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1 Data Transfer overhead

• Modeling impact of higher load latencies and lower throughput when 
accessing (former) MPI buffers 

• Converting sample latency to overhead 
• Differences based on application characteristics (PAPI) 

2 Data Access overhead
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➡ % of memory bandwidth 
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➡ L3 LD miss %, while not (1) 
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4. Cache Latency-bound 
➡ L2 LDs / total LDs, while not (1),(2),(3)  

5. Compute (mixed) 
➡ if neither of the above

1 Data Transfer overhead

2 Data Access overhead



Modeling the Potential of Message-Free Communication via CXL.mem | Stepan Vanecek | SCA/HPCAsia 2026 | 28th Jan’26

Application Characterization Categories

Performance model

12

SUM = 1

1. Memory Bandwidth-bound 
➡ % of memory bandwidth 

2. Memory Latency-bound 
➡ L3 LD miss %, while not (1) 

3. Cache Bandwidth-bound 
➡ % of MAX(L1,L2) bandwidth 

4. Cache Latency-bound 
➡ L2 LDs / total LDs, while not (1),(2),(3)  

5. Compute (mixed) 
➡ if neither of the above

1 Data Transfer overhead

2 Data Access overhead



Modeling the Potential of Message-Free Communication via CXL.mem | Stepan Vanecek | SCA/HPCAsia 2026 | 28th Jan’26

Performance model

13

1 Data Transfer overhead

2 Data Access overhead



Modeling the Potential of Message-Free Communication via CXL.mem | Stepan Vanecek | SCA/HPCAsia 2026 | 28th Jan’26

Memory latency limited

Performance model

13

1 Data Transfer overhead

2 Data Access overhead



Modeling the Potential of Message-Free Communication via CXL.mem | Stepan Vanecek | SCA/HPCAsia 2026 | 28th Jan’26

Memory latency limited

Performance model

13

MPI overhead

TAccess
MPI

= ( ∑
LD_Trace

lat) * rate/LPF_LAT

1 Data Transfer overhead

2 Data Access overhead



Modeling the Potential of Message-Free Communication via CXL.mem | Stepan Vanecek | SCA/HPCAsia 2026 | 28th Jan’26

Memory latency limited

Performance model

13

Load Queue Slots

1
2
3
4

LD1 LD2 LD3 LD4 LD5 . . . .

Load Queue Slots

1
2
3
4

LD1
LD2

LD3
LD4

LD5

. . . .
LD7

LD6

LD8
LD9

LD10

LD11
LD12

Latency-limited code => no parallelization of loads

Bandwidth-limited code =>
multiple parallel loads

time

time

MPI overhead

TAccess
MPI

= ( ∑
LD_Trace

lat) * rate/LPF_LAT

1 Data Transfer overhead

2 Data Access overhead



Modeling the Potential of Message-Free Communication via CXL.mem | Stepan Vanecek | SCA/HPCAsia 2026 | 28th Jan’26

Memory latency limited

Performance model

13

Load Queue Slots

1
2
3
4

LD1 LD2 LD3 LD4 LD5 . . . .

Load Queue Slots

1
2
3
4

LD1
LD2

LD3
LD4

LD5

. . . .
LD7

LD6

LD8
LD9

LD10

LD11
LD12

Latency-limited code => no parallelization of loads

Bandwidth-limited code =>
multiple parallel loads

time

time

TAccess
MPI

= ( ∑
LD_Trace
CacheHit

lat

+ ∑
LD_Trace

LFB

lat

+ ∑
LD_Trace
CacheMiss

lat) * rate/LPF_LAT

MPI overhead

1 Data Transfer overhead

2 Data Access overhead



Modeling the Potential of Message-Free Communication via CXL.mem | Stepan Vanecek | SCA/HPCAsia 2026 | 28th Jan’26

Memory latency limited

Performance model

13

Load Queue Slots

1
2
3
4

LD1 LD2 LD3 LD4 LD5 . . . .

Load Queue Slots

1
2
3
4

LD1
LD2

LD3
LD4

LD5

. . . .
LD7

LD6

LD8
LD9

LD10

LD11
LD12

Latency-limited code => no parallelization of loads

Bandwidth-limited code =>
multiple parallel loads

time

time

TAccess
MPI

= ( ∑
LD_Trace
CacheHit

lat

+ ∑
LD_Trace

LFB

lat

+ ∑
LD_Trace
CacheMiss

lat) * rate/LPF_LAT

MPI overhead

TAccess
CXL

= ( ∑
LD_Trace
CacheHit

lat

+ ∑
LD_Trace

LFB

(lat+CXL_LAT−MEM_LAT )

+ ∑
LD_Trace
CacheMiss

CXL_LAT ) * rate/LPF_LAT

CXL overhead

1 Data Transfer overhead

2 Data Access overhead



Modeling the Potential of Message-Free Communication via CXL.mem | Stepan Vanecek | SCA/HPCAsia 2026 | 28th Jan’26

Load
Latency

L1
L2
L3
DDR

CORE

1

2

3 4

L1
L2
L3

CXL

CORE

1

2

3 4

Before
issuing
load

Latency
experienced
by program 3

4

2

1 Cache hit

LFB-cache

LFB-memory
Cache miss

Memory latency limited

Performance model

13

Load Queue Slots

1
2
3
4

LD1 LD2 LD3 LD4 LD5 . . . .

Load Queue Slots

1
2
3
4

LD1
LD2

LD3
LD4

LD5

. . . .
LD7

LD6

LD8
LD9

LD10

LD11
LD12

Latency-limited code => no parallelization of loads

Bandwidth-limited code =>
multiple parallel loads

time

time

TAccess
MPI

= ( ∑
LD_Trace
CacheHit

lat

+ ∑
LD_Trace

LFB

lat

+ ∑
LD_Trace
CacheMiss

lat) * rate/LPF_LAT

MPI overhead

TAccess
CXL

= ( ∑
LD_Trace
CacheHit

lat

+ ∑
LD_Trace

LFB

(lat+CXL_LAT−MEM_LAT )

+ ∑
LD_Trace
CacheMiss

CXL_LAT ) * rate/LPF_LAT

CXL overhead

1 Data Transfer overhead

2 Data Access overhead



Modeling the Potential of Message-Free Communication via CXL.mem | Stepan Vanecek | SCA/HPCAsia 2026 | 28th Jan’26

Load
Latency

L1
L2
L3
DDR

CORE

1

2

3 4

L1
L2
L3

CXL

CORE

1

2

3 4

Before
issuing
load

Latency
experienced
by program 3

4

2

1 Cache hit

LFB-cache

LFB-memory
Cache miss

Memory latency limited

Performance model

13

Load Queue Slots

1
2
3
4

LD1 LD2 LD3 LD4 LD5 . . . .

Load Queue Slots

1
2
3
4

LD1
LD2

LD3
LD4

LD5

. . . .
LD7

LD6

LD8
LD9

LD10

LD11
LD12

Latency-limited code => no parallelization of loads

Bandwidth-limited code =>
multiple parallel loads

time

time

TAccess
MPI

= ( ∑
LD_Trace
CacheHit

lat

+ ∑
LD_Trace

LFB

lat

+ ∑
LD_Trace
CacheMiss

lat) * rate/LPF_LAT

MPI overhead

TAccess
CXL

= ( ∑
LD_Trace
CacheHit

lat

+ ∑
LD_Trace

LFB

(lat+CXL_LAT−MEM_LAT )

+ ∑
LD_Trace
CacheMiss

CXL_LAT ) * rate/LPF_LAT

CXL overhead

1 Data Transfer overhead

2 Data Access overhead



Modeling the Potential of Message-Free Communication via CXL.mem | Stepan Vanecek | SCA/HPCAsia 2026 | 28th Jan’26

Load
Latency

L1
L2
L3
DDR

CORE

1

2

3 4

L1
L2
L3

CXL

CORE

1

2

3 4

Before
issuing
load

Latency
experienced
by program 3

4

2

1 Cache hit

LFB-cache

LFB-memory
Cache miss

Memory latency limited

Performance model

13

Load Queue Slots

1
2
3
4

LD1 LD2 LD3 LD4 LD5 . . . .

Load Queue Slots

1
2
3
4

LD1
LD2

LD3
LD4

LD5

. . . .
LD7

LD6

LD8
LD9

LD10

LD11
LD12

Latency-limited code => no parallelization of loads

Bandwidth-limited code =>
multiple parallel loads

time

time

TAccess
MPI

= ( ∑
LD_Trace
CacheHit

lat

+ ∑
LD_Trace

LFB

lat

+ ∑
LD_Trace
CacheMiss

lat) * rate/LPF_LAT

MPI overhead

TAccess
CXL

= ( ∑
LD_Trace
CacheHit

lat

+ ∑
LD_Trace

LFB

(lat+CXL_LAT−MEM_LAT )

+ ∑
LD_Trace
CacheMiss

CXL_LAT ) * rate/LPF_LAT

CXL overhead

1 Data Transfer overhead

2 Data Access overhead



Modeling the Potential of Message-Free Communication via CXL.mem | Stepan Vanecek | SCA/HPCAsia 2026 | 28th Jan’26

Load
Latency

L1
L2
L3
DDR

CORE

1

2

3 4

L1
L2
L3

CXL

CORE

1

2

3 4

Before
issuing
load

Latency
experienced
by program 3

4

2

1 Cache hit

LFB-cache

LFB-memory
Cache miss

Memory latency limited

Performance model

13

Load Queue Slots

1
2
3
4

LD1 LD2 LD3 LD4 LD5 . . . .

Load Queue Slots

1
2
3
4

LD1
LD2

LD3
LD4

LD5

. . . .
LD7

LD6

LD8
LD9

LD10

LD11
LD12

Latency-limited code => no parallelization of loads

Bandwidth-limited code =>
multiple parallel loads

time

time

TAccess
MPI

= ( ∑
LD_Trace
CacheHit

lat

+ ∑
LD_Trace

LFB

lat

+ ∑
LD_Trace
CacheMiss

lat) * rate/LPF_LAT

MPI overhead

TAccess
CXL

= ( ∑
LD_Trace
CacheHit

lat

+ ∑
LD_Trace

LFB

(lat+CXL_LAT−MEM_LAT )

+ ∑
LD_Trace
CacheMiss

CXL_LAT ) * rate/LPF_LAT

CXL overhead

1 Data Transfer overhead

2 Data Access overhead



Modeling the Potential of Message-Free Communication via CXL.mem | Stepan Vanecek | SCA/HPCAsia 2026 | 28th Jan’26

Memory latency limited

Performance model

14

1 Data Transfer overhead

2 Data Access overhead

TAccess
CXL

= ( ∑
LD_Trace
CacheHit

lat

+ ∑
LD_Trace

LFB

(lat+CXL_LAT−MEM_LAT )

+ ∑
LD_Trace
CacheMiss

CXL_LAT ) * rate/LPF_LAT

CXL overhead



Modeling the Potential of Message-Free Communication via CXL.mem | Stepan Vanecek | SCA/HPCAsia 2026 | 28th Jan’26

Memory bandwidth limitedMemory latency limited

Performance model

14

1 Data Transfer overhead

2 Data Access overhead

TAccess
CXL

= ( ∑
LD_Trace
CacheHit

lat

+ ∑
LD_Trace

LFB

(lat+CXL_LAT−MEM_LAT )

+ ∑
LD_Trace
CacheMiss

CXL_LAT ) * rate/LPF_LAT

CXL overhead



Modeling the Potential of Message-Free Communication via CXL.mem | Stepan Vanecek | SCA/HPCAsia 2026 | 28th Jan’26

Memory bandwidth limited

TAccess
MPI

= ( ∑
LD_Trace

DemandCacheHit

lat

+ ∑
LD_Trace

PrefetchCacheHit

lat

+ ∑
LD_Trace

LFB

lat

+ ∑
LD_Trace
CacheMiss

lat)

* rate/LPF_BW

MPI overhead

Memory latency limited

Performance model

14

1 Data Transfer overhead

2 Data Access overhead

TAccess
CXL

= ( ∑
LD_Trace
CacheHit

lat

+ ∑
LD_Trace

LFB

(lat+CXL_LAT−MEM_LAT )

+ ∑
LD_Trace
CacheMiss

CXL_LAT ) * rate/LPF_LAT

CXL overhead



Modeling the Potential of Message-Free Communication via CXL.mem | Stepan Vanecek | SCA/HPCAsia 2026 | 28th Jan’26

Memory bandwidth limited

TAccess
CXL

= ( ∑
LD_Trace

DemandCacheHit

lat

+ ∑
LD_Trace

PrefetchCacheHit

(lat+CXL_LAT−MEM_LAT )

+ ∑
LD_Trace

LFB

lat

+ ∑
LD_Trace
CacheMiss

max{CXL_LAT, (lat+CXL_LAT−MEM_LAT )})

* rate/LPF_BW

CXL overhead

TAccess
MPI

= ( ∑
LD_Trace

DemandCacheHit

lat

+ ∑
LD_Trace

PrefetchCacheHit

lat

+ ∑
LD_Trace

LFB

lat

+ ∑
LD_Trace
CacheMiss

lat)

* rate/LPF_BW

MPI overhead

Memory latency limited

Performance model

14

1 Data Transfer overhead

2 Data Access overhead

TAccess
CXL

= ( ∑
LD_Trace
CacheHit

lat

+ ∑
LD_Trace

LFB

(lat+CXL_LAT−MEM_LAT )

+ ∑
LD_Trace
CacheMiss

CXL_LAT ) * rate/LPF_LAT

CXL overhead



Modeling the Potential of Message-Free Communication via CXL.mem | Stepan Vanecek | SCA/HPCAsia 2026 | 28th Jan’26

Workflow

15



Modeling the Potential of Message-Free Communication via CXL.mem | Stepan Vanecek | SCA/HPCAsia 2026 | 28th Jan’26

Workflow

15

1 Generate the MPI traces & data access traces
• MPI traces  ➡  data transfer overhead
• HW samples  ➡  data access overhead



Modeling the Potential of Message-Free Communication via CXL.mem | Stepan Vanecek | SCA/HPCAsia 2026 | 28th Jan’26

Workflow

15

1 Generate the MPI traces & data access traces
• MPI traces  ➡  data transfer overhead
• HW samples  ➡  data access overhead

2 Collect PAPI metrics
• Create overall application profile



Modeling the Potential of Message-Free Communication via CXL.mem | Stepan Vanecek | SCA/HPCAsia 2026 | 28th Jan’26

Workflow

15

1 Generate the MPI traces & data access traces
• MPI traces  ➡  data transfer overhead
• HW samples  ➡  data access overhead

2 Collect PAPI metrics
• Create overall application profile

3 Post-process the data & create performance predictions
• Use data from steps (1) and (2)
• Offline post-processing
• User-defined system parameters
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Model validation: Setup
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• Halo layers exchanged via MPI: N,S,W,E 
• Inner tile always in the local memory 
• No unpack, calculating halo contributions from recv buffers 
• Evaluation scenarios: 

1. MPI baseline 
2. N+S “horizontal” halos in Optane (simulating CXL), rest via MPI 
3. W+E “vertical” halos in Optane (simulating CXL), rest via MPI 
4. N+S “horizontal” halos in off-NUMA DDR (simulating CXL), rest via MPI 
5. W+E “vertical” halos in off-NUMA DDR (simulating CXL), rest via MPI 

Local memory

MPI: local memory 
CXL: memory pool

Data allocation:
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Scenarios

Measured Performance: Reference implementation Modeled Performance

1. MPI baseline 

2. N+S “horizontal” halos in Optane, rest via MPI 
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4. N+S “horizontal” halos in off-NUMA DDR, rest via MPI 
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• Smaller halos ➡ larger gains / losses 
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⚠ Disclaimer ⚠
• No CXL.mem 3.1+ hosts available 

• Used system has NO CXL memory 

• Model parameters estimated 

• ONLY toolchain validation possible
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• Per-MPI call granularity distinguishes different access patterns of MPI buffers 

• Naive implementation on-node yields only small gains

• Cross-node performance promising (1.59x in our model)

• Both data access AND data transfer are crucial — each can determine the output
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• Per-MPI call granularity distinguishes different access patterns of MPI buffers 

• Naive implementation on-node yields only small gains

• Cross-node performance promising (1.59x in our model)

• Both data access AND data transfer are crucial — each can determine the output


Stencil: small tiles dominated by data transfers HPCG: (almost) fully dominated by data accesses
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Toolchain + Novel Model Main contributions 
• Toolchain and performance model for evaluating 

cross-node communication over CXL
• Minimal end-to-end user effort to generate predictions
• Validated against on-node reference on 2 use-cases
• Underlines the need to evaluate both

• Data transfers (MPI send-recv)
• Data accesses (data load/store)

• Minimal user effort needed
• Built on top of extended Mitos toolchain
• Model considers both data transfer AND data 

access overheads
• Data access overhead based on app characteristics
• Collects MPI and LD traces (PMPI + PEBS)

Reach out to us!
stepan.vanecek@tum.de
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