Sl o 4T 3 31 ool b 1 53 ikamcsss Ky (oo 3 kS 331

g elle!
Yousefi_1302@yah00.com ..l leiol s (mals cpolio (owaige 0aSisls il Ko siaio olStils ¢ bobiwl d( e (Godinn 95)

Tl lg=
Javadsheikh64@yah00.com ..l,) yldol < Sb,8 auped lio colio (owaige 15578 (ool

G gl 1
nedahajheidari@gmail.com ., ool (plio owaige saStils (il Sl iato olKtils cplio cwdige o)l ol IS

380 5 ol ol Sy b il g a5 Gl s i 53 Jgare damg wnld 5l adgl ol 5 (S plsiear Sl euSsy

J)Lw 0'5)51)'«’ ‘) ulf)lf LSLQ)LJ as 09...: GJBM AA.I}: 90 9 0094.3 (WA l) CJLG‘J.”
bo pes G o Slelll o glacodlad adlS gl | il oals plol VENNFY Sloj o3l j0 4 iaely cpl 4 5l Bos
5 00 dngd Sleliiloolol ;8 e § oy atws ozl Pl Glises mlio 1 Jgame (pl 4 bgype adgl Dbl sl jo jalaie oy .ol
lap] ple SLoyles @8, 51 5 wnd DLl (s abal) 5 Calad 5o sl onds &l ol Gy 2z b S gl 1S e ol
Sl lgreds Slall cpl il oo ololiss sl Y+ & slaws a1 )3 ol 51 ol zls b @llae sl 00ss )5 Sl 39,0 lel Il salsl 3

A el a5 i o Jeame (>lb g dxwgs an] )b g9 50

a5 el Soilatuns S50 4 Sl (g5lwaizine 9 S o doddio —)

Clacusgame aesd YU oligabl Colils lls 5 ol Jgame e e ol elaeS s s alyly oY s

aald sl o 1 L8 0920 ol 5 s Sy 50 Shos oolitl &y 3o |y S 5w ] 3 onl o ol @l s o loabl

o] &g a4y ol iy 5 a1z el gz yos 45> el o905 adbye 45 s laie s conlio sla_bs,

PR wzrse ool Buaa 5 2l e xSl pae dnwgi 3,90 Jpame 45 098 Juol> pliebl Wb aie; ool 5o
DY gamo )3 ofig 4 died)l glie Z8) ja0 g Jpame oS L5 350 (6 0,55 0sS 2L ) a5 s ids lelyll (gl

; 51,8 a5 cal (S YUY al sales . s
e )50;\:. N ]. M,M? = 5 Gaa 0y50 Wilgioe 55 Culed 0 g Ml siie
‘5}%.A.M5¢IJM| Sy P 8wl 3 SO byl 5 ole Tl gﬂ%%ﬂ}gﬁ‘ﬁwﬁxf)‘)gv&)‘fw
anlyd ol Goyb sl aS el axwg Jlo )0 g SO L3I el jliiins 5 Jeloo 5wy 4 45 el (gland,

25l slatin g SoSs Sy (2B Sope @ 5 sine 2 Ll ige S0 Sl s 1] S5l e

Corresponding Author: Yousefi_1302@yahoo.com

! Functions VEYNYY i dy ful VESYNAY il s &b
2 Verification Y oo A ored
8 Validation ’ 3
4 requirements engineering (RE) BAVY cilovio
5 iterative

VP47 5l —) o)l -V ul> CaduS Ca 9o 9 (o dfen Ay yuiled



I Slel3dl c pae anl B sl oolainl b ol o mhivs S gl 5 ColnS 58l

LT 59y 2 oads ploxil o Jolows 5 45265 5 plainyd b amlas
b o 0 Slell a5 el S [5] b salss sl
gd i ailgi e (aahd 5 Jgile i) e
sl SHlagl s 08 Sl a0 (ol laalle
9y 5 SBlad wiw Sy ol 5 5 IS Ao 5 Groal (ol e
pac 5l S2b 0jgn Ko YL laan e I ()l ceslag]
el WS 3> ) ey oS by bl el iy a5
e lelid 0,5 ae Lol G5 L Gillae 5 Jlke Glsiea;
s s ol Sl slolis Bas b VAAA elas 1Y e
o 5 VAR el T 0 g ab by Lad @ fupe
G Lulyd o Sl gile 00,5l e ol ol e iy
] S92

Mz 3590 0 Oloj o2 xS e L o)lgen baptans (b
ey ytigy §oley § Sy dinza 0 Shee Lol aSls
e e Hlis |y G cpl VIS

Performance

System Design

Schedule Tradeoffs Risk

Cost

s 1B 350 55 6 S el 4 b ye ol Glell - S50
bosre g lacasgaome iy o winjles aiee) (nl 5o (65 oo
Sas Slll gile Blad 5,k 3l o)lge nl oled 05 dalg>
e 1, b laitn o ol s ™V il i
ool 4 youie Blad Oyge 4 Dlastin (pl s 05 ales
Coeal lag] a4 b tie a5 ab walys T el Glasie
&S WS e patie Slll a canl S8 LLE s e
&S cwl J jo plams bl b )5 4z pagw b Jgame
alo 48> Jgame b piags a5 0iiS oo e Slaseine

V] Gyt 5 olad ol yo g5 Jlo plgieas) wigd oo
Gnaiws il Dbl 5l Blad 5 asls diw S s

5 et yoie Slelll suains g dalym Sl Glas

10 «Shall”
11 Design Space
12 Objective Space

WWW.pQgprc.ir

Ol Bl Sajael g9yl egy cnl 51L[T] amo o (25, 059
055 5 Sl Sl S DLl quiige ain )3 035 dnss
[F] <ol

azgi b el oad plowl b0 mbio J (S yo ol iegh
5 S ol SYpame 0aiiS ag 555 he Lo aSl 4
oS 5 Oliabl Sl pal Gl conl (YL 85 syl
2 9y ol 3l adlios Jlsye n (2Vb Comal I DY pams
Ot g Slall gamains 0gm) Clall cwaige iegh ol
B oz )90 9wl S B o (o] Brovad 5 9l ogos
6 Sl e Il gl cpl aslsl yo ol axi S
TS Belod (b dm A5 53 (e g 0D plil Aaghy
a3 dayl gl § L)l Jols> slaasdl o (isy ) 050 oo
ole b ool gpSama B o o Wshoe Jlv g
.m)f‘s.q 431)1 ‘5';\ Slaasd S @LNLQ»M:

25 g ooiies w18 5l b gl lgaeay Sl LT
4z b Wb piacws SYgame fams plxl Wb )5 4 piacs
clin 0 Shae 51ylo (6 pSojlil Cubld g (o5 a5 Slime
aa by sl glalae 4> ;0 Wb s Y gasme Tauil
ez b sl >l 5 S50 slacusgame g TuisS
Obyie  ohlanl 5l bogsgaxe 5 Sbll dasls
g_)l.a‘)” 9 ‘_¢‘>)L‘> ‘51.‘3;»4&9;‘\.‘7:‘: so)j).v 9 L5'L°)L*' LsLhwésm
Olgie Cot diw S o g a8)F Slis YL ol ceag
ol 5 sialys s "(SRD) ot Slall slie Las-
oolazwl 0gd J> Wb aS glddlae oy i sliwl,y jo L Lo
TR ey NIEOR] ST SLISPWI VU 1 N SWOUWRGE DY 1| I g
eolie o ol ¢ ama & ud ol oo Shas (sloo SIS 5 el
Olebl ol 5l aeh) eabilitiy s bl Sl

0] %555 o Dl (b ol 51 6250 5 "5y e
I, azl lBs Jgame drwgs yoe a3 > slol 4o Slol Iyl
b S g0 4 e 5 00ged (aduine Cowl Uil 5 g0 aS
Bk 5l el alell yglaesr ol saly: Sileduns

6 System Requirements Document (SRD)
" interface

8 maintainability

9 Mars Climate Orbiter (MCO)

CarnS g 300 § (owdfe0 4 g



Sy CL> los 9 G aa‘? ssc;wy Cﬁ"'ﬁJlf‘ £

) u_gl?s 4 Q\BSGA [EXNRPRE Qil alo> 3l ..A})l;xig

5 dedllyios 5 baouiliol Ml ke
3,5 o lil o)y slacs b slac Ll

@L"L‘"‘ Slog lew r:lj‘ll Q.;J L illas ‘sal.».Lo.c ‘sl.bﬁ)uw
Slell sy 0uls izl oy jaele 51 SO 12 4y gy se
Lg‘]:ows._uw 6Lmof)lfo¢9m5ewwju‘5,u~:
C—JUGLAJ)‘ u.\‘féj)l&jco;uu_ub meﬁuj.]am

2 ol slalas (TIMOE) iy 31 s ylize
5 039 (S i S ol g Ol il 0uiS pnd i
B 5l Jypame o CodeS Oliae 0o ol b5 55k @
cos Slall cpl 5l gzl 5l (Sp b @llae ol 6y
2 Slalyl ol s e b Tgs S5 e Sl lgze
Ll Jpazme b phars S5 o5 witen ' plac LB chi>
A wialys Lo ability wgws b olell cpl cdélaxsb 1l

ISG plaS a8 wisS (oo et Sl pitams (505 0
algs b lesle J31s 50 piw sains JSis gl
5ol (b g lmian Sipe a4 s )lse I S plaS g 0l
O W) 8550 DOl 5, cpl 5l aiins S 5l 2
S 65 ylsn 5 Atiad S Cov 4 g | ool
(i i lagye Sl ) i S

A aslyS i

655 5 (So3ed Slopd il DLl Gl il gud i |
Om bulsy s YL ghe lagteew 5 (215 Jelss L
o wd o]l diplgs asiin 1) piiags SO DY gaxe
oyt g slools o > o SO Sl Sl goi 5l ales o

Aosb
bgsyo 60,5 slalaze Sllill ) 160 3,5 sdlaxo
Jelse daon g 05 winlys i 1) Sldes g5l o
ke 8)lge pl ales 1o led co lolis 1) 03,108 50
@ edye> Sy ol wile) lse g ol lulys 5l ol
sLQulJLu sL&O}S swylaﬁl) L.S"L‘b oo5w 4(4.«: 9 )Lt.é 9 D;

15 Capability

VEY Hhe - opleds VY ol

Ngs 03,91 b 0wl lis a5 Sl ol pled sl
i 3 S 5 o S5 T sl e S, 5
Slalill) o asalgs cuaS aliéla e a5 Sl L (shall
50 0d bl gamsatws b gllas 00,5 o (Should =
G ooty ol s sz y0 Sl I IEEE1220 5 jlasb]

Sl 58 Gl e ol b i wlylasl e
L slaceo i s ite (e ol 4
bgiye SLlL 600 b peiitae BL3 )15k 50 00
Shllasl s sl YL mhe g SO 4
e o axl Gy (Ol el Sle olyite
(e 432 gloan |8 5 S¥sammo) s anlys oo
Gl aSEl G (F (605,58 Ll sas plxl
(F (o,8kes Sllyl) ans alxl aisf |, las 518
b Joaze o8 QU (b olalaoe (s
wle) lacysgame e (F wles b slil ol
Slagie (5,58 (sanple) o b anze @xon
Wlis, Oygpe 4 Oldes plxl olele (5548
(o 9 3L5 390 DM o >, (sl pusd i

g8 ol 5 vpaie iplojle g ojgy lacasguxe @
2 Oen NSEL Glecasgame eed DLl
o595 SBCudgazs alex 5l .l (b gla Sl
iy ya5 glalice L g oads iy o5 Slaseioe 4y lg7 oo
Gloadli ot i iy SO 5l s
Glagarass 5 Jlslo wad 5y509, lejsn o S
iy 5ol Gln JiS slaprle (oo
Glrcusgazme (nl 2 ogdle dgad o)lil 0yul g ol
Olejbe slacasgaze g o Wb 38 plole
S slanis (supae sl pSeeal §l wle
do Josdljgiws g oo lasbinl lojle
5 Jbo St mle ag,ld oSl ol

5 laay,

259y 4 a8l mrasd Sl
aske SLl ol ezl glacsgane
szl 5 wilg e & ) slcgsgaze
b e cwdige glacdld Gl b b

13 Measures of Effectiveness (MOE)
1 Non-Functional Requirement

CadnS Cu p3 o g (Wi 4 yuiled



141 Slel3dl c pae anl B sl oolainl b ol o mhivs S gl 5 ColnS 58l

anlys aseie Colad pl o aS ol [S3 a3y 0l
Cagame lsicds il (gla 51515 5| Sy plaS 4 0k
G Wlg e S plaS g il cull b g ead ke
[A] gt a3 3\l jo yuite & j90
Fly5 sl ple slml 2 ogdle DLl 5 Blad ds G s
Sl s 48] 9550 53 s MBS AR 5T 5 (kS G
ke ¢l lal sbol 5 g 5o Lgs ol was sl
3,5 dalg> ol s Gl gl ol b a1 ez 4
Alad wiw Sl eolainl b Jaaste odi2d dswsi lojle
g 05908 ol ) ‘FLQ)LKW 5 Brval doliyy Wilgh so ol
L] s i 1 i ol 50 p3Y Slages
bzl (s, Hlez 5l eolaiul b oV same (5,135 s 5 §y0ual
9 LT Mo Ml asle lasg, opl Wl aalys
23 b,y Gl 51 g ulid IS o S5 L a7 3L
S3lo 005910 Lo poliie 4 g Cules 53 g et Slel Pl i
ST 51 skiie b anlys eslitul sl cnl 5 el
ool b ol ladsgomons b el S Groas
b Sl bl sla Il nle g (5l o osiluand
29 8 Ses Colll ol ol 4 moal sba s, 5l
099y Ol el ] s S (sl Slos 5l ciuled ciias>
55 ik M3lis Syslaez polie u pas cd 3, b
Siloodysln 9l jshie & &5 Grar oyn Sl O)le
[6] oz valys slxil bl 1
S,0) 6,85k Sl 51 S o s o Sl lls ST
3579 5 pleel 2975 pos s pdydllanl (sl (L]
b bl 1SS o ol pogdle .l Braal g aul el bl
Rl 50 oole 4ol Sl plo b LS 6,550 )l
Sl g ke bl 42515 395 Sl o5 3sT et
I lapl el 5 Lol o Slojles o8) phte &
Jle Guple 5 ToiaS Wl Guple i el
Sy emlb il e ple [1e] 05 e eolid T o]k
rolie Giolei jsbiie 4 ()T 51 a8 el (glaSs (g3l ae 3
Sl o ool L»QT O Ol g o S 0 LSS
00Ty (e SBpten dxwgi slp oy y9b 4 DSM
)50 (ewdis Lupde ;O 09,8 Djgo &y g AUl Ay

20 Inspection
21 House of Quality (HOQ)
22 Design Structure Matrix (DSM)

WWW.pQgprc.ir

2l (Sigdsn lulid (LS sl ide 5 bodds
(o b9y oloy dlag B g (Bwin wolpis (olls>
la, g6 5 (ploosd 5 boliiog xSl 0 ) (L1 aone
iled s gl o sl )18 g a5 (6,500 (larme
el B 5 sl s Sl ol &5 sl S5 4y p5¥
Okt b oolyem wiy Gl 5o a8 Wil oad e 5 Sliles
b aaalys oo i Sl
Gan b 6,515 50T ol ol b aillas 168,555 clol 1
O plxil a4y ;0B Wl b ass ploxil aub e 45 assl Gy a5
Cos,S IS s walss e (60,5, Sl asl
i o e 50 (68,515 5IUT (SaS @y eas lulis
Slogst,dl Sbj)l g plelids sl 1) anw) 5 o0t a3
Sislei oo ool 5 (b
o Skee Slasie sl ol b gillas 168 ;Ko lol 1
Sl wsdige Gund e sbeOSLE 1S
Ll 5l Sy o a8 WS e ol Cid s g0 Slas
s (5550 51 (S slone B sl plowil ol 368 (50 5,18
D 039
Slhles Gl sboae byl () 1 Shlos gdoe @
Lalid sl oo a1 e Y500 4 by e

Sllee slass (ot g Slloe (gane, Sy o)
S Slkes Lulyd ae 5l sgalie S oo e |,
Ll s S (Sojed Sl b 0 S 5 Lo S
P ol ol b e S lakde o
oyl 5 0j9 plo «S5)) Hhaiojee (o5 Clakin
3045 Sl S p3Y ad saleS ea e sl
clasie j K AT a5 0 walys aseis culles oyl
Al Cul Wb g ool zylae Codgame lgreds (SO
gl ai8)S Hlal o aie g d il o0 S plaS

o, Sl ol b lae s Slasl gbaygiSs @
aé,& C;Léé (_gl.a:c;.i%.\;u ‘JLA O|54$4e) @Lm.a\
(008 5 29595 )| (S Ry (o yiwd (2lsp g ol Laalys
Al et prags DY gaxe Slles 5 108,50

16 Verification and Validation plan
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Abstract: The extent of the systems is the size of the world in which they are located.
In fact, systems are a community or a combination of elements or components related
to each other that form a single whole and have a common goal. It should be noted
that systems can be as big as the whole being or as small as an atom.

Guiding the engineering process in systems has created an interdisciplinary approach
called system engineering. The concept of guidance in the first step means choosing
the best path among the existing paths and then guiding, directing and managing the
process in the selected path. In this context, requirements management is one of the
first stages of the product development process, which can engineer the requirements
with a comprehensive and accurate view and produce a product that meets the needs
of users.

Marine systems, like other systems, and as a result, conducting operations under
water, have a special importance in the field of safety issues. Therefore, measuring
the operation conditions and evaluating the requirements and determining the
necessary feasibility to fulfill them at the beginning of the project is a necessary and
undeniable thing that requires efforts in the direction of system engineering and

creating an integrated approach in the field of directing activities.

Keywords System engineering, requirements management, safety, quality, marine

system
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Aim and Introduction

The definition of “system” is inclusive. A system is the combination of elements that
function together to produce the capability required to meet a need. The elements
include all hardware, software, equipment, facilities, personnel, processes, and
procedures needed for this purpose [5].

Establishing and directing of system is not easy, especially for complex system. In
these items, the system engineering science is used. System engineering is involved
in all aspects of design, development, produce and, etc. All activities are done during
a cycle that is named “life cycle". This cycle has several phase and gates. Any system
shall pass all of phase and gate, from definition to disposal [3].

One of very important activity in this cycle is requirement management. The
requirement is agreed-upon need, desire, want, capability, capacity, or demand for
personnel, equipment, facilities, or other resources or services by specified quantities
for specific periods of time or at a specified time expressed as a “shall” statement.
Acceptable form for a requirement statement is individually clear, correct, feasible to
obtain, unambiguous in meaning, and can be validated at the level of the system
structure at which it is stated. In pairs of requirement statements or as a set,
collectively, they are not redundant, are adequately related with respect to terms used,
and are not in conflict with one another. On of very important activity that is done on
requirements is verification. Verification proves that a product for any element within
the system structure conforms to its requirements or specifications. There are several
methods for verification. These methods are Analysis, demonstration, test and
inspection [4].

Management, choice, classification and configuration of requirements is done with
requirement management. The purpose of this paper is improving quality and safety
of a marine system using requirement management. Marine system due to the nature
and performance are considered as a complex system. The safety and quality in this
system is something that cannot be ignored

Methodology

For Purpose in this paper, that, mentioned in aim and introduction part, is
considered a process with seven steps. Figure 1 shows this process. According
to this process, at fist the resources of requirements gather, then the

requirements extract and classify. After that introduce one or more methods
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for verification of requirements. All of mentioned step's results show in the

main document that named metadata. In the end the DSM matrix draw. Using

this tool help to determine the configuration of requirement and review of

metadata [11].

Step 1: Determining
requirements gathering
resources

Step 2: Extraction requirements

Step 3: Classification of
requirements

Step 4: Determining methods for
verification of requirement

Step 5: Preparing Requirements
Metadata

Step 6: Drawing and analyzing
the DSM matrix

Step 7: Review of requirements
Metadata

Fig 1- The process of this paper
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Finding

In the following, the steps of process (Fig. 1) and finding are briefly described

1) Determining requirements gathering resources: Determining
requirements gathering resources: There are several references for extraction
requirements. Technical annex, standard, benchmarking and, lesson learned
and etic are example of these references. So, in this stage, according to the
opinion of experts, is determined a number of references. The experts include
designer, system engineer, supplier, producers and etc.

2) Extraction requirements: in this step, according to the references
considered in the first step, the requirements has been extracted. Any
requirement should have a unique code. In addition, any requirement should
be clear, correct, feasible to obtain, unambiguous in meaning, and can be
validated. For this system is extracted 108 requirements.

3) Classification of requirements: in this step, the collected requirements are
categorized. The classification of requirements, is done according to the
IEEE1220. This standard, introduces 13 types of requirements.

4) Determining methods for verification of requirement: In this step is
determined one or more verification methods for any requirements. Analysis,
inspection, test and demonstration are methods that can verify a requirement.
All of requirement should have the ability of verification.

5) Preparing Requirements Metadata: Requirements Metadata is a
document that includes all of requirements. So, the result of past steps is
collected in this document.

6) Drawing and analyzing the DSM matrix: Requirements may conflict with
each other. Especially, when the requirements extract from several reference.
So, in this step, the conflict of requirements is solved. In this context, is used
from DSM matrix. A DSM matrix is a square matrix, representing linkages
between the system items. It can use for parts, function and requirement. For
this system, this matrix is a 108*108.

7) Review of requirements Metadata: In this step and used to results of step
6 the requirements Metadata is reviewed. According to the analysis the

number of requitements reduce to 105 requirements.
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Discussion and Conclusion

The term system construction refers to those activities that are related to the
development of a system. In this context, creating a systematic approach for
extracting, organizing and documenting the requirements agreed between the project
team and the client is one of the first and fundamental steps of system development,
which is called requirements management. Requirements management includes all
activities to maintain the integrity of the requirements. Management of changes in
requirements and the baseline created from it, coordination of requirements with other
project plans, management of relationships between requirements, management of
dependencies between the requirements document and other documents created in the
system engineering process, and traceability of requirements are among the main

activities of requirements management. are taken

Considering the importance of requirements management in the field of system
development, the present research was carried out with the aim of determining a
process to manage the requirements of one of the maritime industry products. For this
purpose, at first, a team of industry experts was formed and after determining the
relevant authorities, 108 requirements were extracted. The logic of providing each of
the requirements, the certification level and the classification of each of them led to
the creation of a document under the title metadata of requirements. This document is
considered as the basis for the design and will be agreed upon by the project team and
the client. It should be noted that if there is a change in the customer's opinion, this
document must be revised. Therefore, this document is considered as the initial
version or baseline and all changes will be applied to it. In this document, all the
requirements are categorized according to the categories provided in the IEEE1220
standard. After that, in order to manage the relationships between the requirements of
the DSM matrix related to the drawing requirements and all the relationships between
the determined requirements, and finally the conflicts between them have been

analyzed and the requirements document has been revised.
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