueeeessss    wwwwiiiitttthhhh    EEEExxxxiiiissssttttiiiinnnngggg    SSSSLLLLSSSSssss

● TTTTwwwwoooo----TTTTiiiieeeerrrreeeedddd    MMMMeeeemmmmoooorrrryyyy----SSSSttttoooorrrraaaaggggeeee    HHHHiiiieeeerrrraaaarrrrcccchhhhyyyy

– Additional Cache Layers

– Write-Amplification and Checkpoint Frequency 

● EEEExxxxtttteeeerrrrnnnnaaaallll    SSSSyyyynnnncccchhhhrrrroooonnnnyyyy    IIIIssssssssuuuueeee
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Addressing Challenges with TreeSLS

● NNNNVVVVMMMM    aaaassss    aaaa    SSSSiiiinnnngggglllleeee----LLLLeeeevvvveeeellll    DDDDeeeevvvviiiicccceeee

● CCCCaaaarrrreeeeffffuuuullll    RRRReeeellllaaaattttiiiioooonnnn    MMMMaaaaiiiinnnntttteeeennnnaaaannnncccceeee

● CCCChhhheeeecccckkkkppppooooiiiinnnnttttiiiinnnngggg    OOOOppppttttiiiimmmmiiiizzzzeeeedddd    ffffoooorrrr    NNNNVVVVMMMM

● TTTTrrrraaaannnnssssppppaaaarrrreeeennnntttt    EEEExxxxtttteeeerrrrnnnnaaaallll    SSSSyyyynnnncccchhhhrrrroooonnnnyyyy
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Overview of TreeSLS Architecture

● MMMMiiiiccccrrrrooookkkkeeeerrrrnnnneeeellll    AAAArrrrcccchhhhiiiitttteeeeccccttttuuuurrrreeee

● NNNNVVVVMMMM    IIIInnnntttteeeeggggrrrraaaattttiiiioooonnnn

● AAAAddddddddrrrreeeessssssssiiiinnnngggg    TTTTwwwwoooo    KKKKeeeeyyyy    CCCChhhhaaaalllllllleeeennnnggggeeeessss

– Efficient Whole-System State Capture

– Efficient Whole-System Checkpointing 



6

Overview of TreeSLS Architecture

●

● EEEEnnnnssssuuuurrrriiiinnnngggg    CCCCoooorrrrrrrreeeeccccttttnnnneeeessssssss
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Checkpointing the Capability Tree

● CCCCaaaappppaaaabbbbiiiilllliiiittttyyyy::::    AAAA    rrrreeeeffffeeeerrrreeeennnncccceeee    ttttoooo    aaaannnn    oooobbbbjjjjeeeecccctttt    aaaannnndddd    iiiittttssss    aaaacccccccceeeessssssss    rrrriiiigggghhhhttttssss

● EEEEnnnnssssuuuurrrriiiinnnngggg    EEEEffffffffiiiicccciiiieeeennnnccccyyyy

● CCCChhhheeeecccckkkkppppooooiiiinnnntttt    SSSSttttrrrraaaatttteeeeggggiiiieeeessss    ffffoooorrrr    VVVVaaaarrrriiiioooouuuussss    OOOObbbbjjjjeeeeccccttttssss

– Cap Group

– Thread

– IPC Connection, Notification, and IRQ Notification

– VM Space and Page Tables

– PMO and Memory Pages
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Copy Methods

● SSSSttttoooopppp----aaaannnndddd----ccccooooppppyyyy

● SSSSppppeeeeccccuuuullllaaaattttiiiivvvveeee    ssssttttoooopppp----aaaannnndddd----ccccooooppppyyyy

● CCCCooooppppyyyy----oooonnnn----wwwwrrrriiiitttteeee

● SSSSppppeeeeccccuuuullllaaaattttiiiivvvveeee    ccccooooppppyyyy----oooonnnn----wwwwrrrriiiitttteeee

● HHHHyyyybbbbrrrriiiidddd    CCCCooooppppyyyy

– Speculative Copy of Hot Pages

– Parallel Stop-and-Copy Operations
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Extended Versioning for Hybrid Copy

MMMMiiiiggggrrrraaaattttiiiioooonnnn    PPPPrrrroooocccceeeesssssssseeeessss

● NNNNVVVVMMMM----ttttoooo----DDDDRRRRAAAAMMMM    MMMMiiiiggggrrrraaaattttiiiioooonnnn

– DRAM page allocation, and runtime page's data is copied to it

– Runtime page table is updated to make the DRAM page the new runtime 

page

– Version of the runtime page in NVM is set to the global version

● DDDDRRRRAAAAMMMM----ttttoooo----NNNNVVVVMMMM    MMMMiiiiggggrrrraaaattttiiiioooonnnn

– Second backup's version is set to zero, and the runtime page table is 

updated to make the second backup the new runtime page.
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Transparent External Synchrony

● TTTTrrrreeeeeeeeSSSSLLLLSSSS    eeeemmmmppppllllooooyyyyssss    hhhhiiiigggghhhh----ffffrrrreeeeqqqquuuueeeennnnccccyyyy    cccchhhheeeecccckkkkppppooooiiiinnnnttttiiiinnnngggg,,,,    ddddeeeellllaaaayyyyiiiinnnngggg    

eeeexxxxtttteeeerrrrnnnnaaaallll    vvvviiiissssiiiibbbblllleeee    ooooppppeeeerrrraaaattttiiiioooonnnnssss    uuuunnnnttttiiiillll    aaaa    cccchhhheeeecccckkkkppppooooiiiinnnntttt    iiiissss    ttttaaaakkkkeeeennnn....

● UUUUsssseeeerrrr----ssssppppaaaacccceeee    nnnneeeettttwwwwoooorrrrkkkk    ddddrrrriiiivvvveeeerrrrssss,,,,    ffffoooorrrr    iiiinnnnssssttttaaaannnncccceeee,,,,    rrrreeeeggggiiiisssstttteeeerrrr    aaaa    

cccchhhheeeecccckkkkppppooooiiiinnnntttt    ccccaaaallllllllbbbbaaaacccckkkk    aaaatttt    tttthhhheeee    eeeennnndddd    ooooffff    eeeeaaaacccchhhh    cccchhhheeeecccckkkkppppooooiiiinnnnttttiiiinnnngggg....



11

Evaluation: Stop-the-world Checkpointing
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Evaluation: Runtime Overhead



Evaluation: Real World Applications 
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Advantages of TreeSLS

● RRRReeeedddduuuucccceeeedddd    RRRReeeeccccoooovvvveeeerrrryyyy    TTTTiiiimmmmeeee

● RRRReeeeaaaallll----WWWWoooorrrrlllldddd    AAAApppppppplllliiiiccccaaaabbbbiiiilllliiiittttyyyy

● RRRReeeedddduuuucccceeeedddd    OOOOvvvveeeerrrrhhhheeeeaaaaddddssss

● EEEExxxxtttteeeerrrrnnnnaaaallll    SSSSyyyynnnncccchhhhrrrroooonnnnyyyy    SSSSuuuuppppppppoooorrrrtttt

● MMMMiiiinnnniiiimmmmiiiizzzzeeeedddd    DDDDiiiissssrrrruuuuppppttttiiiioooonnnn    ttttoooo    WWWWoooorrrrkkkkfffflllloooowwww

● RRRReeeedddduuuucccceeeedddd    DDDDeeeevvvveeeellllooooppppmmmmeeeennnntttt    aaaannnndddd    MMMMaaaaiiiinnnntttteeeennnnaaaannnncccceeee    EEEEffffffffoooorrrrttttssss
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Disadvantages of TreeSLS

● PPPPeeeerrrrffffoooorrrrmmmmaaaannnncccceeee    TTTTrrrraaaaddddeeee----ooooffffffffssss

● DDDDeeeeppppeeeennnnddddeeeennnncccciiiieeeessss    oooonnnn    NNNNVVVVMMMM

● UUUUnnnniiiiffffoooorrrrmmmmeeeedddd    PPPPeeeerrrrssssiiiisssstttteeeennnncccceeee

● DDDDaaaattttaaaa    RRRReeeelllliiiiaaaabbbbiiiilllliiiittttyyyy

● MMMMeeeemmmmoooorrrryyyy    OOOOvvvveeeerrrr----ccccoooommmmmmmmiiiittttmmmmeeeennnntttt

● EEEExxxxtttteeeennnnssssiiiioooonnnn    ttttoooo    EEEEiiiiddddeeeettttiiiicccc    SSSSyyyysssstttteeeemmmm
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TTTThhhhaaaannnnkkkk    yyyyoooouuuu!!!!


