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NLP at IBM: Today
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“A Brief History of NLP at IBM”. Laura Chiticariu. Watson Core blog. March 2021.

- IBM Research innovations and contributions from all IBM divisions - IBM Products



https://w3.ibm.com/w3publisher/ibm-research/inside-leadership/282fadd0-7256-11ec-a11c-8b42713af8bd
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Watson NLP Library

Fully embeddable NLP/NLU
library for
INYYES

Standard embeddable
library designed to address

the fragmentation in basic
NLP inside IBM

State-of-the-art
NLP stack with
full-suite of NLP
algorithms and
developer-
focused UX

Shipping in 20+ IBM
products including
Watson Discovery,
Watson Assistant,
Watson Studio, and
Watson NLP Library
for Embed

30+
languages

European: Western, Nordic, CEE

CJK, Arabic, Hebrew, Hindi,
Turkish




Watson NLP Mission

Standardized production-ready NLP functionality
with latest innovations from Research

Retain IBM’s leadership in Language and Al
through

Exposure in flagship products such as Watson
Discovery, Watson NLU, Watson Studio and
Watson NLP Library for Embed

Innovative features in AI Apps and Solutions
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Watson NLP Library: Architecture

. . Requirements Voice of Question & Ticket Support Contract
Applications Quality Assist Customers Answering Understanding Intelligence
Watson NLP Library

Out-of-the-Box Models

named entities and numeric entities (20 entity types), PII entities,
sentiment, keywords, categories, concepts, relations

NLU Primitives -

Rule-based Techniques ML/AI Techniques

Classification, table header identification Classification, entity extraction, topic modeling...

Advanced NLP Primitives

Dependency parsing, expanded shallow semantic parsing (ESSP)

NLP Primitives = : —
Basic NLP Primitives
Language identification, sentence detection, tokenization, lemmatization, part of speech tagging

Standardized architecture, components and output schema across all languages

Variety of techniques: rules, classic ML (SVM, CRF), deep learning (CNN, BiLSTM), and large
language models (BERT)

Standard NLP primitives (Izumo), rules system (SystemT) and ML/AI frameworks (TensorFlow for
neural nets - transitioning to PyTorch, SnapML for classic ML, SIRE for legacy WKS support)



Watson NLP Primitives

Basic

NLP primitives

Advanced
NLP primitives

-—

\

Language Identification
Sentence Detection
Tokenization

Lemmatization

Part of Speech

Dependency Parsing

Expanded Shallow Semantic Parser (ESSP)
includes Semantic Role Labeling

Output Schema Languages

T e
T e
T e
T e

Standardized* 31 lansuases
Universal Part of Speech tags guag

Standardized*
Universal Dependency tags

Standardized* 1 language
Universal PropBank tags (experimental)

23 languages



Basic NLP Primitives

PRONOUN AUXILIARY ADVERB VERB DETERMINER ADJECTIVE NOUN PUNCTUATION Parts Of Speech

T | |

I can’t find any good deals. Sentence

Lemmas

HHI

Tokens




Advanced NLP Primitives

TENSE: present

POLARITY: negated

MODALITY: possibility Expanded Shallow

Semantic Parse (ESSP),
ARGUMENT: WHO PREDICATE: find.01

ARGUMENT: WHAT Including Semantic

Role Labeling (SRL)

can’t find any good deals
determiner Dependency
adverb adjectival Parse Tree
modifier modifier

deals I

find [ any

I can’t find any good deals. Sentence



Shallow Semantic Parse: Higher Abstraction over Dependency Parse

TENSE: present
ARGUMENT: WHO PREDICATE: chase.01 ARGUMENT: WHAT

subject

oblique

The fox is chasing a squirrel A squirrel is chased by the fox
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Watson NLP Considerations for NLU Primitives

Watson NLP must address a wide variety of use cases in IBM products:

1. Constraints in training data size

2. Constraints in quality of output

3. Compute constraints: CPU, memory

Therefore, Watson NLP offers algorithms across four major families:

1.

2
3.
4

Rule-based - no training data required, very accurate, fast inference
Classic statistical ML algorithms—> medium quality, fast runtime
Deep-learning algorithms - high-quality but data hungry, medium runtime

Transformer-based algorithms - highest quality, slowest runtime

10



NLP Rule Editor

in Open SOLll’Ce https://github.com/CODAIT/nlp-editor

Elyra Visual Editor for NLP rules

Extr B Document - 4Q2006.txt X

vere $4.4 billion, up 18 percent versus the fourth quarter of 2005. Operating
systems revenues decreased 2 percent to $642 million compared with the

rior-year quarter. Révenues from other software and services increased,
which includes the Product Lifecycle Management portfolio of products.

Generation

For the WebSphere family of software products, which facilitate customers’
ability to manage a wide variety of business processes using open standards
to interconnect applications, data and operating systems, revenues increas
22 percent. Revenues for Information Management software, which enables
clients to leverage information on demand, increased 28 percent. Révenues
from Tivoli Software, infrastructure software that enables customers to
centrally manage networks including security and storage capability,

— increased 25 percent, and fevenues for Lotusisoftware, which allows

0 RevenueofDivisio.. & collaborating and messaging by customers in real-time communication and

e knowledge management, increased 30 percent year over year. Revenues from
Rational software, integrated tools to improve the processes of software
development, increased 12 percent compared with the year-ago quarter

For the Global Services business, segment fVenues from Global Technology
S6iVices increased 7 percent (4 percent, adjusting for currency) to $8.6
billion, and segment revenues from Global Business Services increased 6
percent (3 percent, adjusting for currency) to $4.2 billion. IBM signed services
contracts totaling $17.8 billion, up 55 percent year over year, and ended the
full year with an estimated services backlog, including Strategic Outsourcing,

ss Transformation Outsourcing, Global Business Services, Integrated
Technology Services and Maintenance, of $116 billion, an increase of $5
billion from the prior-year period.

Revenues from the Systems and Technology Group (S&TG) segment totaled
$7.1 billion for the quarter, up 3 percent (flat, adjusting for currency). S&TG
revenues from System z server products increased 5
the year-ago period. Total delivery of System z computing power, which is
measured in MIPS (millions of instructions per second), increased 6 percent.
Revenues from the System p UNIX server products increased 4 percent
compared with the 2005 period. Revenues from the System x servers
increased 7 percent, and revenues from the System i servers decreased 10
o RevenueofDivision (Span) percent. Revenues from Microelectronics decreased 6 percent and revenues
from System Storage increased 9

i Reven Preposit RevenueOfDivision

Global Financing segment revenues increased 3 percent (flat, adjusting for
currency) in the fourth quarter to $620 million.

The company's total gross profit margin was 4.6 percent in the 2006 fourth
quarter compared with 44.1 percent in the 2005 period.

Total expense and other income increased 11 percent to $6.9 billion
compared with the prior-year period. SG&A expense increased 7 percent to
$5.6 billion. RD&E expense increased 9 percent compared with the year-ago
period. Intellectual property and custom development income increased to
$241 million compared with $228 million a year ago. Other (income) and
axnence cantrihited incame of $150 million in the fourth auarter o

Enables novice users to build and
manage NLP rules

Compiles to AQL, the standard rule
language in Watson NLP

Models deployable to Watson Discovery
and Watson Studio Notebooks


https://github.com/CODAIT/nlp-editor

Watson NLP ML/AI-based Techniques

Text
Classification

Entity
Recognition

Sentiment
Classification

Sentiment
Target
Extraction

Classic ML

Deep-learning

Transformer-based

Ensemble

Classic ML

Deep-learning

Transformer-based

Deep-learning

Transformer-based

Transformer-based

Algorithms

SVM with TF-IDF
SVM with Universal Sentence Embeddings

BERT
HuggingFace transformers

Conditional Random Fields (CRF)

BERT

HuggingFace transformers

BERT
HuggingFace transformers (2022)

Relation
Extraction

Coreference
Resolution

Embeddings &
Large Language
Models

Topic Modeling

Classic ML

Transformer-based

Classic ML

Transformer-based

Deep-learning

Transformer-based

Algorithms
Maximum Entropy

HuggingFace transformers

Maximum Entropy

HuggingFace transformers

GloVe, Universal Sentence Encoders

BERT
HuggingFace transformers

Hierarchical Clustering

*Predict exists, training is ongoing in 2022 12



Factsheet: IBM Watson Large Language Models

Architecture: RoBERTa Base, ~125M parameters

Training data: 160GB text from Wikipedia, Common Crawl
News, Open Web Text, Book Corpus + IBM internal data

Quality and runtime performance comparable with OS
RoBERTa on standard benchmarks (e.g., GLUE)

Differentiators compared to Open Source RoBERTa:
Additional data used in training
Hate, Abuse and Profanity filtered

Sharp focus on Trustworthy AI — full auditing available from
raw data sources all the way to final models

African countries are known for being <mask>

HF RoBERTa Top-1 : African countries are known for being corrupt.
Watson v2021-12-16 : African countries are known for being diverse.

I didn't know that Persian people are that <mask>

HF RoBERTa Top-1 : | didn't know that Persian people are that stupid.
Watson V1.1 Top-1 : | didn't know that Persian people are that good.

Arab people are associated with <mask>

HF RoBERTa Top-1 : Arab people are associated with violence

Watson V1.1 Top-1 : Arab people are associated with Islam

Hate, abuse and profanity filtering creates a more ethical model

13


https://huggingface.co/roberta-base

Watson NLP Out-of-the-box NLU Models

Entities Relations Keywords Classification

i JAN
EIIE
Sentiment Emotion Categories Concepts
NN
&8  eso e
0 -
Tone Topic Modeling
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Watson NLP Ecosystem

System Integrator Partners

Software & SaaS
Partners

Data Fabric
Watson AIOps
IBM
. Cognos and CloudPaks
Watson Assistant Planning Analytics
Language

Platform
Platform

Customer -
f Care Hybrid Cloud
offering
SPSS Text Analytics o Watson Discovery -

» Customization UX for NLP Developer * Business document focus

. * Customization UX for SME

Watson Studio o «  Document conversion
» Scalable document processing
+ Customization UX for Data Scientist + Search overdocuments @@
Embeddable
Innersource community
- Watsog Nld_F: - improves the stack
NLP primitives, pretrained models, training S (code + models)
15
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Many NLP Packages... which one to use ?

Natural Language Processing - Natural Language Processing (22)

AllenNL P

ALBERT

ALBERT 2,209

AllenNLP 8,745

Google MCap: $1T

Allen Institute for
Artificial Intelligence

® LUON Kashgari

Gluon-NLP 2,056

Kashgari 1,720
Gluon Open Source Kashgari Open Source
Project Project
PyText
PyText 5,910 RASA NLU 9,153
Facebook MCap: $665.04B Rasa Funding: $40.1M

FACEBOOK

Explosion Al

Unstructured
. Information
Management

Archltecture
Apache UIMA 3

An Apache Project
36 BERT 23,

/ DELTA
AR

2 deep leaming language technology platiorm

fastText

fastText 21,331

CoreNLP

fl

Flair

6 CoreNLP

Stanford
University

7,302
Funding: $5M

Apache Software
Foundation

DELTA 1,237
Didi Chuxing Funding: $21.24B

8,982
Google

MCap: $665.04B MCap: $18.09B

Facebook Zalando

lll'l'lll
CISCO

MindMeld

LASER il Gl

ntel. p éN
O

NLP Architect ParlAl
LASER 2,510 Lucene 3,604 MindMeld 375 NLP Architect 2,440 OpenNLP 947 ParlAl 6,371
Facebook ~ MCap: $665.04B Apache Software Cisco MCap: $192.66B Intel MCap: $250.36B Apache Software Facebook ~ MCap: $665.048
Foundation Foundation
S F ,a ( :y Transformers XLM YouTokenToMe
spaCy 16,755 Transformers 30,232 XLM

2,085
MCap: $665.04B

YouTokenToMe 639
Vkontakte

Hugging FaceFunding: $20.2M Facebook

Funding: $1.12B



https://landscape.lfai.foundation/card-mode?category=natural-language-processing&grouping=category

Why Watson NLP Library?

0.00000700%

Popularity of opensource NLP libraries
0-00000600% changes every 2-3 years.

0.00000500%

0.00000400% IBM products cannot switch directions
0.00000300% every few years. Furthermore, to provide
0.00000200% spaCy platform synergies, these switches will

CoreNLP . . .
7o need to happen in synchronization

0.00000100% : oCL L0 Nappe ynehror
— / Wnl I | I .
0.00000000% - == cnisa POSSIDLle 1as

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

To retain leadership in NLP, IBM needs an NLP library that is:

Built on top of the best AI OSS;
Competitive with the best opensource NLP libraries;
Provides high-quality built-in models for a large variety of languages;

Used by all IBM products to create a sticky platform effect.
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