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Drishti: Guiding End-Users
in the I/O Optimization Journey

Jean Luca Bez, Hammad Ather, Suren Byna
∗ Lawrence Berkeley National Laboratory

jlbez@lbl.gov, hather@lbl.gov, sbyna@lbl.gov

Abstract—The complex software and hardware I/O stack of
HPC platforms makes it challenging for end-users to obtain
superior I/O performance and to understand the root causes
of I/O bottlenecks they encounter. Despite the continuous efforts
from the community to profile I/O performance and propose
new optimization techniques and tuning options for improving
the performance, there is still a translation gap between profiling
and tuning. In this paper, we propose Drishti, a solution to guide
scientists in optimizing I/O in their applications by detecting
typical I/O performance pitfalls and providing recommendations.
We illustrate its applicability in two case studies and evaluate its
robustness and performance by summarizing the issues detected
in over a hundred thousand Darshan logs collected on the
Cori supercomputer at the National Energy Research Scientific
Computing Center (NERSC). Drishti can empower end-users and
guide them in the I/O optimization journey by shedding some
light on everyday I/O performance pitfalls and how to fix them.

Index Terms—insights, I/O optimization, HPC, Darshan

I. INTRODUCTION

Using the HPC I/O stack deployed in large-scale computing
centers efficiently has been a tricky problem. The inter-
dependencies among layers of I/O software, including high-
level parallel I/O libraries (e.g., HDF5 [1], PnetCDF [2])
interfaces (e.g., MPI-IO, POSIX, STDIO), and file systems
(e.g., Lustre [3], GPFS [4]) makes this a non-trivial task that
often requires an I/O expert in the loop. Despite numerous
efforts from the community to collect I/O profiles or traces
and propose new optimization and tuning solutions to im-
prove performance, there is still a gap between profiling and
tuning [5]. The main challenge in transforming I/O profiles
into meaningful information is to detect root causes of I/O
bottlenecks and mapping them into actionable items so an
end-user can receive guidance on tuning I/O performance.

In this paper, we prototype a solution, called Drishti,
towards closing this gap. The term ‘Drishti’ comes from
Sanskrit, meaning “eyesight” or “vision” to cultivate insights1.
Our goal is to provide insights of collected I/O profiles or
traces and to guide users to take action on fixing the most
common I/O performance bottlenecks. In this study, we have
used I/O profiles collected by Darshan [6] for exploring
insights and suggesting optimizations. We demonstrate Dr-
ishti’s applicability with two case studies by automatically
identifying common I/O bottlenecks and providing the end-
user with recommendation and solution snippets. We also
summarize the most common I/O performance bottlenecks
detected in more than 100,000 Darshan logs.

1Meaning of Drishti: https://www.yogapedia.com/definition/5286/drishti

II. BACKGROUND

A. Cori Supercomputer

Cori is a Cray XC40 supercomputer deployed at NERSC.
It has 2, 388 Intel Xeon Haswell processor nodes and 9, 688
Intel Xeon Phi Knight’s Landing (KNL) compute nodes, all
connected to a Lustre parallel file system with ≈ 30 PB
of storage capacity and a peak I/O bandwidth of 744 GB/s.
Lustre provides a single POSIX namespace with five Metadata
Servers (MDSes) and 244 Object Storage Servers (OSSes).

B. Darshan I/O Profiling Toolset

Darshan [6] is a popular tool available in several pro-
duction supercomputers to collect I/O profiling information
from applications. It aggregates I/O profile information to
provide I/O performance statistics without adding overhead
or perturbing application behavior. Darshan also provides an
extended tracing module (DXT) [7] that captures fine-grain
metrics on write and read operations using POSIX and MPI-
IO. In this paper, we use the regular Darshan log files to
analyze and identify I/O performance issues and to map those
to various optimization strategies.

Darshan 3.3 and higher provides pyDarshan [8], a Python
utility to interact with Darshan log records of HPC applica-
tions. In this work, we rely on such features to extract mean-
ingful data to build insights and provide recommendations.

III. RELATED WORK

A plethora of related work [9]–[14] has exposed some of
the most common root causes of I/O performance bottlenecks
originating from the application down to the file system.
Though some issues are intrinsic to how the application was
modeled and coded, others reflect the complexity of correctly
tuning the exposed parameters or the interplay between factors
in the I/O software and hardware stack [5], [15]–[18].

From a user’s perspective, merely having access to perfor-
mance metrics from profilers and traces (e.g., Darshan [6],
Recorder [19], TAU [20]) is insufficient as there is no transla-
tion between those, the bottlenecks that exist, and the actions
users could perform to mitigate the bottlenecks. These are
left to the end-user to find out. Efforts such as IOMiner
[21], UMAMI [12], and TOKIO [22] provide a framework to
analyze combined metrics seeking to detect root causes of I/O
problems. DXT Explorer [5] approaches the problem visually
and interactively but does not provide guidance on how to fix
the issues. On the other hand, auto-tuning approaches [15],



[17], [18], [23] attempt relieving the burden, on users, of find-
ing and fixing performance issues due to mis-configuration,
but they are application-specific and time-consuming.

Despite having an expressive set of high-level libraries,
high-performance middleware, tunable parameters, and opti-
mization techniques, it becomes cumbersome for end-users to
know when to apply each method if there is no mapping from
metrics to problems and from those to a set of solutions. Our
work attempts to close this gap with Drishti by analyzing I/O
profiles and providing a set of actionable items intended to fix
common I/O bottlenecks in applications.

IV. MOVING I/O ISSUES TO THE SPOTLIGHT

In Table I, we summarize a few common root causes of
I/O performance bottlenecks and whether or not they can be
detected from metrics collected by a profiler or tracer or if
they require additional logs. For instance, unlike its Extended
Tracing module (i.e., DXT), Darshan’s profiling only keeps
track of the timestamp of the first and last operations to a
given file, effectively hiding what happens in between such
as different behaviors or I/O phases. Furthermore, gathering
insights on file system usage relies on having access to OST-
related counters or external system logs. Such profilers do not
provide metrics to analyze bandwidth limitation, unbalanced
workloads, high-peak file system usage, or contention.

In this study, we focus on metrics available in a regular
Darshan log, so we center the comparison on its currently
available features. We build upon those common issues and,
through Drishti, provide actionable items for the end-user.

Drishti takes as input a Darshan profiling log and optional
arguments to report the various (file-based and overall) perfor-
mance issues it detects through analysis and actionable tasks
for potentially resolving the issues. A verbose mode shows
sample snippets of code to guide end-users to fix the detected
I/O performance issues. We implemented Drishti as a Python-
based command-line tool that harnesses the pyDarshan API
and the Rich library2. Rich provides support for writing rich
text (with color and style) to the terminal and for display-
ing advanced content such as tables, markdown, and syntax
highlighted code, making command-line applications visually
appealing and presenting data in a more readable way. Drishti

TABLE I
ROOT CAUSES OF I/O PERFORMANCE BOTTLENECKS FROM RELATED

WORK AND FEASIBILITY TO IDENTIFY THEM FROM METRICS.

Root Causes D
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Too many I/O phases [9] ✓ ✓ p
Bandwidth limited by a single OST I/O bandwidth [9], [10] p p ✓
Limited by the small data size [9] ✓ ✓ p
Unbalanced I/O workload among ranks [9] ✓ ✓ p
Large number of small I/O requests [9] ✓ ✓ p
Unbalanced I/O workload on OSTs [9], [11] ✓ ✓ ✓
Bad file system weather [9], [12] p p ✓
Redundant/overlapping I/O accesses [24], [25] ✓ ✓ p
I/O resource contention at OSTs [13], [14] p p ✓
Heavy metadata load [10] ✓ p p

2https://rich.readthedocs.io

Drishti

╭─ DRISHTI v.0.3 ──────────────────────────────────────────────────────────────────────────────────╮
│ │
│ JOB:            1190243 │
│ EXECUTABLE:     bin/8_benchmark_parallel │
│ DARSHAN:        jlbez_8_benchmark_parallel_id1190243_7-23-45631-11755726114084236527_1.darshan │
│ EXECUTION DATE: 2021-07-23 16:40:31+00:00 to 2021-07-23 16:40:32+00:00 (0.00 hours) │
│ FILES:          6 files (1 use STDIO, 2 use POSIX, 1 use MPI-IO) │
│ PROCESSES 64 │
│ HINTS:          romio_no_indep_rw=true cb_nodes=4 │
│ │
╰─ 1 critical issues, 5 warnings, and 5 recommendations ───────────────────────────────────────────╯

╭─ METADATA ───────────────────────────────────────────────────────────────────────────────────────╮
│ │
│  ▶ Application is read operation intensive (6.34% writes vs. 93.66% reads) │
│ ▶ Application might have redundant read traffic (more data read than the highest offset) │
│ ▶ Application might have redundant write traffic (more data written than the highest offset) │
│ │
╰──────────────────────────────────────────────────────────────────────────────────────────────────╯
╭─ OPERATIONS ─────────────────────────────────────────────────────────────────────────────────────╮
│ │
│ ▶ Application issues a high number (285) of small read requests (i.e., < 1MB) which represents  │
│ 37.11% of all read/write requests │
│ ↪ 284 (36.98%) small read requests are to "benchmark.h5" │
│ ↪ Recommendations: │
│      ↪ Consider buffering read operations into larger more contiguous ones │
│      ↪ Since the appplication already uses MPI-IO, consider using collective I/O calls (e.g.  │
│ MPI_File_read_all() or MPI_File_read_at_all()) to aggregate requests into larger ones │
│ ▶ Application mostly uses consecutive (2.73%) and sequential (90.62%) read requests │
│ ▶ Application mostly uses consecutive (19.23%) and sequential (76.92%) write requests │
│ ▶ Application uses MPI-IO and read data using 640 (83.55%) collective operations │
│ ▶ Application uses MPI-IO and write data using 768 (100.00%) collective operations │
│ ▶ Application could benefit from non-blocking (asynchronous) reads │
│ ↪ Recommendations: │
│      ↪ Since you use MPI-IO, consider non-blocking/asynchronous I/O operations (e.g.,  │
│ MPI_File_iread(), MPI_File_read_all_begin/end(), or MPI_File_read_at_all_begin/end()) │
│ ▶ Application could benefit from non-blocking (asynchronous) writes │
│ ↪ Recommendations: │
│      ↪ Since you use MPI-IO, consider non-blocking/asynchronous I/O operations (e.g.,  │
│ MPI_File_iwrite(), MPI_File_write_all_begin/end(), or MPI_File_write_at_all_begin/end()) │
│ ▶ Application is using inter-node aggregators (which require network communication) │
│ ↪ Recommendations: │
│      ↪ Set the MPI hints for the number of aggregators as one per compute node (e.g.,  │
│ cb_nodes=32) │
│ │
╰──────────────────────────────────────────────────────────────────────────────────────────────────╯

 2022 | LBL | Drishti report generated at 2022-08-05 14:27:16.422368 in 0.973 seconds

Fig. 1. Sample I/O insights report generated by Drishti.

TABLE II
I/O INSIGHTS ARE GROUPED ACCORDING TO IMPACT.

Level Description

HIGH High probability of harming I/O performance.

WARN Detected issues that could cause a significant negative impact on the
I/O performance. The confidence of these recommendations is low as
available metrics might not be sufficient to detect application design,
configuration, or execution choices.

OK Best practices have been followed.

INFO Relevant information regarding application configuration.

is a command-line tool that can also export a report into
multiple formats (e.g., standalone HTML file, SVG image,
and text file). In Fig. 1, we show a sample Drishti report.
These capabilities allow it to be used as part of the day-to-
day workflow when submitting jobs or as a service in science
gateways such as the Spin container-based platform3.

Based on counters available in Darshan profiling logs,
Drishti detects common bottlenecks and classifies the insights
into four categories as shown in Table II. This classification
reflects the impact of the triggered issues and the certainty
of the provided recommendation since the available metrics
might not be enough to detect particular application design,
configuration, or execution choices.

In the current prototype of Drishti, we evaluate a Darshan
log for a group of 30 triggers corresponding to given appli-
cation behaviors. We show the complete list and description
of each trigger in Table III. Some triggers have thresholds,
which system administrators can tune based on each platform’s
characteristics. We describe some of the triggers below.

1) I/O Intensiveness: We define if an application is write-
or read-intensive under two facets: the number of issued

3https://www.nersc.gov/systems/spin

https://rich.readthedocs.io
https://www.nersc.gov/systems/spin


operations or the total transfer size. This insight is provided
as INFO and could be useful to determine whether or not an
application could benefit from caching [26], burst buffers [27],
or any other SSD-based file system [28]. Drishti focuses on
the POSIX layer counters to report this based on operation
count (POSIX_READS and POSIX_WRITES) or total transfer
(POSIX_BYTES_READ and POSIX_BYTES_WRITTEN).

2) Small I/O Operations: Large numbers of small writes
often result in poor performance [9], [21]. Common solu-
tions involve aggregating or buffering of write/read operations
or relying on MPI-IO’s collective buffering. Drishti uses
a threshold (defaults to 10%) to identify small write/read
requests (considering all files and, in particular shared-filed,
where collective operations could be easily implemented if
MPI-IO is used). We use Darshan’s histogram counters (e.g.,
POSIX_SIZE_WRITE_* and POSIX_SIZE_READ_*) to ob-
serve the distribution of request sizes, where we define small
operations as those that are smaller than 1 MB.

3) Redundant Traffic: Applications that read in total more
bytes of data from the file system than were present in the
file (i.e., re-reads, no caching, or all ranks read the full file)
[24]. Even with caching, such jobs can cause disruptive I/O
network traffic [25]. Aggregating requests or using collective
I/O are possible solutions. Detecting this with Darshan might
cause false positives as the profiler does not track the total file
size. To detect this, we compare the total write/read transfer
size for a given file using all interfaces with the maximum
offset accessed by the application (POSIX_MAX_BYTE_*).

4) Mis-aligned I/O: As HPC applications rely on a shared
parallel file system (e.g., Lustre, GPFS) to store and retrieve
data, and those use a technique called data stripping to in-
crease performance, block/striped aligned I/O requests are im-
portant to avoid lock contention (false data sharing). As stripes
can be located in different servers, unaligned requests can re-
quire multiple servers to complete an operation and introduce
inefficiencies [29], [30]. Darshan exposes two POSIX counters
to capture mis-aligned memory (POSIX_MEM_NOT_ALIGNED)
and file (POSIX_FILE_NOT_ALIGNED) accesses.

5) Spatiality of Accesses: Spatiality refers to the loca-
tion of requests in a file (contiguous, strided, or random),
which directly impacts performance. Random writes inher-
ently have lower performance than sequential writes [30].
Furthermore, avoiding random reads can promote better cache
usage, helping prefetching and read-ahead [31]. Drishti evalu-
ates POSIX_CONSEC_* and POSIX_SEQ_* to determine the
spatiality. Any access that is not consecutive (immediately
adjacent) nor sequential (at a higher offset) is taken as random.

6) Imbalance: Drishti detects imbalance in time (strag-
glers) and in transfer size. While the first might be caused
by external factors such as network or file system con-
tention, the latter is often related to how an application
handles its data [32]–[34]. A common root cause of per-
formance degradation is by having a single process, often
rank 0, be responsible for writing and reading data. Drishti
uses a threshold (by default 15% difference) to identify

imbalance in combination with POSIX_FASTEST_RANK_* and
POSIX_SLOWEST_RANK_* bytes and time Darshan counters.

7) Collective Operations: The MPI-I/O interface exposes
collective operations that provide a big picture of the overall
data movement across processes. It allows optimization tech-
niques such as collective buffering and data sieving [35] to im-
prove performance by building larger and contiguous accesses
to the underlying storage system. When MPI-I/O is used by
the application Darshan tracks the number of individual and
collective operations that Drishti uses to compute the ratio.

8) Blocking I/O Accesses: I/O operations can be syn-
chronous or asynchronous from the application’s perspective.
While each has pros and cons, asynchronous I/O is becoming
increasingly popular to overlap computation or communication
with I/O operations, which hides the cost associated with
I/O and improves the overall performance [36], [37]. Both
POSIX and MPI-IO interfaces offer blocking and non-blocking
I/O calls. High-level libraries such as HDF5 have the Asyn-
chronous I/O VOL Connector [38] to explore this feature.
As Darshan only captures non-blocking calls at the MPI-IO
level, Drishti uses MPIIO_NB_READS and MPIIO_NB_WRITES

to suggest applications to explore such alternatives, if it makes
sense to the application design and model.

9) High metadata load: Very high percentage of I/O
times spent performing metadata operations such as open(),
close(), stat(), and seek(). Regarding this, close()
cost can be misleading due to write-behind cache flushing.
These jobs are candidates for coalescing files and eliminating
extra metadata calls. Drishti uses the POSIX_F_META_TIME to
detect if a given rank has spent a cumulative time in metadata
operations that is larger than a given threshold (by default 30s).

10) High STDIO Usage: Excessive use of STDIO for HPC
applications might harm I/O performance [39], [40]. High-
level interfaces such as MPI-IO are a better alternative. This
issue is triggered based on a threshold (by default > 10%) and
the ratio of bytes transferred using STDIO compared to the
total transfer size in all interfaces (e.g., *_BYTES_WRITTEN
and *_BYTES_READ, where * is STDIO, POSIX, or MPI-IO).

V. I/O PERFORMANCE EVALUATION WITH Drishti
In this section, we apply Drishti to two use cases and

evaluate its robustness and runtime with many Darshan logs.

A. I/O Insights in Practice
1) OpenPMD Use Case: OpenPMD [41] is an open meta-

data schema crafted to represent particle and mesh data from
scientific simulations and experiments. Its library [42] provides
a reference implementation of the standard using file formats
such as HDF5 [1] and ADIOS [43]. In previous work [5],
where we used openPMD-api 0.14.1 with HDF5 backend we
noticed performance issues caused by a now-fixed bug in
HDF5, which made collective metadata operations become
individual (thus, issuing a lot of small requests), mis-aligned
requests, and small data writes and reads. Fig. 2 depicts the
Drishti report for this execution, and Fig. 3 confirms that the
applied optimizations (refer to [5]) changed the application
I/O behavior, avoiding common pitfalls.



╭─ METADATA ───────────────────────────────────────────────────────────────────────────────────────╮
│ │
│  ▶ Application is write operation intensive (60.83% writes vs. 39.17% reads) │
│  ▶ Application is write size intensive (64.15% write vs. 35.85% read) │
│ ▶ Application issues a high number (100.00%) of misaligned file requests │
│ │
╰──────────────────────────────────────────────────────────────────────────────────────────────────╯
╭─ OPERATIONS ─────────────────────────────────────────────────────────────────────────────────────╮
│ │
│ ▶ Application issues a high number (275840) of small read requests (i.e., < 1MB) which  │
│ represents 100.00% of all read/write requests │
│ ↪ 275840 (100.00%) small read requests are to "8a_parallel_3Db_0000001.h5" │
│ ▶ Application issues a high number (427386) of small write requests (i.e., < 1MB) which  │
│ represents 99.75% of all read/write requests │
│ ↪ 275840 (64.38%) small write requests are to "8a_parallel_3Db_0000001.h5" │
│ ▶ Application mostly uses consecutive (97.67%) and sequential (2.16%) read requests │
│ ▶ Application mostly uses consecutive (97.85%) and sequential (1.17%) write requests │
│ ▶ Application uses MPI-IO and write data using 7680 (92.50%) collective operations │
│ ▶ Application could benefit from non-blocking (asynchronous) reads │
│ ▶ Application could benefit from non-blocking (asynchronous) writes │
│ │
╰──────────────────────────────────────────────────────────────────────────────────────────────────╯

Fig. 2. Drishti report for the baseline OpenPMD in Cori.

╭─ METADATA ───────────────────────────────────────────────────────────────────────────────────────╮
│ │
│  ▶ Application is write operation intensive (90.85% writes vs. 9.15% reads) │
│  ▶ Application is write size intensive (91.14% write vs. 8.86% read) │
│ ▶ Application might have redundant read traffic (more data read than the highest offset) │
│ │
╰──────────────────────────────────────────────────────────────────────────────────────────────────╯
╭─ OPERATIONS ─────────────────────────────────────────────────────────────────────────────────────╮
│ │
│ ▶ Application is issuing a high number (565) of random read operations (35.25%) │
│ ▶ Application mostly uses consecutive (88.56%) and sequential (7.02%) write requests │
│ ▶ Application uses MPI-IO and write data using 8448 (100.00%) collective operations │
│ ▶ Application could benefit from non-blocking (asynchronous) reads │
│ ▶ Application could benefit from non-blocking (asynchronous) writes │
│ │
╰──────────────────────────────────────────────────────────────────────────────────────────────────╯

Fig. 3. Drishti report for the optimized OpenPMD in Cori.

2) Domain Decomposition Use Case: In previous work [5],
we investigated the end-to-end (E2E) [44] domain decompo-
sition I/O kernel. E2E uses NetCDF4, which internally relies
on HDF5 to perform I/O operations.

The baseline executions were reported to perform very
poorly. Applying Drishti to that Darshan log, we could have
easily detected the write imbalance (99.90% in data transfer)
caused by rank 0, as depicted by Fig. 4. As investigated in
previous work, the culprit was the use of fill values for the
subsequently overwritten datasets. After explicitly disabling
this behavior (i.e., calling nc_def_var_fill() with the
NC_NOFILL in NetCDF4), we achieved a speedup of 10×.
Figure 5 depict the Drishti report of the optimized execution. It
is important to notice that are still some mis-aligned accesses
and redundant writes. Furthermore, Drishti correctly reports
the large use of sequential operations and collective calls.

B. Overview of Bottlenecks

To assert the robustness and performance of Drishti, we
have applied it 112, 612 Darshan logs collected in Cori (from
March 1st to March 5th, 2022). Table III summarizes the
insights. Those represent 12, 648 unique jobs, as a job might

╭─ METADATA ───────────────────────────────────────────────────────────────────────────────────────╮
│ │
│  ▶ Application is write operation intensive (100.00% writes vs. 0.00% reads) │
│  ▶ Application is write size intensive (100.00% write vs. 0.00% read) │
│ ▶ Application issues a high number (99.81%) of misaligned file requests │
│ ↪ Recommendations: │
│      ↪ Consider aligning the requests to the file system block boundaries │
│      ↪ Consider using a Lustre alignment that matches the file system stripe configuration │
│ │
╰──────────────────────────────────────────────────────────────────────────────────────────────────╯
╭─ OPERATIONS ─────────────────────────────────────────────────────────────────────────────────────╮
│ │
│ ▶ Application mostly uses consecutive (0.39%) and sequential (99.23%) write requests │
│ ▶ Detected write imbalance when accessing 1 individual files │
│ ↪ Load imbalance of 99.90% detected while accessing "3d_32_32_16_32_32_32.nc4" │
│ ↪ Recommendations: │
│      ↪ Consider better balancing the data transfer between the application ranks │
│      ↪ Consider tuning the stripe size and count to better distribute the data │
│      ↪ If the application uses netCDF and HDF5 double-check the need to set NO_FILL values │
│      ↪ If rank 0 is the only one opening the file, consider using MPI-IO collectives │
│ ▶ Application uses MPI-IO and write data using 12288 (23.08%) collective operations │
│ ▶ Application could benefit from non-blocking (asynchronous) reads │
│ ↪ Recommendations: │
│      ↪ Since you use MPI-IO, consider non-blocking/asynchronous I/O operations │
│ ▶ Application could benefit from non-blocking (asynchronous) writes │
│ ↪ Recommendations: │
│      ↪ Since you use MPI-IO, consider non-blocking/asynchronous I/O operations │
│ │
╰──────────────────────────────────────────────────────────────────────────────────────────────────╯

Fig. 4. Drishti report for the baseline E2E I/O kernels in Cori.

╭─ METADATA ───────────────────────────────────────────────────────────────────────────────────────╮
│ │
│  ▶ Application is write operation intensive (100.00% writes vs. 0.00% reads) │
│  ▶ Application is write size intensive (100.00% write vs. 0.00% read) │
│ ▶ Application issues a high number (99.80%) of misaligned file requests │
│ ↪ Recommendations: │
│      ↪ Consider aligning the requests to the file system block boundaries │
│      ↪ Consider using a Lustre alignment that matches the file system stripe configuration │
│ ▶ Application might have redundant write traffic (more data written than the highest offset) │
│ │
╰──────────────────────────────────────────────────────────────────────────────────────────────────╯
╭─ OPERATIONS ─────────────────────────────────────────────────────────────────────────────────────╮
│ │
│ ▶ Application mostly uses consecutive (0.00%) and sequential (99.62%) write requests │
│ ▶ Application uses MPI-IO and write data using 12288 (100.00%) collective operations │
│ ▶ Application could benefit from non-blocking (asynchronous) reads │
│ ↪ Recommendations: │
│      ↪ Since you use MPI-IO, consider non-blocking/asynchronous I/O operations │
│ ▶ Application could benefit from non-blocking (asynchronous) writes │
│ ↪ Recommendations: │
│      ↪ Since you use MPI-IO, consider non-blocking/asynchronous I/O operations │
│ │
╰──────────────────────────────────────────────────────────────────────────────────────────────────╯

Fig. 5. Drishti report for the optimized E2E I/O kernels in Cori.

have multiple steps (we observed a median of 8.9 and up to
2, 387 steps in a job) and thus generate multiple Darshan files.

First, we noticed that 38.37% of the jobs in that period
rely on STDIO for at least 10% of the total data size they
transferred. Second, the vast majority of jobs (97.12%) do not
use MPI-IO operation despite using MPI. It is important to
notice that by default, in Cori, the system-provided versions
of Darshan will only track applications that successfully called
MPI_Init() and MPI_Finalize(). Thus, we can as-
sume those represent MPI applications. Of those, we detected
MPI-IO calls only in 3, 483 (2.88%).

We could also identify different bottlenecks for the POSIX
interface using Drishti. We noticed that 33.84% and 57.26%
of the jobs have a high number of sequential read and
write operations, respectively. However, 23.60% of the jobs
have a high random number of reads, which could degrade
performance. Most concerning is the high occurrence of small
requests (overall and in shared files), where we observed those
small requests (< 1MB) comprising over than 10% of writes
and reads. The redundant reads insight is also triggered by
14, 518 jobs. Furthermore, in over 40 thousand jobs Drishti
detected data and time imbalance.

Among the jobs that relied on the MPI-IO interface, Drishti
detected that 85.17% and 13.21% used write and read collec-
tive operations, respectively. A warning was issued for no non-
blocking read and write in the logs in which MPI-IO calls are
detected. The use of inter-node aggregators is also classified
as high risk as many jobs unwillingly use such a setup, which
could harm performance due to network communication costs
and unbalanced workload among all ranks.

Finally, we measured the time taken to generate each of
the 112, 612 reports. The total runtime depends on the size
of the original Darshan profiling log and the number and
complexity of the insights provided. For our current set of
30 checks described in Table III, Drishti takes a minimum
of 0.02 seconds, a mean of 10.49 seconds, and a maximum
of 134.98 seconds to generate a report. However, the third
quartile (i.e., the value under which 75% of data points are
found when arranged in increasing order) has a runtime of
17.77 seconds. This demonstrates that Drishti is a feasible
solution to map metrics into well-known I/O bottlenecks and
provide an initial set of recommendations.



TABLE III
SUMMARY OF INSIGHTS DETECTED BY DRISHTI USING MARCH 1 TO 5, 2022 DARSHAN LOGS FROM CORI.

Level Interface Detected Behavior Jobs Total (%) Relative* (%)

HIGH STDIO High STDIO usage (> 10% of total transfer size uses STDIO) 43,120 38.29 52.10

OK POSIX High number of sequential read operations (≥ 80%) 38,104 33.84 58.14
OK POSIX High number of sequential write operations (≥ 80%) 64,486 57.26 98.39
INFO POSIX Write operation count intensive (> 10% more writes than reads) 26,114 23.19 39.84
INFO POSIX Read operation count intensive (> 10% more reads than writes) 23,168 20.57 35.35
INFO POSIX Write size intensive (> 10% more bytes written then read) 23,568 20.93 35.96
INFO POSIX Read size intensive (> 10% more bytes read then written) 40,950 36.36 62.48
WARN POSIX Redundant reads 14,518 12.89 22.15
WARN POSIX Redundant writes 59 0.05 0.09
HIGH POSIX High number of small (< 1MB) read requests (> 10% of total read requests) 64,858 57.59 98.96
HIGH POSIX High number of small (< 1MB) write requests (> 10% of total write requests) 64,552 57.32 98.49
HIGH POSIX High number of misaligned memory requests (> 10%) 36,337 32.27 55.44
HIGH POSIX High number of misaligned file requests (> 10%) 65,075 57.79 99.29
HIGH POSIX High number of random read requests (> 20%) 26,574 23.60 40.54
HIGH POSIX High number of random write requests (> 20%) 559 0.50 0.85
HIGH POSIX High number of small (< 1MB) reads to shared-files (> 10% of total reads) 60,121 53.39 91.73
HIGH POSIX High number of small (< 1MB) writes to shared-files (> 10% of total writes) 55,414 49.21 84.55
HIGH POSIX High metadata time (at least one rank spends > 30 seconds) 9,410 8.36 14.35
HIGH POSIX Data transfer imbalance between ranks causing stragglers (> 15% difference) 40,601 36.05 61.95
HIGH POSIX Time imbalance between ranks causing stragglers (> 15% difference) 40,533 35.99 61.84

WARN MPI-IO No MPI-IO calls detected from Darshan logs 109,569 97.30 -
HIGH MPI-IO Detected MPI-IO but no collective read operation 169 0.15 5.55
HIGH MPI-IO Detected MPI-IO but no collective write operation 428 0.38 14.06
WARN MPI-IO Detected MPI-IO but no non-blocking read operations 3,043 2.70 100.00
WARN MPI-IO Detected MPI-IO but no non-blocking write operations 3,043 2.70 100.00
OK MPI-IO Detected MPI-IO and collective read operations 402 0.36 13.21
OK MPI-IO Detected MPI-IO and collective write operations 2,592 2.30 85.17
HIGH MPI-IO Detected MPI-IO and inter-node aggregators 2,496 2.22 82.02
WARN MPI-IO Detected MPI-IO and intra-node aggregators 304 0.27 9.99
OK MPI-IO Detected MPI-IO and one aggregator per node 29 0.03 0.95

* Relative percentage of jobs that triggered an insight within the context of each I/O interface.

VI. CONCLUSION

In this paper, we proposed Drishti, a solution to guide
end-users in optimizing their applications by detecting typical
performance I/O pitfalls and providing a set of recommenda-
tions. As a command-line tool with multiple report formats,
it can easily be integrated into the day-to-day workflow when
submitting jobs or as a service in online science gateways.
Drishti seeks to close the translation gap between I/O metric
collection and optimization techniques and tuning solutions to
improve performance by empowering end-users and guiding
them in the I/O optimization journey.

We demonstrate how Drishti can be helpful to end-
users with two case studies and evaluate its robust-
ness and performance by summarizing the issues detected
in over a hundred thousand Darshan logs collected in
Cori. Drishti is open-source and can be downloaded from
github.com/hpc-io/drishti. We also provide an on-
line companion website with detailed reproducible instructions
used in this paper at jeanbez.gitlab.io/pdsw-2022.

In the future, we plan to add fine-grain data from Darshan
DXT logs to provide more precise and meaningful insights
considering the changes in application behavior through time.
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