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Introduction
HPC FILE SYSTEMS ANALYZED
LANL maintains numerous massive f i lesystems in order to store data from 
scient i f ic simulat ions.
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Future Work
• Analyze addit ional HPC fi le system 

directories and how they change 
shape over t ime

• Use GUFI to build more complex 
metrics to describe directories

• Predict requirements of future HPC 
fi le systems

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

METRICS TO DESCRIBE HPC FILE SYSTEMS 
• Used GUFI to analyze 6 HPC f i le systems 
• Identi f ied 8 metr ics that uniquely dist inguish f i le system trees 

File System 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 -

With GUFI, it is possible to 
quickly query HPC file 
system metadata for large-
scale system analysis.

SCORECARD FOR SYSTEM 
ADMINISTRATORS 
• Add-on to GUFI to allow system admins 

to quickly generate high-level view of 
f i lesystem directory

• Command l ine tool returns queries & 
analysis for depth, density, weight, 
width, sparsity, and popularity for a f i le 
system by directory and subtree 

• Use case: identifying a subtree with 
many children taking up a 
disproportionate amount of metadata
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GRAND UNIFIED FILE-INDEX (GUFI) 
• Makes querying fi le systems that 

would be impossible to accomplish 
with POSIX tools doable

• Single index for al l  f i lesystems
• Allows for novel analysis of f i le system 

tree metadata as this volume of data 
was previously very diff icult to obtain 
due to t ime and resource constraints.

MOTIVATION
• HPC fi le systems are extremely 

complex and diff icult to predict how 
they grow and change over t ime

• Previous studies of f i le system 
characteristics largely pre-date 
modern HPC fi le systems of the last 
decade

DATA ANALYSIS

PROBLEM STATEMENT
Analyze the shape of HPC fi lesystem 
trees to describe both their immediate 
characteristics and how these 
characteristics change over t ime.

KEY TAKEAWAYS 
• Top ~20 levels are most unique to 

each file system
• Branching factor not a meaningful 

distinguishing measure
• Directory shape stays consistent 

over time
• Directory width may widen as it 

ages
• Scratch directories tend to be larger 

and denser

Charts. Width and Popularity by Level for File System Trees 


