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Figure 1 (Color online) The architecture of centralized cabin computing
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Figure 2 (Color online) The architecture of autonomous cabin computing
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Table 1 Analytical comparison of cabin computing, grid computing and cloud computing

Computing Feature
mode Resource Applicable Application Core Business
organization type scenario technologies mode
Middleware
OGSA/WSRF
HPC computing
. . . . framework
Grid Cross- aggregate Virtual Computing Scientific
. T L . . . (shared memory Null
computing domain Heterogeneous organization -intensive computing
and message
passing)
Inter-domain
flexibility
Virtualization
distributed resource
X . management Charge in
Cloud Same Isomorphic Virtual Data- Enterprise
. . —_— . ) A . MapReduce terms of
computing domain partition machine intensive computing .
framework quantity
Intra domain
flexibility
Real and virtual
mapping(combination
Hybrid of aggregation
X Cross . . . . and partition) Charge in
Cabin construction  Virtual Hybrid- Hybrid )
K (same) ——— R R R X Hybrid deployment terms of
computing . Mapping cabin intensive computing .
domain Heterogeneous quantity

computing framework
Interdomain and

intradomain flexibility
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Table 2 Symbols and their meaning related to the cabin requirement

Symbol Meaning
D User requirements for the total time of data processing
T Data types users processed
N Number of keywords required for data resources
K; i-th keyword of data resource requirement
S Data volume of the data set, unit: GB
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Table 3 Symbols and their meaning for the resource allocation model

Symbol Meaning
N Number of data blocks users need to process
S, Size of user’s j-th data block, unit: GB
D User requirements for the total time of data processing
Vi VM’s processing speed of i-th resource domain center, unit: GB/s
P; Rental unit price of VM in the i-th resource domain center, unit: yuan/s
U Unit price of uplink bandwidth corresponding to the VM
in the i-th resource domain center, unit, yuan/GB
R; Number of VMS in the i-th resource domain center
N Corresponding bandwidth of the VM of the i-th resource domain center,
unit: GB/s
M; Storage capacity of the VM of the i-th resource domain center, unit: GB
P Distance between the physical location of the i-th resource
domain center and the physical location of the j-th data block, unit: km
Lp;j Network propagation delay with distance length of Fj ;, unit: s
ngj Number of VMS allocated to the j-th block by the i-th resource domain center
ds.; Whether the i-th resource domain center allocate VM to the j-th data block,

with value 0 or 1

(4) FrorBic VM A7 2 5 75 DR T B0 X L S50 B ) KD
N X Mz X di,j > S]’.

Ji R B B 4 73 B 5 24 2 B LR, o /i ZER M AR LR (1) T, B S AR B (R A
FRAGIIN [R5 A VSR 18] i TH A5 31, Bodfa A% fan it TR STk [16,17), d MRS MM 18R Le, ; 4
J. AR BRI HEAR R b, AR EUE SO

min C = Cr + Cg.
Horb, (1) B AL s A

N
CT = ZSJ X Uz X di,j-

=1

(2) Hodl Ab R A
N
= Z X P; x d; g,

B 5 e B B IR 23 L 4 AR bR A0 B R A )

N
min C = Z( nZ];V)XSiXdi’j
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Cross-domain resource directory
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Cross-domain resource management system
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Cross-domain resource directory

Resource registration service

Resource status update

Figure 6 Cross-domain resource management system architecture

C Resource domain center )

6 BEEHFREERGSN

ENASEM DS EFAN SMZ T, BEAh, R AT R, I T2 7 B S B B R S B2

VR BETT SR, SCELFS IR IR G B ¥ A T R,

4.3.1

KM RS E, SE B IR .

FFEME L

FREM R EYE 1 o, GFECLT PR e ByRs b0 B 3, SeE IR O TR
PR status.txt, FEFREUIL A CPUL MEM. A8 255 . IR ANt H A7 B 2545 )
i & R B 2% H, BB R R B 3%, #1225 B AE YT s B b, WK 46 N 25 U5 B

B, 25 B B BT

Algorithm 1 Resource registration algorithm

Input: Resource directory in resource domain center.

1:
2:

3
4:
5
6

Read resource status file in the resource domain center;

Extract the CPU, MEM, hard disk storage, price and geographic location information of resources in the resource status

file;

if the resource entry is not in the cross-domain resource directory then

. Generate resource entry of corresponding resource configuration;

the entry is added to the cross-domain resource directory;

: end if

Output: Cross-domain resource directory.

1245



W BRE: T

Root node

Resource provider 1 Resource provider 2 Resource provider 3 Resource provider 4
Description Description [ Description
Geo-location 1 Geo-location 2 Geo-location 4
Description Description

Resource domain
center 4

Geo-lgm

Description

Resource domain
center 3

Resource domain
center 2

Resource domain
center 1

Description Description Description

Description Description

Node on level 0 The number of

providers Access control Subtype 1 Subtype 2 Extension

(root node)

Nodes on level 1 Provider name Access control Location pointer 1 | Location pointer 2 Extension

The numbers of

. . ; Resource domain | Resource domain
Nodes on level 2 Location name Network bandwidth | resource domain

pointer 1 pointer 2
center
Resouce : Resource processing .
Nodes on level 3 configuration Resource price Way of access speed Extension

E 7 EEEREREH
Figure 7 Cross-domain resource directory structure
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Algorithm 2 Resource status update algorithm

Input: Cross-domain resource directory and resource domain center status file.
1: Read cross-domain resource directory list;

2: Read the state file in resource domain center;

3: for all resource configuration type in resource domain center status file do
4 Cross-domain resource directory matching;

5 if it is consistent then

6: Go further to the next entry information;

7 else
8 The directory information in the cross-domain resource directory will be updated according to the content of the

resource domain center status file;

9: end if
10: end for

Output: Updated cross-domain resource directory.

Algorithm 3 Resource allocation algorithm

Input: Resource allocation results of cabin generation and management system.

1: Read the resource allocation result list of cabin generation and management system,;
: Group the results in the resource allocation result list by different resource domain centers;
: Send different groups to different resource domain centers;

: The resource domain center returns the specific resource information according to the requirements in the grouping;

T W N

: Integrate all the results returned by the resource domain center, and return the integration results to the cabin generation
and management system;

Output: Resource configuration information.

P AR, — ANREIT R ELIR B, 73— 2 AR B 5. AT 5 R 4RO 0 R ek
R AR ANEE TR AT BB, A R B R . Bdls 443N i) S B S nT L2 ISR [20,21], A
AR,

5.1 [ERBIEHLRGEN

HEAD KA T AR R AR NI 8 Fow, £ 2t W g Bdis Bh R 2 LR R SR i « A s
A PSR L Mo TR URAR A T Ik 55 . BRI CE R S B Bl 2 e EE AT ARG RAE
2 Bdls B A B TR R R AU KR rhot R G R OB A R LA, Sk T IR X 04k 1) B AR o A1
RO, EREESRALE . B E . BRR LSS S, R R RE R TR T5 BAR, Lol 504 & i
D 1A% S TR G5 A0 AT U7 1) Bl PRAEAR 2 A DR A7 19X 22 50308 B0 7% 25 o 30 0 AT B R s S BB ) B PR AR AR
0 28 S50 B PR e 0t ELIEK I K B30 e P O 4 (A7 B BBt AT B AR, A 1t B A P TR £
PRAEATRN B R AR 122 5 it D3 U 70 A1 P B e 248 47 it 0 A1 R 5t SRR 201 TR R b e 2 4k
38 G 73 A1 VLAl 55 X8 A5 (R A8 B0 o A 1 S PR U T A 55, R AR B 00 e 1 it 7 SR 05 4 Ak
PR SR M T IS5, CAORIEREE 75 K AT RE ot . A P R A2 3 TR R Hicdfe Je itk — 2B
Jrr.

5.2 HIEFRSHERE

s B A I S5 & 9 Fros, RS 0 EA7 8 (R A) BB 1 BT A H 2 B AL 5
3R A (BEETTR). Horh, 55 0 B A (R R BB 1 R AL BB 2 BV ACAWIALETT R, 5 3 2
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Figure 8 The architecture of virtual data center
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Figure 9 The structure of data resource distribution map
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Table 4 Experiment size

Number of resource

Number Solution method Number of data blocks (V)
domain centers (W)
Li
1 1neo 5 10
GA
2 Lingo 10 20
GA
Li
3 meo 14 20
GA
4 Lingo 20 20
GA
Lingo
5 30 28
GA
Lingo
6 40 36
GA
Li
7 meo 60 48
GA
Lingo
8 80 65
GA
Lingo
9 100 82
GA

F; ; BIBUEEE [0, 10000];

0, if dFiJ <eg,
Lr,, =
200 + 400 x df, ;, otherwise,

Hrb, dp;; AR min-max EEIATIH— 4145
HIRRBEFESHOR B PR/ 400; B AEL 500; 28 XHERR 0.4; 22 7222 0.0001.

6.2 SCIGIRE

ARSI SR B T 9 L. HXTER 4 BB T 4 55 (J5 5 ASLERR TR, SiATEr R A
R E TR T) , AR 5 PRITRIBHIRECE 7 %, Hh D, C5(N) Fonsh i DB 75
J BRI ORI N BB, BT 3 ARt T Lingo FSRALMEANEAL FVL I SRR A IR, 5
6 ZHSEih, W A K, Lingo 7EHUE I 18] A R REFS BIfE, BT LLDUIRAS T 1AL SR AR 4 1.
I AR SRR BAT — € IEEh I, R SCIR I, FA TR AN R R 0 i B, 54T 1 10 UOORAE, LArp s
HAE A VBSR4 A

B 10 X LE AR B e A HL BB R AR ), (H R E B e OO N R 2 2 4L 3 24
(K] GA SEERER. B AR AT DA Y, X AN [F] A Bdf B B, AR L B A £ o7 B0 e 7 22 000 1 B0 B U
&, J7 At BRI B SRR T £ ) BRI B AR R B A AR AN SR AR R .

BE—2P 3, X PR LSRR 75 A B RC BT S IS AT B, VLT SRR T 5
FISEPATI TR, 25 RANE 11 A1 12 B, B REAR BRI AN R (1 3 U, RS “N < W [ &
. YPARBR RIS ANE AR E.

B 11 Bl iR A R BRI R 0 BC 7 &N BERSAS. m] LUE Y, B DB ) A BT, 550
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Table 5 Resource configuration scheme

Number Solution method Resource configuration scheme
) Lingo D1 : C10(19); D2 : C2(52); D3 : C10(24); Dy : Cs(50); D5 : C10(21)
GA Dy : C10(12); D2 : Cs(24); D3 : C10(19); D4 : C10(12); D5 : C10(13)
Lingo D1 : C20(52); Da : C18(7); D3 : C18(7); D4 : C18(6); Ds : C10(32)
2 D¢ : C17(13); D7 : C17(6); Ds : C17(4); Dg : C10(27); D1o : C18(16)
GA D1 : C18(14); D2 : C10(27); D3 : C9(25); Dy : C15(13); D5 : C18(6)

Dg : C18(8); D7 : C10(10); Dg : C2(12); Dg : C18(8); D1o : C18(15)
D1 : 010(22); Dy : 014(29); D3 : 010(21); Dy : 016(27); D5 : C14(29)

Lingo Dg : C5(46); D7 : C12(54); Dg : C20(27); Dg : C10(16); Do : C16(18)
3 D11 : C5(25); D12 : C11(59); D13 : C20(25); D1g : C17(62)
D1 : C10(12); D2 : C14(3); D3 : C10(2); D4 : C10(22); Ds : C20(18)
GA Dg : C16(14); D7 : C10(14); Ds : C14(6); Dg : C16(16); D1g : C20(12)

D11 : 014(13); Do : 05(23); D3 05(10); D14 : 010(8)
D1 : Ci5(5); D2 : Co(16); D3 : C14(4); D4 : C16(22); Ds : C10(20)
Dg : C6(8); D7 : C20(7); Ds : C14(18); Dg : C10(17); Dio : C16(14)
4 GA D11 : C10(5); D12 : C14(18); D13 : C10(10); D14 : C20(17);
D15 : C5(18); D1 : C1a(4); D17 : C13(3); D1g : C2(16);
Dig : C14(8); D2 : Cao(11)
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Figure 10 Comparative analysis of cabin resource allocation scheme (N: the number of data blocks; W: the number of
resource domain centers)
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Figure 11 Resource cost of allocation schemes under different resource scales
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Figure 12 Problem solving time under different resource scales
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Abstract With the rapid development of information technology innovation, digitalization, networking and
intelligence are deeply developing. New applications are emerging and new industries are flourishing, which puts
forward higher requirements for the agile construction and continuous operation and maintenance of business
systems. This paper proposes a new computing model called cabin computing. Cabin computing is the cross-
domain resource configuration and collaborative computing integration environment for the full life cycle of IT
tasks accessed through the Internet. Its core idea is “mobile special cabins, flexible cross-domain resource, and
autonomous system operation and maintenance”. This paper presents the architecture and working principle of
the cabin computing system. It is mainly composed of cabin generation and management system, cross-domain
resource management system, virtual data center system and several gateways (cabin gateway, virtual data center
gateway, cross-domain resource gateway, etc.). Furthermore, the definition of resource allocation optimization in
cabin computing is stated. Taking data resources, computing resources and storage resources into account, the
resource cost is minimized. The simulation experiments of the programming solver and approximate optimization
algorithm demonstrate that the proposed approach can realize the optimal allocation of cabin resources considering
the distribution of both data resources and physical resources.

Keywords cabin, virtual data center, cross-domain resource management, resource allocation, resource distri-
bution map, resource directory
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