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Logistics and announcements

e Vikram’s Friday OH canceled this week (for grading and DRS exam)
e Midterm this Friday 5/10, 90 min

e Location MOR 230 at 12:30pm (normal lecture room and time)
o DRS Exam location: ECE 345 (Lab), one of the TAs will proctor

e Closed book/notes except 1 sheet of (8.5”x11”’) paper, single side

e Topics
o C programming
Number representation and logical operators
Pointers
Schedulers
Interrupts and ADCs

o O O O
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o . Z
3 Pointers (15 pts) Whot decg this outeoT
For the following declarations and statements, print_str(z3); Alberk
// declarations strlen(x3);
int i,j,*k; *xk+10; S2¢ +\0
char *x3,y3,*z3; -
char *a3 = "Hello My Name is Albert"; y3+1;

— 1

// assignment statements 14 x3%-7 :
i = 517; ’
j =1i+3; - S
k = &j;
x3 = a3+strlen(a3)r-14;
y3 = Ix7,;

z3 a3 + 17;
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“‘Hello My Name is Albert”
3 Pointers (15 pts) A A

*a3 *a3+17
For the following declarations and statements, print_str(z3); Prints: “Albert”
// declarations strlen(x3);
int i,j,*k; xk+10; Dereference k (get the value
char *x3,y3,*z3; stored there) and then do +10
char *a3 = "Hello My Name is Albert"; y3+1;
i/_a?,i’.i]gnment statements x3*-7; ERROR can’'t multiply pointers
j = i+3;
k = &j;
x3 = a3+strlen(a3)-14;
y3 = ’x7;
z3 = a3 + 17;
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1 C Programming (15 pts)
1.1 10pts

Write a C function to use bitwise operators to count how many bits are zero in a 16 bit int.
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. (
1 C Programming (15 pts) N
1.1 10pts o birwibc
Write a C function to use bitwise operators to count how many bits are zero in a 16 bit int. v loJo

oro)

int bitcount (int x) { General approach: go through each of the
int 5, k; bits. Create another variable to assemble
PR the output, and for each ‘0’ we increment it.
for (3=0;3<16;J++) { o )
if (! (x&(1<<9))) j is our loop iterator
K4+ : k stores our output
ieturn (X) ; For each iteration shift a 1 " places
) ' (counting up) which creates a mask with a.
1 sliding across the whole number. Use

this to check the bit and then increment the
counter

If the bit is a 1 then append a 1 to the
output (shift K left and or the LSB with 1)
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1 C Programming (15 pts)
1.1 10pts

Write a C function to slide all of the ones in a 16-bit unsigned integer to the Isb end of the word. Examples:

0101010101010101 --->  0000000011111111
0100001000011000 --->  0000000000001111
1010000000000000 --->  0000000000000011
0000000000010100 --->  0000000000000011



1 C Programming (15 pts)
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Write a C function to slide all of the ones in a 16-bit unsigned integer to the Isb end of the word. Examples:

1.1 10pts
0101010101010101 ---> 0000000011111111
0100001000011000 ===> 0000000000001111
1010000000000000 =-=-> 0000000000000011
0000000000010100 ===> 0000000000000011

unsigned int slide (unsigned int x) {
unsigned int i, 73, k;

k = 0;
for (i=0;1<16;i++) {
j = 1<<(15-1);
if(3 & x)
k = (k<<1)|1;

}

return (k) ;

General approach: go through each of the
bits. Create another variable to assemble
the output, and for each ‘1’ we find in x
append another ‘1’ to the output.

| is our loop iterator
k stores our output

j is a mask with a single bit set to ‘1” where
this gets shifted in each iteration of the
loop. We use this mask to check the bit

If the bitis a 1 then append a 1 to the
output (shift K left and or the LSB with 1)
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2 Logical Operators in C (15 pts) olol
AP
222

2.2 (5 pts.
2.1 (10 pts) (5 pts.) | 44 =5
Evaluate the following expressions: Convert A, B, C, D to hex,
S A

#define A ‘01010101

#define B 11110000 B

#define C 00111010 C

#define D 01010101

#define E 00010001 D

unsigned char a,b,c,d; E

R ) B ) TE:
KBk C) << 2 ;
(B &k IC) | C;
(A << 1) | D;
(B&ECEkA) > 4 ;

O A0 T
LI | | I | |



2 Logical Operators in C (15 pts) Base 10 Base 2 Base 16

0] 0000 0
2.1 (10 pts) 2.2 (5 pts.) 1 0001 1
Evaluate the following expressions: Convert A, B, C, D to hex, 2 0010 2
A 3 0011 3
#define A 0001010101 ololole| OX55 4 0100 4
#define B 11110000 L1111 eboo Bl OxFO 5 Toeiol | =
#define C 00111010 - C OX3A
#define D 01010101 {11l orol 6 | 0110 | 6
#define E 00010001 wf (foobiot p| Ox55 7 0111 7
8 1000 8
unsigned char a,b,c,d; [ ’“ ot ol E OX11 9 1001 9
a= IA I BII !(C - Every 4 binary bits maps to 1 hex digit. 10 1010 A
b= (BEC) <<2 ; Use the table to look up the correct hex 11 1011 B
c= (B&k !C) | C; digits 12 1100 C
d= (A<< 1) | D;
: 13 1101 D
e= (BECEA > 4; “Ox” indi
91 indicates a hex value 14 1110 E
15 1111 F
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2 Logical Operators in C (15 pts)

Give answers in binary:

2.1 (10 pts)

a
Evaluate the following expressions: N
#define A 01010101 .
#define B 11110000
#define C 00111010 d
#define D 01010101
#define E 00010001 ¢

unsigned char a,b,c,d;

R ) B ) TE:
KBk C) << 2 ;
(B &k IC) | C;
(A << 1) | D;
(B&ECEkA) > 4 ;

O A0 T
LI | | I | |
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2 Logical Operators in C (15 pts)

Give answers in binary:

2k 5 o) J1[1[1]1]0]1]0]1
Evaluate the following expressions: v 1111010101 01010
Mofing B 11110000 ¢/ 0]0 1/ 1]1]0/1/0
#define C 00111010 al 1111111111111
Mofing E 00010001 -]0[0J0[0[0]0[0]1

a: first flip the bits of ¢, and then check each bit position. Because this is an
or, if any bit is a ‘1’ the output will be a ‘1’

R J:B) "€ 3 b: do the B&C first. Only 2 bits are both 1, then shift the result left by 2

Eg :&CZC? | 2C; ) c: These are LOGICAL operators. Nonzero numbers evaluate to TRUE so

(A << 1) | D: IC is evaluated first and is I(TRUE) = FALSE. Anding this with anything

(B&C&A) > 4 : makes the result false. FALSE is all zeros, TRUE is a 1 in the LSB
(00000001). Since this is FALSE = 0, bitwise OR with ‘0’ doesn’t do
anything, it gives you back C.

unsigned char a,b,c,d;

O A0 T
LI | | I | |
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4 Schedulers (15 pts.) \we () ¢
Consider the following three tasks with a non-preemptive, round robin scheduler WITH synchronization. As h \ -
we discussed in class: Consider P, and D to be specifications and C a resource requirement. After charting se Cao T
the schedule, are P and D satisfied? \ e\
ae oy vnte
e Task A C = 233usec, P=1ms, D=0.5ms. Make the following assumptions: ¢ tack pust
e Task B C = 100usec, P=2ms, D=2ms. e Functions sleep(n) and halt_me() exist as described in cldss. 3
Task_B() { e A static variable is initialized only once, before the functionl|is executed for the first time.
:;:z;?g)f“ 100mu sec. ; e The scheduler takes 100usec of CPU time. vask A
} e Assume scheduler starts for the first time at £ = Ousec. 3
e Task C C = 233usec, P=1ms, D=1ms. e As in class, make each horizontal line represent 333pusec. Q.
Complete the schedule analysis through at least 7 milliseconds.
Task_C() { (chart on next page)
static i=0; i _
compute for 233mu sec.; Prefix Postfix
if(i++ > 1 halt ; oL Lo
1}(1 ) #1005 } int i=0; int i=0;
if(++i> 0) if(i++> 0)
Serial.printin("True"); Serial.printin("True");
else else
Serial.printin(i); Serial.printin(i);
OUTPUT: OUTPUT:
>>> True >>> 1
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Scheduler absorbs extra time so that tasks always start on the next
4 Schedulers (15 ptS.) OS tick (e.g. at 1ms, 2ms, etc).

Consider the following three tasks with a non-preemptive, round robin scheduler WITH synchronization. As ~ Nonblocking delay function
we discussed in class: Consider P, and D to be specifications and C a resource requirement. After charting implemented with a counter.

the schedul P and D satisfied? _ P
¢ sefledte, ate T atl Satshe D = deadline, task needs to finish within the first 0.5 ms of period Convention: counter updates

e Task A C = 233usec, P=1ms, D=0.5ms. - I right before each time tick,
H ! : Make the fOllOWlIlg assy funCtion runs |f S|eep_Count=O
e Task B C = 100usec, P=2ms, D=2ms. e Functions sleep(n) and halt_me () gxist as described in class.

/ Stop running task after this is called
P = period Task_B() { e A static variable is initialized only once, before the function is executed for the first time.
Task runs on compute for 100mu sec.; . .
inasverl;/ Srr?s ce slezp(2) ; e The scheduler takes 100“sec of CPU time. If this were -100 us
block } e Assume scheduler starts for the first time at ¢ = Ousec. = then we start Task A
at Oms
e Task C C = 233usec, P=1ms, D=1ms. e As in class, make each horizontal line represent 333pusec.

Complete the schedule analysis through at least 7 milliseconds.
Task_C() { (chart on next page) -

static i=0;

compute for 233mu sec.; Prefix Postfix

1§ { haltmeQ)s } int i=0; int i=0;

if(++i> 0) if(i++> 0)

Important detail: This is a postfix operator (i++), so the Serial.printIin("True"); | Serial.printin("True");
statement will be executed with the current value of a else else
variable and then the value gets incremented. In prefix Serial.printin(i); Serial-printin(i);
(++i), the value of the variable will get incremented first OUTPUT: OUTPUT:
and then the statement will get executed. >>>True >>>1
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Steps for filling out diagrams:
Label every 3 box as an OS time tick (1 ms, 2 ms, etc)
Check the scheduler start time (t=-100 us, t=0ms)
Shade in the box for Task A and then return to the scheduler for 100 us
Immediately after the scheduler runs for 100us, call Task B. Return to the scheduler
after completing it.
5. Immediately after the scheduler runs for 100us, call Task C. Return to the scheduler
after completing it.
6. Update the sleep variables and if synchronized, wait until the next OS tick.
- Assume that if a sleep counter reaches 0 at an OS tick (e.g. t=2 ms) then the task will
run during the following cycle (between t=2ms and t=3ms)

B wn =

- For a non-preemptive scheduler, if a task runs past a deadline D or the tasks take
longer than 1 OS tick (e.g. say Task C goes past 1 ms), a synchronized scheduler will
wait until 2 ms to before it can run Task A again

7. If a timing violation occurs (deadline is not met), make a note of it on the diagram but
assume this does not affect how it runs (e.g. if Task B violated deadline go ahead and

continue on to Task C)

8. Make sure to fill out the worksheet all the way until the time tick we said (e.g. 7 ms)
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Scheduler Task A Task B Task C
Oms
L tviaae e,
"33&44
I |
Coob w -
1ms
Task A C = 233usec, P=1ms, D=0.5ms.
2 ms Task B C = 100usec, P=2ms, D=2ms.
Task_B() {
compute for 100mu sec.;
sleep(2);
}
3ms Task C C = 233usec, P=1ms, D=1ms.
Task_C() {
static 1=0;
compute for 233mu sec.;
if(i++ > 1) { halt_me(); }
4 ms ¥
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Scheduler Task A Task B Task C
4 ms
5 ms
Task A C = 233usec, P=1ms, D=0.5ms.
6 ms Task B C = 100usec, P=2ms, D=2ms.
Task_B() {
compute for 100mu sec.;
sleep(2);
}
7 ms Task C C = 233usec, P=1ms, D=1ms.
Task_C() {
static 1=0;
compute for 233mu sec.;
if(i++ > 1) { halt_me(Q); }
8 ms }
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0 Scheduler Task B Task C
ms
Start at t=0
OS time
Ticks = i = 0 (postfi
1ms sleep count =2 Rl
1 ms | — «— Update sleep counters, if
sleep_count =1 - sleep_count=0 then run the
= task again
Task A C = 233usec, P=1ms, D=0.5ms.
2 ms - Task B C = 100usec, P=2ms, D=2ms.
sleep_count = 9
=2 Task_B() {
halt_me() compute for 100mu sec.;
e e
[ 4
}
3ms Task C C = 233usec, P=1ms, D=1ms.
Don’t run this Task_CO {
K static 1=0;
task anymore —> compute for 233mu sec.;
if(i++ > 1) { halt_me(); }
4 ms }
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Scheduler Task A Task B Task C
4 ms
[E———]
sleep count =2
5ms
sleep_count =1
Task A C = 233usec, P=1ms, D=0.5ms.
6 ms - Task B C = 100usec, P=2ms, D=2ms.
sleep_count=0
Task_B() {
compute for 100mu sec.;
sleep_count =2 sleep(2);
}
7 ms Task C C = 233usec, P=1ms, D=1ms.
Task_C() {
static 1=0;
compute for 233mu sec.;
if(i++ > 1) { halt_me(); }
8 ms }
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4 Process Context and Interrupts (10 pts)
4.1 (Process Context 5pts)

A “context switch” occurs each time a function is called or exited. Briefly explain why a “context switch”
takes up both CPU time and memory. Do all context switches use memory?
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4 Process Context and Interrupts (10 pts)
4.1 (Process Context 5pts)

A “context switch” occurs each time a function is called or exited. Briefly explain why a “context switch”
takes up both CPU time and memory. Do all context switches use memory?

When a function is called, the CPU must save context information (i.e. PC, and registers) on

the stack. This takes both CPU time and memory. When the function exits, CPU time is required
to restore the registers, but memory is freed up as the data are ““popped" off of the stack.

So, function calls use up memory, but function returns free up memory.

For questions like this you just need to know the general concepts we went over in lecture, we won'’t ask for
exact details on what happens for a particular chip like the Arduino



YA/ UNIVERSITY of WASHINGTON CSE/ECE 474, Spring 2024

What are some problems or potential issues to be careful of when working with
interrupts? List at least 3.

If the ADC Value on a 10-bit ADC in a 3.3V system 1s 362, what is the voltage on the
pin?
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What are some problems or potential issues to be careful of when working with
interrupts? List at least 3.

® Very hard to debug/can break debugging tools From lecture on interrupts 10e%

® Interrupts can override global variables

® [SR takes over processor, can override even a pre-emptive scheduler

® Can take up CPU time and disrupt time critical tasks s | >V lory
® Plays around with the stack

Think of this as a unit conversion. Note 1024 comes from
the 10 bits. These can encode 2*n=1024 values, and the

voltage range of 3.3 is split up into these increments

[f the ADC Value on a 10-bit ADC in a 3.3V system 1s 362, what is the voltage on the

pin?
ADC Value= (Voltage on Pin{mV]) *{Max ADC Value | To convert an analogRead Value to voltage, should we divide by 1023 or 1024?
{ System VOkage 2t Vi) | think the key here is to remember that an ADC conversion represents a range of
or values with a step size of 5v/1024 = 0.0048828125V. So if analogRead returns O, this
¢ is really a range ofﬂ/ t0 0.0048828125V, and 1 is a range of 0.0048828125V to
{Voitage on Pm{m V'] ']* 1024 0.009765625V, etc. In that regard, we would want to divide analogRead by 1024
ADC Value=-

3300 and if analogRead returns 1023, 1023/1024 * 5V = :12951171875V to Sl'




