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Overview

• Selected works from ~12 years of research, incl. 5 years in the private sector (Oracle)

• Focus:

• The hard truth: Improving real-world software stacks is messy!

• Bottlenecks in all layers: In the kernel, libraries, and applications

• No silver bullet !

• Some optimization techniques shared

• But custom solutions needed for each bottleneck
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handovers

Data migratedacross critical sections

“Fast” locks 
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1. Task Scheduling: “Wasted Cores” [EuroSys ‘16]

• Four bugs showing the lack of work conservation in the Linux scheduler

• Went unnoticed for many years!

• Why?

• Complex temporal/spatial problem: needs heuristics to make local decisions

• More adjustments for new hardware (e.g., NUMA) and use cases (e.g., containers)

• These heuristics/adjustments often don’t compose well!

5
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work conservation not maintained ☹
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1. Task Scheduling: “Wasted Cores” [EuroSys ‘16]

Background: Load balancing in Linux (2016, simplified)

Balanced!

• Remote communication expensive…

• Adjustment 1: Perform load balancing hierarchically!
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1. Task Scheduling: “Wasted Cores” [EuroSys ‘16]

Background: Load balancing in Linux (2016, simplified)

Balanced! Balanced!

NUMA node 0 NUMA node 1

• Groups of tasks should have the same CPU time…

• Adjustment 2: Use a normalized load metric!

Balanced!
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Balanced! Balanced!

!!!
Fundamental work conservation
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 Since then, lots of works have focused on the scheduler!
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1. Task Scheduling: Frequency Inversions [PLOS ‘19, EuroSys ‘20]
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• Problem: impossible to know a priori whether TA will block/terminate

• Simple solution: arm a short timer, if TA blocked/terminated, move TB to C0
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1. Task Scheduling: Nest [EuroSys ‘22]

PRIMARY NEST

• Idea: keep threads inside “warm” nests!

• Cores in the primary nest:

• Currently/recently used, and

• Expected to be useful in the near future

• Cores in the reserve nest:

• Previously in the primary nest, but not used 

in a while, or

• Selected recently by Linux, but not yet 

deemed necessary in the primary nest

• The primary nest and the reserve nest grow 

and shrink automatically
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1. Task Scheduling: Other and Future Work

• Other work: NUMA placements [USENIX ATC ‘18]

• Unlike other presented works: static, userspace container placement

• “Scheduling concerns” prune the search space (L2/SMT, L3/NUMA, interconnects)

• Random Forest model predicts performance from 2 short probe runs

• Future work:
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• If spinlocks are so fast, why do standard libraries (e.g., POSIX) use blocking locks?

• Answer: stability!

• Spinlocks perform great in non-oversubscription (# threads ≤ # available cores)

• But their performance collapses in oversubscription (# threads > # available cores)

• Reason: spinners preempt the critical sections, stopping progress on the critical path!
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2. Task Synchronization: FlexGuard [SOSP ‘25]  (Victor Laforet)

14

• Goal: get the best of both worlds!

• In non-oversubscription, spinlock performance

• In oversubscription, blocking lock performance

• Idea: use a spinlock, when critical section preempted, block the waiters!

• Can we do this? 🤔

• Insight: nowadays, with eBPF we can!

• We can instrument context switches to see all preemptions

• We can view the full state of the thread: preemption address + register contents

⇒ We can 100% tell whether we are in a critical section!
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2. Task Synchronization: Tapestry [PLOS ‘25] (Tomáš Faltín)

• Profiling issue: inter-thread dependencies invisible, especially with spin synchronization

• Insight: both block- and spin-dependencies usually depend on a *addr ⋈ val condition

• E.g., a TA only progresses when *addr == 0; TB does *addr = 0
• How to capture that? 🤔

1. Hardware watchpoint on the data address, only 4 on x86

2. The store fires it, revealing the code address

3. Add a software breakpoint there; free the watchpoint
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With a dependency graph, we can run a longest path algorithm to highlight the critical path!
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2. Task Synchronization: Other and Future Work

• Other work: Remote Core Locking [USENIX ATC ‘12, TOCS ‘15]

• Idea: dedicate cores to the execution of critical sections

• No synchronization = faster lock handovers; higher locality = faster critical sections

• Delegation = fastest lock design (confirmed by ffwd [SOSP ‘17], TCLocks [OSDI ‘23])

• Future work:
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• Graph analytics stream over huge arrays (CSR, properties): memory-bandwidth-bound

• What matters: where pages sit (local vs. remote) and bytes crossing the interconnect

• Problem: managed languages (e.g., Java) hide the layout

• Smart arrays: smart memory features (placement+compression), language-independent

• Compiled once in C++, usable from e.g., C++ and Java thanks to GraalVM
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Single-socket

→ Bottleneck: socket’s memory bandwidth

→ Fast for half the threads

→ Can perform fine with e.g., good load balancing
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Replicated

→ Only works for read-mostly workloads

→ Removes the interconnect bottleneck

→ Needs enough memory

→ Replica-building worth it?

(Multiple/random accesses?)

18

3. Graph Analytics: Smart Arrays [EuroSys ‘18]



• Graph analytics stream over huge arrays (CSR, properties): memory-bandwidth-bound

• What matters: where pages sit (local vs. remote) and bytes crossing the interconnect

• Problem: managed languages (e.g., Java) hide the layout

• Smart arrays: smart memory features (placement+compression), language-independent

• Compiled once in C++, usable from e.g., C++ and Java thanks to GraalVM

Replicated + Bit compressed

→ Use memory bandwidth more productively

→ Shrinks memory footprint

→ CPU can be a bottleneck

→ Would be costly with random accesses

18

3. Graph Analytics: Smart Arrays [EuroSys ‘18]



• Graph analytics stream over huge arrays (CSR, properties): memory-bandwidth-bound

• What matters: where pages sit (local vs. remote) and bytes crossing the interconnect

• Problem: managed languages (e.g., Java) hide the layout

• Smart arrays: smart memory features (placement+compression), language-independent

• Compiled once in C++, usable from e.g., C++ and Java thanks to GraalVM

Replicated + Bit compressed

→ Use memory bandwidth more productively

→ Shrinks memory footprint

→ CPU can be a bottleneck

→ Would be costly with random accesses

18

3. Graph Analytics: Smart Arrays [EuroSys ‘18]



• Graph analytics stream over huge arrays (CSR, properties): memory-bandwidth-bound

• What matters: where pages sit (local vs. remote) and bytes crossing the interconnect

• Problem: managed languages (e.g., Java) hide the layout

• Smart arrays: smart memory features (placement+compression), language-independent

• Compiled once in C++, usable from e.g., C++ and Java thanks to GraalVM

Replicated + Bit compressed

→ Use memory bandwidth more productively

→ Shrinks memory footprint

→ CPU can be a bottleneck

→ Would be costly with random accesses

18

3. Graph Analytics: Smart Arrays [EuroSys ‘18]



• Graph analytics stream over huge arrays (CSR, properties): memory-bandwidth-bound

• What matters: where pages sit (local vs. remote) and bytes crossing the interconnect

• Problem: managed languages (e.g., Java) hide the layout

• Smart arrays: smart memory features (placement+compression), language-independent

• Compiled once in C++, usable from e.g., C++ and Java thanks to GraalVM

Replicated + Bit compressed

→ Use memory bandwidth more productively

→ Shrinks memory footprint

→ CPU can be a bottleneck

→ Would be costly with random accesses

18

3. Graph Analytics: Smart Arrays [EuroSys ‘18]

+Adaptivity!



• Goal: process PGQL queries like,

SELECT a, c WHERE (a:author) -[:wrote]-> (b:paper) –[:cite]->
                  (c:paper) <-[:wrote]- (d:author)
“Pairs of authors who wrote papers that cite each other”

• BFS vs. DFS tradeoff: (a) -> (b) -> (c) <- (d)

19

3. Graph Analytics: aDFS [USENIX ATC ‘21]

1. Find all matching as

2. Materialize all matching a->bs

3. Materialize all matching a->b->cs

4. Output all matching a->b->c<-ds

🙂 Easy to parallelize: split intermediate work among threads

☹ Intermediate result explosion!

1. Output the 1st matching a->b->c<-d
2. Output the 2st matching a->b->c<-d
3. Output the 3rd matching a->b->c<-d 
4. …

🙂 No intermediate results!

☹ Hard to parallelize
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Insight of aDFS: just enough 

BFS to keep all cores busy!
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Machine 2
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Enough work for all threads? Go DFS for all 

local work.
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• Always possible to pick work from earlier stages

• Dedicated buffers per stage: eventually always possible to push work forward
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• CSR++ [OPODIS ‘20]

• CSR packs vertices and edges in two arrays 

for fast reads, CSR++ segments vertices to 

support in-place updates

• CSR++ keeps sorted neighbors for fast 

scans/deletions, inlines single neighbors 

• + supports parallel property/label arrays

• For batched updates (vs. multiversioning)
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3. Graph Analytics: Other Works

• RLC Index [ICDE ‘23]

• Is t reachable from s by a path whose edge 

labels match a regular expression (L)+?

• The transitive closure (all reachable pairs + 

patterns) explodes in size

• RLC index: hub nodes each vertex reaches

(+patterns), queries intersect two sorted lists

• Hubs are high-degree nodes; includes 

pruning rules; tractable due to max L length
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12 years of hunting inefficiencies across the so!ware stack and finding principled solutions

• Community work: includes 18+ program committees

• SOSP, ASPLOS (x3), EuroSys (x5), USENIX ATC (x3), DSN (x2)…

• Teaching (including 2 years as Maître de Conférences), engineering (5 years at Oracle)

• And of course, I wouldn’t be where I am without the students I co-supervize(d):
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