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Loi cam on

Trude tién, em xin gii 10i cam on chan thanh va siu sic nhat dén
Tién s — giang vién, thay Nguyén Hong Quang vi di tan tinh giup d& va
huéng dan em trong subt qua trinh lam va bao vé do an tot nghiép. Sy hd
trg nhiét tinh va nhimg 161 khuyén quy bau ctia Thiy di giup em vuot qua
nhitng kho khin, thtr thach va hoan thanh tot cong viéc ctia minh. Thay da
lu6n kién nhin, tin tAm va sin long chia sé nhiing kinh nghiém, kién thirc
quy bau ma Thiy di tich Ky duoc qua nhiéu nim. Piéu ndy khong chi
gilip em nang cao nang lyc chuyén mon ma con gitip em phat trién ki ning
tu duy va lam vigc.

Em ciing xin gii 10i cam on sau sac dén tat ca cac thay co trong
khoa Vat Ly d3 Iuon nhiét tinh giang day, hd trg va tao diéu kién t6t nhit
cho em va cé4c sinh vién khéc trong sudt thoi gian hoc tép tai truong.
Nhimg kién thirc va kinh nghiém ma cac thiy c6 da truyén dat khong chi
gitip em hoan thién d6 4n t6t nghiép ma con 1a nén tang viing chic cho su
phat trién nghé nghiép trong twong lai.

Ngoai ra, em ciing mudn gti 161 cam on dén trudong dai hoc Khoa
hoc tu nhién, PHQGHN - noi da tao ra mdi truong hoc tép 1y tudng, cung
cép co's& vat chit hién dai va dﬁy du, cling nhu td chire nhiéu hoat dong )
ichgiup sinh vién phat trién toan dién.

Loi cudi cung. em xin kinh chiic thdy Nguyén Hong Quang, céc thay
¢ va toan thé nha truong luén manh khoe, hanh phic va thanh cong trong
su nghiép trong ngudi cao quy.

Ha No4i, thang 6 nam 2024
Sinh vién,

LA Anh Truc
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Mé dau

Trong thoi dai sb hoa hién nay, viéc tinh toan song song tr& thanh
mot phan khong thé thiéu ctia hdu hét cac t6 chirc va doanh nghiép. Tinh
toan song song khong chi don thun la mot cong cu dé ting cuong hidu
sudt tinh toan ma con mé ra nhitng co hdi méi trong viée phan tich dir lidu,
trién khai tmg dung phtic tap, va nghién ctru khoa hoc.

Viéc quan 1y va trién khai co so ha tang tinh toan song song doi hoi
su linh hoat va hiéu qua cao. OpenStack Bare Metal (Ironic) ndi 1én nhu
mot giai phép linh hoat va manh mé& cho céc to chtrc véi nhu cau sir dung
co sO ha tang vat Iy dé trién khai cac img dung va cong viée tinh toan mot
cach hi¢u qua.

Ironic 1d mot hé théng cung cap may chu vat Iy manh mé, gitp
nguodi dung quan Iy va tu dong hoa viéc trién khai ha ting, quan Iy tai
nguyén dén vong doi ctia cac may chil. Thay vi phai xtr Iy cac cong viée
trién khai may chit mot cach thu cong va tén kém, Ironic cho phép tu dong
hoéa quy trinh ndy, gitp tiét kiém thoi gian va tai nguyén cua to chic.

Su két hop giita tinh linh hoat ctia Ironic va kha ning md rong cua
tinh todn song song m¢ ra nhitng co hdi madi trong viée xay dung va quan
Iy co s& ha ting may chu. Diéu nay khong chi giup toi vu hoa viée str dung
tai nguyén ma con dam bao tinh linh hoat va hiéu suit cua ha ting tinh
toan, tiét kiém chi phi dau tu.

Muc tiéu: Xy dung hé thdng tinh toan song song trén hé diéu hanh
Debian va kién tr(ic Openstack Bare Metal.

Péi twgng va pham vi nghién ctru: Hé thong Openstack Bare Metal
Ironic trén hé dicu hanh Debian.

Phuong phép nghién ctru: Phuong phap phén tich — tong hop,
phuong phép li¢t ké, phuong phap so sanh.



Chuong 1. Tong quan
1. Giéi thiéu Openstack Bare Metal - Ironic
1.1. Openstack va lronic

OpenStack 13 mot nén tang dién toan ddm may mi nguén md va mién
phi. N6 chu yéu dugc trién khai co s& ha tﬁng dudi dang nhu mét dich vu
(infrastructure-as-a-service laaS) trong ca dam may cong cong va dam may
riéng, noi cac may chu 4o va céc tai nguyén khac duoc cung cip cho nguoi
dung.

Nén tang phan mém niy bao gdm cac thanh phan lién quan gitp kiém
soét C&c tai nguyén phan ctng da dang tir nhiéu nha cung cap nhu xu 1y, luu
trir va mang trong toan bd trung tim dir liéu. Nguoi dung c6 thé quan Iy né
thong qua bang diéu khién, céc cong cu dong Iénh, hodc cac dich vu web.

OpenStack Bare Metal hay con duoc biét dén nhu Ironic, 13 mot du an
quan trong trong hé sinh thai OpenStack, tap trung vao viéc cung cap cac ti
nguyén phan cing vat Iy thay vi cac may 4o. N6 ¢ thé duge coi la bo giao
dién Iap trinh tmg dung cho viéc cung cip, quan Iy va tuong tac voi cac trinh
40 hoa cac may vat ly.

Trai hoan toan voi cac hé théng cung cap may do nhu KVM, XEN hay
VMWare, Virtualbox thuong hoat dong dua trén by do hoa, Ironic 1a dich vu
cung cdp cac may chu vat Iy ma cé thé quan Iy ching nhu may 40. Cac may
vat Iy dugce cung cap nay déu duge st dung toan quyén bai ngudi ding ké ca
trong viéc quan Iy cac yéu t6 tir phan ctng dén phan mém.

B mi ngudn cua Ironic dugc phat trién hoan toan dya trén ngdn ngir
lap trinh Python va la ma nguén mo, dugce cong khai trén cac nén ting quan
Iy va Iru trit md ngudn nhu OpenDev va Github. [1]



1.2. Lich sir hinh thanh va phat trién

Vao thang 7 nam 2010, Rackspace Hosting va NASA di cong bé mot
sang kién phan mém dam may mi ngudn md duoc goi la OpenStack. Tuyén
bd st ménh tao ra nén tang dién toan dam may mi ngudn mé phd bién dap
tmg nhu cdu cua cic dam miy cong cong va dam mAy riéng bat ké kich
thudc, bang cach dé dang trién khai va c6 kha nang mé rong 16n.

Du 4n nham gifp cac t6 chic cung cp dich vu dién toan dam may
chay trén phan cimg tiéu chuan. Phién ban chinh thic dau tién ciia cong
ddng, co tén mi 1a Austin, xuit hién ba thing sau d6 vao ngay 21 thang 10
nam 2010, v&i ké hoach phéat hanh cic ban cép nhat phan mém thudng
xuyén. Ma ban dau dén tir nén tang Nebula ctia NASA ciing nhu tir nén tang
Cloud Files ctia Rackspace. Cac md dun cua cloud stack va open stack da
dugc hop nhat va phat hanh dudi dang mi nguén mé béi doi ngii NASA
Nebula két hop véi Rackspace.

Nam 2011, nha tai tro cia Ubuntu la Canonical da gidi thi€u viéc ho
tro dﬁy du cho céc dich vu dién toan OpenStack, bat dau tir ban phat hanh
cua OpenStack Cactus.

Cung trong nim 2011, OpenStack phién ban Cactus ciing dd c6 san
trong Debian 7.0.

Vao thang 8 nam 2012, SUSE da cong bd phién ban OpenStack doanh
nghi€p duoc ho tro thuong mai dua trén ban phat hanh "Essex".

Sau mQt nam phat hanh ban thir nghiém tich hgp OpenStack (phién
ban “Essex”) clia minh, tip doan Red Hat d3 gi6i thiéu hd tro thuong mai
cho OpenStack v41 ban phat hanh "Grizzly" vao thang 7 ndm 2013.

Nim 2012, OpenStack di dwgc chuyén sang quan Iy bai OpenStack
Foundation, mot t6 chirc phi lg1 nhuan dugc thanh 13p vao thang 9 ndm 2012
nham thic day phan mém OpenStack va cong ddng ciia nd.

DPén nam 2018, hon 500 cong ty di tham gia dy an ndy. Nam 2020, t6
chtic ndy thong bao doi tén thanh Open Infrastructure Foundation nam 2021.
Dén nam 2024, OpenStack da dugc hd trg b6i hon 560 nha t6 chuc, cung cép



cho hon 300 trung tAm dién toan dam miy cong cong, sd hitu cong ddng phat
trién trai dai khap 180 nudc véi hon 9000 nguodi dong gop xay dung.

Ngay 30/4/2015, OpenStack Ironic duoc gioi thidu lan dau tién trong
phién ban OpenStack “Kilo”. Dy 4n nay bat dau nhu mot phan cua
OpenStack Nova, module quan Iy tinh toan ctia OpenStack, nhim muc dich
hé tro trién khai va quan 1y cac may chi vat Iy (bare metal) thay vi cac may
a0.

Hoan canh ra doi cta Ironic xudt phat tir nhu cau ngdy cang ting cia
cac to chirc va doanh nghiép vé kha ning truy cép truc tiép vao phan cing
thue dé dat duoc hiéu suit cao hon, dic biét 1 trong cac moi truong yéu ciu
xir Iy hiéu ning cao va céac ing dung khong thé ao hoa. Ban dau, viéc quan ly
may chu vat Iy dugc thuc hién thong qua mot tinh ndng cua Nova c6 tén la
"bare metal driver". Tuy nhién, do tinh phtic tap va yéu cau chuyén biét hoa
trong viéc quan Iy phan cung vat Iy, cong ddong OpenStack di quyét dinh
tach tinh ndng nay ra thanh mdt dy an riéng biét, tir d6 hinh thanh nén Ironic.

Ironic nhanh chong tré thanh mot du an doc lap va quan trong trong hé
sinh thai OpenStack, cung cip cac cong cu manh mé dé trién khai, quan Iy va
tai sir dung cac tai nguyén phan cimg vat Iy trong moi trudng dam may. Diéu
ndy gitip céc to chirc khong chi tin dung tdi da hiéu suét ctia phan cimg ma
con duy tri dugc tinh linh hoat va kha nang m¢ rong cua céac giai phap dién

toan dam may. [2]



1.3. Taisao nén st dung lronic ?

Ironic 12 mdt cong cu manh mé va can thiét cho viéc quan Iy va trién
khai cdc may chu vat Iy, phu hop voi viée xdy dung nén méng cho mdt hay
nhiéu hé thng tinh toan song song véi nhitng Iy do c6 thé ké dén nhu sau:

- M4 ngudén mé va st dung mién phi: Ironic 1a mot dy 4n m3 ngudn
m&, nghia 1a n6 khong chi mién phi ma con cho phép ngudi dung tity chinh
va m& rong theo nhu cau riéng. Piéu ndy gitp tiét kiém chi phi dau tu ban
dau va chi phi duy tri hé thong.

- Cong déng st dung manh mé: V&1 mot cong déng 16n va nang dong,
nguoi dung Ironic co thé dé dang tim théiy su hd tro, tai licu hudng dan va
céc giai phap tir cong ddng. Cong dong OpenStack thudng xuyén cip nhat va
cai tién phan mém, gitp ngudi dung tiép can dugc nhimg tinh ning moi nhét
va céac ban va 16i kip thoi.

- Ho tro lau dai tir OpenStack: OpenStack 1a mot trong nhimg cong ty
hang dau vé cong nghé dam may, voi sy hd tro lau dai va cam két tir nhiéu
cong ty cong nghé 1on trén thé giéi. Viée st dung Ironic giip dam bao ring
hé théng cua nguoi dung luon dugce cap nhat va hd trg tot nhat.

- HS tro ky thudt va tai lidu chi tiét: OpenStack cung cip tai liéu chi
tiét va hd tro k¥ thudt chuyén sau cho ngudi dung Ironic. Diéu ndy giup dam
béo rang nguoi dung c6 thé trien khai va quan Iy hé théng mot cach hidu qua
va giai quyét cac van dé phat sinh nhanh chéong.

- Tinh bado mat va tuan thii quy dinh: Ironic cho phép kiém soat hoan
toan phan ctng vat Iy, gitp dap tng cac yéu cau khit khe vé bao mat va tuan
thi cac quy dinh phap ly. Diéu nay dic biét quan trong trong céc linh vuc
nhu tai chinh, y t& va chinh phu, noi bao mat dit liéu 13 uu tién hang dau.

- Tinh linh hoat va kha ning mé rong: Ironic cung cap kha niang quan
Iy va trién khai linh hoat cac may chu vat I, cho phép mé rong hoic thu hep
quy md hé thdng theo nhu cau thyc té. Diéu nay gitp tdi wu hoa viée sir dung

tai nguyén va giam thiéu chi phi van hanh.



- Cung cdp cac cum may tinh vat Iy hiéu ning cao: Dbi v6i nhitng hé
théng yéu cau strc manh tinh toan 16n va hiéu suét cao, viéc st dung may chu
vat Iy 13 rat can thiét. Tronic gitip trién khai va quan Iy cac cum may tinh vt
Iy ndy mot cach hidu qua, dam bao kha ning xir Iy khoi luong cong viée 16n
v6i d6 tré thap va hiu suét toi wu.

- Phyc vu linh hoat céc tac vu tinh toan doi hoi quyén truy cép vao cac
thiét bi phan cimg khong thé a0 hoa: Mot sb tmg dung va tac vu yéu cau truy
cap truc tiép Vao phﬁn cung, chﬁng han nhu cac thiét bi thé d6 hoa roi (GPL),
mach tich hop ¢& 16n FPGA, hoic cac thiét bi dic thu khac ma khong thé ao
hoa. Ironic cho phép trién khai va quan Iy cac may chu vat Iy c6 kha ning
truy cap truc tiép dén cac thiét bi ndy, dap Gng nhu cau dic thu cia cac Gng
dung chuyén dung.

- Luu tr&t co s¢& dit lieu hi¢u qua: Mot sb co s& dit liéu co hiéu suét kém
trong moi trudng 40 hoa do yéu cau vé dau vao, dau ra va tai nguyén phan
ctmg cao. Sir dung may chi vat Iy véi Ironic gitip dam bao hiéu suét cao va
6n dinh cho cac co sd dir liéu ndy, cai thién toc d6 truy xuat va xir Iy dit liéu.

- Pam bao phan ctmg danh riéng cho mot may chi duy nhat: Dbi véi
nhitng truong hop yéu cau vé hiéu suat, bao mat va do tin cdy cao, viéc sir
dung phan cimg danh riéng cho mot may chu duy nhét 13 rat quan trong.
Ironic hd trg viéc phan bo phan climg mot cach chinh x4c va an toan, dap ang
cac yéu cau khit khe vé bao mat va tun thi quy dinh cua cac to chirc.

- Trién khai co so ha ting dam may mot cach nhanh chong: Ironic gitup
tr dong hoa qua trinh trién khai va quan Iy cac may chu vat I, cho phép xay
dung co s& ha ting ddm may mot cach nhanh chong va hiéu qua. Diéu nay
gitip tiét kiém thoi gian va chi phi, dong thoi ting kha niang mo rong va linh

hoat cua hé théng.



2. Cac thanh phan chinh trong Ironic
2.1. Céc thanh phan c6t 16i

Ironic-api: La mot API RESTful (giao di¢én 1ap trinh ing dung quan ly
tai nguyén) xir Iy cac yéu cau ung dung bang cach giri chung dén Ironic-
conductor qua phuong thirc goi ham tir xa (RPC - remote procedure call). N6
c6 thé chay qua cong giao dién may chit web (WSGI - Web Server Gateway
Interface) hodc nhu mot tién trinh riéng biét.

Ironic-conductor: La noi tap trung phan 16n viéc xtr Iy logic cuia dich
vu Ironic. Day 14 bo thanh phdn manh mé gitip thém/stra/x6a/bat/tit cac may
chu vat Iy bang IPMI (giao dién quan Iy nén tang théng minh) hoic giao thirc
riéng biét khac, cung cap/trien khai/don dep cac mdy chu vat ly. Ironic-
conductor st dung trinh diéu khién (drivers) dé thuc hién cac thao tic trén
phan clmg.

Ironic-python-agent: Mot dich vu python chay trong mot dia RAM tam
thoi dé cung cap cac dich vu Ironic-Conductor va Ironic-Inspector véi kha
ning truy cap tir xa, kiém soat phan va kiém tra cdu hinh phan cimg.

Ironic-Inspector: Mot dich vu lién quan thuc hién viéc xem xét phﬁn
cimg bang cach sir dung PXE boot dé khéi dong phan ctmg chua dang ky
vao diaram dang chay trén Ironic-python-agent. [3]



2.2. Céc thanh phén c6 thé tich hop

Ironic cling c6 thé duge st dung doc lap hoac la mot ph@fm cua
OpenStack Cloud khi tich hgp vai cac dich vu di keém nhu:

- OpenStack Keystone (Dich vu xac thuc): Keystone la mot dich vu
OpenStack cung cap xac thuc tmg dung khach (API Client), kham phé dich
vu va iy quyén cac bén dugc phan phdi bang cach trién khai API nhan dang
cua OpenStack.

- OpenStack Nova (Dich vu dién toan): Nova la du an OpenStack cung
cip cac phién ban dién toan (con goi 1d may chu 40). Ngoai ra Nova hd trg
tao mdy 4o, may chi baremetal (thong qua viéc sir dung Ironic) va hd tro han
ché cho cac bo chira hé théng. Nova chay nhu mot tap hop cac daemon (trinh
nén) trén cac may chu Linux hién c6 dé cung cap dich vu d6.

- OpenStack Neutron (Cac dich vu mang): Neutron 1a mot du an
OpenStack nham cung cép "két ndi mang nhu mot dich vu" gitra cac thiét bi
giao dién duogc quan Iy béi cac dich vu Openstack khac nhu Nova.

- OpensSack Glance (Dich vu luu trli anh dia): Cac dich vu lién quan
toi image bao gdom kham pha, ding ky va truy xuat image may ao (VM).
Glance c6 API RESTful cho phép truy van siéu dit liéu image VM ciing nhu
truy xuat image thuc té.

- Openstack Swift (Dich vu quan Iy ddi tugng): Swift 1d mot bo luu trix
doi tuong/blob (t¢p dir licu thuan bat bién) ¢6 tinh san sang cao, dugc phan
phdi va nhit quan mot cach hiéu qua, an toan va tiét kiém. [4]



2.3. Kién tric hé thong lronic

Openstack Ironic Service

Ironic
API

Nowva Neutron
Scheduler

Ironic
Conductor

Drivers

Glance

Hinh 1.1: Kién trac logic ctia hé thong Ironic
(Nguodn: Openstack Document)



https://docs.openstack.org/ironic/latest/_images/logical_architecture.png

So db trong hinh 1.1 cho thiy kién tric logic cua hé théng. N6 hién thi
cac thanh phan co ban hinh thanh nén dich vu Ironic, mbi quan hé cua dich
vu Ironic véi cac dich vu OpenStack khac va ludng logic ciia viéc cung cép
méy chu vat Iy dé xtr Iy cac yéu cau tir nguoi dung.

Pau tién, yéu cau khoi chay dich vu cta nguoi dung dugc chuyén dén
dich vu tinh toan thong qua giao dién 1ap trinh Gng dung dién toan (Nova
API) va bd lap lich dién toan. Dich vu dién toan st dung cac trinh diéu khién
a0 (d3 duoc cdu hinh trong Ironic) dé chuyén yéu cau xtr Iy dén cac thanh
phan chinh cua Ironic, trong d6 yéu cau s& bat dau chuyén tir giao dién lap
trinh cua Ironic (Ironic-api) sang t6i Ironic-conductor va cudi ciing 1a qua cac
trinh diéu khién (Drivers) dé cung cap thanh cong may chil vat Iy cho ngudi
dung. Sau do, dich vu Ironic cling giao tiép véi cac dich vu Openstack khéc
da duoc tich hop nhu bd luu trit dia mém (Glance), mang (Neutron), ddi
tuong (Switft),.. nhim cung cép phién ban may chi vat 1. [5]
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3. Céc thanh phéan khac
3.1. H¢ diéu hanh Debian

Debian 1 mot hé diéu hanh may tinh phd bién dugc céu thanh hoan
toan tur phﬁn mém ty do, duoc phat trién tir su cong tac cua cac tinh nguyén
vién trén khap thé gioi trong Du 4n Debian. Du 4n Debian lan dau tién dugc
cong bd vao ngiy 16 thang 8 nim 1993 bai lan Murdock. Debian 0,01 duoc
phat hanh vao ngay 15 thang 9 ndm 1993, va ban phat hanh stable (6n dinh)
dau tién duoc phat hanh vao ndm 1996. Nhanh phat hanh stable 14 phién ban
phé bién nhit cho may tinh cd nhan va may chu st dung Debian, va dugc st
dung 1dm nén tang cho nhiéu ban phan phdi khac.

Hién tai ¢6 rat nhiéu hé diéu hanh Linux duoc xay dung dua trén
Debian GNU/Linux, trong d6 c¢6 Ubuntu, Linux Mint, Knoppix, MEPIS,
DreamLinux, Damn Small Linux va cac hé diéu hanh khac. Debian ndi tiéng
v6i hé thdng quan Iy goi cua nd, ma cu thé APT (céng cu quan Iy gbi cao
cdp, Advanced Packaging Tool), chinh sach nghiém ngit d6i voi chat lugng
cic goi va ban phat hanh, cling nhu tién trinh phat trién va kiém tra mé. Céach
thirc 1am viéc nay di giup cho viéc nang cap giita cac ban phat hanh va viéc
cai dit hay g& bo cac goi phan mém duge d& dang hon.

Debian ludn lubn co it nhit ba ban trong ché d6 bao tri tich cuc, goi la
stable (6n dinh), testing (thir nghiém) va unstable (khong 6n dinh). Trong do,
cac ban duogc phat hanh chinh thirc moi1 nhét ctia Debian, duge xem 1a ban 6n
dinh va dung cho méi truong san xuit, hoat dong chinh thic.

Ngoai ra Debian con cung cdp phién ban hd tro dai han (LTS) nhim
kéo dai thoi gian ton tai cua tat ca cac ban phat hanh 6n dinh Debian Ién (it
nhat) 5 ndm. Debian LTS khéng dugc xir If boi nhom bao mét cua Debian
ma bdi mot nhom tinh nguyén vién va cac cong ty riéng biét voi mong mubn
lam cho n6 thanh cong. [6]
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3.2. H¢ quan tri co s6 dir liéu MySQL/ MariaDB

MySQL dugc tao ra boi mot cong ty Thuy Dién, MySQL AB, duoc
thanh 14p boi ngudi Thuy Pién David Axmark, Allan Larsson va Michael
"Monty" Widenius nguoi Phan Lan. Ban dau MySQL dugc phat trién boi
Widenius va Axmark vao nam 1994. N6 duoc tao ra dé phuc vu muc dich st
dung c4 nhan tir vi tén goi la mSQP dua trén ngdn ngit cap thap ISAM. Tuy
nhién ISAM duogc cho la qua cham va khong linh hoat, do d6 cac nha sang
lap sau d6 da tao mot giao dién SQL mdi trong khi van giit API gidng nhu
mSQL. Bang cach giit API nhat quan voi hé thong mSQL, nhiéu nha phat
trién da c6 thé sir dung MySQL thay vi mSQL tién than (duoc cap phép doc
quyén).

MySQL ndi tiéng v&i kha nang xir Iy nhanh chong céc truy van do
danh d6i viéc bao mat lay hiéu nang, tinh 6n dinh téc d6 cao, va kha ning mé
rong tot. Puoc sir dung rong rii trong cac img dung web va doanh nghiép,
MySQL cung cép cac tinh nang manh me nhu sao Iuu, phuc hdi, bao mat, va
quan ly nguoi dung.

MariaDB & mdt san phdm mi ngudn mo tach ra tir md md do cong
dong phat trién ctia hé quan tri co s¢ dit litu quan hé MySQL nham theo
hudng khong phai tra phi v6i gidy phép phan mém cong dong tu do (GNU
GPL). MariaDB dugc phat trién tir su dan dét ctia nhiing nha phét trién ban
dau cta MySQL, do lo ngai khi MySQL bi Oracle Corporation mua lai s€ bi
déng mi cho mot sd plugins (cac trinh b trg). MariaDB dugc thiét ké dé
thay thé truc tiép MySQL ma khong can thay ddi ma ngudn cua tng dung
vé1 myc ti€u duy tri tinh twong thich hoan toan vd1 MySQL trong khi cung
cap hiéu nang tot hon va thém nhiéu tinh ning méi. Co thé néi dén chi tiét
nhu cdu lénh khdi chay dich vu MariaDB van sir dung ¢t phap bat dau véi tir
khoéa “mysql”. [7]
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3.3. May chi dich vu web Apache2
Apache hay la chuong trinh may chu HTTP 1a mdt chuong trinh danh

cho may chu ddi thoai qua giao thirc truyén tai siéu van ban (HTTP) duoc
phat hanh theo cac diéu khoan gidy phép Apache2.0. N6 dugc phat trién va
duy tri boi mot cong ddng cac nha phét trién dudi sy bao tro cua Quy phan
mém Apache. Apache dong mot vai trd quan trong trong qua trinh phat trién
ctia mang web thé gioi (World Wide Web).

Khi dugc phat hanh lan dau, Apache 13 chwong trinh mdy chu ma
nguoén mo duy nhat c6 kha nang canh tranh véi chuong trinh may chil twong
tir ctia Netscape Communications Corporation ma ngdy nay duoc biét dén
qua tén thuong mai Sun Java System Web Server. Tu do tr¢ di, Apache da
khong ngimg tién trién va trd thanh mot phan mém c6 st canh tranh manh
s0 V6i cac chuong trinh may chu khéc vé mat hiéu suat va tinh ning phong
pha. Tt thang 4 nam 1996, Apache tré thanh mot chuong trinh may chu
HTTP thong dung nhat. Hon nita, Apache thuong dugc dung dé so sanh voi
cac phan mém khac cé chirc ning twong tu. Tinh dén thang 1 ndm 2007 thi
Apache chiém dén 60% thi truong céc chuong trinh phan phdi trang web.
Tinh dén thang 3 nam 2022, Netcraft udc tinh rang Apache phuc vu 23,04%
trong s hang triéu trang web ban ron nhit.

Apache cung cép céc tinh nang nhu xir Iy cac yéu cau tinh (static) va
dong (dynamic), quan Iy session, ting tdc dd xir Iy bang caching va nhiéu
tinh ning khac. Apache ciing dugc sir dung rong rai dé phuc vu cac Gng dung
web phtic tap, bao gdm ca cac tng dung duoc viét bang cac ngdn ngit ap
trinh nhu PHP, Python va Java.

Apache dugc phat trién va duy tri boi mot cong dong mi ngudén md
dudi sy bao trg cua Apache Software Foundation. Apache dugc phat hanh
v6i gidy phép Apache License va 1a mot phan mém tu do va mién phi. [8]
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3.4. Dich vu phan phéi thong diép RabbitMQ

RabbitMQ 13 mot dich vu phan phdi thong diép mi nguén md dugc
phat trién dua trén giao thirc xép hang tin nhin nang cao (Advanced Message
Queuing Protocol). AMPQ 14 giao thirc manh mé c6 co ché bao mat cao, mdi
tin nhin duoc giri déu co tinh ning ty md ta chinh nd nén ludn dam bao day
du thong tin. RabbitMQ dugc biét dén véi kha nang xir Iy cac tac vu truyén
thong tin gitta cac hé thdng mot cach hiéu qua, dang tin cdy va dé dang quan
ly. Véi kién trac linh hoat va kha nang mé rong cao, RabbitMQ hd tro nhiéu
giao thirc nhan tin, cung cp tinh ning dam bao th ty thong diép, xac nhan
thong diép va do bén cua dit lidu. Tir d6 md rong voi kién tric plugins dé hd
trg giao thirc nhan tin dinh huéng van ban truc tuyén (STOMP) , truyén tai tir
xa MQ (MQTT) va cac giao thirc khac.

Puoc phat trién ban dau boi Rabbit Technologies Ltd., khoi dau [a mot
lién doanh gitta LShift va CohesiveFT vao nam 2007, RabbitMQ da duoc
SpringSource, mot bd phan cua VMware, mua lai vao thang 4 nam 2010. Du
an da tro' thanh mot phan cua Pivotal Software vao thang 5 nam 2013. Sau d6
da dugc VMWare mua lai vao thang 12 nam 2019.

Ké tir thang 11 nam 2020, da c6 thém céac dich vu thuong mai cua
RabbitMQ danh cho céac tinh ning hd trg va doanh nghiép: "VMware
RabbitMQ OVA", "VMware RabbitMQ" va "VMware RabbitMQ for

Kubernetes" (cac cp tinh ning khac nhau so voi ban mién phi). [9]
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Chuong 2. Cai dit hé thong Ironic trén hé diéu hanh Debian
1. Trién khai Ironic trén hé diéu hanh Debian

Khi trién khai Ironic, viéc Iua chon hé diéu hanh phu hop 1a mot yéu t6
tién quyét, quan trong dé dam béao hé théng hoat dong hi¢u qua, on dinh, an
toan va tiét kiém. Debian, voi nhitng dic diém ndi bat ciia minh, trd thanh
mdt trong nhitng lya chon hang dau cho viée cai dt Ironic:

- Trang chu cua Openstack cung cap tai liéu chi tiét vé cach cai dat va
str dung OpenStack, bao gdm cé Ironic trén hé diéu hanh Debian.

- Khong giong nhu Red Hat Enterprise Linux, mot hé diéu hanh hudng
to1 thi truong thuong mai va cé tinh phi sir dung. Debian 1a mdt hé diéu hanh
ma ngudn md va mién phi, giup tdi thiéu hoa chi phi dich vu ki thuat.

- N6i tiéng v6i su 6n dinh va tin cdy. Cac phién ban ctia Debian duoc
kiém tra k¥ ludng va duy tri lau dai v6i cac ban va bao mat va cap nhat dinh
ky.

- Debian ¢c6 mét cong dong nguodi dung va nha phat tri€n rong 16n, san
sang cung cap hd tro qua cac dién dan va tai lidu phong ph.

- Debian chi trong dén bao mat, vdi cac chinh sach nghiém ngit vé
viéc cap nhét va va 16i bao mat.

- HO trg nhiéu kién tric phan cung nhat, tir cac hé thong x86, ARM
dén cac kién trac it phd bién hon. Piéu nay lam cho Debian tré nén linh hoat
va phu hop voi nhiéu loai phan cimg, gitip nguoi dung dé dang trién khai
OpenStack Ironic trén cac moi trudng phan cimg da dang.

- Debian st dung hé théng quéan Iy géi APT manh mé va hiéu qua, cho
phép dé dang cai dat, cip nhat va quan Iy cac goi phan mém. Véi kho phan
mém phong pht, Debian cung cép hau hét cac phan mém can thiét cho viéc
trien khai va van hanh OpenStack Ironic.
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2. Caidat h¢ quan tri co s¢ dir liéu MariaDB

Trude khi bat dau xay dung hé théng Tronic, can cai dit dich vu quan
tri co sO dit liéu trude dé lam nén tang cho cac thanh phan theo sau co thé
phu thudc viéc luu trir va truy xuét dir litu. Pam bao tinh nhat quén va on
dinh hiéu sudt cho hé thdng, tranh xay ra cac 16i khach quan trong qué trinh
cai dat hé thong.

Mot hé thong CSDL tbt khong chi ¢dam bao dir lidu duge t6 chirc mot
cach hop 1y ma con hd tro kha ning mé rong, xtr Iy cac giao dich nhanh
chong va dam bao tinh toan ven cua dit liéu.

Trong qua trinh trién khai va van hanh hé théng Ironic, viéc lua chon
hé co s dit liéu phuhop 14 vo cing quan trong dé dam bao tinh 6n dinh, hi¢u
ning va kha ning mo rong cua hé théng. Ironic c6 kha ning két ndi v6i nhidu
loai co s¢ dir lieu khac nhau, trong d6 MariaDB 1a lya chon t6i uu mang tinh
pht hop cao voi hé thong véi nhimg Iy do:

- Tich hop tbt voi OpenStack: MariaDB 1a hé co s& dir liu mac dinh
duoc khuyén nghi str dung bdi OpenStack, bao gom ca Ironic. Piéu nay c6
nghia 1a MariaDB d3 duoc kiém tra va t6i wu héa dé hoat dong tot véi
OpenStack.

- Tinh 6n dinh va d¢ tin cay cao: MariaDB la m0t trong nhitng hé quan
tri co s& dit lidu duoc st dung rong rii nhét trén thé gidi. Véi lich sir phat
trién lau dai va cong déng ho tro manh mé.

- Hiéu ning cao va kha ning mé rong tot: Didu nay phu hop d6i véi hé
théng Ironic khi dugc xay dung trong mang cuc bd noi co thé phu thudc viéc
bao mat vao hé théng tuong lra. Co thé van hanh céc tic vu quan ly va trién
khai cac may chil vat 1y doi hoi sy phan hoi nhanh chéng va hiéu qua. Hon
nita, MariaDB c¢6 kha nang mé rong tot, cho phép hé thong Ironic phat trién
ma khong gap phai cac van dé vé hiéu ning,

- Cong d6ng hd tro manh mé& : Cong déng ngudi ding va phat trién
MariaDB rat 16n va nang dong, cung cép mot luong I6n tai lidu, dién dan, va
céc ngudn tai nguyén hd tro.

* Chi tiét cai dat c6 thé tham khao Phu luc, muyc 1.
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3. Caidat dich vu xac thuc Openstack Keystone

La mot trong nhitng thanh phan khong thé thiéu cua hé théng Ironic,
viée cai dat OpenStack Keystone theo sau d6 14 rat quan trong dé c6 thé phuc
vu viéc xac thuc danh tinh khi truy cap va sir dung cac dich vu ctia hé thong.
Tranh xay ra céc 161 xac thuc va ciu hinh trong qua trinh cai dit khi yéu cau
duoc giri dén. Chi tiét c6 thé dé cap dén nhu:

- Tich hop lién mach véi cac thanh phan OpenStack khac: Keystone la
thanh phan x4c thyc trung tim ctia OpenStack, tuong tac véi tit ca cac dich
vu khac nhu Nova, Glance, Neutron va Ironic. Viéc stir dung Keystone trong
Tronic gitip dam bao sy nhdt quan va lién mach trong viéc x4c thuc va quan
Iy quyén truy cap trén toan b hé thong OpenStack.

- Khuyén nghi va hd trg tir cong ddng OpenStack: Keystone 1a thanh
phan duoc khuyén nghi sir dung béi cong dong OpenStack va nhan dugc su
hd tro manh mé tir cong ddng nay. Diéu niy dam bao rang ngudi ding s&
ludn ¢6 sy hd tro va céc tai licu hudng dan chi tiét khi trién khai va sir dung
Keystone trong hé thong Ironic. Hon nita, cac tai liéu trén trang chi
OpenStack luén ludn tham chiéu dén viéc cai dit va sir dung Keystone.

- Bao mat cao: Keystone cung cép céc co ché xac thyc manh mé va da
dang, bao gém xac thuc béng tén nguo1 dung/mat khau, token va hd tro céc
giao thirc xac thuc bén thir ba nhu LDAP, Kerberos. Diéu nay dam bao rang
chi nhimg ngudi ding hop 16 méi c6 thé truy cap vao hé thdng, ting cuong
bao mat cho cac tai nguyén vat ly. Bac bi¢t khi st dung dich vu co s& dir liu
MariaDB véi diém yéu vé viéc bao mat.

- Quan Iy nguoi dung va quyén han: Keystone cho phép quan Iy ngudi
dung va quyén han mot cach hiéu qua. Nguoi dung cé thé dé& dang tao, stra
d6i, va x6a nguoi dung, cling nhur phan quyén truy cap toi cac dich vu va tai
nguyén khac nhau trong hé théng Ironic. Piéu nay gitip kiém soat chat ché
quyén truy cép va dam bao rang mdi ngudi dung chi ¢ thé thuc hién nhing

tac vu ma ho duogc phép.
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- Pang nhap mot lan (Single Sign-On - SSO): Keystone hd trg co ché
dang nhap mot lan, gitp nguoi ding chi can dang nhap mdt lan dé truy cap
tit ca cac dich vu trong hé thdng OpenStack. Diéu nay cai thién trai nghiém
nguoi dung va ting hiéu sut lam viéc, dong thoi giam thiéu rui ro lién quan
dén viéc quan Iy nhiéu tai khoan va mat khau.

- Tinh mé rong va kha ning tiy bién cao: Keystone dugc thiét ké voi
kha ning mé rong va tiy bién cao, phu hop véi cac hé thong tir nhd dén on.
Nguoi dung c6 thé dé dang tich hop Keystone voi cac hé thdng xac thuc hién
¢ cua doanh nghiép, dong thoi mé rong kha ning xac thuc khi nhu cau ting
Ién.

- Ghi nhat ky va theo ddi: Keystone cung cap cac cong cu ghi nhat ky
va theo doi hoat dong xac thuc, giip nguoi dung gidm sat va phén tich cac
hanh dong truy cap trong hé thong. Piéu nay rat hitu ich trong viéc phat hién
va ngan chan cac hanh vi truy cap trai phép, dam bao an ninh cho toan b h¢
thong Ironic.

* Chi tiét cai d4t c6 the tham khao Phu luc, myc 4.
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4. Caidat dich vu phan phéi thong diép RabbimtMQ

Trong cac hé thé)ng phﬁn mém hién dai, bén canh viéc chon lua co s&
dit li¢u phu hop, viéc str dung dich vu phan phéi thong di€p (message broker)
ciing khong kém phan quan trong. Message broker chiu trach nhiém trung
gian trong viéc truyén tai thong diép gitra cac dich vu va tng dung, gitp cac
thanh phan trong hé thong giao tiép voi nhau mot cach hiéu qua, dang tin
cay.

Trong qua trinh trién khai va van hanh cac hé thong nhu OpenStack,
viéc Iya chon message broker phi hop 14 vo ciing quan trong dé dam bao tinh
6n dinh va hiéu qua trong giao tiép gitta cac dich vu. Va RabbitMQ 1a mot
lva chon tdi vu véi nhiéu Iy do:

- RabbitMQ dugc chinh thirc khuyén nghi sir dung boéi OpenStack do
kha nang tuong thich cao va hi¢u suét vuot troi. Nhiéu thanh phﬁn c6t 16i cua
OpenStack, bao gém Nova, Neutron va Cinder, da dugc thir nghiém va xac
nhan hoat dong 6n dinh véi RabbitMQ.

- Hiéu ning cao va kha ning mé rong tot: RabbitMQ duoc thiét ké dé
xir Iy hang triéu thong diép mdi gidy, véi kha ning mo rong dé dang dé dap
mg nhu cau ngay cang ting ciia hé thong,

- Do tin cay va tinh bén virng: RabbitMQ dam bao do tin cay cao vai
cac tinh nang nhu xac nhan thong di€p (message acknowledgements), luu trix
thong diép trén dia (persistent messages), va hd trg co ché khoi phuc (high
availability). Pam bao rang khong c6 thong diép ndo bi mit mat trong qua
trinh truyén tai, ngay céa khi xay ra su cd hé thong.

- Tinh linh hoat va da dang: RabbitMQ hd tro nhiéu giao thic nhén tin
va m6 hinh truyén thong khac nhau nhu publish/subscribe, point-to-point, va
routing, dap Ung nhu cau da dang cua cac ung dung va dich vu trong hé
thong.

- Quén Iy va gidm sat dé dang: RabbitMQ di kém véi giao dién quan ly
tryc quan va cac cong cu gidm sat manh mé, cho phép quan tri vién dé dang
theo ddiva quan Iy cac hang doi, két ndi va thong diép.

* Chi tiét cai dit c6 thé tham khao Phu luc, muc 3.
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5. Caidat may chi web Apache2

Tiép dén, viéc cai dat va trién khai may chii web 13 budc quan trong dé
c6 thé trién khai cac dich vu web cén thiét cho cac thanh phr:fln khac cua hé
thong. Mot may chil web dang tin cdy nhu Apache 2 s& dam bao rang céac
dich vu duogc ddy én c6 thé hoat dong mot cach hidu qua va 6n dinh.

Viéc lya chon may chi web phu hop dé sir dung cho hé théng Ironic
mang lai nhiéu loi ich quan trong, dam bao tinh hiéu qua va 6n dinh cho hé
thong. Apache2 13 mot trong nhitng may chii web dang lwa chon véi nhiéu
tinh nang wu viét:

- H6 Tro WSGI: Apache2 hd trg tot cho WSGI (Web Server Gateway
Interface), mot tiéu chuan giao tiép gitta may chit web va cac ung dung
Python. Ironic, nhu mot thanh phan cta OpenStack, thuong sir dung WSGI
dé trién khai cac dich vu web. Apache2 két hop v6i mo-dun mod wsgi cho
phép trién khai céc tng dung WSGImét cach muot ma va hiéu qua.

- Puogc hd tro chi tiét boi OpenStack: Trén trang chu ctia OpenStack,
¢ san cac tai liéu chi tiét huéng dan cai dit va cau hinh Ironic v6i Apache2.
Giam thiéu thoi gian cau hinh va dam bao trién khai ding cach theo cac
khuyén nghi va best practices.

- Bao Mat Cao: Vi kha ning cap nhat bao mat thuong xuyén va hd
tro SSL/TLS, Apache2 giip bao vé cac dich vu web khdi cac mbi de doa
tiém an.

- Tinh 6n dinh va hiéu ning cao: Apache2 da duoc chimg minh qua
nhiéu ndm st dung trong cac moi trudng san xuat véi kha ning xir Iy lwong
16n yéu cau mot cach 6n dinh.

- Kha ning tlly bién cao: Apache2 hd tro nhiéu moé-dun mé rong, cho
phép tily chinh va t6i uu hoa theo nhu cau cu thé cua hé thong.

- Cong dong manh mé: Apache2 c6 mot cong dong sir dung va phat
trién rong 16n, cung cép tai liéu phong pht ciing nhu hd trg k§ thuit nhanh
chong, gitp giai quyét cac van dé mot cach nhanh chong va hiéu qua.

* Chi tiét cai dat c6 thé tham khao Phu luc, muc 2.
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6. Caidit thanh phin chinh trong Ironic

6.1. Cac nén tang cong nghé do héa

Bang so sanh cac cong nghé ao hoa

Tiéu chi Virtual Machine |Container Physicalization
(KVM, Xen) (Docker, LXC) (Ironic)

Dinh nghia |Ao hda toan by hé | Ao hoda tai cap do Quan 1y va kién tric
diéu hanh va phan |hé diéuhanh, chia  |cac may chu vat 1y.
cung ao. Sé céc tai nguyén

Vo1 may chu.

Kién traic  |Puoc phan ra 2 St dung container Cac may chu vat ly
loai a0 hoa loai 1 |dé dong goi va phan | dugc quan 1y va cép
va loai 2. phéi tmg dung, o phét truc tiép ma

moi trudng Nguoi khong co 16p 4o hoa
dung riéng biét. trung gian.

Tinh chat Phu hop cho cac | Chi bao gom ting Hiéu suét cao. Xir
moi truong ao hoa | dung cta nguoi dung. | ly cong viéc khong
phuc tap. Khong thé can thiép |thé ao hoa.

cac thanh phan khac.
Tai nguyén |Quan ly tai nguyén | Quan ly tai nguyén Str dyng tai nguyén

manh mé nhung
phan bd nhiéu cho

kém so vdi VM do

chia sé tai nguyén

vat 1y nhung doi hoi

quan 1y chi tiét va

Hypervisor. truc tiép v6i may chu. | phirc tap hon.
Hiéu suat |Thap nhat do c6 |Cao hon so véi Cao nhat

overhead cao, can
tai nguyén cho

Virtual Machine.

(khdng Hypervisor)

Hypervisor.
Bao mét Cao (mdi VM 1a | Trung binh (116 Cao nhat
mot may 4o riéng). | hong c6 thé anh (khéng Hypervisor)
huong dén toan bo
containers).
Kha ndng  |M0 rong tot Mo rong nhanh Linh hoat nhung kho
mo rong nhung cham. chong va linh hoat. | khan hon trong viéc

trién khai.

Hinh 2.1: Bang so sanh cac cong nghé ao hoa
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C6 thé thay, Ironic ¢6 nhiéu uu diém vuot troi so véi cac cong nghé 4o
héa khéc. TUy vao nhu cau str dung va trién khai, nguoi ding cé thé lya chon
cong nghé ao hoa phu hop. [10]

Ngoai ra, trong bang 2.1 c6 dé cap dén cac cong nghé ao hda loai 1 va
loai 2. Trong d6, cong nghé 40 hoa loai 1 st dung dich vu bare metal dé trién

khai may 40. Khi so sanh vai hé théng Ironic ciing str dung dich vu bare
metal, ngudi ding c6 thé thay nhidu diém khac biét:

Bang so sanh cac cong nghé ao hoa loai 1 va 2 véi Ironic

Tiéu chi Ao hoaloai 1 Ao hoa loai 2 Ironic

Dinh nghia [Ao hoa loai 1 Ao hoa loai 2 Quan 1y va kién
(KVM, XEN) chay | (VMware, VirtualBox) | triic cac may chu
truc tiép trén phan | chay trén mot hé diéu | vat 1y trong moi
cung, khong c6 hé |hanh luu trtr da dugc | trudong dam may.
diéu hanh luu trit. | cai dat.

Giao dién | Co6 giao dién quan | Co giao dién quan ly | Ironic c6 giao dién
1y phan cung 4o phian mém ao hoa. quan 1y may chu vat
hoa.

Hiéu suat Co hi¢u suat cao | Thap nhat do c6 16p Hiéu suat cao. Xt

hon 4o hoa loai 2
do khong co 16p

Hypervisor trung
gian.

Hypervisor trung gian.

1y cong viéc khong

thé ao hoa.

Do phuc tap

Phurc tap trong

viéc cai dat va

Pon gian hon trong

vi€c cai dat va quan ly

Phurc tap trong viéc

cai dat va quan ly

quan ly. trong Cloud.
Kha ning  |Di dong giita cac | Di dong gilta cdc nén | Khong di dong giira
di dong nén tang ao hoa tang 4o hoa loai 2 khac | cac moi truong dam

loai 1 khac nhau.

nhau.

may khac nhau.

Hinh 2.2: Bang so sanh cac cong nghé ao hoa loai 1 va 2

véi dich vu Ironic
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6.2. Cau hinh cac thanh phan chinh trong Ironic

Céc thanh phan chinh can cai dat khi trién khai Ironic bao gom:

- Ironic-api va Ironic conductor: 2 thanh phan khong thé thiéu trong
viéc giao tiép va xir Iy hé thong.

- PXE (Preboot Execution Environment): L& co ché cho phép khai
dong mot phan mém ldy qua mang. Trong ngit canh server vét Iy dé c6 thé
khoi dong PXE thi phia may client can NIC card mang hd trg PXE va hé
thong mang c6 may chiu DHCP va TFPT dé cap IP va phan b6 cac image hé
diéu hanh xuéng client. [11]

- DHCP (Dynamic Host Configuration Protocol): L& giao thic ciu
hinh may cht). DHCP c6 nhiém vu giip quan 1y nhanh, tu ddng va tap trung
viéc phan phdi dia chi IP bén trong mot mang. Ngoai ra DHCP con giup dua
thong tin dén cac thiét bi hop Iy hon ciing nhur viée cau hinh subnet mask hay
cong mic dinh. [12]

- TFTP (Trivial File Transfer Protocol): La mot cong nghé chuyén céac
file gitta cac thiét bi mang va 1a phién ban don gian hoa cia giao thirc FTP.
[13]

- HTTP (Hyper Text Transfer Protocol): La giao thirc truyén tai siéu
van ban, cho phép tim nap tai nguyén. [14]

- IPMI (Intelligent Platform Management Interface): La giao dién may
tinh cho phép nguoi dung tu do quan Iy va giam sat may chu tir xa. [15]

Tém lai, dich vu Ironic quan Iy phan cimg thong qua céc giao thirc
quan Iy tir xa pho bién va riéng biét (vi du nhu: PXE va IPMI). N6 cung cap
cho nguoi st dung mdt giao dién nhat quan ngay ca vdi mot nhdém may cha
khong dong nhat. Qua do6, cung cip va cho phép quan Iy cac may chu vat Iy
nhu thé chiing 1a may 4o.
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Chuong 3. Xay dung hé thong tinh toan song song
1. Khai niém tinh toan song song

Tinh toan song song (Parallel computing), 1a mot hinh thirc tinh toan
trong d6 nhiéu phép tinh va tién trinh duoc thuc hién dong thoi, hoat dong
trén nguyén tac la nhiing van dé 16n déu c6 thé chia thanh nhiéu phan nho
hon, sau d6 duoc giai quyét twong tranh (race condition).

C6 nhiéu hinh thirc khac nhau cua tinh toan song song: song song cap
bit, song song cap lénh, song song dir liéu, va song song tac vu. Xir Iy song
song dd duoc st dung tir nhiéu nim qua, chi yéu 14 trong finh virc tinh toan
hiéu ning cao. Gan day hinh thiic tinh toan nay duoc quan tim nhiéu hon, do
nhiing han ché vat Iy ngan chan viéc tang hi¢u nang tinh toan chi béng cach
tang tan s6. Vi viée tiéu hao dién ning (dan dén sinh nhiét) tir may tinh d tro
thanh mdt mdi lo ngai trong nhimg nim gan day, tinh toan song song di tro
thanh mo hinh théng tri trong linh vuc kién tric may tinh, phan 16n 1a dudi
dang bd xir ly da nhan.

Cac may tinh song song c6 thé dugc phan loai tiy theo cip do hd tro
cho song song ciia phan ctmg, véi nhiing chiéc may tinh da nhan va da xtr Iy
co b0 phan da xur ly trong mdt may don I¢, trong khi cum may tinh, xur Iy
song song hang loat, va dién toan ludi str dung nhiéu may tinh dé xir Iy cliing
mot cong viée. Nhimg kién trac may tinh song song chuyén dung thinh
thoang ciing str dung céc bd xir Iy truyén thdng nham ting tbc d6 cho nhiing
cong viéc dac trung. [16]
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2. Xay dung bai toan tinh toan song song

Sau khi d4 cai dat va cau hinh thanh cong dich vu Ironic. Nguoi ding
c6 thé thiét lap hé thdng cac may chi vat Iy phuc vu hé thdng tinh toan song
song.

Budc 1: Tao may chu vat Iy: *Chi tiét trién khai tham khao Phu luc,
muc 9.

Budc 2: Cai dat va cau hinh cac céng cu phuc vu cong viée tinh toan
song song khac:

- Ngon ngit 1p trinh Python: La mdt ngdn ngit lap trinh phd bién,
manh mé&, cung cip rat nhidu thu vién toan hoc nhu numpy,... dé dang tham
gia vao viéc xdy dung hé théng tinh toan song song.

- MPI (Message Passing Interface): La mot tiéu chuan giao tiép dugc
thiét ké dé hd trg viéc lap trinh song song trén cac hé thdng may tinh phén
tan. NO cung cp céac giao thirc va chirc ning dé truyén thong tin giita céc tién
trinh khac nhau, thuong chay trén cac nat khac nhau trong mot cum may tinh
(cluster).

- MPI dugc thiét ké dé: Cung cép chirc ning truyén tai théng diép giita
céc tién trinh. HO trg cdc méd hinh lap trinh song song. Tuong thich va hoat
dong trén nhiéu hé diéu hanh va kién trac phan cimg khac nhau.

- Thu vién mpidpy: La mot goi thu vién cho Python cung cdp céc rang
budc Python cho chuin MPL Diéu ndy c6 nghia 3 ngudi dung co thé sur
dung MPI tir ngdn ngtt 1dp trinh Python thong qua mpidpy. N6 giip tin dung
cac kha ning cia MPI mot cach d& dang hon ma khong céan viét ma C hoic
Fortran.

- Bai toan thyc hién: Str dung ngon ngir Python viét chuong trinh nhan
2 ma tran voi kich thudc phu hop, giip dam bao khong giy qua tai tai
nguyén da cung cap cho cac may tinh toan.
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3. Trién khai hé thong tinh to4n song song

Tao 2 may chu vat Iy phuc vu tinh toan vai céu hinh 1 gb Ram, 1 cpu
va 10 gb bd nhé trong.

Str dung md dun MPI tir thu vién mpidpy trong python dé hd trg
tinh toan song song.

Viét chuong trinh Python nhén 2 ma tran tich hop mé dun MPI. Thyc
hi€n bai toan nhan hai ma tran voéi kich thude (5000, 5000).

Két qua thu dugc:

Thoi gian tinh toan khi str dung duy nhat 1 may ch;

root@node2:~# python3 /tinhtoanso
Ma tran da duoc tinh xong!

Thol gian tinh toan: 16.99 guiay
root@node2:~# python3 /tinhtoansc
Ma tran da duoc tinh xong!

Thol gitan tinh toan: 19.01 gulay
root@node2:~# python3 /tinhtoansc
Ma tran da duoc tinh xong!

Thol gian tinh toan: 17.91

Hinh 3.1. Thoi gian tinh toan khi str dung
duy nhét 1 may chu.

Tai nguyén st dung khi thuc hién tinh toan trén 1 may chu:

] Tasks: 23, 60 thr
] Load average: 1.39 0.47 0.
] Uptime: 00:01:49

960 root 20 0:08.51 python3 /tinhtoansongsong
852 root 17976 548 384 o .1 0:00.19 sshd: root@pts/0
952 root 7968 1700 948 o o 0:00.43 htop

1 root 99M 400 300 0:00.84 /sbin/init
246 root 32964 24 12 0:00.28 /1lib/systemd/systemd-jour
266 root 26028 0:00.14 /lib/systemd/systemd-udev
309 90056 0:00.06 /lib/systemd/systemd-time
313 root 52352 0:00.04 /usr/bin/VGAuthService
315 root 163M .1 0:00.35 /usr/bin/vmtoolsd
367 root 5868 0:00.00 dhclient -4 -v -1 -pf /ru
415 90056 0:00.00

Hinh 3.2. Tai nguyén str dung khi thyc hién
tinh toan trén 1 may chu
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Thoi gian tinh toan khi thiét 1ap 2 may chay song song:

root@ironic:~# mpirun -np 2 --host 192.168.149.1
Thoil gian tinh toan cua tung tien trinh: 7.33 g1a
Ma tran da duoc tinh xong!

Thoil gian tinh toan: 8.46 giay

root@ironic:~# mpirun -np 2 --host 192.168.149.
Thoil gian tinh toan cua tung tien trinh: 6.71 g

Ma tran da duoc tinh xong!

Thoi gian tinh toan: 8.16 giay

root@ironic:~# mpirun -np 2 --host 192.168.149.
Thoi gian tinh toan cua tung tien trinh: 3.45 glay
Ma tran da duoc tinh xong!

Thoil gian tinh toan: 3.97 guiay

Hinh 3.3. Thoi gian tinh toan khi thiét lap
2 may chay song song.

Tai nguyén str dung khi thyc hién tinh todn song song:

%] Tasks: 24, 59 thr
HERRERN ] Load average: 0.63 0.41
] Uptime: 00:09:13

g python3 /tinhtoansongs
7964 3996 3176 o o :01.91 htop
99M 5668 4184 0 :00.91 /sbin/init
32964 6664 6340 . :00.33 /lib/systemd/systemd- j
26028 416 368 :00.15 /1lib/systemd/systemd-u
90056 1656 1604 5 :00.06 /lib/systemd/systemd-t

] Tasks: 23, 59 thr
] Load average: 0.98 0.48 0. 2.
] Uptime: 00:10:32

20 0 B850M 412M :05.35 python3 /tinhtoansongsong.
17976 192 . :00.32 sshd: root@pts/0
7964 1612 . . :01.52 htop
99M 2236 . :00.96 /sbin/init

Hinh 3.4. Tai nguyén str dung khi thyc hién
tinh toan song song.

27



Qua so sanh, cé thé thrfly tbc do tinh toan trung binh khi str dung mot
may tinh toan don roi vao khoang 17,91 gidy sau 3 lan thir nghiém. Trong
khi 6, tdc do tinh toan trung binh ctia hé thdng 2 may chay song song sé& 1a
6.86 gidy va 6,03 cho thoi gian tinh toan trung binh ciia timg tién trinh.

Tai nguyén duogc str dung trong khi thue hién tinh toan song song lun
cao hon so vé6i khi thuc hién tinh toan don 16. Diéu nay chimg t6 viéc hé
thdng tinh toan song song ludn tin dung hiéu qua céc tai nguyén dang trong
qua trinh khong duoc sir dung dé toi vu hoa qua trinh tinh toan va xir Iy cong
viéc.

Ngoai ra, tbc d6 tinh toan trén hé thong song song c6 vé nhu duoc cai
thién qua mdi lan chay. Qua d6 cho thay su linh hoat va manh mé trong viéc
ap dung tinh to&n song song thay cho tinh toan don Ié.

Tém lai c6 thé théy, viéc 4p dung tinh toan song song mang lai nhiéu
loi ich so véi tinh toan don (tinh toan tuan tu), dac bi¢t khi mé rong quy mod
trong viéc xir Iy céc tac vu phuc tap va Ion. Chi tiét c6 thé noi dén nhur:

- Tang tbc do xtr ly:

+ Phén chia cong viéc: Trong tinh toan song song, mot tac vu lén duoc
chia thanh nhiéu tic vu nho hon, c6 thé duoc thuc hién déng thoi trén nhiéu
b0 xtr Iy hodc may tinh khac nhau.

+ Thoi gian xir 1f ngén hon: Thoi gian tong cong dé hoan thanh cong
viéc gidm dang ké, dic biét 1a véi cac tic vu c6 thé duge chia thanh cac phﬁn
doc lap.

- Str dung tai nguyén mdt cach hi€u qua:

+ Téan dung tai nguyén nhan rdi: Tinh toan song song gitp tan dung tdi
da cac tai nguyén nhan rdi, nhu nhiéu 16i CPU hodc nhiéu may tinh trong mot
cum.

+ Tang cuong hiéu suat: Str dung nhiéu tai nguyén dong thoi gitp cai
thién hiéu suét tong thé cuia hé thdng.

- Kha Nang M¢ Rong:

+ Tang kha niang xtr Iy: Khi khdi lwong cong viée ting, c6 thé thém
nhiéu tai nguyén (nhu thém may tinh hodc 16i CPU) dé duy tri hoic ting toc
doxu ly.
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+ Mo rong dé dang: Cac hé thdng tinh toan song song c6 thé duge md
rong mot cach linh hoat dé dap ing nhu cau ngiy cang ting.

- Xt Iy céc tac vu loén va phuc tap:

+ Giai quyét van dé 16n hon: Tinh toan song song cho phép giai quyét
cic vAn d& ma tinh toan tuan tu khong thé xtr Iy do gi6i han vé thoi gian hodc
tai nguyén.

+ U’ng dung trong nhiéu finh vue: Pac biét hiru ich trong cac linh vuc
nhu m6 phong khoa hoc, hoc may, phan tich dit li¢u 16n, va mé hinh hoa tai
chinh.

- Tinh tin cdy va kha ning chiu 16i:

+ Do tin cdy cao hon: H¢ théng tinh todn song song cé thé duoc thiét
ké dé chiu 16i tot hon, vi 16i cia mdt phan hé thong khong 1dm anh hudng
toan bo hé thong.

+ Phuc hdi nhanh chong: H¢ théng c6 thé tu phuc hdi tir cac
16i bang céach tai phan chia va tiép tuc cong viéc tir diém bi gian
doan.

- Tang Cuong Do Chinh Xac va Chi Tiét:

+ Phén tich chi tiét hon: Cho phép thuc hién cac phan tich chi tiét hon
va chinh xac hon do kha nang xir Iy lugng dit liéu 1on trong thoi gian ngan.

+ M6 phong chinh xac: Pic biét hitu ich trong cic md phong yéu cau
do chinh xac cao nhu trong nghién ctru khoa hoc va ky thuat.

- Tiét Kiém Chi Phi Dai Han:

+ Hiéu qua ning lwong: Str dung nhiéu tai nguyén dong thoi cé thé tiét
kiém nang lugong hon so véi viéc st dung mot tai nguyén lién tuc trong thoi
gian dai.

+ Giam thoi gian phét trién: Véi kha nang xt 1y nhanh hon, thoi gian
phat trién va thir nghiém mg dung giam, dan dén tiét kiém chi phi.

- Kha Nang Thyc Hién Céc Tac Vu Dong Thoi:

+ Thuc hién nhiéu tic vu cung luc: Cho phép thuc hién nhiéu tac vu
ddng thoi, ting hidu qua xir Iy va tiét kiém thoi gian.

+ Pap ung tot hon: Cai thién kha ning dap ung cta hé thong d6i voi

céc tac vu thot gian thyc va yéu cau cao ve toc do xur 1y.
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Két luan

Qua bai viét trén, nguoi doc d3 duoc tim hiéu vé viée xdy dung hé
thong tinh toan song song trén hé diéu hanh Debian, sir dung kién tric
OpenStack Baremetal Ironic. Qua do, c6 thé thiy ring Ironic dong vai trd vo
cing quan trong va khong thé thiéu trong viéc trién khai va quan Iy cac tai
nguyén phan cing vat Iy mot cach hiéu qua va linh hoat.

Ironic gitp quan 1y va ty dong hoa viée trién khai cac may cha vat 1y,
bién ching thanh cac tai nguyén dién toan manh mé va c6 kha ning md rong.
Diéu nidy 1a nén tang cho viéc xdy dung cac hé thong tinh toan song song
hi€u qua, giip t61 vu hoa hiu suét va tan dung t6i da tai nguyén phﬁn cung
sén 6. Véi Ironic, viée trién khai cac hé théng tinh toan phuc tap tré nén dé
dang hon nho kha nang ty dong hoa cao, gitp giam thiéu thoi gian va cong
strc quan tri.

Hon nita, viéc str dung Debian 1am hé diéu hanh cho hé thong tinh toan
song song mang lai nhiéu loi ich nhu tinh On dinh, bao mét cao, va su hd tro
lau dai tir cong dong ma nguén mé. Debian khong chi twong thich tot voi da
dang phan cimg ma con ld mdt nén tang Iy tuong dé trien khai cac dich vu va
g dung doi hoi hiéu suét cao.

Tuy nhién, Ironic ciing cé mot s6 han ché can huu :

- Yéu cau phan ctmg manh: Dé trién khai Ironic, hé thdng can c6 phan
ctmg vat Iy phu hop va duoc hd trg. Piéu nay cé thé doi hoi dau tu 1on vao
co s ha tang.

- Khd khan trong viéc cai dat va st dung: Viéc cai dat va cau hinh
Ironic kha phtic tap, yéu cau kién thirc chuyén sau vé OpenStack va cac
thanh phan lién quan.

- Yéu cau chuyén mon cao: Quan tri va van hanh Ironic doi hoi doi
ngii k¥ thudt c6 chuyén mén cao, hiéu 13 vé ca phan ctng va phan mém.

- Poi khi gip han ché vé kha ning mé rong: Mic du Ironic giip quan
Iy tai nguyén vat Iy hiéu qua, viéc mé rong quy mo hé thong van gip kho

khan do phu thudc vao phan cting cu thé.
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Tém lai, sy két hop gilta Debian va OpenStack Baremetal Ironic tao
nén mdt gidi phap manh me va hi€u qua cho viéc xay dung cac hé théng tinh
toan song song. Ironic dong vai trd trung tdm trong viéc quan 1y va phan phdi
tai nguyén phan ctng, gitip hé thong hoat dong 6n dinh va toi wu, dong thoi
cung cip kha ning mé rong linh hoat cho cac nhu cau tinh todn ngdy cang
phtic tap va da dang.

Mic du c6 mdt s6 han ché nhu yéu ciu phﬁn cung cu thé, khé khin
trong viéc cai dat va van hanh, va can chuyén mon cao, nhung nhiing loi ich
ma Ironic mang lai vAn rat dang ké. Viéc hiéu rd va ap dung cac cong nghé
nay khong chi gitip ti uu hda ngudn lyc ma con tao ra nhitng bude tién quan
trong trong viéc phat trién va trien khai cac hé thong tinh toan hién dai. Su
két hop giita tinh 6n dinh va bao mat ciia Debian voi kha ning quan 1y tai
nguyén hiéu qua ciia Ironic chic chan sé& 1a nén tang viing chac cho bat ky hé

thdng tinh toan song song nao.
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Phu luc
1. Caidat MariaDB
1.1 Huéng din cai dit
Budc 1: Cai dat MariaDB
$ sudo apt-get install mariadb-server mariadb-client
Budc 2: Bao mat qua trinh cai dat MariaDB
$ mysql_secure_installation
Budce 3: Kiém tra dich vu MariaDB d3 cai dit thanh cong
$ mysql —u root—p

root@ironic-controller:~# mysql -u root -p
Enter password:
elcome to the MariaDB monitor. Commands end with ; or \g.
Your MariaDB connection 1id 1s 11417
Server version: 10.11.6-MariaDB-0+deb12ul Debian 12

Copyright (c) 2000, 2018, Oracle, MariaDB Corporation Ab and others.

Type 'help;' or '\h' for help. Type '\c' to clear the current input state

MariaDB [(none)]> [i

Hinh 1.1. Dich vu MariaDB d3 cai dat thanh cong

1.2. Ldi khi cai dit MySQL/MariaDB
1.2.1. Unable to locate package.

Nguyén nhan: Linux khong tim thdy package mudn cai dat.
Cach xir Iy: Kiém tra va cai dit package c6 tén “mariadb-

server’ va “mariadb-client”.

$ sudo apt-get install mariadb-server maria-client.
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1.2.2. Port3306 already in use.
Nguyén nhan: Cong mic dinh cia MySQL (3306) da duoc str dung boi
tién trinh khac.
Cachxu ly: Kiém tra va doi lai cé)ng hoat dong cho dich vu MySQL.
$ sudo nano /etc/mysgl/my.cnf

Thay d6i “bind-address” bang cong khac chua duge st dung.

$ sudo service mysqld restart

2. Caidat Apache2
2.1 Huéng din cai dit
Budce 1: Cai dat Apache2
$ sudo apt-get install apache2
Budc 2: Kiém tra dich vu MariaDB d4 cai dit thanh cong
$ sudo systemctl status apache2

root@ironic-controller:~# sudo systemctl status apache2
@ apache2.service - The Apache HTTP Server
Loaded: aded (/lib/systemd/system/apache2.service; enabled; preset: enabled)
Active: ac (running) since Wed 2024-05-22 14:01:24 +07; 1 day 6h ago
Docs: s://httpd.apache.org/docs/2.4
Main PID: 1067 (apache2)
Tasks: 55 (lumit: 48176)
Memory: 19.8M
CPU: 3.157s
CGroup: /system.slice/apache2.service

May 22 14:01:21 ironic-controller systemd : Starting apache2.service - The Apache

Hinh 2.1. Dich vu Apache2 da cai dét thanh cong.
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2.2.1L6i khi caidit Apache2
2.2.1. Port80or 443 alreadyin use.
Nguyén nhan: Cong mic dinh ciia Apache2 di dugc st dung
bai tién trinh khac.
Cach xtr Iy: Kiém tra va d6i lai cong hoat dong cho dich vu MySQL.
$ sudo nano /etc/apache2/ports.conf

Thay d6i “Listen” bang cong khac chua duoc str dung.
$ sudo service apache2 restart

2.2.2. Permissions not granted.
Nguyén nhan: L3i xay ra khi nguoi ding khong c6 du quyén dé cai dit
hodc chay Apache?2.
Cach xtr Iy: Pam bao chay lénh cai dat va cau hinh véi quyén sudo.
Kiém tra va thay d6iquyén cta cac thu myc va tép cu hinh lién quan:
$ sudo chown -R www-data:www-data /variwww/html

$ sudo chmod -R 755 Avarimww/html

3. Caidat RabbitMQ
3.1 Huéng din cai dit

Budc 1: Cai dit cac phu thudc thiét yéu
$ sudo apt-get update —y

$ sudo apt-get install curl gnupg —y

Budc 2: Cai dat apt HTTPS Transport
$ sudo apt-get install apt-transport-https

Budc 3: Thém ma khdéa GPG vao kho luu trit tng dung RabbimtMQ

$ sudo apt-get install curl gnupg apt-transport-https —y
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Budc 4: Thém tép danh sach ma ngudn
1. curl -1sLf "https://keys.openpgp.org/vks/ivl/by-
fingerprint/0A9AF2115F4687BD29803A206B73A36E6026DFC™ |
2. sudogpg --dearmor |
3. sudo tee /usr/share/keyrings/com.rabbitmg.team.gpg
4. > /dev/null
5. curl -1sLf https://github.com/rabbitmg/signing-
keys/releases/download/3.0/cloudsmith.rabbitmg-
erlang.E495BB49CC4BBESB. key |
6. sudogpg --dearmor |
7. sudotee
Jusr/share/keyrings/rabbitmq.E495BB49CC4BBESB.gpg
8.  >/dev/null
9. curl -1sLf https://github.com/rabbitmg/signing-
keys/releases/download/3.0/cloudsmith.rabbitmg-
server.9F4587F226208342.key |
10. sudo gpg --dearmor |
11. sudo tee /usr/share/keyrings/rabbitmq.9F4587F226208342.gpg
12. > /dev/null

Budc 5: Cap nhat cac goi phan mém vira thém
$ sudo apt-get update —y

Budce 6: Cai dat Erlang

$ sudo apt-get install -y erlang-base \
erlang-asnl erlang-crypto erlang-eldap \
erlang-ftp erlang-inets \
erlang-mnesia erlang-os-mon \
erlang-parsetools erlang-public-key \
erlang-runtime-tools \
erlang-snmp erlang-ssl \
erlang-syntax-tools erlang-tftp \
erlang-tools erlang-xmerl

oCoNoGaR~wOwDE
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Budc 7: Hoan tit qué trinh cai dit RabbitMQ

$ sudo apt-get install rabbitmg-server -y --fix-missing

Budc 8: Khoi chay dich vu RabbitMQ
$ sudo systemctl enable rabbitmq-server

$ sudo systemctl start rabbitmq-server

Budc 9: Kiém tra dich vu néu RabbitMQ da cai dat thanh cong

$ sudo systemctl status rabbitmg-server

root@wronic-controller:~# systemctl status rabbitmg-server
rabbitmg-server.service - Rabbi1tMQ broker
Loaded: ¢ (/11b/systemd/system/rabbitmg-server.service; enabled; presq
Active: ac = (running) since Thu 2024-05-23 00:05:10 +07; 17h ago
Main PID: 02 (beam.smp)
(Lunit: 48176)
31.9M
min 57.075s
CGroup: /system.slice/rabbitmg-server.service

23 00:05:09 ironic-controller rabbitmg-server ] Doc guides: https:/
Hinh 3.1. Dich vu RabbitMQ da cai dat thanh cong
Budc 10: Thiét 1ap tai khoan nguoi dung ironic trong RabbitMQ
$ sudo rabbitmgctl add_user ironic ‘password’

*Thay thé ‘password’ bang mat khau phu hop.
Phén quyén cho tai khoan Ironic

$ sudo rabbitmgctl set_permissions -p / ironic """ R R
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Kiém tra tai khoan di duoc tao thanh cong
$ rabbitmgctl list_users
$ rabbitmgctl list_permissions

root@ironic-controller:~# rabbitmgctl list users
Listing users ...

user tags

ronic []

guest [administrator]

root@ironic-controller:~# rabbitmgctl list permt
Listing permissions for vhost "/"

user configure write read

ironic . * e &

gues,‘t . . .

Hinh 3.2. Tai khoan ironic da duogc tao va
phan quyén thanh cong.

3.2.L&i khi cai dat RabbitMQ
3.2.1. Unable to start RabbitMQ-service.
Nguyén nhan: Li xdy ra do trong qud trinh cai dit
RabbitMQ gip van dé.
Cachxu ly:
Kiém tra 1i chi tiét trong nhét ky dich vu RabbitMQ:
$ sudo tail -n 50 /var/log/rabbitmqg/rabbit@<hostname>.log
Kiém tra lai tép mi ngudn chtra danh sach khoa ky
$ sudo nano /etc/apt/sources.list.d/rabbitmg.list

Céu hinh t&p etc/ironic/ironic.conf:

$ transport_url = rabbit://ironic:password@localhost:56 72/
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Cai dat lai go1 Erlang bi 16i:

$ sudo apt-get install -y erlang-base \
erlang-asnl erlang-crypto erlang-eldap \
erlang-fip erlang-inets \
erlang-mnesia erlang-os-mon \
erlang-parsetools erlang-public-key \
erlang-runtime-tools \
erlang-snmp erlang-ssl \
erlang-syntax-tools erlang-tftp \
erlang-tools erlang-xmerl

CoNoOGOR~LONE

Cai dat lai cac phu thudc cua RabbitMQ

$ sudo apt-get install rabbitmg-server -y --fix-missing

3.2.2.(403) ACCESS_REFUSED - Login was refused using
authentication mechanism AMQPLAIN.

Nguyén nhan: L3i xay ra do RabbitMQ tir chdi truy cép do
van dé xac thuc. Thuong do nhép sai thong tin trong tép cu hinh
[etc/ironic/ironic.conf

Cachxu ly:

Kiém tra 16i chi tiét trong nhat ky dich vu RabbitMQ:

$ sudo tail -n 50 /var/log/rabbitmg/rabbit@<hostname>.log
Tao va phan quyén cho tén dang nhép ironic:
$ sudo rabbitmqctl add_user ironic password

$ sudo rabbitmqctl set_permissions -p / ironic ".*" " *" " *
Cau hinh tép etc/ironic/ironic.conf;

$ transport_url = rabbit://ironic:password @localhost:56 72
Khéi dong lai dich vu

$ sudo systemctl restart rabbitmq-server ironic-api ironic-
conductor
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4. Caidat Keystone
4.1 Huéng din cai dit
Budc 1: Tao co so dit licu cho Keystone
$ mysql -u root—p

$ MariaDB [(none)]> CREATE DATABASE keystone;

Budc 2: Cap quyén truy cp dit libu cho co sé dit liéu Keystone
MariaDB [(none)]> GRANT ALL PRIVILEGES ON

keystone.* TO 'keystone'@'localhost’ \
IDENTIFIED BY 'KEYSTONE _DBPASS';
MariaDB [(none)]> GRANT ALL PRIVILEGES ON

keystone.* TO 'keystone'@'%'
IDENTIFIED BY 'KEYSTONE_DBPASS';

cu—krwd kR

*Thay thé 'KEYSTONE_DBPASS' bang mét khau phu hop.

Budc 3: Cai dat dich vu Openstack Keystone

$ apt-get install keystone

Budc 4: Cau hinh dich vu Openstack Keystone
Truy cap tap tin cAu hinh dit liéu cta dich vu keystone

$ nano /etc/keystone/keystone.conf

Tién hanh két néi voi co sé dit liéu trong phan [database]

connection=mysqgl+pymysql://keystone:KEYSTONE_DBP
ASS@controller/keystone

Thay thé KEYSTONE_DBPASS bang mat khau da nhap & Budc 2.
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Céu hinh nha cung cap trong phan [token]

provider = fernet

Buodc 5: Déng bo cosd dir licu cho dich vu Openstack Keystone

$ su -s /bin/sh -c "keystone-manage db_sync" keystone

Budc 6: Khadi tao kho Iuu trir khoa Fernet

$ keystone-manage fernet_setup --keystone-user keystone -
-keystone-group keystone

$ keystone-manage credential setup --keystone-user
keystone --keystone-group keystone

Budc 7: Khoi dong dich vu Openstack Keystone

1.  $ keystone-manage bootstrap --bootstrap-password
ADMIN_PASS

2. --bootstrap-admin-url http://controller:35357/v3/ \
3.  --bootstrap-internal-url http://controller:5000/v3/ \
4.  --bootstrap-public-url http://controller:5000/v3/ \
5. --bootstrap-region-id RegionOne

* Thay thé ADMIN_PASS bang mat khau da nhiap & Budre 2.

Budc 8: Cu hinh may chit web Apache2 cho Keystone

Tao va chinh sira tép tin c4u hinh apache2
$ nano /etc/sysconfig/apache2

APACHE_SERVERNAME="controller"

Tao file cdu hinh may chu web cho dich vu Keystone

$ nano /etc/apache2/conf.d/wsgi-keystone.conf
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Céu hinh file ‘wsgi-keystone.conf® vira tao voi ndi dung;

1.
2.

w

4.
S.

Listen 5000
Listen 35357

<VirtualHost *:5000>

WSGIDaemonProcess keystone-public processes=5

threads=1 user=keystone group=keystone display-
name=%{GROUP}

6.

1.

8.

9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

WSGIProcessGroup keystone-public
WSGIScriptAlias / /usr/bin/keystone-wsgi-public
WSGIApplicationGroup %{GLOBAL}
WSGIPassAuthorization On
ErrorLogFormat "%{cu}t %M"
ErrorLog /var/log/apache2/keystone.log
CustomLog/
<Directory /usr/bin>

Require all granted
</Directory>

</VirtualHost>

<VirtualHost *:35357>
WSGIDaemonProcess keystone-admin processes=5

threads=1 user=keystone group=Kkeystone display-
name=%{GROUP}

20. WSGIProcessGroup keystone-admin

21. WSGIScriptAlias / /usr/bin/keystone-wsgi-admin
22. WSGIApplicationGroup %{GLOBAL}

23. WSGIPassAuthorization On

24. ErrorLogFormat "%{cu}t %M"

25. ErrorLog /var/log/apache2/keystone.log

26. CustomLog /var/log/apache2/keystone access.log
combined

27.

28. <Directory /usr/bin>

29. Require all granted

30. </Directory>

31. </VirtualHost>

Thay d6i quyén s& hitu cho thu muc /etc/keystone

$ chown -R keystone:keystone /etc/keystone
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Budc 9: Hoan tt viée cai dat
Khoé1 dong dich vu may chu web apache?2

$ systemctl enable apache2.service

$ systemctl start apache2.service

Céu hinh tai khoan quan tri

export OS_USERNAME=admin

export OS_PASSWORD=ADMIN_PASS

export OS_PROJECT _NAME=admin

export OS_USER_DOMAIN_NAME=Default
export OS_PROJECT_DOMAIN_NAME=Default
export OS_AUTH_URL=http://controller:35357/v3
export OS_IDENTITY_API_VERSION=3

NoupkrwpdE

* Thay thé ADMIN_PASS bang mat khau da nhdp & Budc 2.

Budc 10: Kiém tra dich vu Keystone d hoat dong

$ systemctl start apache2.service

root@ironic-controller:~# sudo systemctl status keystone
@ keystone.service - OpenStack Keystone API (keystone)
Loaded: (/1lib/systemd/system/keystone.servic
Active: (running) since Wed 2024-05-22 14:01:3
Docs: stone(1)
Main PID: 1229 fuwsgl_[:aython;xll)
Tasks: 257 (limit: 48176)
Memory: 1.1G
CPU: 1min 23.714s
CGroup: /system.slice/keystone.service

May 22 14 01: ironic-controller systemd : Started keystone.service - OpenStack Keystone API (ke
22 B1: ic-controller keystone : [uwsgi] implicit plugin requested python311

wc-controller keystone 3 SGI] getting INI configuration from /etc/keyqt

ic-controller systemd : keys ce: :end(—'nc y After=keystol 1

56:54 1ironic-controller systemd L

3 :19:07 ironic-controller systemd 1 keystone.service: [}(—vppndem y After=keystone.service 14

root@ironic-controller:~#

Hinh 4.1. Dich vu Keystone da hoat dong
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4.2.Lbi khi cai diat Openstack Keystone
4.2.1. AttributeError: '"NoneType' object has no attribute
‘getcurrent’
Nguyén nhan: Ldi trong ma ngudn python.
Cachxu ly:
Truy cap va stra tép tin thread.py:

nano /usr/lib/python3/dist-
packages/eventlet/green/thread.py

Tim va thay thé doan code:

1. def get_ident(gr=None):

2 if gr is None:

3. return id(greenlet.getcurrent())
4 else: return id(gr)

Bﬁng doan code bén dudi dé bat ngoai I¢:

1. def get_ident(gr=None):

2 try

3 if gr is None:

4. return id(greenlet.getcurrent())
5 else:

6 return id(gr)

7 except:

8 return id(gr)

Tiép tuc qua trinh cai dat

$ su-s /bin/bash keystone -c "keystone-manage db_sync"

4.2.2. Missing value auth-url required for auth plugin
password
Nguyén nhan: L3i xay ra do may chu thiéu cac thong tin xac

thue dé két ndi téi dich vu Keystone
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Cachxu ly:

Tao va thiét 1ap cac bién moi truong trong tép /openrc.sh:

$ export OS_ AUTH_URL=http://keystone_url:5000/v3
$ export OS_ USERNAME= username

$ export OS_PASSWORD= password

$ export OS_PROJECT NAME=project

$ export OS_PROJECT_DOMAIN_NAME=Default

$ export OS_USER_DOMAIN_NAME=Default

$ export OS_IDENTITY_API_VERSION=3

NouoprwpdE

Doc va thuc thi t¢p openrc.sh

$ source /path/to/your/openrc.sh

4.2.3. The requestyou have made requires authentication.
(HTTP 401)
Nguyén nhan: May chu cung cép sai thdng tin xac thuc
Cachxu ly:
Kiém tra lai cac thong tin d3 khai bao trong tép /openrc.sh
Kiém tra nhat ky hé théng cta Keystone

$ sudo tail -f /var/log/keystone/keystone.log

Khéi dong lai cac dich vu

1. $ sudo systemctl restart keystone
2. $ sudo systemctl restart ironic-api
3. $ sudo systemctl restart ironic-conductor
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5. Caidat Ironic

5.1. Caidat dich vu ironic-api
Budc 1: Thiét lap co so dit liéu cho hé thong Ironic.
Truy céap dich vu mysql.
$ mysql -u root—p
Tién hanh thiét 1ap co so dit lidu.

1. CREATE DATABASE ironic CHARACTER SET utf8mb3;
2. GRANT ALL PRIVILEGES ONironic.* TO
‘Ironic' @'localhost' \

3. IDENTIFIED BY 'IRONIC_DBPASSWORD';
4.  GRANT ALL PRIVILEGES ON ironic.* TO 'ironic'@'%" \
S. IDENTIFIED BY 'IRONIC_DBPASSWORD';

Budc 2: Cai dit cac goi thanh phan trong Ironic.

$ sudo apt-get install ironic-api ironic-conductor python3-
ironicclient

Budc 3: Cau hinh céc thanh phan trong Ironic.
Truy cép tép tin cau hinh ctia dich vu Ironic va cau hinh ironic-api.

$ nano etc/ironic/ironic.conf
Thiét lap két ndi dich vu Ironic véi co s dit lisu Mysql

1. [database]
2. connection=mysql+pymysql://ironic.IRONIC_DBPA
SSWORD@DB _IP/ironic? charset=utf8

* Thay thé IRONIC_DBPASSWORD bang mat khau da nhap & da
thiét 1ap cho tai khoan “ironic’ thiét lap & budc 1.
* Thay thé DB_IP bang dia chi IP cia may chit MySQL.
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Thiét 1ap két ndi dich vu ironic-api véi dich vu RabbitMQ

1. [DEFAULT]
2. transport_url =

rabbit://ironic:RPC_PASSWORD@RPC_HOST:RPC_PO
RT

* Thay thé truong RPC_PASSWORD bang mat khau di thiét lap cho
tai khoan ‘ironic’ ¢ phan cai dat dich vu RabbitMQ.
5.2. Céu hinh dich vu ironic-conductor
1. [DEFAULT]

2. #.
3. my_ip=HOST _IP

* Thay thé HOST _IP bang dia chi IP ctia may chu ironic-conductor
dang chay.
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Céu hinh dich vu ironic-api x4c thyuc théng tin qua dich vu Keystone

[DEFAULT]

auth_strategy=Kkeystone

# Authentication type to load (string value)

1

2

3

4.

5. [keystone authtoken]
6

7

8. auth_type=password
9

16. # Complete public Identity API endpoint (string value)
11. www_authenticate uri=http://PUBLIC_IDENTITY _IP:5000

13. # Complete admin Identity APl endpoint. (string value)
14, auth_url=http://PRIVATE_IDENTITY_IP:5000

16. # Service username. (string value)
17. username=ironic

19. # Service account password. (string value)
20. password=IRONIC_PASSWORD

22. # Service tenant name. (string value)
23. project_name=service

25. # Domain name containing project (string value)
26. project_domain_name=Default

28. # User's domain name (string value)
29. user_domain_name=Default

31. # memcached setting (string value)
32. memcached_servers=MEMCACHED_SERVER:11211

* Thay thé PUBLIC_IDENTITY_IPvaPRIVATE_IDENTITY_IP
bang dia chi IP cong khai va IP riéng tu ciia dich vu Keystone.

* Thay thé IRONIC_PASSWORD bang mat khau ctia nguoi ding
ironic da khai bao trong Keystone.
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* Thay thé MEMCACHED_SERVER bing tén hoic dia chi ctia may
chu memcaced.

Cau hinh dich vy ironic-api dé giao tiép v&i dich vu ironic-conductor
st dung JSON RPC

©CoOoNoOOGT~wNE

[DEFAULT]
rpc_transport = json-rpc
[json_rpc]

# Authentication type to load (string value)
auth _type = password

# Authentication URL (string value)
auth_url=https://IDENTITY _IP:5000/

# Username (string value)
username=ironic

# User's password (string value)
password=IRONIC_PASSWORD

# Project name to scopeto (string value)
project_name=service

# Domain ID containing project (string value)
project_domain_id=default

# User's domain id (string value)
user_domain_id=default

* Thay thé IDENTITY _IP bangtén hoic dia chi ctia may chu Keystone.
* Thay thé IRONIC_PASSWORD bang mat khau cua nguoi ding ironic da
khai bao trong Keystone.
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DPong bod hoa co sd ditr liéu cua dich vu Ironic.

$ ironic-dbsync --config-file /etc/ironic/ironic.conf create_schema

Cau hinh ironic-api str dung mo-dun mod_wsgi trong apache.

$ sudo tee /etc/apache2/ironic <<EOF
Listen 6385

<VirtualHost *:6385>

WSGIDaemonProcess ironic user=stack group=stack
hreads=10 display-name=%{GROUP}
WSGIScriptAlias / /usr/local/bin/ironic-wsgi-api

SetEnv APACHE _RUN_USER stack
SetEnv APACHE_RUN_GROUP stack
10. WSGIProcessGroup ironic

WCoNosO~wWDNE

12. ErrorLog /var/log/apache2/ironic_error.log
13. LogLevel info
14. CustomLog /var/log/apache2/ironic_access.log combined

16. <Directory /opt/stack/ironic/ironic/api>

17. WSGIProcessGroup ironic

18. WSGIApplicationGroup %{GLOBAL}
19. AllowOverride All

20. Require all granted

21. </Directory>
22. </VirtualHost>
23. EOF

$ sudo cp etc/apache2/ironic /etc/apache2/sites-
available/ironic.conf

Kho1 dong lai dich vu Ironic va apache2

1. $sudo systemctl restart ironic-api
2. $sudo systemctl restart apache2
3. $sudoa2ensite ironic
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Kiém tra céc dich vu thanh phﬁn chinh cua Ironic da hoat dong

$ sudo systemctl status ironic-api

root@ironic-controller:~# systemctl status ironic-api
® ironic-api.service - OpenStack Ironic Service API (1ironic-api
loaded (/1lib/systemd/system/ironic service; ; preset: er
> (running) since Thu 2024-85-23 00:05:57 +El?; 21h ago

Main PID: 6 € s y‘thc:n 311)
Tasks: (Lunit: 48176)
Memory: 851.4M
CPU: Imin 17.731s
: /system.slice/ironic-api.service

:05:57 ironic-controller systemd : Started ironic-api.service - OpenStack Ironic Service API (1iro
)5:57 ironic-controller ironic-api : [uwsgi] umplicit plugin requested python311
)5:57 ironic-controller ironic-api : [uWSGI] getting INI configuration from /etc/ironic/iron

Hinh 5.1. Dich vu ironic-api da hoat dong
$ sudo systemctl status ironic-conductor

root@ironic-controller:~# sudo systemctl status ironic-conductor
® ironic-conductor.service - OpenStack Ironic Conductor (1ironic- conductor)
Loaded: loaded f/llh/qutemd/ﬂyqtem/lronlc -conductor.service; en
i i (I g) since Thu 2024-05-23 00:17:58 +07; zlh ago
man:ironic-conductor_l)
: 64695 (1ironic-conducto)
1 (1limit: 48176)
121.9M
imin 51.656s
{iystem.slice/ironic-conductor.service

@ron@c-controller @ron@c-conductor : Jusr/lib/python3/dist-packages/ir
Hinh 5.2. Dich vu ironic-conductor da hoat dong

Kiém tra duong dan téi cac dich vu dang hoat dong

$ openstack endpoint list

root@ironic-controller:~# openstack endpoint list

Interface

regionOne ironic baremetal internal

regionOne keystone identity u internal

6d47 (!(!44411‘5[: )4115ad9b7c regionOne keystone identity admin
9&75&\: id 9eedb414a4d regionOne ironic baremetal U admin
bc f8706087fd3 regionOne keystone identity public
3 regionOne ironic baremetal public

Hinh 5.3. Céc dich vu thanh phén chinh cta
Ironic dang hoat ddng.
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5.3. Cac16i khi cai dit lronic

5.3.1.[Errno 2] Nosuch file or directory: ‘/httpboot/boot.ipxe’
Nguyén nhan: Chua cau hinh trinh giao dién khai dong hé thong
Cach xtr Iy: Xem phu luc phan 6.

5.3.2.ipmi_si: Unable to find any System Interface(s)
Nguyén nhan: md dun ipmi khong tim thy trinh diéu khién IPMI
Cachxu ly:
Kiém tra lai cac mo dun d3 duoc cai dat va thiét lap
1. $sudo modprobe ipmi_msghandler

2. $sudo modprobe ipmi_devintfs
3. $sudo modprobe ipmi_si

Truy cap BIOS va kich hoat IPMI hodc BMC trong cai dat
Str dung IPMI qua LAN thong qua may ao
1. $virsh start ipmi-vm

2. $ipmitool -I lanplus -H <bmc-ip> -U ironic -P
password chassis power status

Khéi dong lai dich vu cuia IPMI

1. $sudo systemctl restart ipmievd.service
2. $sudo systemctl status ipmievd.service
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5.3.3. Openstack baremetal node deploy: error: unrecognized arguments
—driver-info/instance-info/name-interface

Nguyén nhan: Do khai bao sai thugc tinh phan ctmg khi tao may chu
Cachxu Iy:

Kiém tra tén phan cting can khai bao va trinh diéu khién tuong tng
Khai béo lai cac thanh phan can cung cp cho may vat Iy

1.  $openstack baremetal node set <node-name> \
--driver-info \

2.
3. --instance-info \
4, --*-interface

$ openstack baremetal node rebuild <node-name>
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6. Cau hinh giao dién khéi dong cho hé thong

Viéc cau hinh giao dién khoi dong (boot interface) s& gitip hé thong
Ironic nhén di¢n dugc cac giao dién khdi dong chinh trong viée trién khai cac
ndt may chii vat ly. Pong thoi, boot interface ciing tham giao vao cac qua
trinh quan Iy va trién khai dia bo nhé cing céc tép luu trit hé diéu hanh.

Cau hinh may chi TFTP.
Budc 1: Tao thu muc gbe cho tftp server co thé giao tiép v6i may cha
ironic-conductor.

1. $sudo mkdir -p /tftpboot
2. $sudo chown -R ironic /tftpboot

Cai dat may chu tftp.
$ sudo apt-get install xinetd tftpd-hpa

Budc 2: Tao hoac chinh sura file /etc/xinetd.d/tftp vo1 ndi dung duoi:

1. {

2. protocol =udp

3. port =69

4. socket type =dgram

5. wait = yes

6. user = root

7. server = Jusr/sbin/in.tftpd
8. server_args =-V -V -V -v-v --map-file
[tftpboot/map-file /tftpboot

9. disable =no

10. flags = IPv4

11. }

Budc 3: Tao cac map-file trong thu muc goc

1. $echo 're N(/tftpboot/) /tfitpboot/\2' > /tftpboot/map-
file

2. $echo 're Mtftpboot/ /tftpboot/ >> /tftpboot/map-file
3. $echo'reN?) /titpboot/\1' >> /tftpboot/map-file
4.  $echo're[V]) /tftpboot/\1l' >> /tftpboot/map-file
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Budc 4: Cai dat UEFI — Grub
Cai dat Grub2 va céc goi shim

$ sudo apt-get install grub-efi-amd64-signed shim-signed
Copy cac file grub va shim bootvao thu muc /tftpboot

1. $sudo cp fusr/lib/shim/shimx64.efi.signed
ltftpboot/bootx64.efi

2. $sudocp lusr/lib/grub/x86 64-efi-
signed/grubnetx64.efi.signed /tftpboot/grubx64.efi

Budc 5: Caidat bd nap PXE

Tao céac thu muc va phan quyén

$ sudo mkdir -p /tftpboot
$ sudo mkdir -p /httpboot
$ sudo chown -R ironic /tftpboot
$ sudo chown -R ironic /httpboot

HwdE

Tao cac map-file trong thu muc goc

1. $echo'rN["]) /titpboot/\1' > /tftpboot/map-file
2. $echo 'r\/tftpboot/) /tftpboot/\2' >> /titpboot/map-
file

Cai dat may chit TETP va HTTP trong tép c4u hinh

[etc/ironic/ironic.conf

[pxe]
tftp_root=/tftpboot
tftp_server=localhost

[deploy]
http_root=/httpboot
http_url=http://localhost:80

©WCoNoakrwWNEF
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TUy vao lya chon sir dung may chu tftp hay http, ngudi dung c6 thé Ira
chon cai dit cac bo nap khac nhau. Néu mudn sir dung may chu http, can
phai cai dit va ciu hinh bo nap iPXE nhu duéi day:

$ apt-get install ipxe

$ cp /usr/lib/ipxe/{undionly.kpxe, ipxe.efi,snponly.efi}

Cho phép ghi d¢ c4u hinh iPXE trong tép cau hinh

1. /etc/ironic/ironic.conf

2.

3. [pxe]

4.  ipxe_bootfile_name=undionly.kpxe
5. uefi_ipxe_bootfile_name=ipxe.efi
6. ipxe_config_template=$pybasedir/drivers/modules/ipxe_config.
template

7.

8. [DEFAULT]

9. default_boot_interface=ipxe

10. enabled _boot _interfaces=ipxe,pxe

Khéi dong lai dich vu ironic-conductor dé ghi nhan thay doi

$ sudo service ironic-conductor restart
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7. Cau hinh trinh diéu khién cho hé thong

Dich vu Ironic Uy quyén quan Iy phan cimg thuc t& cho trinh diéu
khién. Trinh diéu khién, con dugc goi 14 loai phan cing, bao gdm céc giao
dién phan cimg, c6 chirc ning xir Iy mot sé khia canh ctia viée cung cap may
chu vat 1y theo cach riéng biét. Co cac loai phan cung ding chung (vi du:

redfish va ipmi) va cac loai phan ctng riéng biét (vi du: ilo va irmc).

Budc 1: Truy cap tép ciu hinh dich vu ironic
$ nano /etc/ironic/ironic.conf

Budce 2: Piéu chinh cac tham sd nhu bén duédi dé kich hoat cac trinh
diéu khién phuc vu cho viéc trién khai cac ndt may chu vat Iy,
1. [DEFAULT]

enabled hardware types = ipmi
enabled_boot_interfaces = pxe

enabled_console _interfaces = ipmitool-socat,no-console

2

3

4

5. enabled _deploy interfaces = direct
6. enabled inspect_interfaces = inspector

7. enabled _management _interfaces = ipmitool
8. enabled network_interfaces = flat

9. enabled power_interfaces = ipmitool

10. enabled raid interfaces = agent

11. enabled storage interfaces = cinder,noop

12. enabled vendor _interfaces = ipmitool,no-vendor

Budc 3: Tai khdi dong ironic-conductor dé ghi nhan cac thay do6i

$ sudo service ironic-conductor restart
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8. Cac16i khac

Error: externally-managed-environment x This environment
Is externally managed

Nguyén nhan: Mai truong thuc thi ctia Python nam ngoai quan ly
ctia hé diéu hanh Debian

Cach khic phuc: Cai dit python3 va pipx

1.  $sudoapt-get install python3
2. $sudoapt-get install pipx

Kich hoat moéi truong thyc thi Python

1. $ python3 -m venv .venv
2. $source.venv/bin/activate
3. $ python3 -m pip install -r requirements.txt

Tao file cau hinh dé md khoa thuc thi python tryc tiép

1. $sudotouch ~/.config/pip/pip.conf
2. [global]
3. break-system-packages = true

Error: Unable to establish IPMIv2 / RMCP+ session
Nguyén nhan: Hé thong khong tim thay module IPMI
Cachxu ly:
Str dung nmap dé kiém tra két ndi dén module IPMI

$ nmap -p 623 -sU -P0O <ipmi-address>

Truy cap BIOS va kich hoat IPMI over LAN
Menu Overview -> IDRAC SETTINGS/BMC -> User ->Apply
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9. Tao va cau hinh cac may chu may vatly

Pé khoi tao mot may chi vat Iy hay con goi la node trong ché do chay

doc lap cua Ironic, nguoi ding c6 thé st dung ¢l phap khai bao sau:

openstack baremetal node create \

--driver <Tén driver cho may> \

--name <Tén cta may> \

--resource-class <L&p tai nguyén> \

—-property cpus=<S4 vi xir Iy> \

--property memory_mb=<Dung lugong Ram>\

--property local_gb=<Dung luong Rom>\

—driver-info ipmi_address=<Pia chi két ndi ipmi> \
—driver-info ipmi_port=<Cong ipmi> \

--driver-info ipmi_username=<Tén dang nhap ipmi> \
—-driver-info ipmi_password=<Mat khau ipmi> \
--deploy-interface <Giao dién trién khai> \
--network-interface <Giao dién mang> \

—-instance-info image source=<Nguon luu trit hé diéu hanh> \
--instance-info image _checksum=<Ma Iru trir hé diéu hanh> \
—-instance-info image type=<Kiéu phan ving dia>\
--instance-info root_gb=<Kichc& 6 dia>\

--driver-info deploy kernel=<Dudng dan khéi dong> \
--driver-info deploy ramdisk=<Puong dan initrd>
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Vi du:

14.
15.

openstack baremetal node create \
--driver ipmi \
--name ftest\
--resource-class baremetal \
--property cpus=2\
--property memory _mb=2048 \
--property local_gh=20\
--driver-info ipmi_address=10.8.52.93 \
--driver-info ipmi_port=623 \
--driver-info ipmi_username=ironic \
--driver-info ipmi_password=ironic \
--deploy-interface direct \
--network-interface noop\
--instance-info image_source=http://localhost:80/img.qcow?2 \
--instance-info

image_checksum=d0131bc80bc15a941318edcfb \

16. --instance-info image_type= partition \

17.  --instance-info root gb=10g\

18.  --driver-info deploy_kernel=boot/vmlinuz-5.10.0-29-amd64 \
19.  --driver-info deploy_ramdisk=boot/initrd.img-5.10.0-29-
amdo64
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10. Trién khai cac may chi vat Iy
Pé trién khai may cha vat ly, c6 thé thuc hién theo cac budc sau day
Budc 1: Xac thuc

$ openstack baremetal node validate <tén node>

root@ironic-controller:~# openstack baremetal node validate test

console
deploy
inspect
management
network
power

raid
rescue
storage

Hinh 10.1 Xac thuc tat ca cac tham s déu chinh xac

Budc 2: Quan 1y, cung cap phan cimg va tién hanh trién khai node

1.  $openstack baremetal node manage test
2. $ openstack baremetal node provide test
3. $ openstack baremetal node deploy test

Budc 3: Kiém tra trang thai hoat dong ctia nt may vira trien khai
$ openstack baremetal node list

root@ironic-controller:~# openstack baremetal node list
B e R R R T R
uuID r

]
]
]
'
'
]
]
]
]
]
'
'
'
1
]
]
]
]
'
'
o,
]
]
]
]
]
'
'
'
]
]
]

Provisioning State

enroll
enroll
enroll

ecldceBe-e01d-43e8 dd97d817126 | testing
b802b977-103f-4fde e-f321fe5daefd | mayl
645955b7-0fbb-4eb0-b559-209baa39b7b may3
f971f76b-045b-41c4-a9bb-7cd78 é node
5ddez2 bdo6-4cag-9 35ft 9 test-node

N
N
None
power
power

power
| power

+
\
\
\
\
\
\

e —— +— 5

Hinh 10.2 Danh sach trang thai hoat dong cua cac nut
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11. Chuwong trinh tinh toan song song don gian

Duéi day 1a chuong trinh Python thyc hién phép tinh nhan 2 ma trén
va st dung MPI phuc vu tinh toan song song

i el 7 Rl - d U R

from mpidpy import MPI # Import MPI module
importnumpy as np  # Import numpy module
import time # Import time module

# Pinh nghia ham matrix_multiply v6i tham s 1 hai ma tran a va b
def matrix_multiply(a, b):

# Tra vé két qua ctia phép nhan hai ma tran a va b

return np.dot(a, b)

# Khoi tao communicator cho cac tién trinh st dung MPI
comm = MPI.COMM_WORLD

# Lay rank cua tién trinh hién tai
rank = comm.Get_rank()

# Lay tong s luong tién trinh
size = comm.Get_size()

ifrank == 0:
# Neéu tién trinh hién tai la tién trinh chinh

# Tao ma tran ngau nhién a kich thuéc 1000x1000
a = np.random.rand(1000, 1000)

# Tao ma tran ngau nhién b kich thuéc 1000x1000
b = np.random.rand(1000, 1000)

# Phan chia ma tran a thanh cac phan nhé cho timg tién trinh
chunks = np.array_split(a, size, axis=0)

else:
# Néu tién trinh hién tai khdng phai 1a tién trinh chinh

# Gan a bang None
a = None

# Gan b bang None
b = None
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39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
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52.
53.
54.
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56.
o7.
58.
S8
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
1753,
74.

# Gan chunks bang None

chunks = None

# Phan phdi cac phan nho clia ma tran a dén tat ca cac tién trinh
local_a = comm.scatter(chunks, root=0)

# Broadcast ma tran b dén tit ca céc tién trinh
b = comm.bcast(b, root=0)

# Ghi lai thoi gian bat dau
start_time = time.time()

# Thuc hién phép nhan ma tran local_a vdi ma tran b
local_c = matrix_multiply(local_a, b)

# Ghi lai thoi gian két thic
end_time = time.time()

# Thu thap két qua tir tat ca cac tién trinh vé tién trinh chinh
result = comm.gather(local_c, root=0)

ifrank == 0:
# Néu tién trinh hién tai la tién trinh chinh

# Két hop céc két qua thu thap dugc vao ma tran ¢
¢ = np.vstack(result)

# In ra thong bao két qua da dugc tinh
print("Két qua cua phép nhan ma tran da dugc tinh.")

# In ra thoi gian tinh toan

print(f"Thoi gian tinh todn: {end_time - start_time:.2f} gidy")
else:

# Néu tién trinh hién tai khong phai 1a tién trinh chinh

# In ra thoi gian tinh toan cua timg tién trinh
print(f'Thoi gian tinh toén cua tién trinh {rank}: {end_time -

start_time:.2f} giay")

64



Trong do, chi tiét str dung cuia cac cau Iénh trong thu vién MPI:

‘com=MPIL.COMM_WORLD’ tao ra m0t communicator chira tht ca
céc tién trinh.

‘rank = comm.Get_rank’ va ‘size = comm.Get_size()’ lay chi sé va
sb luong cua tién trinh hién tai.

‘com.scatter(chunks, root=0)’ phan phdi c4c phan ctia ma trén ‘a’
dén tat ca céc tién trinh.

‘com.bcast(b, root=0)’ giri ma trén ‘b’ dén tat ca céc tién trinh.

‘com.gather(local_c, root=0)’ thu thap két qua tir tat ca cac tién trinh
vé tién trinh chinh.
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