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language that acts as a mediator between modules and compare two different storage
mechanisms accessible to all modules—a fast database Redis and a data structure native
to PSI. We first explain the query language, then explain the two storage variants.

3.6 IU Network Query Language

The query language is simple: storage mechanisms simply store IUs, their edit types
(i.e., add, revoke, or commit), SLLs and GRIN information, and the timestamp. Each
IU has a globally unique ID that identifies it, making storage access faster and more
direct. IUs are transported across ZeroMQ as serialized objects (i.e., JSON) with unique
identifiers for SLL and GRIN references. This can be achieved using four functions that
are accessible from any module:

– InsertIU: Insert an IU to the IU network (i.e., the storage)
– RetrieveIU: Given the ID or key of the IU, return that particular IU
– GetPreviousIU: Given the ID or key of an IU, return the previous IU of that partic-

ular IU
– GetGroundedInIU: Given the ID of a particular IU, return the grounded IU of a

particular IU

3.7 Shared Redis Storage

In this storage variant, we attempted a shared, third-party data storage for fast access.
One of the fundamental issues in any distributed system is achieving sequential consis-
tency with concurrent operations. In any given IU network, no IU is generated before
the IU it links to (either via SLL or GRIN), and modules have obvious latency between
them. Therefore, an implementation of a shared data storage for a distributed IU net-
work will likely achieve sequential consistency since we are only dealing with one
logical data server. For this approach, we used the popular data-structure-project Re-
dis [8], a key-value database implementation known to be relatively fast, efficient, and
supports shared memory [30].

3.8 Native PSI Storage

We also implemented a construction of the entire IU network in a single data structure
directly accessible to one of the platforms, though indirectly accessible via the query
language to the other platform. We opted to use PSI to maintain the IU network because
of fast data storage capabilities native to C#. In this way, PSI holds and views the entire
IU network directly, whereas ReTiCo queries PSI to retrieve certain information from
the network when needed.

4 Experiment 1: Systematic Evaluation of Architecture

The first experiment focuses on the two IU network storage approaches. We systemat-
ically construct a distributed multimodal SDS and evaluate it for consistency and effi-
ciency given each network storage approach.
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