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Following a pointer chain

The next node’s address is stored in the current node.

Node 5 —> Node 12 —> Node 3 —> Node 8
P = p—>next;

Within one chain, each load needs the preceding pointer value.

Each node stores one successor pointer in a 64-byte aligned slot.

Dependency concept after [1]; diagram original. Node numbers are labels, not addresses or a measured trace.
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The two traversal kernels

Serial: one ring at a time Interleaved: four pointer states
for (int ¢ = 0; ¢c < 4; ++c) { Node* pO@ = start[0O];
Node* p = start[c]; Node* pl = start[1l],
for (std::size_t 1 = 0; Node* p2 = start[2];
1 < steps; 1 += 4) { Node* p3 = start[3];
P = p->next; for (std::size_t 1 = 0;
Pp = p->next,; 1 < steps; ++1) {
P = p->next; pO = pO->next;
p = p->next; pl = pl->next;
} p2 = p2->next;
finish[c] = p; p3 = p3->next;
h h

steps = nodes per ring (a multiple of 4). Both loop bodies contain four loads. Interleaved endpoint stores are omitted here.
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The same graph, the same amount of work

Four rings in one randomized node pool. Only the schedule changes.

Serial A, > A oA, —... thenB,—>B,—B,—...

Interleaved A, —>B,—>C,—>D, thenA,—>B,—>C,—> D,

Example configuration 64 MiB pool; four rings; eight passes

Work in each mode 1,048,576 nodes x 8 = 8,388,608 accesses

Same allocated nodes and links. One thread—not four threads.

Original experiment: four disjoint equal rings; one complete visit to every node per pass in either schedule.
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Overlap changes throughput

Memory-level parallelism: overlap between memory requests.
Illustration: four requests with a 100 ns response time each.

Dependent Request 1 Request 2 Request 3 Request 4
0 100 200 300 400 ns
Independent Request 400 ns = 100 ns total
ointers Request 2 .
P 100 ns = 25 ns per completion
Request 3
Request 4 Each individual request
0 100ns |l takes 100 ns in this model.

Overlap model after [1]; diagram original. Idealized 100 ns responses; no issue overhead or contention. Not measured data.
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A fair measurement

Keep the graph, total work, build and CPU placement fixed.

Build + Check
Warm-up Repeated traversal ,
check graph endpoints

C++ timer: traversal only

Each mode gets its own warm-up; paired order is randomized.

perf with :u includes user-space setup, warm-up and checks.
Use separate single-mode commands for the two profiles.

[2-4] Compiler barriers preserve work but are not CPU fences. External perf collection remains whole-command.
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Reading the timing comparison

Traversal time Elapsed time for the repeated traversal.
Both modes complete the same number of link traversals.

Cost per access Traversal time + completed accesses.
This is inverse throughput—not individual-request latency.

Throughput Completed accesses per second.
This is not a measurement of DRAM bytes per second.

Paired speedup Serial time + interleaved time in the same run.
A ratio above 1 means that interleaving finished faster.

Use repeated, unprofiled paired runs. Plot all observations and medians; no predetermined speedup is assumed.
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Using perf to interpret the result

perf stat Count selected events for one mode at a time.

Whole-command IPC uses matching instructions and cycles.

perf report Locate chase_serial or chase_interleaved.

Check whether graph construction still dominates the profile.

perf annotate Inspect the load dependencies in source and assembly.

Serial reuses one pointer; interleaved has four independent states.

A timing improvement supports a schedule benefit; it does not
establish lower DRAM latency or an exact hardware MLP value.

[1-4] Definitions and collection scope matter. Generic cache-misses does not directly measure MLP or DRAM traffic.
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Event counting, user-space filters and sampled profiles.

[3] perf-stat(1) manual page

Collection scope; see also perf-record(1), perf-report(1) and perf-annotate(1).
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Teaching example: Omer Gélciik. Original code and diagrams; full commands and documentation links accompany the lecture.


https://ieeexplore.ieee.org/document/1310765/
https://perfwiki.github.io/main/tutorial/
https://man7.org/linux/man-pages/man1/perf-stat.1.html
https://gcc.gnu.org/onlinedocs/gcc/Extended-Asm.html
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