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10 YEARS OF LEGION

Thank you to everyone who helped us get here!

“All systems software needs 10 years to mature before it 
is robust.” -- Alex

We’re pretty much right on time…

Past the great filter
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RECENT ROADMAP
What have you done for me lately?

Master

Control Replication

Collective

December 2022

January 2023

Provenance

Improved Reference 
Counting

Device Side Futures

Manual

Stable

Release 22.12

Concurrent Index 
Space Tasks
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DOCUMENTATION
At last

We have a Legion manual!

https://legion.stanford.edu/pdfs/legion-manual.pdf

Idiomatic but incomplete

Sphinx Documentation

https://github.com/StanfordLegion/legion-
manual/tree/sphinx

Complete description of all APIs, need help…

https://legion.stanford.edu/pdfs/legion-manual.pdf
https://github.com/StanfordLegion/legion-manual/tree/sphinx
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PROVENANCE

All* Legion APIs now support a provenance string

* Some exceptions may apply (create issue if missing)

Passed through to Legion Prof and Legion Spy

Accessible via the Mappable interface

Eventually used in all error messages

Human- and machine-readable components

Use ‘$’ as delimiter: “human prov $ machine prov”

More in Legion Prof talk

Where did that come from?
Launchers

API Calls
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COLLECTIVE VIEWS
Deduplicating analysis

“All-Reduce Program”

Index Task Producer [0-3]: Reduce R.a

Index Task Consumer [0-3]: Read-Only R.a

Every consumer depends on every 
producer

total # interferences == O(N^2)

Analyzing each task independently 
doesn’t scale

Consumer[0] Consumer[1] Consumer[2] Consumer[3]

Producer[0] Producer[1] Producer[2] Producer[3]
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COLLECTIVE VIEWS
An All-Reduce Example

“All-Reduce Program”

Index Task Producer [0-3]: Reduce R.a

Index Task Consumer [0-3]: Read-Only R.a

Consumer[0] Consumer[1] Consumer[2] Consumer[3]

Producer[0] Producer[1] Producer[2] Producer[3]

Step 1: Mapper (optionally) tells Legion to “look” for 
collective region usage when mapping tasks

Collective View

Collective View
Foreach task:

Butterfly All-Reduce copies
(if necessary)

Step 2: Legion performs rendezvous to make collective 
views for all tasks using the same logical region

Step 3: Legion performs just one dependence analysis for 
each collective view that it makes Currently Beta-Testing

Should be mostly stable except for tracing
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BROADCAST/REDUCTION
Collective Behavior Comes from Data Usage

“Broadcast Program”

Single Task Producer: Read-Write R.a

Index Task Consumer [0-3]: Read-Only R.a

“Reduce Program”

Index Task Producer [0-3]: Reduce R.a

Single Task Consumer: Read-Only R.a

Producer[0] Producer[1] Producer[2] Producer[3]

Collective View

Reduction Tree Copies
(if necessary)

Consumer

Consumer[0] Consumer[1] Consumer[2] Consumer[3]

Collective View

Broadcast Tree Copies
(if necessary)

Producer
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(THE END OF) CONTROL REPLICATION
6 years later

😅
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(THE END OF) CONTROL REPLICATION

We’re close!

Need collective views

Lots of ops in control
replicated tasks implicitly map 
with collective views

Inline Map, Attach, Detach,
Acquire, Release, Fill, etc

Tune equivalence set
selection heuristics

Last chance to update the
default mapper

6 years later
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NEXT-YEAR ROADMAP
What’s next

Control Replication
Merge into Master

The Great 
Refactoring

Subprocess
Prep

Improved Memory 
Management

Improved Tracing

Speculative 
Execution / 
Resilience

Q1 Q1 Q1

Q1 – Q2

Q2 – Q3

Q4 - …
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THE GREAT REFACTORING

Legion code needs to be cleaned up (just Legion, not Realm/Regent)

Imposing a clang-based style guide (under development)

All the error messages will be rewritten, e.g. to use provenance among other things

Decouple all error checks from internal debug checks

Clean exits of the runtime even under faults including task stacks

Lots of build parameters will become runtime flags

Making up for lost time
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SUBPROCESS PREP

Goal: each Realm processor executes task in its own subprocess

Why? Isolation: see global variables in Python, OpenMP, etc.

Potentially also isolate regions for each task using mprotect

Catch: still need to map parts of Legion and Realm runtimes 
into subprocess for task execution

Every single Legion memory allocation needs to be put in the
right heap

First steps towards strong task isolation

Realm Parent Process

CPU
Subprocess

GPU
Subprocess

OpenMP
Subprocess

Python
Subprocess

Legion Private Heap

Legion Public
Heap

Legion Public
Heap

Legion Public
Heap

Legion Public
Heap
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When are instances allocated in the pipeline:

Today we use two pools: deferred allocations in mapping and eager allocations during execution

Better: one pool with allocation shifting back and forth on demand

Requirement: need upper bound on execution allocations required by each task

Open problem: how to deal with instance allocation failures in the mapper

IMPROVED MEMORY MANAGEMENT
Probably our most pressing need

Decode Dependence 
Analysis Mapping Execution Resolution Complete Commit

Instance Creation
Future Mapping

Output Regions
Future Returns

Deferred Buffers



15

IMPROVED TRACING

Tracing is vital to our success: 5-20X faster
Must be the common case for all Legion execution

Non-idempotent traces

Checks for safe tracing

Automatic inference of traces
(longest common subsequence)

Lowering to Realm graphs

Open problem: memory reuse inside of traces?

Legion as a JIT-ing interpreter

Legion
Program

Legion Trace
Detection

Stream of
Task/Op Hashes

Trace IDs
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SPECULATIVE EXECUTION / RESILIENCE

Today we have predicated execution

Starting to see need for speculative execution
(LANL, Legate, output regions)

Explicit API calls to “branch” / “checkpoint” in Legion

Runtime can recover back if misspeculate/fault

Open problem: how to say when in-place updates allowed?

Two side of the same coin
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STRATEGY
Advantage 1: implicit parallelism with control replication

Latency Queue

Throughput
Queue

Data Move Q

Distributed
Memory

CPUs

GPUs

NICs

Push this analogy hard: it was successful for decades, no reason it won’t be successful at larger scales in software

Control replication makes this approach scalable, everyone else is years behind on us on this

Dep
Analysis 
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STRATEGY
Advantage 2: software composability

Open question: how to make mappers cooperate?

Ex
ec

ut
io

n 
or

de
r

CPUs GPUs

Pr
og

ra
m

 o
rd

er

Application using Many Libraries
Remote

copy

copy

copy

send

receive

Looks like a standard 
sequential program

Executes like a tuned 
HPC program
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CONCLUSION

We’re past the point of ‘max implementation complexity’

No new programming model features, just better implementations of existing features

We have crucial architectural advantages over our competitors that we need to exploit

A bright future
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“SPARSE INTERFERENCE” TASKS
Common Case

”Stencil Program”

Index Task Init [0-3]: Read-Write Owned[i].a

Index Task Stencil [0-3]: Read-Write Owned[i].b
Read-Only Ghost[i].a

Region R
Fields: a, b

Owned* Ghost

Stencil[0] Stencil[1] Stencil[2] Stencil[3]

Init[0] Init[1] Init[2] Init[3]

Dependence analysis for each task 
performed independently

As N gets larger, average number of 
interferences with prior tasks is bounded

total # interferences << O(N^2)
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REGION MATCHING
Not All Tasks Need to Use the Same Region

“GEMM Program”

Index Task Init [M,N]: Read-Write P[m,n].a,b,c

Index Task GEMM [M,N,K]: Reduce P[f1(m,n,k)].c
Read-Only P[f2(m,n,k)].a
Read-Only P[f3(m,n,k)].b

Region R
Fields: a, b, c

P*

Projection functions can map subsets of 
point tasks to the same region

Runtime will discover which subsets of 
points in the index launch share common 
regions and can be analyzed collectively

All points in the index launch must still 
participate in the match!
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COMPOSABILITY
No Communicators Required

“All-Reduce Program”

Index Task Producer [0-M]: Reduce R.a

Index Task Consumer [0-N]: Read-Only R.a

Library A

Library B

Libraries don’t need to know about 
each other’s collective index tasks to 

get collective behavior

M != N

M < N, M == N, M > N
Get collective behavior in all cases

Consumer[0] Consumer[1] Consumer[2] Consumer[3]

Producer[0] Producer[1] Producer[2] Producer[3]

Butterfly All-Reduce copies
(if necessary)

Works regardless of where 
tasks map, can mix and match 

CPUs and GPUs arbitrarily

Collective dependences and 
data movement are just part of 

the Realm event graph, 
automatically overlap with 

other independent computation 
or data movement, no 

synchronization required

GPU GPU CPU CPU

GPU GPUCPUCPU
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PERFORMANCE CONSIDERATIONS

Rendezvous and creation are both O(log N) in the number of 
point tasks, don’t turn it on unless you think there actually is 
collective regions in the index launch

You’ll probably need a little bit of task parallelism to hide 
this latency at scale

Collective rendezvous memoized under tracing (more 
incentive to get that working with Legate)

Try to re-use the same instances for collective views, the 
runtime will de-duplicate collective views and not need to 
recreate them

Runtime builds hierarchical collective copies if multiple 
instances on the same node (prefer process-per-node)

Tradeoffs

Step 1: Mapper (optionally) tells Legion to “look” for 
collective region usage when mapping tasks

Step 2: Legion performs rendezvous to make collective 
views for all tasks using the same logical region

Step 3: Legion performs just one dependence analysis for 
each collective view that it makes

Foreach task:


