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Tém tiit:

Hién nay, img dung cong nghé luwu trir 16m, khai pha dir li¢u trong linh vuc y té dé chin doan, phong ngira va
dieu tri bénh nham can thi€p nang cao tinh trang sirc khoe con nguoi la hwong nghién ciru ¢6 nhu cau thyec tién.

Trong nghién ctru nay, cac tac gia gioi thiéu HealthDL -

Mot hé thong thu thap va luu trir dir li¢u y té. HealthDL

¢6 kién triic phén tin, xAy dung tir cic thanh phin khi mé cho dir li¢u 16n, gia ting lién tuc theo thoi gian thue.
H¢ thong toi uwu cho dir li€éu nhin vé tir cac thiét bi y sinh va dir li€u thong tin lich st bénh an dén tir hang tri¢u
thiét bi phan tan vé mit dia ly. Cac thir nghiém, danh gia trén hé thong thwe bang cac cong cu danh gia tiéu chuan

v6i dit liéu md phong cho két qua tét.

Tir khéa: Co sé dit ligu phén tan, dich té hoc, dit ligu lon, thoi gian thuc.
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Abstract:

At present, applications of large storage technology and
data mining in the medical field to diagnose, prevent,
and treat diseases with the purpose of improving
human health are preferred the practical researches.
In this study, we would like to introduce HealthDL:
A system for collecting and storing medical data.
HealthDL has a dispersal architecture, is built from
open components for large data, and continuously
increases in real time. An optimal system retrieves
database from biomedical devices and medical record
database coming from millions of geographically
dispersed devices. Tests and evaluations on the real
system using standard assessment tools with simulated
database show good results.
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Md dau

Hién nay, tng dung cong ngh¢ lwu trit 16n, khai pha dit
lidu trong linh vyc y té dé chan doan, phong ngira va diéu
trj bénh nham can thiép ning cao strc khoe con nguoi la
huéng nghién ctiru ¢6 nhu cau thyuc tién, dugc quan tim
tich cuc boi cong ddng cac nha nghién ctru. Tai Viét Nam,
cac thiét bi y sinh (thiét bi do thong sé tim mach, huyét
ap...) duoc sir dung rong rai dé giam sat ngudi bénh theo
thoi gian thyc. Cac thiét bi nay dua ra cac thong sé do co
tinh lién tuc, cdp nhat theo chu ky 1 lan/s. Hién nay, nguén
di liéu nay chua dugce luu trit tap trung vi nhitng thach
thtrc lién quan dén d0 16n cua dit lidu dén tir hang tri¢u

thiét bi do, lién tuc va phan tan rong vé mat dia ly.

Bén canh nguén dit lidu tir cac thiét bi y sinh, hién
trang cac hd so bénh an cling dang dugc luu trlr mot cach
rai rac, khong co6 sy chia sé. Do do, cac bac sy, trung tim
y té khac nhau gip nhiéu khé khan dé tim kiém thong tin
lich sir bénh tat cta bénh nhan dé dua ra phac do diéu trj
hop ly. Vi vay, viéc luu trit cadc bénh an tap trung cling 1a
mot nhu cau cip thiét dé phuc vu cong tac phén tich, chan

doan.

Theo Ercan va Lane (2014) [1], trong nhiing hé thong
bénh an dién tr (Electronic Health Record - EHR) truyén
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thdng, data dugc luu trir dudi dang ban ghi trong bang co
sO di liéu quan hé. Nghién ctru cling chi ra ré“mg, su mé
rong ngay cang tang cia lugng thong tin trong cac dich vu
cham séc stc khoe da dan dén mot nit thit nghén ¢ chai
trong viéc luu tri, truy xudt va dit ra nhimg thach thuc vé
tinh sin sang cao ddi voi viée sit dung md hinh co s¢ dir
liéu truyén théng. Hon nita trong nghién ciru cia Andreu-
Perez va cs (2015) [2], cac tac gia da chi ra rang sy da
dang cua dit liéu y té ngay cang ting voi su phat trién cia
cong nghé¢, dir liéu tir sensor, mobile, cac dit li¢u anh... doi
hoi phai nghién ctru tim kiém mét cach thirc t6 chirc luu
trir dit liéu y té phu hop. Nghién ctru cia Ercan va Lane
(2014), Dobre va Xhafa (2015) [1, 3] da chi ra nhiing yéu
cau thiét yéu cia EHR va dé xuit str dung mé hinh dit liéu
phi quan hé (NoSQL [4]) cho bai toan luu trit va xu ly
dir liéu 16n vé y té. Tuy nhién nhitng nghién ctru nay chi
dua ra goi ¥ hudng tiép can chung, khong dua ra thiét ké
tong thé vé thu thap, luu trir EHR, khong thir nghiém, cai
dat va danh gia hiéu nang cua hé thong. Nghién ctru ciing
thong nhét rang co s dit liéu khoa - gia tri (mot dang cua
NoSQL) c6 thé 1a mét giai phéap tdt cho dit liéu don gian,
truy xuat thong qua khod, cac gia tri 1a ddng nhét vé cdu
tric, khong co cap nhat hay truy xuat dya trén ciu triic cia
gia tri dir liéu. Vi du nhu thong s6 an sinh x4 hoi ctia khach
hang, thong tin s bao hiém y té. Co s dit liéu hudng vin
ban (mot dang ctia NoSQL) la mot giai phap cho viéc Iuu
trit hd so bénh an y té, bao gém hd so bénh nhan, bao cdo
nghién ctru, bao cdo phong thi nghiém, hd so bénh vién,
cac bao cio ban chup X quang, ban chup cét 16p... Cac
tac gia Ercan va Lane (2014) [1] d& xuat sir dung Dynamo
Amazon [5], mét dich vu luu trit dit liéu dién toan dam
may ciia Amazon dé luu trir ludng dit lidu lién tuc tir cac
thiét bi y sinh. Kién trac Dynamo Amazon dua trén ham
bam nhét quan cho co ché mé rong, sir dung nut ao dé
phan tan dir liéu dong déu trén cac nut may chu vat 1y,
str dung vector clock [6] dé giai quyét xung dot giita cac
phién ban dit liéu sau qua trinh ghi trong tranh dong thoi.

HealthDL 1a mét hé théng tong thé, ngoai thanh phan
luu trit dir licu theo md hinh NoSQL nhu céc nghién cuu
lién quan, HealthDL tich hop hé thong hang chd thong
diép phan tan dé thu thap ludng dir liéu dén tir cac thiét bi
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y sinh phén tan vé mat dia ly. HealthDL duoc xay dung
va trién khai thue nghiém, danh gia hi€u nang luu tri trén

moi truong phan tan.

Trong nghién clru nay, ching t6i gidi thiéu HealthDL
- M6t hé thong phan tan, thu thap va luu trir dit liéu y té
ti wu cho dir liéu nhan vé tir cac thiét bi y sinh va dit liéu
thong tin lich str bénh an. Xay dyng HealthDL la m&t bai
toan nghién ctru vé dir liéu 16n, gia tang lién tuc theo thoi
gian thuc va dén tr hang triéu thiét bi phan tan vé mit dia
ly. HealthDL cho phép thong ké, tim kiém va phan tich dir
liéu. HealthDL ho tro cong viéc ciia mot chuyén vién dich
t& hoc trong cong tac thu thap, phan tich dir liéu va phong
doan bénh.

Dac trung dif liéu y té

Dir liéu y té trong nghién ctru ndy dugc phéan thanh 2
nhom: Dit liéu thu thap tir cac thiét bi y sinh va dit liéu
thong tin bénh an. Phan dudi day mé ta dic trung ngudn
dir liéu dau vao cho hé thong HealthDL.

Dit liéu y sinh

Céc thiét bi y sinh nhu may do nhip tim, huyét ap gii
thong sb do khoang 540 bytes/s. Trung binh mdi bénh
nhan do 2 tiéng/ngay, nhu vay sb luong goi dir liéu sinh
ra trong 1 thang trng véi 1.000 bénh nhan 1a 216.000.000
g6i dit liéu. Mdi goi trung binh 540 bytes, xét trén 1.000
bénh nhan véi cac may do doc lap, luong dir li€u thu thap
duogc twong mg 1a 116 Gigabytes vé thong s6 bénh nhan
trong mot thang.

Dir liéu bénh dan

Xét dit liéu bénh 4n tim hiéu trén 4 nhom bénh, gém:
Bénh tang huyét ap (kich thudc ban ghi 800-1.000 bytes);
bénh lao phdi (kich thudc ban ghi 400-600 bytes); bénh
hen phé quan (kich thudc ban ghi 500-700 bytes); bénh
dai thao duong (kich thude ban ghi 800-1.000 bytes). DPac
diém cua dit liéu bénh 4n 14 cdu tric dit liéu rat linh hoat.
Ddi voi bénh nhan dai thao duong, mot van ban bénh an s€
¢6 khoang 150 truong dir liéu riéng biét v6i ciu tric chia
nho tir 4 dén 5 tang (bang 1). D6i voi bénh nhén ting huyét
ap, moOt van ban bénh an sé c6 khoang 75 truong dir li¢u

riéng biét véi cau triic chia nho dén 4-5 tang.
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Bang 1. Mot phﬁn bénh an dai thao dudng (DTD). tur céc thict bi y sinh; 4) Khoi luu trit bénh an. So véi cac
— mo hinh truyén thong, HealthDL xay dung trén cac thanh
11. HOI BENH A A s o e f A ~
A.Bénh su: Luu y: Tudi xuat hién < 30 tui — DT typ 2; Néu 1a nit ¢ thai hay khong? phan phan tana CO tlnh kha mo, to1 uu hoa ChO luong du
B. Tién sir: liéu 16n.
+ Tién sir ban than | , \ . \
1. Ban than o6 méc bénh BTP, hodc ting huyét ap (THA), huyét ap > 140/90 mmHg hogc dang Pau vao cia hé thong c¢6 2 luong chinh: Dt li¢u dau
dicutri T“}’:ﬁéng . vao tir c4c thiét bi y sinh (dit liéu nay s& duoc dwa qua mot
2. C6 thira can béo phi (chiéu cao, can néng; BMI) kém theo 16i séng it van dong hang cho roi luu tr vao co so dit liéu); dr liéu dau vao
v b v
, Khong O C6 D bénh 4n, luu trir vao co so dit liéu chuyén biét toi uu hod
3. B0 hodc me ¢c6 mac BTD? ° - 1en N , X , ° °
Khong O C6 O cho dir 1i€u bénh an c6 cau truc linh hoat.
4. Phu nir c6 hoi chirg buéng churng da nang . N , )
Khong O C6 O MO hinh tong thé ctia h¢ thong dugc mo ta nhu hinh 1.
5. Phu nir dé sinh con > 4 kg hoac duoc chén doan DTD thai ky? N e I3 \ /. A A \ \ A 7 <A
Knong O Cé O T_rong.bal bao nay,.chung toi khong tr‘mh bay veé cac thl?F
6. C6 réi loan Lipit HDL-C < 0,9 mmol/lit hoc Triglycerid > 2,82 mmol/lit bi y sinh ma chi di vao cac thanh phan chinh cua 3 khoi
Khong O Co O \ : 1 [N A N LA , ~ 1~ 1t A
7. Ngudi ¢6 réi loan dudng méau lac doi hodc réi loan dung nap glucose hoic HBA,C > 5,7% con lal Vol nhl@l:l’l vu thu th@p’Va to chu'c lu’u tl’lI du' 11@1,1
Khong O C6 O phan tan. Muc tiéu cia hé thong 1a dam bao hiéu nang,
8. C6 gai den Onép cd (goi § tinh trang khing insulin) kha ning md rong cao voi dir liéu vao theo ludng va di
Khong O C6 O Y ¢ X gm 15 A A i A A
9. Ngudi trén 45 tudi nén sang loc DTD (nén xét nghiém 3 nam 1 1in) liéu c6 cau trtc linh hoat, ngudn dir liéu phan tan rong vé
>45tbi O <45tbi O mat dia 1}',

10. C6 mic bénh tuyén tuy: Viém tuy, soi tuy, ung thu tuy, bénh cushing?
Khoéng O C6 O

11. C6 dung thude hodc hoa chét gi khong? Corticoid, loi tiéu, chen beta giao cam @
Khong ] Cé6 O

L) - G Tewnw g

Nhu vy c6 thé thdy, nguon di 1_iéu y té trong hé thong 1 [T i\ -\f;- ‘ -
HealthDL mang ddc trung cua dit li€u lon. Cy thé: %D . E% \; whrs % J

Kich thudce lon: Xét trén 1.000 bénh nhan vai cac may gy 6 trung chcilttly 7 Y n;‘;i:.“m d
do ddoc lap, l}rqng du Ijéu thu thap duoc twong ing 1a 116 phn o
Gigabytes ’Vé thong sO bénh nhan trong mot thang. Nhu - et Q 7
vay, khi s6 bénh nhan tang 1én va thoi gian do kéo dai, — ’- Hib théing Z
luong dit liéu can thu thap 14 v6 clng 16n. 9 ki @

Toc do 16n: Céc thiét bi y sinh tao ra dit li¢u lién tuc véi | Hinh 1. Thiét k€ téng quan HealthDL.
toc d6 cao (tan sudt 1 ban ghi dir lidu/s) doi hoi hé thong o
luu trit can dam bao tinh sin sang cao, dap tmg twong Cong nghé de xuat
tranh dong thoi giira cac tién trinh ghi dir liéu va cac tién

Apache Kafka cho hang cho thong diép
trinh doc, xtr Iy dir liéu theo thoi gian thyc.

Apache Kafka [7] 1 hé thong truyén thong diép phan
tan, d¢ tin cdy cao, dé dang mo rong va c6 thong luong cao.
Apache Kafka cung cip co ché offset (c6 thé hiéu twong tur
nhu chi s§ cia mot mang) dé 1ay thong diép mot cach linh
hoat, cho phép cac timg dung xir Iy c¢6 thé xtr 1y lai dir liéu
néu viéc xur 1y trude d6 bi 16i. Ngoai ra, co ché “ding ky”

Mang lai gid tri I6m: Dit lidu y té dugc luu trit va khai | theo ddi cho phép viéc 1iy thong diép ra gan nhu tirc thoi
thac mang lai hiéu qua cao trong viéc chan doan, didu tri | ngay khi dit liéu di vao hang chd. Apache Kafka dugc thiét
bénh, gop phﬁn cai thién chét lwong kham chira bénh va ké hd tro tdt cho viée thu thap dit liéu theo thoi gian thyc.
giam chi phi xét nghiém. Véi cac tinh chat nay, Apache Kafka 1 lya chon phu hop
Mo hinh he théng cho khéi thu thap dir liéu trong HealthDL.

Chung t6i xay dung HealthDL 1a hé thong c6 kién trac
tong thé chia 1am 4 phan chinh, gdm: 1) Khdi céc thiét bi )
y sinh do cac thong s can thiét tir nguoi bénh; 2) Khoi Toc do nhanh: V6i mot may don cai dat Apache Kafka
tiép nhan va chuyén tiép dir liéu; 3) Khdi luu trir dir liu | c6 thé xtr Iy s0 luong dit liéu tir viéc doc va ghi Ién t6i

Tinh da dang: Cac bénh an la dir li¢u ban ciu trac cd
lugc d6 khong ddng nhat. Viéc luu trit dit liéu nay doi hoi
hé quan tri co sé dir li¢u phai cé lugc dd dit liéu linh hoat,
didu ma cac hé quan tri co so dit lidu quan hé truyén thong
khong dap ung duoc.

Apache Kafka 12 h¢ théng luu trit thong diép duge phat
trién tai LinkedIn véi nhitng dac diém chinh sau:
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hang trdm megabytes/s tir hang ngan may khach.

Kha nang mo réng: Apache Kafka dugc thiét ké cho
phép d& dang dugc mé rong va trong sudt voi nguoi ding
(nghia 1 khong c6 thoi gian chét - ngimg hoat dong trong
khi thém mot nit méi vao cum). Khi Apache Kafka chay
trén mot cum, lu@)ng dir licu s€ dugc phan chia va dugc
van chuyén téi cac nat trong cum, do d6 cho phép trung
chuyén cac dir lidu c6 khoi lwong 16n hon nhiéu so véi sirc
chtra cia mdt may don.

D¢ tin cdy: Dt liéu vao hang cho s€ dugce Ivu trit trén
6 dia va duoc sao chép t6i cac nit khac trong cum dé ngin
nglra viéc mat dir liéu, nhu vy Apache Kafka dam bao
tinh chiu 13i cao.

Khi so sanh véi cac hé thong truyén thong diép
truyén thong lau doi nhu RabbitMQ [8] cho thay Apache
Kafka c6 lugng dit liéu doc va ghi cao hon nhiéu so v&i
RabbitMQ. Nguoc lai, lvong tai nguyén ma Apache Kafka
chiém dung lai it hon nhiéu. Do do, Apache Kafka thich
hop hon cho céc tng dung xur 1y theo thoi gian thyc voi
lugng dir ligu 16n.

Mot s khai niém can ndm rd khi van hanh Apache
Kafka: 1) Topic: La “chu d&”, thong thuong cac dit liéu
lién quan hodc tuong tu duge nhdém trong cac chu dé. Mdi
chu dé c6 thé duge coi 1a mot nguén di liéu riéng biét; 2)
Broker: Apache Kafka chay trén mdt cum bao gf”)m mot
hodc nhiéu may (nat), méi nat duge goi 1a mot broker; 3)
Partition: Mdi topic s& dugc phan chia thanh nhiéu phan
manh (partition), cac partition s€ 1a don vi cho phép sao
lwu dé phuc hoéi dén cac broker khac; 4) Producer: Thanh
phﬁn sinh dir liéu, ghi dir liéu t&i broker; 5) Consumer:
Thanh phé*ln “tiéu thu” dir liéu, doc dir liéu tir cac broker.

Partition 1
Jl -
[} (1]

Partition 2

— -

Partition 3

Topics MCL

Partition 1

Broker 1

L\Q

Consumer

Producer 1

Partition 3

Broker 2

Partition 3

Broker 3

0 0

ZOOKEEPER

Producer 2

Hinh 2. Mo hinh truyén thong di¢p phan tan Apache
Kafka.
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Hinh 2 mé ta kién tric ciia Apache Kafka khi chay trén
mot cum véi 3 broker, véi mét topic tén 1a MCL dugc chia
thanh 3 partition, mdi partition s& c6 mot ban sao chép &
mot broker khac dé phuc vu co ché sao luu, khéc phuc 15i.

MBJi partition s& c6 1 broker 1am vai tro truéng nhom
(leader), nhitng broker con lai ¢6 luu trit partition d6 duoc
goi l1a nut theo doi (follower), chi ¢c6 nhiém vy sao luu
dir liéu. Mdi partition duoc cAu hinh tham s6 nhan ban
(replication factor). Trong hinh 2, replication factor = 2,
nghia 1a mdi partition s& dugc luu trit trén 2 broker.

Zookeeper [9] 1a thanh phan cung cap cac dich vu 16i
cho cac hé théng phén tan nhu: Dich vu quéan 1y cau hinh
hé théng, bau truong nhém (leader election), dinh danh
(naming). Zookeeper dugc Apache Kafka bau tu dong
leader cho céc partition, quan ly danh sach cac nit may
chu dang hoat dong, quan ly danh sach cac topic.

Co s6 dir ligu Cassandra cho lwu triv di ligu tiv thiét
bi y sinh

Cassandra [10] la mot co s& dir li€u hudng cot, phan
tan (mot mo hinh dir liéu NoSQL) c6 kha nang mo rong
cao (highly scalable), duoc thiét ké dé co thé quan 1y mot
lugng rat 16n dit liéu ¢6 cdu trac. Cassandra dam béao tinh
san sang cao v6i thiét ké c6 kha nang chiu 11, cac nat may
chu trong cum Cassandra 1a dong nhét theo thiét ké ngang
hang (peer-to-peer [111]), khong c6 bt cir thanh phan nao
trong h¢ thong 1 diém hong that c6 chai (bottle-neck).
Cassandra c6 mot sb dic diém chinh sau:

Tinh kha mé va cé thé co dén dwoc: Cassandra c6 tinh
kha md cao, né cho phép thém vao hé théng cac may chi
dé dap umg v6i nhu cau tai tir phia tng dung, dong thoi
cling cho phép rut bot ra, thio khoi hé thdng cac may chu
dé giam dién nang tiéu thy, thay thé phuc hdi, stra 16i ma
khong phai tam dung va khoi dong lai hé thong.

Kién triic luén sdn sang: Cassandra khong c6 diém
hong héc don 1¢, c6 co ché cho phép hé thong hoat dong
lién tyc, dap Gng céac Gng dung thuong mai quan trong ma
khong chép nhan hong hoc.

Mo hinh dit liéu linh hoat: Cassandra la mot hé co s&
dir liéu hudng cdt voi mo hinh dir li€u linh hoat cho phép
luu trit cac dit liéu co cu tric, ban cu tric va phi cAu trac
(hinh 3). Cassandra c6 thé tiép nhan dit liéu véi cdu trac
dong ma khong can dinh nghia trude lugce dd dir liéu nhu
trong co s& dir li€éu quan hé.
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Hinh 3. M6 hinh dii liéu huéng cdt cia Cassandra (Row
key 1: Ban ghi di liéu véi khod la “key 1”; Column 1:
Dinh nghia thudc tinh cla cot thd nhat; Value 1: Gia tri
clia thudc tinh th nhat tuong tGing voi mdi ban ghi di liéu).

Dé dang phan tan dir liéu: Cassandra thiét ké theo mo
hinh phan tan dir li¢u cia Dynamo Amazon [5] su dung
ham bam nhit quan (con51stent hashing [12]) dé phan tan
dir liéu. Dleu nay cho phep t61 wu qua trinh di chuyén dit
liéu khi cau hinh hé thong thay d6i. Cac ntit may chi thém
vao hay rat ra khong lam anh huong dén viéc phan bo lai
toan bd khong gian dir li¢u.

Cho phép ghi dir liégu nhanh, thong luong Ion:
Cassandra mic du dugc thiét ké chay trén cac mdy tinh
phé thong c6 cdu hinh thip nhung van cho phép dap tng
hi€u nang cao vai cac thao tac doc, ghi dit liéu thong lwong
16n, ¢6 thé luu trir hang tram terabyte dit liéu.

Thiét ké ciia Cassandra khong c6 diém chét tap trung
nao. Cassandra c6 thiét ké dya trén kién trac mang ngang
hang, tit ca cic nat may chu trong hé théng déu co vai
trd nhu nhau va khéng cé nut may chu nao dong vai trd
la may chu trung tdm ma viéc hong hoc cua méy chu nay
c6 thé kéo theo danh sap hoan toan hé thdng nhu cac
kién trac chu - khach truyén théng. Cac nat may chu cua
Cassandra 1a doc 1ap. Mdi niit déu c6 thé xtr 1y cac thao
tac ghi va doc dir li€u, khong phan biét 1a dir liéu dugc luu
trir mot cach vat 1y trén may chii nao trong h¢ thong. Khi
mot nat trong hé thdng bi hong hoc va dimg hoat dong,
cac thao tac doc ghi dit liéu c6 thé duge xir 1y boi cac nit
khac trong hé thong. Qua trinh ndy hoan toan trong sudt
v6i g dung, cho phép an di hong hoc cia hé thong dbi
v6i cac ting dung do6.

Trong Cassandra, mdi doi tuong dit liéu cod thé duoc
nhan ban va luu giit trén nhidu may chi. Néu mét trong cac
may chii lvu mot phién ban dir liéu bi 16i hodc khong phai
la phién ban dugc cap nhat dit liéu moi nhét, Cassandra c6
co ché déng bo dé ludn dam bao cac thao tac doc s& ludn
tra vé dit liéu méi nhat. Co ché nay dugc thuc thi trong
qué trinh doc dit liéu (read repair) thay vi dong bd ngay
trong thao tac ghi dir liéu, didu nay cho phép ting hiéu
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ning dbi v6i thao tac ghi dir lidu.

Cassandra sir dung co ché ham bam nhit quan phan
tan (distributed consistent hashing [12]) t6 chirc cac nut
may chu thanh cum theo dinh dang vong tron va dir liéu
dugc phén tan theo vong tron nay theo ham bam nhat quan
(hinh 4).

a+

c

Hinh 4. Bang bam nhat quan biéu dién duéi dang vong
tron dia chi.

Co sé dir liéu MongoDB dé lwu triv dir liéu bénh dn

MongoDB [13] la co s¢ dir liéu hudng van ban, dudi
day la cac khai niém khi lam viéc v6i MongoDB:

Document: Document hay van ban 1a don vi dir li¢u
trong MongoDB. Document c6 cau tric tuong tw nhu kiéu
dir liéu JSON [14], bao gém cac cap khoa - gia tri, cac gia
tri c6 thé bao ham cac trudng khod - gia tri con. Document
¢6 thé hiéu giéng nhu cac ban ghi dir liéu trong co so
dir liéu quan hé, tuy nhién sy khac biét 1a cac cap khoa -
gi4 tri trong cac van ban c6 thé khong gidng nhau ¢ mdi
document. Do vay, cac document [a linh hoat vé mit ciu
trac. Mdi van ban c6 mot dinh danh id 1a duy nhét trong
mdi collection.

Collection: Collection 1a nhém cac tai liéu (document),
trong duong vdi mot bang (table) trong co s¢ dit liéu quan
hé. Céc collection khong c6 rang budc quan hé tham chiéu
1an nhau nhu cac bang trong hé quan tri co s¢ dir liéu quan
hé.

Database: Database 1a co sd dit liéu, mdi database
gom nhiéu collection. Mot may chiu MongoDB c6 thé tao
nhiéu co so dir liéu.

Céc tinh ndng quan trong ctia MongoDB:

Mo hinh dir li¢u linh hogt: M6 hinh dit liéu hudéng van
ban ctiia MongoDB cho phép dé& dang luu trir va két hop dir
liéu c6 cdu trac dong ma khong lam giam di viée kiém soat
rang budc vé kiéu, mién gia trj cua dir licu.
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Tinh kha mé cao, cho phép trién khai trén nhiéu trung
tam dir liéu: MongoDB c6 thé mé rong trén mot trung tim
dir liéu hodc trién khai phan tan trén nhiéu trung tam dir
liéu phan tan vé mit dia ly.

Tinh san sang cao: Ngudi quan tri hé thong c6 thé dé
dang ting hodc giam sd lugng may cha tham gia vao hé
co s6 dir lidu & bat cr thoi diém nao, khong can phai tam
dirmg va khoi dong lai hé thong.

Nhiéu tinh nang tich hop di kém hé sinh thdi sit dung
MongoDB: Céc tinh ning phan tich dir liéu, trinh dién dir
liéu, danh chi muc, xur Iy dir liéu dd thi, dit liéu khong gian
déu co thé dé dang tich hop véi co so dir liéu MongoDB
thong qua céc trinh diéu khién két n6i chuan hoa va dugc
hd tro manh mé.

Nhdn ban: Nhan ban la mét tinh nang v cung quan
trong ciia MongoDB va dugc khuyén cdo sir dung khi cai
dat MongoDB cho méi trudong thuc té (tng dung thuc, dir
liéu thyc). K§ thudt nhan ban tirc 1a sao mot ddi twong dir
liéu ra mdt nhoém cac may chu khac nhau. Trong nhom cac
may chu nay s€ c6 mot may chti 1a may chii nhan ban chinh
va cac may con lai 1a may cha nhan ban thir cip (phu).
May chii nhan ban chinh déng vai tro 1a tong quan, noi ma
moi thao tac ghi, cap nhat dédi tuong dit licu can phai thong
qua may chu d6. Cac may chu thir cip c6 thé dugc sir dung
cho viéc doc dir liéu dé can bﬁng tai. MongoDB c6 ché @6
chuyén d6i du phong (failover) tu dong néu may chu nhan
ban chinh bj 18i thi mot trong cac may chu th cap s& duoc
bau lam may chu chinh thay thé dé dam bao céc thao tac
ghi dir li¢u ludn dugc thuce thi thanh cong (hinh 5).

Client Application

Writes Reads

S 3G Y
R Ze.
N 0
(2 (/o
N5 Y

Hinh 5. Nhan ban trong MongoDB (Client Application:
Ung dung phia ngudi dung; Writes: Tac vu ghi dd liéu;
Reads: Tac vu doc di liéu; Primary: May cht nhan ban
chinh; Secondary: May chii nhan ban thi cap; Replication:
Qua trinh nhan ban di liéu).
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Sharding: Khi kich thudc cua dir li¢u gia tang, mot
may tinh don 1é khong thé du dé luu dit lidu ciing nhu
cung cép cac xir Iy doc va ghi thong thuong. Sharding 1a
mot k¥ thudt cho phép cac van ban trong MongoDB dugc
phan tan ra trén nhiéu may chu. Viéc phan tan dit liéu nay
¢6 y nghia quan trong gop phan mé rong kha ning luu trir
va xur Iy cta hé thong, dong thoi tang kha nang chiu 16i.
Song song vai viée tw dong hod phan tan dir li¢u, néu mot
may chu dir liéu nao d6 bi gip 15i thi hé thdng c6 co ché
tu dong dinh tuyén lai cac thao tac doc ghi trén may chu bi
16i qua cac may chu khéac. Hinh 6 giai thich viéc collection
A dugc chiara ¢ 2 shard A va B trong khi colllection B chi
nam ¢ 1 shard A.

Hinh 6. Ky thuat phan manh dii liéu sharding trong
MongoDB (Shard: Mot khai luu tri da lieu doc lap;
Collection: Tap hop nhiing van ban co tinh tuong dong vé
cdu trac).

Véi thiét ké dang dir liéu hudng vin ban, MongoDB
1a co s dit liéu thich hop nhat dé luu trit thong tin bénh
an gém nhiéu truong thong tin, cic truong khong dong
nhét gilra cac bénh an khac nhau hodc cac bénh an cuia cac
bénh khic nhau. Ciu tric huéng vin ban cia MongoDB
cho phép nguoi ding c6 thé tao cac chi muyc trén cac thudc
tinh ctia vin ban dé tim kiém nhanh, diéu nay 1a khac biét
clia MongoDB so véi Cassandra. Pay 1a 1y do dé ching
toi Iyra chon MongoDB thay cho Cassandra trong Iuu trit
thong tin bénh an.

Danh gia thuc nghiém

Trong phan nay, ching t6i danh gia hiéu ning cua hé
thong HealthDL trong cac thao tac doc, ghi dit liéu trén
moi truong phén tan, khi gia ting cac két ndi twong tranh
ddng thoi. Chung toi da cai dat va tién hanh chay danh gia
MongoDB va Cassandra véi 2 cong cu danh gié tiéu chuin
la YCSB [15] va Cassandra-stress [16]. Hai cong cu nay
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do s6 thao tac vao ra trung binh c6 thé thyc thi trong 1 s
véi khoi dir liéu vao ra duoc cung cap san.

Ddnh gid thanh phin lwu triv thong tin bénh dn
MongoDB

MongoDB dugc cai dat trén rn01 truong 4o hod sr dung
docker-compose, cum may tinh gdm 30 nut ao chia sé ciu
hinh: 2 CPU (Haswell 2.3 G), 1 SSD (Intel 800 GB SATA
6 Gb/s), RAM (128 GB).

Két qua dbi vai kich ban chi doc va chi ghi cho hiéu
nang cao véi tbe do dat tir 70.000 dén 100.000 ban ghi/s,
dotréla 1 dén 1,5 s v6i sb luong client két ndi t6i 1én dén
100 client twong tranh dong thoi (hinh 7A va 7B).

100% write workload
80000 ——1— T T T T

4000

Trong hinh 7A va 7B, dudng ké mau tim mé ta do tré
trung binh, dudng ké mau xanh duong mé ta do tré trung
binh cua 5% céc tic vu c6 do tré cao nhat, duong ké mau
xanh 14 mo ta do tré trung binh cuia 1% céc tac vu c6 do tré
cao nhat. Tl biéu d6 két qua cho thay, chi 1% céc tac vu
c6 d6 tré cao nhat 13 3,5 s.

Vi kich ban céc tac vu doc va ghi la ty 1¢ 50/50 (vira
doc vira ghi) ciing cho két qua t6t, vai toc do trung binh
70.000 ban ghi/s, d9 tré trung binh 1 1,4 s (hinh 8). Trong
hinh 8, dudng ké mau xanh duong moé ta do tré trung binh
cua cac tac vu doc, dudng ké mau tim mo ta do tré trung
binh cia cac tac vu ghi. Tir két qua nay cho thiy rang, do
tré ctia hai dang tac vu nay khong qua chénh 1éch voi nhau.

50/50 read/write workload
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Hinh 7A. Kich ban ghi dii liéu MongoDB.

100% read workload
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Hinh 7B. Kich ban doc dir liéu MongoDB.

Trong do: 100% write workload: Kich ban chi ghi;
100% read workload: Kich ban chi doc; Ops/sec: S6 tac
vu thuc thi thanh cong trong 1 s; Theads: S6 lugng két
ndi dén hé thong; Throughput: Gidi nghia nhu ops/sec;
95thPercentileLatency: Do tré clia 5% tac vu c6 do tré cao
nhat; 99thPercentileLatency: D9 tré clia 1% tac vu co do
tré cao nhat; Averagelatency: D9 tré trung binh.
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threads

Throughput(operations /second)
AveragelatencyRead
AveragelatencyWrite

Hinh 8. Kich ban doc ghi dong thoi MongoDB (50/50
read/write workload: Kich ban doc ghi dong thoi; Ops/sec:
S6 tac vu thuc thi thanh cong trong 1 s; Theads: S6 lugng
két ndi dén hé thong; Throughput: Gidi nghia nhu ops/sec;
AveragelatencyRead: D9 tré trung binh cla tac vu doc du
lieu; AveragelLatencyWrite: Do tré trung binh cla tac vu
ghi d liéu).

Maic du khi xay dung mot cum MongoDB phén tan do
bang docker-compose, cac nut s& khong sir dung duoc tron
ven tai nguyén phan cimg t6t nhét, nhung két qua tra vé
rat kha quan ddi véi yéu cAu cta viée nhap liéu, Ivu trit va
chia sé bénh an.

Ddnh gid thanh phén lwu triv div liéu tiv thiét bi y sinh
Cassandra

Cassandra dugc cai dat trén 3 may chu riéng biét voi
cAu hinh m&i may nhu sau: 2 CPU (Haswell 2.3 G), 1 SSD
(Intel 800 GB SATA 6 Gb/s), RAM (128 GB). Kich ban
thtr nghiém do ) lugng céc thao tac doc, ghi/s va do tré
trung binh. Cac thir nghiém qua gia ting sb luong céc tién
trinh client thyc thi cac thao tac doc, ghi dir liéu tuong
tranh dong thoi.
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Trong thir nghiém cac tién trinh twong tranh chi thyuc
thi cac thao tac ghi (hinh 9A), cic tién trinh tuong tranh
chi thyce thi cac thao tac doc (hinh 9B), Cassandra dap ting
hiéu nang cao v&i s thao tac xtr Iy tir 250.000 dén 300.000
ban ghi/s. Do tré trung binh tir 0,2 dén 0,3 ms. Véi kich
ban doc, ghi twong tranh (hinh 10) Cassandra van dap ung
dugc sb thao tac tir 250.000 dén 300.000 ban ghi/s.

DPuong ké mau tim mo ta d¢ tré trung binh, duong ké
mau xanh duong mé ta do tré trung binh ctia 5% cac tac
vu ¢6 d6 tré cao nhat, dudng ké mau xanh 14 moé ta do tré
trung binh ctia 1% céc tic vu c6 do tré cao nhét. Tur két
qua nhan th:?iy rﬁng, chi ¢6 1% cac tac vu c6 do tré cao
nhét 1a 1,6 ms.

100% write workload
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Hinh 9A. Gia tang thao tac tuong tranh chi ghi.

100% read workload
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Hinh 9B. Gia tang thao tac tuong tranh chi doc.

Trong do: 100% write workload: Kich ban chi ghi;
100% read workload: Kich ban chi doc; Ops/sec: S6 tac
vu thuc thi thanh cong trong 1 s; Theads: S6 lugng két
ndi dén hé thong; Throughput: Gidi nghia nhu ops/sec;
95thPercentileLatency: Do tré clia 5% tac vu c6 do tré cao
nhat; 99thPercentileLatency: D9 tré clia 1% tac vu co do
tré cao nhat; Averagelatency: D9 tré trung binh.
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Hinh 10. Dgc ghi tuong tranh dong thoi trén Cassandra
(50/50 read/write workload: Kich ban doc ghi dong thoi;
Ops/sec: S6 tac vu thuc thi thanh cong trong 1 s; Theads:
S6 lugng két ndi dén hé thong; Throughput: Gidi nghia nhu
ops/sec; AveragelatencyRead: Do tré trung binh cla tac
vu doc di lieu; AveragelatencyWrite: D6 tré trung binh
clia tac vu ghi di liéu).

Céc két qua thir nghiém v6i MongoDB va Cassandra
trén moi truong tuong tranh cho thiy, cac thanh phan dap
g hiéu ning cao ngay ca trong diéu kién doc ghi tuong
tranh dong thoi. Vé hiéu nang, Cassandra cho hiéu ning
cao hon vé sb thao tac/s, pht hop véi luu trir cac dit liéu
dén tir thiét bi y sinh thoi gian thuc.

£ a
Ket luan

Trong bai bao nay, chung t6i gidi thi¢u HealthDL, hé
thong thu thap va luu trit dit 1iéu 16n cho y té. Két qua danh
gi4 hiéu ning ctia thanh phan luu trit trén méi truong thir
nghiém chimg minh kha nang dap tng tot voi cac yéu cau
nghiép vu doc ghi dir liéu twong tranh dong thoi. V& thiét
ké tong thé, hé thong cdu thanh tir cac thanh phan phan
tan, c6 tinh kha mé cao, hd trg mo hinh dir liéu linh hoat.
Trong tuong lai, chung t6i s& trién khai hé thong trong
thue tién va tién hanh tich hop véi thanh phan phan tich
dir liéu y té phan tan.

LO1 CAM ON

Céc tac gia xin cam on Chuong trinh KH&CN cip nha
nude phuc vu phat trién bén viing ving Tay Bic da tai tro
nghién ctru thong qua dé tai “Ung dung va trién khai hé
théng phan mém tich hop va két ndi cac thiét b dién tir y sinh
va mang truyén thong hd trg theo ddi sirc khoé va dich t& cong
ddng khu vyc Tay Bac” (ma s6 KHCN-TB.06C/13-18).



s Khoa hoc Ky thuat va Céng nghé

TAI LIEU THAM KHAO

[1] M. Ercan, M. Lane (2014), “An evaluation of NoSQL databases for
EHR systems”, Proceedings of the 25th Australasian Conference on Information
Systems, pp.8-10.

(2] ). Andreu-Perez, C.C.Y. Poon, R.D. Merrifield, S.T.C. Wong, G.Z. Yang
(2015), “Big data for health”, IEEE J. Biomed. Heal. informatics, 19(4), pp.1193-
1208.

(3] C. Dobre, F. Xhafa (2015), “NoSQL technologies for real time (patient)
monitoring”, Advanced Technological Solutions for E-Health and Dementia
Patient Monitoring, pp.183-210.

[4] K. Grolinger, W.A. Higashino, A. Tiwari, M.A. Capretz (2013), “Data
management in cloud environments: NoSQL and NewSQL data stores”, J. of
Cloud Comput.: Adv. Syst. Appl., 2, pp.2-22.

[5] G. Decandia, D. Hastorun, M. Jampani, G. Kakulapati, A. Lakshman, A.
Pilchin, S. Sivasubramanian, P. Vosshall, W. Vogels (2007), “Dynamo: Amazon’s
highly available key-value store”, ACM SIGOPS Oper. Syst. Rev., 41(6), pp.205-
220.

(6] D.S. Parker, G.J. Popek, G. Rudisin, A. Stoughton, B.]. Walker, E.
Walton, J.M. Chow, D. Edwards, S. Kiser, C. Kline (1983), “Detection of Mutual
Inconsistency in Distributed Systems”, IEEE Trans. Softw. Eng., SE-9(3), pp.240-
247.

[7] N. Garg (2013), Apache Kafka, Packt Publishing Ltd.

TAP CHI

HOA HOC |/,
ONG NGHE | I€{ Nam 18(7) 72007

[8] A. Videla, J.J.W. Williams (2012), RabbitMQ in action, Manning.

[9] P. Hunt, M. Konar, EP. Junqueira, B. Reed (2010), “ZooKeeper: Wait-free
coordination for Internet-scale systems”, USENIX Annual Technical Conference,
8, p.9.

[10] A. Lakshman, P. Malik (2010), “Cassandra: A decentralized structured
storage system”, ACM SIGOPS Oper. Syst. Rev., 44(2), pp.35-40.

[11] S. Androutsellis-Theotokis, D. Spinellis (2004), “A survey of peer-to-
peer content distribution technologies”, ACM Comput. Surv., 36(4), pp.335-371.

[12] D. Karger, E. Lehman, T. Leighton, M. Levine, D. Lewin, R. Panigrahy
(1997), “Consistent Hashing and Random Trees: Distributed caching protocols
for Relieving hot Spots on the world wide web”, Proceedings of the twenty-ninth
annual ACM symposium on Theory of computing, pp.654-663.

[13] K. Chodorow (2013), MongoDB: The definitive guide, O'Reilly Media,
Inc.

[14] T. Bray (2014), “The javascript object notation (JSON) data interchange
format”, Standards Track, pp.1-16.

[15] B.F. Cooper, A. Silberstein, E. Tam, R. Ramakrishnan, R. Sears (2010),
“Benchmarking Cloud Serving Systems with YCSB”, Proceeding of the 1st ACM
symposium on cloud computing.

[16] Cassandra Stress, Available, http://docs.datastax.com/en/cassandra/2.1/
cassandra/tools/toolsCStress_t.html.



