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5 KEPYBAHHSA NAM'ATTIO. YACTHUHA 1
5.1 Merta pobotu

Mertoro naHoi 1aboparopHoi poOOTH € BUBUCHHS O0COOJIMBOCTEH BUKOPUCTAHHS Ta

byHKIIT U151 poOOTH 3 BIPTYalibHOIO Ta (DI3UYHOIO MaM’SITTIO.
5.2 Xix pobotu

OCKUJIBKM B AKOCTI OINEpaliiHUX CUCTEM MU BHKOPUCTOBYEMO JUCTPUOYTHUBU

Linux, nany nabopatopHy po0oty Oyzne BukoHaHO came s 1iei OC.
5.2.1 Po3po6xka nporpamu «Info». BukonanHs nyHKTIB 1 — 7 METOJUYHUX BKa31BOK.
Kon ckmageHoi mporpamu po3mimieHo B 1o1atky b.

5.2.1.1 Cxnactu nporpamy j1st GopMyBaHHS CHCTEMHO] iHPOpMAIIii Mpo pi3HI TUIH

rmam’ sTi

B pamkax 1i€i mporpamMud MU 30CE€peauUMOCS Ha JOCHIKEHHI Ta pPo3poOiii
MeXaH13My A1 300py CUCTeMHOI1 1H(opMallii Mpo pi3Hi TUIU NaM’ ST, BAKOPHUCTOBYIOUH
JOCTYIIHI CUCTEMHI BUKJIWKH Ta yTWITH Linux, mo € aHajmoramMu (pyHKIIIOHAJIBHOCTI
GetSystemInfo ta GlobalMemoryStatusEx y Windows. 3okpema, nns oTpuMaHHS
HEOOX1THUX JaHUX OyIyTh 3aJlisTHI CUCTEMHI BUKIIMKHU «Sysinfo» Ta «sysconfy», a Takox
poaHa iz0BaHO BMICT (haiiitiB «/proc/meminfo» ta «/proc/self/mapsy.

PosrisgsHeMo geranpHiIIE 3rajgaHl BUILE 3aCO0u:

—  «sysinfo»: cucTeMHHUI BUKIIMK, 1110 HA/Ia€ 3arajibHy 1H(QOPMALIIO TPO CUCTEMY,

TaKy K 9ac poOOTH, KITbKICTh MPOIIECiB, BUKOPUCTAHHS ONEPAaTUBHOI Ta SWap-
maMm’sITi;

— «sysconf»: CHCTEMHHUI BUKIHK, SKMM O3BOJISIE OTPUMATHU PI3HI CHUCTEMHI

KOH(pIrypariiai 3Ha4eHHs, BKIIOYAI0YH PO3MIPH CTOPIHOK TaM ST,

— «/proc/meminfoy: BipTyanbHu# (aitn y daiinosiii cucteMi /proc, IKUii MICTUTh

neTaibHy 1HGOpMAaIlito TPO BUKOPUCTAHHS ONIEPATUBHOI ITaM’sIT1, Swap Ta 1HIII1

napameTpH, 310paHi sIpoM;
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— «/proc/self/maps»: BipTyanbHuii ¢aii, 1mo BioOpakae aJpecHUl MPOCTIp
MOTOYHOTO TPOIIECY, BKIIOUaoun 1HGOpMaIlito mpo 3aBaHTakeH1 010,110TeKH,

cermeHTH nam’sti (heap, stack) Ta ixHi mpaBa goctymy;

5.2.1.2 CxommunoiiTe 2 eK3eMIUISIpH MPOTrpaMu, BIIKpUNUTE iX 3a JOIMOMOTOIO

HaJIarop’KyBada Ta ICPEIriIIHbTC aApCCH II0YAaTKy Ta KiHHSI MHUX IIpOorpam.

s BimmaromkeHHs Oyle BUKOPHUCTAHO mporpamy «gfh, ska € rpadidnoro

obroptkoro st HanaromxyBadya GNU — «gdby.

Exe Breakpoints Commands Struct

printf("Program Start Address: %p\n", start_region.start_addr); :::em e i]:e E:abkd EEER T]t
. - o/ma 35 yes
printf("Program End Address %p\n", end_region.end_addr) ; :

printf("\n====: ===\n");
[Shift+F10] Stack Files Thread CmdSearch
Index Function Location Address
get_prog_addr info/main.c:135 oxo

void list_xg(FILE *fp) { info/main.c:204 @x5555559

Tewind(fp);
int 1 at 0x1af2: file info/main.c, line 135 1| Watch Locals Registers Data
start_region.start_ad

end_region.end_addr = (@

nput not from terminal]

i

Exe Breakpoints Commands  Struct
File Line Enabled Condition Hit

printf("Program End Address:  %p\n", end_region.end_addr);

===\n");
[Shift+F1@] stack Files Thread CmdSearch
Index Function
void list_rg(FILE *fp) {
rewind(fp);

1| wWatch Locals Registers Data
start_region. start_add

2222/1b-5/s1c/ NERTTENNES end_region.end_addr =
ng URLs

ed N; input not from terminal]

To make this se a a d off' to .gdbinit.
Thread debugg

H

Pucynok 5.2 — Anpecu mouaTky Ta KiHIIS IPOrpamMu 2

Moxemo moOaunTH, 10 aapecy MOYaTKy Ta KiHIS B 000X MporpamMax OJHAKOBI.
Taka moBeminka Oyna O4YIKYBaHOW, ajpKe HamaromxyBad «gdby» 3a 3aMOBUYBaHHIM
BuMukae ASLR! st 3py4HOCTI HanmaromkyBanHda. YBiMkHeMo ASLR B HamaromkyBadi
3a JmoromMoror komaHau «set disable-randomisation off» Ta MmoBTOpHO BHKOHAEMO

IpOrpamH.

'ASLR (Address Space Layout Randomization) — TeXHOJIOTis1, P BUKOPUCTAHHI SKOT pO3TaIlyBaHHS
BXJIMBHUX CTPYKTYP JaHUX BUIAIKOBUM YHHOM 3MIHIOETHCS B aIPECHOMY ITPOCTOPI MPOIIECY.



Exe Breakpoints  Commands Struct
Line Enabled Condition Hit

printf("Program Start Address: %p\n", start_region.start_addr); i

printf("Program End Add end_region.end_addr) ;

[Shift+F10] Stack Files Thread CmdSearch

Index Function Location Address
void list_xg(FILE *fp) {
rewind(fp);

able-randomization off <
start_regic t_addr = (e

end_region.end_addr = (2

gram being debugg n started
rt it from the beginning re input not from terminal]
ouild/ infoll

Exe Breakpoints |Commands | Struct
printf("Program Start Address: %p\n", start_region.start_addr); File Line Enabled Condition
printf("Program End Address: %p\n", end_region.end_addr) ;

===\n");
} [Shift+F10] . Stack Files  Thread | cmdsearch
Index Function Locatio
void list_xg(FILE *fp) {
Tewind(fp);

1 watch Locals Reg:

able-randomization off g
end_region.end_addr =

Pucynok 5.4 — Axpecu noyarky Ta KiHus nporpamu 2 micist yBiMkHeHHsT ASLR

MoskemMo mo6aYuTH, 110 TETep B HaJaroKyBaul BiIOOPaKAIOTHCS PI3HI aJipecH

porpam.

5.2.1.3 TloOymyiite cnucok ONOKIB maM’siTl JOCTYIHUX MPOTpamMi, BUILIITh
mam’ b, Ta TOOYAYITE CITMCOK OJIOKIB am’siTi 3HOBY. JlOCIIIIITh 3MIHHU B CHUCKY BUILHUX
9

OJIOKIB.

Linux, sk 1 1ami POSIX cymicHi onepartiiini cuctemu, Ha BiaMiHy Bijg Windows,
HE Ma€ OKPEMOro CHCTEMHOTO BHWKJIHMKY JUIsi OTpUMaHHs iH(opMallii mpo JOCTyIHi
nporpami OJIOKH maM’sITi, HATOMICTb 1110 1HGOPMAIlII0 MOYXKHA OTpUMATH 13 (ailiy «/proc/
self/maps» nuHamigHO1 BipTyasibHOI (hailyioBoi cuctemu mporieciB. OCKUIBKH Mporpami
JOCTYIIHO JIOBOJII Oarato OJIOKIB MaM’siTi, HampuKiIag OJMOKM MaMm’Ti, 10 HaJeKaTh
3aBaHTa)XCHHM 0i0ioTekaM Ha KimTaiaT «libc», BuBememMo JvIe OJOKU IIaM’sTi, IO

HaJIeXaTh 0e3MocepeIHhO MPOTpaMi, Ta CIeIlaabHI OJIOKH.



— Memory Region e 5 —

Start Address: 8x6087a879c8066

End Address: Ox6087a87/9c1060

Size: 40896 bytes (6.00 MB)

Permissions: rw-p

Offset: Bx3060

Device: 183:83

Inode: 3881557

Pathname: /home/dumbnerd/Documents/NURE/OC/1b-5/src/build/infol

— Memory Region ke 6 —

Start Address: Bx6087a3542e0866

End Address: Ox687a354410608

Size: 135168 bytes (08.13 MB)
Permissions: rw-p

Offset: Bx8

Device: 00:08

Inode: 8

Pathname: [heap]

— Memory Region e 7 —

Start Address: 8x7a8388769660

End Address: @x7a838876cB60

Size: 12288 bytes (0.081 MB)
Permissions: rw-p

Offset: Bx0

Device: 60:60

Inode: B

Pathname: [anonymous]

Pucynok 5.5 — Yactuna 0:10KiB mam’4Ti, JOCTYITHUX MpOTrpami, 10 BUALTCHHS




— Memory Region e 5 —

Start Address: Bx687a879c00060

End Address: Bx687a879c1060

Size: 40896 bytes (08.00 MB)

Permissions: rw-p

Offset: Bx3060

Device: 183:83

Inode: 38081557

Pathname: /home/dumbnerd/Documents/NURE/OC/1b-5/src/build/info1

— Memory Region e 6 —

Start Address: Bx6B87a3542e0800

End Address: Bx687a3544f0060

Size: 135168 bytes (08.13 MB)
Permissions: rw-p

Offset: Bx0

Device: 80:060

Inode: 8

Pathname: [heap]

— Memory Region e 7 —

Start Address: Bx7a837fcB0066

End Address: Bx7a83866000060

Size: 10485768 bytes (10.88 MB)
Permissions: rw-p

Offset: Bx0

Device: 80:060

Inode: 8

Pathname: [anonymous]

Pucynok 5.6 — Yactuna O10KiB 1aM’siTi, JOCTYITHUX MPOTPaMi, MICIs BUTITICHHS

[Ticns Buaiienas 10MB mam’sTi MokeMO OOAYUTH, 1110 B CHUCKY 3’ IBUBCS HOBUI

OJIOK.
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5.2.2 Po3poOka mporpamu «MemAlloc». BukoHaHHs TyHKTY 8 METOIUYHHX

BKa31BOK.

MeTo10 1aHOTO 3aBAaHHS € CTBOPEHHS ajuloKaropa, SKui Oyae BUIUIATH 1aM’ sTh
3a cTpareriero «HaliMeHImmit 1ocTaTHii.

Kox cximaneHoi mporpaMu po3mimieHo B 1o1aTky B.
5.2.2.1 Tlpunnun poOGOTH aITOPUTMY

Jlanuii Koj1 pealiizye MexaHi3M KepyBaHHs ITaM ATTIO 3a cTpareriero «HalitMeHinii
nocratHii» (Best-Fit). CyTp wmi€i crparerii mossrae y BHUIUICHHI AJS 3alUTy TaKOTO
BUTBHOTO OJIOKY TaM’sITi, PO3MIp SKOTO HAMOIMKYUI 10 3aUTYyBAHOTO (ajie HE MEHIIIHN).

— Imimamizamisa. Ilpu cTBOpeHHI aimokaropa 3a JOMOMOrow  (QyHKIi

«bf allocator create» Buauiserbcsi Oydep mam’sTi 3aJaHOTO PO3MIPY, SKHM
BUPIBHIOETHCS 32 BUMOTaMu cucteMu. CriouaTtky 1iei Oydep nmpeacTaBisieTbes
K OOWH BEJIMKHUI BUILHUH OJIOK.
— Buninenns nam’sti. @ynkiis «bf allocator alloc» peanizye crparerito Best-
Fit:
a) TPOXOAUTH BECh CIIMCOK OJIOKIB 1 IIyKa€ HAMMEHIINI BUTbHUI OJIOK,
PO3MIp SKOTO JOCTATHIN JIJIs 3aJ0BOJICHHS 3aIUTY;
0) sKIIO TaKuii OJIOK 3HANIEHO, IEPEBIPSAETHCS, YU JJOCTATHHO B HHOMY
MICIIS )1 pO3JIJICHHSI Ha JIBa OJIOKM (BUAUICHUH 1 3QJIMIIIOK);
B) SIKIIO PO3AUICHHS JOIIJIbHE, CTBOPIOETHCS HOBUM OJIOK J1JIs
3JIMLIKY [aM’ STl Ta OHOBJIIOIOTHCS 3B A3KU B CIIUCKY;
r) oOpaHuii ONOK TO3HAYAE€TbCA SIK 3aWHATHI 1 TMOBEPTAETHCA
MOKAXYMK Ha MOTO JaHi.
— 3ButbHeHHs mam’ati. @Oyskiig «bf allocator free» 3BunbHsSIE paHire
BUIJIEHUI OJIOK rmam’siTi:
a) 3a aapecol0 3HAXOAWTh BIJIMOBIAHUN OJIOK 1 MO3HA4Yae MOro sK
BUILHMIL;
0) TmepeBipsie, YU MOXKIIUBE 3JUTTSA 3 CYCIAHIMU BUIBHUMHU OJIOKaMH,
1100 3ano0irtu gpparmMeHTaIlii;

B) SIKIIIO HACTYIMHUH OJIOK BUTHHUMN, BIH 00’ €THYETHCS 3 TIOTOYHUM,;
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I) SKIIO TONEepeaHiii OJIOK BUIBHUHN, TMOTOYHUN OO0 €THYETHCS 3
MOTNIEPEAHIM.

— 3uunieHHs ajuiokaropa. [licist 3aBepiieHHs poOOTH 3 AJTOKAaTOPOM HEOOX1THO

Bukiukatu QyHkiito «bf allocator destroy» sika 3HUIIY€ aJlJTIOKATOP 1 3BUIbHSIE

BCIO I1aM AATb, [IOB’ I3aHY 3 HUM.
5.2.2.2 OcobnuBocTi peanizarii

a) BupiBHIOBaHHS mam’sTi 3a0e3MeuyeThCsl I KOPEKTHOI pOoOOTH HA Pi3HUX
apXITeKTypax;
0) peanizoBaHE B3JHTTS CYMDKHUX BUIBHUX OJIOKIB 111 OOpoThOM 3
dbparmMeHTali€o;
B) BHUKOPUCTOBYETHCSA MIHIMAIBHUI MOPIT pO3MIpPY AJIs PO3AUIECHHS ON0KIB, 100
YHUKHYTH CTBOPEHHSI 3aHAJITO MaJuX OJOKIB;
r) jaoxaHa QyHKIIS BiTOOpaXeHHS CTaHy IMaM’sITi JIIsl HAJIaroKEHHS Ta aHai3y.
s peamizamisi Best-Fit € onTuManpHOIO 3 TOYKH 30pY BUKOPUCTAHHS TaM’siTi,
OCKUIBKM MIHIMIZYE «BIAXOAM» — PI3HUIIO MIK PO3MIPOM BHAUIEHOTO OJOKY Ta
3anmuTaHuM po3mipom. OHAK, 1€ JOCITAETHCS IIHO TOBHOTO Mepe0opy CIUCKY BUTBHUX

OJI0KIB, 110 MOKe OyTH Hee(PEKTUBHUM MPHU BETUKIN KITBKOCTI OJOKIB.



5.2.2.3 Ilpukian pobotu

~[D/N/O/1/src »»» just run-mem-alloc

After initial allocations (168,208,388):

Block list:
Block at Bx557b61e222aB | size: 112 bytes | ALLOCATED
Block at Bx557b61e22338 | size: 288 bytes | ALLOCATED
Block at Bx557b61e22428 | size: 384 bytes | ALLOCATED
Block at Bx557b61e22578 | size: 272 bytes | FREE

After freeing 188- and 288-byte blocks:

Block list:
Block at Bx557b61e222aB | size: 352 bytes | FREE
Block at Bx557b61e22428 | size: 384 bytes | ALLOCATED
Block at Bx557b61e22578 | size: 272 bytes | FREE

Requesting 158 bytes: (best-fit should pick the 288-byte block)
Block list:

Block at Bx557b61e222aB | size: 352 bytes | FREE

Block at Bx557b61e22428 | size: 384 bytes | ALLOCATED

Block at Bx557b61e22578 | size: 168 bytes | ALLOCATED

Block at Bx557b61e22638 | size: 8B bytes | FREE

b2 was at Bxb5/b61e22358, b4 is at Bx557b61e22598, diff = 576 bytes

Pucynok 5.7 — [Ipuknang po6otu amokaropa
5.2.3 Po3po0Oka cucremu «Calcy. BUKkoHaHHS 3aBIaHHS HA HAMBUILY OILIHKY.

MeTol0 JaHOro 3aBJaHHA € CTBOPUTH 3 MpPOrpaMH JJii BUKOHAHHS MPOCTHUX
MaTeMaTUYHUX ONepaliil HajJ YhcilaMy BUKOPUCTOBYIOUM NEBHI 3aCO0M B3a€MOJAIT MIXK
npoLEecamH.

Kon cknmagenux mporpam po3MilieHo B Jo1aTky I.

Cucrema CKIIaIaeThCs 3 3 mporpam:

—  «NumWriter»: nporpama, 1110 IUTa€ y KOPUCTyBaya 2 YUCIa;

—  «OpWriter»: nmporpama, 110 NMUTa€ y KOPUCTyBada sIKy ONEPALI0 HEOOXITHO

BUKOHAaTH HaJ YHUCIaMH,
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— «Calcy»: nporpama, sika BUKOHY€E HaJl BKa3aHUMU YHCIIaMU BKa3aHy OIepalliio,
Ta BUBOJIUTH PE3YJIbTAT B KOHCOJIb.

J171s1 3py4HOTr0 OOMIHY JJAaHUMH CTBOPEHO CTPYKTYPY, 110 30epirae yucia, onepariito
Ta Ma€ JOJJaTKOBE OITOBE I0JIE, B IKOMY IIPOrPaMH BCTAHOBIIOIOTH MEBHI MPAIoOpIi Micis
BUKOHaHHS CBOiX Aiil. «OpWriter» uekae Ha curnain Big « NumWriter», a «Calc» uyekae Ha
curnanu Big «OpWriter» ta «NumWriter».

KoykHa 3 mporpam BigKpHBa€ OJIMH 1 TOW caMuid (paiisi, Ta CTBOPIOE MOTO MIPOESKITIFO
B OIIEPATUBHY [1aM’SITh, MICJIS YOTO B 110 001aCTh IaM’SIT1 3aMUCY€ThCS CTPYKTYpa JaHUX,
CTBOpEHa /17151 0OOMiHY TaHUMU MiX npouecamu. [1o 3aBepilIeHHIO CBOET YaCTUHU pOOOTH
KOYKHA IIPOrpaMa BCTAHOBIIIOE MPANoOpellb TOTOBHOCTI B CTPYKTYPi, MiCJIg YOT0 HACTYITHA

nmporpamMa MpucTymnae J0 BUKOHAHHS CBO€EI YaCTHHHU.
5.3 BucHOBKH

ITix gac ganoi mabopaTropHOi pOOOTH MH AOCIIIMIA 0COOIUBOCTI BUKOPHUCTAHHS Ta

byHKIIT U151 poOOTH 3 BIpTYalibHOIO Ta (DI3UYHOIO MaM’SITTIO.
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JTOJIATOK A

Bwmict daitny «Justfile» 13 iHCTpyKIisIMU 301pKH pO3pOOIEHUX MpOrpam

cc := "clang"
cc_flags := "-Wall -Wextra -std=cll"

@clean:
rm -rf build

@mkdir-build: clean
mkdir -p build

@build-info: mkdir-build
{{cc}} -ggdb -o build/infol info/main.c
{{cc}} -ggdb -o build/info2 info/main.c

@debug-info: build-info
gf2 build/infol & disown
gf2 build/info2 & disown

@build-mem-alloc: mkdir-build
{{cc}} -o build/mem-alloc mem-alloc/main.c mem-alloc/
best fit allocator.c

@run-mem-alloc: build-mem-alloc
build/mem-alloc

@build-calc: mkdir-build
{{cc}} -o build/calc calc/calc.c
{{cc}} -o build/num-writer calc/num-writer.c
{{cc}} -o build/op-writer calc/op-writer.c



JOJATOK b
Kon mporpamu «Info»

b.1 Bwmict daitny «main.c»

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <sys/mman.h>
#include <sys/sysinfo.h>
#include <unistd.h>

##define bool int
##define true 1
##define false 0

#define MAX LINE LENGTH 256
#define GB (1024 * 1024 * 1024)
#define MB (1024 * 1024)

typedef enum {
RG_ALL,
RG_PROGRAM ONLY,
RG_ANONYMOUS ONLY,
RG_ANONYMOUS PROGRAM
} RG_MODE;

typedef struct {
void *start_addr;
void *end addr;
size t size;
char permissions[5];
unsigned long offset;
char device[8];
unsigned long inode;
char pathname[256];

} mem rg;

void get sys mem info() {
printf ("\n=== System Memory Information ===\n");

struct sysinfo inf;
sysinfo (&inf) ;

printf ("Total RAM:\t%5.2f GB\n", (float) (inf.totalram *
inf.mem unit) / GB);

printf ("Free RAM:\t%5.2f GB\n", (float) (inf.freeram *
inf.mem unit) / GB);

printf ("Shared RAM:\t%5.2f GB\n", (float) (inf.sharedram *
inf.mem unit) / GB);

printf ("Buffer RAM:\t%5.2f GB\n", (float) (inf.bufferram *
inf.mem unit) / GB);

printf ("Total Swap:\t%5.2f GB\n", (float) (inf.totalswap *
inf.mem unit) / GB);

printf ("Free Swap:\t%5.2f GB\n", (float) (inf.freeswap *
inf.mem unit) / GB);

printf ("Number of processes: %d\n", inf.procs);



13

printf ("\n=== Additional Memory Info (/proc/meminfo) ===\n");
FILE *proc_meminfo = fopen("/proc/meminfo", "r");

char line[MAX LINE LENGTH] ;

while (fgets(Iine, MAX LINE LENGTH, proc_meminfo) != NULL) {
if (strstr(line, "MemTotal:") || strstr(line, "MemFree:") ||
strstr(line, "MemAvailable:") || strstr(line, "Buffers:") ||
strstr(line, "Cached:") || strstr(line, "SwapTotal:") ||
strstr(line, "SwapFree:") || strstr(line, "Dirty:") ||
strstr(line, "Writeback:") || strstr(line, "Shmem:")) {

printf ("%s", line);
}
}

fclose (proc_meminfo) ;

printf ("\n=== Memory Pages Information ===\n");

long p_size sysconf (_SC_PAGESIZE) ;

long p_phys = sysconf (_SC_PHYS PAGES) ;

long p_avai = sysconf (_SC_AVPHYS PAGES) ;

printf ("Page Size: %$81ld bytes\n", p_size);
printf ("Total Phys Pages: %$81d\n", p_phys);

printf ("Available Phys Pages: %8ld\n", p_avai);

printf ("Total Phys Memory: %$8.2f GB\n", (float) (p_phys *

p_size) / GB);

printf("Available Phys Memory: %8.2f GB\n", (float) (p_avai *
p_size) / GB);
}

mem rg parse rg(char *line) {
mem rg region;
memset (&region, 0, sizeof (region));

sscanf (line, "%p-%p %4s %1lx %7s %1lu %255[*\n]", &region.start addr,
&region.end addr, region.permissions, &region.offset,
region.device,
&region.inode, region.pathname) ;

region.size = (size t)region.end addr - (size_ t)region.start_addr;

return region;

}

int is valid rg(mem rg *region, RG_MODE mode) {
switch (mode) {
case RG_PROGRAM ONLY:
return strstr(region->pathname, "info") != NULL ||
region->pathname[0] == '\0';

case RG_ANONYMOUS ONLY:
return strstr (region->pathname, "[heap]") != NULL ||
strstr (region->pathname, "[stack]") != NULL;

case RG_ANONYMOUS PROGRAM:



}

return strstr (region->pathname, "[heap]") != NULL ||
strstr (region->pathname, "[stack]") != NULL ||
strstr (region->pathname, "info") != NULL;

case RG_ALL:
default:
return 1;

void get prog addr (FILE *fp) {

}

printf ("\n=== Program Memory Addresses ===\n");
rewind (£p) ;

char line[MAX LINE LENGTH] ;
fgets(line, MAX LINE LENGTH, £p);

mem rg start region = parse rg(line);
mem rg end region = {0};

while (fgets(line, MAX LINE LENGTH, fp) '!'= NULL) ({
mem rg curr_region = parse_ rg(line);

if (is_valid rg(&curr_region, RG_PROGRAM ONLY) &&
curr_region.end addr > end region.end_addr)
end region = curr_ region;

}

printf ("Program Start Address: %p\n", start region.start addr);

printf ("Program End Address: $p\n", end region.end addr);

printf ("\n \n") ;

void list rg(FILE *fp) ({

rewind (£fp) ;

RG_MODE mode = RG_PROGRAM ONLY;
char line[MAX LINE LENGTH] ;

int included count = 0;

int total_count = 0;

while (fgets(line, MAX LINE LENGTH, fp) !'= NULL) ({
total_count++;

mem rg region = parse rg(line);

if (!'is_valid rg(&region, mode))
continue;

included count++;

printf ("--- Memory Region W%2d ---\n", included count) ;
printf("Start Address: %p\n", region.start addr);
printf ("End Address: $p\n", region.end addr) ;

printf ("Size: %zu bytes (%.2f MB)\n", region.size,
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(float) region.size / MB);

printf ("Permissions: %$s\n", region.permissions);
printf ("Offset: 0x%1x\n", region.offset);
printf ("Device: $s\n", region.device) ;
printf ("Inode: %$lu\n", region.inode) ;
printf ("Pathname: %$s\n",
region.pathname[0] ? region.pathname : "[anonymous]") ;
printf("----------""-""-———— - \n");

}

printf ("Blocks Total: %d\n", total count);
printf ("Blocks Shown: %d\n", included count);
}

void alloc cmp (FILE *fp) {
printf ("\n=== Allocating Memory ===\n");

printf ("Before allocation:\n");
list rg(fp):

size t allocation_size = 10 * MB;
printf ("\nAllocating %zu bytes (%.2f MB) of memory...\n",
allocation_size,
(float)allocation_size / MB);

void *memory = mmap (NULL, allocation_size, PROT_READ | PROT_WRITE,
MAP PRIVATE | MAP_ANONYMOUS, -1, 0);

printf ("Memory is allocated at %p\n", memory) ;

printf ("\nAfter allocation:\n");
list rg(fp):

if (munmap (memory, allocation size) == 0) ({
printf ("\nMemory freed.\n");
} else {

perror ("munmap") ;
}
}

int main(int argec, char *argv[]) {
get sys mem info();

FILE *fp = fopen("/proc/self/maps", "xr");
get prog addr(fp);

alloc _cmp (£fp) ;
fclose (£p) ;

return EXIT SUCCESS;



JOJATOK B
Kon mporpamu «MemAlloc

B.1 Bwmict daitry «main.c»

#include "best fit allocator.h"
#include <stdint.h>
#include <stdio.h>
#include <stdlib.h>

int main() {

/* small pool for clarity */

best fit allocator_t *pool = bf allocator create(1024);

if (!'pool) {
fprintf (stderr, "Failed to create allocator\n") ;
return 1;

}

/* Step 1: allocate three blocks */

void *bl bf allocator alloc(pool, 100);

void *b2 bf allocator alloc(pool, 200);

void *b3 = bf allocator alloc(pool, 300);
prlntf("After initial allocations (100,200,300) :\n");
bf allocator print(pool);

/* Step 2: free the first two */

bf allocator free(pool, bl);

bf allocator free(pool, b2);

pr1ntf("\nAfter freeing 100- and 200-byte blocks:\n") ;
bf allocator print(pool) ;

/* Step 3: allocate 150 bytes—should go into the 200-byte hole */

void *b4 = bf allocator alloc(pool, 150);
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prlntf("\nRequestlng 150 bytes: (best-fit should pick the 200-byte
block)\n") ;

bf allocator print(pool);

/* Verify that b4 lies inside the old b2 region */
size t diff = (uintptr t)b4 - (uintptr t)b2;

printf ("\nb2 was at %p, b4 is at %p, diff = %zu bytes\n", b2, b4,

diff);

}

bf allocator destroy (pool) ;

B.2 Bwmict daiiny «best fit allocator.hy

#ifndef BEST FIT ALLOCATOR H
#define BEST FIT ALLOCATOR H

#include <stddef.h>

#ifdef _ cplusplus
extern "C" {
#endif
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typedef struct best fit allocator best fit allocator t;

best fit allocator_t *bf allocator create(size t pool_size);

void bf allocator destroy(best_fit allocator_t *allocator);

void *bf allocator alloc(best fit allocator_t *allocator, size t
size);

void bf allocator free(best_fit allocator_t *allocator, void *ptr);
void bf allocator print(const best fit allocator_t *allocator);

#ifdef _ cplusplus

}

#endif

#endif /* BEST_FIT ALLOCATOR H */

B.3 Bwmict gaitnny «best fit_allocator.c»

#include "best fit allocator.h"
#include <assert.h>

#include <stdalign.h>

#include <stdint.h>

#include <stdio.h>

#include <stdlib.h>

static size t align up(size t n, size_ t align) {
return (n + align - 1) & ~(align - 1);
}

struct block {
size_ t size;
int free;
struct block *next;
struct block *prev;

};

struct best fit allocator {
void *buffer;

size t pool size;

struct block *head;

}i

best fit allocator_t *bf allocator create(size t pool size) {
if (pool_size <= sizeof (struct block))
return NULL;
size t alignment = alignof (max_align_t);

if (pool_size % alignment !'= 0) {
pool _size = ((pool_size + alignment - 1) / alignment) *
alignment;

}

void *buf = aligned alloc(alignment, pool_size);
if ('buf)

return NULL;
best fit allocator t *a = malloc(sizeof(*a));

if (la) {



}
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free (buf) ;
return NULL;
}

a->buffer = buf;

a->pool size = pool_ size;

a->head = (struct block *)buf;

a->head->size = pool_size - sizeof (struct block);
a->head->free = 1;

a->head->next NULL;

a->head->prev NULL;

return a;

void bf allocator destroy(best fit allocator_ t *allocator) ({

if (!;llocator)

return;
free (allocator->buffer) ;
free(allocator) ;

}
void *bf allocator alloc(best fit allocator_t *allocator, size t
size) {

if ('allocator || size == 0)

return NULL;

size = align_up(size, alignof(max_align t));
struct block *best = NULL;

for (struct block *it = allocator->head; it; it = it->next) {
if (it->free && it->size >= size) {

if ('best || it->size < best->size) {
best = it;
if (best->size == size)
break;
}
}
}
if ('best)

return NULL;

if (best->size >= size + sizeof(struct block) +

alignof (max_align_t)) {

uint8 t *raw = (uint8 t *)best;
struct block *next blk =
(struct block *) (raw + sizeof(struct block) + size);

next blk->size = best->size - size - sizeof(struct block);

next blk->free = 1;
next blk->next = best->next;
next blk->prev = best;

if (best->next)
best->next->prev = next blk;

best->next = next blk;
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best->size = size;

}

best->free = 0;
return (uint8_t *)best + sizeof(struct block);

}
void bf allocator free(best_fit allocator_t *allocator, void *ptr) {

if (lallocator || !'ptr)
return;

uint8 t *start = (uint8 t *)allocator->buffer + sizeof (struct
block) ;
uint8 t *end = (uint8 t *)allocator->buffer + allocator->pool size;

(void *)start && ptr < (void *)end);

assert(ptr >=
= (struct block *) ((uint8_ t *)ptr - sizeof(struct

struct block *blk =

block)) ;
assert(!blk->free) ;

blk->free = 1;

if (blk->next && blk->next->free) {
blk->size += sizeof (struct block) + blk->next->size;
blk->next = blk->next->next;

if (blk->next)

blk->next->prev = blk;

}

if (blk->prev && blk->prev->free) {

blk->prev->size += sizeof (struct block) + blk->size;
= blk->next;

blk->prev->next
if (blk->next)

blk->next->prev = blk->prev;

}
}

void bf allocator print(const best fit allocator_t *allocator) ({

if (!;llocator)
return;

printf ("Block list:\n");

for (const struct block *it = allocator->head; it; it = it->next) {

printf (" Block at %p | size: %zu bytes | %$s\n", (void *)it, it-

>size,
"ALLOCATED") ;

it->free ? "FREE"
}



TOJIATOK T

Kon nporpam «Caley, «NumWriter» Ta «OpWriter»

I'.1 Bmict ¢aitny «shared.h»

#include <errno.h>
#include <stdio.h>
#include <string.h>
#include <unistd.h>

#define SF_NAME "/tmp/calc_data"
#define SF_SIZE 256

typedef struct {

float numl;

float num2;

char operation;

int ready flags; // 1 - nums-ready, 2 - op-ready
} calc_data;

#define err(exit code, msg, line)
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\
do
{ \
EXIT CODE = exit code;
\
char buf[256];
\
snprintf (buf, sizeof(buf), "%s:%d: error: %s",  FILE , line,
msg) ; \
perror (buf) ;
\
} while (0)
#define SPINNER "|/-\\"
#define spin(msg, delay ms)
\
do
{ \
static int 1 = 0;
\
printf ("\r%s %c ", msg, SPINNER[i % (sizeof(SPINNER) - 1)]);
\
fflush (stdout) ;
\
usleep (delay ms * 1000);
\
it++;
\
} while (0)

.2 Bumict ¢aitny «calc.c»

#include <fcntl.h>
#include <stdio.h>
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#include <stdlib.h>
#include <sys/mman.h>
#include <unistd.h>

#include "shared.h"

int EXIT_CODE = 0;
int main() {
int £d;
calc_data *data;

fd = open(SF_NAME, O CREAT | O _RDWR, 0666) ;
if (£d == -1) {
err (EXIT FAILURE, "open", LINE - 1);
goto exit;

}

if (ftruncate(fd, SF_SIZE) == -1) {
err (EXIT FAILURE, "ftruncate", LINE - 1);
goto fd close;

}

data = (calc_data *)mmap(NULL, SF_SIZE, PROT READ | PROT WRITE,
MAP_SHARED,
£d4, 0);
if (data == MAP FAILED) {
err (EXIT FAILURE, "mmap", LINE - 1);
goto fd close;
}

while (! (data->ready flags & 1))
spin("Waiting for numbers", 250);
printf ("\rNumbers are '%.2f' and '%.2f'.\n", data->numl, data-
>num?2) ;

while (! (data->ready flags & 2))
spin("Waiting for operation", 250);
printf ("\rOperation is '%c'. \n", data->operation) ;

double result = 0;

switch (data->operation) ({
case '+':
result = data->numl + data->num2;
break;
case '-':
result
break;
case '*':
result
break;
case '/':
if (data->num2 '= 0) {
result = data->numl / data->num2;
} else {
fprintf (stderr, "Division by zero is not allowed!\n");
goto munmap;

data->numl - data->num2;

data->numl * data->num2;



}

break;
default:
fprintf (stderr, "Unknown operation: %c\n", data->operation);

}

printf ("Result: %.2f %c %.2f = %.2f\n", data->numl, data-
>operation,
data->num2, result);

munmap :
munmap (data, SF_SIZE) ;

fd close:
close (£d) ;

unlink (SF_NAME) ;
exit:

return EXIT_CODE;
}

I'.3 Bmict ¢aitity «num-writer.c»

#include <fcntl.h>
#include <stdio.h>
#include <stdlib.h>
#include <sys/mman.h>
#include <unistd.h>

#include "shared.h"

int EXIT_CODE = 0;
int main() {

int £d4d;

calc _data *data;

fd = open(SF_NAME, O CREAT | O _RDWR, 0666)
if (£d == -1) {
err (EXIT FAILURE, "open", LINE - 1);
goto exit;

}

if (ftruncate(fd, SF_SIZE) == -1) {
err (EXIT FAILURE, "ftruncate", LINE - 1);
goto fd close;

}

data = (calc_data *)mmap(NULL, SF_SIZE, PROT READ | PROT WRITE,
MAP SHARED,
£d4, 0);
if (data == MAP_FAILED) {
err (EXIT FAILURE, "mmap", LINE - 1);
goto fd close;
}

printf ("Enter number 1: ");
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if (scanf("%$f", &data->numl) '= 1) {
err (EXIT FAILURE, "Getting number 1", LINE - 1);
goto munmap;

}

printf ("Enter number 2: ");

if (scanf("%$f", &data->num2) '= 1) {
err (EXIT FAILURE, "Getting number 2", LINE - 1);
goto munmap;

}
__sync_or and fetch(&data->ready flags, 1);

printf ("Numbers '%.2f' and '%.2f' are written to the shared memory.
\nn ,
data->numl, data->num2);

munmap :
munmap (data, SF_SIZE) ;

fd close:
close (£d) ;

exit:
return EXIT_CODE;
}

4 Bmicr ¢aiimy «op-writer.c»

#include <fcntl.h>
#include <stdio.h>
#include <stdlib.h>
#include <sys/mman.h>
#include <unistd.h>

#include "shared.h"

int EXIT CODE = 0;
int main() {
int f£d;
calc_data *data;

fd = open(SF_NAME, O CREAT | O_RDWR, 0666) ;
if (£d == -1) {
err (EXIT FAILURE, "open", LINE - 1);
goto exit;

}

if (ftruncate(fd, SF_SIZE) == -1) ({
err (EXIT FAILURE, "ftruncate", LINE - 1);
goto fd close;

}

data = (calc_data *)mmap (NULL, SF_SIZE, PROT READ | PROT WRITE,
MAP SHARED,
fd, 0);
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if (data == MAP_FAILED) {
err (EXIT_FAILURE, "mmap", _ LINE _ - 1);
goto fd close;

}

while (! (data->ready flags & 1))
spin("Waiting for numbers", 250);

printf ("\rEnter operation (+, -, *, /): ") ;
if (scanf(" %c", &data->operation) !'= 1) {
err (EXIT FAILURE, "Getting operation",  LINE - 1);

goto munmap;

}
__sync_or and fetch(&data->ready flags, 2);

printf ("Operation '%c' is written to the shared memory.\n", data-
>operation) ;

munmap :
munmap (data, SF_SIZE) ;

fd close:
close (£d) ;

exit:
return EXIT_CODE;
}
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