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largestvalueindex.s

.global _start
.section .data
# Number of elements
numberofnumbers:
.quad 7
# The data elements themselves
mynumbers :
.quad 5, 20, 33, 80, 52, 10, 1
# This program will find the larges value in the array
.section .text
__start:
#HE Initialize Registers #HH:
# Put the number of elements of array in %rcx
movq numberofnumbers, %rcx

Ot Accembnepa k C++ 18 despans 2026 r. 2/45



largestvalueindex.s

# Put the index of the first element in %rbx
movqg $0, %rbx

# Use %rdi to hold the current—high value
movq $0, %rdi

#4HE Check preconditions #H#

# If there are no numbers, stop
cmp $0, %rcx
je endloop

F#HHE Main loop #HHE
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largestvalueindex.s

myloop:
# Get the next value of mynumbers indexed by %
movq mynabers(, %rbx, 8), %rax

# If it is not bigger, go to the end of the lo
cmp %rdi, %rax
jbe loopcontrol
# Otherwise, store this as the biggest elemtn
movqg %rax , %rdi

loopcontrol:
# Move %rbx to the next index
incqg %rbx

# Decrement %rcx and keep going until %rcx is
loopg myloop
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largestvalueindex.s

#HE Cleanup and Exit 4

endloop:
# We are done — exit

movqg $60, %rax
syscall
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CTpykTypbl. PasmelyeHre gaHHbIX O NepcoOHe B NamMaTy

Memory

<+—— Location of age

(Start + 24)
Each box
represents a single byte

4——— Location of hair color
(Start + 16)

«+—— Location of hair color
(Start + 8)

S‘flart of R?CDI'd — <+——— Location of weight
(pointers point here) (Start + 0)
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CrpykTypbl. Aupektuea .equ

.global WEIGHT OFFSET, HAIR_OFFSET, HEIGHT OFFSET,
AGE_ OFFSET

.equ WEIGHT OFFSET, 0

_equ HAIR_OFFSET, 8

.equ HEIGHT OFFSET, 16

_equ AGE_OFFSET, 24
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CTpykTypbl

movq AGE OFFSET(%rbx ), %rax
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CtpykTypbl. Pa3generune nporpammsbl. persondata.s

.section .data
.globl people, numpeople
numpeople:
# Calculate the number of people in array
.quad (endpeople — people)/PERSON_ RECORD SIZE
people:
# Array of people
.quad 200, 2, 74, 20
.quad 280, 2, 72, 44
.quad 150, 1, 68, 30
endpeople: # Marks the end of the struct
.globl WEIGHT OFFSET, HAIR OFFSET, HEIGHT OFFSET, AGE _
.equ WEIGHT OFFSET, 0
.equ HAIR _OFFSET, 8
.equ HEIGHT OFFSET, 16
.equ AGE_OFFSET, 24
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CtpykTypbl. Pa3generune nporpammsbl. persondata.s

# Total size of the sturct
.global PERSON REOCRD SIZE
.equ PERSON RECORD SIZE, 32

as persondata.s -o persondata.o
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Pazgenerne nporpammel. tallest.s

.global _start
.section .text
_start:

leag people, %rbx
movq numpeople, %rcx
# Tallest value found
movqg $0, %rdi

#HHE Check precondition #5H:

# If there are no records, finish
cmp $0, %rcx
je finish
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Pazgenerne nporpammel. tallest.s

mainloop:
# %rbx pointer to the whole struct
# This instruction grabs the height field
# and stores it in %rax
movq HEIGHT OFFSET(%rbx ), %rax

# If it is less or equal to our current
# tallest, go to the next one.

cmp %rdi, %rax

jbe endloop

# Copy this value as the tallest value
movq %rax, %rdi
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Pazgenerne nporpammel. tallest.s

endloop:

addq $PERSON_ RECORD_SIZE, %rbx
loopg mainloop

finish:

movqg $60, %rax
syscall
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Paspenexnne nporpaMmbi.

as tallest.s —o tallest.o
Ild persondata.o tallest.o —o tallest
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CoxpaHeHune TekcTa.

.global _start
.section .data
mytext:
.ascii "Thisyisyaystringyofycharacters.\0"
.section .text
_ start:

#HHE Initialization FHH:

# Move a pointer to the string into %rbx
movg $mytext, %rbx

# Count starts at zero

movq $0, %rdi
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CoxpaHeHune TekcTa.

mainloop:
# Get the next byte
movb (%rbx), %al
# Quit if we hit the null terminator
cmpb $0, %al

je finish
# Go to the next byte if the value is not betw
cmp ‘a’ , %al

jb loopcontrol

cmp $'z7, %al
ja loopcontrol

# It is lower—case Add one to %rdi
incqg %rdi
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CoxpaHeHune TekcTa.

loopcontrol:
incqg %rbx
jmp mainloop

finish:

movqg $60, %rax
syscall
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Endianness. x86-64 little endian. big-endian.

1000000011000000111000001111000011111000111111001111111011111111

11111111
11111110
11111100
11111000
11110000
11100000
11000000
10000000

©00000O0CO
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.global _start
.section .data
mystring :
.ascii "Helloythere\n"

mystring end:

.equ mystring length, mystring _end — mystring
.section .text
__start:
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#44+ Display the string
# System call number
movqg $1, %rax

# File descriptor
movq $1, %rdi

# Pointer to the data
movg $mystring, %rsi
# Length of the data

movq $mystring length , %rdx
syscall

# Exit

movq $0x3c, %rax
movq $0, %rdi
syscall
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OnepaunoHHas cucTeMa BbIAENSET NPOCTPAHCTBO ANSA CTEKA, a 3aTeM
NOMELLAeT yKa3aTedb Ha 3Ty NaMsaTb B yKasaTesnb cTeka Yrsp. %rsp
YKa3bIBaeT Ha KOHEL, NaMsiTh CTeKa.
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Bbl moxeTte ,IJ,OGaBﬂFITb SJIEMEHTbI B CTEK, NCNOJIb3yA CEMENCTBO

nHcTpykuuli push. Korga Bol fobasnsieTe sneMeHT B CTEK, NPONCXOAUT ABE
BELLN:

© 370 ymenblaeT 3HaveHmne %rsp, 4Tobbl yKasaTb Ha CleaytoLlee MeCTO
B CTeke.

© DSTa KOMaHZA KOMUPYeT 3HAYEHUE B MECTO, YKa3aHHOE MapaMeTpoM
Yorsp.
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Crek. factorialstack.s

.global

.section

value:

.section

_ start:

_ start
.data

.quad 5
.text

# Push in the sentinel value

pushq $0

# Grab the value

movq value, %rax

# Push all the vlaues from 1

# to the current value to the stack
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Crek. factorialstack.s

pushvalues:
pushq %rax
decq %rax
jnz pushvalues

# Prepare for mutiplying
movqg $1, %rax

multiply:
# Get the next value from the stack
popq %rcx
# If it is the sentinel, we are done
cmpq $0, %rcx
je complete
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Crek. factorialstack.s

# multiply by what we have accumulated so far
mulg %rcx

# Do it again
jmp multiply

complete:
movqg %rax, %rdi
movg $60, %rax
syscall
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DyHKUUY

Nmsa: B dyHkumun nmsa Takxe NCnonb3yeTca B Ka4eCTBe METKN Ans
HaYanbHOro agpeca koga cbyHkuum (TOUKN BXOoAa B hYHKLMIO).
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DyHKUUY

BxogHble napametpbi: OyHKLMN UMEIOT BXOLHbIE MapaMeTpbl, KOTOpPbIE
npeacTaeastoT coboii To, 4To dpyHKUMA nCnonb3yeT anst obpaboTku.
Hanpumep, dyHkuua sbiuncieHns cdhakTopmana npuHUMAET B Ka4ecTee
BXOAHOrO MapamMeTpa 3HayeHune, OT KOTOPOro Bbl XOTUTE BbIYUCAUTD
chakTopnan. BxogHble napameTpbl Takxe Ha3bIBAOTCA apryMeHTamu.
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DyHKUUY

Bo3Bpauwiaemoe 3HauveHne: OyHKLUN NMEIOT BO3BPALLAEMOE 3HAYEHUE,
KOTOpOe npeacTaBasieT coboli 3HauveHune, nepefasaeMoe obpaTHO Koay,
Bbi3Baswemy dyHkuuto. Hanpumep, B doyHkunmn BblducneHuns dakrTopnana
BO3BPALLAEMOE 3HAaYEHME — 3TO KOHEUHbI PE3yNbTaT BhlYNCIEHUS
chakTopnana. Bo MHOrMx s3bikax NporpaMMupoOBaHNsl AOMYCKAETCS TOJBbKO
04HO BO3Bpalaemoe 3HadeHne dpyHkuun. OgHako dbyHKLUSA MOXET
MMWUTUPOBATL HANMYME HECKOJIbKNX BO3BPALLAEMbIX 3HAYEHWIi, nepenasas
B Ka4eCTBE BXOAHbLIX MapaMETPOB yKa3aTeau Ha namsitTb, rae byoyT
XPaHNTLCS Apyrue pesynstathl. [pyroii BapnaHT — BO3BpalLaeMoe
3HayYeHMe MOXET ObiTb yKasaTesieM Ha 0b6NacTb NaMATH, COLEPXKALLYHO
HECKOIbKO 3HA4YeHUIA.
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DyHKUUY

MobouHble 3chchekThl: Mobounbili adhdekT — 370 nameHeHme yero-nubo,
YTO HE YKa3aHO BO BXOAHbIX WU BbIXOAHbIX napameTpax. B uenom,
NporpaMMUCTbI CTapatoTcst usberaTb NoboUHbIX 3¢pdeKTOB, HO 3TO He
Bcerga Bo3mMoxHo. Hanpumep, 3anuck ownbkn B nor — 310 noboyHblii
abhekT; 0bbLIYHO NOT He SIBASIETCA NapaMeTpoM (byHKL MU, MO3TOMY
oTnpaBKa AaHHbIX B halin nora sinserca noboyHbim adbchbekToM.
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CornaweHuve o Bbizoe pyHkuun. ABI

MogobHo ToMy, Kak CyLLECTBYET COrNalleHNe AAs1 CUCTEMHbIX BbI3OBOB,
CYLLECTBYET W NPeAoNnpeseseHHOe COralleHune AN BbISOBOB (DYHKLMIA.
Takoli TN cornalleHns U3BECTEH KakK ABOWYHBINA nHTepdeiic
npunoxerus(application binary interface), unn ABI.
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OTnpaBka BXOAHbIX NapaMeTpoB

MapameTpbl nocTynatoT B hyHKLUIO NPEUMYLLECTBEHHO B PETUCTPaX.
MapameTpbl ngeHTUDULNPYIOTCSA MO MONOXKEHUIO, U NMO3NLMAN
COOTBETCTBYIOT PErncTpamM cnegytownm obpasom:

Y%rdi
%rsi
Y%rdx
Y%rcx
%r8
%r9

Takum obpasom, ecnn napameTp BCero oauH, oH nepegaetca B %rdi. Ecan
napameTpos gga, 10 B %rdi nepenaetcs nepeblii napameTp, a B8 Yorsi —
BTOPOIA.

©000O0O0
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BosepaleHre 3HauveHns yHKLNAN

Bosspawaemoe 3HaueHune nomelaetcs B pernctp %rax.
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OpraHusayus ctekoBoro dppeiiMma

“Bottom” of the stack
is this direction

Previous stack frame

— Return Address
%rbp points here —> Previous %rbp
Local variable 1: -8(%rbp) represei‘::hﬁzzzdword
th:‘j;'::;f’;:;;‘:on Local variable 2: -16(%rbp)
Local variable 3: -24(%rbp)
%rsp starts here ———— L Local variable 4: -32(%rbp) <+——— “Top” of the stack

Stack grows
in this direction

%rbp xpanut agpec Havana dpeiima cteka. CHayano Hafo COXpPaHMTb
3nauenune %rbp. CnegosaTensHo, nepeoe, 4TO CleayeT caenaTh, 3TO
NOMECTUTb 3TO 3HauyeHne B cTek. Cpasy nocne nomewerns 3HaqeHnst %rbp
B CTeK, 3HadeHue Yorsp cnegyeT ckonuposaTtb B %rbp. D10 3actasut Y%rbp
YKa3blBaTb Ha MPeablAyLIYIO BEPCUIO caMoro cebs.
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Tenepb HaM HY>XHO 0CBOBOANTL MECTO ANS NOKAbHBIX NEPEMEHHbIX.
BbiutnTe n3 %rsp (nomuute, 4to crek pacter BHU3!) cTonbko namaTy,
CKOJIbKO BaM HY)XXKHO ANt IOKaNbHbIX NepeMeHHbIX. byaeM ccbinatbes Ha
HUX Kak CMelleHne oTHocuTenbHo %rbp, HO Bbl4MTaHMe 3HaqeHuns u3 Yorsp
PE3EPBUPYET NPOCTPAHCTBO, YTOOLI NtobbIE BbI30OBLI TEKYLUEN hyHKLUN He
NPUBEAN K NEPE3aNNCHIBAHNIO €€ IOKANbHbBIX NePEMEHHbIX.
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MpakTnyeckn kaxxaas OYHKUNUA HAYMHAETCA C 3TUX WHCTPYKLUWA Anst
paboTbl co cTekom, rae NUMBYTES — 370 konuuecTtso baiitos
NIOKaIbHOrO MPOCTPAHCTBa NaMaTn, Heobxognmoro ans ee paboTbli:

# Save the pointer to the previous stack frame
pushq %rbp

# Copy the stack pointer to the base pointer for a
# fixed reference point

movqg %rsp, %rbp

# Reserve however much memory on the stack | need
subg SNUMBYTES, %rsp
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3aTeM, B KOHLE PyHKLMUW, STU Wary CNeayeT BbINOAHUTL B 0bpaTHOM
nopsigke:
# Restore the stack pointer

movq %rbp, %rsp
# Restore the base pointer

popqg %rbp
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enter, leave

NHcTpykuns enter npocTo nprHUMAaeT 3HaYeHue, npeacraenstoLee coboii
0bBbEM JOMOAHUTENLHON NaMsATN, KOTOPYHO Bbl XOTUTE Pa3MECTUTL B CTEKE,
1 BbINOJIHSIET BCE TPW LUAra 3a Bac.

enter SNUMBYTES, $0

AHanoruyHelM obpasom, Kof ANnA 3aBeplueHnss 06paboTKn CTEKOBOro Kagpa
MOXHO NPOCTO 3aMeHNTL leave:

leave
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call

pushg $next instruction address
jmp thefunction

next instruction address:

# Next instruction here

NPUBEAEHHbIN Bbllle KOA MOXXHO 3aMEHUTb CJeAyHoLM:
call thefunction
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AHanornyHo, n3BaeyeHne agpeca BO3BpaTa U3 CTEKA 1 MOCAEAYHOLLNT
NEPEXo] K HEMY OCYLUECTBASIETCS C NOMOLLBIO UHCTPYKLuMM ret. ITo

[eNaeTCA B CAMOM KOHLE PYHKLMN C NOMOLLBIO CAeAYIOLWEro NpoCToro
Koga:

ret
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exponentfunc.s

.globl exponent
.type exponent, @function

.section .text
exponent:

# %rdi has the base
# %4si has th exponent

# Create the stack frame one 8—byte local variable
# which will be referred to using —8(%rbp).

# This will store the current value of the exponent
# as we iterate through it.

# We are allocating 16 bytes so that we maintain

# 16—byte alignment
enter $16, $0
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exponentfunc.s

# Accumulate value in %rax
movqg $1, %rax

# Store the exponent
movq %rsi , —8(%rbp)

mainloop:
mulg %rdi
decq —8(%rbp)
jnz mainloop

complete:
# Result is already in %rax
leave
ret
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runexponent.s

.global _start
.section .text
_start:

# Call exponent with 3 and 2
movqg $3, %rdi

movg $2, %rsi

call exponent

# result is now
movq %rax, %rdi
movqg $60, %rax

syscall

in %rax
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DyHKUUS

as exponentfunc.s —o exponentfunc.o
as runexponent.s —o runexponent.o
Id exponentfunc.o runexponent.o —o runexponent
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Bbi30B pyHKLMU N3 Apyroro s3bika

int exponent(int, int);
int main ()

{
}

return exponent (4, 2);
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DyHKUUS

gcc runexponent.c exponentfunc.s —o runexponent
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