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[#include <staio.n>
int main()

1/ Albert, this is a comnent line!
printf(*Hello, Albert!\n');
i 0

2
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representation
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[¥include <staio.n>
int main()

1/ Albert, this is a comment line!
tF(*Hello, Albert!\n®):

i 8 = How dowe

N How d

with the computer?
(: )"+ Compuational problem

olving
Expression through high
level languages
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The Big Picture

= How do we bridge these

Finciude <staio > Cpoge two computation
it main) enpressions?
— =" Compilation progress
// Albert, this is a coment line! compiler > prog
fn);

printf(*Hello, Albert!
" * How do we/users interact  assambly code

with the computer?
= Computational problem

olving
= Expression through high
level languages.

+ ISAdefiition and
format through RISC-V

orld?
What language does it
spe:

* Information and number

representation

8/19/26

enter

Y™ .

The Big Picture

How do we bridge these

)

¥include <stdio.h>
int main()
€

with the computer?
(:) " Compbtondl probem < szembr >

o, Alberti\n®):

ISA definition and
format through RISC-V

5 5 conment line!

= How do we/users interact  assembly code

solving

ough high-

N object code.
level languages

+ What view does a =

computer have of the
1d?

O
AL T
o T o snd b

£
v
e
7
™

STAM

58

nter

RISC-V ISA Registers

Name Reg Number Usage Preserved across call?
zer0 X0 The constant value 0 Yes
a X1 Return address Yes
sp X2 Stack pointer Yes
o X3 Global pointer Yes
® X Thread pointer Yes
o X5 —x7 Temporary registers No.
S0/fp X8 Frame pointer Yes
st X9 Saved register Yes
20 - al X10 - x11, Function No.

arguments/Return values

a2-a7 x12 - x17 Function arguments. No.




Higher  Bottom of

Program memory management

—
Addresses the stack Stack Segment

Top of the return addresses and local variables]

[Stack frames consisting of parameters,

Variable Size

- i

Heap Segment
[Dynamic variables managed by
malloc(, free, etc]

} Free space

Variable Size

BSS Segment

{initialized global and static variables]

‘ Fixed Size

Data Segment

{Initialized global and static variables]

Fixed Size

Lower Text Segment
Addresses [Program code]

Fixed Size
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Program memory management

fo/s0.
o/
Stack Segment Variable Size
[Stack frames consisting of parameters,
return addresses and local variables]
£

i

+ And albert gloriously
declares:
= I'simply cannot

Heap Segment
[Dynamic variables managed by
mallocy), free(, etc.]

} Free space

Variable Size

and will not lose

BSS Segment

Fixed Size
Data Segment Fixed Size
P {Initalized global and static variables]
Text Segment Fixed Size
pc [Program code]
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RISC-V Assembly

vall:
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valls
sword 5

valzs

.zexo 4

valds
.word 2

valds

.word &
lword 9
stringl:
.string "abe"
string2;

RISC-V Assembly

g
g

Value Address | Value
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Program memory management

fo/s0.
o/

Stack Segment Variable Size

(Stack frames consisting of parameters,

return addresses and local variables]
P
* Free space

Heap Segment
[Dynamic variables managed by
mallocy), free(, etc.]

BSS Segment ‘ Fixed Size

[initialized global and static variables]

Data Segment *ixed Size
P {Initialized global and static variables]

Text Segment Fixed Size

[Program code]

Variable Size

14

STA

vall:
.word 5
valz:
.zexo 4

word 2

.word &
lword 9
stringl:
.string "abe"
string2;

RISC-V Assembly
Address | Value Address | Value
0 5 C 7
1 0 D 0
2 0 E 0
3 0 F 0
4 ? 10 8
5 ? n 0
6 ? 12 0
7 ? 13 0
8 2 14 9
9 0 15 0
A 0 16 0
B 0 17 0
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RISC-V Assembly
Address | Value  Address | Value

8000 5 800C 7

8001 0 800D 0

8002 0 800E 0

8003 0 800F 0

8004 ? 8010 8

8005 ? 8011 0

8006 ? 8012 0

8007 ? 8013 0

8008 2 8014 9

oy 8009 0 8015 0
TProgram code ad vs. hardware | _S00A | O 8016 [J
addresses 5008 | 0O 5017 | 0
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RISC-V Assembly

Address | Value

8018 0x61

8019 0x62

801A 0x63
8018 0

801C 0x61

’ 801D | ox62

Toyee 97 801E | o3
‘byte 98 801F ?
arrayl: 8020 ?
array2: 8021 ?
Program code addresses vs. hardware 8022 ?
addresses 8023 ?
ISTAM Center ASUEn

RISC-V Assembly - Let's Go All In
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RISC-V Assembly — Let's Go All In

Note that: numl, num2, num3 and nund are
a0, a1, a2, and a3, respectively.

# move numl into t0
# move num2 into t1

# move num3 into t2
add £2,£2,a3 42 = numl + nun2
add £0,t0, t1 #£0 = num3 + nund

sub t1,€2,t0
# result = (unl + num2) - (num3 ¢ numd);
add a0,t1, zero

); 4 result returned in a0
jr ra
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RISC-V Assembly — Let's Go All In

Silly Albert! Who are you kidding!

Note that: numl, mum2, num3 and nund are
20, al, a2, and a3, respectively.

add t0,a0,zer0 4 move numl into €0
add tl,al,zero  # move num into €1
add £2,a2,zer0  # move nun3 into 2
add £2,£2,a3 4 t2 = numl + num2
add £0,£0, t1 4 £0 = num3 + numd

sub t1,£2,t0
# result = (numl + num2) - (num3 + numd);
add a0, t1, zero

# result returned in a0
it ra

20

-globl val2
Isection .sbss, "au",@nobits
n 2

.type val2, @object
lsize valz, 4
val2:

8/19/26
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RISC-V Assembly — Let's Go All In

,

22

-globl stringl

.section .sdata

-alion 2

-type stringl, Eobject

lsize stringl, 4

stringl:
-string "abc”

8/19/26
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ng1
.sdata

.type stringl, @object
lsize stringl, 4
stringl:

24
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RISC-V Assembly — Let's Go All In

globl arrayl

.glebl array2

lsectior Lsbss

.align 2

ltype array2, Bobject

o0 .size array2, &

. array2:
zero B
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RISC-V Assembly — Let's Go All In

-align
‘globl foo
.type  foo, @function

e addi  sp,sp,-a8

26
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RISC-V Assembly - Let's Go All In

s
‘globl foo

13 -2 .type  foo, Bfunction
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RISC-V Assembly — Let's Go All In

. foot

lglobl foo
.type  foo, @function

addi  sp, sp, 48
S0, 11 (o5

(@)

22,-44(s0)
a3,-48(0)
24,36 (0)
a5,-10(0)
5
50)
a5,-48 (0)

al}ad,a:
a3,-44

50,44 (sp)
sp,5p, 48

8/19/26
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RISC-V Assembly — Let's Go All In

o9 fo0
! [+ The frame pointer (f5/s0) points to
R T
= Itpoints to the base of the stack
: + Porameters passed in to the
subroutine L

places relativ

pointe
It does not move for the duration of
the subroutine call

TaTIon
‘globl foo
.type  foo, @function

addi  sp,sp, =48

=0

su 2,-44(50)
su 3,-48(s0)
T ;-36(50)
i 5,-40(30)
add  ad,ad,as
1u) 3,-44(50)
1w 5,-48(30)
add  a5,ad,as
sub 1ad a5
su 25,-201(s0)
1 25,-20(s0)
v 25

u 0,44 (sp)

29
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RISC-V Assembly - Let's Go All In

Save the function arguments
= In case, something
happens in the middle
y31315 of the function

execution
| e, . + Like divide by

s
‘globl foo
.type  foo, @function

addi  sp,sp,~48

20, -36 (0)

a1,-40(s0)
a2,-44(s0)

I a5,-40(s0)
add  adjad,as
1u) a3,-44(s0)
I a5,-48(s0)
add  a5,a3,as
sub  as,a4,a5
su 5, -20(s0)
. 5,-20(s0)
v a0,a5

. 0,44 (sp)

addi  sp,sp,48
3r ra

30
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RISC-V Assembly — Let's Go All In

lglobl foo
.type  foo, @function

addi  sp,sp,-48

5 su 0,44 (sp)
. e addi  s0sp, 48

s a0,-36(s0)

a1,-40 (s0)

2;-44(s0)

25,720 (0)
W s0)dd(sp)
addi  sp,sp,48
56
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RISC-V Assembly — Let's Go All In

1y
‘globl foo
.type  foo, @function

addi  sp,sp, =48

32

STA

RISC-V Assembly - Let's Go All In

Lo BE
S S e

a0,-36(s0)

33
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RISC-V Assembly — Let's Go All In
[ s — |

{ Tebrrmrapeee

e of the stack

fram
« ltisrestored end of the call
toits previous value

foot

=TT
lglobl foo
-type  foo, @function

BT
0,44 (sp)
0, 5p, 48

addi

22,-44(s0)
a3,-48(0)
24,36 (0)

5,-20(s0)

—t i @
addi  spisp.as
Y
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RISC-V Assembly — Let's Go All In

.type  foo, @function

Jump out
Albert!

foot

addi  sp,sp, =48
su 0,44 (sp)
addi  s0,sp, 48
su 0,-36(s0)
su a1,-40(s0)
su 2,-44(50)
su 3,-48(s0)
T ;-36(50)
w 5,-40(30)
2dd 24,25
w 3,-44(50)
w 5,-48(30)
2dd 23,25
sub 1ad a5
su 25,-201(s0)
1 25,-20(s0)
v a5

o u 0,44 (sp)

nd time to go 3 Ta (8)
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RISC-V Assembly - Let's Go All In

‘globl foo
.type  foo, @function
foot
addi  sp,sp,~48
su 50,44 (sp)
addi  sO,sp,48
a0,-36(s0)

a2,-44(s0)

a3,-48(s0)

2;-36(s0)

¥ a5,-40(s0)

2dd Jad,a5

1u) a3,-44(s0)

I a5,-48(s0)

2dd 123,25

2) - 4 sub a4 a5
su 5, -20(s0)
. 5,-20(s0)

v a5
. . . . 0,44 (sp)

Jump out and time to go 3x Ta
Albe;

36
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RISC-V Assembly — Let's Go All In
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Pseudo Instructions

Useful Pseudo-instructions | Meaning Actual Translation

mvrd, rs Copy register rs to rd addird, 15,0

li rd, immediate Load immediate into rd addi rd, $0, immed

bedz 15, offset Branch if = zer0 Beq rs, X0, offset

bnez rs, offset Branch if 1= zero bre rs, %0, offset

bgtz rs, offset Branch if > zero blt x0, rs, offset

T offset Jump Jal X0, offset

Jal offset Jump and link jal x1, offset

jrrs Jump register jalr x0, s, 0

jalr s Jump and link register jalr x1, 15,0

call offset Call far-away subroutine auipc x6, offset(31:12]
jalr x1, x6, offset(11:0]

ret Return from subroutine jalrx0, x1,0

nop Do nothing usefl 2dd X0, X0, X0

39
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Function Entry
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Assembly Programs

= |f (condition) then do this

Assuming t1 stores i and t2 stores 3:

it+ ; bne tl, t2, NEXT # branch if I( 1 == 3 )
j++; addi 1, t1, 1 i
NEXT: addi 2, €2, 1 ¥ e

41

Assembly Programs

= |f (condition) then do this else do that

Assuning t0 stores i, tl stores j, and t2 stores ki

if (io==3 &8 i ==k)
bne t0, t1, ELSE 4 condl: branch if I( )
o bne 0, t2, ELSE # cond2: branch if 1( i == k )
addi t0, €0, 1§ if-body: is+
else 3 Next ¥ jum e
. ELSE: addi €1, t1, 1
J NEXT: add €1, t0, 2
=i+ ok

42
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Assembly Programs

= While (condition) then keep doing this

while (i <3 ) Assuning €0 stores i, t1 stores J, and t2 stores k:
! Loop: bge t0, t1, CONE ¥ branch if ! (<3 )
k o=k *2; add 2, t2, 2 ¥k=k*2
P4 44 t0) €0, 1§ s
4 3 Zoop. # Jump back to top of loop

} DoNE:

8/19/26
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Assembly Programs

= For (these many times) do this

Assuming t0 stores i, t1 stores j, and t2 stores k:

{ addi t0, $0, 0 #i-0
o , tl, DONE  # branch if | (i<3)
2 Fk=kt2
¥ i
# jump back to top of loop

44
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Assembly Programs

= For (these many times) do this

Assuning t0 stores i and tl s

addi t1, zero, 1 4 ca
bne t0, tl, CASE2 4 false: br case 2
3 Casg1BODY 4 true: branch to case 1 body
addi t1, zero, 2 4 ca t temp to 2
bne t0, tl, CASE3 4 fa nch to case 3
case2_BoDY 4 true: branch to case 2 body

addi t1, zero, 3 : set temp to 3
branch to exit
true: branch to case 3 body

4 case 1 body: i+t
4 breax
# case 2 body: i += 2
4 break

# case 3 body: 1 += 3
4 breax

45
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Assembly Programs

= Short program

mv  t0,zero ¥i-0
Loop: sll t1,t0,2 Fel-ie4
add £2,a0,t1 412 = sarray[i]
sw zero, 0(t2) & array(i] = 0
addi £0,t0,1 Fi-i%1
slt a3, a3 = (i < size)
bne 23, i ()
goto loop

8/19/26
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Data Addressing Modes

= RISC-V has four data addressing modes
1.Register
= Data is in a register
2.Immediate
* Data is specified in the instruction directly
3. Displacement
* Data is in memory with address calculated as Base + Offset
4.PCRelative
* Data is in memory with address calculated as PC + Offset

47
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Data Addressing Modes
= RISC-V has four data addressing modes
= Memory related addressing modes
= Register indirect
< add x2, (x1)
+ x1 € x2+Memix1]
= Displacement
+ add x2, 64(x1)
+ x1 € x2+Mem|[64+x1]

N

< h ’ L]

g 2 v
1

0 7

| raswuen ™

=i " Memory |

48
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51

Data Addressing Modes
= Other memory address modes (non RISC-V)

= Direct or absolute
= add x1,(1024)
= x1 € x1+Mem[1024]
= Memory indirect
= add x1,@(x3)
= x1 € x1+Mem[Mem[x3]]

fepion

49

The Big Picture

m

Cprogram

50

Application Compiling Process
= High-level language program (in C)

(int array(

, int i) {

one-to-many
il;

C compiler

swap:

17
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Application Compiling Process
= Assembly language program (for RISC-V)

one-to-one

assembler

= Machine ry) code (for RISC-V)

011

8/19/26
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Application Compiling Process

= Assembler (or compiler) translates program into machine instructions
= Provides information for building a complete program from the pieces
= Header: described contents of object module

= Text segment: translated instructions

Static data segment: data allocated for the life of the program

Relocation info: for contents that depend on absolute location of loaded
program

Symbol table: global definitions and external refs

Debug info: for associating with source code

53
AN Lenter

Application Compiling Process

= Machine (object, binary) code (for RISC-V)
111111010000 00010 000 00010 0010011
0 1
Loader

54
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Application Compiling Process

= Load from image file on disk into memory
1. Read header to determine segment sizes
. Create virtual address space

2
3. Copy text and initialized data into memory
4. Set up arguments on stack

5. Initialize registers (including sp, fp, gp)

6. Jump to startup routine

= Copies arguments to a0, ... and calls main

8/19/26
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The Big Idea in Today’s Computers

Stored Program Computer

[ Program = A sequence of instructions |

= Instructions represented in binary, just like data
= Instructions and data stored in memory
= Programs can operate on programs
= e.g., compilers, linkers, ...
= Binary compatibility allows compiled programs to work on different
computers
= Standardized ISAs

56

The Big Picture

Tielude <wtaio Corogam
T ming
s  coment 1inel Ceompler >
i

printf(*Hello, Albert!
return

loater >

J Albert! It is time to build the
computer from the ground up

57
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= RISC-VISA

Enguin"eering

Next Lecture Module
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