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DRAM + Processing-in-memory (PIM)

Processing-in-memory (PIM)
• Modern workloads are data-intensive and limited by 

memory bandwidth
• Data movement across long, narrow off-chip memory 

channel between CPU and DRAM incur high energy 
and latency costs

• Processing-in-memory (PIM), a.k.a. near-data-
processing (NDP)

• Reduces data movement by adding compute capability 
to memory

DRAM for PIM
• DRAM-based PIM can benefit from simultaneous 

access to multiple DRAM arrays for parallel data 
processing

PIM types
1. Processing-using-memory (PUM) 
• Use inherent circuit-level properties of memory cells to 

perform logic within memory arrays
2. Processing-near-memory (PNM)
• 3D-stacked memory with a logic layer
• Take advantage of the high bandwidth communication 

over vertical interconnects between layers

Introduction

Mass-spectrometry (MS)-based proteomics generates vast 
amounts of data, with modern instruments producing 
millions of spectra per experiment. Spectral library search 
is a crucial workload in protein identification. Traditional 
compute-centric architectures struggle with data 
movement between memory and processors, a challenge 
that grows with increasing dataset sizes. Processing-in-
memory (PIM) architectures offer a potential solution by 
performing computations directly within or near memory, 
reducing data movement. This work is a first look at 
exploring PIM's potential to accelerate spectral library 
searches by integrating hardware and algorithm co-
design across the MS data analysis pipeline. 

We make the following contributions:
• Adaptation of an approximate sum of absolute 

differences algorithm for PIM-based spectral matching
• A preliminary approach to integrate PIM into mass 

spectrometry workflows
• Early performance assessments via PIM simulation

Mass Spectrometry (MS) and Spectral 
Library Search

Mass spectrometry (MS) is a method to analyze the 
proteome of protein and peptide samples
• Tandem MS (MS/MS): multiple staged MS for 

structural studies of complex molecules

Mass spectrum plot
• Mass-to-charge ratio (m/z) on the y-axis
• Ion signal intensity (percentage) on the x-axis

Spectral library search
• Used to interpret MS/MS data
• The search process involves calculating similarity 

scores between an experimental spectrum and each 
library spectrum

PIM for spectral library search
• Modern MS experiments generate massive data: 

millions of mass spectra must be matched against 
libraries of known spectra to identify molecules

• Can do parallel comparisons of query spectra with 
many library spectra

• Suitable candidate workload for PIM

Pre-processing and Pre-filtering

Discretization
• Divide the m/z range of spectra into bins and summing 

intensity values in the same bin
Approximation
• Fixed-point for floating-point values with reduced bit-

precision enables program execution on PIM hardware

Key insights:
• Co-design application with hardware
• Low-precision approach aligns with MS error tolerance

Evaluation

Current 11 MB problem on 2-rank DIMM
• CPU implementation completed in 175 ms
• PIM implementation took 1368 ms

Key insights:
• Workload underutilized available hardware parallelism
• PIM performance benefits scale with increasing 

problem size
• Small datasets favor CPU due to lower overhead

Conclusions

We have demonstrated a proof of concept for an end-to-
end, hardware-algorithm co-designed pipeline for 
DRAM-based PIM architecture acceleration of spectral 
library search, a key workload for mass spectrometry. The 
next step is to observe the performance from taking better 
advantage of the massive parallelism in DRAM for more 
reasonable comparisons and to connect larger volumes of 
data from real-world workloads to the hardware for a full-
system view of PIM accelerated bioinformatics 
applications. 
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Spectral library search identifies experimental 
spectrum by querying it against library spectra.

Processor and DRAM+PIM architecture alleviates data movement bottleneck by adding 
compute units to DRAM

Minimum Sum of Absolute Differences

We use sum of absolute differences to calculate a 
similarity score between the experimental spectrum S = 
(s₁, s₂, . . . , sₙ) with each library spectrum Lₚ = (ℓₚ₁, ℓₚ₂, . . 
. , ℓₚₙ) for p=1, 2, . . . , m. 

Assuming m library spectra and n elements in each 
spectrum, the basic algorithm seeks Lₖ such that: ᵢ

PIM Simulator

PIMeval
• Performance and energy simulator for diverse DRAM-

based PIM architectures
• We model subarray-level bit serial PIM

PIM device parameters
Single rank DIMM with 8 chips, 16 banks per rank, and 
32 subarrays per rank of 8192*8192 cells. 

Pre-processed and pre-filtered spectral matching reduces noise & decreases search space.
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(1) Subarray-level bit-serial and bit-parallel, (2) bank-level.

BEGIN IONS
TITLE=17398
RTINSECONDS=4052.711
PEPMASS=744.086138662863
CHARGE=8+
102.0587082 13
103.0541916 16
…
1417.616333 6.806824207
1443.578491 6.806824207
END IONS

Standard format for MS/MS 
data: mascot generic format 

(MGF).
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