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Abstract

More and more campus information services are now become cloud service. In
order to let the information services uninterrupted, the need for the availability
of servers and storage space is getting more important. To achieve that, following
subjects need to be discuss: How to minimize downtime, when a hardware failure
occurs. How to improve the reliability of information systems. How to build a
robust system, with stabilize service, and be able to provide IT service all the
time. To figure out solutions of those questions has become very important topics.
With host virtualization cluster, it can ensure high availability of hardware. If
a physical machine occurs problem, the virtual machine can move to the other
entities of the physical machine. With DRBD (Distributed Replicated Block De-
vice), instantly synchronize all the data, when an exception occurs the software
can be immediately transfer to replace the system previously provided services,
so you can achieve the double protection of the utility. This article would like to
introduce a combination technology of Virtualization Cluster with High Availabil-
ity and DRBD. With this technology, the researchers can build a demonstration
of dual-high availability cloud service. In this work, the researchers compare the
performance of two kind of virtualization clusters: VMware and OpenStack. To
find out the differences and verify the efficiency of the dual-high availability cloud

service.

Keyword : High Availability, Virtualization, Virtualization Fault Tolerance (VFT),
DRBD
11
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& 5_dist_03 CHAR(24) H'I_H_ & wo_stabe CHAR(Z) PH-LQ & d_city VARCHAR(20) ho-! & h_date DATETIME
& s_dist_04 CHAR(Z4) 4 w_zip CHAR(D) & d_skate CHAR(Z) & h_amount DECIMAL(E,2)
@ 5_dist_05 CHAR(24) & wi_tax DECIMAL(4,2) < d_zip CHAR(S) & h_data YARCHAR(24)
& s_dist_D& CHAR{24) < w_ykd DECIMAL{12,2) & d_tax DECIMAL{4,2) >
@ s_dist_07 CHAR(24) > & d_ytd DECIMAL(12,2) L4
o s5_dist_08 CHAR(24) ' d_next_o_id INT(11) I-.
& 5_dist_09 CHAR(24) O e _ > | Q
& s_dist_10 CHAR(24) I ' + - ] customer v
& 5_vtd DECIMAL(S,0) | c_id INT(11)
& 5_order_cnt SMALLIMNTI6) | c_d_id TINYINT{4)
& 5_remote_cnt SMALLINT(E) l c_w_id SMALLINT(E)
& 5_data VARCHAR{SO) * & _First VARCHAR{16)
. | '] order_line v & c_middle CHAR(2)
ol_o_id INT{11) & ©_last VARCHAR{16)
ol_d_id TINYINT(4) L e e strest_1 VARCHAR(2D)
ol_w_id SMALLINT(&) _ & ¢_strest_2 VARCHAR(2D)
-: — = ol_rumber TINYINT(4) ] orders v & £_tity VARCHAR(20)
i_id INT(11) @ol_i_id INT(11) o_jd INT{11) & o_skate CHAR(Z)
N i_Irn GINTLL) % ol_supply_w_id SMALLINT{&) o_d_jd TINYINT(4) & c_zip CHAR(Y)
- & ol_delivery_d DATETIME o_w_id SMALLINT(&) & ¢_phone CHAR(18)
<i_name YARCHAR{24)
& ol_quankity TINYIMNT(4) @o_c_jid INT(11) & c_since DATETIME
& i_price DECIMAL(S,2) -
o 1_data VARCHAR(SD) & ol_amount DECIMALIE,2) & o_entry_d DATETIME | & £_credit ;Hnﬂlz)
> < ol_dist_jinfo CHAR(Z24) < o_carrier_id TINYINT(4) LO# | 4 c_credit_lim BIGINT(20)
I | > ro_ol_crt TINYINT(4) & ¢_discourt DECIMAL(4,2)
& o_all_local TINYINT{4) % ¢_balance DECIMAL(12,2)
» & ¢_ytd_payment DECIMAL(12,2)
) & c_payment_onk SMALLINTE)
g & ¢_delvery_cnt SMALLINT(E)
.-:I now - & c_data TEXT .

no_o_id INT(11)

no_d_id TINYINT(4)

no_w_id SMALLINT{&)
| 3

%,

FIGURE 2.7: tpcc-mysql #7i& = cim 8 % Sl £

ferbPRFEZ m Bl * ApacheBench * iz 4 223 B¥ o ApacheBench 1 2 4%
7 4_Apache ek PR E M- Brd H1 LGl B AR T REPIRE
chiB (7 2kar 0 4w B4 4 Apache e sk PR B ke A 47 o b A f258 R A ¥
%t R Apache 3 b PR E (Web Server) #7ic 53 # e it » #rul L7 115 )
Apache b PR B EF fiacE N F SR F o AAH2 Y > AP KD
¥ Tengesk ¢ 3 4 i Sk o (2] [1] 2] [11]
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Léf _%_ E’ﬁi%\ fﬁt. B TFB 75—'\.” = ‘_: IBM System X3650 M4 ji ..l‘:f'_ o f_‘f f@; VMware
vSphere ESXi # %8 3 {0k B - A B 3-1 3551 " a3 o

RS AR ELSR  IBM System x3650 M4

CPU
RAM
HDD
RAID
LAN

Power Supply

Intel Xeon E5-2620 6Core 2.0 GHz
8GB DDR3-1333 ECC Register
600GB 10K 6Gbps SAS 2.5”

IBM ServeRAID M5110e RAID
Intel 1GbE

750W DC

FIGURE 3.1: A #8#.%

3.1.1 VMware Integreated OpenStack

i# * VMware Integreated OpenStack (VIO) #-2& = 4% ¢7 OpenSatck % % »*
VMware vSphere ¥ 3 = ti— 77 %% 8 > B 3-2 5 OpenStack ** VIO % %
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2%
16 A
8%
15k
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kR o BT MaE 2 M- aPRRIRE 0 B8t 1t i VMware 22 OpenStack

2 i B

\.

vmware® vSphere Web Client # & © | root@iocaios ~ | Help +

4 Hosts and Cluslers DX ny datacenter  Actions ~ =

fia Ny datacanter Getiing Staried  Summary  Monilor  Manage | Related Objects |

[ Top Level Objects

qj Clusters [ 4 |Tcp Level Objects | Clusters | Hosts |Virtual Machines ‘ VM Templates ‘ VADDS | Datastores | Datastore Clusters ‘ Standard Networks | Distributed Swiz »
EI Hosts & th ‘_ﬁ =Y {_E)}AclmﬂSv [ [q Fiter -
@ Virtual Machines Name 1a State Status Provisionad Space Usad Space Host CPU Host Mem

1 v Tempiates (5, C9004eb7-0650-4815-a103-0721c3951765  PowersdOn @ Nommal 259 GB 159 GB 0 MHz 8TMB

6 vApps {5 cinder Powered On @ Normal 5209 GB 2.09 GB 33 MHz 2,076 MB

B patastores (55 controller Powered On & Normal 52.09 GB 209 GB 165 MHz 2076 MB

9 Datastore Clusters B de Powered On @ Normal 41.09 GB 13.63 GB 0MHz 1,047 MB

Q Standard Networks (5 fuel-master Powered On & Normal 52.09 GB 2.09 GB 33 MHz 2,076 MB

&= Distributed Switches &5 ve Powered On @ Normal 133.09 GB 16.01 GB 33 MHz 8,236 MB

&2, Distributed Port Groups

FIGURE 3.2: VMware Integreated OpenStack % % ;& ;%

3.1.2 OpensStack HA # %

OpensStack HA #7 3 d 3t 3 7 4 M 444 FE A ARB RIS B 1 k8
Mg i pEERF > TR MRS k- S AR A fisd B4 - B
PH- B RED L AR RER R I L i F R -
TRl gt o BE O M- BRAES 5 LY “,ﬁ%ﬁ gL fi (single points
of failure,SPOF ) - SPOF dp- P H B F & ok % ot AR HE R K

Ll &7 S-S “,ﬁ% SPOFS etk & 5 +4] » 4 (redundancy) 5 & @ %

Bl bl ford B oY AN fop BRGRES o BEE R AKX
FIRFE > e T A o R R e AWM BT R AR A T B (
B) HBPEA R AR EERT 0 A Sl A AR BRI ARET Y o B W
OpenStack 77 * (7 125 KL ## it PRF% o &% vR ¥ OpenStack it 99.99%
et FiE TP T AH RIS o # i > OpenStack T 7 it & 2@ * sl
B AL Fe 00.99 96 7 o [g]

3.1.3 VMware HA # %

vSphere High Availability i 4 ¥ m #8973 7 eh B 7 B A2\ K B97 3 0

TR AXHFOTE R B AP HA R B B Ao
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EBHBEEE S LR O IT R LA S T kY 8o HA & i

&

(1) % ¥ vSphere i #frm #18 > ifﬁ WA 88 e Guest 173 5 kL@ %7 o

(2) WD PPRF P ErpF o G K-E P H 8 vSphere A B £ ATECE
BREEA -

(3) &R P e ko ¥rpF > ¢ p & EATER iR FERY 2N BipE
oo

3.2 sEHER T
FA ABAZ SABIEEESX 2 BENERREY - SERIBE

I % 2 Windows Server 2012 » & 18 » # VMware vCenter % 2>t Windows Tk
oo f i vCenter 0 AiPE 2 Ar- BEEHESEE > TR SFHAPH O F

ot — HAFTTEBK T E VMware 8 7 % B2 = pRG22 T 5 o

e

i

5 ¢t > @& * vSphere Web Client i& {7 OpenStack 3% %¥ > I i% i Pacemaker

32 = Cluster o J* T 5 OpenStack 8 ¥ * {4 2 PR 5 o

badA T Y TR MERY - SR ML BE ARG T PhR
BEFTUEHBI T - S 1ta 4 kP 8 [24] [22)
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3.2.1 HHmEi

EAEL R PR AR AT R 0 TR - BAMEE

PO gHMARFEFE RS TR OE A o Bl 33 52 FHST AR

=

VMware ESXi/
OpenStack

FIGURE 3.3: H & 27 11 )

3.2.2 DRBD-+{Heartbeat i,"#ﬁ

FHZEE TR FIA AP TR F RN EBSERN- B
e TPt e i DRBD TR R ETR SR L - &
¥ %7 @ DRBD 3 Tp5# & (live migration) #hic 4 » & ¥ OpenStack ePR7%
FEFEETARIRE R P % F)pt & DRBD 73K 8 > 4v » Heartbeat
% PR AT S M end R HLR R 0 v id B AT W S IR R T 4 59 T pE eh

b

A o & FIRAET § Fpt @ ¢ U e B 34 5 0t e LW o [12] [14] [17]
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VMware ESXi /
OpenStack

——
~ Fail Over
NS

~ HeartBeat _-

-
Ll

///a

FIGURE 3.4: DRBD+Heartbeat %51‘#_?]

3.2.3 DRBD-+HeartBeat ¥ Cluster HA £ & ;’1‘%4{#.

#-28 2k 4% e DRBD+Heartbeat & 2Li% 52 OpenSatck =¥ - & gL * > ,‘fﬁﬁ'ﬂ
% i 7] OpenStack ﬁ?PRﬁﬁ*‘uﬁ A » f BETrEFSEREIRENE F

FLehF T OF o B 35 5 T LB 0 B 3-6 RIRP T § A M 2 R
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VMware ESXi /
OpenStack
Cluster HA

O

~ HeartBeat __

S
=

~ HeartBeat __

FIGURE 3.5: DRBD+HeartBeat £ Cluster HA £ & 2% ﬂh&%}

@ — @ @@
? =

VMware ESXi / VMware ESXi /
OpenStack - OpenStack
Cluster HA

Fail Ov

g_

~HeartBeat__
~HeartBeat_

FIGURE 3.6: TpF#E# 7 % B
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i
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42 %%

# * VMware vSphere 6.0 & > — B A# T 5 ¥ A
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OpenStack
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VMware ESXi /
OpenStack
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///a

FIGURE 4.2: DRBD+Heartbeat %51‘#_?]

4.2.3 DRBD-+HeartBeat £ Cluster HA £ & ;’1‘%4{#.

#-28 & 4% e DRBD+Heartbeat & 2Li% 5 VMware vSphere (18 — &2 8Li¢ *
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VMware ESXi /
OpenStack
Cluster HA

O

~ HeartBeat __

S
=

~ HeartBeat __

FIGURE 4.3: DRBD+HeartBeat £ Cluster HA £ & 2% Tﬁ_ﬁl

& — @éin;
e =

VMware ESXi / VMware ESXi /
OpenStack - OpenStack
Cluster HA Cluster HA
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~HeartBeat_

FIGURE 4.4: FE## T 7 B
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ApacheBench % :i& {7 b3 B chfitht o @ &k 5t P %5 Monit % & B IRF*
P (TR AL 0 i 3R E A 4 AR ehpE L R PRI E fLepE R o B 45 LB P Sk

MySQL/Apache

Vmware Cluster/OpenStack Cluster

Vmware vSphere 6.0

ESXi ESXi ESXi

FIGURE 4.5: § % % 1§

4.3.1 #%:% DRBD & i% 5 ik

tiplzd HA 4IPF 67 @ % 7 514 4 k@ (5 1 ) { #7) % DRBD

Primary/Secondary % f& °

|watch -n 1 service drbd status |

73 DRBD F# 2 2 4 f o Bt b 2 B 37 7R o 4ol 4-6 2 #57 o
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root@snodel:/storazef service drbd status

drbd driver loaded OK; device statns:

version: 8.3.13 (api:88/proto:86-96)

srcversion: 697DESB1972B108914F04DB

m:res cs IO da p mounted fatype
0:ha Connected Primary/Secondary [UpToDaterpToDate] C
root@Snodel:/storazes

| 280 #EE mEV) BEW) SEO) BHH)
Every 1.0z: sgervice drbd status Wed Aug 28 03:30:06 2013 -

drbd driver loaded OK; device status:

veragion: 8.3.13 (api:88/proto:86-96)

srcversion: 697DESB1973B1D8914F04DB

n:res  ¢s ro dis p monnted fstype ||
0:ha Connected Secondary/Primary [UpToDate/UpToDatel C |

FIGURE 4.6: Nodel ¥ Node2 7 DRBD 7} i

RIFEF A & NODEL * dd 45 £ £l - B4h% > p & F % ¢ & NODE2
AP ek o 4ol 4-7 #751 o
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§C) &EE) BEM HEW) EERO) ZHEH)

root@Snodel:/storage# dd i{f=/dev/zero of¥atorage/iscaistor]be=1024K count
=1000

1000+0 records in
1000+0 records out
1048576000 bytes (1.0 GB) copied, 11.4298 &, 91.7 MB/s
root@Snodel: fetorage# cd ..

root@Snodel:/# wmount /storage/

root@Snodel:/# drbdadm secondary ha

root@Snodel: /# []

»

=80 &= =m#v) #sw) SEO) REH) _ _
|root@Snode2: fetc/ha.d/resource. d# drbdadm primary ha -

--= Thank you for participating in the global usage survey =—--
The server's response is:

node already registered

root@Snode2: /etc/ha.d/resource.d# service drbd status

drbd driver loaded OK; device status:

veraion: 8.3.13 (api:88/proto:86-96)

srcversion: 697DESBI973E D89 14F04DB

m:res cs IO ds p mounted fstype
O:ha Connected Primary/Secondary UpToDate/UpToDate C
root@Snodez: /etc/ha.diresource . df mount /dev/drbd0 /storage
got@Snade?: fetc/ha.d/resonrce . d¥ ls /storage/

zcaigtor]

nodel: fetciha.d/resource.d# I

FIGURE 4.7: % Nodel = * #% > Node2 ¢ J134p e 4 %
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4.3.2 fzi% Hearbeat & 1T}k iy

M4 p)3# HA R #4841 % NODEL ™ 4 % i 43 £ 4% 9, » NODE2 RI E £
otk s (W 4-8)-

root@0Snodel: / [75x5
EE(C) |EE) BBV SEEW EEO =BEH
root@Snodel: /# service heartbeat stop -

| =20 REE wEV BRsW) SBO) BHEEH) |
Every 1.0s: service drbd statug Ted Aug 28 03:44:14 2013

drbd driver loaded OK; device status:

verzion: §.3.13 (api:88/proto:86-96)

grcversion: 697DESB1973E1D8914F040B

n:res ¢s o ds p mounted fstype
0:ha Connected Secondary/Primary UpToDate/UpToDate C

FIGURE 4.8: { Nodel $7 it JRirchdp 4 7% & ) » & 42 NODE2 o A k i
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NODE1 JR 3% 47 i 4p £ & 11 > HeartBeat p # fx* HA 4] NODE2 4
Secondary s f&*7 # % Primary % fe ¥4 (B 4-9) -

[75x58;

[0 ==@ w5V mswW SEO) =EH)
root@Snodel: /# service heartbeat gtop
Stopping High-Availability services: Done.

root@Snodel: /# 1l

| SR =EE) ®BRV) REW SEO) BEH
Every 1.0s: service drbd status Wed &ng 28 03:44:36 2013 -

drbd driver loaded OK; dewice status:
veraion: 8.3.13 (api:88/proto:86-96)
srcveraion: 697DESB1973B1D8914F04DB

n:reg cse ro dg p monnted fatype |
0:ha Connected Primary/Secondary UpToDate/UpToDate C /storage extd [l

FIGURE 4.9: { Nodel i# 1 i% 1t JRIFidp £ fa 4 Node2 *7 # % Primary

"
hES
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4.3.3 = > VMware Cluster

% i VMware vSphere Client i » § % & » 322 2 Cluster » % fx HA - [l
4-10 # ¥ r2 g P B VMware Cluster s f o

@) HPCVC hpevm thu.edu.tw - ¥Sphere Client
File Edit View Inventory Administration Plug-ins Help

ag ‘E} Home b g8 Inventory b [l Hosts and Clusters
2 & @
B [i§ HPCDatacenter Bl 120.109.150.235 VMware ESXi, 6.0.0, 2494585
E [ HPC Cluster b
120.109.150.191
120.109.150.206 View: [Triggered Alarms Definitions
120.109.150.207
120.109.150.208
120.109.150.235
120.109.150.236
120.109.150.237
50239
50.240 (not respanding)
50.251
B3 vMware vCenter Operations Manager
B Care-HPLWinG
[ Cent0s 01
G Cent0s 02
[ Ceph_Monitar
[ Ceph_Serverl
[ Ceph_Server2
[ Ceph_Server3
G Ceph-Admin

Getting Started | Summary | Virtual Machines | Performance | Configuration | Tasks &Events [EXERERM Permissions | Maps

Object | status Name | Triggered | Acknoviedged | Acknowledged By |

{1 o i o

]

citrixxenapps L4
Craig

Craig_MongoDB

Craig_mengodb2

CT_CentOS 6.4 x64_16Core.
CT_Intel_PS

CT_Ubuntu14.04_5960X
CT_Ubuntu14.10_5960X
CT_Ubuntu1d_S738_3970%
CT_Ubuntuld_S738_4960%
CT_Win7_S960X_8C
CT3_Windows?_x54_8Core_2
cy_amds

cy_amon

cy_aosdl

cy_aosd2

cy_aosd3

cy_bani

cy_bdn2

cy_bdn3

cy_bnn

oy sn1

Danny-HD-02 .
< n B

SPPHILOTILeSSeSSTTSeTD

Recent Tasks

FIGURE 4.10: VMware Cluster ;& i

4.3.4 = OpenSatck Cluster

OpenStack cnfi #3K 5 B ¥ * L& 7 Pacemaker £ & - ¥ % % Corosync
KfpdlF BN &7 WAl 7 > i 5| Active/Passive #-58eng 7 * (2 E & o
Bl 4-11 5 & i Pacemaker e3¢ 4 -
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7

ACTIVE/PASSIVE

sevee s [EEEEIN] INEETND
Over
sl i Services

DRBD Primary L Secondary
Resource
Manager Cluster
Stack

Hardware

FIGURE 4.11: Pacemaker 2t Tﬁﬁl

ZRER S F U T A4 4 kAL corosyne sl i it 0 B 4-12 5 F kTR
Bt ek Bk

corosync-cfgtool -s

# corosync-cfgtool -s
Printing ring status.
Local node ID 435324542

RING ID &

id = 18.8.42_188

status = ring © active with no faults
RING ID 1

id = 18.8.42_181

status = ring 1 active with no faults

FIGURE 4.12: corosync it i {4 k=

— ® Pacemaker fx# % & > ¥ 0% crm _mon K & 39:F (7 ek iy 0 B 4-13

% Pacemaker & 7 gk jiy
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Last updated: Sun Jul 5 23:00:52 2815
Last change: Sun Jul 5 20:46:80 2015 via cibadmin on node2

Stack: openst
Current DC: node?2 - partition with quorum
Version: 1.1.6-9971ebbadd494812a93c03b40a2c58ecebtBt50c

2 Modes configured, 2 expected votes
® Resources conftigured.

FIGURE 4.13: Pacemake & {7} %

4.3.5 tpcc-mysql B

!

BB H 4-14 tfy £ 7 U pIE - BREEAT AL 0 B 415 5 TR A O ek

)
[e=0

mysgladmin -h 18.8.42.1688 -u
mysql -h 18.8.42.180 -u root
mysql -h 18.8.42.186 -u root

I G F

root -p tpcctest create tpcc
-p tpcctest tpcc < ./create_table.sql
-p tpcctest tpecc < ./add_fkey_idx.sql

-/tpcc_load -h 10.8.42.180 tpcc "tpcctest" 1006

FIGURE 4.14: £ RIFEEH



wk fifeas il TPC-C Data Loader s

{Parameters>
[server]: localhost
[part]: 3208
[DBrame]: tpoo
[user]: tpco
[pasz]: tpoc-myaql-pass
[warehouse]: 2
TPCC Data Load Started...
Loading Item

Item Done.
Loading Warehouze
Loading Stock Wid=1

ftpec-mysg

L E A 1-rnnt root  B0273 TH 16 14:08 2012 tpcc_load
-rwxr-xr-x. 1 root root 163141 7H 16 14:08 2012 tpeoc_start
[FootBCentOSEAYM tpocc-mysql ]l . /tpoc_load localhost tpoc tpoc tpoc-mysgl-pass 2

FIGURE 4.15: tpce_load §* » Tk i

e Qf:}i;\ 18 WV @ * tpec start KA 4 MySQL 3 i & » B

4-16 ¥_tpcc_start i# 7 e %
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[root@ABPHOS501 tpococ-mysgll# . /tpoc_start —h1@.9.42.100 -d tpocc -u root -w 10 - & -r 2 -1 300
wiw BEAegsyR#s TPC-C Load Generator soox
option h with value “1@0.9.42.100°
option d with value “tpcc”
option u with value “root”
option w with value 7107
option c© with value 787
option r with value 727
option 1 with value 73007
{Parameters>
[zerver]: 16.0.42.168
[port]l: 3306
[DBname]: tpcc
[user]: root
[pass]:
[warehouse]: 10
[connection]: 8
[rampupl: 2 (sec.)
[measurel: 300 (sec.)
RAMP-UP TIME.(2 sec.)
MEASURING START.
10, 5104(0):2.168|3.596, 6103(0):0.443|0.723, 611(0):0.226(0.318, 610(0}:2.93214.293, 611(0):7.759]9.642
20, 5557(0):2.308|3.623, 5558(0):0.517]0.705, 555(0):0.248|0.287, 556(0):3.345]|4.046, 556(0):7.425|9.947
30, 2628(0):2.40213.598, 2634(0):0.570(0.738, 264(0):0.27110.335, 262(0):3.353|4.059, 262(0):7.664|9.717
40, B048(0):2.36313.654, 6046(0):0.507|0.709, 605(0):0.261]0.316, 606(0):3.392|4.638, GOS(0):7.672]9.378
50, 4701(0):2.31613.463, 4703(0):0.534|0,703, 470(0):0.269(0.315, 4639(0):3.312|4.164, 471(0):7.51718.714
60, 4539(0):2.33313.629, 4535(0):0.532|0.746, 454(0):0.263|0.338, 455(0):3.156|4.056, 453(0):9.582]11.027
70, 5540(0):2.28513.802, 5544(0):0.465|0.6596, 553(0):0.208]0.284, 553(0):3.239|3.675, 555(0):8.065]9.772
g0, 4205(0):2.30613.561, 4202(0):0.503|0.636, 421(0):0.233(0.319, 420(0):3.230|3.754, 421(0):7.890]10.382
90, 5442(0):2.426|3.859, 5444(0):0.500]0.709, 544(0):0.259|0.327, 545(0):3.37113.926, 542(0):7.416|9.846
100, 4746(03:2.36013.5977, 4743(0):0.91210.658, 472(0):0.231|0.307, 474(0):2.852(4.224, 472(0):8.217]5.971
110, 4203(0):2.413|4.013, 4207(0}:0.477]0.694, 420(0):0.227]0.304, 421(0):3.299|3.985, 420(0):8.557|11.166
120, 5223(0):2.360(4.101, 5222(0):0.483|0.695, 522(0):0.244|0.345, 523(0):3.37714.077, 523(0):8.236(10.825
130, 4273(0):2.351|3.646, 4273(0):0.518(0.657, 428(0):0.277(0.323, 427(0):2.914|3.657, 429(0):7.987|9.654
140, 2722(03:2.247|3.384, 2715(0):0.91410.738, 271(0):0.242|0.313, 272(0):2.821|3.560, 272(0):7.397|8.002
150, 0(0):0.000|0.000, O(O) 0.000(0,000, O(0]:0,000]0.000, 0(0):0.000]0.000, O(0):0,000]0,000
160, 0(0):0.000]0.000, O[0):0.000|0.000, O(0):0.000]0.000, O(0):0.000]0.000, OQ(0):0.000]0.000
170, 0(0):0.000(0. OOO 0(0):0.000|0,000, O(0):0,000]|0.000, 0(0):0.000[0.000, O(0):0,000|0,000
180, 0(0):0.000/0.000, 0O[0):0.000(0.000, O(0]:0,000]10.000, 0(0}:0.000]0.000, O(0):0,000/0,000
neword B6:2
payment 1:1
1205, HY000, Lock wait timeout exceeded; try restarting transaction
1205, HY000, Lock wait timeout exceeded; try restarting transaction
payment 4:3
1205, HYDO0O, Lock wait timeout exceeded; try restarting transaction
payment 7:1
1205, HY000, Lock wait timeout exceeded; try restarting transaction
190, 8(0):0.862|1.619, 11(0}:0.4180. 422 1(0}:0,000]0.,159, 2(0):0.809|1.531, O(0):0.000|0,000
200, O(O):0.000I0.000, 0(0):0.000]0,000, O(0):0,000]0.000, 0(0):0.000]/0.000, O(0):0,000]0,000
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OpenSTACK Installation on
Ubuntu

— ~ Lab esnvironment

o CPU: Intel Core i5-3210M 2.5GHz
« RAM: 8 GB
« HD: 500GB
« Network: 100M/1000M bps Ethernet
e OS: Windows 8.1 Professional 64-bit
o VM Platform: VMware Workstation 10.0.0
e VM Guest OS: Ubuntu 12.04.1 Server 64-bit
« VM RAM: 4GB
« VM HD: 20GB
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PS: Rackspace recommends that the Chef server hardware meet the following

requirements:

« 4 GB VM RAM
e 20 GB VM disk space or more

» Single socket dual core, or dual socket CPU with dual core, or single socket

quad core

= ~ OpenStack and Rackspace Private Cloud Software presentation

1. Understanding the OpenStack Framework

OpenStack: The Open Source Cloud Operating System

Your Applications

g OPENSTACK

Compute Networking Storage

OpenStack Shared Services

F1GURE A.1: Openstack Cloud Architecture
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%k http://docs.openstack.org
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F1GURE A.3: OpenSatck Key Element

2. Understanding the Rackspace Private Cloud Software Framework Start
building your private cloud today. Rackspace Private Cloud combines the power of

OpenStack—the leading open-source cloud operating system—with a streamlined
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deployment process that allows you to get your private cloud up and running in

less than an hour.

I T S
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F1GURE A.4: Openstack with Rackspace Private Cloud

Base features:

v Compatible with Ubuntu 12.04, RHEL and Cent0S v Usage metering using Ceilometer
v OpenStack Grizzly Release v LDAP and Active Directory integration
v Compute (Nova) v Chef server
¥ Dashboard (Horizon) v External storage support for third-party vendors (EMC,

¥ Object storage (Swift) NetApp, and SolidFire)
VMware VMDK image import (for Linux guest OS)

<

¥ Block storage (Cinder)
v Networking (Neutron) v Amazon AMI image import
v Image service (Glance) v Support for using Rackspace Cloud Files as backend target for

. i image service
¥ Identity service (Keystone)
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FiGURE A.6: OpenStack-Powered Cloud

&k JB: http://www.rackspace.com/cloud/private/openstack_software/

http://www.yet.org/2013/06/crowbar-rcl/
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3. Network Configuration

Control Node Compute Node Storage Nodes

1

PR

FIGURE A.7: Openstack Network Architecture

nova fixed network 172.31.0.0/24

Traffic moves via NAT

== Host
192.168.44.0/24

VM Instances

Noth IPs - .
hode e network traffic
to instances

FIGURE A.8: NAT access to instances on the cloud
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= ~ BIOS setup

th & 7 "9 45 BIOS SETUP » $ & 3% t Virtual Machine Mode % Enabled

BIOS SETUP UTILITY

Secure Uirtual
Mode (SUM)

- L1: 256KB
e L2: 1024KB
he L3: N/A
peed  : 2500MHz
HT Frequency : 1000MHz
Current FSB Multiplier: 12.5x
Maximum FSB Multiplier: 12.5x

Able to Change Freq. : Yes
uCode Patch Level : None Required Select Screen
GART Error Reporting [Disabled] Select Itenm

i Change Option

General Help
Cool "n™ Quiet [Enabled] Save and Exit
CPU Prefetching [Enabled] Exit
C1E Configuration [Autol
v

v02.61 (C)Copyright 1985-2008. American Megatrends. Inc.

FicUure A.9: BIOS Setup
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7~ Installation of Rackspace Private Cloud Software powerd by OpenSTACK

1. B 434 7 Rackspace Private Cloud installation on Virtual machine

OpenSTACKO1 - VMware Workstation = =

File Edit View VM Tabs Help
M- 2|0 | D=x O

i} Home l [} OpensSTACKD1 ]

RACKSPACE"®

PRIVATE CLOUD

POWERED BY OPENSTACK®

rackspace.com/cloud/private

A

the open cloud company

e ®
B ubuntu Chef

Automatic boot in 5 seconds...

To direct input to this VM, click inside or press Ctrl+G. =& E Iﬁ % &l ‘ & ‘ ¥

FicURE A.10: Rackspace Private Cloud installation

20 F g & A
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] OpenSTACKO1 - VMware Workstation S
File Edit View VM Tabs Help
A== ) CN- D= |

Home (. OpenSTACKO1

To direct input to this VM, click inside or press Cirl+G. SuEsEG H e

FIGURE A.11: Rackspace Private Cloud installation-* » & % *if4c = i

3. i& » Rackspace Private Cloud Software License Agreement

=) OpenSTACKO1 - VMware Workstation - o
File Edit View VM Tabs Help

v lem | © g D=HE| DO

Home ( OpenSTACKO1

ntation or
u

To diract input to this VM, dlickinside or press Ctrl+ G, SuBslo H e

FiGURE A.12: Rackspace Private Cloud Software License Agreement
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. RPCS Pre-Networking - Choose the role for this node: All-In-One.

@ OpenSTACKO1 - VMware Workstation - 8

File Edit View VM Tabs Help
M ==R ) &g D=E [ D3

Home £} OpenSTACKO1

, Blance, RabbitM@, an

selects; <Enter
clickinside or press Ctrl+G, SuBEdE | E @

FicUure A.13: RPCS Pre-Networking

. Configure the network - TP Address: 192.168.44.80/24
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= OpenSTACKO1 - VMware Workstation =

File Edit View VM Tabs Help
* | | B ¢ | D== K| DO

Home (5 OpenSTACK01

=) Click in the virtual screen Q ‘The virtual CD/DVD device could not connect the VMware Tools installation image. The guest operating system may be using the Retn Cancel
to send keystrokes CD/DuDdevice. i

To diract input to this VM, dlickinside or press Ctrl+ G, SuBslc H e

FIGURE A.14: Configure the network(IP Address)

6. Configure the network - Getway: 192.168.44.2

= OpenSTACKO1 - VMware Workstation =
Fle Edit View VM Tabs Help

T || ¢ | =R O

Home (5 OpenSTACKO1

Click n the virhual screen The virtual CD/DVD device could not connect the Vhware image. The using the
59 5 Sendkeystrokes B iovodece. el Concd
To direct input ta this VM, click inside or press Ctrl+G. e T FIK ]

F1GURE A.15: Configure the network(Gateway)
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7. Configure the network - Name server address: 8.8.8.8

@ OpenSTACKOT - VMware Workstation - o
File Edit View VM Tabs Help
v |ed | ® ¢ D= = K| D3

Home (4 OpenSTACKO1

Tah sell

3h s 1ter
To directinput to this VM, dlick i

CHl+G, Qe BHAE H @

nside or press

FIGURE A.16: Configure the network(Name Server)

8. Configure the network - Hostname: openstack(1
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7] OpenSTACKO1 - VMware Workstation - o IEl

Fle Edit View VM Tsbs Help
MR == A" S/} ==C A s |

Home £} OpensTACKO1

Tabs Enter
To directinput to this VM, dlick inside or press Ctrl+G. SBEELE Hl e

FIGURE A.17: Configure the network(Hostname)

9. Configure the network - Domain name: openstack01.thu.edu.tw

=] OpenSTACKOT - VMware Workstation - o
File | Edit Wiew WM Tabs Help

A= I A ) & D= HE =]

rome | £ opensTACKoL

To direct input to this VM, dlick inside or press Ctrl+G. (=YL TN E| @

FIGURE A.18: Configure the network(Domanin name)
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10. Enter CIDR block for Nova Fixed (VM) network: 172.31.0.0/24

o OpenSTACKO1 - VMware Workstation = &
Fle Edit View VM Tabs Help
Tl | © AN = A= |

Home [ OpenSTACKO1

Taf ; <Enter> act
To directinput o this VM, click inside or press Ctr +G.

SuBadE | EH| S

FIGURE A.19: Enter CIDR block for Nova Fixed (VM) network

11. Enter a password for the Openstack "admin” user: openstack
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@ OpenSTACKOT - VMware Workstation - o
File Edit View VM ZIsbs Help
vl | W il == |

Home (3 OpenSTACK01

sobioktottctorl]_

To direct input o this VM, clickinside or press Ctr +G. SuBEsE =2 e

F1GURE A.20: Enter a password for the Openstack "admin”

o OpenSTACKO1 - VMware Workstation = &
File Edit View VM Tabs Help

T lem | © g | D == g |O

Home ( OpenSTACKO1

Cont inue

T, c Enter bu
To direct input to this VM, click inside or press Ctrl+G S e Hl e

FIGURE A.21: Re-enter a password for the Openstack "admin”

12. Enter a username for a normal Openstack user.
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@ OpenSTACKO1 - VMware Workstation = B
File Edit View VM Tabs Help
A NEERE O & D= E F|DO

Home (}) OpensTACKO1

Enter a

cont inue:

Tab! <Enter 0ns
To direct input to this VM, click inside or press Ctril+G. (=YL o H| @

FIGURE A.22: Enter a username for a normal Openstack user

13. Enter a password for a normal Openstack user: openstack

@ OpenSTACKO1 - VMware Workstation - ©
file Edit Wiew VM Isbs Help
viem | W c/a W= = |

Home (3 OpenSTACK01

Thi:

Enter rd for the normal Opens

<Tal s; <Enter
To directinput to this VM, click inside or press Ctrl+G.

SuEadE E e

FIGURE A.23: Enter a password for a normal Openstack user
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14. Re-enter the password.

] OpenSTACKOT - VMware Workstation - o
file Edit View VM Tabs Help
AN =RI S/ == ]

Home (3 OpenSTACKOL

Tab> <Enter> a b
To direct input to this VM, click inside or press Ctrl+G. = ic=T)) | @

FIGURE A.24: Re-enter the password

15. Enter full name of the new user.
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=] OpenSTACKO1 - VMware Workstation

Fle Edit View VM Tabs Help
Tlem | (C = =]

Home (} OpensTACKO1

Tabs o . sel
To direct input to this VM, click inside or press Ctrl+G.

FIGURE A.25: Enter full name of the new user

16. Enter a account.

=] OpenSTACKOT - VMware Workstation

le Edit Wiew VM Isbs Help

=R =

vl 9 Qr

Home (3 OpenSTACKOL

FIGURE A.26: Enter a account
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17. Enter a password for the account: openstack

= OpenSTACKO1 - VMware Workstation
File Edit View VM Tabs Help
MEN==R®] d 0= = % | DO

|

Home (3 OpenSTACKO1

set up

rd will contain a mixture of le SN on hould be

d for the new user:

—

S

FIGURE A.27: Enter a password for the account

18. Re-enter password to verify.
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<] OpenSTACKOT - VMware Workstation - o
Fle Edit Yiew VM Iabs Help
T | O CiaN =R - ]

Home () OpenSTACKO1

To direct input to this VM, dlick inside or press Cirl+G. [=IPRCEET H e

F1GURE A.28: Re-enter password to verify

19. B 4 Installing the base system » ' {s 5 %]...

@ OpenSTACKO1 - VMware Workstation - =
file Edit View VM Iabs Help
vlem | © (A W= = |

Home (3 OpenSTACKO1

To direct inputto this VM, click inside or press Ctr+G. RBEFAEEH @

FIGURE A.29: Installing the base system
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@ OpenSTACKO1 - VMware Workstation = B
File Edit View VM Tabs Help
M N==R A S) G D= E F| DO

Home £} OpenSTACKOL

To direct input to this VM, clickinside or press Cirl+G. h E ) H e

FicUre A.30: Rackspace Private Cloud installation

20. Enter HTTP proxy information > ¥k 5 7.

<] OpenSTACKOT - VMware Workstation - oiEl
Ele Edit View VM Tabs Help

=R =

vl 9 Qr

Home (3 OpenSTACKOL

HTTP pr

To

FiGUrRE A.31: Enter HTTP proxy information
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21. 3% Configuring & Tfr¥ % - 1

@ OpenSTACKO1 - VMware Workstation -
Eile Edit View VM Tabs Help
vl | O fc/aN M= |

Home (3 OpenSTACKO1

To direct input to this VM, click inside or press Ctr +G. [eBEALE | E e

FIGURE A.32: #4 Configuring & T fv% %

22 THRILTE (FHXERIEPHE

St

T )
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@ OpenSTACKO1 - VMware Workstation
File Edit View WM Tabs Help
- (6} ¢ D= HE O

Home (} OpensTACKOL

S RsdE = e

To direct input to this VM, click inside or press Ctrl+G.

OpenSTACKO1 - VMware Workstation

=]
Fle Edit View VM Tabs Help
O ¢ | D= | |O

Home (5 OpenSTACKO1
Installing Rackspace (TM) Private Cloud Softuare
Installation Progress
Starting installation of Rackspace (TM) Private Cloud Software
0%

running apt-get upgrade
Ouerall Progress

Install Log

Tued, 30 Oct 2013 18:01:06 —04001 [01 Initializing

[Ued, 30 Oct 2013 18:61:06 -04001 [5] Upgrading packages

Lled, 30 Oct 2013 18:61:06 —04001 [-1 [331 ruming apt-get update [aptl

Iued, 30 Oct 2013 18:01:47 —04001 [-1 [66] ruming apt-get upgrade [apt]
: 83y

Extracting templates from packages: 83:
U

gpy: key 437DOSBS untu Archive futomatic Signing Key <ftpmaster@ubuntu.com>” not changed
gpg: key FEB?S5451: “Ubuntu CD Image Automatic Signing Key <cdimage@ubuntu.com>” not changed
gpy: key COBZIF3Z: public key "Ubuntu Archive Automatic Signing Key (2012) <ftpmaster@ubuntu.com>” inported
gpy: key EFE21092: public key "Ubuntu CD Image futomatic Signing Key (2612) <cdimage@ubuntu.com>” imported
gpy: Total nunber processed:
gpy: imported: 2 (RSA: 2)
apy: unchanged:
gpyg: no ultinately trusted keys found
Ubuntu Archive Automatic Signing Key <ftpmaster@ubuntu.com>” not changed
Ubuntu CD Inage Autonatic Signing Key <cdimage@ubuntu.con>” not changed
gpy: key COB21F32: “Ubuntu Archive Automatic Signing Key (2012) <ftpmasterBubuntu.com>” not changed
gpy: key EFEZ109Z: “Ubuntu CD Image Automatic Signing Key (2012) <cdimage@ubuntu.com>” not changed
gpy: Total nunber processed: 4
gpg: unchanged: 4

To directinput o this VM, click inside or press Ctrl+G.



=]
File Edit View VM Tabs Help
| B

OpenSTACKO1 - VMware Workstation -

(il =R =]

Home (§ OpenSTACKO1

Checking out cookbook
Overall Progress

cookbooks/cinder. . . [ update

[Wed, 36 Oct 2013
[Wed, 30 Oct 2013
[Wed, 30 Oct 2013
[Wed, 306 Oct 2013
[Wed, 30 Oct 2013
[Wed, 36 Oct 2013
[Wed, 30 Dct 2013
[Wed, 30 Oct 2013
[Wed, 306 Oct 2013
[Wed, 30 Oct 2013
[Wed, 30 Oct 2013
[Wed, 30 Dct 2013
[Wed, 30 Oct 2013
[Wed, 36 Oct 2013
[Wed, 30 Oct 2013
[Wed, 30 Oct 2013
sroot sroot
Suitched to a new branch
[Wed, 306 Oct 2013 18
[Wed, 30 Dct 2013
[Wed, 30 Oct 2013 18
[Wed, 306 Oct 2013 18
[Wed, 30 Oct 2013 18
[Wed, 30 Oct 2013 18:
[Wed, 30 Dct 2013 18

Install Log

-04001 [60] Waiting for chef seruer to start up

-04001 [-1 [3] Waiting for 169.254.123.2:22 to becone available (try 1 of 30) [port—testl
-04001 [-1 [6] Waiting for 169.254.123.2:2Z to become available (try Z of 30) [port-testl
-04001 [-1 [10] Waiting for 169.254.123.2:22 to becone available (try 3 of 30) [part-testl
-04001 [-1 [13] Waiting for 169.254.123. 2 to become available (try 4 of 30) [port-testl
-04001 [-1 [16] Waiting for 169.254.123.2:22 to becone available Ctry 5 of 30) [part-testl
-04001 [62] Generating and copying ssh keys

-04001 [-1 [10] Generating neuw SSH key [ssh-keys]

-04001 [-1 [20] Copying new key in ... [ssh-keys]

-04001 [-1 [30] Setting new passuord ... [ssh-keysl

-04001 [701 Waiting for API server to start

-04001 [-1 [5] Waiting for 169.254.123.2:4000 to become available (try 1 of 20) [port-test]
-04001 [-1 [10] Waiting for 169.254.123. 000 to become available (try 2 of 20) [port-testl
-04001 [-1 [15] Uaiting for 169.254.123.2:4000 to become available (try 3 of 20) [port-testl
-04001 [72] Generating chef-client keys

-04001 [801 Dounloading cookbooks

iso’

-040601 [811 Initializing Sub Modules

-04001 [821 Updating Sub Modules

-04001 [-1 [Z] Checking out cookbook ’cookbooks/apachez’ ...
-04001 [-1 [5] Checking out cookbook ’cookbookssapt’... [updatel
-0400]1 [-1 [?] Checking out cookbook ’cookbooks/aus’ [updatel
-04001 [-1 [10] Checking out cookbook ’cookbooks/build-essential’ ...
-04001 [-1 [13] Checking out cookbook ’cookbooks/cinder’... [updatel

Tupdate]

Tupdate]

To direct input to this VM, click inside or press Ctrl+G.

FIGURE A

S BesLE H e

.35: Rackspace Private Cloud installation

@ OpenSTACKO1 - VMware Workstation =
Ele Edit Wiew VM Tabs Help
i~ | & | ® & D= HE B |O
Home {5 OpenSTACKD1

Host Status

General
Hostnane ope:
Kernel:

Memor
Total Memory
Free Memory

Proc
Procs:
Load Auerage:

Instance data (total):
Instance data (free):

Ued Oct 36 18:36:22 EDT 2013

Rackspace (TM) Private Cloud St

To direct inputto this VM, click inside or press Cirl+G

Chef Status

Cluster
nstack0l.openstackdl. thu.edu. tu AP
3.2.0-29-generic Dash:

Infra Nodes:

Compute MNodes : 1
4042864 Kb
148592 Kb | Other
Last Ru
Platforn:
IP Address
MAC Address:

17 minutes ago
ubuntu 12.04
192.168.44.80

2
2.06, 2.03, 1.74 00:0C:29:51:84:D6

166
8.96

Uer: 2.0.0-67fa26 “zarn"

Press Alt-F2 for a terninal

oftware .

S BE4E Hl e

FIGURE A.36: % £ = =
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25. b 3T Alt-F2 4 > :2 » terminal on Ubuntu OS » &7 * # £ & o

@ OpenSTACKO1 - VMware Workstation = B
Ele Edit Wiew VM Tabs Help
Tl O & | O [=]

Home (3 OpenSTACKO1

Ubuntu 12.04.1 LTS openstack@l tty2

lopenstackdl login: openstack
[Password :
e lcone to Ubuntu 12.04.3 LTS (GNU/Linux 3.2.6-29-generic xB6_64)

= Documentation: https:s/help.ubuntu.cons
8 packages can be updated.

6 updates are security updates.

The prograns included with the Ubuntu system are free softuare:
[the exact distribution terms for each program are described in the
individual files in susr/sharesdoc = copyright.

Ubuntu cones with ABSOLUTELY NO UARRANTY, to the extent permitted by
applicable law.

lopenstackBopenstackdl:™§ _

To directinput to this VM, click inside or press Ctr+G. TBadE E

=

FIGURE A.37: i& » terminal on Ubuntu OS

I ~ OpenSTACK web user interface

L +REATE (4=IE) - ﬁig?l » https://192.168.44.80 » T &g 5t 4o Rackspace
Private Cloud Software powerd by OpenSTACK & & - & 1% 2 G#HF 4 - ¥

HekigiE A TE o

Login
User Name
@ rackspace
the open cloud company
Password

FIGURE A.38: Web Ul
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2. 3

‘u.

T,
~aof

% » tE gL openstack > % #5: openstack

LogIn

@rackspace

the open cloud company

User Name
openstack
Password

F1GURE A.39: Login Web Ul

@ rackspace

Project
openstack

overview

3. = # &2 » Rackspace Private Cloud Software powerd by OpenSTACK

Overview

Instances

Volumes
Quota Summary

Logged in as: openstack

Settings  Sign Out
Images & Snapshots
Used 0 of 10 Available Instances

Access & Security
Used 0 of 20 Available vCPUS

Used 0 MB of 51,200 MB Available RAM

Select a month to query its usage:
October

™| 2013 v

Submit

0.00
Usage Summary

No items to display

Download CSV Summary

FIGURE A.40: = # i& » Rackspace Private Cloud Software
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‘i B

Setting Up Network RAID1 With
DRBD On Ubuntu

cZANIEGPIRE o 5 SFREY MEE 5 - BAHELDRBD B AT

CEE A

I

o Intel® Core™ i7 o Memory : 8G « HDD : 1TB « OpenStack e Serverl
and Server2 « OS : Ubuntu 12.04 « Memory : 2G « HDD : 20G+10G

= ~iEE gy

o i LI REZEY o« DRBD #i¥p R 3 - 5 5 Primary ¥ ¥ i& 5 4
} 44 DRBD s s i HBBER i k4 -
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() Kidslen - WMware Workstation |-G )
BREO WEE MRV VM ERO  REH

A= A g |D == § D
HHE x

I AES -

(5 kidalen

(5 kidalent
ubuntu
= 1| My Computer
¥ kidslen
¥ Kidalenl
Shared Vs

written

To directinput to this VM, clickinside or press Ctrl+6

FIiGUre B.1: Network setup

e Load the DRBD kernel module: # modprobe drbd

o To check if it is loaded, run: #lsmod | grep drbd

[ Kidslen - Viviware Workststion = EoE ==
BEE FEE SRV Vv EEM S#AH
Tl TR m{y=l_ =
i X | 5 kidalen (5 kicalent.
EHEALS - : Done
one
= il My Computer
£ Kdalen
£ Kidalend
Shared vhs Will he
to remo d 15 not
To direct input to this WM, dlick inside or press Ctrl+G. = Y= LT [=]

FiGuRrE B.2: DRDB Installtion

 Backup the original /etc/drbd.conf file and create a new one on both nodes
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PP hadoop@nodes: ~

FiGURE B.3: Edit drbd.conf

o The next step has to be carried out on serverl only. Now make serverl the

primary node

root@rodeb: ~ [30:24] =3 B
BB HREE WEG BEM ERO) R

FiGurE B.4: Testing DRDB Installtion
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