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1 Work Completed

We have implemented the core infrastructure and
two of the three decoding modes in our bench-
mark framework. We built a GEMM-only compute
graph that captures the structure of a transformer
decoder layer. Each layer executes seven FP16 ma-
trix multiplications: four attention projections and
three FEN projections. We created an autoregres-
sive (AR) decode baseline benchmark that executes
N sequential forward passes with batch size M =1
to simulate token-by-token generation. We also
implemented tensor parallelism using NCCL.
Next, we implemented the full speculative de-
coding (SD) benchmark pipeline, where each SD
round consists of K sequential draft model for-
ward passes (M =1), followed by one batched tar-
get model verification pass (M =K), followed by
synthetic Bernoulli acceptance sampling at rate c.
In the tensor parallel case, the SD benchmark uses
the tensor parallel forward pass for the target model
verification, while the draft model runs on a single
GPU. Finally, we created a CLI program and in-
frastructure that help us run tests and experiments.

2 Progress on Goal and Deliverables

All Week 1 deliverables are complete: single-GPU
compute graph, PSC environment setup, NCCL mi-
crobenchmarks, AR decode baseline, and Tsp cal-
ibration on V100. For Week 2, tensor parallelism
and the single-GPU SD pipeline are complete. We
are almost done validating multi-GPU SD with ten-
sor parallelism on the PSC machines, and this will
be done by early Week 3.

Currently, we are on track to finish all “plan
to achieve” deliverables. The SD infrastructure
is complete, and SSD builds directly on the same
primitives (forward passes, NCCL communication,
threading) with additional coordination logic for

concurrent draft/target execution. The “hope to
achieve” items, like batch size scaling analysis, het-
erogeneity experiments, and a formal analytical
model, will depend on how smoothly SSD integra-
tion and debugging proceeds in the second half of
Week 3.

3 Poster Session

We plan on showing (a subset of) the following
graphs during the poster session:

1. AR vs. SD vs. SSD throughput. A graph
showing tokens/sec (or speedup over AR)
across different o and K, with all three meth-
ods side-by-side.

2. Cache hit rate sweep. Holding the other pa-
rameters fixed, this will show how SSD’s ad-
vantage over SD changes as py;; varies.

3. Fan-out sweep. Captures the tradeoff be-
tween pre-speculation work and cache hit rate.

4. Per-round latency breakdown. A stacked
bar chart with a bar for each method show-
ing the wall-clock time of a single round
in ms, broken into components. For AR
it’s just one Tiyger bar. For SD it’s Tyraf
+ Tiarger Stacked sequentially. For SSD it’s
max(Tiarget, Tpre-spec) + NCCL sync overhead.

5. Verification window characterization. An-
swers how many draft passes fit inside one
target verification.

6. Roofline-style analysis. Plotting measured
performance against the hardware roofline
(using NCCL and cuBLAS microbenchmark
numbers).

7. Batch size scaling. SSD speedup over SD as
batch size increases, showing the degradation
as p?,, shrinks.
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8. Throughput-latency Pareto frontier. Simi-
lar to Figure 7 (right) in the SSD paper, plot-
ting total throughput (tok/s) on the y-axis
against per-sequence latency (1/latency) on
the x-axis, with points for AR, SD, and SSD
at different batch sizes.

4 Preliminary Results

4.1 Tgsp on V100

As derived in the proposal, the theoretical speedup
of SD over AR is

Esp
1+Tsp’

speedupr ,sp =

where Esp is the expected number of generated
tokens and Tsp = Tyrafi/ Ttarget 1s the ratio of time
taken by the drafting and verification phases.

Egp is calculated analytically as Esp = (1 —
a1 /(1 — ) whereas Tsp must be measured on
the given hardware. Table 1 shows measured Tsp
on a V100-32 GPU.

Table 1: Typ for different K values and two target/draft
model pairs on one V100-32 GPU.

K Llama-8B/IB Llama-70B/1B"

2 0.36 0.04
4 0.69 0.08
6 1.02 0.12
8 1.35 0.15
10 1.67 0.19
12 2.01 0.23

* Tharger for Llama-70B was estimated by run-
ning only one layer as the full model does
not fit on the V100-32.

4.2 Speedup: SD over AR

Given the measured 7sp, we can compute the theo-
retical speedup of SD over AR. Table 2 shows both
the theoretical speedup and the achieved speedup
for a = 0.9.

We have yet to run these experiments with mul-
tiple GPUs and tensor parallelism, which we need
to test the Llama-70B/1B model pair. Since this
model pair has smaller Tsp, we would expect a
greater speedup.

5 Concerns

PSC Multi-GPU Allocation Time. A practi-
cal concern is the time required to obtain inter-
active GPU allocations on PSC Bridges-2. We

Table 2: Theoretical and achieved throughput speedup
for different K values with the Llama-8B/1B target/draft
model pair on one V100-32 GPU.

K Theoretical Achieved
2 2.12x% 2.19x
4 2.57x 2.64x
6 2.73 % 2.81x%
8 2.75% 2.87x%

10 2.69x 2.75%

12 2.60x 2.70%

have found that requesting a single GPU through
the GPU-shared partition is nearly instantaneous,
while requesting two GPUs introduces a mod-
est wait. Requesting four GPUs—the maximum
allowed in GPU-shared—can take considerably
longer, and we have not yet been able to obtain
an interactive allocation of eight GPUs, which re-
quires the full GPU partition. Since our SSD im-
plementation requires at minimum 7" + 1 GPUs
for T-way tensor parallelism plus a dedicated draft
GPU, this poses a real bottleneck for development
and evaluation. Going forward, we plan to sub-
mit batch jobs rather than relying on interactive
sessions, as batch jobs can be scheduled to run
when resources become available—including dur-
ing off-peak hours—without requiring us to wait
at a terminal. We will use interactive sessions with
fewer GPUs for development and debugging, and
reserve batch submissions for full-scale evaluation
runs.

Schedule. The SD pipeline was completed in
early Week 3, slightly later than originally planned.
The additional time was spent building a modu-
lar infrastructure—shared forward pass primitives,
configurable model definitions, and reusable bench-
marking harnesses—that both the SD and SSD
pipelines build on. With this foundation in place,
the SSD implementation can focus purely on the
asynchronous coordination logic (draft-target over-
lap, cache management, NCCL send/recv) rather
than reimplementing compute and timing infras-
tructure from scratch. This should put us back on
track.

6 Updated Schedule

Week 1 (3/29-4/4)
* [Complete] Implement single-GPU cuBLAS
GEMM sequence for one transformer layer



with correct dimensions for both draft and
target.

[Complete] Set up PSC environment, verify
NVLink topology and run NCCL microbench-
marks (all-reduce, send/recv at various mes-
sage sizes).

[Complete] Stack L layers into a full for-
ward pass, measure single-GPU AR decode
throughput.

[Complete] Measure Tsp for target model di-
mensions on V100 to calibrate performance
targets.

[Complete] Compare microbenchmark re-
sults to V100 roofline and document baseline
numbers.

Week 2 (4/5-4/11)

[Complete] Implement tensor-parallel target
model (column/row-wise weight sharding,
NCCL all-reduce after each layer).
[Complete] Implement single-GPU SD
pipeline (draft loop, batched verification, syn-
thetic acceptance).

Integrate tensor-parallel target with SD
pipeline for multi-GPU SD. Validate SD
speedups against performance targets.

Week 3 (4/12-4/18)—Milestone Report Due 4/14

4/12-4/15

[Complete] Write milestone report.

4/16-4/18

Implement target GPU loop for SSD (launch
verification, determine outcome, NCCL
send/recv with draft GPU).

Implement draft GPU loop (pre-speculation
with fan-out, cache storage and lookup).
Implement communication protocol between
draft and target (outcome transmission, specu-
lation return, cache hit/miss branching).
Integration testing: verify that SSD matches
SD output under phiy = 0 (pure fallback) as a
correctness check.

Week 4 (4/19-4/25)

4/19-4/22

Conduct throughput and latency sweeps over
F, «, K, and Phit-

Perform verification window characterization
(draft-to-target time ratio, maximum fan-out
budget).

4/23-4/25

* Conduct roofline-style analysis using mi-
crobenchmark data.

* Perform batch size scaling experiments (hope
to achieve).

* Debug and re-run any configurations with
anomalous results.

Week 5 (4/26-5/2)—Final Report Due 4/30,
Poster Session 5/1

* Generate final figures.

* Write final report.

* Prepare poster presentation.
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