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1 INTRODUCTION

High performance computing (HPC) filesystems are extremely large, complex, and difficult to manage with existing
tools. Los Alamos National Laboratory (LANL) maintains numerous such filesystems for different purposes, including
home directories, project directories, scratch spaces, and archives. Using standard tools to analyze active filesystems is
prohibitive due to time constraints, and analysis with non-standard tools designed for HPC filesystems requires subject
expertise. Futhermore, previous studies of filesystem characteristics largely predate the modern HPC filesystems of the
last decade [1–3]. This project presents a methodology to characterize and analyze modern filesystems as a first step in
describing how HPC filesystems change over time. We use the Grand Unified File-Index (GUFI) [4] to quickly collect
metadata for six HPC filesystems of varying types maintained by LANL, representing 2.8 PB of data, containing 36
million directories, and 600 million files. We present eight metrics developed by studying these six filesystems to help
administrators understand key characteristics and provide a preliminary solution for how these metrics can be used by
administrators.

2 METHODOLOGY

2.1 HPC Filesystems Analyzed

Six anonymized LANL HPC filesystems, listed in Table 1, were converted into GUFI trees and queried to gather metadata.
Obtaining the metadata for each filesystem took an average of ten minutes. The traces ttscratch and anony were
obtained from the same source filesystem, collected in April 2019 and April 2020 respectively. The remainder of the
filesystem traces were collected once between 2019 and 2020. scr3 and src4 are both scratch systems and are used to
store intermediate job data. yellprojs is a project folder, and yellusers is a user directory. ttscratch, anony, scr3, and scr4

are Lustre filesystems and yellprojs and yelluers are both NFS filesystems.
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Table 1. LANL HPC Filesystems

Filesystem Total Size Directories Count Files Count Depth
anony 411 TB 7.4 M 157.6 M 37
scr3 975 TB 2.2 M 59.2 M 59
scr4 1 PB 5.1 M 118.9 M 37

ttscratch 423 TB 5.5 M 117.5 M 37
yellprojs 28 TB 14.1 M 133.3 M 112
yellusers 2 TB 1.6 M 12.9 M 48
Totals 2.8 PB 36 M 600 M -

Table 2. Metrics to Describe HPC Filesystems

Metric Short Name Definition
Directory Avg File Count 𝐷𝑒𝑛𝑠𝑖𝑡𝑦𝑑 Average number of files in a directory by level
Subtree Avg File Count 𝐷𝑒𝑛𝑠𝑖𝑡𝑦𝑠 Average number of files in a subtree by level

Directory Avg Size by Level 𝑊𝑒𝑖𝑔ℎ𝑡𝑑 Size (bytes) of a directories averaged by level
Subtree Avg Size by Level 𝑊𝑒𝑖𝑔ℎ𝑡𝑠 Size (bytes) of subtrees averaged by level

Directory Width 𝑊𝑖𝑑𝑡ℎ Total number of directories at each level
Tree Depth 𝐷𝑒𝑝𝑡ℎ Maximum level of a tree

Directory Sparsity 𝑆𝑝𝑎𝑟𝑠𝑖𝑡𝑦 Count of empty directories and files in a tree
User popularity 𝑃𝑜𝑝𝑢𝑙𝑎𝑟𝑖𝑡𝑦 Count of unique user ids

2.2 Metrics to Describe HPC Filesystems

Using several parameters available from GUFI, we analyzed each filesystem from the perspective of directories and
subtrees. Directory analysis includes only the files contained in the directory itself, but not in any of its child directories.
Subtree analysis includes all data underneath the directory: the files immediately in the directory as well as the contents
of all subdirectories. These parameters included the directory branching factor (number of immediate child directories),
level, directory and file age, and directory and subtree size and file count. To distinguish file count from size, we refer to
these measures as density and weight respectively, for both directories and subtrees. After a thorough analysis, we
identified eight metrics that uniquely identify the shape of each filesystem, listed in Table 2. To visualize the unique
shapes, we normalized the metrics for each filesystem and plotted the values on radar charts as shown in Figure 1.

3 RESULTS

One surprising result from our analysis was that the branching factor was not a meaningful distinguishing measure for
HPC filesystems. We had hypothesized that the branching factor would contribute to the shape of the tree, however the
branching factor quickly approaches zero after level 2 for these filesystems. The top twenty levels are most unique
to each filesystem, as shown in Figure 2 and Figure 3, regardless of the overall depth of the filesystem. As shown in
Figure 1, the general shape of ttscratch and anony remained consistent over time, although the levels in this filesystem
widened as it aged. The radar charts also demonstrate that scratch directories, such as scr3 and scr4, tend to be larger
and denser than other filesystems. The user directory, yelluers, is characterized by a relatively high number of unique
user ids, aka popularity, which is to be expected. yellprojs, by contrast, is characterized by its depth.
We created an add-on to GUFI to allow system administrators, called Scorecard, to quickly generate a high-level view
of a filesystem directory. This command line tool returns the analysis for depth, density, weight, width, sparsity, and
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popularity for a filesystem by directory and subtree. For example, a subtree that is relatively wide with many small
children utilizes a disproportionate amount of metadata storage, which may affect the performance of the I/O operations.
We hope that this tool will be of use to HPC filesystem administrators.

Fig. 1. HPC File System Trees Radar Charts

4 FUTUREWORK

Future work can utilize the Scorecard tool to analyze additional HPC filesystems. In addition, GUFI can be used to build
more complex metrics to describe filesystem trees, such as permission distribution. Our proposed methodology can be
used to analyze past and future changes as HPC filesystems grow in size and complexity. The data from Scorecard can
be integrated with machine learning techniques to categorize HPC filesystems and predict requirements for future
systems.

5 ACKNOWLEDGEMENTS

This manuscript has been approved for unlimited release and has been assigned LA-UR-23-28957.

3



157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

SC ’23, November 12–17, 2023, Denver, CO Kline, et. al.

Fig. 2. Average Directory Width by Level

Fig. 3. Average Directory User ID Count by Level
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