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After identifying the transmitting and receiving platforms via the HMI by selecting:
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Ta=Ra
Ta-Rb
T . Rx(
else Xa)v. R)
D C—
query = ‘Ta=Rb’
TmesiotBioks = sl geATTeSio <
(__ TransmittableTo(othen) query = *Ta ~ Ry’
See Fig. 16 query = ‘Tx(@} v. Rx(by’

timeslotBlocks := self.getTimeslots xTimeslotBlocks := self. getAlmmeslots
¢ NotTransmittableTo(other) == Transmitte

See Fig. 24

mTimeslotBlocks := self.getAllTimeslots
ReceivedBy(other) oP




US 9,571,608 B2
Page 2

(51) Imt.CL
HO4L 12/52 (2006.01)
HO04B 7/26 (2006.01)
HO04B 7/185 (2006.01)
(56) References Cited

U.S. PATENT DOCUMENTS

7,203,688 B2
7,424,029 B1*

4/2007 Hopkins

9/2008 Shum 370/445

8,332,348 Bl * 12/2012 Avery 706/61

2002/0087572 Al 7/2002 Hopkins

2003/0158954 Al* 82003 Williams .............. HO4L 29/06
709/230

2003/0199266 Al* 10/2003 Zavidniak .......... HO04M 1/72511
455/410

2004/0174822 Al 9/2004 Bui

2004/0246929 Al  12/2004 Beasley et al.

2006/0155725 Al* 7/2006 Foster et al. .................. 707/100

2006/0235882 Al  10/2006 Mateescu

2006/0251047 Al  11/2006 Shenfield et al.

2007/0250829 Al  10/2007 Hillier et al.

2008/0043648 Al* 2/2008 Buga ............... HO4L 41/046
370/310

2008/0155008 Al
2008/0232345 Al
2009/0036750 Al
2009/0144324 Al
2011/0071709 Al
2012/0029900 Al
2013/0009887 Al
2013/0013318 Al

6/2008 Stiles et al.
9/2008 Espina et al.
2/2009 Weinstein et al.
6/2009 Sturdy

3/2011 Damiani et al.
2/2012 Papariello
1/2013 Huang

1/2013 Huang

FOREIGN PATENT DOCUMENTS

GB 2409619 A 6/2005
WO WO 2006/052235 A 5/2006
WO WO 2007/015197 A 2/2007
WO 2013121178 Al 8/2013

OTHER PUBLICATIONS

Written Opinion (PCT/ISA/237) issued on Jun. 25, 2012, by the
European Patent Office as the International Searching Authority for
International Application No. PCT/GB2012/050007.

W. Wang et al., “Message-Streams Oriented Hybrid Slot Allocation
Protocol for Tactical Data Link System”, Communication Networks
and Services Research Conference, May 11, 2009, pp. 201-208.

G. Kotopoulos et al., “Querying MOF Repositories: The Design and
Implementation of the Query Metamodel Language (QML)”, Digi-
tal Ecosystems and Technologies Conference, Feb. 1, 2007, pp.
373-378.

L. Shenghua et al., “Stimulation and analysis of polling multiple
access system for tactical data link by Matlab Stateflow modeling”,
Computer Design and Applications (ICCDA), Jun. 25, 2010, pp.
V4-274-V4-271.

Jorn Guy Suss et al, “Towards Integrated Model-Driven Testing of
Scada Systems Using the Eclipse Modeling Framework and
Modelica”, 19th Australian Conference on Software Engineering,
IEEE, Mar. 26, 2008, pp. 149-159, XP/031241091.

United Kingdom Search Report issued on Oct. 19, 2011.
International Search Report and Written Opinion received for Patent
Application No. PCT/GB2013/050279, mailed on May 2, 2013, 13
pages.

International Preliminary Report on Patentability and Written Opin-
ion of the International Searching Authority received for Patent
Application No. PCT/GB2013/050279, mailed on Aug. 28, 2014. 9
pages.

Mohd Syazwan Abdullah et al, “Modeling Knowledge Based Sys-
tems Using the Executable Modelling Framework (XMF)”, Cyber-
netics and Intelligent Systems, 2004 IEEE Conference on Singa-
pore, Dec. 1-3, 2004, vol. 2, Dec. 1, 2004, pp. 1055-1060,
XP-010812886.

Written Opinion (PCT/ISA/237) mailed on Jul. 31, 2012 by the
United Kingdom Patent Office as the International Searching
Authority for International Application No. PCT/GB2012/051180.
International Search Report (PCT/ISA/210) mailed on Jul. 31, 2012
by the United Kingdom Patent Office as the International Searching
Authority for International Application No. PCT/GB2012/051180.
Notification Concerning Transmittal of International Preliminary
Report on Patentability (Forms PCT/IB/326 and PCT/IB/373) and
the Written Opinion of the International Searching Authority (Form
PCT/ISA/237) issued on Dec. 27, 2013, by the International Bureau
of WIPO in corresponding International Application No. PCT/
GB2012/051180. (8 pages).

GB Intellectual Property Office Search Report under Section 17(5)
received for GB Patent Application No. 1202746.2 mailed Sep. 5,
2012, 3 pages.

He Zhao-xiong, et al., “Modeling and Simulation of Link-16 System
in Network Simulator 2”, 2010 International Conference on Mul-
timedia Information Networking and Security, Nov. 4, 2010, 5
pages.

* cited by examiner



{

US 9,571,608 B2

SpJepuElS

—

suonealvadsuioe|d

€0}
)

L |

Sheet 1 of 30

Feb. 14, 2017

U.S. Patent

\

anBoreiejelequuileN

¥OL

|

{1

\/

Alalal Al s




US 9,571,608 B2

Sheet 2 of 30

Feb. 14, 2017

U.S. Patent

22— ———12!
r----~--——m=—m=——r=—>~ ... IITT/rTrT== A
| }
| ]
1 A 1
1 1
1 1
] 1
wA ¢8lqeIadolay| v“
" ]
_ €0l _
I ]
| ) ¥ i
" f w
_ anboejegeeqHuRaN |
i ! ! !
H ]
L [ [
> it HHIEIR» >

L=in[Kil

g I

S

( 70l (
) )

ge0} v ‘Bl VeoL




U.S. Patent

Feb. 14, 2017

F

ig.

Sheet 3 of 30

2

US 9,571,608 B2

[Elemacs@GLKL3080761

File Edit Options Buffers Tools Help

OEExHE O ¥ @aERE X

1
!

48

1

O~ oY U W

Y3

11
12
13
14
15
16
17
18
19
20
21

23
24

TIMESLOTS

0

O O CC OO0 OaAOWLCOOCaOo

0

0

SO CC OO T OO OO oo aocooc

0

INUMBER OF BLOCKS

8
8
9
10
11
12
12
6

(=2}

e

fanli =B\~ BN - IRt - =+ e o I SRR QN =)

et

=
[

9

|NUMBER OF PLATFORMS

2

LWW NN DNG R NNDNNNDNAEN OO C OO

1

el ol o S N S S e e e e e N N Nl ]

| ID REL CM RRN NET SET T/R

1

CO O C OO 0000 0oOoEooCoOo-RPPRPHRRP B

!INITIALIZATION DATA SET NUMBER

ISN TSR

64
80
48
18
10
6

5
33
256
32
144

24
88
56
68
36
20
12

66

OO0 CTC O OO OCOOCOCOO0 OO0 OO o oo o

0

AD RDS RNT DEL OTN NPG T8EC MSEC

16
3
3

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

0

OO O C OO0 OO0 OoOaOoOoaaOooaaoc

0

0

WWwWwNhONOoODOOoCODODOOoOOoOO MO O OO a oo

0

AR DTS OO

<

OO0 QD OO OO OO DO O OO

4
3
3
13
13
13
12
6
30
6
19
7
7
10
29
30
30

1

e I e B N Y  l al o a a S a

R Tl e = T = = = S e e e e e e e N =

-\ --

UKJPOOOS5B.IND

1%

L24

{Fundamental)




US 9,571,608 B2

Sheet 4 of 30

Feb. 14, 2017

U.S. Patent

vie
[epowgs000dryn
[9PON
Y
AAmEEEwEvv;
sanfbojejegeiequOReSIBRIUMIOMBN | 218
[2PONEISIA
4 I\
<<ULIOJSUB>> <<ULoJsLBL>> _0lg
_| ubisaqiiomieN ssll48puy| _
"I epowey T HEE lBpONEION |~
<<a]eiuesu>> I I <<QIeNuBISU>>
<<gjelaush>> <<gleisusb>>
WX uBisaaiomiaN gs000drin | | dSX BeisyogubissyIomiaN asx‘uewisy | IINX'ES000drin
a1 ubisaq yomiaN o BWAYS BWIYIS o OMIAANI  ——
} \ | f Iy 90¢
<<asied>> 50¢ 60 808 <<asied>>
1pd(Ing MN g500dMiN anNrdsooodrin
1E3 EIEQ L[ JON ol 3ANI
) )
¥0€g o .D_n_ coe



US 9,571,608 B2

Sheet 5 of 30

Feb. 14, 2017

U.S. Patent

QIASSYIINA
Lo
fen LINHS 29 suloqy INRS
8035WHIS
s01 1 ae= <3 sy ae-=
&3
vz £ ¥22
800§ 1Y a3 20 Buoquy as3
1 L 3
Z Aunluwiery
30104 Ay Jaxue; ZON suleqIy PENIETR
13 3 Jayuey
anued Iy 310+ 188210 CGPSINM
g b Zo¥0
s Ay a1 LesEg qPSAM
] 3 10¥0
sas0g v LA 3dr SOLINN A7 0d0
IATOQT
soleday  IOAVNN Odr SOLINN 350N 0dr
2at0421 HOMIN SOLNN SONN
SILAISAND
133 L N
3 Kpunuuedy
s01 swun 209G ad1 sypadg 2df) sususn suedpied
AMYIRINS WHOALYTd
<>

NOLLYWEOINT ON!ASTIdINY TYOINHOSL

A}

Loy

uoIenBUOT YIoMIBN _m_
eLEg

asussea|y Aouanbadg @

e1eq 185 0| (@

fsewiwing TIAD @
3iqel 40sl [F

dewy josswi | @
SUNSL ] JIOMISN @
8jge | SUAS WJdKEeld @
ey Aamoauung m_

HOPETH

<>
NOLLAIMOSIA YHOMLIN fewwng yiomeN FHa
LERTS)
L isouoz Kegy jo Jsquiny pJosay uswspuaury (5
sspie  CeplSAD JdIMomiaN
a 3P| YIOMIEN SUBOD @
ES020driN aureN YJomiaN
uoangLasiq [F]
= NOLLYWONI ¥3avaH
uoHESLIDYINY SSE3|8Y @
1NOINIYd NOIS3A HHOMISN - SAONL “ane3 o1 a1 [F)
. &
9500043 & 2 -
aFISSYIONN
0 SyJeunjoag m_
= = i _ : PR
L@ Bl Emle o] o &l &
X [SE:

ST0CL JUSWROOC  MSTA  TPE  BTTA

1Py 2q0PY -Jpd-TI0A AN F0004HN [

veg 014



US 9,571,608 B2

Sheet 6 of 30

Feb. 14, 2017

U.S. Patent

7 1403 WNN dv2

1 100 ‘| u7 Waswbug 9919 pue auoa1asg Asdanun ybnodogqybnoT] sawjoH siayg o1 paJaisiiay N 2ds gooas AJSTIAIX

4 b ﬁ_Ex.m:mo.mﬁu:mﬁwa;oElen%v_D L
[ sesmoug | oguepny | Josm/ewsyos | pug  [[3XAL |
[ [ ]
m <.G1-€ L.=SPt .£.=81uedianledlDiaqwnu ,§ORSYHS, =sleu wuediaideds [} ce
<uedionied/> - 28
</,80J04 JIY,=301M8s (g3, =adA1soads 20 susoquiy, =adA1owsushb ge-3 =awey wiope|d> i m 18
<G LB Lu=SP! ,E,=S3uedi0ie4jQuaquiny £-3,=aleu jusdianieds | e [a}3]
<.¥20.=8Weu dnodg> o 52
<Z.=plfunuwo> © B2
<funwwogps L2
<quedisiedf je 1]
</.83404 JIy,=801A8S Jaue],=adA]oyioads g sulogdry,=adk|aaualb Jayuel,=sweu wioneds | [~1=]
<L L01,=5p! ,2.=Siuediogie4ipenqunu Jaxue| =sweu uedinnceds e
<uedpiued/> €2
</,89404 JIy,=39103s  g0-,=8dkoyoads | sse|],=adk(ouaush qipgNQlL,=aWwen wioned> | ac
<,6.=8P! , L.=Suedionedioisqunu 2oU0.~3wey uedpn.ed> 12
<auedigiued/s> 02
</,89104 JIy,=801n8s  g10.=3dA1o09ds , |, sse[D,=sdA]ousuab qpSrL.=sweu wioge(d> Bl
<.8.=5P! , |.=SIUBdioJEj0IBqWNY , | OH], =9WeU Juedianied> & Bl
<dnoug /> - Ll
<uedomiedh | o 9l
</.8040 JIV,=80IAI9S , 1N] Jdr.=2dALoyads 591 /NN.=80R1218uaB AT Dgr.=awey waoaeld> (=)
<./~1.=SP! £ =SiuedpilediQiequny fA70dr,=atWeu juedionisd> ] ri
<auedipised > - gl
</,30404 JIY =30IAJ8S ,,=80A10W0ads 5] /INN.=3dA191u5ush SN 1IN.=9LEY WIDpel> | 2L
</,80404 41y, =39IAI98 _] X Odl.=a0A ayioads 591 /AN, =adAjauBual A7 Odr.=awen wiopeg> L
<.£-1,=SF! £, =SIUBd|OIEGI0IEqUIU SN UN/SINNF, =5 Wel Juediaied> S] 3]
<fIAN,=ewet dnosss I s
<l.=plunuuo> © B
<uondusssgbuiydwyiesiuyoa] H>a59yue|qig<uondiuosagbulyduy eoluyos | > A
<LondisosapomIan/Sa9NUE|gHR<UondI ISSTIIOMIBN> g
<UDJIBWJOJU[IBPEBH> [
] </. | =ssuozkejayjplequunu asnJaxg,=apusanpydi 0, =12413Uap! 58000 .=31UeU JJoMIaN> v
<UBIIBULIOM|IEPRSH: nlw €
112007 2WaUoGasedsaWeNOUISK  80UBTSU-BWEYISTNYX/ L 002/840" em mmm//daay, =|sx:suiwx uBisagyomians & 2
[+ <¢.8410.=0uposua |, =uoisdaa ﬁExwL L

Xu

133loJd

[£3

IEEEIEEREE

meE| 4500 $dRicaBERYIFIERI o O

.

o |
X &

|

B[]

MOPUIAR  S|00T J8sSMOJE MBIR  WBAU0T) o1usyiny AJsnEx/1sX ubisap elWayog ewsyss/O10 AKX 303loid 1pT

diaH

Cl{= |

[¢lurxanSoreyepuisaiiondN_ dM] - LdSTINX Broxy K]

g¢ "bi4



US 9,571,608 B2

Sheet 7 of 30

Feb. 14, 2017

U.S. Patent

7 1428 INMIN VD

/2107 "8 U 93[3 pue o1u0Jg0aig Aisdanun ybnodoqybno} sswioy syg 01 padassiisy n 24s gonen AdgTX

4D | psxpA uewIaNED)
[ seswmosg | omusyny | Josm/ewsyos | pug  [[aXar |
[« | D
m <adf | xeduios x>} M ge
< @jequopeuiblg,=3Weu Juawale sx> e
Quawse X5 ge
<adf | xajdwoo :sxA - ze
<aouanbas x5 | - IE
</ AIRIIING, =13 JUBLD[D 18X | OE
</, Wa1siga04n0s,=1aJ JUSLWS|A 1SX> B2
</ Mlayinyeseajsy,=jad UL SX> g2
</ BUN|OA, =jBd JUBWS[ BX> /2
</, a1equoneuBlig,=J8J Juaws|a sx> gz
<aouanbas isxs i o jor]
<adh [ xadwaes sxs> 22
< J3pEsH, =8WBU uUaWa[| 5> & g2
Quawsie XA ge
<adhixedwea sxp u e
</, paJinbau, =asn adf||aasqerouddy,=adia  |arajeroudde, =alueu sanquate [SX> oe
</psanbad,=asn ,adf juoisiapa)Idapu),=sdi UDISISA, =SWEL SINqLme SX> | BL
</.paJinbay, =asn ,adA) sweNa|4epul, =adf] BWEU, =3WEU 5NgIIR SX> =18
<aouanbas sx/> . AR
</, PIRBPIVOMIBN,=J8d JUBLIB[3 18X gL
</, 2Ie(jWI0pE]d,=}ad JUBLIBE [SX> gL glsx [ -
</.J3pesH,=jed JuaLEE Sx> | 7l Asangy DH
<8ouBnbas is¥> i S gl ouwey -
<adA] xejdwoo :sx> 2L ausqan peseq X [
< UBisaCJnmgan, =sUBL USRI 8% ) L spJepueighasnpy] _U
BRI e 4 oL JapJg aseypung []
<atfxadwed x> - [
<@ouanbas :sxf> | | 8 teuoeusany) [ :
</,UBISaONIOMIBN, =]8d JUBWS 1SX> L yodey asuadyg D,H
<@ouanbas x> | S g weysfug O3
B <a04 | x3dwo 5x> g [szidutexg| =)
< UeuwaN, =aWeu JUsWIa|a 8X> ¥
[S]  <.pauyijenb,=1nejaquiuojiuswsals ,BWaYISINX/ L 002/Biogmmmm//:d1y, =SX [SUIX BLIBYIS!SX> [ e X 1a3[0dd

2 D
e

A

-

PaH 4P %945¥ I~ D8 Y FIERBIBE| 0]

disH MOpuAR

s|00T JasmoJg  MaIf  WBAUCT apuayIng  AdanEx/1sX  ubisap elisyog  ewsyog/Qld TANX 39eindd 3p3 9g @

X[

[psxgA memjpN] - AdSTINX €AONV 33|

D¢ b1



US 9,571,608 B2

Sheet 8 of 30

Feb. 14, 2017

U.S. Patent

¥ 1438 WNN dvD

GG |80 ‘v U7 wasuibug oa|g pue awod30a|3 Alstanun ybnosogybna} sswioy sy o3 padagsifiay n 2ds ggoza AdgNg

4 D psx'ga” ewayagubisa@lomasN @q |wuxanBojejenubisauonasN d _..v_ju_
| Jasmoig | omueyny | Josm/ewsyss | pug [ ixa ]
[ | >

[=!

<JUBdiDNJBd =3B JUBLUTE SXs> O Ge

<quslE s%> o ve

<adA | xadwoa sx/A — (43

<amnguye = | z2e

<adf]piduys sx/ B R

</, Bulsisx, =8sBq UOROLYSAL (&> | o

<adf | g)dwis £ © B2

< paJinbay,=asn adA]alueual,=sWEU 8jnglfe 15X <) ge
<|Ingluae SxA - L2

<adk] g)dwis x/> - 92

</.Bulgs 1%, =aseq UOKOISAd x> | G2
<adhjg|dwis x> e vz

<. paJinbad,=asn ,aley, =3 WEl SINQLaIe 15X S o
<HNOIE XA - 22

<adf]sdwys x> = ]

</ BuLns 1=x_ =aseq uopagsad X 3]

<adk ] sjdwis sx>

<, paJinbe., =asn ,A0INIES, =3B SINGLNE SX>
<3INGIIIE [SX/

<adi]ajdws sx/5

</.Buus 18X =8seq Uonoisal BX> | =1

<odf aidws sx>

<, paJnbay, =asn adi]oyoads =awel aINgIe SX>
<adf)xeidwos isx>

<, WLIQMe| ] =atlieu JUaUISI3 SX>

<uBWEE Y/

<adf|ajduwis sx/

<U0IBagsad sxA> §

</, aBSNUR|GN[D, =aNEA UDNR.SLUNUS B |

< Buliys isx,=8seq LUOKDIISa BX> |

<adhyaduns x>

< uogdiussagBuilyiduny(esiuyoa ], =aLeu JUBLLI|B SX>

-0-0@
~ @ o
e e

£
[{s]
-

O -O——1L-0 000
I N

=i < BWaYISTIAX/ L 0DZ/Buo gaammmn//:dny, =sx :SujwX RLIBYIS SX> [ X ¥ 198l04d
BRI EE A - R I EIEEE TR
X& - diag

MOPUIAR  SIDOL  JesmoJg MBI BAUOT) onusyIny  AusnEX/1Sx  ubisep elsyss ewsyos/OlT TNX 10slodd wpd  ad n@

[psx g4~ euPgUIsa@ I041aN] - AASTIY €AY )

as ‘b4



US 9,571,608 B2

Sheet 9 of 30

Feb. 14, 2017

U.S. Patent

[apojUBLLAN :

19SIEJEIe(UONESI[eHU|[euIa] |

<<Solelsuab>>

0LE

ey agepauiuoneindod|spoly :

eJeqUONESI[emU|[BUILLIB] -

~

90¢

9|I48pu] -

GOV ;
<<sojelauab>> @
70y
Ly
20v

Jesuibug al :

18SIeda|lIdapy]
<<S8sled>>

c0¢

- P) A

i 014

20}

00¥



US 9,571,608 B2

Sheet 10 of 30

Feb. 14, 2017

U.S. Patent

[epoNuBISaYI0MIBY : Jasiederequbisaqyiomiay
<<S9eIauah>>
>
1§ 208 508
908
<esesied>> €IS 0L a1UUoNENdOd[SPO ©
BlequUbISaMIOMIaN : : _ ' Jeauibuz 70l :
\Q vs T
G0¢ 05

anbojereneIequUONESIenIUIOMIaN :

<<sasipd>>

<<sa1elauab>> \ﬂ

19s1edubISamlomian 208 Fhp

70€ €09 J

€IS

G ‘b4

00¥



US 9,571,608 B2

Sheet 11 of 30

Feb. 14, 2017

U.S. Patent

[ 9nG0[E}e)EIBUOIBSI[BIHUPI0MIONZ 4B -
<<88sjed>>
5
0le 909 209 509
<<sajeioush>> €19
[3pojienGoEIe)EIRUORES|[BIMUPLIOMIBN : SIUBISIONY - 200 aJepsjujuoteindodispol : SR
<<S9jepieA>> (
S
609 w
70€ 709 <<sojelausb>> clg N@@M\ o
00¥
[spouBISa@LIoMIBN - anboferegeieqUORESIAUPIOMIBNZUBISAHOMISN : LLY
<<sasied>>
LLE §
€09 ARS

9 "6i4



US 9,571,608 B2

Sheet 12 of 30

Feb. 14, 2017

U.S. Patent

matpdeinLojsaWi] :

[9PO|N/aNBOJEEBIEQUONESIEIIUMIOMIaN : ((@x)ioN puy (v

AAm_muco_vv
ch_m:m TaL:
<<SaLianb>>
€08 a9es1ubulisngepo
ALY Halu| OI8POR - 00y

m @_H_ Ly o

MIIACBINIOISOWI |

|apojAlenbofeIe)eIRqUOIESIRIUMIOMIBN : A

<<Sigpusi>>
XY puy (v Zm:_mcm 1aL:
G0,
<<splienb>> ZL v0.
€0t aoe8uBuIAIeN
cle Hau| OI2PaiN - 00t

N. @_H_ H -




US 9,571,608 B2

Sheet 13 of 30

Feb. 14, 2017

U.S. Patent

19O ANBO[eIR R R QUONESHRINLMIOMIBN :

<<Sollonb>>

MBIATRINIOISBWI] ¢

(9)xy snsiap (¢

cle

)

€06

-

<<slepuas>>
chaﬁ JaL:
606
AL 706
//8@3595%068? -

106

6 ‘b1



US 9,571,608 B2

Sheet 14 of 30

Feb. 14, 2017

U.S. Patent

S[opoN SJUBWNI0(Q
<<Wa1sAgsIsAeue>> <<Wwoshgsishjeur>>
L L |
X A
SIURNSUO) sslaNp SUORBULIOISLIBI] [9POIN Slesied
<<abeyordsisijeue>> <<Wa)sAgsisheue>> <<WoIsAgsIsAjeur>> <<Wa)sAgsisAjeur>>
| L L L
9\6o104u07)
<<Washgsishpue>>
_

| e

a0eLIsIUBUIYIRN-UBWNH
<<weishgsishipue>>

L

0L ‘b4




US 9,571,608 B2

Sheet 15 of 30

Feb. 14, 2017

U.S. Patent

s SO0 ) ) ) )
| 1518UIRIBJI0|SBLUI | —
P3aX3 =5
)
™ PISPI = "0 D98%3 =
SH00IGI0IBGINY = * U
JaSerequonesienil] B SUIBJUO0D N spi= |0
x 0 SHUnipdaqun =
Améorma %Em: o | SesLdwod
P39Xs En Jued %ES g \
¥ Daaxa =
pibd = lQuegLUBis!
dnoib = |0 Sjuedionred T
SULIONBIJIQIqWNY = < T
dnomwioneld = ) 0
0 D3axe =5 *
..m%em PR= ™ sdnoib
P3oxa = Aunwwon B
+ 0
pIp =
_mgezz:o_mm_m\, = SSHUNLILLIDD
jsAgeACidde = 1, )
Ruouinyasesial = | MEWLINSHIOMU e
Aewwns =
anbo[erenEIBQUONESIERIUPLOMEN B e %Em\@w% =
¢ 3 3 ! 1=
ugpaleald  |awnjoA sauozfejayjplaquInu =
0Pk . LIg}sAgeaos R uonduossp =
. Ll . uonewouBudwe =
'L POSX3 =p F'H asespayiouw = Ry =
EREE] __mwﬂ = mwmm_mm%mwec M fRULNSHoMEY B
eleqeqeb Sledsyl = 18 = .
SRS SR B WeIsAge0Inos B LL @_ n_




US 9,571,608 B2

Sheet 16 of 30

Feb. 14, 2017

U.S. Patent

« 0 yamsAriegheiel =

18NABlRI = / N

adA[Ss9008 =
pipgd =

PooXa =p

Uo0d3ladsauie)) =

uondUISaQssenIe = Joeapufeel = |+ 0
JBqUINNI0C4IS] = PYO0Ia = | S¥30q
10|SBAIBI8HIQLILISLRY = S EEEIE
420g100d B
$201q /
8{0eLURAIBSW =
9|0eLBAd8S) =
dnosuonedionieyioMsl =
)\ 1SNYLSURI | [euiblg =
naaxe = aaRoaYABIgARIal = .
_%Emsﬂﬁ: o JBWINNIBNOD] = |*
$400|g)0JequInU = apopaiydelbodisg = JoqUINNIBNWOI} =
%oéco_aa_o_%w__ﬁwﬁwh - el A0Igpariesd B :m%o_%mammé
" Jaquunyjood = //p b\ Pasxe Ep

SYs0|gpanasayiequny =
uondussep =

UONIUIAMo0]g[00
Ho% (3120/djo0d H SUIBI LB SIFS = JaUMO =
* 18515451088 = uGuye(xo0igpansssy B
9agujuoNRIND = 17|
suonuyap _EEJ_W_%%%W:E_ M PaAIaSal
. IBqUINNaTEYaUaLINgal o .
pes¥aED | ..y A20IqRIBASAY B PasXaED | |-
I ("wuon) L1 B4 ERQEPIIDHONGN




US 9,571,608 B2

Sheet 17 of 30

Feb. 14, 2017

U.S. Patent

DooXs &
PIHO48II0n = | (EEEED Da8¥a &p
Bupos =
D8Xa =5 gjel = ajoeUeADIdAID = 180e| =
0492IC, Joyeubisagpouadaidfi
SO e oS SSISIE = w.m E JeubISs(p ‘._% WD B amm.s_mam_mmk%osg g
Swiio{a1pyeouaLNggl = SLO3II0A ¥ ¥
SWIL0413qUINNISS = D9aXs = 4 spda Sl
SWe18qUINNIOISXepU) = D55%G 55
swiloqiequinyiel = fdu = EEKE]
JojeubisaqoiSAnuIaNaleWaYE = NWNBUNOEd = | [ orezipuue]s o
JojeubissqoisAnudlaN B| | bupjaedsbessay E| [Sia1aleledadion B S3|qeLBANPS B
«0 L .
L Pagxs &
swigy|Bupordsbessau SI81alBIBgaII0A
93S|ANBLAp o=
S3|geLeANDS 938 )INBJSP =
JoreuBissqiogAquzau V' Jsnneiep o
APONSWILIOD =
sbuBHEWD o
eegydi apLIBAdl o
> 2EME
3la]8WeIRdoISeq "1 poaXe =p
Pooxa Ep dnoupfugenu =
SRS SielBWERIB4IISEY B

adAfayoads =
adAousuab =
glipy =

Ulofeld §

suuoped

0

(I"uoD) L1 By




US 9,571,608 B2

Sheet 18 of 30

Feb. 14, 2017

U.S. Patent

(o)LL 614

(Iwo)Ll B4

(uoD) Lt B4

L} 'Big

PIoXa &

101e3IpUIAIRIA =
1ONI0J9]qRLBAIASW =
EMEIERES

« 0
SAICBLIBAYASL
¢

P3axXa =p

PooX3 B

HE

B4

Ya0[g[auURL)|0AUC)US[BULBL)I0RqUNY =
S[BULRYS[0U07I0dIBgWnNIBNBULES =
gdnoIgaoioAUISpULRLYIQBqWNU =
gdnolnaoiopodisqunNIeNbULRS =
ydnoinasiopusisulRypBaWNL =
yanosgasiopdodiequniaNbuLels =

sabrssapyLQlequIny =
abesSaIadSpIopQIaqLuNNabElaAR o
SPOJ\PSSI[BLLAY =
SPOJNUONBUILLIASSID =
SPLUBAQUWITPUBLIAD =
JBQUINNUORISO4S]0R] =
ploysaly [Junondoy =
pjoysalyuopaep =
lghupieAsbueyJeIeD =
Jopeoipujpusdsngalelade =
JalIPCLIEH0|gaISe] =
JoBeurIaNISOY =

195 0pOLa4uonRI0|Rsl =
POLIB4UONEI0|eel =

(In-uoD) L B4

1oogiofsswll 8

T SEE RN Jequnyjood =
1L JAIBWEIRJIS] B
x 0
DIOMUONIUYSS|GRLEA SIGUEIS]
¢
RS

JIWSUR] LISGWINNISU =
fejagiaNoIdAn =
felpgpuIopus =

JojeaipupdAnsqdwisiivioNop =
[01u0DARRI =

uonoun4Arial @

fejpgheal =

¥a0|gABlaY B

_/ N\

[SIa1WRIEJI0[SBWI UON B
L




US 9,571,608 B2

Sheet 19 of 30

Feb. 14,2017

U.S. Patent

Tepom* g9000d0¥0\STOPOR\ SAT I\ SYIORIBN\ SHUTTRIRQTROTIORL\ 10 TOPOH §° €A ISSATRUYITUIISN

- D]
g7 ‘WB}Ipslo8Tss
[6€-8T1 0€TD sWRIIPa3oaTee
7 WR3Ipe3nsTes
0¥ :We3IpPejoeTes
[0yl wooqdAy :me3IpelosTes
ﬂd. g We3Ipe3oses
EEEEENEEREES
_ easeq 4 _ qI-er _
_ = ] q=er |
ST0I3U0) g9TIONg
stsireuy-
[ez] []  tec-szroemd|[] o] ax
H o[ tonwwi] [ o=
1s5ElEq JredroTiaeg FChsistihion) ~
ﬂ\ UWTI0BT8 E&ﬁ&;/
=1 \ dreg STw
SE | J9sA[EUYIURON [

/ /
e0cl ¢0ct

2l b

L0l




US 9,571,608 B2

Sheet 20 of 30

Feb. 14, 2017

U.S. Patent

o© (Jayr0)Agpanianay
S10[SaLUi ] |[\186°)18s =: $490]910[SaWI 1 X]

t

7z 'B14 998

(

o ()peniwisuel] ~o  (18U10)0] B|GETHWSUBILION /
S10|SOLLI L [[¥195°]19s =: $300{g10[SaWI X} S10[SaLLI[196°}9S =: $400]d10[S8WN
4

A
Aaxy A (e)x, = fuenb

3

:MO[Bq PagquIasap Sausnb 3. au) Jo Aue ajndexs 0} sjge SiJasn oyl
19SBIR(<-Wedinpied<-Aunuwes
- :Bunoses Aq |AH 8L BiA swlojjeld Buialedal pue Buipiwsues au Buikinuspl Jayy

91 B4 888
Ad - B, = Asonb o0 (1yp0)0 ] aiqerywsuel) )
a5 §10/S8WI 1jy120°)8S =: $%00|g10[Satul
Oy = ey, = fusnb
ENE)
(@xd A ()X
Jd-el
BY=¢E|

el B4



U.S. Patent Feb. 14,2017 Sheet 21 of 30 US 9,571,608 B2

Fig. 14

This is a fragment of the NetworkInitialisationDataCatalogue

metamodel developed in EMF/Epsilon. It shows only those parts of the
metamodel required to describe the implementation of the three timeslot
interoperability queries.

InitialisationDataSet

+numberOfBlocks: Integer
+idsld: Integer e

+getAllTimeslotsTransmittableTo(other: InitialisationDataSet)
+getTimeslotsTransmittableTo(other: InitialisationDataSet)
+getSpecialCaseTimeslotsTransmittableTo(other: InitialisationDataSet)
+getTimeslotsTransmittableByDefaultTo(other: InitialisationDataSet)
+getTimeslotBlocks()

+getSpecialCaseNpgsReceived()
+getTimeslotsTransmittablelnNpgTo(other: InitialisationDataSet, npg: Integer)
+getTimeslotsNotTransmittableTo(other: InitialisationDataSet)
+getTimeslotsNotReceivableBy(other: InitialisationDataSet)
+getAllTimeslotsTransmitted()
+getAllTimeslotsReceivedBy(other: InitialisationDataSet)

|

NonTimeslotParameters

+getDefaultNetRx()() blocks IndexedBlock

> +blockld: Integer =1
1 0..* | +relayindicator: Integer = 0

BasicParameters
+initialEntryGroup: Integer = 0

+getDefaultNetRx()

!

IpiData

+ipfOverride: Integer = 0
+tdmaRange: Integer = 0
+commsMode: Integer =0
+defaultNet: Integer = 0
+defauitTsec: Integer =0
+defaultMsec: Integer =0

+getDefauliNetRx()
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AbstractBlock F| g ] 1 5

+recurrenceRateNumber: Integer = 0
+timeslotSet: String = A
+indexSlotNumber: Integer = 0
+durationinSec: Float = 0.0078125
+slotsPerSet: Integer = 512
+setsPerFrame: Integer = 3
+framesPerEpoch: Integer = 64

ReservedBlock Block
+fromNetNumber:; Integer +cryptographicViode: Integer = 0
+toNetNumber: Integer +netNumber: Integer =0

+relayDelayReceive: Integer = 0

+originalTransmitNet: Integer = 0
+networkParticipationGroup: Integer = 1
+tsecVariable: Integer = 1
+msecVariable: Integer =0

|

IndexedBlock PoolBlock

+blockld: Integer =1 +transmitOrReceiveSlot: Integer = 0
+relayindicator: Integer = 0| | +tsrPoolNumber: Integer = 0
+accessDescription: Integer = 0

A +relayDelaySwitch: Integer = 0
+relayNet: Integer =0

~+isExplicitTransmit()
+isExplicitReceive()
+compareExplicitTxRxFields(other: PoolBIock&
+compareTxAgainstExplicitRx(other:PoolBlock)
+compareTxAgainstExplicitTx(other:PoolBlock)

| | !—jx

RelayBlock TimeslotBlock

+relayDelay: Integer = 5

+relayFunction; Integer = 0

+relayControl: Integer = 1
+doNotAttemptDecryptindicator: Integer = 0
+endToEndDelay: Integer =0
+cryptoNetRelay: Integer = 0
+netNumberTransmit: Integer = 0




U.S. Patent Feb. 14,2017 Sheet 23 of 30 US 9,571,608 B2

Fig. 16

This activity diagram describes the query: 'j

Ta=Rb
See Fig. 17
) |
explicittyTransmitted: = self.getTimeslotsTransmittabIeTo(other?y.)
See Fig. 20
{ A

)
CspecialCaseTransmits: = seIf.getSpeciaICaseTimes!otsTransmittableTo(otheCr))/_)

See Fig. 23

\

/
CdefaultTransmits: = seIf.getTimesIotsTransmittabIeByDefaultTo(othng)/.)

Y
@Transmittable: = explicitlyTransmitted + specialCaseTransmits + defaulfTransm

its

\Z/

Y
( return allTransmittable.sortBy(b | b.blockld) )

Y

©
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Fig. 17

I

C myTxBs:=self.gefTimeslotBlocks().select(b | b.isExplicitTransmit()) Dp)

¥
otherTxBs:=other.getTimeslotBlocks().select(d | b.isExplicitReceive())CyQ

~

v
return otherRxBs.collect(rxTsb | myTxBs.select )
D/D

(tXTsb | txTsh.compareTxAgainstExplicitRx (rxTsb))).flatten()

L

)
é See Fig. 18

Fig. 18

result: = false

self.isExplicitTransmit() and
other.isExplicitReceive()

( result; = self.compareExplicitTxRxFields(other) w)
(

)

See Fig. 19 ¥y

return result J<
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Fig. 19

return self.timeslotSet = other.timeslotSet and self.indexSlotNumber =
other.indexSlotNumber and self.recurrenceRateNumber = other.recurrenceRateNumber

Fig. 20

|

( specialCaseNpgs: = self.getSpecialCaseNpgsReceived() Dﬂ)

¥

return specialCaseNpgs.collect
(npg self.getTimeslo’tsTransmittablelangTo(othe\r, npg)).flatten() oo

(

See Fig.21
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Fig. 21

!

myTxBs: = self.getTimeslotBlocks().select(h | b.isExplicitTransmit()
and b.networkParticipationGroup = npg) o0

Y

otherTxBs.: = other.getTimeslotBlocks().select(h | b.isExplicitTransmit()
and h.networkParticipationGroup = npg) oD

A

return otherTxBs.collect(otherTxB1 myTxBs.select(myTxB | myTxB.compare

TxAgainstExplicitTx(otherTxB))).flatten() , o

é )
See Fig. 22

Fig. 22

result: = false

self.isExplicitTransmit() and
other.isExplicitTransmit()

( result: = self.compareExplicitTxRxFields(other) o )
(
)

See Fig. 19 \i

return result |

<l
|
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Fig. 23

CmyTst: = self.getTimeslotBlocks().select(b | b.isExplicitTransmit())

W,

\
( otherDefaultNet: = other.nonTimeslotParameters.getDefaultNetRx()

W

\

Creturn myTxBs.select(myTxB | myTxB.netNumber = otherDefaultNet)

\

$his ar%ivity diagram describes the query: 'j Flg . 2 5
a -

C myTxBs: = self.getTimeslotBlocks().select(p | b.isExplicitTransmit()))
o

A

< allTransmittableBs: = self.getAllTimeslotsTransmittableTo(other) >
o

\4
(return myTxBs.reject(b | aIITransmiﬁableBs.includes(b))>

oL
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ime slot Map for query: Typhoon[40]-40 Versus Typhoon[40]-40
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Fig. 27

I

CexplicithBs: = self.getTimeslotBlocks().select(b | b.isEpricitTransmit())>
o2

Y

return explicitTxBs

Fig. 28

I

( otherExplicitRxBs: = other.getTimesiotBlocks().select(b | b.isExplicitReceive()) )
o

i
( otherDefaultRxBs: = self.getTimeslotsTransmiﬁableByDefauItTo(other))

( o
)
See Fig. 23
\
@erDefaulthngBs: = self.getSpecialCaseTimeslotsTransmittaMeTo(oth@
( o2
)
See Fig. 20 v

(return otherExplicitRxBs + otherDefaultRxBs + otherDefaultNpgRxBs >
o

!
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1
TIMESLOT INTEROPERABILITY BETWEEN
COMMUNICATING PLATFORMS

BACKGROUND TO THE INVENTION

The present invention relates to timeslot interoperability
between communicating platforms and more particularly to
assessing timeslot interoperability between platforms com-
municating over a Time Division Multiple Access network.

Time Division Multiple Access (IDMA) architectures are
used for many applications. One example is Tactical Data
Links (TDLs), which comprises a family of related tech-
nologies that have been developed over many years to
coordinate and control the dissemination of information
within the battlespace to support joint and combined opera-
tions. Consequently, various forms of TDL have been devel-
oped to support specific battle groups. The TDLs feature
differing waveforms, bandwidths, protocols and capabilities.

One of the most widely used TDLs is Link 16 (or
TADIL-J). At its most basic, the Link 16 network is divided
up into a number of nets, and each net is subdivided into a
number of timeslots that are allocated to participants for the
transmission of messages; each timeslot is 7.8125 mS.
Hence, for the network to operate successfully, each partici-
pant must know when to transmit, when to receive, and
when to do neither. This information is provided via one or
more documents published by the agency responsible for the
network design, such as the Joint Data Link Management
Organisation (JDLMO). The network design information is
provided in the form of the human readable Network Ini-
tialisation Data Catalogue, a large PDF document, and, in
the case of some platforms, a machine readable network
initialisation (INDE) file.

Conventionally, in order to ascertain the compatibility of
each network design the TDL practitioners analyse the
machine-readable INDE file to confirm whether a particular
platform will be able to receive the relevant timeslots. The
source material is terse and can be difficult to understand,
incurring a significant learning curve. The TDL practitioners
typically manually execute a number of common queries
over the terse INDE file. The INDE file, whilst in some ways
highly explicit, also contains implicit data, such as the
seemingly arbitrary groups of platforms, such that practitio-
ners must consult the Network Initialisation Data Catalogue
in order to identify members of each group. Also, in order to
confirm timeslot compatibility between two platforms, prac-
titioners must be cognisant of a number of implicit transmit/
receive rules based on, for instance, the default net used
within the TDL. Such analysis based on the vast amount of
very detailed information is time consuming and prone to
human error.

Embodiments of the present invention are intended to
address at least some of the problems discussed above.

SUMMARY OF THE INVENTION

Embodiments of the invention can model the underlying
semantics of the network design based on both the INDE file
and a fragment of the Network Initialisation Data Catalogue
such that a network design can be captured, validated against
well-formedness constraints and queried via a simple user
interface. The results of each query may be presented
graphically in the form of a timeslot map (an accepted
standard representation of a set of timeslots).

According to a first aspect of the present invention there
is provided a method of assessing timeslot interoperability
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2

between a first platform and a second platform communi-
cating over a Time Division Multiple Access network, the
method including:

obtaining data representing a metamodel of communica-
tion characteristics of the first platform and the second
platform, the metamodel including information regarding at
least transmit timeslots for the first platform, and informa-
tion regarding at least receive timeslots for the second
platform;

querying the model to assess interoperability between the
transmit timeslots of the first platform and the receive
timeslots of the second platform, and

outputting timeslot interoperability data based on a result
of the querying.

A metamodel typically comprises a precise definition of
the constructs and rules needed for creating semantic mod-
els. The metamodel can underpin the model by defining
some domain of relevance, constraining the scope of those
models that are declared valid within this domain. A meta-
model may be used to attach semantics to a model, such that
not only are the concepts to be modelled described, but also
their meaning. The metamodel used in embodiments of the
present system will normally be executable, such that mod-
els (instances of the metamodels) may be checked by a
suitable tool for validity against the metamodel. A meta-
model may be considered analogous to the schema used to
define the structure of a database in terms of the entities and
relationships.

The method may include generating the metamodel. The
metamodel may be generated from at least one source file.
The source files may include a human-readable Network
Initialisation Data Catalogue, and a machine-readable net-
work initialisation file. The method may further include
converting the at least one source file into a machine
processable format, e.g. XML. The method may further
include validating the machine processable format informa-
tion against a schema, e.g. an XML schema. The method
may include generating an initial metamodel based on the
schemata and populating the initial metamodel with specific
data based on the at least one source file conforming to the
schema used to generate the metamodel.

The metamodel may include information regarding said
transmit timeslots explicitly included in the at least one
source file. The metamodel may include information regard-
ing said transmit timeslots or said receive timeslots implic-
itly included in the at least one source file. For instance, the
metamodel may include information regarding said receive
timeslots of the second platform corresponding to all
timeslots transmitted in its default net. The metamodel may
include information regarding said receive timeslots based
on any special case Network Participation Groups (NPGs) of
which the second platform is a member. The special case
receive timeslots can be timeslot blocks transmitted by the
first platform which the second platform can receive if it is
not using these timeslot blocks to transmit. The metamodel
may include information relating to user-defined and/or
domain-specific allocation of special case Network Partici-
pation Groups (NPGs) of which the first and the second
platforms are members in order to identify additional, non-
standard timeslot interoperability between the first and the
second platforms.

The querying may include identifying the transmit
timeslots of the first platform that the second platform is able
to receive (either explicitly or implicitly).

The querying may include identifying the transmit
timeslots of the first platform that the second platform is
unable to receive (either explicitly or implicitly).
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The querying may include identifying all the transmit
timeslots of the first platform and all the (implicit and
explicit) receive timeslots of the second platform.

The time division multiple access network may comprise
a Tactical Data Link (TDL) network, such as Link 16 TDL.

According to other aspects of the present invention there
are provided systems configured to execute methods sub-
stantially as described herein.

According to other aspects of the present invention there
is provided a computer program element comprising: com-
puter code means to make the computer execute methods
substantially as described herein. The element may comprise
a computer program product.

Whilst the invention has been described above, it extends
to any inventive combination of features set out above or in
the following description. Although illustrative embodi-
ments of the invention are described in detail herein with
reference to the accompanying drawings, it is to be under-
stood that the invention is not limited to these precise
embodiments. As such, many modifications and variations
will be apparent to practitioners skilled in the art. Further-
more, it is contemplated that a particular feature described
either individually or as part of an embodiment can be
combined with other individually described features, or
parts of other embodiments, even if the other features and
embodiments make no mention of the particular feature.
Thus, the invention extends to such specific combinations
not already described.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be performed in various ways, and, by
way of example only, embodiments thereof will now be
described, reference being made to the accompanying draw-
ings in which:

FIG. 1 schematically illustrates an example of timeslot
interoperability analysis for two platforms communicating
over a TDMA network;

FIG. 1A includes features from FIG. 1 and further shows
a computing device configured to execute a method of
assessing timeslot interoperability;

FIG. 2 is partial example of a network initialisation file;

FIG. 3 outlines a model generation process used by an
example implementation of the timeslot interoperability
analysis;

FIG. 3A shows example source data from a Network
Initialisation Data Catalogue to be parsed into XML by as
part of the timeslot interoperability analysis method;

FIG. 3B illustrates an example of XML generated by the
parser;

FIG. 3C shows a fragment of an XML schema generated
from an INDE file;

FIG. 3D shows a fragment of an XML schema generated
from a Network Design file;

FIGS. 4-11 are collaboration diagrams illustrating steps
performed by embodiments;

FIG. 12 is an example screen display of the timeslot
interoperability analysis software application;

FIGS. 13 to 23 are charts illustrating steps performed
during querying operations and the primary domain con-
cepts of relevance to such;

FIG. 24 is an example screen display of a timeslot map
produced by the application;

FIG. 25 is a chart illustrating steps performed during a
querying operation;

FIG. 26 is another example screen display of a timeslot
map, and
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FIGS. 27 to 28 are charts illustrating further steps per-
formed during querying operations.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 shows a first platform 102A and a second platform
102B. In the example the platforms comprise two different
types of aircraft, although the term “platform™ is intended to
be interpreted broadly and can cover any type of vehicle,
installation, etc, that needs to be put into communication
with another platform of the same or different type. In the
example the platforms communicate tactical data via a Link
16 TDL network 104, although it will be understood that
embodiments of the present invention can be produced for
dealing with any type of data being transferred over any type
of TDMA network.

The Link 16 communication characteristics for each of
the platforms 102A, 102B are defined by respective speci-
fications, which in the example take the form of the under-
lying communication link standard(s) (the base standard)
108A and 108B (which may or may not be the same), the
elements of the base standard implemented by the platform
106 A and 106B, and the network configuration to be used
103. The network configuration (the Network Initialisation
Data Catalogue) defines a particular configuration of the
Link 16 TDL network over which the tactical data messages
implemented by the relevant platforms are to be exchanged.
The Network Initialisation Data Catalogue may be provided
in a variety for formats, such as the machine readable
network initialisation (INDE) file. The Network Initialisa-
tion Data Catalogue describes (amongst other aspects) the
timeslots allocated to each platform for transmission and
reception within the network 104. Transmission and recep-
tion timeslots for the first platform 102A are illustrated
schematically at 109A, 111A, respectively, and at 109B,
111B, respectively, for the second platform 102B.

The network is designed in accordance with an accepted
idiomatic architecture in the form of a number of commu-
nities, each containing a number of participants. Each par-
ticipant is allocated a number of initialisation data sets, each
containing a number of timeslot blocks, with each timeslot
block belonging to one of the three sets. The INDE file
suffers from a number of drawbacks that serve to impede its
accessibility to the TDL engineer. First, it conforms to a terse
text-based format, as shown in the partial example of FIG.
2. It also contains implicit information, such as:

Timeslots are identified explicitly as either transmit or
receive; however, implicit rules permit platforms to
receive via the default net and also via a number of
special case Network Participation Groups (NPGs).

Participants may be collected into groups of arbitrary size;
however the INDE file does not identify the notion of
groups and also does not identify individual members
of each group, identifying only the first member of each
group.

Participants are members of a community; however, the
INDE file does not recognise the notion of a commu-
nity.

Thus, the INDE file requires skill to read and understand
and cannot be fully understood without recourse to the
Network Initialisation Data Catalogue during conventional
manual analysis.

FIG. 1A includes features from FIG. 1 (identified by
common reference numerals) and further schematically
shows a computing device 120 including a processor 121
and a memory 122 storing code for executing a method of
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assessing timeslot interoperability. The computing device
may be located onboard either or both of the platforms
102A, 102B, or at a remote location. The method processes
data based on the Network Initialisation Data Catalogue files
to instantiate a metamodel, illustrated schematically at 103,
that represents timeslot communication characteristics of all
platforms that may comprise the network 104. The meta-
model can then be used for running queries that assist with
assessing timeslot interoperability between any member
platforms of the network.

FIG. 3 gives an overview of how an instantiated meta-
model is generated for use in timeslot interoperability analy-
sis. Embodiments of the invention are based around a
metamodel of the network design, which has been inferred
from analysis of two primary data sources: the INDE file
302, and the network design description provided by the
Network Initialisation Data Catalogue 304. The inferred
metamodel combines the relevant concepts from the source
data sets into a single, coherent metamodel referred to as the
Network Initialisation Data Catalogue 312.

The INDE file is parsed into a common machine-proc-
essable format, e.g. XML format version 306. In one
embodiment this can be done using the known tool ANTLR
(ANother Tool for Language Recognition), although the
skilled person will understand that suitable alternative tools
(e.g. lex and yacc) could be used. A thorough description of
ANTLR may be found in Parr, T., “The Definitive ANTLR
Reference—Building Domain-Specific Languages’, The
Pragmatic Bookshelf, 2008, for example.

The parser was developed via an analysis of the structure
of'the source document (the INDE file) and was aided via the
language description provided by the associated Interface
Control Definition provided in Backus-Naur Format (BNF).
The BNF description of the source document may be found
in the unclassified NATO Interface Control Definition for
the International Exchange of MIDS/JTIDS Network
Design Data—NETMAN T1/Rev 3.

A grammar expressed in ANTLR takes the form of a set
of rules, each rule has a name and comprises a number of
lexical pattern matches (to recognise tokens in the input
stream) and associated actions relating to the objects to be
generated in response to the matching of a token (actions are
often used in conjunction with templates to emit structured
text). A simple example illustrates the use of ANTLR. The
rule ‘originationDate’ looks for the tokens ‘ORIGINATION’
‘DATE’ and a date in the form ‘dd-mm-yy’ where dd, mm
and yy are numeric types; a side-effect is that the values of
the source tokens are stored in dd, mm and yy for later use.

originationDate
‘ORIGINATION’ ‘DATE’
dd = NUMERIC ‘-’ mm = NUMERIC ‘-’ yy = NUMERIC
->template(day={$dd.text}, month={$mm.text},
year={$yy.text})
<<\<OriginationDate date="<day>-<month>-<year>"/\> >>

Hence the rule ‘originationDate’ matches the following
text fragment of an INDE file:

!ORIGINATION DATE
14-01-08

The production ‘template(<args>) then generates struc-
tured text output using the action enclosed within the double
angle brackets ‘<<’ and ‘>>’, emitting the resulting text
(which is valid XML):
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6
<OriginationDate date="14-01-08"/>
A fragment of code taken from an example parser devel-
oped in ANTLR is given below:

grammar Netman;

options {output=template;}

/** grammar rules */

netman b = body

->template(docBody={$b.st},

dataTypeRef={“http://www.w3.0rg/2001/XMLSchema-instance”},
schemaLoc={*“Netman_ v9.xsd”})

<<<?xml version='1.0" encoding="UTF-8’?\>

\<Netman xmlns:xsi=“<dataTypeRef>"
xsi:noNamespaceSchemal.ocation="<schemaloc>"\>

<docBody rules elided>
\</Netman\> >>

body NETWORK” “ID’ ¢/* “NETWORK’ ‘VERSION’
‘NUMBER’ /” ‘NETWORK” ‘APPROVAL’ ‘LEVEL’
id = STRLIT
verNo = ALPHA
appLevel = NUMERIC
hdr = header
pd = platformData
gd = globalData
‘END’ ‘OF’ ‘DATA’
->template(dsgld={$id.text},
dsgVerNo={$verNo.text},
dsgAppLevel={$appLevel.text}, header={$hdr.st}, data={$pd.st},
globalData={$gd.st})
<<\<NetworkDesign name=<dsgld> version="<dsgVerNo>"
approvalLevel="<dsgAppLevel>"\>
<header>
<data>
<globalData>
\</NetworkDesign\> >>

>

An example of the XML generated via the example parser
is given below:

<?xml version="1.0" encoding="UTF-8"?>
<Netman
xmlns:xsi=http://www.w3.0rg/2001/XML.Schema.instance
xsi:noNamespaceSchemal.ocation="Netman_ v9.xsd”>
<NetworkDesign name="UKIP0005B”
approvalLevel="2">
<Header>
<OriginationDate date="14-01-08"/>
<Volume number="1" of="1"/>
<ReleaseAuthority name="JDLMO”/>
<SourceSystem name="UK TNDS”

version="B"

version="3.2"/>
<Summary>

</Header>
<PlatformData>
<NetworkWideData>
<NetworkDesign>
</Netman>

Network design information from Appendix G (Network
Design) of the Network Initialisation Data Catalogue 304 is
also parsed into XML format version 305 via a parser
written in a programming language such as Java, again,
there are clearly a number of alternative approaches that
could be taken. FIG. 3A provides an example of the source
data (taken from a PDF version of the Network Initialisation
Data Catalogue as published by the network design author-
ity), and FIG. 3B illustrates an example of the XML gen-
erated by the parser.

Validity and well-formedness of the XML documents can
be enforced by associating an XML document (such as is
generated via ANTLR) with an XML schema. In the case of
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the example implementation of the tool, both the XML
version of the INDE file 306 and the XML version of the
Network Design section of the Network Initialisation Data
Catalogue 305 are each validated against an XML schema
that has been derived from source material (e.g. an Interface
Control Definition for the INDE file), and by observation
and analysis.

FIG. 3C shows a fragment of the XML schema 308 for the
XML version of the INDE file 306, and FIG. 3D provides a
fragment of the XML schema 309 for the Network Design
file 305.

The source XML documents are used to populate auto-
generated metamodels 310, 311 based on the XML schemata
using the Eclipse Modelling Framework (EMF), see, for
example, Stienberg, D., Budinsky, F., Paternostro, M.,
Merks, E., ‘EMF—Eclipse Modeling Framework’, 2" ed.,
Addison-Wesley, 2008. The overarching network design
metamodel 312 is populated from the populated metamodels
310, 311 relating to the individual source documents. This
can be achieved via model transformation using the known
EPSILON Transformation Language (ETL; see www.e-
clipse.org/gmt/epsilon, for example), although alternative
approaches may also be feasible, e.g. XMF from Xactium/
Ceteva, the EMF-based ATLAS Transformation [anguage
(ATL), etc. The approach followed by the example imple-
mentation is illustrated in FIG. 3:

The INDE file 302 is parsed into XML 306 via an

application written using ANTLR

The INDE XML document 306 may be validated against
its schema 308 by a validating XML processor (e.g.
XMLSpy)

The NETMAN schema 308 is used to generate a meta-
model in eCore 310 (part of the EMF framework) using
standard EMF generative capabilities

The eCore metamodel 310 is populated from the source
INDE XML document 306 using standard EMF parsing
capabilities

The Platform Summary information provided by the
Network Initialisation Data Catalogue 304 is parsed
into the Network Design XML document 305 using a
custom Java-based parser

The Network Design XML document 305 may be vali-
dated against its schema 309 by any validating XML
processor (e.g. XMLSpy)

The Network Design schema 309 is used to generate a
metamodel in eCore 311 using standard EMF genera-
tive capabilities

The eCore metamodel 311 is populated from the source
Network Design XML document 305 using standard
EMF parsing capabilities

A series of two model transformations extract relevant
data from the populated metamodels 310 and 311 and
merge the contents into a single, coherent instance 313
of the Network Initialisation Data Catalogue meta-
model 312

Constraints written on the Network Initialisation Data
Catalogue metamodel 312 are applied to the model
instance 313 to validate its contents and structure

At this point the Network Initialisation Data Catalogue
model instance 313 is ready to be used

It should be noted that, whilst the metamodels are re-
populated for any given network configuration (combination
of INDE file 302 and Network Initialisation Data Catalogue
304), the underlying XML schemata (308 & 309) and
metamodels (310 & 311) would only require amendment
and re-generation in response to change of structure to the
source material. Similarly, the target Network Initialisation
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Data Catalogue metamodel and associated transformations
312 would only require amendment in response to a change
of structure to the source metamodels (310 & 311).

Once the overarching metamodel 312 is populated to
produce an instantiated model 314, it can be checked against
a number of well-formedness constraints and queried/modi-
fied. Population of the overarching metamodel 312 from the
XML source material and well-formedness checking can be
automatic, requiring no user intervention other than identi-
fication of the relevant source material to be used. No known
systems generate an explicit metamodel of the network
design of this kind.

FIG. 4 is a UML-like collaboration diagram for creation
of the terminal initialisation components of the model. The
skilled person will be capable of implementing the steps
described in the Figures of the present application using any
suitable programming language and/or data structures. It
will further be appreciated that in alternative embodiments,
some of the steps shown may be omitted and/or re-ordered.
The TDL Engineer 400 creates 401 the Terminal Initialisa-
tion Model components via the Model Population user
interface 411, which may be a custom application written in
Java, for example. This allows the user to identify the
relevant source data set to be used. The INDE File parser
412 parses 403 the INDE file 302 provided by the JDLMO
and generates an equivalent document in XML. The source
INDE file 302 contains the terminal initialisation data. The
file is parsed 404 via the bespoke parser 412. The parsed
INDE file is transformed into a semantically-equivalent
XML document 306 and is validated against an XML
schema 308.

A terminal initialisation data parser 413 is an auto-
generated component in the Eclipse Modelling Framework;
it is generated from the XML schema 308 for the Terminal
Initialisation Data file. The XML schema is used to auto-
generate 405 a metamodel of the INDE file in EMF (this
metamodel is called “Netman”; this is the format used by the
source INDE file). The parser 413 parses the Terminal
Initialisation Data file 306 and the parser then generates 407
an instance of the Netman metamodel 310.

FIG. 5 is a collaboration diagram for creating the network
design components of the model. The TDL Engineer 400
creates 501 the Network Design Model components via the
Model Population user interface 411. This allows the user to
identify the relevant source data set to be used. The Network
Initialisation Data Catalogue parser 513 parses 502 a section
of'the Catalogue 304 provided by the IDL.MO relating to the
Network Design and generates an equivalent document in
XML 305. The source Network Initialisation Data Catalogue
section contains the network deign data. The file is parsed
503 via bespoke parser. The parsed network design data is
transformed 504 into a semantically-equivalent XML docu-
ment 305 and is validated against an XML schema 309.

The network design data parser 513 is an auto-generated
component in the Eclipse Modelling Framework (EMF); it
is generated from the XML schema 309 for the Network
Design Data file. The XML schema is used to auto-generate
a metamodel 311 of the Network Design section of the
Network Initialisation Data Catalogue file in EMF. The
parser 513 parses 506 the Network Design Data file. The
parser 513 generates 507 an instance of the Network Design
metamodel 311.

FIG. 6 is a collaboration diagram for merging the com-
ponents described above in a single coherent model (the
network initialisation data catalogue model). The TDL Engi-
neer 400 creates 601 the Network Initialisation Data Cata-
logue Model from the components created in the above
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operations via the Model Population user interface 411. The
Network Design to Network Initialisation Data Catalogue
612 transforms 602 the eCore Network Design Model into
the relevant components of the target metamodel instance,
the Network Design Data Catalogue model. The source
Network Design model 311 is parsed (loaded) 603 into the
model transformation. The network design model 311 is
transformed 604 into instances of the relevant components
of the Network Initialisation Data Catalogue.

The Inde File to Network Initialisation Data Catalogue
613 transforms 605 the eCore Netman model 310 into the
relevant components of the target metamodel instance, the
Network Design Data Catalogue model, and completes the
integration with the model components populated by steps
602, 603 and 604. The source Netman model 310 is parsed
(loaded) 606 into the model transformation. The Netman
model is transformed 607 into instances of the relevant
components of the Network Initialisation Data Catalogue
and these components are integrated with those generated by
the transformation of the Network Design model (steps 602,
603 and 604). The Network Initialisation Data Catalogue
model is then validated 308 against a collection of con-
straints 615 defined over the model. The model is validated
609 against the defined constraints 615 and any failures are
identified to the user.

At this point an instance of the metamodel of the Network
Initialisation Data Catalogue has been instantiated and vali-
dated, and the TDL engineer can exercise the model by
running queries over it. Examples of the types of queries that
can be run will now be given, but the skilled person will
understand that these are illustrative only; whilst the queries
illustrated are non-destructive it would also be possible for
queries/actions to amend the populated metamodel, e.g. to
correct a constraint error or to amend the instance data in
some way, such as changing a transmit timeslot to receive.
In one embodiment, three queries over the network initiali-
sation data catalogue can be performed; these are queries
that would previously have been performed manually by the
TDL engineers to ascertain the interoperability (at the
timeslot level) of any two platforms in the network design:

1. Identify all timeslots transmitted by Platform A that
may be received by Platform B (see FIG. 7)

2. Identify all timeslots transmitted by Platform A that
may not be received by Platform B (see FIG. 8)

3. Identify all timeslots transmitted by Platform A and all
timeslots received by Platform B (see FIG. 9)

In each case, the results returned by the relevant query are
rendered in the form of a timeslot map, a format conforming
to a generally accepted domain-specific standard with which
the engineers in the field are familiar illustrating the timeslot
groupings within the relevant set (carousel).

FIG. 7 is a collaboration diagram for identifying all
timeslots transmitted by a first Platform A that may be
received by a second Platform B. The TDL engineer 400
uses 701 the model querying interface to identify the plat-
forms to be used in the comparison. Each platform is
identified by selecting: the community within which the
platform is to operate, the platform itself, and finally the data
set to be used. The model querying interface 411 passes 702
the platform data to the query 711. The query is executed
703 over the network initialisation data catalogue model 312
to identify all timeslots transmitted by platform A that may
be received by platform B. The TDL engineer switches 704
to the Timeslot Map view 712 to observe the results of the
query. The Timeslot Map view renders 705 the result 714
returned by the query.
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FIG. 8 is a collaboration diagram for identifying all
timeslots transmitted by a first Platform A that may not be
received by a second Platform B. The TDL engineer 400
uses 801 the model querying interface 411 to identify the
platforms to be used in the comparison. Each platform is
identified by selecting: the community within which the
platform is to operate, the platform itself, and the data set to
be used. The model querying interface 411 passes 802 the
platform data to the query 811. The query is executed 803
over the network initialisation data catalogue model 312 to
identify all timeslots transmitted by platform A that that
cannot be received by platform B. The TDL engineer
switches 804 to the Timeslot Map view 812 to observe the
result of the query. The Timeslot Map view 812 renders 805
the result returned by the query.

FIG. 9 is a collaboration diagram for identifying all
timeslots transmitted by a first Platform A and all timeslots
received by a second Platform B. The TDL engineer 400
uses 901 the model querying interface 411 to identify the
platforms to be used in the comparison. Each platform is
identified by selecting: the community within which the
platform is to operate, the platform itself, and the data set to
be used. The model querying interface 411 passes 902 the
platform data to the query 911. The query is executed 903
over the network initialisation data catalogue model 312 to
identify all timeslots transmitted by platform A and all
timeslots received by platform B. The TDL engineer
switches 904 to the Timeslot Map view 912 to observe the
results of the query. The Timeslot Map view renders 905 the
result returned by the query.

Having identified the relevant analysis classes (stereo-
typed as boundary, control and entity), it is possible to define
an abstract system architecture and place each of the analy-
sis classes in an analysis subsystem. A simple three-layer
stack is adopted in the embodiment shown in FIG. 10;
however, alternative architectures might be adopted. The
abstract system architecture (analysis subsystems) is
realised via a two-layered design model. The top layer
provides the human-machine interface (HMI) services and
can be implemented in Java, for example. The lower layer
comprises the metamodels and all relevant operations, trans-
formations, and constraints. This is implemented in Epsilon
in one embodiment. The HMI component provides an inter-
face to enable the TDL engineer to use the services provided
by the Epsilon components. The use of alternative imple-
mentation technologies might result in the realisation adopt-
ing a different architectural structure.

The package NetworklnitialisationDataCatalogue pro-
vides the user with access to the services required to
populate and query the metamodels (via the HMI). An
analysis of the INDE file and the Network Design docu-
mentation provided by the JDLMO drove the present inven-
tors to develop the NetworklInitialisationDataCatalogue
metamodel, which is shown in FIG. 11. The present speci-
fication will focus on those elements central to providing
support for the three timeslot queries illustrated in FIG. 7
through FIG. 9.

With regard to the timeslot analysis queries, the main
class of interest is InitialisationDataSet. Each query takes
one initialisation data set instance for the transmitting plat-
form and one for the receiving platform; it is reasonable for
these two platform instances to be the same, e.g. one would
do this if one wished to establish the timeslot interoperabil-
ity of one (e.g. Typhoon) aircraft with another. The Java
HMI component queries the instantiated domain metamodel
to allow the user to identify valid initialisation data set
instances by completing the fields identified by the combo-
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boxes in the order: Community 1201, Participant 1202, Data
Set 1203 (see FIG. 12). As a Community object contains a
number of Participant objects, and a Participant object may
contain one or more Data Sets.

Each of the above three queries is defined on class
IntialisationDataSet and each query will be described in
more detail below. FIG. 13 is provided for illustrative
purposes only as the selection of the query to execute is
performed via the Java HMI component.

The example queries fall into two broad categories:

Queries returning a single collection of timeslot blocks

Queries returning a collection of timeslot blocks for each

platform queried

It can be seen from FIG. 13 that the queries ‘“Ta=Rb’ and
‘Ta—=Rb’ fall into the first category and the query ‘Tx(a)
v. Rx(b)’ falls into the second category.

The query Ta=Rb requires identification of the collection
of timeslots which may be transmitted by platform A and
which may be received by platform B. Each initialisation
data set is associated with a collection of timeslot blocks
(IndexedBlock) and a collection of NonTimeslotParameters
as illustrated in FIG. 14. The class IndexedBlock is a
member of the AbstractBlock inheritance hierarchy and
encapsulates all relevant timeslot block information for the
initialisation data set via its attributes and those inherited
(see FIG. 15).

Although the AbstractBlock inheritance hierarchy pro-
vides information to allow identification of, for example,
whether the timeslot block is transmitted or received, and in
which Network Participation Group (NPG), further infor-
mation is required to identify the Tx/Rx interoperability
between two platforms. The associated aggregation hierar-
chy provided by class NonTimeslotParameters provides
access to the attributes needed to infer additional implicit
Tx/Rx characteristics, such as the defaultNet—a platform
implicitly is able to receive all timeslots transmitted in its
default net. There are also a number of special case NPGs
that may be received by any platform, and these too must be
considered when forming a view of the Tx/Rx timeslot
interoperability between two platforms.

The query Ta=Rb must consider the explicit Tx/Rx char-
acteristics and the implicit Tx/Rx characteristics; the latter
comprising both special case and default net characteristics.
This situation is illustrated in the top level activity diagram
for the query (implemented as getAllTimeslotsTransmit-
tableTo (other)), see FIG. 16.

Hence, the result of the query Ta=Rb (getAllTimeslot-
sTransmittableTo( )) is the union of the three timeslot
collections, each of which is implemented as another query
over the model:

All timeslots explicitly transmittable from platform A to

B.

All special case timeslots transmitted from A to B.

All timeslots transmitted from A to B via platform B's

default net.

Each of the above queries is described in more detail
below. The final statement in the activity diagram simply
sorts the timeslots on their blockld attribute. All timeslots
explicitly transmittable from platform A to B are identified
via the query getTimeslotsTransmittableTo (other), as illus-
trated in FIG. 17.

Query getTimeslotBlocksTransmittableTo( ) identifies all
timeslot blocks transmitted by platform A (myTxBs) and all
timeslot blocks received by platform B (otherTxBs), it then
returns the collection of timeslot blocks transmitted which
may be received explicitly by comparing each transmitted
timeslot block (txTsb) against each received timeslot block
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(rxTsb); this is achieved via the query txTsb.compareTxA-
gainstExplicitRx(rxTsb) on class PoolBlock (see FIG. 18).

Query compare TxAgainstExplicitRx( ) is called with two
instances of TimeslotBlock (self and other), it checks that
the timeslot block ‘self” is an explicit transmit and that
‘other’ is an explicit receive (an explicit transmit is indicated
via the attribute transmitOrReceiveSlot [on class PoolBlock]
being set to 1, and an explicit receive is indicated by it being
set to 0). If self is an explicitly transmitted timeslot block
and other is an explicitly received timeslot block then self
may be transmitted to other if their explicit transmit/receive
fields are compatible; this compatibility check is provided
by the query compareExplicitTxRxFields( ), see FIG. 19.

Query compareExplicitTxRxFields( ) states simply that
the timeslot block self may be received by the timeslot block
other if all of the following are true:

Both self and other are in the same timeslot set {A, B, C}.

Both self and other have the same index slot number

(ISN).
Both self and other have the same recurrence rate number
(RRN).

Returning to FIG. 16, this completes the description of the
identification of all timeslot blocks that may be transmitted
by platform A and received by platform B and for which the
/rx attributes are defined explicitly. The next step is to
identify all special case timeslot blocks transmitted by
platform A that may be received by platform B. The set of
such special case timeslot blocks comprises those timeslot
blocks transmitted by platform A in specific NPGs and this
is illustrated in FIG. 20.

The set of specific NPGs used is: {2, 3, 12, 13} can be
hard-coded into the current tool; however, it can be prefer-
able to export default values to the HMI to allow the user to
change (and save) the values on an ad-hoc basis. Having
identified the set of special case NPGs for which the receiver
will have the ability to receive, it is then necessary to
identify which (if any) timeslot blocks the transmitting
platform may transmit within these NPGs, and this is
performed by the query getTimeslotsTransmittableln-
NpgTo( ), see FIG. 21.

The special case timeslot blocks identified are timeslot
blocks transmitted by platform A which platform B could
receive if it is not already using these to transmit, hence for
each special case NPG all explicit timeslot blocks transmit-
ted by platform A in the NPG (myTxBs) are identified, and
all explicit timeslot blocks transmitted by platform B within
the same NPG (otherTxBs) are also identified. The result is
then identified via the query compareTxAgainstExplicit-
Tx( ), see FIG. 22.

Query compareTxAgainstExplicitTx( ) confirms that both
self and other are identified as being explicitly transmitted
timeslot blocks before comparing their tx/rx compatibility,
i.e. we are accommodating the possibility that the transmit
timeslot block of platform B (other) may be used as a receive
timeslot block within the special case NPG. Returning to
FIG. 16, this completes the description of the identification
of all timeslot blocks that may be transmitted by platform A
and received by platform B via the special case NPGs. The
final step is to identify all timeslot blocks transmitted by
platform A by default (implicitly) which may be received by
platform B, and this is illustrated in FIG. 23.

In order to identify the timeslot blocks transmitted by
platform A which may be received by platform B via its
default net it is necessary to identify all timeslot blocks
explicitly transmitted by platform A (myTxBs) and identify
platform B’s default net number via the association from
class InitialisationDataSet to the NonTimeslotParameters
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aggregation hierarchy (FIG. 14). The set of timeslot blocks
which may be received by platform B via its default net
number is simply the set of timeslot blocks transmitted by
platform A on platform B’s default net number.

The result of running the query Ta=Rb is a single collec-
tion of timeslot blocks, the HMI renders this collection in the
form of a Timeslot Map as illustrated in FIG. 24, additional
queries on the relevant objects allow the HMI to apply the
necessary NPG colour coding and timeslot tooltips.

The query Ta=-Rb requires identification of all timeslot
blocks transmitted by platform A which platform B is unable
to receive. Given the description provided above to ascertain
the set of timeslot blocks that may be transmitted by
platform A and received by platform B, this is a straight-
forward task and is illustrated in FIG. 25. The collection of
all timeslot blocks explicitly transmitted by platform A
(myTxBs) is identified and then the collection of all timeslot
blocks which may be transmitted by platform A and received
by platform B, as described above (allTranmittableBs), then
the collection of timeslot blocks transmitted by platform A
which cannot be received by platform B is the set difference:
myTxBs/allTransmittableBs. It is possible to compute this
value by iterating over the set myTxBs and rejecting all
elements that are also in allTransmittableBs, leaving the set
difference.

The result of running the query Ta=-Rb is a single
collection of timeslot blocks, the HMI renders this collection
in the form of a Timeslot Map as per the query Ta=Rb (see
above) as illustrated in FIG. 24.

The query Tx (a) v. Rx (b) requires identification of all
timeslot blocks transmitted by platform A and all timeslot
blocks received by platform B such that a simple transmit
versus receive graphic may be rendered, e.g. see FIG. 26.
That Figure illustrates the timeslots transmitted by platform
A in the left-hand column and the timeslots receive by
platform B in the right-hand column; for the purposes of this
query the user is only interested in the fact that a timeslot
block is either transmitted or received and the graphical
rendering of the results does not explicitly account for the
respective RRNs (as was the case for the queries described
above), although the RRN is visible via an associated tooltip
when the mouse is placed over any of the rendered timeslot
blocks.

The collection of timeslot blocks transmitted by platform
A are returned by the query getAllTimeslotsTransmitted( )
on class InitialisationDataSet, see FIG. 27.

The collection of timeslots received by platform B are
returned by the query getAllTimeslotsReceivedBy(other) on
class InitialisationDataSet, where other is the formal param-
eter relating to platform B, see FIG. 28.

In this query it is necessary to accommodate both the
timeslot blocks received explicitly by platform B and also
those which may be received via the default net and the
special case NPGs (both of these cases have been discussed
above). Hence, the result of the query getAllTimeslotsRe-
cievedBy( ) comprises the following sub-queries and returns
the union of their results:

All timeslots explicitly received by platform B (regardless

of the identity of the transmitting platform)

All timeslots received from platform A via platform B’s

default net

All special case timeslots received from platform A via

the defined set of special case NPGs

Embodiments of the Network Initialisation Analysis tool
described herein provide an automated and extensible capa-
bility to assess the interoperability of TDL platforms in a
given network design at the timeslot level. They also provide
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the ability to check the well-formedness of the network
design against an explicit set of constraints derived from the
NETMAN Interface Control Definition (ICD), clearly fur-
ther constraints could be added as required; the model-based
approach supports a more profound approach to constraint
checking than simply range checking. Embodiments can
provide a user interface and are able to execute specified
queries in a matter of seconds, rendering results in the form
of the domain-standard timeslot map, familiar to TDL
practitioners working in this domain.

Although the results of the network design queries are
rendered graphically in the form of timeslot maps, these are
simply views over the model and alternative views can be
provided. Embodiments of the invention provide an
improvement over previous practices because they result in
a significant improvement in terms of the time required to
establish the interoperability of any two platforms in a given
network design at the timeslot level. They can also improve
the accessibility of the network design information by
building on top of a high fidelity metamodel of the domain
and providing access to a number of queries via simple
menu-driven interface. Queries are executed in a matter of
seconds and results can be rendered in a graphical format
familiar to TDL practitioners. The use of high-fidelity mod-
els is pragmatic because it provides openness to support
additional views of the TDL domain, reusing the relevant
metamodels. The embodiments can provide underpinning
high-fidelity executable metamodels that are open to exten-
sion and future re-use. Although the metamodels and tool
described in the main example embodiment are aimed at the
Link 16 TDL, the approach can applied to any TDMA-based
communication protocol.

Beneficial features of the embodiments described herein
include:

High fidelity metamodels of the domain with the associ-

ated well-formedness constraints

An explicit representation of the concept of timeslot

interoperability

A rendering engine to present the results of the interop-

erability evaluation to users in a domain standard
format

The invention claimed is:
1. A method of assessing timeslot compatibility between
a first platform and a second platform communicating over
a Time Division Multiple Access network, the method
comprising:
obtaining, by a processor onboard one of the first platform
and the second platform, data representing a meta-
model of communication characteristics of the first
platform and the second platform, said first platform
having a first base standard and said second platform
having a second base standard different than the first
base standard, wherein said first and second base stan-
dards define said communication characteristics of said
first and second platform respectively, the metamodel
including a first information regarding at least transmit
timeslots for transmission by the first platform, and a
second information regarding at least receive timeslots
for reception by the second platform;
querying, by the processor, the metamodel to assess
compatibility between the transmit timeslots and the
receive timeslots, wherein a transmit timeslot is
assessed to be compatible with a receive timeslot when
the transmit timeslot coincides in time with the receive
timeslot, and is assessed to be not compatible other-
wise; and
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outputting a timeslot compatibility map based on a result

of the querying;

wherein obtaining data representing the metamodel
comprises:

obtaining first and second network initiation source
files for said first and second base standards respec-
tively;

converting, when one or more of the source files is in
a human-readable data catalogue format, said one or
more source files in the human readable data cata-
logue format into a machine processable format; and

comparing each of the first and second source files with
respective schematas, extracting respective relevant
data from a first metamodel generated from the first
source file and a second metamodel generated from
the second source file and merging the respective
relevant data into the metamodel.

2. A method according to claim 1, wherein said one or
more source files include a human-readable Network Ini-
tialization Data Catalogue, and a machine-readable network
initialization file.

3. A method according to claim 1, wherein the metamodel
includes information regarding said receive timeslots corre-
sponding to all timeslots transmitted in default net of the
second platform.

4. A method according to claim 1, wherein the metamodel
includes additional information relating to user-defined and/
or domain-specific allocation of special case Network Par-
ticipation Groups (NPGs) of which the first and the second
platforms are members, the method comprising: identifying
additional, non-standard timeslot compatibility between the
first and the second platforms using the additional informa-
tion.

5. A method according to claim 1, wherein the metamodel
includes information regarding said receive timeslots based
on any special case Network Participation Groups (NPGs) of
which the second platform is a member.

6. A method according to claim 5, wherein special case
NPG receive timeslots include timeslot blocks transmitted
by the first platform which the second platform can receive
whenever it is not using these timeslot blocks to transmit.

7. A method according to claim 1, wherein the query
includes queries selected from a set: identifying the transmit
timeslots of the first platform that the second platform is able
to receive; identifying the transmit timeslots of the first
platform that the second platform is unable to receive, and/or
identifying all the transmit timeslots of the first platform and
all the receive timeslots, of the second platform.
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8. A method according to claim 1, wherein the Time
Division Multiple Access network includes a Tactical Data
Link (TDL) network.

9. A system for assessing timeslot compatibility between
a first platform and a second platform communicating over
a Time Division Multiple Access network, the system com-
prising:

a processor, onboard one of the first platform and the

second platform, configured to:

obtain data representing a metamodel of communication

characteristics of the first platform and the second
platform said first platform having a first base standard
and said second platform having a second base stan-
dard, wherein said first and second base standards
define said communication characteristics of said first
and second platform and said communication charac-
teristics are different may or may not be the same for
said first and second platforms, the metamodel includ-
ing a first information regarding at least transmit
timeslots for transmission by the first platform, and a
second information regarding at least receive timeslots
for reception by the second platform;

query the metamodel to assess compatibility between the

transmit timeslots and the receive timeslots, wherein a
transmit timeslot is assessed to be compatible with a
receive timeslot when the transmit timeslot coincide in
time with the receive timeslot, and is assessed to be not
compatible otherwise; and

outputting a timeslot compatibility map based on a result

of the querying;

wherein obtaining data representing the metamodel com-

prises:

obtaining first and second network initiation source
files for said first and second base standards respec-
tively;

converting, when one or more of the source files is in
a human-readable data catalogue format, said one or
more source files in the human readable data cata-
logue format into a machine processable format; and

comparing each of the first and second source files with
respective schematas, extracting respective relevant
data from a first metamodel generated from the first
source file and a second metamodel generated from
the second source file and merging the respective
relevant data into the metamodel.

10. A computer program product comprising: computer
code stored in a non-transitory computer readable medium
which, upon execution by a computer, causes the computer
to execute the method of claim 1.
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