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Optimist ic tag matching:  Goals

QUARC

Complete offload of 

tag matching 

(incl. unexpected msgs)

Remove the CPU from the 

network-GPU data-path
Save CPU cycles
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• Tag matching is the critical operation that enables MPI point-to-point communications

• Usage of 2 queues:

o UMQ – Unexpected messages queue

o PRQ – Posted receives queue

Receiving a message Requesting a message

Tradit ional  tag matching
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MPI point- to-point  constrains

QUARC

C1: Order of posted receives

Receives matching the same message must be served in order

Message 0

SRC: 0

TAG: 0xbeef
Messages from the network

time

Receive 0

SRC: 0

TAG: 0xbeef

Receive 1

SRC: 0

TAG: 0xbeef

Receives list
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MPI point- to-point  constrains

QUARC

C2: No overtaking of messages

Messages from the same sender cannot overtake each other.

Message 0

SRC: 0

TAG: 0xbeef
Messages from the network

time

Receive 0

SRC: 0

TAG: 0xbeef

Receives list

Message 1

SRC: 0

TAG: 0xbeef
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Other tag matching approaches

Software strategies

• Redesigning tag matching data 

structures and algorithms

• Dynamically adjusting the tag 

matching approach

Hardware strategies

• Complete offload traditional tag 

matching to accelerators

• Dedicated silicon space on NICs 

(hardware TM)
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Optimist ic Tag Matching

Challenge

• MPI constrains serialize tag matching

• Need to extract parallelism from tag matching

• Redesign of MPI tag matching to fit to the highly parallel on-path NIC architectures

Tag matching



P A G E

8QUARC

• N messages are processed concurrently

• Matching as if no violation of constrains

• Conflict check to detect violations of constrains

• Resolution of conflicts

• Handling of protocol

Optimist ic Tag Matching: An overview
O p t i m i s t i c  Ta g  M a t c h i n g
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Indexing receives
O p t i m i s t i c  Ta g  M a t c h i n g

QUARC

Single Wildcard Double WildcardNo Wildcard

Receive 1

SRC: 0

TAG: 0xbeef

Receive 2

SRC: *

TAG: 0xbeef

Receive 3

SRC: 0

TAG: *

Receive 4

SRC: *

TAG: *
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• N messages are processed concurrently

• Matching as if no violation of constrains

• Conflict check to detect violations of constrains

• Resolution of conflicts

• Handling of protocol

Phase 1:  Optimist ic Matching
O p t i m i s t i c  Ta g  M a t c h i n g



P A G E

1 1

Phase 1:  Optimist ic Matching
O p t i m i s t i c  Ta g  M a t c h i n g

QUARC

• Optimistically search for a match while respecting constrain C1
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Phase 1:  Optimist ic Matching
O p t i m i s t i c  Ta g  M a t c h i n g

QUARC

• Optimistically search for a match while respecting constrain C1

Receive 3

SRC: 0

TAG: 0xbeef

Receive 0

SRC: 0

TAG: *

Thread 0

Message 0

SRC: 0

TAG: 0xbeef
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Phase 1:  Optimist ic Matching
O p t i m i s t i c  Ta g  M a t c h i n g

QUARC

• Optimistically search for a match while respecting constrain C1

Thread 1Thread 3 Thread 0

Receive 1 Receive 0

Thread 2

Receive 1Receive 2



P A G E

1 4QUARC

• N messages are processed concurrently

• Matching as if no violation of constrains

• Conflict check to detect violations of constrains

• Resolution of conflicts

• Handling of protocol

Phase 2:  Confl ict  detect ion
O p t i m i s t i c  Ta g  M a t c h i n g
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Phase 2:  Confl ict  detect ion
O p t i m i s t i c  Ta g  M a t c h i n g

QUARC

Thread 1Thread 3 Thread 0

Receive 1 Receive 0

Thread 2

Receive 1Receive 2

• Verify that there are no conflicts while respecting C2
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Phase 2:  Confl ict  detect ion
O p t i m i s t i c  Ta g  M a t c h i n g

QUARC

Thread 1Thread 3 Thread 0

Receive 1 Receive 0

Thread 2

Receive 1Receive 2

• Verify that there are no conflicts while respecting C2
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Receive 1Receive 2

Phase 2:  Confl ict  detect ion
O p t i m i s t i c  Ta g  M a t c h i n g

QUARC

Receive ? Receive ?

Thread 1Thread 3 Thread 0

Receive 1 Receive 0

Thread 2

• Verify that there are no conflicts while respecting C2
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• N messages are processed concurrently

• Matching as if no violation of constrains

• Conflict check to detect violations of constrains

• Resolution of conflicts

• Handling of protocol

Phase 3:  Confl ict  resolut ion
O p t i m i s t i c  Ta g  M a t c h i n g
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Receive 1Receive 2

Phase 3:  Confl ict  resolut ion
O p t i m i s t i c  Ta g  M a t c h i n g

QUARC

• Solve conflicting matches

Receive ? Receive ?

Thread 1Thread 3 Thread 0

Receive 1 Receive 0

Thread 2
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Phase 3:  Confl ict  resolut ion
O p t i m i s t i c  Ta g  M a t c h i n g

QUARC

• Solve conflicting matches

Slow path Fast path

R0 R1 R2 R3 R4

T0 T1 T2 T3

R0 R1 R2 R3 R4

T0 T1 T2 T3

Conflict: all threads wants to match R0

Sequence of compatible receives (same src and tag)

Fast resolution: threads shifts by their ID to get the next candidate

123 0
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Receive 1Receive 2

Phase 3:  Confl ict  resolut ion
O p t i m i s t i c  Ta g  M a t c h i n g

QUARC

• Retrieve the message data

Receive 3 Receive 2

Thread 1Thread 3 Thread 0

Receive 1 Receive 0

Thread 2
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Data Path Accelerator:  An introduction
O p t i m i s t i c  M a t c h i n g  o n  D PA

QUARC

• 16 cores with 16 threads each

• 1.5 MiB of L2 and 3 MiB of LLC

• Direct access to NIC interrupts and doorbells

• Full access to NIC accelerators

DPA subsystem – DOCA documentation v2.8.0
NVIDIA Docs, 2024
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Data Path Accelerator:  An introduction
O p t i m i s t i c  M a t c h i n g  o n  D PA

QUARC

• Event handler executes its function each time an 

event occurs

• Event: RDMA completion received when the CQ is in 

armed state

• The event triggers an internal DPA interrupt that 

activates the event handler
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Mapping Optimist ic to the DPA
O p t i m i s t i c  M a t c h i n g  o n  D PA

QUARC

• MPI message = CQE (Completion Queue Entry)

• Striding over CQEs

CQE 5 CQE 4 CQE 3 CQE 2 CQE 1 CQE 0

Thread 0
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Mapping Optimist ic to the DPA
O p t i m i s t i c  M a t c h i n g  o n  D PA

QUARC

• MPI message = CQE (Completion Queue Entry)

• Striding over CQEs

CQE 5 CQE 4 CQE 3 CQE 2 CQE 1 CQE 0

Thread 0
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Handling protocol
O p t i m i s t i c  M a t c h i n g  o n  D PA

QUARC

Eager Rendezvous Rendezvous Eager

Receive 2Receive 3

Thread 1Thread 3 Thread 0

Receive 1 Receive 0

Thread 2

Can be handled by the DPA
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Adopted optimizat ions

QUARC

Calculate hash in sender Lazy removalEarly booking check
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Coll is ions analysis:  MPI proxy apps
R e s u l t s

QUARC

• 16 MPI proxy apps analyzed

• For the majority, +90% of their 

operations are p2p
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Coll is ions analysis:  Results
R e s u l t s

QUARC

• Generated with MPI trace analyzer for tag matching

• Trend: More bins == reduction of queue depths

• Takeaway: Over 32 bins, collisions are not likely to happen
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Message rate on the DPA
R e s u l t s

QUARC

Legend
• NC: No collisions

• WC: With collisions

o FP: Fast path

o SP: Slow path

Optimistic DPA
Software tag 

matching

• Performance is comparable when no collisions

• But not when there are collisions
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Message rate on the DPA
R e s u l t s

QUARC

Legend
• NC: No collisions

• WC: With collisions

o FP: Fast path

o SP: Slow path

Optimistic DPA
Software tag 

matching

• Performance is comparable when no collisions

• But not when there are collisions
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A tr ip down memory lane
R e c a p

QUARC
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Thanks for  your attent ion!
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