
Bus 

- digital hadwaie 
- ka board 
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- Camua 
-nelwork /mielophore 

-4eeen irfout 

InptOutpt Unit 

Rgists 

Memory 

1B 

(NIOS V /ersE V) Unit V/SE 

2 

Address 

Memog 

Mochine 
Fintde ak 

Cntl Pocessins Omit 

A A CompuBu has 3 mai'n parts 
Computer Orqani 2alion 

1: lectue 1 

Languege Pog(amming 
Today Basic Compstes Organi Balion and Aserbly 

Wee 



soatoto pefotns computahiors 
" males dccisions and can ols low of 

uing Nros V in his course V 

ynain i5 compataion ib dore in te 32×32 bit registers each eaistks has a second, more useSul nane 

- 2v0 : iS always Z0o ( is 
- ra : fetuln addless 

X 2 - bp! htack points 
X5, X6,x+to, t, t2 

Memory' 

progan 

holds vaiabes and data stactues 

hardy) 

also hol de, te machine code of the plag am executny 

Cormunica es wih te outide wold hia digal logic 



loop. 
4ays jump to 

- label aled clop, 

backwars ? 

Cloop: j loop 

mnedi tk 

tl- t 
t34 E ? miaht hae ih 

tl8 

3 

to< 
trohing to do) 

Funeion 

D= B-A ; 

CA+B 
B=j 

A 

ub t3,tt 

piogsam nag'e) 

add t2, t0,tl 

1 

(C 

li tl, 
li to, 1 

A44emby 

la's at A,8.C,D into roastes to, tl, t2, t3 

9 

int A,8,C, D;O 

bo 

Pronfarning 



Ox20 

addless 

Wecl 1: letve 2 

Todoy lab! loops and Condihional Bronehes 
in Hos V Aemby Languge. 

Lab | Pact 2: lkatn CPUlats, hinak steQpng brcaleoirts 
Part 3: wite a 

Porl u: eoin about the moni tor 

Pal 5: (un 

Cenditional Bianch 

label 

program 

to maVe a loop. yo red a "corditional branch 

loop: j loop 

have an uncondiional brareh Jump 

pat 3 poqfam 3 

Condional blanch transfes exceution 
addless |lakel if a speeific condi lion is tue (4 t2 3) = 
othewise exeu tion qoe to thee next instuetion in scquee 

esample : a loop that eaecutes t times 
(and doe5 nothia 

.alobal tat label caled -sda! 

(epleserts 
address whese 

start: li t0, 1 

t@ ib ore ot 

ateonbly statement 



ble to, t|, myloop 
Sin :ifin 

bXX (A, rB DEST-LABEL 
KA ond B ae Be two reaits 

qenva to (m of Gondilional bonch statement! 

ne 

4e 

gt 

-

#branch 

eq4 A=B ten branch to DEsT LABEL, 

ehe qo to ext stateme t 

eauals 00000000 

less than or 

equal to ... 

becones 000O000% 

addi to, Ao1" instacton 

baiy amprcad 

to< tI ? 

joa add 

4 ploríam gets tuned into 5 words of numpes in 

add u d e end 

(eg leu, 1bu,qtu.) for 

. "_tt" has e vale hat assem dk knows about 
inemoiy 

o000%" , whieh s addvess at stores 



(Wece 1: lectue 3 

Todny Memoly Organzoion, in tos 

leeall Compaks Oqani2ation 

NIO4 V Piovessor 

FSM 31 

X3|L 

Ad8leAS 

32 

Memo'y 

4 Nlos V is a 32-bit pocessof 

eqistu's ae 32 bits wide 

howe, the memorn 

’ evey byte gets 

1aByte 

y numbd of addics5abe locah'ons in nemo 

pocessor is 32 bit 

houyh te processo 

plocesbor 

max aount of bis ietiyed/4ento mem 

sepaake addless 

32-b1t 

-LED 

-Buttor5 

- Audb/Video 

Jon 9 

-2 
>232 

Con access 32 bits at q 

32 



Memoy 
Addiess 

Ox 

Menoy 

Wod 

Roaram to add 3 
(0,20,30) in menoy 

Add(ess 

OxO 

Woid 1 

Ox26 

Wotd 2 2 

Word 3 

Ox 34 

nutms 

4 laid out in memoty 

int list 3]: 9, 20, 30; 

Assembly Code 

thi's 32-bit wod 

need to inilial'te menory ile his in C 

(antains 

|w El,¢D) 

M4B 

done: jdone 

3| 

"word20 

4Velelon of te pioafarm to stat: and houw i+ 

by te 

14 13 

1 

yle at 

Byte 

\a tø, ist 
4-takes addess of lt 

.word 30 yta 

BA98 

4ig- byke 

and puts it into ta 

tnto tl whals stoed ot e 

and f!'s 

(ox2e) 

pointu delefuencing .. load eetd 

ac dualy 

iS a 

1 

Comnand 
to assenbt, 

to put 

men adde 

Ox2 



Week 2: lectue 1 

loday: Add 3 numhs in full 

Ploam to add 3 numbes in menory/ 
-qlobal stact 
_stat la to ist 

means oad on 

addies (32 bit4) 
ino a 

" in hi's Cose, ist =Ox2c 
now, tO2 

e t2, (t0) 

done: ) done 
.word 1d 

.woid 2 
wold 3g 

angws! word O 

Jan 13. 2o25 

t34(to40)- (ox34) =3o 

6 

bu whot's inaide )" 

:.tl4 (o 2e) = 10 

Ox30 

Ox34 

%`means lo ad he ord from the 

Ox36 

memoy addiess qiven n aik to 
just like desefenerg 

poinhr you should read e brakes () 

4imila, extept we add 4 to to 
and Hen load fron meimory hat 
addiess 

20 

30 



gven by la, to 
fqisBs t2 into nemoy addiess 

means 4tofe word 

puts answr -Ox3% tø 

be replaced y 
+ \ast 2 lines (an 

|4 t2, (t) 

to, answU la 

add t2, 2,t3 

add b2, t2,t1 



Week 2:lecure 2 

Today: - A aesning smaller items in 
Complex proq am ftoyn lab 2 -a more complex 

int ab,) 

+ an in, uch'on 

eg 

’Ntos V 

Compli'le 

loading wods 4o far 

kke lw 

Can al4o acehs a 

Ox30 

* don'! want 

to far = 32 bits /A bytes 

has buk -addies5a ble memory 

in meamo y : bytes hal 

b2, (e2) 

singe hyte Srom 
the lad byte (i) instucion 

Ib 43,(42)| oad the byte 

into bits &3| 

Jan 5, 20245 

43 

# (oad the bate C addiess 
quen in e s2 into Y 33 42 

the most Alnficant bit, bit , i5 copicd 

Algn extnsion 

Ox55 

loouo1 

|bu 

words 



* simlary \h loods half 

to bits lby3| 
fom mmoy and 4ian etends fon bit 5 

|hu ib wnaigned 

Initiaizing Memory Wih Vaues 

astene diicive 

+ ene hal hina:huord Oxb600 

a 

) (eysves te neat 2 byles 
and putS Oxb6OO into ten 

bytes (on Can be @any 

word 2 byles 

addless 

(eAerves henet" 

byte and put so 
in it in memoy 
dingy amemnly 

half -words must have an addicss on 2 te 

boundarics &-ddicss myst be eves 

words must have addiesses that ase 



Today mole 

t move,add, load 
+loqik and shift 

Conlet of all his 

gueal 

Hes and details of NO5U instucions 

31 

mv 

e4: move Intucion 

t3, t2 

(resesal Forms of Iatbns h TOS U 

form, 

Asdicss 

2 

IBllion 

m 

coqies values in 2 nho t3 

Merong 

t3t-t2 

dest 
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te "la" and "l" inuctions, ae feally 
Fe move mmediake instactions 

Cg la ap, Ør2ø as 4Ø20 (full 32 bits ol 

-imme diak constant 
encoded aide the instueion 

be imgleenkd 
He add and subtact instuctions 
add rc, (A, (B 

wih an 

ub doest not have 

but e 

addi c, A, immrc (A+inm 

4ubi 

he Ox2o) 

more 

a 

stes only 

12-bit umbe 
that is 4ian exteded 

negatiee humber 



Recall: load word 

heneral om 

\w 8, D(A) 

lood inho B the word beynin at +D begiimn 
himilary he stose word 

sw B, D(A) 

(ecall b, h, sb, ah 

Ahre word ginning at 
ronosy adaless given 

and 

Loaic and Shift Instvactions 

or 

t4 

Xor 

Cones all of B nto 

te word in meon beyinning 

need ho i4olale and acese ndivdal bis 

ot addless rA+D 

bit-wise AND, OR, xoR 
andl 

* bitwiKe opuah'on 

(nto rC 
imediate folm 



and t3,t1, t2 

Instuchon 

(ahifting tem lest o 

T1 eg: | I0 

+also need to rove bils wihin a 

t2,bI,3 

logical immediate 

iamediak (isnt) 
(ight 

Slli & (() inme diate 

not 

ofi t2,t0 x007 

tl: . O|O1 OI 

... 

Can 

a 

ANO 

(cglarc 
his wih a 

qister 

ordr bit5 

rCgiste, and 

X is goled in 

éstuded 
(max 12 

bi s) 

iht by 1 
diuide 
by 2 

ehiy 

nullepy 
by 2 



Todan. thub íoutines linkoae and psamre paasng poomcdu 
Sub touines 

*a 4abioulire is sQvate code that is e-uced 
in disfeent part of a pogan 

" API (pplication pro (amre inte fac) 
Vay to well-staclured code 

males yout code/sof4uwae uheable bu 4omeone 
else and vece -velsa. 

Ex: banple C pres (am wlh a funchion (eutfou tire) 

int main (vod)? 

int 

Jon 2025 

int X.t 
2mytub (3); 
2- mybub (4); 

"y-sub (int 



countr 

Q1. How does 

Q1. 

(ode to 

Q7: How do paametes (orGumens) lile 3 and 4 

my-sub 

o 

go þak to ? 

i5 encoded at 
(ecall that each assembly irstaction (eg: l ao, 3) 

numbes (ea: 00.003005 13) 

ger Zent to my- sub and e answs etuaed ? 
y the 

"now" whese in e 
*hat aled it 

OxO x O0300513 

will 

the abumbls 

xO552 \A8C 

4 Hee Pc poirts to te 
neut instucion te 

eKecuted enot 

" thede is ano ther teyistes, called te pogam 
(P) and it contans he addiess of the next 

inatruction to be ekecuted 

tyave it in teyister 
twhich means etuvn addess 

we tave nced to sae the plon (am courtes when callirg 

a subioutine 

countr 

X1, also nown ra 



not ihoui 

Aliembly Ve'yio 
main; i ad, 3 

next: 

call my-tub 

done: ) done 
Call my-4ub (a<-c, pc <- my-sub 

my4ub: add a0, ao, ap 

ra <-ppe& my-sub 

ret 

< 

pe 



We 3: lectule 2 

loday: How e stack oors 

tubiout're linkoge 
Recal: 

te pogram counhs 

he 'etun 

he 

we need a 

ext inetucion Ls e executd 

of moy 
2 

and uig it for 

knows addíes s 

hubíouri tene calls, anoHs. 

(nto fa : 

sare and estoe 

as a subiouie als ano les 

’a 4tac da ea structwe a sta chunk 

onlo e stack and 
Can do 2 opsatins: push 

of potat 4tack 
for short. 

Jar 22 05 

push" 
Pop 

a new item 

oSf of the stack int a reist 

an ien 

4 tn Hia, U, reyis} X2, also called 4p (bop 

potnt) slek pointu 



4acks 

20000 

|F FFF 
IF FDy 

dousnads in memoy 

word 

la 4p, O%20000 

* 4p< Ox 20000 

we will inhialize our slacks in the cose/lab 

to begin @ add e Ox 2000O qows 

Let's push Ox1234f678 onto 4Back 
<irst inilii te stack point 

tø, Ox1234f6?% 

want to push on 
the stack 

puh 

alFffc 

addiesseS 

4ack 

Addless 

Ox(FFfE 
Ox\FFFF 

dal� 

O20ooO 

Dal 

a A byk (word) onto stack 

s4 

|dounads tohen puahing,ikms moe 



addi 

Ztep 2, soe He iem at te addiess 

huw tø, (spk nenoy @<p add ess 4 to 

Jhat's a push 
|to pop an ilem off of He stak 

lw tl, () 

now rcmoved 

+4 

forn stack, (but is n tl) 

ard eslare Coeety to cal Gubíouthes rd save and feslere 

wihe e last in Sirst out" beha our 



la 

li ag, 1 
Call zu_1 * ra<- pc, Pc&sub-1 

dore: j done 

4ub-1: addi 4p. 4p,-4lpueh a inko 

cal 4ub-2 

(a, (9) 

Call 

4ub2: addi 19. 5p 

addi 4p.5P4 stack 

va,(<P) 

kub-3 

4tack 

pop a off 

push ra 



Wcc 3:etue 2 3 

’ cone chon letween he wir tdl (iaid compube) 
and he outide, feal, plysical bworld 

3 

Nios V| isc V Calling convenion Sor kubioutines 

fiom EE 2 and Hhis couise we use DEhc 
it hay an FPhA on it ? 

Ait dlso bus 

0 LEDS (LEDR 9:0) 
|o Aides hithes (H9:0) 

Buttons (Vay 3:0) 

-lecal te ompute's osan 2a l'on 
Hios V 

these are also available to yow pioram ranning on 
the Hios V 

V Addieeag Bus 

Momory 
Addiess 

Data Bus 

Jan 23.2025 

I/o Unit 

LEDs 

Boavd 



Nios V 

Dala Bus 

Addkss Bus 

Mooig 

LED, CxFF2000OU 

A hie is Gode ts read He tui tehes and wrik 
hal numhe o to LED! 

hw, OxFF 200o 40 

I/o Unit 

Digila c4 to deide if oddiess i in Hte rarme O 15 

-4at: la to, LEDs 

F20000o 

J loop 

Swith 

loop: lw t2, (t) losds le suilkhes 

tese sct He labels 
to be equal o thos 
add iesses Sor proqvann readability 

4w t2, (to) stoes hat valuc 

FFF20 004 

w sBoes hat value inko LEDS 

DxFF20 o0oD 



Check 

rcleaied 

Today: IJo: poalel porls and Tthe Palirg 
Mched of hynetonizahon 

Pioce<yof 

FSM 

Data 

Addiess 

Moroy 

hoe ac 

of fnetibrs 

2 

Hhe Llo dices have theil oun 

4shetomi2e te daa tansfss 

+these are distinct flon te poestor (egis ts 

iegs ws tat hauc a 

LED 

nho a paralel polt. these ae collected into a 

esslu's b hod and 

Jon 27,2025 



Tse weck, we ve covering synchvoni2a on Djn 
(omput and IJo deuices 

b Pollig melhod (ask a lot 
l Intiapt mehod 

|Lets illustak olling usinn te puhattons (eyo -3 
Theg ae conneld to a memoy ropped poralel polt 

Memos Maçped Aldiass Peniles 

bit 

OxFF 20 0050 
goes to1 when 

-’OxFF 200054 
OxFF 2o oO5, 

OxFF2000 5C 

|ey i is eleascd 

31 

Dale Deqisl’ unused 

i veleasec 

Diecker Peguke yne) 

3 

3 2 1 0 



|Lel's wite a piontan that to 

esyistr and 
a 

poll it to se if 

la 40, kEYBASE 

.cqu VEY_BASE. O,FF 200o50 

andc ti,tOx2 

poll: l H,(40) lood dae (eyi'ste 

wten bulton is 

pesied 

use 

Dae 

Vyi is pcssed. 

AND 

dala 

to Sind if B+ 1 i6 1 B: 

B3 B2 BI 

toanh 

BI 
2eocs out all btts 

BO 

if wod of t| -0, 
button is not preseol 



Wee �: ectule 2 

Today Todoy: The tiner LÊo Deuce 
law 4oftwale nows what ime it is 

Haiduale Bated Tmes 
Zst necd a contistent, pieuse 

Clock 

Coun hr 
start vaue 

his is hordwa e 

32 

2e0 Jekt 
cIcuil 

Hesc is He Inteval Timer 

dock 

32 

Load 

but with naomoy mgd Ygis is that conect b 

TO 

Jar 29.2025 

32-bt doun 
Coun 

32 

He time t/o deuite in our DE|-soC is jut like this 

out 

hi's ct 



OxFF202000 

y \o 

unused 

unused 

lo Ge He counter 

2 

(aunw al! 
Volu (low) 

15 

Valve (igh 

CPunt frapeh! 
(low 

mt poll" 

Counld snap-to 
hin) 

count to 

(cad ony) 

(witk 
of stok) 

o4 wart ato Countt sket val yinhw 

To dctem if Hhe mot cent Count dan 

lower b bts 
of he coun l 

4to wait 4 scond 32-bitnbs hecds to be pO milhion o0 1 

2)| o Count doun one, tun on sBet b4 ony n on fof iqi'st in ot 

45 4 count doun continuoush tuun on stort bit and ont bit 

has been 

(ached, uct te To (twe o) bit n status g'st 
if To 1,t mcan% he count doun to 2do has becn 
(eached. 

(eyist. 



Prona to turn EDo on and os! ecy eord off 

. cqu TI MER-BAsE OrFF20 2 O00 

-slert 

LEDO 

COHNTE2-DE VAY, ( (o0, OoOO00 

-egu LED, O.FF2o0oo~ 

la 5, TIMER_BASE 

so 200, Ø(t5) 

li to, (OUNTEDELAY 

, 

dlealing 

ConVol 

hw to, O x&(t5 lo lb bts ol atatiny count 

bits 

of oyeles ol 
lo0 mH clot 

4econd 

4w l, Oxc (t5) gud Jhat into te Gunr stat Qut 
hrgh regsk 

on 

sp 2Aun on Co ad 4lst 

Contol regi'st atoe Ono in b He 
Aines con oll (eqisteJ 

Causes em tait 

and qo into corinuo us 

node 



lule 

hol 

la t6, LED 

li 42,1 

|tleop: 4w t2(t6) 
Xori t2, 2 

Mud to togale LED onloff 

X stoe he cunt value of lieht 
into lEpO’"ket LEDO" 

* invet bit t2 tuins off LEDD 
Petime net tine 

K now walt for tiones to count dan he net time in sa pollag loop 
oloop: lw to, (t5) (ead te timg 4latus eais ks ALA 

andi to to.1 x itolale bid TO bt 



Wecl : ledue 3 
Today Trteupt - drien I/0-podt 1 into 

|Poling, houah is a midless loop 
was 

Can ! 

the buton piessed ? 

anyvu 

ansuu 

car se thi's when he ae tmam devices ometed 

necd a bet mehani'sm 

intiapt diyer Ilo 
e in a a class, me 

dah 
bab 

no 

blah 

blah 

doaling 

bah 
blah 

yes 

4 

te buton 

wi h bad addíess aceheS 

Aeaching 

Jan 22024 

how does thnis hapen 
in comput 



Processor 

Finite 
stak 
Machne 

Xo 

Intuiapt Eesuest line 

X3| 

te indeupt requeat line 

hee i4 a maln 

Main 

wih intesrupts, when a deviee 

Add 

whe intuupt hapyons 

add 

Memoy 
) 

loop: l t3, 1 

time timed out :TO, or hton press - acthates 

2 

when intuapt happens, think of this 

Dala 

dovice needy atention (i.e He 

progam Ynnig on plocessor 

M 

exeut'ng when, say, a button 

s Intuapt quct Bandler 

pesed 



when an 

Intuupt Pequat Hhrdler 

inapt happens, te code being ekcuted slops 

by the FAM in the procesor 

that code 

) code that epords 
to the plCHs 

’exccut'on is 4ransfeled to te inpt tequest hardler, 

whch i lode thot you w wiite. 

execuled 

exeution ctuas to whee it was stopred in He 

ah proqfam As IF HOTHLNG HAPPENED 



Weel h lectule 1 

Toda, Intuupts palt 2: 

ymehmory 

aned b amnchfonie extenal du'es J4ianals 
with te tof twale fannig on the piocessor 

Rocesso 

rain 
he marn 

plog favm 
FAM 

Ipals 

vEVS 

bwhen someone pushes and releares a 

to 

TNTEQUA TIMER w1 

want (and hae het uol to Cause an 

- Qleçes6or sBatts etcutin 
handlu (ode 

lel's san it happons at inst fucti'on , then 

piocesor tops (docsn exeul 

ky thot gou 
inkuapt, 

intrat (eques t 

when fini'shed the handler executton retusns 
wih vgistus "distusbed" 

Feb32025 

none of its versts "distue 



To malk hat heppen and contol t po pe , tse 

Condol and status (e ists 
(looe at figue 5 
Addiess 

Ox 300 

Ox 3o4 

vostetus 

31 

MPP 

31 

IRQ enade Me MAIE 

4 say handlw addes 

inapt | exop4on code 

Oin te devces 

’ global invapt 

ne Ke: IPQ enable bits 

MIE 

peresots 

Hhenselvcs (menog 
ryed gisten) 

mode 

ane 

ns tatus 

mie 

mtuee 

mcause 

ae enabled 
disabled 

each bit tndiuidualy enable/disables 



A 

hun an 
eneode te numb of te I2Q ne that 1s 

inkiaptirg 

would be in meause 
hse is ho you 

and sto tus (eaib ws tn He ploessof 
can modify or read Hese Condoll 

eai to set He inuupt handls addeas inho mtvec 

Con Vol 
4taus 

can 

la tø, inkrugt handle 

irkiauethandu add 40, sp,-12 

aensal otm of onJol <ta 

He above 

ho: wik, cad, 4et 

dyo 4et individual bits 

ler 

(eguler 
plocesse 

fcad 

C4rontol 
4ta tus re i'str 
write ns tlachon 

4 Can dlo use an 

Ipeoliak cons tan t 



hese ae ohes deuces (a 1 of DEsol-manual) 

/lyboad: 22, 23 

manual fom lab 1 

dse captuie regisk bitc request an 
|se Way i is pened ond (eleased 

inbrapt 

tun off the requcst, ya must tun of 



enables 

Wek b: Jcue 2 

Todgy Tnterapte, Part 2 

tampe plon (am t Aur togle LED3 uhen ley 

is pushed and (eleased with interiapts 

global tart 
.equ LEDS, OFF200OOU 

-equ VEV BASE ox FF200050 

Halt: la sp. ox 20000 
Csrw mstatus,zvo 

to equcst an interapt 
(ekosed cwhen plessd and etoid 

init etack 

la 41, LEY BASE 
A ve te kEY poallel pot inkapt mosk (gikr 

mgtats e.. (ealG scts 
MIE(It 3) to 2e0 ,shich 

di'sa bles al inwiupts o 
plotesso (n case it 

tun of any pauous dge aphe 

enabe 4peiic Tlo \ine wihin He pocsofS 

feb s, 2 25 

his uns bit 1% on 

4pecitic tine IRQI 
’enabl'ng 

(4s.6d spesie bits, don charge te otes 



la tg intevapt handler 

i to, Ob loo 

Cs5 msta tus, to 

man_loop: l to, 4 
li L, 2 
j main laop 

hee i whse executon ocs upon an 

imtcat hondler : 

what we 

addi 4Q, 4p. -2 
sw tø, o(<e) push e 

MEE (biL 3) % set 

was 



It to OxtFFF FFFF 
C4Y H, mcauac 

and 

call VEYI42 

mause enodes He uimke of he 

IRQ ln at Caused He intenapt 

bne , td, end. intvapt 

esoes out bit 3 ’ used tor 4onekhiy 

talls about 

v ií not equal 4omethiis 
worg, re hwn lon inktupt 

-* VEY ntwut suvice foutne 

oàd 4p. 4 12 

* cheek p(of noks hando 

ret (clutn fom interapt: pc< mepc 

no (e on tat 
ubou h'e VEYBP) 

MIE (bit 3) % 
kel back to 1 
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