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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU
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[MpunoxeHne => process
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

[MpunoxeHne => process
process => virtual address space + 4T0-TO eww€ (timers, files, sockets...)
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

$ man top
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

$ man top

Private | Shared
1 2
Anonymous . stack
. malloc()
. brk()/sbrk() . POSIX shm*

. mmap(PRIVATE, fd)
File-backed . pgms/shared libs

|
|
|
|
|
. mmap(PRIVATE, ANON) | . mmap(SHARED, ANON)
+
| . mmap(SHARED, fd)
|
|

4
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

$ man top

VIRT -- Virtual Memory Size (KiB)
The total amount of virtual memory used by the task. It includes all code, data and shared libraries
plus pages that have been swapped out and pages that have been mapped but not used.

See "OVERVIEW, Linux Memory Types' for additional details.

Private | Shared
1 2
Anonymous . stack
. malloc()
. brk()/sbrk() . POSIX shm*

. mmap(PRIVATE, fd)
File-backed . pgms/shared libs
3

. mmap(SHARED, fd)

I
I
I
I
I
. mmap(PRIVATE, ANON) | . mmap(SHARED, ANON)
+
I
I
| 4
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

$ man top

CODE -- Code Size (KiB)
The amount of physical memory currently devoted to executable code, also known as the Text Resident
Set size or TRS.

See "OVERVIEW, Linux Memory Types' for additional details.

Private | Shared
1 2
Anonymous . stack
. malloc()
. brk()/sbrk() . POSIX shm*

. mmap(PRIVATE, fd)
File-backed . pgms/shared libs
3

. mmap(SHARED, fd)

I
I
I
I
I
. mmap(PRIVATE, ANON) | . mmap(SHARED, ANON)
+
I
I
| 4

19



[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

$ man top

DATA

Data + Stack Size (KiB)

The amount of private memory reserved by a process. It is also known as the Data Resident Set or
DRS. Such memory may not yet be mapped to physical memory (RES) but will always be included in the
virtual memory (VIRT) amount.

See "OVERVIEW, Linux Memory Types' for additional details.

Private | Shared
1 2
Anonymous . stack
. malloc()
. brk()/sbrk() . POSIX shm*

. mmap(PRIVATE, fd)
File-backed . pgms/shared libs
3

. mmap(SHARED, fd)

I
I
I
I
I
. mmap(PRIVATE, ANON) | . mmap(SHARED, ANON)
+
I
I
| 4
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

$ man top

RES -- Resident Memory Size (KiB)
A subset of the virtual address space (VIRT) representing the non-swapped physical memory a task is
currently using. It is also the sum of the "RSan', "RSfd' and "RSsh' fields.

It can include private anonymous pages, private pages mapped to files (including program images and
shared libraries) plus shared anonymous pages. All such memory 1is backed by the swap file
represented separately under SWAP.

Lastly, this field may also include shared file-backed pages which, when modified, act as a dedicated
swap file and thus will never impact SWAP.

Private | Shared
|
Anonymous . stack |
. malloc() |
. brk()/sbrk() | . POSIX shm*
. mmap(PRIVATE, ANON) | . mmap(SHARED, ANON)
+
|
|
|

. mmap(PRIVATE, fd)
File-backed . pgms/shared libs
3

. mmap(SHARED, fd)

4
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

$ man top

SHR -- Shared Memory Size (KiB)
A subset of resident memory (RES) that may be used by other processes. It will include shared
anonymous pages and shared file-backed pages. It also includes private pages mapped to files

representing program images and shared libraries.

See "OVERVIEW, Linux Memory Types' for additional details.

Private | Shared
1 2
Anonymous . stack
. malloc()
. brk()/sbrk() . POSIX shm*

. mmap(PRIVATE, fd)
File-backed . pgms/shared libs
3

|
|
|
|
|
. mmap(PRIVATE, ANON) | . mmap(SHARED, ANON)
+
| . mmap(SHARED, fd)
|
|

4



[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

$ man top

SWAP -- Swapped Size (KiB)
The formerly resident portion of a task's address space written to the swap file when physical memory
becomes over committed.

See "OVERVIEW, Linux Memory Types' for additional details.

Private | Shared
1 2
Anonymous . stack
. malloc()
. brk()/sbrk() . POSIX shm*

. mmap(PRIVATE, fd)
File-backed . pgms/shared libs
3

. mmap(SHARED, fd)

I
I
I
I
I
. mmap(PRIVATE, ANON) | . mmap(SHARED, ANON)
+
I
I
| 4
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

$ man top
CODE - the “pgms' portion of quadrant 3
DATA - the entire quadrant 1 portion of VIRT plus all
explicit mmap file-backed pages of quadrant 3
RES - anything occupying physical memory which, beginning with
Linux-4.5, is the sum of the following three fields:
RSan - quadrant 1 pages, which include any
former quadrant 3 pages if modified
RSfd - quadrant 3 and quadrant 4 pages
RSsh - quadrant 2 pages
RS1k - subset of RES which cannot be swapped out (any quadrant)
SHR - subset of RES (excludes 1, includes all 2 & 4, some 3)
SWAP - potentially any quadrant except 4
USED - simply the sum of RES and SWAP
VIRT - everything in-use and/or reserved (all quadrants)

Anonymous

File-backed

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

Private

stack
malloc()
brk()/sbrk()
mmap (PRIVATE, ANON)
mmap (PRIVATE, fd)
pgms/shared libs

3

Shared

POSIX shm*
mmap (SHARED, ANON)

mmap (SHARED, fd)

4
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

$ man top
Even though program images and shared libraries are considered private to a process, they will be

Note:

CODE
DATA

RES

RS1k
SHR

SWAP
USED
VIRT

accounted for as shared (SHR) by the kernel.

the “pgms' portion of quadrant 3
the entire quadrant 1 portion of VIRT plus all
explicit mmap file-backed pages of quadrant 3
anything occupying physical memory which, beginning with
Linux-4.5, is the sum of the following three fields:
RSan - quadrant 1 pages, which include any

former quadrant 3 pages if modified
RSfd - quadrant 3 and quadrant 4 pages
RSsh - quadrant 2 pages
subset of RES which cannot be swapped out (any quadra
subset of RES (excludes 1, includes all 2 & 4, some 3
potentially any quadrant except 4 Anonymous
simply the sum of RES and SWAP
everything in-use and/or reserved (all quadrants)

File-backed

Private

stack
malloc()
brk()/sbrk()
mmap (PRIVATE, ANON)
mmap (PRIVATE, fd)
pgms/shared libs

3

Shared

POSIX shm*
mmap (SHARED, ANON)

mmap (SHARED, fd)

4
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

$ man top

VIRT -- Virtual Memory Size (KiB)
The total amount of virtual memory used by the task. It includes all code, data and shared libraries
plus pages that have been swapped out and pages that have been mapped but not used.

See "OVERVIEW, Linux Memory Types' for additional details.
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

$ man top

VIRT -- Virtual Memory Size (KiB)
The total amount of virtual memory used by the task. It includes all code, data and shared libraries
plus pages that have been swapped out and pages that have been mapped but not used.

See "OVERVIEW, Linux Memory Types' for additional details.

2271
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

Linux memory overcommit
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Linux memory overcommit == airline ticket overbooking
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Linux memory overcommit == airline ticket overbooking

uint8_t* arr = new uint8_t[TiB];
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Linux memory overcommit == airline ticket overbooking
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

Linux memory overcommit == airline ticket overbooking

uint8_t* arr = new uint8_t[TiB]; // OK

std: :random_device rd;
std::mt19937 gen(rd());
std::uniform_int_distribution<> distrib(@, TiB-1);
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

Linux memory overcommit == airline ticket overbooking

uint8_t* arr = new uint8_t[TiB]; // OK

std: :random_device rd;

std::mt19937 gen(rd());
std::uniform_int_distribution<> distrib(@, TiB-1);

while (!stop) arr[distrib(gen)] = 1;
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

Boo0OLue roBopsi, 3T0 HacTponka aapa:
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

BoobLiue roBopsi, 3T0 HacTpovika sapa: sysctl vm.overcommit_memory

0

Heuristic overcommit handling. Obvious overcommits of
address space are refused. Used for a typical system. It
ensures a seriously wild allocation fails while allowing
overcommit to reduce swap usage. root is allowed to
allocate slightly more memory in this mode. This is the
default.
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

Boobuie roBopsi, aTo HacTponka agpa: sysctl vm.overcommit_memory

1 - Always overcommit. Appropriate for some scientific
applications. Classic example is code using sparse arrays

and just relying on the virtual memory consisting almost
entirely of zero pages.
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

BoobLiue roBopsi, 3T0 HacTpovika sapa: sysctl vm.overcommit_memory

2

Don't overcommit. The total address space commit
for the system is not permitted to exceed swap + a
configurable amount (default is 50%) of physical RAM.
Depending on the amount you use, in most situations
this means a process will not be killed while accessing
pages but will receive errors on memory allocation as
appropriate.

Useful for applications that want to guarantee their

memory allocations will be available in the future
without having to initialize every page.
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

[MpaBunNbHBLIM OTBETOM Ha BOMNPOC “CKOMbKO NPUoXKeHne Ucrnonb3yet namsatn?” éyaet
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

[MpaBunNbHBLIM OTBETOM Ha BOMNPOC “CKOMbKO NPUoXKeHne Ucrnonb3yet namsatn?” éyaet

“A Bbl C Kakow Lieribio HTepecyeTech?”
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

[MpaBunNbHBLIM OTBETOM Ha BOMNPOC “CKOMbKO NPUoXKeHne Ucrnonb3yet namsatn?” éyaet
“A Bbl C Kakow Lieribio HTepecyeTech?”

“A Bam aTta nHdopmauums, 4Tobbl 4TO?”
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

[MpaBunNbHBLIM OTBETOM Ha BOMNPOC “CKOMbKO NPUoXKeHne Ucrnonb3yet namsatn?” éyaet

“A Bbl C Kakow Lieribio HTepecyeTech?”

NONYrAA HAVYHNHI3AAABATD

BONMPOC(UTOBbI &@,‘-

“A Bam aTta nHdopmauums, 4Tobbl 4TO?”

HOH CTAN PRUD:!.IGT_\_I,_I]

v‘uu"\f';ljd-'
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU
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“A Bbl C Kakow Lieribio HTepecyeTech?”

. . NONVIAA HAVYHITH 3AnABATb
A Bam aTa MHdopmaumsi, 4Tobbl YTO?

BONPOC ulITIleI llTﬂn
Hanpnme Ha camom fene, BO3MOXHO XOTAT OTBETUTb

Ha Bornpoc “a xsatut nu RAM” onsa 3anycka Ha BOT
9TON MaLlnHe?
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nirus
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

[MpaBunNbHBLIM OTBETOM Ha BOMNPOC “CKOMbKO NPUoXKeHne Ucrnonb3yet namsatn?” éyaet

“A Bbl C Kakow Lieribio HTepecyeTech?”

. . NONVIAA HAVYHITH 3AnABATb
A Bam aTa MHdopmaumsi, 4Tobbl YTO?

BONPOC ulITIleI llTﬂn
Hanpnme Ha camom fene, BO3MOXHO XOTAT OTBETUTb

Ha Bornpoc “a xsatut nu RAM” onsa 3anycka Ha BOT
9TON MaLlnHe?

Torga He BaXKHO CKOJSTbKO MPUITOXKEHNE eCT, BaXXHO
ckonbko 6yaet BCEIO noTpayeHo namsaTu

X11 Client + X11 Server — gBa pasHbIX MPUIIOXKEHNSA

HOH CTAN PBUDIIBT (LEAD

nirus
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

[MpaBunNbHBLIM OTBETOM Ha BOMNPOC “CKOMbKO NPUoXKeHne Ucrnonb3yet namsatn?” éyaet

maTtpuua Bpoae:
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

[MpaBunNbHBLIM OTBETOM Ha BOMNPOC “CKOMbKO NPUoXKeHne Ucrnonb3yet namsatn?” éyaet

maTtpuua Bpoae:

MIN

MEAN

MEDIAN

SD

MAX

VIRT

CODE

SHR

DATA

RES
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

Mbl paccMOTpenu TonbKO To, YTO BUAHO Ha ypoBHe OS
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

Mbl paccMOTpenu TonbKO To, YTO BUAHO Ha ypoBHe OS

Ho BHYTpU KaXXOoro NpunoXeHusi CBOM NepcoHarnbHbIN OCOOEeHHbIN aj.
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?
Mbl paccMOTpenu TonbKO To, YTO BUAHO Ha ypoBHe OS

Ho BHYTpU KaXXOoro NpunoXeHusi CBOM NepcoHarnbHbIN OCOOEeHHbIN aj.

uint8 t* p = new uint8 t[GiB];
delete[] p;
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

Mbl paccMOTpenu TonbKO To, YTO BUAHO Ha ypoBHe OS

Ho BHYTpU KaXXOoro NpunoXeHusi CBOM NepcoHarnbHbIN OCOOEeHHbIN aj.

uint8 t* p = new uint8 t[GiB];
delete[] p;
// CKONbKO Tenepb MNamMATU 3aHATO?
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

Ho BHYTpU KaXXOoro NpunoXeHusi CBOM NepcoHarnbHbIN 0COOEeHHbIN aj.

uint8 t* p = new uint8 t[GiB];
delete[] p;
// CKONbKO Tenepb MNamMATU 3aHATO?
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

Ho BHYTpU KaXXOoro NpunoXeHusi CBOM NepcoHarnbHbIN 0COOEeHHbIN aj.

MGHG,EI)KGD NnaMATN MOXET U HE OTAaTb B CUCTEMY NaMATD.

uint8 t* p = new uint8 t[GiB];
delete[] p;
// CKONbKO Tenepb MNamMATU 3aHATO?
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

Ho BHYTpU KaXXOoro NpunoXeHusi CBOM NepcoHarnbHbIN 0COOEeHHbIN aj.

Takke Mbl HE 3HAeM Tporasi OH NaMATb, NI HET.

uint8 t* p = new uint8 t[GiB];
delete[] p;
// CKONbKO Tenepb MNamMATU 3aHATO?
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

Ho BHYTpU KaXXOoro NpunoXeHusi CBOM NepcoHarnbHbIN 0COOEeHHbIN aj.
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

BHyTpu npouecca HeT “6apbepoB” Hanogobue Tex, 4To ectb B OS (BblaeneHHble BUPTYarbHble
afipecHble NMpoCTpaHCTBa).
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

BHyTpu npouecca HeT “6apbepoB” Hanogobue Tex, 4To ectb B OS (BblaeneHHble BUPTYarbHble
agpecHble npocTpaHcTea). B erlang’e ecTb, HO 3TO gpyras uctopu4...
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

BHyTpu npouecca HeT “6apbepoB” Hanogobue Tex, 4To ectb B OS (BblaeneHHble BUPTYarbHble
agpecHble npocTpaHcTea). B erlang’e ecTb, HO 3TO gpyras uctopu4...

[Mo3TOMY NOHATL KTO e “coXxpan” BCHO NaMSATb YXXe BHYTPU MPUITOKEHNA — CYyLLIECTBEHHO
CINOXHee.
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

BHyTpu npouecca HeT “6apbepoB” Hanogobue Tex, 4To ectb B OS (BblaeneHHble BUPTYarbHble
agpecHble npocTpaHcTea). B erlang’e ecTb, HO 3TO gpyras uctopu4...

[Mo3TOMY NOHATL KTO e “coXxpan” BCHO NaMSATb YXXe BHYTPU MPUITOKEHNA — CYyLLIECTBEHHO
CINOXHee.

[Mprnyem “coxpaTb” MOXHO OBOSIKO — KTO-TO MHOTO BbIZESWM, @ KTO-TO OePXUT (YMHbIMU
yKasatenamm)
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

BHyTpu npouecca HeT “6apbepoB” Hanogobue Tex, 4To ectb B OS (BblaeneHHble BUPTYarbHble
agpecHble npocTpaHcTea). B erlang’e ecTb, HO 3TO gpyras uctopu4...

[Mo3TOMY NOHATL KTO e “coXxpan” BCHO NaMSATb YXXe BHYTPU MPUITOKEHNA — CYyLLIECTBEHHO
CINOXHee.

[Mprnyem “coxpaTb” MOXHO OBOSIKO — KTO-TO MHOTO BbIZESWM, @ KTO-TO OePXUT (YMHbIMU
yKasatenamm)

A 4acTb NamMAaTN MOXET NPOCTO yTeub.
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

CambIn NpOCTON BOMPOC: CKOSIbKO NamMATU UCMNOMNb3YyeT?

BHyTpu npouecca HeT “6apbepoB” Hanogobue Tex, 4To ectb B OS (BblaeneHHble BUPTYarbHble
agpecHble npocTpaHcTea). B erlang’e ecTb, HO 3TO gpyras uctopu4...

[Mo3TOMY NOHATL KTO e “coXxpan” BCHO NaMSATb YXXe BHYTPU MPUITOKEHNA — CYyLLIECTBEHHO
CINOXHee.

[Mprnyem “coxpaTb” MOXHO OBOSIKO — KTO-TO MHOTO BbIZESWM, @ KTO-TO OePXUT (YMHbIMU
yKasatenamm)

A 4acTb NamMAaTN MOXET NPOCTO yTeub.

A ellé NHTEPECHO KTO KaK 1 KaK YaCcTo TepebuT MeHeokep namsTu.
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

[NMpodunmMpoBLLMKK cneLlaTt Ha nomoLb!
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[MpodhunupoBaHme NCNosib30BaHUA NaMSATU

[NMpodunmMpoBLLMKK cneLlaTt Ha nomoLb!

[No3BonstoT 3arfiAHyTb BHYTPb NPUINOXEeHUA U NOoMblTaTbCA YTO-TO MNOHATD.
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Valgrind massif
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$ cat wc.cpp

Valgrind massif
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Valgrind massif

$ cat wc.cpp
#tinclude <iostream>

#include <map>
#include <string>

int main() {
std::string in;
std: :map<std::string, int> dict;
while (std::cin >> in)
dict[in]++;
for (auto [k, v] : dict)
std::cout << k << ": " << v << std
return 0;

::endl;
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Valgrind massif

$ cat wc.cpp
#tinclude <iostream>

#include <map>
#include <string>

int main() {
std::string in;
std: :map<std::string, int> dict;
while (std::cin >> in)
dict[in]++;
for (auto [k, v] : dict)
std::cout << k << ": " << v << std::endl;
return 0;

$ g++ -g wc.cpp
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Valgrind massif

$ cat wc.cpp
#tinclude <iostream>

#include <map>
#include <string>

int main() {
std::string in;
std: :map<std::string, int> dict;
while (std::cin >> in)
dict[in]++;
for (auto [k, v] : dict)
std::cout << k << ": " << v << std::endl;
return 0;

$ g++ -g wc.cpp
$ valgrind --tool=massif ./a.out < test file.txt

70



Valgrind massif

$ cat wc.cpp
#tinclude <iostream>

#include <map>
#include <string>

int main() {
std::string in;
std: :map<std::string, int> dict;
while (std::cin >> in)
dict[in]++;
for (auto [k, v] : dict)
std::cout << k << ": " << v << std::endl;
return 0;

$ g++ -g wc.cpp
$ valgrind --tool=massif ./a.out < test file.txt
$ ms_print massif.out.265087 | less
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Valgrind massif
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$ ms_print massif.out.265087 | less

R T T R G

2.074

89

Number of snapshots:
Detailed snapshots:

[5, 6, 18, 20, 31, 35, 39, 46, 49, 59, 69, 79, 84 (peak)]
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$ massif-visualizer massif.out.265087

Valgrind massif
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Valgrind massif

$ massif-visualizer massif.out.265087

- it J

consumption of ./a.out 2.0 MiB: Snapshot #41

Memory

Peak of 3.0 MiB at snapshot #84 2.0 MiB: Snapshot #42

2.1 MiB: Snapshot #43
: Snapshot ;

. Total Memory Heap Consumption
_Io_file_doallocafe ‘
??? (in /usr/lib/x86_64-linux-gnu/libstdc++.50.6.0.33)

4.0 MB

l | | | |

void std::__cxx1l::basic_string<char,... [cost:
| ] std::__new_allocator<std:: Rb tree no... | 2.0 MiB, i.e. 91.04% of snapshot #46
T T T T function:

std::_new allocator<std:: Rb_tree node<std::pair<std:: cxx1l::basic_string<char,
std::char_traits<char>, std::allocator<char> > const, int> > >::allocate(unsigned
long, void const*)

add ol e 0KiB: 722 (in /usr/llb/x86 ‘6a-linux nu/llbstdc++ 50.6.0.33)
B l'e';:s[:eans i , all below massif's threshold (1.00%)

memory heap size

» 165.6 KiB: void std:__cxx11 ::basic_trig<cr, std::char_traits<char>, std::allocator<char>...
» 72.0KiB: 722 (in /usr/lib/x86_64-linux-gnuy/libstdc++.50.6.0.33)
4.0 KiB: in 2 places, all below massif's threshold (1.00%)

timeini

& Memory Chart | = Allocators

‘Custom Allocators | Massif Data




Valgrind massif

$ massif-visualizer massif.out.265087

Memory consumption of ./a.out 2.0 MiB: Snapshot #41

Peak of 3.0 MiB at snapshot #84 2.0 MiB: Snapshot #42

2.1 MiB: Snapshot #43
: ‘Snapshot

Total Memory Heap Consumption
_I0_file_doallocate
727 (in /usr/Llib/x86_64-linux-gnu/libstdcs+.50.6.0.33)
void std::__cxx1l::basic_stringechar,... I I [
std:: _new allocator<std:: Rb_tree no... | ~ 2.0 MiB: allocate (alloc_traits.h:482)
T T ~ 2.0 MiB: std tree<std:__cxx1

::basic_string<c ar,s d:zchar_traits<char>, sl
3 7.1 0 l< m (in /usr/lib/x86_64- llnux—gnu/llbstdc++ 50.6.0.33)
[

» 72.0KiB: 722 (in /usr/lib/x86_64-linux-gnu/libstdc++.50.6.0.33)
2 places, all below massif's threshold (1.00%)

1ev0s

timeini

& Memory Chart | = Allocators

» Bis . new. a
» 165.6 KiB: void std:__cxx11:basic_string<char, std :char_traits<char>, std::

::all
<std:_o(x11 baslc sh'ing«har. sbd :char_traits<char>, sl:d

har tralls<cha|>, 'allocator<cl.\a|>> std: pa

std; ar tra||5<cha|>,

its<char>, std::allocator<char> > const, int> > >::allocate(unsigned lc
g) (in /usr/lib/x86_(

" ;, std:
allocator<char> >:: _cons ruct<char*>(char* char#*, std::forward_iterator _t

octor<char>>:._M_cotruct<char*>(char*, char?*, std::forward_iterator_tag) (in /usr/lib/x86_64-linux-gn...

‘Custom Allocators | Massif Data |




Valgrind massif

TOYHbIN (HE CAMNIIMPYIOLLKUIA MO Taumepy) NPOOUITMPOBLLMK
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Valgrind massif

TOYHbIN (HE CAMNIIMPYIOLLKUIA MO Taumepy) NPOOUITMPOBLLMK

[ataceT npopexusaercs 4ToObl OAHOBPEMEHHO OH Oblfm U KOMMNAKTHBLIM U1 NOSMHbLIM
NHTEPECHbIX CODObITUN
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Valgrind massif

TOYHbIN (HE CAMNIIMPYIOLLKUIA MO Taumepy) NPOOUITMPOBLLMK

[ataceT npopexusaercs 4ToObl OAHOBPEMEHHO OH Oblfm U KOMMNAKTHBLIM U1 NOSMHbLIM
NHTEPECHbIX CODObITUN

BHelwHnn oTHOoCUTENBHO PabOThI NPUNOXKEHNS
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Valgrind massif

TOYHbIN (HE CAMNIIMPYIOLLKUIA MO Taumepy) NPOOUITMPOBLLMK

[ataceT npopexusaercs 4ToObl OAHOBPEMEHHO OH Oblfm U KOMMNAKTHBLIM U1 NOSMHbLIM
NHTEPECHbIX CODObITUN

BHelwHnn oTHOoCUTENBHO PabOThI NPUNOXKEHNS

OYEHb MEOJIEHHbIN!
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TCMalloc Heap Profiler
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TCMalloc Heap Profiler

“‘BHYTpEeHHUIN” — MeHeXepa NaMATU KYyCOK
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TCMalloc Heap Profiler

“‘BHYTpEeHHUIN” — MeHeXepa NaMATU KYyCOK

He kaxabin TCMalloc ognHakoBo noneseH

82



TCMalloc Heap Profiler

“‘BHYTpEeHHUIN” — MeHeXepa NaMATU KYyCOK

He kaxabin TCMalloc ognHakoBo noneseH
HaM HY>XeH TOT, YTO ABNsSeTcA YacTbto gperftools
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TCMalloc Heap Profiler

“‘BHYTpEeHHUIN” — MeHeXepa NaMATU KYyCOK

He kaxabin TCMalloc ognHakoBo noneseH
HaM HY>XeH TOT, YTO ABNsSeTcA YacTbto gperftools

MoxHO ncnonb3oaTb npocto Yepes LD PRELOAD
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TCMalloc Heap Profiler

“‘BHYTpEeHHUIN” — MeHeXepa NaMATU KYyCOK
He kaxabin TCMalloc ognHakoBo noneseH

HaM HY>XeH TOT, YTO ABNsSeTcA YacTbto gperftools
MoxHO ncnonb3oaTb npocto Yepes LD PRELOAD

N pa, oH TOXe TOYHbIN
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TCMalloc Heap Profiler

$ cat wc.cpp
#tinclude <iostream>

#include <map>
#include <string>

int main() {
std::string in;
std: :map<std::string, int> dict;
while (std::cin >> in)
dict[in]++;
for (auto [k, v] : dict)
std::cout << k << ": " << v << std::endl;
return 0;

}
$ g++ -g wc.cpp
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TCMalloc Heap Profiler

$ cat wc.cpp
#tinclude <iostream>

#include <map>
#include <string>

int main() {
std::string in;
std: :map<std::string, int> dict;
while (std::cin >> in)
dict[in]++;
for (auto [k, v] : dict)
std::cout << k << ": " << v << std::endl;
return 0;
}

$ g++ -g wc.cpp
$ export HEAPPROFILE=/path/to/report/my_report
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TCMalloc Heap Profiler

$ cat wc.cpp
#tinclude <iostream>

#include <map>
#include <string>

int main() {
std::string in;
std: :map<std::string, int> dict;
while (std::cin >> in)
dict[in]++;
for (auto [k, v] : dict)
std::cout << k << ": " << v << std::endl;
return 0;

}

$ g++ -g wc.cpp

$ export HEAPPROFILE=/path/to/report/my_ report

$ LD _PRELOAD=/usr/lib/x86_ 64-1linux-gnu/libtcmalloc.s0.4.5.16 ./a.out < test file.txt
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TCMalloc Heap Profiler

$ cat wc.cpp
#tinclude <iostream>

#include <map>
#include <string>

int main() {
std::string in;
std: :map<std::string, int> dict;
while (std::cin >> in)
dict[in]++;
for (auto [k, v] : dict)
std::cout << k << ": " << v << std::endl;
return 0;

}

$ g++ -g wc.cpp

$ export HEAPPROFILE=/path/to/report/my_report

$ LD _PRELOAD=/usr/lib/x86_64-1linux-gnu/libtcmalloc.s0.4.5.16 ./a.out < test file.txt
$ pprof --text --alloc_space ./a.out my_report.0001.heap
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TCMalloc Heap Profiler

$ pprof --text --alloc_space ./a.out my_report.0001.heap
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File: a.out

Type: alloc_space
Showing nodes accounting for 3165.38kB, 99
Dropped 16 nodes (cum <=
flat flat%
2795.06kB 88.16%
370.31kB 11.68%

0

OO0 OO0 O0OOOOOOOOOGOOO

0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

88.
99.
99.
99.
99.
99.
99.
99.
99.
99.
99.
99.
99.
99.
99.
99.

sum%
16%
84%
84%
84%
84%
84%
84%
84%
84%
84%
84%
84%
84%
84%
84%
84%

TCMalloc Heap Profiler

$ pprof --text --alloc_space ./a.out my_report.0001.heap

15.85kB)

2795.
370.
3170.
3170.
3170.
3170.
2980.
185.
2980.
2980.
2795.
185.
2795.
185.
2980.
370.

cum
06kB
31kB
41kB
41kB
41kB
41kB
22kB
16kB
22kB
22kB
06kB
16kB
06kB
16kB
22kB
31kB

cum%
88.16%
11.68%
100%
100%
100%
100%
94 .00%
5.84%
94 .00%
94 .00%
88.16%
5.84%
88.16%
5.84%
94 .00%
11.68%

.84% of 3170.41kB total

std:: new _allocator::allocate
std::__cxx1l::basic_string:: M construct
_libc_start _call main
_libc_start_main_impl

main

start

std:: Rb_tree:: Auto node:: Auto node
std:: Rb_tree:: M construct_node

std:: Rb_tree:: M create_node

std:: Rb_tree:: M emplace hint _unique
std::_Rb_tree:: M get node
std::__new_allocator::construct (inline)
std::allocator_traits::allocate (inline)
std::allocator_traits::construct (inline)
std::map: :operator[]

std::pair::pair
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TCMalloc Heap Profiler

$ pprof --gv --alloc_space ./a.out my_report.0001.heap
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$ pprof

185.16kB

TCMalloc Heap Profiler

X
main
0 of 3170.41kB (100%)

2980.22kB

std
map

operator(]
0 of 2980.22kB (94.00%)

2980.22kB

J—

_Rb_tree
_M_emplace_hint_unique
0 of 2980.22kB (94.00%)

- —

_Auto_node
_Auto_node
0 of 2980.22kB (94.00 %)

a—

_Rb_tree
_M_create_node
0 of 2980.22kB (94.00%)

185.16kB§2795.06kB

_Rb_tree
_M_construct_node
0 of 185.16kB (5.84%)

_Rb_tree
_M_get_node
0 of 2795.06kB (88.16%)

5 e

185.16kB
(inline)

std
allocator_traits

construct
0 of 185.16kB (5.84%)

2795.06kB

(inline)

P
>y

allocator_traits

allocate
0 of 2795.06kB (88.16%)

2980.22kB

2980.22kB

N

185.16kB
(inline)

std

allocator_traits
construct

0 of 185.16kB (5.84%)

2795.06kB
(inline)

allocate
0 of 2795.06kB (88.16%)

std
allocator_traits

185.16kB 2795.06kB
(inline)
std
e __new_allocator
0 of 18‘:5‘).72:(';0(.5.84%) allo C ate
2795.06kB (88.16%)
185.16kB 2795.06kB
sl§|
RN 728

pair
0 of 370.31kB (11.68%)

370.31kB

std
__(oodll
basic_string
_M_construct
370.31kB (11.68%)

370.31kB

19B

I

93



Toxe Koe-4To MOryT.

ASAN/LSAN
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ASAN/LSAN

Toxe Koe-4To MOryT.

OHW 3aMeHSIT CUCTEMHBIN MEHeKep NaMATU CBOUM (B 3TOM nriaHe oHu Kak TCMalloc)
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ASAN/LSAN

Toxe Koe-4To MOryT.
OHW 3aMeHSIT CUCTEMHBIN MEHeKep NaMATU CBOUM (B 3TOM nriaHe oHu Kak TCMalloc)

Tak YTO 3HAlOT U CKOSIbKO NaMATU 3aHATO, U XpaHAT stacktrace onsa kaxgown annokauum
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ASAN/LSAN

Toxe Koe-4To MOryT.
OHW 3aMeHSIT CUCTEMHBIN MEHeKep NaMATU CBOUM (B 3TOM nriaHe oHu Kak TCMalloc)

Tak YTO 3HAlOT U CKOSIbKO NaMATU 3aHATO, U XpaHAT stacktrace onsa kaxgown annokauum

// Prints stack traces for all live heap allocations ordered by total

// allocation size until top_percent of total live heap is shown. Top_percent

// should be between 1 and 100. At most max_number_of_contexts contexts

// (stack traces) are printed.

// Experimental feature currently available only with ASan on Linux/x86_64.

void SANITIZER_CDECL __sanitizer_print_memory_profile(size_t top_percent, size t max_number_of_contexts);
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ASAN/LSAN

$ cat wc.cpp

#include
#include
#include
#include

<iostream>

<map>

<string>
<sanitizer/asan_interface.h>

int main() {
std::string in;
std: :map<std::string, int> dict;
while (std::cin >> in) {

}

dict[in]++;

int i=0;
for (auto [k, v] : dict) {

}

std::cout << k <« << Vv << std::endl;

__sanitizer_print_memory_profile(100, 1000);
return 0;
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ASAN/LSAN

$ cat wc.cpp

#include
#include
#include
#include

<iostream>

<map>

<string>
<sanitizer/asan_interface.h>

int main() {
std::string in;
std: :map<std::string, int> dict;
while (std::cin >> in) {

}

dict[in]++;

int i=0;
for (auto [k, v] : dict) {

}

std::cout << k <« << Vv << std::endl;

__sanitizer_print_memory_profile(100, 1000);
return 0;

$ g++ -fsanitize=address wc.cpp
$ ./a.out < test_file.txt
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ASAN/LSAN

$ cat wc.cpp
$ ./a.out < test_file.txt

Live Heap Allocations: 3130715 bytes in 49304 chunks; quarantined: 189600 bytes in 9546 chunks; 2084 other
chunks; total chunks: 60934; showing top 100% (at most 1000 unique contexts)

2862144 byte(s) (91%) in 39752 allocation(s)

#0 Ox7f784c8fe548 in operator new(unsigned long)
o/o./../../src/libsanitizer/asan/asan_new_delete.cpp:95

#1 Ox614c930362a3 in std::_new_allocator<std:: Rb_tree_node<std::pair<std::__cxx1ll::basic_string<char,
std::char_traits<char>, std::allocator<char> > const, int> > >::allocate(unsigned long, void const*)
/usr/include/c++/13/bits/new_allocator.h:151

189600 byte(s) (6%) in 9546 allocation(s)

#0 Ox7f784c8fe548 in operator new(unsigned long)
o/o./../../src/libsanitizer/asan/asan_new_delete.cpp:95

#1 Ox7f784c56b85a in void std::__cxx1l::basic_string<char, std::char_traits<char>, std::allocator<char>
>::_M construct<char*>(char*, char*, std::forward_iterator_tag)
(/1ib/x86_64-1inux-gnu/libstdc++.s0.6+0x16b85a) (BuildId: ca77dae775ec87540acd7218fa990c40d1c94abl)

73728 byte(s) (2%) in 1 allocation(s)
#0 Ox7f784c8fd9c7 in malloc ../../../../src/libsanitizer/asan/asan_malloc_linux.cpp:69
#1 Ox7f784c4b738e (/1lib/x86_64-1linux-gnu/libstdc++.s0.6+0xb738e) (BuildId:
ca77dae775ec87540acd7218fa990c40d1c94abl)
#2 Ox7f784docd71le in call_init elf/dl-init.c:74
#3 Ox7f784d0cd823 in call _init elf/dl-init.c:120

#4 Ox7f784d0cd823 in _dl init elf/dl-init.c:121 100



ASAN/LSAN

// Prints stack traces for all live heap allocations ordered by total

// allocation size until top_percent of total live heap is shown. Top_percent

// should be between 1 and 100. At most max_number_of_contexts contexts

// (stack traces) are printed.

// Experimental feature currently available only with ASan on Linux/x86_64.

void SANITIZER_CDECL __sanitizer_print_memory_profile(size_t top_percent, size t max_number_of_contexts);
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ASAN/LSAN

// Prints stack traces for all live heap allocations ordered by total

// allocation size until top_percent of total live heap is shown. Top_percent

// should be between 1 and 100. At most max_number_of_contexts contexts

// (stack traces) are printed.

// Experimental feature currently available only with ASan on Linux/x86_64.

void SANITIZER_CDECL __sanitizer_print_memory_profile(size_t top_percent, size t max_number_of_contexts);

/* Number of bytes, allocated and not yet freed by the application. */
size_t SANITIZER_CDECL __sanitizer_get_current_allocated_bytes(void);
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ASAN/LSAN

// Prints stack traces for all live heap allocations ordered by total

// allocation size until top_percent of total live heap is shown. Top_percent

// should be between 1 and 100. At most max_number_of_contexts contexts

// (stack traces) are printed.

// Experimental feature currently available only with ASan on Linux/x86_64.

void SANITIZER_CDECL __sanitizer_print_memory_profile(size_t top_percent, size t max_number_of_contexts);

/* Number of bytes, allocated and not yet freed by the application. */
size_t SANITIZER_CDECL __sanitizer_get_current_allocated_bytes(void);

/* Number of bytes, mmaped by the allocator to fulfill allocation requests.
Generally, for request of X bytes, allocator can reserve and add to free
lists a large number of chunks of size X to use them for future requests.
All these chunks count toward the heap size. Currently, allocator never
releases memory to OS (instead, it just puts freed chunks to free
lists). */

size_t SANITIZER_CDECL __sanitizer_get_heap_size(void);
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ASAN/LSAN

// Prints stack traces for all live heap allocations ordered by total

// allocation size until top_percent of total live heap is shown. Top_percent

// should be between 1 and 100. At most max_number_of_contexts contexts

// (stack traces) are printed.

// Experimental feature currently available only with ASan on Linux/x86_64.

void SANITIZER_CDECL __sanitizer_print_memory_profile(size_t top_percent, size t max_number_of_contexts);

/* Number of bytes, allocated and not yet freed by the application. */
size_t SANITIZER_CDECL __sanitizer_get_current_allocated_bytes(void);

/* Number of bytes, mmaped by the allocator to fulfill allocation requests.
Generally, for request of X bytes, allocator can reserve and add to free
lists a large number of chunks of size X to use them for future requests.
All these chunks count toward the heap size. Currently, allocator never
releases memory to OS (instead, it just puts freed chunks to free
lists). */

size_t SANITIZER_CDECL __sanitizer_get_heap_size(void);

/* Number of bytes, mmaped by the allocator, which can be used to fulfill
allocation requests. When a user program frees memory chunk, it can first
fall into quarantine and will count toward __sanitizer_get_ free_bytes()
later. */
size t SANITIZER CDECL _ sanitizer get free_bytes(void); 104



ASAN/LSAN

MOo>KHO NOCTpPOUTb Ha 6a3e aToro CaMNIANPYHOLLMIA NPOUNNPOBLLMK.
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ASAN/LSAN

MOo>KHO NOCTpPOUTb Ha 6a3e aToro CaMNIANPYHOLLMIA NPOUNNPOBLLMK.

Hanpumep B Buge noarpyxaemom vyepes LD _PRELOAD gunHamuyeckon 6ubnmnotekm
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ASAN/LSAN

MOo>KHO NOCTpPOUTb Ha 6a3e aToro CaMNIANPYHOLLMIA NPOUNNPOBLLMK.
Hanpumep B Buge noarpyxaemom vyepes LD _PRELOAD gunHamuyeckon 6ubnmnotekm

(Ha ogHOM M3 NpeablayLwmX AOKNaAoB A Aenan a1o, NUWKUTE eCrln XOTUTE NOBTOPEHNSA Ha
nogkacte Pure Virtual Cast :-) )
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ASAN/LSAN

MOo>KHO NOCTpPOUTb Ha 6a3e aToro CaMNIANPYHOLLMIA NPOUNNPOBLLMK.
Hanpumep B Buge noarpyxaemom vyepes LD _PRELOAD gunHamuyeckon 6ubnmnotekm

(Ha ogHOM M3 NpeablayLwmX AOKNaAoB A Aenan a1o, NUWKUTE eCrln XOTUTE NOBTOPEHNSA Ha
nogkacte Pure Virtual Cast :-) )

Ho xoTenocb TO He CAOMMNNUPYIOLLLErO, a8 TOYHOTO.

OueBMAHO Y NHPPACTPYKTYpPbl CAHUTAN3EPOB Y>Ke eCTb BCE HeobxoamMmoe Asisi Toro, YToObl
caenartb YTO-TO NOXoXee Ha To, 4YTo ecTb B TCMalloc.
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ASAN/LSAN

MOo>KHO NOCTpPOUTb Ha 6a3e aToro CaMNIANPYHOLLMIA NPOUNNPOBLLMK.
Hanpumep B Buge noarpyxaemom vyepes LD _PRELOAD gunHamuyeckon 6ubnmnotekm

(Ha ogHOM M3 NpeablayLwmX AOKNaAoB A Aenan a1o, NUWKUTE eCrln XOTUTE NOBTOPEHNSA Ha
nogkacte Pure Virtual Cast :-) )

Ho xoTenock T0 He camMnNupytoLero, a TOYHOro.
OueBMAHO Y NHPPACTPYKTYpPbl CAHUTAN3EPOB Y>Ke eCTb BCE HeobxoamMmoe Asisi Toro, YToObl
caenartb YTO-TO NOXoXee Ha To, 4YTo ecTb B TCMalloc.

Tonbko nyduwe!
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ASAN/LSAN

MOo>KHO NOCTpPOUTb Ha 6a3e aToro CaMNIANPYHOLLMIA NPOUNNPOBLLMK.
Hanpumep B Buge noarpyxaemom vyepes LD _PRELOAD gunHamuyeckon 6ubnmnotekm

(Ha ogHOM M3 NpeablayLwmX AOKNaAoB A Aenan a1o, NUWKUTE eCrln XOTUTE NOBTOPEHNSA Ha
nogkacte Pure Virtual Cast :-) )

Ho xoTenock T0 He camMnNupytoLero, a TOYHOro.
OueBMAHO Y NHPPACTPYKTYpPbl CAHUTAN3EPOB Y>Ke eCTb BCE HeobxoamMmoe Asisi Toro, YToObl
caenartb YTO-TO NOXoXee Ha To, 4YTo ecTb B TCMalloc.

Tonbko nyduwe!

(a camomy peanusoBbIBaTb HE XOYETCSA)
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Mon nobumblin npoekxT!

compiler_rt
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compiler_rt

[spoiler alert!]
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[spoiler alert!]

compiler_rt

livm-project / compiler-rt / lib /

Name

BlocksRuntime
asan
asan_abi
builtins

cfi
ctx_profile
dfsan
fuzzer
gwp_asan
hwasan
interception
Isan
memprof
msan

nsan

orc

Last commit message

[compiler-rt] Test commit: remove some trailing white spaces.

[asan][win] Fix CreateThread leak (#126738)

[Sanitizers][ABI] Remove too strong assert in asan_abi_shim (#81696)
[compiler-rt] Add support for big endian for Arm's __negdf2vfp (#127096)
[CFI] Allow LoongArch (#¥67314)

[ctxprof] Flat profile collection (#130655)

[sanitizer] VReport BeforeFork/AfterFork (#111900)

[libfuzzer] Clarify -max_len behavior on bigger files (#123095)

[gwp_asan] Soft-transition ZXTEST_USE_STREAMABLE_MACROS removal (#121887
[asan][hwasan] Link RTUbsan_cxx into shared runtime

[win/asan] GetInstructionSize: Support some more 7 or 8 byte instruct...
[compiler-rt] Remove support and workarounds for Android 4 and older (#...
[MemProf] Use correct print_text value (#125793)

[Ubsan][Driver] Remove UBSAN C++ runtime from other sanitizers (#121006)
[sanitizer] Replace uptr by usize/SIZE_T in interfaces
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[ORC-RT] Rename 'orc_rt_*CWrapper*' types and functions to 'orc_rt_*W...
PP P



compiler_rt

livm-project / compiler-rt / lib /

Name

BlocksRuntime
asan
asan_abi
builtins

cfi
ctx_profile
dfsan
fuzzer
gwp_asan
hwasan
interception
Isan
memprof
msan

nsan

orc

Last commit message

[compiler-rt] Test commit: remove some trailing white spaces.

[asan][win] Fix CreateThread leak (#126738)

[Sanitizers][ABI] Remove too strong assert in asan_abi_shim (#81696)
[compiler-rt] Add support for big endian for Arm's __negdf2vfp (#127096)
[CFI] Allow LoongArch (#¥67314)

[ctxprof] Flat profile collection (#130655)

[sanitizer] VReport BeforeFork/AfterFork (#111900)

[libfuzzer] Clarify -max_len behavior on bigger files (#123095)

[gwp_asan] Soft-transition ZXTEST_USE_STREAMABLE_MACROS removal (#121887
[asan][hwasan] Link RTUbsan_cxx into shared runtime

[win/asan] GetInstructionSize: Support some more 7 or 8 byte instruct...
[compiler-rt] Remove support and workarounds for Android 4 and older (#...
[MemProf] Use correct print_text value (#125793)

[Ubsan][Driver] Remove UBSAN C++ runtime from other sanitizers (#121006)
[sanitizer] Replace uptr by usize/SIZE_T in interfaces
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PP P



[MemProf] profiler

H teresajohnson committed on Oct 16, 2020

[MemProf] Memory profiling runtime support

See RFC for background:
http://lists.llvm.org/pipermail/llvm-dev/2020-June/142744.html

Follow on companion to the clang/llvm instrumentation support in D85948
and committed earlier.

This patch adds the compiler-rt runtime support for the memory
profiling.

Note that much of this support was cloned from asan (and then greatly
simplified and renamed). For example the interactions with the
sanitizer_common allocators, error handling, interception, etc.
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[MemProf] profiler

H teresajohnson committed on Oct 16, 2020

[MemProf] Memory profiling runtime support

See RFC for background:
http://lists.llvm.org/pipermail/llvm-dev/2020-June/142744.html

Follow on companion to the clang/llvm instrumentation support in D85948
and committed earlier.

This patch adds the compiler-rt runtime support for the memory

profiling.
XOPOLO!

Note that much of this support was cloned from asan (and then greatly
simplified and renamed). For example the interactions with the
sanitizer_common allocators, error handling, interception, etc.
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[MemProf] profiler

H teresajohnson committed on Oct 16, 2020

[MemProf] Memory profiling runtime support

See RFC for background:
http://lists.llvm.org/pipermail/llvm-dev/2020-June/142744.html

Follow on companion to the clang/llvm instrumentation support in D85948
and committed earlier.

CTpaHHo...
This patch adds the compiler-rt runtime support for the memory

profiling.
XOPOLO!

Note that much of this support was cloned from asan (and then greatly
simplified and renamed). For example the interactions with the
sanitizer_common allocators, error handling, interception, etc.
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[MemProf] profiler

A 4yTb panbLue:

118



[MemProf] profiler

A 4yTb panbLue:

The profile information will be used first for tooling,
and subsequently to guide the compiler optimizer and allocation runtime to

layout heap objects with improved spatial locality.
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[MemProf] profiler

A 4yTb panbLue:

The profile information will be used first for tooling,

and subsequently to guide the compiler optimizer and allocation runtime to
layout heap objects with improved spatial locality.

Mpodunuposka namatn ana PGO? To ecTb Anga ontuMmmnsayum BpeMeHn KoMNnnaummn?
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[MemProf] profiler

A 4yTb panbLue:

The profile information will be used first for tooling,

and subsequently to guide the compiler optimizer and allocation runtime to
layout heap objects with improved spatial locality.

Mpodunuposka namatn ana PGO? To ecTb Anga ontuMmmnsayum BpeMeHn KoMNnnaummn?

WAI
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[MemProf] profiler

[aBanTe cnepsa pasbepemcs kak MemProf cobupaet npodunb
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[MemProf] profiler

[aBanTe cnepsa pasbepemcs kak MemProf cobupaet npodunb

A 4To 3a npodunb Takonm oOHO cobupaet
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[MemProf] profiler

MemProf ycTponctBOM CBOMM MakcnumaribHO Noxox Ha ASAN
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[MemProf] profiler

MemProf ycTponctesom cBoMM MakcmmarnbHO rnoxox Ha ASAN

AHaTOMUSA

Anekcen BecenoBckum

Add resssa n itize r Align Technology
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[MemProf] profiler

MemProf ycTponctBoM CBOMM MakcnumasribHO noxox Ha ASAN:

Kaxxabim 64 6antam user memory cootBeTcTByeT 8 6ant shadow memory
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[MemProf] profiler

MemProf ycTponctBom cBoMM MakcmarbHO noxox Ha ASAN:
Kaxxabim 64 6arTam user memory cooTBeTcTBYyeT 8 6antT shadow memory:

shadow_addr = (address >> 6)*8 + kOffset;
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[MemProf] profiler

MemProf ycTponctBom cBoMM MakcumaribHO noxox Ha ASAN:
Kaxxgbim 64 6antam user memory cooTBeTcTByeT 8 6ant shadow memory:

shadow_addr = (address >> 6)*8 + kOffset;

address = 16;

0 16 |17 |18 |19 63 | ... 100 | 101 | 102 | 103 4 104 | 105 | 106 | 107 | 108 | 109 | 110
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Kaxxgbim 64 6antam user memory cooTBeTcTByeT 8 6ant shadow memory:

shadow_addr =

address = 16;

(address >> 6)*8 + kOffset;

[MemProf] profiler

MemProf ycTponctBom cBoMM MakcumaribHO noxox Ha ASAN:

0 16

17

18

19

63

100

101

102

103

104

105

106

107

108

109

110

kOffset = 100; // TyT HaunHaeTca shadow memory
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[MemProf] profiler

MemProf ycTponctBom cBoMM MakcumaribHO noxox Ha ASAN:
Kaxxgbim 64 6antam user memory cooTBeTcTByeT 8 6ant shadow memory:

shadow_addr = (address >> 6)*8 + kOffset;

address = 16;

0 16 |17 |18 |19 63 | ... 100 | 101 | 102 | 103 4 104 | 105 | 106 | 107 | 108 | 109 | 110

kOffset = 100; // TyT HaunHaeTca shadow memory

shadow_addr = (16 >> 6)*8 + 100 =
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[MemProf] profiler

MemProf ycTponctBom cBoMM MakcumaribHO noxox Ha ASAN:
Kaxxgbim 64 6antam user memory cooTBeTcTByeT 8 6ant shadow memory:

shadow_addr = (address >> 6)*8 + kOffset;

address = 16;

0 16 |17 |18 |19 63 | ... 100 | 101 | 102 | 103 4 104 | 105 | 106 | 107 | 108 | 109 | 110

kOffset = 100; // TyT HaunHaeTca shadow memory

shadow_addr = (16 >> 6)*8 + 100 = (16 / 64)*8 + 100
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[MemProf] profiler

MemProf ycTponctBom cBoMM MakcumaribHO noxox Ha ASAN:
Kaxxgbim 64 6antam user memory cooTBeTcTByeT 8 6ant shadow memory:

shadow_addr = (address >> 6)*8 + kOffset;

address = 16;

0 16 |17 |18 |19 63 | ... 100 | 101 | 102 | 103 4 104 | 105 | 106 | 107 | 108 | 109 | 110

kOffset = 100; // TyT HaunHaeTca shadow memory

shadow_addr = (16 >> 6)*8 + 100 = (16 / 64)*8 + 100 = 0*8 + 100;
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Kaxxgbim 64 6antam user memory cooTBeTcTByeT 8 6ant shadow memory:

shadow_addr =

address = 16;

(address >> 6)*8 + kOffset;

[MemProf] profiler

MemProf ycTponctBomM cBOMM MakcnmarsrbHO noxox Ha ASAN:

0 16

17

18

19

63

100

101

102

103

104

105

106

107

108

109

110

kOffset = 100; // TyT HaunHaeTca shadow memory

shadow_addr =

(16 >> 6)*8 + 100 = (16 / 64)*8 + 100 = 0*8 + 100 = 100;
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shadow_addr

address =

16;

kOffset = 100; // TyT HaunHaeTca shadow memory
(16 >> 6)*8 + 100 = (16 / 64)*8 + 100 = ©0*8 + 100 = 100;

shadow_addr

[MemProf] profiler

Kaxxgbim 64 6antam user memory cooTBeTcTByeT 8 6ant shadow memory:
(address >> 6)*8 + kOffset;

0

16

17

18

19

63

100

101

102

103

104

105

106

107

108

109

110

Komnunstop gobaenseT oon MHCTPYKUUK K kaxkgoMy load/store (mosTomy Hy»Ha MHCTpyMeHTauus

koaa!)
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shadow_addr

address =

16;

kOffset = 100; // TyT HaunHaeTca shadow memory
(16 >> 6)*8 + 100 = (16 / 64)*8 + 100 = ©0*8 + 100 = 100;

shadow_addr

[MemProf] profiler

Kaxxgbim 64 6antam user memory cooTBeTcTByeT 8 6ant shadow memory:
(address >> 6)*8 + kOffset;

0

16

17

18

19

63

100

101

102

103

104

105

106

107

108

109

110

Komnunstop gobaenseT oon MHCTPYKUUK K kaxkgoMy load/store (mosTomy Hy»Ha MHCTpyMeHTauus

koaa!)

*a = 14;

135




address = 16;

kOffset = 100; // TyT HaunHaeTca shadow memory
shadow_addr = (16 >> 6)*8 + 100 = (16 / 64)*8 + 100 = 0*8 + 100 = 100;

[MemProf] profiler

Kaxxgbim 64 6antam user memory cooTBeTcTByeT 8 6ant shadow memory:
shadow_addr = (address >> 6)*8 + kOffset;

0 . 16 17 18 19

63

100

101

102

103

104

105

106

107

108

109

110

Komnunstop gobaenseT oon MHCTPYKUUK K kaxkgoMy load/store (mosTomy Hy»Ha MHCTpyMeHTauus

koaa!)

*a = 14; > uint8 t* addr = a;
uinté4_t* shadow_addr
(*shadow_addr)++;

*a = 14;

= (addr>>6)*8 + kOffset;
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[MemProf] profiler

Kaxxgbim 64 6antam user memory cooTBeTcTByeT 8 6ant shadow memory:
shadow_addr = (address >> 6)*8 + kOffset;

address = 16;

kOffset = 100; // TyT HaunHaeTca shadow memory
shadow_addr = (16 >> 6)*8 + 100 = (16 / 64)*8 + 100 = 0*8 + 100 = 100;

0 . 16 | 17 18 | 19 . 63 | ... 100 | 101 | 102 | 103 A 104 | 105 | 106 | 107 | 108 | 109 | 110

Komnunsatop gobaBnaeTt 4on MHCTPYKLMK K Kaxxgomy load/store (Mo3aToMy Hy>KHa MHCTPYMEHTaLNS
koaa!)

*a = 14; > uint8 t* addr = a;
uint64_t* shadow_addr = (addr>>6)*8 + kOffset;
(*shadow_addr)++;
*a = 14;

[a, shadow memory ncnonb3yetcs ansa yvyeta ymcna obpaweHuin K gaHHOM s4yerike namsTu!
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[MemProf] profiler

To ectb MemProf Toxxe cMoTpuT ncnosib3osaHune namatn. Ho gpyroe! Kak yacto eé untarb-nucatb.
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[MemProf] profiler

To ectb MemProf Toxxe cMoTpuT ncnosib3osaHune namatn. Ho gpyroe! Kak yacto eé untarb-nucatb.
C cepeauHbl 2024 roga ecTb 1 OPYron peXuM rpaHynsapHocTb: 8 6ant memory B 1 6anT shadow:

shadow_addr = (address >> 3) + kOffset;

139



[MemProf] profiler

To ectb MemProf Toxxe cMoTpuT ncnosib3osaHune namatn. Ho gpyroe! Kak yacto eé untarb-nucatb.

C cepeauHbl 2024 roga ecTb 1 OPYron peXuM rpaHynsapHocTb: 8 6ant memory B 1 6anT shadow:

shadow_addr = (address >> 3) + kOffset;

B aTOM crniyyae ecnu cHeTYMK JOCTUI MakKCUMarbHOro 3HavyeHuns (255), OH Janblle He yBenndnBaeTcs.
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[MemProf] profiler

To ectb MemProf Toxxe cMoTpuT ncnosib3osaHune namatn. Ho gpyroe! Kak yacto eé untarb-nucatb.

C cepeauHbl 2024 roga ecTb 1 OPYron peXuM rpaHynsapHocTb: 8 6ant memory B 1 6anT shadow:

shadow_addr = (address >> 3) + kOffset;

B aTOM cnyyae ecnu cHeTYMK OCTUI MakCUMarnbHOro 3HavyeHus (255), OH ganbLle He yBenninBaeTcs.

N Toraa ato coBcem noxoxe Ha ASAN.
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[MemProf] profiler

HighMem m

Address Sanitizer ocHoBHaa naes
shadow_address = (address >> 3) + kOffset; (T T
kOffset = Ox7fff8000; // for x86_64 linux

[0x10007fff8000, |, .
ex7FfFEFEFEFEF] | HIBhMem
[0x02008Fff7000, |, ,.
ox10007FFf7£Ff] | HighShadow
[0x00008f 17000, 0x10007fff88R0
ox02008fffefff] onadowGap Q‘ [3]  Mighshadow
[0x00007 3000,
[exeeees-F-F-FGf-Ff] QO oxscoess 700 T
0X000000000000, owShadow
0x00007 FFF7FFf] LowMem Q(»Q 0Xx00007fff80 -
[ T
w 0X00000VVLLBLO I




[MemProf] profiler

[aBanTte nonpobyem 3ancrnonb3oBaTb B pexume 8 6ant Ha 1 banT (Histogram mode):

$ cat struct.cpp
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[aBanTte nonpobyem 3ancrnonb3oBaTb B pexume 8 6ant Ha 1 banT (Histogram mode):

$ cat struct.cpp
#include <stdint.h>

struct S {
uinté4_t a;
char c;
uinté64_t d;
s

int main() {

S* s = new S{0,0,0},;
for (int i=0; i<10; ++i) s->a += i;

S->C
S->C
S->C
s->d
s->d

s
P
P
s->a + S->C;
S->C;

[MemProf] profiler
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[aBanTte nonpobyem 3ancrnonb3oBaTb B pexume 8 6ant Ha 1 banT (Histogram mode):

$ cat struct.cpp
#include <stdint.h>

struct S {
uinté4_t a;
char c;
uinté64_t d;
s
int main() {
S* s = new S{0,0,0},;
for (int i=0; i<10; ++i) s->a += i;
s->c = 'c';
s->c = 'p’;
s->c = 'p';
s->d = s->a + s->C;
s->d = s->C;
}
$ clang++ -g -fmemory-profile -mllvm

[MemProf] profiler

-memprof-histogram struct.cpp
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[aBanTte nonpobyem 3ancrnonb3oBaTb B pexume 8 6ant Ha 1 banT (Histogram mode):

$ cat struct.cpp
#include <stdint.h>

struct S {
uinté4_t a;
char c;
uinté64_t d;
s

int main() {

S* s = new S{0,0,0},;
for (int i=0; i<10; ++i) s->a += i;

S->C
S->C
S->C
s->d
s->d

}

$ clang++ -g -fmemory-profile -mllvm -memprof-histogram struct.cpp
$ MEMPROF_OPTIONS=print_text=1 ./a.out

s
P
P
s->a + S->C;
S->C;

[MemProf] profiler
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[MemProf] profiler

[aBanTte nonpobyem 3ancrnonb3oBaTb B pexume 8 6ant Ha 1 banT (Histogram mode):

$ cat struct.cpp
#include <stdint.h>

struct S {
uinté4_t a;
char c;
uinté64_t d;
s

int main() {
S* s = new S{0,0,0},;
for (int i=0; i<10; ++i) s->a += i;

s->c = 'c';
s->c = 'p';
s->c = 'p’;
s->d = s->a + s->C;

s->d

S->C;

}

$ clang++ -g -fmemory-profile -mllvm -memprof-histogram struct.cpp
$ MEMPROF_OPTIONS=print_text=1 ./a.out

$ less memprof.profraw.301305
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[MemProf] profiler

[aBanTte nonpobyem 3ancrnonb3oBaTb B pexume 8 6ant Ha 1 banT (Histogram mode):

$ less memprof.profraw.301305
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[MemProf] profiler

[aBavite nonpobyem 3ancnonb3oBaTth B pexume 8 6ant Ha 1 6aunT (Histogram mode):

$ less memprof.profraw.301305
Memory allocation stack id =1
alloc_count 1, size (ave/min/max) 73728.00 / 73728 / 73728
access_count (ave/min/max): ©.00 / @ / ©
lifetime (ave/min/max): 267.00 / 267 / 267
num migrated: @, num lifetime overlaps: @, num same alloc cpu: @, num same dealloc_cpu: ©
AccessCountHistogram[9216]: © © 0 © 0 © 0 O 0 O 0 O 0O 0O O0OOOOODOODOOOOOOOO
Memory allocation stack id = 2
alloc_count 1, size (ave/min/max) 24.00 / 24 / 24
access_count (ave/min/max): 28.00 / 28 / 28
lifetime (ave/min/max): ©.00 / © / ©
num migrated: @, num lifetime overlaps: @, num same alloc cpu: @, num same dealloc_cpu: ©
AccessCountHistogram[3]: 21 5 2
Stack for id 2:
#0 0x638cf53e359d in operator new(unsigned long)
/home/valexey/Projects/cpp25/11lvm-project/compiler-rt/1ib/memprof/memprof_new_delete.cpp:48:3
#1 Ox638cf53e49a9 in main /home/valexey/Projects/cpp25/test/struct.cpp:10:9
#2 0x71273342alc9 in _ libc_start_call_main csu/../sysdeps/nptl/libc_start_call_main.h:58:16
#3 Ox71273342a28a in __ libc_start_main csu/../csu/libc-start.c:360:3
#4 0x638cf53833b4 in _start (/home/valexey/Projects/cpp25/test/aPB.out+0x283b4)

Stack for id 1:
#0 0x638cf53b7e43 in malloc /home/valexey/Projects/cpp25/1lvm-project/compiler-rt/lib/memprof/memprof_malloc_linux.cpp:57:3
#1 0x7127338b738e (/1lib/x86_64-1inux-gnu/libstdc++.s0.6+0xb738e) (BuildId: ca77dae775ec87540acd7218fa990c40d1c94abl)
#2 0x712733bal7le in call_init elf/dl-init.c:74:3
#3 0x712733bal823 in call_init elf/dl-init.c:120:14
#4 0x712733bal823 in _dl_init elf/dl-init.c:121:5
#5 0x712733bbb59f (/1ib64/1d-1linux-x86-64.s0.2+0x1f59f) (BuildId: 1c8db5f83bba514f8fd5f1fb6d7be975belbb855)
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[MemProf] profiler

Buoum Bce annokauum co cTekTpencamu

$ less memprof.profraw.301305
Memory allocation stack id =1
alloc_count 1, size (ave/min/max) 73728.00 / 73728 / 73728
access_count (ave/min/max): ©.00 / @ / ©
lifetime (ave/min/max): 267.00 / 267 / 267
num migrated: @, num lifetime overlaps: @, num same alloc cpu: @, num same dealloc_cpu: ©
AccessCountHistogram[9216]: © © 0 © 0 © 0 O 0 O 0 O 0O 0O O0OOOOODOODOOOOOOOO
Memory allocation stack id = 2
alloc_count 1, size (ave/min/max) 24.00 / 24 / 24
access_count (ave/min/max): 28.00 / 28 / 28
lifetime (ave/min/max): ©.00 / © / ©
num migrated: @, num lifetime overlaps: @, num same alloc cpu: @, num same dealloc_cpu: ©
AccessCountHistogram[3]: 21 5 2
Stack for id 2:
#0 0x638cf53e359d in operator new(unsigned long)
/home/valexey/Projects/cpp25/11lvm-project/compiler-rt/1ib/memprof/memprof_new_delete.cpp:48:3
#1 0x638cf53e49a9 in main /home/valexey/Projects/cpp25/test/struct.cpp:10:9
#2 0x71273342alc9 in _ libc_start_call_main csu/../sysdeps/nptl/libc_start_call_main.h:58:16
#3 Ox71273342a28a in __ libc_start_main csu/../csu/libc-start.c:360:3
#4 0x638cf53833b4 in _start (/home/valexey/Projects/cpp25/test/aPB.out+0x283b4)

Stack for id 1:
#0 0x638cf53b7e43 in malloc /home/valexey/Projects/cpp25/1lvm-project/compiler-rt/lib/memprof/memprof_malloc_linux.cpp:57:3
#1 0x7127338b738e (/1lib/x86_64-1inux-gnu/libstdc++.s0.6+0xb738e) (BuildId: ca77dae775ec87540acd7218fa990c40d1c94abl)
#2 0x712733bal7le in call_init elf/dl-init.c:74:3
#3 0x712733bal823 in call_init elf/dl-init.c:120:14
#4 0x712733bal823 in _dl_init elf/dl-init.c:121:5
#5 0x712733bbb59f (/1ib64/1d-1linux-x86-64.s0.2+0x1f59f) (BuildId: 1c8db5f83bba514f8fd5f1fb6d7be975belbb855)
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[MemProf] profiler

Buaum Hawy annokauuio

$ less memprof.profraw.301305
Memory allocation stack id =1
alloc_count 1, size (ave/min/max) 73728.00 / 73728 / 73728
access_count (ave/min/max): ©.00 / @ / ©
lifetime (ave/min/max): 267.00 / 267 / 267
num migrated: @, num lifetime overlaps: @, num same alloc cpu: @, num same dealloc_cpu: ©
AccessCountHistogram[9216]: © © 0 © 0 © 0 O 0 O 0 O 0O 0O O0OOOOODOODOOOOOOOO
Memory allocation stack id = 2
alloc_count 1, size (ave/min/max) 24.00 / 24 / 24
access_count (ave/min/max): 28.00 / 28 / 28
lifetime (ave/min/max): ©.00 / © / ©
num migrated: @, num lifetime overlaps: @, num same alloc cpu: @, num same dealloc_cpu: ©
AccessCountHistogram[3]: 21 5 2
Stack for id 2:
#0 0x638cf53e359d in operator new(unsigned long)
/home/valexey/Projects/cpp25/11lvm-project/compiler-rt/1ib/memprof/memprof_new_delete.cpp:48:3
#1 0x638cf53e49a9 in main /home/valexey/Projects/cpp25/test/struct.cpp:10:9
#2 0x71273342alc9 in _ libc_start_call_main csu/../sysdeps/nptl/libc_start_call_main.h:58:16
#3 Ox71273342a28a in __ libc_start_main csu/../csu/libc-start.c:360:3
#4 0x638cf53833b4 in _start (/home/valexey/Projects/cpp25/test/aPB.out+0x283b4)

Stack for id 1:
#0 0x638cf53b7e43 in malloc /home/valexey/Projects/cpp25/1lvm-project/compiler-rt/lib/memprof/memprof_malloc_linux.cpp:57:3
#1 0x7127338b738e (/1lib/x86_64-1inux-gnu/libstdc++.s0.6+0xb738e) (BuildId: ca77dae775ec87540acd7218fa990c40d1c94abl)
#2 0x712733bal7le in call_init elf/dl-init.c:74:3
#3 0x712733bal823 in call_init elf/dl-init.c:120:14
#4 0x712733bal823 in _dl_init elf/dl-init.c:121:5
#5 0x712733bbb59f (/1ib64/1d-1linux-x86-64.s0.2+0x1f59f) (BuildId: 1c8db5f83bba514f8fd5f1fb6d7be975belbb855)
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[MemProf] profiler

Buaum Hawy annokauuio

$ less memprof.profraw.301305

Memory allocation stack id =1

alloc_count 1, size (ave/min/max) 73728.00 / 73728 / 73728

access_count (ave/min/max): ©.00 / @ / ©

lifetime (ave/min/max): 267.00 / 267 / 267

num migrated: @, num lifetime overlaps: @, num same alloc cpu: @, num same dealloc_cpu: ©

AccessCountHistogram[9216]: © © 0 © 0 © 0 O 0 O 0 O 0O 0O O0OOOOODOODOOOOOOOO

Memory allocation stack id = 2

alloc_count 1, size (ave/min/max) 24.00 / 24 / 24

access_count (ave/min/max): 28.00 / 28 / 28

lifetime (ave/min/max): ©.00 / © / ©

num migrated: @, num lifetime overlaps: @, num same alloc cpu: @, num same dealloc_cpu: ©

AccessCountHistogram[3]: 21 5 2

Stack for id 2:
#0 0x638cf53e359d in operator new(unsigned long)

/home/valexey/Projects/cpp25/11lvm-project/compiler-rt/1ib/memprof/memprof_new_delete.cpp:48:!

#1
#2
#3
#4

0x638cf53e49a9
0x71273342al1c9
0x71273342a28a
0x638cf53833b4

Stack for id 1:

#0
#1
#2
#3
#4
#5

0x638cf53b7e43
0x7127338b738e
0x712733bal7le
0x712733bal823
0x712733bal823
0x712733bbb59f

in main /home/valexey/Projects/cpp25/test/struct.cpp:10:9

in _ 1libc_start_call_main csu/../sysdeps/nptl/libc_start_call_main.h:5{
in _ libc_start_main csu/../csu/libc-start.c:360:3

in _start (/home/valexey/Projects/cpp25/test/aPB.out+0x283b4)

in malloc /home/valexey/Projects/cpp25/1lvm-project/compiler-rt/1lib/me
(/1ib/x86_64-1inux-gnu/libstdc++.s0.6+0xb738e) (BuildId: ca77dae775ec!
in call_init elf/dl-init.c:74:3
in call_init elf/dl-init.c:120:14
in _dl_init elf/dl-init.c:121:5
(/1ib64/1d-1inux-x86-64.s0.2+0x1f59f) (BuildId: 1c8db5f83bba514f8fd5f

for (int i=0; i<10; ++1i) s->a += i;

struct S {
uint64_t a;
char c;
uint64_t d;
}s
int main() {
S* s = new S{0,0,0};
s->c = 'c';
s->c = 'p';
s->c = 'p';
s->d = s->a + s->C;
s->d = s->c;
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[MemProf] profiler

Uncno annokauum no aTomy nyTm u pasmep

$ less memprof.profraw.301305

Memory allocation stack id =1

alloc_count 1, size (ave/min/max) 73728.00 / 73728 / 73728

access_count (ave/min/max): ©.00 / @ / ©

lifetime (ave/min/max): 267.00 / 267 / 267

num migrated: @, num lifetime overlaps: @, num same alloc cpu: @, num same dealloc_cpu: ©

AccessCountHistogram[9216]: © © 0 © 0 © 0 O 0 O 0 O 0O 0O O0OOOOODOODOOOOOOOO

Memory allocation stack id = 2

alloc_count 1, size (ave/min/max) 24.00 / 24 / 24

access_count (ave/min/max): 28.00 / 28 / 28

lifetime (ave/min/max): ©.00 / © / ©

num migrated: @, num lifetime overlaps: @, num same alloc cpu: @, num same dealloc_cpu: ©

AccessCountHistogram[3]: 21 5 2

Stack for id 2:
#0 0x638cf53e359d in operator new(unsigned long)

/home/valexey/Projects/cpp25/11lvm-project/compiler-rt/1ib/memprof/memprof_new_delete.cpp:48:!

#1
#2
#3
#4

0x638cf53e49a9
0x71273342al1c9
0x71273342a28a
0x638cf53833b4

Stack for id 1:

#0
#1
#2
#3
#4
#5

0x638cf53b7e43
0x7127338b738e
0x712733bal7le
0x712733bal823
0x712733bal823
0x712733bbb59f

in main /home/valexey/Projects/cpp25/test/struct.cpp:10:9

in _ 1libc_start_call_main csu/../sysdeps/nptl/libc_start_call_main.h:5{
in _ libc_start_main csu/../csu/libc-start.c:360:3

in _start (/home/valexey/Projects/cpp25/test/aPB.out+0x283b4)

in malloc /home/valexey/Projects/cpp25/1lvm-project/compiler-rt/1lib/me
(/1ib/x86_64-1inux-gnu/libstdc++.s0.6+0xb738e) (BuildId: ca77dae775ec!
in call_init elf/dl-init.c:74:3
in call_init elf/dl-init.c:120:14
in _dl_init elf/dl-init.c:121:5
(/1ib64/1d-1inux-x86-64.s0.2+0x1f59f) (BuildId: 1c8db5f83bba514f8fd5f

for (int i=0; i<10; ++1i) s->a += i;

struct S {
uint64_t a;
char c;
uint64_t d;
}s
int main() {
S* s = new S{0,0,0};
s->c = 'c';
s->c = 'p';
s->c = 'p';
s->d = s->a + s->C;
s->d = s->c;
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[MemProf] profiler

CTaTucTumka CKonbKO BCero Obifo YTeHumn/3anmncu

$ less memprof.profraw.301305

Memory allocation stack id =1

alloc_count 1, size (ave/min/max) 73728.00 / 73728 / 73728

access_count (ave/min/max): ©.00 / @ / ©

lifetime (ave/min/max): 267.00 / 267 / 267

num migrated: @, num lifetime overlaps: @, num same alloc cpu: @, num same dealloc_cpu: ©

AccessCountHistogram[9216]: © © 0 © 0 © 0 O 0 O 0 O 0O 0O O0OOOOODOODOOOOOOOO

Memory allocation stack id = 2

alloc_count 1, size (ave/min/max) 24.00 / 24 / 24

access_count (ave/min/max): 28.00 / 28 / 28

lifetime (ave/min/max): ©.00 / © / ©

num migrated: @, num lifetime overlaps: @, num same alloc cpu: @, num same dealloc_cpu: ©

AccessCountHistogram[3]: 21 5 2

Stack for id 2:
#0 0x638cf53e359d in operator new(unsigned long)

/home/valexey/Projects/cpp25/11lvm-project/compiler-rt/1ib/memprof/memprof_new_delete.cpp:48:!

#1
#2
#3
#4

0x638cf53e49a9
0x71273342al1c9
0x71273342a28a
0x638cf53833b4

Stack for id 1:

#0
#1
#2
#3
#4
#5

0x638cf53b7e43
0x7127338b738e
0x712733bal7le
0x712733bal823
0x712733bal823
0x712733bbb59f

in main /home/valexey/Projects/cpp25/test/struct.cpp:10:9

in _ 1libc_start_call_main csu/../sysdeps/nptl/libc_start_call_main.h:5{
in _ libc_start_main csu/../csu/libc-start.c:360:3

in _start (/home/valexey/Projects/cpp25/test/aPB.out+0x283b4)

in malloc /home/valexey/Projects/cpp25/1lvm-project/compiler-rt/1lib/me
(/1ib/x86_64-1inux-gnu/libstdc++.s0.6+0xb738e) (BuildId: ca77dae775ec!
in call_init elf/dl-init.c:74:3
in call_init elf/dl-init.c:120:14
in _dl_init elf/dl-init.c:121:5
(/1ib64/1d-1inux-x86-64.s0.2+0x1f59f) (BuildId: 1c8db5f83bba514f8fd5f

for (int i=0; i<10; ++1i) s->a += i;

struct S {
uint64_t a;
char c;
uint64_t d;
}s
int main() {
S* s = new S{0,0,0};
s->c = 'c';
s->c = 'p';
s->c = 'p';
s->d = s->a + s->C;
s->d = s->c;
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[MemProf] profiler

CTaTucTuka BpeMeHu XusHum (B cekyHaax!)

$ less memprof.profraw.301305

Memory allocation stack id =1

alloc_count 1, size (ave/min/max) 73728.00 / 73728 / 73728

access_count (ave/min/max): ©.00 / @ / ©

lifetime (ave/min/max): 267.00 / 267 / 267

num migrated: @, num lifetime overlaps: @, num same alloc cpu: @, num same dealloc_cpu: ©

AccessCountHistogram[9216]: 0 © 0 0 0 0 0 0 000 000D O0OOODODODOOODOOOODOOOOO

Memory allocation stack id = 2

alloc_count 1, size (ave/min/max) 24.00 / 24 / 24

access_count (ave/min/max): 28.00 / 28 / 28

lifetime (ave/min/max): ©.00 / © / ©

num migrated: @, num lifetime overlaps: @, num same alloc cpu: @, num same dealloc_cpu: ©

AccessCountHistogram[3]: 21 5 2

Stack for id 2:
#0 0x638cf53e359d in operator new(unsigned long)

/home/valexey/Projects/cpp25/11lvm-project/compiler-rt/1ib/memprof/memprof_new_delete.cpp:48:!

#1
#2
#3
#4

0x638cf53e49a9
0x71273342al1c9
0x71273342a28a
0x638cf53833b4

Stack for id 1:

#0
#1
#2
#3
#4
#5

0x638cf53b7e43
0x7127338b738e
0x712733bal7le
0x712733bal823
0x712733bal823
0x712733bbb59f

in main /home/valexey/Projects/cpp25/test/struct.cpp:10:9

in _ 1libc_start_call_main csu/../sysdeps/nptl/libc_start_call_main.h:5{
in _ libc_start_main csu/../csu/libc-start.c:360:3

in _start (/home/valexey/Projects/cpp25/test/aPB.out+0x283b4)

in malloc /home/valexey/Projects/cpp25/1lvm-project/compiler-rt/1lib/me
(/1ib/x86_64-1inux-gnu/libstdc++.s0.6+0xb738e) (BuildId: ca77dae775ec!
in call_init elf/dl-init.c:74:3
in call_init elf/dl-init.c:120:14
in _dl_init elf/dl-init.c:121:5
(/1ib64/1d-1inux-x86-64.s0.2+0x1f59f) (BuildId: 1c8db5f83bba514f8fd5f

for (int i=0; i<10; ++1i) s->a += i;

struct S {
uint64_t a;
char c;
uint64_t d;
}s
int main() {
S* s = new S{0,0,0};
s->c = 'c';
s->c = 'p';
s->c = 'p';
s->d = s->a + s->C;
s->d = s->c;
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[MemProf] profiler

Kak 4acTto ero ncnosnb3oBaHue murnposano mexay CPU (annouupoBanu Ha ogHOM, 0CBODOAUIN Ha ApYrom)

$ less memprof.profraw.301305

Memory allocation stack id =1

alloc_count 1, size (ave/min/max) 73728.00 / 73728 / 73728

access_count (ave/min/max): ©.00 / @ / ©

lifetime (ave/min/max): 267.00 / 267 / 267

num migrated: @, num lifetime overlaps: @, num same alloc cpu: @, num same dealloc_cpu: ©

AccessCountHistogram[9216]: © © 0 © 0 © 0 O 0 O 0 O 0O 0O O0OOOOODOODOOOOOOOO

Memory allocation stack id = 2

alloc_count 1, size (ave/min/max) 24.00 / 24 / 24

access_count (ave/min/max): 28.00 / 28 / 28

lifetime (ave/min/max): ©.00 / © / ©

num migrated: @, num lifetime overlaps: @, num same alloc cpu: @, num same dealloc_cpu: ©

AccessCountHistogram[3]: 21 5 2

Stack for id 2:
#0 0x638cf53e359d in operator new(unsigned long)

/home/valexey/Projects/cpp25/11lvm-project/compiler-rt/1ib/memprof/memprof_new_delete.cpp:48:!

#1
#2
#3
#4

0x638cf53e49a9
0x71273342al1c9
0x71273342a28a
0x638cf53833b4

Stack for id 1:

#0
#1
#2
#3
#4
#5

0x638cf53b7e43
0x7127338b738e
0x712733bal7le
0x712733bal823
0x712733bal823
0x712733bbb59f

in main /home/valexey/Projects/cpp25/test/struct.cpp:10:9

in _ 1libc_start_call_main csu/../sysdeps/nptl/libc_start_call_main.h:5{
in _ libc_start_main csu/../csu/libc-start.c:360:3

in _start (/home/valexey/Projects/cpp25/test/aPB.out+0x283b4)

in malloc /home/valexey/Projects/cpp25/1lvm-project/compiler-rt/1lib/me
(/1ib/x86_64-1inux-gnu/libstdc++.s0.6+0xb738e) (BuildId: ca77dae775ec!
in call_init elf/dl-init.c:74:3
in call_init elf/dl-init.c:120:14
in _dl_init elf/dl-init.c:121:5
(/1ib64/1d-1inux-x86-64.s0.2+0x1f59f) (BuildId: 1c8db5f83bba514f8fd5f

for (int i=0; i<10; ++1i) s->a += i;

struct S {
uint64_t a;
char c;
uint64_t d;
}s
int main() {
S* s = new S{0,0,0};
s->c = 'c';
s->c = 'p';
s->c = 'p';
s->d = s->a + s->C;
s->d = s->c;
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[MemProf] profiler

N HakoHeu, ructorpammal

$ less memprof.profraw.301305

Memory allocation stack id =1

alloc_count 1, size (ave/min/max) 73728.00 / 73728 / 73728

access_count (ave/min/max): ©.00 / @ / ©

lifetime (ave/min/max): 267.00 / 267 / 267

num migrated: @, num lifetime overlaps: @, num same alloc cpu: @, num same dealloc_cpu: ©

AccessCountHistogram[9216]: 0 © 0 0 0 0 0 0 000 000D O0OOODODODOOODOOOODOOOOO

Memory allocation stack id = 2

alloc_count 1, size (ave/min/max) 24.00 / 24 / 24

access_count (ave/min/max): 28.00 / 28 / 28

lifetime (ave/min/max): ©.00 / © / ©

num migrated: @, num lifetime overlaps: @, num same alloc cpu: @, num same dealloc_cpu: ©

AccessCountHistogram[3]: 21 5 2

Stack for id 2:
#0 0x638cf53e359d in operator new(unsigned long)

/home/valexey/Projects/cpp25/11lvm-project/compiler-rt/1ib/memprof/memprof_new_delete.cpp:48:!

#1
#2
#3
#4

0x638cf53e49a9
0x71273342al1c9
0x71273342a28a
0x638cf53833b4

Stack for id 1:

#0
#1
#2
#3
#4
#5

0x638cf53b7e43
0x7127338b738e
0x712733bal7le
0x712733bal823
0x712733bal823
0x712733bbb59f

in main /home/valexey/Projects/cpp25/test/struct.cpp:10:9

in _ 1libc_start_call_main csu/../sysdeps/nptl/libc_start_call_main.h:5{
in _ libc_start_main csu/../csu/libc-start.c:360:3

in _start (/home/valexey/Projects/cpp25/test/aPB.out+0x283b4)

in malloc /home/valexey/Projects/cpp25/1lvm-project/compiler-rt/1lib/me
(/1ib/x86_64-1inux-gnu/libstdc++.s0.6+0xb738e) (BuildId: ca77dae775ec!
in call_init elf/dl-init.c:74:3
in call_init elf/dl-init.c:120:14
in _dl_init elf/dl-init.c:121:5
(/1ib64/1d-1inux-x86-64.s0.2+0x1f59f) (BuildId: 1c8db5f83bba514f8fd5f

for (int i=0; i<10; ++1i) s->a += i;

struct S {
uint64_t a;
char c;
uint64_t d;
}s
int main() {
S* s = new S{0,0,0};
s->c = 'c';
s->c = 'p';
s->c = 'p';
s->d = s->a + s->C;
s->d = s->c;
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[MemProf] profiler

N HakoHeu, ructorpammal

$ less memprof.profraw.301305

Memory allocation stack id =1

alloc_count 1, size (ave/min/max) 73728.00 / 73728 / 73728

access_count (ave/min/max): ©.00 / @ / ©

lifetime (ave/min/max): 267.00 / 267 / 267

num migrated: @, num lifetime overlaps: @, num same alloc cpu: @, num same dealloc_cpu: ©

AccessCountHistogram[9216]: 0 © 0 0 0 0 0 0 000 000D O0OOODODODOOODOOOODOOOOO

Memory allocation stack id = 2

alloc_count 1, size (ave/min/max) 24.00 / 24 / 24

access_count (ave/min/max): 28.00 / 28 / 28

lifetime (ave/min/max): ©.00 / © / ©

num migrated: @, num lifetime overlaps: @, num same alloc cpu: @, num same dealloc_cpu: ©

AccessCountHistogram[3]: 21 5 2

Stack for id 2:
#0 0x638cf53e359d in operator new(unsigned long)

/home/valexey/Projects/cpp25/11lvm-project/compiler-rt/1ib/memprof/memprof_new_delete.cpp:48:!

#1
#2
#3
#4

0x638cf53e49a9
0x71273342al1c9
0x71273342a28a
0x638cf53833b4

Stack for id 1:

#0
#1
#2
#3
#4
#5

0x638cf53b7e43
0x7127338b738e
0x712733bal7le
0x712733bal823
0x712733bal823
0x712733bbb59f

in main /home/valexey/Projects/cpp25/test/struct.cpp:10:9

in _ 1libc_start_call_main csu/../sysdeps/nptl/libc_start_call_main.h:5{
in _ libc_start_main csu/../csu/libc-start.c:360:3

in _start (/home/valexey/Projects/cpp25/test/aPB.out+0x283b4)

in malloc /home/valexey/Projects/cpp25/1lvm-project/compiler-rt/1lib/me
(/1ib/x86_64-1inux-gnu/libstdc++.s0.6+0xb738e) (BuildId: ca77dae775ec!
in call_init elf/dl-init.c:74:3
in call_init elf/dl-init.c:120:14
in _dl_init elf/dl-init.c:121:5
(/1ib64/1d-1inux-x86-64.s0.2+0x1f59f) (BuildId: 1c8db5f83bba514f8fd5f

struct S {

uinté4_t a; // 21

char c;

/15

uinte4_t d; // 2

}s
int main() {
S* s

new S{0,0,0};

for (int i=0; i<10; ++1i) s->a += i;

s->c
S->C
S->C
s->d
s->d

o g
P
P
s->a + S->C;
S->C;
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21+5+2 =28

[MemProf] profiler

$ less memprof.profraw.301305

Memory allocation stack id =1

alloc_count 1, size (ave/min/max) 73728.00 / 73728 / 73728

access_count (ave/min/max): ©.00 / @ / ©

lifetime (ave/min/max): 267.00 / 267 / 267

num migrated: @, num lifetime overlaps: @, num same alloc cpu: @, num same dealloc_cpu: ©

AccessCountHistogram[9216]: 0 © 0 0 0 0 0 0 000 000D O0OOODODODOOODOOOODOOOOO

Memory allocation stack id = 2

alloc_count 1, size (ave/min/max) 24.00 / 24 / 24

access_count (ave/min/max): 28.00 / 28 / 28

lifetime (ave/min/max): ©.00 / © / ©

num migrated: @, num lifetime overlaps: @, num same alloc cpu: @, num same dealloc_cpu: ©

AccessCountHistogram[3]: 21 5 2

Stack for id 2:
#0 0x638cf53e359d in operator new(unsigned long)

/home/valexey/Projects/cpp25/11lvm-project/compiler-rt/1ib/memprof/memprof_new_delete.cpp:48:!

#1
#2
#3
#4

0x638cf53e49a9
0x71273342al1c9
0x71273342a28a
0x638cf53833b4

Stack for id 1:

#0
#1
#2
#3
#4
#5

0x638cf53b7e43
0x7127338b738e
0x712733bal7le
0x712733bal823
0x712733bal823
0x712733bbb59f

in main /home/valexey/Projects/cpp25/test/struct.cpp:10:9

in _ 1libc_start_call_main csu/../sysdeps/nptl/libc_start_call_main.h:5{
in _ libc_start_main csu/../csu/libc-start.c:360:3

in _start (/home/valexey/Projects/cpp25/test/aPB.out+0x283b4)

in malloc /home/valexey/Projects/cpp25/1lvm-project/compiler-rt/1lib/me
(/1ib/x86_64-1inux-gnu/libstdc++.s0.6+0xb738e) (BuildId: ca77dae775ec!
in call_init elf/dl-init.c:74:3
in call_init elf/dl-init.c:120:14
in _dl_init elf/dl-init.c:121:5
(/1ib64/1d-1inux-x86-64.s0.2+0x1f59f) (BuildId: 1c8db5f83bba514f8fd5f

struct S {

uinté4_t a; // 21

char c;

/15

uinte4_t d; // 2

}s
int main() {
S* s

new S{0,0,0};

for (int i=0; i<10; ++1i) s->a += i;

s->c
S->C
S->C
s->d
s->d

o g
P
P
s->a + S->C;
S->C;
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KaxeTtca gaxe 6e3 nocnegytouwero PGO nHpopmaums 4OCTaTtoMHO MHTepeCcHas Ans pyYyHoM onTumMmnsaumm

[MemProf] profiler

$ less memprof.profraw.301305

Memory allocation stack id =1

alloc_count 1, size (ave/min/max) 73728.00 / 73728 / 73728

access_count (ave/min/max): ©.00 / @ / ©

lifetime (ave/min/max): 267.00 / 267 / 267

num migrated: @, num lifetime overlaps: @, num same alloc cpu: @, num same dealloc_cpu: ©

AccessCountHistogram[9216]: 0 © 0 0 0 0 0 0 000 000D O0OOODODODOOODOOOODOOOOO

Memory allocation stack id = 2

alloc_count 1, size (ave/min/max) 24.00 / 24 / 24

access_count (ave/min/max): 28.00 / 28 / 28

lifetime (ave/min/max): ©.00 / © / ©

num migrated: @, num lifetime overlaps: @, num same alloc cpu: @, num same dealloc_cpu: ©

AccessCountHistogram[3]: 21 5 2

Stack for id 2:
#0 0x638cf53e359d in operator new(unsigned long)

/home/valexey/Projects/cpp25/11lvm-project/compiler-rt/1ib/memprof/memprof_new_delete.cpp:48:!

#1
#2
#3
#4

0x638cf53e49a9
0x71273342al1c9
0x71273342a28a
0x638cf53833b4

Stack for id 1:

#0
#1
#2
#3
#4
#5

0x638cf53b7e43
0x7127338b738e
0x712733bal7le
0x712733bal823
0x712733bal823
0x712733bbb59f

in main /home/valexey/Projects/cpp25/test/struct.cpp:10:9

in _ 1libc_start_call_main csu/../sysdeps/nptl/libc_start_call_main.h:5{
in _ libc_start_main csu/../csu/libc-start.c:360:3

in _start (/home/valexey/Projects/cpp25/test/aPB.out+0x283b4)

in malloc /home/valexey/Projects/cpp25/1lvm-project/compiler-rt/1lib/me
(/1ib/x86_64-1inux-gnu/libstdc++.s0.6+0xb738e) (BuildId: ca77dae775ec!
in call_init elf/dl-init.c:74:3
in call_init elf/dl-init.c:120:14
in _dl_init elf/dl-init.c:121:5
(/1ib64/1d-1inux-x86-64.s0.2+0x1f59f) (BuildId: 1c8db5f83bba514f8fd5f

struct S {

uinté4_t a; // 21

char c;

/15

uinte4_t d; // 2

}s
int main() {
S* s

new S{0,0,0};

for (int i=0; i<10; ++1i) s->a += i;

s->c
S->C
S->C
s->d
s->d

o g
P
P
s->a + S->C;
S->C;
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[MemProf] PGO

Ho naBawnTte norosopum npo PGO
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[MemProf] PGO

Ho naBawnte norosopum npo PGO

PGO 06bI4HO COCTOUT U3 TPEX LIaros:
1.  Cbopka gna npodomnupoBaHuns
2. Co6op npodwuns
3. Cbopka c ucnosnb3oBaHMeM npodungd
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[MemProf] PGO

Ho naBawnte norosopum npo PGO

PGO 06bI4HO COCTOUT U3 TPEX LIaros:
1. CoO6opka ana npocdpunupoBaHusa (done)
2. Co6op npodcuns (done)
3. Cbopka c ucnosnb3oBaHMeM npodungd
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[MemProf] PGO

Ho naBawnte norosopum npo PGO

PGO 06bI4HO COCTOUT U3 TPEX LIaros:
1. CoO6opka ana npocdpunupoBaHusa (done)
2. Co6op npodcuns (done)
3. Cbopka c ucnosnb3oBaHMeM npodungd

Ham octanock cobpatb ¢ cobpaHHbIM npodunem. Ho...
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[MemProf] PGO

Ho naBawnte norosopum npo PGO

PGO 06bI4HO COCTOUT U3 TPEX LIaros:
1. CoO6opka ana npocdpunupoBaHusa (done)
2. Co6op npodcuns (done)
3. Cbopka c ucnosnb3oBaHMeM npodungd

Ham octanock cobpatb ¢ cobpaHHbIM npodunem. Ho...

Kak BOOBLUE koMnMnaTop CMOXET HaM YTO-TO CONTUMMN3NPOBATL B MNilaHe Ucnosib3oBaHusa heap?
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[MemProf] PGO

// Upper bound on lifetime access density (accesses per byte per lifetime sec)
// for marking an allocation cold.
cl::opt<float> MemProfLifetimeAccessDensityColdThreshold(
"memprof-lifetime-access-density-cold-threshold", cl::init(0.05),
cl::Hidden,
cl::desc("The threshold the lifetime access density (accesses per byte per "lifetime sec) must be under to consider an allocation cold"));
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//
//

cl:

//
//

cl:

[MemProf] PGO

Upper bound on lifetime access density (accesses per byte per lifetime sec)

for marking an allocation cold.

:opt<float> MemProfLifetimeAccessDensityColdThreshold(

"memprof-lifetime-access-density-cold-threshold", cl::init(0.05),

cl::Hidden,

cl::desc("The threshold the lifetime access density (accesses per byte per "lifetime sec) must be under to consider an allocation cold"));

Lower bound on lifetime to mark an allocation cold (in addition to accesses
per byte per sec above). This is to avoid pessimizing short lived objects.
:opt<unsigned> MemProfAveLifetimeColdThreshold(
"memprof-ave-lifetime-cold-threshold", cl::init(200), cl::Hidden,
cl::desc("The average lifetime (s) for an allocation to be considered cold"));
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//
//

cl:

//
//

cl:

//
//
cl

[MemProf] PGO

Upper bound on lifetime access density (accesses per byte per lifetime sec)
for marking an allocation cold.

:opt<float> MemProfLifetimeAccessDensityColdThreshold(
"memprof-lifetime-access-density-cold-threshold", cl::init(0.05),
cl::Hidden,

cl::desc("The threshold the lifetime access density (accesses per byte per "lifetime sec) must be under to consider an allocation cold"));

Lower bound on lifetime to mark an allocation cold (in addition to accesses
per byte per sec above). This is to avoid pessimizing short lived objects.
:opt<unsigned> MemProfAveLifetimeColdThreshold(
"memprof-ave-lifetime-cold-threshold", cl::init(200), cl::Hidden,
cl::desc("The average lifetime (s) for an allocation to be considered cold"));

Lower bound on average lifetime accesses density (total life time access
density / alloc count) for marking an allocation hot.

::opt<unsigned> MemProfMinAveLifetimeAccessDensityHotThreshold(

"memprof-min-ave-lifetime-access-density-hot-threshold"”, cl::init(1000),
cl::Hidden,
cl::desc("The minimum TotallLifetimeAccessDensity / AllocCount for an allocation to be considered hot"));
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//
//

cl:

//
//

cl:

//
//
cl

[MemProf] PGO

Upper bound on lifetime access density (accesses per byte per lifetime sec)
for marking an allocation cold.

:opt<float> MemProfLifetimeAccessDensityColdThreshold(
"memprof-lifetime-access-density-cold-threshold", cl::init(0.05),
cl::Hidden,

cl::desc("The threshold the lifetime access density (accesses per byte per "lifetime sec) must be under to consider an allocation cold"));

Lower bound on lifetime to mark an allocation cold (in addition to accesses
per byte per sec above). This is to avoid pessimizing short lived objects.
:opt<unsigned> MemProfAveLifetimeColdThreshold(
"memprof-ave-lifetime-cold-threshold", cl::init(200), cl::Hidden,
cl::desc("The average lifetime (s) for an allocation to be considered cold"));

Lower bound on average lifetime accesses density (total life time access
density / alloc count) for marking an allocation hot.

::opt<unsigned> MemProfMinAveLifetimeAccessDensityHotThreshold(

"memprof-min-ave-lifetime-access-density-hot-threshold"”, cl::init(1000),
cl::Hidden,
cl::desc("The minimum TotallLifetimeAccessDensity / AllocCount for an allocation to be considered hot"));

Allocation != Call

TyT oTnnyune ot obbiyHoro PGO — Tam BblgensoT ropsayvme BeTKN UCIMNONMHEHNSA.
TyT — ropsadmne annoumnpoBaHHbIE KYCKU NMaMATHU
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[MemProf] PGO

Kpome Bcero npoyero, Ham eLwé obewianu BOT 3TO:

“As a result, DTLB and cache utilization will be improved, and program IPC (performance) will be
increased due to reduced TLB and cache misses.”
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[MemProf] PGO

Kpome Bcero npoyero, Ham eLwé obewianu BOT 3TO:

“As a result, DTLB and cache utilization will be improved, and program IPC (performance) will be
increased due to reduced TLB and cache misses.”

To ecTb 3TO TOYHO He MPO TO, KaK KOMMUNATOP packnaabiBaeT Ko B OMHapHUKE. OTO MMEHHO YTO Npo
Kyuy.
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[MemProf] PGO

Kpome Bcero npoyero, Ham eLwé obewianu BOT 3TO:

“As a result, DTLB and cache utilization will be improved, and program IPC (performance) will be
increased due to reduced TLB and cache misses.”

To ecTb 3TO TOYHO He MPO TO, KaK KOMMUNATOP packnaabiBaeT Ko B OMHapHUKE. OTO MMEHHO YTO Npo
Kyuy.

Ho ky4yei 3aBegyeT MeHemxep NaMaATn, Npuyem Bo BpeMs UCTIITHEHUS NMporpamMMbl. A MeHekep namaTu
He aBndaeTcd YacTeio clang/livm.
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[MemProf] PGO

Kpome Bcero npoyero, Ham eLwé obewianu BOT 3TO:

“As a result, DTLB and cache utilization will be improved, and program IPC (performance) will be
increased due to reduced TLB and cache misses.”

To ecTb 3TO TOYHO He MPO TO, KaK KOMMUNATOP packnaabiBaeT Ko B OMHapHUKE. OTO MMEHHO YTO Npo
Kyuy.

Ho ky4yei 3aBegyeT MeHemxep NaMaATn, Npuyem Bo BpeMs UCTIITHEHUS NMporpamMMbl. A MeHekep namaTu
He aBndaeTcd YacTeio clang/livm.

lNocnegHun Kycoyek nasna:
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[MemProf] PGO

Kpome Bcero npoyero, Ham eLwé obewianu BOT 3TO:

“As a result, DTLB and cache utilization will be improved, and program IPC (performance) will be
increased due to reduced TLB and cache misses.”

To ecTb 3TO TOYHO He MPO TO, KaK KOMMUNATOP packnaabiBaeT Ko B OMHapHUKE. OTO MMEHHO YTO Npo
Kyuy.

Ho ky4yei 3aBegyeT MeHemxep NaMaATn, Npuyem Bo BpeMs UCTIITHEHUS NMporpamMMbl. A MeHekep namaTu
He aBndaeTcd YacTeio clang/livm.

MocnegHuin kycodek naana: TCMalloc (ToT 4YTO He YacTb gperftools).
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[MemProf] PGO

MocnegHuin kycodek nasna: TCMalloc (ToT YTO He YacTb gperftools).
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[MemProf] PGO

MocnegHuin kycodek nasna: TCMalloc (ToT YTO He YacTb gperftools).

B 2021 rogy B Hero gobasunn nogaepXkKy XMHTUHIa TOro, Kak BblgendemMbl KyCok namaTtn oyaet
ncrnonb3oBartbcs: https://google.qithub.io/tcmalloc/temeraire.html
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[MemProf] PGO

[MocnegHun kycovek nasna: TCMalloc (ToT 4To He YacTb gperftools).

B 2021 rogy B Hero gobasunn nogaepXkKy XMHTUHIa TOro, Kak BblgendemMbl KyCok namaTtn oyaet
ncrnonb3oBartbcs: https://google.qithub.io/tcmalloc/temeraire.html

“TCMalloc provides a hot_cold variant that applications may use to provide hints as to how frequently an allocation would
be accessed. It's more likely that a larger-sized page may be considered hot by kernel even if some allocations are frequently
accessed and placed together with infrequently-accessed data. By specifying hot and cold hints, TCMalloc may separate
allocations to improve data locality for hot heap, and the effectiveness of memory tiering by placing cold heap on a slower, but
cheaper, memory tier. “
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[MemProf] PGO

[MocnegHun kycovek nasna: TCMalloc (ToT 4To He YacTb gperftools).

B 2021 rogy B Hero gobasunn nogaepXkKy XMHTUHIa TOro, Kak BblgendemMbl KyCok namaTtn oyaet
ncrnonb3oBartbcs: https://google.qithub.io/tcmalloc/temeraire.html

“TCMalloc provides a hot_cold variant that applications may use to provide hints as to how frequently an allocation would
be accessed. It's more likely that a larger-sized page may be considered hot by kernel even if some allocations are frequently
accessed and placed together with infrequently-accessed data. By specifying hot and cold hints, TCMalloc may separate
allocations to improve data locality for hot heap, and the effectiveness of memory tiering by placing cold heap on a slower, but
cheaper, memory tier. “

To eCTb 3TV XUHTbI NO3BONAOT MEeHeOXepy nNamMATn gepxartb MyXu otaesibHO, a KOT/1e€Tbl OTAES1IbHO.
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[MemProf] PGO

[MocnegHun kycovek nasna: TCMalloc (ToT 4To He YacTb gperftools).

B 2021 rogy B Hero obaBunu NoaaepXXKy XMHTUHrA TOro, Kak BblAENsiEMbIN KyCOK namaTu dyaet
ncnonb3oBaTtbcs: https://google.qgithub.io/tcmalloc/temeraire.html

“TCMalloc provides a hot_cold variant that applications may use to provide hints as to how frequently an allocation would
be accessed. It's more likely that a larger-sized page may be considered hot by kernel even if some allocations are frequently
accessed and placed together with infrequently-accessed data. By specifying hot and cold hints, TCMalloc may separate
allocations to improve data locality for hot heap, and the effectiveness of memory tiering by placing cold heap on a slower, but
cheaper, memory tier. “

TO eCTb 3TV XNHTbI NO3BOSIAT MEHEKEPY NAaMATU AepXKaTb MYXWN OTAENbHO, a KOTMETbl OTAENbHO.
NHTepdenc y aToro Takom:

void* operator new(size_t size, tcmalloc::hot_cold_t hot_cold) noexcept(false);
void* operator new(size_t size, const std::nothrow_t, tcmalloc::hot_cold_t hot_cold) noexcept;

hot_cold npuHnmaeT 3HayeHus ot 0 (oYeHb XonogHas, peako Ucnonb3yemasd, B nnaHe goctyna) Ao 255
(0YeHb ropsiyast NnamsATh).
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[MemProf] PGO

void* operator new(size_t size, tcmalloc::hot_cold_t hot_cold) noexcept(false);
void* operator new(size_t size, const std::nothrow_t, tcmalloc::hot_cold_t hot_cold) noexcept;

hot_cold npuHnmaeT 3HayeHus ot 0 (oYeHb XonogHas, peako ucnonb3yemasd, B nnaHe goctyna) Ao 255
(o4eHb ropsiyasa namsTb).
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[MemProf] PGO

void* operator new(size_t size, tcmalloc::hot_cold_t hot_cold) noexcept(false);
void* operator new(size_t size, const std::nothrow_t, tcmalloc::hot_cold_t hot_cold) noexcept;

hot_cold npuHnmaeT 3HayeHus ot 0 (oYeHb XonogHas, peako ucnonb3yemasd, B nnaHe goctyna) Ao 255
(o4eHb ropsiyasa namsTb).

UTo genaet kKoMmnunaTop:
[ ]
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[MemProf] PGO

void* operator new(size_t size, tcmalloc::hot_cold_t hot_cold) noexcept(false);
void* operator new(size_t size, const std::nothrow_t, tcmalloc::hot_cold_t hot_cold) noexcept;

hot_cold npuHnmaeT 3HayeHus ot 0 (oYeHb XonogHas, peako ucnonb3yemasd, B nnaHe goctyna) Ao 255
(o4eHb ropsiyasa namsTb).

UTo genaet kKoMmnunaTop:

e KaXdad annokauus namaTv pasnuyaeTcd no “kanncteky” (a He NPOCTOo Mo CTPOYKe Koaa, rae
6bina caenaHa). Mbl 370 BUaenu npMMepHo BO BCeEX NPOUNUpPOoBLLMKaxX NamMsaTy
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[MemProf] PGO

void* operator new(size_t size, tcmalloc::hot_cold_t hot_cold) noexcept(false);
void* operator new(size_t size, const std::nothrow_t, tcmalloc::hot_cold_t hot_cold) noexcept;

hot_cold npuHnmaeT 3HayeHus ot 0 (oYeHb XonogHas, peako ucnonb3yemasd, B nnaHe goctyna) Ao 255
(o4eHb ropsiyasa namsTb).

UTo genaet kKoMmnunaTop:
e Kaxgas annokaumsa namsiTm pasnuyaeTtcs rno “kanncreky” (a He NPOCTOo Mo CTPOYKe Koaa, rae
6bina caenaHa). Mbl 370 BUaenu npMMepHo BO BCeEX NPOUNUpPOoBLLMKaxX NamMsaTy
e S5 KaXXOOW ansfiokauum namMmsT y Hac eCTb NPOogusb CO CTaTUCTUKON
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[MemProf] PGO

void* operator new(size_t size, tcmalloc::hot_cold_t hot_cold) noexcept(false);
void* operator new(size_t size, const std::nothrow_t, tcmalloc::hot_cold_t hot_cold) noexcept;

hot_cold npuHnmaeT 3HayeHus ot 0 (oYeHb XonogHas, peako ucnonb3yemasd, B nnaHe goctyna) Ao 255
(o4eHb ropsiyasa namsTb).

UTo genaet kKoMmnunaTop:
e Kaxgas annokaumsa namsiTm pasnuyaeTtcs rno “kanncreky” (a He NPOCTOo Mo CTPOYKe Koaa, rae

6bina caenaHa). Mbl 370 BUaenu npMMepHo BO BCeEX NPOUNUpPOoBLLMKaxX NamMsaTy

e [ONS KaXXO0oW annokauum namsT y Hac eCTb NPOduib Co CTaTUCTUKON

®  1CXOAOs U3 CTAaTUCTUKN U COBCTBEHHbLIX HACTPOEK KOMMUIIATOP peLLaeT — ropsyva unm xe
XONoAHa JaHHas ansiokaums
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[MemProf] PGO

void* operator new(size_t size, tcmalloc::hot_cold_t hot_cold) noexcept(false);
void* operator new(size_t size, const std::nothrow_t, tcmalloc::hot_cold_t hot_cold) noexcept;

hot_cold npuHnmaeT 3HayeHus ot 0 (oYeHb XonogHas, peako ucnonb3yemasd, B nnaHe goctyna) Ao 255
(o4eHb ropsiyasa namsTb).

UTo genaet kKoMmnunaTop:

e Kaxgas annokaumsa namsiTm pasnuyaeTtcs rno “kanncreky” (a He NPOCTOo Mo CTPOYKe Koaa, rae
6bina caenaHa). Mbl 370 BUaenu npMMepHo BO BCeEX NPOUNUpPOoBLLMKaxX NamMsaTy

e S5 KaXXOOW ansfiokauum namMmsT y Hac eCTb NPOogusb CO CTaTUCTUKON

®  1CXOAOs U3 CTAaTUCTUKN U COBCTBEHHbLIX HACTPOEK KOMMUIIATOP peLLaeT — ropsyva unm xe
XONoAHa JaHHas ansiokaums

® 1 eCNnM OHa X0NnoAHa, TO 3aMeHsIET OObIYHbIN NEW HA NEW C XMHTOM, YTO UCMNOSIb30BaTbCS 3Ta
annokauus éyaget pegko (hot_cold = 1)
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void* operator new(size_t size, tcmalloc::hot_cold_t hot_cold) noexcept(false);
void* operator new(size_t size, const std::nothrow_t, tcmalloc::hot_cold_t hot_cold) noexcept;

hot_cold npuHnmaeT 3HayeHus ot 0 (oYeHb XonogHas, peako ucnonb3yemasd, B nnaHe goctyna) Ao 255
(o4eHb ropsiyasa namsTb).

UTo genaet kKoMmnunaTop:

Kaxkgas ansiokauus namsaTy pasnmyaeTca no “Kanncreky” (a He NpocTo Mo CTpoYKe Koaa, rae
6bina caenaHa). Mbl 370 BUaenu npMMepHo BO BCeEX NPOUNUpPOoBLLMKaxX NamMsaTy

ANg Kaxgow annokauum naMmaTty y Hac ecTb Npodusib CO CTaTUCTUKOM

NCXOASA N3 CTaTUCTUKN N COBCTBEHHbIX HACTPOEK KOMMUAATOP peLlaeT — ropsivya Unm xe
XONoAHa JaHHas ansiokaums

N eCrnn OHa XOrogHa, TO 3aMeHSET OBbIYHbIA NEW HAa NEW C XMHTOM, YTO MCMOMNb30BaTbCS 3Ta
annokauus éyaget pegko (hot_cold = 1)

HO eCTb Npobrema — Ha Kaxayt “CTpoyKy” B Koge C new, Ha caMoM aerne npuxoanTcs
HECKOJIbKO yHuKanbHbIX annokaunn (pasHbii CTEKTpenc). PasHom cTeneHn ropsyecTu.
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$ cat hotcold.cpp
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[MemProf] PGO

OpHa dyHKuMA BblaensieT. [lpyras ncnonb3yeT BblAeneHHoe ABYMsi pa3HbiMK crocobamu.

$ cat hO‘tCOld.Cpp int main(int argc, char *argv[]) {
int* get_mem(int n) { int* m = use_mem(argc);
return new int[n]; int res = m[@]+m[1];
} delete[] m;
int* use_mem(int flag) { m = use_mem(argc*4);
int* m; res += m[@]+m[1];
if (flag>3) { // hot branc delete[] m;
m = get_mem(10); return res;
memset(m, @, sizeof(int)*10); }
m[1]=Fflag;

m[@]=flag-1;
} else { // cold branch
m = get_mem(10);

sleep(10);
m[@]=flag;
m[1]=0;

}

return m;
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[MemProf] PGO

Ecnu gonblue 5 cekyHA, TO XonogHoe.

$ cat hOtCOld.Cpp int main(int argc, char *argv[]) {
int* get_mem(int n) { int* m = use_mem(argc);
return new int[n]; int res = m[@]+m[1];
} delete[] m;
int* use_mem(int flag) { m = use_mem(argc*4);
int* m; res += m[@]+m[1];
if (flag>3) { // hot branc delete[] m;
m = get_mem(10); return res;
memset(m, @, sizeof(int)*10); }
m[1]=Fflag;

m[@]=flag-1;

} else { // cold branch
m = get_mem(10);
sleep(10);

$ clang++ -ltcmalloc -g -fmemory-profile-use=t.memprofdata -01
-Wl,-mllvm, -enable-memprof-context-disambiguation -W1l,-mllvm, -supports-hot-cold-new
-W1l,-mllvm, -optimize-hot-cold-new -mllvm --memprof-ave-lifetime-cold-threshold=5 -fno-inline hotcold.cpp
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MocmoTpum 4TO nony4unock (B acme, Aa)

<use_mem(int)>:

push ri4

push rbx

push rax

mov ebx,edi

cmp edi,ox4

jl <use_mem(int)+0x2b>

call <get_mem(int)>

Xorps Xmmo, Xxmmo

movups XMMWORD PTR [rax],xmm@
movups XMMWORD PTR [rax+0x10],xmmeo
mov QWORD PTR [rax+0x20],0x0
mov DWORD PTR [rax+ex4],ebx

dec ebx

mov DWORD PTR [rax],ebx

jmp <use_mem(int)+0x4b>

call <get_mem(int) [clone .memprof.1]>
mov rl4,rax

mov edi,oxa

call <sleep@plt>

mov rax,rl4

mov DWORD PTR [r14],ebx
mov DWORD PTR [rl4+0x4],0x0
add rsp,0x8

pop rbx
pop ria
ret
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CkrnoHupoBan get_mem (caenan XonogHyt BEPCUID), N 3aMEHU €€ BbI30B

<use_mem(int)>: <get_mem(int) [clone .memprof.1]>:
push ri4 mov edi,ox28
push rbx mov esi,ox1
push rax jmp <operator new[](unsigned long, _ hot_cold t)@plt>
mov ebx,edi
cmp edi,ox4 <get_mem(int)>:
jl <use_mem(int)+0x2b> mov edi,ox28
call <get_mem(int)> jmp <operator new[](unsigned long)@plt>

Xorps Xmmo, Xxmmo

movups XMMWORD PTR [rax],xmm@
movups XMMWORD PTR [rax+0x10],xmmeo
mov QWORD PTR [rax+0x20],0x0
mov DWORD PTR [rax+ex4],ebx

dec ebx

mov DWORD PTR [rax],ebx

jmp <use_mem(int)+0x4b>

call <get_mem(int) [clone .memprof.1]>
mov rl4,rax

mov edi,oxa

call <sleep@plt>

mov rax,rl4

mov DWORD PTR [r14],ebx
mov DWORD PTR [rl4+0x4],0x0
add rsp,0x8

pop rbx
pop ria
ret
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YyTb-4yTb MOMEHSEM NpUMepP

$ cat hotcold.cpp
int* get_mem(int n) {
return new int[n];

}

int* use_mem(int flag) {
int* m = get_mem(10); // <--
if (flag>3) { // hot branch

// m = get_mem(10);

memset(m, @, sizeof(int)*10);
m[1]=flag;

m[@]=flag-1;

} else { // cold branch

// m = get_mem(10);

sleep(10);
m[@]=flag;
m[1]=0;

}

return m;

[MemProf] PGO

int main(int argc, char *argv[]) {
int* m = use_mem(argc);
int res = m[@]+m[1];
delete[] m;

m = use_mem(argc*4);
res += m[@]+m[1];
delete[] m;

return res;
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[MemProf] PGO

[MocmoTpum pesyneTaT - byato 661 onTuMM3aums nponana

<use_mem(int)>:

push ri4
push rbx
push rax
mov ebx,edi

call <get_mem(int)>

cmp ebx,0x4

jl <use_mem(int)+0x2b>

Xorps Xmmo, Xxmmo

movups XMMWORD PTR [rax],xmm@
movups XMMWORD PTR [rax+0x10],xmmeo
mov QWORD PTR [rax+0x20],0x0
mov DWORD PTR [rax+ex4],ebx

dec ebx

mov DWORD PTR [rax],ebx
jmp <use_mem(int)+0x46>
mov edi,oxa

mov rl4,rax

call <sleep@plt>

mov rax,rl4

mov DWORD PTR [r14],ebx

mov DWORD PTR [rl4+0x4],0x0
add rsp,0x8

pop rbx

pop ria
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<use_mem(int)>:

push
push
push
mov
call
cmp
jl
xorps
movups
movups
mov
mov
dec
mov
jmp
mov
mov
call
mov
mov
mov
add
pop
pop

ria

rbx

rax

ebx,edi
<get_mem(int)>

ebx, 0x4
<use_mem(int)+0x2b>
Xmme , xmmo

XMMWORD PTR [rax],xmmo
XMMWORD PTR [rax+0x10],xmmo
QWORD PTR [rax+0x20],0x0
DWORD PTR [rax+ex4],ebx

ebx

DWORD PTR [rax],ebx
<use_mem(int)+0x46>
edi,oxa

rl4,rax

<sleep@plt>

rax,rl4

DWORD PTR [r14],ebx

DWORD PTR [rl4+0x4],0x0

rsp,o0x8
rbx
rl4

[MemProf] PGO

MocMoTpuMm pesyneTart - 6yaTo 66l onTMMM3aumst nponana. Ho Her.

<use_mem(int) [clone .memprof.1]>:

push
push
push
mov
call
cmp
jl
xorps
movups
movups
mov
mov
dec
mov
jmp
mov
mov
call
mov
mov
mov
add
pop
pop
ret

rl4
rbx
rax
ebx,edi

<get_mem(int) [clone .memprof.1]>

ebx, 0x4

<use_mem(int) [clone .memprof.1]+0x2b>

Xmme , xmmo

XMMWORD PTR [rax],xmmo
XMMWORD PTR [rax+0x10],xmmo
QWORD PTR [rax+0x20],0x0
DWORD PTR [rax+ex4],ebx

ebx
DWORD PTR [rax],ebx

<use_mem(int) [clone .memprof.1]+0x46>

edi,oxa

rl4,rax

<sleep@plt>

rax,rl4

DWORD PTR [r14],ebx

DWORD PTR [rl4+0x4],0x0

rsp,o0x8
rbx
rl4

194




<use_mem(int)>:

push
push
push
mov
call
cmp
jl
xorps
movups
movups
mov
mov
dec
mov
jmp
mov
mov
call
mov
mov
mov
add
pop
pop

ri4

rbx

rax

ebx,edi

<get_mem(int)>

ebx, 0x4
<use_mem(int)+0x2b>
Xmme , xmmo

XMMWORD PTR [rax],xmmo
XMMWORD PTR [rax+0x10],xmmo
QWORD PTR [rax+0x20],0x0
DWORD PTR [rax+ex4],ebx
ebx

DWORD PTR [rax],ebx
<use_mem(int)+0x46>
edi,oxa

rl4,rax

<sleep@plt>

rax,rl4

DWORD PTR [ri14],ebx
DWORD PTR [rl4+0x4],0x0
rsp,o0x8

rbx

ri4

[MemProf] PGO

MocmoTpum pesyneTaT - byato 66l onTummsaums nponana. Ho HeT. OHO cknoHnpoBarno Tenepb 1 use_mem!

<use_mem(int) [clone .memprof.1]>:

push
push
push
mov
call
cmp
jl
xorps
movups
movups
mov
mov
dec
mov
jmp
mov
mov
call
mov
mov
mov
add
pop
pop
ret

ri4

rbx

rax

ebx,edi

<get_mem(int) [clone .memprof.1]>
ebx, 0x4

<use_mem(int) [clone .memprof.1]+0x2b>
Xmme , xmmo

XMMWORD PTR [rax],xmmo

XMMWORD PTR [rax+0x10],xmmo

QWORD PTR [rax+0x20],0x0

DWORD PTR [rax+ex4],ebx

ebx

DWORD PTR [rax],ebx

<use_mem(int) [clone .memprof.1]+0x46>
edi,oxa

rl4,rax

<sleep@plt>

rax,rl4

DWORD PTR [ri14],ebx

DWORD PTR [rl4+0x4],0x0

rsp,o0x8

rbx

ri4
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<use_mem(int)>:

push
push
push
mov
call
cmp
jl
xorps
movups
movups
mov
mov
dec
mov
jmp
mov
mov
call
mov
mov
mov
add
pop
pop

ri4

rbx

rax

ebx,edi

<get_mem(int)>

ebx, 0x4
<use_mem(int)+0x2b>
Xmme , xmmo

XMMWORD PTR [rax],xmmo
XMMWORD PTR [rax+0x10],xmmo
QWORD PTR [rax+0x20],0x0
DWORD PTR [rax+ex4],ebx
ebx

DWORD PTR [rax],ebx
<use_mem(int)+0x46>
edi,oxa

rl4,rax

<sleep@plt>

rax,rl4

DWORD PTR [ri14],ebx
DWORD PTR [rl4+0x4],0x0
rsp,o0x8

rbx

ri4

[MemProf] PGO

Komnunatop He umeeTt npaBa gobaBnATb CBOW BbI30Bbl. MOXET TONbKO MEHATL cyllecTsyowme (7).

<use_mem(int) [clone .memprof.1]>:

push
push
push
mov
call
cmp
jl
xorps
movups
movups
mov
mov
dec
mov
jmp
mov
mov
call
mov
mov
mov
add
pop
pop
ret

ri4

rbx

rax

ebx,edi

<get_mem(int) [clone .memprof.1]>
ebx, 0x4

<use_mem(int) [clone .memprof.1]+0x2b>
Xmme , xmmo

XMMWORD PTR [rax],xmmo

XMMWORD PTR [rax+0x10],xmmo

QWORD PTR [rax+0x20],0x0

DWORD PTR [rax+ex4],ebx

ebx

DWORD PTR [rax],ebx

<use_mem(int) [clone .memprof.1]+0x46>
edi,oxa

rl4,rax

<sleep@plt>

rax,rl4

DWORD PTR [ri14],ebx

DWORD PTR [rl4+0x4],0x0

rsp,o0x8

rbx

ri4
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[MemProf] PGO

KomnunaTtop He umeeT npaBa AobaBnAaTb CBOM BbI30Bbl. MOXET TONbKO MeHATL cyllecTsylowme (7).

WToro: ans pasgeneHnst HEOAHO3HAYHOCTU XoNnoAHas-ropsivas annokauus KOMNUNSToOpP KNoHUpyeT
pyHKLUMM, @ MHOrOA U BCIO LIEMOYKY BbI3OBOB.
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[MemProf] PGO

KomnunaTtop He umeeT npaBa AobaBnAaTb CBOM BbI30Bbl. MOXET TONbKO MeHATL cyllecTsylowme (7).

WToro: ans pasgeneHnst HEOAHO3HAYHOCTU XoNnoAHas-ropsivas annokauus KOMNUNSToOpP KNoHUpyeT
pyHKLUMM, @ MHOrOA U BCIO LIEMOYKY BbI3OBOB.

OT0 paboTaeT BHYTPU OAHOIr0 MOAynsa (eQVHMLLI KOMIUIISALNK)
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[MemProf] PGO

KomnunaTtop He umeeT npaBa AobaBnAaTb CBOM BbI30Bbl. MOXET TONbKO MeHATL cyllecTsyowme (7).

WToro: ans pasgeneHnst HEOAHO3HAYHOCTU XoNnoAHas-ropsivas annokauus KOMNUNSToOpP KNoHUpyeT
pyHKLUMM, @ MHOrOA U BCIO LIEMOYKY BbI3OBOB.

OT0 paboTaeT BHYTPU OAHOIr0 MOAynsa (eQVHMLLI KOMIUIISALNK)

Mexay moaynsamu Toxxe pabortaet ecnu BktodeHo LTO nnu ThinLTO
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[MemProf] PGO

Mexay moaynsmm Toxe pabotaet ecnu BkritodeHo LTO nnm Thinl TO.

A ecnu Bbl eLlé He nonb3yeTtecb ThinLTO, To nocmMoTpuTe BOT 3TOT AoKNnag oT Teresa Johnson (oHa,
KCTaTu, oauH n3 astopos [MemProf]):

Teresa Johnson - ThinLTO Whole Program Optimization - Meeting C++ 2020 Center Keynote
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Ofehkses:

Traditional Linking A

https://voutu.be/VAMvr1rXmag8?si=CQukzFIcMyePxLsL 200



https://youtu.be/VAMvr1rXmg8?si=CQukzFIcMyePxLsL

[MemProf] PGO

NT1oro, kak nonb3oBaTtbca anga PGO:

$ clang++ -g -fmemory-profile main.cpp

$ ./a.out
<generates memprof.profraw.{PID} file

$ llvm-profdata merge memprof.profraw.{PID} --profiled-binary a.out -o t.memprofdata
<generates t.memprofdata>

$ clang++ -ltcmalloc -g -fmemory-profile-use=t.memprofdata -01 -W1,-mllvm,-enable-memprof-context-disambiguation
-W1l,-mllvm, -supports-hot-cold-new -Wl,-mllvm,-optimize-hot-cold-new -mllvm --memprof-ave-lifetime-cold-threshold=5 -fno-inline main.cpp

$ ./a.out
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[MemProf] PGO

NT1oro, kak nonb3oBaTtbca anga PGO:

$ clang++ -g -fmemory-profile main.cpp

$ ./a.out
<generates memprof.profraw.{PID} file

$ llvm-profdata merge memprof.profraw.{PID} --profiled-binary a.out -o t.memprofdata
<generates t.memprofdata>

$ clang++ -ltcmalloc -g -fmemory-profile-use=t.memprofdata -01 -W1,-mllvm,-enable-memprof-context-disambiguation
-W1l,-mllvm, -supports-hot-cold-new -Wl,-mllvm,-optimize-hot-cold-new -mllvm --memprof-ave-lifetime-cold-threshold=5 -fno-inline main.cpp

$ ./a.out

Kak nonb3oBaTtbcA O5Aa CMOTPEHUA Mma3amMu.
$ clang++ -g -fmemory-profile -mllvm -memprof-histogram struct.cpp

$ MEMPROF_OPTIONS=print_text=1 ./a.out
<generates memprof.profraw.{PID} file in text format>

$ less memprof.profraw.{PID}
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Cnacunbo!

NT1oro, kak nonb3oBaTtbca anga PGO:

$ clang++ -g -fmemory-profile main.cpp

$ ./a.out
<generates memprof.profraw.{PID} file

$ llvm-profdata merge memprof.profraw.{PID} --profiled-binary a.out -o t.memprofdata
<generates t.memprofdata>

$ clang++ -ltcmalloc -g -fmemory-profile-use=t.memprofdata -01 -W1,-mllvm,-enable-memprof-context-disambiguation
-W1l,-mllvm, -supports-hot-cold-new -Wl,-mllvm,-optimize-hot-cold-new -mllvm --memprof-ave-lifetime-cold-threshold=5 -fno-inline main.cpp

$ ./a.out

Kak nonb3oBaTtbcA O5Aa CMOTPEHUA Mma3amMu.
$ clang++ -g -fmemory-profile -mllvm -memprof-histogram struct.cpp

$ MEMPROF_OPTIONS=print_text=1 ./a.out
<generates memprof.profraw.{PID} file in text format>

$ less memprof.profraw.{PID}
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