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Labs for 4.2

® The following is a superset of the labs presented
in module

“4.2. Windows Processes and Threads”
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Task Manager: Processes Vs
Applications Tabs

2 Processes tab: List of 2 Applications tab: List of top
processes level visible windows
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rrr———— ]
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What Are Task Manager’s “Applications”?

2 A meaningless term at the OS level

2 Windows Task Managor

? Not a list of processes O L T T L
& Not a list of “tasks” (another = i
meaningless term) .f«”i'_':‘,;.':;:.’:“;.“:""” i
" Bl AL g s
2 It's alist of top level visible windows in i
your session that meet certain criteria il
g
2 What does the status column mean? e
# Running: el
S Rl
& Windows don’t run—threads do Ay e DAL bk v
@ Running displayed only when - -
owning thread is waiting for a e
window message (e.g. Not running!)  [roceses »  cmuege oo oo mom | s

@ Not Responding: not waiting for window
messages

2 To map a window to a process, right-
click on a window and select “Go to
process”
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Process Explorer (Sysinternals)

& “Super Task Manager”

@ Shows full image path, command line, environment variables,
parent process, security access token, open handles, loaded DLLs
& mapped files
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Lab: The Process List é

W Dn e

Run Process Explorer & maximize window
Run Task Manager — click on Processes tab
Arrange windows so you can see both

Notice process tree vs flat list in Task Manager

® |[f parent has exited, process is left justified

Sort on first column (“Process”) and note tree
view disappears

Click on View->Show Process Tree (or
CTRL+T) to bring it back

Natice. description and.company. hame columns

Lab: Refresh Highlighting é

S T o A o

Change update speed to paused by pressing space bar
Run Notepad

In ProcExp, hit F5 and notice new process

Exit Notepad

In ProcExp, hit F5 and notice Notepad in red

Uses

@ Understanding process startup sequences

@ Detecting appearance of processes coming and going
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Process Performance é

* Click on Performance Tab of process properties
® Note: all these numbers can be configured as columns

F Hopsis
Prost a
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o
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Thread Detalls

@ Process Explorer
“Threads” tab shows T —
which thread(s) are S 1 CrUSTRES B
running
& Start address represents
where the thread began it T AME (GG B Piciy
running (not where it is e A
Lhied Tires k] —
nOW) Conbed Gunichaz 558 ek |
& Click Module to get details C = ]

on module containing
thread start address
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Thread Start Functions

& Process Explorer can map the addresses within a module to
the names of functions

2 This can help identify which component within a process is
responsible for CPU usage

& Requires access to:
2 Symbol file for that module
2 Proper version of Dbghelp.dll
& By default, Process Explorer looks for:

2 Dbghelp.dll: in the default Windows Debugging Tools install
directory

2 Symbols: NT_SYMBOL_PATH environment variable

2 Can also specify with Options->Configure Symbols
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Call Stacks

& Process Explorer can also show
the thread call stack

Function 1
@ Represents sequence of
functions called R
& Important if start address <
doesn’t indicate what the thread Function 2
is doing R
@ E.g.if it's a generic library start <

routine

Function 3
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Cal I StaC kS CPUSTRES.EXE Properties _:;
TID  CPU  Eacim Addsicis
FhiE Em: e ldwill
& Click Stack to view call stack
@ Lists functions in reverse
chronological order
T hes AEEPH IR0 B Paoay k-
& Note that start address on i iopieast
. . —ﬂ\“
Threads tab is different than sl L s =
first function shown in stack /I =
2 This is because all user threads .
start in a Windows library Stack for theand 724
function which calls the e e s
programmed start address 2 Bl 32 S e B e
3 Eanssd2 OEEkan+ Db
4 wpustres. el pda
6 Eorme|12 geiane Thoearssan=fl?
=1
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Example: Viewing Stacks

& Problem: Powerpoint was hanging for 1 minute on
startup

& Thread stack shows waiting on a printer driver

Stack for thread 3532

ntdll.dll+0x8030304 ~l
ntdll. diZwR equest aitReplyPort+0xc
RPCRT4.dIILRPC_CCALL::SendReceive+0s22a
RPCRT4.dIN_RpcSendReceive+0:20
BPCRT4. ditM diS endF eceive+0428
RPCRT4. ditN diClientCall2+0x1ca
winzpaol.dry!RpcOpenPrinter+ 0414
winzpool.dre! DpenPrinterRPC+0xa2
winspool dra JpenETnter s +-35
mz0.dl0rdinal2326+0:28

10 POWERPMNT.EXE+0xbd704 S|

[ es RN e | KOS R
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Suspending Processes

® Process Explorer can suspend a process

© Why would you want to do this?

& You've started a long running job but want to pause it
to do something else
@ Lowering the priority still leaves it running...

® You've started a long download but want to have
your network bandwidth temporarily

& Some multi-service system process activity is due to
other processes calling upon their services

© Suspend a process that is consuming CPU time to see
what that does to the system process in question
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Lab: Suspend é

© Start Notepad

® From a command prompt:
1. Suspend Notepad process with Process Explorer
2. Try to switch back to Notepad (should not respond)

3. Open Task Manager and look at Notepad'’s status in
the applications tab ©

4. Resume Notepad
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Process Explorer Lab: Column é

Selection And Username

® Notice additional details show for each process
(icon, description)

@ Click on View->Select Columns

& Add username column

® Compare username column in Task Manager
with Process Explorer — what is the difference?

@ Deselect View->Show Processes From All Users
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Process Explorer Lab: Command é
Line
® Double click on date/time in task bar (lower right

of screen)

® In Process Explorer, hit F5 to refresh
® Find new process created (RUNDLL32.EXE)
@ Examine command line arguments

©® Example: cmd.exe process was consuming lots
of CPU time

#& Command line argument showed which .BAT file
was running
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Examining CPU Time

®Open process
properties and
look at CPU usage
history on the
performance

graph page
®Hover the mouse
over a point to see

the time of that
value

Er | Cormed

Windows Operating System Internals - by David A. Solomon and Mark E. Russinovich with Andreas Polze

18

Process Explorer Lab:

Environment Variables
@ Click on Environment Tab of process properties

explarer. exe Properties
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Process Explorer Lab: E

Environment Variables
® Open a command prompt

® Run Notepadexe from command prompt
@ Type “set dave=smarter_than_mark”

® In ProcExp, hit F5 and examine environment
variables for Cmd.exe and Notepad.exe

& Notice Notepad.exe does not know that Dave is
smarter than Mark ©

Windows Operating System Internals - by David A. Solomon and Mark E. Russinovich with Andreas Polze 20

Security

& Click on Security tab of

e Pioperilis

process properties o] Feomes S mbres
& Group -
Shows rest _of access token = .
(username is on image tab) BUILTUsars
DS OLOMOMNNOone &
2 Groups list 5
2 Includes OS-assigned groups #t] Prilege #
o . SeBackupPrivilege
@ Privileges (user rights) SeChangeNelfyPrivilege
. SeCreatePagefilePrivilage
@ Disabled by default SaDabugPrivilege
@ Programs turn these on when 0 G
needed [

& This is really a “Resultant Set
of Groups” and “Resultant Set
of Privileges” page
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.NET Information

e | Faipmance | Thisade | Senpty | MET | Evamnessny
& Process Explorer is aware AgRDoma
of .NET processes T
€ Can highlight with Options- VT Tedormact Btk
>Highlight .NET Processes RETEIR A #
. Comin Wk
& Process properties have L L E————
.NET tab sk 3
% Thwse in il 2
€ Shows details about .NET

process (CLR, Appdomains) F —n
E

& Can also add .NET-specific |8 s so fues f i
. H il BE

columns to process list = TR TP e
o anpibrar ae 144 EG DSV daAd
L CAUTL DO EXE BB BRI d
50 i o ol FI3E [= L]ty R
T meapaint txe 9B EGDAYERdawd

2 prOrsEp 124 11 BGDAVENdESd -

i ¥
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Windows Status

@ If you really like Task Manager’'s Applications
tab:
& Add the Window Title column
& Add the Window Status column

2 Uses the same Windows function as Task Manager to
determine status

[ Bl wmamm ak Maaer o =
| Opwem Sev - frdoen Hew

b b PR | T RAEN  E Lang

Tk i
o e - Serards S e T ey
e Vo Rzt

(3 Pracost Explusar - Sycitrats: . sydetoesals.com
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H D =By = #ed

Procaas PO C Drciption Wndow Stein Cormparry Hasa
| Zyeinmn e Procam o ERis
o retenad s ¥\ W Poleped Hat rmpandng Mook Comporsiion
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Lab: Window Process Finder .

® Use the Window process finder toolbar button
to identify the owner of a window

@ Lab:

1. Open Regedit and modify
HKLM\System\CurrentControlSet\Control
ProductOptions\ProductType

2. Move the window process finder target over the

resulting popup to see what process owns the
window
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Lab: Viewing Process Activity s

1. Task Manager:

@ Applications tab: find the process that owns a window (right mouse click
on window title)

® Process tab: add a few additional columns: Virtual Memory size, Handle
count, Thread count

@ Windows 2000: add I/O counters; right click on a process & notice “end
process tree” option

2. Look at process hierarchy with Process Explorer

@ Start a command prompt, then run Notepad from command prompt, and
find new process in process list

@ Exit the command prompt and notice Notepad process moves to bottom
of list since it has no parent
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PS Tools

£

Group of 12 process/system control tools

&  Where'd the “Ps” come from?

@  The UNIX process listing tool is
named “ps”

2 The first PsTool was a UNIX “ps”-equivalent, PsList
They all work on Windows NT4/2000/XP/2003
They all work remotely as well as locally

2 Require admin rights to remote system
@ Can specify credentials with “-u” switch

None require manual remote software installation
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PS Tools

(o T < T = N« R« A T = R« R R R« T

Psfile — lists & closes remote file opens
Psshutdown — remote shutdown, lock workstation, log off user
Psexec — run an app on a remote system

Pslist — list processes & threads

Psuptime — system up time

Psinfo — display general system info

Psgetsid — displays computer or user SIDs
Psservice — service process control (like SC in XP)
Psloglist — dumps event log in text

PsSuspend — suspend a process

PsKill — kill processes

Psloggedon — lists local and remote logon sessions
Pspassword — change local/remote passwords
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PsKill

® The perfect complement to PsList
is PsKill

& Similar to Resource Kit Kill and Remote Kill

& See a process running on a remote (or local) system
with PsList, kill it with PsKill

® Unlike Task Manager, PsKill lets you kill any
process if you're an admin

& Uses “Debug” privilege

@ Uses auto-installed remote service and
TerminateProcess API
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PsList/PsKill Lab

1. Openacommand prompt

2. Try Pslist on your machine
® c:\sysint\pslist
® c:\sysint\pslist —t (tree view)
® c:\sysint\pslist -s (autorefresh)

3. Look at process list on your neighbor’'s machine
® c:\sysint\pslist \\computername

4. Kill Explorer.exe on your neighbor’s workstation
® c:\sysint\pskill \computer explorer.exe
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PsExec

# Remotely execute programs

@ Executes console programs interactively

@ Allows you to start programs as yourself , in alternate user
credentials, or in the System account

& With PsExec you can:

2 Launch a remote command prompt to effect
a light-weight telnet

2 Remote-enable “local only” command-line tools
like IpConfig

& Uses auto-installed remote service
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PsExec Lab

1. Openacommand prompt

Run Regedit under System account:
psexec -s -i c:\windows\regedit.exe

3. Start Notepad interactively on another workstation (or to
yourself if not on a network):

® c:\sysint\psexec —i \\computer notepad.exe

® Find the Notepad process you created by examining the process
tree with pslist on the remote system

® Notice parent service process
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Lab Series 4.3.

® The following labs capitalize on the materials
presented in Section

“4.3. Windows Process and Thread Internals”
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Process/Thread Kernel Debugger €°
Commands

% lprocess [/s Session] [Address/Pid [Flags]]

-
Lo
i
i
i

Iprocess — display current process (not full details)

Iprocess 342 — display full details of process 342

Iprocess 829fa030 — display process identified by EPROCESS address
Iprocess 0 0 —summary display of all processes

Iprocess 0 7 —full details of all processes

% lthread [Address [Flags]]

-]
-]

Ithread — current thread
Ithread 826e8898 — display thread identified by ETHREAD address

? To view user stack, must set process context:

i
L

.process <address of EPROCESS>
.context <address of page directory (Dirbase)>

% Ipeb [Address]
2 lteb [Address]
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Process Block (!process)

Process ID Address of Process ID of
EPROCESS address process environment block parent process
i /
P?)';smalsl_ddrfss {O:ESS ff704020 G d: 0075 Peb: 7ffdf000 ParentC d: 005d
of PagRIEHEEOY SDirBase: 0063c000 ObjectTable: ff7063c8 TableSize: 70.

root of the process’s | mage: Expl orer.exe
Virtual Address 5 vadRoot ff70d6e8 Clone O Private 229. Mbdified 236. Locked 0.
Descriptor tree FF7041DC Miutant State Signal | ed Owni ngThread 0

Token €1462030
El apsedTi me 0: 01: 19. 0874

Time the process
has been running,

L . User Ti ne 0: 00: 00. 0991
divided into User : 0-00-02 0613
e il @ine Quot aPool Usage[ PagedPool ] 18317

Quot aPool Usage[ NonPagedPool ] 3824

Working Set Sizes (now, mn, max) (727, 20, 45) (2908KB, 80KB, 180KB)
PeakWor ki ngSet Si ze 757

Virtual Si ze 29 M

PeakVirtual Si ze 31 M

PageFaul t Count 1396

MenmoryPriority FOREGROUND

BasePriority 8

Conmi t Char ge 250
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Thread Block (!thread)

Thread ID
Procesés& /ddress of system
Address of thread service dispatch table
Address of ETHREAD envifonment block P
/ THREAD 83160f60 G d 9f.3d Teb: 7ffdc000 Wn32Thread: el153d2c8
WAT (W Request) User Mbde Non- Al ertabl e
Thread 808e9d60 Synchr oni zat i onEvent
state Not i nper sonating Actyél thread start address
Qi ng Process 81b44880
Wi t Ti ne (seconds) 953945
Objects being Context Switch Count 2697 Lar geSt ac
p User Ti ne 0: 00: 00. 0289
waited on Ker nel Ti me 0: 00: 04. 0664
Start Address kernel 32! BasePr ocessStart—(0x7re8{268—
Wn32 Start Address 0x020d9d98 Address of user thread function
Stack Init 7818000 Current f7817bb0 Base f7818000 Limt 7812000 Call 0

Priority 14 BasePriority 8 Decr ement Count 13

Kernel stack not resident.
Priority Information
Chi | dEBP Ret Addr Args to Child

f7817bb0 8008f 430 00000001 00000000 00000000 nt oskr nl ! Ki SwapThr eadExi t

f7817c50 de0119ec 00000001 00000000 00000000 ntoskrnl! KeWai t For Si ngl eChj ect +0x2a0

f7817ccO de0123f 4 00000001 00000000 00000000 wi n32k! xxxSl eepThr ead+0x23c

f7817d10 deO1f 2f 0 00000001 00000000 00000000 wi n32k! xxx| nt er nal Get Message+0x504

f7817d80 800bab58 00000001 00000000 00000000 wi n32k! Nt User Get Message+0x58

f7817df 0 77d887d0 00000001 00000000 00000000 ntoskrnl ! Ki Syst enBer vi ceEndAddr ess+0x4
Stack trace 0012f ef 0 00000000 00000001 00000000 00000000 user 32! Get MessageW-0x30
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Dumping Structures with Kernel .
Debugger

2 “dt” (“Display Type”) command can format most kernel structures
? Syntax: “dt StructureName address —r”
@ dtnt!_* - displays all OS structures known to dt

? Note: relies on type information in symbol files

@ Public symbols have this for XP, Windows Server 2003, and Window s 2000
SP4 and later

2 Process/thread-related structures:
? nt!_EPROCESS

2 nt!_ETHREAD

® ntl_PEB

& ntl_TEB

2 nt!_TOKEN

® ntl_JOB
Windows Operating System Internals - by David A. Solomon and Mark E. Russinovich with Andreas Polze 36

E
Process Block Layout
Ikd> dt nt!_EPROCESS

+0x000 Pch : _KPROCESS

+0x06¢c ProcessLock : _EX_PUSH_LOCK

+0x070 CreateTime : _LARGE_INTEGER

+0x078 ExitTime : _LARGE_INTEGER

+0x080 RundownProtect : _EX_RUNDOWN_REF
+0x084 UniqueProcessld : Ptr32 Void

+0x088 ActiveProcessLinks: LIST_ENTRY
+0x090 QuotaUsage : [3] Uint4B

+0x09c QuotaPeak : [3] Uint4B

+0x0a8 CommitCharge : Uint4B

+0x0ac PeakVirtualSize : Uint4B

+0x0b0 VirtualSize - Uint4B

» NOTE: Add “-r” to recurse through substructures
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Thread Block (!strct ethread)

Ikd> dt nt!_ETHREAD

+0x000 Tcb : _KTHREAD

+0x1c0 CreateTime : _LARGE_INTEGER
+0x1c0 NestedFaultCount : Pos 0, 2 Bits
+0x1c0 ApcNeeded : Pos 2, 1 Bit
+0x1c8 ExitTime : _LARGE_INTEGER

+0x1c8 LpcReplyChain : _LIST_ENTRY

+0x1c8 KeyedWaitChain : _LIST_ENTRY

+0x1d0 ExitStatus : Int4B

+0x1d0 OfsChain : Ptr32 Void

+0x1d4 PostBlockList : LIST_ENTRY

+0x1dc TerminationPort : Ptr32 TERMINATION_PORT
+0x1dc ReaperLink : Ptr32 ETHREAD

» NOTE: Add “-r” to recurse through substructures
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Lab Series 4.4.

® The following labs capitalize on the materials
presented in Section

“4.4. Windows Thread Scheduling”
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. EACPU Stress | L
Watchin
a C g Frocess Prionty Class: INDlmaI 'I
Scheduling

CPUSTR ES EXE ) [~ Access Shared Memary I K.-Bytes

 Thread 1

Creating a Test Case ¥ Active  Thread Priority: INormaI 'l
Activity: I Busy & I

Thread Priority: | M aormal "l
Achivity: I Busy hl l
— Thread 3

[ Active  Thread Friarity: | Mormal 'l

® Run: cpustres.exe
(Resource Kit)

Achivity: Law hd
~ Thread 4
™ Active Thread Prionity: | M armal 'l
Screen snapshot from: Activity: Liaw 4
Run... cpustres
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Watching the Scheduler &

Performance Monitor - Threads Object

Add to Chart x|

Computer: [\ 1ACHS ool |
Object  [Thread | Instance: [TTotal=> T2 _|cance|

crnd == 0
CPUSTRES = -
Counter.  [ID Thread ;I CPUSTRES - Erplains>
Priarity Baze CPUSTRES =

Pricrity Current cargz ==x 0 Help |
Start Address ragsn ==> 1 =
Thread State b i I »

Thread W ait Reasan
Color: | NN ~| Scale: [Defaur = widh] —— =] Swe| — =

Ll

Counter Definition

Thread State is the current state of the thread. Itis O faor Initialized, 1 for Ready, 2 for -
Running. 3 for Standby, 4 for Terminated, 5 for Wait, B for Transition, 7 for Unknown, 2
Running thread is using a processor; a Standby thread is about to uze one. & Ready

Screen snapshot from: Programs | Admin. Tools
| Performance Monitor select “Add to Chart”,

and Object: Thread. use Ctrl-leftClick to select
multiple items in a selection box
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Watching the Scheduler

Performance Monitor - Options | Chart

Chart Options |
¥ Legend I~ Vertical Grid
¥ “alue Bar ™ Harizontal Grid Eaiize] |
— Gallery W Vertical Labels
{* Graph _ : ﬂl _/_Set chart maximum
. Wertical Maximum: vertical scale to 16
" Histogram
16
— pdate Time
Interval [zeconds]:
& Feriodic Update |.1DD « Set update interval to
" Manual Update 0.1 seconds or less

Screen snapshot from: Performance Monitor
Options menu | Chart command
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Watching the Scheduler =
Performance Monitor
B Thread states are
10 indicated by numbers
3 (see thread state
8 transition diagram on
7 previous slide, or
e Perfmon Explain
display for Thread State
8 : ' counter)
4 LR (] I Il I 1l .
. U L ”J I \ I TN 5 = waiting
( |\ 2 =running
TGV D e
]
1]
Last| 5000 Average | 2909 Min| 1.000 Max 5.000 Graph Time 100.000
Color Scale Counter Instance Parent Object Computer
 — 1.000° Pricrity Current 1 CPUSTRES Thread YMACHS
 — 1.000° Pricrity Current 2 CPUSTRES Thread SMACHS
| — 1.000 Thread State 1 CPUSTRES Thread WMACHE
| ] 1.000 Thread State 2 CPUSTRES Thread WmMACHE

|Data: Current Activity

Screen snapshot from:
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Lab Series 4.5.

® The following labs capitalize on the materials
presented in Section

“4.5. Advanced Windows Scheduling”
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Looking at Waiting Threads =

2 For waiting threads, user-mode utilities only display the wait reason
@ Example: pstat
2 Command Prompt =lax|

k- \WINDOWS\SYSTEM3 25 pstat :’
Pstat wersion 0.3: memory: 130480 kb uptime: O 21:24:36.734

pid: O pri: O Hnd: o Pf: 1 Ws: 16K Idle Process
tid pri Ctx Swtch Strtaddr User Time Kernel Time State
4]

) ) 2845450 0:00:00.000 20:55:56.375 Running
Q Q 3056193 0 0:00:00.000 21:09:33.234 Running
pid: 2 pri: & Hnd: 221 Pf: 1875 Ws: 200K System
tid pri Ctx Swtch Strtiddr User Time Kernel Time State
1 G 21214 801c3fec O 0:00:39.687 Wait:FreePage
3 18 51 8010bafa 0:0 0:00:00.000 Wait:EventPairLow
0 0:00:00.906 Wait:EventPairlow

4 16 45518 8010bara

pid: 2e pri: & Hnd: 78 Pf: 8711 Ws: 1140k Explorer.exe
tid pri Ctx Swtch Strtaddr User Time kKernel Time State

48 14 122844 77fO52ec 100 :04.703 H Wait:lUserRequest
[ i1 226 F7f052ed : Wait:lUserRequest
a5 14 23048 F7052e0 Wait:UserRequest
ag 14 4976 F7f052e0 HeoH H wWait:UserRequest
a7 14 1378 rrfoszed 100 :00.000 wait:LpcReceive

2 To find out what a thread is waiting on, must use kernel debugger
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Looking at Wait Queues

% Ithread command to kernel debugger

@ Lists addresses of objects being waited on (if a mutex, shows owner)

@ lirpfind can search IRPs for an event object address

ﬁ[ﬁommand Prompt - i386kd -z d-\memory.dmp -10] x|
0 kds thread 80800980 ;I
&

Ithread 80800360

esP UserMode Mon-Alertable
807300 SynchronizationEwvent D
800a48 NMotificationTimer

Mot impersonating
IDwning Process 808a3dal

aitTime (seconds) 3396

IContext Switch Count 17

UserTime 0 :00 2000000
KernelTime 0:00 :00.0000

Start Address OxrF7f052e0

in3z Start Address Ox77e2g473

Stack Init fc4a2000 Current fodalefd Base fc4a2000 Limit foc49f000 Call O
Priority 9 BasePriority 8 PriorityDecrement O DecrementCount O

cannot get wersion packet on a crash dump

_hi1dEEP Eetaddr Args to Child

frdalerc 80117020 00000000 fodalecd 80184601 ntkrnlmp!EdSwapThread+Ox1bl

Frdalefo 77feE19b Q0000178 Q0000000 fodalect ntkrnlmplkiSystemService+dxbe
ifcdaledc fodaleald 807300 50800960 80800%cc +0x77TEE1%9b

0: kds

ITHREAD 80800960 Cid 28.95 Teb: 7ffag000 Win3zThread: 8014330 WAIT: (UserRequ_

frdaleald 8018d70d 807fF3I00 0OD0O00E 80184601 ntkrnlmp!kKewWaitForsinglethject+Ox1b

2
frdalefo 8013e31le 00000178 0OD0O0000 fcdalec8® ntkrnlmp|MtWaitForsingledbject+ixad

El
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Lab: Foreground Priority Boosts

©® See Book “EXPERIMENT: Watching

Foreground Priority Boosts and Decays”, p.351

® See Book “EXPERIMENT: Watching Priority

Boosts on GUI Threads”, p.353
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Priority Boost and Decay 2

Demo with CpuStres and PerfMon

@ CpuStres settings: 10
_ S AA AR A AP AR
% two active threads .
& activity level = busy (about 7
25% wait time) .
& normal process priority class, 5
normal thread priorities .
® Usually only visible in PerfMon if 3
target app owns foreground . /]
window (hence longer quantum) ; _V ﬂ' _V .,ﬂ" _U .,'n‘( nﬂ
? These are showing +2 boost 0
(from 8 to 10) for foreground Last| 1.000 Average | 2780 Min| 1.00C
apps after wait completion Color Scale Counter Instance Parer
 — 1.000 Pririty Current 1 CRUS
 — 1.000 Priority Current 2 CPUS
E——1  1.000 Thread State 1 CPUS
I | 1,000 Thread State 2 CPLS
|Data: Current &ctivity
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Lab: CPU Starvation Resolution é

®See Book EXPERIMENT: Watching

Priority Boosts for CPU Starvation,
p.355

® CpuStres with two compute-bound
threads (“maximum” activity level)

® One is at lower priority than the other

®See Book EXPERIMENT: “Listening
to Priority Boosting”, p.357
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