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B4 SE2 RES U AT MYARS 818811, AC X U CIHAS O & & 4 U0f BE T2 MM
ZQot HEQLICH C TR OHY Q00 Lh4 AN 7| O U 23 40t 200 YRIMO 2 AMRE|E C
Sfao| TR MM/HEC S 240|222 &0t ofL|at BE 20|22l ZREL|C 12 g4 T5 7220
2} Oj M3 2 MSHE LT O] LAB OlAlS C TR IAOIN 42 XASID ALRSIE WS HolFLUL £
Sha @E T2 a0 7) RS S0t € 20 B2l IEHE S QILICH 3k BTt oj M| Qo2
THE|L @S HOFL|CH LABO| BLIE &40 Bl0|22{2| SES AFBSHs TR RN i3 A5
HZect

s (ME —?—E.J[subroutine] &= T2 AX [procedure] Bt =
E = OS2 m7|X|E ZEYLICE ol Z&Y

—

g7t A= RISC-V ZE2OME Zhdst{H LAB 2 W 30 HEE At L Lt BHAE WHELICH
RVfpga ZEME Qt=7|
2. C EEJEH Xl-)k-i
3. Nexys A7 FPGA E E0|| RVfpgaNexys CHZZE (Verilator 2F Whisper £ AH&3H0] A|E2f0]d
SHEOIM o2t Z2OHMe A = UFLICH
4. Z2OW HJOY CHREL 5 Ad/CHa
o|2{st CHAO ChEt REMIBH X|H-2 LAB 2 & BRSHYAIR. Ct32 ZF thA|0f CHSt ZH2fsh MY L)
1 THA. Rvfpga Z2NHE OHE7

CHS Z00| project! O|2h= ZEMEZ DHEL|CH
[RprgaPath]/Rprg /Labs/Lab4

2CH. c =23 Xt
OlF| Z2HME Cc =23 FIrSLICh M
SAN/20 &7] gt o] Z2 a2 g ot

[RVfpgaPath] /RVfpga/Labs/Lab4/LedsSwitches functions.c

// memory-mapped I/O addresses
#define GPIO SWs 0x80001400
#define GPIO LEDs 0x80001404
#define GPIO INOUT 0x80001408

#define READ GPIO(dir) (*(volatile unsigned *)dir)
#define WRITE GPIO(dir, value) { (*(volatile unsigned *)dir) =
(value); }
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void IOsetup();
unsigned int getSwitchval () ;
void writeValtoLEDs (unsigned int wval);

int main ( void )
{

unsigned int switches wval;

IOsetup () ;

while (1) {
switches val = getSwitchval();
writeValtoLEDs (switches val);

}

return (0) ;

}

void IOsetup ()
{

int En Value=0xFFFF;

WRITE GPIO(GPIO INOUT, En Value);
}

unsigned int getSwitchVal ()
{

unsigned int val;

val READ GPIO(GPIO SWs); // read value on switches
val = val >> 16; // shift into lower 16 bits

return val;

}
void writeValtoLEDs (unsigned int wval)

{
WRITE GPIO(GPIO_LEDs, val); // display val on LEDs

}
Z2HEQ| grc CIAERZ|0| THYS XA Ot 0|2 LedsSwitches_Functions.c 2 X|&etL|LCt.

3 THA|. Nexys A7 FPGA EE0f RVfpgaNexys CI22E
RVfpga Labs 2 X 3 O MZUE ZA A Nexys A7 EE0f RVfpgaNexys £ CHRZE $hL|Ct,

4 I:|-7:|| g2 9-Iu_|.OI E|'°E'= al Jélsu
O| Ml RVfpgaNexys OilAf T2 1S HOY, ChR=2E 8 A/CiH g FH|7F £ A5 L CH

> o, SRR :
Aalson CINWITPINESRTS > PIO Debug RIS getSwitchval () &8 2 &5t= 19 Yol =2

I
I{77tX| Step Over H'I% (SE =7 250 AS)E SEAL E= F10S + H s2ELLL O LS
v

Step Into H{ENEM (= F11)2 F&LICt O|F getSwitchval () &
4L, 9% =3 2 29| VARIABLES — Local HEE =250 val H

£ SLC} val HE Z2ORO| 0]
ANHOA "M}t E'o 2 LIEE 4= QUEL|CE Step Over EE£ Step Into & o H 3t & 1 1t ZH0|
AQK| grofl Cist val B A S SOISHLICE
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File Edit Selection View Go Run Terminal Help FlashSwitchVals.c - Exercise1 - Visual Studio Code

> PIODebug ~ & ¢ t ¥ T o 0O

“ VARIABLES src > FlashSwitchVals.c > & getSwitchVal()

~ Local o
val: I0setup()
> Global

> Static En_Value=@xFFFF;
( , En_value);

getSwitchVal()

val;

(
val >> 16;

return val;

“ CALL STACK PAUSED ON STEP F M il T DEBUG CONSOLE MINA Filte
getSwitchVal@@xeeeeee9e
main@exeeeeeeba

e.g. text, lexclude
Start addres load size 292

Transfer r G , 1 tes/write.

PlatformIO: Initialization completed

Plat

ime the execution to "debug_init_break

PlatformIO: More configuration options -> http://bit.ly/pio-debug
BREAKPOINTS
PERIPHERALS
REGISTERS

) at src\FlashSwitchVals.c:14
14 {
Info : [@] Found 4 triggers
MEMORY [@] Found 4 triggers
DISASSEMBLY >
®0A1 g>PIODebug (Exercisel) @ = W & Ln39 Col 1 Spaces:2 UTF-8 CRLF C Win32

1

a3 1. getSwitchVal () &2 E0{7}7]

S8t 19 HM E0f| STHHS S FLLICH 28 22 20| O|F SEHH S LIEI =

File Edit Selection View Go Run Terminal Help FlashSwitchVals.c - Exercise1 - Visual Studio Code

B PIODebug ~ & ¢ it » 2 ¥ T 9o 0O
“ VARIABLES FlashSwitchVals.c > ) getSwitchVal()
~ Local I0setup();
a1: while (1) {
> Global switches_val = getSwitchVal();
> Static writeValtoLEDs(switches_val);

}

return(®@);

IOsetup()

En_Value=0xFFFF;
( , En_Value);

v CALL STACK PAUSED ON STEP getSwitchval()
e.g. text, lexclude

getSwitchval@oxeeeeesse I 1 DEBUG CONSOLE A Filtel

main@exeeeeeebs ~ ) ~
Start address @x@, lc 292

ime the execution to "debug_init_break tbreak main
AR ITS + @ & PlatformIO: More configuration options -> http://bit.ly/pio-debug
# FlashSwitchVals.c src 19
PERIPHERALS

REGISTERS

Tempo y breakpoint 1, main () at src\FlashSwitchVals.c:14
14 {
Info : [@] Found 4 triggers
MEMORY [@] Found 4 triggers
DISASSEMBLY >
®0A1 g PIODebug (Exercisel) @ v > W © Ln39,Col1 Spacess2 UTF-8 CRIF C Win32 & [

1
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A% H%n (£ F5)2 FEUCL SHEO =25t Z22340] 19 WO SX[E LCE O|#H 0= Step Over
~

HE L= F0)E FEUCL g X CAE g0l S0 7tX EsUHCE 7|52 2t

Al A
HA[E UL £3], switch_val == 18 3 1F 20| 22|X|2f £{0] ELIC}.

File Edit Selection View Go Run Terminal Help

P PIO Debug

v VARIABLES
~ Local
switches_v
> Global switches_val = getSwitchVal();

> Static writeValtoLEDs(switches_val);
¥
J]

return(@);

IOsetup()

En_Value=0xFFFF;
( , En_Value);

v CALL STACK PAUSED ON STEP getSwitchval()
main@@x0eeeeebd src\

BREAKPOINTS
# FlashSwitchVa
> PERIPHERALS
> REGISTERS
> MEMORY
> DISASSEMBLY
®0A1 g>PlODebug (Exercisel) @ « = W © Ln20,Col1 Spaces:2 UTF-8 CRLF C Win32 & (2

3. 2lojEEiz| &4+ SER c ZROY 2

cetze ngd T2 A0l 27t YEIH O 2 AMESHE T4 20|28 2|7} ZEHEIL|CE "C
HZF 2l0|E22|"E AMSI0] dEM o2 AHEE[= C 2t0|22E| 552 X2 5+ AUSLICt o|2f3t &=
gtoj2ei2|s ZEE sto| MAUS KSst= oH oS ZEso A 4= JUSLICH O|H2 c T2

#include <libraryname>

"libraryname"2 20| =28{2|0| 0|22 2 ChHEL|Ct. 0|2 S0f, 3} 2to| =2 a2
At Bl ¢S AMSHE fabs (), & 5 258 A T 7MY 2 AE s

Aurx ol B4S HBFLICH

math.h) = £5 247
= o
o E

M

= fmax ()
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rand () &8 2ESHO LED Of =5 BA|ZLICL Of2f =21 Z PlatformlO RVfpga Z2MEO]| 5 ASIH0
£0] 21 Nexys A7 FPGA 2 E2| RVfpgaNexys Of| A{ MS#SAA| Q.

#include <stdlib.h>

// memory-mapped I/0 addresses
#define GPIO SWs 0x80001400
#define GPIO LEDs 0x80001404
#define GPIO INOUT 0x80001408
#define DELAY 0x1000000 // Define the DELAY

#define READ GPIO(dir) (*(volatile unsigned *)dir)
#define WRITE GPIO(dir, value) { (*(volatile unsigned *)dir) =
(value); }

void IOsetup()
unsigned int getSwitchval () ;
volid writeValtoLEDs (unsigned int val);

int main (void)

{
unsigned int wval;
volatile unsigned int 1i;

IOsetup() ;s
while (1) {
val = rand() % 65536;

writeValtoLEDs (val) ;

for (i = 0; 1 < DELAY; i++)
}
return (0) ;

}

void IOsetup () {
int En Value=0xFFFF;
WRITE_GPIO(GPIO_INOUT, En_Value);
}

unsigned int getSwitchVal () {
unsigned int wval;

val = READ GPIO(GPIO SWs); // read value on switches
val val >> 16; // shift into lower 16 bits

return val;

}

void writeValtoLEDs (unsigned int val) {
WRITE GPIO(GPIO_LEDs, val); // display val on LEDs
}
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[RVfpgaPath] /RVfpga/Labs/Lab4/RandomNumberLEDS.c

O|3{gt ¢ EE 2t0|E2 22| 2|0 = Western Digital (WD)O| K| &3dt= EH0f T{7|X|
(https://github.com/westerndigitalcorporation/riscv-fw-infrastructure) L0l A £7 I{7|X| & SweRV EH1
Z2MAME (PSP, ~/.platformio/packages/framework-wd-riscv-sdk/psp/) Ml
Nexys A7 HEEE& (BSP, ~/.platformio/packages/framework-wd-riscv-
sdk/board/nexys a7 ehl/bsp/) MM && = UAFLICL

AZOHLUM (MM 6.F - HelloWorld C-Lang Z21H 01|A1 HYUXO0| of2{st 2toj 2=
platformio.ini O &t 2 F7I6ta ¢ Z2OY A% 220 HEo 02 S XS0 Z2HEQ
ZoHELCH

Ol2fgt 2t0|EaiE|= Z2 M7t QHBES M85, 2XE S M5t 7HE X2HE

UL T St= &t 122 E M-S Rvfpga A% 2HLEA R labs Ol M= OIX| 2t H&S S5t B2 7|52
AHE3HA LT

4. RISC-V &= 1%

O MMOM= g Ho|stE RISC-V B 75| 0f L)
HYLLICE O] =& 1#A/2 ABI (Application Binary Interface) JL|C &l FolstH CHE
T2 7F 2gstA Lt 2tol2Rf2|of ZEtE g5 T2 M7 AF8E 5= JUFLICH RISC-VOlM F= 8
43 FY (Jal)2 &+ =2E2 2=HULL O E S0, O3 ZE= 45 2EYLCE

jal funcl

HXIAH (ra = x1)0f
10: jr ra)E AH83Sto

Ol'Ll

2UH A5 MBS 2EE & ACH E 40 g B & ASLICH RISC-V A0 K2t

= HXIAH a0-a72 g0l EELICE =7t Ql=7t 2R%H 2 2E0f HyX[ELICH CHAl 5|0

ghet 42 BXIAE a0 H a7 0f BX|E LI XA Q1E THESID g2 ghetshs o A8El=
-V

== A o3 oL

[El

u:
1o
n]

= XM 5 AHSHA ==t D7t 7[A Q] #=H HE (5, ZR2OHt = 5
Elo| L1&)E BEEst= Ao HYLct Rzof AHAS XMFt7| ?l8 HXLE €0 2
=7t 20| At YLt 82 2F0AM SortVector 2=
£/ O] &4 SortVector £ HWH A2l =28 XNFoH7| 24 2X|2H t0 & AFEELICH (AE
). WretM 2R AE 10 2 &4 SortVector OlA EOf 20K, RzZo| QIHAS 74510 HAHO|

80| A LIL.

o
Ral
[>

> 30

oot
sl 0 4 o rr Hu
[l
N
30
-]
=
o))
}_l_
=)
DO
_|
N
b4

Moo
ot 1IF
it

P

>
m
rir
4r
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main
add t2,
add t@,

loopl
bge te,| t2, endloopl

jal SortVector

add te, te, 1

i loopl
endloopl

A% 4. 4ol =2a"~ 0t 7|5 74| HIX| 2 ALE S O

main Z21YO| ZZ {7t B QHA (Of: £1)E F3t7| ol CHE M XIAEE MEHFCHH O|H2
25| ] UU2 AYLICH DLt =202 07t 28 TESHY| M, g 73O BE NE AFE2
oiCte Ae & YL (O ZR0E 7ts5HA| $EL .

HO AE8XQ jAME2 D E o7t £ E ZE YAAHO HE2(0| YA SAHRE HED F
ZEOMoRE FOF 747| Mo Rl 2f2 SRSt AYLICE 0] £F M2 LIFO (Last-In-First-Out) X2
AHEBHY AMAEE= HZ2] YOl Call Stack 2 Soff FHELICE O Y2 ZZ3O| 20| 7|5 (F,
A AR 2 E[X| 92 7|5)ut HHE ZE YEHE AL 7t5T HZ22|2 2 (F, 4% FA)0M AZSHH
o9 Fa wEoz MEste O AL CH

s YEHo R M RERE FEEUL
= Entry code (Prologue)
= Function Body
= Exit code (Epilogue)

A
e

L9¢ ZS g0l A% Z2|Y(stack frame)2 BHS T K| AES A0 XFSHOF BLIC A5
HEO BTt ALBTHE =S

=
= 2 |22 HYLIC. ofE=
A8 Zfgo| XtX[ot= W22l St diANStol ZE= 75

=

AEHOf| CHEE AM A AEHO| ORX|B HF X FAE MES= 28 ZOIH (sp = x2)2t1 5

Sof 2| LCh Z2MO0| A E7] F0| sp & AEH|0[AQ FA (F, AR YO IITY 22 FHE
Z7|3tE|0{Of BLICL RVfpga A|ABRIONM sp BlRIAEE ~/platformio/packages/framework-wd-riscv-
sdk/board/nexys_a7_ehl/startup.S THAO| FHE  start &0 o8 £7|3tELICH X7|3FA| AEHE H|O]
°'¢'—|Eh T Ui ZOIHQ =2 ZOIH (fp = x8)= &d & 28 T 7|2 F& (|, /I =2

= — T =
Fa)E 7he| YLt
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St Af THYS B NN AHAT 4+ U Ol B2E] YHOR ABHLICH A5 Zgo|
URL o) oo S OFIYK YRAEO ARG XFSHE O ABED, ZR0| W2t B2l 9K S Sof
S0 i} B2 HYsts YHORE ABE 4 USLICH
H12RISCV FH0| 2 H4 HXIAHO Yot o= QTS MYLICH E 10 Lo} YK0| UL
ARAEE SHE 40| ofs) BE £/0{0F She BHR CH HRAHE B40] oof Bo| £ + UBLCH (S,
BEEX %48
. B4 BEE YRIAES Yol WOt FP BN A5 TN ofT HXIAEC EAES
OIS T BEA (5, BES B0 S| Ho| 342 SO BLICE A% EOIE (sp) X B
Fa KA (ra) NS 12 4] B4 AXAH s0-s11 & SF 710 BEE0 ALBSHE 23S
2E FAAPRFHOL BLIT
. U] 2ETE AR YRAHS TF AW EEY A} Qo0 55 3, &4 + USS
&I QO{OF FLITE Q14 G ek 2t HXIAE (a0—a?) QAOIE 7 HO| M HKIAE t0-t6 2
SEA FLHOIT B T T CHA| ALBEIE 9 ZEA MBOF ot YAl HXIAE LT,

E 1. RISC-V "= Y X|AH

Name ‘ Register Number Use ‘ Preserved

zero x0 NESI N -

ra x1 Hhs Z=A Yes
sp x2 AEH ZOIF Yes
gp x3 =28 Z O -

tp x4 A2 E ZOIE -

t0-2 x5-7 AA| B No
s0/fp | x8 MEE R AE/Z2 Y HOIE Yes
sl x9 A= Y X|AH Yes
a0-1 | x10-11 B ol/ete 2t No
a2-7 x12-17 St o2 No
s2-11 | x18-27 MEE Y X AH Yes
t3-6 x28-31 QIA| BiZ No

J8 42 OM oAM= o A& hE F 7tK| £FM0| ASLICE:

e main ZE2IME £0 i SortVector &= (O: s0)0f 23 EEE= Fx QEA &
HEXAHE AHEY = ASLCH

e main &E t0 2 AlS ALS™ £ UX[T SortVector & ZESH7| MO ARQ| LIS
EESID SortVector A gtatst = S sfjof gLt

Afie 40| A T Yo Of B H22|7t DR YD Y Pvt AREW FATLCE A

[==}
Ot = (3t? Fa2) dTotn A8 QK E Z2AIXN YHA| 16 HIO|E ZA0| YEELICH EE ABI 0|lA
o o

o
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CHZ OIMOIM= BA C (28 5)0M CHE 22 RISC-V Of 22| &0 (A& 60N FE Ln2|ES
THPLCE dH2 N 220/ BIE AOIH, ZtZt 0 O 2 4 YLICL EH2 A2 248 UEA=22
Mgot= = CHE B E B YLICH

COM main &&= HIE AR BO| AL 37| (N)E 48t A2l @A LEXECE B 2400 MEsH=
SortVector &+5 SEELICE O] SortVector g4s HIE A9l TAQ 7|5 A0 HIE A 9
Z|CH 2t Bretstn s Zte HAEFSHY CHS BE0M o Ol 1nefE|X| RES CHE a2l MaxVector
£ =&t

#define N 8

int MaxVector (int A[], int size)
{
int max=0, ind=0, j;
for (j=0; Jj<size; j++){
if (A[j]>max) {
max=A[j];
ind=j;
}
}
A[ind]=0;
return (max) ;

int SortVector (int A[], int B[], int size)

int max, j;

for (j=0; Jj<size; j++){
max=MaxVector (A, size);
B[j]=max;

}

return (0) ;
int main ( void )
int A[N]={7,3,25,4,75,2,1,1}, B[N];

SortVector (A, B, N);
return (0) ;

&l 5. Cc doje] HE g

ol

uid

2 ojdslz HgE S 2n2EFS BOFLILL O] Hu0M 23t JiES 125to]
_l

= BAN 20 AEElE BEEE HXAHE M| fIsH AEM0 S2t0] of| 2l L|Ct:
add sp, sp, -16. A0 2t sp HX[AEHE 128 HE HH™ 9| RISC-V,
RV1281 2t9| m2Hd S RAISH| Qo &4t 16 HIO|EZ Y EL|0oF gLt

= O] 7|50 MEE HXAHI AFBEX| ROEE s0-511 HXAHE AEO| MES
27t Y& A2L main & ra O M E 442 YO0|ESt= SortVector
e+E ESIEE YX[AH ra E XEBHOF UL

O Function Body
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= SortVector &+E jal SortVector YO E ALE3I0] S EEL|C
g8 ZESH| Mol =& FAof wat 3 7o Y of7f H=It X[AH a0 (A
B ) X a2 (AKX BHIE 7)o HiX|E LTt

Kl

EE1 (ra)oflM B0 MZEE XAt O|X S L Lt
m AR TOIH (sp)k X7] YK (add sp, sp, 16)E SJAELCL

- SortVector &%
o mZE=z1
= HX oA AMEEE BEEE YXIAHE NESH| fs A0 3242

add sp, sp, -32
= 2 g (s1-s3)0M AH8SHe MZEE 2 X|AE Tt St AEROY| X ZHE LT
= SortVector 7t ra Of MEE 42 B0 A& MaxVector g+E &}
20 HX|AH ra & MZES|OF SL|Ct.

»  HA U 07 B (20, al L a2)7t EEE YX|AH (s1,s2 U s3)E
O|SE|0f MaxVector & AW = AFEE = A& L L
o 2

= HIE B E AMSte B2 2 BHE0IM A Q] (O] g2 AlAtSHe] B O] MEStE FZIt
ol gL Ch A9l z[O ZtE AMSLY| o) MaxVector &7t RZO| 2}
B0 A (Jal MaxVector) SEEL|CH %‘#3 SESH7| Mol =& A of et
O &==0ff CHot 3 Oj7H Bi==7} EIXIﬁH % al 2 O|sELCt g4 HA0|
e E|7(|’*E1 a0 of Aol (O Zt2 J%Z“-Ilih

= RIDE RE MEE YXAHE A8 BB MIYRLIC ol2{3t BR|AHE
MaxVector M8 & Ztg HZE38I7| 3l RISC-V == X 0f o3 2XEL|CH(F,
St} 7S RSO} &),

= HX2H a0 ¥ al 2 &2 =TY = AFULCE T2t ZE =F T ZH|sof
gt

» HRAH tl1 € MaxVector 7t Ht2tEl S TAFR T|O{Of StL|C} 2N B
SE8H7| Mol (sw tl, 16(sp)) SortVector o AE{0| &gt A

280k FLICH (1w t1, 16 (sp)).

AEHO| MY E X AEZLO|H SRIELCH
O (sp)e 7| 9IX| (add sp, sp, 32)=2 SAELICL

- - MaxVector 7|s
o EZEZO

» X 0| AABElE EEE HXIAHE XEYSH7| 5] A0 S0
SO LT
add sp, sp, -16

= I O2 g0M ARt MEE BXIAH (F, BX|AH Sl)7fﬁE" |
MEELLCE sw s1, 0(sp). HXIAHZE O] g0 o8] MY X Gt HE
AQ| FAE MESH= O O] HX|AHE MEJSIER ZEX & (SortVector)?
AloHol A|J_|_Ho|-|_| |:|.
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CHE g EBI1Z 248 =E5HA &7] W20 0] 89 ra € MEE

= Ol = sl It 27 YA X AHE ALESIO] I A Of [T ghs Al &tetH T

T SEAO|A grest] Jofl ghet gk mv a0,
= ZERI (s1) 3 280 MYE 2XAEZF SRE UL
E

EZ2H (sp)k 7| #IX| (add sp, sp,

ZH|3{OF TFLCH.

16)= SHEL

.globl main
.equ N, 8
.data

A: .word 7,3,25,4,75,2,1,1

.bss
B: .space 4*N

.text

MaxVector:
add sp, sp, -16
sw sl, 0(sp)

mv sl, zero
mv t2, zero
loop2:
beg sl1, al, endloop2
lw t1, (a0)
ble tl, t2, else2
mv t2, tl
mv t3, a0
else2:
add a0, a0, 4
add sl1, sl1, 1
J loop2
endloop?2:
sw zero, (t3)

mv a0, t2

1w sl1, O (sp)
add sp, sp, 16
ret

SortVector:
add sp, sp, -32
sw sl, 0(sp)
sw s2, 4(sp)
sw s3, 8(sp)
sw ra, 12 (sp)

mv sl, a0 # Address of vector A
mv s2, al # Address of vector B
mv s3, a2 # Size of vectors A and B

mv tl, zero

loopl:
beg tl, s3, endloopl
mv a0, sl
mv al, s3
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sw tl, 16(sp)
jal MaxVector
lw t1, 16(sp)
sw a0, (s2)
add s2, s2, 4
add t1, t1, 1
j loopl

endloopl:

1w s1, 0 (sp)

1w s2, 4 (sp)

1w s3, 8 (sp)

1w ra, 12(sp)

add sp, sp, 32

ret

main:

add sp, sp, -16

sw ra, 0(sp)

la a0, A

la al, B

add a2, zero, N

jal SortVector

1w ra, 0(sp)

add sp, sp, 16

ret

.end

a3 6. ojdS2| Qloje] E YnE|F
33 72 MaxVector g2 228 MASI= A|™HQ A ME|E HOFLICH
- main Q| AH Zajg/e miEtMo R AL siE g0l Btet FA (ra)E ZETL|CH
- SortVector g0 A T Mo HAIZ|0 O] g0 ALSSHs M E 2| X|AH
(s1-s3), HXIAH t1 R ra 7f EotE L
- OIX|UOE 2 AL Tao/ (MMEQl &h40| A& Aok Ol MaxVector &40 AE ZgjQe

CEMO 2 BAILZH O] a0 | M M8t MEE 2XAH (s1)E 2
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High addresses

tl value

ra value (return address for SortVector)

s3 value

s2 value

sl value

sl value —.

a3 7. 38 62 OS2 Z2I7H0| CHT MaxVector B EE2| 2B HE|

Low addresses

XA 2 g o OMlEr T2 [RI/)fogaPaz‘h]/RI/)foga/Labs/Lab4/Sorz‘/'ngA/gor/'thm_Funcz‘/'ons Ol M

AlZZO|H)0fM Z2OS A SL(Ch

=
-2l 2£2 A& ﬁE—'l*EI Tstet 01€1|0I A BOLEE 24 & AFLICL

0] ZRHEO|ME sp HEIAETL 16 HOIEE HHE|Z2 ZHE link/ds &

L
]
|m
mlru
-
oo

gt
i
o

sp X[ AHCQl HEHE ALIGN () B AH8SH] Ml E LT
.stack
{
_heap end = .;
= . + stack size;
/* Force 16-B alignment of SP register */
= ALIGN (16) ;
_sp = .;
} > ram: ram load

At82 = U= Platformio Z2HEO|A M-S ELICE RISC-V 2= Hf0]| et Chst 2X|AH (s, ra, a )0
MEE 2ok AE0 MY E S 2A0H7|fe HAE DA 588 MESIH EE (& 1SS

-Z20 ADY = PlatformlO 01| QI Sl WM E pio/build/swervolf nexys/firmware.dis Tt 2 T2 19|

A2ABEE [RVipgaPathl/RVioga/labs/Lab4/SortingAlgorithm_Functions/ld/link.lds 0| A && = QLG L|CH
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O[X LtZ S5s =50 g 252 ZEdhs L7 ¢ C/Assembly Z213 S BHEL|CH

Nexys A7 2EE HAFEO AZst HAS H HElz &£ LHE T2 70| 2 20| RvfpgaNexys & CHA|
2L =it AELICH d2{Lt Nexys A7 EEE 11H PlatformlO & AFE38}10] 2 20| RVfpgaNexys £ CHA|
Z2L3}{oF grLC}.

v

Verilator 2 Whisper & AE3t0] AlZ2{ 0|8 2tZ0A O|2{ot Z2 S AT 4 AFLCL

& 1. LED AQX|E HIHE HASt= C ZTEIMS ZMSIAMAQ. 203 0|22

Displaylnverse_Functions.c 2 X|g%fL|C},

olE £0f, 221X17t (2 Z1%): 0101010101010101 O| H LED = Ch21t ZH0| HA||OfOF BhL|Ct.
1010

1010101010101010; 22| X|Z} 1111000011110000 O|H LED 0f 0000111100001111 O] EA| & L|Ct AL|X|2
HHHEl gr2 BHEShE getSwitchesinvert () =& Z3BtL|CH &4 M2 CHEar Z&LICt

unsigned int getSwitchesInvert();

& 2. LED #42 AQK[0f ZE0lE c Z2O™ME AgsiiA. Z2T0 0|52
FlashSwitchesToLEDs_Functions.c £ X|& gtL|C},

U2 oF 2 0Lk AX| 22 HMOF U Ch "num” 2| 22| X|HES FLSHE delay (2t= &5 ZoRLCH
4 4

Qo Mst Wl A L|CH S A ct.

o2 ChEa 2al

B

NSIAUAQ T2 M2 B E LED 7t 7T 3 A0l W 22
H&l|OF BtL|CE. stdlib.h 2t0]|22{2|2| rand () &2 ARSI

[
gt ojo| A|ZtS MdTtL|Ct. ZZ 1 0|2& ReactionTime.c 2

1. AFEAE 7HY REFRO| A= 291X 11 (or2f2) ZH| L L.

AN
2. Z2I7/0| 2E LED & & Lhg &Al S ZICHELICE (9f 3 2= 0[3}). ¢85 2 2| delay () &+ AFESH

2 #uc
3. 1B CH2 BE LED7HPRID TR2IUS ALSKITL B Q2% A9IXE Z UK L2 x5 A7)
AR Bt

IR (SW [ODE AT A9IXIE 7= Ol 28 AlZE (22| )0 LED | 2 T2

2% L% E Ot 2 (HE) B2 ofE gh55iA &Lt
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4Lt srand () &S X AFESIH rand () 20l 2o A|2HE 0| E LICH |9t A= srand (00 1
X7t F2F2|0|H 227} gle E=0l Y3 217t FO{X0of oot A YLICE srand (00 229 =X, | E
= A £ B WX AZHE (RE] X) X|E St A2,

LED 7t 74X 7] Tof| HHZ golo| AlZt &= ME WHSI= T A5 38 CHA 2 St 7Hs5HH 7|58
AE3IAMAIR. T2 0|28 ReactionTimeTrulyRandom.c 2 X| & EHL|C}

A& 5 LED 7} HH2 A|ZHO| H|2|510] S7t6H= LED bar & EAISIZ 2 A& 4 2 CHA| ZHSIAA|L. o|§i7-||
SHH HHS A|ZHS E= ALEO| 2| X 2| O[T BEH S siMT e Qlo| £ 7 WatX|d JUeX| o A &

2= USLICEH AT LED 2| 2t Helof siTste BHE AlZH He|E MEie = JASL|CE O & S0f 2 BHS
AZtE 23l RLEZ0| A= = 742l LED TF 7{OF BLICE Bt A|Zt0] 01 0j 2t &0 U= LED =7t F7}
L O =2l 88 A|ZH2 2E LED O 0| S0|& Lt Z2 13 0|E 2 ReactionTimeBar.c £
Xggect

A& 6. "Simon says" A ¥ S FoSts C ZEIOMES ZpEetLCh S0 Z0b7F LHERE L CE
Z2 M2 O QEZR0 U= M 7He| LE ZE0| 1 AFEXEZL IHE QB Z0| A= M 7He|
2K E AHBSHY s AQUX| A|RAE £5 W7HX] 7|CHLICE Switches [2: 0]= LED [2: 0]01 3{E St
LED [0]2 ™ 2% |ED 0|11 Switches [0]2 T @EZF AQX|QL|C

o

r
O 1
=2
>
=|:l=|
rm
mnjo
S|

2. Qo|o| mj{E2 LED 1 7, LED 2 7H, LED 3 7 S22 A|Z}3s{of Lt
3. AMEXE 7HE REZ A M 7HO| AQIKIE AHESI0] A|IRAE

=op2{a SLCE MERIE 29X E
D7t AKX ALEXIZF A9|K|E CHA| Ot 2 E=otH
A

THELEL
MOi| LED 7 otit &f EA|E LT

5. AEAFERE AELAE YEHOIHE LED 7t AL AN AL M2 ABLTF YRR ESL T

LED
4. MEX7 S2HE =AME Y H LA FX| = CHS I EHO| EAIEZD
6. 7IH 2AZ0| Y A2K| (Switches [15])2 IZ (on) +2 CHS Ol (of/ 2 F2H A Q0| XM ™E L|ct.

I

ot 7152 AH8SI ZEOME I E3tetn 24, Ol W OfsfE O &A RtEUCL Z2O#S
e t2ofjof efL|ct =213 0|52 SimonSays.c 2 X|YgtL|C}

1A
ox Jm
Ot
i
re
[#0
Ot
rir
fim|
Hu
Fr
A
(@)
o
|T
i
s
i
>.

FAX gL CE J2iM B 2| %

a H) BE
A 240 MFriplet) & 2| ALY gfo| ElLICt O E =H:
B[0] = |A[Q]+A[L1]+A[2]1, B[1] = |A[3]+A[4]+A[5]],
Triplets.S 2t= RISC-V O{d 2| Z2 IS ALt (Z2OH2 RISC-V 2= A2 W20k &),
- main ZE21H2 O30k 22 42| 2 pseudo-code Of 2t B O A4S FHTLICE

fdefine N 4
int A[3*N] = {a list of 3*N values};

int BI[N];
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int i, 3=0;

void main (void)
{
for (i=0; 1i<N; i++) {
B[i] = res triplet(A,3J);

Jj=3+3;
}
}
- Eer es_triplet 2 AKX p ol M AlZtSH] HIE v o 3 71 S 24 BHo| HLf gr2 BratetL|Ct
CtS 1 22 42| 2 pseudo-code Of| Al K|S 8t AFFO| 2t :rl°._45' L|Ct.

int res triplet(int V[ ], int pos)
{
int i, sum=0;
for (i=0; 1<3; 1i++)
sum = sum + V[pos+i];
sum=abs (sum) ;
return sum;

- g abs(int x) & 98 Qo ALY gt vtatatL|ct,

IS SHYSHIAIR (T2 UL OH0| AT 7|

or
e
i
frl
MM
o

#define N 6
int i, j=0, A[N]={48,64,56,80,96,48}, B[N];
for (i=0; 1< (N-1); 1i++){

if( (myFilter(A[i],A[i+1])) == 1){
B[j]=A[i]+ A[i+1] + 2;
J++i

- HRe| 37H2 oSt O 22Tt X|AES ZE6to s S 5t= RISC-V S22 ZEE Adstn
e MM (data, .bss W text)2 MABILICE myFilter B4 A HE Q=71 16 o Hi=0| &
HR Ql=TF A HRY Ql=HL 2 42 2f 13 dtetetL|Ch O"X| ¥ ™ o 2 gratetL|C)

- myFilter @=0o| ojdsel ZEE FdgL|Ct

A& 9. Coprimes.S 2H= RISC-V O{ 52| Z2 IS X5t H & F5 (> 0)0| coprime (= &2 £)
RAZ FYE WS HELLH(E2O™2 o|o| AFet 7|5 22| #ES EFH0F ). & 7Hel A= 2S0]
5]

2 = s
7HE R 95 S4=7t 1 O|H coprime 0|2t O|sist™ E L|Ct
I3 CIO|E 7} Ch2 HWAIQ| B D Of Zate|0f QUCtD 7PE st Cf

D= (XOI y0/ Co, X1y Y1, Ciy e oo ¢ XN-1y YN—l/ CN—l)
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=

=

CEROYE Y o 2 O30 20| ¢ 2f 20| +=FE0oF FLCh x Ry
il 1
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lyi £ o ¥o| XAE LIEHDH ci & N30

Che Q& HIEQ Z2: D = (3,50, 6,18,0, 15,45,0, 13,10,0, 24,3,0, 24,35,0)
*|Z= Zot= Ch2aF Zotot BHL|CE D = (3,52, 6,18,1, 15,45,1, 13,10,2, 24,3,1, 24,35,2)

- H{Z D E =35t ofef 21F MR T T A0 whet AntE MgstE RISC-V OS2
Z2OHWE AL 22 M2 3t check coprime (int D [], int i)& ZEELCL
Qg Ol D O A|EH TAQ} BIQIStE = MO S (0 0| A M-1 THA|)Q L|Ct O] Bt H{E D 2
HIY Ao MS I} coprime QK| EHolstn ANE s o 22| @ X[0f XMZESLCt

- Olgf @EZE X0 =%

int b)E &7
=
=

2l4=9| XL &4 (gcd)

gcd(int a, 22| E(Euclidean)
H

A0l 2t check coprime B0 Lo ZEE ZHgderL|Ch ot
=

02|50 Mt Lab 30 FREIACH F L

Atetet LICH ged 74 1 0] = At= coprime @JLIC.

i 7t coprime O|™ ¢; = 2;

t#tdefine M 6
int D[]= {a list de M*3 int values}
void main ( ) {
int i;
for (i=0; i<M; i++)
check_coprime(D,i);

void check_coprime (int A[ ], int pos) {
int res;
res= gcd( A[3*pos], A[(3*pos)+1] );
if (res == 1)
A[ (3*pos)+2]=2;
else
A[ (3*pos)+2]=1;
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