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THE HARRIS MATRIX DATA PACKAGE SPECIFICATION
AND THE NEW INIT COMMAND OF THE PYTHON HMDP TOOL

1. HAarRrRIS MATRIX DATA PACKAGE

Harris Matrix Data Package is a lightweight and user-oriented format
for publishing and consuming archaeological stratigraphy data. Harris Matrix
data packages are made of simple and universal components, they can be
produced from ordinary spreadsheet or database software and used in any
environment. Harris Matrix Data Package is entirely based on the data tables
proposed for the “hm” Lisp package (DYE, Buck 2015), with the important
addition of metadata from the Frictionless Standards specifications. As the
“hm” documentation states «There are seven data tables potentially used
as input to hm. A project requires a table for units of stratification and for
observed stratigraphic relations, but the other five tables are optional». Data
tables are CSV files and the metadata descriptor is a JSON file.

Harris Matrix Data Package was first presented at ArcheoFOSS
2019 (Costa 2019), but it has not seen any significant adoption, despite
important work in the area of long term and sustainable archiving of
stratigraphy data (Moopy et al. 2021). When looking at the limitations
of the initial proposal for the data format, the lack of a clearly document-
ed specification, that must be kept separate from the software tool, was
identified as the main issue. The data format specification is now presented
as an RFC-style document at the stable URL https://www.iosa.it/specs/
harris-matrix-data-package/.

From the point of view of Frictionless Standards, Harris Matrix Data
Package is a Data Package “profile” similar to the Fiscal Data Package (WALSH
et al. 2018) or the Camera Trap Data Package (CAMTRAP DP DEVELOPMENT
Team 2022). The following definitions apply in the context of the Harris
Matrix Data Package specification:

— “data descriptor” is a JSON file, named “datapackage.json”, that is found
in the top-level directory of a data package, and contains metadata about
the entire data package (name, description, creation date, author names,
references) together with the data package schema;

—each “resource” is a CSV table;

— “contexts” refer to archaeological stratigraphy units as produced by the
single context recording method; contexts can be both positive and negative
and are described in terms of unit-type and position;

— “observations” refer to the stratigraphic relationship between pairs of con-
texts, and can only record relative chronology of earlier-later relationships
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— sameness and contemporaneity of contexts are treated separately in the
“inferences” table;

“inferences” refer to once-equal contexts that were recorded separately, but
get treated as a whole for the purpose of stratigraphy, as is the case of a floor
level that was divided in two separate units by a later trench;

— “phases” and “periods” are groupings of contexts that are based on chron-
ological affinity;

“events” are associations between absolute chronology events and contexts,
and the resource specifies the nature of the association (DEAN 1978);

— “event-order” is an indication of the order of absolute chronology events
related to the same context.

The simplest Harris Matrix Data Package will contain three files in one
directory: datapackage.json, contexts.csv and observations.csv. This basic
layout is capable of recording all directly observed stratigraphic relationships,
that can be processed into a directed acyclic graph (DAG) and visualized as a
Harris Matrix. The five optional tables alter the graph, by providing instruc-
tions for merging one or more stratigraphic units in a single graph node, for
grouping nodes with visual indication of their phase or period, for adding
nodes to the graph from absolute chronology events, in a specific order. At
present, the format can be read using the “hm” Lisp software, the “hmdp”
Python software described below and the R “stratigraphr” library (with a
few intermediate steps through the “frictionless” library). The only known
implementation of a writer is the “hmdp init” command.

The Harris Matrix Data Package is not necessarily the best native format
for an archaeological information system, because they are typically modeled
as relational databases with a much wider scope. However, the combination
of simplicity in the choice of file formats with detailed machine-readable
metadata is a good tradeoff that should make it a good, if not optimal, ex-
change and archival format.

2. THE HMDP TOOL

The hmdp tool (always spelled in lower case) is a command line pro-
gram with three separate subcommands: init, check and matrix. This tool is
developed as a minimalist and versatile proof of concept for a more complete
stratigraphy software package, but it could also be reused as part of other
existing applications, like pyArchInit (MaNDOLEsI, Cocca 2013). The ver-
sion that is referred to in this paper is hmdp 2022.10.16, released under the
GNU GPLv3 license (Costa 2022). hmdp is written in the Python program-
ming language and depends on foundational open source libraries such as
NetworkX, pygraphviz and Graphviz (GANSNER, NoRTH 2000; HAGBERG,
ScHULT, SWART 2008) for processing of stratigraphy data into a directed
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acyclic graph. The data package is read into the program with the functions
provided by the “datapackage” and “goodtables” Python libraries (now
superseded by the “frictionless” library).

2.1 The new init command

The init command can create a new, empty data package from scratch,
consisting of the metadata descriptor and empty data files, easing the crea-
tion of data packages that otherwise would require several manual steps and
editing of text files. The naming and functionality are inspired by the well-
known “git init” command, although in this case “hmdp init” will accept
command line arguments for the data package name, author, and resource
presets (described below in further detail). If no argument is provided, an
interactive prompt in the terminal asks the user to provide the same data and
populates the datapackage.json file.

Based on the amount of information available, “hmdp init” provides four
presets with an increasing level of detail (the numbering in the list correspond
to the numbers associated with each preset in the command line interface):

1. contexts and observations (basic data model);

2. contexts, observations and inferences, to add data about sameness or
contemporaneity of stratigraphic contexts, which is necessary to reconcile
the difference between the traditional Harris Matrix that allows to define
two contexts as equal but still separate, and the need to merge such units in
the DAG model;

3. contexts, observations, inferences, periods and phases, a second step to-
wards complexity, with the periods and phases as loosely defined as possible
in order to allow multiple levels of chronological periodisation;

4. contexts, observations, inferences, periods, phases, events and event order,
the entire set of resources that is only supported by “hm” for analysis but
can still be added and managed.

The presets listed above were chosen to simplify the creation of data
packages, without forcing users to make all-or-nothing choices. In particular
presets 2 and 3 allow to create data packages of intermediate complexity.
It is always possible to edit the data package at a later stage, add or remove
resources, but this requires small changes to the schema of foreign keys that
is not supported by the version of the program described here: for example,
if the data package is created with preset 3, then the “contexts” resource
schema will contain a “foreignKey” referring the “periods” and “phases”
resources, and removing those resources without removing the corresponding
“foreignKey” returns a broken data package. A simplistic workaround to
all these small limitations would be to always create a complete data pack-
age, with example data in all resources including those that are not actually
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used, but this was not deemed correct. In general, the hmdp init command
is agnostic to the subsequent steps taken either with other software or with
hmdp itself. The stated aim is, again, to enable different tools to interoperate
with the same data format.

2.2 The check command

The check command is a useful shortcut to run all available validation
tasks on the data package. The command must be given only one argument,
the datapackage.json, and will perform three checks on the dataset:

—validate the metadata descriptor without looking at the data (e.g. resources
can be missing or broken but the JSON file is well formatted);

— validate every resource for internal consistency (e.g. there are column
headers, each row has the right number of columns, constraints like integer
values, enums, etc. are respected);

— check the consistency of foreign keys based on the data descriptor.

Ideally, this command would be run after each modification to the re-
source files and to the metadata descriptor.

2.3 The matrix command

The core functionality of hmdp is in the matrix command. The matrix
command takes two arguments, the input data package and the output
Graphviz DOT file, in the same vein as “hm”, even though hmdp is quite
limited if compared to its Lisp predecessor. All contexts are read from
the “contexts” resource, optionally assigning an attribute for a different
graphical shape corresponding to the unit type (the “hm” documentation
mentions three possible values: deposit, interface, other). Each context is
added to the graph as a node. Observations of all stratigraphic relation-
ships are added to the graph as “directed edges” from the younger node to
the older node: this direction of the stratigraphic relationship is consistent
with the single context recording methodology. If there are no cycles in the
graph and a formally correct DAG can be created, the last processing step
is the removal of redundant relationships with the “transitive reduction”
function of NetworkX. Transitive reduction is also available as a Graphviz
command “tred”, but using NetworkX within the same Python program
has the advantage of returning a DOT file that does not need further data
processing, making the procedure more reproducible and in line with Open
Science good practice (MARWICK 2017). The graph is exported to the output
Graphviz DOT file with the “ortho” layout attribute, so that edges will be
drawn as orthogonal polylines.

The resulting DOT file is a digital representation of the Harris matrix
that can be visualized in graphical form, with stratigraphic units represented
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as “nodes”, possibly of different colors and shapes. The most effective way to
obtain a static image is to run the Graphviz “dot” command, that will output
a PNG or SVG file.

A crucial assumption of this two-step processing (from data to Graphviz,
from Graphviz to image) is that multiple visualization outputs are possible
from the same initial data. We are moving beyond the idea that the Harris
Matrix is an output that is created (either manually or digitally) and then
literally looked at in order to obtain information and seek answers, towards
a research process where stratigraphy data is transformed and manipulated
in a transparent way to obtain different chronological models that help with
specific research questions.
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ABSTRACT

This paper presents an update to an earlier proposal for a standardized open format
for archaeoﬁ)gical stratigraphy data, the Harris Matrix Data Package, and the accompanying
software tool implementation. The update is two-fold: firstly, it aims at a clear separation
between data format and the software tool, particularly by defining the data format in more
detail and independently from the software used to create or analyze it; secondly, it introduces
a new software feature that allows the creation of a new ‘data package’ from scratch. A third
issue that was identified is the lack of tools for converting existing data to and from the Harris
Matrix Data Package, but this issue is not dealt with in this paper.
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