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BINARYADD subtract
just like base to

insttershave fixed bits butmay want to do more rigerouscalculations

onlyreturns this cancalculatefromhere
ex encode21 using 6 bits
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C THELANGUAGE

i.fi i ieowneve

i iii iii iiiethersmanas
mere.ieFicitis

CODE

EEEE.EE

SYNTAX
i end of all lines
Ispacingdoesn'tmatter
delineates code chunks

memory largechunk of electricalstorage
storeddigitally10 1st
low to high
on e start to indicatebinary base2
HEXADECIMAL Ox 4 binary a hex base16

BINARY

HEX

underlying bits are still the same


















































































































Organization
smallest accessible unit of mem byte 8 bits

our system 32 bit system 4 bytewords
4 bytewords w addresses
each word 32 bits data

ie ireabsteinmemors
Types

Print

specifywidth print 010310106dm a b 3cols 6 cos of space
o of prints float do d decimal oloc char

careful not to represent float as int

imports

include estdinting more defs

include cstdio.us prints

loops

conditionals

y Inzero value is considered T i

t.bg it b's z

pp
s
shift by 3 x 3 left

Ex


















































































































functions

pointer data type that points to other data
stores reference mem addy
can recall if needed dereference
dangerous butfreeing
Ex

Etr to x

in C

iTe pointer ste int z declare int pointer named

Z.aereferencing I I set s Epist
in c

and logic int a a b

referencetoladdy int z a set pointer z's val to a's addy
IMPORTANT and are opposites can cancel out


















































































































PURPOSE OF Pointers
1 point to a variable

can alter outsideworld

2 refer tomemoryregionsthat aren't associated w variables

memorymapped input output
setget vals from software hardware vv

31point to a groupregion of data variables
can usepointer for datagroup make faster

nties stancecreation

3fitgroft
length of

it to tell


















































































































Ex

2 s memory

5 98ment of

memory after code

Ii
2

838 this nowthebase ex pigs
ex 05180 0581 831100

Ex largest bits to represent the result of multiplyingtwo 5 bit s together 10 Butwhy

Ex
18,51

iiiii 312 961 210

09 83 obinoo

ex 83999
ex oooo uz onloooo does É wraparound
ex 05110010772 001100 endsbecome 0 when bitshifting
SIGNED s

UNSIGNED O s

Ex obooloo oboon a b c 1 always 0 0 evaluates eachdigit
evaluates numbers nonzero

eeo boot 0


















































































































4 1 25 recitation 1

gamentalunit

s
28256 configurations

S.es

UNSIGNED non neg Binary

vints t unsigned int s bits type
each can representup to an_ numbers 0 2N 1

in binary prefix ob
POWEROF2

i e leastsignificant Ex 13283 222 nomenus

In significant

Binary to Decimal

Ex 051001 230.22 0.2 20 9
OPERATIONS

Ex 8 for 3 bits resultwouldbe 000

i noooo

Ex I oboon as

o.fiBitwise

oblin 0000 061100 noo oboon noo 4 0000 0011

iiii
Ex

I
00i 8


















































































































HEXADECIMAL

base to

prefix ox

a digit of hex 4 digits bin

reje
Ex hex of 0b iq
Ex 0 20 2 16 32

DATAtypes

Division

integerdivision int int

floatingpointdivision if one or both its operands is float

Ex float 4.0

POINTERS

addy
pointer


















































































































MEMORY

Ex
















































































































HELP

val of x addyof v

diffil val of x v

ENUM ARRAYS

can'tchangesize


















































































































EXERCISES HEX

Ex 0640-01

ex 8 5555993352 es

S

IE Enex A8-
Ex 12 bit result


















































































































417125 Pointersarrayschars ints Floats Datarepresentation

bioralsystems

representusingbinary onloff 110

each 0 or I value bit

tans

I EE i iiiiiii
98 ggiggers 8 bit value 28uniquethings ex oblotoon can mean

location

for noteword

191 EE FTTaddresses

EEE

ftp.IEfI Eets9Yoiiteiof typeint
dereferencewhenused w op

Ex

to 32apointerto apointsto y


















































































































Ex

made a float but an int pointerto it

interpreted float as an int cant

diff from casting int floats are

incompatible

Ex interpreting char as int

interpretingright bytebut wrongneighs

Ex

both of type int but diff int sizes

Ex

printingthe addressnot val


















































































































pointers live in memory can bepointed to pointerpointer

can manipulate data inplace

valofcextyval.ec

Caddyof c

pointers are valuable refer tolargememorystructures


















































































































Arrays
in c arrays continuouschunks of memory

fixed size memory definelengthe start

1 allocates memory for array
2 createspointerbywhichyouaccess that spot in memory

123

pointer

É3rdet
123

canIs apointingto ithe more

anychecks

Intph Itounknownparts of mem

ARRAY FIXEDpointer cantreassign

arrays intoFunctions
an cfunctionsees is array'spointer

no wayto know ten
of array in a func

stringlahar arras char xis istis endnuns


















































































































Ascii 8 bits 256 possibilities only128used

0501000001 a

obonoooo at

obo now

ieE z5sssie'cez isdmssoooso for

2bms.peqeins EpiEna
in 8 116 32 64

inselse true unsigned int

o resultsout of uses

wraparound
potentialcause of bugs can begoodfor cryptography

iii mess

8398 n.ggeggsigned 0 to 01 BIGPROBLEM

One'scomplement
if msb is o interpretas unsignedval

p bof m nl nasconsiwrararund

INHERENTMOD
add I movecw


















































































































2s complement A 1 nA

I
ex 8501001001

89

in'ég we.gs

eatiiiserentlsEii iim.mn
SIGNEDin cints

is

ii ine

it iéi
shiftright LOGICAL unsigned
moresticky arithmeticsigned
typedependent
signed fill w Is
unsigned fill w os


















































































































ExponentialFormat

largerange of s but limited precision

EE ii iiiiiii
format

ex

in class just care ab Representation

32 bit float does not let usrepresentmore s 232uniquevars only
compromise sacrificeprecisionfor range
can have massive gaps
approximationbased

Froundedto nearestrepresentablefloat


















































































































FLOATS cont

In Téce's's e beneficial forlimits

Exercises

Ex 5 in 8 bit 2s complement obtillion

ex negate 4 bit 2s comp Oblitotomake it 2s comp

A it nA 1 0001 060010

ex negate 5 bits 2 s comp obolooo to make neg 2s comp

ex 88 01
0510111 11000

ex 0510000 sobonio o ca'scomp not

Ex decimalequivalent of 2s comp hex oxab

to binary 1010101

invert no _ooo did oi Is P's559

ex 0x3ccc2 in 8 bits

0011 110042 if 005
Ex 0x8ess3

1000 120 3
Ex 2 s comp nex of decimal 1

1 in binary 050001

ex simpsif result of oxsess

binary 1000 1110

e Iii it ii
Ex

ÉÉÉÉ ÉÉÉtÉ 0.5 0.25 0.750
Ex 0 43 80000

ie I g ne

What is the decimal equivalent of 32-bit floating point number 
0b1011_1111_0100_0000_0000_0000_0000_0000?


















































































































256 111.425 3360

Ex 25.0 in floating 32 bit nex

811 051100 831.1001
2

exp127 4 exp 131
131 128 2 1 0610000011

0
6000 acroofEx 0.21875 in32bit f p.net

sign o

20 050

0.21875 0.42 0.8 Egg
exp 127 3 exp 124 0501111100 23

HELP t.ae
rs

000

0000

Ex signed058 invert 050 1313 85,90

Ex

a 5 2 soon

Ex
9 3

atben 0501000

Ex 2 3 14 2 7 5 2114 multidiv

2 31 2 7 1014 add

9 2 7 1014 bitshift

i
in

1010 0100 1110

Ex eachint takes 4 bytes in memory

chars take

so x x 3 3141 12

Ex int40 vals 0.3.6 9.12.15 18.21.24.273
vaish 2 move 2 elements backfrom valst I


















































































































418125 recitation 2 signed s floatspointers

SIGNED

INT BINARY A a na

Binary int ve zuibn Etzib ex 1141010

invert0000 0101

1 00000110

6

ex 30 1
2 a bits signed

3 060011

i
s g

8 051000

add 0119
3 1 oblio

Ex smallestlargest representedusing 2 s complement

smallest largest value 051000000 26 64

largest largest value obomini 25 24 2322 2 63
LOGICAL ARITHMETICSHIFT
as always fill with 0s

unsigned patch with 0s logical

signed patchwith as if msB 1 as other arithmetic


















































































































FLOATS

Ex decimalequivalent of 32 bit floatingpoint number 0 40840000

convertto binarygg gq1199
0100 00959

0 0000 0000 0000

2129127
1 0.2 1 0.22 2 5

1 22 1 25
4 5 4.1250

Ex 13.55in 32 bit floatingpointrepresentation

sign negative

5 4 1 22 1 06101 ex ay i11 2 t

0.75 0.5 0.25 2 1 2 2 sci notation

051.011100 22 shift left 2
mant 5127 2 exp129

C O B 8 0000


















































































































Pointers
32 bit memoryaddy
diff data types diff of bytes
need tospecifytype of pointer so it knows how many bytes to read interpret

x addy of x

y value of memory addy of y dereference y

values passed in function as copies not original

1


















































































































ARRAYS

continuouschunks of memory
mustdeclaretypesize

stores first addy in section of memory

Ex intyao 1 2 3.4.5 6 7.8.9.103
printelold n

on print 4

1931123 prints6

STRING

array of chars constantpointer
use ascii encoding to represent chars

use ion null char to indicate
enfing I doublequotesex printfliotocin 65 at

dodin c 67 char single quotes

I gnatsuntil endwhen it sees to no

Ex

valuee x value

Ex


















































































































Ex

4114125 C Strings

usnotions memo one

T.IE ed

hexadecimal

Rinne _Oroc

eachint
occupies32bits _SEE to

butcomputerdoesn'tsee wholememory justglimpses

sizeof provides size of data object inBYTES

works for charsic each sit as

in c an functionangs are passed by value
whenarrayis handedin as ang tofunction in c
canonly see pointer not the array


















































































































more acceptable

To

sizeof is not afunction it's an operator
interpreted compiletime not run time
before code runs evals whereused replaced w

there's no way to inherentlyknowsize of array

a me

t.EE i
Fiitions mm

EEE EEE i immune
addsonto destinationpted to by she spest Is cold Jefontessittinind

3 ties i

I
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in memory

all bytes have addresses accessible

restrictions

string it comparisons

strampcompares first n chars

strncmpcompares entire cstring

It unmatchingchar is lower in str than stra

i

1
Iiii EE i i i i i iii

an

t.EE EEstesteenastring you provide not the terminal


















































































































Ex

ties search
for nonrepeatedly

structswithfunctions modularpackagecode

angsalwayspassedby value

lots timemetemakecopies create pointers instead

struct Pointer

ACCESSmembers III it jgger
priority than

comboof deret member


















































































































C operator Hierarchy

It BessSass s sum of componentparts

4 4 100 4 liabytes

issue

Eustisnucci is none


















































































































Exercises wk 3

is.to i osso
hello 104 101108108 in 33 5650

4 15 25 Recitation

struct

similar to class in Pythonbut no function only vars

use to access members

struct subject

variomes

avoidcopying struct large directly modify value if needed

dereference pointer with before access with

struct ptr member or struct ptr member

size of findshowbig somethingis

int 4 bytes
char 1 byte

stringn functions

strien returns length of string not same as sizeof

stripy puts sre stringinto a destination until no

canoverflow if sizeofcaesticsizeof sre mighttouchothermemory

strnopy copyupto n chars more control

stricpy copyupto n t character no

street concatenates overwrites first no of dest with ist char of src

can still overflow if centdest tenure sizeofaest

strucat up to nth char

strucat up to n e char no


















































































































stromp compares stri stra

o same

0 first diff char stri's char ascii stra char ascii

co 1st str's first diff char ascii c and
do stremplsi.se 0 don't si sz

strncmpcompares up to a chars

strewn finds 1st occurrence of character in string
returns pointer to 1stoccurrence of char null if notfound

strucur finds last instance of char

renew smiit.si I I Ii iiimeters

split chars bysomething
in subsequentcall str replaced by null


















































































































OTHERSTRINGFuncs

sprints
similar toprints but prints into a string not terminal

int
f str van format tod one o of oosin a b c d

converts string to int

EEEEE iEai
constant char array

TYPECASTING

ex vints t ni coints t message i


















































































































LECTURE 4 RISC ASSEMBLY

GeneralPurposeprocessor

list of instructions that can execute using its hardware assemblylanguage

assemblylong getstranslated into binary machine code

tells us exact steps that processor carries out

Assemblycano sequenceof instructions whichexecute in sequential order unless control flow

instruction is executed

mathlogic opscomparisonsjumps memoryaccess

Instruction set architecturecisal contract bit software hardware

functional def of ops storagelocations

precise def of how software caninvokeaccessthem

cisc complexinstruction set computer largerinstruction set a moreoptions operationvariants

can have manyinstructions more complex fewer instructions

rise reduced smaller w onlybare minimum ops

basic smaller set may need more instructions but simpler


















































































































Ex

Risc v Isa

I base int in x c compressed instruct if D singledoubprecision FP

ours base int 32 bit variant

registers memory

32generalpurpose 0 31 1 0 0 32bits wide 1word

eachregister 32 bits wide addresses 32 bits


















































































































rise v instructions
computational

control flow

loads stores

computational arithmetic logicalops on registers
loads stores move data bit registers main mem

control flow change execution order of instructions conditionals functioncalls

computational

ir i inansesone

iÉÉÉ iii a.mn sasiseo.net

all values are binary
Note logical us arithmetic right shifts


















































































































Ex

LOADUPPER immediatecount toi ra niconstant

puts20 bit constantvalue aviconstant in upper 20 bits of a registerand

appends 12 zeros to low end of register
supportsputting in constants larger than 12 bits into register

loads stores only instructions that interact w memory

Load in no offset rsa

read 32bit valuestored memory addy
base addy rse stored inregister
offset offset 12 bit constant

base offset must be multiple of 4

put 32 bit value in register nd

store sw rsa offset rsa takingfrom register putting into mem

take 32 bit value in register use and store e memaddy rsi offset

baseaddy rs alwaysstored in register
offset offset 12 bit constant

base offset must be multiple of a


















































































































control Flow

assembly longtranslated into machinelong stored in mem for processor to read as execut

rise v processor has special registercalled programcounter pc

holds mem addy of current instruction

processoruses thisaddyto fetchinstruction from mem thendecodes executes it

assemblyalwayscontinues to next instruction ipc pat a unless otherwisetold by
control flow instruction pc pct offset

conditionalBranch branchjumponly if condition is met

unconditional Jump alwaysjump
allows us to create conditional if else statements loops while for

LABELS give convenient names to lines of instructions

takes no space in memory no size

conditionalBranchcomp rsa rsa label

first performscomparisonto determine if branch taken or not

if true branch is taken jump to label updates pc accordingly


















































































































unconditional Branch jai ra label

jump toinstructionfollowing label

pc updates to beaddy of instruction

it it esister.in

jump to instructionspecified by rsi offset

rsi is register offset isconstant

can jump to any 32 bit addy

Instruction encoding

6 main types


















































































































Instructions us Data


















































































































Exercises

Ex Wi 4 0 00007000 adds 12 binaryo's 3 nex os

ex

I
ex add x1 x1 t

imm i findbinary complementfingers
mmmm no i mmmmmm

0500001 mmmmmm

Ex 0 12341234 050Too.tn oe eeIimmciz3
oimmc10

53000000

imm 413 1000

imm1130

imm 0000000010000

currtimm 0 12341244

Ex binary instruction

T.ir ToragT6
ex

its 4 10

9900000011 00010 101 1000
En

I

Taye
sub 4 ii xs

E
T.fi EsTuE

esttiox2 xia 86

In
p Iiiiioxb3a

0b00000000_10111001_10001011_00110011


















































































































4122125 recitation

ASSEMBLY

even lower level than c
REGISTERS vs Memory

in c an wars are in memory

registers temp wars that are faster smaller

0 31 10 31

o is always 0 hardwired

instructiontypes

computational

loads stores moveregisters memory

control flow causesPc to jumparound

computational

cut loadupperimmediate set upper 20 bits b c immediateonlyallows 12 bits

load store

LABELS

takes up no space in memory

label lines of instructions

usedwithcontrolflowinstructions


















































































































control Flow

unsigned

DEBUG

asbreak e lines of interest

can see registers memory etc

4128125 compilingcode implementinoProcedures

addresses inbytes
chunksof 4

tion

É
fees

met gets'sg enfed32 bits have 12 bits left

ing Einsities ex

iii iii
an hatin signextendedoffset

Pseudoinstructions

cambits

iInitiiedto actual rise v instructions that's equivalent


















































































































ex i
assem

addi x2 x1 o

ble i xa label bgexa.tt label

label sat xo label

load immediate
32 bits

smaller i x2 3 add x2 x0 3

larger 1 3,0 4321 Laid 0 32wi add
64 bits takes up a words in men

Data vs instruction mem

differentsections of memory
if programcounterpointingto something we assume it's pointing to instructions

don't overwrite

pc keeps track of next instruction

consecutivelocationsin mem are 4bytesapart

É
e

Easthere

Ex sum array

array ten is 10 4 40bytesapart in mem

bytes offset i

ex conditional statement

unconditionallyjumpto skip else portion


















































































































ex diff way

Ex while loop

controlflowinstructions
can be costly
instead ofhaving2

gifts

only onecontrol flow

Procedures ged
canee

caller

CALLER procedure that calledother procedure

callee procedure that was called by caller

a procedure can be both caller callee


















































































































How to transfercontrol to callee back to caller

register 1 ra used to hold a procedure'sRETURNAddress

once finished canee will use na to jump back to correct instruction within caller procedure

How to transfercontrol
bifcane

ra remembers return addy
from procedure call

PIETA


















































































































summary

switchingcontrol back forth bit callercallee

Howto communicatearguments return values

we need rules calling convention

canine convention rules for registerusage across procedures

functionangs return vals

ist ang in 20 and at

canee can find them

first return val in 20 second at

caneeresponsible for putting return vals in necessary registers

How to set proceduresuse morestorage than can fit in registers

allocate special section of memory stack that isn't forregisters
Risc v stack

grows down from high low addys Lifo

sp points to top of stack

push pull operations
must make room before pushing must move pt after pulling


















































































































P us m

any procedure can use stack but before returning must put stack back now it was

sp must be reset to value that it was beginning of procedure

Activationrecord

holds all storage needs of procedure that do not fit in registers
activation records go on stack Lifo

stack frame currentproceduresactivation record always top of stack

what if caller canee need to use same register
rise v callingconventions specifyrules for sharing

PIES then

T.it i
ened

is preservD guaranteed across calls
















































calling convention

t registers temporary not guaranteed to be preserved

is registers saved guaranteedpreservation

usefreely preserved

Ex canee saved

p
reverses

strett

returnstack how it
was before

ex caller saved

cannotassume
whatcaneedid

EE

noneedto save



Ex nestedprocedures

g
jumpingto ra

computing with large data structures

cen

Ex



ex sina.me jai ra function name

ex 15 zero.az nega4 az

ex add a4 zero 23 mv 24 23

ex addi xz zero ox'Éz

0000 10010 12bits

add 3 zero
too

neo interp as Free Fa 42 bits

T.ci
Ex

mulluiz

Ex ja ra label

0 0001010000

_g9500main 20 bit imm O 010000
320

Ex in 41 sp x2 06010 19
00000 0 I

58 24 06011000

imm 4 060100 64 26
000000000100 00010 010 11000 00000



Ex
beg

12528 imm 11100

ex
su.firstt

im

ooord
s

ra jal ra 4 ra

E c nsr

64 16 3 83

20 0 53 05011
lowbit 0000 0001

rest 0010 too
fromprevious

return act

mostrecent

recursion a lowbit
a

ftp.t 1 ra ja1 4 6c 4 68

01001001101100100100 mn

tsbfffEdii0100100 8

0100100 ovoce 8

0b0000000_00101_10000_101_10110_0110011



Tsub
add

ÉÉaff

iniii.ie
I

initial call instruction 813 4 501

suspend

setrem nogtoooorem
sEsooy32

04000

il
END

rent

i 1
is.us 1 ii int coned

I 02 059in a

stopped

S 10 75

b ten howmanytimes recursion happens s
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CALLEE

I I me
CALLER

pc programcounter

ra return addy

pc

peg tra Ée pens

g ÉIora

backupmemory

c mem

ie EE's c b



Ex 1
store

canee

calleesave Éeti i irestorevals
nose

ifstore

Éet
msn.name IEiiiiffI i

1



Sw Iw

1



ex traceshowscountbitsios stoppedbefore rtn label

TÉeispaatediiiiiio ho

1bs0

ÉfÉIs a

initialcall
tocountries

iii van
so 2

I
cannottell

ao at az as

tidy
elzqzr.fie sec how is it a3

ra oxcy

xpD8



arr cannottell

sive end init a

III I c

no



5161253 Rec

stack Detective

find the assembly code corresponding w assembly

listen
s S

soso.ee soso.it eterc al

I tiebit aiii.tt il
c

c
oxcoc iii s E

r init call
0 308 4

pc addyof instruction so 0 9 oblooical oxB04

findstartingpoint jumps 0510010 0 12



The following line of code is run. At various points throughout the program (denoted TIME POINT X),
the values in certain memory locations and registers are saved. Some of these values are shown in the
table on the next page. Using the code below and those values, fill in the missing cells in the table.
jal ra, log_a_x # <--------- TIME POINT 0 (after this line is executed)

1 ilog2: # produce ilog2 of a0
2 addi sp, sp, -4
3 sw ra, 0(sp)
4 addi t1, zero, 1
5 blt t1, a0, ilog_else
6 addi a0, zero, 0
7 beq zero, zero, ilog_ret
8 ilog_else:
9 srli a0, a0, 1
10 jal ra, ilog2
11 addi a0, a0, 1
12 ilog_ret:
13 lw ra, 0(sp)
14 addi sp, sp, 4
15 jalr zero, 0(ra)
16
17 idiv: #produce idiv of a0/a1
18 addi sp, sp, -4
19 sw ra, 0(sp)
20 addi t1, zero, 0
21 bge a0, a1, idiv_else
22 addi a0, zero, 0
23 beq zero, zero, idiv_ret
24 idiv_else:
25 sub a0, a0, a1
26 jal ra, idiv
27 addi a0, a0, 1
28 idiv_ret:
29 lw ra, 0(sp)
30 addi sp, sp, 4
31 jalr zero, 0(ra)
32
33 log_a_x: #compute the log of a0 in base a1
34 addi sp, sp, -12
35 sw ra, 0(sp)
36 sw s0, 4(sp)
37 sw s1, 8(sp)
38 add s0, a0, zero # <--------- TIME POINT 1 (after line 38 executed)
39 addi a0, a1, 0
40 jal ra, ilog2
41 addi s1, a0, 0
42 addi a0, s0, 0 # <--------- TIME POINT 2 (after line 42 executed)
43 jal ra, ilog2
44 addi a1, s1, 0
45 jal ra, idiv
46 lw s1, 8(sp) # <--------- TIME POINT 3 (after line 46 executed)
47 lw s0, 4(sp)
48 lw ra, 0(sp)
49 addi sp, sp, 12
50 jalr zero, 0(ra) # <--------- TIME POINT 4 (after line 50 executed)

6.1900 Spring 2023 Q4 - 14 of 23 - Exam

calls itself same ra

3words

50 20

remain same



Complete this table for Problem 5, using the code on the previous page.

Address TIME POINT 0 TIME POINT 1 TIME POINT 2 TIME POINT 3 TIME POINT 4

0x3fc93f00 0xffffffff 0xffffffff 0xffffffff 0xffffffff 0xffffffff

0x3fc93f04 0xa5a5a5a5 0xa5a5a5a5 0xa5a5a5a5 0x42001620 0x42001620

0x3fc93f08 0xa5a5a5a5 0xa5a5a5a5 0xa5a5a5a5 0x42001620 0x42001620

0x3fc93f0c 0x00000004 0x00000004 0x00000004 0x42001620 0x42001620

0x3fc93f10 0x000007c2 0x000007c2 0x000007c2 0x42001620 0x42001620

0x3fc93f14 0x00000123 0x00000123 0x00000123 0x42001650 0x42001650

0x3fc93f18 0xffffffff 0xffffffff 0x42001620 0x42001650 0x42001650

0x3fc93f1c 0x00000123 0x00000123 0x42001620 0x42001650 0x42001650

0x3fc93f20 0x420165b0 0x420165b0 0x4200167c 0x42001690 0x42001690

0x3fc93f24 0x3fc91000 0x4201540a 0x4201540a 0x4201540a 0x4201540a

0x3fc93f28 0x3fc91000 0x0000000f 0x0000000f 0x0000000f 0x0000000f

0x3fc93f2c 0x00000011 0x00000001 0x00000001 0x00000001 0x00000001

0x3fc93f30 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000

0x3fc93f34 0x00000111 0x00000111 0x00000111 0x00000111 0x00000111

Register TIME POINT 0 TIME POINT 1 TIME POINT 2 TIME POINT 3 TIME POINT 4

a0 0x0000008a 0x0000008a

a1 0x00000005 0x00000005 0x00000005

s0 0x0000000f

s1 0x00000001 0x00000001

ra 0x4201540a 0x4201540a

t1 0x0000000a 0x0000000a

sp 0x3fc93f30
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ra

so TOsl
ra

1
st

i
SO

SI

p

0 00000082 3 3
2 2

0 00000082 0 00000082 82 Oxf
2 1 I

0 42001670 0 42001690 0 4201542
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TIPS TO MYSELF

pace yourself
understand full question before diving in

pay attention to types
signed us unsigned
hex decimal binary
pointer
char vs int
0 us 10 null ptr

size 8 bits 32
The'm'ding 4 array i no multiplier


