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RECURSIVE EXAMPLE

Let's write a recursive function that sum all the
positive numbers up to including the number x

3+2+1

il UNVERSITY | ENGINEERING




RECURSIVE EXAMPLE

Let's write a recursive function that sum all the
positive numbers up to including the number x

3+2+1

int sum(int x)
if x==0:
returnO
return x+ sum(x-1)
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WHAT ABOUT THE FUNCTION PARAMETERS

input = OxFF
We need to define a calling convention. The rules that shiftAmount = O?(OZ_ _
we’ll follow when we call a function. output = left_shift(input, shiftAmount)

1. Foroursimple functions are limited to 2

parameters. ;‘-’

2. Thefirst parameter will be stored in R2

' _ R2 = OXFF
The second parameter will be stored in R3 R3 = 0x02
The return value of the function will be stored in :
call left_shift

RO

5. Ifthe function uses any other registers save them
before modifying them and restore them before
returning.

RO //Contains result
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RECURSIVE EXAMPLE

Let's write a recursive function that sum all the The first parameter will be stored in R2
positive numbers up to including the number x
3+2+1 R2 =03 68 03
CALL SUM 82 XX //ex 20
int sur.n(int X) R1= Memory of RET 64 XX //ex 28
" S fR2<= 0 PC= R1 79
return x+ sum(x-1) RO +=R2 é; FE
R2+=-1
CALL 20 8220
RET 83
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DEFINING A NEW INSTRUCTION

Let’s create a new instruction that will both save the
location to return and jump to the beginning of the A
function. We’ll name this our call instruction call_—|

Save pc+2 , set pc = M[pc+1]

F(x,a)
Let’s also create an instruction that sets the PC back ’ F(x,a)
to the saved. We’ll name this our return instruction or ret

ret for short B \

pc = Saved Value
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ISA EXTENDED BY SETTINGRBITTO 1

Reserve icode b operation
1 0
0 ---- Coming Soon---
1 ----Coming Soon ----
2 Place pc+2 onto the [Memory], set pc = M[pc+1]
3 pc = a value from [Memory]

More detailson Memory coming soon
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WHAT ABOUT RECURSIVE FUNCTIONS

What about recursive
functions? Functions
that call themselves

F(x,a) F(x,a)

F(x,a)

Now we need to keep track F(x1,a1)
F(x,a) of both the location return
to (multiple function calls
and the register state of
function before the call)

F(x2,a2)
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THE STACK ---Things already
OxFF on the Stack---
F(x,a)
OxFE Return address 1
We are going to a region of memory that will hold the OxED F(Xlla 1)
stack of function states and their associated return Return address 2
addresses. F(x3,a3)
OxFC Return address 1

By convention keep adding
new things to the stack by
growing it to lower addresses
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THE STACK

RSP OXFC AL
F(x,a)
OxFE Return address 1
F(x1,al)
We also define a new register that holds the location OxFD Return address 2
of the TOP of the stack in memory. We’ll name this F(x3,a3)
register RSP OxFC Return address 1
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PUSH AND POP INSTRUCTIONS

RSP OxFC OxfF |
F(x,a)
OxFE Return address 1
F(x1,al)
We'll also create two instructions that will add and OxFD Return address 2
remove values from the stack. F(x3,a3)
OxFC Return address 1
The push instruction will decrement the RSP and to
the top of the stack {

Example push(0x04)

18
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PUSH AND POP INSTRUCTIONS

OxFF |
RSP OxFB
OxFE Fxa)
X Return address 1
F(x1,al)
OxFD R dd 9
We'll also create two instructions that will add and eturn address
remove values from the stack. F(x3,a3)
OxFC Return address 1
The push instruction will decrement the RSP and to
the top of the stack OxFB 0x04 J

Example push(0x04)
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PUSH AND POP INSTRUCTIONS

RSP OXFB OFF - f e
F(x,a)
OxFE Return address 1
F(x1,al)
OxFD

We'll also create two instructions that will add and Return address 2

remove values from the stack. F(x3,a3)

OxFC Return address 1

While the pop instruction increments RSP and returns
the value at the top of the stack OxFB 0x04

Example x = pop()
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PUSH AND POP INSTRUCTIONS

OxFF
RSP OxFC
OxFE
OxFD
We'll also create two instructions that will add and
remove values from the stack.
OxFC

While the pop instruction returns the value at the top
of the stack and then increments RSP

Example x = pop() returns 0x04

F(x,a)
Return address 1

F(x1,al)
Return address 2
F(x3,a3)
Return address 1
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WHAT ABOUT THE FUNCTION PARAMETERS

We need to define a calling convention. The rules that
we’ll follow when we call a function.

1.

For our simple processor functions are limited to
2 parameters.

The first parameter will be stored in R2
The second parameter will be stored in R3

The return value of the function will be stored in
RO

If the function uses any other registers save them
before modifying them and restore them before
returning.

input = OxFF
shiftAmount = 0x02
output = left_shift(input, shiftAmount)

~

R2 = OxFF
R3 =0x02
call left_shift

RO //Contains result
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ISA EXTENDED BY SETTINGRBITTO 1

icode b operation
0
0 Decrement rsp and push the contents of rA to the stack
1 Pop the top value from the stack into rAand
increment rsp
2 Push pc+2 onto the stack, set pc = M[pc+1]
3 pc = pop the top value from the stack

If bis not 2 or 3 update the pc as normal. Ais not used either (Let's do someencoding examples)
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RECURSIVE EXAMPLE

Let's write a recursive function that sum all the The first parameter will be stored in R2
positive numbers up to including the number x
3+2+1 R2 =03 68 03
CALL SUM 82 XX //ex 20
int sur.n(int X) R1= Memory of RET 64 XX //ex 28
" S fR2<= 0 PC= R1 79
return x+ sum(x-1) RO +=R2 é; FE
R2+=-1
CALL 20 8220
RET 83
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|' Choose File | No file chosen

ir = 00
68 03 82 20 80 00 00 00 00 00 00 00 00 00 00 00 pc = 00
rsp = 00
64 28 7912 69 FF 82 20 83 00 00 00 00 00 00 00 2 = 00
1 = 00
2 = 00
3 = 00

‘ Execute one instruction
Run |with 1.5 ' seconds between instructions
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0..6803 8220 80000000 00000000 00000000

2..64287912 69 FF 82 20 83 00 00 00 00 00 00 00

————

R2 =03

CALL SUM

R1 = Memory of RET
If R2<=0PC= R1
RO +=R2

R2+=-1

CALL 20

RET

ir = 68
pc = 02
rsp = 00
0 = 00
1 = 00
2 = 8
3 = 00
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| ) ‘ ir = B2
68 03 82 20 80 00 00 00 00 00 00 00 00 00 00 00 pc = 20

rsp = FF

64 28 7912 69 FF 82 20 83 00 00 00 00 00 00 00 2 = 00

1=0

 .00000000000000@000000000@0000004 2:02

R2 =03 3 = 00
CALL SUM

R1 = Memory of RET
If R2<=0PC= R1
RO +=R2

R2+=-1

CALL 20

RET
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| ir = 64
68 03 82 20 80 00 00 20 00 00 00 00 00 00 00 00 pc = 22

rsp = FF
64 287912 69 FF 82 20 83 00 00 00 00 00 00 00 0 = 00
1=
00000000_00 00 00 00”00 00 00 00 00 00 00 04 ? = @g
R2 = 03 3 = 00
CALL SUM

R1 = Memory of RET
If R2<=0PC= R1
RO +=R2

R2+=-1

CALL 20

RET
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| ir = 19
68 03 82 20 80 00 00 00 00 00 00 00 00 00 00 00 pc = 23

rsp = FF

64 287912 69 FF 82 20 83 00 00 00 00 00 00 00 D = 00

1 = 28

00 00 00 00 00 00 00 00 00 00 00 6000 00 00 04 2 = 03

R2 =03 3 = 00
CALL SUM

R1 = Memory of RET
If R2<=0PC= R1
RO +=R2

R2+=-1

CALL 20

RET
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D .1 | ir = 12

68 03 82 20 80 00 00 00 00 00 00 00 00 00 00 00 pc = 24

rsp = FF

64 28 79 12 69 FF 82 20 83 00 00 00 00 00 00 00 0 = 03

1 = 28

00 00 00 00 00 00 00 00 00 00 00 00 20 00 00 04 > = 03

R2 =03 3 = 00
CALL SUM

R1 = Memory of RET
If R2<=0PC= R1
RO +=R2

R2+=-1

CALL 20

RET
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, ir = 69
68 03 82 20 80 00 00 00 00 00 00 00 00 00 00 00 pc = 26

rsp = FF

64 28 7912 69 FF 82 20 83 00 00 00 00 00 00 00 0 = 03

1= 28

00@0000”00 00 00 00}00 00 00 00 00 00 00 04 2 = B2

R2 =03 3 = 00
CALL SUM

R1 = Memory of RET
If R2<=0PC= R1
RO +=R2

R2+=-1

CALL 20

RET
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68 03 82 20 80 00 00 00 00 00 00 00 00 00 00 00 pc = 28

rsp = FE

64 287912 69 FF 82 20 83 00 00 00 00 00 00 00 D = 03

1= 28

00 00 00 00 00 00 00 00 00 00 00 00 00 00 28 04 2 = 92

R2 =03 3 = 00
CALL SUM

R1 = Memory of RET
If R2<=0PC= R1
RO +=R2

R2+=-1

CALL 20

RET
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| . ir = 64
68 03 82 20 80 00 00 00 00 00 00 00 00 00 00 00 pc = 22

rsp = FE

64 287912 69 FF 82 20 83 00 00 00 00 00 00 00 D = 03

1 = 28

| 00 00 00 00 00 00 00 00 _00 00 00 00 00 00 28 04 2 = 02

R2 =03 3 = 00
CALL SUM

R1 = Memory of RET
If R2<=0PC= R1
RO +=R2

R2+=-1

CALL 20

RET
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ir =

68 03 82 20 80 00 00 00 00 00 00 00 00 00 00 00 e

rsp =

79
23
FE

64 287912 69 FF 82 20 83 00 00 00 00 00 00 00 0 =
1
| 00 00 00 0000 00 00 00 00 00 00 00 00 00 28 04 >
R2 =03 3
CALL SUM

R1 = Memory of RET
If R2<=0PC= R1
RO +=R2

R2+=-1

CALL 20

RET

03
28
02
00
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| | ir = B8

68 03 82 20 80 00 00 00 00 00 00 00 00 00 00 00 pc = 24

rsp = FE

64 28 7912 69 FF 82 20 83 00 00 00 00 00 00 00 0 = 05

1= 28

| 00 00 00 000000 00 @000 00 00 00 00 00 28 04 2 = 02

R2 =03 3 = 00
CALL SUM

R1 = Memory of RET
If R2<=0PC= R1
RO +=R2

R2+=-1

CALL 20

RET
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68 03 82 20 80 00 00 00 00 00 00 00 00 00 00 00
64 28 7912 69 FF 82 20 83 00 00 00 00 00 00 00

00 00 00 00 00 00 00 00 00 00 00 00 00 00 28 04

R2 =03

CALL SUM

R1 = Memory of RET
If R2<=0PC= R1
RO +=R2

R2+=-1

CALL 20

RET

ir = 69
pc = 26
rsp = FE
0 = 05
1 = 28
2 = 01
3 = 00
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—

) , ‘ ir = 82

1.68038220 80000000 00000000 00000000 pc = 20

rsp = FD

/..64287912 69 FF 82 20 83 00 00 00 00 00 00 00 0 = 05

1= 28

lF... 00 00 00 00 00 00 00 00 00 00 00 00 00 28 28 04 2 = 01

R2 = 03 : 3 - 00
CALL SUM

R1 = Memory of RET
If R2<=0PC= R1
RO +=R2

R2+=-1

CALL 20

RET
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D 1 , ir = 64
68 03 82 20 80 00 00 00 00 00 00 00 00 00 00 00 pc = 22

rsp = FD
64 28 7912 69 FF 82 20 83 00 00 00 00 00 00 00 0 = 05
1 =2
00 00 00 00 00 00 00 00 00 00 00 00 00 28 28 04 2 = 0?
R2 =03 3 = 00
CALL SUM

R1 = Memory of RET
If R2<=0PC= R1
RO +=R2

R2+=-1

CALL 20

RET
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~ ) il | ir = 79
68 03 82 20 80 00 00 00 00 00 00 00 00 00 00 00 pc = 23

rsp = FD

64 287912 69 FF 82 20 83 00 00 00 00 00 00 00 2 = 05

1 = 28

.. 00 00 0000 00 00 00 00 00 00 00 00 00 28 28 04 2 = 01

R2 =03 3 = 00
CALL SUM

R1 = Memory of RET
If R2<=0PC= R1
RO +=R2

R2+=-1

CALL 20

RET

i VERSTY | ENGINEERING




D .1 | ir = B8
68 03 82 20 80 00 00 00 00 00 00 00 00 00 00 00 pc = 24

rsp = FD

64 287912 69 FF 82 20 83 00 00 00 00 00 00 00 0 = 06

1 = 28

00 00 00 00‘00 00 00 0000 00 00 00 00 28 28 04 2 = 01

R2 =03 3 = 00
CALL SUM

R1 = Memory of RET
If R2<=0PC= R1
RO +=R2

R2+=-1

CALL 20

RET
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0 < | ir = 69
68 03 82 20 80 00 00 00 00 00 00 00 00 00 00 00 pc = 26

rsp = FD

64 28 7912 69 FF 82 20 83 00 00 00 00 00 00 00 0 = 06

1 = 28

| 00 00 0000 _00 00 00 00 00 00 00 00 00 28 28 04 2 = 00

R2 =03 3 = 00
CALL SUM

R1 = Memory of RET
If R2<=0PC= R1
RO +=R2

R2+=-1

CALL 20

RET
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. | ir = 82
68 03 82 20 80 00 00 00 00 00 00 00 00 00 00 00 pc = 20

rsp = FC
64 28 7912 69 FF 82 20 83 00 00 00 00 00 00 00 D = 06
1= 2
00 00 00 00 00 00 00 00 00 00 00 00 28 28 28 94 > = 02
R2 =03 3 = 00
CALL SUM

R1 = Memory of RET
If R2<=0PC= R1
RO +=R2

R2+=-1

CALL 20

RET
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| | f ir = 64
68 03 82 20 80 00 00 00 00 00 00 20 00 00 00 00 pc = 22

rsp = FC

64 287912 69 FF 82 20 83 00 00 00 00 00 00 00 D = 06

1= 23

00 00 00 00 00 00 00 @000 00 00 00 28 28 28 04 2 = 00

R2 =03 3 = 00
CALL SUM

R1 = Memory of RET
If R2<=0PC= R1
RO +=R2

R2+=-1

CALL 20

RET
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. ir = 79
68 03 82 20 80 00 00 00 00 00 00 00 00 00 00 00 pc = 28

rsp = FC

64 28 7912 69 FF 82 20 83 00 00 00 00 00 00 00 2 = 06

1= 28

F.. 00 9000 00“00 00 00 00 ‘_@0 00 00 00 28 28 28 04 2 = 00

R2 =03 3 = 00
CALL SUM

R1 = Memory of RET
If R2<=0PC= R1
RO +=R2

R2+=-1

CALL 20

RET
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| ir = 83
68 03 82 20 80 00 00 00 00 00 00 00 00 00 00 00 pc = 28

rsp = FD

64 287912 69 FF 82 20 83 00 00 00 00 00 00 00 0 = 06

1 = 28

F.. 00 00 00 00 00 00 00 00 00 00 00 00 28 28 28 04 2 = 00

R2 =03 3 = 00
CALL SUM

R1 = Memory of RET
If R2<=0PC= R1
RO +=R2

R2+=-1

CALL 20

RET
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, ir = B
68 03 82 20 80 00 00 00 00 00 00 00 00 00 00 00 pc = 28

rsp = FE

64 28 7912 69 FF 82 20 83 00 00 00 00 00 00 00 0 = 06

1 = 28

. 00 90 00 00_00 00 00 0000 00 00 00 28 28 28 04 2 = 00

R2 =03 3 = 00
" CALL SUM

R1 = Memory of RET
If R2<=0PC= R1
RO +=R2

R2+=-1

CALL 20

RET
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68 03 82 20 80 00 00 00 00 00 00 00 00 00 00 00
64 28 79 12 69 FF 82 20 83 00 00 00 00 00 00 00

~..00 00 00 00 00 00 00 00 00 00 00 00 28 28 28 04

R2 =03
CALL SUM
R1 = Memory of RET
If R2<=0PC= R1
RO +=R2
R2+=-1
CALL 20
RET

ir

pc =
rsp =

83
28
FF

WN =

= 06

28
00
00
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) | ir = 83
68 03 82 20 80 00 00 00 00 00 00 00 20 00 00 00 pc = 04

rsp = 00

64 28 7912 69 FF 82 20 83 00 00 00 00 00 00 00 D = 06

1= 28

-..00 00 00 00 00 00 00 @0}00 00 00 00 28 28 28 04 2 - 00

R2 =03 3 = 00
CALL SUM

R1 = Memory of RET
If R2<=0PC= R1
RO +=R2

R2+=-1

CALL 20

RET
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» ) el | ir = 80
68 03 82 20 80 00 00 00 00 00 00 00 00 00 00 00 pc = @5

rsp = FF

64 287912 69 FF 82 20 83 00 00 00 00 00 00 00 0 = 06

1= 28

F.. 00*00 000000 00 00 00 00 00 00 00 28 28 28 06 2 = 00

R2 =03 3 = 00
CALL SUM

R1 = Memory of RET
If R2<=0PC= R1
RO +=R2

R2+=-1

CALL 20

RET
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New Halt instruction

‘ ir = FF
68 03 82 20 80 00 FF 00 00 00 00 00 00 00 00 00 pc = 06

rsp = FF

64 28 79 12 69 FF 82 20 83 00 00 00 00 00 00 00 D = 06
1 = 28

00 00 00 00} 00 00 00 00 00 00 00 00 28 28 28 06 > - 00
3 = 00

{ 1
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OUR JOURNEY SO FAR
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PCSrc
ResultSrc
MemWrite
funct?s | ALUControl,.
funct3 JALUSrc

op ImmSrc, g

Zero  |RegWrite
-

Control
Unit

30

14:12

6:0

CLK
: WE3
-IE‘| PCNext F5| PC nste P At RD1 Stch

T LT et
Instruction 22| 45 RD2 ré SrcB

Memo .
ry 17 A3 - _|j_
WD3 Reg_lster
File

CLK CLK
| |

Zero WE

ReadData
ALUResult A RD eadba 1

Data
Memory
WD

WriteData

PCTarget

ImmExt

RN

Extend

PCPlus4

Result
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CLK SF Cs
Immediate (|:1 I
8 8 8 RD1 DI WE
g : 8 16 a1 WERD1
A
. RD A2 RD2 > RD2 50 -
1 M Addr
RD2 0 C
< WD3 6
f —1 =P _ =
. Cs G
2
8-bit /
PC

Ca

Write back stages
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READ FROM A REGISTER FILE

D
Din n = ! out.
] ’—,_l)n D Reg 0 -
h 3 —p  Regl o
n Dout
Oin A= 5 Reg 2 o .
n out
Din = P  Reg3 11

4:1 " RD1
MUX
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DEMULTIPLEXER (DEMUX)

Example: 1:2 Demux

v * Connects one input to one of the N outputs
12 ° * Selectinput is log,N bits — control input
D DEMUX
— Yl S
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WRITE TO A REGISTER FILE

n DOUt
7 ':l; Reg0 ’
D_ D n Dout
1 7
1:4 D_:b Reg L
WE —pemux o 7 Dou
D_ib Reg 2 ‘
n, Dout
D_:B Reg 3 ¢
t‘\ CLK

A3
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THE FLIP FLOP HOLD HOLDS THE VALUE FOR A
CLOCK CYCLE

C|ock—l> Ql— o

clock \
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BUILDING A REGISTER FROM FLIP FLOPS

0
0

1D Q D Q D Q

CLPP cu<—l> cu<—‘[>

Removed Q (bar) for readability
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REGISTER SYMBOLS

3
—~4— Data in Data out
CLPP
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CLK SF Cs
Immediate (|:1 I
8 8 8 RD1 DI WE
g : 8 16 a1 WERD1
A
. RD A2 RD2 > RD2 50 -
1 M Addr
RD2 0 C
< WD3 6
f —1 =P _ =
. Cs G
2
8-bit /
PC

Ca

Write back stages
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ARITHMETIC LOGIC UNIT

A B

32 Y

32

Adder

S~

Divider

Multiplier

N:1

MUX

32

/

Function Code

2= [ NIVERSITY

BUNE ~7\/TRGINIA
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ALU SYMBOL AND INPUTS

Flags example Carry Bit

> Result

Function Code
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Half Full

Adder Adder
A B A B
S S 111]|1| < Carries
A B Cout S Cm A B Cout S 0 1 1 1
0 0] 0 0 0 0 0] 0 o0 +1014
0o 1| 0o 1 0o 0 1| 0 1 00|10
1 0| 0 1 o 1 0] 0 1 —
1 1 1 0 0 1 1 1 0
1 0 0| 0 1
S =ZA®B 1 0 1 1 0
Cou =AB 1 1 0 1 0 . .
11 1 11 Note on special case 3 input xor.
S —A®B®C, Draw the three gates. Really
Cout = AB + ACin+ BCiy Three xors stacked.
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Adder
A B
Cout Cin m .
m 1111 < Carries N
A —e
S 01/101 S
+1011 B¢ Z/
Cin A B Cout S 11110 Cln
0 0 0 0 0 l
0o 0 1 0o 1
0 1 0 0o 1
0 1 1 1 0
1 0 0 0 1 Cout
1 0 1 1 0
1 1 0 1 0
1 1 1 1 1
S =A®B®C, C.out has been rewritten to reduce the number of

Cout = AB + ACi, + BC;,
o gates needed.
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RIPPLE CARRY ADDER

Next let’s build a full adder

V
out +

|

S
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Xy e—
Y, ©

X, e—

Y, ©

vielv

Xy o/

v,

Y, &

X3 o/

Yy ©

v,

RIPPLE CARRY ADDER

1111
0111
+1011
0010

< Carries
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= o o|lm
o P P

NAND gates are Turning complete you can
build all other gates from them
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THIS IS WHERE WE’LL START OUR JOURNEY
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BOTTOM-UP APPROACH

@)
Z
~
)
)
£
&)
Z
&
Es
a4




CLK SF Cs
Immediate (|:1 I
8 8 8 RD1 DI WE
g : 8 16 a1 WERD1
A
. RD A2 RD2 > RD2 50 -
1 M Addr
RD2 0 C
< WD3 6
f —1 =P _ =
. Cs G
2
8-bit /
PC

Ca

Write back stages
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THE MAP (THE MACHINE)

D=
s s,

)
PCSrc

Control|
Unit ResultSrc
MemWrite

0

——funct7s | ALUControloo
1412

——funct3 ALUSIc

60

10 1op

ImmSrey g
Zero  |RegWrite
e

CLK CiK

PCNext = a1 75 RD1
ext PC A RD Instr

Instruction
Memory

ReadData

— . | Memory
L1 wp3 Regillseter \WriteData WD

PCT: t
. argef
EItd
PCPlus4

Result

~

https://github.com/MKrekker/SINGLE-CYCLE-RISC-V

2= [ INIVERSITY
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https://github.com/MKrekker/SINGLE-CYCLE-RISC-V

PCSrc
ResultSrc
MemWrite
funct?s | ALUControl,.
funct3 JALUSrc

op ImmSrc, g

Zero  |RegWrite
-

Control
Unit

30

14:12

6:0

CLK
: WE3
-IE‘| PCNext F5| PC nste P At RD1 Stch

T LT et
Instruction 22| 45 RD2 ré SrcB

Memo .
ry 17 A3 - _|j_
WD3 Reg_lster
File

CLK CLK
| |

Zero WE

ReadData
ALUResult A RD eadba 1

Data
Memory
WD

WriteData

PCTarget

ImmExt

RN

Extend

PCPlus4

Result
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WHAT ABOUT FABRICATING THESE

1signal and_gate
2and_gate <= input 1

J
input 2;
lentity example and is

You can express our design in a 2 por‘t (
programming language called VHDL. 3 input_l - in std_logic;
il el 4 input 2 : in std logic;
imulate your processor in model sim .
YOurp 5 and_result : out std logic
And then send off the TSMC, UMC, or . — -
Samsung to get fabricated. 6 ) )

7end example and;

Don’tworry you’ll not have to write . .
VHDL in this course. But ECE does offer 1ar‘chlteCture rtl of exampleTand 15
courses. Maybe | will rework or 2 signal and gate : std logic;
simulation lab to give us a taste of this 3begin

language. il and_gate <= input_l and input_2;

5 and _result <= and gate;
6end rtl;



THE MAP (THE CODE)

0000000000001149 <main>:

1149: f30f le fa endbr64

114d: 55 push %rbp

114e:48 89e5 mov  %rsp,%rbp

1151: 48 8d 05 ac 0e 00 00 lea Oxeac(%rip),%rax #2004
<_10_stdin_used+0x4>

1158: 4889 c7 mov  %rax,%rdi
115b: e8fOfe ffff  call 1050 <puts@plt>
1160: b8 00 00 00 00 mov  $0x0,%eax
1165: 5d pop %rbp —
1166: c3 ret PCSIe

Control|
Unit ResultSrc
MemWrite

EY

| funct?s | ALUControl,,
w2

—funct3 [ALUSIC

50 S

—°pP ImmSrc;
Zero | RegWrite

e

CLK
L

WE3
0)PCNext [M]pc Instr ES RD1
_— A RD ReadData
Instruction 20| RD2
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0000000000001149 <main>:

1149: f30f le fa endbr64

114d: 55 push %rbp

114e:48 89 e5 mov  %rsp,%rbp

1151: 488d 05 ac Oe 00 00lea Oxeac(%rip),%rax #2004
<_10_stdin_used+0x4>

#include <stdio.h>
int main() {

printf("Hello, World!");

return O;
1158: 48 89 c7 mov  %rax,%rdi
115b: e8fOfe ff ff  call 1050 <puts@plt>
1160: b800000000 mov SO0x0,%eax
1165: 5d pop %rbp

1166: c3 ret

We will not cover this conversionin
detail. CS 4620 - Compilers

is a class dedicated to buildingand We'll focus on understandingthe -
understandingthe program designed output of the program and how this
to do this conversion. output gets executed on a machine
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