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Architektura pameti aplikaci

instrukéni pamét’
zasobnik (stack)

halda (heap)

— Managed Heap
— Native Heap
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Stack
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Zasobnik (Stack)

void ()
i
per thread , 20s
fixed size (konfigurovatelny, default 1 MB)
LIFO — Last In, First Out poie 20
Activation Records (Stack Frames) b();
— parametry (argumenty) , c();
— navratova adresa, registry CPU, ...
— lokalni proménné
Higher
Memo Yy
Frame Frame Frams Frame Frame Frams Frams
for for for for | for for for
maim ()} maini) main{} maini) maini) main{} maini)
Frams Frams Frame Frame Frams
for for for afl for afl for al)
afll a{)
Lower Frams Frame vt from
memory for for e al)
ki)
mizm() ratum frem return from
calls af) &) e}
O GOPAS a) ealls af) ealls e
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Stack Frames, Hodnotové/datove typy (01-StackHeap)

DEMO
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Datove typy

Hodnotové
In-place hodnota
primitivni typy
Intl6/32/64, Byte, Boolean,
Double, ...

char, Decimal

struct - DateTime,
Nullable<T>, vlastni, ...

ccccccccccccccccc

Referencni

,hodnotou“ je odkaz na instanci (ij.
adresa)

class (vC€. Object)
pole — Array, type[ ]
string

na jednu instanci muze ukazovat
vice referenci
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Zaludnosti

string je referencCni datovy typ
— ale je immutable!
— zZmena => nova instance
— instance se sdili, dokud se neméni

Array je v .NET referencni datovy typ

— ...ataky se tak chova!

— pamet je alokovana pri vzniku instance, ne pri deklaraci
promenne

¢)GOPAS Tech-Ed
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Operace prirazeni (=)

vzdy zkopirovani pametoveé bunky
hodnotovy typ — zkopirovani vlastni hodnoty

referencni typ — zkopirovani odkazu na instanci
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Predavani parametru do metod

pfedani parametru ,hodnotou” (default)
— zKkopirovani pameétove bunky
predani parametru ,referenci” (ref, out)
— odkaz na zdrojovou pameétovou buriku (stack)

navratova hodnota metody
— zkopirovani pamétoveé bunky (~ pfifrazeni)
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Pfedavani parametrii do metod
(03-CallingMethods, x86)

DEMO
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Heap
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Halda (Managed Heap)

Garbage Collector ~ 1959 LISP

Garbage Collection
— prekroceni thresholdu generace pri alokaci

— system-wide memory pressure
— GC.Collect() API (never-ever!)

sesypani, update referenci
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Before After

Rool , Root
— - Live Object (&) — Live Object (a)
Dead Object (b) Live Objact {c) :|
Live Object (c) - Live Object (e)
Hoot

Dead Object (d)

— |- Live Object (&)
Rool
— - Dead Object (f) Free Space
Free Space
¢J)GOPAS Tech-Ed
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Garbage Collection (02-SimpleGarbageCollection, x86)

DEMO
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Roots

kofeny grafu objektu pro zjisténi dosazitelnosti

— zasobnik (lokalni proménné, parametry metod)

— GCHandles

 globalni staticke fieldy
* pinned objects

— F-reachable queue
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GC Roots (03-GCRoots, x86)

DEMO
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Generations

vykonova optimalizace

soustredi se objekty s kratkou zivotnosti

Gen 0 — nove, Gen 1 & 2 — prezily 1/vice-krat
Gen 0 + 1 = ephemeral segment (,fixed" size)
Gen 2 = variable size
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Generations

Gen O
(16KB)

Gen 1
(12KB)

Gen 1 Gen 0
(12KB) (BKB)

Gen 2 Gen 1 - Gen O
(L6KB) (1OKB) (4KB)

¢)GOPAS Tech-Ed
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Generations (04-Generations, x86)

DEMO
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Finalization

explicitni uklid unmanaged zdroju
Finalize() ~ C# destructor

Finalization Queue => vzdy Gen 1
F-reachable Queue

Finalization Thread

IDisposable, ResourceWrapper pattern
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Unmanaged Resources

DEMO
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Large Object Heap

vykonova optimalizace
objekty vétsi nez 85 000 bytu (default)
soucast Gen 2 collection

nesetrasa se (NET 4.5.1+ |ze jednorazoveé)
Free List
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Verze Garbage Collectoru

Workstation (lag) vs. server (throughput)

configuration/runtime/gcServer enabled="true|false"

Background GC (NET4 wks only, NET4.5 svr)
configuration/runtime/gcConcurrent enabled="true|false"
Objekt >2GB (x64, NET4.5)

LOH Free Lists Optimization (NET4.5)
LOH Heap Balancing (NET4.5)
LOH Compaction, explicit (NET4.5.1)

¢)GOPAS Tech-Ed
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WIinDbg Reference
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Debugger Extensions pro .NET

.load C:\path\to\extension.dll
SOS.dIl — Son of Strike, soudast .NET
.loadby sos mscorwks (.NET < 4)
.loadby sos clr (.NET >=4)
.loadby sos coreclr (NET Core)
PSSCOR2/PSSCOR4 — SirSi SOS (web)
SOSEX, NetEx — 3rd party
lhelp [<command>]
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Zaludnosti pouziti Debuggeru

Platform - x86 vs. x64

Symbols
.symfix (MSFT Symbols Server), .sympath, .sympath+
.reload
.NET Data Access Layer (mscordacwks.dll)
.cordll -ve -u -1
stejna verze, jako na ladéném stroji (dtto SOS)
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Rezimy prace s Debuggerem

Open Executable... (g pro Run)
Attach to a Process...

Open Crash Dump...
— Task Manager / Create Dump File (!!32-bit vs. x64 stroj)
— DebugDiag / ADPLUS
— Sysinternals PROCDUMP.EXE
— Windows Error Reporting
—  Windows Crash Dump
—  WIN32 API (extern v .NET)
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DebugDiag

« user‘friendly Ul

*  pfipravené analyzy

*  sbérdat/dumpu

*  pod poklickou debugger services

* volano napf. i z Azure Web Apps KUDU

¢)GOPAS Tech-Ed
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Stack Examination

IClrStack [-i] [-a] [-1] [-p]
IDumpStack [-EE]

IEEStack [-EE] (all threads)
IDumpStackObjects (typy)
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Heap Examination

IDumpHeap [-stat] [-type <name>]
[-mt <MTaddr>] [-live|dead]

IHeapStat [-inclUnrooted]

IGCRoot <ObjAddr> IGCHandles
lEEHeap -gc

IFinalizationQueue [-allReady]
IFindAppDomain <ObjAddr>
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Object Inspection

IDumpObject <ObjAddr>
IDumpArray <ObjAddr>
IDumpVC <MTaddr> <ObjAddr>
dd <addr>

dg <addr>

10bjSize <ObjAddr>
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Error Diagnostics

IPrintException [ObjAddr] [-nested]

IDumpAllExceptions (PSSCOR4)
lwdae (NETEXT)
lwpe (NETEXT)
IVerifyHeap
IVerifyObj <ObjAddr>
lanalyze -v (native)
¢J)GOPAS Tech-Ed
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Threads

!Threads
~123s

ccccccccccccccccc

IThreadState <state>
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Pekny den

nnnnnnnnnnnnnnnnn

Tech-Ed
DevCon :



