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Jonathan W. Vavano First Name: Last Name:
November 9, 2005, 1 to 1:50pm

This is an open book, open notes exam. You may put answers on the backs of the pages, but
please don't turn in any extra sheets.

(20) Question 1. In aCAN network, what is the purpose of the DL C fidd?l.e, What isit used for?

(10) Question 2 Assuming transfer rate of 100,000 bits/sec on a CAN network, and each message
contains 3 bytes, what is the maximum bandwidth of the network (in units of bytes of data per sec)? The
important part of this question is the development of the equation, and the caculation of the specific
number is of secondary importance.
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(15) Question 3. Condder a producer/consumer problem linked by a FIFO queue. Both the producer
thread and the consumer thread operate in the background using interrupt synchronization. The input
device is a CAN receiver, and the output device is a SCI tranamitter. When the CAN input is ready an
interrupt-38 is generated, and the producer thread (CAN input ISR) reads the data and puts them into a
FIFO. When the SCI output is idle, an interrupt-20 is generated, and the consumer thread (SCI output
ISR) gets data from the FIFO and writes them to the output device.

Fi f o_Put Fifo Get
Input —>{ Producer Fifo |——— Output

Part a) Theinitidization software will clear the FIFO. Which threads should be armed at thistime? Circle
your answer.
A) The producer (CAN input)

B) The consumer (SCI outpurt)
C) Both
D) Neither

Part b) The consumer thread disarms itsdlf if it finds the FIFO is empty. When should the consumer threaed
be rearmed? Circle your answer
A) Only by theritud

B) On the next output interrupt (when the SCI output deviceisidle)
C) On the next input interrupt (when new CAN input is received)

D) The consumer will cal Fi f o_Get over and over until it is not empty

Part c) After the producer thread puts data into the FIFO, it checks the FIFO status. It will disarm itself if
it finds the FIFO is full. When should the producer thread be rearmed? Circle your answer.
A) Only by theritud

B) On the next output interrupt (when the SCI output deviceisidle)
C) On the next input interrupt (when new CAN input is received)
D) The producer will cal Fi f o_Put over and over until it is not full
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(25) Question 4. Congder a problem of running two foreground threads using a preemptive scheduler

with semaphore synchronization (like Lab 17.) Thereis ashared 16-bit globd varigble:
short TheDat a;

Thewr i t er thread storesinto TheDat a, andther eader thread readsfrom TheDat a. Thegod
is to create a 1-1 data transfer (repesting the pattern where one write is followed exactly one read). The
basic shdl of this operation is given. Define one or more semaphores, then add cals to the following three
functionsin order to properly synchronize the interactionsbetween wr i t er andr eader .

int OS I nitSemaphore(SenmadType *semaPt, short val ue);
void OS Wait(SemadType *semaPt);
void OS_Signal (Semad4Type *semaPt);

Y ou will define one or more semaphores and place cdls to the three semaphore functions into the system,
otherwise no other changes are alowed. Use descriptive names for the semaphores that describe what the
semaphores mean. Assumewr i t er isrunfirg. You may assumethe only accessesto TheDat a inthe
entire software system are explicitly shown here.

voi d reader (void){ void witer(void){
rinit(); /] initialization winit(); [/ initialization
whi | e(1){ whi | e(1){
rProcess(TheData); // body TheDat a=wPr ocess(); // body
} }
} }

The purpose of the semaphores is to force the sequence of execution so that exactly one cdl to
wPr ocess isfollowed by exactly onecdl tor Pr ocess.
TheData = wProcess(); // writer body

r Process(TheDat a) ; /'l reader body
TheData = wProcess(); // witer body
r Process(TheDat a) ; /'l reader body
TheData = wProcess(); // writer body

r Process(TheDat a) ; /'l reader body
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(30) Question 5 The god of this problem is to design a cooperative thread switcher. There will be no
interrupts whatsoever, just the SW  ingtruction that causes a software interrupt. The main program creates
three threads and launches the first one. The threads are chained in a circle usng the Next pointersin the
TCB. All threads will cooperate by calling your OS_Switch() function regularly. The following thread
control block will be used (like Lab17, except thel d removed.)

struct TCB{ voi d Threadl(void){
struct TCB *Next; Initl();
unsi gned char *StackPt; whil e(1){
unsi gned char MoreStack[99]; Process1();
unsi gned char Initial CCR; OS Switch();
unsi gned char Initial RegB; }
unsi gned char Initial RegA; }
unsi gned short Initial RegX; voi d Thread2(voi d){
unsi gned short Initial Regy; Init2();
void (*Initial PC)(void); whi l e(1){
}; Process2();
typedef struct TCB TCBType; OS_Switch();
t ypedef TCBType * TCBPtr; }
}
TCBType SystenilCB[ 3]; voi d Thread3(void){
I nit3();
TCBPtr RunPt; // current whi l e(1){
Process3();
unsi gned short Numrlhr ead=0; OS Switch();
}
}
voi d mai n(voi d){
OS_AddThr ead( &Threadl) ;
OS_AddThr ead( &Thr ead?2) ;
OS_AddThr ead( &Thr ead3) ;
OS _Launch(); /1 doesn' t
return
}
Execution Sequence <:::?_’WQ;;;—7 Next Next 49—
Pr Ocessl( ) : SackPt StackPt SackPt
Process2();
Pr ocesssg % ; Stack Stack Stack

Processl();
Process2();
Pr ocgssB();

®
®
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NO hardware interrupts are dlowed in this problem. You are not dlowed to change the TCB structure or
the code of the foreground threads Thr ead1l Thr ead2 Thr ead3 or mai n. Code to add threads
and launch are smilar to Lab17 (except no | d), which you are aso not alowed to change.
void OS Launch(void){
RunPt = &SystemlCB[O0]; // Specify first thread to run
asm | dx RunPt
asmlds 2,x
asmrti /'l Launch First Thread
}
short OS_AddThread(void(*fp)(void)){
i f(Numlhread >= 3) return O0; // structure is full
I f (Numlhr ead) SystemlCB[ Numlhr ead-
1] . Next =&Syst eml'CB[ NumThr ead] ;
Syst emlCB[ NuniThr ead] . St ackPt =
&Syst eml'CB[ NuniThr ead] . I ni ti al CCR;
Syst emlI'CB[ NumThread] . I niti al CCR = 0x50; [/ CCR 1 bit set
Syst eml'CB[ NumThread] . I nitial PC = fp; /[l Initial PC
Syst eml'CB[ NuniThr ead] . Next = &Syst enml'CB[ 0] ;
Numrhr ead++;
return 1; }
(10) Part b) Writethefunction OS_Swi t ch, which issuesa SWI.

(20) Part b) Write the SWI interrupt handler that suspends the current thread and runs the next thread in
the circular linked list.
interrupt 4 void SW handl er (voi d) {
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(10) Question 6. In Lab 17, we defined time-jitter, dt, as the difference between when a periodic task is
supposed to be run, and when it is actudly run. The goa of a red-time DAS is to gart the ADC at a
periodic rate, Dt. Let t, be the nth time the ADC is started. In particular, the god to make t, — t,., = Dt.
Thejitter is defined as the congtant, dt, such that
Dt-dt < t; —t4, < Dt+dt fordli.

Assume the input to the ADC can be described as V(t) = B+Asin(2pft), where A, B, f are constants.
Derive an estimate of the voltage error, dV, caused by time-jitter. Basicdly, solve for dV asafunction of
dt, A, B, and f.
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