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CNUCE C82-16

1.0 STRUCTURE OF THE SIHULATION PROGRAH

This simulation program was derived from a pre-existing one
which simulated a satellite network based on a single-transponder
total-coverage telecommunication systenm.

Protocols of access to the single common channel were basically
P-TOMA, R-TDMA and a S~ALOHA in the form implemented on SHTNET.

He modified this package, so that these basic HAPs (Multiple
Access Protocols) can also work embedded in a multibeanm satellite
system on which a large part of the +traffic was telephonic
traffic,

To obtain this result we added in the ground stations a process
vhich enables and disables the sender according to the time plan
of spot-to-spot interconnection. The same process performs the
swapping of the various element employed by the sender - gueues,
counters, tables, etc. - and related to a certain spot-to-spot
interconnection from the active area to a wait area.

In order to preserve a good sipulation of different link
conditions we introduced the simulation of the up-links and the
down-links, and, obviously, of the on-board switch matrix control-
ler tooe.

In this way we can easily introduce in the future also the
sirulation of on-board memories and related processing of data.

et OVERALL STRUCTURE

The overall structure of the program is tne following:
!%%% Prograr SIMITLS1 - TDHA simulation on satellite channel ##%%

*%% HMultibeam system - Org/Dest variable Sk kE
%% MAP: F-~TDHA,S~-ALOHA,R-TDHA L it
*%% Version 1.1 = June 1982 ok ok ke ok
*%% CNUCE - PISA - Renzo Beltrame ikl L

begin

¥ okl ok s de dokokok ok ok sk skl ok ol ok ok ok ok kokokolok ok kol ook ok ekl

#* GLOBALS DECLARATIOR %

e G e e sh o ool ok ol ook ook sl ok ool R B o ke ok s ek ok oo o ol o e el sl sl o sl :
READGLOBALS ;

® e P20 6C S OO CBEVO 8 OGO

e 00 98 O DO O GO 68688

PR e hndd ek Rk kg kR kb kb ek pdk kR ke kg ek Rk ERE
% STIBULATION PROGRAM BLOCK &
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CHOCE Cc82-

F ok e ook ok ek Aok Ao e ok ook ok stok skaloldoloR Sk dolok kol Rk
Simulation begin

ref (UTILITY) UTI:

ref {(REPORT)} REP;

ref (HESSAGE) array RECHSG{0:NBEARH):

ref (ONBOARDSWITCH) OEKBOARDSY:

ref (TRANSPIN) array UPTRANS (0:zUPTRSP) ;

ref (TRANSPOUT} array DWTRANS (0:DWTRSP) :

ref (DESTBEAMPLAN) array UPBMPLANNER (O:NBEAH)

ref (STATION) array UPSTATIOH (0:THSTAT) ;

ref (SINKHSG) array USIKKHSG (0:TNSTAT) :
§ s sk sheole shok ool sl oo oot oo ook b sk oo e ok o s ol o ool e o ool e e s e e o o o e o 3

® CHANNEL PROCESSORS #
$$********#****************************************#*******;

t#%%%% controller of on-board switching matrix %%k,
Process class ONBOARDSWITCH (NSTATE,UPTRSP) :
short integer NSTATE,UPTRSP:

6 G2 W 6O O 00 00 26 0 ¢ e O e QO

L6 9 ©9 @9 90 2 DG L6 OGO C S

P *%%%% statistics and collision ceck #®%dkskk;
Process class PACKVALIDATION (CTRARS) ;

G e 0D OO TSP QG OSSO O BE RO

e 0 @0 00 VY 20 08 0O GO SBCO OGS H

§ ok kgk up-link transponder ok kR pRkokRdk R gk o
Process class TRANSPIH (ID}:
fek id 1uorigin s kokokdik
short integer ID:
0 e & &Y 0O OO0 00 06 6 G OOER GO QOO

2¢ e OB OB CE O PR OEEO GCOTDT O QR

Process class TRANSPOUT (DB) ;
V#kdk db f-origin sskskkkksk;
short integer DB:

2@ 00 @O0 O U0 OGO 60RO OO0 CS

end #¥*%%0F CLASS TRANSPOUTH &%k
§ sk e sk s skl skl s o s kool ol ook sl o s e e ol ool ok Bkl Rk

® PACKETS TYPE DEFINITIOR *
% ook e ook s ok s Bk s o dfeods sk o sl e ke o o e ook kool ek ke o

Link class BESSAGE (STAT):
ref (STATION) STAT:

Q3 ©0C 00 00 S0 €0 PO GO OGO ECDE S

end #%%%0F CLASS MESSAGE#&k%k;

MESSAGE class RESVSLOT:

0 P EO P Y T8 B O OCOREG B T

e U GO 8 TOOE G QS 6O OCEBTST e

end #%%%0F CLASS RESVSLOT#%%%;
MESSAGE class DATASLOT;

@O oG 0O T ¢ OB OO0 OB OO 0RO &GO

end *+%#0F CLASS DATASLOT®#%#&%;
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ok gh bk k kg hk ek kkphkkfkdk bk kb ki kbR bk hk kbl ok hd kb kR iy

*® HOST SIMULATION PROCESSORS %
Agndbdkph i bbbk kR kb bddk ki kbbb v hhb bbb hhg kil

k%% generate packets ¥dbdkkduickRdibdiikE
Process class GENHSG (STAT,RATE,SD1,TYPE,HPACK,
MPACK ,MPACKFLAG,DESTINA,DISTRIB) ;
ref (STATION) STAT;:
real RATE,SD1,TYPE;
short integer NPACK,HPACK;
boolean HPACKFLAG:
real array DISTRIB:
boolean array DESTINA;
begin

® % 0O ETET Se SE PO E CC S B OE L EEE

procedure DESTINATION:

20 e 0O D ¢S ¢ 0O SPEO L OO ST

1#%% enques packets following destination #%&¥%;
procedure ENQUEUE (HSG,STAT,K)

ref (DATASLOT) HSG:

ref {STATION) STAT:

integer K;

DO SC LY OO &8 ©6G BQ OP TS &S OG 2OF

end #&kxE0F CLASS GENHSGHuE%

1%%% gink packets ¥¥kkikiEsiisiiint,
Process class SINEKHSG (STAT,SINKRATE):
ref (STATIOHN) STAT:
real SINKRATE:

G e @O 6e &0 00 QRS OCOC G RO BGE B

end #%%%0P CLASS SINKHSG®®&kk g
§ s o s ook oo st sdes okl et ol ot el ot o s s o ookt skl ok o ok ok sl ol ok okl ek ksl

% UTILITY PROCEDURES FOR STATIORS *
SR ehhk ik ak b kb kb dhkk b hk kb ket b i TR R b b bRl o

class UTILITY
begin

B ok s e sl sl ook ool ol ool o sl et o ook o sl o ke ol ool o ol ol o sk kol e ok ek

% SENDER SCHEDULIKG AND TRANSKEISSIONS ®
wkgopd kb d dok ek kb bk dokokd k Rk kb b ek Rhhk bbbk bk gk pi k.

k%% send scheduling¥Fdkdkdkigdiohs,

short integer procedure SENDSCHED (STAT,TH,TRLENGTH) :
name TRLENGTH:
ref (STATIOK}Y STAT:
real TH,TRLENGTH;

¢ 6 B0 B E R OCEe CCDE CGEO O BE SEE

22 ¢ B ¢ ¢ CEOY 88 60 GG 0O QST
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f¥%ktransnit TeServation slot®dsdkkd ki kikkikokk kk Rk dkkd 5
procedure RTRANSHMIT (STAT,TRTIME,TRLENGTYH) ;

name TRLENGTH:

ref (STATION) STAT;:

real TRTIAE,TRLERNGTH:

&% 00 8¢ @5 6 86 20 0CC OO0 OO DG

t#%% transmit data slot from new gueue or retrans gueue WkH;
procedure DTRANSHIT(TYPEQUEUE,STAT,TRTIME);

ref (STATION) STAT:

real TRTINE:

short integer TYPEQUEBUE:

20 60 €0 $O 96 O PO ©O ¢ G QG OO VO G

!#%test buffer space available¥®wkkkishikdhdhihhik .
integer procedure BUFPLOAD (STAT) :
ref (STATION) STAT;

&0 2@ 2 20 66 86 CQOBE OB CGODO

procedure STATQUEBUE (IDQUEUE,STAT,CTIME) ;
ref (STATION) STAT;
real CTIHEE: ,
short integer IDQUEUE:;

@0 00 B0 @9 60 GG O BE S D GO OO OO E

1##% statistics procedure ¥kddkkdoiikkmmdkionkbris
procedure DATASTAT (SLOT,STAT,CURRTIRE) ;

ref (RESSAGE) SLOT:

ref (STATION) STAT:

real CURRTIHE;

@000 @9 ©0 O &0 66 06 ORGSO Ve @S

I%%%% queue scheduling #sdkkikiokkkis

boolean procedure RTDHAQSCHED (STAT,CURRTIHE) ;
ref (STATION) STAT:
real CURRTIHE:

e 00 OR 6POY OROO GO0 OO ECETOO
O 06 00 2C 20 & 5 090 60 G0 0 6EQTO

269062 B Se0 S0 0O @C SO

S dkfok R kk kk gh kR Rk bk kkEkk ok ki kkdf g hhl kB sk R ke h kg hhgh g Rk

® R=TDHA RESERVATIONS %
o sk okok o ok dedhok ok ok ok kot stk ko ook ok ol ook Rk ki ok b ok ik gk

I#%% gtore TeseCvation data #&siskidkdkkiokkkdkikgdgk,
procedure RESVSTORE (RSLOT,STAT) ;

ref (RESVSLOT) RSLOT;

ref (STATION) STAT:
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CNUCE €82-=16

..O..O..O*‘.'..‘C.O.’.GGG..

©¢ 00 CT OB 06 G B CFOE BOES CEEFEE

t¥k ypdates reservation table #¥kkdki&us;
procedure RSVUPDATE (STAT) ;
re £ {(STATION) STAT;

¢ 0 36 98 G0 00 26 DG 0O OO VS PO G ER

1%%% reset synchronise of scheduling ¥&&dkkdkiks;
procedure SYNCRESET (STAT) ;

ref (STATION) STAT;
begin

procedure DUMMYSEND;

20 00 G0 00 B0 00 € VOO OO0 OO B
PO OO OB GO G 60 BB LSOO CED O OB Oe

20 00086 GO0 OO0 OO0 0B €O O 0 OO &S GO BT 0

oD OO 00 66 50 69 &8 6888 B

end#*%#%%0F CLASS UTILITY®#d&&;
§ ek ek ko ok e ok Bk ok ook b ok dok ko ok kR kobb k ok sk el Sokob kR

# STATISTICS AND REPORT PROCEDURES &
ook ok ook g kR bk kR gt kg bk bk kg hp G RpR R RRRREERERE ¢

class DISTPACK (VBEG,VEND,STEPS,GEOFLAG) ;
real VBEG,VEND:;
integer STEPS,GEOFLAG;

20 6 ¢ SR @O9 06 980 60 ©0 B 6 @O

class REFPORT:
begin
text array TESTHEAD (1:4)
ref (DISTPACK) array DISTRIBUTION (0:TSTATNUMN,0:8) ;
real array REPSTAT (0 :TNSTAT+UPTRSP+DHTRSP+2,0:10,0:7);
p3%% Q:tnstat stat.id

&

0 - effective input packets rate (bit/sec)

1 - refused input packets rate "

2 - effective output packets rate u

3 - traffic "

4 - throughput w

5 - one-vay delay {prdelay)

6 - two-way delay "

7 - retransmission gueue (conditioned) (pkt)
report only (unconditioned) ©

8 - new packets queue {conditioned) ®
report only {unconditioned) *©

9 - waiting for ack gueue (conditioned) ®
report only {unconditioned) ®

10 - output gqueue {(conditioned) ®
report only (unconditioned) ®
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CHUCE C82-16

- ginimoen

- maxisunm

= probability

- 9st order moment

2nd order moment

- actual value of stochastic variable
= cumulative value of 2nd order moment

= cunulative time value
dokkkRRR gk o

OO B WA - O G
8

integer I,J,REPDIM,INITQUEUE:

I %% data for report procedure ##dkkkikddkgrds
procedure MEASURE (ID,TYPE,VAL,PROB);

real VAL,PROB;

short integer ID,TYPE;

@0 B0 @B &6 OBHRO 0C 00 @O 60 OO GO SO @

t#%% calculate moments and normalize %&kdkifkkik
#%% yrite result on file REPORTS Fhdk kbt
procedure CALCHOHN;

20 00 B0 20 20 00 20 COOE U OO OEC QS O

1%%% yrite report on file BUPFREP s&dkdkkdkik;
procedure WRITEUP:

@ e 00 9Q CO GO OO V0 OO0 PG OGO OS B

procedure HISTODUMP:

@9 R CQO %G UL 00 BTOCO RCY DSOS O

¢ 0 00 20 OO 2DV O 0V 0L 00 QR OO GO 9

I#%% clear all the recorded data #®#kkskrkbkkgdid,
procedure CLEARALL:
GO FO L 00 &0 POPRAYO LEGC 00 BSOS O

9 90 00 08 06 08 00 PE OO B6 OO0 LG

e e 29 @ SR OO0 00 5O B CGOCOE B2CH B

2 ¢ 08 ¢ 20 69 20 €0 GO 00 BOEC Q0 Q@QC Q@

end ¥%%%0F CLASS REPORT##%%;
Pakdkdokkkbk ik kkkd kb dkkk ko dk ke kR p bk bk kR h R bk kh ke kR eR g

® STATIOR PROCESSORS DEFINITION %
ekl ok sk ek ok skkoblok ok kR ok ok dekokok ol iokok okl R ki el kR ok o

P#%4%% controller of ground stations time-plan @kads,
Process class DESTBEAMPLAN (GSTATE,IDBH) :
short integer GSTATE ,IDBN;

e eQeE0 BO GO FOEOLO G0 B SO ER S0 GG
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CHUCE C82-

Process class SEND (STAT):
ref (STATION) STAT;

G0 282 ¢ 0 2000 W OEC 00 GO B OO GB LG OO

Process class RECEIVE (STAT) ;
ref (STATION) STAT;

@@ @O0 0 O CEOD OO0 €O OC OO PO GO OB

Process class STATION(ID,IDL,NSTAT,BGATE,&GATE,
RHOISE,SNOISE,HAXBUFF,LDATA,LPACK,CRATE):
short integer ID,MAXBUFF,IDL,NSTAT:
real RGATE,NGATE,RNOISE,SNOISE,LDATA,LPACK,CRATE;
begin

LA S AR A EEEENIEEAERERNENENENYYYWY

real procedure UNOISEN:

8¢ 00 B @0 B0 00 60 08 HEC OB SO G 6V ¢B

real procedure DNOISEN:

20 BC 20 96 20 60 C0 00 00O GO OD B

procedure SWAPIN (BEAH) ;
integer BEAH:

eSO 00 G0 00 GO GO QB DRV DRSO OO

procedure SWAPOUT (BEAH) :
integer BEAH;

LA R-A B A R ENENIEEE YN EEE NN N Y EFEEE]

LA B AN EELEXEEIENEERXENNXENMNNXNE

&0 00858000 9000606 CGCGOCE GO O

end #*%x¥0F CLASS STATION®#%%%;
§ s ool sl sl e sl ol ok s ko ook kool ool ok ool sk el sl ek el ok skl ok

& RECORDS DATA FOR TIME SERIES ANALYSIS *
ek dk ook dok ok okl dokolok kol dkokok ok kool SRkl ok kb ok sk okokokok

Process class TIMESERIES(ID,TYPE,DTINE,FILENAH) ;
valae FILEHNAN;
text FILENAHW:
real DTIME:
short integer ID,TYPE:

0 60 90 G0 B0 B0 OO OO OO GGG BE GO

"6 8¢ 0e e 00 OO0 PROEOGEBEOC OO GO

end#&%k% OF CLASS TIMESERIES *kiikibhiiinioriknddiiinin s
§ sk ok oo o o s e s ool oo ol sk sl ol s o ool ot s e ok ook ol okl e sl o s ok sl

* MAIN PROGRAM POR THIS APPLICATION *
ok ook ok ok ok ok dlkok ol el o el kdok sk dolok koo ol dok ek ok ok dokkok K 5
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P#%x% reads data for time series recording (if any) #wdkskrx,
procedure READTSERIES:
begin
while not DATA.Endfile do
begin
end:
end#*#%% OF PROCEDURE READTSERIES Aok ok de o ook ok ok % o

!*#% main program body Bl hkokokok 4

!%% initialize on-board switch-matrix L2 2 L
@0 ooo..eo.caotscoo..en.ceoeoto

!'#% initialize on=-board transponders BHRERE

e oe 066 B 0 ..BOCQQOQO.QOICOOSOG
!#% jinitialize timeplanners of ground-stations &%kdsk .

e 66 26 86 ¢ 60 00 0000 OGO ES

end

P#%% reads data for station from data file #ksssshskihdky
®%% and generate ground stations b e b il L L L
0030‘000OB..DQ..Q..O...QQOQDOQOQ

!#%% reads data for traffic generators ok Ak g ol ok o o ek o
**#% and generate traffic sources Fhak kg pdkhk ki
2 & 0000000 080060006

end:

@2 26 800 60 O CGES QO

!#*¥% calculate and write periodical reports %%k
I #%% deactivate processors ¥k

e e ee 8 08 G0 OO0 SO G0 VOO OBROO GO OO GO
end #%% OF SINULATION BLOCK Sk o

P 08 0200800 00 08

end ¥%%%%%k OF THE PROGRAMN *ddbisuksokkokkdak ook ok sk ook ook
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2.0 INPUT FORMAT

Here are listed the procedures through which input data for
simulation run are given. Comments are self explanatory. A1l data
are supplied in free format.

Global data are read by the following procedure:

procedure READGLOBALS;

begin
!*#%% simulation data file - record length B0 characters L et i dH
DATA:-new Infile (®DATA®™) :
DATA .Open (Blanks (80) )

!*#%% reference bit rate (bps) *dkkxk%;
REFSPEED :=DATA .Inreal:

!%%% propagation delay (sec) #®%kk%%

*#% average - equal for all stations #k&kw;

PRDELAYS :=DATA.Inreal:

!#%% virtual slot length (bit) #sxwwss.
LVSLOT:=DATA .Inreal:

1%%% number of beans ﬂ*****#*#***********#;
BEAMNUM: =DATA.Inint;

'#%% max. number of stations per beam #*k#¥xx,
STATPBEAH:=DATA.Inint:

!#%% number of up-link transponders %%
UPTRSP:=DATA .Inint;

t%%% gipulation time (sec) Fkdkdkdkkdkikkkkdk .
SIMTINES:=DATA .Inreal:

I #%% ]load reduction factor ********#*****#*;
LOADPAC:=DATA.Inreal:

!*%% rate of reports production (prdelay) #*%;
REPRATE:=DATA.Inint:

PE%% new line *wkmdkkksdkdkikdokk

DATA .Inimage;

f¥%% number of switch states wRpBE kdRk
SSTATE:=DATA sInint:

!#%% number of equivalent states *®kkik;
SEQSTATE:=DATA.Inint:
P#%% frame scaling factor ®#®sdwukdkiok;
LFRAMEF:=DATA.Inreal;
I%x datafAraffic ratio ¥fkdkfkigkl ke
DTRATIO: =DATA.Inreal:

!*%% data/traffic ratio for time plan ik
DTPLAN:=DATA .Inreal:

Outtext(®Global data read®);

Outimage:

end*%* OF PROCEDURE READGLOBALS ek hdknkkkkkiks

Data for the on-board switch controller are read by the following
procedure:

ist Draft pag. 9 of 21
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I%%% reads data for swvitch matrizx BERShEbdhkEkd,
procedure READSHCHPLAN:
begin

short integer I,J:

if DATA.Endfile then
begin
Outtext ("error in input data %) Qutimage:
ERROR {"user err. 01wy ;
endg
for I:=0 step 1 until SSTATE-1 do
begin
!%#%% every beam block separated by a line %%%:
DATA.Inimage;
for J:=1 step 1 until UPTRSP do
{#%% a3 gset of data per line ShdkEg .
!#%% down transponder read #kw&kk,
ONBOARDSH.TRANSINTERCONN(I,J):=DATA.Inint;
!%% delay for the next state Ehdkkbiy .
ONBOARDSW.TBARSTIHEPLAN(I):=DATA.Inrea1*LSSTATE;
end;
Outtext (“On-board matrix data read®);
Outimage; : .
end %% OF PROCEDURE READSWCHPLAN *****************;'

Data for ground station time plan controller are read by th
following procedure: b

1 =#%% reads data for bean plan #&sstdseksbdhgds
procedure READBEAMPLAN (IDP);

short integer IDP;
begin

short integer I,J,K;

e
@

1%%% new line e ook b ok ok ok ook ok 5
DATA .Inimage;
if DATA.Endfile then
begin
Outtext (®error in input data =); Outimage:
ERROR ("user err. 01®) ; :
endg ‘
!*%# pumber of states for ground-stations planner %%:
Ke=DATA.Inint-1:
UPBHPLANNER (IDP) :=new DESTBEAHPLAHNER(K,IDP);
for I:=0 step 1 until K do :
begin
!#%% every beam block separated by a line Lat N
DATA.Inimage;
for J:=1,2 do
!%#%% spot to be connected bbb el 2 2 2
UPBHPLARNER(IDP).DSTBﬂIHTERCONN(I,J}:=DATA.Inint;
{#¥%% window for transmission %%%s:
UPBHPLANHER(IDP).DSTBHTIBEPLAN(I,1).=DATA.Inreal‘

DTPLAN®LSSTATE;
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t%#%% delay for the next state #%%%;
UPBHPLANNER (IDP) «DSTBHTIMEPLAN (I,2) :=DATA .Inreal®
LSSTATE:
end;
Outtext("Ground stations time plan read®):
Outimage;
end#%% OF PROCEDURE READBEAMPLAN Edn ko ok gk o

For every ground station the following data are to be supplied:

t %% reads data for stations **#*%*#t#*******;
procedure READSTATDATA (I) :

short integer I:
begin

real NGATEZ,RGATE,ERRBITC,RNOISE,CRATE:

integer LRFRAME,STATRES,MAXRES,UPDSLOT,

LRESVSLOT, LRESVPACK LDATASLOE +LDATAPACK, HAXBUFP'
boolean RTDMAFLAG,SALOHAFLAG,ERRDATAPLAG:

P#%% pnew line ¥dddcidiichiokiobiddkiokkkdhik
DATA .Inimage;
if DATA.Endfile then
begin
Outtext (®*error in input data ®) Outlmage'
ERROR ("user err. 029%) g
end;
t#*%% channel speed rate (bps) #*kbkkdkkdrsdk,
CRATE:=DATA.Inreal;
§ Sk dok b ok dokdokok ok el ook R ookobek ok sk ok ook sk okohoiok e okeok kR ko kol kok ok

rtdmaflag salohaflag

1 0 R-TDHA/F-TDHA
L 1 R-TDHA/S-ALOBA
0 0 F-TDHA
0 1 S=ALOHA
Lt a it LR L Ll LT TN

RTDMAFLAG:=1 eg DATA.Inint;
SALOHAFLAG :=1 eq DATA.Inint:
!1%%% max. number of data slots per frame #*%%%;
LRFRAME:=DATA.Inint;

Y%k reservation slots per routing frame #¥ikkdkdkis;
STATRES:=DATA.Inint:

I%%% reservation slot length (slot) *k&kskikks;
LRESVSLOT:=DATA .Inreal:

!I#%% reservation packet length (bit) #kkkks.
LRESVPACK:=1+Entiet(LRESVSLOT*CRATE*LVSLOT):

!%%% data slot length (virtual slot) #=%fkx:
LDATASLOT: =DATA .Inreal:

ERRDATAF LAG:=ERRDATAPLAG or (LDATASLOT gt LFEAMEF) :
! or (repainder(lframef,ldataslot) 1t fuzz);

P#%% data packet length (bit) #k&kkkkdkdkidks,
LDATAPACK:=1+Entier (LDATASLOT*CRATE*LVSLOT) ;

!#%% rgate and ngate values for S<ALOHA ##%¥%
RGATE:=DATA.Inreal; NGATE:=DATA.Inreal;

f%%% up-link bit error rate ¥kkkkickdikkkkss .
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ERRBITC:=DATA.Inreal;
%% yreceiver error bit rate ¥FEFdkkddkbifksis;
RNOISE:=DATA cInreal:
t4k% buffer pool allocation ¥%dkERkfiidkkidid,
HAXBUFF:=DATA.Inint;
1%%% pumber of traffic generators FkEEkEdrs .
K1:=DATA .Inint;
if ERRDATAFLAG then
begin
Outtext ("check compatibility of switch data vs packet length®);
Cutimage;
ende
end ®%% OF PROCEDURE READSTATDATA #Sddidkikihihidkidi,

For each traffic generator the following data are supplied:

1%k reads data for traffic generators %edikkkbksdpidhiisdk;
procedure READGENTRAF (I);

short integer I;
begin

boolean array DESTINA (O:TNSTAT,0:TNSTAT)

real array DISTRIB(O:THSTAT) ;

real DISTPACT:

short integer K,J,J1;

i %%% pey line Sksskdfkdidgdiohkddhdihrsd
DATA .Inimage;
t#%% jnput packets distribution #%%EE®
0 - erlang distribution of interarrival time
1 - fixed rate EhbkEEd
TYPE:=DATA .Inint;
te%: distribution factor wbkseEdERkdidd . :
DISTFACT :=DATA .Inreal; %
f%%% input packets rate (bit/sec) %ku%; h
RATE 1: =LOADPAC*DTRATIO®DISTFACT#DATA .Inreal;
1%%% interarrival time distribution S.D. *¥%;
SD1:=LO0ADPAC*DTRATIO®DISTPACT®#DATA.InTeal;
1%%% pnumber of packets per generation #%;
NPACK:=DATA.Inreal;
MPACKFLAG:=NPACK gt 1;
t#%% distribution of the number of packets %
per generation:
0 - exp., distribution
‘ 1 = fixed rate w4 -
HPACK:=DATA.Inint:
1 %%% pnew line *¥¥sdkikdbidkekdibdbideris .
DATA -Inimage;
i#%% pupber of destination sets #®sdkikidk,
J%e=DATA .Inint;
for J:=17 step 1 until J1 do
begin
1%%% new line wkkkkkdkikdpbdbbtidhidss;
DATA.Inimage;

tst Draft pag. 12 of 21




CNUCE C82-16

t%%% set destination stations #%¥E;

DISTRIB{J-1) : =DATA .Inreal;

for K:=DATh.Inint while (K gt 0) do

DESTINA{J~=1,E=T} s=true;
end:
activate new GENMSG (UPSTATION (I} ,RATE1,SD1,TYPE,
HPACK ,MPACK,MPACKFLAG,DESTIHNA ,DISTRIB}
Outtext (® data for traffic generator read®);
Outimage;
end#*%% OF PROCEDURE READGENTRAP ##b%hidddididihs,

Bt each ground station we suppose a process which spill traffic at
a prefixed vrate. The data for this process are supplied as
follows:

1a%k% reads data for sSink wRkdkskdickddsokiirR kg ke kkbkkRkidE
procedure READSINKTRAF;
begin
Th¥% pew line skudkdoikol ol kkddkkkkihikss
DATA .Inimage;
t#%% output packets rate (bit/sec) #%¥;
RATEZ2:=DATA.Inreal;
Outtext(® data for traffic sink read®);
Outimage;
end%%% OF PROCEDURE READSIHKTRAF F&®kdkifigkidkiks,
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3.0 QUTPUT_FORMAT

We have three files on output.

rhe first - usually spooled on the printer - contains the log
of the different processes initialization and activation.

The 2nd contains data for the histogram of the amount of
storage used in each ground station.

The 3rd contains statistics. In each ground station we record:

e total input packet rate (effective and refused) from traffic
sources

. total output packet rate, vs. terrestrial network

8 traffic of outgoing packets, vs. satellite sytsen

® throughput for the outgoing packets

s cne-way delay

e two-way delay if we have an error recovery protocol

e queves length (new arrival, retransmission, wait for ACK and
output gueues)

In each link we record traffic, throughput, delay and a statistics
of collisions. HWe record minimum, maximum, expectation and
variance for every stochastic variable. In the statistics of
queues length we record both conditional and unconditional
probabilities.

Data are recorded on files with a record length of 80 charac-
ters, They are in free format character representation, which is
typical of Simulab7 outputs.

Reports are produced at a fixed rate during simulation time,
The rate is another parameter that can be supplied at every
simulation run.

A4 shortened form of the outputs is reported in the next
Chapter.
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4.0 SKETCH OF A_SIHMULATION RUN

We list here input data and results of a simulation rum we used to
test the program. To have a good test we simulated a simplified
but realistic situation of ten transponder and one ground station
per transpaonder. Time plan, traffic values and distributions
betveen the various destinations were obtained from a traffic
analysis for the Italian domestic satellite ITALSAT.

Input data for the simulation run are listed below:

1.25+8 0,250 01024 10 001 070 004,70 9.8E-1 04 %= GLOBALS DATA %%
042 62 1.0000E+0 5.0E-2 5.,0E=2

8 2 7 5 4 3 6 1 9 10 1 & 0 &% *#%0ON -BOARD MATRIX
8 2 7 5 4 3 6 110 9 1 O] %%
8 2 7 5 4 3 6 1 0 0 4 % 5 &k
8 0 9 5 410 6 1 0 0 1 B% 6 %%
3 8 % 1 6 5 7 2z 4 9 2 ®% 8 %%
3 8 0 1 6 5 7 2 & 0 1 % Y %

@@e@@@e@oﬂ‘ﬁi’ﬁﬁﬁ“@I’BOOQ0.08‘“00.00"0..09@.‘OG.

QQOOG0@0.000“0'..0.‘6.'...5900.'.".‘...0’09&QSQQ

6 5 4 3 2 6 110 0 8 1 % 61 %%

10 #*% GROUND STATIONS PLAN ##%
18 7 7
1 3 5 5
1 4 6 7
1 2 5 5
T 1 6 7
101 1
P9 2 2
1 5 7 15
1 6 6 6
T 7 6 7

i0
2 2 6 7
Z 8 &6 6
2 1 2 2
2 6 6 6
2 7 6 6
2 3 5 7
2 4 6 10
2 8 2 2
2 1 5 10
2 5 6 6

10

10

10 0 1 1

10 % 1 9

0 4 2 2

10 3 1 5
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i 5 1 5
10 1 1 &
10 2 2 4
10 &6 1 22
10 7 2 8
10 8 2 2

1.200E+8 0 0 0100 00 01 1.00 0.0E~0 0.0E-0 (.00 0.00 05000 1
0 1.00E-0 9.87096E+7 9.87906E+7 1 1

10

0.1176470588 10
0.09803921569 20
0.09803921569 30
0.1176470588 4 0
0.,137254902 50
01176470588 6 0
0.1176470588 7 0
0.137254902 8 0
0.039215686 27 90
0.019607843 14 10 0
1.200E+8 1.200E+8 #%EEND STATION 7J#%%

1.200E+8 0 0 0100 00 01 1,00 0.0E=0 0.0B=0 0.00 0.00 05000 1%
0 1.00E-0 9.677UB+7 9.6774E+7 1 1

10
0.1 10
0.12 20

P8 e 06 069 PO GO B¢ OO0 FTOGBY GG

8 OF &0 08 G B0 20 BOGOGOR GG

1.200E+«8 0 0 0100 00 01 1.00 0.0E=0 0.0E-0 0.00 0.00 05000 1
0 1.00E-0 2.709E+7 2.,708E+7 1 1

10

0.07142857143 10
01428571429 20
0.07182857143 30
0.142857142Y 4 0
0.,07182857143 50
0.07142857143 6 0
07428571429 70
0.1428571429 8 0
0.07142857143 90
007142857143 10 0
1200548 1.200E+8 *%%END STATION 10%%

The 1log of initialization and activation of the various processes
has the following form:

Global data read

Propagation delay is 2.92960E+04 time units
Switching egquivalent state is 2.00000E+01 time units
Frame or nmnultiframe length is 1.280008+03 time units,
and 1.05813E-02 sec

On-board matrix data read

On~board matrix controller initialized

Up-link transponder n. 0 initialized

58 eTSS 2L 0 00 PG OO VB O OB ODOS O &G
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Up=link transponder n. 10 initialized
Down-=link transponder n. 0 initialized
e OB OB B8 9 COEO B VO B U OE DO TS O
Down-1ink transponder n. 10 initialized
Ground stations time plan read
Ground station time planner n. 1 initialized
2 2 % 2% O O F O GG 66 G OO0 O GG QB & ¢ e ¢ @
Ground stations time plan read
Ground station time planner n. 10 initialized
Data for station 1 read
Station n. 1 initialized

data for traffic generator read

data for traffic sink read
G‘O&EOIQ90&’08.0....3.600‘&‘@0.

TO 99 OWEG ¢ 68 DY GO0 DS EHEE B0 OGO @

Data for station 10 read
Station n. 10 initialized
data for traffic generator read
data for traffic sink read
Station n. 1 activated
receiver b 1 initialized and activated

0 22 OO L 0 P V2 O GO O L2 QG BO O

Station n. 10 activated
receiver n. 10 initialized and activated
Ground station time planner n. 1 activated
Ground station time planner n. 10 activated
sender ne 1 initialized and activated
DOS&SO‘BQOO.‘OU..GB.O0.0'.559..0.‘.0!
sender ne 10 initialized and activated
On-board matrix controller activated

Down=-1ink transponder n. 9 activated
Down~link transponder n. 1 activated
Down-link transponder n. 5 activated
Down-link transponder n. 3 activated
Down-link transponder n. 8 activated
Down-link transponder n. 7 activated
Down-1ink transponder ne. 6 activated
Down-link transponder n. 4 activated
Down~link transponder n. 2 activated
Down-link transponder n. 10 activated

Report v¥ritten

Histogram of memory occupancy in the ground stations has the
following form:

0,000 7.000 0,000 0,000 0.000 0,000 0,000 0.000 0.000 0.000 0.000
0.000 1,000 0,000 0,000 0000 0.000 0,000 0.000 0,000 0,000 0000
0,000 1.000 0.000 0.000 0,000 0.000 0.000 0,000 0,000 0.000 0.000
0.000 1.000 0.000 0,000 0,000 0.000 0,000 0,000 0,000 0.000 0.000
0.000 1,000 0,000 0,000 0.000 0.000 0.000 0,000 0,000 0,000 0.000
0000 1,000 0,000 0,000 0.000 0.000 0,000 0,000 0,000 0.000 0.000
0.000 1.000 0.000 0,000 0,000 0.000 0.000 0.000 0.000 0.000 0.000
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0.000 1.000 0.000 0,000 0.000 0.000 0,000 0.000 0.000 0,000 0.000
0,000 1.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000

The periodic output during simulation run has the following form:

5.41913E+05 1.92000E409 4.,68768E+06 8,03084E-03
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E400
6.66666E405 6.00000E406 4.84295E+06 2.78669E-0u
4.01338E405 1.20000E+08 4¢75349E+06 3.01525E-02
4.,01338E+05 1.20000E+08 4.80436E+06 3.05673E-02
1.00007E+00 152991E+00 1.T4631E400 1 19905E-02
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+400 0.00000E+00 0.00000E+00
0.,00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
1.00000E+00 7.60000E401 170459E+0 1 1.23759E402
1. 00000E400 7.60000E+0 1 170457E+01 123760E+02
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E400
0.00000E+00 0,00000E+400 0.00000E+400 0.00000E+00
0-00000E+00 7.00000E+00 1.92018E+00 2.47103E+00
0.00000E400 7.00000E+00 1.92008E+00 2.47109E+00
1.83014E405 1.92000E409 1.30536E+406 6.,90212E=-04
0000008400 0.00000E400 0.,00000E400 0.00000E400
1.66667E+05 6.00000E+06 1.30449E+06 2+:01286E=04
1.87500E+05 1200005408 1.28685E+06 2:98156E-03
1.87500E+05 1.20000E+08 1.28583E+06 2:92570E-03
1. 00080E+00 1.75532E400 115873E+00 1.82910E=02
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E400 0.00000E+400 0.00000E400 0.00000E+00
0.00000E+00 0.00000E400 0.00000E+00 0.00000E+00
1.00000E+00 1.80000E40 1 5.31728E+00 9,00788E+00
1.00000E+400 1.80000E+01 5631709E400 Y. 00854E400
0.00000E400 0,00000E+00 0s00000E+00 0,00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 2.00000E+00 1.52904E+00 2, 49158E-01
0.00000E+00 2.00000E400 1:528484E+00 2.49978E-01
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+400 0.00000E+00
0.00000E+00 0,00GC0E+00 0.00000E+00 0.000008+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0-00000E+00 0.00000E+00
0.00000E400 0,00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E400
0.00000E400 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E200 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E400 0.00000E+400 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E400 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E400 0.00000E400 0.00000E+00
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0.00000E+00 0000008400 0.00000E+00 0.00000E+00
0.00000E400 0.00000E400 0000008400 0.00000E+00

0000008400 0.00000E400 0-00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0-00000E+00 0.00000E+00
0.00000E+00 1.00000E400 395267802 3.018U8BE-02
0.00000E+00 1-00000E+00 3.95267E-02 3.0704BE~02
0.00000E400 0.00000E400 0.00000E400 U-00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0000008400 0.00000E+00 0.00000E+00
0.00000E+00 0-00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0<00000E+00 0-00000E400 0.00000E+00
0.00000E+00 0.00000E400 0-00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0:00000E+00 0-00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0-00000E+00 0.00000E+00

GGQQﬁﬁa@Qﬁaﬂﬂﬁﬁﬁﬁﬂﬁﬁﬁﬂﬁa 030&@&&0@%&‘65@306@93
2 e B9 ee&@@aﬂﬁ55&33‘033309@&&95@8366896338'503@

2ev a ee 603@&@000@90539&653&38306@%@@53‘&&00@6

0.00000E+00 0-00000E+00 0.00000E+00 0-00000E+00
0.00000E+00 0.00000E+00 £.00000E+00 0.00000E+00
0.00000E+00 1.00000E+00 1.03798E-02 2.79655E-03
0.00000E+00 1.00000E+00 1.03798E-02 2,79655E-03
0.00000E+00 0.00000E+00 000000E+00 0.00000E+00
0.00000E+00 6.00000E+00 0.00000E400 0.000002+00
0:00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+G0 0.00000E400 0.00000E+00
0-.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0<00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E +00 0.00000E+00 0<00000E+400 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E400
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E400
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00

0.00000E+00 0.00000E400 0.00000E+00 0-00000E+00
0.00000E+00 0.00000E400 0.00000E+00 0.000008+00
0.00000E+00 0.00000E+00 0000008400 0.00000E+00
0.00000E+00 0-.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0-00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E +00 0,00000E400 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0s00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E400 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0-00000E+00 0.00000E+00 0.00000E+00
0.00000E400 0-00000E+00 0.00000E+00 0.00000E+00
0.00000E400 0.00000E+00 0.00000E+00 0.00000E400
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0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E400 0.00000E+00 0-00000E+00
0.00000E+00 0000005400 0000008400 0.00000E+00
0.00000E<+00 0.00000E+00 0.00000E+00 0.00000E+00
0000008400 1.00000E+00 3.482L8E-02 2:67680E-02
0.00000E+00 1<550U44E+00 1.11362B+00 1.00867E-02
0.00000E+00 0.00000E+00 0.00000E400 0.000060E400
0.00000E400 0.00000E+00 0.00000E400 0.00000E8+00
0000002400 0.00000E+00 0.00000E+00 0,00000E+00
0.00000E +00 0.00000E+00 0.00000E400 0.00000E+00
0000008400 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E200 0.00000E+00 0.00000E400 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0-00000E+00
0.00000E4+00 0.00000E+00 0.,00000E<00 0.00000E+00
0000008400 0.00000E+00 0.00000E+00 0.00000E400

LN AR N R L R L R EEREE RS EEEEEEEEEETEE R EYY

38aﬁ@%DE6@'630@09@9&%@@9§$0¥E@0.@6&ﬂ&5§003@&©

GG @O e D CHES DO GO EOEE P 0 0 PEEESEEER SRS B

0.00000E+00 0.00000E400 0.00000E+00 G<.00000E+00
- 0.00000E+00 0.00000E+0G0 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E400 0.00000E+00 0.00000E+00
0.00000E400 0.00000E400 0.00000E400 0.00000E+00
0.00000E+00 1.00000E+00 9.38646E~03 2:69138E-03
0.00000E400 2s00719E+00 T-14758E+00 2. 168U5E=02
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+400 0-00000E<+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E400 0.00000E+400
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0«00000E+0Q 0.00000E+00
0.00000E+00 0.00000E+400 0.00000E+00 0.00000E+00
0.00000E+00 0.00060E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E400 000000E+00 0.00000E+00
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