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M: Past, Present and Future

Atsushi Inoue
Eastern Washington University, Spokane, WA 99202, USA
E-mail: inoueatsushij@gmail.com

Evolution and features of the M language are
outlined in both aspects of information technologies
and applications. Specifically, it is focused on those
that are to be reflected with EHR technologies and
the recent healthcare reform, i.e. Obama Care and
HITECH Act, in the US. Selected emerging issues
are introduced and discussed while predicting the
future of M, especially for matters of Big Data.

Language M (or MUMPS — Multi-User and
Multi-Programming System) was initially emerged
in 1967 at Massachusetts General Hospital (MGH)

as a part of their hospital information system project.

This is a general-purpose programming language
for developing database applications. Its main
features include a hierarchical key-valued database
engine and a high-throughput yet reliable (i.e. AC-
ID — Atomicity, Consistency, Isolation and Durabil-
ity) transaction processing capacity.

By early 1970s, M was in widespread use mostly
among medical communities and was often locally
modified for their own needs. This became the
ANSI standard in 1977 (X11.1-1977). In 1980s, M
has been ported to multiple platforms and its im-
portant implementations came out by various vend-
ers. Examples include DSM, ISM, GT.M, DTM,
and MGM. In 1990s and 2000s, such technologies
adopted open technologies, e.g. Open M by Inter-
Systems and GT.M under the (A)GPL license. De-

rivatives developed in this period include MIIS and
MAGIC by MEDITECH, ANSI Standard MUMPS
led by Ray Newman, and a notable open source
implementation, MUMPS/II, by Kevin O’Kane at
University of Northern lowa.

In 1997, InterSystems released Caché as an ob-
ject-oriented database system with rich, enhanced
interfaces — API, O(J)DBC, and embedded SQL.
This is based mainly on ISM with influences and
adoption of many other implementations, that are
mostly acquired as a result of buying out other
vendors. Cache has been deployed by many
MUMPS developers who write applications in var-
ious operating systems. By 2000, InterSystems be-
came a dominant middleware vendor in MUMPS
market. By mid 2000s, most use of M became in the
form of GT.M maintained by Fidelity Information
Services or InterSystems Caché. Currently, many
major proprietary products and institutes use M,
including but not necessarily limited to VistA, Epic,
GM Healthcare (IDX + Centricity), EMIS, MED-
ITECH, Partners Healthcare, and Sunquest Infor-
mation Systems. M has also been used in financial
industries such as AmeriTrade among others.

In 2009, HITECH Act (aka Obama Care) is en-
acted and sets meaningful use of interoperable
EHR in health care as a critical national goal. Goal
of progress on EHR adoption has been set by three



stages and incentivized:

Stage 1. Certified EHR by 2009.
Stage 2. Information exchange by 2012.
Stage 3. Quality care by 2015.

This also serves the US as a major economic de-
velopment driving force as a result of a huge de-
mand on health informatics technologist positions
that are necessary to support the entire lifecycle of
those adopted EHR systems. Colleges and universi-
ties respond to this demand by offering Health In-
formatics programs at various levels.

As EHR systems have been adopted and interop-
erated properly and smoothly, health care institutes
need to define quality set forth as stage 3 of the
meaningful use. As of now, the trend in quality care
is twofold: workflow management and population
health. The workflow management focuses on op-
timality of health care transactions and their flows
at health care institutes in terms of care outcomes,
duration and costs. In the US, interoperability
among different stakeholders such as clinics, hospi-
tals, pharmacies, and insurance agencies is a big
challenge due to their diversity and complexity (i.e.
a “rich” set of choices). The population health aims
to improve health of the entire human population by
diligently analyzing broad range of factors
throughout their lifetimes to find out which poten-
tially have a measurable impact. This represents a
change in focus from individual levels, characteris-
tics of the current mainstream medicine.

For a smooth and effective support of such qual-
ity care, Information Technologies need to serve as
platforms that provide all necessary functionalities
and services — distributed processing architecture
such as hadoop (MapReduce), web, mobile device
supports such as smartphones and tablets, visualiza-

tion, GUI, information security, health information
exchange, analytics, diagnostic and patient advising
assistance, medical decision support, radiological
image analysis, e-prescription, message delivery,
consent management, etc. Responding to this, many
vendors present various solutions and platforms (e.g.
HealthShare by InterSystems) that integrate M
with many other emerging technologies.

On such platforms, various types and massive
amount of data are to be exchanged, stored,
searched and analyzed. While efficient and effective
methods and technologies of processing each and
every type of data up to a certain quantity have been
developed, processing such big data as a collection
of EHR systems from several health institutes in an
integrative and comprehensive manner takes us to a
new frontier. Seeking breakthrough is urgent, and
‘thinking outside the box’ is very likely important.

Short Bio.

Atsushi Inoue started his
IT career in 1990 as a re-
search scientist of Engineer-
ing Information Systems at
Hitachi Ltd., Tokyo, Japan. In
1996, he moved to the US for
further study and entrepreneurship on Soft Compu-
ting. In 1999, he obtained his Ph.D. in Computer
Science and Engineering from the University of

Cincinnati. He is currently a Professor of Infor-
mation System and Decision Science at Eastern
Washington University.
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Analysis of Japanese Adverse Drug Event Report database
with Visual Mining Studio and Big Data Module
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1. LI

Hadoop (%, 7 7 —XfRMT D728 D43 B LEL D
7L — AU —27T9, Apache Hadoop (LL T .
Hadoop) B LARTIL, #EENoTo= =T Lk
R IR T2 47 BALER A | Hadoop DB IFIZ LY “E
W DT V=T Tho T HHEAMi&L7r>TEEL
720 DEVAE TR T THAAIE TEFITHETTW
T RBEDOT —FEEBLALTERTELIIRY BV
FRANNL O = IR DL kDI
2ol TT,
Hadoop DEAIZXY, T —XDFFENT DFEEEL 72> T
WAEDOARE TRV 7L — AT =7 THD
Hadoop 23| A L TN D780, 2—H—DAEHY
TR ALER T8 D Mapper & Reducer $V o722 DD AT
TR DRI AN DR ET,
T =BT RINETRNT —F < A= 712N T
H ORI A BT LD IR KSR O @O RT
FERDBDFBONDZENH R IRV EL,
Hadoop DFHHEL T, ZOG WL 7L — LT —2
PSS Y =R =2 T L TDO AT — L DN HHE,
xR ERE CHBNETLIENE TN, T —4%
ALER-4% Hadoop D= 27 A2 XY Hadoop DAL
BN — 25 3 okk2 a7 mZ VR AEFNTET
WE7, F7/-. 215 Hadoop =z A7 AT, T8%
VAT LG I TUNERE TORMNREI, N—F

V=T HEOIANIICB W THO A — LV E B LT
VAT LERE T HZENHIRET,

X 11X, the Digital Universe (MiER FTAIAHENS
T—2DH) T, ROT UL 2= N— 2D Sy
HHERIZ1 % ARG EE DIV ARTF =T 1 STz
TV AZN—=ADFE R TR E R T — 4L
E/EEBICRE M Z A H L ET,

7T =R e 2T IE I T Hadoop & IT
DU BT T =2 EIE T 5T DOIE AR L E
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30,000exabyte
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2. Hadoop2.2 A Ah—)L B E
Zi b Hadoop 20RO 5 1%, 2% (2.2, 2.5) &8
BTOLET, LLFICA v A= LD FNEEZ RLUET,



Hadoop OENMEE—RIZIXI[AZ L RTa— F—
NI TR HE— R 220 E—R D3 >0DE
—RBRBHVEF, AXRTa—F—REEIL, TAK
LHBIZANDE—F T, BB BE—RNI 7
—% (Hadoop —/3—Y 7N Z—HEDOa—H/L~
TUTEINTE-RNTY, SBARSEBE—RIEL,
Hadoop DAKRDRE N AT TEHE—RTT,

® Linux < ¥ O -

AV AN=IVELTICIE—B D Linux <3 2 DL E
T9, OS DF A ANE 22— 303, [Fedora) <2
[CentOS )= [Ubuntu | & L £7,

® Sun JDK DALV AR—/)L

Hadoop %, Sun JDK (Java SE Development Kit)®
FIFZHELE L CuvEd, Sun D JavaSE DY A KNZT V7
BAL, JDK OfHhR (1.6 LL E) 247 m—RL,
Linux BRBE AV AR— /L L TLIEE VY,

® Linux DERERE

Hadoop %1% 45123 7->C. Hadoop Z1& i
DO DHEH =P =TT 2P —FREL,
S5 JDK DN EFDOBRBEERMOBRELATVET,
[T —F> (Hadoop Y—/N—7"07F 1) % @)
VESEDT-D DR EEITVET, D% SSH Zffio
THG~AZar AL, Hadoop DT —FL %L
B EIFA7012 SSH O/8AT7 L — XL Cr s AT
EHIDITHEL TREET,

® Hadoop DAV AN—/L

Apache Haddop 7’2 =7~ Web %A 4T
vua—KRL, FTEDT AL IR —IZA L A=V L ET,
F72. bashre 77 ANV AR UPTE DEREEA SA 7%
ELET,

® Hadoop i E 7 71V DR

Hadoop (2B 24 fixml 7 7 AL &% EL £,

(core—site.xml,hdfs—site.xml,mapred—site.xml)

3. Boyice—RICkoHEREE
Hadoop NDH 7 )7 0T 2w ILERIEFfE D
FHZITVET,

hadoop jar hadoop—mapreduce—examples—2.2.0.jar pi
10 1000
E{EERES s intel i7(1.8G) + Ubuntuld + {fAE~
(CPUX 1, 1M) + Hadoop2.2
FRLOMAGDRIBNT, B BE—RIT 2
ATNEEDDET, [ —RIFTORZ RN T H—
F=RIZBWTUL L TR TLET,
UL, COIERETT,
XAS > FrO—-vE—F
[hduser@yamac-vm:/usr/local/hadoop]$ hadoop jar
share/hadoop/mapreduce/hadoop-mapreduce-exam
ples-2.2.0.jar pi 10 1000

Number of Maps = 10
Samples per Map = 1000

File Output Format Counters
Bytes Written=109
Job Finished in 61.348 seconds
Estimated value of Piis 3.14080000000000000000

MEHUDBCE— IF
[hduser@yamac-vm:/usr/local/hadoop]$ hadoop jar
share/hadoop/mapreduce/hadoop-mapreduce-exam
ples-2.2.0.jar pi 10 1000

Numberof Maps = 10

Samples per Map = 1000

S s s R S -

File Output Format Counters
Bytes Written=97
Job Finished in 167.88 seconds
Estimated value of Piis 3.14080000000000000000

1 EERR
SRy BE— R O )7 DNVERBRE R AN R W BV O B L
R0ELT,
ZOFERTT N, AFR TR T—Ril@ i E A
T A1 B T TS 57 74
VAT A (HDFS L —)V 7 7 A )V AT 1) DI
WIZEAHEDTT,

4. Amazon ERM L7z 5220 8E—R

Amazon ERM(ElasticMapReduce)i. Hadoop &\
VA =T )= AT = BT — I e LT — 4D
YR A Amazon EC2 AL AKX L ADYERAE/IN
WRE7R T TAZ —TATHZEMTEET,



TSIV A — N2 HBICERE DL sk &
—ﬁ—-o
K213, sy HER O AR LET,

A4 —(Name Node)

HHAC BEHT

3@

ol

AR I AN IXT L

2 : 53 BALBE DA
*fG L7025 T — 2% HDFS ([C#E XA A Hadoop % it
FHLET, vAX—L, HDFS B8 AL — 7 |2 EX
IABT =B D2 TEATNET, ZOHAL —T
B DWIEZATV V2SS HDFS ([2hE A EE L%
R
31X, AmazonEMR O BULE O Z ~RLUET,

e N

Amazon CloudWatch The Amazon EMR job flow
runs on a cluster of

Amazon EC2 Instances

— Amazon EC2 Instance

Amazon Simple

Storage Service

K (S3)

Amazon EMR Job Flow

Slave
Node
Slave
Node
Master
Node Slave
Node
Slave
Node

X 3 : AmazonEMR 23 HOLBE D fidL
(FE%iZ. Hadoop Cluster DA A—)

EMR DA THFEIEFELTTY HDFS X S3 A2 D
BHZATOET, £/ —RIT EC2 BWRITFFHET,
WIS FH AT N D707 T LEERL, B Ll
Sy HE—R L EMR OS82 — N CRLBERRE] D
el a2 ATV RS, 4134 [E IV python THEUV:
AZV TN TY, H2DFHE AT AL mapper &F-
T AL reducer OALERIZ 45T TRLERAITUVVET,
mapper.py DL, 52 bl T — 2 LD HiGE
<key><value 24 EILTH /1L reducer.py (23 EL .
A ORZ LT AT NEATWH LT,

mapper.py
#!/usr/bin/env python

import sys

for line in sys.stdin;
line = line.strip()
words = line.split()
for word in words:
print '%s¥t%s' % (word, 1)

reducer.py

#/usribin/env python

from operator import itemgetter
import sys

word2count = {}

forline in sys.stdin:
line = line.strip()

word, count = line.split(t', 1)
try:

count = int(count)

word2count[word] = word2count.get(word, 0) + count
except ValueError:

pass

sorted_word2count = sorted(word2count.items(), key=itemgetter(0))

for word, count in sorted_word2count:
print '%s¥t%s'% (word, count)

X4 :Python A7V

F—X 139 90MB D CIA Factbook (2000-2010) A1
FALET, ZOF7 —HIZKLTHDFS KU S3 I2EX
iAZ» Hadoop CTOMATALERZATVE T,
B151%., S L BE — R ORLELE BT,
BI{EEREE s intel i7(1.8G) + Ubuntuld + {KAE~> >
(CPUX 1, 1M) + Hadoop2.2

SLERRERIL, 3 EETT,



{_@ Name Status Start time (UTC+9) Elapsed time
Wb ‘ aa@p Streaming program Completed 2014-08-20 22:13 3 minutes
Setup hadoop debugging ~ Completed 2014-08-20 22:11 28 seconds
- Cluster z = 3
About User: hduser Setup hive Completed 2014-08-20 22:12 24 seconds
Nodes ~ Name: streamjob57236970126 getyp pig Completed 2014-08-20 22:12 18 seconds
Applications Application Type: MAPREDUCE
NEW State: FINISHED Name Status Start time (UTC+9) Elapsed time
NEW_SAVING FinalStatus: SUCCEEDED
SUBMITTED Started: 21-8-2014 18:44:41 Streaming program Completed 2014-08-21 19:32 2 minutes
ACCEPTED Elapsed: 3mins, 7sec —— ~
ggwgclc’s\le Tracking URL: Histor Setup pig Completed 2014-08-21 19:32 16 seconds
EINISHING Diagnostics: Setup hive Completed 2014-08-21 19:31 23 seconds
EINISHED P
FAILED ApplicationMaster Setup hadoop debugging Completed 2014-08-21 19:30 33 seconds
KILLED Attempt Number Start Time
1 21-8-2014 18:44:41 <
Scheduler 7 . EMR T@ﬂﬁH$ FEﬁ

X5 : SRy ke — N LB S 1
X61%, EMR IZEHLBE R T,
FEEREE : AWS 7ZU K ml.medium1 &% 4H M
ALBRREIL, 11 3FETT, (Fr T LD MBRE
i, 3 31EETY)
%% :ml.medium I Intel(R) Xeon(R) CPU
E5-2650 0 @ 2.00GHz fHX4 & Ebid,

Cluster: My cluster Terminated steps completed

Master public DNS: ec2-54-64-21-117.ap-northeast-1.compute amazonaws.com

Tags:

Summary Configuration Details
AMI version: 3.1.1

Hadoop Amazon 2.4.0
distribution:

Applications: Hive 0.11.0.2, Pig 0.12.0
Log URL: s3://chirashiya-emr/logs/cia/

ID: j-WC42DRLDOQDP
Creation date: 2014-08-20 22:06 (UTC+9)
End date: 2014-08-20 22:18 (UTC+9)
Elapsed time: 11 minutes
Auto-terminate: Yes

Termination On
protection:

(biAgv a2l B, FiAv AR RAR)

T —H K& (QOMB) BN/ NEWEAIZB W T, JIEE
BOOLIRWRER /D FET,

5. B

— B TITORE DT —REEEE D/ — R &)
EMR Z o725 R0 —RIZBWT, 7 —2 D%
BTN GV ST, AR I BIL Ci
SFEEODHRWFE RV E LI, S TEOFEHNC
B T Hadoop D/XT p—~< L A& +43I25 | & H 9
WZIZEDFHATLZ2N, Hadoop IZ KRB R (BT
B20) DT (FEVER) 2B DO~ 2 AT S
W TTH LTIV AR A R 22D ok &
T 2B, HE > QWD ER S iR K0T
PATLR D Zeh K& RS T,

Security/Network
Availability zone: ap-northeasi-1c
Subnet ID: subnet-c41eg0ac
Key name: Chirashiya.com

Hardware
Master: Terminated 1 m1.medium
Core: Terminated 1 m1.mediy
Task: —

. BRI

EC2Z instance —
profile:

EMR role: --
Visible to all users: None Change

[X16 : EMR |2 DAL 5
FESRIE. EMR O 7 ASMLERERF 2N B SR L7
VELTZ, EMR QMBI O HIIE, —rS— DAL
B RS Z—IRA DR E FTOET, AL
OB &2 RAUZFICAE R0 F T,
F2BEIT, EMR 2V ) —R DAV AR A E A5
B4 B) b BTG E OR Raeie s L ET,
K 7i3A 2L A 1B (EE) L4 H (FEB) oMz
ey NG

Hadoop Zfli~7-8 w7 7 —X OFENTIL., 08T T
(THRANTA=27) EEBITH H7a i A 7o H
T DBEE LU TR A RARFINIZRD 228580
ZET,
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http://docs.aws.amazon.com/ElasticMapReduce/latest/DeveloperGuide/
emr-what-is-emr.htm
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Big Data in Healthcare
Identification of suicide-related events through network analysis of adverse event
reports
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1. Introduction

Suicide is a critical symptom of depression. To
reduce suicide deaths, it is essential to estimate
accurately the suicide risk of patients and to give
proper treatment. Researchers have extensively
investigated suicide risk factors, such as acute mood
episodes, personal history, and family history.
However, more reliable medical signs that indicate
suicidal risk are required.

The aim of this study was to identify the
symptoms strongly related to suicide. To this end, we
analyzed adverse event reports on selective serotonin
reuptake inhibitors (SSRIs). SSRIs are the most
widely used antidepressant worldwide. They are
believed to decrease the risk of suicide; however, even
if depressive patients take SSRIs properly, their
suicide risk is still greater than that of individuals
without depression. Among the reported adverse
events of SSRIs are suicidal ideation, suicidal attempt,
suicidal behavior, and complete suicide. These adverse
events related to suicide provide useful information

toward estimating suicide risk.

Data Mining, Big Data, SSRI, Suicide, FAERS

2. Materials and Methods

In this study, we attempted to compile a list of the
adverse events that are strongly related to suicide. For
this purpose, we analyzed the reports in the US Food
and Drug Association (FDA) Adverse Event
Reporting System (FAERS). FAERS is the
spontaneous reporting system of adverse events and is
widely used in pharmacovigilance analysis. To
analyze FAERS data, we employed the method of
community detection in networks.

We obtained the original dataset of FAERS
containing the reports received by the FDA from 1997
to the second quarter of 2012. From this dataset, we
extracted reports of adverse events in which SSRI
involvement was suspected. Each report in FAERS is
composed of a unique identification number, a list of
drugs that the patient took, and a list of patient
reactions. The names of reactions are coded by the
preferred term (PT) defined by the Medical Dictionary
for Regulatory Activities (MedDRA®). Though the
terms defined by MedDRA® depend on the version

employed, we neglected such differences in our



analysis: since most PTs did not change between 1997
and 2012, we believed that these differences would
not lead to severe errors in our study. However, the
names of drugs are not standardized in FAERS: drugs
may appear under their generic or proprietary names.
For the standardization of drug names, we used
American Hospital Formulary Service (AHFS) “Drug
Information 2010” and DrugBank. DrugBank was
employed to link the generic and proprietary names of
each drug; AHFS drug information was used to
combine the generic drug name with its function, such
as “SSRIL.”

3. Results

In the present study, we constructed the network of
symptoms reported as adverse events in FAERS and
extracted the symptoms that are strongly correlated
with suicidal symptoms. Compared with other data
mining methods, such as association analysis and
Bayesian analysis, network analysis presents several
advantages and disadvantages. The major advantage
with network analysis is that it can analyze indirect
connections. Because it addresses the whole network
structure, it can capture hidden relations that would
fail to be recognized by association analysis or
Bayesian analysis, which deal with the correlation

among a restricted number of objects. However, the

method of network analysis is still under development.

There is no established method for analyzing a
network, and many new methods are proposed every
year. With FAERS data, several studies have applied
association analysis or Bayesian analysis, but none
have been based on network analysis.

In the present study, we constructed a symptom
network of adverse events. We conducted
modularity-based community detection to extract the
list of suicide-related adverse events that were

believed to have a strong connection with suicidal

events: suicidal behavior, suicidal ideation, suicidal
attempts, and complete suicide. We investigated the
relationship between suicide risk and those events.
The network of adverse events of SSRIs had 3795
nodes. Using the community detection method, we
obtained lists of suicide-related adverse events. As
noted above, the algorithm for community detection is
stochastic, and we obtained a different list for each run
of the analysis. A typical list includes 141 events. We
conducted network analysis 20 times, and the number
of items on the list varied from 141 to 290 events. The
lists included both well-known risk factors, such as
social problems and stress, and other adverse events,
such as cardiorespiratory arrest and gastric ulcer. We

would show you the exact results in our presentation.

4. Discussion and Conclusion

The method adopted in the present study will be
helpful in analyzing other diseases or adverse events.
Compared with other analysis techniques, such as
association analysis and Bayesian analysis, an
advantage of our method lies in its ability to capture
the indirect connection between symptoms.

In this study, we constructed lists of
suicide-related adverse events from the FAERS using
network analysis. We found that the more listed
adverse events a person possessed, the greater the risk
of suicide. This result suggests that such lists allow a
qualitative estimation of the risk of suicide. Though
our method presents problems, such as the high level
of false-positive results and excessively long symptom
lists, such drawbacks may be countered by refining
the modularity detection algorithm, modifying the
means of network construction, and applying different
signal detection methods.

[Reference]

1. A. Nazir, T.Ichinomiya, N. Miyamura, Y. Sekiya, Y. Kinosada.
“Identification of suiside-related events through network analysis of
adverse event reports” Drug Safety, 2014, 37(7)
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