AN APPLICATION OF THE MULTI-PURPOSE SYSTEM SIMULATION (MPSS) MODEL TO THE
MONITOR AND CONTROL DISPLAY SYSTEM (MACDS) AT THE NATIONAL AERONAUTICS AND
SPACE ADMINISTRATION (NASA) GODDARD SPACE FLIGHT CENTER (GSFC)*

ABSTRACT

The Multi-Purpose System Simulator (MPSS)
model was used to investigate the current
and projected performance of the Monitor
and Control Display System (MACDS) at the
National Aeronautics and Space Administra-
tion, Goddard Space Flight Center (NASA/
GSFC) , Greenbelt, Maryland in processing
and displaying launch data adequately.
MACDS consists of two interconnected mini-
computers with associated terminal input
and display output eguipment and a disk-
stored data base. MACDS serves as a two-
way communications link between application
host computers and terminal operators. The
host computers handle network scheduling,
launch monitoring, and vehicle maneuvers

in real time.

Three configurations of MACDS were eval-
uated via MPSS and their performances
ascertained. First, the current version
of MACDS was found inadequate to handle
projected launch data loads because of un-
acceptable data backlogging. Second, the
current MACDS hardware with enhanced soft-
ware was capable of handling two times

the anticipated data loads. Third, an up-
graded hardware ensemble combined with the
enhanced software was capable of handling
four times the anticipated data loads.

INTRODUCTION

This paper summarizes a study of projected
performance of the current and future
MACDS Digital Television (DTV) configu-
rations in handling launch data loads at
NASA's Goddard Space Fligth Center, in
Greenbelt, Maryland.
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The study was pursued to predict the in-
creased load capacity of the proposed DTV
Backup System (DTVBS) and to estimate quan-
titatively the amount of improvement in this
system's performance over that of the cur-
rent system. Additionally, the analysis in-
dicated system components, both hardware and
software, that may inhibit timely processing
of incoming data blocks.

Three specific MACDS configurations were
studied: .

1. Current hardware with current software
(called "current configuration™).

2. Current hardware with enhanced software
(called "transition configuration").
The major enhancements related to more
efficient utilization of the data base
disk unit via proposed changes in data
blocking size and in distributive direc-
tory blocking.

3. Enhanced hardware with enhanced software
{called the "DTV backup configuration"
or DTVBS). The software enhancements
were essentially those of the transition
configuration. The hardware enhance-
ments are detailed in the subsection
entitled CONFIGURATIONS.

Each of these configurations was evaluated
using the Multi-Purpose System Simulator
(MPSS) model. For each configuration, MPSS
was first executed for a nominal launch data
load. The load was then successively in~
creased until the system failed to process
the arriving data in a steady-state condi-
tion. Supplementary runs were made to test
sensitivity to the probabilistic fluctuations
in the model, which were caused by the
random-number generator. Sufficient excur-
sions of the starting point of the random-
number generator were executed to ensure
convergence of values in the performance
measurements. In this manner, the expected
performances of the three configurations
were directly compared.
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NASA SYSTEM SIMULATION ... (Continued)

System performance was declared to be in-
tolerable if incoming data were backlogged
at an average positive rate. Information
was obtained on the apparent maximum data
load at which each configuration backlogged.
The particular elements in each configura-
tion which caused data to backlog were
identified during a detailed analysis of the
model results. Performance parameters such
as Central Processing Unit (CPUJ idle time,
data block response time, peripheral device
data backlog and wait time, etc., pin-
pointed which components of the system were
indicated as the factors limiting perfor-
mance. . .

CONFIGURATIONS

HARDWARE CONFIGURATION

The hardware ensembles of the current and
_transition systems are identical, as depic—
ted in Figure 1. Each contains a PDP-11/40
switch computer with unibus linkage to an
extended memory unit and devices that inter-
face with both the host computers and dis-
play computer. The display computer complex
includes a PDP-11/40 computer with unibus
linkage to an extended memory unit; two
vector and character generators (VCGs] con-
necting the ensemble to the DTV screens;
input keyboards; a Greenwich mean time (GMT]
source; and a mass data storage disk drive.
Thé ‘backup system differs from the above by
utilizing a PDP-11/70 display computer with
a memory buffered through a high-speed cache
accessible directly from the CPU or via the
unibus (see schematic of the backup system
as shown in Figure 2}, a third VCG, and a
faster mass data storage device.

Host computers were not simulated except as
sources of input data to the modeled system.

DATA LOADS

The nominal traffic flux was set at a rea-
sonably pessimistic (although not worst-
case) level. This flux described a study
scenario that corresponded to conditions
during the busiest two-minute period of
real-time launch support activity.

Data traffic was generated by four external
sources: Goddard Real-Time System (GRTS)
data via IBM System/360, Model 75s (360/75s);
Goddard Trajectory Determination System
(GTDS) data via a 360/95; Network Operations
Control Center (NOCC) data via a Univac 642B;
and Manual Insertions (MIs) via the DTV key-
boards. Other data rates were negligible.

The GRTS primary traffic comprised Optical
Projection Display Subsystem (OPDS) updates
and DTV screen display pages. GIDS traffic
consisted of occasional transmissions of
display pages and data to be added to the
data base. For both GRTS and GTDS, each
display page was transmitted in a sequence
of fixed-size blocks, with each containing
header information. The number of blocks
required per page was eight for the current
configuration and two for the transition
and backup configurations (incorporating
enhanced blocking in the software). The
primary NOCC data traffic comprised .forced
messages, display pages, and updates to
pages. Each forced message resulted in a
line of characters on the upper part of the
display screen. The forced messages
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Figure 1. Current Configuration Hardware Ensemble
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Figure 2. Backup Configuration Hardware Ensemble
appeared on all of the active display é’L%";:AK DATA
screens. Secondary data traffic from both > TYPE RATE
GRTS and NOCC each comprised one acknowl-
edgement and one retrieve data command per L
i j d thr -
terminal input (MI) an hree delete com SOFTWARE MODULE Seausmes
mands per minute.
. . sm sm SM SM oL, .. sm sM
Data traffic generated at the DTV terminals 1 2 3 4 N-1 N
and the GMT source was estimated for the
busiest two-minute interval as follows:
15 MIs per minute of 20 characters average .
size, 7 to GRTS and 8 to NOCC; 1 GMT update
per minute; 3 retrieve commands per minute; SOFTWARE
and 1 terminal directory command (TDC}) per MODULE
minute. The logical flow of data blocks ® INSTRUCTIONS
is :Lllustrratec‘l in Figure 3. Each type of o ENABLE/DISABLE .
block was assigned a sequence of software -
: : ® PRIORITY
modules which were serially executed. Each )
type of module specified the amount of CPU * 10
processing to be performed, module priority,
and input/ocutput (I/O) accesses.
PERIPHERAL
ACCESSES
* DEVICE
INTERNALLY
GENERATED » FREQUENCY
DATA
BLOCKS e INPUT OR OUTPUT
(if any) ® AMOUNT OF DATA
Figure 3. Data Block Flow Logic
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SOFTWARE SYSTEM

The switch computer software is the present
version of the Central Switching Computer
Operating System (CSCOs) for the current,
transition, and backup configurations.
Software characteristics were deduced by
analyzing the CSCOS code. The display com-
puter software is the Release 3 version of
the Digital Telévision Executive ({DTEX) for
the current configuration and an enhanced
version for the transition and backup con-
figurations. .

MACDS software was represented in MPSS by
sequences of software modules. Sequence
abstraction was minimal. As an example,
Figure 4 shows the protocol involved when-
ever a display is to be retrieved from the
bulk-storage disk unit. The left side of .
Figure 4 shows the processing as defined by
the MACDS design group. The right side

. shows the sequence of modules input into
MPSS. Note that there are no decision
blocks in the MPSS sequence. The probabili-
ties of taking each branch (noted on the
MACDS diagram) are used to arrive at ex-
pected values of processing and I/0 reguired,
which are reflected in the processing and
I/0 specified for the MPSS seguence. The
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{ limiting factor in all three systems.
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numeric values in each hexagonal box denote
the number of instructions to be executed
by the respective module when processing

a data block. In some cases, modules in
MACDS that are gérially executed were repre-
sented by a single module in MPSS. This
consolidation reduced the number of MPSS
modules to conformance with internal MPSS
dimension restrictions.

FINDINGS

The model results indicated that the current
configuration is unlikely to process the
nominal launch data load in real-time. The
transition configuration appears to handle
twice the nominal data load adequately, but
backlogs data at three times this data load.
The backup system gave the best performance.
It appears able to handle four times the
nominal data load, but performs only mar-
ginally at five times this load. Accordingly,
the current configuration is a questionable
candidate for handling typical activity dur-
ing a launch; the transition configuration
appears capable of handling, within a safe
margin, most launch situations in the im-
mediate future; and the backup configuration
can apparently handle data loads projected
for the longer range.

The model results indicate that data back-
logging at the data base disk unit is the
The
proposed increased blocking size of data base
accesses incorporated in the software of the
transition and backup configurations results
in a gain of an approximate factorx of two

in the data handling capacity of these
systems. An additional factor of about two-
appears to be gained in the backup system
by replacing the RK1l disk controller

(70 ms. average seek-and-latency time) with
an RH70 disk controller (36.3 ms. average
seek-and-latency time). In addition, another
factor of about two in the data handling
capacity might be obtained in all three sys-
tems by adding an additional disk controller
unit. At this point, the VCGs are estimated
to Backlog in the same data rate region as
the pair of disk contreller units, which
indicates that further improvements in sys-
tem performance would most likely reguire
additional system reconfiguration.

DATA BLOCK BACKLOG

The primary criterion by which a system was
evaluated as being able to process a given [
data rate was its ability to handle the data
without a continually increasing backlog.



Figure 5 shows the total data block backlog reflected in the data backlog at the unit

as a function of model simulation time for and the elapsed wait time for a block to be
the three system configurations at various input or output. It should be noted that
data rates. When the total backlog exceeded the busyness statistic is not equivalent to
100 (the current backlog capacity of the device utilization. This measure, which
model) , the simulation terminated. The as- was not evaluated, would be the total time
sumption that a backlog greater than 100 a device was utilized divided by the total
implies a runaway situation is justified by run time. . :

the results. The one simulation where a

large temporary backlog did occur =-- the The measure of interest concerning peripheral
backup configuration at five times the nom-— device and CPU utilization is the maximum
inal data rate -- differed from the simula- data rate a configuration can handle. Maxi-
tions in which the 100 limit was exceeded. mum rates for the primary system components
In the former case no significant backlog are given in Table 1 as multiples of the
occurred during the first 60 seconds, and nominal rate. These maximum rates were

the backlog remained steady between 80 and estimated by extrapolating the percent busy
140 seconds. This indicated a system bor- statistics to the 100% busy value. In each
dering Between a runaway backlog and steady configuration the data base disk is shown
state processing. The latter cases started to be the constraining component.

backlogging immediately and did not indicate

any capacity to maintain real-time process-—

ing with increased simulation time. Table 1. Maximum Data Rates Before
Saturation
%0 7 CONFIGURATION CPU | DATA BASE DISK VCGs
wf 1 -
w / ! CURRENT 5 <1 ~3
6x 3x .
70 A P ! ,Il TRANSITION ~ 10 2 ~5
BACKUP ~ 20 4 ~9
80 [~

DATA BASE RESPONSE TIME
O L
The response time variation of data blocks
as a function of data load is another param-
eter of interest in determining system per-
formance. Of all the different data blocks
in the modeled launch scenarios, the add-to-
data—-bBase (ADBH) data block is the best
indicator of system performance degradation
with increased data load. This data block
type is the only one of substantial rate

NUMBER OF DATA BLOCKS BACKLOGGED

X5x IAVERAGE OF
O~BNG

1
] 20 40 60 80 100 120 140 160 180 200 220 240
RUN TIME {SEC}

Nx N TIMES NOMINAL DATA LOAD that requires I/O solely to the data base
—— CURRENT CONFIGURATION 2 +
______ TN disk gnd no? thg VCGs as Well. Since the
= BACKUP CONFIGURATION R data Dase disk is the device that backlogs
we - an ‘ first, the response time of this data block
€ R R ion TRIAL type rises in accordance with both data load
ngﬁlﬁuwﬁSEu and model run time for a load at or near
NUMBER GEMERATOR : System saturatlon..

Figure 6 shows the cumulative average re-
sponse times at various data rates for ABDH
Figure 5. Data Backlogging messages for the three configurations as a

function of simulated time during the com-
- puter run. The graph clearly shows that the
PERIPHERAL DEVICE AND CPU UTILIZATION average response time increases rapidly in

cases where the configuration is saturating,
Statistical model results were obtained for and remains steady for data loads below the
the percentage of time the data base disk system's capacity. The statistical fluc-
and the VCGs were busy when accessed during tuation and resultant data block backlog
the simulation, and the percentage of time which occurred in the five times nominal
the CPU was utilized in executing software data simulation of the backup system (with
instructions. the 4829 random-number seed) results in an

increase in response time as seen in the
The disk and VCG busyness statistic is com- graph. An analogous effect in data block
puted as the number of times the particular backlog for this scenario was already evi-
device was busy when accessed, divided by denced in Figure 5.

the total number of accesses, and multiplied
by 100. The effect of device busyness is
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The respeonse times of other data blocks
which perform I/0 to the data base disk

also increase substantially when backlogging
occurs. They were investigated In detail
and showed an analogous behavior to the
ADBH blocks.

RESPONSE TIME FOR ADBH MESSAGES (SEC)
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Figure 6. Response Time for ADBH Messages
for Selected Data Loads .
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CONCLUSION

The analysis indicates that the current con-—
figuration may not be able to maintain proc-
essing of a spacecraft launch in real-time.
However, as Indicated by the performance of
the transition configuration, significant
improvement appears possible by modifying
DTEX software to preblock data going to the
data base disk. The study indicated that
the backup configuration appears to have

an ample capacity to handle four launches
All conf1gura~
tions evidenced adequate CPU ¢apacity. The
limiting component in each configuration
appedrs to be the data base disk. The de-
gree of performance inhibition by this
device suggests that the capacity of each
configuration might be doubled by the
addition of a second data base disk con-
troller.

The blocking changes embodied in the transi-
tion configuration software were first pro-
posed after preliminary MPSS results for the
current system indicated that the data base
disk was the principal bottleneck.: These
changes eliminated the costly prospect of
having to upgrade the current hardware merely
to handle currently-expected data loads. The
modeling study pinpointed areas of system
enhancement needed to obtain improved per-
formance. The MPSS model thus demonstrated
its value as an effective tool for detalled
analysis of computer systems.



