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The Nature of Software Development: Social learning

“Because software is embodied knowledge,

and that knowledge is initially 

dispersed, tacit, latent, and incomplete,

software development is a 

social learning process.”

Howard Baetjer, Jr.: Software as Capital. IEEE Computer Society Press, 1998
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Social Learning: even more complicated 
when collaborative and interdisciplinary

▪ Project “Research on AI- and Simulation-Based Engineering at Exascale”:
▪ Engineering problems to be solved by simulation & AI on (pre-)exascale HPC systems. 
▪ Experts from different fields & partners: Engineering, HPC, AI/ML & SE to work together.

Different stakeholders with different knowledge & different implicit assumption.
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The Interaction Room (IR)

▪ Successfully used in business information system development:

▪ Domain experts and software experts need to 
collaborate and understand each other.

▪ The Interaction Room is

▪ a dedicated room (physical, but virtual worked well) for the project team

▪ where experts from different domains feel at home

▪ with large whiteboards (analog or digital) on the walls with canvases focusing on different aspects

▪ but without a classic conference table

▪ to visualize and discuss key project aspects informally

▪ instead of going over tedious documents / without the goal of creating a spec (might be done subsequently)

▪ to identify implicit assumptions, uncertainties, risks, etc.

▪ by adding annotations to the canvases.

Book, Grapenthin, Gruhn: “Seeing the forest and the trees: focusing team interaction on value and effort drivers”,  
Proc. ACM SIGSOFT 20th Intl. Symp. on Foundations of Software Engineering, 2012.
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Example: Object canvas for an insurance system with 
annotations to capture implicit assumptions/knowledge

▪ Annotations added:

▪ Value, 

▪ Complexity,

▪ Usability, 

▪ Uncertainty, 

▪ Legal issues, 

▪ etc. 
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Interaction Room: 
A Pragmatic Approach to Conceptualizing Software

▪ Informal, high-level sketches of software models.

▪ sacrifice formality (no modeling language), consistency, completeness,

▪ in favor of pragmatism and interdisciplinary understanding.

▪ Informal sketches + formalized annotations serve as catalysts for the 
identification, understanding, and discussion of the most critical aspects.

▪ Interdisciplinary communication,

▪ Identification of goals, complexity drivers, risks & uncertainties, trade-offs.

▪ Shift attention 

▪ from what is obviously visible 

▪ to what is invisible, what is implied, what is unknown (=what makes or breaks a project).

▪ Proven for business information systems.
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Interaction Room for ML & HPC?

▪ Goal: Facilitate collaboration of experts from 

▪ the natural science/engineering domain,

▪ the HPC domain,

▪ the AI/ML domain, 

▪ the computer science/software engineering domain.

▪ Adapt proven Interaction Room concepts:

▪ But: canvases and annotations needed that are specific to HPC/AI/ML needs. 
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Interaction Room for ML & HPC!

▪ ML/AI/HPC-specific canvases that address: 

▪ Crucial interdisciplinary discussion points, 

▪ Typical HPC/ML/AI project phases.

▪ Different project types needing different canvas types, e.g.:

▪ Simulation sciences (“classic” HPC),

▪ Canvases proposed in earlier position paper, but never tried in practice.

▪ ML & HPC (“High-Performance Data Analytics”)

▪ Covered in the remainder as applied in the CoE RAISE project.
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Book, Riedel, Neukirchen, Goetz: Facilitating 
Collaboration in High-Performance Computing 

Projects with an Interaction Room. 
4th ACM SIGPLAN International Workshop 

on Software Engineering for Parallel Systems 
(SEPS 2017)
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Interaction Room: Canvases for ML & HPC Projects

▪ Problem canvas: 

▪ Goal and scope of research question 
(=the scientific domain) to be solved.

▪ Data canvas: 

▪ Understand the data to be processed (what data is 
available/needed, formats, size, access, etc.).

▪ Model canvas: 

▪ ML models to be used (clustering, classification, deep 
learning, parameters, integrate with simulations, etc.).

▪ Architecture canvas: 

▪ ML libraries, numerical solvers, HPC hardware (CPU/GPU)/specific clusters.
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Interaction Room: Annotations for ML & HPC Projects
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Value: 
element 
considered 
valuable and 
thus important 
to achieve
the project’s 
goals

Users: 
high 
usability 
important

Innovation: 
something 
different from 
established 
approaches 
and thus 
requiring
special 
attention

Perfor-
mance: 
perfor-
mance-
critical 
part

Timing: 
time-
critical
(real-time 
require-
ments, 
synchro-
nization, 
deadlines)

Security: 
security-
critical 
part

Automation: 
System part 
not 
accessible
to user 
intervention

Policies:
legal, 
regulatory, 
or organi-
zational 
constraints

Complexity: 
part 
requiring 
special 
scientific or 
engineering 
expertise

Legacy: 
cannot be 
modified 
but needs 
to be 
integrated 
as it is

Under 
construction: 
interface or
behavior that 
is subject to 
change

External 
interface: 
interface 
to 
something 
outside 
this 
project’s 
control

Uncertainty: 
unresolved 
question or 
issue, not 
completely
understood 
or defined 
yet

Importance: 
important
for stake-
holders (but 
not covered 
by other 
annotations)

HPC cluster: 
HPC 
hardware 
requirement, 
(CPU, GPU), 
or a specific 
HPC cluster

Container: 
Running in 
a container 
(Docker, 
Singularity/ 
Apptainer, 
etc.)

Data 
storage: 
E.g. volume, 
I/O speed, 
parallel I/O

Compute-
intensive: 
compute-
intensive 
task

Machine 
learning: 
ML-related, 
e.g., a
specific 
type of 
neural 
network to 
be used

Software 
library: in 
particular 
related
to ML, e.g. 
Tensor-
Flow
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Interaction Room: Process

▪ Moderator facilitates discussion between stakeholders from different domains.

▪ Start with Problem canvas
▪ Moderator and/or stakeholders fill canvas with informal drawings.

▪ Annotations added by stakeholders:

▪ ad-hoc when they come up,

▪ in an extra annotation round without discussion (to encourage shy people to raise issues: “add at least one”).

▪ But: Afterwards discussed and more info added or removed (if not agreed).

▪ Typically followed by Data canvas,

▪ Then: Model canvas,

▪ Finally, Architecture canvas.

▪ Not necessary one-time sequential flow, but iterative refinement of canvas contents.
▪ Current “primary” canvas if in focus, but may add to any “secondary” as well.

▪ Refine in further IR sessions, e.g. in later project stages.
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Case Studies

▪ Virtual Interaction Room:
▪ Collaborative remote digital whiteboards (MURAL boards) for the canvases,

▪ Allowed to fill canvas and add annotations in parallel in a highly collaborative style (better than physical IR).

▪ Video conferencing (for video and audio).

▪ 9 projects involving HPC, ML & simulation.

▪ Ca. 4-8 participants per project:
▪ Moderator,

▪ Engineers,

▪ ML experts,

▪ HPC experts,

▪ Software Engineers.

▪ Initial session + later refinement sessions.
▪ Later sessions by project without moderator: 

varying extent of refinement in each project.
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Some participants had 
multiple roles (e.g. 
moderator and 
software engineer at 
same time).
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Case study 
Seismic Imaging: 
Problem Canvas

▪ “Geophysical 
tomography”:

▪ To find basalt 
layers to inject 
CO2.

▪ Combined with 
remote sensing.

▪ Annotations often 
used together with 
sticky notes 
containing further 
information.

13

“Value” and “Innovation” 
annotation often used together.
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Case study 
Seismic Imaging: 
Data Canvas

▪ Better guidance 
wrt. annotation 
meaning needed.

▪ Maybe also lack of 
moderation.

14

Usage of “Innovation” annotation 
not always clear

“Legacy” 
annotation

Usage of “Value” 
annotation not clear 

(explaining text missing)
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Case study 
Seismic Imaging: 
Model Canvas

▪ Only one 
annotation used.

▪ Maybe need 
more annotations 
specific to ML 
models?

▪ Nevertheless, 
valuable 
information 
provided by 
informal text.
Canvas is useful.

15
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Case study 
Seismic Imaging: 
Architecture Canvas

▪ Architecture canvases 
typically not very 
crowded:

▪ HPC-related 
Architecture might 
be straightforward?

▪ More guidance might 
be needed from 
moderators?

▪ Nevertheless, 
valuable information 
provided by informal 
text.

Canvas is useful.
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Discussion & Outlook

▪ No empiric evaluation – but in our experience: IR for HPC & ML leads to 
▪ fostering better communication of stakeholders, 

▪ more explicit externalization of discussion outcomes.

▪ Other projects where domain experts and ML experts had to work together without 
using an Interaction Room, just saw some unstructured discussions – one even failed. 

▪ Extent of using annotations varied in the different use cases:
▪ Moderator should always attend and needs to encourage using annotations.

▪ (We had no explicit annotation round as virtual boards allowed adding annotations any time.)

▪ Important to provide as drag-n-drop not just icons, but also text explaining meaning.
▪ Better icons needed for annotations beyond those copied from business systems:

▪ e.g. HPC cluster vs. Compute-intensive:              vs.

▪ More annotations specific to Model canvas needed, less from business IR.
▪ Evaluation needed what ML model issues are is relevant.

17Book, Neukirchen, Riedel: HPC Systems Engineering in the Interaction Room
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Summary

▪ Interaction Room facilitates collaboration of the involved stakeholders.
▪ More and more broad collaborative and multi-institutional projects.

▪ Informal sketches + formalized annotations:
▪ catalyst for the identification, understanding and discussion of the critical aspects.

▪ Canvases and annotations need to be specific to the domain, so far:
▪ Business information systems,

▪ HPC simulation sciences,

▪ HPC ML projects.

▪ Also an aid to improve software sustainability:
▪ Archiving the canvases that evolved throughout the project:

▪ Capture knowledge and assumptions that are typically not documented anywhere else.

▪ Important in scientific projects with high staff turnover (temporary contracts, PhD students).
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Bernholdt et al. “A survey on sustainable 
software ecosystems to support 
experimental and observational science 
at Oak Ridge National Laboratory”, Int. 
Conf. Computational Science (ICCS) 2022,



drive. enable. innovate.
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