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Piazza Poll: Which one(s) print
“lolleH” when passed “Hello!”?

char rPrint_A(char * str)

I
L

if (*str == NULL) {
return *(str);
T else {

char nextChar = rPrint_A(str + 1);

printf("%c”, nextChar);
return *(str);

}

void rPrint_B(char * str)

I

{

if (*str == NULL) {
return;

} else {

rPrint_B(str + 1);

printf({"%c", *(str));

return;

char rPrint_C(char * str)
1
if (*str == NULL) {
return *(str-1);
} else {
printf(“"%c", *(str));

char nextChar = rPrint_C(str + 1);

return nextChar;

}

char rPrint_D(char * str)
{
if (*str == NULL) {
return *(str-1);
T else {

char nextChar = rPrint _D(str + 1);

printf("“%c", nextChar);
return *(str-1);
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Roadmap

* Announcements, Lab 08 notes
e Piazza Poll v

* Binary Trees + Recursion

— Work group time

— Class coding time
* BREAK
* Lab08:

— Owverview

Cecoding
— Eventswith Parameters, Local events

— Timers

* Maximum timer speed (?)

e Lab 9 stuff(?) Y

o
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Announcements:

e BattleBoats Partner Selection
- DOIT

e New Battleboats Late Hours policy
M A X 'C [ o4 Laguwr) :4‘; f;"{ Lovis 8)

e Labl0 v
— design_goals.txt due next Tuesday //

* Start a convo on Piazza
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Announcements: Grade breakdown
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Lab08 Fixes

* So many changes:

— Lab08 main.c, not lab08 main.c S
¢ COLECPrint{ MorseEvent event), not CLEDFPrint{imorseEvent event) /
— Added missing files to .zip
+ Al the oled/oleddriver/buttons stuff @ [ E"?' f“ﬁ'f o1t 14
* MorseTest_template.h \/
— Morse.h:

+ Changed documentation for MorseDecode (should return ERROR events when
attempting to decode invalid morse strings) -

+ Should only have ONE MorseEventType enum

— Lab manual :
+ Testfiles are required v'/
+ Fixed typo in MorseCheckEvents state machine 1// ; f
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char rPrint_A(char * str)

\ #F
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return *(str); ?,:.j
Qb} else {

char nextChar =(r~Pr*:|.n't A(str* + 1)]
printf("%c", nextChar);*p

R —————
return *(str); H
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—) .
01derr1nt_B(char ¥ str)

i ([ == LLLLY)
return;

T else {
rPrint_B(str + 1);
printf("%c", *(str));
return;

¥
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char rPrint_C(char * str)

{
if (*str == NULL) {
return *(str-1);
 else {
printf("%c", *(str));
char nextChar = rPrint_C(str + 1);
return nextChar;
¥
}
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char rPrint_D(char * str)

{
if (*str == NMULL) {
return *(str-1);
T else {
char nextChar = rPrint_D(str + 1);
printf("%c", nextChar);
return *(str-1);
}
¥
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Recursive Binary Trees
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Max Lichtenstein

Simple Binary Tree Problem:
Find Maximum Value in Tree

145

/\

typedef struct Hode {

struct Node *leftChild;

struct Node *rightChild:

-i

int data;

E{/’ \\Ei } Node:
et
999 250 443 int findMax (Node* raea);
printf ("I i\n", findMax(xroot)):

—

—

++9
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145 int findMax (Node* root)
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Binary tree rule:
Mo node can have a value greater than any node to its right anywhere in the tree

Objective: given X, find the LARGEST value in the list thatis LESS THAN X

55
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Objective:
given X, find largest value in
tree that is less than X

cypedef struct Node |
struct Node *lefcChild;
struct Node *rightChild:

int data;

} Hode:

int best lt (Node* root, int X)

{

if (2727204

------

------

n 2?2272;

1 2222;

printf (
printf (
printf (

printf (

", best_lt(root,
", best_lt(root,
'y best_lt (root,
'y best _lt (root,

10)):
88)):
55));
98)):
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BREAK
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Lab 08
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Lab08 overview

e Morse.h:
—GWOFSEIHH,J’MDFSEDECDdE
—Eﬂarse(ﬁhecktvents

e Lab08 main.c

— Run MorseCheckEvents \\
— Feed results to MorseDecode and print services

e Feed those results to print services
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Lab08 Big Picture

Timer ISR

I morseCheckEvents()

decrament WORD countdown

decramant LETTER countdown

decrameant DASH counidown

check for button events [
MORSE
avanis

if TIMEQUT or BUTTON avent:
run Slate Machine

j W ¢

. M;;r\,(:

| % ,(:wﬁhﬁal"l
>< L:nhi’""? A

TL,.ﬂ. l,ﬂ-"lqﬁ!. #c..
Vv L'IJHMS#H
VvV rwq treea

Main loop

OLED sarvica 1
update top line )

MorsaDacoda() sarvice

Run Morsa Dacodar
Ganerate decoded chars
(or ERRORs)

lefh‘-

avenks

OLED sarvica 2
update botiom line I

7
g
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Countdown Timers:

- '-'."‘-F
WuTE # wiy
/ N IATTS
) ‘ . .
A me_remaining = 0]
] ek [time_ ng
'y P N Countdown decrement time_remaining
/* e -
:ﬂ ™
- LHF
= = [time_remaining == 0]
o N generate TIMEOUT event
1 o \ — —
| ‘-xf ~
\ 4" ;?, B

Idle
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Countdown Timers vs Freerunning Timer:
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Inside MorseCheckEvents()

MorseChackEvents()
Counldown Countdown Countdown
| Buttons Check Events()
N v — || & = ;
! Idle Idle Idle euLLTr:trsON
II E j
DASH_TIMECUT WORD_TIMEOUT LETTER_TIMEOUT
nis ents events
Word /
Letter /
&
Lo fr.-l"* Dot i
Pulse f '
)
L. P) 280k | Dash |
HSH




Mb(01),  MorseDecode()

b (0AsH);

Mo ( ,ufw' LErmg, Dot @) ¢ .Dashy
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Max Lichtenstein

MorseDecode() as SM?

s NEW WORD

Do

|

|

h

| " _ NEWLETTER __ .~ S

| NEW WORD NEWLEFTER

\ NEWWORD
% &
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Events with Parameters:

typedef snum {
MORSE_EVENT NONE,
MORSE_EVENT_DOT,
MORSE_EVENT DASH,
MORSE_EVENT NEW_LETTER,
SE_EVENT NEW_WORD,
MORSE EVENT CHAR DECODED,
MORSE_EVENT_ERROK,

} MorseEventT :

.
r
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Other Lab 8 stuff?

=
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How fast can an ISR go?
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FIGURE 13-1: TIMER1 BLOCK DIAGRAM(")

PR1
Y

16-bit Comparator

it
TMR1

TSYNC (T1CON<2>)

[}
I
i
o — |

T1IF I
Event Flag o D
a —
TGATE (T1CON<7=)
' SOSCOITICK : [}1
! ! Gate
. SOSCEN Syne
: soscl :
! ! PBCLK

Note 1: The default state of the SOSCEN (OSCCON<1>) during a device Reset is controlled by the FSOSCEN bit in

Configuration Word DEVCFG1.

TGATE (TICON<7>)
TCS (TICON<13>)
ON (T1CON<15>)

TCKPS<1:0>
(T1CON<5:4>)

—— L
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FIGURE 8-1:

PIC32MX3XX/4XX FAMILY CLOCK DIAGRAM

M use PLL a
| all I
I UFm [USB Clock (48 MHz)
| +— dwvx | PLL x24 b div 2 |
| UF = 4 MHz UPL U:RCEN|
Primary Oscillator (Posc) L || upLLiDIV<2:0> |
Cﬂ‘"‘ o8c1 XT,HS,EC  _
Tl? Internal 4 MHz = Fin = 5 MHz XTPLL, HSPLL X
] ] Peripherals
Logic ] Fin _ ECPLL, FRCPLL . Pusucalur Bl el
div x PLL ™= divy - div x PRCLK
I |
z;I:- PLL Input Divider | PLL Output Divider
o2 OSC2l) FPLLIDIV=2:10= PLLODIV=2:0= PROIV<10>
FRC 1 PLL Multiplier
Oscillatey |—{ COSC<20> PLLMULT<2:0> -
8 MHz typical L
TUN<5:0> o 16 FRCIE
CPU and Select Peripherals
FRCDIV el
|  Postscaler = SYSCLK
|
FRCDIV<2:0>
LPRC LPRC _
Oacitator 31.25 kHz typical
Secondary Oscillator (Sosc)
sosco L L., 32.788 kHz Sosc /(
v
SOSCEM and FSOSCEN
@ Clock Control Logic
e Fail-Safe | | FSCMINT
S0sCI Clock
e L oritne_J, . L FSCM Event




bit 18-16 PLLMULT<2:0>: Phase-Locked Loop (PLL) Multiplier bits

The POR default is set by the FPLLMUL<2:0> bits (DEVCFG2<6:4>). Do not change these bits if the PLL
is enabled. Refer to the “Special Features" chapter in the specific device data sheet for details.

111 = Clock is multiplied by 24

110 = Clock is multiplied by 21

101 = Clock is multiplied by 20

100 = Clock is multiplied by 19

011 = Clock is multiplied by 18

010 = Clock is multiplied by 17

001 = Clock is multiplied by 16

000 = Clock is multiplied by 15

"ﬁ
Sl
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High-Performance 32-bit RISC CPU:

+ MIPS32® M4K® 32-bit core with 5-stage pipeline

* 80 MHz maximum frequency

+ 1.56 DMIPS/MHz (Dhrystone 2.1) performance at
0 wait state Flash access

+ Single-cycle multiply and high-performance divide
unit

« MIPS16e® mode for up to 40% smaller code size

+ Two sets of 32 core register files (32-bit) to reduce
interrupt latency

* Prefetch Cache module to speed execution from
Flash

&
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woid ISR{ TIMER 1 VECTOR, IPL4AUTO) TimerlHandler (void) |
INTClearFlag (INT_T1):
if (++timerData.value > SWITCH STATES () |
cimerDAaTa,SVenT = Trusd
timerData.value = O;
}
h?cii _ ISR(_TIMER 1 VECTOR, IFL4AUTO) TimerlHandler (woid)

é

HQxBDGGZ?SH:

OxFDODIETY:
OxSDO0ZEFC:
QxSDO02700:
oxSDO027049:
Qx5DO02708:
OxSDO0270C:
OxFDOO2TL0:
OxSDO02714:
0xsD002718:
OxSDO02Z7T1C:
0xSDO02720:
OoxSDO02724:
Qx5D002728:
OxSDOo0272C:
0x5D002730:
OxSDO02734:
OxFDO02TIA:
OxSDO0273C:
0x9D002740:
oxSDO0Z744:
0x9D002748:
OxSDO0274C:
QxSD002750:
OxSDO02754:

MFPCD K1,
MPCO HO,
ADDIO SF
W El, 1
MFCD K1,
SW EO, 1
SW OEl, 1
INS HL,
CRI El,
MTCO H1,
W vi, 2
SW VO, 2
LW v1, 1
AMDI V1,
BHE V1,
NOP

SW HER,
sW 53, 8
SW TS, 8
W TSI, 8
W T, 7
SW TE, 7
W TS
-

P F)

BDPGEFR 5F,

5P

ER5Ccl

s SPy; =120
1E(5F)
Scacus
QB (5F)
12 (SF)
ZEROD, 1,
El, 4096
Etatus
8(5F)

4 (5F)

08 [SF)
15
oxSD0oO02780

15

oy
Vi,

ZERQ,

52 [SF)

8 (5F)
4 (5F)
O (5F)
&(SF)
2 [(5F)

€8 (5F)
E4(3F)

OxSDO0Z 7742
QxeDO02TTE:
OxSDO0ZTTC:
QxeDO02 780
OxSD00Z 784
OxSD0027T88:
OxSD002TEC:
QxeDO027T90:
OxSD00Z T4

! ff Clear the

! INTCle=arFlag (INT T1):

QxeDO02THE:
ORSD0027HC:
QxeDO02TAD:

What happens

when an
interrupt
occurs?

36 (5F)
32 (5F)
20(5F)

W R,
5W A0,
SW AT,
HOP
MFLO W0
5W VO,
MFHI V1
5W V1, %€(5F)
ADDU Z3, SP,

100 (5F)

ZERD

ANTeEIIURT

ADDIU A0, ZERO, &
JAL INTClearFlag
NOP
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