CSO-Recitation 08
CSCI-UA 0201-007

RO8: Assessment 07 & Assembly



Today’s Topics

e Assessment 07/

e Some exercises
* give some senses about lab3



Q1 Set five

Given the following C function from Lab 1,

void set_five(int *p)

void test()
{
int p = 0;
set _five(&p);
}

The assembly for set_five function is:

Ox000000VPLLLLV5fa <+0>: ?7??
0xX00000VLVOVLV6VO <+6>: retq

The assembly for test function is:

0x0000000000B601 $0x10,%rsp
Ox000000VVVV605 $0x0,0xc(%rsp)
OXx000000VVLVVL6ad : oxc(%rsp),%rdi
0X0000000000000612 : ox5fa <set_five>
Ox0000000PVVL617 : $0x10,%rsp
Ox0000000PVVLLL61b




Q1.1 %rsp

Under normal program execution, suppose the value of %rsp is
ox7£££85600148 Just prior to executing the first instruction of test. What is
the value of %rsp just prior to executing the first instruction of set five?

The assembly for set_five function is:

Ox7£f££856001d8
0Xx00000000PPOR5Fa <+0>: ???
0Xx000000000PPVRER0 <+6>: retq Ox7£f£f£f856001d4

Ox7f£f£856001d0
Ox7f£f£856001cc

0X0000000000000601 $0x10,%rsp Ox7£££856001c8

OX00BBLLVLVVVVE60OS $0x0,0xc(%rsp)
0X0000VLVLVBVB6ad : oxc(%rsp),%rdi 0x7£££856001cd

OX0000VLVVLVL612 : Ox5fa <set five>
OxX0000LVVLLVVV617 2 $0x10, %rsp OX7 fff85 600 1CO

Ox0000000000LLL61b

%rsp

The assembly for test functionis:




Q1.1 %rsp

Under normal program execution, suppose the value of %rsp is
ox7£££85600148 Just prior to executing the first instruction of test. What is
the value of %rsp just prior to executing the first instruction of set five?

The assembly for set_five function is:

Ox7£f££856001d8
0Xx00000000PPOR5Fa <+0>: ???
0Xx000000000PPVRER0 <+6>: retq Ox7£f£f£f856001d4

Ox7f£f£856001d0
Ox7f£f£856001cc

0X0000000000000601 $OX10, % SP e Ox7£££856001c8

OX00BBLLVLVVVVE60OS $0x0,0xc(%rsp)
0X0000VLVLVBVB6ad : oxc(%rsp),%rdi 0x7£££856001cd
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The assembly for test functionis:




Q1.1 %rsp

Under normal program execution, suppose the value of %rsp is
ox7£££85600148 Just prior to executing the first instruction of test. What is
the value of %rsp just prior to executing the first instruction of set five?

The assembly for set_five function is:

Ox7£f££856001d8
0Xx00000000PPOR5Fa <+0>: ???
0Xx000000000PPVRER0 <+6>: retq Ox7£f£f£f856001d4

Ox7£££856001d0

Ox7f£f£856001cc
= 0Ox7f£f£f856001d4
0x0000000VRVVRE01 $0x10,%rsp Ox7£££856001c8

OX00BBLLVLVVVVE60OS $OX0, OXC (HIrSP ) G OX7 fff85 600 1c4
0X0000VLVLVBVB6ad : oxc(%rsp),%rdi

OX0000VLVVLVL612 : Ox5fa <set five>

OX000LLLLLVVVV617 : $0x10, %rsp OX7 fff85 600 1CO
0X0000VVLVLVR61b

The assembly for test functionis: Ox7fff856001c8 + Oxc

%rsp




Q1.1 %rsp

Under normal program execution, suppose the value of %rsp is
ox7£££85600148 Just prior to executing the first instruction of test. What is
the value of %rsp just prior to executing the first instruction of set five?

The assembly for set_five function is:

Ox7£f££856001d8
0Xx00000000PPOR5Fa <+0>: ???
0Xx000000000PPVRER0 <+6>: retq Ox7£f£f£f856001d4

Ox7£££856001d0

O0x7£££856001cc
= 0x7f£f£856001d4
OX0000P000000PB601 $0x10,%rsp = 21rdi Ox7£££856001c8

OX00BBLLVLVVVVE60OS $0x0,0xc(%rsp)
OX000000VVVVL60d : OXC(%rSp) , %0l G— 0x7£££856001cd

OX0000VLVVLVL612 : Ox5fa <set five>
OxX0000LVVLLVVV617 2 $0x10, %rsp OX7 fff85 600 1CO

Ox0000000000LLL61b

The assembly for test functionis: Ox7fff856001c8 + Oxc

%rsp




Q1.1 %rsp

Under normal program execution, suppose the value of %rsp is
ox7£££85600148 Just prior to executing the first instruction of test. What is
the value of %rsp just prior to executing the first instruction of set five?

The assembly for set_five function is:

Ox7f££856001d8
0x00000000000005Fa <+0>: ???
0Xx000000000000B600 <+6>: retq )x7£££8506001d4

Ix7£££856001d0
IxT7T£ff£856001cc
= Ox7fff8

0X0000000000000601 $0x10,%rsp )x7£££856001c8

OX00BBLLVLVVVVE60OS $0x0,0xc(%rsp)
0X0000VLVLVBVB6ad : oxc(%rsp),%rdi O0x7£££856001cd

OX0000VLVVLVL612 : Ox5fa <set five)> <
OxX0000LVVLLVVV617 2 $0x10, %rsp OX7 fff85 600 1CO
OX000000VVVVLVVL61b

The assembly for test functionis: Ox7fff856

%rsp




Q1.1 %rsp

Under normal program execution, suppose the value of %rsp is
ox7£££85600148 Just prior to executing the first instruction of test. What is
the value of %rsp just prior to executing the first instruction of set five?

The assembly for set_five function is:

Ox7f££856001d8
0x00000000000005Fa <+0>: ???
0Xx000000000000B600 <+6>: retq )x7£££8506001d4
)Ix7£££856001d0
)x7£££856001cc
= Ox7fff8
$0x10, %rsp )Ix7£££856001c8
$0x8,0xc(%rsp) Ox7£f££856001c4

oxc(%rsp),%rdi

Jrororcroron. . s corxq Ox5fa <set_five> <
0X0000VVLVLLVO617 <+22>: add $0x10, %rsp 0x7£££856001c0

Ox000000000RV61b <+26>: retq

The assembly for test functionis: Ox7fff856

0x00000000
0x00000617

%rsp
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Q1.1 %rsp

Under normal program execution, suppose the value of %rsp is
ox7£££85600148 Just prior to executing the first instruction of test. What is
the value of %rsp just prior to executing the first instruction of set five?

Ox7fff856001d8
Ox7fff856001c8
Ox7fff856001e8
Ox7fff856001c0
Ox7fff856001d0
Ox7fff856001c4
. Ox7fff856001cc
None of the above

TOMMOO >

Ox7£££856001d8
Ox7£££856001d4

O0x7£££856001d0
Ox7£££856001cc
O0x7£££856001c8
Ox7£££856001c4
O0x7£££856001c0

0x00000000
0x00000617

11

%rsp



Q1.2

Under normal program execution, what is the 8-byte value stored
under the address specified by %rsp just prior to executing the
first instruction of set five?

A. 0x7fff856001d8

B. Ox7fff856001c0 0x7£££856001d8

C. 0x000000000000060d Ox7EELE56001ds

D. 0x0000000000000612 2;;:22281?:
E._0x0000000000000617 e o0t

F. It could be any arbitrary 8-byte valug, 56001, I GG

0x00000617

Ox7£££856001cO0 %rsp

13



Q1.3

After executing instruction 0x0000000000000600 <+6>: retq in

set_five, what's new %rip value?

A. 0x000000000000060d

The assembly for set_five function is:

Ox000000000LLLV5fa <+0>: ???
0X00000VLVLVLVLELO <+6>: retq

The assembly for test functionis:

$0x10,%rsp

$0x0,0xc(%rsp)

oxc(%rsp),%rdi
0 : q Ox5fa <set_five)> <
OX000LLLLLVVVVV61T7 <+22>: add $0x10, %rsp
0X00000VVLVRPR61b <+26>: retq

Ox7£££856001d8
Ox7£££856001d4

O0x7£££856001d0
Ox7£££856001cc
O0x7£££856001c8
Ox7£££856001c4
O0x7£££856001c0

0x00000000
0x00000617

%rsp
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Q1.3

After executing instruction 0x0000000000000600 <+6>: retq in
set_five, what's new %rip value?

0x000000000000060d
0x0000000000000612
0x000000000000061 7
0x0000000000000604
0x0000000000000608

N w P

m ©



Given the following C function from Lab 1,

Q1.4 p's location (W

void test()

{

Where is the local variable p sto _;
}

The assembly for set_five function is:

some register

0Xx000000VVVLB5Ta <+0>: ???

A.

B. memory (data segment) Ox2000000000000600 <465 retq
C. memory (stack)

D.

The assembly for test functionis:

memory (heap)

0X00000P000P000601 <+0> $0x10,%rsp
0X00000VVVLLPVERS <+4>: $0x0,0xc(%rsp)
0x0000000000V60d <+12>: oxc(%rsp),%rdi
char, int, long, ... (primitive data types) => 0X0000000000000612 <+17>: ox5fa <set_five>

e use Whenever pOSSible OX0000000VVLLV617 <+22>: $0x10, %rsp
) OX00000000000LR61b <+26>:
otherwise

local array/struct variables =>



Q1.5 p's location

If your answer of 1.4 is memory, where in memory (aka what address)
is p stored (assuming the value of %rsp is Ox7fff856001d8 just prior to
executing the first instruction of test)?

The assembly for set_five function is:

Ox7££f£856001d8
0X0000000P0PB85Fa <+0>: ???

Px0000P0VPVVRVRERR <+6>: retq void set five(int *p) SAeIeRNeW

{

b6001d0
ho001lcc

void test()
OX0000PB0000000601 <+0>: $0x10,%rsp ( po001c8

OX0000LLVVVV6RS <+4>: $0x0,0xc (%rsp) S — - 6 O O 1 4
: - e nt p =0 D C
0X00000VVLVVL6Rd <+12>: oxc(%rsp),%rdi r

OX00000VPLPRRR612 <+17>: @x5fa <set_five> set_five (&p); £ 60010
OX00000LLLLVV61T7 <+22>: $0x10, %rsp }

0X0000VVVVLRLR61b <+26>:

The assembly for test functionis:

%rsp
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Q1.5 p's location

If your answer of 1.4 is memory, where in memory (aka what address)
is p stored (assuming the value of %rsp is Ox7fff856001d8 just prior to
executing the first instruction of test)?

A. Ox7fff856001d8
B. Ox7fff856001c8
C. Ox7fff856001d4
D. Ox7fff856001d0
E. Ox7fff856001cc



Q1.5 p's location

If your answer of 1.4 is memory, where in memory (aka what address)
is p stored (assuming the value of %rsp is Ox7fff856001d8 just prior to
executing the first instruction of test)?

The assembly for set_five function is:

void set five(int *p)

{ D01d8
OX00000000000005Fa <+8>: ??? o _
OXx000000PRRRVRERO <+6>: retq P = 3; D01d4

}

D01d0
The assembly for test functionis: 0OX7£££856001c8 + 0Oxc void test()

= 0x7£££856001d4 { p0lcc
= $rdi int p = 0; D01 c8

OX000BBLLLVVVVV6O1 $0x10,%rsp -
set fivq(&p);
OX00BBLLVLVVVVE60OS $0x0,0xc(%rsp) - ) O 1c4
0X0000VLVLVBVB6ad : oxc(%rsp),%rdi }

OX000000V0VVVV612 : Ox5fa <set_ five
OxX0000LVVLLVVV617 2 $0x10, %rsp OX7 fff8 S 6 O O - CO

Ox0000000000LLL61b

%rsp
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Q1.5 p's location

If your answer of 1.4 is memory, where in memory (aka what address)
is p stored (assuming the value of %rsp is Ox7fff856001d8 just prior to
executing the first instruction of test)?

A. Ox7fff856001d8
B. Ox7fff856001c8
C. Ox7fff856001d4
D. Ox7fff856001d0
E. Ox7fff856001cc



void set five(int *p)

Q1.6 set five

void test()

{
int p = 0;

What's the missing first instruction of set_five |EISERITISEISY
(aka the instruction corresponding to ??7?) )

A. “movl SO0x5,(%rdi)’

The assembly for set_five function is:

Ox7£f££856001d8
0X000000000P0005Fa <+0>: ??? <t
0Xx000000000PPVRER0 <+6>: retq Ox7£f£f£f856001d4

Ox7f£f£856001d0
Ox7f£f£856001cc

0X000000PPPP00601 <+0>: $0x10,%rsp Ox7£££856001c8

0X00000VVLVLVV6VS <+4>: $0x0,0xc(%rsp)
0X00000VVLVVL6Rd <+12>: oxc(%rsp),%rdi 0x7£££856001cd

OX000000VVBVR612 <+17>: Ox5fa <set five>
OX00000PVLLLPV617 <+22>: $0x10, %rsp OX7fff856OOlCO
OX00000VVLVVLVR61bL <+26>:

The assembly for test functionis:

0x00000000
0x00000617

%rsp

23




void set five(int *p)

{

Q1.6 set five 2

void test()

{

int p = 0;

What's the missing first instruction of set_five |EISERITISEISY
(aka the instruction corresponding to ??7?) )

A. "movl SO0x5,(%rdi)
‘movqg SO0x5,(%rdi)’
‘mov SOXS,(%I’Si)\ II[;);J::'Ee*ri=s>6rzll-obvi!c=>%rdi
‘movqg SO0x5,(%rdi)’
‘movl SO0x5, %edi’
‘movg SOx5, %rdi’
‘movl SO0x5, %esi

‘movg SOx5, %rsi

IOmMMmMON®

24



Question

» After executing instruction 0x0000000000000600 <+6>: retq in
set_five, what's new %rsp value?

The assembly for set_five function is:

Ox7££f£856001d8
0X0000000P0PB85Fa <+0>: ???

0X0000000000000600 <+6>: ret] - grm—— Ox7f£f£8506001d4
Ox7£££856001d0
Ox7£f££856001cc
0X8000000000000601 $0x10,%rsp Ox7£££856001c8

OX00BBLLVLVVVVE60OS $0x0,0xc(%rsp)
0X0000VLVLVBVB6ad : oxc(%rsp),%rdi 0x7£££856001cd

OX0000VLVVLVL612 : Ox5fa <set five>
OxX0000LVVLLVVV617 2 $0x10, %rsp OX7 fff85 600 1CO

Ox0000000000LLL61b

The assembly for test functionis:

0x00000000
0x00000617

%rsp

25




Q2 cmp and set

Suppose the contents of register %rdi and register %rsi are: $rdi=0x0000000000000002

trsi=0x8000000000000001.

Consider the following 2 instruction combo:

cmpq %rdi, %rsi
setX %al

27



%rdi=0x0000000000000002
%rsi=0x8000000000000001

Q2.1 RFLAGS cmpg %$rdi, %rsi

setX %al

In Q2, which of the following status flags are set after executing cmpqg
%rdi, %rsi (aka the rest are cleared)?

A. ZF cmpq src, dst —

B. SF — Set CF, ZF, SF and OF like subq src, dst except
' dst is unchanged

C. CF

D. OF flag status
o %rsi-%rdi = Ox7fff...ff ZF (Zero Flag) set if the result is zero.
* SF=MSB=0

SF (Sign Flag) set if the result is negative.

CF (Carry Flag) Overflow for unsigned-integer arithmetic

OF (Overflow Flag) Overflow for signed-integer arithmetic




CF and OF

* The CPU doesn’t know if operands are signed or unsigned
e So, it calculates both the signed overflow (OF) and the unsigned overflow
(CF) for each instruction
 OF is set assuming both operands are signed
* CFis set assuming both operands are unsigned

30



Q2.1 RFLAGS

In Q2, which of the following status flags are set after executing cmpqg
%rdi, %rsi (aka the rest are cleared)?

A.

B.
C.
D

ZF
SF

%rdi=0x0000000000000002
CF %rsi=0x8000000000000001
OF

%rsi-%rdi = Ox7fff...ff
SF=MSB=0, not set

CF:
e =>no overflow, not set
OF: =>

Tricks to quickly decide whether the
* =>overflow, set sighed/unsigned computation is overflow:

the previous recitation slides. 31



How to decide whether there is overflow?

* Machine:
* Unsigned: there is a carry/borrow of the MSB
 Signed:
* if there is carry-in but no carry-out of MSB
e or, there is no carry-in but there’s carry out of MSB

32



Q2.2 Set instruction

%rdi=0x0000000000000002
%rsi=0x8000000000000001

cmpq %rdi, %rsi

setX %al

In Q2, which of the following setX instruction would result in register %al being 1 after

execution?

>

——-lzommol0w

sete %al Condltlon

setne %al sete

sets %al setne ~ZF
setns %al sets SF
setg %al setns

setge %al ~ (SF"OF) &~ZF

setl %al ~ (SFAOF)

Equal / Zero

Not Equal / Not Zero
Negative b>=3

Nonnegative rsi >= rdi,
ONQAE

Greater (Signed)

Greater or Equal (Signed) nterprett

setle %al
seta %al
setb %al
setb  |CF  [pelow(unsigned)

34




%rdi=0x8000000000000002
%rsi=0x8000000000000001

EXEI’CISE cmpgq %rdi, %rsi

setX %al

Which of the following status flags are set after executing cmpq %rdi,
%rsi (aka the rest are cleared)?

A.

B.
C.
D

ZF

SF

CF %rsi - %rdi = OXFFFFFFFFFeef
OF o1

35



Q3 Test and set

Suppose the content of register %rsi is $rsi=0x8000000000000001 .

Consider the following 2 instruction combo:

testg %rsi,
setX %al

37



%rsi=0x8000000000000001

Q3.1 RFLAGS testq trsi, srsi

setX %

In Q3, which of the following status flags are set after executing testq
%rsi, %rsi (aka the rest are cleared)?

A. ZF
testq src, dst
B. SF — Set ZF, SF like andq src, dst except dst is unchanged
C. CF
D. OF flag status
e %rsi and %rdi =0x80...01 ZF (Zero Flag) set if the result is zero.
* SF=MSB=1

i set if the result is negative.
* CF, OF: test/and clears CF, OF SF (Sign Flag) J

CF (Carry Flag) Overflow for unsigned-integer arithmetic

OF (Overflow Flag) Overflow for signed-integer arithmetic




Q3.2 Set instruction

sTlZlemmoo® e

/F=0, SF=1, CF=0, OF=0

In Q3, which of the following setX instruction would result in register %al being 1 after
execution?

sete %al Cond-tlon
setne %ol [JFR
sets %al setne ~ZF Not Equal / Not Zero

setns %al sets SF Negative .
setg %al setns Nonnegative

setge %al ~ (SF"OF) &~ZF Greater (Signed)

setl %al ~ (SFAOF) Greater or Equal (Signed)

setle %al
seta %al
setb %al
setb  |CF  [pelow(unsigned)

39




Lab3 -- Uncover the mystery

link

Ee

They sh{uld behave equivalently

- Compile

To view assembly code:
Search for function label

52



Exercise

e Guess what’s the C code for function func

* git clone

0000000000400579 <func>:

400579:
40057a:
40057d:
40057F:
400581:
400585:
400588:
40058d:
400590:
400592:
400595:
400596:

53
48
85
74
48
83
e
48
eb
48
5b
c3

89
ff
11
8d
ef
ec
21
83
89

f3

76 Tf

21

ff ff ff
d8

1L

pushg
movq
testl
je
leaq
subl
callg
addq
jmp
movq
popq
retq

Hint:
??7? func(??? x, ???y)
{

277

}

%rbx

%Srsi,%srbx
%Sedl,%edl

400592 <func+@x19>
-Bx1(%rsi),srsi
$0x1,%edi

4008579 <func>
%Srbx,%srax

400595 <func+@xlc>
Srsl,%rax

%rbx

53


https://github.com/lazycal/test.git

Solution

long func(int x, long y)

{

if (x ==0) return y;

return func(x-1,y-1) +v;
}

54



Exercise

e After running cmpl %eax %ebx’, what are the status of CF and OF?

Ox7fFFffff ©x00000000
OXTFFFFFFf  OXFFFFFFff

OX80000000 ©x0BVVVLLO
OX80000000 ©Ox800VVVLLO

55



Exercise

* Guess what'’s the C code for function m
» wget https://raw.githubusercontent.com/DingDTest/Recitation-

examples/main/r08/example_func2

56



