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Let’s talk about...

● Current data storage at NNDC

● Preparing for the future

● Overview of contemporary storage systems

● NNDC test-case for upgraded storage
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ENSDF output



Nuclear Data Week 20194 A.B. Hayes

ENSDF storage
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What if?

S. Zhu et al., Phys Lett B 618 51 (2005)
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How to store big(ger) data:
Guiding concepts

● Start with contemporary technology, be prepared for

➢ Unknown data in the future

➢ Our heirs

● Internally, use a database; export file for transmission

● Keeping concepts of storage and transmission separate 

benefits the community and facilitates community

contributions to both.
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File formats vs. storage

● File formats

➢ Take time, money, and collaboration to update

➢ “Locked in” for some period thereafter

➢ Different users may benefit from different formats

➢ Codes using an older format may be difficult to update

● Storage

➢ Can change internal storage (database) without changing file format

➢ Can be a black box

➢ Curating more complex data in the future: prepare for binary blobs 
that can be excluded from particular file formats 

Think transmission (interchange) when we think about file formats;
think storage as separate from a particular file format.
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File formats vs. storage

Database
Management

System

Database
Management

System

Server
→ DICOM

Web server
→ HTML

Storage Query & Encode File Transfer

WWW
e.g. 

Wikipedia

Medical
Instrument

“...cardiac silhouette
is of normal size

and configuration...”

Radiologist

General
Practitioner

The DICOM standard is
6800 pages with a 50-page
table of contents.
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When storage and transmission are 
separated...

● Users of data can be agnostic of the storage system.

● The storage system can be changed, upgraded independently of the 
file format.

● Additions to the types of stored data can be implemented swiftly.

● The storage system can be expandable.

● Standard API is used to access data.

● Don’t need to reinvent the wheel (standard database functions).

● If you add to file format, everyone has to deal with it;
you can add something new to a database unobtrusively.
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Storage vs. transmission:
accomodating multiple end-users

Storage                           Transmission (file format)
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Step back: Brief history of databases

● 1960s – 1970s: advent of relational databases, origins of modern types

● 1980s:               SQL  (Dbase III)
   experiments with Object-oriented Databases

● 1990s:               remote servers more common

● 1995-6:             MySQL, PostgreSQL (relational)

● 2000s:               CouchDB, MongoDB (object oriented)
.
.
.

● 2020:                 Big data, cloud, replication, many variants of common 
    database types...

(Focusing on relational / object-oriented)
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Relational vs. Object-oriented DBs

● “Tables, rows, columns, references”

● In use for ENSDF, NSR, etc.

● e.g. MariaDB, MySQL… 

● Originally created to handle simple data types

● Quickly becomes mess for complex data types (dictionaries, mixed 
types, dynamic arrays…)

● Complex types require references between tables

→ schema design and lookups become complicated

Relational databases (RDBMS)
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Relational vs. Object-oriented DBs

● “Documents (record), collections”

● Maps to object-oriented code more naturally

➢ Akin to storing objects themselves (“documents”)

➢ Less work reading data into (code) objects

● e.g. MongoDB, CouchDB

● Hierarchical structure, but easily changed “on the fly”
(rapid development cycle, large teams)

● Binary data can be inside documents

● Complex or dynamic types (lists, dictionaries/maps)

● Search complex document by fairly easily

Object-oriented databases (OODBMS)
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Why object-oriented database?

● Variety of data types

➢ Float, int, etc.

➢ List, dict, etc.

➢ Long-form text

➢ Documents

➢ Images (e.g. plots)

➢ Binary data

● Expansible without disruptive changes to format

● Hierarchical documents (records) with fewer cross-references

● Simplicity paradigm: “Store together what you access together”
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Object-oriented database “documents”

Think “records”
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Object-oriented database “documents”

“DOCUMENTS”

DATABASE

COLLECTIONS

MongoDB.com

● Document structure; NOT stored as a file
● Accessed via database query / search
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“Views”

Good example of not reinventing the wheel
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Comparison of two popular OODBMSs

● MongoDB (2009)

➢ eBay, Google, Facebook, PayPal, CERN

➢ Future license terms uncertain

➢ May be more version compatibility issues between API and server

➢ Uses “collections” of similar-type documents in a database

➢ Database → Collections → Documents

➢ Updating a document is allowed

➢ Massively scalable

➢ “GridFS” for huge blobs

➢ API
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Comparison of two popular OODBMSs

● CouchDB (2005)

➢ Apple, GrubHub, Credit Suisse, Motorola, some Facebook Apps

➢ Permissive, irrevocable Apache license

➢ No concept of “collections”; all document types stored together

➢ Database → Documents (with “type” as a field)

➢ Updating not allowed; modify document and (re)insert

➢ Massively scalable

➢ Can store large (configurable) blobs or link to outside storage for 
huge blobs

➢ API / simple http communication
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Test case:
Nuclear Wallet Cards
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WalletCraft database and UI:
Motivation

● Need system to speed & streamline updates of Nuclear Wallet Cards

● Synchronize ENSDF evaluation & Wallet Cards updates

● Uniform calculation of mean half-lives, etc.

● Store

➢ Source data: measured values from publications

➢ Evaluated quantities

➢ Comments, notes, etc. separated from numerical data;
all numerical data in numerical fields

● Version tracking

➢ Freeze “evaluation” versions

➢ Tag “publication” versions

● Shorten time to publish a version

● Test case for future upgrades to larger databases
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Planning ahead for expansion

● “Everything is a dict”

● Dict = map ~ JSON, but can store objects in database

● Expand “schema” without need to change client, e.g.

➢ OK: (Hard to maintain, disruptive changes)
{“key”:value}
Need to change data type to expand:
{“key”:[value1,value2]}

➢ BETTER: (Expandible, but confusing)
{“key”:[value1,value2,…]}

➢ BEST:  (Expand without disrupting users & developers)
{“key”:{“value1Name”:{“attribute1”:value1}}}

Easily add an attribute:
{“key”:{“value1Name”:
{“attribute1”:value1,”attribute2”:value2…}}}
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Database “schema”
Full nuclide entry
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Database “schema”
Levels section
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Database “schema”
Ground-state level
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Database “schema”
Half-life of ground state
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Database “schema”
Evaluations
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Database “schema”
Individual evaluation (example only)
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WalletCraft UI (Ben Shu)
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WalletCraft UI (Ben Shu)
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WalletCraft Status

● ~3000 nuclide documents

➢ Mostly basic information (t1/2, Jπ, etc.)

● Version history

● Tracking of

➢ Evaluations

➢ Published versions

● UI and server in internal use

● Will output original Wallet Cards file format (for now)

● Evaluators will use WalletCraft for the
next version of Wallet Cards (2020-2021)
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Summary

● Keeping concepts of storage and transmission separate

➢ benefits the community

➢ facilitates community contributions
to both  (parallel development)

● [I hate change, but] change is [often] good

● New data storage paradigms:
 

prepare for the next 50 years of nuclear data

Collaborators on WalletCraft:
 

Benjamin Shu, Libby McCutchan, Shaofei Zhu, Alejandro Sonzogni

Clipart: openclipart.org/artist/j4p4n and espertus

“Let’s start
including _____

in our files.”

“It’s already
in the

database.”
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END
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