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ABSTRACT I 

I 

Simulation of a proposed naval Advanced Avionic Digital Computer (AADC) has been 
underway to arrive at  architectures which efficiently meet the needs of expected program 
workloads. Models of avionic program workloads have been derived from various sources 
and used to drive these simulations. These models consist of sets of nearly independent pro- 
gram modules which effect periodic, known demands on system resources. 

Simplex and multiprocessor configurations of the AADC have been modeled, and cer- 
tain features of proposed AADC executive operation have been incorporated into these 
models. Guided by previous simulation work, both nonpaged and paged operating systems 
with multiprogrammed memories have been simulated. 

The simplex processor achieves the highest percentage of processor utilization and, with 
multiprogramming, the lowest level of program transfer overhead. The effectiveness of multi- 
programming in the multiprocessor configurations does not match that experienced with the 
simplex processor, but this effectiveness might be boosted by compartmenting program 
workloads into separate families under different processing elements. 

Under full processor utilization, background executive activities such as system timing 
account for less overhead than direct executive functions controlling program execution. 
Sharing of the processing element by executive and program workload thus appears an ef- 
fective strategy for a simplex system. Multiprocessor demands on the executive indicate 
that a dedicated executive processor is reasonable for multiprocessor configurations under 
full workloads. 

Sharing of busing resources by both data and program transfers appears to offer an ac- 
ceptable cost-efficiency tradeoff in dual and triple processor operation, but a triple processor 
would profit more, if cost reduction is paramount, by maintaining separate busing and re- 
linquishing possible hardware executive features for a dedicated software executive. 

PROBLEM STATUS 

This is an interim report; work on this problem is continuing. 

AUTHORIZATION 

NRL Problem B02-06 
Project NavAir W F  15-241-601 
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SIMULATION OF AADC SIMPLEX AND MULTIPROCESSOR OPERATION 

INTRODUCTION 

An Advanced Airborne Digital Computer (AADC) is being developed to  provide a 
standard solution to future, growing demands of naval avionics missions (1). AADC de- 
sign studies have considered various implementations of simplex and multiprocessor sys- 
tems. All implementations have in common a fast-access block-oriented memory which 
feeds programs to small high-speed random-access task memories from which processing 
takes place (2). The suitability of various architectures for processing avionics program 
workloads is of prime concern, and work has been aimed at tailoring system design to the 
inherent characteristics of expected workload requirements. 

Modeling and simulation of the AADC has been in progress in pursuit of optimized 
system designs (3,4). Simulation study to  date has been aimed at gauging the effect on 
system overhead of various schemes for memory resource allocation. Results using models 
of the E-2B program workload indicate that paging and multiprogramming of AADC task 
memory can provide efficient system operation with modest requirements on task memory 
size. 

Further simulation work-the subject of this report-has been directed toward evalu- 
ating computer performance under a broader range of workloads and under the influence 
of an executive system (5) intended for the AADC. One-, two-, and three-processor sys- 
tems with selected resource allocation schemes have been included in these simulations 
and their performance analyzed in an effort to reveal relative effects of different operating 
schemes. 

Workload models for these simulation studies were derived from three sources: an 
analysis of the E-2B program workload (6); the F-111B program manual (7); and a study 
by the General Electric Company of AADC future mission requirements (8). These work- 
loads represent processor loads ranging between 105 and lo6 instructions per second and 
tactical and nontactical environments. 

The method of reducing workloads to a form suitable for AADC system simulation 
has been discussed in Refs. 3 and 4. Essentially, a program workload is composed of 
separate program modules or tasks which are processed periodically by the computer. 
Each task constitutes a demand on the computer system's resources (memory, processors, 
buses) a t  each task iteration. Depending on the detail of available workload program de- 
scriptions, a given task can be modeled as a chain of subprogram modules or segments, 
each segment requiring a specifiable amount of program storage, instruction executions, 
and data transfers. The resulting task models are then depicted as directed graphs much 
akin t o  flow charts for normal programs except that nodes define predetermined data on 
system resource demand rather than steps of algorithmic procedures. 
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Following the results of previous AADC simulation work, the paged architecture has 
been extended into these simulations. Consequently all program modules are partitioned 
into 256 word blocks or pages in the workload models. 1 

Detailed descriptions of the workload models are presented in Appendix A. Sum- 
mary characteristics of the workloads are shown in Table 1. 

Table 1 i 
Gross Characteristics of the AADC Workload Models 

THE AADC SYSTEM 

The salient feature of the AADC systems is a two-level memory hierarchy incor- 
porating a fast-access block-oriented random-access memory (BORAM) and a fast random- 
access memory of small size (1024 to 4096 words) called a task memory (TM). Programs 
reside in BORAM, and, when called upon by the executive, a program module can be 
transferred into TM, where it is processed by the arithmetic and control unit (A&C). A 
third or random-access main memory (RAMM) is provided to store variable data which 
may be transferred to and from TM as program processing demands. Communications 
among these memories is via a system of buses, which may be independent or shared de- 
pending on cost effectiveness in each case. , 

Source of the 
Workload Model 

E-2B workload study 
F-111 program manual 
AADC future requirements 

study by GE 

AADC processing power is indicated by the better-than-2-million-instruction-per- 
second A&C used in the simplex multiprocessor configurations. 

Program Size 
(words) 

18,432 
8,192 

25,600 

Number of 
Program Modules 

1 2  
11 

20 

Figure 1 is the block diagram of the generalized AADC configurations. With some 
exceptions the AADC model used in these simulations is the same as that used in the 
AADC simulation with an E-2B workload (3). For convenience some of the description 
of the system model given in Ref. 3 will be repeated here. 

Processing Load 
(instructions/sec) 

2 x 105 
2 x 105 

1 X 106 

The system hardware units are the following: 

BORAM-A read-only store for the entire program workload. It  is accessible 
in blocks of 256 words. 

TM-A random access store into which program instructions and data are 
brought for processing. 
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RAMM-A random access store for program and system data. The RAMM 
is modular, consisting of one or more independent units. 

I RAMM I /o 

A&C-An arithmetic and control unit coupled to a TM, from which mem- 
ory it fetches instructions and data for processing. 

Buses-Communication paths for program instructions and data among the 
system memories. The bus from BORAM to TM provides for transfer of program instruc- 
tions into TM when needed there for processing. The bus between RAMM and TM pro- 
vides data communications between these memories according t o  program demands. It  is 
assumed that a multiplexed structure in this bus allows concurrent communication be- 
tween one or more RAMM and TM pairs. 

- 
4 -- 

Transfers between RAMM and 110 flow over a multiplexed bus system allowing 
simultaneous communication between external devices and RAMM modules. 110 takes 
priority over internal communication between RAMM and TM and, as such, delays the 
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movement of internal data according to the relative amount of external data-transfer 
activity. 1 

The system operates as follows: 

The system is multiprogrammed, with each CPU (computer processing unit) 
processing one task at a time. 

Tasks are scheduled by the system executive according to  specified proc- 
essing iteration rates and deadlines. 

In-process tasks may not be interrupted unless program and executive- 
routine processing must share a single CPU. 

I , 

Program processing and storage can be implemented in a paged format. 

Program pages are loaded into TM on a demand basis (when referenced and 
not before). 

Deallocation of space on a program page in TM is governed by a "least 
recently used" criterion. I 

Processing takes place from TM only. 

There is no program or data exchange between CPUs in the multiprocessor 
system. 

Requests for data transfers between RAMM and TM are made under pro- 
gram control. A program making a data request ceases processing until the transfer is 
complete. I 

Space for storage of transient data in TM is set aside as a collective area of 
word locations in each TM. 

The system can be run with TM containing program instructions from only 
the task in process (monoprogrammed TM) or from the task in process and from previ- 
ously run tasks as well to the extent that space limitations and the in-process task allow 
(multiprogrammed TM). 

MASTER EXECUTIVE CONTROL 

System monitoring and resource allocation are handled in the AADC by the master ex- 
ecutive control (MEC). Timing, task scheduling, communications, testing, and failure response 
are responsibilities of the MEC. The executive functions in AADC will be implemented by 
either AADC-instruction programs processing from a TM (software MEC) or by a special 
processor-associative memory unit capable of executing executive functions at high through- 
put rates (hardware MEC). a thorough description of the AADC MEC can be found in Ref. 5. 
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Those executive routines required for normal task processing have been explicitly 
incorporated into the simulation model. These routines perform the following functions: 

Interrupt recognition and processing, 

Real time clock update, 

PM Reinitialization, 

PM assignment, 

External PM enable, 

PM completion, 

Datalprogram transfer, 

Dedicated-channel selection, 

Page fault. 

These functions are implemented in the simulated AADC MEC by separate program rou- 
tines to  which control passes through a system of event-generated interrupts. The duties 
of these routines are described briefly. 

Interrupt recognition and processing is activated by the appearance of an  
interrupt sent to the executive by a system unit requesting executive attention. This rou- 
tine recognizes the interrupt and places the appropriate MEC routine on a list of jobs to 
be done by the executive. The stack of jobs is then attended to  on a priority basis until 
all jobs have been completed or another' interrupt is generated. 

The real-time-clock routine is listed for processing by an interrupt generated 
every t milliseconds, where t is the system-clock update interval. This routine counts down 
processing deadlines of active PMs and checks for the occurrence of any deadline intervals 
reaching zero. In the event of a zero deadline, this routine puts the PM-reinitialization 
routine on the executive job list. 

PM reinitialization checks those PMs which have reached the end of their 
allowed processing interval. If they have indeed been completed in that time, their 
processing deadlines are reset for the start of their next processing interval or iteration. 
The execution status of a PM is recorded as "ready for processing" in its new iteration 
interval except for PMs activated by the external interrupt rather then internal scheduling. 
A PM reaching its zero deadline and not having reached completion is noted as being over- 
due and is not reinitialized at that time. PMs reinitialized by this routine are ready for 
processing and, as such, the PM-assignment routine is put on the list of assigned executive 
tasks. 
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PM assignment checks active PMs in the sistem for those eligible to  com- 
mence processing. A PM is eligible if it has been initialized for processing, has not yet 
been processed within its current iteration interval, and is not awaiting the completion of 
other PMs which must precede it in order of execution. That eligible PM with the shortest 
deadline is then assigned to  a CPU for processing. If no CPU is free, no PM can be as- 
signed at that time. If a PM can be assigned to  a CPU, the program-transfer routine is put 
on the executive job list in order to initiate the transfer of program instructions from 
BORAM to  TM. Also, if the PM requires it, the dedicated-channel-selection routine can 
be put on the list to dedicate a channel between TM and I/O for use by the CPU proc- 
essing that PM. 

External PM enable initializes, for processing, those PMs activated by ex- 
ternally generated interrupts rather than these PMs iteratively run under control of the 
real-time clock. As such, this routine is put on the list of executive jobs to be processed 
by an external PM enable interrupt. I 

PM completion is put on the executive job list by an interrupt generated 
at the completion of a PM's processing. This routine releases the CPU which was assigned 
the completed PM and records that PM as having completed execution. 

The routines for data or program transfer control are put on the list de- 
pending on the condition requiring that service of the executive. A request or interrupt 
for a program load from BORAM to TM causes the listed routine to initiate the transfer 
on an available bus. The routine puts itself back on the list if the bus is not available at  
that time. An interrupt requesting a data transfer between RAMM and TM causes similar 
action. At the completion of a transfer, an interrupt is generated, causing the executive 
routine to release the bus for other requests. 

The dedicated-channel selection routine is responsible for seizing and re- 
leasing a bus dedicated to a channel between TM and I/O for PMs identified as requiring 
such a channel for processing. This routine is put on the list of executive jobs at  PM 
assignment and completion times. 

The page fault routine is included in the simulated AADC system to ac- 
count for executive interaction in paging. An interrupt generated at a page fault causes 
this routine to  be listed. This routine serves to put the program transfer routine on the 
list, which then initiates the page load into TM. I 

Figure 2 shows the functional relationships of the executive routines to  each other 
and the rest of the system. Appendix B contains flowcharts of the MEC routines. 

THE SYSTEM SIMULATION 

The operations of the AADC system are simulated on a computer using the Simscript 
programming language. The behavior of the system units and executive control are en- 
coded as a collection of discrete-time-and-event operations. The flow of activity from one 
event to the next is subject to  the specific sequence of operations designed into the 
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simulated system and the constraints of time passage decreed between the occurrence of 
events of processes. Figure 3 is a block diagram of the system simulation depicting the 
process events and the functional flow of control from one to  the other. Each block repre- 
sents a Simscript routine which implements required functions of system processes. The 
diagram shows the generation of interrupts by events in the simulated process and the pas- 
sage of control, by these interrupts, to the subroutine blocks emulating the MEC interrupt- 
recognition-and-processing operations. Completion of the interrupt processing routine 
transfers control back to  the start of that routine, from where control can be passed to  
the start MEC routine block initiating processing of the highest priority MEC routine on 
the list of waiting executive tasks. The functions of the executive routine in process are 
scheduled to be complete at a system time determined by the specified routine processing 
time. From here, control is passed back to the executive or on to the appropriate simu- 
lated computer operation. More detailed description of the simulation can be found in 
Appendix C. 
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interest for various configurations of AADC architecture. Specifically these configurations 
include simplex, dual, or triple processors, executive processing by dedicated or shared 
processing units, and paged or nonpaged operation. AADC performance can be gauged for 
various configurations, by comparing the relative contributions to operating overhead made 
by the different components of the simulated system. 

The design goal of the AADC is the processing of workload tasks via instructions 
contained in the stored program modules. Time consumed in executive functions, bring- 
ing program instructions into TM and moving data in and out of RAMM constitutes a re- 
source not applied directly to this processing goal. For a given amount of instruction 
processing time, establishment of overheads for the various systems allows a comparative 
view of the efficiency of architectural variations. Accordingly, the statistics gathered by a 
simulation program during a run are chosen so as to establish such overheads. 

Figure 4 reproduces the results printout of a sample simulation run. Most of the data 
shown are self-explained by the associated labeling. The results at the top in Fig. 4 pro- 
vide information about program activity and how well the set of active PMs are meeting 
their assigned processing deadlines. 

Figure 4 includes statistics relating to MEC activity. The performance of the Execu- 
tive can be examined by waiting and processing-time statistics given for the various rou- 
tines and interrupts. The numbers 1 through 12  labeling the interrupt and routine columns 
refer to MEC functions as follows: 

1. Real time clock, 

2. External PM enable, 

3. Page fault, 

4. PM completion, 

5. PM reinitialization, 

6. PM assignment, 

7. Initiation of BORAM-to-TM loading, 

8. Completion of BORAM-to-TM loading, 

9. Initiation of a transfer between RAMM and TM, 

10. Completion of a transfer between RAMM and TM, 

11. Selection of a dedicated 110 channel, 

12. Release of a dedicated I/O channel. 



W.R. SMITH 

TnTAl  PMS ASSTGNFD * 1 3 9 4  

NIIMRFQ OF T IMFS  FLCH PM MISSED I T S  COMPLFTION n F A D L l N E  

NU' o n n n n o n o n o o  

AVERARF T I H E  aY WHICH FACH PM HEAT I T S  COMPLETION DFADL lNE  - IN MSECS 
usc 7 7 4 9  I n i n  4R I R  1 8 3 3  1 R 3 6  1 9 3 8  1 8 2 8  I N 7 0  1 R 1 9  

SuORTFST T I M F  OY WHICH FACH PH HEAT I T S  COMPLETION OEAOLTNE - I N  MZECS 
MSC 7 7 4 6  l R n l  4 4  1 4  1 1 3 0  1 8 3 4  1 P 3 5  1 8 2 7  l H l R  l a 1 0  

NUMRFR n F  T l M F S  FACM INTFRRUPT 1 5  SEPVICEO RY THE MEC 
NUM l 0 0 n 0  hR 1 3 7 1  1 5 4 9  0 0 0 1 3 3 1  3 1 3 0  3 1 3 0  0 0 

AVFQARE T IMF  n L L  INTFRPUPTS U A I T  1N  QUEUE FOR SEQVICE  - 0.1 USECS 

LONOFST T I M F  ANY TNTFRRIIPT WAITS I* UUEUE FOR S E W I C E  - 12. USECZ 

TnTA l  T IMF  MFr  1 5  RlISV PQOCESSlNG INTCRRUPTS - 147773 .  USECS 

NlIM9FR OF T l U F Z  FACH MFC ROUTINE I S  PHOCESSFO 

NUq  l O D 0 0  6R 1 3 3 1  1 5 4 9  1 2 7 0  2 9 1 4  1 3 3 1  1 3 3 1  3 1 3 0  3 1 3 0  0 0 

AVERARF T IME  FACH ROUTINF WAITS I N  QUEUE FOR SFRVICF  - I N  USECS 
115c 0 7 3 o n 2 0 3 2 0 0 n  

LONRFCT T l M F  F I C M  QOUTINF WAITS I N  OUEUE FOR SFRVICF  - l N  USECS 

usr 11 "  7 6  1 0 4  5 5  2 1  3 8 5  4 0  R? 1 1 3  1 1 2  o o 

TnTAL T I M F  MFC I S  PUSY PPOCFSSING EACH TYPE OF RO l lT lNE  - I N  MSECS 

MSC 400.0 4.1 6.7 23.2 6 5 . 7 3 2 9 . 3  21.3 21.3 50.1 50.1 0.0 0.0 

AVFQAGF T IMF  FLCY WOUTINF 1 5  I n L E D  *Y INTERRUPTS - I N  USFCS 

illr 0.1 1.3 0.0 0.0 0.1 0.4 0.1 0.0 n.0 0.1 0.0 0.0 

LONRFST T l M F  FACY ROIITINF I 5  1 I )LED HY INTEHRUPTZ - I N  USFCS 

US? 7 7 7 7 7 1 6 7 1 4 7 7 0 0  

CPl l  DATA 

CP l l  1 

T ~ T A L  TTUF E ~ C H  CPU IS ASSIGNEO - IN USECS 
11SC 1 7 2 7 3 9 9 .  

T n r a t  TIMF ALI  PYOCESSOPS SPENT EXECUTINR INSTRIICTIONS - IOI~LPR. USECS 

TnTA l  T I U F  M F r  WaS RUSY - 1 1 1 5 0 7 4 .  USFC 

F n R  n SIMPLEX PROCFSSOR WITH A FLOAT ING VEC - TOTAL T IME  PUS WERE INTFRRUPTEO RY THE MEC - 
1 1 0 3 0 8 .  USEC 

NIJMOTD OF RnRAM TO TASK MEMORY LOAOS - 1 3 3 1  

TnTAl  T T r F  SPFNT LOADINR TASK MEMORY - 5 0 5 1 1 .  USFCS 

NIIMRFD OF 0 4 1 1  RFOIIESTS - 3 1 3 0  

TOTAL T l M F  SPFNT TRANSFERRING DATA HETYEEN RAMM AND TASK MEMORY - 253016 .  USFCS 

TnTAL l l M F  PROCE5SORS ARE IOLEO U A I T I N G  FOR OATA HEOUESTS TO BE S A T I S F I E O  - 40932R .  USECS 

TOTAl T I Y F  DATA PFOIJESTS U A l T  I N  OUEUF FOR RAMM MODULES - 9 2 0 0 3 .  l lSECS 

LONRFST TIMF ~ N Y  O A T A  RFOIIFZT WAITS I* QUEUE FOR R A M M  r o n u L E  - 766.  USECS 

NlJMRFQ OF SEGMFNI REFERENCES - 8 8 3 1  

NIIMmFR OF PACT FAULTS  - 1 3 3 1  

NIIMRFR OF PAGC JIIMPS - 7 4 7 7  

Fig. 4-A sample printout giving the results of a simulated run 



NRL REPORT 7356 11 

Figure 4 next contains results showing overall CPU and MEC utilization, data and 
program bus usage, and paging activity. Total CPU utilization is defined by summation of 
all time intervals between assignment of PMs and their completion. This encompasses, of 
course, the indicated instruction processing time plus nonprocessing overhead time. 

When executive routines and workload programs are sharing the same processing unit, 
direct interruption of PM processing activity will occur, and this accumulated delay is 
given in the results. Delay from the initiation of data requests through the executive re- 
sponse time to the availability of the requested RAMM modules is also accumulated and 
given in the results. 

Reproduced printouts from the simulation runs discussed in this report appear in 
Appendix D. (Figure 4 is the same as Fig. D16.) 

SIMULATION RESULTS 

Simplex Processor 

The simplex processor is the fundamental AADC configuration. With a processing 
element capable of at  least 2 X lo6  instruction executions per second, the simplex version 
can service any of the three workloads modeled in this study. Hence it was considered 
useful t o  run all of these workloads in the simplex model; furthermore a broader range of 
inputs adds more confidence to  the simulation results. 

The simplex AADC is planned to operate with a software executive rather than the 
hardware type due to cost considerations. The software executive can be run in its own 
dedicated processing element or as a floating executive sharing the processor with the pro- 
gram workload. Simulation runs were made under the following conditions: 

Paged and nonpaged operations; 

Monoprogrammed and multiprogrammed TM; 

One CPU (simplex AADC); 

One RAMM module, 

Processor speed of 2 instructions/psec; 

BORAM speed of 7 words/psec; 

BORAM block access time of 2 psec; 

RAMM speed of 3 words/psec; 

Program page size of 256 words; 
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TM size of 1024 to 4096 words; 

Dedicated or floating (shared) software MEC; 

Executive clock interrupt interval of 1 msec; 

MEC routine processing times as follows: 

- Interrupt processing, 7 psec, 

- Real time clock, 10  psec, 

- PM reinitialization, 51 psec, 

A PM assignment, 113 psec, 

A External PM enable, 61  psec, 

A PM complete, 1 5  psec, 

- Data/program transfer, 1 6  psec, 

- Dedicated channel selection, 9 psec, 

- Page fault, 5 psec. 

Figure 5 displays the overall performance of various AADC configurations for the 
three workloads processed in 10-second simulated run times. The bars indicate the com- 
ponents of cumulative CPU time attributable to different system activities. The sections 
of each bar represent computer processes as follows. 

The bottom section corresponds to  the accumulated time that the A&C was busy 
executing instructions. On top of that is added the time used to  transfer data between 
RAMM and TM. Next, program transfers from BORAM to  TM consumed time indicated 
by the third section. To this point, we have accounted for processor and bus utilization. 

The upper two sections represent MEC activity. They show the additional CPU times 
given to waiting on executive activity. The section representing dedicated-MEC activity 
shows that, even if executive processing does not take the CPU away from workload 
processing, certain CPU functions must still await the supervision of the executive. The 
top section (floating MEC) shows additional CPU time (over that for the dedicated MEC) 
consumed by the requirement that the CPU process executive as well as workload pro- 
grams. Executive routines not involved in the chain of PM processing activities (such as 
the real time clock routine) account for this extra time. 

In these runs of the simplex AADC the workload processing requirements were com- 
pletely satisfied with the CPU active from about 25% to  85% of run time, depending on 
the workload and the system configuration. For a given workload the instruction execution 
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and data transfer times represent program characteristics which remain independent of the 
system configuration in which they are being processed. Among the different workloads 
represented, the time consumed, relative to instruction processing time, varies in the over- 
head activities. The difference in mean PM sizes, instruction counts, data requirements, 
and referencing patterns account for this. 

PM transfer time varies with different paging configurations for a given workload. 
Generally this overhead was greatest in the nonpaged systems. As shown in the previous 
AADC simulation work (4), program transfer activity decreases as paging and paging with 
multiprogrammed TM are employed. The relative decrease depends on the page refer- 
encing characteristics of the workload in question and, for the GE workload in a 1024- 
word paged monoprogrammed TM, actually increases slightly. This happens because, in 
the GE workload model, PMs are not paged stretegically and each new page reference 
causes a page fault and subsequent page load. 

The extent to which executive overhead varies with system configuration depends 
also on the specific system activity affected. This AADC simulation assumes executive 
interaction in program paging and loading. Thus that portion of MEC overhead concerned 
with PM transfers will diminish with the decrease in paging which occurs in multipro- 
grammed systems. Specific figures are available in Appendix D in the results printouts. 

Some additional runs were made with each workload to observe the effect on execu- 
tive overhead of directly reducing the activity of specific MEC routines. The simulations 
were being run with an executive clock update interval of 1 millisecond. The feeling that 
this might be generating excessive overhead motivated runs with this clock interval 
lengthened several times. Relative reduction in MEC overhead did occur according to the 
percentage of the executive accounted for by the clock routine. Relative improvement is 
less with heavier workloads, because the clock interval is not affected by task processing 
rates. The 1-millisecond clock interval does not appear to tax executive processing. 

Another executive routine, PM assignment, is the costliest, because of required 
processing time. The frequency with which i t  is listed for processing depends on the con- 
ditions for listing it. As was shown in Fig. 2, PM assignment is listed for processing by 
PM reinitialization, PM completion, and external PM enable. This can result in many tries 
at PM assignment when there is either no PM ready t o  run or no CPU available. Restric- 
tion of the PM assignment listing to cases of CPU availability in simulation runs is indi- 
cated (Figs. D10, D20, and D30) by "reduced PM assignment activity." Again, some 
slight reduction in executive overhead is noticeable. 

In either of the above cases the relative reduction in executive time yields much less 
relative improvement in overall system efficiency, as can be noted by the relative contribu- 
tion of the executive to CPU time. 

More simulation results are shown in Fig. 6 .  These runs were made to present the 
appearance of relatively heavy workloads simply by restricting the length of simulation 
runs to  that point at which all PMs in a workload had been processed at least once. Since 
the executive schedules PMs for execution as soon in their iteration interval as there is 
processing available to  them, the CPU is busy almost full time up to that point. There is 
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some change in the workload statistics effected by this strategy due to  greater propor- 
tion of high-iteration-rate PMs processing over the shorter interval. Executive overhead in 
these runs with pseudo-heavy workloads compares closely to the normal runs in Fig. 5. 

Dual Processor 

The AADC is intended to be expandable in both memory and processing capability 
to service workloads presented by more complex future avionics missions. The simulation 
model is likewise expandable in this regard, and simulations were run to  reveal the effect 
of adding more CPUs t o  the basic simplex system. 

Normally the multiprocessor AADC would not be used unless it is warranted by the 
workload requirements. None of the three workloads used in the simplex runs warrant a 
multiprocessor. Accordingly a heavier workload was created from the GE programs by 
raising the iteration rates of selected PMs. By expanding a given workload in this manner, 
an almost arbitrarily high processing load can be presented to  the AADC model. 

The power of a multiprocessor computing system is more fully used by not requiring 
the workload to share any of that processing power with executive routines. The execu- 
tive, then, runs in its own dedicated processing element similar to, but independent of, 
the workload processors. 

It would be economical to provide only a single bus system which multiple CPUs can 
share for program instruction and data transfers rather than having a bus between RAMM 
and TM for data and a BORAM-to-TM bus for program instructions. In the simplex sys- 
tem, data and program transfers are naturally disjoint, but in a multiprocessor, competition 
for a single bus will increase system overhead as a portion of data and program transfer 
requests try and retry for bus service. Accordingly, simulation runs for dual and triple 
processors were made with both separate-bus and shared-bus configurations to allow as- 
sessment of their comparative efficiencies. 

The same system parameters were used in the multiprocessor runs as in the simplex 
runs except, of course, for the number of processors. The workload, as mentioned, was 
derived by expanding the GE program model. Also incorporated is the slight improvement 
in executive efficiency obtained by limiting listing of the PM assignment routine to  verified 
cases of available CPUs. 

Figure 7 shows results of the dual-processor simulations. The bar graphs again show 
time consumed by different system activities. These times, for the multiprocessor simula- 
tions, are the totals for each activity in all CPUs in the system. For example, the instruc- 
tion execution time shown is the total time in both processors of the dual processor. The 
overheads in the various system configurations are again shown with instruction execution 
times normalized (same for all systems) to allow direct comparisons. 

Figure 7 displays the dual-processor utilization of CPU time with separate and shared 
buses for program-instruction and data transfers. Nonpaged, paged, and multiprogrammed 
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simulations were run for these cases. CPU utilization is not given for floating-executive 
operation, since only dedicated software and hardware MECs were considered for the 
multiprocessor simulations. 

The results indicate that the relative benefits of multiprogramming TMs in a multi- 
processor do not match those in the simplex system, because, without specific strategy 
governing assignment of PMs to multiple CPUs, PMs suffer lower probabilities of finding 
needed pages resident in TM from previous iterations. Therefore, higher rates of page 
faulting occur. 

The performance of multiprogramming in multiprocessors (with arbitrary PM assign- 
ment to CPUs) can be commented on as follows. Assume a program workload which can 
be divided into N separate and independent, but similar, groups of PMs, where N is the 
number of CPUs in a multiprocessor which is to service that workload. Consider two 
CPUs such that the first of these is a CPU in the N-CPU multiprogrammed multiprocessor 
which is to process our assumed workload and the other CPU is an independent unit 
dedicated to process one of the N subgroups of PMs created by partitioning the assumed 
workload. Each of these two CPUs is processing an equal workload in terms of numbers 
of PM iterations, instruction executions, page references, etc., by our assumption that the 
N subworkloads have properties similar to each other and to the complete workload. The 
difference is that the first CPU can be assigned to  process any PM in the entire workload 
whereas the other is subject to  a range of PMs only 1/N as large as the first. Although 
both CPUs would generate page references at the same rate, the CPU in the multiprocessor 
generates its references over a range of program N times as great as the independent CPU. 
Then, for both CPUs to demonstrate the same paging performance in terms of page fault- 
ing rate, one would expect the CPU in the multiprocessor to  have to  have a local (task) 
memory N times as large as that of the individual CPU dedicated to 1/N of the workload. 

Figure 7 shows CPU utilizations for program-instruction and data transfers using 
separate buses and sharing the same bus. The results show greater overhead with a shared 
bus (about 8% more CPU time in the nonpaged system) compared to  the same system with 
separate program and data buses. This additional overhead is composed of transfer wait- 
ing time and extra executive activity. 

Analysis of the results in Appendix D shows that average program-instruction and 
data transfer overheads were increased by about 25% by the additional waits suffered in 
attaining the services of the shared bus. The effect of this on total system operating ef- 
ficiency depends on the relative amount of system time constituted by transfer overhead 
to  begin with. The dual processor under the expanded GE workload shows less than 10% 
additional total time traded for use of the shared bus in any of the system configurations. 

Triple Processor 

Triple processor simulations of the AADC were run under similar conditions as the 
dual processor except for two changes. First, the GE workload was expanded somewhat 
further in accordance with the extra processing capability. Second, the executive param- 
eters included those values specified for the hardware MEC. Executive activity increases 
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almost linearly with task processing rates, and the higher throughput of the hardware 
MEC allows more room for meeting expanded executive processing requirements. 

The hardware executive routine run times were as follows: 

Interrupt processing, 3.6 psec, 
Real time clock, 26 psec, 
PM reinitialization, 36 psec, 
PM assignment, 24 psec, 
External PM enable, 30 psec, 
PM completion, 10 psec, 
Datalprogram transfer, 15 psec, 
Dedicated channel selection, 3 psec, 
Page fault, 5 psec. 

Figure 8 shows CPU utilization in the triple processor. The additional percentage 
overheaded contributed by use of the shared bus for transfer of program instructions and 
transfer of data is about double that experienced in the dual processor. This is in spite of 
the added efficiency of the hardware MEC in the triple processor. In fact the free run 
times of the executive transfer-request routines are given as 14.5 and 16 microseconds re- 
spectively (5) for the hardware and software executives. This suggests that, other than 
for faster interrupt recognition, the hardware MEC cannot provide any special relief from 
overhead due to program-instruction and data transfers. 

As a point of comparison, a run of the nonpaged triple processor was made with the 
executive parameters set for a dedicated, software MEC. The result is included as the left- 
most bar in Fig. 8. I t  shows that, for the nonpaged system with separate program and 
data buses and a hardware MEC, (the right-hand split portion of the second bar from the 
left), the additional overhead born by going from a hardware to software MEC is less than 
that born by going from separate to  shared program and data buses. The capacity of the 
system for meeting transfer requirements with a single bus is being pushed closer to  its 
limit of performance by the extra workload activity in the triple processor than it is being 
pushed to  meet the supervisory requirements with the slower MEC. 

Executive activity in the multiprogrammed system with 4096 words of TM for pro- 
gram residence is only modestly increased by shared-bus overhead. If the program-transfer 
or data-transfer activity is low to begin with, the penalty for requiring them to  share a 
single bus is relatively small. So it is here, where multiprogramming has reduced PM 
transfers. 

CONCLUSIONS 

System Operation 

Simulations of the AADC simplex, dual, and triple processor configurations were run 
to  examine the effects of various system parameters on CPU utilization. Those hardware 
and executive functions consistently required for the processing of active workload tasks 
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were incorporated into the simulation design. Although the results are not independent 
of the particular workload models used to  drive the simulation, certain trends and averages 
in the results allow reasonable conclusions as to the course of effective AADC system 
designs. 

The bar graphs of CPU utilization indicate that a level of 50% of system time spent 
in instruction processing is easily attainable and a minimum goal for system effectiveness 
in simplex or multiprocessor realizations. Overall effectiveness does depend strongly on 
the workload in terms of average task processing times per iteration. The system overhead 
involved in getting a PM through assignment, transfers, and completion is relatively con- 
stant (about 112 millisecond) for a given system configuration, and workloads with long 
running PMs will allow greater system effectiveness in proportion to  their instruction 
processing times. 

The system configuration displaying most efficient use of processing resources in the 
simplex processor with paging and multiprogrammed TM. CPU utilization of up to  70% 
with a floating MEC and 80% with a dedicated MEC is indicated. Multiprogramming re- 
duces not only PM transfer overhead but also the executive overhead associated with these 
transfers. 

The results show that multiprogramming the multiprocessor does not provide the 
same increase in performance when workload PMs can arbitrarily seize the services of the 
first available CPU in the system. Under certain conditions a multiprocessor with N CPUs 
would have to have TMs N times as large as that of a simplex processor to  achieve the 
same multiprogramming performance. Thus the recommendation is that, to  best multi- 
program TMs in an AADC multiprocessor, the workload should be divided among the 
CPUs in the system on a dedicated basis. A PM dedicated to  a particular CPU would be 
assigned only if that CPU is available. Consequently the multiprocessor appears very much 
like two or more simplex processor, each with its own smaller workload, except that they 
are under control of the same executive and share common communication and storage 
facilities. The multiprogramming effectiveness of the simplex processor would tend to  be 
passed on to  the multiprocessor. This would mean, of course, that the executive would 
have to  rededicate some PMs, in the event of a CPU failure, to  the remaining operable 
CPUs. 

There is another benefit from partitioning a workload among different CPUs in a 
multiprocessor. Workloads studied have contained tasks conflicting in the processing time 
of one with the iteration interval of another. If such a conflict is to  be avoided, means 
must be provided either for the high-repetition-rate task to  break into the long processing 
time of the other or for conflicting tasks to  be assigned to  run in different CPUs of a 
multiprocessor. Thus, if PMs were partitioned into families under different CPUs, tasks 
with conflicting timing would be put into different families. 

Executive 

The executive overhead is a function of the type of MEC used (dedicated or floating 
software or dedicated hardware) and the system configuration it must supervise. In the 
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simplex system, the added CPU time usurped by floating executive routines is over half the 
overhead caused by the dedicated MEC. This additional overhead is due to those executive 
routines not involved in direct control of processing activities and due to which routines 
there is no task processing delay under normal circumstances. These routines are real time 
clock, PM reinitialization, transfer completion, and those PM assignments which make no 
assignment because of unavailable CPUs or lack of PMs ready for execution. 

The floating executive simulation does not account for CPU time which might be con- 
sumed in transfering executive routines into TM for processing. The requirement that a 
large block of executive program be brought into TM each time a certain routine is required 
could raise total system overhead by a significant amount, considering that nominal PM 
processing times are only 1 or 2 milliseconds. That subset of floating executive routines 
routinely needed to supervise the execution of workload tasks should reside permanently in 
TM on the basis that each one of those routines is required to execute at least once for each 
PM iteration. 

PM assignment consumes the greatest amount of time in the software executive because 
of its long nominal execution time (113 microseconds). Therefore its activity should be 
limited by judiciously listing it for processing only when PMs are ready for execution and 
CPUs are available to service them. 

Real time clock is the next-highest time consumer in these simulations due to the 
high clock update rate (1 millisecond). As with PM assignment, it would appear desirable 
to  limit real-time-clock activity to  bare essentials in the floating executive, where all un- 
necessary activity directly delays workload processing. Limiting these two executive func- 
tions, as discussed in the simplex processor simulation results, did indeed reduce CPU 
overhead but not by an amount which would indicate that the overhead was out of line 
to  start with. That is, a 1-millisecond clock does not appear to  be compromising execu- 
tive performance. 

Allowing executive functions the use of a dedicated processor appears appropriate in 
the multiprocessor AADC. The software executive in the dual processor with a shared 
bus for program instructions and data would keep a CPU active more than 50% of the 
time, assuming a full program workload. Also, sharing an executive processor with work- 
load PMs could cost undesirable delays in PMs assigned to  that processor. 

The hardware MEC in the nonpaged triple processor configuration was also active 
about 50% of the time with separate program-instruction and data buses in the system. A 
dedicated software executive in the same system stayed active about 80% of the time 
based on a full workload. The hardware executive appears not unwarranted in the triple 
processor, judging from its 50% or higher usage rate. However, a dedicated software ex- 
ecutive would not, it seems, be overburdened, a t  least not if separate program-instruction 
and data buses are maintained. The difference in total CPU utilization between the hard- 
ware and software executive is about 10% in the unpaged triple processor. In short, the 
software executive seems to be about as capable of managing three CPUs as two, on the 
basis of per-CPU utilization. The use of the hardware executive provides an added bonus 
largely because of the greatly shortened time to  execute PM assignments. If means could 
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be found to  significantly reduce the time required by the software executive to  assign PMs, 
it would be the recommended choice for managing three as well as two CPUs. 

Busing 

The toll on CPU utilization exacted by forcing program-instruction and data trans- 
fers to share the same bus depends, of course, on the amount of traffic trying to  use that 
bus. The increase in the CPU overhead for a dual processor (with software executive) 
ranges from 8% in the monoprogrammed configuration to less than 2% with 4096 words 
of multiprogrammed memory. Multiprogramming reduces program-instruction transfer 
activity and the corresponding conflict time for bus usage. The triple processor (with 
hardware executive) under the same conditions suffers additional overhead ranging from 
about 20% to 5%. The hardware MEC has not saved the three-CPU system from experi- 
encing the expected effects of 50% more data and program-instruction activity competing 
for a bus, as compared with the dual processor. The almost equal processing time for 
bus-transfer routines in both executives does not provide for significant difference in sys- 
tem overhead insofar as transfers are concerned. 

Use of a single shared bus for program instructions and data is apparently a good 
tradeoff in the dual processing system. A maximum 10% loss in CPU utilization is ex- 
pected with 5% or less being a more nominal figure. The triple processor stands to lose 
significantly more of its CPU resources if a shared bus is used. If the goal is a reduction 
in system hardware complexity, it would appear more fruitful to maintain separate buses 
and to use a dedicated-software executive. More overhead is charged to  the nonpaged, 
triple processor by going to a shared-bus system than by going to a software MEC. More- 
over, if high performance requirements dictate the use of a hardware executive, it would 
not make sense to compromise most of the gain by using the shared bus system. 

In either a dual or triple processor the overhead from shared busing would be sig- 
nificantly reduced if executive interaction in data and program-instruction transfers is 
eliminated. In fact any configuration of simplex or multiprocessor would experience an 
increase in CPU utilization with that aspect of executive overhead removed. 

Remarks 

The results contained herein depend to some degree on the workload models chosen 
for the simulations and on assumptions made about the characteristics of AADC designs. 
Analysis of these results and conclusions about them have been made accordingly, and 
caution should be exercised in applying them beyond the scope of this work. Character- 
istics of the simulation models have generally been chosen conservatively; certain system 
hardware parameters of projected AADC designs now surpass those used in this work a ~ d  
would result in better performance than estimated here. 

As a result of this and previous work, some of the system concepts explored in this 
report have already been made part of the projected AADC designs. Paging and multi- 
programming of task memory are such concepts and are being actively studied for their 
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effect on related system components. Also, elimination of MEC intervention in memory 
transfers has been proposed and would markedly reduce system overhead from floating 
or dedicated executives. 
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APPENDIX A 

CHARACTERISTICS OF THE SIMULATED WORKLOADS 

Each program workload to run in the AADC is partitioned into a set of individually 
managed subprograms or program modules (PMs). Each PM would normally implement 
some independent task or portion thereof such as navigation, antenna steering, or track 
correlation. The AADC executive manages the scheduling and execution of all tasks in 
the workload according to  the requirements of the mission being carried out. A PM, ac- 
cording to real-time requirements, may be required to  perform its task at a given fixed rate 
or perhaps only when specifically requested by some device external to  the AADC. 

Figures A1 through A3 display representations of the program modules of the simu- 
lated workloads, stating the workload functions which the PMs implement and giving the 
processing parameters. For each PM nominal values are given for the number of program 
memory locations, instruction executions, and data word transfers required at each execu- 
tion of that PM. The arrows and associated time values show the scheduling requirements 
of each PM in terms of the length of time interval in which each processing iteration must 
occur. Those PMs marked "Clocked" must execute at  a fixed iteration rate specified by 
the iteration interval shown and are scheduled under control of the internal system clock. 
Those PMs marked "External Enable" are activated by receipt of an interrupt from an ex- 
ternal device, which interrupt is generated in the simulations according to Poisson arrival 
statistics with a mean rate as specified by the time interval shown. Some PMs depend on 
others for data and, as such, can execute only after them. As displayed in the figures, 
such PMs form chains of predecessor-successor tasks which must be processed in the order 
shown. 

The number of instruction executions required by some PMs is so great as to extend 
their processing time well beyond the allowed iteration interval of another PM in the same 
workload. For example, in the F-111 workload, PM 9 requires 80,000 instruction execu- 
tions for a processing time of greater than 40 milliseconds, whereas PM1 must execute 
once every 8 milliseconds. The simulation does not allow for faster PMs interrupting slow 
ones. Rather, a long PM such as PM 9 was considered to be executable in a chain of 
separate processing iterations (say 10,000 instruction executions each) that are short 
enough to  allow the interjection of faster PMs such as PM 1 in the pauses or breaks 
between. 
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Implementation 

Clocked 
. b 

250 msec 

480 W 
200 I 
170 D 

PM 6 
Antenna Control, PM 7 

BarIBar Correlation, 
Elimination Association 

24000 I 46000 I 

Clocked * 
2 sec 

PM 5 
Missile 

Launch-to-Eject 

1120 W 
1000 I 

230 D 

Fig. A2-Program module configuration derived from a workload for the F-111 aircraft 

External Enable * 
200 msec 

PM 8 
Track Update PM 9 PM 1 0  PM 11 

Prediction Attack Logic/ Function, Switch, Antenna 
Smoothing Launch Zones TID Displays Control 

710 W 
30000 I 

1000 D 
+ + 

970 W 
20000 I 

550 D 

1276 W 
80000 I 

435 D 

600 W 
16000 I 

170 D 

Clocked 
- r, 

2 sec 
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PM 1 
Navigation 

1350 W Clocked 

103  D 1 2  msec 

PM 2 
Display 

Input/Output 1 4 0 9 i  is 1 clocked + 

1 6  msec 

PM 3 
Bookkeeping 

Clocked 
7000 I 

PM 4 
Correlation 

PM 9 PM 5 
Tracking Intercept 

PM 6 
Link 

1024 W 
13000 I 

7150 D 

Clocked 

PM 7 
Link-Message 

Processor 

- 

2675 W External Enable 

250 msec 

PM 8 
Link-Message 

Generator 

2048 W 
70001 
1000 D 

1880 W External Enable 
6000 I 

250 msec 

Clocked - 
3 25 rnsec 

Automatic 
Weapon Selection 

Clocked 
3500 I 
2000 D 

PM 11 
Data Extraction 

External Enable 

~ + - - - r - i = -  

Fig. A3-Program module configuration derived from a workload for the E-2B aircraft 

PM 1 2  
Tactical 

Operation Monitor 

500 W 
122 I 

20 D 

External Enable 
b 

12  msec 



APPENDIX B 

SIMULATED MEC ROUTINES 

The simulated MEC routines are incorporated into the simulation to implement cer- 
tain functions of the AADC executive system. They are activated through a system of 
interrupts generated in the AADC. Each interrupt generated in the simulated system is 
placed on a list and taken from it on a first-come-fist-served basis for processing. One 
routine, interrupt processing and recognition, serves to take the interrupt from the list, 
recognize it, and then list for processing the appropriate MEC routine for carrying out the 
executive functions requested by the interrupt. The list of MEC routines to  be processed 
is served on a highest-priority-first basis. 

The simulated MEC functions, their processing times by software and hardware ex- 
ecutives, and their relative priorities are given in table B1. Figures B1 through B13 show 
flow charts of these routines. 

Table B1 
MEC Function Run Times and Priorities 

MEC Function 

Interrupt recognition and processing 
Real time clock update 
PM reinitialization 
PM assignment 
External PM enable 
PM completion 
Data transfer request 
Data transfer completion 
Program transfer request 
Program transfer completion 
Dedicated bus selection 
Dedicated bus release 
Page fault 

- 

Relative 
Priority 

8 
2 
1 
9 

10 
3 
4 
3 
4 
6 
7 
5 

Software MEC 
Processing Time 

( w c )  

7 
40 
5 1 

113 
61 
15 
16 
16 
16 
16 

9 
9 
5 

Hardware MEC 
Processing Time 

(psec) 

3.6 
26 
36 
2 4 
30 
10 
15 
15 
15 
15 

3 
3 
5 
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update the idle time 

interrupt flag: update 
the routine idle time 

Get the first 
interrupt waiting 
to be processed 

+ 
real time clock 
(RTC) interrupt 

count in the waiting 
RTC routine 

File the MEC 
routine on 

the i~st 

Schedule the compie- 
t~on of processing 

the interrupt 

C 

Fig. B1-Interrupt recognition and processing 
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RTC J 

Decrement the time to 
completion (TTC) of 
all except completed 

external PMs 

File the PM 
reinitialize 

routine on the list 

I 
d 

Return 

Fig. B2-Real time clock update 
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( Ext. PM Enable \j 

Zero the PM 
execution flag 

Initialize TTC 
of the PM and 

its predecessors 

Is there a File the PM 

CPU free assign routine 
on the list 

Return c3 
Fig. B3-External PM enable 
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PM completion L A  
Set the PM 

execution flag 
to "complete" 

+ I 

Set the TTC of 
Is the PM - the PM to max 

the terminal PM 
F' 

(that of its 
terminal PM) 

I t 
I 

Set the status of 
the PM and the CPU 

to "unassigned" 

File the PM 
assignment routine 

on the list 

Return 

Fig. B4-PM completion 
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PM Retn~t~a l~za t~on  

Prlnt an 
overdue 
notlce 

Yes 
> 

Set the PM TTC 
to that of ~ t s  
termlnal PM 

t 

1 + N o  

terrnlnal PM 

Set the TTC 
of the PM's 

predecessors 

+ 
Zero the execution 

flag of the P M  and 
~ t s  predecessors 

+ + 

+ Yes 

F ~ l e  the PM 
asstgnment routlne 

on the list 

No Are all the 

PMs checked 

Return s4 
Fig. B5-PM reinitialization 
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PM Assignment 

+ 
Tag the PMs having 

incompleted 
predecessors 

4 
Find the PM ready 

for assignment having 
the minimum TTC 

t 
No 

1 Yes 

Record the status 
of the PM and the 
CPU as "assigned" 

No 

dedicated bus 

File the dedicated 
channel selection 
routine on the list 

- 

r 

Call the 
process control 

subroutine 

+ No 

File the BORAM to 
TM load request 

on the list 

Fig. B6-PM assignment 
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BORAM to TM request 

r , 

No File the BORAM to 
Is there a bus 

T M  load request 
on the list 

Seize the 
bus 

* + I 

Call the 
start T M  load 

subroutine 

Fig. B7-BORAM-to-TM (Program) transfer request 

BORAM to TM complete - 
Release the 11 

Return - 
Fig. B8-Completion of the 

BORAM-to-TM transfer 
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File the routine for 
request of a transfer 
between RAMM and 

T M  on the list 

J- Yes 

Sieze a 
RAMM module 

J- 
Call the data 

transfer routine 

Fig. B9-Request for a transfer between RAMM and 
TM (data transfer) 
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RAMM and 
T M  Completion + 

Release the 
RAMM module 

Call the resume 
processing 
subroutine 

C 

Call the schedule 
request subroutine 

b 

1 

Return 

Ded. Bus Selection 

Seize the 
dedicated bus 

$. 

Return 

Fig. B11-Dedicated bus 
selection 

Fig. B10--Completion of a transfer between 
RAMM and TM 

Ded. Bus Release 0 
Release the 

dedicated bus 

Return 0 
Fig. B12-Dedicated bus 

release 

Page Fault a 
File the BORAM-to- 

T M  load request 
routine on the list 

Return i5 
Fig. B13-Page fault 



APPENDIX C 

SIMULATION ROUTINES 

The simulation system is composed of Simscript routines which implement the func- 
tions of the AADC system model. These routines are of two types: event routines ac- 
tivated at  scheduled times by the Simscript system scheduler and normal subroutines ac- 
tivated by direct jumps within the system. Flow charts of these routines are shown in 
Figs. C1 through C20, and the functions of the routines are briefly described in the 
figure titles. 

Fig. C1-Start. This is an event which occurs just once at the very be- 
ginning of a simulation to start the system running. It schedules 
the immediate occurrence of the first real time clock and external 
PM enable interrupts. Then all PMs are initialized with respect to 
their iteration intervals, and the MEC PM assignment routine is listed 
for execution. 

Start 0 
first clock 
Interrupt 

Find the next 
external, terminal PM 

1 I + 
Schedule an 
external PM 

enable interrupt 

+ 
Are all external 
PMs scheduled 

Yes 

I 1 
Initialize the TTC 
and pause-count 

of all PMs 

File the PM 
assignment routine on 
the list for the next 

available CPU 

available 

Return u 
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( RTC Interrupt ) 

Schedule the next 
RTC interrupt a t  
one clock interval 

1 J 

Call the Prepar 
subroutine to 

print the report 

i 

Queue the RTC 
interrupt 

3. 
* 

Call the Mecint 
subroutine 

Fig. C2-Real time clock. This is an event routine 
which first schedules its own reoccurrence at one 
clock interval in the future. Next it checks whether 
the simulated time has exceeded the specified simula- 
tion run time and, if so, calls a subroutine to prepare 
the printout of the simulation results. If the run is 
not ended, the RTC (real-time clock) interrupt is 
queued and the Mecint subroutine is called to com- 
mence the interrupt processing. 

External PM l nterrupt a 
interval from an 

exponential 
distribution 

Schedule the next 
external PM interrupt 

Queue the external 

interrupt 

Call the Mecint 
subroutine 

Return 0 
Fig. C3-External PM inter- 
rupt. This is an event routine 
which first schedules its re- 
occurrence according to the 
mean execution rate of the 
PM and an exponential prob- 
ability distribution. It 
queues the external PM en- 
able interruption and jumps 
to subroutine Mecint to 
commence interrupt proc- 
essing. 
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Mecrou 

+ \ 

Set the MEC routine 
active flag 

J. 
Fig. C4-Mecrou. This is a subroutine which initiates MEC routine proc- 
essing. A flag is set indicating that the executive routine is active, and the 
variable used to store accumulated time that a routine is idled by interrupt 
processing is zeroed. The event Mecom is then scheduled to occur at a time 
given by the processing time of the executive routine being started. 

Zero the MEC 
routine idle time 

Schedule Mecom at 
a time later by the 

processing time 

Return m 

Fig. C5-Mecint. This is a subroutine which performs the function of 
recognizing and processing interrupts as described in the main body of this 
report. It then schedules the event Enint, which marks the completion of 
the interrupt processing interval later by the time specified for execution 
of the interrupt processing routine. 

Process the queued 
interrupt, using the 
routine in Fig. B 1 

Schedule Enint at 
a time later by the 

processing time 

1 

Return 
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( Mecom 1 

Reschedule Mecom 
routine idled later by the 

by an interrupt idle time 

Perform the MEC 
routine function 

as specified 

Return i 
Fig. C6-Mecom. This is an event which marks the 
completion of an executive routine processing inter- 
val. First, if any idle time has accumulated during the 
interval, Mecom is immediately rescheduled for the 
time later by the idle time and an exit is made. If no 
idle time has accumulated, the routine flag is set to 
active and the appropriate executive functions are per- 
formed as described in the report. The Mecint sub- 
routine is then called to initiate processing of other 
routines which might be waiting on the executive job 
list. 
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Fig. C7-Enint. This is an event which marks the completion of the interrupt 
processing routine. The interrupt-processing-active flag is first cleared. If other 
interrupts are waiting in queue for processing, the Mecint subroutine is called and 
an exit made. If no interrupts are waiting, a check is made to  determine whether 
an active executive routine was interrupted by the interrupt processing, and, if so, 
the routine interrupt flag is cleared and an exit made. If no active executive routine 
was interrupted, a check is made to determine if any executive routines are 
waiting for processing, and, if so, the Mecint subroutine is called to initiate the 
highest priority routine on the list. 

Enint 

P + 
Clear the interrupt 

active flag 

+ 
Yes 

interrupt waiting 

No 
I 

Clear the Is there a MEC 
MEC routine routine in the 
interrupt flag interrupted status 

\ 

1 

$- No 

I s  there a MEC Yes 

N o 
Call the Mecint 

subroutine 
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Fig. C8-Sttmld. This is a subroutine which initi- 
ates BORAM-to-TM loading (starts TM loading). 
A flag is set to denote CPU activity, and, if the 
system is paged, subroutine paging is called to  up- 
date the TM page contents. The time required to 
transfer the PM or page is computed, and the 
Lodcm event is scheduled a t  the proper time t o  
mark completion of the transfer. 

Sttmld 

C 
f 

Set the PM 
active flag 

i 

C 
Yes --. Call the Paging 

subroutine 

t 

Compute the time 
required to load 

the program 

t 

P 4 
Schedule Lodcm at  

a time later by 
the loading time 

\ + 
Return 
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Lodcm 0 
Clear the PM 

active flag 

Call the Stexcn 
subroutine 

Queue the interrupt 
signifying completion 
o f  a BORAM-to-TM 

transfer 

Call the Mecint 
subroutine 

Return c3 
Fig. C9-Lodcm. This is 
an event which marks com- 
pletion of the program 
transfer. The active flag 
is cleared, and the Stexcn 
subroutine is called to  ini- 
tiate processing of the next 
program segment. An in- 
terrupt signifying the com- 
pletion of the program 
transfer is listed, and the 
Mecint subroutine is called 
to process it. 

Stexcn 

-C 

Set the PM and 
processor active flags 

t 

Record the execution 
start time; zero the 

idle t ime 

Call the Reqgen 
subroutine 

Call the Schreq 
subroutine 1 

Return ( I 3  Fig. C10--Stexen. This is 

a subroutine which initi- 
ates processing of a pro- 
gram segment (starts execu- 
tion). Activity flags are 
set and execution start and 
idle times are initialized. 
Next, the Reqgen subrou- 
tine is called to  generate 
and file the segment's data 
requests. Finally, the 
Schreq subroutine is called 
to initiate activities of 
these requests. 
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Fig. C11-This is an event which marks comple- 
tion of a program segment's execution. If idle 
time has accumulated during this processing ac- 
tivity, Excom is immediately rescheduled later 
by the time spent idle and an exit is made. 
Otherwise, activity flags are cleared, the pro- 
gram page usage data are updated, and sub- 
routine Clnxsg is called to determine the next 
segment to enter processing. Finally, subrou- 
tine Procon is called to determine what action 
the system must take to process the next 
segment. 

Reschedule Excom 
at a time later 

by the idle time 

b 

Clear the PM and 
processor active flags 

3. 
Update the last 

time of use for the 
page just in process 

i 

C 

Call the Clnxsg 
subroutine 

+ t 

CAI1 the Procon 
subroutine 
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Fig. C12-Schreq. This is a subroutine which schedules the oc- 
currence of each data request during a segment's processing. First 
the active flag is set and a check is made to determine if any re- 
quests are listed. If there are none, the Excom event can be im- 
mediately scheduled a t  a time computed by the interval required 
to  complete the number of instruction executions specified for 
the segment. If any events are found in the list, the first one is 
examined and the Makrq event is scheduled to mark the occurrence 
of that data request in the program. 

Schreq 

3. 
Set the PM 
active flag 

i + 
Yes 

v 
3 

Compute the interval 
to the occurrence 

of that request 

Compute the time 
to the completion 

of the segment 

b 

$- $- 
Schedule Makrq at  
a time later by the 

interval to the request 

Schedule Excom at 
the time of segment 

completion 

I I 
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Makrq a 
Clear the PM 

active flag 

I Compute the time I 
I to the need for I 

the data L A  
Schedule Dedat at 
a time later by the 
demand interval 

Queue the data 
transfer request 

interval 

Call the Mecint 
subroutine L- 

Fig. C13-Makrq. This is an event which marks the occurrence of a data 
request in a program. The program active flag is cleared, and the Dedat 
event is scheduled to mark the requirement for those data by the program 
making the request. A data transfer request interrupt is listed, and the 
Mecint subroutine is called to  process the request. 

Return 0 
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Fig. C14-Dedat. This is an event which marks the time at  which 
the data requested by a program are needed in its computations 
(demands data). If the data transfer has been completed by this 
time, an exit is made. Otherwise, interrupt program processing. 

Dedat 

unsatisfied 
data request 

Interrupt 
program 

processing 

Return 

Datran c 2  
Set the PM 
active flag 

r--l 
Take the first 

Fig. C15-Datran. This is a subroutine which initiates a data transfer request in queue 
between RAMM and TM. The processor activity flag is set, and the first 
data request is taken from those filled at the start of the segment execu- 
tion. The time required for the transfer is computed, and the Trcom 
event is scheduled accordingly to mark the transfer complete. 

Compute the time 
to transfer data 

Schedule Trcom at 
a time later by 

the transfer time 

Return F 5  



W.R. SMITH 

Trcom 

Clear the PM 
active flag 

Queue the interrupt + 
signifying completion 
of a transfer between 

RAMM and TM 

Call the Mecint 
subroutine 

Fig. C16-Trcom. This is 
an event which marks the 
completion of a data trans- 
fer. The active flag is 
cleared, a transfer com- 
plete interrupt is listed, 
and the Mecint subroutine 
is called to process it. 
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Fig. Cl7-Procon. This is 
a subroutine which controls 
the system action to be 
taken in response to  the 
next program segment ref- 
erenced for processing. 
There are a number of pos- 
sibilities according to the 
attributes of this next seg- 
ment. The segment signi- 
fies that the PM is com- 
plete, or the segment is a 
dummy having no process- 
ing requirements, or the 
segment is a normal seg- 
ment requiring processing. 
If the segment is a dummy, 
then subroutine Clnxsg is 
called to reference the next 
segment and Procon is 
started again. If the PM 
has reached completion, a 
check is made whether the 
TM is multiprogrammed, 
and, if it is not, the file of 
pages resident in TM is 
cleared for the next PM. 
Then the PM is checked to 
see whether it had a dedi- 
cated bus, and, if so, an in- 
terrupt is filed t o  release 
the bus. A PM complete 
interrupt would then be 
listed, and the Mecint sub- 
routine would be called to 
process these interrupts. If 
the segment is normal and 
requires processing, a check 
is made to see whether the 
system is paged and, if not, 
the Stexcn subroutine is 
called to  start processing 
the segment. Otherwise a 
check is made for a page 
fault. If the page is already 
resident in TM (no page 
fault), Stexcn is called. In 
case of a page fault, a page 
fault interrupt is listed and 
Mecint is called to  process 
it. 

Procon 

multiprogrammed 

Clear the T M  
file for the 

next PM 

Queue an interrupt 
to release the 

Call the Stexcn 
dedicated 

subroutine Queue a page 
fault interrupt 

b 

v 
Queue a PM 

complete interrupt 

Call the Mecint 
subroutine 

Return 
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Clnxsg ci= 
Compute the next 
segment reference 

Fig. C18-Xlnxsg. This is a subroutine which makes use of the segment 
referencing probabilities contained in the workload data to compute the 
next segment reference to  occur in a PM's execution. 

Return c3 
Paging 

+ 
Find the least 

No 
have room for * recent1 y used 

page in the T M  

> 

J. 
Increase the T M  Remove it from 

word load by the TM file 
one page size 

I File the new I 
page into the I 

$- 

Return 

Fig. C19-Paging. This is a subroutine which updates 
a TM's file of resident pages whenever a page is loaded 
in. If the TM is not full, its contents are merely in- 
cremented by the size of the new page and the page is 
added to the file. If the TM is already full, the least 
recently used page is removed from the file and the 
new page is added. 
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Fig. C2D-Reqgen. This is a subroutine which generates and files 
the set of data requests to be made by a program segment start- 
ing execution. If no data are associated with the segment, an 
exit is made immediately. Otherwise the delaying effect of 110 
activity on the data transfers is computed and the data lengths, 
request intervals, and other attributes are obtained. The requests 
are then filed into a list and serviced, one at a time, over the 
processing time of the segment. 

Reqgen P 
data requests 

in this segment 

Compute the 110 
transfers during the 

segment i 
Compute the I10 

interference on data 
transfers 

Find the request 
data lengths 

Find the request 
intervals 

Return 2% 

Determine the 
attributes for the 

next request 

4 

File the request 

i 

4 Yes 



APPENDIX D 

SIMULATION RESULTS DATA 

Figures Dl through D57 display reproduced printouts of simulation results. The sta- 
tistics produced at the end of a simulation run are the results of continuous compilation 
of system parameters over the elapsed simulation time. Data have been chosen for com- 
pilation and printout such that a meaningful assessment of system performance can be had 
without resorting to  a detailed, step-by-step analysis of an event trace of the simulation 
run. CPU utilization figures used in the report are derived from the CPU assigned time, 
TM loading time, data transfer time, total MEC busy time, and the individual MEC 
routine times as given in the results. 

In some simulations one or two PMs missed their completion deadlines a few times 
over the run. This occurred in systems where the workload and overhead kept CPU ac- 
tivity at  close to  100 percent; occasional overruns become statistically possible in a very 
heavily loaded system. A PM which runs overdue in the simulated system is passed over 
for reinitialization at each clock time until it has completed processing. That is, its 
iteration sequence is merely shifted back in phase. 

The excess of PM assignment routine activations over PM completions is due t o  ati 
tempts a t  assignment when resources are not available. 

The behavior of the executive is indicated by the frequency and time usage of MEC 
interrupts and routines. Table D l  provides the key between the executive functions and 
the numbers used in the data printout to refer to  them. Numbers 5, 6, and 7 represent 
PM reinitialization, PM assignment, and program transfer requests. These routines are not 
activated by interrupts but by other routines; hence no interrupts are associated with these 
functions. Interrupt processing takes precedence over executive routine processing and 
can break into a processing routine. The resulting routine idle time is given. 

Total CPU assignment time as shown is taken from the end of each PM assignment 
routine to  the end of the corresponding PM completion routine. This does not include 
the time consumed by the PM assignment routines, which time must be added on to  ob- 
tain CPU utilization times as graphed in the report. CPU assignment time includes 
processing, transfers, and waiting on executive functions. 

In a system with a floating executive sharing a CPU with the workload, the results 
give accumulated time that the executive breaks into the CPU activity which is effecting 
program processing and transfers. 
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Table D l  
Key to Executive Interrupt and Routine 

Headings in the Simulation Results 
Printouts 

The data given on paging statistics at the end of the printouts shows the number of 
references to segments not resident in TM (page faults) and the number of references to a 
segment in a new page (page jump). This can be helpful in assessing the efficacy of vari- 
ous paging configurations. 

Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Table D2 is an index to the printouts. 

Executive Function 
- 

Real time clock 
External PM enable 
Page fault 
PM completion 
PM reinitialization 
PM assignment 
Program transfer request 
Program transfer completion 
Data transfer request 
Data transfer completion 
Dedicated bus selection 
Dedicated bus release 
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ELPPSEO TIME . 10000000 .  USECS 

TOTAL PHs l S S I O N E 0  = 4 3 0 6  

PM 1 ? 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  2 0  
NUMRER OF ITFRbTIONS OF EaCH PM 

NU* 3 3 3 4  5 0 0  2 0 0  1 0 0  100  4 0  4 0  1 0  4 1 1 8  1 1 1 1 1 1 1 1 1 

NUMBER OF TIMES EACH PM MISSED 1 1 s  COMPLETlON UELOLICE 
NUM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

bVEUAGE TIME BY uHICH EACH PM BEAT 1TS COMPLETIOL DEAOLINE - 1N MStCS 
MSC 2 1 9  4 9  5 9  5 8  2 0 2  1 1 9  9 1 5  8 2  1 6  8 4  9 8 4 0  9 7 9 4  9 7 9 4  9 7 9 4  9 7 9 2  9 7 9 1  9 1 9 1  9 7 8 9  9 6 5 2  

SMOUTEST TIME R V  WHICH EACII PM BLAT I T S  COMPLETION DEADLINE - I N  MSECS 
MSC 1 1 7  4 7  5 7  5 3  1 7 6  1 6 2  9 1 1  5 6  5 5  5 3  9 8 4 0  9 7 9 4  9 7 9 4  9 7 9 4  9 7 9 2  9 7 9 1  9 7 9 1  9 7 8 9  9 6 5 2  

I O U  

NUM 

USC 

USC 

n s c  

USC 

USC 

INTERRIJPT ObTA 

1 2 3 s o 7 . 9 9 1 0 1 1 1 2  

NUMBER OF TIMES EACH INTEURUPT I S  StRVICEO BY THE MEC 
1 0 0 0 0  3 0  0 6 7 2 8  0 0 0 6 7 2 8 7 9 1 1 7 9 1 1  0 0 

AVERAGE TIME ALL INTERRUPTS WAIT I N  UUEUE FOR SERVICE - 0.1 USECS 

LONGEST TlME ANY INTERUUPT WAITS I N  OUEUE FOR SEHVICE - 21. USECS 

HEC ROUTINE DATb 

AVERACE TIME EACH ROUTINE UAITS I N  UUEUt FOR SERVlCL - I N  USECS 
6 2 2 0 5 2 1 1 5 4 4 4 0 0  

LONGEST TIME EACH ROUTINE WAITS I N  U U t U t  FOR SERVICE - I N  USECS 
2 1 1  1 3 6  0 95' 3 9  1 0 0 1  6 1  9 8  1 1 0  1 1 3  0 0 

T O T A L  TIME MEC IS BUSY PROCESSING t * c n  IYPE OF ROUTINE - IN ~ s r c s  
400.0 1.8 0.0 100.9 190.41235.Y 107.b 107.6 126.6 126.6 0.0 0.0 

AVERAGE TlME EACH ROUTINE I S  l D L E 0  BY INlERRUPTS - I N  USECS 
0.R 1.4 0.0 0.0 1.1 2.2 0.u 0.4 0.0 0.1 0.0 0.0 

LONGFST TIME EACH ROUTINE I S  IOLEO I Y  INTEHRUPIS - I h  USECS 
7 1 4  0 7 1 4 1 4  7 1 4  1 7  0 0 

CPU ObTA 

CPU 1 

TOTAL TIME EACH CPU I S  ASSIGNEU - 1N USkCS 
USC 6171815 .  

TOTAL TlME ALL PROCESSOUS SPENT EXECUTING INSTUUCTIONS - 4611742 .  USECS 

TOTAL TlME MEC UPS BUSY - 2 6 7 2 6 l M r  USEC 

FOR A SIMPLEX PROCESSOR U I T H  A FLOA!ING MEC - TOTAL TIME PMS WERE INTERRUPTED BY THE MEC - 
NUMBFR OF BORAM TO TASK MEMORY LOAVS - b 7 2 8  

TOTAL TIME SPENT LOADING TASK MEMOHY - 268510 .  USECS 

NUMBER OF DATA REQUESTS - 7 9 1 1  

TOTAL T IME SPENT TRANSFEUHINO DATA UkTWEEN RAMM AN0 TASK MEMORY - 522549. USECS 

TOTAL T I V E  PROCESSORS ARE IOLEO I A l ! I N G  FOR D A T A  REQUESTS TO dL SATISFIED - 963945. USECS 

TOTAL T l P E  OAT& REQUESTS Y A I T  I N  OUkUE FOU RAM* MODULES - 221026. USECS 

LONGEST TIME ANY DATA REOUEST WAITS I N  OUEUE FOR RAM* MODULE - 258. USECS 

NIJMBFR OF SEGMENT REFERtNCES - 2011) - 
NUMBER OF PAGE FAULTS - 0 

NUMBER OF PAGE JUMPS - 2 0 1 8  

Fig. D1-Simplex processor simulation results for the GE workload using a 4096-word 
nonpaged TM and a dedicated software MEC 
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ELAPSEC T IME  . tOOOOOOOi 45ECS 

TOTAL PMS ASSIGNED . 4465 

PM 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
NUMOER @F I T F R A T I B N S  BT bACH Pfi 

MUM 3332 500 200 100 100 40 40 10 8 13 11 1 1 1 1 1 1 1 1 1 

AVERAGE l l M E  BY U M l C k  EACU PM BEAT I T S  CCMPLETIRN DEADL INE  . I N  MSECS 
MSC 2 18 48 49 48 194 185 908 77 84 77 9882 9768 9766 9762 9760 9759 9758 9757 9526 

I L l E R R U P T  DATA 

I N 7  1 2  3 4 3 6 1 8  9 1 0 1 1 1 2  

NUMBER OF T I M E S  6ACY INTERRUPT I S  SERVICED BY THE MEC 
NUM 10000 32 0 6776 0 0 0 6776 8009 BOO9 0 0 

AVERAGE 1 I M E  A L L  INTERRUPTS WAIT 1 4  OUELE FOR S t R V l C E  . 011 USECS 

LehOEST  T IME  ANY I N l E R R L P T  WAITS  I N  OUELP FBR S t R V l C E  . 21, USECS 

T 8 1 A L  T I P E  MEC I S  BUSY PRECESSING INTERRLPTS  . 277214, USECS 

MEC l 0 U T l N S  DATA 

NUMBER @F T I t l E S  EACH MEC RBUT INE  I S  PROCESSED 
NUM 10000 32 0 6776 373710985 6776 67'6 8009 8009 0 0 

AVERAOE T I M E  EACH R 0 b T l N E  U A I T S  I N  ObFUE TBR SERVICE  . I N  USECS , 
USE b 1 2 0 3 1 3 7 4 5 0  

LONOEST l l M E  EACW R B L T I N k  W A I T S  I N  OLFLE  r 0 R  SERVICE  . I N  USECS 
usc 197 122 o 101 84 ln58 61 tit 121 112 o o 

T O T A L  TIWE n t c  IS e u s v  PIBCESSING E A C ~  TYPE  8 1  ROUTINE . IN MSECS 
MSC 400,O 2,O O m O  1Ol1? 19O1b124lt3 108,* 108-4 128.1 iZ8,l 0,O 0 ~ 0  

AVERAGE T I M E  EACH R B b T I N k  I S  I D L E n  R Y  l N l C R R U P T S  - I N  USECS 
USC Ot9 210 010 0,i 0.9 2,0 0,O 0,s 0,2 0.2 0,O 0,O 

L O h G E S l  T IME  EACW R E b l I N h  I S  I D L E D  RV I N l P R R U P l S  I N  USECS 
USC 14 7 0 I 1 4 1 4  7 7  7 1 0  0 

CPL D A l A  

CPU t 

TOTAL T l * E  EACH GPU I S  ASSIGNED = I N  U S F C I  
USC 7078i00, 

T8TAL  T I N E  A L L  PROCESSORS SPENT EXECLT ING INSTRUCTI INS  . 4612014, USECS 

TCTAL T IWE MEC UAS BUSY . 26851181 LSEC 

F e R  A S l P P L E X  PRBCESSBR h I T H  A F L A A T I N G  PEC . TOTAL T I M E  PUS WERE I N l E R R U P l E D  BV THE MEC . 897954, 

NUMBER I F  BeRAM 1 8  TASK FEttORV L e I D S  - 6776 

TOTAL T t P E  SPENT L B A G I N E  TASK MEMmRV - 275334, USECS 

NUMBER CF DATA ASQUESTS BOOO 

TCTAL l l P E  SPENT 1RAhSFERR lNG DATA RETYEEh RAMW AND TASK MEMORY - 524623 ,  USECS 

TOTAL T I M E  PR lCESSeRS ARE I D L E D  U I l T l N G  FOR DATA REQUESTS TB BE S I l l S r l E D  . 977013, USECS 

TOTAL l 1 P E  DATA WEQUESTS U A l T  I N  OUCLF FCR RAMM MBDULES . 224723, USECS 

LOkQEST T I M E  ANY DATA REGUEST Y A I T S  I N  OLEUF FBR RAMM MRDULE . 163, USECS 

NUMBER OF SEGMENT REFEREhCES - 2184 

NUMBER CF PAGE F A U L I S  - 0 

NUMBER eF  PAGE JUMPS - 2184 

Fig. D2-Simplex processor simulation results for the GE workload using a 4096-word 
nonpaged TM and a Floating (shared) software MEC 
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ELAPSED l l M E  10000000, USECS 

T8TAL  PMS ASSIGNED . 4367 

P n  1 2 3 4 5 6 7 8 9 10 11 12 1S 14 15 16 17 18 19 20 
NUMBER OF l l E R A T l 0 N S  BT 6ACH PM 

NUM 3332 500 200 100 100 40 40 10 17 9 10 1 I 1 I 1 1 1 1 1 

NUMBER I F  T IMES EACM PM MISSED I T S  C I M P L E T I B N  DEADL INE  
NUM 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

AVERAOE l l M E  BY WHlCh  6ACH PM BEAT I T S  C O M P L E l l e N  DEADL INE  I N  WSECS 
MSC 2 19 49 56 55 201 185 911 64 84 81 9835 9785 9785 9784 9782 9781 0781 9780 9621 

SYBRTEST T IWE BY YHICM EACH PM E E A l  I T S  C # M P L 6 T I B N  DBADL INE  - I N  MSECS 
WSC 0 17 46 54 50 I73 I58 906 55 S2 50 9835 9785 9765 9784 9782 9781 9781 9780 9621 

INTERRUPT D A l A  

I k T  1 2 3 4 5  6 7 8 V l O l l 1 2  

NUMBER 8F T IMES EACM INTERRUPT I S  SERVICED BY THE WEC 
NUM 10000 33 1761 6729 0 0 0 8761 7915 7915 0 0 

AVERAGE T IME  ALL  INTERRUPTS WAIT I N  OUEbE FOR SERVICE  - 0,2 USECS 

LEbGEST T IME  ANY I N l E R R U P l  Y A I T S  I N  OUEUE FOR SERVICE  - 21. USECS 

T6TAL  T l P E  MEC I S  BUSY PReCESSING INTERRUPTS - 390798, USECS 

M f C  R e U T l N E  DATA 

NUCBER @I T IMES EACH WEC ROUTINE  I S  PR8CESSED 
NUM 10000 3s 8761 0 2 9  3737 10939 8761 8761 7915 7915 0 0 

A V E R A O E  TIME E A c n  RBUTINE W A I T S  IN QUEUE TBR SERVICE - IN USEGS 
USC 1 0 2 2  5 5 2 1 3  0 5 8 2  0 0 

L O k O E S l  T IME  EACH RBUT INE  WAITS I N  QUEUE re* SERVICE  . I N  USECS 
USC 238 161 109 112 32 1054 40 150 112 I03 0 .O 

TETAL T IME  WEC I S  BUSY PRBCESSINO EACH TYPE OF RBUT lNE  - I N  MSECS 
bSC 4 0 0 ~ 0  210 4318 lOO19 190,61236,l 140a2 140.2 126.6 126.6 0,O 0.0 

AVERAQE T I M E  EACH R B U T l N E  I S  I D L E D  BY INTERRUPTS . I N  USECS 
USC 0 . 0  1,5 0,o 0.0 0,n 285 0,i 0,2 0.0 0,l 0,o 0.0 

CBNQEST T I H E  E I C U  R8UT1Nk  I S  I D L E D  BY INTERRUPTS I N  USBCS 
USC 14 7 7 7 14 28 7 14 7 7 0 0 

CPU DATA 

CPU s 

T 8 1 A L  T IME  EACH CPU I S  ASSIGNED . I N  USECS 
USC 6410320. 

l l T A L  T IME  A L L  PRDCESSPRS SPENT EUECUTING ~NSTRUCTI~NS  4614958, USECS 

T8TAL  T IME  MEC WAS 8USY - 2857877, USEC 

FBR A S IMPLEX PRBCESSBR h I T W  A FLOAT ING CEC . TBTAL T I M E  PMS WERE INTERRUPTED BY THE MEC 

NUMBER B V  BQRAM TB TASK MEMORY LBADS - 8761 

TSTAL T IME  SPENT L D L C I N G  TASK WEUBRY - 532918. USECS 

NUMBER 8 F  DATA REQUESTS - 7915 

T O T A L  TIME SPENT T R A ~ S F E R R I N G  D A T A  BETWEEN R A M  AND T A S K  nEweRv  . 523255, USECS 

T8TAL  t l k E  PRBCESSBRS A R t  I D L E D  W A I T I N G  TOR D A l A  REQUESTS 1 8  BE S A T I S F I E D  - 981547, USECS 

T O T A L  D A T A  REQUESTS WAIT IN Q U ~ ~ E  TSR R A n n  MODULES . 2352~2, USECS 

LOhGEST T I M E  ANY DATA RECUEST Y A I T S  I N  QUEUE t O R  RAMM neDULE  - 168, USECS 

NUMBER I F  SEGMENT RErERELCES 8761 

NUCBER OF CAGE FAULTS  - 8761 

NUMBER OF PAGE JUMPS - 1032 

Figure D3-Simplex processor simulation results for the GE workload using a 1024-word 
paged TM and a dedicated software MEC 
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E L A P S E C  T I M E  = IUOOCOOG, U S t C S  

T E T A L  P M S  A S S I G N E D  = 4359  

P M  1 2  3  4  5 6  7  8  9  1 0  11 1 2  1 3  1 4  1 1 6  1 7  1 8  1 9  2 0  
NUMBER E F  I T t R A T I H ~ N S  F F  t A C H  P t i  

N U H  3 3 2 6  5 0 0  7 0 0  1 0 0  1 0 8  40  40  1 0  1 4  8  1 2  1 1 1 1 1 1 1 1 1 

NUMBER BF T l r E S  t A C H  PM P I S S E I I  I T S  C G M P L E T I O N  D E A D L I N E  
~ ~ w ~ ~ o o o o o n o o u o o c o ~ o o o o o  

A V E Q A O E  T I M E  B Y  k H l C h  E I C h  PM B E A T  I T S  C E M P L E T I W  D F A D L I N E  - I N  M S E C S  
H S C  1 1 8  47  47  45  1 9 1  1 7 6  8 8 9  7 8  6 6  8 0  0 7 6 8  9 7 4 5  9 7 4 0  9 5 8 4  0 5 7 9  9 5 7 7  9 9 7 6  9 5 7 5  9 3 0 8  

S H G Q I E S T  T I M E  B Y  W H I C H  E A C H  PM B E A l  I T S  C O M P L E l l 0 N  D E A D L I N E  I N  M S E C S  
H S C  -1 1 5  3 8  44  3 1  1 5 8  9 1  8 3 8  4 6  1 2  40  9 / 6 0  9 7 4 5  9 7 4 0  9 5 8 4  9 5 7 9  9 5 7 7  9 5 7 6  9 3 7 5  9 3 0 8  

I k l E R R L P T  D A T A  

I h l  1 2 3 4 5 h 7 8 9 1 0 1 1 1 2  

N U N B E R  CF T I P E S  E A C H  I N I ~ R R U P T  I S  S F R V I C E D  R Y  T Y t  MEC 
N U H  1 0 0 0 0  3 2  8 9 2 6  6 7 7 0  0 0 0  8 9 2 6  8 0 0 3  8 0 0 3  0  0 

A V E R A G E  T I N €  A L L  I N l t R R L P T S  W A I T  I N  n U F L E  F 0 R  S t R V I C E  - 0 ~ 0  U S E C S  

L E h G E S T  T I M E  ANY I N T F R R L P T  W A I T S  I N  O L F L E  T 0 R  S t R V I C E  - 21 ,  U S E C S  

T O T A L  T l V E  M t C  I S  a u b v  P h D C E S S I Y G  I N T F R Q C P T S  - 3 5 4 6 2 0 ,  LJSECS 

N L M R E Q  B F  I I V E S  t A C h  MEC R O U T l k E  I S  P R C r E S S F D  
NUM 1 0 0 0 0  3 2  8 9 2 6  5770  3 7 5 1 1 0 9 7 1  8 9 i 6  8 9 2 6  8 0 0 3  8 0 0 3  0  0  

A V E R A G E  T I M k  L A C h  R O L T L h t  W A I T S  I N  O L F U F  F 0 Q  S E R V I C E  . I N  U S E C S  
U S C  9 2 0 5 1 5 1 4 0 5 4 6 0 0  

U S C  
L E h G E S l  T l M F  F A C H  H R L T l h t  W A I T S  I N  OLFLF F O R  S E Q V I C F  - I N  U S E C S  

2 6 1  1 8 6  1 1 2  1 1 2  44  1 0 5 4  4  1 5 0  1 4 5  1 0 7  

T ~ T A L  T I P €  M t C  I S  WUSY P f i e c t S S l ~ ~  E A C H  T Y P E  EF R O U T I N E  - I N  M S E C S  
MSC 400,O 2,O 44,6 101 ,b  1 9 1 , 3 1 2 3 4 , 9  1 4 2 t 8  142 ,8  128,O 128 ,0  0,O 0,O 

A V E R A G E  l l r F  E A C h  R O b T I Y t  I S  I D L E P  HY I N T E R R U P T S  - I N  U S E C S  
U S C  1,2 0,) 0,0 0,O 1 , 5  7 . 1  0 1  0,2 0.2 0,O 0 , n  0,O 

L B h G E S T  T I M E  E A C H  H N L T I N t  I S  l D L E n  f l y  I N T E R R U P T S  . I N  Z S E C S  
U S C  1 4  7  7  7 1 4 2 8  7  7  7  7 0  0  

C P L  D A T A  

CPU 1 

T @ T A L  T l P E  E A C H  C P U  1 5  A S S I G N E D  - I N  U S F C S  
U S C  7 4 7 0 8 9 1 ,  

T O T A L  T I r E  ALL P H R C E S S O R Z  S P E u T  t Y E C L T I U G  I N S T R U C T I O N S  - 4609062 .  U S E C S  

T O T A L  T l V E  M t C  WAS A L S Y  - 2 8 7 5 7 3 n ,  b E E C  

FOR A s 1 r P L E x  P R O C ~ S S O R  * I T H  A F L ~ A T I N G  r E c  . T ~ T A L  TIME PUS W E R E  I N T E R R U P T E D  B Y  THE MEC . 1 0 6 5 6 3 0 ,  

NCMPER F F  B R R A M  TR T A S K  *EMORY L Q A C S  - 8 9 7 6  

T E T A L  T l r E  S P E N T  CUPLING T A S K  M E n a R v  - 339188 ,  u s ~ c s  

N L V P E Q  @ F  C A l A  R E O U E S T S  . 8003 

T O T A L  T l V E  S P E N T  T R A h S F E h Q I N G  D A T A  R E T w F t h  RAMY AND T A S K  MEMORY . 5 2 2 0 5 9 ,  U S E C S  

T O T A L  T I V E  P R O C E S S O R S  A R t  I D L E D  W A I T I N G  F O R  D A T A  R E O U E S T S  T O  B E  S A T I S F I E D  . 9 8 0 7 7 5 ,  IJSPCS 

T E T A L  T I M E  D A T A  H E O l l t S l S  M A I T  I N  O b F L F  F E R  R A M *  M O D U L E S  . 2 1 9 6 5 6 ,  U S E C S  

L e h G E S T  T I H E  ANY D A T A  H E L U E S T  W A I T S  I N  O L E I I F  F O R  RAMm M R D U L E  . 1 7 7 ,  U S E C S  

N L M R E R  EF S E G M E N T  R E f E R E h C E S  - P926 

N L M P E R  ? F  P A G E  F A U L T S  - 8 9 2 6  

N L r P E R  F F  P A L E  J k M P S  - 2 1 5 6  

Fig. D4-Simplex processor simulation results for the GE workload using a 1024-word 
paged TM and a floating software MEC 
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I 'M 1 2 1 4 5 0 7 8 9 10 11 1L 13 14 15 16 17 11 19 70 
N I Y ~ C P  8 t  I T ~ R A T I I ~ S  PI ~ A C Y  "n 

vur  5x32 500 ?on iao icn 411 4 n  10 5 15 13 1 I I 1 1 t I I 1 

N i l M F r R  OF T l M F S  c A C I 4  p H  M l S 5 t P  I T S  C B Y P L t T l 6 l N  D F A l r L l N E  
N U H  6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 0  

A \ ' t H A " E  l l r l . 5  H Y  * u l C H  E A C U  FPl H E A T  1 1 9  C D Y P L t T l R N  D E A n L I N E  - I N  Y S E C S  
* S C  2 1, 49 61 61 2 0 )  701 978 79 83 81 9852 9840 9796 9793 9791 9791 9701 9787 9642 

S ~ O W l ~ j T  T l q t  B Y  W H I C H  F A T d  PM R t A T  1 7 5  C l M P L E T l O N  D E A D L I V E  - I N  ' 4 S E C S  
M 5 C  0 17 4 6  59 54 176 1 7 5  974 59 56 54 9852 9840 9796 9793 9791 9791 9708 9787 9642 

I N T F U W U P T  D A T A  

I N T  1 2 4 5 4 7 8 9 1 0 1 1 1 2  

N l , f l P c P  0 1  T I H F S  k A C H  I H T t R H L I ' T  I S  S F R V I C t l l  r(Y T H E  MEC 
NUM 10000 30 2319 6715 0 3 2319 8007 8007 O 0 

A V L R n P e  I l F I E  I L L  l U T E 6 R l l P T S  W A I T  I N  ? U E b E  F O R  S E R V I C E  - 0,0 I I S F C S  

L n N G r F T  [ I ) ' €  AN*  I ' I T F R R I I P T  H I I T S  1.1 'IUEbE F d R  S E R V I C E  - 21. I I S F C S  

T ~ T A L  T I M E  M c C  15 B U S Y  P H O C k S e l N G  I U T F R R U P T S  - 262199, J S E C S  

H E r  k R J T l h t  D A T A  

N l l M F k 7  01  I I Y F S  t A C 4  PC? ' J U I I N F  15 P W @ C t S S E U  
Y U P  10000 30 2319 6775 3756 10982 2319 ,319 8n07 8007 O 0 

A v t ~ x r t  i l r : t  F A C h  R ? u T I N t  H A I T S  I U  l U E U F  F O R  S E R V I C E  r I N  U S E C S  
U S C  7 4 3 1 1 1 0 4 4 3 0 0  

L C l G c C T  I I I L  F A T *  H I u T I V t  U A l T S  1 U  OUFUC: F 0 R  S E R V I C F  . I N  U S E C S  
U S C  1,' 122 1 b  110 7 952 4 0  87 112 ill 0 0 

T ~ I A L  T I ' F  M t C  I S  RUSV P H n C F S S I N G  t A C U  T Y P E  @ F  W B U T I N E  - I N  M S E C S  
wsc "2.0 : , a  11.6 1 1.6 iv~.51?41,0 37.1 .>7.i 128.1 1~8.1 a.n n,o 

A v t R u r t  l l x F  E A C H  H P U T l N t  I S  I U l . t U  9 Y  I V I E R R U P T S  - I N  U S C C S  
usc 0 . 7  1.9 . I  0.1 F . R  1,1 0,s 0.5 0.1.0.1 o,o P.O 

L 'NGLTT I 1 Y k  F A C H  R L U T l N t  I S  l U L t l l  117 I U T F H R U P T S  - I N  U S E C S  
i l S C  1 4 7 7 7 1 d 1 4 7 7 7 7 0 0  

C P U  1 

T P T A L  1 1 - F  E A C H  COU 1 5  A S S I G N r U  - 1 Y  ' I S F C S  
U j C  5908964. 

T n l b ~  1 1 "  ALL  P E P C C S S E R S  S P t L l T  t X t C U T I K b  I N S T R U C T I R N S  4610610. U S E C S  

T R T ~ L  r l r F  M t C  WAS S U S Y  - 15391b3. U S k C  

t n n  n S I ~ I P L F X  P R O C L S S R W  h I T Y  I F L I A T I ' I G  MFC - T O T A L  T I M E  P M S  U E R E  I Y T E R R U P T E D  B V  THE V E C  

N l l n e ~ Q  O F  I i O d A M  1 9  T A S M  h F n F l n Y  L O A D S  - 2319 

T ~ I A L  T l h F  S P F N T  L O A D I N G  T A S K  MEMRHV - 8Ri22. U S E C S  

N ! ~ ~ ~ C Z  Q t  L l A I A  R L ? U E b T S  - do07 

I n l A L  1 I : $ F  S P F N T  T R A h S t E R D l h t i  U A T A  R t T k E t N  R A Y M  AND T A S K  '4 tWBRV - 514591, U S E C S  

T R I A L  T I ~ F  P H P C ~ S C O R S  4 w t  IPLFU NAIT INO t n R  D A T A  R E Q U E S T S  T B  BE S A T I S ~ I E D  - 961903. u S F C S  

I ~ T A L  T l i , C  ~ A T A  Q F Q l l t S T S  U A I T  I N  I U E U F  F O R  RAMW M R U U L E S  - 222234, U S E C S  

LCNGL'T i l x E  A N Y  ~ A T A  R F U l l t S T  W A I T S  1': QUEUE F B R  RAMM M B U U L E  - 172. U S E C S  

N M M R C O  O F  s t l r ~ ~ x r  R F F E R F ~ C E S  - 8957 

Ni lM6c : '  01 P A u E  F A I J L T S  - 2519 

Nl lneeL  91 P A i l F  Ju*PS - 21Pr 

Fig. D5-Simplex processor simulation results for the GE workload using a 1024-word 
paged multiprogrammed TM and a dedicated software MEC 
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PM 1 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 16 11 1R 19 20 
NUMBER OF ITERATIONS OF EACH PM 

NUM 3324 q00 ZOO 100 100 40 40 10 11 11 13 1 I 1 1 I 1 I 1 1 

NUMRCR OF TIMFS EACH PM MISSED I T S  COMPLETION OEAOLINE 
N U H 2 7 0 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

AVERAGE T IME RV WHlCH EACH PM BEAT I T S  COMPLETION DEADLINE - I N  MSECS 
MSC 2 19 49  54 53 190 191 915 77 RS 80 9838 9773 9770 9767 9761 9760 9759 9757 9523 

SHORTEST TIME BY WHICH EACH PM REAT I T S  COMPLETION OE4DLINE - I N  MSEcS 
MSC -1 16 44 5 2  46 168 160 909 53 50 48 9838 9773 9770 9761 '4761 9760 9759 9757 9523 

INTERRUPT OAT* 

I N T  I 2  3 4 5 6 7 0 9 1 0 1 1 1 2  

NUMRER OF T INES EACH INTFRRUPT I S  SERVICE0 RY THE MCC 
NUM 10000 34 2247 6769 0 0 0 2247 8003 8003 0 0 

4VERAGE TIME ALL INTERRUPTS WAIT I N  QUEUE FOR SERVICE - 0.0 USECS 

LONOFST TIME ANY INTERRUPT WAITS I N  QUEUE FOR SERVICE - 21. USECS 

TOTAL TIME MEC I S  RUSV PROCESSING INTERRUPTS - 261121. USECS 

MEC ROUTINE DATA 

ROO i 2 3 4 5 6 7 9 1 O l 1 1 2  

NUMRFR OF TIMFS EACH MEC ROUTINE I S  PROCESSED 
NUM 10000 34 2247 6769 3748 10972 2247 2247 8003 8003 0 0 

AVERAQE TIME EACH ROUTINE WAITS I N  QUEUE FOR SERVICE - I N  USECS 
J Z O 3 3 2 1 2 0 6 3 3 0  

LONQFSl T IME EACH ROUTINE WAITS I N  QUEUE FOR SERVICE - I N  USECS 
USC 197 122 112 110 61 1003 40 129 110 127 0 0 

T n T a  TIME MFC IS RUSY PROCESSING EACH TYPE OF ROUTINE - IN MSECS 
M S t  400.0 2.1 11.2 101.5 191.11239.8 36.0 36.0  121.0 128.0 0.0 0.0 

AVERAQF T lME EACH ROUTINE I S  IOLEO BY INTERRUPTS - I N  USECS 
USC O R  1.6 0.1 0.2 0.6 0 .8  0.3 0 .6  0.1 0.1 0.0 0.0 

LONQEST TIME EACH ROUTINE I S  IOLEO BV INTERRUPTS - I N  USECS 
USC 14 7 7 7 1 4 1 4  7 7 7 1  0 0 

CCU DATA 

CPU 1 

TCITAC T IME EACH CPU 1 5  ASSIQHEO - IN USECS 
usc 6 ~ n 7 6 2 4 .  

TOTAL T I M E  ALL PROCESSORS SPENT EXECUTINO INSTRUCTIONS - 4608810. USECS 

TOTAL T r u e  MZC W A S  BUSY - 2534949. USEC 

FOR A SIMPLEX PROCESSOR WITH A FLOATING MEC - TOTAL T I W  PUS WERE INTERRUPTED BY THE MEC - 717816. 

NUMRER OF EORIM TO TASK MEMORY LOADS - 2241 

TOTAL TIME SPENT LOAOING TASK MEMORY - 05386. USECS 

NUMRFR OF DATA REQUESTS - 8003 

TOTAL TIME SPENT TRANSFERRINR DATA BETWEEN RAM* AN0 TASU MEMORY r 523039. USECS 

TOTAL T lME PROCESSORS ARE I D L E 0  WAITING FOR D4TA REQUESTS TO BE S L T I S F I E O  - 950130. USECS 

TOTAL T IME DATA REQUESTS WAIT I N  QUEUE FOR R A W  FOOULES - 215674. USECS 

LONQEST TIWE ~ N Y  OAT* REOUE~T WAITS IN QUEUE FOI RAMM noouLe - 140. usccs 

NUMBER OF SEQMENT REFERENCES - n939 

NUMBER OF PAQE FAULTS r 2247 

NUMBER OF PAGE JUMPS - 2110 

Fig. D6-Simplex processor simulation results for the GE workload using a 1024-word 
paged multiprogrammed TM and a floating software MEC 
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ELAPbFU T lME  = i O : O i O O O ,  U S t C S  

TQTAL  PHs  ASSIGNED * 4 5 4 9  

PM 1  2 3  4  5 6  7  8  9  1 0  1 1  1 2  1 s  1 4  1 5  1 6  1 7  18 1 9  P O  
N u M B t R  OF 1 ~ t ~ l ~ l O N ~  QF  t A C Y  PM 

NUM 3 3 2 5  5 0 0  2 . 0  10 :  1 0 0  40  4 0  1 0  1 1  9  5  1  1  1  1  1  1 1  1  1  

NUMBtQ OF T l n E S  EACU PM MISSEO I T S  C O M P L t l l 0 4  DEADL INE  
~ ~ ~ ~ ~ ~ o : o ~ n o o o o o o o o o o o ~ o  

AVtRAGE T IME  BY YH ICH t A C U  PM BEAT I T S  COMPLETlQN DEADL INE  I N  YSECS 
MSC 2  1 9  4 9  5 5  5 4  1 9 9  1 9 4  9 1 8  8 0  81  7 1  9 8 3 7  9 7 7 0  9 7 6 7  9 7 6 5  9 7 6 1  9 7 6 0  9 7 5 9  975O 9 5 2 4  

SHORTEST T IME  BY U H l C H  EACH PM R k A l  1 1 5  COMPLETION DEADL IVE  - I N  YSECS 
MSC - 1  1 6  45  5 1  4 5  1 6 7  1 6 1  9 1 0  52  4 9  4 7  9 8 3 7  9 7 7 0  9 7 5 7  9 7 6 5  9 7 6 1  9 7 6 0  9 7 9 9  9 7 5 8  9 5 2 4  

ROU 

NUH 

USC 

usc 

MSC 

USC 

USC 

INTERQUPT U4TA 

1 2 3 4 5 4 7 8 9 1 0 1 1 2  

NUMBtR Ot T IMES EACH I N T t R R U P T  I S  SERVICED BY THE MEC 
1 0 0 . -  2 3  8 4 6  6 7 6 0  0 0 0  8 4 6  7 9 8 4  7 9 8 4  0  0 

AVERAGE T lME  ALL  INTERRUPTS WAIT I M  QUEUE FOR SERVICE  - O,O USECS 

L O N G ~ S T  T I H E  ANY INTERRUPT W A I T S  I N  QUEUE f g R  SERVICF  2 1 .  LISECS 

TOTAL T l M E  M t C  1 5  BUSY PROCESSING INTERRUP lS  - 2 4 1 1 0 1 ,  USECS 

MEC ROUTINE DATA 

1 2  3  4  5 6  7  8 9 1 0 1 1 1 2  

Nl lME tR  B t  T IMES EACU MEC RQUTINF  I S  PRBCtSSED 
1 0 0 . P  2 3  8 4 6  6 7 6 0  3 7 5 8  1 0 9 5 3  8 4 6  8 4 6  7 9 8 4  7 9 8 4  O 0 

AVtRACE 1 l M E  EACH R O U T l N t  WAITS  I N  OUEUE FBR SERVICE  - I N  USECS 
2 2 3 4 2 i 1 4 0 6 3 3  

LRNGtST  T IME  EACH R Q U T I N t  WAITS  I N  OUEUE FBR SERVICE  I N  USECS 
1 9 7  1 2 2  9 9  1 1 0  16 1 0 1 9  4 0  8 7  1 0 9  1 0 6  0  0  

T B l b L  T IME  M t c  1 5  BUSY PRRCESSING EACY TYPE OF R 8 U T l h E  . I N  MSECS 
40G.p 1 . 4  4 . 2  i i l r 4  1 9 1 . 7 1 2 3 7 , 7  1 3 - 5  1 3 . 5  1 2 7 . 7  1 2 7 . 7  0 ,O  0 . 0  

AVERAGE T IME  EACH R S u T l N t  I S  I D L k D  BY INTERRUPTS - I N  USECS 
7 2 . 7  1  0 . 2  0 . 6  0 , 7  0 1  0 , 2  0 . 2  0  0 . 0  0,O 

L O N G k S I  T IME  EACH ROUTINE I S  I D L E D  BY INTERRUPTS - I N  USECS 
. r  7 7 7 1 4 1 4 7 7 7 0 0  

CPb D A l A  

CPU 1  

TnTAL  T IME  EACH CPU I S  ASSIGNFD - I N  USECS 
USC 6 4 2 4 2 3 8 .  

TOTAL T IME  ALL PRQCESSBRS SPENT k X E C U T l N L  INSTRUCTIONS - 4 6 0 2 7 7 6 ,  USECS 

i n t A L  TI*E ~ t c  W A S  HUSY - 7 4 6 0 0 4 1 ,  USEC 

F O R  A S IMPLEX PRQCESSQR Y I T Y  A  F L e A T l N G  MEC . TOTAL T l M E  PUS MERE INTERPUPTED BY THE *EC - 6 4 2 7 4 0 .  

NUMEtR bb BORAM TO T l S K  UEMORY LBADS - 8 4 6  

TRTAL T IME  SPENT LOADING TASK MEMORY . 3 2 1 4 8 .  USECS 

NUMBtQ Ot DATA RtOUESTS . 7 9 8 4  

TOTAL T IME  SPENT TRANSFERRING DATA BETYEEN RAHM AN0 TASM *EM(RY r 5 2 2 0 7 6 ,  USECS 

T O ~ A L  T IME  PRBCESSORS A R t  I D L E D  WAIT ING FOR DATA REQUESTS 1 0  BE S A T I S F I E D  . 9 4 7 9 3 8 .  USECS 

TOTAL T IME  DATA REOUESTS Y A l T  I N  QUEUE FOR RAMM MODULES . 2 1 1 2 6 1 ,  USECS 

L Q N G t S T  T I H E  ANY DATA REQUEST WAITS 1Y QUEUE FOR RAY* MODVLE . 1 3 9 ,  USECS 

N l l k e c R  Ot SEGMENT REFERENCES + 0 9 0 2  

NuMEcQ O f  PAGE FAULTS  - 8 4 6  

NUMPt9  01 PAGE JUMPS - 2 1 4 2  

Fig. D7-Simplex processor simulation results for the GE workload using a 3072-word 
paged multiprogrammed TM and a floating software MEC 
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P Y  1 2 3  4  Z 6  7  8 9  1 0  11 1 2  11 1 4  1 5  1 6  1 7  1 8  1 9  2 0  
NLNPER FF  ] T t R A T l O N S  RF EACH PM 

NCM 3 3 3 4  4 7 7  197 9 8  PP 40  4 n  10 9  15 9  1 i I I 1 t I i 1 

NLVFER FF  T I P E S  EACH PM P I S S E n  I T ?  C B M P l t T l O N  OFIDLINE 
NUM O O O O O O ~ O O O O O O O O O O O O O  

AVERAGE T IME  R Y  U u l C h  EACH PM B6AT  1 1 5  C E M P L E T l n h  o E A D L I N F  . I N  HSECZ 
MSC 2  2 0  5 0  5 9  6 0  2 1 4  7On FR7 9 1  8 7  8 6  P a 5 2  9 8 4 7  9 8 4 3  97911 9 7 9 8  9 7 9 7  9 7 0 6  9 7 9 5  9 7 0 6  

SCERTEST T IME  HY WHICH EACH PM HEAT I T S  LOHPLET IUN DEADL INE  . I N  HSECS 
MSC 3  20  5 0  5 7  5 5  1 7 8  1 7 5  9 7 2  6 1  5 6  55 9 8 5 2  9H43  9 8 4 3  9 7 9 8  9 7 9 8  9 7 9 7  9 7 9 6  9 7 9 5  9 7 0 6  

NLMFER CF T I * E S  EbCH INTERRUPT I S  S F R V I C t D  BY T H t  HFC 
NLH 3 3 1 4  3 0  F 6 7 1 1  0  O 0  6 7 1 7  7 9 l R  7 9 1 8  n  0  

AVERAGE l l r k  ALL  I N l t R R U F T S  WAIT I N  OLFLE FOR S t R V I C E  n , o  USECS 

L6hGEST  T I M €  ANY IN lERRL I 'T  U A I T S  I N  ObFLE FOR S t R V I C E  - 1 4 .  USECS 

T F T L L  T l P E  NEC I S  BUSY PhRCESSING INTFRQLPTS . 228.561.  USFcS  

NLVPEP FF  T I I E S  EACH MEC ROLITINE I S  PRBCESSCD 
NbM 3 3 1 4  3 0  F 6 7 1 1  3 3 3 3  i O R 9 3  6 7 1 2  6717 7 9 1 8  7 9 1 8  n  0 

AVERAGE l l n E  E 4 C n  R O L T I k E  U A I T S  I N  OLFLF  FOR SERVICF  - I N  USECS 
USC J I 9 0 2 1 1 6 1 8 2 2 0 0  

T E T A L  l l r E  n t c  I S  BUSY PCQCkSSINC EACW TYPE B f  ROUTINE  - I N  H S t r S  
HSC 1 3 3 , 4  l , R  0,0 1 0 0 . 7  1 7 0 . n 1 2 3 P 1 9  $ 0 7 8 4  1 0 7 . 4  1 2 6 . 7  1 2 6 . 7  n,? 0.0 

AVERAGE 1 I M f  t A C Y  H B L T I N t  1 5  l D L E n  Pl INTERRUPTS - I h  USECS 
usc 0,4 1 ,4  O , D  0." 1 , n  0.0 n,o o , z  0 . 0  o , n  n.n 0.0 

L t L G E S T  T I H E  E4CH R O L T l N t  I S  I D L E n  RY I " 1ERPUPTS - l h  USECS 
USC 7  7  O l b 1 4 1 4  7  7  7  7 0  0 

CPL DATA 

CFU I 

r e r r L  T l r E  E A C H  c p u  IS A S S I G ~ E D  - IN I I S F C S  
U S r  6 0 3 9 9 4 7 .  

TFTAL  T l V E  ALL  PRRCESSOES SPENT E Y E r L T l N G  INSTRLICTIONS - 45687911, USECS 

T C l l L  T1VE MEC U4S  B L S Y  - 2 3 3 3 7 6 8 ,  L G t C  

TCR L S I P P L E X  PROCbSbflR * I l H  A F L n A T l N G  *EC . TOTAL T l n F  PUS WERE INTERRUPTED BY THE HEC - 0 ,  I 

NLVDER C F  BARAH TO TASK VEHORY LOACS - 6 7 1 2  

TETAL T l V E  SPENT L U A L I N G  TASK MEMnRY - 2 7 2 0 4 0 .  USFCS 

NLYPER f F  DATA REQUESTS - 7 9 1 9  

T F T A L  T l r E  SPENT THALSFFdRING DATA P E T h F k *  HAMU AND TASK MEMORY . 5 1 8 4 5 9 ,  USECS 

T C r A L  r l r E  P R O C E S S W H S  A R ~  IDLED UAITING F O R  D A T A  R E R U E S T S  T O  RE S A T I S F I E D  - q z s o i 8 ,  USECS 

TETLL  T l V E  DATA R t Q U t S T S  mA11  1N  OUFLF FER R4HM MEDULES . 2 0 3 9 1 1 ,  USECS 

L F ~ C E S T  l l N t  ANY DATA REGLIEST H A I T S  I N  OLEUF FOR RAMM MOIJULF - 2 3 4 ,  USEC5 

NLVpER E F  S t G U t h T  HE IERELCES 7157 

NLvSER E F  PAGE FAULTS  - 0 

NLPRER e F  PAGE JUMPS - 2 1 5 7  

Fig. D8-Simplex processor simulation results for the GE workload using a 4096-word 
nonpaged TM, a dedicated software MEC, and a 3-rnsec clock interval 
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P M  1 L 3 4 5 b 7 8 9 10 11 12 13 14 15 16 17 18 19 ?O 
N L J M B L R  Of I T ~ R A ~ I O N ~  OF t A C Y  P M  

NUM 33.54 471 197 98 98 40 40 10 9 13 10 1 1 1 1 1 1 1 1 1 

A V k R A G E  I l M E  B Y  U H l C H  E A C N  P M  B E A T  I T S  C B V P L t l I O N  D E A D L I N E  - I N  Y S E C S  
MSC 3 19 49 54 53 2111 189 982 88 89 87 984L' 9780 9780 9777 9774 9773 9772 9771 9610 

S U O R I ~ S T  T l M t  BY  UHICH E A C H  PM B E A T  I T S  COMPLETION n E A D L 1 v E  . ~ h  Y S E C S  
MSC 3 17 47 51 49 169 163 913 52 52 49 9810 9780 9780 9777 9774 9773 9772 9771 9 6 1 0  

I N l E R R U P T  D A l A  

I N T  ~ 2 3 4 9 6 7 8 9 l O i l i Z  

N U M B t O  O F  T I M E S  t A C H  I N T ~ R R u P T  I S  S E R V I C k D  BY T H E  MFC 
NUM 3336 29 0 6710 0 0 0 b711 7916 7916 I7 0 

A V E R A G E  1 1 M E  A L L  I N T E R R U P T S  U A l T  I N  OUEUE F O R  S E R V I C E  . 0.0 U S E C S  

L O N O t S T  T I M E  ANY l N T E R R U P T  W A I T S  I N  OUEUE F @ R  S E R V I C E  - 14, I l S E C S  

T O T A L  T I M E  M t C  I S  B U S Y  P H O C E S q I N G  I N T E R R U P T S  - 228312, g S E C S  

MEC R Q U T I N t  D A T A  

RBU . 2 3 4 5 b  7 8 9 1 0 1 1 1 2  

N u M B t R  Q t  T I M E S  E A C H  H E C  R O U T I N E  I S  P R O C E S S E D  
N U *  3344 29 0 6710 33J310891 6711 6711 7916 7916 n 0 

A V t R A t E  I I M E  E A C H  R O U T l N k  Y L I T S  I N  OUEUE F O R  S E R V I C F  - I N  U S t C S  
1 1 4 0 3 2 1 4 1 7 2 2 0  

L m N G t S T  T I M E  E A C H  R Q U T l N t  W A I T S  I N  OUEUE F O R  S E R V I C F  - I N  U S E C S  
U S C  1.0 159 0 109 32 514 61 116 125 104 0 0 

T O T A L  T I M E  M t C  I S  B U S Y  P H B C E b S I N G  E A C U  T Y P E  BF R O U T I N E  - I N  M S E C S  
MSC 133 .4  1,s , , O  1:0,7 170,01230.7 lO7,4 127.4 126.7 126,7 0.n 0 - 0  

A V t R r G E  1 I n E  E A C H  R Q u T I N t  1 5  T D L E D  9Y I N T E R R U P T S  - I N  U S f C S  
usc & . T  0,7 .,o 0.0 1.1 0,9 0.0 0.4 0.0 0.0 0.0 0.0 

L R N G t ' T  1 l M E  E A C U  R O u T I N t  1 5  I D L E D  BY I N T E R R U P T S  - I N  U S E C S  
, 4 7 0 7 1 4 2 1 7 7 7 7  

C P U  D A T A  

C P U  1 

T a l b ~  T l M E  E A C H  C P U  I S  A S 2 1 G N E D  - I M  I J S E C S  
U S C  :662~21. 

T S T A L  T I M E  A L L  P R O C E S 5 8 R S  S P t V T  E K E C U T ~ V L  I N S T R U C T I B N S  . 4567546, U S E C S  

T R T b i  T I N E  M t C  U A S  6 U S V  - 2332821, U S E C  

FOR * S I M P L E X  P R B C E S S O R  n l l k  A  F L l A T l Y G  MEC . T O T A L  T I M E  O M S  H E R E  I U T F R R U P T E D  B Y  T H E  * E C  - 612693. U  

N U M B t Q  O t  B B H A M  TO T A S K  M E M O H I  L Q A D S  . 67:l 

T O T A L  T l M E  S P E N T  L O A D I N G  T A S K  MEMORY . 271b62. U S E C S  

N U M B t Q  OF D A T A  R t O U E S T S  - 7Pll 

T O T A L  T I H E  S P E N l  T R A N S F E R R l h G  D A T A  B E T U E t N  RAMM AND T A S K  YEMORV - 517751, U S E C S  

T O T A L  T I M E  P H l C E S S Q R S  A R t  I D L E D  W A I T I N G  F O R  2 1 1 1  R E O U E S T S  TO B E  S b T l S r l E D  - 920417, U S F C S  

TOTAL T I M E  D A T A  R E O U E S T S  U A I T  IN QUEUE F O R  R A M H  M O D l l L E S  - 201301. UTE'S  

L R N G c S T  T I M E  ANY D A T A  REuuEST H A I T S  I N  OUEUE F O R  RAW* M O D J L E  - 2R5. U S E C S  

N o M B t 9  QF S E G M E N T  R E F E R E N C E S  - 2147 

N U M B t 9  QF P A G E  V A U L T S  - 0 

N U C B t R  O t  P A L E  JUMPS - 2141 

Fig. D9-Simplex processor simulation results for the GE workload using a 4096-word 
nonpaged TM, a floating software MEC, and a 3-msec clock interval 



W.R. SMITH 1 

ELAPSED T IME  * A0:OCOOO. USECS I 

TOTAL PMS ASSIGNED a 4370 

PM 1 2 3  4  '1 6 7 8  9  1 0  1 1  1 2  1 s  1 4  15  16 1 7  18  1 9  20  
NUMBER OF I T k R A T l O N S  BF EACH PM 

NUU 3334 500 2.0 1 0 -  100  40 40 1 0  14  1 1  1 2  1 1  1 1 1  1 1 1 1 

NUMBER BF T IMES CACH PN MISSED I T S  CBMPLET IBN  DEADL INE  
MUM ~ 0 0 : 0 0 0 0 0 0 0  

A V E R A G E  T l M E  B Y  warcn E A C H  P n  BEAT  ITS COMPLETION DEADL INE  - IN u s e c o  
MSC 2 19  4 9  5 2  5 1  197 1 9 0  914 8 9  79 78 9838 9780 9777 9774 9773 9772 9 7 7 1  9 7 6 9  9610 

SHORTEST T l M E  BY UH lCM EACH PY BEAT I T S  COMPLET leN  DEADL IVE  . I N  MSeCS 
n s c  1 17 46 5 1  45 167 161 9 0 9  5 0  48  46 9838 9780 9777 9774 9773 9772 9 7 7 1  9 7 6 9  9610 

INTERRUPT DATA 

I N T  1 2 4 5 6 7 B 9 1 0 1 i 1 2  

NUMBER OF T IMES EACH INTERRUP?  I S  SERVICED BY THE nEC 
NUM 1 0 . ~ 0  35 0 6 7 8 1  0  0  0  6 7 8 1  8017 8017 0 0 

AVERAGE T I M E  ALL  INTERRUPTS WAIT  I N  OUEUE F 0 R  SERVICE  - 0,O USeC8  

LONGEST A N Y  INTERRUPT W A I T S  IN o u e u E  FOR SERVICE - 21.  usecs 

TOTAL T IME  MEC 1 5  BUSY PRDCCSSlNG INT@RRUPTS * 277417.  l S E G S  

MEC ROUTINE  DATA 

RQU 1 2  3  4  5  6 7  8  9 1 0 1 1 1 2  

NUMBER OF T IMES EACH MEC RBUT INE  I S  PRDCESSED 
NUU 1 0 ~ ~ 0  35  0  6 7 8 1  3733 8387 6 7 8 1  6 7 8 1  8017 8017 0  0  

AVERAGE T l M E  EACH RBUT INE  Y A I T S  I N  OUEUE FBR SERVICE  . I N  USECS 
USC 7 1 3 0 1 3 6 3 4 1 1 0 0  

LONGEST T I M E  EACH ROUTINE  WAITS  I N  OUEUE FOR SERVICE  - I N  USECS 
USC 2 3 4  159 0 5 1  3 2  424 6  9 0  94  97 0  0  

TOTAL T I N E  M t C  I S  BUSY PReCESS lNG EACY TYPE OF RBUT INE  - I N  MSECS 
MSC 4 0 ~ ~ 0  2 . 1  60 1 3 1 . 7  190 .4  9 4 7 . 7  108 .5  1 0 0 5  1 2 2 . 3  l Z E , 3  0,O 0 . 0  

AVERAGE T IME  EACH R e U T l N E  I S  I D L E D  BY INTERRUPTS - I N  USECS 
USC . , 7  1 . 2  ,O 0 , 1  1 . 5  1 . 6  0,O 0 , 2  0 . 1  0 , I  0 . 0  0 . 0  

LONGEST T l M E  EACH ROUTINE  I S  I D L E D  BY INTERRUPTS - I N  uSECS 
USC 14 14  0  7  14  2 8  7 7  7  7  0  0  

CPU DATA 

CPU 1 I 

T l l A L  T I M E  EACH CPU I S  ASS(0NED - I N  USDCS I 

USC 6777586.  

TBTAL T IME  ALL  PRQCESSBRS SPENT EXECUT lNO INSTRUCTI@NS - 4616362,  USECS 

T B T A L  TIME n 6 c  W A S  EUSY - 2 3 9 2 9 1 7 ,  USEC 

FOR A S IMPLEX PRBCESS8R WITH  A ~ L ~ A ~ I N G  MEC m T I T A L  T l M E  PUS WERE I N T e R R U P T l D  BY THC YEC - 671930.  

NUMOER B f  BQRAM TO TASM MEM8RY LOADS . 6 7 8 1  

TOTAL T IME  SPENT L ~ A D I N G  TASK M E H l R I  . 2 7 5 0 6 2 .  USECS 

NUMBER OF DATA REOUESTS - 8017 

TOTAL T IME  SPENT TRANSFERRING DATA BETYCEN R4MM AND TASU YEMORY - 5 2 3 4 3 3 ,  USECS 

TOTAL  T l M E  PRBCESSBRS ARE I D L E D  W A I T I N G  F B I  DATA REQUESTS 1 0  BE S A t ! S * l l D  - 923408.  USeCS 

TOTaL T l M E  DATA REOUESTS WAIT  I N  QUEUB fBR RAMM MODULES - 200272,  U l E C S  

LONGkST T l M E  ANY DATA REQUEST WAITS  I Y  OUEUE F@R RAMM M0DULE - 1 2 5 ,  USECS 

NUMBER OF SEGMENT REFERENCES 2174 

NUMBER OF PAGE FAULTS  - 0 

NUMBER BF PAGE JUMPS - 2174 

Fig. D10-Simplex processor simulation results for the GE workload using a 4096-word 
nonpaged TM, a floating software MEC, and reduced PM assignment activity 
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NbWdtR  O !  L i n t ?  5 A L n  rll R l Z b t U  I T S  c b M P L $ T l ~ l t 4  O t A U L l h t  
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Fig. D11-Simplex processor simulation results for the F-111 workload using a 4096-word 
nonpaged TM and a dedicated software MEC 
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E L A P b F D  T l M E  r lO:C:000, U S t C S  

T l l A L  P U S  A S S I G N E D  i 1384 

P M  I d 3 4 5 6 1  
H l l M E c R  OF I T E R A T I O N S  R F  t b C W  PM 

NUM 175r 4u 5 16 43 5 5 

N U M E t R  Ok T I M E S  E A C H  P M  M l S S t n  I T S  C O M P L t T l @ N  D E A D L I N E  
N U V  r 0 0 0 0 0 D 0 D 0 

A V E R A G E  T I M E  RY W H I C H  E A C U  P M  B E A T  I T S  C O r P L t T I R N  D F A D L I N E  - I N  V S E C S  
MSC 6 249 1827 47 18 183L 1833 1815 1135 1830 1829 

S H O R I f S T  T l W t  BY W H I C H  E A C H  P H  R t A T  I T S  C ~ M P L E T I O N  n E l D L l U E  - I N  M S F C S  
Y S C  3 24> 18LZ 46 17 183U 1832 1833 1833 1826 1124 

I N I E R R U P T  D A T l  

I N T  2 3 4 5 6 7 8 9 1 0 1 1 1 2  

N L t M E t Q  OF T I M E S  E A C H  I N T t R R b P I  I S  S E R V l C t D  R I  T H E  MEC 
NU* 1 0 0 "  58 o 1539 n o o .sag 3108 3ib8 n o 

A V t R A G E  l l M E  A L L  I N T E R R U P T S  M A I T  I V  O U E U E  F O R  S E Q V I C E  - 0 . 5  l l S E C S  

L ' 1 N G e S T  T l M E  ANY I N T E R R U P T  W A I T S  I N  O U E U E  F O R  S E S V I C E  - 12, I l S F C S  

TOTAL T I M E  M t C  I S  a U S Y  P H n C E S s l N G  I Y T E R Q U P T S  135464. J S E C S  

MEC R O U T I N E  D A T A  

N U M B e R  O t  T I M E S  E A C H  M t C  R O U T I N E  I S  P R O C t S S E D  
N O H  1 0 L "  58 0 1539 12/9 2894 1539 -539 3lOC 3108 1 0 

A V t R A S E  T I H E  E A C H  R R U T l N t  U A I T S  1 Y  D U F U E  F 8 R  S E R V I C E  - I h  U S c C S  
U S C  ' 3 0 0 0 2 0 6 ? 0 0 0  

L n N C c S T  I I Y E  E A C H  R O U T I N t  Y A l T S  l V  O U F U E  F O R  S E R V I C E  - I N  U S E C S  
U S C  1.' 54 0 82 1.4 401 40 98 86 91 0 0 

T O T A L  T I M E  M t C  I S  BUST' P H n C E I S I N b  E A C U  T Y P E  OF R O U T I N E  - I N  Y S E C S  
n S C  4 0 ~ :  3.5 J , O  23,l 65.2 327.0 24,6 24.6 49.7 40.7 0 . "  n.0 

A V t R A G t  T l Y E  E A C H  R Q U T l N E  I S  l D L t D  8 Y  I V T E R R U P T S  - I N  U S E C S  
U S C  L . .  1,1 ,o 0.1 O.Q 0.3 0,l 0.0 0.0 0.1 0.1 0.0 
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Fig. D12-Simplex processor simulation results for the F-111 workload using a 4096-word 
nonpaged 'I'M and a floating software MEC 
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ELAPSED T l M E  @ 10000000~ USECS 

TDTAL PMS ASSIGNED - la90 

PM 1 2 3 4 5 6 7 8 9 l O i l  
NUMBER Qr l l E R A T l 0 N S  0V kACH PM 

NUM 1249 40 5 17 49 5 5 5 5 5 5 

NUMBER D I  T I P E S  EACH PM P I S S E D  1 1 3  C@MPLCT IBN  DEADL INE  
NUM 2 0 0 0 0 0 0 0 0 0 0  

A V E R A P E  T IME  B Y  wnlcu E A C H  p n  B R A T  11s c e n P L r r l s ~  DEADLINE . IN nsncs 
MSC 6 249 1833 47 18 1835 1839 1842 1142 1035 1834 

I k l E R R U P T  DATA 

I h T  1 2 3 4 5 6 7 8 9 1 0 1 i 2  

NUMBER l T  T I M E S  EACY INTLRRUPT  I S  SERVICED BY THE MEC 
NUY 10000 44 4699 1545 0 0 0 4699 3130 3130 0 0 

A V E R A G E  TIBE ALL INTSRRUPTS WAIT  IN QUEUE FBR SERVICE . O,S usecs 

LEhGEST T l M E  ANY INTERRUPT WAITS  I N  OUEkE FOR SERVICE  . 9, USECS 

T0TAL  T I M E  MEC I S  tlUSY PWOCESSING INTERRUPTS . 190869, USECS 

MEC R 0 U T l N E  DATA 

ROU 1 2 S 5 6 ~ 8 9 1 0 1 1 1 2  

NUYBER I F  T I M E S  EACH M6C R D U l l N R  I S  PROCESSED 
NUM 10000 64 4699 1545 128b 2901 4699 1699 3130 3130 0 0 

AVERAGE T I M E  EACH ROUTINE WAIT5  I N  OUEUE TOR SERVICE  . I N  USECS 
usc 0 ~ 0 9 0 2 0 2 a i o o  

USC 
LBNQEST T IME  EACH R B U T l N k  Y A l T S  I N  QUEUE TeR  SERVICE  . I N  USECS 

101 $5 107 48 21 436 40 02 111 95 0 

T ( T A L  T I P 6  MEC I S  BUSY PRECESSING EACY TYPE BT R E U T I N E  - I N  HSECS 
MSC 400,O 3,P 2315 23.2 65,6320,J 7542 75,2 90.1 YO,% 010 0.0 

AVERAGE T IME  EACH R B U T I N t  I S  I D L E D  BY INTERRUPTS . I N  USECS 
USC 0.9 i l l  0,o 0.0 0,2 0,4 0,o 1,o 0,o 0,o 0,o 0.0 

L0kGEST  T I M E  EACH U B U T l N k  I S  I D L E D  BY INTERRUPTS I N  USECS 
USC $ 4 1 4  7 7 7 1 4  7 7 7 7  0 0 

CPb DATA 

CPU 1 

T b T r L  T IME  EACY CPU I S  ASS ICN6D . I N  USECS 
USC 1881147- 

TGTAL T IME  ALL  PROCESSBRS SPENT EXECLT ING INSTRUCTIGNS 1082969, US6CS 

1 0 1 ~ ~  T I H E  H E C  M A S  B U S Y  - 1285022. uSCC 

F5R  A  S l N P L E X  PRBCESSOR h I T H  A  I L R b T I N O  N6C . TOTAL T l M E  PNS WERE INTERRUPTED 8 1  THE MEC . 
NLNBER OF B l R A M  TO TASK WEWBRY L 0 A D S  - 4699 

T 0 1 A L  T I H E  SPENT L e A D l N G  TASK MEWRRY - 178562, USECS 

NUrEER ET DATA REQUESTS - 3130 

T e l A L  T l V E  SPENT THAhSFERRlNG DATA OETYEEN RAMM AN0 TASK MEM8RY . 2Y240S, USECS 

1 0 1 ~ ~  T IME  P R O C E S S ~ R S  ARC IDLED W A I T I N Q  F 8 R  DATA REQUESTS TB BE S A t l S r l E D  . 434277. USECS 

TETAL T I N E  DATA REUULSTS WAIT I N  OUEUE F B I  RAMM MBDULES - 106294, USECS 

L O ~ G E S T  TIME A N Y  D A T A  R E G U E S T  W A I T S  IN OCEUE T ~ R  R A n n  MeDULE - 215, U S E c b  

NLMBER 0 f  SEGMENT !4EFEREhCES - 8064 

Y L r 9 E R  GF PAGE FAULTS  - 4699 

NUWBER Er PAGE JUMPS - 3507 

Fig. D13-Simplex processor simulation results for the F-111 workload using a 1024-word 
paged TM and a dedicated software MEC 
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ELAPSED T l M t  = lflOOOOOOo USECS 
I 

1ETAL  PVS A S S l G N t U  . 1398 

PH 1 2 3 4 6 7 8 9 1 0 1 1  
NLPRER PF I T E R A T I O N S  OF t A C H  PH 

NUH 1250 40 5 19 54 5 5 5 5 5 5 

NUt'PER EF T l r E S  EACH PM V l S S E O  I T S  CEHP lETJON DFADL INE  
NUH O O O O ~ O ~ O O O O  

AVERAGE l l k t  BY C H l C h  tACW PM BEAT I T S  C E H P L E T l n h  DEADL INE  . I N  HSECS 
MSC 6 24s 1811 47 11 1833 1834 $833 1124 1817 1813 

SUERTEST T I H E  B V  WHICH EACH PM B E A l  I T S  CBMPLET IUN DEADL INE  . I N  MSECS 
HSC 2 246 1804 4 15 1830 1837 t832 1820 1812 i8OC 

I h T E R R b P T  DATA 

I L T  1 2 3 4 5 0 7 R P l O 1 1 1 2  

NUPFER FF T I V E S  t A C H  l ~ l t R R b P 1  1 5  SERVIPED RY THE MEC 
NUM 10000 72 4719 1553 0 n 0 4719 3146 3146 0 0 

AVERAGE T IME  ALL  INTERRUPTS WAIT I N  OLFLE FOR SERVICE  . 0,s USECS 

LBhGEST T IME  ANY INTERRLPT  WAITS I N  OUFLE FOR SERVICE  - 8 ,  USECS 

TETAL T I V E  HEC I 5  YU5Y PhOCESS lNG INTFRRLPTS  - 191485, USECS 

CFC U B L T l N E  D A l A  

RbU  1 2 J 5 6 7 R P 1 0 1 1 1 2  

NUVRER FF  Y ~ V E S  t e c u  r E c  ROUTINE I S  PRSCESSFD 
NUM lOO00 72 4719 1551 1279 2922 4719 4719 3146 3146 0 0 

AVERAGE T I M €  EACH H B L T I N t  WAITS  I N  ObFbE  FBR SERVICE  - I N  USECS 
USG 0 3 L 1 0 2 0 7 8 0 O O  

LEhGEST T l M t  EACH r l n L T I N t  WAITS  I N  OLFLF  FeR  SERVICE  - I N  USECS 
usc 118 108 108 P O  21 430 40 BP 112 1 8  o o 

~ E T A L  T l l E  MEC I S  BU5Y  PROCESSING EACH TYPE BF ROUTINE  r I N  MSECS 
nsc 4oo,o 4,4 23,6 i 3 , 6  6 5 , 2 3 3 n . 7  75,) 7 5 , 9  50,s 50,s O,O o,o 

A V E R A G E  l l r F  E A C H  R O L T I * ~  IS I D L E n  R Y  I~TERRUPTS . IN USECS 
usc o,z o,a o,o o,l o , ~  0.4 o,o t , e  o,o o,a o , ~  o,o 

LGhbEST  T IME  EACH R O L T l N E  I S  I D L E D  @ V  I ~ ' 1 E R R U P T S  - I N  USECS 
USC 1 4 1 4  7 7 7 1 4  7 7 7 7  0 0 

CPL G 4 l A  

CPU 1 

TOTAL T l V E  EACH CPU I S  AbS IGNED - I N  USFCS 
USC 51706411 

TETLL  T I V E  ALL  PUOCFbSBUS SPENT E Y E C L T I L G  INS~RUCTIBNS - 1086*52, USECS 

TETAL T l V E  HkC HAS RLSY - 12fl9n67, L'EC 

FER A  S I V P L E X  PROCtSSQH * I T H  A  F L W I I N G  *EC  . l R T A L  T I M E  PMS WERE INTFRRUPTED BY THE MEC - 293621, 1 

NLCPER EF BORAM 113 TASU VEtlORV LOACS - 4719 

TETAL T l V E  SPENT LUACING TASK MEtlRRV - i 7 V J 2 2 .  USECS 

NLVQER EF D L 1 L  R tOUESTS . 3146 

TC7AL T l P E  SPENT T R l h S F E H R I N G  DATA REThFEN RAMM AND TASK MEMORY - 255251, USECS 

l e l ~ L  T l V E  PROCESSYRS ARE I D L F D  WAIT ING FEU DATA REOUESTS 1 8  BE S A T l S F l E D  . 431113, USECS 

TETAL T l V E  DATA REOUtSTS  M A I T  I N  ObELF FER RAM* MODULES . 108680, USECS 

L F h t E S T  T l r t  ANY DATA REbUEST dA1TS  1" OLEUF FQR RAMH MODULE - 241, USECS 

NLMPER FF S E G M E k l  REFCREhCES - 8807 

NLPPER FF PAGE P A U L T I  . 4719 

NLMPER TF P A G ~  JUMPS - 3511 
L T I L l T Y  

E X E C U I l F h  STLRTEC AT 1234 930  

Fig. D14-Simplex processor simulation results for the F-111 workload using a 1024-word 
paged TM and a floating software MEC 
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TOTAL PMS ASSIGNEO * 1 4 0 4  

PM 1 Z 3 4 5 6 7 8 9 1 0 1 1  
NIIMRER OF ITERATIONS OF EACH PM 

NUM 1 2 5 0  4 0  5 2 7  5 2  5 5 5 5 5 5 

NUMBER OF TIMES EACH PM MISSED I T S  COMPLETION OEIOLINE 
NUM 0 0 0 0 0 0 0 0 0 0 0  

AVERlRE T IME RY YHICH EbCH PM BEAT I T S  COMPLETION DEADLINE - I N  MSECS 
MSC 7 2 4 9  1 8 3 7  4 8  1 8  1 8 3 5  1 8 4 1  1 0 4 4  1 8 4 4  1 8 3 0  1 8 3 8  

SHORTEST TIME RY UHICH EACH PM B E 4 1  I T S  COMPLETION DE4OLINE - I N  MSECS 
MSC 3 2 4 6  1 8 3 4  4 6  1 5  1 8 3 2  1 8 3 9  1 8 4 1  1 8 4 0  11336 1 8 3 4  

INTERRUPT DATA 

I N 7  1 2 3 4 S 6 7 4 9 1 0 1 1 1 2  

NUMRER OF TIMES EACH INTERRUPT I S  SERVICE0 BY THE MLC 
NCM 1 0 0 0 0  7 7  1 3 4 2  1 5 5 9  0 0 0 1 3 4 2  315B 3 1 5 8  0 0 

AVEQAOE TIME ALL INTERRUPTS WAIT 1N QUEUE FOR SERVICE r 0.1 USECS 

LONGK5T TIME ANY INTERRUPT WAITS I N  QUEUE FOR SERVICE - 1.. U5ECS 

TOTAL TIME MFC I S  BUSY PROCESSINO INTERRUPTS - 144452. USECS 

MEC ROIlTlNE DATA 

ROU 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  

NUMRER OF TIMES EACH MEC ROUTINE I S  PROCESSED 
NUM 1 0 0 0 0  7 7  1 3 4 2  1 5 5 9  1 2 7 9  2 9 3 3  1 3 4 2  1 3 4 2  3 1 5 8  3 1 5 8  0 0 

AVERAOE TIME EACH ROUTINE WAITS I N  QUEUE FOR SERVICE - I N  USECS 
USC n 4 2 0 0 2 0 2 2 0 0 0  

LDNGFST TIME EACH ROUTINE WAITS I N  QUEUE FOR SERVICE - I N  USECS 
USC 1 0 7  1 0 4  1 0 0  8 1  2 1  3 8 5  4 0  8 2  1 1 3  I O B  0 0 

TOTAL T IME MEC I S  BUSY PROCESSINO EACM TYPE OF ROUTINE - I N  MSECS 
MSC 400.0 4.7 6.7 23.4 65 .2331 .4  21.5 21.5 50.5 50.5 0.0 0.0 

AVERAGE TIME FACH ROUTINE I S  IOLED BV INTERRUPTS - I N  USECS 
USC 0.7 1.0 0.0 0.0 0.1 0.4 0.2 0.9 0.0 0.0 0.0 0.0 

LONGFST TIME FACH ROUTINE I S  IOLED I V  INTEWIUPTS - I N  USECS 
USC 1 4  7 7 7 7 1 4  7 1 4  7 7 0 0 

CPU OAT4 

CPO 1 

TOTAL TIME EACH CPU I S  ASSIONED - I N  USECS 
USC 1630439 .  

TOTAL TIME ALL PROCESSORS SPENT EXECUTING INSTRUCTlONS r 1092108 .  1SECS 

TOTAL TIME MEC WAS BUSY - 1119902. USEC 

FOR 1 SIMPLEX PROCESSOR WITH A FLOATINO MEC - TOTAL T IME PMS WERE INTERRUPTEO BV THE MEC - 
NUMRER OF ROR4M TO TASK MEMORY LOADS - 1 3 4 2  

TOTAL TIME SPENT LOAOINO TASK MEMORY - 50996. U%CS 

NUM8EP OF DATA REQUESTS - 3 1 5 8  

TOTAL TIME SPCNT TRANSFERRINO 17414 BETdEEM RAM4 AN0 TASK MEMORY - 254321. USECS 

TOTAL TIME PROCESSORS ARE IOLEO WAITINO FOR DATA REQUESTS TO BE S 4 T I S r I E O  - 410830, USCCS 

TOTAL TIME OAT1 REOUESTS WAIT I N  QUEUE FOM RAMM VOOULES - 81206. USECS 

LONGFST TIME ANY D A T A  REQUEST WAITS IN QUEUE FOR RAMM n o o u L E  - 189. usrcs 

NUYRER OF SEGMENT REFERENCES - 8 8 b 1  

NUNREI OF PARE FAULTS - 1 3 4 2  

NUMRER OF PARE JUMPS - 3 4 9 9  

Fig. DlfrSimplex processor simulation results for the F-111 workload using a 1024-word 
paged multiprogrammed TM and a dedicated software MEC 
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TOTAL PUS LST IGNFO r 1 9 9 1  

AVERAGE T I M E  9 1  WHICH F l C H  PM REAT I T S  COMPLETION OFADL INE  - I N  MSECS 
YSC 1 7 4 9 1 R l q  1 9  1 R I R 3 3 l R 3 6 1 R 3 8 l . 9 2 ~ I H 2 O l D l 9  

SHORTFST T l H F  RY WHICH F I C H  P H  HEAT I T S  COMPLETION DEADL INE  - I N  MSECZ 
MSC ? 7 4 6  l e n s  4 4  1 5  l e 3 0  1 0 3 6  1 8 3 s  l e z 7  IHIE 1 n 1 0  

TNTFRRIIPT nATA  

1 NT  1 7  3 4 5 6 7 n 9 1 0 1 1 1 2  
I 

NUHRFR OF T I M F S  FACH I N T F R R U P I  I S  SERVICED RY THE MEC 
NUM I o n 0 0  6 R  1 3 ? 1  1 9 4 9  0 0 0 1 3 3 1  3 1 3 0  3 1 3 0  0 0 

AVERlGE T l M F  I L L  INTFRRUPTS WAIT  I N  QUEUE FOR SERVICE  - 0.1 USECS 

LONGFST T I M E  ANY TNTFRRIJPT W.4ITS I N  QUEUE FOR SEUVICE  - 12.  USECS 

7 0 7 4 1  T I M E  MFC I S  RIlSY PROCESSING INTERRUPTS - 1 4 1 7 7 3 .  USECS 

MEC ROIJTINF ObTA 

NIIMRFR n F  T l U F S  FACH MFC ROUTINE  I S  PROCESSED 
NUN 1 0 0 0 0  6 R  1 3 3 1  1 5 4 9  1 2 7 9  2 9 1 4  1 3 3 1  1 3 3 1  3 1 3 0  3 1 3 0  0 0 

AVERAOF TJME F I C H  ROUTINF  WAITS  I N  QUEUE FOR SFRVICE  - I N  USECS 
IJSC 0 3 3 0 0 2 0 3 2 0 0 0  

LONRFST T l M F  F l C H  QOUTINF  U A l T S  I N  QUEUE FOR S F Q V I C F  - I N  USECS 
USC I I e  7 6  1 4  55 7 1  3 8 5  4 0  8 2  1 1 3  1 1 2  0 0 

TOTAL TIME MFC 1 s  BUSY PROCFSSING EACH TYPE OF ROUTINE - IN MSECS 
MSC 400.0 4.1 6.7 23.2 6 5 . 2 3 2 9 . 3  21 .3  21.3 50.1 50.1 0.0 0.0 

AVEQIRF  T I M E  FACw ROUTINF  I S  I O L E D  OY INTERRUPTS - I N  USFCS 
US? 0.1 1.3 0.0 0.0 OIL 0.4 0.1 0.9 0.0 0.1 0.0 0.0 

LONGFST T I M E  FACW ROOTINE  I S  I I I L E O  HY INTERRUPTS - I N  USECS 
USC 7 7  7 7 7 1 4  7 1 4  7 7 0 0 

TOTAL T IWE E I C H  CPU I S  ASSIGNEO - I N  USECS 
11SC 1 7 7 2 3 9 9 .  

TOTAL T I L F  I L I  PROCESSOPS SPENT EXECUTING INSTRUCTIONS - 107548R .  USECS 

TOTL I  T I U F  MFC WAS BUSY - 1 1 1 5 0 7 4 .  USEC 

FOR I SIMPLEX POOCFSSOR WITH  A F L O A T I N G  HEC - TOTAL T I M E  PUS WERE INTFRRUPTED RV THE MEC I 

110308. USEC 

NIJMRCR OF NORAM TO T ~ S K  MEMORY L O I D S  - 1 3 3 1  

TOTAL T1WF SPFNT L O L O I N G  TASK MEMORY - 5057R .  USFCS 

NIIHHER OF 0 4 7 1  REd l lESTS  - 3 1 3 0  

TOTAL TIMF SPFNT TRANSFERRING D A T A  BETWEEN RLMM LNO 1 4 5 1  n E n o a r  - 2 q 3 n 1 6 .  USFCS 

TOTAL TYMF PROCESSORS ARE I D L E D  W A I T I N G  FOR DATA REQUESTS TO B E  S A T I S F I E D  - 40932R .  USECS 

TOTAL TIME D A T A  UEQUESTS WAIT IN QUEUE FOR RAML MODULES - 82003 .  IISECS 

LONRFST T I H F  I N Y  O41A  REQIJEZ l  Y A l T S  I N  QUEUE FOR P4MM MODULE - 266 .  USECS 

NUMRFR OF SEGMFNT REFERENCES - 8.931 

NUMRER OF P A W  FAULTS  - 1 3 3 1  

NIIMREQ OF PAGF JUMPS - 3 1 7 7  

Fig. DIG-Simplex processor simulation results for the F-111 workload using a 1024-word 
paged multiprogrammed TM and a floating software MEC 
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ELAPSFD T lME  s 10COC000, U S t C S  

TOTAL PMS A S S I G N t D  1 4 0 0  

NUNBtP  Qk T IMES EACH PM M l S S t n  I T S  COMPL tT ION DEADL INE  
Nun C U o r O D O O O O o  

AVtRAGE l l U E  BY # H l C H  EACH PM BEAT I T S  COVPLETION D F A D L l N E  - I N  MSEC5 
MSC 7 2 4 9  1 8 3 5  4 8  1 8  1 8 3 4  1 8 3 8  1 8 4 1  1 0 4 4  1 8 3 7  1 0 3 7  

ROU 

NUM 

USC 

USC 

MSC 

usc 

USC 

INTERRUPT DATA 

1 2  3  4 5 6  7  8  9 1 0 1 1 1 2  

NUMBtR 0 1  T IMES EACU I N T t R R U P T  I S  SERVICED BY THE MEC 
100.r 74 1 9 2 1 5 5 5  o  o  o 1 9 2  3 1 4 8  314R n o  

AVERAGE l l M E  ALL INTERRUPTS WAIT I N  QUEUF FOR SERVICE - O,O i lSECS 

L O N G t S l  T I H E  ANY ~ N T E R R U P T  WAITS I N  QUEUE FOR SERVICE  * 7.  IJSECS 

TOTAL 1 l H E  MEC I S  BUSY PRDCESs lNG IYTFRQUPTS - 1 2 L 1 6 3 ,  USECS 

MEC R Q U T l N E  DATA 

l Z 3 4 5 6 7 8 9 1 0 1 1 1 2  

N u n s t a  o t  T IMES E A C H  MEC RDUTINE IS P R 0 c t S s E o  
100 . '  74  1 9 2  1 5 5 5  1 2 1 0  2 9 2 6  1 9 2  1 9 2  3 1 4 8  3 1 4 0  0 Q 

AVERAGE T IME  EACH R O U T l N t  WAITS  I N  QUEUE FOR SERVICF  - I N  USECS 
n 3 3 0 0 2 0 3 1 0 ~ 0  

LRNGtST  T IME  EACH R R U T l N t  WAITS  I N  QUEUE FOR SERVICE r I N  USECS 
I r 8  5 9  1 0 7  5 5  b l  3 8 5  40 7 5  1 1 3  73  

TRTAL  T l M E  M t C  I S  BUSY PRBCESSING EACU TYPE Of ROUTINE . I N  MSECS 
4 0 b . -  4 , 5  1,O 23 .3  6 5 . 2 3 3 0 , 6  3 + 1  3 . 1  5 0 . 4  50 .4  OoO 0.0 

AV tRbGE T l M E  EACH R O U T l N t  I S  I D L t D  BY INTERRUPTS - I N  USECS 
i . '  1 , Z  3 ,o  0.0 0.0 0,3 0,2 0.3 0 . 0  O,o 0.0 0 ,o  

LONGtST T lME  EACH ROUTINE I S  I D L t D  BY INTERRUPTS - I N  USkZS  
1 4 7 7 7 7 7 7 7 7 7 1 0  

CPU DATA 

CPU . 1 

T O I L L  T IME  EACH CPU I S  ASSIGNED - I N  IJSFCS 
USC 1 0 3 0 1 3 2 .  

T O l A L  T IME  ALL PRBCESSBRS S P t N T  EXECUTING INSTRUCTIONS . 1 0 8 7 1 5 4 ,  USECS 

TOTAL TIWE n t c  WAS BUSY - 1 0 5 9 7 0 9 ,  U S t C  

F I R  A SIWPLEX PROCESSBR WITH A  FLOAT ING WEC . TOTAL T l M E  DMS WERE Ih l l FRRUPTED BY THE *EC - 6 '1547.  U  

N l J n 8 t R  81 BQRAM TO TASK MEMBRY LOADS - 1 9 2  

TOTAL T IME  SPENT L e A D l Y G  TASK MEMORY . 7 2 9 6 ,  USFCS 

NUMBtR 8F DATA REDUESTS . 3 1 4 8  

TOTAL  T l M E  SPENT TRANSFERRIKG DATA 4 E T Y E t Y  RAMM AND TASK *EMDRY - 2 - 3 9 6 7 .  USECS 

TBTAL T l M E  PRBCESSORS ARE I D L E D  W A I T I N G  FOR DATA REQUESTS T I  BE S A T l S F l F D  - 4 0 5 1 3 0 0  USFCS 

TQTAL  T IME  DATA REQUESTS W4 lT  I N  QUEUE FOR RA*M MODULES - 7 7 1 6 2 ,  USECS 

LRNGkST 1 I M E  ANY DATA RFDl lEST WAITS  I N  QUEUt  FOR RAMM M0DULF - 2 2 2 ,  USECS 

NUMBtR 8 f  SEGMENT REFERENCES - 1 8 6 7  

NUUBER 06 PAGE FAULTS  - 1 9 2  

NUMBtR Bt PAGE JUMPS - 3507 
U T I L I T Y  

EXECUTIQN STARTED AT 1 1 2 4  - 1 8  

Fig. D17-Simplex processor simulation results for the F-111 workload using a 3072-word 
paged multiprogrammed TM and a floating software MEC 
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ELAPSEG T IME  * 100000001 USECS 

PM 1 2 3 4 9 6 7 8 9 1 0 1 1  
NUPEER E F  I l E R A T I O N S  OF EACH PM 

NUM 1250 40 5  22  47  5 1 5 5 5 5  I 

NLPBER EF T I M E S  EACH PM I I S S E D  I T S  r O H P L E l l O N  D E A n L I N E  
NU* O O D O O O ~ O O O O  

AVERAGE T IME  BY WY lCh  EACY PM 8 E A l  I T S  C E n P L E T l O N  D E A D L I Y E  . l N  HSECS 
MSC 7  249 1844 40 1 0  1835 1 0 4 7  1843 1850 1846 1844 

SYERTEST T I H E  BV WHICH EACH PM B E A T  I T S  CEMPLETIBW D E A D L I N E  . I N  MSECS 
nsc 4  246 1640 46 IC 1 8 3 2  1e4n 1 e 4 1  1845 1844 i n 4 0  

I k l E R R U P T  DATA 

I L T  1 2 3 4 O 7 8 9 1 0 1 1 1 2  

NLMBER SF T I M E S  EACH I N T t U R U P T  I S  SFRVICED RY THE MEC 
run z s o o  67 o  1549 a n o 1549 3129 3129 n o 

A V E R A G E  TIME ALL INTERRUPTS W A I ~  IN n L w E  FBR S E R V I C E  . o,n U S E C S  

C C h G E S l  T IME  ANY I N l E R R C P T  Ub!TS I N  D L F t E  FOR S t R V l C E  . 1 3 ,  USECS 

TETAL T l P E  HEC I S  BUS* PROCESSING INTFRRLPTS  - 83461.  USFCS 

MEC ROUTINE DATL 

NLFBER OF l l M E S  EACH MEC R e U l l N E  I S  PRECESSED 
NUM 2500 6 7  0  1949 1 2 6 9  2913 1549 1 5 4 9  3129 3120 0  0  

AVERAOE T IME  EACY R B b T l N E  I d1115  I N  ObELF FBR SERVICE  ( Y  USECS 
USC 0 5 0 0 0 7 0 6 b 0 0 0  

11ME EACH H B L T l N t  WAITS  I N  OUFLE FBR SERVICE  " I N  USECS 
8 8  0  106 6 1  310 6 1  84  110 1 0 9  

T G T A L  r t r E  MEC IS BUSY PLOCESSING E A C H  TYPE OF RSUTINE IN n S E c S  
MSC 100,O 4 , l  0 ~ 0  2382 6 4 , 7 1 2 9 , 2  2 4 1 1  2 4 ~ 8  5 0 . 1  5 0 . 1  0 , n  0.0 

AVERAGE 1 I I E  EACH R B b T l N E  I S  I D L E n  RV INTERRUPTS I N  USECS 
usc 0 , 1  0 , 2  o,o O , O  O , I  1 J , O  o ,n  0 . 0  0 . 0  n , n  0 . 0  

LeLGEST T IME  EACH H e b T l h E  I S  I D L E n  BY I N T E R R U P l Z  - I N  LSECS 
USC 7 7 0 7 7 1 4 7 7 7 0 0 0  

CP'" DATA 

CCU t 

TBTAL T I C E  EACH CPU I S  ASSIGNED . I N  USFCS 
USC 1802639.  

TCTAL T l V E  A L L  PRBCESSBRS SPENT E X E ? L T I N G  INSTRUCTIONS - 1077335.  USECS 

TGTAL T 1 r E  UEC WAS BLSY 754367,  LSEC 

F 8 R  A S l r P L E X  FRICESSOR * I T H  A  FLOAT ING I E C  T r R A L  T I M E  PUS YERE INTERRUPTED BY 1 H F  HEC . 0 ,  

NUVRER OF BBRAM TB TASK PEMORV LOADS - 1 5 4 9  

T O T A L  T IME  SPENT LBACING T A S K  HEURRY . 237417. USECS 

NbCBER EF OATL  REQUESTS . 3i29 

T 0 l l L  T l V E  SPENT TRAhSrERR lNG DATA FjETYEE* UAHM AND TASK MEMORY . 252872,  USECS 

T8TAL  T IME  PRBCESSeRS ARE I D L E D  Y A l T l N G  F I R  DATA REOUESTS TR RE S A T I S F I E D  . 420003,  USECS 

T t T A L  T l C E  DATA REUUESTS WAIT I N  OUFCE FER RANM MODULES . 102449,  USECS 

L t h G E S l  T IME  ANY D4TA RECUES l  Y A I T S  I N  QLEUE PBR RAHH WRDULE - 1 3 9 .  USECS 

NUMBER @F SEGHENT REFEREhCES - 7346 

NLMRER BF P A G E  FAULTS . o 

NLPBER OF PAGE JUMPS - 3488 

Fig. D18-Simplex processor simulation results for the F-111 workload using a 4096-word 
nonpaged TM, a dedicated software MEC, and a 4-msec clock interval 
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NUMBLR 0F T IMES EACH PM M l S S t D  I T S  COMPLETISN DEADL INE 
NUM L U O : O O O O O ~ O  

A V t R 4 6 E  I l M E  BY WHICH EACH PM BEAT I T S  COMPLETIBN DEADL INE . I N  MSECS 
n s c  7 2 4 9  1 8 5 4  4 8  i s  1835  i e s v  t a r 1  164s 1.837 1 8 3 6  

SHORIEST T l M t  BY U H l C H  EACH PM BEAT I T S  CQMPCETl0N DEADL IVE  - I N  MSECS 
nsc 4 2 4 6  i e d a  4 6  1 6  i n 3 2  1 8 3 6  1 8 4 1  1 8 4 1  1836 1 8 2 8  

ROU 

NUM 

USC 

usc 

MSC 

USC 

USC 

Nl lMEtR 0 1  TIMES E4CH lNTERRUPT I S  SERVICED RV THE MEC 
2 5 . "  7 8  0 1 5 6 0  0 0 0 i s 6 0  3 1 5 8  3 1 5 0  0 0 

A\'ERAGE l l H E  ALL INTERRUPTS n A l T  I Y  QUEUE TOR SERVICE - 0 , 7  USECS 

L?NGtST  TIME ANY INTERRUPT W4 lTS  I N  QUEUE FOR SERVICE - 7, IJSECS 

TOTAL TIME MtC  I S  BUSY PROCESSING INTERRUPTS - 8 4 0 9 8 ,  3SE;S 

MEC R Q U T l N k  DATA 

1 2  3 4 5 6 7 8 9 1 O l l I Z  

NI IMBtU 0 f  TIMES t A C H  MEC RBUTINE IS PRWCkSSED 
25 7 8  0 1 5 6 0  1 2 6 9  2'235 1 5 6 0  , 5 6 0  3 1 5 8  3 1 5 8  0 0 

L O N G ~ S T  I l M E  E A C H  ROUTINE n r l t s  IN QUEUE FOR SERVICE . IN USECS 
1 3 7  0 9 3  1 2 4 2  4 0  6 9  1 0 5  9 1  

TPTAL T IME N t C  I S  BUSY PRZCFsS lNG EACH TYPE OF ROUTINE - I N  *SECS 
* O L . "  4 8  .,0 2 3 - 4  6 4 . 7 5 3 1 . 7  29 .0  2 5 . 0  50 .5  5 0 , s  0 . 0  0,O 

AVERAGt ITME EACH RBUTINE I S  l D L E D  BY INTERRUPTS - I N  USECS 
..I 1 , 3  . , o  0 . 0  , o . o  o , ~  0 - 0  0 . 0  0 . 0  o , o  0 ,  n . o  

LnNGc$T T lME EACH ROUTINE 1 5  IDLED BY IUTERRUPTS - I N  USECS 
7 1 4 0 7 7 1 4 7 7 7 7 0 0  

CPU DATA 

CPU 1 

r n r r i  T IME EACH CPU 1 s  ASSIGNFD - IY IISECS 
USC .920979 .  

TnTA. T lME ALL PROCESSORS SP tNT  EXECUTING INSTRUCTIONS 1 ' 9 3 7 5 3 .  USECS 

1 4 1 1 ~  T l U E  MtC  HAS BUSY - 7 5 9 6 0 6 .  USEC 

F W  r SIMPLEX PRBCESSOR WITH A FLRATIYG MEC - TOTAL T IME =ns UERE IUTFRRUPTED BY THE VEC - 9 i 3 2 5 .  U 

NlJMBcQ e t  B ~ ~ A M  T O  T A S K  MEneuv  L O A D S  . 1 5 6 2  

TQTAL T IME SPENT LBADING TAS6 MEMORV 2 3 9  1 0 .  USECS 

N lMBk9 0 )  DATA RtOUESTS - 5 1 5 8  

T R I A L  T IME SPENT TRANSFERQ~NC DATA R t 7 Y E E Y  R4VM AND TASX YEN3RY - 2 5 4 0 3 6 ,  USECS 

TOTAL T l U E  PROCESSORS A R t  I D L E D  WAITLUG f0R  DATA REQUESTS 1 8  BE S A T I S ? l e D  - 4 3 0 8 1 1 .  USEC3 

TnlA.  TIME DATA REPUtSTS WAIT I N  QUEUE FOR RAMM MODULES - 103253.  USECS 

LnNGcYT TIME ANY DATA REQUEST WAITS I Y  OUEUE FOR RAMM MBOJLE - 2 4 2 .  USECS 

NlJNBcQ Dt  SECMENT REFERENCES - 7 3 5 4  

NllMBcR O i  PAGE FAULTS - 0 

Nl lMBtR Of PACE JUMPS - 3 4 9 8  

Fig. D19-Simplex processor simulation results for the F-111 workload using a 4096-word 
nonpaged TM, a floating software MEC, and a 4-msec clock interval 
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ELAPSED T l M E  lOCO0000, USECS 

PM 1 2  3 4 5 6  7  8  9 1 0 1 1  
NUMBER BF I T E R A T I B N S  O r  EACH PM 

NUM 1250 40 4 1 9  5 7  5 5 5  5  5 5  I 

NUMBER 0 F  T I M E S  EACH WH H I S S E D  I T S  CBMPLET lBH  DEADL INE  
NU4 L O O C O O O O O O O  

AVERAGE T I M E  BY  wwIcn EACH V M  B E A T  I T 3  C B M P L O T I ~ N  DEADLINE . IN M s e c S  
MSC 6 249 1017 47 18  1033 1836 1837 1 8 3 0  1 8 3 1  1828 

S U 8 R l E S T  T I M E  BY U H I C N  EACH PM BEAT I T S  C 0 M r L E T l ) N  DEADL IVE  . I N  MSCC9 
MSC 2 24s 1024 45 1 3  1830 1833 1035 1036 1129 1825 

INTERRUPT DATA 

I N 1  1 2 3 4  9 6 7 B * 1 0 1 i 1 2  

NUMBER BF T I M E S  SACH INTERRUPT I S  SeRVICED B V  THE MeC 
NUW 1 0 ~ ~ 0  75 0  1 5 5 6  0  0  0  1 5 5 6  3156 3156 0 0 

AVERAGE T l M E  ALL  INTERRUPTS WAIT  I N  QUEUE FOR SERVICE  - 0 . 5  USCCS 

L ~ N G E S T  TIME A N Y  INTERRUPT W A I T S  IN QUEUE FBR SIRVIC~ - 11. usecs 
TOTAL T I M E  McC I S  BUSY TReCESS lNG t N T I R R U P T S  - 136493.  USECS 

MEC R B U T l N E  DATA 

RBU 1 2  3  4  9 6  7  8  9 1 0 1 1 1 2  

NUMBER 0 F  T I M E S  EACH MEC R e U T l N E  I S  P lOCESSED 
NUM IObjO 75 0  1 5 5 6  127*  2 7 0 1  1556 1 5 5 6  3156 3156 0  0  

LBNGEST T l M E  EACH R B U T I N E  WAITS  I N  QUEUE FOR SERVICE  I N  USECS 
USC 94 97 0  45 16  I Z *  6 1  54  65  115 0  0  

1 0 1 ~ ~  TIME nec IS BUSY r n e c r s s l w o  E k c a  TYPE qr RBUTINC IN MSECS 
MSC 4 0 0 . 0  4 . 6  ,O 2 3 . 3  6 5 . 2 3 1 4 8 3  24 .9  2 4 , 9  5 0 . 5  50 .5  0,O O,O 

AVERAGE T I M E  EACH R I U T I N E  I S  I D L E D  b Y  INTERRUPTS - I N  uSECS 
USC L ~ I  0.6 . t o  0,O 0 1 1  0 .2  0.0 010  0 . 0  0 , 1  0 , )  0 . 0  

LONGEST T IME  EACH R e U T I N E  I S  I D L E D  BY INTERRUPTS - I N  USEC6  
USC 1 4 7 0 7 7 7 1 7 7 7 0 0  

CPU DATA 

CPU 1 I 

TeTAL  T I M E  E A C H  CPU IS ASSIBNED - IN USECS 
USC 1909715.  

T 0 l A L  T IME  ALL  PR@CESS@RS SPENT EXECUTING INSTRUCTIDNS . 108928b.  U I E C S  

T B l A L  T l M E  MEC HAS BUSY - 1094674,  USEC 

FOR A S IMPLEX PRBCESSOR Y l l H  A TLOAT ING MEC . TBTAL T IME  PMS WERE INTERRUPTED BY THE r E c  - 1 6 8 4 9 1 ,  

NUMBER BF BBRAM 18 TASK MEMORV LBADS . 1556 

TITAL TIME SPENT L ~ A D I N O  T A S K  M E M ~ R V  . 238740.  USECS I 

NUMBER BF DATA R60UESTO 3156 

TOTAL T I M E  SPENT TRANSFERRING DATA BETWEEN RAMM AND TASK ?EMORY - 2 9 3 7 3 8 ,  USECS 

T 8 1 A L  l l n E  PRBCESSeRS ARE I D L E D  W A I T I N G  F8R  DATA REQUESTS 18 BE S A T I S l l E D  - 431873.  uSCCS 

TeTAL  T IME  DATA REOUESTS U A I T  I N  QUEUE 1BR RAHM M8DULeS - 1 0 3 4 3 1 ,  USECS 

LBNGEST l l ~ E  ANY DATA R E Q U E ~ T  W A I T S  I N  QUEUE I O R  RAMM MDDULE - 9 9 .  USECS 

NUMBER OF SEQMENT REFERENCES - 7376 

NUMBER B F  PADE FAULTS  - 0 

NUMBER OF PAGE JUMPS - 3518 
U T I L I T Y  

EXECUTION STARTED AT 1842 -90  

Fig. D20-Simplex processor simulation results for the F-111 workload using a 4096-word 
nonpaged TM, a floating software MEC, and reduced PM assignment activity 
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EL APCFO T I M E  - 1000000~ .  I ISECS 

PU  1 Z 4 5 6 7 8 Q 1 0 1 1 1 2  
NllMBFR OF ITFRATIONS OF EACH PM 

N U u  a34 625 11 34 31 625 51  43 31 2 782 200 

NIIMRFR OF T I P F S  FACH PM MISSED I T S  COMPLETION DEAOL INE  
*IUM o n o o n n o n o o o  

AVERAGE T l M F  R Y  Y u I C H  FACH PM REAT I T S  COMPLETION DEADL INE  - I N  M S E C I  
M S r  11 14 2 9 3  774 302 14 248 237 285 970 11 49  

SYORTFST T l r F  4Y  WHICH EhCH PM BEAT I T S  COMPLETION OEADL INE  - I N  MSECS 
usr 4 7 2n1 7 5 2  765 7 213 219 261  945 4 40 

I N T  1 7 3 4 5 6 7 D 9 1 0 1 1 1 2  

NIIMRFR OF T I M F S  FACH INTERRUPT I S  SERVICE0  RY THE MEC 
NUN Ionon 977 n 36x1 o o o 3631 4845 484s o o 

AVERbGF T l M F  a L L  INTEPRUPTS WAIT  IN QUEUE FOR SERVICE  - 0.5 USECS 

Lf lNGFST T I M E  ANY INTERRUPT WAITS  1 N  QUEUE FOR SERVICE  - 14. USECS 

TnTAL  T t u F  VFC 1 9  ROSY PROCFSSING INTERRUPTS - 199153. USECS 

MEC ROLITINF DATA 

NLIMRFR OF T j u F S  FACH MFC ROIJTINE I S  PROCESSED 
N l l u  1nnOo 977 0 3631 1414 6935 3631 3631 4845 4845 0 0 

AVERARF T I M E  FACY ROUTINE WAITS  I N  QUEUE FOR SERVICC - I N  USECS 
l l S r  3 5 0 1 1 2 9  5 l n l 6  3 0 0 

LnNGFST T I M E  FACH ROUTINE WAITS  I N  QUEUE FOR SERVICE  - I N  USECS 
IJSC I a n  119 o 111 77 801  l o 8  17s 187 148 o o 

TOTbL T I M E  MFC I5 RUFV PROCESSINO EACH TYPE OF  ROUT1NE r I N  MSLCS 
r s r  4nn.o 96.5 n.n 54.5 72.1 783.7 58.1 5p.i 77.5 77.5 0.0 0.n 

AVERAGF T I M E  FACY ROUTINE I S  I D L E 0  BY INTERRUPTS - I N  USECS 
l l % r  0.3 1.7 0.0 0.1 0.4 1.5 0.1 1.3 0.1 0.1 0.0 0.0 

LONGFST T l M F  FACY P O L I T I W  I S  IOLEO €I* INTERRUPTS - I N  USECS 
l lsr 1 4  71 0 7 14 21 7 14 7 7 0 o 

CPII n 4 ~ ~  

CDl l  1 

TOTAL T I M 5  FACU CPO 15 ASSIGNEO - I N  USECS 
IISC 3n49675. 

TOTAL T I M F  ALL. PROCESSORS SPENT EXECUTINQ INSTRIJCT IOhS  - 1336112. USECS 

T n T I l  T I Y E  MFC WAS BUSY - 1833166. USEC 

FOR h S lMPLFX  PROCESSOR WITH  A F L O A T I N G  MEC - TDTAL T I M E  PMS WERE INTERRUPTED RY THC MEC - 
NIJMRFR OF RORAM TO TASK MEMORY LObDS - 3631 

T O T A L  TIME SPFNT LOADING T A S X  MEMORV - 810683. USECS 

NUMPFP OF DATA RFRUFSTS - 4045 

TOTbL T IWE SPFNT TRANSFERRING OATA BETWEEN RAHM bNO TASK MEMORY - 405291. USECS 

TnTAL  T l M S  PanCESSORS ARE I D L E 0  W A l T l N O  FOR DATA REQUESTS TO RE  S A T l S F l L D  - 739802. USECS 

TDTAL T I M E  DATA REQUESTS WAIT  I N  QUEUE FOR RAMM MODIILES - 204672. USECS 

LnNGFqT  T l Y F  ANY DATA REOUEST WAITS  I N  OUEUE FOR RAMM MODULE - 387. USECS 

NLIMRFR OF SFR*FNT REFEPENCES - 24443 

NIIURFR OF P 4 0 F  F A U L T S  - 0 

NLIMHFR OF PAGE JIlMPS - 17117 

Fig. D21-Simplex processor simulation results for the E-2B workload using a 4096-word 
nonpaged TM and a dedicated software MEC 
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I 
E I A P S F D  T I M E  . lO'J:OOO, U S t C S  I 

T R I A L  P u b  ASSIGNED = 3306 

PH 1 L 3 4 5 b 7 8 9 1 0 1 1 1 2  
Nl lMBcU QF I T t R A l l Q N S  QF  t A C H  PM 

NUM 834 62) 34 34 31 625 35 35 31 3 819 200 

N L I M B ~ W  ~t  T IMES E A C H  p n  n l s s t o  1 1 s  C O M P L ~ T ~ O N  DEADL INE  
NUM L d O ~ O U O O O O O J  

SHORTEST T l M t  BY WHICH EACH PM BEAT I T S  CQMPCETIBN DEADL IVE  - I N  MSECS 
MSC 5 7 282 231 281 6 234 212 272 950 3 41 

INTERRUPT DATA 

I N T  1 2  3 4 5 6 7 8 9 1 0 1 1 ~ 1 Z  

NUMBtR 0 f  T IMES EACH INTERRUPT I S  SERVICED BY THE MEC 
NUM 'or 979 o 3613 n o o 3613 4830 4030 n o 

AVERAGE T IME  ALL INTERRUPTS WAIT I N  OUEUE FOR SERVICE  - 0,5 USECS 

LBNGtST  T IME  ANY INTERRUPT WAITS  I N  QUEUE FQR SERVICE  - 14. USECS 

TOTAL T I H E  Y t C  I S  BUSY PhQCESSING INTERRUPTS - 195055. USECS 

MEC ROUTINE  DATA 

RQU ' 2 3 4 5 6 7 8 9 1 0 1 1 1 2  

NUMBtR OF T IMES EACH MEC RBUT INE  I S  PROCtSSED 
NUM 1 O L . n  979 0 3613 1414 6969 3613 3613 4830 4830 0 0 

AVERAGE T IME  EACH R B U T I N t  WAITS  I N  QUEUe FBR SERVICE  . I N  USECS 
USC 4 5 0 2 1 2 9 5 1 0 1 6 3 0 0  

LANGcST l l M E  EACH R Q U T l N t  U A l T S  LN QUEUE FBR SERVICE  - I N  USECS 
USC 167 124 0 111 13 672 108 151 160 164 0 0 

MSC 

AVERAGt l l n E  EACH R O U T I N t  I S  I D L E D  BY INTERRUPTS - I N  USECS 
USC 6.' 0.9 ..O 0.1 0 3  1,5 0.1 1,4 0.1 0.1 0,o 0.0 

LONGEST T I M E  EACH ROUTINE  1 5  l D L E D  BY  INTERRUPTS - 1N  USECS 
USC 1 4 2 1  0 7 1 4 2 1  7 1 4  7 7 0 0 

CPU DATA I 

CPU 1 
I 

TaTAL  TIME E A C H  CPU IS ASSIGNED - IN USECS 
USC 3415414. 

T n l A L  T I P E  ALL  PRQCESS0RS S P t N T  EXECUTIUG I N S T R U C T I 0 N S  - 126903n, USECS 

T n l A L  T IME  MEC WAS BUSY - 1838756. USEC 

FOR A SIMPLEX PR@CESSCR WlTY  A F L E A T I N G  MEC - T 0 T A L  T I M E  PMS UERE INTERRUPTED BF THE MEC - 436447. U 

N l lMB tU  O6 BQRAM TQ TASK MEMCHV LOADS . 3615 

T R I A L  T I * €  SPENT L B A D I N G  TASK MEMBRY . 798471. USECS 

N l l n B t R  Of DATA REQUESTS - 4030 

T O ~ A L  T l M E  SPENT TRANSTERUINL DATA B E T u E t Y  RAMM AND TASK *EMBRY . 404684, USECS 

TnTAL  T lME  PH0CESSBRS A R t  I D L E D  W A l T l U G  FOR DATA REQUESTS T O  BE S b T I S T I E D  735417. USECS 

TRTAL T I N E  DATA REOUESTS WAIT I N  OUEUE I 0 R  RAMM MODULES - 203479, USECS 

L 4 N G t S T  I l r E  ANY DATA REUUEST WAITS  I N  QUEUE FBR RAYM MBDULE - 354. USECS 

Nl lMacr(  B I  SEGMENT REFERENCES - 23966 

~ l l n a t *  0 6  P A G E  F A U L T S  - 0 

NUMEtE  Of PAGE JUMPS - 16685 

Fig. D22-Simplex processor simulation results for the E-2B workload using a 4096-word 
nonpaged TM and a floating software MEC 
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ELAPSFII TIME = 10000000 .  USECS 

TOTAL PMS ASSIGNEO . 3 2 3 4  

PM l Z 7 4 5 6 7 8 9 1 0 1 1 1 2  
NIIMRFR OF ITFRATIONS OF EACH PM 

HUM 8 3 4  0 2 5  3 4  3 4  3 1  6 2 5  4 6  3 8  3 1  2 7 3 4  2 0 0  

NUMRER OF TIMES EACH PM MISSED I T S  COMPLETION OEbULIhE 
NUU O ~ O O O O O O O O O O  

AVERAGF TIME YV WHICH EACH PM H t A T  I T S  COMPLtT Ioh  DEADLINE - 1N MSECS 
MSC 1 1  1 5  2 9 1  2 7 4  3 0 1  1 4  2 4 8  2 4 1  2 8 6  9 7 0  1 0  4 9  

SHORTEST TIME RV WHICH EACH PY #EAT I T S  COMPLETION DEADLINE - 1N MSECS 
MSC 4 6 2 7 9  7 5 2  2 6 9  6 2 4 1  228 2 6 6  0 4 5  4 4 1  

INTERRUPT nATA 

I N 7  1 2 3 4 5 h 7 9 9 1 0 1 1 1 2  

NUMAFR OF TIMFS FACH INTERRUPT IS SEUVICEU RV THE n E c  
NUM 1 0 0 0 0  8 8 0  1 0 7 3 6  3 5 5 3  0 0 0 1 0 7 3 6  4 7 5 4  4 7 5 4  0 0 

AVERAGE TIME .ILL INTEUROPTS YAIT  l N  QUtUE FOR SEUVICE - 0.4 IISECS 

LONGEST TIME ANY INTERRUPT W41TS 1N QUEUE FOR SERVICE - 14. USECS 

TOTAL TIME MEC 15  BUSY PROCESSING INTERRUPIS - 317891. USECS 

MEC ROIJTINE OAT4 

ROU 1 2  3 . 5  6 7 a 9 1 0 1 1 1 2  

NUMBER OF TIMES EACH MEC UOUTINE I S  PUQCESSFO 
NUM 1 0 0 0 0  8 8 0  1 0 7 3 6  3 5 5 3  1 4 1 4  6 8 1 0  1 0 7 3 6  1 0 7 3 6  4 7 5 6  4 7 5 4  0 0 

AVERAGE TIME EACH ROUTINE WAITS I N  UUEUE FOR SCRVICE - I N  USECS 
US C 4 6 4 2 2 3 5 0 0 2 5 7 0 0  

LONGEZT TIME F I C H  ROUTINE WAITS 1N QUEUE FOR SERVICF - I N  USECS 
USC 1 7 7  1 1 9  1 0 6  1 1 4  9 3  8 0 9  6 3  1 9 7  2 0 6  1 7 1  0 0 

AVERAOE TIME FACu ROUTIhlF I S  l l l L E O  6'1 1NTEYRUPTS - I N  USECS 
usc 0.1 1.4 0.0 0.1 0.9 2.9 0.1 0.9 n.1 0.1 0.0 o!o 

LONGFST TIME FACH ROUTlNE I S  IOLEO UV INTEYRUPTS - I N  USECS 
USC 7 1  2 1  7 7 1 4  2 1  7 1 4  7 7 0 0 

CPlJ DATA 

CPlJ 1 

TnTAL TIME ELCU CPU IS ASSIGNED - IN U S ~ C S  

USC 7 8 3 5 9 7 3 0  

TOTAL T I V E  ALL PROCESSORS SPENT EXCCUTING I N S T Y U C I I O N S  - 1195836 .  USECS 

T O T A L  TIVE n E c  u r s  BUSY - 2215070 .  USEC 

FOR A SIMPLEX PROCESSOR Y I T U  A FLOATING MEC - TOTAL TIME PUS YCRE INTERRUPTED BY THE MEC - 
NUMRER OF RORIM TO TASK MEMORV LObOS - 1 0 7 7 6  

TOTAL TIME SPENT LOAOING TASK MEMOUV - 407968 .  USECS 

NIIMHER OF DATL REQUESTS - 4 1 5 4  

TOTbL T I r E  SPFNT TRANSFERRING DATA UETUEEN UAMr AND TASK MEMOUV - 402329. USECS 

TOTAL TIME PROCESSORS ARE IOLEO WA111NG FOU DATA RLQUESTS TO B t  SATISFIEO - 794328. USECS 

TOTAL TIME OAT4 IEOUESTS Y A I T  I N  Q U t U t  FOH UAMM MODULES - 246093. USECS 

LONQEST TIME 4NV DATA REQUEST W4ITS I N  QUEUE FOR RAMM MODULE - 359. USECS 

NUMRFR OF SEGUENT U t F t R t N C t S  - 2 6 9 5 1  

NUMgFR OF PAGF FAULTS - 1 0 7 3 6  

NUMBES OF PAGF JIIMPS - 1 6 0 2 9  

Fig. D23-Simplex processor simulation results for the E-2B workload using a 1024-word 
paged TM and a dedicated software MEC 
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E L A P S E C  T l M E  l 0 0 0 0 0 0 0 ~  U S E C S  I 

N U H P E R  E F  T I M E S  t A C H  P U  V I S S E 9  I T S  C E M P L E T I O N  D F A D L l N k  
NCM O O O O O O Q O O O O O  

A V E R A G E  T l M F  B Y  W U l C n  E I C H  P M  B E A T  I T S  C E b l P L E T l t 9 h  D E A D L I N E  . I N  M S E C S  
MSC 11 1 4  2 8 9  2 6 8  2 9 5  1 4  2 4 7  2 3 6  2 8 3  9 6 2  1 0  4 9  

S Y Q R T E S T  T I H E  B Y  W H I C H  E I C H  P M  B E L T  I T S  C e M P L E T l O N  D E A D L I N E  . I N  M S E C S  
MSC 2 6  2 8 5  2 3 5  2 6 0  5  2 3 1  2 0 6  2 6 8  9 3 0  2 4 0  

I h T E R R b P T  D A T A  

I N 1  1 2 3 4 5 6 7 O 9 1 0 1 1 1 2  

N U r B E R  OF T I b E S  E A C U  I N T t R R U P T  I S  S F f i V l C E O  PY T H t  M F C  
N L H  1 0 0 0 0  9 0 1  1 0 6 5 7  3 5 3 0  0 0 0  1 0 6 5 7  4 7 2 8  4 7 2 8  O 0  

A V E R A G E  T I M E  A L L  I N T E R R U P T S  M A I T  I N  O C F L E  F O R  S t R V l C E  - 0 , A  U S E C S  

L b N C E S T  T I N E  I N Y  I N T E R R L P T  W A I T S  I N  D L F L E  F O R  S t R V l C E  - 1 4 .  U S E C S  

T E T A L  T I I E  H E C  I b  B U S Y  P h O C E S S I N G  I N T E R R L P T S  . 3 1 6 4 4 9 ,  U S E C S  

WEC R O b T I N E  D A l b  

N L H P E R  E F  T l r E S  E A C H  Y E C  H O U T t N E  I S  P R C r t S S E D  
N L M  1 0 0 0 0  9 0 1  1 0 6 5 7  5 5 3 6  1 4 1 4  6 R l 4  1 0 6 5 7  1 0 6 5 7  4 1 2 8  4 7 2 8  0  0  

A V E R A G E  TIML E A C ~  HOLTINE W A I T S  DLFLF F O R  SERVICE - IN U S E C S  
U S C  4 6 4 2 3 3 4 0 9 2 5 7 0 0  

~ E h t E s l  T I M E  E A C H  H R L T I N L  W A I T S  I N  D L F L E  F O R  S E R V I C E  I N  U S E C S  
U S C  1 5 1  1 1 9  1 4 4  1 0 9  8 2  7 4 1  6 3  1 9 7  2 0 6  2 1 6  0 0  

T d l A L  T l P E  M L C  I S  B U S Y  P h B C E S S I N G  E A C U  T Y P E  OF R S U T I N E  - I N  M S E C S  
MSC 4 0 0 , ~  55 ,o  53 ,3  53 ,o  72.1 770 .0  1 7 n , 5  170,5 75 .6  7 5 . 6  o,n o,o 

A V E R A G E  T I M E  E A C H  H O L T I N E  I S  I D L E n  PY I v 8 l E R R U P T S  . I N  U S E C S  
U S C  0,9 1 , 6  J , U  0 ,1  1 2 . P  0,E 0 . 1  0 , 1  0 8 0  0 1 0  

L E N G E S T  T I Y E  E A C h  Y R L T l h t  I S  l D L E n  RY I N T E R R U P T S  . I N  U S E C S  
U S C  1 4  1 4  7  7 1 4  2 8  7 1 4  7  7 0  0  

C P L  D A T A  

C P U  1 

T @ T I l ,  T l I E  E A C H  C P U  I S  A S S I G N E D  . I N  O S F C S  
J S C  5 5 1 1 8 1 2 a  

T C T I L  l l W E  A L L  P H O C E S S 0 R S  SPEh lT  E v E C L T l N G  I N S T R U C T I O N S  - 1 2 3 6 0 4 6 ,  U S E C S  

T G T A L  l l V E  MEC WAS R L S Y  . 2 2 1 2 9 5 1 ,  L E E C  

F Q R  A  S I I P L E X  P R O C t S S O R  * I T H  A F L m A l l N G  I F C  - T O T A L  T I M E  P U S  Y E R E  I N T E R R U P T E D  B Y  T H E  Y E C  6 4 2 4 0 7 .  

N L Y P E R  OF B O R I M  1 8  T I S K  l E U O R V  L O I C S  - 1 0 6 5 7  

T E l A L  T l I E  S P E N T  L O A C I N G  1 1 5 6  H E M n F Y  - 4 0 4 9 6 6 ,  U S F C S  

NUMBER E F  D A T A  R t O U E S T S  . 4 7 2 8  

T E T A L  T l I E  S P E N T  I H A A S F E P R I N G  D A T A  R E T Y F E h  RAMM AND T A S K  MEMORY F 4 0 1 2 1 7 ,  U S E C S  

T G T A L  T l l E  P R O C E S S 8 9 5  A n t  I D L F D  W A I T I N G  F I R  D A T A  R E Q U E S T S  T R  R E  S A T I S F I E D  1 7 8 9 0 8 6 ,  U S E C S  

T O T A L  T I M E  D A T A  R t O U t S T S  W A I T  I N  Q L F C F  r E R  RAHM M O D U L E S  . 2 4 3 1 9 1 4  U S E C S  

L 8 h G E S l  T l M E  ANV D A T A  R E C U E S T  W A I T S  I N  O L E U E  F O R  RAMH Y R D U L F  - 405 ,  U S F C S  

NUMBER E F  S E G M E N T  R E F E R F h C t S  - 2 6 9 0 3  

NUMEER E F  P A G E  F A U L T S  . 1 0 6 5 7  

NUMBER CF P A G E  JUMPS - 1 6 1 7 4  
u i l L l T V  

E X E C U T l E h  S T A R T E D  A T  1 2 4 0  r 4 J  

Fig. D24-Simplex processor simulation results for the E-2B workload using a 1024-word 
paged 'I'M and a floating software MEC 



NRL REPORT 7356 

E L A P S E D  l l M E  1P000000~ U S E C S  

T E T I L  P r S  A S S I G N E D  = 3rh8 

b V E R A G t  T l M F  8 V  w H I C h  t A C U  P H  a E A l  I T S  r E M P L L I I R R  D E A n L l N F  1 4  M S E C S  
n s c  11 15 291 2 7 4  3c1 14 24a 237 7UE 971 11 49 

S b G C I E S T  T I H E  t l V  * * I C Y  E A C H  P Y  A t l l  I T S  C f ? M P L t T I U N  D E b P D L I E  - IIh' H S E C S  
H S C  4 7 288 255 276 6 245 219 275 950 7 42 

ROU 

NlrW 

U S C  

usc 

nsc 

U 5 C  

usc 

I h T E R H L P T  D A T A  

1 2 3 5 6 7 8 9 1 0 1 1 1 2  

A V E R A G E  l l M F  A L L  I N T E R R U ~ T S  H A L T  I N  n L F L E  F O R  S t R V l C E  - 0 ~ 3  ' J S F C S  

L F L G E S T  T I M F  ANY I N I E U a L P T  W b 1 r S  I h '  n L F L F  F O R  5 t R V I c E  - 14, i J S E C S  

T 6 T A L  T l P E  M t C  1 5  d U b V  P h O C E S S I N G  I N T F R R L P I S  - 307041, U S F C S  

A V E R A C t  T I M t  E A C M  R O L T 1 4 t  W A I T S  1 4  R L F L F  F U R  S E R V I C E  - I N  U S t C S  
5 6 4 1 2 3 3 0 8 2 4 7 0 0  

L E h G E S l  l l M E  E A C H  H O L l l N t  M A I T S  I N  O L F L F  FOR S E R V I C E  I N  U S E C S  
1 116 130 lo9 84 728 108 197 206 177 0 0 

A V E R A G E  l l n F  E A C h  H B L T I N t  I S  I D L E D  SY I F * T E R R U P T S  I Y  U S E C S  
0,) i,2 o,o o , ~  0,7 7,7 n , ~  O,A U,I 0.1 o , n  n,o 

L E h G E S T  T I H L  E A C *  H H L T l Y t  I S  I U L t n  W I W T E U R U P T S  - I N  U S E C S  
1 4 1 ' 7  7 1 4 2 1  7 1 4  7 7 1 0  

C P L  D A T A  

C P U  1 

T E T L L  T l P E  E A C H  CPU IS A S S I G N ~ D  - IN I ~ S F C S  
use ra52ai6, 

T 6 1 A L  T I V E  A L L  P R Q C F S S O H )  S P E N T  E Y E C L T I h G  I L I S l i ( U t T I O N S  - 12RU12111 U S E C S  

T C T A L  T l P E  M t C  M A S  A L S V  . 2141669, b 5 t C  

FOR b S l I ' P L E X  P H B C t S S R H  * l T H  A  F L Q l T l N G  I 'FC - ~ R ~ A L  T I M F  P U S  W t R E  I N T F H R U P T E C  B Y  TWF ME? - q v  

NUMRER t f 0 k l R l M  TO T A S K  ?EMORY L O A D S  . q917 

1 6 T A L  T I P E  S P E N T  L U A C I N G  T A S K  HEMmRV - 370846, U S E C S  

NUMRER B F  C A l A  R t O u E S T S  . 4779 

T C T A L  T l V E  S P E N T  T R A h S F E h R l N G  D A T A  R E T h F t h  R A M H  A N D  T A S K  WEMBRV . 402238, L S E C S  

l t l b ~  T I ? €  PROCESSIRS A 9 c  I D L E D  Y A l T l N G  F O R  D A T A  R E Q U E S T S  T n  RE S A T l S F l E D  - 786525. U S F C S  

T E ~ A L  l l P E  D A l A  Y k d U t S T S  d A 1 T  I N  O b F L F  F E U  RAMM r O D U L E S  - 239578, U S E C S  

L 6 h G E S T  T I M E  ANY D A T A  R E C U E S T  W A I T S  I N  O L E U F  F B R  R A H M  n @ D L l L E  - 417, U S F C S  

NUMPER E F  S E G M t N T  R F F E R E h C E S  . 27392 
NUMBER 8 F  P A G E  F A U L T S  - 9917 

NUMBER E F  P A G E  JUMPS - 16531 

Fig. D25-Simplex processor simulation result. for the E-2B workload using a 1024-word 
paged multiprogrammed TM and a dedicated software MEC 
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E l  APSFO T l M E  10000000. I ISECS 

TOT4L  P H s  4 S S l G N F n  = 3274 

PM 1 ? 1 4 5 h 7 ~ 9 1 0 1 1 1 2 1  
NUMRER OF l T F P 4 T l O N S  OF EACH PM 

NUM 434 A 5 5  34 34 31 6?5 41 37 31 2 734 200 

NIJMRFP OF T I M F S  FACH PM H I S S E O  I T S  COHPLET ION D F d D L l N E  
NUM n n n 0 n 0 0 0 0 0 0 0  

A V E R I R E  T I M E  RY  W H I C H  EACH PM HEAT I T S  COMPLETION D F A O L I N E  - I N  MSECS 
MSC 1 1  14 ?an 2 6 ~  293 14 247 234 282 946 10 48 

SuORTFST T l M F  RY U H l C H  EACH PM HEAT I T S  COMPLETION OEADL INE  - I N  MSECS 
MSC 7 5 2RO 751 763 5 229 209 250 917 2 38 

INTFRRUPT OATA 

TNT i 3 4 5 6 7 ~ 9 1 0 1 1 1 2  

Nl lYI IFR OF TTUFS  FACH INTEWRIJPT I f  S E R V I C E 0  81 THE MFC 
N U r  10000 903 0913 3543 0 0 0 9913 4739 4739 0 O 

AvFUbRF  T I M E  A L L  INTERRIJPTS U 4 I T  I N  QUEUE FOR SERVICE  - 0.3 USECS 

LnNOFST  T I M F  4NY INTFRRUPT WAITS  I N  QUEUE FOR SERVICE  - 14. USECS 

TOTAL TIME MFC 1s RUSY PROCFSSING INTERRUPTS - 30h250. USECS 

M E r  R O l l T l N E  DATA 

no11 1 2 3 4 5 6 7 ~ 9 1 0 1 1 1 2  

NUYRFR OF T l M F S  FACH MEC QOUTINE  1 5  PROCESSED 
NUN 10000 901 9913 3543 1414 6023 9913 9913 4739 4739 0 0 

AUERAOF TIME FACH ROUTTNF WAITS IN QUEUE FOR SEIVICE - IN USECS 
LISC 4 6 4 2 3 3 3 0 2 * 7 0 0  

LONGFST T l M F  FACH ROUTINF  WAITS  I N  QUEUE FOR SERVICF  - I N  USECS 
l lSC  152 115 156 109 93 752 108 150 109 172 0 0 

T n T A L  T I M E  MEC 1s RUSY PROCESSING EACH TYPE OF R o u r t N E  - IN n s E c s  
MSC 600.0 55.1 49.6 53.1 72.1 771.0 158.6 158.6 75.8 75.8 0.0 0.0 

4VERaGE T l M F  FACY ROUTINE  I S  I D L E 0  8 1  INTERRUPTS - 1 N  USECS 
IISC 0.0 1.5 0.0 0.1 1.0 2.6 0.1 0.9 0.1 0.1 0.0 0.0 

LONGFST T l M F  FACH RO lJT INF  I S  I D L E D  0 Y  INTERRUPTS - I N  USECS 
l J S t  I4 14 7 7 14 21 7 I4 7 7 0 0 

CPIJ OAT l 

CPl l  I 

TOTAL T l M E  F 4 r H  CPLJ I 5  I S S I G N E D  - I N  USECS 
USC 147R605. 

TOTAL  T I M F  ALL PROCESSOQS SPENT EXECUTING INSTRUCTIONS - 1295359. USECS 

TOTAl  T I M E  ' 4F r  UAS  RUSY - 2174020. USEC 

FOR 4 S IMPLEX PROCFSSOR U I T H  A F L O A T I N G  WEC - TOTAL T I M E  PUS WERE INTERRUP7ED RY THC MEC - 607472. 

NUMRFR OF RODAM TO T A S K  MEMORY LOADS - 9913 

TOTAL T l M F  SPFNT LOADING TLSK  MEMORY - 376694. USFCS 

NUMRER OF OATA RFOIJESTS - 4739 

TOTAL T l M E  SPENT TRANSFERWING I IATA HETUEEN R4MM AND TASK MEMORY - 401RZ5. USECS 

TOTAL T l M C  PPnCESSORS ARF I D L E D  W A I T I N G  FOR 0 4 T A  REQUESTS TO B E  S A T I S F I E O  - 784210. USECS 

TOTAl. T l M F  DATA REOUESTS WAIT  I N  DUEUE FOU R A W  POOIJLES - 237701. IJSEfS 

LONGFST T l W F  ANY nATA  REOUFST U A I T S  IN QUEUE FOR R A W  MODULE - 353. USECS 

NUMOFR OF SEGMFNT REFERFNCES - 27506 

NIJMRFR OF PAGF FAULTS  - 9911 

NUMOFR OF PAPF  JIJMPS - Ihh27 
U T I L I T V  

EXECUTION S T A I T E n  AT I727 -26 

Fig. D26-Simplex processor simulation results for the E-2B workload using a 1024-word 
paged multiprogrammed TM and a floating software MEC 
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PW 1 L 3 4 5 b 7 8 9 1 0 1 1 1 2  
N l l M B t n  Ot I T t R A l l f l N S  OF t 4 C H  PM 

NUM RJ4 62) 34 34 3 1  62> 40 49 3 1  2  744 200 

NUMBtR 0 1  T I M F S  t A C U  PM M l S S t n  I T S  C O L I P L t l l @ N  D E A n L l N E  
NUM b U O : 0 0 0 0 0 0 0 0  

AV tRPGk  l l M E  H I  WHICH t 4 C U  PM HEAT I T S  C B V P L t T I O N  D F A n L I N E  - I N  YSECS 
HSC 11 1 3  2 9 1  273 300 1 4  247 238 284 968 11 49 

SHBRICST  T I H t  BY WUICU EACM PW B t A T  I T S  COMPLETION D E A D L I V E  I N  HSECS 
MSC 2  0 267 245 772 5 227 213 757 944 2  4D 

I N T  

NUW 

R0U 

NUH 

USC 

USC 

nsc 

USC 

USC 

I N l E R R U P T  DATA 

1 2 3 4 5 4 7 8 9 1 0 1 1 1 2  

NUHBtP  0 1  T IMES t A C H  INTtRUUt 'T I S  S E R V l C t O  RY THE MEC 
1 0 0 . -  883 3666 3612 fl 0 0  3666 4804 4804 0 0 

AVtRPGE T l M E  ALL  INTERRUPTS W I I T  I N  YUEUE FOR SERVICE  - 0,2 USECS 

L l N G t S T  l l M E  ANY INTERRUPT WAITS  I N  l U E U E  FOR SERVICE  - 14 ,  USECS 

Tr lTAL T I M E  H t C  I S  BUSY PHRCESSING INTFRSUPTS - 220045,  USECS 

MEL R B U T I N t  DATA 

I 2 3  4  5 6 7 8  9 1 0 1 1 1 2  

NUMBt9  0 1  T I M E S  t A C H  HEC RQUT lNE  I S  PQ0CtSSED 
1 0 0 "  883  3666 3612 1414 6872 3066 5666 4804 4804 0 0 

A V t R A G t  1 l H E  EACM ROUTINE  WAITS  I N  QUEUE FBR SERVICE  - I N  USECS 
3 6 4 2 1 3 1 0 6 2 0 1 0 0  

LCNGkST T IME  EACH ROUTINE  WAITS  I N  OUEUE FOR SERVICE  I N  USECS 
1.8 114  1 5 1  110 b i  752 5 6  134 175 169 0 0 

T f l l A ~  T l n E  M t C  I S  BUSY PROCESI ING EACN TYPE OF ROUTINE  . I N  qSECS 
400.: Y3.9 18.3 54 ,2  7 2 . 1 7 7 6 , 5  58,7 5R,7 7 6 . 9  76.9 0,n 

A V ~ R A G ~  T IME  EACh  R Q u T I N t  I S  l D L E n  QY INTERRUPTS - I N  U S t C S  
~ . 5  1.2 0 0 . 1  0.5 1 , 8  0 , l  0.5 O . l  0 .1  0 0,O 

LONGtST  l l M E  EACU R O U T i N t  I S  I D L t D  BY INTERRUPTS - I M  U S t C S  
1 4 1 4  7 7 1 4 2 1  7 1 4  7  7  0  0  

CPL DATA 

CPU 1 

TRILL T l n E  E A C H  CPU IS ASSIGNED - IN IJSECS 
USC ~ 7 3 0 0 1 0 .  

TnTAL  T IME  ALL P3OCESSORS S P E W  EYECUTIYG INSTRUCTIQNS . 1274331, USECS 

TOT4L T IME  HLC WAS BUSY - 186b108,  U S t C  

FOR 4  S IMPLEX PRQCESSRR WITH  A  F L Q A T I V G  MEC . TBTAL T l M E  PUS WERE INTERRUP lED  BY THE YEC - 344672. 

NUMBtR OF BORAM TO TASK MEM0HY LQADS 3666 

1 9 1 1 ~  T I M E  SPENT LOADING TASK MEMORY r 139308.  USECS 

NOMBtR 0 1  DATA R t 3 U E S T S  - 4804 

T Q I A L  T I H E  SPENT TRANS lEHR lNG DATA B E l W E t N  RAMM AND TASH '4EHeRY - 404363, USECS 

T R I A L  T l M E  PRBCESS0RS A R t  I D L E D  W A l T l U G  F0R  DATA REQUESTS TO RE S A T t S V I E D  . 764217, LlSECS 

TOTAL T l M E  DATA HEDUESTS WAIT I N  OUEUE TBR RAMM M0DULES - 213362. USECS 

L n N G t S T  T IME  ANY DATA REQUEST Y A I T S  I Y  'JUEUE FeR  RAMM MRDULE - 347, USECS 

NUMBtR Ob SEGMENT REFERENCES - 27235 

N l l l l B t R  Ot PAGE FAULTS  - 3606 

N l lMB tR  8 t  PAhE  JUMPS - 16300 
U T I L I T Y  

t X t C U T L R N  S T A R I F D  AT 113: -24  

Fig. D27-Simplex processor simulation results for the E 2 B  workload using a 3072-word 
paged multiprogrammed TM and a floating software MEC 
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ELAPSEC T I M t  ' 1UOOCOO00 USECS I 

NUPRER EF T l U E S  t A C H  PM l l S S E l l  I T S  CeMPLET IBN  DEADL INE  
NUH o o o o n o n o o o o o  

AVERACE T IME  BY WHlCh  EACH PM B E A T  I T S  C E H P L E l l O N  D E A D L I N E  . I N  MSECS 
MSC 1 1  15  295 277 305 15  E l l  236 288 9 7 2  1 1  49  

MSC 
S k Q R T E S l  l l ~ E  BY Y H l C H  EACH P M  BEAT I T S  CBHPLET IDN DEADL INE  . I N  HSECS 

P 12 280 256 277 8 238 222 772 948 4  4 2  

I L T E R R C P T  n * r A  

I h l  1 2 J 4 5 6 7 9 1 0 1 1 1 2  

NbMPER OF TIPIES t A C H  INTERRUPT I S  SERVICED R V  T U t  MEC 
NUM 2500 91% o 3560 0 n o ss6a 4713 471s o o 

AVERAGE T l H t  ALL  I N T E R R L F I S  W A I T  I N  OUELE F 0 R  SERVICE  - 0 , 7  USECS 

L E ~ G E S T  T l M E  AN* I N l E R E L P T  W A I T S  I N  QUECE FBR SERVICE  . 1 2 .  USECS 

T6TAL  T l P E  H t C  I S  HUSV P h o C E S S l N G  I N I E R R C P T S  . 139699.  LISECS 

YEC ROCTINE DATA 

RBU 1 2 3 4 5 L 7 0 9 1 0 1 1 1 2  

NUWPER EF T l P k S  EACH HEC R B U T I N E  I S  PROCLSSED 
NbY  2900 9 1 1  0  3560 1354 6041 3560 3560 4713 4713 0  0  

AVERAGE T IME  EACH R B b T l h E  Y A l T S  I N  OUFLE f B R  SERVICE  . I N  USECS 
USC 2 5 0 1 1 2 9 l P t 4 2 0 0  

Lb4GEST  T l M E  EACH R B L T I * €  Y A I T S  I N  OUELF F 8 R  SERVICE  I N  USECS 
USC 0  116 0  1 2 0  6 1  LO5 1 0 1  122 1 3 1  1 7 2  0  0  

T C T A L  TIWE HEC I S  BUSY PRQCESSING EACH TYPE BF RBUTINE  - I N  MSECS 
MSC 100,O 5 5 , 6  OIU 53 .4  6 9 , 1 7 7 3 . 0  5 7 0 0  51,O 7 5 . 4  75 .4  0,O 0 1 0  

A V ~ R A G E  TIMI E A C U  R Q L T I N ~  IS I n L E n  R Y  INTERRUPTS . IN usfcs 
USC 0 , 2  0  0,O 0,O 0 , 2  0 , 9  0,O 1 , s  0 . 0  0,O 0  0,O 

USC 

CPU 1 

TETAL T I P €  kACH CPU I S  ASSIGNED . I N  USECS 
USC 2907748.  

T C T I L  T l l E  A L L  PRBCESSBRS SPENT EYECLT ING INSTRUCTIONS . i 2 6 2 6 9 8 .  USECS 

TETAL T l V E  HEC WAS BLSY - 1455493,  USEC 

FFR A S l r P L t X  PROCESSOR h l T H  A F L A A l l N G  I E C  . TRTAL T I M E  PMS MERE INTERRUPTED BY THE MEC . 0 r 

NLMnER ?F  BORAM 1 0  TASK PEMORY LOACT - 3560 

TETAL T I P F  SPENT L @ A L l N O  TASK HEMOR* - 791956.  USECS 

NLt'EER EF DATA REOUEST5 - 4713 

T ~ T A L  l l P E  SPENT T R A ~ S F E R R I N G  DATA RETNEEL RAMM AND TASL MEYBRV - 400377,  USEeS  

T E T A L  l l P E  PRQCkSSORS A R t  I U L F D  Y A I T I N G  F I R  DATA REOUES lS  1 8  BE S A T I S F I E D  - 7103381 USECS 

T E l A L  T I Y E  DATA R tOUESTS U A l l  I N  fIUELF FER R I M Y  MLDULES . 190247,  USECS 

LEhCEST T I M E  ANY DATA RECUEST WAITS  I N  I l LeUE  F J R  RAMM MODULE - 2 2 9 ,  USECS 

NLPBER E f  SEGMENT REFERELCES - 23684 

NLMBEP EF PAGE FAULTS  - 0  

NLPEER EF PAGE JUMPS - 1 6 4 8 1  

Fig. D28-Simplex processor simulation results for the E-2B workload using a 4096-word 
nonpaged TM, a dedicated software MEC, and a 4-rnsec clock interval 
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t C & P b s D  1 I H E  = 10-0i000, USECS 

T R I A L  PM5 ASSIGNED . 3266 

Nl lMBc9  O t  T IMES EACH PM P I S S t n  I T S  COMPLLT IBN  DEADL INE  
NUM L U O T O U O O O O O O  

A V t R - S E  1 I M E  BY WHICH EACU PM YEAT I T S  COMPLET leN  DEADL INE  - I N  MSECS 
n s c  11 I> 295 276 304 15 247 2x7 286 966 11 49 

S H B R i c S T  T I M t  BY UWlCH EACH Pu B t A T  I T S  CQMPLET ION DEADL IVE  . I N  MSECS 
MSC 4 1 280 244 265 1 230 218 272 936 4 4 5  

INTERRdPT  DATA 

I N T  2 3 4 5 6 7 8 9 1 0 1 1 1 2  

NUMBtR 8k T IMES EACU I N l t R R U P T  I S  SERVICkD  RY THE MEC 
NUM 25 937 0 3997 0 0 0 J5P7 4782 4782 0 0 

AVERAGE T lME  ALL  INTERRUPTS WAIT I N  QUEUE FOR SERVICE  - 0.7 USCCS 

L O N G L ~ T  T IME  ANY INTERRUPT WAITS  I N  OUEUE FOR SERVICE  - 11. USECS 

TOTAL T IME  M t C  I S  BUSY PROCESSING INTERRUPTS - 141365, JSECS 

HEC ROUTINE DATA 

RQU 2 3 4 5 b 7 8 9 1 0 1 1 1 2  

Nl lMBtM Or T IMES EACH MEC R e U l l N E  I S  PRQCtSSED 
NUM 2 5 "  937 0 3597 1334 6904 3597 5597 4702 4782 0 0 

AVERAGE T l M E  EACH R B U T I N t  W A I T S  1Y DUEUE FBR SERVICE  - I N  USECS 
USC 7 5 0 1 1 2 9 1 9 1 4 2 0 0  

L R N G t q T  T IME  EACH R O U T I N t  U L I T S  I N  QUEUE FBR SERVICE  I N  USECS 
usc 14- 122 o 111 61 337 101 8 107 172 o o 

MSC 
T R I A L  T I M E  M t C  1 5  BUSY PRRCESSING EACY TYPE OF ROUTINE - I N  YSECS 
106. 57,2 ,O 54,O 69.1780.2 57,6 37,6 76.5 76.5 0.0 

AVERAGE I I M E  EACH R Q U T l N t  I S  I D L E D  BY INTERRUPTS - I N  USECS 
USC L . '  0,C .,o 0.0 0.3 1 0,o 1.3 0.0 0.0 0.0 0.0 

LONGtFT  T IME  FACH ROUTIN€  I S  I D L E D  BY INTERRUPTS - I N  USECS 
USC 1 4 1 4  0 7 1 4 2 1  7 1 4  7 7 0 0 

CPU DATA 

CPU 1 

TOTAL T l M F  EACH LPU I S  b S S I 6 N F D  - I N  USECS 
USC 2'13304. 

TIME ALL  P R O C E S S O R S  S P ~ N T  EXECUTING I N S T R U C T I ~ N S  - 152780fi. U S E C S  

T R I A L  T IME  M t C  #AS BUSY - 1469611, USkC 

F q R  A S IMPLEX PRBCtSSOR Y I T M  A  F L B A T I N G  bEC - TBTAL T I M E  PMS MERE INTERRUPTED BY THE 3EC - Slj651. 

Nl lMBcR OF BOHAH TO TASU MEMBHY LOADS - 3591 

TnTb -  T IME  SPENT L B A D l N G  TASK HEMQRY - 801C63. USECS 

N t lMBrQ  01 D A l A  REQUESTS - 4782 

T D T A L  TIMF S P E N T  TRANSFEHRINL D A T A  B E T W E E N  a a r n  A N D  T A S K  * t u a ~ v  4oivzo. USECS 

T R I A L  T l M E  PHBCESSORS ARE I D L E D  WAITLUG FOR DATA REDUESTS TO BE S A T I S r I E D  720133, I ISFCS 

T O T A L  TINE D A T A  R E Q U E S T S  W A I T  IN OUEUE FOR l a w n  MBDULES - I Q ~ S O ~ .  U ~ E C S  

L1NGccT  T IME  ANY DATA REQUEST WAITS  I N  DUEUF FOR RAMM MODULE - 390. USECS 

Fig. D29-Simplex processor simulation results for the E-2B workload using a 4096-word 
nonpaged TM, a floating software MEC, and a 4-msec clock interval 
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ELAPSED T IME  m 10:OC000, USECS 

TOTAL PMS ASSIGNED 1 3236 

PM 1 2 3 4 5 b 7 9 1 0 1 1 1 2  
NUMBER BF I T k R A T I B N S  BF EACH PM 

NUM 834 625 54 34 31 625 37 36 31 2 747 ZOO 

NUMBER BF T I M E S  EACU PM MISSED I T S  COMPLETION DEADL INE  
NUM r 0 0 ~ 0 0 0 0 0 0 0 0  

AVERAGE T l M E  BY WHICH EACH PM BZAT  I T S  CeMPLET lON DEADL lNE  . I N  MSEC8 
MSC 11 14 292 271 300 14 241 234 202 973 I1 49 

SHeRTEST T l H E  BY WHICH EACU PM BEAT I T S  CBMPLET IBN  DEADL IVE  . I N  H S l C S  
MSC 4 7 276 201 222 6 244 109 212 950 4 41 

INTERRUPT DATA 

I NT 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  

NUMBER B f  T I M E S  EACH INTERRUPT I S  SERVICED BY THE MEC 
NUM lOL+O 9 0 3547 0 0 0 3547 4739 4739 0 0 

AVERAGE T IME  A L L  INTERRUPTS WAIT I N  OUEUE F e R  SERVICE  - 0,s U S l C S  

LONGEST T I M E  ANY INTERRUPT WAITS  I N  OUEUE FOR SERVICE  - 14, USECS 

TOTAL T I M E  MEC I S  BUSY PRBCESSING INTERRUPTS - 192227. USECS 

MEC R e U T I N E  DATA 

ROU 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  

NUMBER e F  T I M E S  EACH MEC R e U T I N E  I S  PRBCESSED 
NUM lOu.0 0 0 3547 1414 5242 3547 3547 4739 4739 0 0 

AVERAGE T l M E  EACH R B U T I N E  WAITS  I N  PUEUE F B I  SERVICE  I N  USECS 
USC 3 4 0 1 1 2 5 6 1 2 1 0 0  

LONGEST T I M E  E A C H  ROUTINE UAITS IN DUEUE FBR SERVICE . IN USECS 
USC 177 119 0 55 84 280 129 111 131 108 8 0 

TOTAL T I M E  MEC I S  BUSY CR0CESSING EACH TYPE OF R e U T I N E  - I N  HSECS 
MSC 40;.0 54.2 .,O 53.2 72.1592.3 56,8 56,8 75.8 75,8 0,O 0.0 

AVERAGE T l M E  EACY ROUTINE  I S  I D L E D  8 1  INTERRUPTS - I N  USECS 
USC 3 1.2 .,O 0.1 0.3 0,7 0.1 1,8 0.1 0.1 0,O 0.0 

LONGEST T l M E  EACH R B U T I N E  I S  I D L E D  BY INTERRUPTS - I N  USECS 
USC 14 14 0 7 14 14 7 14 7 7 0 0 

CPU DATA 

CPU 1 

T B I A L  T l M E  EACH CPU I S  ASSIONED - I M  USCCS 
USC 3312855. 

T I T A L  T I M E  ALL  PR9CESSBIS  SPENT EXECUTING INSTRUCTIONS - 1312058. USECS 

TBTAL T l M E  MEC WAS BUSY - 1629271. USEC 

FBR A S IMPLEX P R D C E S S ~ R  UITU A FLOATING MEC . T ~ T A L  T I M E  p a s  WERE I N T ~ R R U P T E D  BY THE q ~ c  - 349374. 

NUMBER BF 0BRAM 1 8  T A S I  MEMDRY LBADS . 3547 

TOTAL T I M E  SPENT L O A D I N P  TASK MEHERV . 791650. USECS 

NUMBER BF DATA RCOUESTS - 4739 

T0TAL  T I M E  SPENT TRANSFeRRING DATA OETYEEN RAHM AND TASK *EMDRY - 401629, USECS 

TOTAL T l M E  PReCESSBRS ARE I D L E 0  W A l l l N O  F8R  DATA REPUESTS TO BE S A T I S T I E D  - 702047. USCCS 

T ~ T A L  T I M E  o r r h  ~ E D U E S T S  WAIT IN Q u e u e  r e R  n e o u L E s  - 104449, usccs 

L8NGEST T l M E  ANY DATA REQUEST WAITS I N  QUEUE I 8 R  RAM* MBDULE - 167. USECS 

NUMBER OF SEOHENT REFERENC66 - 23846 

NUMBER OF PAOE FAULTS  - 0 

NUMBER BF PAOE JUMPS - 16509 
U T I L I T Y  

EXECUTIBN  STARTED AT 1136 -05 

Fig. D3D-Simplex processor simulation results for the E-2B workload using a 4096-word 
nonpaged TM, a floating software MEC, and a reduced PM assignment activity 
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A Y ~ R A G E  T I F F  H 1  L H I C k  6ACH P t I  YFAT 1 1 %  r h M P L t T l O t x  U F e D L l N E  - I*' MSECS 
MSC 1 1 8  a 7  4U 4 7  1°3 1 8 4  9 0 4  5 0  4b 46  9 8 3 2  9 7 6 8  9 7 6 6  9 7 6 2  9 7 6 0  9 7 5 9  9 7 5 8  9 7 5 7  9 5 2 6  

S P @ R T F S ~  l l ~ t  BY . lH l LU  E I C h  I'M R t A l  I T S  COUPLETION D E A L L I N E  . I n  MSECS 
MSC o 1 7  a 5  40  4 3  1 0 5  1 5 6  Fn4  5 0  48  46 9 b 3 2  9 7 6 1  9766  9 7 6 7  9 7 6 0  9 7 5 9  9 7 5 8  9 7 5 7  9 5 7 6  

RBU 

NUH 

USC 

USC 

n s c  

usc 

USC 

IhTFRRLPT  DATA 

7 3 4 5 6 7 R 9 1 0 1 1 1 2  

NLMaER EF T I I E S  k 4 C U  I h l T t d R U P T  I S  S F i i V I T t l '  hV  T M t  MEC 
1 0 0 0  I b 7 1 2  n n 18 7 1 2  870  870  0 0 

A V ~ R L G C  T l ~ t  ALL I l r T t Y k l l C T S  h b l T  I C  O L F L t  F U N  S k R V I C E  - 0 , l  USECS 

LEhGEST l l H F  Ale* I N l t R f i L P T  * & I T S  I N  OLFLF fLlR S k R V I C E  - 7. USECS 

TETbL  T l r t  IMtC I S  b l ISV PFOCCSS19G INTFUELFTS  - 29155 ,  OSECS 

AVERAGE T l M F  EACH H R L T I Y t  YA,TS I N  OLFLF  FUP SERVICE  I N  USECS 
5 0 0 4 4 1 2 4 7 5 4 0 0  

TBTAL l l V E  WEC I S  Hl lSV PkOCESS lNG EbCU TYPE OF Q O U T l h E  - I N  MSECS 
4 0 , o  o,o O , O  10 .7  1 v . 2 1 2 7 , n  11,' 1!,4 1 3 . 9  13 .9  n,o 0.0 

A V E P A G ~  l l n c  F A C ~  HOLTIN~ IS 1 D L E n  P I  It l 'CRRUPTS - I t )  uSECS 
1 o , o  u , c  0.1 1,i J , R  n , i  O,P 0 . 2  0.1 n,o 0 - 0  

LehGEST T l F E  E r C H  H R L T i N t  I S  1 D L k i l  P I  I N I F R U U P T S  - I N  USECS 
1 4  0 11 7 1 4 1 4  7 7 7 7 0 0 

CPL DATA 

CPU 1 

TCTAL T l P E  E A C H  CPu  I S  ASS!Gh&D - I O S E C ?  
USC 7 t 6 5 5 1 ,  

1 6 T A L  T l V E  ALL  PHl3CCSSWHS SPENT E I E r L T l b G  l h S T a 0 ~ T 1 R h S  - 493711 .  bSECS 

T B l A L  T l V F  M t C  MAS BLS>  - 2 7 6 6 9 0 ,  L q k r  

FBR , S l P P L E X  PRDCtSSCh  L l T H  A r L A 1 1 l v G  I t c  - TOTAL T IME  PUS YERE INTERRUPTED B Y  THE MEC - l n 7 4 4 8 .  

NCPRER EF BQHAH TU TASF t*HhlHV L O I D S  - 7 1 2  

l @ T A L  T 1 r t  SPENT L O b L I b G  T4St; MFMQRV - 40908 .  LJSECS 

NIJHBER OF DATA RCUUESTS - 870  

TeTAL  T l V F  SPEt4T TRAhSFEhR lNG DATA ~ E T k ~ f t k  RAHM AND TASK MEMORY . 61303 ,  LJSECS 

T8TAL  T I P €  PRBCESSORS ARk I D L E D  C A I T l N G  FOR DATA REOUESTS TR BE S A T I S F I E D  - 1 1 0 4 9 1 ,  USECS 

TCTAL T IME  ObTA REpL l tSTS  WAIT  I N  DLJELF FEk  RAH* PRDULES 75286 ,  USECS 

L e k G E S l  T I H E  ANY UATA HECUEST WAITS I N  Q L f U F  FOR RAMM t t b D u ~ F  e 1 6 3 ,  USECS 

NUHIER OF S E b M t h T  HEFEhEhCES . 5 9 0  

NUhekR  OF PAGE FAULTS  - 0 

NUMBER BF PAbE  JbHPS - 59C 

Fig. D31-Simplex processor simulation results for the GE workload using a 4096-word 
nonpaged TM, a floating software MEC, and an abbreviated run time 



T O T A L  P U S  A S b I G h t D  = 4 3 7  

A V t R A B E  T I ~ l E  AY * h l C H  t A L U  FPI B F A T  1 1 5  C D " P L ~ T I O I V  U F A P L I b E  - I* " 5 E C S  
MSC 1 1 8  * 6  46 4 3  1 P 1  I 6 3  b 4 1  4 6  4 2  40 9 7 6 8  9 7 4 5  0 7 4 0  9 5 8 4  9 5 7 9  9 5 7 7  0 5 7 6  9 5 7 5  o 3 n 8  

N l I M B t R  OF T l b i E S  t A C W  I N T t U R L f ' T  I S  S E 4 V l C t n  F Y  T H t  MEC 
NUM 1C . 1 1 2 9 6  7C6 n 0  P 1 7 9 6  1 6 4  6 6 4  C 

A V E R A G E  T l n F  A L L  I m \ l t R R L I P T b  H I I T  1'1 * L E U E  F O P  Z t U V l C F  - 0 , l  ' ISPC*  

L R k C t S T  T I M E  A h V  I ~ T F E R u P T  W A I T S  I h l  1uSLF  F B Q  S E R V I C E  - 1 2 ,  I ' S E C C  

T B T A L  T I R E  W t C  I S  6 U S Y  P * n C E S 5 1 k t G  l 1 ! T F H R L 1 ~ T S  - 421R9. 11SECS 

MEC Q O b T l N t  C b T A  

A V k R A G t  T I N E  E A C *  a r u l l h t  * & I T S  I\ 2 U C U F  FOR S E P V I C F  - I h  U S E C S  
U S C  E D b a 7 1 4 C 6 5 6 " O  

L O N G h S T  T I M E  E A C H  P O U T l h t  * ) I T S  l h m  O U t U E  F O R  S E R V I C E  - I k  b S E C S  
U S C  1 1 6  0  1 1 2  1 1 0  4 4  4 8 0  4 C  8 7  1 0 7  103 0 0 

T R l A L  T l V F  P t C  1 S  l ? ~ , b V  P U n C E S S I N G  E b C *  T Y P E  OF R O l l T l N F  - I h  M S t T S  
nsc 4 ,  o.c 6 , s  iC,O 1 5 . 9 1 2 5 ~ 7  20 .7  2 0 , 7  1 3 . 6  1 3 , e  P . 1  0.0 

A V E R A G E  T I M E  E A C H  R P b l l t t  15 I U L t E  RY I N T F R f i u P T S  - I N  u S t C S  
U S C  1 . 6  0.0 .,O 0 , o  2 .3  2 , 1  0 , 1  0 . 2  P . 3  0 . 0  C,O I.@ 

, A - -  

L O N G t S l  l l H E  E A C *  3 " U T I " t  I S  I D L t "  i l v  I ' J I E R R y P T S  - I N  uSCCS 
, I  - . 7 . I  . 7 _ * 1 -  - 

C P b  O L T A  

CPU 1 

T O l L L  T l M E  E A C H  C P U  1 6  A S S I G h F D  - I N  U S E C S  
U S C  R49U93. 

T R T A L  T I M E  L L L  P f i n C E b C d f i b  S F E U T  E Y t C U T I 1 I 1 .  I b S T k U C T l P N S  - 49G411,  U S C C S  

T O T A L  T I N F  H t C  h b S  P L S Y  - 5 1 3 9 7 6 ,  U 5 t C  

F O R  A  S I M P L E X  P R ( I C E S S P 4  w l T P  I F L B I T l ' l G  VEC - T R T A L  T l n E  P h S  WEFE I l l T F R R U P T F U  B v  TME ~ E P  - 1 3 3 n 8 7 .  

N l l M B t R  OF b r k A M  T p  TASR  IFP PITH* L U A U S  - 1 2 9 6  

T B l A L  T l M E  S P E N T  L E P D I \ C  T A S K  PIEMgf iV  . 4 9 2 4 8 ,  l1S;CS 
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Fig. D32-Simplex processor simulation results for the GE workload using a 1024-word 
paged TM, a floating software MEC, and an abbreviated run time 
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Fig. D33-Simplex processor simulation results for the GE workload using a 3072-word 
paged multiprogrammed TM, a floating software MEC, and an abbreviated run time 
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Fig. D34-Simplex processor simulation results for the F-111 workload using a 4096-word 
nonpaged TM, a floating software MEC, and an abbreviated run time 
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Fig. D35-Simplex processor simulation results for the F-111 workload using a 1024-word 
paged TM, a floating software MEC, and an abbreviated run time 
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Fig. D36--Simplex processor simulation results for the F-111 workload using a 3072-word 
paged multiprogrammed TM, a floating software MEC, and an abbreviated run time 
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L E h G t S T  7 1 w l  t k L n  U P L T l U t  h 4 l l b  I * t  O L F L F  F W D  S E C V I C C  - I N  U S t C S  
9 6  3 0  0 37 :6 742 C1 4 7  6 3  9 1  0 

C P L  C A T *  

C P U  1  

T E l b L  T l r C  F A C H  UPU I S  A .LS l [ r l .ED - I h '  I t S F L S  
U S C  5P4L4+ 

T E T A L  T I P &  A L L  P H n C F h S 6 R L  S P t L T  L Y E c L T I ~ G  1blST9111.TI l"hS - 2 2 7 6 1 .  U Z t C S  

T E T L L  T l r F  l * t ~  W A S  N L S Y  - 2 1 1 6 4 ,  L S t C  

Fefi A S l r P L F k  P R b C t S S O H  h I T H  A F L R A T I ~ I C  P F L  - T ~ T A L  T l t t  PM5 WERE I N T E P R U P T E L  B Y  THF H t C  - 6 9 5 3 .  

N b w P t R  E F  E R h A ! !  19 T A S V  ~FMLIIIY L B A L S  - 4 9  

T e i b L  T 1 r F  S V E ~ I T  ~ l i b C l t ~ G  11% MEH"LV - 1 P b 9 3 .  U S F C S  

N L P B E R  B F  D A T A  H t 3 U t - b T S  - 7 7 

T E T 4 L  T r r F  s t  t 1 1 ~  I u ~ h S F k b R l ~ b  D A T A  R ~ T ~ F E ~  RLPIY A N D  T A C K  I I E M ~ R Y  - 11007, L S E C S  

T E T A L  T I k E  PROI:€SSU(Ib 8 R t  l n L E D  V l l T l k i C  I P R  D I T A  R E O I I E S T S  T U  B E  S A T I S F I E D  - 1 5 e 4 0 ,  U S F C S  

T F l I L  7 1 P E  D A T A  H E l I U t S l S  u A l 1  I N  n L E L E  F E E  GIHII C D D U L k S  - 2940, U S E C S  

L E h G E S T  T I I E  4 U Y  : l n T A  I ;FLU€ST h b I T 5  I h  C L E l l E  F J R  R A M P  P O U U L F  = 1 6 7 ,  I J S F C S  

Fig. D37-Simplex processor simulation results for the E-2B workload using a 4096-word 
nonpaged TM, a floating software MEC, and an abbreviated run time 
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P F  1 ~ 3 4 5 ~ 7 ~ p 1 0 1 1 ~ 2  
N i l M 3 t 9  8 f  I T t 9 A 7 1 r ; 5  P I  t b c u  D M  

N U *  9  7 1 1 7 1 1 1 1 6 2  

NUWBLR 0 1  T I I l E S  t A C W  P P  M I S S t P  I T S  C O ' 4 P L E T l B N  DEADLIN ' :  
NU* u o o ~ n ~ , o o ~ o ~ o  

A V k R b G t  l l M F  9 y  ..UIPI, k A * U  F M  B E A T  1 1 5  C G ' P L t T I C h  O F A I I L I N F  r I b  " S E C S  
WSC 9 13 2 8 5  2 4 7  1 6 0  1 3  2 4 6  2 4 4  2 6 8  9 3 3  9  46 

L N l E U R u P T  C A T L  

I N 7  1 2 3 5 6 C a l 0 l l 1 2  

NIIMBER s f  T I N E S  E A C V  I N T ~ R H L P T  IS SERVIC~D PI TNE H=C 
NU* 1 9  7  175 47 n 9 o 1 7 5  7 1  7 1  P n 

A V t R A C k  1 1 ° F  A L L  I N T t Q R U P T S  W A I T  I V  ? U F b E  F 0 9  S E Q V I C F  - 0,4 11SFCS 

L O N G L S T  T I M E  ANY I h ' T E U R U P T  Y L I T S  I U  P U E U E  F O R  S E R V I C E  - 1 0 ,  I I S F C S  

T O T A L  T I M E  r t c  I S  BIJSY P H I c F s S I ~ ~ I .  I u T E R R u ~ T S  - 4 5 7 2 .  V S F C S  

WEL R O U T I N E  D 4 T L  

R B U  1 2  3  4  S 6 7 B 9 1 0 1 1 1 7  

N I I M B t Q  O I  TI;.,ES F b C H  " E C  Q n L ' T I N E  I S  P R E C E S S E D  
NVM 1 7  1 1 5  4 7  1 3  76  175 ' 1 7 5  7 1  11 f l  0 

A V k R L G E  I I Y E  E A C H  R R u T l h l t  r ( A 1 1 S  1 V  9 U F U E  F O 9  S E R V I C F  - I h  U S t C S  
U S C  6 1 5 1 n 2 4 9 7 1 7 2 3 0  

L O N G E S T  I I M E  E A C *  R o u T I Y t  H A I T S  1 %  Q U E U E  FB9 S E P v I C F  - I N  U S t C S  
U S C  1.7 7  1:s 2 5  J Z  3 0 1  1 0  8 7  9 1  9 6  n 0 

T B T A L  T I M E  H t C  I S  B U S V  P f l L E S S I H G  EAC' I  T Y P E  OF P 1 3 U T l t i E  - I H  M S E C S  
MSC 4  4  , , 9  0,7 0 . 7  R.6 2.8 2,P 1.1 1.1 0,O P.1 

C P b  U A T A  

CPU 1 

T B T A L  T I M E  E A r H  L P U  1 5  A S S I G N E D  - I V  I I S E C S  
usc 7 0 a ~ 9 .  

T O I A L  T I N E  A L L  PH"CESS3 'JS S P L U T  t X E C b l I d C  I V S T R C C T I I N S  - 2 8 9 1 3 ,  U S k r S  

T ~ T I L  TIME r c c  W A S  P U S V  - 2 7 6 5 2 ,  U S ~ C  

F O R  A S I M P L E X  P R O C k S b a R  w 1 T r  A F L Q A T I U U  MEC - T O T A L  T l M F  OMS WERE I J T F R ~ U P T E D  B Y  T H E  * E C  - 1 2 4 0 3 .  

NIIMB~R 01 a 0 4 4 a  r -  r r i s h  IFYPKV L O A D S  . 17, 

T O T A L  l l P E  S P L N T  L S A U l h ?  T A S K  MFM?RV - h b 5 6 ,  ISSFCZ 

N U M B L R  Of D A T A  R t O U F b T S  - 7 1  

T ~ T A L  TIMF S P E ~ T  T f i ~ h S f F C o l h G  U A T A  q t r * F t \  Q A ~ W  A ~ D  r n s u  q k r s - Y  - 1 ~ 3 9 4 .  u S E C S  

T O I L L  f l K E  P H 4 C E S S B P S  A Q t  I n L F U  W A I T l ' J l i  F O R  D A T A  R E C U F S T S  1 8  R E  S A T l S F l F U  . 1 5 7 7 1 .  I J S F C S  

T O T A L  TIME D A T A  N E G I I ~ S T S  IN OUELF FIR ~ A * W  MPDI ILES - J 0 9 7 ,  USECS 

L O I ~ G ~ S T  II"IE A N Y  P ~ A T A  ? F J I ~ E Z I  U P I T S  1 "  OUEUE F B R  O A ~ M  MCL;ILF - 1 6 9 .  U S E C C  

N U M B t R  OF S E t i u E t 4 T  9 F t E H E : ; r E S  - $ 6 9  

N U M E c R  OF P A i E  F A U L T S  - 1 7 2  

NUMBER O F  P a t i c  JUMPS - 4 2 5  
U T I L I T Y  

E X E C U T l O k  S T A R T E D  AT 1 8 1 4  - 1 4  

Fig. D38-Simplex processor simulation results for the E-2B workload using a 1024-word 
paged TM, a floating software MEC, and an abbreviated run time 
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NUMBER E F  1 I r F S  t A L H  P M  W I S S E n  I T $  C G M P L t l l R N  O F A D L I N E  
NUH O O O O O O ~ O O O U O  

A V E R A G E  T I M €  l3Y U H l C b  E A C H  P H  U E A T  I T S  C E M P L E l l f l h  D F A L l L l N F  . I N  M S E C S  
nsc P 1 4  2 8 9  2 5 6  2 7 6  13 2 4 6  2 4 5  2 7 2  9 4 4  l o  4 7  

S H O R T E S T  T I M E  LIT' WHICt4  E b C M  P H  B E 4 1  I T S  C O M P L F T I O N  D E A D L I N E  - I N  M S E C S  
MSC S 1 2  2 8 9  2 5 6  7 7 6  1 1  2 4 6  2 4 5  2 7 2  9 4 4  6  47  

R B U  

NUM 

usc 

U S C  

nsc 

U S C  

U S C  

I h T E R H L P T  U A l b  

1 7 3 4 5 6 7 B 9 1 0 1 1 1 2  

NUMBER E F  T I V E S  t A C U  I k T t R R U P T  I S  S F f i V l C k L l  RY T H k  MEC 
l o o  9  8 9  5 0  o n a 8 9  7 7  77 0 o 

A V E R A G E  T l M k  A L L  I N T t P R U P T S  W A I T  IN O U F L E  F O R  S F R V I C E  - 0 , 3  U S E C S  

L E h G E S T  T I M E  ANY I N T F R R L P T  Y A I T S  I N  O U F L E  F O R  S E R V I C E  - 8 ,  U S E C S  

T @ T I L  T l P E  M t C  1 5  # U S *  P k O C E S S l N b  I N T F R U L P T S  - 3 4 3 7 .  I I S E C S  

I E C  R O L T I k L  D A 1 A  

1 2 3 4 5 6 R 9 1 0 1 1 1 2  

NUMPER E F  T I r , F S  L A C Y  M t C  R B U T I N E  1 5  P R E C E S S F D  
1 0  9 b9 5 0  1 3  8 t  8 9  0 9  

A V E R A G E  T I W E  t A c n  H n L T l N e  H A I T S  I r l  OLFUF F O R  S E R V I C E  - I N  U S E C S  
4 3 3 0 2 1 R 1 4 1 2 3 0 0  

L e N G E S T  T l M t  t A C h  H Q L T l h t  W A I T S  I N  O L F L F  F O n  S E R V I C E  - I N  U S t C S  
$ 9  1 5  5 7  1R 1 6  7 4 9  4 0  8 7  1 0 7  9 6  0 0  

T O T A L  T l r E  H L C  1 5  u I I S V  P l i R C F S S I N G  E A C H  T V P E  OF R O U T I N E  I N  M S E C S  
4 .0  0 , 5  u , 4  o , ~  c , ?  0 , 2  i , d  i , 4  1 . 2  1 , ~  n , o  o , o  

A V E R A G E  1 l M t  + A t *  H D L T l h k  I S  l U L E n  RV I U T t R R U P T S  - I N  U S E C S  
1 , 2  0 , P  0 , 2  0 , o  1 3 ,O  * , 2  0 . 6  0 , s  0 , 1  0,O 0 , o  

L O h G E S l  T I M E  k A L h  R B L T I N t  I S  I U L E I l  R Y  I r l E R P U P T S  - I N  U S E C S  
1 4  7 7  ' 3 1 4 1 4  7  7 7  7  0  0  

C P L  C A T A  

C P U  1 

T E T A L  T I P E  E A C H  C P U  I S  b 5 S l G h E D  - I h  U S F C S  
U S C  5 6 6 3 5 ,  

T 6 T A L  T l P E  A L L  P H O C F S S U U S  S P t L l T  E X E C L T I N G  I L ' S T R I I C T I O N S  - 2 5 9 6 5 ,  U S E C S  

T E T A L  l l P E  M k C  * A S  H L S Y  - 2 4 1 0 9 ,  L S E C  

F B R  A  S I P P L E X  P H O C t S S R R  * I T H  4  F L P A I I L I G  P P C  r T O T A L  T I M E  P M S  U E P E  I N T E R R U P T E D  B V  T H E  MEC - 7 2 9 7 ,  

N U M B E R  F F  B ~ K A M  T B  T A S R  r E m w  L O A D S  - 8 9  

T E T A L  T I F F  S P E N T  L O A C l h G  T A S M  b E H R R V  - 3 3 8 2 ,  U S E C S  

N L M E E R  G F  C A T A  R t O U E S T S  . 7  7 

T O T A L  T I Y E  S F C N T  T U A h S F F k R I N G  0 4 1 1  B E T k F t k  RAMM AND l A S U  M E r Q R Y  - 1 1 0 2 0 ,  U S E C S  

T E T b L  T l P E  P k O C t S S U R S  A n t  I D L E D  Y A l T I N G  F O R  D A T A  R E O U E S T S  TO R E  S A T I S F I E D  1 9 9 1 2 ,  U S E C S  

l l r E  O A T A  h t a u t s i s  W A I T  IN OUFLF F E R  s A n q  R B D U L E S  - 2 8 5 7 ,  USECS 

L O L G E S T  T I P €  ANY D A T A  R E L U E S T  Y A I T S  O L E U F  F B R  R A M M  MRDIJLE - 1 6 4 .  U S E C S  

NUMRER P F  S F G H E M T  H E F F H E h C k S  - 6 3 1  

N L r P E R  P i  P A G E  J U M P S  - 3 8 6  
U l l L I T V  

Fig. D39-Simplex processor simulation result. for the E-2B workload using a 3072-word 
paged multiprogrammed TM, a floating software MEC, and an abbreviated run time 
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ELAPSED l l n E  ~OOOOODI USECS 

TOTAL PMS ASS IGNbD r 526 

PM 1 2 5 4 6 7 8 9 10 I1 12 13 14 19 16 17 18 19 10 
NUNBER OF I T t R A l I B N S  O f  64CH PH 

NUM 334 50 ZO 10 10 4 4 1 1 1 1 10 0 10 10 10 10 10 10 1 0  

NUMAER E f  T I M E S  S4CY PM C I S S E D  I T S  CGMPLET IBN  DEADL INE  
NU* ~ O ~ O ~ O ~ ~ O O O O ~ O ~ ~ O ~ ~ O  

AVERAOE T IME  BY WHlCU EACH PM BEAT I T S  CEMPCETIAN D E A D L l N e  r I N  MSBCS 
M$C 2 $ 9  49 60 5 *  199 194 916 58 55 53 74 69 69 67 66 66 66 5 1  i7 

SWBRTEST T IM '$  6V  U U I C U  EACH PM BEAT I T S  COMPLET l0N  DEADL INE  . I N  HSRCS 
MSC 1 18 49 59 50 172 166 916 58 55 53 74 69 60 67 66 66 66 11 i5 

INTERRUPT P A T I  

I N 1  1 2 3 4 5 6 7 ~ 9 1 ~ 1 1 1 2  

NbMBER l F  T I V E S  EACW I N T ~ R R U P T  I S  SERVICED BV I H t  NEC 
NUM 1000 1 0 1074 a 0 0 1074 1983 1983 0 0 

AVERIOE T IME  I L L  I N I L R R L P T S  Y L l T  I N  QUELE FBR SERVICE  - O15 USECS 

L e k a e s r  TIME ANY I N I E R ~ ~ P T  HAITS IN O U E ~ I  T0R  s E n v t c e  - $4, U S ~ C S  

T8TAL  T IME  MkC I S  8USY P R I C E S S I N G  INTERQLPTS - 44205, USECS 

REC R e U T I N S  0 1 1 1  

RBU l P 3 4 5 9 1 0 1 1 1 Z  

NCMEER 8F  T I M E S  € I C Y  MEC R B U l l N t  I S  PRBCESSED 
N u n  1000 0 0 1074 373 1784 1904 1074 2370 198s 0 0 

USC 
AVERIOE T I M E  EACH RB'JTINE WAITS  I N  QUEbE TgR S E R V I C E  - I N  USEOS 

13 0 0 9 11 16 8 10 10 15 

L G N G E S T  TIME EACH R ~ U ~ I N ~  W A I T S  Ir QUEUE FOR SERVICE . IN USECS 
u s e  130 a o IOJ 430 447 7 9  is1 154 155 a o 

TBTAL T l P E  M€C 1) BUSY P @ O C E S S l ~ ~  E4CY TYPE OF R B U l l N E  - I N  MSECS 
MSC 40,O 0,O 010 16,1 19,0149,l 3019 &7,1 37,9 25,s 0,O 0,O 

AVERAGE T I M E  EACH R B b l I N L  I S  I D L E D  BY I N T U R R U I l S  . I N  USECS 
USC 1,s 010 010 0,) 1 7  4,6 O t 9  0,5 0,8 0,s 0,O 0,O 

L E ~ G E S T  T IME  E4CY H l b l I N 6  I S  I D L E 0  8 1  I N T E R R U P l S  . I N  USBCS 
USC 14 0 0 14 14 2 1  14 1 $4 14 0 0 

CPC OAT4 

CPU 1 2 

r e t r L  T I V E  E A C H  FPU IS ASSIGNED . IN USFCS 
USC 797576, 5883501 

T W A L  TIME ILL P R e c E s s o @ s  SPENT EYECLTING ~ N S T R U C T ~ B N S  . 028855, USECS 

TETLL  T I R E  M6C MAS BUSY 379358, USSe 

TOR A S I V P L E X  PRBCESSBR * I T U  A r L m A T I N G  WEC . T W A L  T I M @  PUS YERE INTERRUPTED BY  THE MEC . 8 1 

NUMBER @F a e R A n  TISW r f n e u v  L W D S  . 1074 
I 

l d l A L  TIWE SPENT L e 4 G l N O  TASK HEH*RY . 176098. USECS 

NUMBER @F DATA AEOUESTS = 1583 

T @ T 4 L  l l Y E  SPENT T R I k S V I @ R I N G  DATA RETYEEN RAMM AND l 4 S K  MEMBRV - 161.354, USE66  

TeTAL  T l V E  PRQCESSBRS Auk  I D L E D  Y A l T l N G  F I R  DATA REOUESTS 1-3 BE S A T I S F I E D  - 502771, USECS 

T 8 T I L  l l V E  D I T A  REQUEST* U A l l  I N  QUELE F E R  RAMM MIDULES - 79272, USBCS 

LOICEST  T IME  ANY DATA R k C U E S l  Y I l T S  I N  OLLUE I B R  R A n n  MODULC 471, USECS 

NUHRER CF SEGMENT REFERkhCES . 4334 

NUMRER QF CAGE F A U L l S  . 0 

NUMBER OF P A 0 6  JUMPS . 4334 

Fig. D40-Dual processor simulation results for the expanded GE workload using a 4096-word 
nonpaged TM and a dedicated software MEC 
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ELAPSEn TIME s 1000000 .  USECS 

TOTAL PMS ASSIGNED = 5 2 6  

I z 3 4 5 A 7 8 9 i n  11 1 2  1 3  1 4  i s  IS IT 18 1 9  2 0  
NIIMRFR OF ITERATIONS OF EACH PM 

934  5 0  2 0  1 0  1 0  4 4 1 1 1 1 1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  

NllMRER OF TIMES EACH PM MISSED I T S  COMPLETION DFbOL lNE 
 NU^ n ~ n o o o o o o o o o o o o o n o o ~  

AVERAGE TIME RY WHlCH EACM PM REAT I T S  COMPLETION DEADLINE - I N  MSECS 
USE 2 1 9  4 9  5 4  5 0  1 9 5  1 8 7  P l l  5 4  $2  5 0  7 4  6 9  6 9  AT 6 7  6 6  6 6  5 2  1 6  

SMORTCST TIME R Y  WHICH E b c n  PM R E A T  ITS COMPLETION nEAOLINE - IN MSECS 
MSC 1 1 7  4 6  5 4  4 4  1 6 1  1 5 9  9 1 1  5 4  5 2  5 0  7 4  6 9  6 9  6 7  6 7  6 6  6 6  4 7  1 3  

lNTERRUPT DATA 

NUMBFR OF TIMES EACM INTERRUPT I S  SERVICED BY THE MEC 
NUU i n o n  1 o 1 0 7 4  a o o 1074 1583  1583  o o 

AVERAGE TIME ALL INTERRUPTS WAIT I N  QUEUE FOR SERVICE - 0.5 USECS 

LONOFST TlME ANY INTERRUPT WAITS I N  QUEUE FOR SERVICE - 14. USECZ 

TOTAL TIME MEC I S  RUSY PROCESSING INTERRUPTS - 44205. USECS 

MEC ROUTINE OAT1 

NUMRER OF TIMES EACH MEC ROUTINE I S  PROCESSED 
N l l u  1 0 0 0  0 0 1 0 7 4  3 7 3  1 2 4 0  3 7 6 7  1 0 7 4  5 8 1 6  1 5 8 3  0 0 

AVERARE TlME EACH ROUTINE WAITS 1N QUEUE FOR SERVICE' - I N  USECS 
US? 1 1  0 0 6 2 9  1 4  5 1 9  6 9 0 0 

LONGEST r r n c  EACH R o u r I N E  wrrrs IN o u e u r  FOR SERVICE - IN USECS 
US? I 2 1  0 0 1 1 1  4 2 1  2 8 1  7 9  1 4 8  1 5 4  1 5 5  0 0 

TOTAL T lME MEC I S  RUSY PROCESSING EACU TYPE OF 90UTINE - I N  MSECS 
US? 40.0 0.0 0.0 16.1 19.0 140.1 60.3 17.2 93.1 25.3 0.0 0.0 

bVEPbGE TIME EACH ROUTINE I S  I D L E 0  BY INTERRUPT5 - I N  USECS 
usc 1.3 0.0 0.0 0.3 2.5 4.1 0.8 0.6 0.9 0.2 0.0 0.0 

LONGEST TIME EACU ROUTINE 1 5  IDLED BY INTERRUPTS - I N  USECS 
US? 1 4  0 0 7 I 4  2 1  I 4  7 1 4  7 0 0 

CPU DATA 

CPl l  1 P 

TOTAL TIME EACH CPU I S  bSSIGNED - I N  USECS 
USC ~ 1 5 5 1 4 .  669110 .  

TOTAL T l M E  ALL PROCESSORS SPENT EXECUTING INSTRIICTIONS - 818855 .  USECS 

NUMRFR OF BORAM TO TASK MEMORY LOADS - 1 0 7 4  

TOTAL T lME SPENT LOADINO TASK MEMORY - 176098 .  USCCS 

NUMRFB OF DATA REQUESTS - 1 5 8 3  

TOTAL TIME SPENT TRANSFERRING DATA BETWEEN RAMM AND TASK MEMORY - 1618S4.  USECS 

TOTAL TIME PROCESSORS ARE IDLED WAITING FOR D L 1 4  REQUESTS TO BE SATISFIED - 364906. USECS 

TOTAL TIME DATB REQUESTS WAIT I N  QUEUE FOR RAMM M0DI)LES - 151548. USECS 

LONOES7 TIME ANY DATA REQUEST WAITS I N  QUEUE FOR RAMM MODULE - 933. USECS 

NUMRER OF SEOVENT REFEREUCES - 4 3 3 4  

NUMRER OF PAGE FAULTS - n 

NUMRER OF PAGE JUMPS - 4 3 3 4  

Fig. D41-Dual processor simulation results for the expanded GE workload using a 4096-word 
nonpaged 'I'M, a dedicated software MEC, and a shared programldata bus 
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ELAPSCO TIME . 1000000 .  USECS 

TOTAL PMS ASSlGNED W 5 2 1  

PM 1 2 3 4 5 6 7 8 9 I 0  11 1 2  1 3  1 4  1 5  1 6  I 7  1 8  1 9  20 
NUMBER OF I T F R I T I O N S  OF EACH PM 

NUM 3 3 0  5 0  2 0  1 0  1 0  4 4 1 I 1 1 1 0  10 1 0  1 0  1 0  1 0  1 0  1 0  9 

NUMBEa OF TIMES EbCH PM MlSSEO I T S  COMPLETION OEIOLINE 
NUM 7 ~ n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4  

SHORTEST TlME RY UHICH EACH PM BEAT I T S  COMPLETION OEADLINE - I N  MSCCS 
MSC -1 I 7  4 7  3 8  3 7  1 6 7  1 5 7  9 0 5  5 7  5 4  5 1  7 3  5 8  5 6  5 5  5 4  5 3  5 2  4 8  -8 

INTERRIIPT DATA 

INT 1 2 3 4 5 6 7 ~ 9 1 0 1 1 1 ~  

NUMRER OF TIMES EACH INTERRUPT I S  SERVICED 8 1  THE MCC 
NUM 1 0 0 0  1 5 3 6 6  I 0 6 7  0 0 0 5 3 6 6  1 5 7 4  1 5 7 4  0 0 

bVER4OE TIME s L L  INTERRUPTS W4IT I N  QUEUE FOR SERVICE - 0.4 USECS 

LONGFST T lME aNY INTERRUPT W4lTS I N  QUEUE FOR SERVICE - 14. USECS 

TOTAL TlME MEC I S  RUSV PROCESSING INTERRUPTS - 111636. USECS 

MEC ROUTINE DATA 

NUMBFR OF TIMFS EACH MEC ROUTINE I S  PUOCESSED 
NUV 1 0 0 0  0 5 3 6 6  1 0 6 7  3 9 5  1 2 0 7  7 6 8 9  5 3 6 6  2 7 2 6  1 5 7 6  0 0 

AVERAGE TIME F4CH ROUTINE WAITS I N  QUEUE FOR SERVICE - I N  USECS 
USC 1 2  0 9 6 3 4  2 1  6 1 4  1 3  1 0  0 0 

LONGFST T lME CACH ROUTINE Wb lTS I N  QUEUE FOR SERVICE . I N  USECS 
USC 1 3 6  0 1 6 2  1 1 9  2 1 5  3 0 7  1 0 2  1 8 2  1 8 7  1 7 1  0 0 

TOTAL T lME MEC I S  DUSY PROCESSING EACH TYPE O r  ROUTINE - I N  MSECS 
MSC 40.0 0.0 26.8 16.0 20.1 136.4 123.0 85.9 43.6 25.2 0.0 0.0 

AVERA6E TIME FsCH ROUTINE I S  IDLED BY INTERRUPT3 - I N  USECS 
USC 4.4 0.0 0.1 1.0 7.8 1.5 1.9 0.q 1.3 0.9 0.0 0.0 

LONGEST T I M E  EACH ROUTINF I S  IDLED BY INTERRUPT3 - I N  U5LCS 
USC 2 1  n 7 1 4  2 1  2 1  1 4  1 4  1 4  1 4  0 0 

CPU D4Td  

CPl l  I 2 

TOTAL T l M F  EdCn CPU I S  ASSIBNEO - I N  USECS 
US? ~ 7 1 1 6 .  772279 .  

TOTAL TIME I L L  PROCESSORS SPENT EXECUTING INSTRUCTIONS - 824280 .  USECS 

TOTAL TIME n E c  W A S  BUSY - 628687. USEC 

FOR b SIMPLEX PROCESSOR d I T H  A FLOATING MEC - TQTbL T IME PMS WERE INTCRRUPTEO BY THE MEC r 0. 

NUMRER OF RORAM TO TASK MEMORY LOADS - 5 3 6 6  

TOTAL T lMF SPFNT LOADING TASK MEMORY - 203908 .  USLCS 

NUMDER OF DATA REQUESTS - 1 5 7 4  

TOTAL TIME SPFNT TRANSFERRING DATA BETWEEN RbMM AN0 TASK MEMORY - 161185. USECS 

TOTAL TlME PROCESSORS &RE I D L E 0  Y L I T I N O  FOR DbTb  REQUESTS TO BE S 4 7 1 5 I l E D  - 317732. USECS 

TOTAL TlME DATA REQUESTS W4IT I N  OUEUE TOR RAMM MODULES - 101489. USECS 

LONGPST TlME rNY 0 4 1 4  REQUEST WAITS I N  QUEUE FOR R4MM MODULE - 906. USECS 

NUH*ER OF SEOMfNT REFERENCES - 5 3 6 6  

NUYBFR OF P4GP FIULTS - 5 3 6 6  

NUMBFR OF PAGF JUMPS - 4 2 9 8  

Fig. D42-Dual processor simulation results for the expanded GE workload using a 1024-word 
paged TM, a dedicated software MEC 
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ELAPSFO TIME * 10JOOOO. USECS 

PM I 2 7 4 5 6 7 8 9 I0 11 12 13 14 15 16 I7  I8 19 20 
NUMRER OF ITERATIONS OF E I C U  PM 

 NU^ 319 56 zn 10 l o  4 l 1 i I 1 10 10 10 l o  io l o  l o  l o  9 

NUMSFR OF TIMFS EACH PM MISSED I!S COMPLETION DEADLINE 
~ ~ 1 u 3 6 n n o Q o o O o o o o o o o o o o o ~  

AVERAGE TIME AY WHICH E4CH PM BEAT 1 1 5  COMPLETION OLADLINE - I N  MSECS 
nsc I 1n 46 30  28 17s  l o 8  902 55 qr so 72 53 52 so 40 rr 47 46 - 2  

SHORTFST TIME RY WHICH EACH PM BEAT I T S  COMPLCTION OEADLINE - I N  MSECS 
*st -1 15 42 zn 20 140 $5 902 55 ~2 50 71 50 47 46 br 64 44 43 -16  

lNTFRRUPT DATA 

1011 

NUU 

USE 

usc 

MSC: 

use 

use 

AVERAGF T lME ALL INTERRUPTS WAlT 1N QUEUE FOR SERYlCE - 0 .5  USECS 

TOTAL TIME MEC I S  RUSY PROCESSING INTERRUPTS - 109865. USECS 

MEC ROUTINE DATA 

i 2 3 4 5 b 7 9 1 0 1 1 1 2  

NUMRER OF TIMFS EACU MEC ROUTINE I S  PROCESSEO 
1008 0 5273 l04Q 424 1138 12467 5272 3175 1550 0 0 

AVERLQE TlME EACH ROUTINE WAITS I N  QUEUE FOR SERVICF - I N  USECS 
I1 P I1 8 60 24 6 13 11 12 0 0 

LONGFST TIME E4CH ROUTINE WAITS I N  QUEUE FOR SERVICE - I N  USECS 
13q 0 1 0 2  118 4 1 1  543  109 182 179 111 0 0 

TOTAL TIME MFC I S  RUSY PROCESSING EACH TYPE OF ROUTINE - I N  MSECS 
40.0 0.8 76.4 15.1 21.6 120.6 199.5 84.4 50.8 2b.B 0 . 0  0.0 

AVERAGE TlME FACM ROUTINE I S  IDLED HY INTERRUPTS - I N  USECS 
4.3 0.0 0 . 2  1 .3  8.8 1.0 1.1 0 .5  1.3 0 .4  0.0 0.0 

LONGCST TIME FACH ROUTINE I S  I D L E 0  RV INTERRUPTS - I N  USECS 
21 6 T 14 21 21 14 14 14 14 0 0 

CPIl DATA 

CPll I 2 

TOTAL T1ME EACH CPU I S  ASSIGNED - I N  USECS 
USC 925410. 863912. 

TOTAL TIME 4 L L  PROCESSORS SPENT EXECUTING INSTRUCTIONS - 812005. USECS 

NUMRER OF BORIM TO TASK MEMORY LOADS - 5213 

TOTAL TlME SPENT LOADING TASK MEMORY - 200374. USECS 

NUMRER OF D A T l  REQUESTS - 1550 

TOTlL  T l M E  SPENT TRANSFERRING DATA BETWEEN RAM* AND TASK MEMORY - 159107. USECS 

TOTAL T lME PRncESSnRS ARE IOLEO WAITING FOR DATA REQUESTS TO BE S A T I S F I E D  - 323376. USECS 

TOTAL T I H E  D ~ T A  REQUESTS WAIT I N  QUEUE FOR RAMM VOOULES - 108527. USECS 

LONGEST T lME &NY DATA REOUEST WAITS I N  QUEUE FOR RAMM MODULE - 731. USECS 

NUMRPR n F  SEGMFNT REFERENCES - 5273 

NUMREP OF PAGF FAULTS - 5213 

NUMRER OF PAGE JllMPS - 4222 

Fig. D43-Dual processor simulation results for the expanded GE workload using a 1024-word 
paged TM, a dedicated software MEC, and a shared programldata bus 
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ELAPSED T l M E  a 10000001 USECS 

TBTAL P I S  ASSIGNED 524 

PM 1 2 3 4 5 6 7 8 9 I D  I1 12 13 14 15 16 17 I8 19 20 
NUMBER B F  ITEIAT18NS @ F  EACH PM 

NUM 333 50 20 10 10 4 4 1 1 I 1 10 10 10 10 10 10 10 10 9 

NUMBER OF T I M E S  EACH PM MISSED I T S  C 0 M P L E l l Q N  DEADL INE  
NUM 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3  

AVERAGE T l H E  BY WHICH EACH PM BEAT I T S  COMPLETION DEADL INE  I N  MSECS 
MSC 2 19 69 56 55 198 195 917 $7 55 52 73 64 62 61 60 60 60 57 1 

SHORTEST T l n i  er n n ~ c n  EACH PM BEAT ITS C e n r L E T i e N  DEADLINE - IN MSECS 
YSC - 1  18 48 55 47 170 170 917 57 55 52 73 63 61 60 59 59 59 49 -4 

INTERRUPT DATA 

I NT 1 2 3 4 5 6 7 9 1 0 1 1 1 2  

NUMBER BF T I M E S  EACH INTERRUPT I S  SERVICED BY THE MEC 
NUM 1000 1 4 7 3 6  1072 0 0 0 4735 1580 1580 8 0 

AVERAGE T l M E  ALL  INTERRUPTS H A I T  I N  QUEUE F B R  SERVICE  - 0 1 5  USCCS 

LRNGEST T l M E  ANY INTERRUPT WAITS I N  OUEUE FOR SERVICE  - 14. USECS 

TOTAL T l M E  MEC I S  BUSY PReCESS lNG INTERRUPTS - 102928. USECS 

MEC ROUTINE  DATA 

NUMBER BF T IMES EACH MEC R B U T l N E  I S  PROCESSED 
NUN 1000 0 4756 1072 387 1240 5373 4735 2647 I580 0 0 

AVERAGE T I M E  EACH ROUTINE  WAITS  I N  OUEUE FOR SERVICE  - I N  USECS 
USC 17 0 $0 8 24 16 4 11 13 $1 0 8 

usc 
LONGEST T I M E  EACH R 8 U T I N E  H A I T S  1N  OUEUE F B I  SERVICE  - I N  USECS 

130 0 159 119 286 351 86 175 150 171 

TOTAL T l M E  MEC I S  BUSY PRRCES9 lNG EACY TYPE 6r R 0 U T l N E  - I N  MSECS 
MSC 40.0 0,O 23,) 16.1 19.5141.0 16,O 75.8 42.4 25,3 0,O 0.8 

AVERAGE T I M E  EACH RBUT INE  I S  I D L E D  B 1  IYTERRUPTS - I N  USECS 
USC 3.6 0,O 0,l 1,0 7.2 7,7 0.1 0,4 0.9 0,9 0,O 0.0 

LBNGEST T l M E  EACY ROUTINE  I S  I D L E D  81 INTERRUPTS - I N  USECS 
uSC 2% o 7 14 21 21 14 14 14 $4 0 0 

CPU DATA 

CPU 1 2 

TOTAL T I M E  EACH CPU I S  I S S I O N E D  - I N  USECS 
USC 899701. 674945, 

TOTAL T I M E  A L L  PRBCESSORS SPENT E X E C U T I N G  I N S T R U C T I Q N S  - 127330. USECS 

TRTAL T I M E  MEC WAS BUSY - 572554, USEC 

FOR I SIMPLEX PRBCESSOR Y I T H  A F L O A T I N G  MEC . TETAL  T IME  PMS YERE INTERRUPTED BY THE MEC - 0 

NUMBER Of BeRAM TB TASK MEMBRY LOADS - 4735 

TOTAL T l M E  SPENT LOADING TASK MEM8RY . 179930. USECS 

NUUBER BF DAT4  REQUESTS - 1980 

T B T A L  TIME SPENT TRANSFERRING D A T A  BETYEEN R A n n  AND T A S K  MEUBRY 161631. USECS 

TBTAL T l M E  PROCESSORS ARE I D L E D  W A I T I N G  FBR DATA REQUESTS TO BE S A T l S r l E D  - 314362. USFCS 

TBTAL T l M E  DATA REQUESTS WAIT  I N  OUEUE FBR RAMM MODULES - 96953, USECS 

LeNGEST T l M E  ANY DATA REQUEST WAITS  I N  OUEUE F0R  RAMM MODULE - 5 2 0 .  USECS 

NUMBER BF SEBMENT REfERENCES . 5395 

NUMBER Of PAGE FAULTS  . 4736 

NUMBER BF PAPE JUMPS - 4322 

Fig. D44-Dual processor simulation results for the expanded GE workload using a 2048-word 
paged multiprogrammed TM and a dedicated software MEC 
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ELAPSED T IME  m 10000001 U s E c S  

78TAL  PUS ASS IPNED I 519 

PM 1 2 3 4 6 7 0 9 10 11 $2 13 14 15 lb 17 18 19 10 
N u n a E n  ar I T E R A T I ~ N S  er c r c w  r n  

NUM S t 0  YO 20 10 10 4 4 i 1 1 1 i 0  10 10 10 10 10 10 10 9 

NUMRER B I  T IMES SACY PM H I S S E D  I T S  C 8 V P L t T l Q N  DEADL INE  
N U M l 5 0 0 0 U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6  

A V E R A G E  T IME  8 1  WMICM C A C U  PM I T S  CORPLETION DEADLINS . IN u s e c s  
MSC 2 1s 68 46 44 192 181 914 50 54 53 73 50 57 56 95 55 54 53 -0 

E M B l l E S T  T I M €  BY WHICH nACW P U  R E I T  I T S  C l M P L E T l S N  DEADL INE  . I N  HSECS 
MEC -1 18 47 41 40 168 165 914 58 54 53 72 5b 55 54 53 53 52 51 -9 

I h T E R R ~ P T  DATA 

1NT 1 2 3 5 9 1 0 1 1 1 2  

NUMBER fJr T l M E S  kLCW INT6RRUPT I S  SERVICED BY THE MEc 
NUM 1000 1 6 6 7 3  1064 0 0 0 4672 1568 1560 0 0 

A V E R A G E  TIME ALL INTLRRCPTS YAIT IN OLELE F O R  SERVICE . o , ~  usecs 

L l k G E S l  T lWE ANY I I T E R H b P T  WAITS I N  Q b E L e  FOR SERVICE  14, USECS 

TOTAL T I P €  MEC I S  BUSY PROCESSING INTFRRLPTS  . 101815, USECS 

MEC R B C l l N l  DATA 

RBU 1 2 3 5 6 7 8 9 1 0 1 1 1 2  

NCMBER E F  T I M E S  EACU HEC R B U l l N B  I S  PRSC6SSED 
NUH 1000 0 4673 106s 3 9 0  1712 8659 4672 3212 1568 0 0 

4VERAGE T IME  EACY RmUTINL  H A I T S  I N  OUFCE FBR SERVICE  - I N  USECS 
USC I? 0 LO * 41 20 4 12 11 12 0 0 

L O k P E S l  T IME  EACY R l U T l N C  WAITS  I N  QUEUE F e R  SERVICE  - I N  USECS 
USC 1 0 162 119 405 805 109 7 159 171 0 0 

AVERAOE T IME  EACY RIUTINL I S  I D L E D  8 1  INTERRUPTS - I N  USECS 
USC 4,O 0,O 0,l 1,J 7,8 7,5 1,s 0,4 1,1 0.4 0 1 0  O10 

USC 
LONGEST T IME  EACU R8UT INE  1 5  I D L E D  RY INTERRUPTS - I N  USECS 

21 0 7 14 21 21 14 14 21 7 

CPL DATA 

CPU t 2 

T a T 4 L  T f P E  EACH CPU I S  A S S I G N I D  . I N  USECS 
USC 910074, 7444071 

TOTAL T l r E  ALL  PRBCESSOMS SPENT EXECbT ING INSTRUCTIBNS 82t4J0, USECS 

NUMEER l F  UBR4W TB TASK PEMBRY LOADS 4672 

TeTAL  T l P E  SCENT L B b O l N G  TASK MEMRRV - 177536, USECS 

NUW86R I F  DATA REQUESTS 156a 

T 8 T b L  T I P S  SPENT TRAhSFCRRING DATA BETkEEN RAMW AND TASK MEH8RY . 160801, USECS 

TBTAL T l N E  PaBGESSB lS  An€ I D L E D  W b l T l N O  F I R  DATA REDUESTS 1% BE S A T I S F I E D  . 825814, USECS 

TOTAL T l F E  DATA ReQUESTS U A I ?  I N  ObEbE ;OR RlMM U%DULES 101921, USBCS 

LOhGEST T I M E  ANY DATA R6CUEST WA lTS  I N  ObEUE PBR RAMU MOOIILE 0 836, USECS 

NUMBER I F  SEGMENT UEFERYhCES - 3348 

NUMBER @F PbOE FAULTS  . 4673 

NUMBER CF CAGE JUMPS . 4284 

Fig. D45-Dual processor simulation results for the expanded GE workload using a 2048-word 
paged multiprogrammed TM, a dedicated software MEC, and a shared programldata bus 
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ELAPSED TIME I lOOODO0. USECS 

TOTAL PUS ASSIGNED * $ 7 6  

P u  1 2 3 4 5 6 7 8 9 1 0  11 1 2  1 3  1 4  I S  1 6  1 7  1 8  1 9  2 0  
NUMRER OF ITFRATIONS OF EACH PM 

NUM 3 3 4  SO 2 0  1 0  1 0  4 4 1 1 1 1 1 0  1 0  10 1 0  1 0  1 0  1 0  1 0  1 0  

NUMRER OF TIMFS EACH PM MISSED I T S  COMPLETION DEADLINE 
NUM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~  

AVERAGE TIME RY WHICH EACH PM BEAT I T S  COMPLETION DEADLINE - I N  MSECS 
MSC 2 1 9  4 9  6 3  5 8  2 0 0  1 9 8  9 2 1  6 2  6 0  SO 7 4  7 1  6 9  6 8  6 7  6 7  6 7  6 0  2 6  

SMORTEST TIME RY WHICH EACH PM BEAT I T S  COMPLETTON OEAOLINE I N  MSECS 
MSC 1 1 9  4 9  6 1  5 3  1 7 6  1 7 2  9 2 1  6 2  6 0  5 8  7 4  6 9  6 7  6 6  6 4  6 4  6 4  SS 1 0  

INTERRUPT DATA 

I N 1  1 2  3 4 5 6 7 9 l O I l l Z  

NUMRER OF TIMFC EACH INTERRUPT I S  SERVICED BY THE MLC 
 NU^ l o o n  I 1 3 6 4  1 0 7 4  o o o 1 3 4 4  1 5 8 3  1 5 8 3  D o 

bVERA5E TIME ALL INTERRUPTS WAIT I N  QUEUE FOR PERVICE - 0.3 USECS 

LONGFST TIME ANY INTERRUPT WAITS I N  QUEUE FOR SERVICE - 10. USECS 

TOTAL TIME MEC I S  RUSY PROCESSINR INTERRUPTS - 55503. USECS 

MEC ROUTINE DATA 

NUMRER n F  TIMES FACH MEC ROUTINE I S  PROCESSED 
NUM 1 0 0 4  0 1 3 4 4  1 0 7 4  3 7 3  1 2 8 1  1 5 4 7  1 3 4 4  2 3 1 7  1 5 8 3  0 0 

AVERPOL TIME F6CH ROUTINE WAITS I N  QUEUE FOR SERVICE - I N  USECS 
UJC 11 0 9 7 I 1  11 6 1 3  1 3  1 0  0 0 

LONGFST T IHE FACH ROUTINE WbITS I N  QUEUE FOR SERVICE - I N  USECS 
USC 1 3 0  0 1 5 9  1 1 2  2 4 7  3 0 5  86 1 7 n  1 6 4  1 6 3  0 0 

TOTAL TlME MEC I S  RUSY PROCESSINO EACH TYPE OF QOUTINE - I N  MSECS 
MSC 40.0 0.n 6.7 16.1 19.0 144.8 24.8 21.9 37.1 25.3 0.0 0.0 

AVERARE TIME FACH ROUTINE I S  IDLED BY INTERRUPTS - I N  USECS 
USC 1.9 0.0 0.1 0.9 2.2 4.9 0.9 0.- 0.9 0.6 0.0 0.0 

LONGFST TIME F I C H  ROUTINE I S  IDLED BY INTERRUPTS - I N  USECS 
usr 1 4  D 7 7 21 2 1  14 14 1 4  14 o o 

CPU OAT4 

CPlJ I 2 

TOTAL TIME EACH CPO IS ASSIGNED - IN USECS 
I 

USC 7?0=1?0. 555213 .  

TOTAL T IME ALL PROCESSORS SPENT EXECUTING INSTRl lCTIONS - 828853 .  USECS 

T O T ~ L  TIME MFC WAS BUSY - 390765 .  USEC 

FOR A SIMPLEX PROCFSSOR WITH A FLOATINO MEC - TOTAL TIME PUS WERE INTERRUPTLO RV THE MEC r 01  

NUMRFQ OF RORAM T O  T A S *  MEMORY L O A ~ S  - 1 3 4 4  I 

TOTAL TIME SPENT LOADING TASK MEMORY - 51072. USECS 

NIJMBER OF DATA REQUESTS - 1 5 8 3  

TOT lL  TlME SPFNT TRANSFERRlNG D4TA EETVEEN RAM* AND TbSK MEMORY - 161.954. USECS 

TOTAL TIHE PROCESSORS ARE IOLED WAITINQ FOR D A T A  REQUESTS T O  BE S A T I s r I E n  - 799092 .  USECS 

TOTAL TIME DATA REraUESTS Y A I T  I N  QUEUE FOR RAMM MODULES r 82907. 11SECS 

LONGFST TIME &NY DATP REQUEST WAITS I N  QUEUE FOR RAMY MODULE - 661. USECS 

NU*JER nF  SEGUFNT REFERENCES - 5 4 0 8  

NIIMRER OF PARE FAULTS - 1 3 4 4  

NIJMREI OF P A W  JlJHUS - 4 3 3 4  

Fig. D46--Dual processor simulation results for the expanded GE workload using a 4096-word 
paged multiprogrammed TM and a dedicated software MEC 
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ELAPSE0 TIME . 1000000. USECS 

TOTAL PMS ASSTONE0 9 5 2 5  

P r  1 2 3 4 S 6 7 B 9 1 0  11 1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  PO 
NUMBER OF ITERLTIONS OF EACU PM 

NUM 3 3 3  5 0  2 0  1 0  1 0  4 4 1 1 1 1 1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  

NUMBER OF TIMES EACU PM UISSED I T S  COMPLETION DE4OLINE 
NUM 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

AVERAOE TIME RY YUICU EACU PM BEAT I T S  COMPLETION OCAOLINE - I N  MSECS 
MSC 2 1 9  4 P  6 1  5 6  1 9 9  1 9 6  9 1 7  5 1  5 5  S 3  7 4  6 9  6 7  6 6  6 5  6 5  6 5  5 9  2 4  

I NT 1 ~ 3 4 5 6 7 a 9 1 0 1 1 l 2  

NUMBER OF TIMES EACU INTERRUPT I S  SERVICED 9 1  THC MEC 
NUM 1 0 0 0  1 1 4 8 3  1 0 7 3  0 0 0 1 4 0 3  1 9 8 2  1 5 8 2  0 0 

4VERAOE TIME 4 L L  INTERRUPTS WAIT I N  QUEUE FOR SERVICE - 0.3 USEcS 

LONGEST TIME 4NV INTERRUPT WAITS I N  QUEUE FOR 5ERVICE - 14. USECS 

TOTAL TIME MEC I S  BUSY PROCESSINO INTERRUPTS - 57428. USECS 

MCC ROUTINE OATA 

NUMRER OF TIMCS EACU MEC ROUTINE I S  PROCESSED 
NUM 1 0 0 0  0 1 4 8 3  1 0 7 3  3 7 1  1 2 8 5  2 9 0 2  1 4 0 3  2 7 0 9  1 5 8 2  0 0 

AVERAOC TIME CACU ROUTINE WAITS I N  QUEUE FOR SERVICE - I N  USECS 
U s e  I S  0 9 6 1 9  1 4  4 1 3  1 2  9 0 0 

LONGEST TIME EACH ROUTINE WAITS I N  QUEUE FOR SERVICE - I N  USECS 
USC 1 3 2  0 I S 9  111 3 6 4  2 0 1  6 3  1 6 9  1 7 2  1 5 6  0 0 

TOTAL TIME nrc IS BUSY PROCESSINO EACU TYPE OF ROUTINE - IN MSECS 
MSC 40.0 0.0 7.4 16.1 18.9 145.2 46.4 23.7 43.3 21.3 0.0 0.0 

AVERAOE r rnr  rrcw ROUTINE IS IOLEO BY INTERRUPTS - IN USECS 
use 1.9 0.0 0.3 0.9 2,s 4.8 1.0 0.3 1.1 0.4 0.0 0.0 

LONGEST TIME EACU ROUTINE I S  IDLED BY INTERRUPT9 - I N  USECS 
USC 2 1  0 7 1 4  2 1  2 1  1 4  1 4  1 4  7 0 0 

CPU DATA 

CPU 1 2 

TOTAL T IME EACU CPU I S  ASSIQNEO - I N  USECS 
us?! 7 s 2 r o 7 .  565?82. 

TOTAL T IME ALL PROCEPSORS SPENT EXECUTlNO INSTRUCTIONS - 021305 .  USECS 

TOTAL T IME MCC WAS BUSY - 423180. USCC 

FOR 4 SIMPLEX PROCESSOR WITU A FLOATINO MEC - TOTAL TIME PMS WERE INTERRUPTCO BY THE MEC - 
NUMBER OF BORlM TO TASK MEMORY LOADS - 1 4 9 3  

TOTAL TIME SPENT LOADINO TASK MEMORY - 56354 .  USCCS 

NUMBER OF OATA REQUESTS I 1 5 8 2  

TOTAL TIME SPENT TRANSCERRINO DATA BETYEEN RAMM AND TASK MEMORY - 1 6 1 8 ~ 1 .  usces 
TOTAL T IME PROCESSORS ARC IDLED YAIT INO FOR DATA REQUESTS TO BE SATISFICD - 306669 .  U S E C I  

TOTAL TIME OATA REGUESTS WAIT I N  QUEUE FOR RAMM MODULES - 92759. USECS 

LONOEST TIME ~ N Y  REQUEST WAITS IN QUEUE FOR RIMY MODULE - 709. usccs 

NUMBER OF SEOMCNT REFERENCES - 5 4 0 7  

NUMBER OF PAOC FAULTS - 1 4 8 3  

NUMBER OF PAOC JUMPS - 4 3 3 4  

Fig. D47-Dual processor simulation results for the expanded GE workload using a 4096-word 
paged multiprogrammed TM, a dedicated software MEC, and a shared programldata bus 
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ELAPSED T l M E  * 1000000,  USECS 

TQTAL PMS ASSIGNED r 618 

PH 1 2  3  4  Y 6 7  8  9 1 0  1 1 1 2 ' 1 3 % 4 1 5  $ 6 1 7 1 8  19 20 
NUMeER OF I T E R A T I ~ N s  OF E4CY PM 

NUM 534 5 0  20  1 0  1 0  1 0  1 0  1 1 1 1 20 20  20  20  20  20 20  20 1 0  

NUMBER BF t l M E S  EACH PM MISSED I T S  C O n P L E T l B N  DEADL INE  
NUM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

AVERAGE T I M E  BY WHICH EACH PM BEAT I T S  CBVPLET ION DEADL INE  . I N  U S 7 8 9  
MSC 2 1 9  44 64 6 2  72 4 1  VS5 6 2  5 9  5 7  24 20  1 9  1 8  1 8  i 8  18  36  

S H O R T E S T  TIME B V  YHICH E A C H  PM B E A T  ITS CBMCLET I~N  DEADLINE . IN nsccs 
MSC 1 19 36  6 3  5 6  7 2  3 7  955 6 2  5 9  5 7  24 20  1 9  1 8  1 1  17  97 11 S I  

INTERRUPT DATA 

I NT 1 2  3 4 5  6 7  8 P 1 0 1 1 2  

NUMBER B F  T I M E S  EACH INTERRUPT I S  SERVICED BY THE  MEC 
NUM 1000 1 0 l S l 1  0  0  0  1 3 1 8  2 0 6 1  2 0 6 1  0  0  

A V E R A G E  T I M E  ALL INTERRUPTS W A I T  IN OUEUE ?OR SERVICE 0 . 6  u s e c s  

LONGEST T I M E  ANY INTERRUPT WAITS  I N  OUEUE ?OR SERVICE  - 1 2 ,  USCCS 

TBTAL T l M E  MEC I S  BUSY PRBCESSINO INTERRUPTS - 54313.  USECS 

MEC ROUTINE  DATA 

ROU 1 2  3  4  5  6  7  8  9 1 0 1 1 1 2  

NUMBER OF T I M E S  EACH MEC ROUT lNE  I S  PROCESSED 
NUM 1000 0  0  1S18 373 1583 4055 $318 4407 2 0 6 1  0  0  

AVERAGE T I M E  EACH RQUTINE  WAITS  I N  OUEUE ?#R SERVICE  . I N  USECS 
USC 5 0 0 1s 23 5 1  B 25 11 I 6  0  0 

LONGEST T l M E  EACH R Q U l l N E  U A l T S  I N  OUEUe r @ R  SERVICE  - I N  USECS 
USC 133 0 0 1 3 3  293 5 5 8  I 0 1  150 159 1 5 8  0  0  

T O T A L  TIME M6e  IS eusv P R e c E s s l N o  EACU TVPE ar ROUTINE - IN n s E e s  
MSC 40.0  0 . 0  0,O 1 9 , 8  l V . 0 1 7 8 , V  6 4 . 9  Z 1 , l  70 .5  33,O 0 . 0  0 . 0  

AVERAGE T IME  EACH RBUT INE  I S  I D L E D  BY INTERRUPTS - I N  USECS 
USC 1 . 2  OoO 0 1 0  0 .7  2 . 1  b I 1  1 1 2  0 .6  1 . 2  0 , s  0,O 0 .0  

LeNBEST T l M E  EACH RBUT INE  I S  I D L E D  BY I N I B R R U P T S  - I N  USECS 
USC 14 0  0  14  14  2 1  14  7 14  14  0  0 

CPU DATA 

CPU 1 Z 3 

TBTAL T l M E  EACH CCU 1 5  ASSIGNED - I N  USECS 
USC 779184.  625897.  495400,  

TBTAL T I M E  A L L  PRBCESSOlS SPENT EXECUTING INSTRUCTI8NS  - 1046345,  U l E C S  

TOTAL T l M E  MEC WAS BUSY - 501441,  USEC 

FOR A S IMPLEX PROCESSBR WITH A F L 8 A T l N Q  MEC . TOTAL T I M E  PNS WERE INTCRRUPTED B? THE MEC . 0 I 

NUMBER OF BORAM TO TASK MEUBRY LOADS - 1 3 i B  

TOTAL T l M E  SPENT L B A D I N G  TASK MEM@RV . 2 3 t 6 1 4 .  USECS 

NUMBER 8F  DATA REDUES lS  - 2 0 6 1  

1 0 1 ~ .  T I M E  SPENT T R A N S ~ E R R I N G  D A T A  BETWEEN @ A n n  AND r r s w  nEMoRv . z 4 0 7 4 8 ,  u s ~ c s  

TQTAL T l M E  PReCESSBRS ARE I D L E D  U A I T t U G  f B R  DATA REaUESTS 7 8  BE SAT!S*IED - 470798.  USFCS 

TOTAL T I M E  DATA REQUESTS Y A l T  I N  OUEUE *8R RAMM MeDULES - $ 4 6 4 4 5 ,  USECS 

LPNGEST T l M E  ANY DATA REQUEST WAITS I N  OUEUE FOR RAMM MBDULE - b%V. USCCS 

NUMBER 0 f  SEOMENT REFERENCES - 5770 

NUMBER I F  PAGE FAULTS  - 0 

NUMBER OF PAQE JUMPS - 5770 

Fig. D48-Triple processor simulation results for the further expanded GE workload using a 4096-word 
nonpaged TM and a dedicated software MEC 
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N l l M P k R  R t  T l H E S  E A C V  P M  M I S 9 t "  I T S  c l " r " ? ~ t T I m v  D F A ? [ I N E  
N ~ M  O U ~ O ~ O F O O O O O ~ O ~ O ~ O ~ O  

A V t R b 9 E  l l M F  f iY  * U l C n  E A C "  P M  H F A T  I T ?  C B ' I P L t T l a N  D F b l l L I N E  - I N  " S F C S  
M 5 C  2 lo Ja 51 4 8  71 26 972 51 76 14 74 17 t6 15 14 13 13 13 78 

S I l C l l T r S T  T l H t  I l Y  i l h l C *  E A r H  P "  n t 4 T  I T S  C n M P L E T l e V  P F A U L I ' I E  - Ih .  " S C C 5  
H S C  1 17 13 51 27 71 24 972 51 76 24 74 16 14 14 13 13 ( 2  17 77 

I N T F W R U P T  U A T 4  

1  ,dl 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  

N U m P b 9  n i  l l , . I F S  t h C r  I V T t q R U P T  1 5  S E R t l l C k l r  RV T t l E  M F C  
v m  Inon t n 1318 n n o 1318 ?r63  2061 n n 

AVLR(l'.t T I Y E  ALL I U T t Q 8 U P l b  d 4 l T  1'4 C d C U E  F O R  S E O V I C E  - 0.6 I I S F C S  

L n h c t q T  I I Y F  A N Y  I ' I T F ~ R U ~ T  *&ITS IN WEUF FOE SERVICF - 13. IISECS 

T O T A L  l l M F  n t c  1 s  UIISV P H m c r s ? l H u  IPJT~H?(IPTS - 54313. ' ISFCS 

Y E C  R G d T I U t  D b l A  

I V k E A C t  T I M E  E A C U  R P J T l V t  d E I I T 5  I N  OUEUC F 8 R  S E R V I C E  - I k  U S E C S  
u s c  15 o P 17 137 80 9 25  1 2  17 n o 

L O N G t Z l  T I M E  F b C n  R D U T l X t  i t A l T 5  1'' IJUFUE F O R  S E P V I C F  - I N  U S E C S  
125 0 O 121 P Z l  1041 93 150 138 173 

l n T b ~  T I M E  H t C  I S  B O S V  P R X F b C I N G  t A C U  T Y P E  WF W O l l T I N E  - I N  N S E C S  
M S C  4o.n n.0 0.0 1 9 . a  i9.n 176.9 105.6 21.1 182.7 JT,O n . n  1.0 

IONGI'I T I Y E  E A C H  Q Q U T 1 ' 4 t  I S  l ! l L E I l  9*1 I V T F R ' I U P ~ S  - I N  U S E C S  
lusr 2 1  o o 14 14 21 14 14 21 7 n o 

C P U  D A T A  

C?!J 1 L 3 

T R T ~ L  T l n i  E A C H  C P U  I $  A b C I E . V F U  - II' . l S E C 5  
U 5 C  794272. 703075. 6 7 3 6 n l .  

T n T A L  T I M =  ALL  P a Q C F j 9 a a 5  J P t ' ' f  k x E C U T l U G  I h ' S T R U C T l r N S  - 1046343. U S E c S  

T R T A L  T l n i  M E C  k A S  UuSY - 65U3JO. d 5 E C  

FOH A  S I M P L E X  P R u C t S S C 1 H  h l T H  b  F L D A T I W  M E C  - T O T A L  T I M E  OMS NEWE r u T F R s U P T E D  8 r  1°F  u E c  - 

N l l U E k l  rit H O h A M  1 0  T A S K  K r ? l f i U V  L O A D ?  - 1318 

T R l b L  T I M t  S P E N T  L O A D I N G  T A S Y  M E M n R V  - 231614, I l S E C S  

I r l J M P t ?  n F  D A T A  f i t 3 U F b T S  - ZOO1 

T P T A L  T I M E  S P F R l  T H i l h S T E h D l b u  O b T d  R E T r E t S  E A ' I P  AVO T A S K  * k M O R Y  - 24074R. U S E C S  

I P T A L  T I H E  P h n C c S S C q S  A R t  I C L F U  H A I T l * O  F 4 R  D A T A  R E C U E S T S  T O  BE S h T I S F I E D  - 675518. I l S F C S  

1 a T b 1  l l n c  D A T A  k i E Q ' J t T T 7  V A l l  IN Q U E U E  FOR R A W  M t D l l L F S  - 351457. U S E F S  

L C l N t t C T  T I q E  4 k Y  " A T 4  R E C ' l t F l  W A l T S  1 4  3 U E U F  FOR R 4 r M  * IODULF - 7709. I !SFCS 

Fig. D49--Triple processor simulation results for the further expanded GE workload using a 4096-word 
nonpaged TM, a dedicated software MEC, and a shared programldata bus 
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NLHPER CF 1 I H E S  t A C Y  PM P l S S E D  1 1 -  r G M P L E l I O N  DFADL INE  
NUH 0 0 0 0 U 0 0 0 0 0 0 0 ~ 0 0 0 0 0 0 0  

AVERAGE T I M E  BV w H I C C  t A C H  PH BEAT I T S  C E M P L E T l * k  DEADL INE  - IW MSECS 
HSC 2 1 9  4 9  6 7  6)  73  4P 9 0 1  6 7  6 5  6 4  2 4  2 1  2 1  2 1  2 1  2 1  2 1  2 1  4 8  

SHORTEST  l l P t  V V  WHICH t I C H  PM B E A T  $ 7 5  CRMPLETION DEADL INE  r I N  MSECS 
n s c  2 1 s  48 66 6 4  73  4 1  P h i  6 7  65  6 4  2 4  2 1  2 0  2 0  2 0  2 0  1 9  1 9  4 7  

I h T F R S L P T  DATA 

I N T  1 2 3 4 5 6 R 9 1 0 1 1 1 2  

NUHEER OF I I C E S  t A C U  I N T ~ R R U P T  I S  SFRVICEC R V  THE HEC 
N l o o n  I o 131 o n o  1 3 1 8  2 0 6 1  2 0 6 1  n  a  

AVERAGt T I V E  ALL  I N T t R H d P T S  U A I T  I N  OLFLF FOR S t R V I C t  - 0,3 USECS 

L G ~ G E S T  T IME  I N *  I k l E R U L P T  WAITS  I N  OLFLE FOR S t R V I C E  7 .  USECS 

1ETAL  T l P E  HEC 1 5  abSY  *hRCESSING INTFRRLPTS  - 2 7 9 3 2 ,  USECS 

PEC R B U T l N t  DATA 

NLMIER OF l I V E 5  t A C Y  MEC ROUTINE  I S  PREPESSED 
N ~ H  1 0 0 0  0  0  1 3 1 6  3 7 3  1 6 1 6  5 2 5 2  1 3 1 8  4 5 8 2  2 0 6 1  O 0  

USC 
AVERAGE T I M E  EACH R e L T l h t  WAITS  I N  OLFLF  FBR SERVICE  . I N  USECS 

2 0 0 2 2 4 1 9 3 5 5 3  

L C ~ G E S T  lint e ~ c n  R E L T I N ~  W A I T S  1 4  OLFLF F O R  S E R V I C E  - IN U S ~ C S  
USC 2 3  0  0  S 4 3 0  5 4 4  6 3  4 2  5 4  4 1  0 0  

l @ T A L  1 l P E  H t C  1 5  I U S Y  YhBCESSING E I C U  TYPE OF R D U l l N E  - I N  USECS 
MSC 26,O 0,O O,O 1 3 , d  1 3 , 4  3 n 1 8  78 ,s  i 9 . e  68 .7  30 .9  n 1 0  DIO 

AVERLLE T IME  EACH R e L T l h t  I S  I D L E q  BY INTERRUPTS - I N  USECS 
USC 0,6 0,O 0,O O,d 0 , 4  n,7 0,6 0 , 2  0,6 0.2 n , O  0,O 

u s e  
l l M E  EACH R B L T l N t  I S  I D L E D  RV 1" IERRUPTS . I N  USECS 

0 0 . 5 3 7 7 7 7 7  

CPL DATA 

CPU 1 2  3  

T e i b L  TIVE EACH CPU IS ASSIGNED . IN I~SECS 
USC 8 0 0 5 7 6 .  575859.  4 0 6 8 2 4 ,  I 

l Q T A L  T I P E  ALL  PHFJCESSBUS SPENT EYECL1 I "G  INSTSUCTIRNS - 1 0 4 6 3 4 3 ,  USECS 

TOTAL T l V E  H t C  MAS BLSV . 3 1 7 5 1 9 ,  LSEC 

FbR  A S IPPLEX  P H B C E S S ~ R  h l T U  A  FL 'ATING PEC . l l T A L  l l n E  PUS U t R E  IN lERRUPTED BY THE M t C  - 0 ,  

NUMBER eF BORAH TB TASK PEMORV LOACS - 1 3 1 8  

i e T A L  T I V E  S P E N T  LBICINL T A S K  U E H A R V  - 2 3 1 6 1 4 ,  USFCS 

NLMBER EF DATA R tOUESTS - 2 0 6 1  

T E l A L  T l P E  SPENT T R A h S F t h R I N G  D A T A  R E l h F E N  RAMM AND TASK MEMORY . 2 4 0 7 4 8 .  USECS 

l O T 1 L  T l P E  PROCESSBRS A Y t  I D L E D  W I I T I N G  F Q R  DATA REOUESTS TQ RE S I l l S F I E D  - 3 9 4 7 8 1 ,  USECS 

l e T 1 L  T l V E  DATA R b O U t S l b  WAIT I N  nUELF FER RAM# MBDULES . 1 0 7 0 8 4 ,  USECS 

L I h G t S T  1 l M E  ANY D A l I  R t C U E S l  WAITS  I N  ILELIF FOR RAHH MADULF - 7 3 9 ,  USECS 

NLHAER O f  S t G M E N l  HECEHkhCES - 5 7 7 0  

NUMBER @F PAGF FAULTS  . 0 

NUMBER E F  PAGE JUMPS - 5 7 7 0  

Fig. D50-Triple processor simulation results for the further expanded GE workload using a 4096-word 
nonpaged TM and a dedicated hardware MEC 
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ELAPSCD T I n c  . i o o o o o o .  u s ~ c s  

TOTAL PMS ASSIONEO . 6 1 8  

PM 1 2 3 4 5 6 7 8 9 1 8  1 1  1 2  1 3  1 4  I S  1 6  1 7  1 8  I 9  2 0  
NUMBER OF ITERATIONS OF E4CH PM 

NUM 3 3 4  5 0  LO 10 1 0  1 0  10 1 I j 1 2 0  2 0  2 0  2 0  2 0  2n 2 0  20 1 0  

NUMBER 0 1  TIMES EACU PM MISSED I T S  COMPLETION OEbOLlNE 
NUM 0 0 0 0 0 0 0 0 0 i 0 0 0 0 0 0 0 0 0 0  

AVERABE TIME BY WHICH EACU PM BEAT I T S  COMPLETIOh DEADLINE I N  USCCS 
MSC 2 1 9  4 3  6 0  5 8  7 2  3 6  9 3 7  5 7  9 5  5 2  2 5  1 9  1 8  1 8  1 8  1 8  1 7  1 7  3 1  

SHORTEST T lME BY WHICH E4CH PM BEAT I T S  COMPLETTON OEA0l.INt - I N  MSEC5 
MSC 1 1 8  3 5  5 8  5 0  7 2  3 4  9 3 7  5 7  55 5 2  2 5  1 7  1 7  1 6  15 1 5  1 4  1 3  3 1  

INTERRUPT OAT* 

I N 1  1 2 3 4 5 6 7 R 9 1 0 1 1 1 2  

N U M I E I  O f  TIMES EACH INTERRUPT I S  SERVICED BY THC MEC 
NU* 1000 1 a 1 3 1 8  0 0 0 1 3 l R 2 9 6 l 2 0 6 l  0 0 

AVCRAOE TIMC ALL INTERRUPTS W41T I N  QUEUE FOR SERVICC - 0.3 USECS 

TOTAL TIME MEC I S  BUSY PROCESSINO INTERRUPTS 27932. USECS 

MEC ROUTINE DATA 

ROU i 2 3 4 5 6 7 n 9 i o i i i z  

NUMBER 0 1  TIMES u c n  MEC ROUTINE IS PROCCSSEO 
NUM 1 0 0 0  0 0 1 3 1 8  3 7 3  1 5 5 4  8 4 9 8  I 3 1 B  1 1 7 4 0  2 0 6 1  0 0 

AVERAOE TlME EACH ROUTINE WAITS I N  QUEUE F O ~  SERVICE - I N  USJCS 
USC 3 0 0 2 7 7 4 2 4 0 7 5 0 0  

LONOEST T IHE EACW ROUTINE WAITS I N  QUEUE FOR SERVICE - I N  USFCS 
usc 2 5  0 0 3 3  8 5 0  9 6 2  7 4  4 6  7 4  4 3  0 0 

TOTAL TIME MEC IS BUSY PROCESSINO EACU TYPE or  R o u r r n c  . IN ws~cs 
MSC 26.0 0.0 0.0 13.2 13.4 3 7 0 3  127.5 19.8 176.1 JO.9 0.0 0.0 

AVERIOE TlME EACW ROUTINE I S  I D L E 0  BY INTERRUPTS - I N  USECS 
USC 0.7 0.0 0.0 0.2 0.7 0.5 0.6 0.3 0.5 0.2 0.0 0.0 

LONOEST TIME EACH ROUTINE I S  IOLEO BY INTERRUPTS - I N  USZCS 
i i o o 7 7 7 7 ~ 1 0 3  

CPU DLTA 

CPU 1 z 3 

TOTAL TlME EACH CPU I S  ASSIGNED - I N  USCCS 
USC n00873 .  666237 .  975199 .  

TOTAL TIME ALL PROCESSORS SPENT EXECUTINO INSTRUCTIONS - 1046343 .  USEC9 

TOTAL TlME MCC W1S BUSY - 472091 .  USCC 

?OR A SIMPLEX PROCESSOR WITH A FLOATING MEC - T O T A L  TIME PUS WERE INTERRUPTED BY TUC ~ E C  - 0. 

NUMBER 0 1  BORAM TO TASK MCYORY LOADS - 1 3 1 8  

TOTAL TIME SPENT LOAOINO TASK MEMORY - 231614 .  USCCS 

NUMBER OF b 4 T l  REQUESTS - 2 0 6 1  

TOTAL TlME SPENT TRANSFERRINB DATA BETWEEN RAMM AN0 TASK MMORV - 240740. USECS 

TOTAL TIMC PROCESSORS ARE IOLEO WAITINO FOR OAT4 REQUESTS TO BE SLTISFICO r 515593. USCCS 

TOTAL TIME OATA REQUESTS WAIT I N  QUEUE FOR RAM* MODULES - 204462 .  USECS 

LON6EST TIME ANY OATA REQUEST WAITS I N  QUEUE 1 0 1  R4MM MODULE - 1024. USECS 

NUMBER OF SEOMENT REFERENCES - 5 7 7 0  

NUMBER O f  PAOE FAULTS - 0 

NUMBER OF PAGE JUMPS - 5 7 7 0  

Fig. D51-Triple processor simulation results for the further expanded GE workload using a 4096-word 
nonpaged TM, a dedicated hardware MEC, and a shared programldata bus 
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ELAPSEC T IME  8 108COOUl USECS 

Tf lTAL PCS ASSIGNED * 418 

P n  1 2 3 4 5 6 7 8 9 %O I1 12 1s 14 15 16 17 18 19 20 
NUPBER B F  116RAT10NS @F EACH PM 

NUM 534 50 20 10 10 10 10 1 1 1 1 20 20 20 20 20 20 20 20 I0 

AVERAGE T IME  BY HH lCC EACY PM BEAT I T S  E E M P L E T l R k  DEADL INE  . I N  MSECS 
CSC 2 19 43 65 5 v  73 39 954 60 5s 56 25 11 1s 12 11 11 11 11 27 

I N T  1 2 ~ 1 6 7 9 1 0 1 1 1 2  

NUMRER CF T I K E S  EACH I N T h R R U P l  I S  SERVICED 8V THE MEC 
NUM 1000 i 7088 i318 0 0 0 7088 2061 2061 0 0 

AVERAGE T I M 6  ALL  INTERRUPTS W A I T  I N  QUELE F9R  S h R V l C E  - 0,s USECS 

LQNGEST T I P E  ANY I k l E R W L P T  H A I T S  1 4  OLFLE  F B I  S t R V l C E  . 7, USECS 

TQTAL T l P E  HEC 1 5  BUSY YROCESSING INTFRRLPTS  m 74221, USFCS 

NUPBER 8r T I M E S  EACY MEC ROUTINE  I S  PRECESSED 
NUU 1000 0 7088 t31U 375 155"305O 7088 4618 2011 0 0 

AVERAGE T IME  EACH ~ 3 b T l N t  H A I T 6  I N  QLFbE  I 9 R  SERVICE  - I N  USECS 
USC 4 0 4 4 4 2 9 1 0  7 1 2  7 0 0 

L t h G E S T  T I M E  EACH H 9 L T I Y E  WAITS I 4  OLELE r 8 R  SERVICE  . I N  USECS 
USC 3 4  0 PO 3! 384 366 9s 81 76 55 0 0 

T I T I L  T I N E  MEC I S  DUSY YR0CESSING EACH TYPE 8 1  ROUTINE  - I N  MSECS 
MSC 2 0 ~ 0  4514 1311 13,4 37,4 19¶,8 $0683 1 0 , s  3089 0,O 0 ~ 0  

AVERAGE T IME  EACH R C C T I N t  I S  I D L E n  RY INTERRUPTS - I N  USECS 
USC I,( 0 ~ 0  015 O a O  3 - 8  115 113 0,4 110 0 1 9  010 080 

LGLGEST T I M E  EACH R a i J T I N t  I S  l D L E D  BY INTERRUPTS I N  USECS 
USC 10 o 1 t 10 10 10 7 7 10 o o 

CCL DATA 

CPU i 2 3 

T G l A L  T l P E  EACH CPU I S  ASSIGNED - I N  USFC8 
USC 864062, 751615, 6 2 9 9 9 5 ,  

T Q T L L  T l I E  A L L  PR@CISSSRS SPENT EYECLT ING INSTRUCTIBNS - 1046143, USECS 

T E l A L  T IME  M E C  MAS bLSV  . 602966, USEC 

r 8 R  A  S l P P L E I  PROCESSOR h I T H  A  PLRAT ING I E C  T B I A L  T I M E  PUS UERE I N l E R R U P l E D  B V  THE MEC . 8 I 

N U W E R  AB v8RAM 1 8  TASK M6M0RV LBLDS - 7088 

TOTAL T l P E  SCENT LOACING TASK MEM*RY - 269344, USECS 

NUMBER )I DATA REQUESTS . 2 0 6 1  

TETAL T I N E  SPENT THAhSFCf iRING DATA RETUFEN RAM* AND TASK MEMORY . 240748, USECS 

TOTAL T I P €  PRQCESSBIS AYE I D L E D  WAIT ING F I R  DATA REQUESTS 1 0  BE S A T I S F I E D  - 430109. USECS 

TETAL T l P E  DATA REQUESTS WAIT I N  OUELE FGR RAMU MBDULES . 142945, USeCS 

CEhGESl T I M E  ANY DLTA RCCUEST h A l T S  I N  PLEUE TBR R A C M ' M ~ D U L E  - 574, USECS 

NUnRER CF SEGMENT RE fERkLCES - 7088 

NUMBER BF PAGE r I U L T S  . 7088 

NUtIBER (F PAGE JUMPS - 5770 

Fig. D52-Triple processor simulation results for the further expanded GE workload using a 1024-word 
paged TM and a dedicated hardware MEC 
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ELAPSE0 TIME = 1000000 .  USECS 

TOTAL PMS bSSlRNEO a 61R 

PM 1 ? 3 4 S 6 7 8 P 1 0  1 1  1 2  1 3  1 4  15 I 6  I T  1 8  1 9  20 
NOMRER OF ITFRATIONS OF EACH PH 

NUU 3 3 4  5 0  2 0  I 0  I 0  1 0  10  1 I 1 1 2 0  2 0  2 0  ZO 2 0  2 0  2 0  2 0  10 

NIJMRFR n F  TIMFS FACH PM MISSED I T S  COMPLETION OEaOLINE 
NUM 0 ~ 0 0 0 0 0 0 D o 0 0 0 0 0 0 0 0 0 0  

AVERb,;E TIME RY WHICH EACM PM REAT I T S  COMPLETION DEADLINE - I N  MSECS 
MSC 2 1 9  7 9  6 0  4 8  7 2  2 8  9 1 4  5 1  4 I  2 1  2 4  9 8 7 S S 4 4 3 

SMOUTEST TIME RY WHICH EACH PM REAT I T S  COMPLETION DEADLINE - I N  MSECS 
MSC 1 l R  I ?  6 0  l b  7 2  25 9 1 4  5 1  4 8  2 1  2 4  8 6 5 4 3 3 2 2 

I N T  ) 2 3 4 5 b 7 R 9 1 0 1 1 1 2  

NUMRFR OF T l U F S  FACH INTERRUPT I S  SERVICED HY THE MEC 
NUN i n o n  1 T O R R  1 3 i u  o o a r o a n  2 f l61  2 0 6 1  o o 

bVERbRE T IME PLL  INTEHRIJPTS WAIT I N  OUEUE FOR SCRVICE - 0.3 USECS 

LONGFZT TIME ANY INTERRUPT WAITS I N  OUEUE FOR SERVICE - 7. USECS 

T0T.L TIMF MFC I S  RUSY PMOCESSING INTERRUPTS - 74221. USECS 

MEC ROIITTNE DATA 

11011 1 2  3 4 5 6 7 R 9 1 0 1 1 1 2  

NUMUFR OF TIWES EbCH MFC ROUTINE I S  PHOCESSED 
NUM 1 0 0 0  0 708R 131H 3 7 3  1 5 5 4  2 1 4 5 0  700R 5 4 5 9  2 0 6 1  0 0 

AVERAGF TIME FACH ROUTINE WAITS I N  OUEUE FOR SERVICE - I N  USECS 

US C 7 0 4 5 1 3 0 7 3  9 * 1 4  9 0 0 

LONGFST TIME FACH ROUTINF WAITS I N  QUEUE FOR SERVICE - I N  USECS 
usc 4 n  o 4 9  3 4  6 3 5  7 3 3  7 8  71  8 3  5 5  0 0 

TOTAL TIME MFC I S  RUSY PROCESSING EACH TYPE OF ROUTINE - I N  MSECS 
MSC z6.n 0.0 35.4 13.2 13.4 37.3 411.7 106.3 81.9 30.9 0.0 0.0 

AVERARE TIME FACH ROUTINE I S  IDLED HY INTERRUPTS - I N  USECS 
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Fig. D53-Triple processor simulation results for the further expanded GE workload using a 1024-word 
paged TM, a dedicated hardware MEC, and a shared programldata bus 
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Fig. D54-Triple processor simulation results for the further expanded GE workload using a 2048-word 
paged multiprogrammed TM and a dedicated hardware MEC 
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Fig. D55-Triple processor simulation results for the further expanded GE workload using a 2048-word 
paged multiprogrammed TM, a dedicated hardware MEC, and a shared programldata bus 
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Fig. D56-Triple processor simulation results for the further expanded GE workload using a 4096-word 
paged multiprogrammed 'I'M and a dedicated hardware MEC 
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D57-Triple processor simulation results for the further expanded GE workload using a 4096-word 
paged multiprogrammed TM, a dedicated.'hardware MEC, and a shared programldata bus 





S e c u r i t y  C l a s s i f i c a t i o n  

1 DOCUMENT CONTROL DATA - R & D i 

I Simulation of AADC Simplex and Multiprocessor Operation I 

(Security classi l irat ion 01 t i t le ,  body 01 abstract and indexing annotation n ~ u s t  be entered when t l ~ e  overall report i s  r lass i l i ed )  

4. D E S C R I P T I V E  N O T E S  (Type  o f  report and inclusive da tes )  

An interim report on a continuing project. 
5.  AU T H O R I S )  (F i r s t  name, middle initial, las t  name) 

I .  O R I G I N A T I N G  A C T I V I T Y  (Corporate author) 

Naval Research Laboratory 
Washington, D.C. 20390 

I William R. Smith I 

2s. R E P O R T  S E C U R I T Y  C L A S S I F I C A T ~ O N  

Unclassified 
26. G R O U P  

6 .  R E P O R T  D A T E  

February 29, 1972 
BE. C O N T R A C T  O R  G R A N T  N O .  

NRL Problem B02-06 
b. P R O J E C T  N O .  

d. 

10. D I S T R I B U T I O N  S T A T E M E N T  

I Approved for public release; distribution unlimited 

NRL Report 7356 

7a .  T O T A L  NO.  O F  P A G E S  

118 

9b. O T H E R  R E P O R T  N O I S )  (Any other numbers thetrney be esslgned 
this report) 

7b .  N O .  O F  R E F S  

8 

12. S P O N S O R I N G  M I L I T A R Y  A C T I V I T Y  

Department of the Navy 
Naval Air Systems Command 
Washington, D.C. 20360 

9a. O R I G I N A T O R ' S  REPORT NUMBERIS) 

Simulation of a proposed naval Advanced Avionic Digital Computer (AADC) has been underway to  
arrive at architectures which efficiently meet the needs of expected program workloads. Models of avionic 
program workloads have been derived from various sources and used to drive these simulations. These 
models consist of sets of nearly independent program modules which effect periodic, known demands on 
system resources. 

Simplex and multiprocessor configurations of the AADC have been modeled, and certain features of 
proposed AADC executive operation have been incorporated into these models. Guided by previous simu- 
lation work, both nonpaged and paged operating systems with multiprogrammed memories have been 
simulated. 

The simplex processor achieves the highest percentage of processor utilization and, with multipro- 
gramming, the lowest level of program transfer overhead. The effectiveness of multiprogramming in the 
multiprocessor configurations does not match that experienced with the simplex processor, but this effec- 
tiveness might be boosted by compartmenting program workloads into separate families under different 
processing elements. 

Under full processor utilization, background executive activities such as system timing account for less 
overhead than direct executive functions controlling program execution. Sharing of the processing element 
by executive and program workload thus appears an effective strategy for a simplex system. Multiprocessor 
demands on the executive indicate that a dedicated executive processor is reasonable for multiprocessor 
configurations under full workloads. 

I J 
1473 (PAGE 1 )  DD 1 1  E 

ILU 

S/N 0101-807-6801 S e c u r i t y  C l a s s i f i c a t i o n  



DD ,',0,R,M6,1473 ( B A C K )  
(PAGE' 2 )  

Securlty Classlflcatlon 

1 4  
K E Y  WORDS 

Advanced Avionics Digital Computer (AADC) 
Simulation 
Simulator routines 
Computer system performance 
Computer programs 
Simscript 
Multiprocessors 
Avionics 

- - 

116 
Security Classification 

Sharing of busing resources by both data and program transfers appears to  offer an acceptable 
cost-efficiency tradeoff in dual and triple processor operation, but a triple processor would profit 
more, if cost reduction is paramount, by maintaining separate busing and relinquishing possible hard- 
ware executive features for a dedicated software executive. 

t 

L I N K  

R O L E  

A 

W T  

L I N K  

R O L E  

e 

WT 

L I N K  

R O L E  

c 

WT 


