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Q.1 a. Describe the domestic and industrial application of embedded system.
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b. Show the contents of the PSW register of after execution of the following

instruction.
MOV A, #0BFH
ADD A, #1BH
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c. Explain briefly different types of memories used in 8051.
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Answer:

® gt =
@) &Wwi /I%fw/ﬂm of Krof

.Chiu'.uf Lob Fuuk Jcbedub;j » The Procest HHhak }teiu%h Lese C PU

bwul 4 allocalid the PO Jiast Wl

< Cose Yshene SITF }m?t.wsl' on Hilore [—%@J
Pl Pucess .

-_—

Easdiesh Deadline .?ndi’ Acheduling ’]f),_ ,twcm%a.f”fwue eoslien
deadline & havin J her ?uo/uﬁ Tho uq Mok ratned deadlive
“ (gce sohene EDFY yebtlhs ;m/@;ﬂm
Round Robin &-,bam
— Lach Phocess L ned Time imbenvak

= 1;/ s T M E .db_ mo:;l ?k@\@m C—PU}J /)’t:m}p&b‘
Wen to  dmethen P\rx

—

Proceis 2
=

- 'Is_v.
1;3‘» &hﬂju Pvcw Mfua Lo Idsude}u, e
o L YN %
* Lt pook
I”‘fx"f"l -~ Guvronk Phocess

Eﬁﬂﬂ@m AHE [ HAHE]

P e ediding — ccu <A A AU ;
fic.au(; ELL - fa.c: B By SZ::, 7 0‘"—? amd Aumable };uwa&g withy
i } : 3

e ?u'vl—n 7 asa d.ua:f«cd @ f,-o:d f“ua'u? 17;::5 Zum Fah 8

“m 'l O—0-1
7&{»@ bl j)d}tﬂtbﬁeal ? m'_ﬂ L —-13—1
Qvd ba, st \ ' '“b"‘{r ~4

Mfm.n : l“‘y»w': "—{u‘,‘*

Mu,!:bfe\r?l Queue Sc.llf?&-buLJ E
Lnfo deponake gutsed + Jovee ,::I
“Cach queut hats L amr(fﬂ

%l‘c Moo bo e Soheo[b—&ry ﬁHS‘ A ?G‘nul fx,ea(
'ﬁ,f e thoden ;wuool +he mb;ﬁm be aehalidsp

M Fore, ) nof‘ be ud ;’Md’u? 4&9‘“""?»1
The  deadline Z proceiies am be et P&ocu&&t wﬁb
- 3 Calt) = (B -l T
s Cordptition it
E‘w(‘,m

e. What is Pipelining? Explain with an example.
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f. Explain development environment and debugging techniques.
Answer:
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. In this section we take a step back from the platform and consider how it is used
during design. We first consider how we can build an effective means for program-
ming and testing an embedded system using hosts. We then see how hosts and other
techniques can be used for debugging embedded systems.

4.6.1 Development Environments

A typical embedded computing system has a relatively small amount of everything,
including CPU horsepower, memory, I/O devices, and so forth. As a result, it is com-
mon to do at least part of the software development on a PC or workstation known
as a bost as illustrated in Figure 4.26. The hardware on which the code will finally
run is known as the target. The host and target are frequently connected by a USB
link, but a higher-speed link such as Ethernet can also be used.

The target must include a small amount of software to talk to the host system.
That software will take up some memory, interrupt vectors,and so on, but it should

Host system

Target system

FIGURE 4.26
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generally leave the smallest possible footprint in the target to avoid interfering with
the application software. The host should be able to do the following:

m load programs into the target,
m start and stop program execution on the target, and
m cxamine memory and CPU registers.

A cross-compiler is a compiler that runs on one type of machine but gener
ates code for another. After compilation, the executable code is downloaded to he
embedded system by a serial link or perhaps burned in a PROM and plugged in. We
also often make use of host-target debuggers, in which the basic hooks for debuggir
are provided by the target and a more sophisticated user interface is created by the
host.

A PC or workstation offers a programming environment that is in many ways
much friendlier than the typical embedded computing platform. But one prob:
lem with this approach emerges when debugging code talks to I/O devices. Since
the host almost certainly will not have the same devices configured in the same
way, the embedded code cannot be run as is on the host. In many cases, a fest-
bench program can be built to help debug the embedded code. The testbench
generates inputs to simulate the actions of the input devices; it may also take
the output values and compare them against expected values, providing valu-
able early debugging help. The embedded code may need to be slightly modified
to work with the testbench, but careful coding (such as using the #ifdef direc-
tive in C) can ensure that the changes can be undone easily and without intro-
ducing bugs.

4.6.2 Debugging Techniques

A good deal of software debugging can be done by compiling and executing the
code on a PC or workstation. But at some point it inevitably becomes necessary
to run code on the embedded hardware platform. Embedded systems are usually
less friendly programming environments than PCs. Nonetheless, the resourceful
designer has several options available for debugging the system. '
The serial port found on most evaluation boards is one of the most important
debugging tools. In fact, it is often a good idea to design a serial port into an embed-
ded system even if it will not be used in the final product; the serial port can be
used not only for development debugging but also for diagnosing problems in the
field. '
Another very important debugging tool is the breakpoint. The simplest form of
a breakpoint is for the user to specify an address at which the program’s execution
is to break. When the PC reaches that address, control is returned to the monitor
program. From the monitor program, the user can examine and/or modify CPU
registers, after which execution can be continued. Implementing breakpoints does

© IETE 10
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not require using exceptions or external devices. Programming Example 4.1 shows
how to use instructions to create breakpoints.

Programming Example 4.1

Breakpoints

A breakpoint is a location in memory at which a program stops executing and returns to the
debugging tool or monitor program. Implementing breakpoints is very simple—you simply
replace the instruction at the breakpoint location with a subroutine call to the monitor. In the
following code, to establish a breakpoint at location 0x40c in some ARM code, we've replaced
the branch (B) instruction normally held at that location with a subroutine call (BL) to the
breakpoint handling routine:

O x 400 MUL rd4,r4,r6 O x 400 MUL r4,r4,rb6
@ x 404 ADD r2,r2,r4 — © x 404 ADD r2,r2,r4
0 x 408 ADD r0,r0,#1 ® x 408 ADD ro,r0,#1
® x 40c B loop @ x 40c BL bkpoint

When the breakpoint handler is called, it saves all the registers and can then display the CPU
state to the user and take commands.

To continue execution, the original instruction must be replaced in the program. If the
breakpoint can be erased, the original instruction can simply be replaced and control returned
fo that instruction. This will normally require fixing the subroutine return address, which will
point to the instruction after the breakpoint. If the breakpoint is to remain, then the original
instruction can be replaced and a new temporary breakpoint placed at the next instruction
(taking jumps into account, of course). When the temporary breakpoint is reached, the monitor
puts back the original breakpoint, removes the temporary one, and resumes execution.

The Unix dbx debugger shows the program being debugged in source code form, but that
capability is too complex to fit into some embedded systems. Very simple monitors will require
you to specify the breakpoint as an absolute address, which requires you to know how the
program was linked. A more sophisticated monitor will read the symbol table and allow you to
use labels in the assembly code to specify locations.

Never underestimate the importance of LEDs in debugging. As with serial ports,
it is often a good idea to design a few to indicate the system state even if they will
not normally be seen in use. LEDs can be used to show error conditions, when the
code enters certain routines, or to show idle time activity. LEDs can be entertaining
as well—a simple flashing LED can provide a great sense of accomplishment when
it first starts to work.

When software tools are insufficient to debug the system, hardware aids can be
deployed to give a clearer view of what is happening when the system is running.
The microprocessor in-circuit emulator (ICE) is a specialized hardware tool
that can help debug software in a working embedded system. At the heart of an
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in-circuit emulator is a special version of the microprocessor that allows its intern:
registers to be read out when it is stopped. The in-circuit emulator surrounds ;'__'___
specialized microprocessor with additional logic that allows the user to specify
breakpoints and examine and modify the CPU state. The CPU provides as mue
debugging functionality as a debugger within a monitor program, but does not _' c
up any memory. The main drawback to in-circuit emulation is that the machine
specific to a particular microprocessor, even down to the pinout. If you use severa
microprocessors, maintaining a fleet of in-circuit emulators to match can be ver
expensive.

The logic analyzer [Ald73] is the other major piece of instrumentation in the
embedded system designer’s arsenal. Think of a logic analyzer as an array of inexper
sive oscilloscopes—the analyzer can sample many different signals simultaneo
(tens to hundreds) but can display only 0, 1, or changing values for each. All thes
logic analysis channels can be connected to the system to record the activity o
many signals simultaneously. The logic analyzer records the values on the si gna
into an internal memory and then displays the results on a display once the mef
ory is full or the run is aborted. The logic analyzer can capture thousands or eves
millions of samples of data on all of these channels, providing a much larger tim
window into the operation of the machine than is possible with a convention:
oscilloscope.

A typical logic analyzer can acquire data in either of two modes that are
cally called state and timing modes. To understand why two modes are
and the difference between them, it is important to remember that an oscilloscope
trades reduced resolution on the signals for the longer time window. The measure
ment resolution on each signal is reduced in both voltage and time dimension
The reduced voltage resolution is accomplished by measuring logic values (0, 1, ,3'
rather than analog voltages. The reduction in timing resolution is accomphshcd DY
sampling the signal, rather than capturing a continuous waveform as in an
oscilloscope.

State and timing mode represent different ways of sampling the values. Timing
mode uses an internal clock that is fast enough to take several samples per clock
period in a typical system. State mode, on the other hand, uses the system’s own
clock to control sampling, so it samples each signal only once per clock cycle. As a
result, timing mode requires more memory to store a given number of system clock
cycles. On the other hand, it provides greater resolution in the signal for detecting
glitches. Timing mode is typically used for glitch-oriented debugging, while state
mode is used for sequentially oriented problems.

The internal architecture of a logic analyzer is shown in Figure 4.27. The system’s
data signals are sampled at a latch within the logic analyzer; the latch is controlled
by either the system clock or the internal logic analyzer sampling clock, depending
on whether the analyzer is being used in state or timing mode. Each sample is
copied into a vector memory under the control of a state machine. The latch, timing
circuitry, sample memory, and controller must be designed to run at high speed

© IETE 12
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FIGURE 4.27

Architecture of a logic analyzer.

since several samples per system clock cycle may be required in timing mode. After
the sampling is complete, an embedded microprocessor takes over to control the
display of the data captured in the sample memory.

Logic analyzers typically provide a number of formats for viewing data. One
format is a timing diagram format. Many logic analyzers allow not only customized
displays, such as giving names to signals, but also more advanced display options. For
example, an inverse assembler can be used to turn vector values into microprocessor
instructions.

The logic analyzer does not provide access to the internal state of the com-
ponents, but it does give a very good view of the externally visible signals. That
information can be used for both functional and timing debugging.

4.6.3 Debugging Challenges

Logical errors in software can be hard to track down, but errors in real-time code can
create problems that are even harder to diagnose. Real-time programs are required
to finish their work within a certain amount of time; if they run too long, they can
create very unexpected behavior. Example 4.2 demonstrates one of the problems

that can arise.
=

g. Generate a frequency of 100 KHz on pin p2.3. Use Timer 1 in mode 1 assume
XTAL of 22 MHz. (7x4)

Answer:
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Q.2 a. What are the criteria for selection of processor for use in an embedded system? (6)
Answer:
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b. Design a Finite State Machine using a simple microprocessor. (6)
Answer:
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c. Give the features of SoC design. (6)
Answer:
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Q.3 a. What are the different types of ROM? Explain read/write mechanism of
EEPROM. (6)
Answer: _ o
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b. Discuss common memory problem and possible solutions. (6)
Answer:
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c. Give the issues that need to be considered when upgrading software using flash
memory. (6)
Answer:
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Q.4 a. Explain communication basics for embedded system with a simple example of
bus structure, read protocol and write protocol. (6)
Answer:
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b. Discuss embedded processor interfacing and explain port-based 1/0 and bus-

based 1/0. (6)
Answer:
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c. Draw and explain two-level bus architecture. (6)
Answer:
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Q.5 a. What is scheduler? Explain Priority based scheduling. (6)
Answer:

., Now that we have a priority-based context switching mechanism, we have ¢
determine an algorithm by which to assign priorities to processes. After assi
ing priorities, the OS takes care of the rest by choosing the highest-priority
process. There are two major ways to assign priorities: static priorities that do n¢
change during execution and dynamic priorities that do change. We will look a
examples of each in this section. :

6.3.1 Rate-Monotonic Scheduling

Rate-monotonic scheduling (RMS), introduced by Liu and Layland [Liu73], was
one of the first scheduling policies developed for real-time systems and is still very
widely used. RMS is a static scheduling policy. It turns out that these fixed priorities
are sufficient to efficiently schedule the processes in many situations.

The theory underlying RMS is known as rate-monotonic analysis (RMA).This
theory, as summarized below, uses a relatively simple model of the system.

m All processes run periodically on a single CPU.

= Context switching time is ignored.
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m There are no data dependencies between processes.

m The execution time for a process is constant.

m All deadlines are at the ends of their periods.

u The highest-priority ready process is always selected for execution.

The major result of RMA is that a relatively simple scheduling policy is opti-
mal under certain conditions. Priorities are assigned by rank order of period, with
the process with the shortest period being assigned the highest priority. This
fixed-priority scheduling policy is the optimum assignment of static priorities to
processes, in that it provides the highest CPU utilization while ensuring that all
processes meet their deadlines.

Example 6.3 illustrates RMS.

Example 6.3

Rate-monotonic scheduling
Here is a simple set of processes and their characteristics.

Process Execution time Period

P1 1 4
P2 2 6
P3 3 12

Applying the principles of RMA, we give P1 the highest priority, P2 the middle priority,
and P3 the lowest priority. To understand all the interactions between the periods, we need to
construct a time line equal in length to hyperperiod, which is 12 in this case.

Ps H &=
2 B

P[] L] [ ]

0 2 -4 6 8 10 12

Time

I |

All three periods start at time zero. P1’s data arrive first. Since P1 is the highest-priority
process, it can start to execute immediately. After one time unit, P1 finishes and goes out
of the ready state until the start of its next period. At time 1, P2 starts executing as the
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highest-priority ready process. Attime 3, P2 finishes and P3 starts executing. P1’s next iterati
starts attime 4, at which point it interrupts P3. P3 gets one more time unit of execution be
the second iterations of P1 and P2, but P3 does not get to finish until after the third iterat
of P1. :

Consider the following different set of execution times for these processes, keeping 8
same deadlines.

Process Execution time Period

P1 2 4
P2 3 6
P3 3 12

In this case, we can show that there is no feasible assignment of priorities that guarantee
scheduling. Even though each process alone has an execution time significantly less than it
period, combinations of processes can require more than 100% of the available CPU cycles
For example, during one 12 time-unit interval, we must execute P1 three times, requi”!
6 units of CPU time; P2 twice, costing 6 units of CPU time; and P3 one time, requiring 3 unis
of CPU time. The total of 6 + 6 + 3 = 15 units of CPU time is more than the 12 time units
available, clearly exceeding the available CPU capacity.

Liu and Layland [Liu73] proved that the RMA priority assignment is optimal
using critical-instant analysis. We define the response time of a process as the
time at which the process finishes. The critical instant for a process is defined
as the instant during execution at which the task has the largest response time. I
is easy to prove that the critical instant for any process P, under the RMA model
occurs when it is ready and all higher-priority processes are also ready—if
change any higher-priority process to waiting, then P’s response time can only go
down.

We can use critical-instant analysis to determine whether there is any feasib
schedule for the system. In the case of the second set of execution times if
Example 6.3, there was no feasible schedule. Critical-instant analysis also implies that
priorities should be assigned in order of periods. Let the periods and computation
times of two processes Py and P, be 71, 7; and Ty, T, with 7} < 7. We can
generalize the result of Example 6.3 to show the total CPU requirements for the
two processes in two cases. In the first case, let Py have the higher priority. In the
worst case we then execute P, once during its period and as many iterations of Py
as fit in the same interval. Since there are |72/7;] iterations of P; during a single
period of P;, the required constraint on CPU time, ignoring context switching
overhead, is
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If, on the other hand, we give higher priority to P, then critical-instant analysis
tells us that we must execute all of P, and all of P; in one of P;’s periods in the
worst case:

Ty + T =<n;. (6.5)

There are cases where the first relationship can be satisfied and the second
cannot, but there are no cases where the second relationship can be satisfied and
the first cannot. We can inductively show that the process with the shorter period
should always be given higher priority for process sets of arbitrary size. It is also
possible to prove that RMS always provides a feasible schedule if such a schedule
€Xists.

The bad news is that, although RMS is the optimal static-priority schedule, it does
not always allow the system to use 100% of the available CPU cycles. In the RMS
framework, the total CPU utilization for a set of n tasks is

n
I}.

U= 3
Ti

6.6)
i=1

The fraction 7;/7; is the fraction of time that the CPU spends executing task 7.
It is possible to show that for a set of two tasks under RMS scheduling, the CPU
utilization U/ will be no greater than 2(2'/? — 1) = 0.83. In other words, the CPU
will be idle at least 17% of the time. This idle time is due to the fact that priorities
are assigned statically; we see in the next section that more aggressive scheduling
policies can improve CPU utilization. When there are m tasks with fixed priorities,
the maximum processor utilization is

U =m@2V/™ -y, 6.7)

As m approaches infinity, the least upper bound to CPU utilization is In 2 =
0.69—the CPU will be idle 31% of the time. This does not mean that we can never
use 100% of the CPU. If the periods of the tasks are arranged properly, then we can
schedule tasks to make use of 100% of the CPU. But the least upper bound of 69%
tells us that RMS can in some cases deliver utilizations significantly below 100%.

The implementation of RMS is very simple. Figure 6.12 shows C code for an
RMS scheduler run at the OS’s timer interrupt. The code merely scans through the
list of processes in priority order and selects the highest-priority ready process
to run. Because the priorities are static, the processes can be sorted by priority
in advance before the system starts executing. As a result, this scheduler has an
asymptotic complexity of O(n), where n is the number of processes in the system.
(This code assumes that processes are not created dynamically. If dynamic process
creation is required, the array can be replaced by a linked list of processes, but
the asymptotic complexity remains the same.) The RMS scheduler has both low
asymptotic complexity and low actual execution time, which helps minimize the
discrepancies between the zero-context-switch assumption of RMA and the actual
execution of an RMS system.
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/* processes[] is an array of process activation records,
stored in order of priority, with processes([0] being
the highest-priority process */

Activation_record processes[NPROCESSES];

void RMA (int current) { /* current = currently executing
process */
int i;
/* turn off current process (may be turned back on) */
processes[current].state = READY STATE;
/* find process to start executing */
for (i = 0; i < NPROCESSES; i++)

* if (processes[i].state == READY_STATE) {
/* make this the running process */
processes[i] .state == EXECUTING_STATE;
break;
}
}

FIGURE 6.12 s
C code for rate-monotonic scheduling. i

6.3.2 Earliest-Deadline-First Scheduling

Earliest deadline first (EDF) is another well-known scheduling policy that was
also studied by Liu and Layland [Liu73]. It is a dynamic priority scheme—it changes
process priorities during execution based on initiation times. As a result, it can
achieve higher CPU utilizations than RMS.

The EDF policy is also very simple: It assigns priorities in order of deadline. The
highest-priority process is the one whose deadline is nearest in time,and the lowest-
priority process is the one whose deadline is farthest away. Clearly, priorities must
be recalculated at every completion of a process. However, the final step of the OS
during the scheduling procedure is the same as for RMS—the highest-priority ready
process is chosen for execution.

Example 6.4 illustrates EDF scheduling in practice.

b. Discuss some of the important criteria used in making an RTOS selection. (6)
Answer:
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c. Explain interrupt handling in embedded system. (6)
Answer:
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Q.6 a. Discuss system synthesis and hardware/software co-design. (6)
Answer:
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b. Explain formal verification and simulation of hardware/software co-design.
Answer:
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c. Give the steps of development of process model. (6)
Answer:
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Q.7 a. Design a process control system and explain its different parts. (10)
Answer:
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b. Discuss the benefits of computer-based control implementations. (8)
Answer:
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