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F ORE WORD

This report describes the results of a Study performed for the Air Force Avionics
Laboratory by the Electronic Systems Division of the Harris Corporation under Contract
F33615—73—C— 1172, under Task 01, Work Unit 07, of Project 2003. Mr. Mark Thullen,
Maj or James Riley, Dr. Michael O’Connor, and Mr. John Camp have served as Project

C 
Engineers for the Avionics Laboratory . The work was performed during the period 3 April
1973 through 11 June 1976, under the direction of Brian E. McIntosh and Jairne A. Grac~a,Program Managers for the Harris Corporation. This report was submitted by th’e authors in
June 1976.

The test case and related workload used during the simulator design phase were
derived entirely from the DAIS Design Study (Contract F33615— 74-C— 1023 and Texas
Instruments P.O. W776522). This was made possible by a fluid interleaving of study per—
sonne who understood the requirements and therefore made a more effective contribution
to both programs.

A related effort which was under way at the time of the report, IDAMST
Software Specification (Contract F336 15— 76-C- 1099, Boeing Company P.O. G-918746-
9178), was using MUXSIM to de-ive results . It represents the start of the MUXSIM
opera~ionai application.

The authors wish to acknowledge the significant contribution to the program
of Messrs. Bryant P. Barnes, William M. Gulledge, William M. Hirt, Ronald M. Huhn,
Brian E. Mcintosh, and Irvin B. Slayton of Harris ESD, Dr. Donald Moon formerly of
Harris ESD, Dr. Michael O’Connor, Capt . Fredrick Pensworth, Major James Riley, and
Mr. Mark Thu lIen of the Air Force Avionics Laboratory .
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Among the critica l MUXSIM des ign decisions were the following:

• Decision to focus MUXSIM on questions asked during the earlier
phases of a lypica l multiplex system design effort (for maximum
cost—ef fectiveness)

• Decision to focus MUXSIM on questions relating to the multiplex
system architecture and organizational levels rather than on detail
levels such as the electrica l design of the bus (for maximum
cost—effect iveness)

• Decision to make MUXSIM interactive (for ease of use)

• Decision to make MUXSIM Fortran—based (for ease of development ,
ease of modification, and “portability”)

• Decision to use GASP as a vehicle for implementing dynamic
MUXSIM models (for ease of development, and generality)

• Decisk~n to emphasize the utility subsystem and the development of
rea l workloads for driving MUXSIM models (for credibility of results
and rea lism)

• Decision to moke MUXSIM highly modular (for ease of development
and flexibility)

The design of MUXSIM utilized mainly a top—down approach, with emphasis
on modularity; however, in certain instances, a probe—coding (software breadboard) ap-

proach was used for sizing and feasibility studies. The rationale for all of the MUXSIM
direction and tradeoff decisions is contained in this report .

A lthough the MUXSIM design and implementation effort has included many
evaluat ions at different design levels , there ios been limited time available for on
operationa l evaluation of the completed package as a whole. However , se iera l sample
s imulation experiments were performed as part of the MUXSIM verification eFort which
ore thought to be typ ica l of those which might be performed by a multiplex system designer .
The results of these experiments, together w ith computer resources and user steps ~eçu irea
for their execution, are covered in the report. They tend to indicate, but no’ to prove,
the cost—effect iveness of MUXSIM.

In addition to MUXSIM’ s primary role as an analys is tool for use in early
stages of the multi plex system des ign process , severa l MUXS1M outputs are directl y use ful

• in later stages also. In fact, some of these outputs can be used directly either as irit c. l
production aids or in facilitating modifications to production systems, such as m g hr be
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MUXSIM is designed for ease of use but , like any other too l, t car be em-
ployed to best advantage by those with appropriate background and training , it is assumed
that the MUXS1M Basic User has some knowledge of multiplex system design; such a person
can real ize useful results from MUXSIM with very little training in the operation of MUX-
SIM itself. However, for more sophisticated exercises, the Advanced User requires some
specifk training in MUXSIM and its components. For example, to create new static mod-
els he needs some knowledge of Fortran; and to create new dynamic models, he must famil-
iarize himself with details of GASP. In short, although MUXSIM is designed to be easy
to use, it is not fully automatic - it requires a good human driver . Furthermore , although
MUXSIM may be modified or transferred to another host system with relative ease (i.e.,
it is “portable ”), these operations also require some special knowledge. References i
and 2 contain the information needed for any advanced use or modification of MUXSIM.

Regarding the future, MUXSIM has been enhanced by addition of another signal
F low list (IDAMST , mentioned previously). Harris believes that operational usage will pro-
vide the best possible source of feedback on MUXSIM enhancement or modification reqofre-
ments. In addition, the Harris MUXSIM imp lementat ion and verification efforts to date have
already revealed a number of desirable improvement or enhancement areas. These are
identified in the report .

In summary , this report gives an overview of the What, When, Why, and
How of a multiplex system development and analysis tool called MUXSIM. In view of the
cont inuing importance of multiplex systems in aircraft avionics systems design , there are many
present opportunities for such use . Significant improvements and enhancements to MUXSIM
now appear to be possible, but Harris believes tha t their specifics are best determined by
feedback from actual operational use . In other words, Harris believes that future MUXS1M
changes should be mostly evolutionary; it is so designed as to accommodate such changes with
minimal cost.

In conclusion, MUXSIM has been developed and implemented after a careful
design study by a team thoroughl y familiar with the multiplex system design process . it
is a simulation tool intended to enhance the capabilities of the multiplex system designer;

• it is not, however, intended to replace either him or his other tools. MUXSIM works,
is easy to use, and it is not excessively expensive to operate . Harris believes that MUXSIM
is now ready for operational evaluation . Such an evaluation should show that it is cost—
effective , and that it will lead to substantial development cost savings and reduced deve op-
i-nent cycle t imes for future aircraft multiplex systems.

i~ The remainder of this report is organized into seven major sections , the
contents of which are summarized below .

t ‘
~~~~ Section II (MUXSIM Purpose) deals with the motivation behind development

of the system .

~TL: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ _ __ _ _ _
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Section Iii (MUXS1M Descri ption) is concerned with what MUXSIM is .
Descri ptions are provided from i-he funct iona l, the log ica l, and the operationa l viewpoints .

Section IV (MUXSIM Bencf~i~ s arm attempt to ~~~~~ the question “How
valua ble k MUXSIM?” In addition to a genera l value assessment , the sect ion contains
results of four specif ic simulation experiments which were conducted during the course
of MUXSIM ver ification .

Section V (MUXSIM Use) discusses i-he generui circumsta nces of MUXS!M
use; .e., i-he background reçuiremermts ~icc~d on i-he ‘ sCt / how the interact ive features

s i r7  if y use , typica l use techek~ues ,. etc. /klso co- .~ ~eci c~~ ~y3icc . i use crs~ s , as re flected

~y :ha co~ic-j re1 c~source requi -emer-:s for the conc~ c. of tne four ..irnu~orion exoeriments
mentioned above . MUXSIM use is not coveted in great detail , because a comprehensive
MUXSIM User ’s Manua l exists wh ich is solel y devoted to that purpose .

Section Vi (MUXSIM Modification) concerned with how MUXSIM may be
modified and/or moved from on~: host sys~ern to anot her . Again, th is sub -~ct is not treate d
in great detail because a sepcrat~ MUXS;M System Modification Design Data Manual
has c:~er created ~or i-hct purpose .

Sect ion VII (MUXSIM history) summcrize~ ~~ development o~ MUXSIM
from the initial concept , through design and development , to imp lementat ion and verifi-
cation. Section V ii addresses the question , “Where did MUXSIM come from ’?” , Supp le-
mentary detail to: m+c three phases of the effort is provided in Appendixes A and B, while
an index to all technka ! notes , interim reports , etc. developed during the course of the
MUXSIM effort is provided in Appendix C and in the Bibliography.

Sec~ on VIII (MUXSIM Future) deals with the question “Where is MUXStM
goH~ ?“ it cover possible extensions to and improvements of MUXS1M, :o~e.-h~ r wit h
recor~mendations or. methodologies for MUXSIM enhancement , as we ll as identification
o f some soecif ic ~~ec~ w~— ec e further develooment now seems desirable.

- 

Fina~~~. Section IX isa  summary of the report , plus its conciusions and
recommenda t ions .
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• What is the probability of ost or erroneous data for a particular redun-
dancy design and given noise and failure environments?

• What is the impact on bus loading of a doubling of sample rates for a
certain set of bus quantities?

Among the questions for which MUXSIM h usually either not applicable or only indirectl y

applicable are:

• What is the maximum permissible length of the bus for a given bus

F 

technology ?

• What is the bit error rcte for a given bus system design and noise en—
— vironment?

• What is the point at which, from a life cycle cost standpoint, the mult i-
plex system becomes more cost—effec tive than a hardwired system ?

To summar ize, MUXSIM is designed to be directl y app licable to a set of
mult iplex system designer ’s “what if”? questions that cannot be readil y answered by
other available means . The version of MUXSIM that has been implemented is now di-

rectl y applicable to a considerable number of such questions; and because of MUXSIM’ s
modular architecture, it is readi ly extensib le to cover a still broader domain of questions .
The scoping issue is the key to MUXSIM’ s cost—e ffectiveness. In contrast , the lack of
suitable scop ng has been the key to failure of many simulators in the past . Because it is

of ten possible to simulate systems at any desired level of detail , it is not unusual for a
simulator designer to attempt to s imulate “the universe ”; and if he attempts to do so, the

result ing simulator is likel y to be very expensive to construct , very difficult to use, and

excess ively expens ive to run. MUXSIM was deliberately designed to avoid this common
prob lem .

3
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Table 1. MUXSIM CONCEPTUAL HOST IMPLEMENTATION SYSTEM

Relevant
Block Number Block Name Implementation Status MUXSIM Subsystem —

1 Operator Controls Implemented Executive

2 Veh icle Selection Not Yet Imp lemented ,
Need More Data

3 Avionics System Partia lly Implemented Utility
Listing

4 Prediction and Not Implemented, Need
Growth Modifiers Historical Data

5 Factor Library Partia lly Implemented Executive Subsystem ,
Static Subsystems

• Modeis SA , SB, SC,
SD, SE, SF, SG, SH

Dynamic Subsystem

• Models DA, DB

6 Si gnal Flow L si- ng Partially Implemented Uffli~y Subsystem,
A-7D Data Bose

7 Workload Implemented Utility Subsystem ,
Executive Subsystem

8 Configuration, Implemented Executive , Static
Sequencing and
Control

9 Redundancy Implemented Executive , Dynamic
Configuration and

-

‘ 
Error/Failure Status

10 Work load Library Partially Implemented Utility, Executive

i i  Simulation Implemented Executive , Uti lity,
Stat ic , Dynamic

12 Outputs Implemented Executive

~ 13 Operator Implemented Executive
Presentation 12
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3. LOGICAL VIEW

The logica l view of MUXSIM is that seen by the MUXSIM implementer . He
is typically interested in such questions as — “How do I build it?” , “How is it built?” ,
“How do I veri fy it?” . Such an imp lementer sees mainly software structure; and his view
of this structure may be at high or low levels depending on whether he is mainly a software
architect or mainly a coder .

The primary document which provides this view of MUXSIM is the MUXSIM
System Modification Design Data Manual. This monuc i contains , in addition to flow
charts and program listings , the functiona l specifications that MUXSIM realizes .

From this logica l viewpoint, MUXSIM consists of a hierarchy of named
software entities, as below :

• System - the whole of MUXSIM

• Subsystem - I of 4 ma~or components of the system; namely, the
Executive, Utility, Static , and Dynamic

• Program - 1 of several major components of a subsystem

• Subprogram — 1 of severa l ma jor components of a program

• Subroutine, or Module — I of severa l major components of a subprogram

In addition to these components, the MUXSIM implementer sees internal
MUXSIM interfaces as well as external interfaces (e .g., interface between MUXSIM and
its users , and interfaces between MUXS1M and the Operat ing system of its host computer - -

system) .. To simp’ify MUXSIM development and verification, and to increase f iaxibUiry ,
modules have been kept small , with interfaces that are as clean as possible. A lso , to

keep MUXSIM as smali as possible (in terms of number of lines of source code), modules
are generalized and shared as much as poss ible. To make MUXSIM easy to use, corisid-
erable effort has been spent on the user interface; and to reduce MUXSIM development
costs , cons iderab le use has been made of the DEC System—lO operating system (TOPS— ’U) .
Some of the MUXSIM components are reentrant, while others are not; this is because - -

there was no initial requirement that MUXSIM be usable by more than one user C:  C f c ma.

4. OPERATIONAL VIEW -

The operational view of MUXSIM is that view seen by the M’JXS IW opera tor or
by its host computer center manager . His typ ica l questions are : “How cc I get MUXSiVI

f 
running on my system? ” , “Flow much of the computer resources are t ied up by U? (disk
space , core space , CPU time, etc.)” , “How should I charge for its use?” , and “How
do I store ton the system?” .

14
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riv’c -:cU i~’, - -~iUX ,) I M is rotc iy cescr~~cd sty uca-u I~ ,700 co r s . as

- I

— - - sun -~e Subsystem , 1840 cards

- ‘t~1i~: Subsystem, 2745 cords

Static Subsystem , 3660 cards

-‘  ~ : ‘l ocs - - Sub~ystnrn , ‘,245 cn~-cs

a .-AS ~, 220cc car ds

,‘~ e U.-- - 7D c- ita base which was used in the development of MJX~~M is
Ij ,7y )  cards.

For reasons of economy, it may ~e best to store MUXSIM on magnetic tape .
In ri. , co:rn , a 200—foot reel of BOO bpi magnetic tape is suffident for the job; if stored

~n ~c - -~ceJ c~rcj taco ,, about s ix boxes of cards are needed. After c3rr r-~ ar io -, and Iir’k or
the DEC Sys tem — lO , JA UXS IM consists of about 510 blocks of object code w hicc w iU

norrnr~ i l y :‘~ kecii’ resident on the DEC System—lO disk. The disk requirements c c :

• MUXSiM

— Executive Subsystem , 66 b!cck -s

- Utility Subsystem, 14-3 blocks

— Static Subsystem , 177 bIoc~<s

- Dynam ic Subsystem , 124 b ocks

~ GASP, ‘133 blocks

~ A—7D Data Base, 1699 blocks

When operated on ~EC System— iC , MUXSIM U normall y cc~ rsen te c , cnd
requ ires a partition of 30k 36—bit words for execution . CPU tirr e requirements for ty~c L I

-
- c-c of the MUXSIM are difficult to estimate because a typ ica l use of MJXS I M U ff ~ - ’ uU

f-a define; however , as a guideline, the CPU time requirements for typ ica l simulation
e -xs,~ ri ,scnt s (discussed subsequently in Section \‘) ore si - cs ’  -i ‘a - -

15
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Table II. SIMULATION EXPERiMENT RESOU RCE REQU IREMENTS

!~p~
riment # Experiment Name CPU Time Requirc d (Miri )

Bus Loading vs. Bus Command and 20.7

Control Schemes

2 Bus Loading vs. Bus Speed 10. 4

3 Controller Loading vs. Bus Loading ‘10.4

4 Impact of Command and Control 6.6
Uncertainties on the Period ic ity of the
Fundamenta l Update Interva l Starts

From the data in Table II, the typica l costs of a simulation experiment may

be estimated . For examp le , if we assume a cost of $8/mm for DEC System -1O time , then

the computer costs of the four experiments in question are about $165, $83, $83 , arid

$53 , respect ively.  These cost estimates are made for illustrative purposes any ,  arc

show that typica l MUXSIM run costs are probabl y not excess ive . Actua l costs deperc c-

on the particular computer system accounting practices employed for the MUXSLM host

system . They conof course vary widely. More details of interest in an operational view of

MUXSIM may be found in the MUXSIM System Modification Design Data Mor.ual (re . 2).

As W L: mentioned earlier , a batch vers ion of MUXS1M now exists wh ch runs

or-i th~ HorrU Dota craft 6024/5. This is a moderate—size minicomputer system which

inc ludes 32k 24—bit words of core -and a disk . The existence of this batch version shows

that MUXSIM can be tailored to run on a fairl y small computer system; however , since

- -f,. this version of MUXSIM is simp ly a byproduct of the MUXSIM development process and

not a contractua l end item, t is not presently described in avai lable MUXSIM documen-

tation .

4-
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Th3 -ra in purpose of thU section is to atternot to answer h~ que~lon,
~~~~~~~~~~~ vc~~e is ~v ~U~~A? ” , both bricf v and substantively. T his is done sty

- - -
~~~ c~enera b~rJi~s, co~ then describing ,a,~r scec Fic simu io—

;~c~ sxper imcnts t i c~ hc- ;e been run using MUXSIM, together w ith ~~eir r~su ts .

2. GENERAL BENEFITS

MUXSIM is mainl y intended as a mult i plex system designer ’s ana lys is
toH . Spec if ic examp les of how MUXSIM can be helpful are provided in the fo-
k - ’irg paragrap hs.

In a Jc i:on to its anal ys is Oie , MUXSIM can also be hel pful in
rr- -duct ion and sot ’twa re stagec of a multiplex system development. Th is is be—
co in-n severa l of its outputs are in such a form as to be directl y usa ble as the
mu ih;’)~ex ~‘:tem cesi gn moves towar d these later ~tccce s . Fo~ the mc~f port th~ s’~-
outpurs c:rrr I~ Jp fui because without MUXSIM rhe’ .- - -nu~d ~n’.’s ‘ c ~cc prodcr€- ~
by ;-edious and error—prone manual means, \~.— nnn re cs I— itJX S’t -~ --e n ;’anc’: ~O - n  auto--
mnt call y. The remote termina l w iring iisi - an e~ omple of one ~-rh cut~~~;

~~~ -~~s~x ;~-~-~en- bil- , word, and message rrcc pf . c~:c- o; ker c~c~nr-~ec In ~he ~crrn~rr

cc-sc- , ~~
‘ is c necessary step i ke produc:ton c rc t~3s- ; to assurc. that eac h s ic,nc-

in an o~
-
~p ut from one terminal is an input to another , and vice versa .

‘,‘ b : .e this is a conceptuall y simp le s igna i cccour~ii-tg rask , it is ve ry redio-j~ to
p er r o - -rn manuall y. ~n the latter case , where t he r u - ti p lox ~yntem ‘~ of the t cr e—
C “~~ 5 n—rn.  c~ex (1DM) type, it is neccsssary to -crow w i ich s~~nuis are oss~gned

-c ~oc~ f~et d ni-rd which words are in each message in c-,r~ cr cc wr it-o or mc

rnult ~‘ ex s/ ~tem so rtw o re . his , too , is 0 ccnCo;) uc t  I> ’  ~p e ~ask , but ~ei~~ us
-
~~ ~~e ‘:‘ nc-nua~ y. (Note: iri the A—7~ - si~nc~ ~~~ U~, t here- :,r c  2~Y3) 5 ak /

rir d rh:~ -~ - r - d ~~u e — .ize s ignal f low list — s  &rc c~ , rnc~ - i~~ex s > n rcm s  go. Sst~
, e

H- -~e ‘ - “ have a si gnal flow f ist of ~3,OC0 ~‘~ ,rc is .

2 . ‘~AMPLE SIMU LA TI ON EXPERiMENTS

7resent ilrp- --- nes , a MUXS ?M ~im ’~o~ion expe r - ‘ - rn r”~- -ç - -’~ “3

, un , :s ~ ~~c1uence of MUXSIM runs intended to prov ide answers to ~ne or rno~c

- q n c cant quest ions posed by a mult iplex system designer. ” The ease and
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accuracy wit h which MUXSIM can be applied in obtaining answers to typica l sig-
nificant questions is a true measure of MUXSIM’s effectiveness.

As contractually defined, the overall MUXSIM design, development
and verification effort did not provide funding or time for a significant MUXSIM
operational effectiveness evaluation. (This work is under way as part of contract
F33615—76—C-1099.) However, as part of the MUXSIM verification efforts, severa l
sample simulation experiments were performed which illustrate typical results which
can be easily attained by the MUXSIM Basic User. Four such experiments, together
with their results, ore briefly summarized below . Three of them use static models, - 

-

while the fourth uses one of the dynamic models provided.

a. Experiment 1 - Bus Loading Versus Bus Command and Control
Schemes.

In this experiment , it was assumed that the multip lex system
designer wis hes to know which is the best bus command and control scheme for
a given bus workload . He also wishes t -~ know how much better one scheme is
than another . For examp le, if a simp le scheme is nearly as good as a more
comp lex one, it may be preferab le to use the simp le one because it may be
considerably less expensive to implement.

The present MUXSIM implementation consists of eight static
models which represent eight different bus command and control schemes . This
imp lementation covers a wide variety of configurations applicable to TDM systems ,
rang ing from completely centralized (termina l—to—central—to—te rminal) to com-
plete ly distributed (direct terminal—to—term inal), and inc ludes a number of hybrid
combinations of both . Figure 2 indicates the results of an experiment run using
the A—7D data base , which is being used to verif y MUXSIM.

b. Experiment 2 - Bus Loading Versus Bus Speed.

ThU experiment assumed that the multiplex system designer
wis hes to exp lore details of suspected bus saturation effects . These effects take
p lace . he vicinity of, or c lose to, 100 percent bus loading. The presence of
saturat implies fhat for practical purposes a certain percent of the apparent

— bus capacities are unusable for the given bus scheduling algorithm. To investigate
these saturation effects , bus speed is systematically varied while the bus work—
load and command cnd control schemes are held constant. (This is analogous to

- 

. 
expanding the work ’oad.)

m e  final results for the saturation experiment , which used a
h nary mat rix schedj ler , show that severa l fundamental update interva ls within

- 
. t hu given major ~rarre become saturated at 92.9 percent overall bus loading for

the oor~icu Ior implem entat ion tested .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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a. Experiment 3 - Contro ifer Loading Versus Bus Loading.

In thU experiment it was assumed that the multiplex system de-
signer wishes to exp lore the impact of high bus loading on controller loading . He
suspects that as bus loading increases, the controller may have to work harder in
order to implement the given fixed command and contro l algorithm. As in the
preceding experiment , bus loading is increased by decreasing bus speed while
maintaining constant workload and bus command and control scheme. The con-
tro ller loading is measured , for this exper iment , by counting the number of dif-
ferent message group sequences that must be hond~ed by the controller as the
bus load U var iec . The resuits of this experiment are given in Elgure 3.

d. Experiment 4 — ;mpact of Command and Control Uncertainties
on the Periodicity of the Fundamenta l Update Interva l Star ts.

This experiment involved the use of a GASP—based dynamic
mode l. The results are illustrated by a GASP histogram plot . For this experi—
ment , a bus load which consisted primari ly of the periodic messages plus ba& —
ground demand messages , and a command ar.d control scheme which consisted
of addressing a termina l and waiting for a termina l to respond, were assumed.
The delays in terminal response could conceivabl y cause the start of an update
interva l to be delayed until a response ;~ received from a terminal. The
response time variations are attributed to severa l factors , inc luding clock varia-
t ion and problem—caused variations such as failures of the response mechanism,
whereas the bus controller has to await the timing out of a watchdog timer ,
which disables the terminal from responding, before the bus controller is
free to proceed. This delay can cause the scheduled start time for the next
message to be delayed, thereby impacting the start of the next update cyc le
or fundamenta l update interval. Should this happen, it delays the start of
every message in that interval by that amount .

The histogram in Figure 4 shows statistics of the update inter-
va l sta rt time ~i tfe r (expressed in fractions of the update interva l duratior,)
measured while running thU particu lar experiment .

I- - 
‘
~

4. CONCLUSIONS

n summary, it was stated that MUXS1M in its present form can
provide immediate arid significant benefits to both the multiplex system designer
and to associated personne l, w ho may be production engineers or software de-
ve lopers . Also , four spec i fic simulation experiments were described together
with re~uIts to illustrate son’ e particular simulation experiments that can be
easi~;/ performed by a MUXS~M Basic User . Although these experiments are

- ~~ thought to be ~,‘~ ical c~ t hose likel y to he performed by a mult iplex system
designer , no extensive ana !yses were made of the results , and no hard con-
c lusions regcrdir. i r;c i~tip~ex systems being simulated could be drawn. The
phenomena exp lored included bus Ioodin~ and saturation effects , and the
impact of red’c ncc -aic-, management schemes .
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2 . US~ ’.

As was noted e~~~ier, t here c.re two main type3 o~ M - > ~~-M - ice: . ie cc: :~
U-er aic the t’~ \ - -:lnced User . The ~c-i -- - e: tJSC~~ MJXSIM ez nr~chy as r-na -

~~ ies o r —
I:

-
’ iri ly on ~hu MUXSIM User ’s Manua l, toge~he-r with the bui lt— in coach ng featu res o:-

~ e :‘fl~i;<S1N ~<ecut ive , in Cr1~~ :0  Con~~uCt his s~rnu~c~~cn irxe rC,scs . : - ~~ ~c t t  :r rec-i
a more d~ ;-a fler .. -i~e- -J -:e of MUXSIM software. The - , he c~-- r ie ~~y r~ -~ ui re-s ir—

form ation fou d in the MUXSIM Syste m --A-o c lfico:iori Desh r n Data A4c in . : . -
~~~~

-.- 
~~

-

-e quii-~ knowled9e of Fortran, GASP, cind/or TOPS—TO , ue ii-e r c~. c cr  :-ie t-~~~ c
us- � he hc~ i :  -nnd. Both types of user are assumed te be fa i ic’ r -

~~ :1 - .. - t

~~
- - rnJ; ~ ex :- - - - :ri design . T~ s s~~;r or: s:n- -rnor izes ~i—e needs and o-~ ced. - e, -

~~~ ne

~~~~~~ ~-:~c~--: I ser , v,— h;le ,e~ Hon VI sumrr cirizes need3 &~no prcr:c. “~~ ‘~~~ - --M l i C - -  C~
- -

l~~ei.

C ~~
— Vi~ ;~~~- p / ~ ~~

~o s- sc~iss ic -i- ‘-u,~Sl~-i .s ~y o t c C  iy :~se~i, it U rst nc :~ -~~:ry ~~~ 1 - r ~
‘-.~~:~~ l ?\~~~~~ - \  ~v use . ~~~~~ Jr(r SeI -I1 purposes , we assume that a t y~~ca- M >- ~ ~~i -  use e

the :on~~~ o~ a .-,~ iu ia~ oi c-x perimerf such as c~ scr~~ed by the flow ch .c  c - Fi ~~u~~ 5

~~~~~ this r~ow -~- -icrr , the ~ccic User may be def inec more o:ec re~y c ; c-~~ ~ h0 i~urr -:

‘ ‘ -es a~ oF :he U~ icks :r~—!/ n except Bioc< 6.

. B/~3~C MUXSIM USE

Th~ ::c:r n~, ~o~n- Fcr any em? Ioym~
r- o-~ MUXS~M, ~~-~ he~ h ; tit

I c ~ r or A-J ’ -c ’- c~.r. U-~er , is the determira;ion of ihe muitip lex sys~ern o - s ~ ;r S~ ic

an answer s desired . Depending on what this question U, MU> S~~ F’~~i~ c
not oe app Uca ble. (Here , “applicable ” means ~hot MUXSIM can be “ii & d c ~”1 usec’
.‘~~hnut riodli ir ~ on or ~h~ - 1h0 required M~ X S M  mo~ FU-ct ’n~-~ or~ - rn-nc
ne user ’s t ime and Lid-j e i constraints) . F MUXStM is nor ap~i~ ic’ b~e , t hiS-n ;c- n: :.,re

~~~ ~ i: tec I riU,eo must he :.r i ’cted anc used in order to answer ~~ que~ - ion Btcc:<~
~~ 2 and 3 of rhe flow ihurt are cnnce ~c ~‘it:: these matters , and at prc-~c c- T ; ~ .-

invc~ved are co:~:!ucte d rnc ruoHy . The user mist e sufflcien~~y coc~mzc ‘~~ ~~
- hi~. .~~- -

‘nd -;t ru:: - nrc ci M JXS!M to ‘:c~r~y out tie steps satUfactor il y.
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Typ ica l MUXSIM Use — Conduct of a Simulation Experiment
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In the specification and design of MUXSIM, a strong effort was made to S

avo id its use in areas of predictable low cost—effectiveness . It is hoped that , for the
most part, this effort has been successfu l; however , the overa ll cost—effectiveness of
MUXSIM cannot be rigorously demonstrated wit hout a si gnificant operationa l evaluation
effort . This has not yet been completed. Therefore, the best that can be done at this
point is to show some indications of MUXSIM cost—effect iveness. That is the purpose of
this section.

The method used to obtain these indications was to consider some typ ical
s imulation experiments carried out using MUXSIM, and to estimate the computer costs
assoc iated with running each experiment . These cos ts may be est imated by measur ing
the computer resources used for each experiment , and by ass igning costs for these re-
sources us ing costing schemes consistent with industry practice; i.e., by us ing the “going

rate ” for the various computer resources used . The first task is not difficult , since most
operat ing systems for large computer systems like the DEC System—lO produce computer
resource uti lization accounting data as a by—product of norma l operations.

App lying this costing methodology to the four simulation experiments de-
scribed earlier, results are as shown in Table II (Section III). From this data is may be
inferred that a “typical” MUXSIM simulation experiment has a direct computer resource
cost of about $50— $200 based on experiment run time and CPU cost of $8/mm . Of
course, though, this figure wi ll vary widely with computer resource accounting practices
from one host computer system to another, and so it is useful as a “ball park” estimate only.

6. SUMMARY AND CONCLUSIONS

Thh section has been concerned with the two questions “How is MUXSIM
used?” and “What are MUXSIM use costs?” , for the typical Basic User. In order to get
at t he answer to these questions, a typica l MUXSIM use was defined by a flow chart
wh ich covers the case of a routine simu~at ion experiment. The flow chart serves to show
the s imulation experiment as a whole; it also shows specificall y how and where MUXSIM
aids in the conduct of the experiment . Certain steps must be accomp lished monual y.
Examination of some of these steps serves to show what requirements are placed on Use
user in order for hiT- F to use MUXSIM effectivel y.

Costs of “typ ical” s imulation experiments are estimated by conventiona l
means , and found to be $50—$200 for -;-he simulation experiments 1 through 4 described
in Section IV. These estimates are intended to be considered as “ball park ” figures

only, s ince the cos ts wil l  vary wit h different simulation experiments and v. UI d fferent
computer resource occounting methods . The cost—effectiveness of MUXSIM is not , 

- -

therefore , rigorous ly demonstrated by this analysis effort; rather, it is shown that costs
of certain simulation experiments fe lt to be typical are not excessive .

In conclusion , resu lts of the analys is efforts reported here indicate that
- 

• ~dUX S M  should be both easy to use and cost—effective for the Bask User. However ,
j firm conclusions on this matter must await a more comp lete MUXSIM operational evalu-

at ion .
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MUXSIM MODIFICAT1ON

The Advanced User may wish to modif y MUXS1M by alterat ion or addition of
Stat ic and Dynam ic models and in FY :O(’, ~ther possi ble ways . In addition, others may

wish to modify MUXSIM fr va,-ious reasons; for examp le , it may be desired to move MUX—
SIM to a new host system , a enhance MUXSIM with features conceptuall y defined but not
yet imp lemented, to add more coaching Features to the Executive , to decrease MUXSIM
run t imes by tunin~ operations , etc . Fo: those w iT : inç’ ~o modify MUXS~M FCr any reason ,
the MUXSIM System Mod f ication )es~~r Data Mcnuc~ is the primary source of informa—
t ion .

A MUXSlM modification moy be very easy or quite diff icult , depending on
the type desired . Factors tending to make -ne modification easier include the following:

. MUXSIM is imp lemente d almost entirel y in Fortran IV and GASP .

• MUXSIM is imp lemented i-n modular fashion, w ith relativel y clean
intermodule interfaces.

• MUXSIM is we~i documented in the System Modification Design
Data Manual.

However , certa in modifications , such as those needed to move MUXSIM to
another hos t computer system , can he fairl y comp lex since portions of MUXSIM (mainl y
the “user—conven ience ” software) are operating system—dependent. This is because, to
reduce MUXSIM development costs , certa in MUXSIM functions ore imp lemente d using
TOPS—JO (the D~C System- iC operating system in use at AFAL) instead of making MUX-
SiM comp letel y se k-—contciined . Thus, when MUXSIM is moved to a new operating sys-
tem, these func ior s must be re—imp lemented either as part of MUXSIM itse i~ or through
the use of suitable unctions of the new operating system .

Who ~e— ’ er -he MUXSIM modification desired, the information necessary to
per form it s car t-c l ~€-d in the MUXSIM System Modification Desi gn Data Mcnuc l, w k~ch
~nciudes sections a- MUXhIM archite cture ,. components , modificat ion, and instohation.
It a iso contains i+c MUXSIM funct iona i specification.

Recomr-Tended Pb-ocedurec for certain specific types of modifications n:e

~i’ien exp licitl y, wh i ie for other types the modifier must plan his own procedures . The
reader ir, t~ re;red in- detaiU corscernH-~ this subject is referred to the System Modification
Des ign Data Mo:uc I for fs rth’- r information .
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• To reduce MUXS M ~nlti~ dev-s opn~ent ca- t~ ata ri ‘can to re L a-e r

• rhca e~, ta r’ hi rt hent Icr-c! :~ e~-,ersct ion i-in-a ’ ‘ace Len’ :h5 e s he -ic hs~
used . S c i - f i cat i y, GAS? arid/or Fortran should cc ~.tec :~ as ?r rnnr/

~rn~ i e r ’~ ; t .st i ~~s a-na .-oge s or His simulctor .
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‘ - w-s s. of opera ion .
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• The non-test bed portion of MUXSIM should be considered main.y as
software, wit h little or no special hardware required .

• To ensure MUXSIM feasibi~ity and relevance , MUXSIM specificat ions
shou ld be developed in parallel with a smal l-scale simulation exercise
to model and simulate those areas of the B—i EMUX System which have
in hindsight caused the most design problems, and wherein earl y s imula-
t ion could apparently have done the most to alleviate those problems .
An examp le of such a problem area is i-hat of redundancy management .
MU XS M  specificat ions should be developed in part by general ization
of f -s e small—scale simulation mode, deve oped for the B—i EMUX anal ys is.

• fhe MUXSIM prolect shou~d be continued through specification and pro-
tot ype development phases , because there is strong ev idence that MUX—
S1M can be a very powerfu i and cost—effective design too l.

More details regardinQ spec fk Phase I stud y met hodology, resu lts, and con-
clusions may be found in Appendix A and in Reference 5.

3. MUXS1M PHASE II DESIGN

Phase II was a follow—on stud y leading to the functiona l design and specif ica—
Uon of MUXSIM . Results , conclus ions, and recommendations of that study are conta ined
in t he four—volume Second Interim Technical Report (Ref . 6). A condensed and revised
verSion of that report is included in Appendix A to this report .

The main objective of the MUXSfM Phase II  study was the specification of
MUXSIM desi gn , together w ith a discussion of the design features and rationa le. The re-
sult ing design was cons istent with the resu lts and recommendations of the Phase 1 stud y
w ithout any major differences , except that DAIS was used as the object of a small— scale
probe-coding exercise instead of B—i EMUX .

A major MUXSIM design goal was cost-effectiveness . This was pursued,
genera l, by attempting to keep MUXSIM development and use costs ow while mox imiz-
ing use aenef its . The attempt to maximize benefits involved primaril y a cor- linuing er’s-
phasis on MUXSIM focus and scope , rea l ism, ease of use, and f lexib ility. Substantic~ly,
tnls meant:

1. Focus on those practkal and im portant rs-u lt~p lex sy:-sem desi g - -~ue-sti ons
• which must be answered earl y ~n the mult iplex system design cyc le.

2. Focus on design questions which are best answered by simulat~or .

3,  Emphas is on real multiplex sys tem work loads.
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4. MUXSIM PHASE III - lMPLEMENT/-~-T lON AND VERIFICA7ION

Phase Ill was the actual implementat ion and verification phase of MUXSIM . It
has resulted in an operational version of MUXSIM, together with all required supporting
documentation . The latter includes t h s  Report as wel l as the MUXS1M User ’s Manual and
the MUXSIM System Modification Design Data Manual . A GASP IV Manual (ref . 4) is
also needed . (This GASP IV manual s available from rilmost any good technical bookstore.)
Since a detai led report on MUXSIM Phase Ill is included as Appendix B to this Report, only
a summary and highlights of it are given here .

For the most port , MUXSIM W35 imn errenred and ver fied occc- rding i-c tne

spec ifications and plans set forth as the outpu”s of Phase ii of the Study. The two main
c~

- ~nges to the origina l specifications were the following:

1. The MUXSIM host system was redesignated to the DEC
System— lO instead of toe originall y p lanned PDP— 1/45 .

2. A number of MUXSIM output formats were changed so as
to be more user-oriented than those originall y planned.

The first—mentio ned change required some MUXSIM redesign because parts
of MUXSIM (mainl y the “conven ience ’ sofTware) ore operating system-dependent . The
second—mentioned change entailed mainly the addition of dictionaries to allow MUXSIM
outputs to be more in text form and less ir. terms of numbers .

As now imp lemented, MUXSIM comprises four malor subsystems: the Utility,
the Static , the Dynamic , and the Executive . These subsystems are in turn divided into
prog rams, then subprograms , and finally into subroutines or modules . Most code is
wr itten in Fortran, but some is in GASP, and the Executive makes some use of the TOPS —i O
contro l statements. For development purposes, code testing was done at toe module eve~
but for MUXSIM verification purposes, test ing was done at a program level. ~~ was ro:ea
earUer , four sma l l  simulation experiments were conducted as part of the MUXSIM ver irs-
cat ion effort . A ll necessary details regarding MUXSIM as imp lemented may ue found in
the MUXSIM System Modification Design Dotz Manual, while design rot ionaic w ill be
found in Appendixes A and B to this report as well as in References 5 and ó.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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. Furt her development of static models to allow study of mu tiple bus
and multi—line bus configurations .

Many other possibilities could be mentioned in addition to the above. How-
ever, consistent with the view that further development needs ore best established through
rea l use experience, Harris recommends implementation of them on an “as need ” basis.
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SECdICN IX

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

This Report has cove, ed the design, development , implementat ion, and
ver ification of a multiplex system s imulator called MUXSIM. MUXSIM is intended as a
multi plex system designer ’s anal ys is too!, to be used pr imarily in the earl y stages of a
mult ip lex system development cycle. A5 or an& ys is aol , it was intended to be easy to
use, flexible, and productive of meanirs gfu! and credible results . Above all, it was in—
terced to be cost—effective.

Following the U’:raducsiors , thin Report has included sections covering MUX—
SIM purpose, descri ption, benefits , use, modification, history, and its future . In all
cases, the coverage has beer. in summary Fashion with supporting details left either for the
Appendixes or for two other study-generate d docum ents, namely, the MUXSIM User ’s
Manua l and the MUXSIM System ModiFU’ation Design Data Manual.

The main overall conclusior .s arc that MUXSIM was built per spec, its correct
functional operation has been verified, and it is thought to be cost—effect ive. It is obvi-
ousl y neither a perfect tool nor as comp lete as it mi ght be, but it is designed to be flex-
ib le so as to allow for easy modification and/or growth.

The best recommendation that Harris makes at this time is that further
operational evaluation of MUXSIM be conducted; i.e., that it be put to the test in a
real multiplex system design context . hopefully, such a test will reveal that MUXSIM
is truly useful and beneficial. Also, such a test is viewed as the best possible source of
inputs for further MUXSIM development needs.
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MUX SI M DEFI NIT ION AND DESIGN

PHASE I AND PHASE II REPORT
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The purpose of t i s  a~
;t t  ri d;- . . so provide supporting detail regarding pro-

cedures, results , and rationale rcl~j t~d r- -se desinit ior and design phases of MUXSIM

development- . Most or i - l a  date c , ,it~sIflCCi ,nrreiin v,as ob~ained by the editing and

reorganization of data c-oc t -a~ri~-~J ~n ~~~ 
5 .sesn. ;nd Phase Il lnterim Reports (references

5 and 6). The interested re-nb - i- - c-cc ,hs- . c.dci de ,a :  h anriation on these sublects in

those two reports . Ihc areas pci - -o -P y su~:o r ,ecs by detai ls in this appendix are MUXS!M
Description and MUXSIM HU~or~’.

The remainder c- F this c-ooa ;sc. tx is divided into five sections . Section Il
covers the overall MUXS~M deve iop.s:en t ksr , ric U’ding its re lat ion to specific state-
ment of work tusks. Section coy-i- s ;~ c ,- s , c - ( VcUX -~M Definition), and includes details
on i-he what and why of MU>-bk ;.-’ Je,c~~~i c :  .5rem a functional or user ’s viewpoint . Sec-
t ion IV covers Phase II ( ‘s t:UXS :M D~~~~t s ’

~, and irc udes details on the what and why of
MUXSIM description From c o~:U’o~ cc ~i r: , n s . , : c - : i t e r U  viewpoint. Both Sections II and IV
conta in historica l info:rius ~on os :; 5 r~ - : ot’r C C , oici~n - y con cerning how the particular de—
scr ipt ion in question ‘.vos ab~-:; si :c~. r :1h-- , :;cci-~on V pi-ov des a summary and conclu-
s ions for the MUXSIM Def i r i t c n  end r 3::1 0da:e .
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- - SECT’ON I

MUXSIM DEVELOPMENT PLAN

nt i - - is appendix in perspective, the overall MUXSIM development plan
5- , m n : n - 

~-,uSbte chart form ~n Figure A- I .  As has been noted prev iously, this appen-
dix c c - ”5 ‘r- - a - t Q ~~~S c- F th~ whet, why, and how of Phases I and II only. Appendix B

~~1 5 - ’, ~ ~hn~~on rre -
~~w- 1t of Phase Ill, while Phase IV has not yet been occom~ Iished . ri

~dci ~‘- - -c to d-rrir y H-r t”e phases and their sequence, Figure A—i shows tne p Tn c pc.~
) ‘~~~~j~~~ -a - -n i- r~r i , ‘J 3 5 .

A Statemer’~ of Work (SOW) was used by Harr is as a guide in carry ing out
t t . - velopmen~ p~an. Altogether, eleven SOW tasks were defined and executed in

r’ - ~ -:sourse of MUXSIM development . These tasks are identified and their relations to
r~~ MUX3 !M phases ore shown by Table A-I and Figure A-2.

DetaLs o the what, why, and how of the MUXSiM definition and design
phases are given in t~-e next two sections.
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IDE N TIFY MULTIPLEX SYSTEM DES GN
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MULTIPLEX SYSTEM SIMULATOR WHICH 
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PERFORM DETAIL DESIGN OF
MULTIPLEX SYSTEM SIMULATOR - -
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_ _ _ _

PERFORM SOFTWARE SYSTEM DESIGN
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(ABOVE)
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Fi gure A—2 . Simp lified Development Flow Chart
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SECT ION ill

PHASE I - MUXSIM DEFINITION

I, INTRODUCTION

A summary view of the four major task groups whic h were performed in the
daf irHrr~ uhn~e is sho wn in bubble chart form in Figure A —3 . The various bubbles ore
or- - nt oled to give .orne idea 0f the associated work details involved . A statement of the
g~nercl goa l -~;F tis€ c’ - -s rat I  development effort is 0150 shown in this figure, together wit h
a -nej cc cr iterion app licable to that goal.

As may be seen from the above, both the goal and ifs major criterion are
c~n~’c general . This fact accounts for the major problem in Phase I, w hich was to define
t~-e ~roblem . Many possible simulation tools could be defined which satisf y the genera l
god , and a fairly large subset of these couid be cost—effect ive. The MUXS lM definition
pnase can be characterized as a complex mult i—stage screening process, the main result
0:: wh ich was the scoping of MIJXSIM. Details of the program and its results are given

in the following sections. Each of the task groups shown in Figure A—3 is covered in a
separate section .

2. TASK GROUP 1 - FORMALIZE MUX DESIGN PROCESS

If a good multiplex system desi gner ’s handbook existed, it would ha~.e hc’ e~:
unnecessary to perform this task group; but since one did not ex sf , it~ equivalent hod i-c
be created . The results of the pseudo—handbook development effort are contained in
in Volume II of the first Interim Report :~ref . 5).

First Interim Report — Volume II is a comprehensive , 1 18-page document
w hich includes a comp lete catalog of the elements of multip lex systems , a genera l de-
scr ipt ion of FDM concepts , a description of TDM techniques, and another catalog of
alternat ive command and control implementat ions . Although it was created mainl y to
prov ide the background information necessary for simulator definition efforts , it can ~lso
be used on a stand-alone basis to provide insight into information—transfer techniques . Ic
fact, the document as it now exists could be used as a starting point for the multiplex sys-
tern designer ’s handbook mentioned earlier .

lo give an idea of the details covered in this document , its Table of Coriten~s
Ic g~ven here as Figure A-4. As may be seen, there are three main substantive sect ions ,
covering mult iplex system considerations, structures , and command and control techniques
respect ively. The First of these includes a catalog of multiplex system considerat ions , a
condensed version of which is given here as Figure A— 5. The catalog ic give n in outline
rorm only; no attempt was made to fi ll in the details.

The bus structures section covers the two most commonl y used r1uit ip lex r~ i
tec hniques, namel’.- Frequency Division Multiplex (FDM) and Time Division Mu~dc— c-:’-
(TD M) . These techniques are discussed in a tutorial sense to provide the reader w ith on
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i - ~~~~~~~~~ON TO VOLuME .

A ~~\TA LOG OF MULTIPLEX SYSTEM CONSIDERATiONS .

III B~
)S srKucr-JRES 13

1. G&r. -s~r ’ 13
2. Fr~quenc~ fl vision Multiplexing (FDM) 

a. itroduct icn
b. Fundamental Concepts of Continuous Waveform

FDM Systems 
c. F .sndomerta l Concepts 0E Generalized FDM System s 

(1) Subsystem Level I’?
(a) Characterization of Message Waves 19
(b) Sampling and Quantizotion of Continuous

Waves 
(c) Coding and Decoding of Quantized Sarn~ les .  2
(d) Modulation and Demodulation Methods 22
(e) Characterization of the Channel
(f) Modification and Remodification of

Message Waves 
(g) Linear Filtering 

(2) System Leve l 
(a) Impairments 
(h) Synchronization and Frequency Control 
(c) Loading 
(d) Si gnol—fo.- Noise Ratios in AM/AM

Multiplexe d Systems 
3. Time Division Multiplexing (TDM) 

a. Genera l 
b. System Si gnal Analys is and Waveform Conversion

Cons iderat ions 49

c. System Architecture 
(1) Command/~esponse 52
(2) Asynchronous Multiple Access 52

d. 1DM Data Bus Desi ;-~ 
(1) Pulse Modulation 
(2) B~t Encoding 

a (3) Si gnal Impairments 
(a) Distortion 
(b) Predistortion and Equalization 

Figure A—4 . Table of Contents , Volume Il — First nte. ir~
Technical Report (Sheet 1 of 2)
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.~1 SYNCHRONIZATIO N . TIM~NG AN~ CONTROL

1 .1 lnfn:-,-~o~~on i~outin~
1 .2 G r i - -- - A rchitech ~

1.4 T - - H-~q and S’inchronization

1 .5 ~rformation Transfec Format De~i~~

~r :~ Processing

.7 Queueing (Resource Shoring and Contention)

2.0 SIGNAL DESIGN AND DET~CT~ON

2 .1 Channe l Isolation

2.2 Time Division Multiplexing

2.3 F equency Division Muitiplex ing

2.4 Code D~v r ic -n  Multi plex ing

2 .5 M:~ssa~jc Format Des ign

2.6 Error Co:r~~~~ n c.id Detection Coding

2.7 Bit Encoding Formats

2.8 ~pecic i E:~codirIg

2.9 Data Tra nsfer

2.10 Processing

3.0 TRANSMISSION MEDIA

3.1 Transmission Medic T ypes

3.2 Wire line Characteristics

3.3 W ireline Types

-
. 3.4 Operating Modes
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Fi gure A—~- .  Condensed Catalog of Multiplex System
Cons derc : ions (Sheet 1 of 2)
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4.0 RELIABILITY ASPECTS

4.1 Design Techniques

4.2 Analytical

4.3 Failure Detection

5.0 ENVIRONMENT

5.1 Power

5.2 Size

5.3 Wei ght

5.4 Temperature

5.5 Shock

5.6 Vibration

5.7 Acoustica l

5.8 Barometric Pressure (Altitude)

5.9 Humidity
5.10 Radiation

5.11 Electromagnetic Interference (EMI)

Figure A-5. Condensed Cata log of Multiplex System
Considerations (Sheet 2 of 2)
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und~ rc c’- ’-d in-~ of he c-c~err- ,‘.~~:c :  ~as o~ tnem ove cor. es or creates . ~J~c - ~e c-~
t.:o C - L n I cR~e5 ~ . -•rn j 1 ~~,- / - ~r r - -tO u-  — ct e fo l lew r rot r e:

• TDM f~~r- 1 inol3 t ray oH be of ident icc l iss:~ n, w~ ic h is a dc ’io te p~
~o- - c u , - m j - - i : j ’ ; t y .  However , if one user requires a much ~~~~~ data

~:il i-he -Dt heI - , t hen a special FDM channel may be desirable
I . -ML -~-~ chorine! am ong a group of lO—kb ps channels con—

-
~~ : ~~~~ ru ’ cnannels to o  10—Mhps reCe ive rate , even though they all

I - u it) .

• T I; re:mina s -~-or k wel~ ci~ baseband, woere the tronsm ss cn line
~~~ i-z~ - - esf . ~ cweve r , e~~ a~~zorion m d  ~o ; i r i ca~ ion are ~ or€ ec~Js
achievs d ~n F D~-i- - ca t :er ) -~ysf e~rc ; there fore , these systems ore qene lv
pre Yt :red mr ~r-~ transmission paths and very high data rates .

Finall y, ~‘ :e cornm-~oo and control section provides a diogromatic summary of
r i-a tundamenta l cori~:”mnJ and contro l relotionshios app licable to iriformciflon.-transfec
svsterrs . ~ I~- hou~~- orr t~ of the schemes described lend themselves more to one multi plex-
kg ~ch eme than another, :co attempt is made to catalog on that basis. A special grcp~J-
cci notation was developed to faci l i tate descri ption of a wide variety of command and
cor - ro t re tat oosh

In summc:y ,  the efforts of Task Group 1 led to t :me p.-e parat ion o P -c.
dccun:erit in whkh comprehens ve and detailed informaTIon regarding rn:. tI~-
c - iS or~ n w e l l  s f r - ~ccu eJ o’ r-: , It clearl y i lustrotes f~ e Cfl~~- O~ C cc

~‘~~ch d~-c~qn c~~- Ho:~ ~ usi ~ e made, cc- :-ov ides qu;ae : ne, ac the bo: ~s o~ w h~ c~~ rrc c-e—
con be mn:~e . I v.-e~--~~r , it doe-; no:- t)ro’/ide a formai model of the rr-u lt ioftx syYe m

cc ce - which ~‘cdj cn ;cc , for e >cm o le , the sequence ic i~r:~ C~ var !ous ca:~~~r cec —
!on: shot. lb ~~~. r~ ~~~ Such c nodal co., ,d serve as the basis for a rmuc “co -- ~ F~~
~~rocc’ to rn r p ~ex :ys;- e~n desi gn; but ~t appears that , at ~resecf , deve I-i::n- - r ~ -~f t v - is

type of ri-cue l is be —ord t he state—of—the art.

3. TASK GROUP 2 - SIMULATION TEC~~NOLOGY STUDY

In the case of Tack Group 1, the equiva ent of a muIt~~~ex sysre- Y- des igre ’~
I 

~: ~c~ cooo k was nced - ~d as a starting point or the MUXSIM development. A -~-o : - ~~u ~
- - is

the equivalent o G s imulator desi gner ’s :mandbook; ond ~~en, given these t~~c- ker - :- ., the
definition of MUXSIM could emerge as a re5ult c~ various screen ings eric t ,cde of ~ stu~~e~.

However , whereas the equivalent of a multip lex ~ys em des icu~ sr ’s hone ~~
had ~o be created (because on existing one could not be founb~, t he equivc ent of -c
smu lator desi gner ’s handbook does already ex ist amidst the voluminous iite~ature on sim-
‘ . - ( :t r) r hookc , pape’s , -“r-;-iagec , - ac .). Theref ore , T

0 k G c - -p 2 v as -~- -- :er to or rcnr~r

i .~,
- than Icci~ Group 1, s ince i f  consisted m:; nIy of a screening process on a reIct~ ’~ Iy -.- -e i--

deFined existing base of simulation technology.
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Considering simulation as a whole , it is immediatel y evident that the range
of simulator types is very large . For examp le , simulators can broadly be class ified either
by intended usage or by tec hnology, as shown in Figure A—6 .

It was assumed during the MUXSIM definition phase that the MUXSIM host
system was to be a DEC PDP-11 multiprocessor system as shown in Figure A-7, w ith pos-
sible relationships to multiplex system physica l components as shown in Figure A—B . It
was further assumed that the desired end product was a simu lator which was a cost—effec-
tive multip lex system designer ’s too l, as indicated in Figure A— 3. Therefore, given these
assumptions , t was tentat ivel y concluded that the desired MUXSIM would probably be of
type U2—T 1 (see Figure A—6 ). Th is conc~us ion was helpful in restricting the scope of de-
ta iled simulation technology investigat ions.

The principal rat ionale associated with host—system—related MUXSIM scop ing
is as fo llows . First , the host system is generall y viewed as a powerful minicomputer sys-
tem which provides medium—sca le computing power at a low price; i.e., eta  price suf-
ficient ly low that dedicated use of the system for an app lication such as MUXSIM is
economicall y viable. Second, the sma ll word size of the host system processors , together
w ith their small memories and lower speeds relative to existing larger systems , means
that the use of very large models and powerful simulation languages such as GPSS and
SIMSCRI PT may be undes rab le. A lso, simu lation experiments which entoil very signifi-
cant amounts of comp lex number—crunching are best avoided on such a host system .
Fianlly, the architecture of the host system is such that “foreign” devices can be attac hed
w ith relative ease; th is is mainly because of the Unibus feature of the system .

In short, the knowiedge that MUXSIM had to fit on a minicomputer system
was used in the definition phase to restr ict the range of alternative simulator types to be
considered in detai l for MUXSIM. Subsequentl y, in the implementation phase, the
MUXSIM host system was redesignated to be the DEC System— 1O, which s a Iarge—scaie

computer system . It is noteworthy that MUXSIM as defined to be suitable far minicom-
puter system imp lementation is also suitable for large system imp lementat ion; however ,
the converse wouldn’t necessar ily be true. The main impact of the original host s-y.terc-

assumption was to prevent the definition of MUXSIM as a very large—scale simulator.

With tie above in mind, the range of relevant simulation technolog ies fc-r
immediate study wc s narrowe d to non—real—time digital simulation of the continuous or
discrete event types, and in forms suitable for imp lementat ion on a minicomputer system .
Cont inuous simulat ion is best suited for describing dynamic systems which are generall y

- - character ized by differentia l equations, wh ile discrete event simulation is best for model—
• tng systems wh ich cre characterized by a set of di~crete states , in the latter case , i-be

s imulation represen s system behavior by moving the system from state to state in accord-
ance w ith well—def ined operating rules, and system state changes depend on the occu-
rence of discrete events; hence the name .

For recsons state d above, it wes determined that MUXSIM should probabl y be
c digital simulator iseful as a desi gn tool for the multi plex system desi gner, and suitable
for imp lementat ion on a minicomputer system . Further focus was required beyond this in
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— ~c - s r~~re~ tra hmirg (e.g., Link tro n~- - s  for pilot
tra ining, space flight s imulators
for astronaut training)

• U2 - “What ~~~ quest ion answering (e.g., mod e s  for
answering questions
relate d to optimal
economic policy
decisions , models
for answering questions
re lated to Optima l
system design)

Simulator_Technology

• Tt - Digitu l Simukitors

~ T2 — Analog Simulatons

• T3 — Hybrid Simulators (part digital , part analog)

a

Fi gure A—6 . Simulator Classifications

53

r 
-- -— — ---~~~~- - —  

-_-I_ _~~~~~~
-
~~

- - . - - —  —--—---— --— - - - --- - — --- ---
~
------ -- - - -—

~ 
— - —• --- - - -- —-- .-—. -—--- ——



- - -~~~~~~~~ —~~~~~— - ~~~~ - - - - ---- - -- - -
~~
-- —--

~~~~~~ 

PDP— I1
/ UNIBUS

/7/ MUX
DATA BUS

SIMUL ATOR 
Uiii ~i SPECIAL 

~‘~—•---~~~~~~~~~______ 
SINGLE

HOST ~~~~ j  PURPOSE 
_________ UNIT

I/o -
~ UNDERSYS 

— — CONTROLLER 
- TEST

L 
CPDP- 1 1) ~ = I 

‘ i 
T

Simulated Avionics
Subsystem Interface

Figure A—7. Typical Test Bed Interface — Single Multipiex System Unit

— — 
~~~~UX~~~~~

_ n

PDP- l l  UN IBUS ) BUS I
/ I CNTLR ]

MUX

SPECIAL 
DATA BUS I

H OST ~
— —ri PURPOSE J I I

SYS IEM I/O 
_____________ -

~~~~ 
____________

(PDP-lfl ~~J CONTROLLER ~ MUX 1 MUX MUX
— I TERMINAL - TERMINAL I TERM INAL -

J
1

L
1 1

I
1 1 1

iL 1~~~~~~~ l

________  

-tJ-i~~~~~~J } AVIONICS SUBSYSTEM SIMULATION FACILITh’
-

~~~~~~~~ MULTIP LEX SYSTEM UNDER TE S T 
— —

~

14 Figure A-8. Typ ica l System Hardware Interface - Complete Multiplex System

54
4.

-_
~~~I :;:I~

:--
~~~ 

-



-crc e -c re3~;;c r ~ii€- l o- r i r ;  of s riiUL~~; D’ u ~~i -
~~~ to ~~ co - - - :~ are d ~r th h, cad i r

u or ma a s e s t c -
- the r-alu~ -c :~ cc ~-i~-- .dc r-o t ; - R i-c ~~

- . Hr had ~ c u r r d e ,~ ~
In ‘j s s~~~rr~. it was d c - e r - - r i d i-Hat ~-~JX~ L’v’I m g ht we h n .  a rea t — r nr~ nir de , wh~

I-I He - is - F - !  i - e> -L rC~S~flq rI~~t iO i ex sv ;~~ r- c ot -~~orv ets ~~ ~-: <- :c’a . r r - . e - i r r , f • -

s~ be ~.rr- ~€~o thc’ r this m~H~ , w hich was r-s rm e c t ie t tec t 5 - E d ’ rode- , sr ’ou b ~e def irH

o- -c~+ elv fr om the ~~ ‘i’ ‘c :cr -~~ ; r c - i— rec ~ fi r e mode, bec cr -s ’ -  r’ the o~te t he rehnt on

un r2o t ens. ~ir-’ r i ote d — rno is of n-c great consequence. Also , i~ Wa; ‘iec~ded to rcr-

s Cie t i  - ‘ icri rec t:r c iec ~-’ f : - the non—rea l time -node in detail f i r -at

- - -c y or d C  ~~~ ea~ :ng, t n ccnc - :-c 1 - ,cC~ of c. Lc -c al  sc r - e~ c~c — e s

- -~cs b-s - - i c e - :  te i- cCu -
- NC! deta iei-e shcu o~ ocr csc r - no cC/ srud i n ‘ha ~~

- . owir ~ c r e _ : :

• Nor -, - 1

,~ r~ - C ~. 

• Su~tr r. e for minicom puter rnplenentct ion

Th is ‘icv r nc been decided , th e echnolog y stud , - o c c r c - c  m i- ick y on lononar 
suita ble for d iscret i- escn s i m r i l c . t i c n .  cr i c study was conducted using three different cc --

proac hes, narne y: ( fl ~r— eva luation rn-cr f r- ix comparison of d-sc rete event s imj ta l io r  ta r - -

queges ; 2~, a benc - - -  
~r~c r-3m ps.rison of some; end -‘ ) ,  l iterature s urv eys anc consulto-

ticris v - i t  - externa l c -nu c-t i ur -~x1~r ;t- ~ on Jic: subject .

• rKe - ~s - I t s  -~~~ tne ev aLa-n on  mct r i;-: con -c-o riso n ore ,howr in Tc~~’ s~ A — I !  ~e) - -
~ :1 r~ .

Tv -o ta bles ore rcqu s i  to cover - - o d sir n i t  r nJ nc- i n t’N sy -  -ssr ~ . ho t C  Pr) F — 1 a -i
Hr -~~C H~’sten— l O .  The evaluations mct~ix is a conv - s r - i er-~ way to ma!~~ a d e n m i i’c

comoar isor of lanous~ - r wh i l e  c c c ’  ~dc-r ing a ‘urnnei of f e c - f i r s - - , a-sd to r e  ‘ - s o p a rankin g
of ~~oss c ico Jo~ e ; ,  Hov ovu r , he cpcroc- ri. has i ts  w n r : 5 5 - ~ - - -m c d in - -

~~~ cra c ur ios ’
is ms c r y u:e~- ; i- cc -c reen ing cu rpocci .  ~c ssu i ~s u~ t his e ‘~‘-N se I . -c r t r  the - en~~t l’ -e c- c-c- -
e t u s - ,.c thc~ Fortrcn ::’- d  G,A SP ore the top two c roices , w rrs-~r-e~ i- he piorrm( - hc5t sy ;~~~~

- - t

thc DEC ~ ‘~ r n — ~0 cr the 9 T — ~ 1 . However , the can king nf o a ( c e r r c f . v - ~ s -L-
Ianguog~ s is Host e - - c rc- dependent (e.g. APL is ranked 8th for the ?[~P —t  1 , h i -  4th for ~he-
T’E C Sy s t c - m - 10) .

a f~~~~~r-r r  r eva l io l ir in  efforts , a ~enc Icrnar< appiacac wa r i-Cc to compare
• ortran ari d GPSS icr nc - in  lonme .r of ru d isc rete— even f-~ -,c model o-~ a simp le message

curio i i  nc’ c r/stem - ~e I) Its of tb is exe rc ise usc- hiowr- in TcI; p-- — - • -On ,- f -  -~~ encruc ::~ 
-
‘

- . - ‘ pure:  ucing the :ierrc -r,c; k apo -occ c bec -euse of the high cost of using the op—
orooch (Le ., model- rnu,t be developed, deSugged ard run in -ach language being a -

sid~ red). From this exercise it was concluded that , for models we ll~ sui ed for tI~ G F5h ,

~ce of GPSS resu ;s ~n substantial rec.ucf on of programming erfor t and muc h src -~ Icr
source program , but ~t entai ls the use of much greater computer resources f~ r -rrogrcrr

• ~~~~~
-. - — r , At the n-ne his c > ,ecc se was cone- , if wr ’- s t i l l  rr I thc ’ ‘ire ?vt r)c S I tv ~-ns~

computer system was - c be the PDP—1 1; and ibis exercise indicc~ed that GPSS was nat o
good simulation I a ’ ~~oge for use w ith the PDP— i 1.

L 
____  _____  

;11~~~~J:II iIE I:J-- 
-



~ ~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- “ ° ~~~ : -0 1 2~~:~ : 1~~J
I—. ~~- -o p-. ~~ ..-~ ~0. ~~ ~~- ~~ ~., —

- p.
. 

~- a -. 
~~ ~~

~~ 0- ~~ ~~ 0 •ñ ‘0 ~f l ~

~ >(
- IDJ.u.8

Ui wIs xnw 0 0 0 -0 fl fl 0- N- -G ‘0 ‘0 ‘0

X
6U~~_

~,oi6o~d ,D1npou~ 0 e 0 .0 0 o a 0 0 0- 0- 0 ~0~ -
~~rnq° &”S t~r — — — — — — — — C~

z (.6o~’ 3’J 
— — -‘- I 

: -

~~_OUI4UOD JO P0O4~ ~ e ~ o ~ - ,-. ~~ 0 ‘fi I 2 —

— — ! I~ ’1!I) ~~I l!90!A (~‘~j~
) — —

— — — — — t — —
~~~~~~~~~~~~~~ —-d -

—.5 -
.,a~nd-oo, ~~~~ I I
4 o A i I R0 i ooV (~j )  — 0- -° 0- 0 ~~ 0’ 0 fl

— 
1~~

•

~

•- — 

p~opoojc~ 400 
~~ 0’ 0’ 0 0- 0-I 0- ‘0 0- -0 —0 0 -:

0 010 JO 01O~ (
~ ) — I

_ _ _ _ _  — —  
__ i

C,) 0Ot I~~~ 4’ ~~ 
,0 U011 o 0- 0- -o 0- 0 0- F. 0 fl —

z —O ~~’ J ’ ~ 4O0 JO ~ I03 
~~~~ 

— “ I —

____________ — —t-------—
—I 1~ ItIJ O 01~) W IS 1 C

z ~~~ ~
u,,uoo•8o~d ‘0 N- F-. ~~ -0 -~

~~~ ~0 01O~ ¼J — — — — — — — 

•J1r~ M9u •Oj I U
‘0 ‘~~ fl -q -~ 0-1 —

~
.._ 0.. 6o1u~oa 1 1o aso~
Z o.. ~~

— — -— — — ——
~~~~~~~~~~~~

— — _ _ —  
- B

LU - , 
~~~ 

1—, 0- -0 0- ~~ -0 ~~ 0 -0 ‘0 r~ ‘0

_ _  _ _  

: 1

a.. h—

- 

; 0 ‘0 ‘0 0 ‘0 0- ‘0 ‘0 ‘0 F. PS PS ‘0

—_ ---- ------- ~~~~-— — —  — — - -

~~~1 
-

4 ! ~~~ 0 ‘0 ‘0 -0 F-~ fl ‘0 fl ‘0 N- PS ‘0 fl

~~~~ 4
~~0 4 - ) - j i i  

® 
— -_

- 0 ‘0 ‘0 ‘0 0- 0 ‘0 N. 0- N. ‘0 PS I -�

2- ‘.I ~~°.-” I00 &0i (~) I 
— F, c~~

0 4  - 
~~- ‘ ii ‘ - 0 0 0 fl — — 0 “1 — fl “1 fl 
—

‘. I!’1°~!”S ~ 
— — — 

I 

— -
~ 

-
~

Il dad ’°J I
-, c - o ~~~(~)j  2 2 2 0 0 0 0 0 0 0 0

2 ~~ 8 ~ -

- _ I . - ~~~~~~~ - - 
-

~~~~ 

j _ J
~ ~J ~

_
~~~~

° 2 

~~~~~ L_i
- - 

— asodJrIJ oJeu.O QOI4O Iflw IS ~cod.n~ 1o130d5

56

-~

II- ,

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ 

- 

~:i:.~::~ 
-— -- 

-



V ~~~~~~ 
-
~~

---—-----, - -- - ---- -------- - —--
~~~

- - -  - --- - -— ‘-~~~~~~~~~~~~~ ~~~ -----

~1_ 
_

I 
.I4,;- % j ’ 0

~~~
’ 0 ’ 0 I F -1 N - ’

~~~~
I ’ 0  

~~~~- -~~~~~~~ - ‘ b-- - --i-~~~ 
—

— - 0 ~~- L- -

‘0 — t 0  c- i -  ~

I

i 

c \ i i~~~~~~~~~~~~~~~~:

N ~~~~~~~~~~~~ 2 ‘0 0 C) C I I  11- 0- ~ - C C -

- 
4, �ir I 5c ~ - 

- — — - — , - 
— 

- 
—- 

:
— 

-. .4, - - - 
‘ -

- I , -
‘~ ~4,0fl J° ‘ -I - nO 0- ‘ 0 ~- ,-~ ‘0 0 ‘0 -~~ ‘~ - 4 “ -,

I i A
~ ci 

~ ~~~~~
—_ ,i —— i____ 

— - -- 
__ _ ii_ ±

I 
- I 

- 
- E -.

- I - 0 -—
$. - 4 f l  ).-,00 4 ‘ 

I0 - ’ 0L ”_2
~ 1~1i_i1:: r ~~ ,

Z — P ° ”~~~~~ - 0 4, 0’ 0 0- j ‘ -  
- 

0- 0- ‘0 - ‘0 
- 0 fl - - -

~~~~~~~~~~~~~~~~~~~ 

~~ 
__

i I — -

~~~~~~I
_

~~ ‘~~~~~~~~~~~~~
I
~~~~~~~~~~[ ’

- - 
- I - 0 -‘-- 0 0 0- N. 0- fl - -  ‘0 - -

~~ - - — -
— L U  - -‘ - - ~~~ 

- - - ‘ - - t— - 4 - - -
U. ~~~ ~0 I , 0 ’00) . I -

‘~ ~~~~ -, - ~ 5..co -- n P. 01 ~~ ‘--. 0- 05 N. ‘0 ~~ ‘ -

I—i ~~ . ,4, ~~~ - -~ • - - ~ 
-
~~ I -----  

~~~~~~~~~~~~~~~~~~~~~~~~~ -

!~ ~~-4 I

- - 0 1  ‘0 0- 0) 1 - 0  4, - 0 1  PS PS 4, -
-

- - - - I I 1 F 
-
~~~~

— - - - - - - -
~~~~~

-—
~~~~~

-- --, —- _ —
~~~

- — -  - - -
~~~~~~~

- — *

- - 

- 

- T -

- 

- 
- I - -.. -o 0- - c 0 

- 
0 - - ,- - c - S

L ±~‘±~~~
_

~
4 0  

~~~~ I
~~~

_ _ _
~~~~~~~~~

_ L  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I 
fl 1 0 0  0 ~~~~ - 1 -  ‘0 1- ~ 

-
, -~~~~—- I 

I 
- - -

~ ~~~
--

L _~~~~~~~~ c~~ - N —  
~~~~~~~

- 0
.0 , 

- I 
- - - - -~

4, 
- ~ 

c c 
— a 9 — — I 

—

• ~~i ‘ r i - 5 ~- - ’5 5 — — - — , —~

— --—- —--~~~~~~~~~~~ ----~~~— ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - -

• 
c U .  

9~~~ 9 . I
~~~~~ r E ! 2 I o I 0 I 9 i D  0 C~

~~~~~~~~~~~~~~~~~~~~~ 
- -

~~~~~~~~~~~~~~ ~~

/ 

I i L PS

•-
~ ~: ~ 

- 

I
-- ~ IJ , 0~ < ‘-H - IJ C’ ~ C I

4 /
1’ 

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — r .  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
- ;Air 4 0Aat.09 

- 
.~~~~ j r l _ , - ~ ...-:.Iu- ,j 3 D

~~’ -

6 7

4

- -. -- t ~~~~~~~~~~~~~~~~~~~ 
- - - - - --—-- -

- — —------~~ - --~~ ~~~~~~
- —

~~~~~~ - — 

..

~ 

.

~~~

- - ~~~~. .n..~~ 



- - - ----- - -—— ------—~--- - - -- -- —- - - - --- -- - --. -—O-- --- - - -- - - -  ~~~~~~~~ -------—

Tab e A— II~

FORTR A N VS . GPSS FOR MESSAGE--HANDLING SYSTEM BENCHMARK

I FORTRAN G PSS

1. Program Name MHS 1 1 MHS 3

2. Programming Effo-f (Man—Days) 2

3. Debugg ing Effort (Man—Days) 1 1

4. Size of Source Program

- (No. of Lines) 330 28

5. Computer Resource Units (CRU) 3 24
for computation and execution

Finail y, the literature survey/expert consultation approach toward simulation
language evaluat ion produced several published simulation language inventories and corn-
parisons, and revealed a number of interesting details. The main result of the effort was
to strengthen the impression that neither GPSS nor SIMSCRIPT was a good choice of im—
plemenfotion language for MUXSIM, given that the POP— i l  was to be :fs host sys tem;
but that a Fortran—based discrete event simulation language called GAS P was in existence ,
wel l documented , well—supporte d by an independent software supplier , and well-suited F or
imp lementation in a minicomputer system . :n a crude estimate of simulation language
“power ’ , GASP was found to occupy a posi-ion somewhere between GPSS and SIMSCRIPT
(the latter being one of the most powerful d screte event simulation languages available) .
In addition to discrete event simulat ion languages , several mature arid successfu l s r m u ic-

tion packages such as SCERT (System and Computer Evaluation and Review Techni que;
were examined in some detai! as part of the literature survey/expert consultation approach ,
but none were found to be directl y cpplicalrle to MUXSIM.

n summccy, t he efforts of Task Group 2 entailed a broad survey of ~‘~e entire fie id
of simulation technology with part iculot emohasis on discrete event simuiat ion iacrg uc-~~es
that were both mature and wiooi y used. From this effort it was tentative l y conc;uded shc~
MUXSIM should be imp lemented in Fortran and/or GASP, and should incorporate some of
the good features found in mature and successfu l simulation packages such as SCERT . Arecs
of simulcHon technology such as real—time simulation techniques, analog and hybrid shns ’—
lot ion, and continuous simulation languages were not examined in detai~ pending demor- —
strat ion c~ the need for such investigat ions . In hindsight, it IS notewortiy th-~~ portions c~
MUXSIM have been imp lemented in a recent version of GAS called GASP iV , which has
both discrete event and continuous simuiction capabilities . However , ;ne latter have not
yet been used in models imp ernented to date .
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4. TAS r’ ~~ L UF’ b — - i~ Y S1C; ’ .”l ,(~--NT i ’A U i’ L) :) i f l ~ ’J QU T;3t’- - - .~

s” - c I - , IOS’ .’ -~~~ tb i5 os k grn~up w1 - t o  der-t if y those s i ç- i i f icunr multi plex sysre r i

or n u r~ct uris vvhicr ’~rs ’ h t - sr  answered by s i m Liot ic n . Ir ‘ ;r ~ ~r a , a riec on qces tion

~eg~c’d.cd o - H 
~~

- - c~ r - ~ ~ -e nus~— c-ff ~ c~’v ~?esI c f rhs ’ rcsul to, t rrcu ti plex system is

~trc ’ r’ -k’ cff~s c - cn ~i-~ rc onuA 
~~

-; crUd h-ic- n J E r N I C O  is best a c s \ - ~~ceb ~y c i r cu ic r ion  its

‘nss’,er cann,sr 0- c o r n ’  er ut ‘ - r r  ,n -n u  othor -means ova OL> l T c he r r .  p cx system
‘ c~r .

I - ide - ; f -o  ‘ s s- ’ -c s c . r’d~ nciinl y a ~uc -r— e n~c. oroc~ ss nrrs-9 d 4~n

‘y r -l a r’ L I t~:) lr >. -‘‘5 1 ’ T  s i t~~ ond Hr’ iuc. r an tec kn o’ ’ ogy - :- ersn c !l y .  . . _  on t i 5  r - ~
-; t r : t~ ~~~

C - u ps e— ~ 2 , p~ -ci f~ca ll y - Thu ~:-c :~ ss ~~ e~ i c i r il, J !;p t e -ted cc a rc ree — pi~cs. .

~
- r r-~~ inr~ -ac~: - - i. F ir;- c-~ 

C . 0  
• 

, - .- - .c . t or -c~s -um rio I eod~ io ‘o the ‘c  - - i ts c; cc - i s  erso t
- /.C” hoc , i—s enss r ira, n’ rn ceis iH B’ t o  ~se Air F ~rc~ 

‘~~~~ ~ f- ’ - ‘~~~ ~ “- - cc , MJXS~ - ,r ~1.CL 5.

r - c ~ u a p r  cao e at rI tes r  c o s s i s I e  r r r r e  the muitio esr s-~coem c cr s qn cyc ie.  Ration—
rio or r - - —: , i J reC 3’ 550 -:Ciiy t ‘ I ,~~~~~ / I’I ~~~ c rit ions hove b e  g i e s t - e s t  everage ann
tap - c; t soc u . is C I ‘:.t s r i r u  a i i~~i n-c-n be c c r r e  ~ f : - ~ r’• y s o ’ - of c r-s e

and in -o c t  a H:e-4s-c- -e protot ype can be v uwed as a sp~cHH c-a ce of a detailed
ae’ c~n mula . H v~eve’ , ~he later ri the deHan cyc le  t~ - s ~ s muHit ice ~s use d, the
ar-~o-c r th4- cost of :irruHt u -s cr oiel dev elopmerc : and H greater i-be cost ot design
c hunqes nd~~C1-~~~d us- ’ s m ~ - rHo r- results . ~f .des gn en-crc ore f o r r o  sac - late n a desi gn
cycle , a ma jor decb~ c Ho se r ’cy  on ;; r- ucJ-Cr CC . for cost ann rca e du !-C - C ss , c u d in-_
a Har rcJ -- oid” t ype ~ix ‘- r c y 1e - n - c  ssn ry .

Be cause of this c - cs ump ci rs-n, ~H-c c -nec n~ ~-! L-XS iPJ- was c - r - c - -.- rid so a: u.- r—c ~r e
app ’ s: ~t , c  moi d y s- t r4,c c~-.-~~ .

‘ c- s s3~~~~to o r’c - 4 - - b- -  ~r - I  - o r ’  V C r C C
There a- -n the ‘h; -:~ p cta: n ” i -, - -‘s in- ypo c.uesBH~ r’ ibe ~r - .’- e  ~ “- - h u h  ‘rictermine
t ie  bask “s- - i t ipiex - ict ’-r a - c : r r t n c s - I - . i-~ c,c ia es are:

- ~‘rha - IS c r cc p . ed bus speed?

~ ~‘/ ‘c a k -lie -,:r c-o r rote Os th~ bus’:

* s~’ i C  is the o~ s i- r cd his s ccrsir: c .d IJc-J ._ on~i~~l ~C i € i r  is?

~ 
How mcny Yme~ per second ~Hoald a given r isc s ignal bo samp led ?

~ H-a~i rn-C r.” tenr. rncls w i l t  be 

• What is the n:a;-Hmum occephc Ie pCi - a ni r -  ccci  for the r,-I -J tç  h e x  s y s t e m ?

• Sho~ t d ,uc cont rol be centra l ized or d ts t rhhut - o d?

* - i i i  ~~e runu r F , c -  -51 1 I.soricy, and a-u s t i e d ii ~~~ is 1’ - r - e l  \V - -at II

- 
- the re— iHred n rj I t i p l€ >: s- . s t - s m tV1TBF)?

• hY:c , is cc  r n-sat of v~~r~~-cj rusr I~ ip :e~ - ,,‘ s r n -  MTr on li fe cyc le  co r- a
~s4 fh tnar ‘ r h - c r a f t ?
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host system is a minicomputer system wit s , Imitec memory size and processing “norse —
power ”, and quest ions rconsistent w is h these limitat ions were deleted . This step cor - ist i—
toted Phase three of the three—p hase question screen ing process , and List 3 is the resu lt—
rnt  list of quest ions. For economy of oesc i~~t i’ar , it is best character ized by the three
screen ing steps mentioned above , rat her than by an exp lic it question list .

5. TASK GROUP 4 - IDENTIFY MUXSIM FUNCTIONAL REQUIREMENTS

Although the pr incipa l fu nctiona l requirements of MUXSIM are largel y deter-
mined (albeit indirectl y) by the list of primary tcrgc-t design quest ions, it was necessary

~c proceed f~ rtb~~r and give exp lic it requireCients far MUXSIM inputs , outputs , varia bles
of simulation, control mechan isms , etc . T~ e:e mat er: are covered in th is sect ion , wr-iich
presents an integrated functional conceptua -) eve J descri ption of MUXS M as a whole.
This is the major result of ‘-sce Task Group 4 effort . The descri ption is that of a fairl y
large and comprehensive simulator , but it is not imp t led that the first version of MUXS1M
built should imp lement all of it . Ir is primaril y provided by Figures A —b and A—l i , to-
gether w ith supporting text and other assoc ioted f igures . Figure A— b provides a very
general v iew of the role of MUXSIM in. tne avionics multi plex system des ign process ,
while a more detailed functional view Is provided in Figure A—i 1. These are the key
figures in th is system , and they are referred to often in the discussions that follow .

a. MUXSIM Inputs (including Var iables of Simu lation)

Under the heading c-I inputs , the following subjects ore covered in the
indicated sections :

(1) System and Wor kload Description Inputs
(a) Signal Flow Listing (Level 2)
(b) Avionks Systems Listing (Level 3)
(c) ‘.ir Vehicle Selection (Level 4)
(d) ~imuIator Inputs (Level 1)
(e ) “Prediction ” and “Growth” Inputs
(F) Conned inputs

(2’ Simulator Control inputs
(3) Test Bed Inputs

A ll these inputs ore shown in Fi gures ~ - ‘O and A— I l , wl f ’r- the exception o~ test aed
• inputs which are treated cepo’otelv .

• Consider ~ir~t F gare A— 1O , ancs recoil that the basic “rea l wo r la ” or-oh- len-
that MUXSIM addresses is that o~ inform ation transfer . Often the basic problem concerns
-urn’: fj t u r i - t i c  requi— ’:rnent w h ch ic no’ ‘c~: :cc n--hy defined, and w hich imp i e s  req Ire--
merits for growth and flexibi lit y which crc c j b~e c r -  to j udgment or predict ion. The info’—
motion characterizing and influencing the information transfe r system requirements is that
re ferred to as “General Inputs ’ n Fi gure A-TO.  That information which describes the
candidate information transfer svs rem whic b s supposed to meet the information trc rn- er
requ irements is referred ~c as the “Variab les of Simulation ” in Figure A— 1O . That ir F as~
mation wh ich t e l l s  the meitiolex system desi gner what he rea lly wants to know , e.g.,

62 

--— — — --- --‘ -~~~ .- --. ~~~~~~~~~~~~~~~~~ — 

—-- — - — - —-- - -—— 



_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _

1 ~ 
- ‘

Z I ,L 
~c i -u ~5

-
— C- ‘ ~ 

- ‘
- ~ --

I—- Z

,!: ‘:

c~ ~: ~~- ~~~ 

— - - - -

-

~~~~~~~~~

- -< _ 
-
~~~~-s~ /

—

~ -

-lo
Jr -

~ 

-

~~ 5-
9 ~

~~~~_

f

,_

-: —- ~~ 2 ~~ 
-

F 

-

~ ~~1;

• o~~~ ô - ~~
s

<i - - -s -

- 
S 

~~

63

-I-

_ _  _  
- —--~~~

- - -- - - — -- --—— - --—- -

-~~~~~~~~~~~ ~~~~~~- -~-— ~--— ~~~~~~ - - ~~~~~~ - - --- - -— --.---- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r - — - - — -‘----

‘

~~1

S~~ 1 E M A k L -  W ORKLOA D 0

____________ 0 HICL I

~ 
~~~~~~ 

___,J

~~~~~ 
-‘
I’ 

~~~~~~~~~~~~~~~~~~~~~~~~ 

COMPILE

n 

(____~______ _J ‘ AVIONICS
c rc - sc  - - n- ’~~ ns -c ~ .R- -~~ _

COMP ILE LISTING 
-~ _ -? - L E V E ~~3I

— ~ PQEO i cr rO - - - : -, L,-~,- 4- 4 -  ~.‘ , -,
AND 

~~— COMPILE 
L

1 FAC ~ OP
I GROWTH LIBRARY Le~ e ’ 3 4~ -~ ’-~ ,

MODI FI ERS I 6 - ~~~ ••‘

~ 

SIGNA L I’~~ W

& M~~i --l 5,i,~ ( L EVE L  2-  SE 08 - ‘~~~

S MUt ~‘OR INPU ’- LEVEL i

I ~~~~~~~~~~~~~~I~~~~~_ _ _ _ _  _ _ _ _ _

I (coNe GJKA T !ON Th ~~~~~~DUNDANCY ~~
WORKLO A L - SEQUENC ING CONFIGURATION 

-
II AND as—c c

J~ ~ 
CONTROL J ~~~~~~~R’rAILuRE s1A~~~)

~~~~ 

~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~ M O D E L

L I B RA R Y ; /  

~~~~~ 55A 7D SIMULA ION
V O P K L O A D  I I

- MUX

I i SYSTEM
I I 1’  MODEL -

- - - - ‘  - ~~~~ __ —‘ DESCRIPTION
~ cc -l L~~~~~ER~~ — — V —

‘
- 

• n - a’or - ,erc _ . -

~

eec . 
ouTputs ouTP ucc

I I Cr”~ ’x,’ I - ‘,sNCT (QNAL ‘- , - ,~-

‘-‘------ 
____ __ _1 J .4, a. -“~~‘—~~.--‘

Co’ eQo - 2. OQ E P A T C N A S  - iio* — •

o ~~~

‘

Co’e io, , 3• — ‘-l Lo, -no -,

~~~~~~:N T A T ON 

~~~~~~~~ ,a

Fi qis re A — I l . MUXSIM System — Conceptual Level

64

L

- — _. .. -. - —- - — -

— - 
- - 

-

~~~~

-- 

~~~~~~~~~~~~~~ 
- -

~~

- —~~--- -



‘~~~
- i:h ~~~. 

ov ~ ro O:terl iat .Ve desi gn schemes or techn iques best meets the reqeirements , is
o as ‘Outputs of the Simulation Exoeriment .” It shoulo be noteo t~.at such ;n~

r - sc j t - ou is no~ gerieraHy the result of a sing le run or exercising of a sing le model, ~~
ro~her is ne result of a number of runs on a multi plicity of mode s, which in the aggre—
car e ‘ral, be -c - F: r ,ed to as a “Simulation Experiment, “ and which has a different mear ,no
Brorn a simp le ~.imulation . Those languages which assist in the translation from a formal
Je:e r pt r o n  of me n-- u it ip iex system and its workload to a working software model of the
riult iplex system , toget her with the data for driving the model , are referred to as “Sirnu—

- ‘i~~~~~
— ~ er~~otion Languages .” They are usually e ither general purpose programming

- ‘ii q~ riero l purpose s imulation languages.

N—s x consider Figure A— il . It presents a somewhat different bu- ec-j iv~ ls ~it
cv. of ML’X~ IM inputs and outputs. provides a more detailed and anal ytic view cf

rh~ situarion , and more directl y supports the discussions in this section . Therefore it

~r- ceI d be regardej c~ the primary illustration for points mode hereirlafter .

11 ) System and Workload Descript on Inputs

In order to use MUXSIM in his system design efforts, the mu lti plex
‘ stem designer must ultimatel y provide precise formal descriptions of both the alternative
system models he wishes to study and the workloads he wishes to apply to those models.
However, in the course of arriving at this level of description , which I’ referred to as
Level 1 of the inputs in Figure A— li, he may first work with higher Ieve i and more in-
direct descri ptions of the information transfer problem from which he subsequentl y d. -
the Level 1 inputs; and this derivation may be by manual, semiautomatic , or automai-~
means. These hi gher level descriptions are referred to as Levels 2, 3, and 4 in Figure
A —Il , and in general the higher the level of the input, the more indirect the descripr- ic -r .
of the information transfer system that it embodies . In fact, a Level 4 descriDtio-’ may
indirectly describe the null mJtiplex system , for it may describe a type of air vehicle
for -.~hich a multi p lex system is not at c:I feasible. The entire set ofhie :o~ch ica i in~crIr n-
f i o r ,  input levels is essential l y defined as or effort to structure the multi plex syste m deHn”
~ro- ess ir, such a way as to facilitate the app lication of computer—aided des ign T e c n a - e e~

ai fereit stages in this process. The blocks shown in Fi gure A—~ are d~s-:u:se d below
on an indiv idual basis.

(a) Si gnal Flow Listing (Level 2)

This level of information inputs I: discussed fir sc b- - sc - ocs e i ’  i~. r he
• - r. r~,c r-, sou rc- : 0r information transfer requirements for the multi plex system, from wh~cu

the eve l I rputs must subsequentl y be derived . The si gnal flow listing consists of the
• ~r~~i-rf c ’ r a  S IgiCIS which carry the information among the systems within this aircraft. The

- i- ’ onics signal types from which the si gna l flow li sHng is derived are shown in Tab~e A— tV .
T he si gnal flow isting itself contains , for each si gnal , all pert inent information required
to -pec if y the si gnol characteristics which cre reievant to the mu lti plex s-~ l tm des~~-’
pr-oLsi em . It will be available initiall y in the form of a card deck and wi l l  c-o r,Bct r , the
information shown in Table A—V.
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Table A- IV. AVIONICS SIGNAL TYPES

Discrete (single bi—leve l channel):

Information is in the signal position .

Analog (single cont inuous channel):

Information is in the time duration of the signa .
information is in the amplitude of the signal.
Information is in the amplitude of the modulated signal.

Reso lver (dua l continuous channels):

Information is in the amp litude of the two modulated signals.

Synchro (triple cont inuous channels):

information is in the amplitude of the three modulated signals .

Parallel Digita l (multi bi—leve l channels/time dependent):
Information is in the signa l position at each channel during a given time interva l.

Seria l Digital (single bi-leve l channel/time dependent):

Information is in the si gna l position during a sequentia l series of time intervals.

Pulse_ (sing le channel/time dependent):
Information is contained in the time that the pulse occurs .

Pulse Rate (sing le channel/time dependent):

• Information is contained in the number cf pulses per unit time .

V
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Table A-V . SIGNAL FLOW LISTING INFORMATION

Signa l Name

Name ass igned to ident if y the si gnal.

Miss ion Phase

Identification , by listing, of t he various phases c f the mission where this sig nal
r .g ht be used .

Mission Fvnct io”

Identification , by list ing, of the major avionic fun ctions of wh ich this s ignal is a
part ( i .e . ,  nav igation , communica t ion , etc. ).

Origin _Locat io r-

loenti f ication , by al phanumer ics , of the aircraft X , Y , and Z axes 3f the orig in
LRU.

Destination

Ident ifica t ion , by l is ting, of the LRU where the si gnal w i11 te rm inate.

Destination Location

Identification , by al phanumer ks , of the aircr aft X , Y , and Z axes of the
destination LRU.

Equatio n Number

Identification , by al phanumer ics , for signals wh ich ori g inate or are delivered to a
processo r (the numb er of the equation in the comp utations task descri ption)
(Multi ple usage w ill resu lt in multi p le l istings under this heading.)

Multi p l icity Number

Identi f ication , by numer ics , of the total number of destinations for mu lti —dest ircti ~ n
s ig nol s . The si gnal l isting wi U be repeated for each usage with the same si gna l norne
and or ig in , but with a diFferent destination .

~~~~c l T y

Identific ation , by l isting, o f the ger iero l classi f icatio n of the signa l (i c . ,  d iscrete ,
dc , analog , sync hro , etc. ).

Frequency Content

Icenti f icot ion (where opp l icao le), by numer ics , of the hi ghest frequency in Hi
conta ined in the inform di on por tion of the si gnal; t hat is , the hi ghest freq uency
cc ,nta ined in the equivalent baseb ond tm ns nsi ss io n of the si gna l -

Update Rat.~

• - Identification , by numer ics , of the number of t imes per second that the si gnal
wo ul d have to be transmitted or updated in a Time Division Multi p lex (1DM)
system to sat isf y the user (destination) requirements. Note that this is a func t or
of particular app l ication and out put recons truction requi rements.

Quontizati o n (Resolution) Bits

loe ntifi c ation , by numer ics , of the number of si gnal b its that the particular si gna l
woul d requ ire to pass the information to the user.

• Delay Sens i~~~i~~
Identifi cation (where required), by numeric s , o f the maximum delay in mi f l i —
se~.onds which the si gnal coul d tolerate.

Skew Sensi t

lck ntifi eation (whore required), b y nur’ er i cs , 0f the mo, rr,ur, sk ew al low a, Ic a-.
a funct ion of percent of the update period .
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(b) Avionics Systems Listing (Level 3)

Similar types of equipment, or subsystems, on board aircraft
generally have the some data requirements . Moreover, these subsystems usuall y hove
their equipment distributed within the same phys ical areas of their host aircraft (i .e., the
forward—looking radar, flight control system , cock pit and its associated systems , etc. ).
A useful input baseline can therefore be comp iled by specif y ing the avionic systems con-
ta ined in the vehicle.

(c) Air Vehicle Se~ect on (Level 4)

Specific classes of aircraft have similar mission requirements and
consequent ly sirn~icr avionics hardware or system requirements . Therefore , an input base-
line con be specified from which an effect ive signal flow listing can be compiled by simp ly
speci fy ing the aircra ft type. Table A—V l shows a classification of aircraft types which is
considered suitable for this application .

(d) Simulator Inputs (Level 1)

As Fi gure A—l i shows, there are three different types of Level 1
inputs: “workload,” “sequencing and control,” and “configuration and error/failure
status. ” The latter two types comprise the information referred to in Figure A— 1O as
“Variables of Simulation ,” wh ile the fo-mer may be distilled from portions of the informa-
tion referred to in Figure A— b as “General Inputs .” The MUXSIM user must specif y inputs
at Level 1 forma lly and precise ly, because the MUXSIM system itself must translate from
these into object code which constitutes the multi plex system model and its work load;
therefore , ambiguity cannot be tolerated . Our present discussion will cover the contents
of t he inform ation at this level , bu t  no~ its format , s ince specification of the latter has
not yet been done. Format specification is one of the primary tasks remaining in t his
study.

There is an intimate relationshi p between Level 2 inputs c c
Level I inputs because the former represents a rather precise descript ion of the irform,::ion
transfer requirements for which Level 1 inputs are intended to be a system design solution.
Frorr these requirem ents can be derived , by various means, the description o~ both Can-
didate multi p lex systems and “typ ical” workloods to be executed by such sysrems. Fi gure
A— il is intended to show that portions of this derivation can be performed by automatic
means , i.e ., with the aid of dig ita l computer programs . Such programs can oe referred
to as “s imulator input generator ” routines . Representative tasks for these ro.Hr,es are:
I) the task of making optimal assi gnments of si gnals to remote term inals; arr i  2) the tas L:

• of deriving information traffic stat istics which are typ ical of anticipated real world t r~~F..

F ic situations for the multi plex system . The latter task is of great importance , because
even a valid model of a multi plex system cannot be used to full y demonstrc ite adequacy of
the design unless the model is driven by a real istic workload .

At Level 1, “confi guration ” inputs are those which declare ~~~
t he component subsystems of a multi plex system are , whi le “sequenc ing and control” in-
puts are t hose which describe the interconnections and interactions of these subsystems
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Table A-V t .  CLASSIFICATION OF AIRCRAFT TYPES

Day

• Close Air Support .~~ Ni ght

L Ni ght/Al l weather

Day

• Air Superiority Night

Night/All weather

• Interceptor All Weather

Light

• Bomber/Strategic Medium

Heavy

• Photo Reconnaissance

Infrared

- 
- • Surveillance -

Electronic

• Gunship

• Countermeasures
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during actua l system operation . In MUXSIM, t he -~ubsystems and their interact ions are
imp lemented by generalized functions and by the -.~o- - rol program wh ich sequences these
functions and provides communica tions between them . “Error/failure status ” inputs are a
specia l type of configuration inputs whic h describe the “hea lth” of the component subsys-
tems. Thus , the MUXSIM user may dec are that a certain su bsystem has failed or is pro-
ducing intermittent errors , and by running his simulation model in this condition he may
check for adequate redundancy managemenr behavior and for adequate performance in the
presence of errors .

“Workload ” inputs are those i~ct describe ~he input information
flow which it is the job of the multip lex system to mcut a~je. Thus, the workloa d inputs de-
scr ibe input information traffic scenarios which may vary widel y in sophistication from a
simp listic workload which genera lly checks for minimal system functioning, too  comp lex
workload which portrays vary ing information traffic loads during severa l phases of a com-
plete aircraft mission. These inputs , like t l-’ e other Level 1 inputs, must be supplied pre—
cise !y and formall y in accordance with a specific format which has not yet been developed .

(e ) “Prediction” and “Growth” Inputs

As previousl y discussed , a system is often studied (by the use of
the s imulator) in the context of some future app lication for which the exact requirements
are usuall y unknown . In such cases , the on ly factors that might be definable are the air-
cra ft type and possibl y the equ ipment types t hat are to be used in the aircraft . Level 3
and Level 4 inputs are intended to be of use here , and they hove to be modified to accom-
modate anticipated aircraft systems growth and expansion requirements. Although the de-
signer ’s crystal ball is murky, he may have some feel for anticipated future developments
and for trend predictions . These are discussed next.

Anticipated Future Developments

Usuall y the best information available is that for presen : eci.~~—
rnent . One forecasting approach is to modFy suc h information through eng ineerH~ ~ c~-
ment on a signal—b y—si gna l basis. Among the points that need to be considered are fu~~re
developments resulting from programs conc er n i rc~ integrated Controls and Disp lays, D~~itc ;
F !i gnt Control Systems , and other such systems. For examp le, lntegrotec Controis anc
Di-,p ay Systems reduce the number of in ;-erfaces ~n the cockp it , white other programs s c h
as Standard Interface will reduce the numbe of different interfaces between equi prr S r ~~.

In fact , Sfandar a Interface may eventual l y result in a sing le serial—di gita i interface .
O~nc-r programs promoting Integrated D c ~itc Av onics may reduce t~e overo) eqi ,i~ rne-t
communications requirements by making more efficient use of information . With kr~3v-’-
edge of which programs are likel y to impact the multi plex system design problem , the user
can create a Signa l Flow Listing which has been manuall y modified to incorporate sec h
antici pa~ed c hanges.
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Trend Predicrions

A second f~:eccsting approach involve; the creation of
tr~ r~ predictor curve: w hich can be app !ie~ in a statistical ~ar.r,er to modif y the Signnl
Fl ow L~sf ir~~. A program cc u ’d he writ ten to make these changes automat icall y .  An
aul-omc~ic method like this would typ iccil y invo lve user—selected trend predictors . For
examp le, a u- e ’  int~~ ~ t - ~d in general in~orrnat ion might need a tren d predictor method
that ‘,ou id work by i r r p>  ke ,’ing in the future year of interest , toget her with other in—
purs ~.

- r- ~~ liirtg up cc ’r,ed data . Trend predictors would he based on factors such as
ln~e~jr a red Av i-~nic ’- . !n~~j r--tc d Controls and Disp la ys, etc. Some typ ica l predic tor

curves are shown ir  Fi gure A— 12. Even a Level user who spec fies simulator inputs
can ¶)SC trend predic-~c techn~qu c~r- ~o modif y his ori3ira~ ca ta , and thereby c - -~ c~

th~ adequacy of his is ~st- l t s  ik e light of various future possiti l i t ies .

In conclusion , a canned routine for automatic modifica—
t~’~n of the signa l flow Iisting ,called a “prediction and growth modifier ,’ may be a des - -

aL-le feature of the MUXSIM system . The relationship of this routine to the rest of the
MUXSIM system is shown exp licitl y in Figure A—l i .

(f) Canned ~nputs

MUXSIM inputs can be placed in two categories: “ca rtn~ - i ’
and “original” . “Canned” types ate those that the user can define ~dth a minirrum ~F
effort . They are expected to be most usefui either during that phase of tk’~
program when tb~ design problem has lit t !e definition , or when the user is m c rel y ~~~~~~

ing genc~c’! classes of vehicles. “O~ gina l ’  types are those rhot rh? ~‘~- -~ r nt e is i r o  r:~e
MUXStA4 mcnuall y. They are needed -,vhen the user has a problem ~f e-.’a~-uaTi rg a sys tem
“ki ch is different from those eas~~y def inable n y use of e..’ s t ing canr,er~ r~ e-Hr es. Once
defined, an origina l input can readil y become a canned rOut ine. It is a lso onticipar~ -:~
that here wi l l  exist a requirement for inputs wh ch are comb ira ons of cc.nned and orig-
irial ~‘— pes . Several sets o canned inputs are to be resident within tn~ MUXS M sys em .
In Fi gure ~- I1 these conned routines comprise t~- e blocks referred to as “Pred.ct ion ~rd
Growth Modifiers,” “Factor Library, and “Workload Library .” Their relationshi p ~o tL’
remainder of MUXSIM is indicated in the fi gure . At present , these blocks are included
in the illustration as a conceptual aid, and neit her the exact contents nor the ~ormnats o~
these canned sets are presentl y well—defined . Many factors are relevant to decisions
concerning their exact nature and form . Among the most important factors are MUXSiM
imp lementation cost and schedule guidelines .

(2) Simulator Control Inputs

Simulator control inputs are those inputs which pr’n-- ’de in~o n-o -
tion about the desired simu lator mode of execution , and about the desired selection ord
pr~rentotio n of simulat or outputs . For exam ple , in the deE; ; p c s ~’ of a t- ’~ IX SIM r n - -  - !

development it may be desirable to have the simulator run for short irtervals in the trac-

mod’~, using certain simp le standard work load inputs for which ‘ utputs ‘e known . In
later phases, longer runs with more comolex workloads and hard-copy out~ u~s ma y be ~~ 

-

~ired. Simulator control inputs wil l allow tie MUXSIM user to select these modes of

M operation according to his needs. Details of these inputs remain to be developed .
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(a) Figure shows how the tota l information transfer requirements for a fixed set of
avionics functionsmi ght decrease with time. Such a reduction could be due to
a decrease in the amount of redundant information transferred in an integrated
av ionIcs system .

(b) Fi gure shows the reduction in information transfer requirements that mig ht be
ach ieved in future for a fixed set of avionics functi ons. This reduction would
be due to use f integrated avionics systems , and is shown by avionics si gnoi

• type .

Figure A— 12 . Typ ical Trend Predictor Curves
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/ ~ern .

h - 5 .~ f — r  —ea —~~~r- : - interface -~ th ho dw~ re is thc -
~~~ a a - s- sm e > - - r c  ; - r , or 1e;t he-

r.pu tS a55oCi ~~ CQ ~~ith - H 5  ~ r :‘ rf - n-~ t shown in a A-- i . ~~-: ccuse the cs - r- -

a-cd r- ~a~- - f - m - ~ rea~~ ~-n -r -~s, t he s imu !atj r  ~ il  probabl’ r 5 ha- able ~o run ~la ho rc ts ~~:
grams H “us -~a~: of ~a - - - - or; ins~eud , simu~r c- ; - - - -~~ra -~c a cnrrnu n ccH oris wi l l  p- o~-

a- - hond i cu ~~~ hie - lookup aas i : .

- c - -  c~~r~ rrua~~ ~:t c-n; w - ~l bo c ;nducted tF rouc~ a ;e c ~-;~-y
t/O cont a- L - ìI . O fputs ~:om -he s irr u~o~nr to be ro rdw ore w W se  reac. out seque rn

~~t f.:~~- ~~e ‘0 - r i  ~:l j n~~. n~r~ from t he b~ rdwc~; being s estc d w i l t  ;

— c u :i~ sy~r in f - - - Lse i/ C~ contra 1 ar- it s-ad comporrni w t h  info rmation contained in r r -  - -

!a~o rab le~ . Eithei u si”~j i e muithilex ; - Y e m  unit or an e hre nur p!ex syst -o m can

rested ir this manner (sec Fi~ ure 4 — :~ , . In € ither case , the simulator inputs ~- - i l t  be prc -

vided by -oc~~r~ H o  ~he s~m u~a ior a table conta ining all the deyc iled information re- - i -  ad

by the hardware heirg tec ~ea . These r-puts wi~I be pre—prep ored , either manuall y or
processing of information obtained during the running of other nor—real-time simulatio,v

b. MUXSIM Outputs

he ce~ Hcat on of MUXSIM outputs -s -as ha ma-st difficult tas i’s H
MUXSIM defiri t~on pbs’ a One way to arr~ve at this identif ication indirectl y ir ~~ 

-

MUXS iM as a mu!’1ale x sy ;rss rn na lvs is i-ool , and to determine the set of ~~ -

t o n ’  wh ic h he too l ~ho~iid hr most hal~:~u! a answer ing . This noomo a- s- ’ has bea~- r

in paragmp l . ~hat r- r t a r o ’ 
•
~~ nc- p ha ca- - e re r ~ no un  Fa re , bu~ - - - - - s e  o f a

impor-ance of t he- MUX~~M o’s p~- ss ~cn s ’ q c i -.-a lent rct onc le or t heir de 1 arrr~ ra~ion is pre-

sented nelow . contex t  far tI ’s di:cussk-n Is the overall mif plex s / s t em  des irrn aca 5

- s - - a s s  r:n~- n t ~ fa a ~~;~t -~~ -i -~ crr- ss Hun 1cc- aste r ~ys-e m are u p r sr  e

can ;. - r  ic-n f hrou - r o u~ t he co ricc pruc~ des~grs stages of an- - mi~ :a r> c~r vns’ a ft- . ~I c e
requirencats , wher . cornb ned with the air - ‘c - h id e subsystems repui~ements , ie~c rn-u

design decis ions concerning the level of scp :uisticat ion o~ the infs rmat icn t ansfer s-/s c- i .

The resj l t a r  system may be as comp lex as a multi ple—bus system , w hich USeS a separate
information r ansfer system for eac h mo~c r o r  veh ic le function , suc h ci~ av ionics , ~‘eaa
stores rca ey e- ra nt , ‘siectr ical power distribution and performance monitorina. At tE - -~ ex - -
t r~ -ne o i+- - -r end of the select ion scale is an informat ic~ transfer sy s tem v. Ii ci ooes not use

mu lt p lexing at aH .

- 

~• ~ -e mutt i plex system design process is both interactive aid iterarve,

and varies w idel y in complex it y. For instance , if the air veh icle eq’J ipmeri t s are cs s -

to meet a ~.undcr d Interface Requirement , then a mu lti plexe d in-~o rm a t i n r o n s f~ r - ‘s - te

n n - -i be nas~~y Tm~ilemented . Likewise , he process is simp lifi ed if the~e is D cornrrenr . 1 ,
of design ~~~ ~-~- e ’ c f l - r  ve hi-: c: :u bsy rse ms which wou ls~ r1l D ~ ncr— - to j c c  a corn-- - — a

i’ ;f o rrr - tj n  t ransfer sy- -er r In any rve~~~, ‘-he decision made during the preliminary sIc -

si gn pha’~’ wi ll be one of the follow ing three:
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• Select multi ple muH plexe d information transfe r syscerr i s , w it h
each system serving a molor A/V partition (multi-bus system).

• Select a sing le mu ltiplexed information transfer system which
serves one or more A/’V partitions (single—bus system).

• Select a non—multi p l exed system (no bus system).

MUXSIM mu~t provide insight and guidance at this point in the desi gn
phase , and yet not cc-nsume vast amounts of time and effort in a comp lex , total system
evaluation . To oc i l~tate atta inment oi this goal we define three categories of outputs:
Functiona l, Operational , and Other . These are discussed next .

( 1) Functional Outputs

The functional outputs of MUXSIM are those which tell the user
if the system he has hypothesized will w o k  correctl y and with at least adequate nominal
and error/fault performance. And, if it does not work properl y, the functional outputs
w ill tend to indicate why. As on exam ple , one may consider a system with message pri-
ority where high pr iority messages in the first termina l accessed car prevent access to the
remaining terminals in the system , regardless of the priority of their messages . This prob-
lem is caused by a conceptual design error , and a detailed simulation of this system is
unwarranted.

The need for functiona l outputs grows as information transfer
systems grow in comp lexity by the addition of features such as priorit y, store and forward ,
mult iple channel w ith channel selection , and sophisticated redundancy management
sc hem es . These features add so many comp lex logical interactions to the system that sim-
ulation becomes the onl y practica l way to determine their effects .

Simu lat on languages such as GPSS, GASP, and SIMSC- ’PT o rfer
means for easi y obtaining functional outpurs . This is particularl y true whe., the s>~sre r-
model is operated step by step to observe its detailed behavior when errors are introduced

• to the various system e lements . This type o-7 functional check is part icular ly effective in
verif ying redundance management schemes or Ire system ’s proper react ion to ~oi lures .
That is , given that a system failure is sensed , does the switch to a redundant element
occur in an orderl y manner?

The output from a program simu~ated in one of t res e languages
• norma lly allows , as a m inimum , a trace of the simulator elements or blocks throug h w s  ch

the data has trave led . This tracc can verify the des igner ’s intended data flow . Als o, the
‘ime of arrival of the data at each model element con be continuousl y updared and eva1 —
uated for data delay, skew, and late ord earl y arrivals. With these rnmn im- jm outputs 1ue
systems designer can perform a gr~at deal of ‘before the fact ’ debugg ing, ,~h e e  the po—
tentia l savings ~r. t ime and more >’ a- c greatest . The data re quired to sin -u lc te  a s-,-’sl em at
tnj~ level is normall y neither ;rea~ r ‘~oiume nor detailed . Certainl y tr~ rrodel need not
be more detailed ‘-~lan the “shift reg ister ” or ‘ar ithmetic unit ” level , and even at level of

- - deta il may not be required to obtain meaningful results .

I.
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. Probability of ;ate a-j ra

• Average and maxima-ni data -icew and lit ter ing

• Nomina l and worst-case sync behavior

• Detailed system queuing, priority, and interrup ueha- .- ior

(3) Other Outputs

The mult iplex system desi gner must , h, one means or another ,
prov ide additional information regarding a candidate multi piex system des ign . Althoug h
such information must be an output of his desi gn study, it is not necessar fly a direct output
of MUXSIM.

Exam p les of these ‘ other ” out puts fol low:

• System co— t

• System wei ght

• System size

• S ystem rel iabi- i ty

• System maintainabi lit y

• System performance/cost

• S ystem power requirements

• tnternal subsystem layout preferences

Because these outputs require information wh icr may be difficult
to quant ify or otherwise incorporate into MUXSIM, they are not presentl y contemp late d
as direct outputs from MUXSIM. However , it is expected that the existing V.UXS1 ,V out-
puts can be used, toget her with other information, to produce these outputs after ada-
t ional manual or automatic mani pulat ion . As MUXSIM evolves , it may be possible ru

inc lude some of these outputs as direct outputs of its future versions.

c . MUXSIM lmp lementa ion and Desi gn Recommendati ons

The main purpose of -he MUXSIM definition prrc:-a was to 2rca -
~ce a

functiona l definition or descri ption of MUXSIM . Ideall y suc h a defin ition ;hou~d spe ci fy
• what functional capabilities MUXSIM should hove , hut not how they should ac imp e--

men~ed . However, it  has been noted previousl y +ha t the MUXSIM functional definition
has been si gnificantl y in fluenced by a knowledge of what the intended MLXS iM host
system was to be (i .e. the DEC PDP-11/45). This knowledge played a role in restricting
the scope of MUXSIM .

-i
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Other ;t:c.ie s c i n  s c s a : hcs i r t c -  the n LFi , i-t i~ n pi n;c , d s s —

cussed ear icc , ted tcs a set -of -auc -asr ar: a c t -  - - - f~ - ,- 1 i  ~lM imp l escen ’a a — arid riesi gn

procedures . Although t~-c ~s~-- or~ “ - - . : 
>‘ 

f nuticinu l aru i e n€ r ~ s , it was felt rhat they
were val id and sign ificca nt bs 1 ),s t~ 10 r c - ’~i~~.>, h !~~ des ign p lscl ;_ - . The- -.- ace stated L€ low .

e To r:- -h . r- :~ Ml.J~ -~h~M m it H development costs -~.nr~ to faci l i tate
later c hars ~ -as , sc- hi b- irosi c - n  i c r  e ms-n t r j t i o rs  language feasible
shou ld be u-;ee . 5:i-auihaall y, OASI and/or Fortran snould be
us- ed as tsr i ra  .- s r . l s r t c - r i c - H r r c  conguages for ~ise S imulator.

• T - e  t~ si ear a c -- sc c~ MU!~ M -os- .a —otk ,n ;isuj 5 d be corrs idered as

s e -ccrrI.c :05: . C icr. ctr ’t perdeit c l  , other modes of operation .

~ ~~IC ,- sc - r i~~tCa F-O€ i5  br ra o n of Ma- X~ -/ should he considered mainl y
as t-o F;w- s r -e , w i l .  1- rfle or no speciai hardware rec!u red.

• To ens5~re- -‘-iSa :i~~i . -A -:; k.i ty - :sa 1 maic -v i Oce , MUXSIM specific a—
ions sac-He ~e -. u :  :~s-.ad pc rcVd  with a small—sca le simulation

exerr -i -  a tO -fl 55cs €: 05 ni~ -~t~ -a - s a r-e rrs of the B—~ EMUX system
w H - c - - r c - -~~, in  -

~ s - .~~~ht , caused the most design problems , and
wherei r ,  ear~ y -~~~~. - ic- could -e ,i~s r r r e n f l y have done the m ost to
cs~I a r a r ~. 5i-~~~,€- p mr ~bI 5rsi s. i

’- -: exump ’s of such a probiem area is
n~ e -iuado ;Cy . s:.sr;’asra css t . m--.-ftJXS LVc specifl:;ctions should

brt b e a e t o 1, -~c ii cart b-, c amo~ i ‘at io r ~f the smal l—sca le simu la—
si c-n rnodei dev€.ope-:~ fcc - ~— 1 bMtb X anal ys is.
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(ThART)

STE P 1 [~~YSTEM DEFINITION

1
STEP 2 MODEL BUILDING

STEP 3 
- SIMULATION j  Revise system model

I ~~~~~~~~ change
model status or work-

STEP 4 E VA LUATI ON load

STEP 5 DEC !SION

Conclude Simulation
Experiment

C 
END)

Fi gure A—1 4. MUXS IM Use Model for a Simulation Experiment
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— End oF or cc c-~ mia ir- o~~ica : s.c-nd t a uchievec

— E’s d after certcict e r ic - c  conditions

r s d  c f t .si a c~’ rta ir. amount of output ~~rie- crr d

• O~~~ r 1-nu lat ion run options 
-

- race moce (secac  ive , mull )

- -  L; cr ntervent ion modes (user s~s n- c ;  sett ings , etc.)

fc lcctu d output devices (e.g., printer or disp lay tenrrsina i)

\‘ar ic-as c- ;e~ options can be imag ined , although t he’- - crc n-u .
easio te .  For examp le , the user migh-- have a choice ~

m 
~~ su er; - ,,h:ch

opt?r~iac on either compiler time or run time , as is the case ~-dth tF- c- !f.’vt
360 Fortran G and H conipiie rs and with l~ M 360 PL:’, comp iters .

4 -

Foi iow irg  a simulation, evak,at on of the resutts of rise run is n- as
a c c - :ip i s c ed . Some of the eva uation can be d;ne nato:::. m a ,  - ,

‘n ~olv inj prc~ ram;.ied ana lysi s and disoloy of raw datc: oi:~~Hr- sr U os or
Hco~ i-i a ,hau.o: ar .  The motm~ o f rhe Cycl i c ion c rct cc-ri o~ ucss rou :-c—
mct ;- i ca dy, the easier the si rr ui0- os to iSO ; cci is; ca~0n;,vo C

::.rd o; ion cripability can aca s c o s t a - ; - icI ly co t i e  rimula ur cri-

-c~s 5 -- Dec:s or

The exa c t nature of the decision ste r- depends on the use mode -;f t~ c-
;imuic tc- t . If the simulato r is beira used so rim-ad y 1c- : ~sor : - _ ;tauie~ of
s httem performance , and sensitivity to variation of c .:-tain s-~ - ‘s n -  ~c rs - ~ -- -em s .
then the decision after a run has to c- with wnc m xsramerer a v- ray next
ni-s d in what manner . However , if the cuestiori revol—ies cleans ~- - n - c -  am
iwo possible systems is best for a spec~f c  oeveiopmert t ~-c p r - : s .  f ’e .-i ‘ i- c-
exercise is ; concluded afte r 0oth systems have been simu at-ac for the :
work loa d and error/failure environments and the better of the two se le cte e
A !rhou’j h the decision step can be partiall y automcted , human s d q c r ~n
w il l probabl y be the pr incipal ingredient here for I - ce  f o rese en- r i - :  : .tc - o ~
MUXSiM.
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In addition to the use model , a typ ica l MUXSIM user was defined in terms

of computer and mult iplex system design back ground requirements . Since these assumed
requirements are covered specifically in Appendix II , they will not be repeated here.
Taken together, the MUXSIM use model and the typical user profile provided a basis for
design of a MUXSIM which was “easy to use”.

A number of other design requirements were explicitl y identified as part  of
Task 1 efforts. These included:

Design Requirements

• Models should be valid and realistic , and both aspects should
be demonstrable.

• Workloads should be demonstrabl y realistic , or else rea l work loads.

• Outputs should be usefu l, mean ing ful, and in easily interpreted
formats .

• Cost of simulation runs should not be excessive.

• MUXSIM user training requirements should be minimal.

• MUXSIM implementation should be flexible , to allow easy change
or modification .

• MUXSIM design should be compatible with the capabilities of its
planned host computer system (the DEC PDP— 11/45) .

• MUXSIM design should be compatible with a reasonably low cost

imp lementation effort.

• MUXS(M should be, in the fullest sense , cost—e ffective .

A lthough many of these requirements fall into the category of common sense ,
many simu lators have been developed which do not meet hem. For examp le, some sim— - 

-

ukitors have been built which are so hard to use that they are in fact not used at all ,
w hile others are so expensive to run that economics prohibit their use . Recentl y, the
highly publicized “limits to growth ” simu lations have been strong ly criticized on the
grounds that the models imp lemented are invalid or that input data is unrealistic. It
was a goal of MUXSIM design to avoid a ll the above simulation pitfalls if possib le.

Guided by the MUXSIM functiona l definition and with the user interface
and the above design requirements established , the Task 1 effort concluded with the
specification of the MUXSIM system functional design. This describes MUXSiM as a
system consisting of four malor subsystems , as shown in Figure A— 15. The four subsystems

~~ and their functions are:
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INTERACTIVE
E X E C U T I V E  -

SUBSYSTEM

UTIL ITY STAT:C DYNAMIC
SUBSYSTEM SUBSYSTEM 1 SUBSYSTEM

8866S—4 A

Fi gure A— 15. MLJXSIM Modular Software Structure
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• Executive Subsystem: ?ernits operation from a CR1 or TTY terminal.
Has an interactive section which can be switched on/off , to aid the
user and facilitate Ieasrin~ the simulator operations . Controls other
subsystems .

• Utility Subsystem: manages the signal flow list and extracts the
simu lator inputs (work oad) from it. Uses the signa l flow list to
check the Equi pm ent Comp lement for comp leteness , flagging any
equi pment and signa l soe f iciencies.

• Static Subsystem: hanc.es the remote terminal loading task , as
wel l  as the fixed—telemetry format message structure and bus loading
and utilization computations .

• Dynamic Subsystem: hcndes the random message scheduling task ,
and computes the bus ;oading and time statistics (facilit ies of GASP
to be used in providing these functions).

The MUXSIM partition shown in Figure A— i5 is a  functiona l one in which
the four partitions shown are essential l y Functionall y independent. In addition, the
inter—su bsystem interfaces are relative ly clean and easy to imp lement . Because the four
subsystems were functionally independent, it was possible to conduct design tra deoff
studies and determine their detail desi gns both independently and concurrently. This
design effort is the subject of the next section .

3. TASK 2 — SUBSYSTEM DETA1L DESIGN

Although the four major MUXSIM subsystems are all functionall y different ,
the methods used in arriving at detail designs for al l of them were similar. This was
because all subsystem des igns shared the same goals and requirements , notabl e among
which were:

• Need to fit on a sma I computer system (the DEC PDP— I 1/45)

• Need to produce meaning-ul and useful outputs

• Need to use real or rea listic inputs

• • Need to include real or rea listic models

As a result , the desi gn efforts were all characterized by a ser ies of small
probe coding exercises , each of which was intended to produce meaningful and usefu l
results re lated to some aspect of an exist ing real—world multi plex system design problem .
For most of the exercises , the rea l prob lem was also the same , namel y the des ign of the
U. S. Air Force Avionics Labora tory D A S  Multiplex Core Element . Thus , for examp le ,
the Utility subsystem exercises focused on the actual si gna l flow list for the A—7D aircra ft
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an~ siii -co ble massaging thereof , while the Static Subsystem exercises focused on data trci r-f-
models and techniques compatible with the Air Force multiplex standard MIL—STD— 1553 . -

c hr ist was to develop specific programs which clearl y produced usefu l and reai stic results
would fit on a small system, and to generalize thereon later. This method was suitable for
deve loping and testing software techniques and algorithms, and for determining specif ics of
inputs and outputs; rrureover it provided an environment which stimulated ideas for new MUXSI5i
i-u;i~~Hr~~, r ;d  ways to implement them. A major benefit was that the method provided a
basis ic- m subsequent MUXSIM sizing exercises (required number of lines of source code, number to

obj ect code, size of data base, etc. ) In brief , the design method used could ~e descriLed is- a

ni~ c c a _ ea l sof tware breadboard technique. Some specifics of the individual subsystem ‘breacs i;socrds ’
are covered next .

a. Utility Subsystem

The Utility Subsystem breadboard consisteó of a collect ion of
Fortran programs and subprograms (about 1300 lines of source code). They massaged the
Signa l Flow List data in various ways to facilitate LRU—to—te rminal assignments, and to
veri fy the validity of the data and of the particu lar LRU—to—termina l assignments that
were made T~-ie Signal Flow List used was the actual one for the A—7D aircraft; and it
was init - - ‘y ava ilable on punched cards . It contained about 2650 signals, and each
si gna l had a number of associated parameters. Altogether the A—7D signal flow list
compr ised a cord data base of about 10,700 cards .

b. Static Subsystem

The Static Subsystem breadboard consisted mainly of a synthetic
si gna! f low list generator, pius a program which mechanized a particular -- us command
and contro l mode l that was initially driven by the synthetic si-gno~ f low list. Subsequent ly,
the program was modified so that it could be driven either by the synthetic signa l flow
ist , or by the rea l signal flow list as filtered by the Utility Subsystem . A number of

,ersions of this program were produced, in which various bus control models were tested ,
output formats developed, etc . The program, called DASIM, was wr itten in Fortra n,

~nd it comprised about 1300 lines of source code . It consisted mainly of a three—stage
sort/map process , as illustrated in Figure A—16.

c. Dynamic Subsystem

The “breadboarding” done in connection wit h the Dynamic
• Subsystem differed from the other efforts in that it was mainly an evaluation of GASP ,

aimed at ensurir.g its suitabilit y as a vehicle for imp lementation of MUXSIM dynamic
models. As has been noted elsewhere, MUXSIM dynamic models are discrete-event

~
-,‘p ’ -. simulation models which are useful in determining optimal bus commano an.~ contro l

disc iplines, opt ima l multiplex system redundancy manogement sc hemes, etc .
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Figure A- 16. DASIM Flow Chart
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A GASP II card deck (about 1500 car-~s) was obtained from the
0 AS P ±‘-veiopers/supporters (Pritsker arid Associates), and made operationa l on the
Harris Dotacr i~~. Although GASP II is Fort ian—bosed , a number of changes were requ re~.
to perform the above . Therea fter , GASP II was used to develop and run severa l models

~-yp n-a l of ~~~~ simp ler MUXSIM dy namic models that were antici pated . These exercises
serve d to ver ify that GASP II was an appropriate choice for imp lementation of MUXSIM
D- ,ror~ic ~- i bsystem , because: (1) it made possible rap id development of dynamic MUXSIM
moct~~- .; n--~- , (2) it was appropriate for use on a minicomputer system .

Executive Subsystem

The Executive Subsystem breadboard served mainly to clarif y
requ irements for the MIJXSIM—user interface , and to deve lop al gori thms for its imp le—
n-iantation. The Executive was intended to be interactive, and w t h  optional tutorial
ar- a coaching features . Figure A—17 and A— ,8 show some examp les of User—Execut ive
dialogues produced by this breadboard. It was programmed in Fortran, and about 1000
lines of source code were required .

e. ASYSTD Evaluation

Although it was concluded in the MUXSIM definition phase he
cer tain types of multiplex system designer questions are best hondIe-.~ by means othe ~
simu Ia~ion , it is true that simuiators now exist which cover areas excluded fran-’ the ~~~~~~~~

of MJXSIM. One such package was evaluated as part of the Task 2 effort.

The package evaluated is called ASYSTD (Advanced C~ rro- -j m—
cations System Time Domain Tec hniques). It was available a~ no charge from ~‘ ALA , is
written in Fortran V for the Univac 1108 , ard co nsi st s of 9133 source ccrs~- . AS’ ’~ ID is
a time domain simulation program w hich provides ;he user wit h the means for ouoirv ir!~

j

the e ffects which a system (cascade of model elements) may have on a time—v.ir y inç~ i n - n -
wave form . Input wa veforms or driving functcons may be square waves , transcendento i
functions , or spec ial functions defined by table. Model elements include sj c. rc commur —

cat ions system components as filters , detectors, etc . Outputs are t ime—va ry ing vo~ acrs
wavefo rms which may be presented in various ways .

It was conc luded that there was no immediate app~icat ion for
ASYSTD tec hniques in the treatment of bus traff ic handling problems , w h c h  are a pr rn— ry
focus of MUXSIM. The language of ASYSTD was found to be simp le and effic ien ;
ASYSTD use requires only a minimal amount of code from the user. Finall y, it ‘Nas
for-c d that ASYSTD computer runs are expensive , rang ing from $10 for the simp les t run-s
to an estimated severa l hundred dollars for the more comp lex models.
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4. TASK 3 - FUNCTIONAL DESIGN SPECIFICATIONS

The final task in the MUXSIM design phase was to produce a detail functiona J
design specification for MUXSIM. This was done in accordance with the outline provided
in Figure A— 19. The original specification in full is part of the Second Interim Technko l
Report (August 1974), and is inc luded in the MUXSIM System Modification Design Data Manual.
The specification was prepared generally according to the outline, except that subsystem details
were provided in somewhat unstructured form by means of the documentation from the probe coding
or sofiware breadboard exercises .

Task 3 was executed in a stra ightforward manner. The procedure used was
to select a specifica t ion forma t compatible with existing Air Force software specification
standards, and to integrate and restructure the results of Task 2 so as to fit that format.
Some time was saved by leaving some of the subsystem details in unstructured form, as

has been noted above.

t4
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1 .0 SCOPE

1.1 ldentif~cotion

1 .2 Functiona l Summary of MUXSIM

.2.1 Executive Subsystem

1 .2.2 Static Subsystem

1 .2.3 Dynamic Subsystem

1 .2.4 Utility Subsystem

APPLICABLE DOCUMENTS

2.1 Radiation Documents

2.2 GASP Documents

2.3 DEC Documents

2.4 Other Documents (Military Specs, etc .)

3.0 REQUIREMENTS

• Genera l descr iption of host system hardware and software

• MUXSIM interfaces with periphera l equipment

• MUXSIM interfaces w ith other programs

• Genet~ l description of MUXSIM functions

3 .1 MUXSIM Definition

. Requirements imposed by interfaced equipment

• Requirements imposed by other interfaced programs

• Major functions of MUXSIM
— Executive subsystem
— Statk subsystem
- Dynamic subsystem
— Utility subsystem

Figure A— 19 . MUXSIM Functional Design Specification Outline (Sheet 1 of 4)
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3.2 Deta iled Functional Requirements

3.2.1 Executive subsystem

3.2.1.1 Inputs

3.2.1.2 Processing

• Purpose

o Approach

• Diagrams

3.2.1.3 Outputs

3.2.1.4 Specia l requirements

3.2.2 Static subsystem

3.2.2.1 Inputs

3.2.2.2 Processing

• Purpose

• Approach

• D ogroms-

3.2.2.3 Outputs

3.2.2.4 Special requirements

3.2.3 Dynamic subsystem

3.2.3.1 Inputs
3.2.3.2 Processing

• Purpose

• Approach

• Diagrams

3 .2.3.3 Outputs

3.2.3.4 Special requirements

Figure A—19 . MUXSIM Functional Design Specification Outline
(Sheet 2 of 4)
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3.2.4 Utility subsystem

3.2.4.1 Inputs

3.2.4.2 Processing

• Purpose

• Approach

• Diagrams

3.2.4.3 Outputs

3.2.4.4 Special requirements

• 3.3 Adaptation (Factors associated with a different choice of host system
or operating system for MUXSIM. These factors affect
scope of MUXSIM operat ional functions.)

3.3.1 General environment

3.3.2 System parameters (Constant describing maximum number
of signals in SFL, maximum number
of terminals, etc. )

3.3.3 System capacities (Number of simulta neous displays,
• host system core and mass storage

requirements, etc .)

4.0 QUALITY ASSURANCE PROVISIONS

4. 1 Introduction

4.2 Development Test Requirements (All levels except acceptance level)

4.3 Acceptance Test Requirements

4.4 Summary of Test Program

5.0 PREPARATION FOR DELIVERY (N/A)
C

Figure A—1 9. MUXSIM Functional Design Specification Out line

~~ (Sheet 3 of 4)
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• •

6.0 NOTES

6.1 MUXSIM size estimates

6.2 MUXSIM Specification Process

6.3 Modular Programming Guidelines

• 6.4 Documentation Requirements

• 7.0 APPENDICES

(Requirements which are contractually a part of the specification but which,
for convenience of specification maintenance, are incorporated herein)

• Mathematical derivations (e.g., of test case results)

• Alternative algorithms

• Summary of equations

• • Definitions of terms

• DAIS Technica l Notes

• • Bi technical documents

• SF1 descripf ions

C

Figure A— 19. MUXSIM Functional Design Specification Outline
(Sheet 4of 4)
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SECT O N V

SUMMARY AND CONCLUSIONS

The MUXSIM development plan, covered in Section II, called for a three-
• phase effort , in which the phases were MUXSIM definition, design, and implementation,

• respectively. This appendix has covered the definition and design phases . A separate
appendix is devoted to the implementation phase .

The major problem solved in ~he def in ~or~ phase (covered in Section 111)
was that of scoping; i.e., what was MUXSIM to include , w hat to exclude, and why.
This problem was simplified by the assumpt on (since proven invalid) that MUXSIM was
to be implemented on a DEC PDP—1I/45 minicomputer system . Another usefu l scop ing

- - device was a dec ision to focus MUXSIM, as multiplex system designer’s ana lysis tool,
• on those significant design questions icr w hich answers were required early in the design

process, and for which answers could not be conveniently obtained by means other than
simu lation. The major output of the def in~~on phase was a set of MUXSIM functiona l

— 

- 

requirements, covered in Section III, 5,

• The MUXSIM design phase, covered in Section IV, was done in a straight-
forward three—step process . The first step was a functiona l partition of MUXSIM into
four independent subsystems; the next , a deta il functiona l design of eoch of the subsystems;
and the last, an integration of the four cie~ai l designs into a single functional design

-
. specification per app licable military software specification standards . A probe coding

or software “breadboarding” approach was used in the second step, and found to have a
• number of advantages . The mci joi’ output of the designi phase was the MUXSIM functional

Design Specification, the outline for which is given in Section IV, 4.

A concl~s~on of the two—phase effort was that a cost—effective MUXSIM
could be functionall y defined, and that a vers ion of if could be designed so as to be
implementable on a DEC PDP- 1 1/45 host system . The evidence for this conclusion lies
in the MUXSIM functional definition and the MUXSIM functiona l design specification,
both of which are described herein.

C
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SECTION I

INTRODUCTION

The third phase of Multiplex Simulator Design Study was an implementation
of the basic parts of the Software Simulator which were conceived in phase one and de—

• signed in the second phase . The requirements outlined in the Statement of Work for
Phase Three were for the construction arid verification of a Simulator ’s Main Software
Structure and a set of models which are in line with current—day hardware implementa-
tion concepts for Avionics Multiplex Systems. -

• The object of the imp lementation was to prove the feasibility and usefulness
of such a too l, as the basis for development of concepts for more sophisticated pract ical
mult iplex systems and as the basis for development of future, more refined versions of the
tool. An initial evaluation of that which was imp lem ente d considers the simulator as a
software package which does computer—aided design and design verification of digital in—
formation transfer/multiplex system , It appears to be a valuable aid for an organized
approachatspecif y ing and designing multi plex systems for diverse applications .

Two obvious advantages are:

• Quick—look evaluations of different systems by allowing a man, inter-
act ing with a computer terminal , to call the different models and get

rapid quantitative answers which are derived from a fairly sophisticated
and detailed data base representation of his problem, thereby greatly
reducing the probability of a judgment error in his evaluation of the
problem.

• Low—cost documentation of the potential system selected down to the
pin assignment level for use in system and subsystem specifications and

• documentation.

The scope of the impIementat~on effort was to build the basic framework and
implement three of the eight stat ic arid one of the two dynamic models which were de—
fined during the MUXSIM design phase. The models were defined as representative of
the current hardware implementation philosophy and are cons dered typica l of those with
which MUXSIM needs to cope. In retrospect, the framework implemented makes model
construction easy; therefore, all ten models were implemented instead of the four which
were planned. It turned out to be a minima l effort to implement the additional static
models.
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SECTION Il

HISTORY OF IMPLEMENTATION

The Implementation Phase Was initiated immediate ly after the Design

Phase. Since the implementation was conducted by the team that had conducted the
Conceptual and Design effort, it was handled more as an extension to the prior
effort , thereby faci litating a larger interp lay between the results of the prior efforts
and the findings of this phase .

Some ma jor concepts were streamlined, particularl y the data base hand—
off between the software subsystems . The basic time frame of this effort was July
1974 through October 1975. The final acceptance test was conducted in June 1976.

The Implementation effort was handled in three parts, as with many
other major software system implementation efforts:

(1) Software System Design

(2) Software Program Design, Implementation and
Ver ification

(3) System Integration and Verif ication

• However, the effort was impacted by the unavailability of the intended
host system, an AFAL PDP—11 , some unanticipated difficu lties in using the operating
system RSX— JI D , and the unavailability of host system support personnel . A ro lution
was generated to a llow use of AFAL’s DEC System- lO as the host system . Th is
change caused a program disruption which resulted in a temporary implementation
phase effort reset. In an effort to minimize cost impact, parts of the Software
System Design were left the same, since the DEC System—l O can execute PDP- i 1
software without major penalties in time of execution.

The actual partition between the design effort and the implementation
effort was not c leanly divided. The design effort was carried forward and reflected
somewhat in the first implementation task, the Software System design.

Also, a probe—coding effort had been conducted during the desi gn
phase . The main requirements which instigated this probe—coding effort were:
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• Establishment of the physica l size for MUXSIM, since the
intended host system was a PDP— 1 1/45 minicomputer which
has limited capability . It was considered a risk and action
was therefore required to assert that this effort would be
feasi ble while using that host system .

• Establishment of some degree of confidence in the feasi-
bility of the functional (user) and logical (software)
requirements of the various subsystems. It was felt that
some growt h in experience was necessary to establish a
work ing system definition .

• Establishment of the best possible functional , logical, and
physica l parameters description for inclusion in the MUXSIM
System Specification .

The result of th is probe—coding effort was an understanding of the trans-
lat ion of the user requirements to software requirements . It also helped jell and narrow
the scope of MUXSIM implementat ion to a feasible and usable tool.

Another result which did not becom e apparent to the MUXSIM team
until later in the implementat ion phase was that the probe—coding effort served as
a software breadboard and therefore the emerging system was more polished and re-
fined than was anticipated. Attesting to thi s was the fact that the physica l descri p—
tion parameters (lines of code) projected as a result of the probe—coding effort were
almost tw ice those actually required; w harwas accomplished was a larger task than
had originally been scoped .

The two ma jor divisions of the task were planned and executed as
two separate entities . They are:

• User Ease Software

• Operat ion Software

An interface requirement was estab lished between these two efforts earl y in trie
game, modified once when the change to DEC System— lO came along, and then
not disturbed unti l the integration effort when the concept was finalized .

C The integration effort was carried forward in two basic steps. An
effo rt to marry one of the programs from the Operation Software was pursued earl y
in the program to verif y the integration approach. The bulk of this effort was
expended toward the conclusion of the program, prior to final System Test.
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Since the Operation Software is run progrim-b y—program 1r r~s cj do-

~~~~ the verif icat uri task of t he ~ndividua~ program went a long way in aiding
t ,~e vent Ficatior~ of the system performance. Pseudo—batch in th i. sense means that ,
even after ~~ s yst~~r is ~rtegi oted, the programs still function basi:ull y as a separate
entity . This is attnibuied to ~~~ requ irement for modularity which resulted in the
pr~groms bt~irig ~unct knad y iso!ated .

The funct cnal requirements of this part icular System, and fo that
rrattc~ •‘~~ 

, ~he Subsystems themse lves , were such tha: the logica l construction
c-f modules lends ~t-~ hF to a progressive operation on the data base , where the
end r’.sj lr of eac~- mod~i~ar step has s ignificance to the user . For examp le, the

~~~r o i  L,st (Data base) is mapned in remotel y located terminals (remote terminal
as~h~nment ). The output of this program is useful because it shows the designer

..:~~ a) handling requirements for the remote terminal. The si gnals per terminal
are ~‘ien assigned to data words, and words are assigned to messages. Each one of
these steps bears useful results because it gives the designer further system spec if ica—
- ~or for his terminal design. These governing req uirements presented the log ical
break points for the modular construction .

This effort , however , also set forth a requirement for progressive
inter—program hand -” f , wh ich was best handled by a lower—level effort , longer
t ime-f name program than was perhaps originally ant icipated . In this way, the pro-
grams wh ich were developed avoided expenditures of debugging awkward inter-
program interfaces during the integration effort .

Five field trips were r~~uired during the DEC Systern— lO program .
(Two ecr!icr trips were conducted on t~ie ?D9-11/45 effort). The f irst DFC
System— lO trip was pr imaril y a faci lity familiarization f ri p and served as ~r ~r,f ro—

duct ion between Harris personnel and AFAL and AFAL support controct r~r ~c- rsonne l .
However , s ince a considerable effort had already trans pired, the following ~cf~—
ware wcs ver ified:

1. GASP IV Subroutine Library

2. User Interactive and Executive Subsystem Concepts

3. U’~ility Subsystem

4. S1atic Subsystem Programs which had been coded at
the time of that trip.

5. Use of DEC Editing System

~Also verif ie d were the use of the portable remote telephone access terminal (TI
Silent 700’) and tape compatibility between Harris ’ facility and AFAL’s system .
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All programs were left resident in source file in the system, and could be edited
and/or executed by means of the remote terminal.

During the remainder of the software program design and verifica-
tion, the remaining MUXSIM programs were built and debugged on the Harris
faci lity. After a set of programs had been completed, they were modified for
the DEC System— 10. This set was then shipped to AFAL, where it was installed
on MUXSIM’s assigned Disk Storage area in a source f ile by AFAL personnel.
Harris personnel then proceeded to access these programs from Melbourne via
the Remote Termina l and to direct successfu l comp ilc~!on and execution of each
program . This approach saved consideroEle travel and time in program debug
and insta llation on the DEC System— lO.

The initial system integration effort was also conducted remotel y
v ia this interface . The second, third, and fou rth DEC System— lO trips were
conducted at the finalization of the system integration effort . During this
period the DEC System-lU was being upgraded to a dual CPU System . This
resu ted in a slightly longer integration effort , due to the DEC System—lO
transitory nature . A ll progroms were reverified and then integrated into the
system . These trips also se rved as an initial debug of the User Manual and the
actua l system operational concept .

The fifth trip was for the purpose of final i8cceptance test . This
was the system demonstration and sell—off effort . The MUXSIM System Test
Plan (Reference 10) contains the Acceptance Test Procedure which was used for
th is effort.
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SECT K) rN Ill

RLJ’UIREM~N ~S ~OR iI’APLEMENTATIC) N

~H ccr- -
~~ ‘~~~ ci~ re~~ ,’~ - ‘rr r~r , -  evoke d on Harris Electronic Systems Div is:or i

durinq t - ~~~~ c . i  ~~~~ ~~~~~ ~~~~ re  to provi de the personnel , materia ls and foc ili~
ro~~r , € ~‘ he mulf inlex simu’ator system design. The overall program entuited th~ prep—

arat - ’ . - • id~ ~~~~ :“--“~crn ~r.odules , the integration of these mocules into a simukito’

~v : ,~m c~i~~c~ ~e n c~. ~~~~~ ~f ~ sys iem . .~~ci f icoll y the requ irements are as kted ; i ~~ v-

T~. d~~’H~ p and imp lement rhe detailed o ~qram ; odules from the sy~;t~
desi~ r accomp lished uHer the prior phases . The modules were to ~e

• codc’d . ~
- bu~~ c~i, and tested for use on the DEC Sy~;em—l0 (ori ginall y

~jp 1 1/45).

• To i ’ e g r c i t e  the indiv duol modules into a simulator system . The system
was to be tested to prove that the modules function together as a system .

• To develop a test plan for each of the modules and for the overall sys-

~e r . The tesf plan was to detail the exact steps to be performed in
order to prove that the modules and system are operating correctl y.

• To demonstrate that the simulator works as specif~ed. This ~~~~
was to be on the DEC Syc~em— 1O computer locared in the Air ~ -

Avionics Laboratory . The contractor was to ir~e~ ra~e t~~€ ~in ~~Lato ~ o~
the DEC System— lO. The demonstration was to ~nc~ude the analys i3 c~
a proposed or working mult i r iex system .

Addit~cna l requirements c~e e~ fractL~ from th~ ef~c’~ ~ of h’ prior H- ~ r ~~~~~~ —

tT~es~gri pHses . They are categor ized info the fo ilowing three divis ions:

~ Fu~ct ional — those requirements wh ich ore specif ied from t ’ i~~ user ’ s poi ~i

of view .

IS • Logica l — those requ remerits which are specified from the pr~~~ crnm~~~ s

point of view .

• Ph ,sical — those requirements which are specified from the computer
• operator ’s point of view.

With the above definitions in mind, the prime functional or user req ir~m~ n
of the simulator implementat ion phase was to construct a software simul’i~ on system , as

~~~~~~~~~~~~~~ and des gned, ~h ich would be:

(1) ea~ily modified and expanded to answer syster ~- leve i quc~t io r-~ gnn~-~
by ~he dynamic environment of the multi plex world .
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(2) effectivel y used in the early stages of a hardware design and deve lop-
ment project.

(3) detailed enough to provide continuing value throughout the hardware
project evo lvement, particu larly during the evaluation of system
redesign requirements .

(4) easily learned and comprehended by peop le who need the tool , and
doesn’t require a highly trained software simu lation specialist to use
the tool effectively.

Two different additional functional requirements became apparent at the
outset of the implementation effort . They are:

(1) requirement for a more text—oriented output , formatted in a more
readable presentation .

(2) a requirement which called for a famil y of outputs, such as a text—
oriented signa l flow summary, formatting of bus messages , etc .

At the outset , the MUXSIM team had anticipated using only the bus traffic
requirements data required by the signal flow summaries and which was hand-extracted
from the signal list. It was, therefore, deemed necessary to expand the input require-
ments at th is time for all signal data, including dictionaries which would prov ide the
user w ith added text. This expanded input was necessary for the creation of user—read-
able formats for the various outputs . Another factor which was weighed at the time of
initial implementation was the fact that planning and implementing some of this approach
early, would result in a minimum impact to the overall program and enhance MUXSIM’s
usage. Therefore , this effort was factored in during this system implementation effort .

The following logica l (programming) requirements were working constraints
during the imp lementat ion phase:

(1) Software system tra nsportabi lity or machi ne-independence requirement.
• It had been specified that MUXSIM should enjoy a relat ivel y high de-

gree of machine-independence.

(2) Highl y modular system which lends itself to easier construction and
ver ification, It was desirable that the modules be functiona l in
nature to enhance program modification.

(3) FORTRAN IV to be the programming language. GASP IV (Genera l
Activity Simulation Program) 1’2 was to be used for dynamic simu lation .

1GASP IV Subroutire library can be purchased from Pritsker and Associates , lnc.,
West Lafayette , Indiana .

4 2Pritsker , A .A .8., The GASP Simulation Language, John Wiley & Sons, Inc.,

~~ New York, 1974.
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4 Th~ ~~em to ~~~ ru~~ n~-: o:~~vel~’ for ease of operat ic - .~ -~ih oprio - -

cj oc ;
~n~ Feit ~ r es tc~ ~~r i tote Jearr ~ng H system .

(5) The fo liov~ ng ~ubsys~~ r~ ~c’ ;t i t~oning

• fl’ E• : UnVE Subsystem
• ~1TII ~ Subsystem
e S -\ f ’C Su’Dsystem
• LI HJAMIC S’~bs’ stem

The fo ’ v’~~~ Qhys lc~ requirements were evoked:

(1) Fo ‘ ‘~n~ ~y i~ deve~opment , the modules (program) were to ~~
de~~~gec , and teste d on Harris ’ DPL (Datocraft 6024/5) machine p~~
to instal lation on AFAL~S system .

(2) AFAL’ s Host System to be a DEC Syste m— lO. Originall y the in~ -nded
host system was a PDP 1 1/45.

With these requirements the team proceeded into the first effort , the desi gn

of the Software Sys~em . The resulting goa l of the simulation software design effort wcs
o set of modular programs which could be constructed and verified independent of or
modules. One rectrictior- ev~ !ved as a result of this partition. That ~~, most of the
grams defined were sequential in nature; the output of the prior program be~om’~- “‘

input for the preceding program . The programming effort was best handled seq~”~~ c 1
rat ter  than in a par&IJ erfort tc avo id  in~ r~ t o ~ problems caused by awkwar d ~rter-

- 

~ faces res~~ting from ~crIy deF ir ~ t ion . it proved to ye best solved by ~hc- program ac.t~
low manpower expo Hed time nf~o~~.

The des gn ~ha;~ f~i ~d ~~~ stat ic models and two d~’r ~ m~c m~ o e s .  •1
stat ic models were defined to handle ~ the si gnal grou ping and ass~grirne~f~ wHc ti ~~

• representative of MUX hardware imp lementation group ing of signa ls. The s~~r~c su ’y-
lem in general handles those computations Qssoc ioted with non—variant peuiod c tror .~~ r
r~f information . The dynamic models handle those computat’oris assoc iated with stoc hc~~ c
t ime varicnt transfer of information . The dynam ic models o lso can take into accour
effects of the non—variant periodic transfer .

Of the eight static models defined, the effort orig inall y wcs scoped to do
three ipodels: SA, SB and SE. The eight static models are:

STATIC MUX MODELS

Model Name Information Transfer Disci pline

54 i/i Transfer
SB i/C,Ir transfer (bit shuffling)
SC Digital 1/TI Discrete T/C/T
SD Hybrid Transfer

109

r~
— - -m_ i -~~~~.-~~~ -—.--—--- - ,~

-,---- -- - • - -  • —  -~

~
__

~~F -~~~~~~~-~~~~~~ — -- - _J_____ 
~~~~~- - -~~ — -- _ - _-—~~--  •— —~~~~~~~~ -— -~~-



Model Name Information Transfer Disci pline

SE T/T Transfer with BCIU Broadcast Reception
- SF 1/C/I Transfer with BCIU Broadcast Reception
- SC Hybrid Transfer with BCIU Broadcast Reception
- SH 1/C/I Transfer (word shuffling)

Of the two dynamic models defined, only one was scoped for this effort
(Model DA). The two dynamic models are:

DYNAMIC MUX MODELS

Model Name Description

DA Model of MUX system using demand-access
information transfer disciplines .

- 

DB Model of MUX command-response informa-
tion transfer disciplines, incorporating
cons ideration of redundancy and fautt-
handling schemes.

After the MUXSIM main software structure was implemented it was determined
that the additional Static Model construction was easier than anticipated,so a ll eight

- mode ls were imp lemented . Both dynamic mode ls were also implemented as agreed to on
• -~ the Test Plan.
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SI : C~ I N V

7~ UXS ~W~ C- NSTRUCTION

1. INTRODUC~~CN

‘ n oraer to c J c ~ o’~~ l y exp lain the construct ion of the MUXSIM system

ttWL I~ ~ ~~~~~~ 
;~ ur~ i~e ‘ ieweH f rc~ the functional (user) , log ica l (programmer),

~d ~~ ~~~~~~~~~~~ ~~~~ ~~~~~~ ~r) OO fli~~ O~ ‘iew . ~ unctionall y, the ~o nts of v~e-w are ;

i~ ~ -r ~~ • . - ~t used?” ~o~ ic~ ~
y, it ~s structu re d into r~ o ports: nat scf twc :

ies ~
:-
~~ -

- .~~ -~~i - e~~ ts and rhc~ so ware w h!cn is t~c:~~~ or convenierce .

~:oll y, i is v~ev. ~~ from: ~ow it ~~~~ storage s ize , t ime for prog~~m execut ion ,
r - ~~~u :rement~ and o itput requirements .

The folkw in~ iW O notes should be made of the specific siniulator construction

~ev :coed during this imp lementat ion phase:

• T he interrelationship between the static and dynamic was not better

exp lored because of lack of realistic data base .wh kh conta ins the

por~~~ tors defin ng the s gnalling requirements stocicst i ca Uy.

• The present hardware imniementation concepts pr&ected the relai~~’1
shi p imp lemented . However, as new hardware concepts Hve c~ : - d

consequently new m~ d~~s are :~~~erated , this re i
~~~ t i~~~ncH p -c’ulc chcr~~- .

The programs are nc~c u~ar and as !ong a 
interface requh-~ments 

o re

respectec ~~~ n~n ~c~hy e c i ediy rep laced w ith neN - e s o new
CC~’ 1 nse~ r~”:v.~~ r ‘Y s ;ir~ ones .

FUNCTI ONAL CONSTRU CTiON S

The functionci or user view o~ t~. e sys ern is best described by sLrve . ng

system from two distinct vantage points ‘~ sec by the follow ng two 4~uesnions:

• What is ML’XSIM used or?

• How is MUXSIM app i i ed?

he first question is answered by a brief description of the system ’s manipulation of the

• rJf~erent pertinent users
’ parameters . The second question i~ t reo:~ d by i ~ ui ption or

~i~cal user ’s scenar io. The prime object of both of these discussions i~ o ;esent a

::e fu~ overv iew. For interested personnel,the details of operation are cove ed fl the

/ U Y I M  U~~~’ s ~/ L r ~~~ ~~~~~ ~~H<SlM ~ y~fern Modif icat iøii ~ ‘5!~~ ~J O C  1- ~~~~ . ~ I .
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a . Wha t is MUXSIM Used For?

This MUXSIM imp ementation effort was developed to address the
design and design verification of digita l data systems used for handling intro—aircraft
information. It addresses any of a famil y of aircraft data transfer requirements where
information originating from many sources, spatia lly separated, must be transferred and/or
processed, then retransferred to an equally comp lex destination arrangement . The imple-
mentation is genera l in nature so that MUXSIM can be used for diverse applications where
the above problem exists .

Essent ially, the MUXSIM programs serve to link the gap between
detailed ana lysis and prototype hardware . It provides a means of interplay ing the pieces
of the detailed analysis (such as update rate requirements, sam pling requirements, data
buffering requirements, bus data rate requirements, process ing delay requirements) from
a myriad of point—to—point signalling into a coherent requirement which can be verified
for compatible performance by a computer prior to attempting a hardware development
prog ram, thereby preventing cost ly system errors from being implemented in hardware.
For this reason the cost effectiveness of the simulator depends on its earliest use in the
design or modification cycle.

The following is postu lated as an example of the use of MUXSIM
during a hardware development program.

• In the conceptua l stages, past data bases developed by
MUXSIM for similar systems are useful for bounding the
requ irements .

• As the development program matures, MUXSIM uses the
emerg ing information to help develop the peculiar system’s
actua l data handling requirements .

• As candidate systems ore selected, they are evaluated to
indicate specific relative meritsand problems of each .
A final selection is based on how these advantages and
problems affect the application.

The basic opera t ion tasks to accomp lish the above were defined
during the prior conceptual and design phases of MUXSIM and were divided as follows:

• Data base management and accounting task

• Signa l information grouping and handling task (representative
of hardware implementation requirements such as remote
terminal assignment , message ass ignment, bus schedule, etc.)

I

112

c.

~~~~~~~~~~~~~~~~~~~ ~~~~ 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~ ~~1TTTT~



• ~ ,r s r c  s ;  ~~~~~~~ c~ dotu ~~~~~ 
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. c d  )CO~

~r-~ ~os:c ~ d~ r v ~ t~ r~~ ~~ a/ c~r~st~cs , b-)~a

~fe r- n~- ,~~ ~~- :ert~ aro otn’ ~ -~en~ c~ ~~~ 
q~:~-~eina

ri i~~’ em. -

~e r~R-e r-perot ion tasks t~ e MUX S~M so •‘v ;c structu re

‘~f ~~~ r ~~ ree opeic~ s~ ~‘u tcor eus~ j subsystems ern’~v~eci . ~~ey ~i~ r’~ o!- ~~ s~ei irLc

~iu~ t ~ c ~~ ~e ,c heii nreas of respo nsibility ur~ as fo~ Ic~w s :

6 TH UH try S~~~ys~ - r  ;: rnc~ e~ • e Si~~c ow LiSt •~ zd
. ::r~c~ t~t~ r -j ~arc~ irp~ ~rcr it. ~~~~ a

:rn ~he Si g~~ l Flow L s t  ~o l~~* the Equipment C~ r~p e . • ~ r r

~or com :~ete~~ ss , fla~g ny any c - •u:ri~~:~ oH si gna ’ de flc

~ es

a The Static Subsystem handies all h~ ri~~- o rJ~ ir~~ior
grouping and handling such as Remote Terni ai (RI MAP)
loading tot~ - 

t he da~a bus word ~: r c ~Jr r.~, (WOR D MAP) ,
the data bus message structuring (MESSAGE MAP), as we i
as the f i>ed—:ei em et ry format r~~isJgc ~truc~ure ann c ,erc~ c
bus loading and utilization compula ~:-~s.

• • The Dynamic Subsystem handles the ran~ c.r~ me~~~je

-
- scrHuiing tc~ks nnd computes the dynamic ~~is ~c-~

r -~~~

(que tc n~ ) ~ :d r:c ~ s~c~iY ;:~ . TH ~ is ::cH: ~o:~~Ha
by ~~~~~ :~~-~~ i - 1 (G~~~~r~~1 Act~v ”  • i  ~iat o ~ro~ ; cr ?

iC)L ’~ te IL cr-,. a po\ ’c’f Jl , ‘~y : ’i~~~ c • ~ C•~ , Ol~~

~cc : -:• : d ~~~n~ ~~~~ ‘ - ~~- c w hich c ~~~ :ei c c ~fy/to bre

• The Exec~~ -~’-~ Subsy: ;m (User H;e S r~~c Ie) c~ rr

opera~ c r  Ftcr ~ a ~.rc , ( ~ermina l ~Tcrua e) u. -a ~OS

an interactive sect ion , wir~ o~~~r r - ; l  coa c hin~, o aid
the user and ~ctc~ ~T fate le-o;nii~ -he s~ ru kito~ •a~

_ t~ .~t i c s

Figure 8—I dep ic~s the above M1~~’ S M  L~ys~o~ : Q • . e icr ~oft

structure and its interrelationshi ps.

• Functionally the ~hree operation subsystems are seque~ced as
s hown in Figure B—2 when a problem is being worked from start to end . i. i , howev~
antic ipated that other iterations wil l  be useful in different ci cutr: tet - •~~ : - ~- r  ir - t :- -.

once the Signal Flow Summary is d ve’ from a f ixed Signal List— Da~e Basc .t

-
~~~~ the (it iIi~y ~iubsysict -

- ~~~~~~~~~ 
- - he Lypc- :sec when simu~o~ ~~~~ 

- ~r - ~~ 
1 ern-ira

Configurat ions or running d~ffei-ent c;r -: Models.) Tie F u i c i  unci~ r~~q ;i 7 eri c ts are ,

~~ however , more adequate ly descr ~bH isi~~~ the sec~~r ice shown t~ r~~~ur

1,2
ç op. cit.
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MUXSIM System Data Flow Diagram
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At the start of the sequence, the Utility Subsystem’s bag of programs
assists the MUXSIM user in creating an accurate work load definition (a signal list which
defines the information transfer/processing requirements) for the aircraft system which is
being evaluated. This effort is carried forth basically as depicted in Figure B—3 . The
first task consists of inputting the signal list and compacting it to minimize data storage .
This is accomp lished by extracting dictionaries from some of the signal list fields . After
that, the next task is done by using a Signal Group LRU Assignment Dictionary. It consists
of creating a Signal Flow Summary (SFS) listing extraneous signals contained in each
subsystem’s list and which are not related to that hardware subsystem. The succeeding
task consists of comparing the comp lementing SFS input/output records and listing those
signal summaries which don’t have a matching pa ir in the complementary list . The user
con then employ these discrepancy lists to either update and/or correct his original inputs
and then reiterate the process or use his signal list edit program and correct the signa l
list file on—line . The user will iterate thi5 process until he eliminates all incompatibilities
in the signal list and signal flow summary or is contented that the information is acceptable .
The corrected signal list, either in its original input or recreated from the summary fi le
to remove double entries, can be outputted to tape and added to the workload library
which serves to define this workload for historic or future purposes. It is also used as a
source of information for construction of other work loads . This subsystem has the capability
of modify ing the LRU designators on his signal list to generate a modified signal list repre-
senting a different system.

Once the work load (Signal List) data base has been satisfactoril y
c leaned up,the flow proceeds to the Static Subsystem as shown in Figure B—2. The Static
Subsystem consists of a set of operations, groupings, or transformations which the signals
go through. This is representative of:

• group ing the signals into remote termina ls

• grouping the signa ls within the remote terminal into words

• grouping words into messages or other such requirements

For the models implemented in this effort,the above three steps were cons idered represeri-
tat ive and were so modeled.

As per Figure B—2, the remote termina l ass ignment is the first effort
of the Static Subsystem. This effort is executed as depicted in Figure B—4. The first task
in this Remote Terminal Assignment Dictionary locates the different pieces of equip-
ment (LRU’ s) in different areas of the aircraft (i.e., bays, etc.). Thereby each signal
is in essence catalogued by location . This signal information is totaled by signal types
(input or output and generk—a na log, discrete , - category) for each location or boy and
Remote Terminals previousl y assi gned by remote termina l. This information is

• reviewed and eva kiated by the user , If the remote terminal ass ignment is iot satisfactory ,
the user assigns or reassigns the remote terminals through a manual update of the LRU
location and Remote Terminal Assignment Dictionary . The process is reiterated until the
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Uti lity Subsystem Data Flow Logic Diagram

117

~~: :ii: 

-

~~~~ 

• - - - -

~~~

--—- --- -——-_-

~~~~~

— - - -—

~~~ - —- -~~ --~~~— -~~~~~ — -- 

—

~~~~



— - - -- --•--- -- - •—-•--- ————-—...
~

—•,------ - — - •-——---•• —----------— —

‘I!

1~ DICTIONARIES ( SIGNAL F LO\ - ( USER DIC T IONA RIE RI~~~ i F I

I CARD IMAGE SUMMARY FIL E I. LRL LOCATI OT . A ND RI
I 

____________________ 
A~ S IGNME NT DICTIO NAPY

2 [P s NAME DICT IONARY
__________ 

3 . DAIA RATE AND SIGNAL
MAPPING ALG ORITH M

~NTER DICTIONARY

_ _ _ _ _ _ _ _ _  I ;~ :~;: ]~ [

~~~~~~~~~~ ORT~~~~ ~~~~

[ SIGNALFLOW Al IGN t.~

eLI,

EDIT SIGNAL 
(t YKEouIRE

N

~~~~~~~O

SORT AND TO TAL
I SIGNALS BY 

— SIGNAL SOR T
I LOCATION AND RESULTS I!

RT ASSIGNMENT

r~ E ‘ T  Pu r,  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
. ‘E PLAC ED rL r I  LINE
P’S )R L, • 1-R T OF ~~SV . YES ~~~~
•~~1’~~ 

- MB~ EX PLANATI ON u ”
A

PROGRAM OUT P T ~ (‘ 

__________ ~~~~~~~~~ Dccuv[ r T EC IJ IPWI t . T P T
V/- ’ A L TRZ ~ IF LZ c::~~ ~~~~~~ ~ 

1’ EQUIPMENT — + NTF~~CC • •~~

T~~~~c,~ LS/ ‘ - I S a ’ - r~ 
RI INT E RC ONNE C T 

~

(
~~~~~GNAI FLOW

~4 ( . I T H R T
AS IONED

~ Figure B—4 .
Static Subsystem RI Assi gn Task Data Flow Logic Diagram

1i~

_ _ _ _  _____  _ _  — 

• II.T: TTT



r -—---‘--‘-- - —‘-- -- — ,-, -_-~~. 

User s satisfied that he has the desired assi gnment achievable by this method . If fine
tuning of signa l—to—remote terminal assignment is considered desira ble then the last step
in the assignment process is the use of the signa l flow summary edit which c liows the
user to interactive ly move the signals from one remote terminal to another (e.g. if onl y
a few analog signals are present in a given bay, it may prove he lpful if they are all
processed by the same RI). This new assignment s tota led and eva luated and the process
is reitera ted unti l the user is satisfied . At that point the user calls the documentation
prog?OEN aEld documents his configuration.

Once the remote terminal assignment is comp lete , the data bus
message is formotfed in a modular sequence . As shown in Figure B—2,the first step consists
of mapping the signa ls to words or bytes . This is done by a model-peculiar mapping o lgo—
rithrr which is used by MUXSIM. The specific parameter definitions are accomp lished
through the use of the Data—Rate and Signa l Mapping Algorithm Dictionary.

The next step consists of mapping the words or bytes to messages.
Again, this is done by model-peculiar mapping algorithms assisted by user porometer
definitions of the particular command and control data overhead requirements . Then a
computation of average bus traffic is accomp lished for the fixed telemetry format traffic.

The last step represents a three-way mode of operation . If the
information transfer discipline depicted by the data base is of the fixed telemetry formc~-
variety,then the fixed format scheduler of the static subsystem is a candidate operatior .
It inter leaves and schedules the transmission of messages among the fundamenta l up date
interva ls while maintaining the required transmission periodicity for the individual message .
In essence, this task consists of mapping the messages into sequence (each sequence
represents a group of messages which are transmitted in a contiguous sequence on the bus).
These groups ore then fitted into the schedule. If the data base contains only fixed te tem —
etry format data,then this ‘ask could conclude the operation.

If , however , the data base specifies sporadic transmission recuire-
ments for the signa ls,then the dynamic subsystem assists the user in the task of determining
the additional time delay and/or message queueing statist ics for his hardware system .

Should the data base contain only sporadic data transmiss ion
specificat ions,then the fast step could consist of using the dynamic subsystem to obtain
additional data-bus loading information .

MUXSIM provides detailed documentation for the fo llowing bus
• 

• data variab les (see Figure 8— 2):

• Corrected equipment list , signal list and signal summaries.

• The signal—to —remote term inal ass i gnment (down to ~in level).
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• The signa l—to -message assi gnment (down to si gnal leve h.

• Average bus utilization .

• Message scheduLng by fundamental update interval and
ind vidual loadir;g anc utilization.

• Time delay arid message queueing stat ist ics.

The fol lowing eight stat ic models were imp lemented as part of the
static subsystem and are available for use as part of the si gnal—to—wo r d—to—message map-
ping operation .

Model SA — T/T Transfe r

T his model is representative of direct transfer of information from
one remote term inal to another remote termina l. The information s grouped into messages
which are separated by the following three da ta variables: update rate, originating ter—
mina l,and destination terminal - In addition there is a restriction to number of data bus
words that can be grouped together into one message . This quantity is a user input . The
operation prior to message construction was the data bus word construction . In addition

• to the three message separation variables , the data word construction was kept separate
by signal type (generic categories — discrete , ana log, etc.) because si gna l conversion
equipment is different for different signa l types and word groupings would be separated
from equipment to equipment . It should be noted that these functions are representative
of hardware implementation and that the actual hardware imp lementation approach dic-
tates the model.

Another factor which s considered is that any signa l whose origin
and destination is between the same Remote Termina ls was considered to ~e c ccndic Dte
for dedicated hardwiring and was consequently ignored by the model.

The si gnal—to—word mapp ing is done in three categor ies . They are :

Category A — Multisignal to Uniwords

• u Category B — Unisignal to Uniwords

-

• Category C — Unisignal to Multiwords

P The mode l specific information i5 inputted via the ~~ta Rate and
Signa l Mapp ing Al gorithm Dictionary .
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Model SB — T/C ’T Transfer

This model is representative of a system where the si gn~ i ;ri f o r r ~’ -

tic-’n : .. guih-~red into the Central Bus Control’ing Unit ,reformatted, and distributed. T~ t•
b i~, dh~cerence between Model SB and Model SA is that most data is transmihed on the
bus twice . Therefore, the bas~c approach is to bring the signal list word into the mode~
tw ice . The first lime the destination remote terminal is modif ied to central unit repre-
sentation . The sec~nd time the origin remote termina l is modified to centra l unit repre—

• senta f ion . in add t on to the dedicated hardwire considerations of Model SA , ~he s~gn-~s
w ’1ic ~’ sv- s up with centra l representations or origin and destination are con ;ide :ed to ~
an Lr . T - . - -~~! manipulat ion of the central unit and are consequentl y deleted from tne ~~ste r r .

Mode l SC — D gital 1/1, Discrete T/C/T

This mode l is representative of direct transfe r of signals w hich b-
mse lve s con3titute o.ie or more words (Category B and C) and the gathering and dis-

per~ ng of the Centra l Bus Controller of the multisi gna l word (Category A) signal type .
T L e  message overhead words are different for the two information transfe r disciplines,so
the two message types are differentiated w hen assi gning the overhead words . Each type
is according ly representative of Models SA and SB.

Model SD — Hybrid Transfe r

Th is mode l is representative of a combination of the Model SA
and SB disci plines where an effort has been made to minimize the data bus loading E
se lecting for eac h of the update rates the disci pline which has the lower data bus rare -

~n essence , Mode l SA and SB are called , the lower data rate data transfer disc i piine
is determined as a function of update rate,and those results ore se lected . All message
number information is renumbered after the word and message transmission discipline
structure has been selected for each update rate .

Model SE — T/T Transfe r With BCIU Broadcast Reception

This model is representative of the system where certoil 3u~s
Control Interface Units (smart terminals,in essence) are capable of receiving any messagc

• going to the Centra l (active BCIU) Contro l and extracting the information they nc Dd
From it. The hardware imp lementation is such that any signal going to any of the ter—
-‘-T ina l de signated BCIU is grouped together. The information transfer disci p ine rem — :o

termina l --to-remote term inal ,as model SA .

* Model SF — 1/C/I Transfer With BCIU Broadcast Recept ion

This model is also identical to model SE w t h  the exception tl ct
the si gnal transfer disci pline is representative of the centra l gathering and dispersing
unit, as in Model SB.
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Model SG — Hybrid Transfe r With BCIU Broadcasting

Th is mode l is like model SB,with model SE disci pline instead of
mode l SA,and model SF discipline instead of model SB.

Model SH - I/C/I Transfer (Word Shuffling)

This model is similar to model SB. The difference in discipline is
that the multisignal to word (Category A) signal types are packaged in the same fashion
as they were in term inal-to -termina l disci pline by mode l SA before they are shi pped to
centra l. This model represents a system where the bit packing is done and undone at the
remote stations and the centra l unit merel y regroups the words into messages .

The following two dynamic mode ls were implemented as part of the
Dynamic Subsystem and are available to use for the dynamic bus queueing utilization
computations.

Mode l DA — Demand Access Transfer

This model is representative of an information transfer system
which consists of a fixed format data transfer foreground plus an interrupt enabled demand
access first—in , first—out background. The merits of this system are anticipated to be
twofold:

• Reduced bus loading

• Reduced delay in access of the sporadic data

Some of the assumptions made to keep this mode l simp ler, thereby enabling the simulation
to cyc le Faster, are:

• Error and fai lure—free environment

• Foreground—back ground mode similar to hybrid analog—
d gital real—time operation system

• Foreground with fetch messages on a fixed telemeiry
format comma nd/response basis . Back ground processing
assoc iated with demand data access which is made in

• a comma nd/response basis .

• Interrupt system which allows the centra l contro l to
initiate command/response requests for the demand
access data

• Some other assumptions are: one, • hat the foreground has no sporadic data iransfe r,that
the computed bus load for each transfe r is available from the Static Subsystem in a lumped
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q
~~ri~e for each cund r r ~er ~cJ update interv ’~~; two , that the command response for this

derncn~ -~~cess data is nitiot ed by cen 4rc ertra l therefore knows the Iengrr of data
ri ar~~11iss~c’n for each demand acces s message and consequently doesn ’ t init~cte a demand

~ transfer which could interfe re with the next foreground transmiss ion . Only dernc~’
n~’~sa~ie~ ~ r .~c h have arrived pr ior to the end of foreground transmission are cc nsidered

~-D r -rcn; iis~~ n ~uring the following background period .

Mode l D~ - Demand Access Transfer Including Cons deratio is

of Redundancy and Fault—Handl ing Scheme3

io~ica i y , Model DB is a more soph isticated version of Model DA .
!t represents a system ~ HJi consists of foreground fixed format message transmission and
coritrol p lci s c emena ac~ e s  background message queueing . T he- demand access messages
are ~-rc~srnitted or dispatched otter completing the Hxed message requirem ent. They are
t - i  mitred on a f rct—~’, first—out order .

This model takes into account the impact of noise on the dual
redundant data bus. In this model both aata buses must be impacted by a noise event
duriig transmission of the same message for a failure to result. Bus failures are generated
in this model by using a noise event of infinite duration . Either bus can be made to fail
independently. The foreground dispatching of messages is on a message—b y—message basis
instead of just a fixed ion—vary ing sequence group as was done in mode l DA . Th is is
necessary to eva luate the impact of noise on the message . The message is also separolec

• into the command segment and the response segment for separate evaluation . Fciluie .
can be acknowledged by either a non—responding termina l or a failure of the cont~uller

• to recognize the response . A failure is also determined by a watc h—dog timer event
occurring before a g iven message response .

Each termina l can be caused to fail by occurrence of a fai lure
event . There are two fa iied modes: permanent disable or intermittent (tha~ i:,a ter rHnr~
ss hch  recovers from a failure after a period of time.)

Associated with each message there is a response time which s
uri formly distr ibuted . This brings up the point that under this situation a con roller

- 
• cannot predict the length of time for transmitting a message . In parti cu lar , the cor~ro l e ~

chec ks the length of time for an average message transmission and if if  is less than the
time to the start of the next FUI time it schedules its occurrence . However , ~ecuuse of
the nature of a variable response or a failed response,a feature was built to al low a delcy
of the next FUI fixed format message transmission until the comp letion of the present

~ronsmission . This element,along w ith variances in response, contri butes j i t er to the
f xed format tronsmission sc hedule.

Basically all the key features of model DA are incoroorated into
Model DB. However, t takes longer to cycle through an equiva~er ’ ~~~ ~~ed t ime than

uoes ForModel DA, and therein lies the importance of having both models ,
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Failure models that have no fixed FUI requirements can be formu-
lated from either model . This is strict ly a demand message transfer system.

b. How Do I Use It?

Basically the beginner or basic user will rely on the User’sMonuol.
The overall MUXSIM system specified and thereby implemented is an interactive set of
software with optional coaching. The coaching feature was implemented to make the
use of MUXSIM easy for the beginner. This interactive software is the reason for the
Executive Subsystem . The coaching fea ture can be switched off for the more mature
basic user who doesn’t want to be hampered with the time delay for the coaching inter—
change. The veteran or advanced user will make use of System Modification Design

Data Manua l to create programs which are ta ilored to his specific requirements and
install them into the MUXSIM software system.

An anticipated basic user scenario of MUXSIM is described
pictora lly in F igure B—5 and is explained briefly in the following three steps:

(1) For the MUXSIM user, the sofware system structure can be
considered to consist of two parts:

• The MUXSIM software programs which control user
interaction and the actual simulation routines .

• System Definition Libraries which consist of a family
of possible system configurations the user may desire,
and workloads (signal lists ) which the user will model
into the system; a specia l signal list must be manuall y
compiled by the user first .

(2) The user, sitting at an interactive CR1 or TTY console ,
• is coached by the MUXSIM Executive Subsystem through

• the desired sequence of programs . As he progresses:

• He wi ll select the signa l list he wants in his system

model from his workload library . The Signal List ,
wh ich contains the definition of each signal, and
the Equipment Locat ion Dictionary,can be compiled

• 
• 

eit her from the workload (Signa l List ) library by
using an Equipment Complement or by entering a
ma nua lly prepared signal list and/or dictionaries .
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• He can make any custom changes to these lists tha t
he des ires .

• He selects a model for the kind of system he wishes:
centra l, federa ted, command response, user demand,

• sequential , etc . The System Configurat ion Mode l is
normally c& led from the System Configurat ion Mode l
Library contained in either stat ic or dynamic sub-
systems . Each model has a set of System Specific
Parameters w ith it. However, they cai~ be modified
from the user ’s console. Additional models might be
obtained by using one of the existing models as a
guide for coding new models . The models are mod-
ular in construct ion and a wide variety of additional
models con be covered by a few basic modifkotions .

(3) The MUXSIM software will take over after each program
• 

- 
select ion and wil l progressive ly supp ly the user the
specific contract data indicated in Figure B—5 for his
system. The compressed Signal List , plus
accompany ing dictionaries available from the origina l

• Signal List in the work load library,are used to provide
• comprehensive , user—reada ble printouts which include:

• RT/Equipment interface to the pin ass ignment leve l
- ‘ of detail

• Message Structure and Message Processing require-
ments to the signal level of detail

• Message Scheduling for each fundamenta~ update
interva l

• Bus Usage and Utilization Reports

~ ~~ - • Time Delay and Message Queueing Statistics

This printout provides a highly deta iled, we ll—documented
definition of the system requirements which enchances the
wr iting of system and module specifications .

~ 
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3. LOGICAL CONSTRUCTIONS

The MUXSIM design phase identified the requirement for four major software
subsystems: Executive, Utility, Static, and Dynamic, as shown in Figure B—i.

• However, the major partitioning of the softwa re construction effort was
twofold:

• User Ease Software, which consists primarily of the Executive Module
with its interactive features, and is designed specifically to complement
the TOPS— lO operating system for user/system interface .

• Operation Software, which consists of the Utility, Static, and
Dynamic modules and contains the software which does the data
manipulation and algorithms necessary to perform the simulations.

The former consists of a software system which supports the user/MUXSIM
interface . The primary interface is achieved between the user and the Executive module
software . Other interface requirements make use of the TOPS— lO interactive features .

The latter consists of the programs which, when run batch, wou ld produce
the desired simulation results .

The two were developed separately. The requirement for the software system
design effort was to evolve a set of operational software programs each of which wouH
run in batch mode initially. Due to system funct ional requirements when the programs
were integrated into the system, they run in pseudo—batch fashion. That is, the program
would be called to run in a batch—like sequence, the main difference being that they are
ca lled interactively from the Executive subsystem.

The user ease software consists of a set of software programs which would
marry the operation software to TOP S—lO . The set consists of a main executive program
which is a tree structure and permits accessing any operation program by following the
proper ca lling branch. This structure is mandated by the requirement for coaching the
user through a set of questions about his requirement , to direct him to the proper program .

• Other user-ease programs were developed to enable him to use the system efficiently.
The tree structure, or main executive subsystem program, was deve loped standalone by
using chain back to the Executive, which returned the user to the point of departure when
an operation program was called. A specia l LDFILE program was also constructed to crea te
the coaching text file.

The system was ma rr ied by chaining from the proper point in the main execu—
tive program to the individual operation programs, and at the end of program execution
chaining from the program back to the main executive program.

_
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The main structure of the operation software system was that of progressively
manipulating (mapping) the signal list through a series of three grouping criteria , each
dependent on the prior one . This functional requirement translated into a logica l require-
ment for a string of programs , each of wh ich is driven by an input file and generates an
output fi le which serves as the input file for the next . The last two files created one
static model—dependent . In essence this progressive f ile manipulation provides the major
interprogrom communication link for the operation programs data manipulations . The
approach was debugged early by running the programs batch in the proper sequence; in
fact, the programs were developed in that sequence to minimize interprogram data—inter-
face problems . Other satellite programs which are required to either document, summarize ,
and/or evaluate the file contents were also developed after the program which created
that specific file .

a . Operation Software Construction

The top—leve l flow of the operation software is illustrated in Figure B—2 .
It shows the functional interplay of the present imp lementation of the three major operation
subsystems: Utility, Static , and Dynamic. These major subsystems are divided into
programs .

However, Figure B—2 shows the Static subsystem subdivided into fi ve
major functions. This was done because functionally it is easier to explain the operation
system from this breakdown . The Executive subsystem calling sequence to the programs
in the Static subsystem has on intermediate step between the call to the subsystem and
the call to the individual program. This intermediate call subdivides the programs into
three different groupings: RT ASSIGN (RT assignment), BUS USAGE (bus usage), and
BUSSCHDL ~ us schedule). This subdivision, or one much like it, was necessary simply
because when a call to HELP was initiated at this level, the coach text disp lay would
exceed the CR1 screen tine limitations . Five subdivisions were considered excess ive .
The Utility subsystem has two intermediate steps, one for inputting the signa l l ist and
one for recovering the signal list . Each one calls two programs . The other programs are
ca lled directly. The Dynamic subsystems programs are called directl y after ca ll to the
subsystem.

(1) Utility Subsystem Construction

As part of the software system design, the Uti lity sybsystem was
divided into eight ta~ks , each to be handled by separate programs as shown in Figure B—3.
The eight tasks are O follows:

• Inputting the si gna l list from card or card image tape and
extraction of dictionaries from se lected fields for the
exp licit purpose of reducing the on—line storage require—

- 
.1’  

ments for the signa l list .

6
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• The interactive editing of individual signals in the on—line
signal list.

• Reconstruction of the full text signal list from the compacted
signal list and associated dictionaries and the off—line
(tape) storage in record image of this list and an associated
printout of same list .

• lnputting the signal list from record image tape and
• extracting the dictionaries from selected fields, as wit h

the card image inputs .

• Extraction of input and output signal flow summaries from
the signal list , wi th the restriction that only signals derived

- • con be used for the summaries pertaining to each LRU.
(ThIs is used to compare and account for double entries
created by identica l intersubsystem signal information being
extracted from the different hardware subsystem documen-
tation.)

- 
• 

• Comparison of the input versus output summaries for the
matching pair . The documentation of those input and
output signal flow summaries which do not pa ir with
summaries in the complement list .

• Reconstruction of the full text signal list for only the input
or output signal flow summary (thereby deleting double
entry signals). This is accomp lished by using the compacted
signal list and associated dictionaries; its outputs are the
off—line (tape) storage in record image of this l i st and
associated printout.

• • Special modification of the signal list, specifically the
- • 

LRU keys . This program models the data for hardware
modification involving the LRU separation of inputs and

• outputs and/or merging of severa l LRU’s into a single LRU.

The data or functiona l flow among these eight programs is shown
in Figure B—3 . The actual program flow diagrams and program listings are contained in
the MUXSIM System Modification Design Data Manual. Each indiv dual program’s input/
output interfaces are shown in Figure B— 6.

(2) Static Subsystem Construction

The Static subsystem was functionally divided into fi ve tasks.
These tasks were functionally d vided into eleven programs . The first task was RI Assign;
that is, the task of mapping the signals Into remotely located signal collection and
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dispersion points . This task requ ires a high cegree of human interaction and selection .
T he pictorial descri ption is shown in Figure 8—7 and Indicates that it was subdivided into
six subiask s, eac h to be handled by separate programs . These subtasks are:

• Sort LRU’s by L.RU location and RI assi gnment (if one
has been made on the LRU LOCATION and RI assignment
card). Print out LRU key, location , and RI number.

• Sort LRU’ s as above . ~rint out LRU key, name , locat ion,
and RI number (if assi gnment has been made on dictionary).

• Sort signals by LRU location and RI assi gnment (if one has
been made on the individua l SFS). Print out signal quant ities
by type and LRU, location, and/or RT assignment .

• Assi gnment of LRU number from LRU location RI assi gnment
dictionary to individua l signa l summaries on the si gna l flow
summary file (SFSF) .

• Edit the individual signal summar ies to reassign RI’ s or to
sp lit signals into two or more summaries and reassign RI’s
for each new summa ry .

• Document the individual signal to RI assi gnment. This
documentation to be as text—oriented as possible.

The second task was that of mapping the signals into words on
pre— hardware models which are to be transmitted on the data base . This task IS model—
dependent and is done with no added human intervention . It was assi gned to a sing le
program which created the word flow summary file. (See Figure 8—8.)

The third task was that of mapping the word ass ignment into r~
- e,;sa~~e~

such as is done by the hardware imp lementation wh ich is being modeled , and to document
the s ignal—to—message assignment in a text—oriented format . The task was assi gned in tw o

p rograms: one whici- created the message flow summary file; the other to handle the
documentation. (See Figure B—9.)

The fourth task was that of computing the bus data rate loading
and uti l ization . This task was assigned to one program . (See Figure 8—10.)

The fift h task was that of assigning messages to fundamenta l update
intervals (also known in telemetry as “minor frames ”) and computing the individua l funoa—
mental update interval’ s bus loading and utilization, and disp lay ing the results in time—line
disp lay . This task w~s assi gned to one program . (See Figure 8—11.)
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(3) ~~~~~ amic Subsystem Construct ion

As part of the sohwaEe system design, the Utility system was dividec
into two functiona l tasks , eac h to be handled by o separate program . T hese two tasks are :

• Simulation of a Demand Access Data Transfer System which
has fixed—format data transfer via foreground dedicated
trans fer with a separate hardwire Interrupt process to queue
the demand access back ground messages for transmission
af er comp letion of fixed format data transfer .

• riu~ -:it~on of a Demand Access Data Transfer System w hich
has the same features as above , but takes into account
impact of noise and component failures on the system, as
we ll as system transmission j itter on the fixed—format
message sequence .

The data or functional flow between the other subsystems and the dynamic subsystem is
shown in Figure B—2 . Each of these programs functions independently of the other. Each
individual program’s input/output interfaces are shown in Figure B—1 2 .

(4) Signa l List Inputs and Progressive File Construction

T he basic system architecture consists of progressive ly manipulating
the or iginal data base from itr input format into its basic message structure . There
in this MUXSIM imp lementat ion six distinct stages or evolutions in which the a ng ina
workload information can exist . They consist of two input stages:

• Card image or preUrninary Signal List inpu t

• Record image or intermediate Signc I List inputs

Both of these forms ore stored off—line to MUXSIM. The second
form is derived by entering and then retr iev in g the data from the MUXSIM input storuge
area . There are four on—line states in which the data base can exist , as follows:

• Compacted Signal List File and Si gnal List Dictionary
file (7)

• Signa l Flow Summary (SFS) file

• Wor d Flow Summary (WFS) file

• Message Flow Summary (MFS) file

All other basic manipulationsand computat ions are centered aTound the derivation of these
progress ive ly manipulated data inputs or files . The descri ption of each data stage is de—
tai led in the following paragraphs.
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CR EA FE A CARD (MACE FILE ,VHICH IS ACCESSIBLE BY MUXSIM. THIS FILE IS
USED AS INPUT BY THIS PROG RAM OR MUXSIM FUNCTION (REFERENCE THE

MUXSIM USER ’S MANUAL) .

Figure B—1 2

Dynamic Subsystem Programs and Respective Input/Output Interfaces

140



— ~~~—

I. Card image or pleliminary Signal List input.

T he information s Contained in either cords or cord image
tape where the information for each signa l is contained
in 00—column card format spread over three card types .
T he data is sepatated by hardware subsystem within which
the cards are grouped in the following sequence: all
T ype ~~, followed by all car d Type 2, and then a ll card
Type ~~~. 

(See Figure B-13)

2. Record image or intermediate Signa l List input.

This information is contained in tape where the information
kr each s igna is a recora and each entry into the signal
list isa  defined f ield within the record . The records are
sequenced by ascending signal ID number . This input is
norma!Iy recreated by the MUXSIM software from input
through reconstruction From the compacted signal lis t
file and dictiona ry files.

3. Signa l List Dictionaries and compacted Signal List files .

These files are contained in disk or other random access mass
storage areas where the information for each signal is a
record and each entry into the signal list is a field. However
seven of the fields are represented by numbers which are
cross—references to dictionaries which have been extracted

and stored in the signal list dictionary file s EXTDIC program
for the seven fields in orde r to compress the storage size
req uirements for the si gna l list.

4. Signa l Flow Summ ary (SFS) file.

Th is f i le is cont ained in disk or other random access mass

storage area . The information contained is a count of the
number of si gnals that satisf y the following cniteria (along

w ith the criteria themselves):

• si gnal input or out put from LRU

• ori g in IRU

• destination LRU

• signal type (s)

• update rote

• quant ization word/hit

¶ 41
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The information consists of a record header with the variables
of search and the signa l ID of the si gna l which is part of the
group. The information, for reasons of storage constraints ,
has a limited phys ica l record size. It , therefore , cou ld
become necessary to carry a signal ID list logica l record over
mult iple physiccl records . The source Signal List is normally
extracted from documents (or other SFL’s), each of which is
used to describe a subsystem or equipment group. As shown
or equipment group. As shown in Figure B—14 , the subsystem
interconnects are normally listed as outputs from one subsystem
and again listed as inputs to another subsystem . The intro—
system si gnals are normall y entered into the Signa l List once
only. A manual accounting method for deleting these doubie
entr ies is tedious and error—prone . Therefore , the problem
is resolved through using the EXTSFS programs which derive
the SFS for this accounting . This is accomplished by restr ict-
ing the search for input and output SFS entries for each LRU
to those entr ies in the SFL which were derived from the
subsystem . This restriction is accomp lished by the use of the
Signal Group—LRU Assignment Dictionary, wh ich uses the
two highest digits of the Signal ID as a key for separation
of the Signa l List into subs ystem ori g in. When creating the
SFS, this search restrict ion counts the intrasubs ystem signals
twice , once as an out put from an LRU and again as an input
to another LRU. The intersu bsystem signals were double
listed in the Si gnal List and this search restriction ony  c~~u r- ~
each one once .

- 
- The SFS list is separated by input and output ID designators

into complementary lists . The signals wh ich were derived
from a particular subsystem portion of the l ist , but conta in
neither origin nor destination from that subsystem , ore Uste d
with an 1D designator wh ich indicates erroneous or question—
able entries . Other categories of quest ionable entries are
those signal summaries wh ch have either on acceptable origin
or destination, but the other (origin or destination) is not
conta ined in the system LRU list. The following is a descrip—

B. ton of the SFS ID designators:

0 — Output signa l summar y originating from an LRU
with in the system . 

-

1 — Input signal summar y destined to an LRU within the
system .
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2 — Output si gna summary ori gina t ing from an LRU
wi thin t~i~ subsystem and destined to an LRU not
lis ted within the system .

3 — I nput signal summary destined to an LRU within
the ~ubsystem and originat ing from an LRU not
listed within the system .

4 — A si gna l conta ined in a subsystem portion of the .. -

signal l ist , but conta ining neither an origin or
destination LRU from that subsystem .

After the SFS is corrected for all SFS with ID designato rs 2,
3, and 4, or the user is sat isfied, the input and output (1,0)
are matc hed. All nonpaired SF5 entries are listed as erroneous
or nonmatch ing -entr ies . When the data base is corrected so
that the complementing lists match summary for summary,
each hal f represents the signa l content for the system defined
by the signal list . —

5. Wor d Flow Summary (WFS) file.

Th is information is usually stored in disk file. Each entry
into the WFS file represents a set of signals wh ich match the
search cr iteria required for mapping that set of si gnals into
words . The principal informa t ion conta ined in the entry is

• the number of words generated as a result of that mapp ing
opera tion of that set of signals.

Like the SFS , each WFS log ical record entry can consist of

mult iple physical records . The basis entry structu~e contains
a record header which consists of the variables of search for 

I 

-

that mapping and a list of the signa l ID of those si gnals wh ich
form that group . The signa l ID in this can also overflow into
mult iple records.

The information to create the WFS in this app lication was
derived from the SFS inputs; it con, however , be derived
from the compacted signa l list if program modificatiois are
made to incorporate the origin and destination RI assi gnment
to the signal records and the signal l ist is purgeo of double
entr ies.
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The search cr ter a for grouping the signals is mode !—
dependent. The search is controlled by the EXTWFS
program of the static s~bsystem . The mode l selection
is made interactivel y by the user . The search criteria
for the different ~tat ic models usuall y cons ist of the
following variab’es which are contained in the indi-
vidual SFS header and amended by the EXTWFS
program in accordance to the specif ic model require—
ment .

• Update Rote

• Origin Remote Terminal

• Destination Remote Terminal

• Signal Type (Input/Output)

• Quantizafion Word/Bit Number

The Data Rate and Signa l Mapping Algor ithm Dictionary
is used to input the system specific parameters . It
prov ides the key for group ing signals by its signal type
into the following three categories which are essential
to the mapping operation:

CATEG ORY A - MULT I SI GNALS TO UN I  WORD

CAT EGORY B - UNISI GNAL TO UNIWORD

CATEGORY C - UNISIG NAL TO MULTI WORDS

In genera l the word mopp ing is a procedure of counting

the number of words involved in the group ing . In
Category A the word count is computed by dividing the

• number of si gna ls in the group by the quantity of signals
B. per word (dictionary entry) and rounding up to the next

integer number . In Category B the word count is com-
puted as the number of signals w ithin the group. :n
Categor y C the wor d count for each signal is set equa l
to the quantization/word bit number or is set equal to

• a fixed number. The choice is mode via the d ctionary .

Therefore , as a result of the operation each entry of
• the WFS fi le represents a number of words on the data

bus, the quantity of which is defined by th is process .

~
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~f in f L .- - J rE ~ - -:c~J... 5 t became necessary to map si gnals
to bytes , thi~~- r c  Jram , w it h minor modification , or
one l ktT it , cou ij be t~sed to do the task . The byte—
to—word map co..j Id conceiva bly be modeled like the
w o rd—to - n e<y a~ e map. The operation of creating
bytes ~~~~~~~~ cf words wou ld represent a very similar
operofion t-xc~~~ ~c - ~.oi y for quantity of bits).

6. Mess IQ-~ F lo- .’. - Sum~
, 

~~ry (WFS) File .

Th~-1 informa ton s ~ ua lI y stored in disk tile. Each
entry into the ‘AFS fiie represents a distinct data bus
message . The message is composed of a set of si gnals
whic h were ossociate c~ wit h one or more WFS entries ,
all of which satisfied the criteria for being grouped
together into a message . The principal information
conta ined in the entry is the number of words required
to carry the information and the tota l number of words
(informat ion p ius overhead) required for message trans-

mission .

Like the SFS and WFS , the MFS entry consists of multiple
recor ds with a header structure , plus a collect ion of
signal ID’ s wh ich can overflow into multi ple records.

The information to create the MIS file has to derive
from the prior data format , in t hs  case the WFS file.

The criterion for grouping the words into messages is
model—dependent and ~ contained in the Static subsystem .

The model specific parameters required to establish a
max imum number of words are a user input . This is
the only additional information requ ired to run EXTMFS
besides WFS file.

B. If a program was set for additiona l mapp ing requi rements,
such as byte—to—word—to—message , sect ions of this
mapp ing approach might be usefu l in byte—to—wor d
mapping requirements .

This MFS file is the fina l evolution of the da ta base for
the app lication considered in the initia l implementation
phase of MUXSIM. It serves as the information source
for ~

- i
~ :~~ d ing computation and bus scheduling requi~e—

ments . Eventuali y, w hen a more sophisticated data base
becomes available , this would serve as the input or
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Workloa d Library for the Dynamic models. The data
base in this case would have to define those si gnals
involve d in terms of stochastic processes , defining
their information transfer or si gnalling requirements .

b. User Ease Software Construction

The user ease software construction stems mainl y from the requirement
to create a coached interactive system which makes the learning and use of the MUXSIM
s imp le and convenient to the user . This user ease software is contained in the Executive
subsystem and consists of the following f;jnctiona l requirements:

• System startup

• Tree structure for pointing to proper program or task selection

• Capability to automaticall y sequence through a set of programs
in batch—like mode .

• Generate running (set) batch mode

• Copy on— line files to back—up tape

• Create on—line files from bock—up tape

• A set of other secondary commands which add usage

• conven ience, including a special program to construct run
batch sequence

• A system to construct and/or modify the coaching text
associated with the tree structure

The logica l requirements which followed the preceding eight functiona l requirements
resulted in the following five programs being defined:

• Program to initialize or start up MUXSIM.
B. o Program which steps and tracks the user through the tree

structure , contains the secondary command functions,
controls the sequencing through automat ic set batch
mode runs, and controls exit from set batch mode sequence .

• Program which loads the coaching text files for use by the
tree structure . (This program is run in batch mode only and
is not access ible through the tree structure main program) .

• Program to copy on—line files to back—up tape .

• Program to create on-line files from back —up tape .
~
N4
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Unlike t-l- e other subsysf~m; , tr~e~e is no data flow involved in the
Executive subsystem . The actua l program f~ow diagrams and program listings are contained
in the System Modification Design Data ~Aa ,ual . Each indv ~duol program ’s input/output
inter faces are shown in Fi gure B—15.

A feature of particular nterest to the MUXSIM user is the ease with
which the task—calling mnemonics in -he tree structure can be modified into terms which
are easier for a part icu lar  sc t  of u~~es at a given facility . The onl y requirement is to
modify the proper file entry via a change of input card to this file. The task is frocked
by th~ c c ~~tior. of the entry in the file. When a calling mnemonic is entered , the file
is searched and located, then the MUXS M task which corresponds to the gi ven entry
location is called . The actua l correlation between the interactive file mnemonics and
program names and the tree structure that were used for the system test are shown in
Figure B— Jo. The fi gure contains the interactive calling mnemonics and the program
name immediately below if in parentheses . All commands , including the secondary corn—
mands, can have their calling mnemonics changed. However , for this imp lementa tion
th~ secondary commands are parts of the main Executive (tree structure) programs; their
names were left the same , no second names are shown in parentheses .

The secondary commands that were functionall y required to assist the
user through the MUXSIM were included as part of the MUXSIM main program or tree
structure program . They are listed in Figure B— b under SCT ; their functions are described
in Table B-I.

4. PHYSICAL CONSTRUCTION

The MUXSIM system is an on—line user interactive system . It is intended to
be driven from a TTY or CRT user station . The workloa d library cnd user dictionary,
required input for MIJXSIM , w ill be entered either from tape or cards . All of the detailed
reports w ill be output via line printer , in oddit-on to user console summary results. Some-
times, at user discre~ion, additiona l requirements to sa ve information such as modified
inputs and intermediate fi les or results wi l l  require an output tape .

The system is installed from card image tape pr cards . It cor .sists of 26
programs , three comm on subroutines , and one Coaching Text file , for a tota l of 9500
cards . It a lso requir~s a GASP IV subroutine library w hich cons ists of 27 subroutines and
19 functions, for an ~pproximate tota l of 2200 cards . The workload library assoc ated
with defining the A— 7D Avionics Suite which was used with MUXSIM for System Test
consisted of approximatel y 10,700 cards.

While the MUXSIM system is built in FORTRAN to enjoy a high degree of
mach ine independeni;e , this AFAL version has been specificall y tailored to run on the
host DEC System—lO Nith its TOPS—b operating system . In additon , in order to install
MUXSIM or re—insta~ l afte r modification , the system ’s Fortra r—1C and MACRO compiler
are also required .

4
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Executive Subsystem Programs and Respective Input/Output Interfaces
(S heet 1 of 2)
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Table B-I. SECONDARY C OMMAND DESCRIPTIONS

HELP — produces the coaching te>s t recuired to advise the user of his alterna-
tives at this point in the tree structure .

END — terminates all choices at this leve l on the tree structure and returns
the jser contro l to th~ next higher level on the structure .

CMr:LE — serves to crea te a f ile which is intended as the driving fi le when the
user repeats this sequence of operations using the automatic set batch
mode.

STOP - causes on exit from the MUXSIM system , and at the same time saves
the locat ion of the user in the tree structure , so that w hen the user
re—enters MUXSIM he can choose to return to the identical location
and resume his task .

LOG — copies the MUXSIM commands to an ASCII pr int file for record .

NLOG — halts the copy ing of MUXSIM commands to a print file.

COACH — is the enable command for the coach text . (It shou ld be pointed
out that at certa in levels the user sti l l  has to call HELP before
gett ing any coach text disp layed.)

NCOACH — disables disp lay of all coach text .

10 — enables the user to access MUXSIM internal file sta tus directory
for the exp licit purpose of modif ying the directory .

PCT — creates a disp lay of the primary commands v.+ ich are access ible at
that point in the program .

SCT - creates a disp lay of the secondary commands which are accessible
at that point in the program .

RESET — resets MUXSIM files and switches to initial condition .
Caution: this command recreates initial startup condition
(no files defined in the internal directory).

4-
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c. Installat ion Req u r. rn~-r-

‘
~~e User’s Manual contains ci detc.ited section on

procedure for MUXSIM from card image source . The pro~cdure gives a step-by—s~eo
requirement for insta llation. It consists basica lly of:

(1) Inputting from soHrc’~ to t~
-
~s ~cs~ s’,-

~~er s arc~ :-‘e~ 
-
~~ - r d ’/~ :c.~

source f~ies for rrC 26 pr ram~; f~k-~ ~~r tGe common
and ~ fi le for th’s coac- in~ 

- - - -~xt .

(2) Fortran—compi iing the common ~u~rou~ nes, wi th
that CHAIN subroutine is assemblea with MACRO.

(3) Compiling the fir~ pro9ra n’ , l inking t with the cor.-mc.~
subroutines, and saving on SAVE FILE .

(4) Proceeding with ~-ie next program u r h  au programs are ~
SAVE FILE.

(5) Ca~ling arid executing ID file to install coach text .

The indiv dual program card count, ~ne s ize of disk source file it-. ~-~oc--..s ,
and ~be size of each SAVE FILE in blocks , are shown in T ab le B—Il .  These are intended io

give an operator the physica l requirements for system installation .

b. Usage Requirements

The Users Manual Contains the details for using rr.e ~-/1~ X~ IM yS~~CT~:,.

The basic procedure consists of:

~~ Loading the 3igna~ List (either from card or tapL and :~~t

User Dictionaries .

B. ~2, lnitia izing MUXSiM and ~cr~up.

~ ; Cahing and .~x~ c~ r ing the necessary .~- . .X- .. w  ~~~
. 1  oroper sequence to produce the required reports .

(4) Termination of task , inc luding if considerec ~~~~~~~~~~~~~ b>
the user , copying to tape all inputs (includir:2 r~oc~fTed
ir,puts ) and intermediate files for future or ~~~ori.~~
reference .

j . The approximate times for execution of the ~~~b-u- ’:~ oro~~r~~~
- c...

i~ Table B— l j . T~i5 t i r~ e s referenccu to th~ A—7D WORDL OAD C~~r~ 3c . . ~)
‘.~C .-)) . t

the data base and the ~ize of each of rhe progressivt fiie~ ore shown b~ 7;olc B— ....

1.5 -’
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Table B-lI. DEC SYSTEM-~0 MUXSIM SYSTEM PROGRAM
__________ SIZE A ND TI M~ 

. NF ORMAT I ON 
_ _ _ _ _ _ _ _ _ _ _

Execution Time for
Program Name Card Count Source File in Save File in A—7D

Disk L~Iocks Disk Block Data Bose Test
Case (CPU Time)

MS 39 2 9 NA

LDFILE 79 3 5 0:12.7

MUXMAN 1543 72 34 NA
CPYDTI I 87 11 9 NA

CPYTTD 92 11 9 NA
EX TDIC 468 55 21 13:28 .4
EXTREC 323 - 38 16 9:13.2
RECOVR 166 20 16 2: 54 .0
SFSRCR 175 21 12 1:17.4

EXTSFS 380 45 16 13:28.2

SFSCOM 393 47 16 0:22.4
LRUKMY 111 14 8 1:04 .6
EDITSI 726 86 38 - NA
SNORT 100 12 7 0:10.3
SS NORT 159 19 10 0:16.6
SUMTYP 551 65 25 7:52 .4

RTISFS 222 27 12 0:21 .1
EDTSFS 393 47 18 NA

TCONUP 247 29 13 1:04 .2

EXTWFS 496 59 22 
~

EXTMFS 451 53 21 
~

COMBLU 330 39 19 
~

TMSG LT 134 16 9 0:13 .5
TS CHDL 575 31 21 0:11.3
MUXDA 358 21 57 1:12 .9
MUXDB 887 41 67 6:38 .6

Iii



Table B—Ill. MUXSIM INPUT PHYSICA L SIZE (A—7D WORKLOAD)

SIGNAL LIST AND PROGRESSIVE FILES

NAME UNITS SIZE

CARD IMAGE
SIGNAL LIST (CARD COUNT) 10,678
RECORD IMAGE
SIGNAL LIST (RECORD COUNT) 2,682
COMPRESSED SIGNAL
LIST FILE SIZE (DISK BLOCKS) 1,699

SIGNAL LIST DICTIONARY
FILE SIZE (DISK BLOCKS) 92
SIGNAL FLOW SUMMARY
FILE SIZE (DISK BLOCKS) 147
WORD FLOW SUMMARY
FILE SIZE 1 (DISK BLOCKS) 60 (MODEL DEPENDENT)
MESSAGE FLOW SUMMARY
FILE SIZE 1 (DISK BLOCKS) 44 (MODEL DEPENDENT)

US ER DI CTION ARI ES

NAME CAR D COUNT SOURC E F I LE IN DISK BLOCKS

SIGNAL GROUP/LRU
ASSIGNMENT DICTIONARY 46 7

B. DATE RATE AND SIGNAL
• MAPPING ALGORITHM 19 3

DICTIONARY
LRU NAME DICTIONARY 223 30

LRU LOCATION AND RI
DICTIONARY 178 24
LRU KEY MODIFICATION
DICTIONARY 2 95 13
GASP IV CONTROL CAR DS

- 
~~~~ AND MODEL DEFINITIONS 53/39 5/3

~~ 
1model dependent
2only necessary if LRU MODIFICATION is needed to define the work load for
the program.
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user dictionaries sizes are a lso contained r, Table B-Ill. The sizes of the various printout
— reports are shown in Table B—IV . These figures are intended to supp ly the operator a point o~

- reference for time and size requirements for running a MUXSIM problem .
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Table B—IV . LINE PRINTER MUXSIM REPORTS

- 
- PRINTOUT REPORT LINES

SiGNAL LIST DICTIONAR Y (SORTED) 1,869

SI GNAL FLOW SUMMARY REPO RT 1,975

SIGNAL FLOW SUMMARY RT ASSIGNED REPORT 714

FORMATTED SIGNAL LIST 16,245

MATCHING/NON-MATCHING COMPLEMENTARY
- 

INPUT/OUTPUT SIGNAL SUMMARIES 1,448

LRU SORTED BY LOCATION AND RI
ASSIGNMENT 560

LRU NAME SORTED BY LOCATION AND RI
ASSIGNMENT 757

TOTAL SIGNAL TYPES BY LRU LOCATION
& RT ASSIGNMENT 3,348

SIGNAL—TO—TERMI NAL ASSIGNMENT LIST 3,262

MESSAGE BUS LOADING AND UTILIZATION REPORT 25

• SIGNAL—TO-MESSAGE ASSIGNMENT LIST 1,748
B.

MESSAGE-TO-FUNDAMENTAL UPDATE INTERVAL
- ; ASSIGNMENT AND TIME-LINE ANALYSIS 404

DA SUMMARY REPORTS 1,470

DB SUMMARY REPORTS 1,067

MUXSIM COMMAND LOG FILE N/A
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SECT 1ON V

VERIFICATION

1 . I N T R O D U C T I O N

The verification of the MUXSIM System consisted of four parts: Module Test ,
System Tes t , Acceptance Tes t , and an Extended Operational Phase . The Module Tes t verified
each program individually and was conducted after the program was built and installed on the
DEC S yste m— lO. S ystem Tes t was the conclusion of the initial MUXSIM imp lementation phase
and consisted primaril y of stepp ing through the imp lementation to ensure that the software
package sat isfied its functional , logica l , and phys ica l requirements . The Acceptance Test
took the form of a final sell—off demonstrat ion . This test requirement is contained in the
MU XSIM System Tes t Plan (Ref . 10) . Figure B-17 diagrams the MUXSIM Test Flow .

The true verification comes during the field operationa l phase which iS to follow .
Norma ll y, the verificat ion of simulation results is a difficult task . However , because MUX —
SIM iso  computer —aided des ign and desi gn ver ification tool , its usefulness is the proof of its

performance , which is antici pated to be two-fold: (1) its contribution to Multi plex System
Tec hnology; and (2), more rea listicall y, its contribution to an actual Multi p lex System Desk~and Deve lopment Program. The simulator ’s true versatility depends not so much on person; ~able to run the implemented models (which in this case are based on realistic i r n p Ie ier ~ o-~. o .
problems), but rather in the abilit y of a person to take the software system and modify it easil y,
then app ly it to his specific problem whether it be functior,uI or o more detailed logical model .

2. MODULE TEST

The prime objective of modu le test was to verif y the accomp lishment of mile-
stones in the software development. The tests were required to be specific in na w re in order o
demonstrate the achievement of the programming goal . The tests were not required to demon-
strate any specific model, as was the case in the System Tes t or Acce ptance Test . Ihis was

• in order that the model or data base development did not interfere with other software develop—
B. meri t .

a. GASP Subroutine Library Module Test

The GASP Subroutine Library is a commercial simu lation package which
is used as the base for the Dynamic Subsystem operat ion . The GAS P Module Tes ’ was performed
to verif y that the portion of GAS P used in the MUXSIM Dynamic Subsystem , the c~iscrete event
sm i lotion feature , performed proper ly.
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b. Executive Subsystem Module est

The Executive Subsystem provides the interface between TOPS —iC and
the operator and the other subsystems . During module test the Execut ive Subsystem was tested
wi th dummy modules in lieu of the Ut i lity,  Stat i c , and Dynamic Subsystems , and the actual
tex t which was installed by the LDFILE program and verified with the MSG subroutine. The
module tes t was conducted as a threefold effort:

1. A verification of the interface approach between TOPS— b and
MUXSIM system software.

2. Ver i f icat ion of a l l  the interactive coachTng texr and associated
option paths .

3. Verification of CHAIN subroutine separatel y, pr ior to incorporati on
into the Executive Subsystem for integration with the remainder of

the subsystem.

c. UtiUt y Su bsystem Module Test

The prime function of the Uti l i ty Subsystem is to provide the user a
system to interface with the workload or Si gnal Flow List. The Utility Subsystem manages the
Si gnal Flow List and extracts simulator inDuts from it. During module tes t, the Utility Subsystem
was tested by ~‘xecuting the individual subsystem programs batch and comparing the program out-
puts against a set of results derived from tests on the Harris Datacraft 6024/5 Computer Facility .
The input workload was the A—7D data base.

The programs were executed in progressive order of flow to assure that
the output results were avai lable for inputs to the succeeding programs .

d. Stat ic Subsystem Module Test

The prime function of the Static Subsystem is to prov de the user a
means of mapp ing the si gna ls in a model—dependent fashion into data bus traffic , and computing
bus loading and scheduling of the fixed te lemetry format t raf f ic.  During module test the Stat ic
Subsystem was tested by executing the individuc subsystem programs in a batch mode and com-

B. paring the program out put against a set of acceptable results derived from tes ts on the Harris
Datacraft 6024/5 Computer Focihty . The input workload was the A—7D data base.

T he programs were executed in progressive order of flow to assure that
the outpu t results were avai lable for input to the succeeding programs.

• 
e. Dynamic Subsystem Module Test

The prime function of the Dynamic Subsystem is to provide the user a
means of conducting simulation of random message scheduling tasks and establishing a measure
of bus loading and time delay statist i cs . During module test the Dynamic Subsystem was tested
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e- ~~CL r ing the Hdi - i du a ’ ~ j b~~~~rem ~~-~~r- J~ r’ : ~)a~ch and corn pcr ing the p i D  ram Outputs ~~~~
a se~ c~ 3cc €-p t~::: te r~~ults dL ~~~

- . ~n - c:i tests  ~~~ ~he Harris Da tocraf t  6024 5 Com~ ut ec Foci it ~
C flO~ I~~- i u JCi was a synHe c w j ; l oow , s~nce an actua l data base with Stochast ic Si gru i - ,

Defin t iori~ wOs r~ t ava i la ble.

i. ‘ ‘ S t L M  TES 1

The S’,’~~err ~s d- or s Lated ~+o:  MUXSIM has been develop ed w ith the capabil ity
o accomp t ic h ~-e requ ireme~is \~r - ~h were spucHed in the Statement of Work . The S ystem
est was cc - ~~:J ,ctc d r’ a tv u—f d exe ic se-

1 . Moduk reverif icat ion
2 . ~y _ :en -

The first part was needed in order to ve rify that changes in the individual programs w hich. occurred
after undergoing module test did not impair the program s performanc~ . The second part was
the och al system tes t wh cu was usuc to dem onstra te the system ’s capot ) l l ity .

a. Module Reverif icat ion

This tes t was a variation of the ori ginal module test , and in some
cases was expanded to ~nc iude features created since the module test .  The basic dif ference
between the or igina l test ano this test ;~ that this test served to exercise the following mod e~

STATIC MUX MODELS

I am~ nfo~ rut ~on Tra nsfer D sci p~ m e

I Transfer

LCH Tra nsk r (b~r sb- ~ ff H ng

SE T T Transfer wi th BCIU broadcast

DYNAMiC MUX MODELS

Mode l Name  Descr ption

DA Mode; of MUX system using a
demand—access disci pl ine.

DB Mode; of MUX system ut i l iz ing
• commrrnd- response information-

rI unsfer  disci plines wi th med _ n—
dancy fault-handling schemes -

P
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b. S ystem Model Test

This was the actual system verification test. The test consisted
primari ly of rerunning the individual programs tested in module reverification w i n  the acced
r equirement that the full interactive system , including coaching features , be on-line and was
used while calling the various programs and different models.

For the final S ystem Test , the Utility and Static Subsystems were
teste d using SRi workload . The Dynamic Subsystem was tested using D501 and 2 workload .
The acceptability criteria consi~ted of meeting the fol lowing three requirements :

1. The results of the System Tes t must compare favorabl y w ith the
respect ive program or model tes t results derived during module
rever ification .

2. The Executive Subsystem must function correctl y and every pro-
gram be atta inable by following the proper calling sequence .

3. The system must properl y flag the user when a program is called
and the required files or specific parameters are not available
for use by the program.

All  program resu lts compared w ith the module reverification results ,
s ince both were conducted on the DEC S ystem— iC.

UTILITY AND STAT IC WORKLOAD

Workload Name Descri ption of Workload

SRi A-7D

Wor kload Name Descri ption of Workload

)S OI User-Defined Work load (Model DA j

) SO2 User-Defined Wor kload (Model [)B)

4. ACCE PT /~NCE TEST

This test c emonstrated that MUXS IM has been developed with the capabil i ty to
accomplish the require m ents which were spec ified in the amended Statement of Work . This
test  consisted of a set number of exerc ises , experiments , or tests intended to demonstrate the
- ,o rt ous capabi l i t ies tha have been des igned into the system. The specific tests , object ives :)t

each pes t , a genera l procedure , and acceptance criteria are contained in the MUXS IM S ys~~n-
Test Plan Ref . IC , S ec- - ion 9).
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Th~ spec ific tes is are u~ fol

~~~. GASP IV (T ust 1)

h . Load Si gnal List (Data Bose) , Extract and Ver~
tv imulator input , and Pr inT

the 3 igna l ‘ ist ITe~t 2)

• ‘~ As~ign~’ent ~T3st 3

~~~~. ~~-~~i Lu~;ii;~ ~srsus Bus Corrimarsd and Control Schemes (Tes t 4)

e. Be- ; H- - irq versus Bus Speed (Test 5)

f . Cor ro kr 1 ocd~~~ versus Bus Loading (Test 6)

g. Me- -ac ~e Lengtn Limitations versus Bus Loading (Tes t 7)

f l .  Impac t  o~ Command and Control Uncertainties on the Periodicity of the
Fundamerttc l Update Interval Starts (Test 8)

i. MUXS IM Coaching (Tes t 9)

j .  MUXS ; n s t a h a i~~on Test (Tes t 10)

k . User Demonstration

5. CONTft J UAL USAO T

The operation or con~in- :o I usage rika~c is extremel y rnportant in the rcveriflcot ion
and usefulness of MUXSIM . It is co:~ -actur ed t ha r thele - - ‘ i l l  he several levels and classificati ons
of u s e s .  T~ie~’ w i l l  r-un~ e From the h-: sic 15Cr to ‘hr-, rn~ re advanced users . The basic user is
someone w ho is interested in Iear n~rIg the MUXS M system . The rap idity of his p~cgr ess w ill
serve as a measure of th~ usefu lness of the Coached A pproac h to the Executive System .

Most cr iti :al to this verif ication is the developmen t of advanced users , or those
w~,u tar:  tie MUXSIM ta an actual Multi plex system desi gn and development program , c-i throuq~
us ng ~ UXSIM can become contributors to Multi p lex S ystem T echnology.

There are two key requirements necessary to assure cont inual usage:

1. A pp l cation of MUXSIM to Multi plex Desi gn and Development Program .

2. Ava i abil i ty of the training necessary to encourage the developmen t ~~- advar~
users

~~~~~~~~ _ _ _
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A MU XS IM c uecs ion , the IDAMST Si gnal List , was the initial step of an effort

pursuant to sat isf y ing the f i rst  requirement. The secortd requirement can be covered by course

work , some of which is a lread y ava ilable. Table B-V lists the back ground requirements for a

user ’s progression upward to an advanced user . From this listing are extracted the recom rrenao-
tiorts for the following course w ork :

• MUXSIM

• GASP

• TOPS- bC (DEC S ystem —iC OS)

The simulator operation , conceivabl y, may also be supported by tra ining in other areas , such
as communication, digital , and computer sc ience courses to broaden the user Information Transfer
(Multi plex ) Systems back ground. These courses would , of course, vary according to the user ’s
intended hardware systems application . The three courses mentioned above are more involved
wit h the user ’s skills in the mechanics of using MUXS IM.

1. MUXSIM

Training for MUXSIM may be conducted at several levels , due to the
wide variations in user back ground . A typical fami ly of stand—alone packages which may be

offered in convenient sessions is shown in Table B-VI.

2. GASP

GASP (General Activity Simulation Program) is widel y used and GASP IV

tra ining sessions are available from the developer . In addition, consult ing services for both

training and deve lopmental assistance are avai lable. Information regarding GASP training may

be obtained from:

Pdtskers and Associates
1201 Wiley Drive
West Lafayette , Indiana 47906
(317) 743-3287

3. TOPS— lO

TOPS- lU is a wel l  developed operating system and , as a resu lt , various
levels of training are offered . The courses are generall y offered at the supp lier ’s home r f f ~ c :  -

Information regarding TOPS- bO training may be obtained from:

Digita l Equi pment Corporation
Software Information Services
Maynard, Massachusetts 01754

-
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Table 8-VI . MUXSIM USAGE AND APPLICATIONS SEMINAR
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SECTiON VI

SUMMARY AND CONCLUSIONS

T he MUXSIM development cycle consisted of a three—part effort: definition,
design , and implementation. This A ppendix covers the imp lementation phase . It repre-
sents 54% of the cost and 52% of the calenda r time for the entire program . The prime
oblective during the implementation phase was to create a MUXSIM system to prove the
feasibility and usefulness of such a tool.

The ma jor problem solved by the implementation phase was that of software
system design and development for the functiona l design of Phase 11. These were three
key decisions during the imp lementation phase: 1) passing the programs through the data
and progressive fi le creation; 2) establishing modularit y bounds for the program which are
re lated to hardware functions , thereby faci litat ing model construction; and 3) the tree
structure eXecut ive and handling the set of the modulor programs which are defined to a
set of pseudo bate’ - programs called sequent iall y as needed by t he user .

Th0 use ri~ GASP IV (1) was confirmed to be the correct decision by the effort
during the prograrr r-hcse . GASP provides a power simulation tool constructed in an
easy—to—use manner w hich adds versat ility to MUXSIM .

Ori g inally, the intended host system was a PDP—11/45 . During the course
of the deve lopment, the host system was changed to a DEC System— lO. The result was a
superior host system wh ich greatl y enhanced the capabilities and potentials of MUXSIM.
A secondary result was tha t the modularization and job scope invoked by the PDP— 1 1/45
rema ined, thereb y assur ing the success of the implementat ion phase .

The future success of ML’XSIM depends on continua l use, both to encouroge
its grow th and increase its versatility . It is therefore necessary that an operation phase
should follow, w hich will shake down the imp lementation and point to new horizons for
improvements .

&
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MUXSIM TECHNICAL NOTE BIBLIOGRAPHY

This appendix contains a bibIio~raphy of selected Technical Notes generated
during the course of the MUXSIM program.

Techn ica l Nole
Number T it!e

2.2—0 1 DA~S Hot Bench System Definition

2.2—02 CAS DAIS LRU Configuration Definition

2.5—01 Coid Coding Requirements

2.5—02 Traffic Ana lysis of A—7D

2.4—01 Derailed Signa l Listing Co lumn Headings

2.4—03 Detailed Signal Listing

6.0— 14A DAIS Utility and Data Management Routines

4.4—01 DAIS Multiplex Data Transfer

4.4-04 DAIS Message Sequencing

4.4—05 Message Format Modification

2.5—0 5 A Technique for Minimizing Data Bus Controller
Message Table Pointer Editing Requirements

2.5—09 Techni que for Minimizing Bus Resource
Utilization on DAIS Scheduled Data Transfe r

6. 0— 04A DASIM1: Descri ption, Status and Future Plans

6.0— 07 DA5JM6~ Subroutines RDTRAF and WSORT

6.0-08 
- 

DASIM6 : Subroutine WDMAP

6.0—09 DASIM6: Subroutine MSGFLO

6.0-10 DASIM7: Subroutines MREAD, MSOR T, and
TMELNE
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Technica l Note
Number Title

DAZ~E 3

6.0—15 Time Line Ana lysis

2 .5— O6A CAS DAIS Bus Traffic Ana lysis

6.0— 12 Progress with GASP

5. 1—02 DAIS Operability Assessment

4 .4-13 ITS Redundancy Management

2.5—08 Fault Detection and Redundancy Management
Models for Simulation

2 .5-07 DAIS Proposed Traffic Management Scheme

3 .0—01 Genera l MUXSIM Software Organization

• 3 .0—02 MUXSIM Executive Program

- 

- 

2 .0—01 Technique for Using Avionics Suite Data by
Nomenc lature

4.0—01 PDP— I1/45 RSX lIDOpera tor Input Guide for
MUXSIM at WPAFAL

3.0—03 Genera l Utility Module Requirements

3 .0—04 MUXSIM Utility/Static Module System Ops.

- - 3.0-05 MUXSIM Program Structure

3.0—06 Uti lity Module Requirements

3.0—07 Uti lity Module Programs

3.0—08 Proposed Header Record Format for Al l Cord/Tape/
Disc Hles used in MUXSIM Effor’

4.0-02 DECSYSTEM—10 User Guide for MUXSIM at
WPAFAL
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Technica l Note
Number Note

3.0—09 Extract Word Flow Summary (EXTWFS) Program
Definition

3.0—10 Extract Message Flow Summary (EXTMFS)
Program Definition

3.0—1 1 Computati3n of Bus Loading and Utilization
(COMBLU) Program Definition

3.0-12 MUXSIM Moc~el DA-A Dynamic MUXSIM Model
Which Uses Demand Access

3.0-13 MUXSIM Model DB-A Dynamic MUXSIM Model
W hich Uses Redundancy and Fault Management

3.0— 14 Static Information Group ing and Handling (SIGH)
Program

3.0—15 Approach for Implement ing Static Models Using
SIGH Program

3.0—16 Se lection Criteria for SFS File Record Size

3.0—17 MUXSIM Integration Nomenclature

3.0— 18 Binary Matrix Schedules (TSCHDL) Program
Definition

4 .0-03 Standard Program Text (MUXOPN) Definition

3.0—19 DECSYSTEM—10 Configuration

3.0—20 Program Hierarchy Nomenclature

3.0—21 Definition of TCONUP and TMSGLT

3.0—22 AFAL DEC—10 Physica l Data Set Definition
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