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The programming model and language for constructing
socio technical systems

MAO Xinjun, CHEN Yin, ZHANG Tingting
(College of Computer, National University of Defense Technology, Changsha 410073, China)

Abstract ; Software systems situated in open environment like the Internet are increasingly characterized as socio technical systems that evolve

dynamically various variations and changing requirements. To construct such complex software system has become an open issue in the literature of

software engineering. This research takes socio technical systems as multiple agent organizations and presents an organization — based program model

ORAP that introduces organization metaphors like organization, agent, role and position to construct complex socio technical systems. A series of

programming mechanisms like role binding and composition, role — based interaction and self — management of organization were designed to tackle

the dynamics issues of socio technical systems by categorizing the organization dynamics at different organization levels. Furthermore, an

organization — based programming language called Oragentl. for implementing social technical systems were proposed, which involves its syntax

formal definition at organization, role and composition levels respectively. The Oragentl.’ s compiler and running environment called OragentBurg

were introduced and a sample was studied to illustrate our approach and show its effectiveness.
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1 |<org_prog> = {“employ” <org_cname> “;”}<org_cdef>
2 |[<org_cdef> = “organization” <org_cname> “(“[<form_param>| *)” “{”
3 {<field dec>} <disband rule> {<role_dec>}" {<role def>}"
4 [<init act>] {<policy def>} [<beh>] “}”
5 [<field_dec> = <type> <exp>*”
6 [<disband _rule> ::= “disbandOn” <bexp> “;”
7 [<role _dec> = <modifier> “role” <role _name> “(“[<form_param> ] “)” «;”
8 [<init_act> = “initialize {” <statements> “}”
9 [Kmodifier> = (“internal” | “external”) [“singular”]
10 [<policy def> = “policy” <policy name> “(” <role names> “)” “{” <policy_body> “}”
11 [<role_names> = <role_name> {“,” <role name>}
12 [<policy body> := [<rename stm>] (<bexp> | <predication>)
13 [<rename_stm>  ::= <role_name> “” <exp> {*,” <role_name> “.” <exp>} “->” <exp>
14 [<predication> == (“max” | “min”) “(” <exp> “)”
15 [<beh> == [“loop”] “behavior” “{” <statements> “}”
16 [<statements> = {<statement>}"
17 |<statement> = 7 | <assign_stm> | <if_stm> | <while_stm> | <creation_stm> |
18 <remove_stm> | <disband_stm> | <statements>
19 |<creation_stm> ::= “pnew” <org_name> “(” <exp> )" " |
20 “spawn” <role name> “(” <exp> )" «;”
21 [<remove_stm> = “remove” <role_name> “with” <policy name> “;”
22 “remove” <role_ name> “*” “;”
23 |<disband_stm> ::= “disband” <org_id> "
24 |<form_param> = <type> <exp> {“,” <type> <exp>}
25 |<type> = “int” | “boolean” | “1D”
26 |<exp> ::= <identifier> | <val>
27 |[<org_cname> == <literal>
28 [<role_name> == <literal>

2 OragentL 414U )F A9 ATk X

Fig.2  Part syntax definition of Oragentl. organization program
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1 <wole prog> = “within” <org_cname>“;” <role def>

2 [<role _def> = <modifier> “role” <role name> “(“[<form_param>] *)” “{”
3 {<field_dec>} [<constraint>] {<policy def>} <beh>{<act>}"«}”
4 [<modifier> = (“internal” | “external”) [“singular”]
5 |<constraint> = “constraint” <bexp> "

6 [<beh> = [“loop”] “behavior” “{” <statements> “}”
7 [<act> = <act_mame> “(” [<form_param>] ©)” “{” <statements>“}”
8 |[<statements> = {<statement>}"

9 [<statement> = 7| <assign_stm>| <if stm> | <while_stm> | <act_ivk stm> |
10 <creation_stm> | <send_stm> | <receive_stm>
11 [<act ivk stm> ::= <act name>“(" <exp> ‘)" *;”

<role name>“1” <msg> “with” <policy name>“;”

12 [<send_stm> = <agent id> “!” <msg> " |

13 <role_ name>**” “1” <msg> " |

14

15 [<msg> = <msg_name> “(” <exp> {“,” <exp>} )’
16 [<receive stm> =

—
~

<msg_match> ::

—
oe]

<msg temp>

“receive {7 {<msg_match>} "} [“after(” <exp>){” <statements> “}”’|
“case” <msg_temp> “:” <statements>
[<role_name>| “?” <msg_name> “(” <form_param> )’

19 <form_param> 1= <type> <exp> {“,” <type> <exp>}
20 [<type> = “int” | “boolean” | “ID”

21 [<exp> = <identifier> | <val>|*“_”

22 <msg name> = <literal>

B3 Oragentl ffi o887 HIHR 43 VR L

Fig.3 Part syntax definition of OragentL role program
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1 [<role def> = <modifier> “role” <role temp name>“(“[<form param>] )’

2 [“extends” <role temp dec>] “promotes” <lower role dec>

3 <promote cond> {“,” <lower role dec><promote cond>}

4 [“uses” <component role decs>]“{” <rename stm>

5 {<field dec>} [<constraint>] {<policy def>} <beh> {<act dec>}"
6 {<act>} "}

7 [<component role decs> := <component role dec> {*,” <component role dec>}

8 [<component role dec> := <role name> “(” <exp> {,” <exp>} )’

9 [<rename stm> = .| <role name>“.” <exp> {“,” <role name>“.” <exp>} “->”
10 <type> <exp> 3"
m
12 [<statement> = .. |<role trans stm> | <exception stm>
13 [<role trans stm> = (“enmact” | “deact” | “activate”) <exp>
14 [<exception stm> == “throw” <msg> |
15 “try {” <statements> “}catch(” <msg temp> “){” <statements> “}”
16 [<msg> 1= <msg name>“(” <exp> {,” <exp>} “)”
17 [<msg_temp> = .| <msg name> “(” <form param> )’
18 [<form param> = <type> <exp> {“, <type><exp>}
19 [<exp> = .| <org id>“.” <role name>

5l 4 Oragentl ffj (A4 FRIF 3188 X

Fig.4 Part syntax definition of OragentL role composition program
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1 lorganization PaymentOrg(){ 13
2 internal role Broker(boolean free); 14
3 external role Payer(int money); 15
4 external role Payee(); 16
5 initialize { 17
6 spawn Broker(true); 18
7 } 19
8 policy RegulateBrokerPolicy(Broker){ 20
9 free=false; 21
10 } 22
11 loop behavior{ 23
12 if(#Payer/#Broker > 5) 24

spawn Broker(true);
if(#Broker>#Payer && #Broker>1)

remove Broker with RegulateBrokerPolicy;

organization AuctionOrg() {

}

abstract external role Bidder(int top);
abstract internal singular role Auctioneer();
external singular role Provider();
disbandOn #Provider==0;

initialize {spawn Auctioneer();}

K6 TELSATHLURHASEZHZUR Oragentl fURD - M

Fig.6  Part of Oragentl. program codes of on-line payment and auction organization

{TEHZR" PaymentOrg” 1Y H 45 BRAT 0] LU A h -
RN KA U Agent BLLLBIRT S, R4S
FREE Agent #4 5 AENTE S FF BUETERE K,
HLUBEIN— BT ACRE Agent, HH4 & 1 free
BIRAL R trae ; QA S HTACEE Agent BOR TN
e, HHLh 2T — U Agent, RS Bk 25 PR )
Agent , 3£ T 7R 1% RegulateBrokerPolicy SZH .

FASZH L AuctionOrg” 7 ] 3 > {0 1 32
i Auctioneer 3% {fy % Bidder 132 AL 7 Provider,
JH. o Bidder F1 Provider &4 {6, 1M Auctioneer
SENE A, MSRHLUE L, B
PRALFT RS2 7Y b 11 Bh A B 2, I B & R AL AR
SERSE T B S, PR 6 g 22 475 X
THASZHA R REORAT :“ #Provider = =07 F7R 0
SARAE TR 1 T HASZ A, WA 2 A SR
£33 ER RS R By 58 B FE Y 420 Oragentl %
PR I 2 F IS R AR R B Y Java AR, T AE
OragentBurg #3455 N 1547,

5 tHXI{Ef&iL

PR AT THh 4 SR A ik
T2 Agent RGEEIT AR 7] Agent ZAF AR
— IS A, A2 A G R A
& Ferber #2H A4 Agent 2551 ARG (Agent —
Role - Group)ﬂ‘ﬁﬂfﬂm X He T AR TR 5 AT &
TR A T R, B A4 A
FTET ] Agent J3Afr R TH Hp (9 )80 20 12 T, o 4
ZUhR AR5 AT [6] Agent B2 5 311 (Agent
Oriented Programming, AOP) i} & AOSE 45388 1)
fE DA AOP YBFFE NG TE £ Agent R
S8 A NS SO SE LR, I TS s O 5 1
ST CATIZ B 5 FERI R ROR A A 1 Y

PG, A28 PR5E T AR AR B R &8 | A
MAHALRRG RS ITEN RS IR R F
AL SR T AL GV T 1 O 3
B WA R A AR R RIHE E k.
AU ) (A5 TAL 5 Agent 15 F IT & 1)
Agent . 2 2 & A B 51 ( organization -
awareness) , ffif5 Agent fEHEAR §i5 2L SUIRZS B0
SEE BT B B AT R I B R RS (A
JaCaMo'™") . 53 4b, AL [l ¢34 m] LA AR g — Fib
SPERHILEIR AT Agent (4T Ry HEAT 45 BRANZY A, 1
MACODO"" | Janus #lI powerJade 73 5| & %t F
Java Fll Jade JF & B L RFA L A G A LM
BB BN RN AR — RINIT kB s
AR SRR ph T ST v ) A 1 D R D
TEAWMRFBIES , EHLUZ M Agent JZ 6t
Z 85— WML SRS, I T R R T Ak
SCRFLH AU, 304 R 0 1T T A — 2 5
AR e )y 2 B AN TS U, AnAE JaCaMo A, £
Agent W2 LAH R SR 2 5, (1532405
SYES Agent FYNFRMANTE &7 —i&; — %W
AR BOTR F BRI, Jo i 5800 K H A4
AIPEF, AN powerJade 7EF4 3k 52 A% MAS i a] GE 5|
i Agent (1 powerJade ™7, ffj 0 & — KR HR Y
Agent ) Frit A2 KA Agent 58 B[ 2URIBE 0,
FET R RO TE F AL WS T ok A
e AR P BB, S B T AT A
LR BB, WK SRR 2L Agent REEHIHEY
Wi, —48 TAE@ X AOP i 75 Agent 45 ik
T AR I& Group, Jf 8 o 1 hin e AS B2 4F Jo it
RSB Group JZ2 K B B AR B A T A B 2 %
HEWES I e ISR . FEH ) Agent )7
PEiF1E = 3APL 1) Dastani 8] A T “enact”



<110 - B BE K 2= 2 i

536 &

“activate” F1 “ deactivate” 3} ZI| [l Agent
YA A S AT, /B 3APL P F) Agent ™ enact” —
e R N AR S B — A Ay,
“activate” — A2 4E Agent BT (51 R 2 ik
ATHERE iz s T ) A ok L 2 212 T A A
78 (norm ) B % 4H 21 1M ( organization rule ) /F h &
JPo ok o, A% M T R 20PL
( Organization Oriented Programming), 20PL 3§
BTG H A w7, M T 0 50 20 URLYE X
Agent 170 BB B AT, X Agent 2H 2 i) gy 254
SRR o
A SCEF AL 23 HOR R G0 14 i S AR 38 %

FPU R I — R EOR, IF e 1 T LU
REARRGRF VORI, BT TR =
TR R . B, B A AR RGN A Z
Agent ZH 20, fE4E 2 A 2% R G AR AR S L AR
T[] Agent 2P BETHIEE, f& ) 1A TAHL A
AR BOR RGEPAFRAL , AT T 48— 1 3
RAIFHSHEAR RGP HEARB R SRHER,
It R RR RGO R P2 B, HOR 8
XA RGN AR J2 it T —HET A
ZUNFEFF BT AL, LA SRR B R GEA R 2K

RS AT ROA A S, 4G M YE S
OER MAEHG ETAONSE HHARE
PRAESE o = R TR BV AZ.OOLE, Bt T
HTHHWREFIKITES Oragentl, %15 B A
ST HLMB I SRR 2 2 W A 92 55
TR . ATE LI K T Oragentl 35 5 1Y
I PR ISt T SCHE IR, T I T 1o T
TR

2 % 3Lk ( References)

“deact” ,

[1] Feiler P H, Sullivan K, Wallnau K C, et al.
the software challenge of the future [ R].

Ultra-large-scale
systems ; Software
Engineering Institute, Carnegie Mellon University, 2006.

[2] Sommerville 1, Cliff D, Calinescu R, et al. Large-scale
complex IT system [ J]. Communication of ACM, 2012, 55

(7):71-717.

[3] Lucena C, Nunes I. Contributions to the emergence and

(4]

(5]

(6]

(7]

(8]

[12]

[13]

[14]

[15]

consolidation of agent-oriented software engineering [ J ].
Journal of Systems and Software, 2012, 86(4) : 890 —904.
THE, WIRZ, MBI, 2. TR 6] Agent B2 JF BLITHIAF
FELT]. A4, 2012, 23(11) « 2885 —2904.
MAO Xinjun, HU Cuiyun, SUN Yuekun, et al.
agent-oriented programming[ J]. Journal of Software, 2012, 23
(11) . 2885 -2904. (in Chinese)
Wester-Ebbinghaus M, Moldt D, Reese C, et al.
organization oriented software engineering| C ]//Proceeding of
Software Engineering Konferenz ,2007 ; 205 -217.

Mao X J, Yu E. Organizational and social concepts in agent

Research on

Towards

oriented software engineering [ C]//Proceeding of the 4th

International ~ Workshop  on Oriented ~ Software
Engineering, 2004 .1 - 15.
Ferber J, Gutknecht O,

organizations;  an

Agent

Michel F.

organizational  view  of

From agents to
multi-agent
systems[ C]//Proceeding of the 4th International Conference on
Agent-Oriented Software Engineering , 2004 :214 —230.

Dastani M D, van Riemsdijk M B, Hulstijn J, et al.

and deacting roles in agent programming [ C ]//Proceeding of

Enacting

the Sth International Workshop on Agent-Oriented Software

Engineering, 2005 ;189 —204.

Boissier O, Bordini R H, Hiibner J F, et al.

oriented programming with JaCaMo[ J]. Science of Computer

Programming, 2013, 78(6) : 747 -761.
Baldoni M, Boella G, Genovese V, et al.
organizations and rtoles in the JADE framework[ C]//

Multi-agent

How to program

Proceeding of the 6th German conference on Multiagent
System Technologies, 2008 :25 —36.

Weyns D, Heasevoets R, Helleboogh A, et al. The MACODO
middleware architecture for context-driven dynamic agent
organizations [ J ]. ACM Transactions on Autonomous and
Adaptive Systems, 2010,5(1): 1 -25.

Carr H, Artikis A, Pitt J. Software support for organised
of the
Workshop on Programming Multi-Agent Systems, 2012 96 —
115.

Bordini R H, Dastani M, Dix J, et al.
agent systems [ C ]//Proceedings of the 12th International

adaptation [ C ]//Proceedings 8th International

Programming multi-

Workshop on Agent-Oriented Software Engineering, 2012 .23
-52.

Tinnemeier N, Dastani M, Meyer J J. Roles and norms for
programming agent organizations| C]//Proceedings of the 8th
International ~ Conference on  Autonomous
Multiagent Systems, 2009 ;121 —128.
Muscar A. Agents for the 21st century: the blueprint agent
[ C]//Proceedings of The Ist
International Workshop on Engineering Multi-Agent Systems,

2013 255 -269.

Agents  and

programming language



