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1 Introduction

This document describes the administration and usage of CAPI Logger. CAPI Logger
can be used to generate verbose log information for applications that use the Microsoft
Crypto API (CAPI) for certification path processing. These logs serve as an alternative
to the native logging that uses the system event log. CAPI Logger saves information in a
SQL.ite database. The database contents can be reviewed using an analysis tool provided
with CAPI Logger or any SQL.ite database browser.

CAPI Logger can be configured on a per-application basis or with a common
configuration for all applications. It is recommended that the focus be as tight as
possible when debugging a particular problem, i.e., the per-application configuration
should be used to reduce logging noise.

This document is intended for individuals tasked with troubleshooting PKI-related
problems associated with applications that use Microsoft CAPI for certification path
processing. Basic familiarity with public key infrastructure (PKI) is assumed.

CAPI Logger is intended for troubleshooting purposes only. It is not intended for
perpetual use on a system. As with any logging utility, logging activities can impact the
performance of instrumented applications. CAPI Logger databases grow without bound.
CAPI Logger should be disabled or uninstalled when a particular troubleshooting activity
is concluded.

1.1 Installation

The CAPI Logger installation package contains four features that may be installed, as
described in the following table.

Table 1 Installation features

Feature Description

CAPI Logger Contains the basic components that integrate with
Microsoft CAPI to provide log generation. This
feature should only be omitted when installing just
the administration tools on a system where analysis or
deployment preparation operations are conducted log
generation functionality is not required.

Configuration/Analysis Utility Contains the CAPI Logger Analysis Console utility.

Deployment Tool Contains tools used to create customized CAPI
Logger installation packages.
Mandatory components Contains core functionality common to most features

The Typical feature set includes:

o CAPI Logger,
e Mandatory Components.




Only the Mandatory Components feature must be installed. All other features may be
installed or not installed, as desired.

The CAPI Logger installation package can be customized as described in Section 3.
2 CAPI Logger Components

2.1 CAPI Logger Integrated Client (CLIC)

The CAPI Logger feature installs the software libraries required to integrate with
Microsoft CAPI for the purposes of collecting log information.

2.1.1 CAPI Logger Analysis Console (CLAC)

The CAPI Logger Analysis Console utility provides means of configuring CAPI Logger
for use and is the primary tool used for analyzing CAPI Logger database files. The tool
saves configuration information to the system registry and requires administrative
privileges to execute where necessary to do so. The tool is discussed in Section 3.

2.2 Deployment Tool

The Deployment Tool feature installs a utility that can be used to customize CAPI Logger
installation packages. The default CAPI Logger installation package configures CAPI
Logger to collect information for all CAPI-enabled applications. For most
troubleshooting scenarios, this is too broad. Using the CAPI Logger Customization
Wizard, an installation package can be prepared that targets a specific application.

3 CAPI Logger Analysis Console

The CAPI Logger Analysis Console provides the primary means of reviewing logs
generated by CAPI Logger. The basic philosophy of the log collection is to collect most
information that traverses the instrumented CAPI functions while avoid duplication of
information that is common across various applications or invocations of an API. For
example, a single instance of a certificate or CRL is maintained; a given a set of
parameters passed to CertVerifyRevocationStatus or CertGetCertificateChain is
maintained just once.

The CLAC user interface provides a number of options accessible via clicking the right
mouse button. For example, many numeric values can be explained via a right click, a
certificate can be viewed via a right click or values from another table that are related to a
selected row in a table can be displayed via a right click.



C:\Program Files\Cygnacom Solutions\CAPI Logger\Capil ogger.cld - CAPI Logger Analysis Console - enabled
File Tools Help

Events |URIs | Certificates | CRLs | Tables | Snapshots | Error

Eventld | PID | TID | FID| ElapsedTimelnMiiseconds | StartTime EndTime Pracesshame Subjecthlame ~
500 219 2716 3 0 201006162111102 201006162111102  CapiPathialdator.exe

499 219 2716 5 D 201006162111107  201006162111102  CapPathialdator.exe

495 286 276 5 47 0100616211102 2010061621110 !

497 219 2716 3 D 201006162111102  201006162111102  CapiPathvalidator.exe

496 219 2716 7 484 201006162111107  20100616211110Z  CapiPathtialidator.exe

495 286 276 5 D 0L006162L11102 201006L6211110Z Capi .

494 219 2716 3 D 201006162111107 201006162111102  CapiPathvalidator.exe

493 219 2716 5 D 201006162111097  20100616211109Z  CapiPathialidator.exe

492 2% 2716 3 0 0L0DG162L11092 Z01006L62111092 Capi exe

491 2% 2716 5 D 2010061621100 201006162111097  CapiPathValidator.exe

490 219 2716 5 D 201006162111097 20100616211109Z  CapiPathialidator.exe

4689 492 2500 7 0 201006162111092 201006162111092  chrame exe

455 M 2812 7172 2010061621110697  20100616211105Z  chrome exe

487 sz 2272 1 47 201006162111097  20100616211109Z  chrome exe

486 2% 2716 3 0 0LO0G162L11092 Z01006L62111092 Capi .

455 2% 2716 5 D 2010061621100 201006162111097  CapiPathValidator.exe

484 219 2716 5 D 201006162111097  20100616211109Z  CapiPathtialidator.exe

483 2% 2716 3 0 0L0DG162L11092 Z01006L62111092 Capi exe

452 2% 2716 & D 2010061621100 201006162111097  CapiPathValidator.exe

481 219 2716 & D 201006162111097  20100616211109Z  CapiPathtialidator.exe

480 2% 2716 5 0 0L0DG162L11092 Z01006L62111092 Capi !

475 2% 2716 5 D 201006162111092  201006162111092  CapiPath¥alidator exe

478 219 2716 5 D 201006162111097  20100616211109Z  CapiPathialidator.exe

477 492 2500 2 1343 201006162111092  201006162111112  chrame exe serialNumber=D04566428+cr=buy entrust.net,au=Entrust Certificate Services,2,5.4,15="Y1.0, Clause 5.(b)",0="Entrust, Inc.",1.3.6.1.4.1,311
476 2% 2716 5 63 201006162111092  201006162111092  CapiPath¥alidator exe

475 219 2716 3 D 201006162111097  20100616211109Z  CapiPathiialidator.exe

474 2% 276 5 15 201006162111097  201006162111092  CapiPathtaldator.exe

473 296 276 5D OLO0E162L11002  201006162111092 Capi e

472 219 2716 3 D 201006162111087 20100616211109Z  CapiPathialidator.exe

471 2% 276 2 134735 201006162111082  201006162113232  CapiPathiialdator.exe  cn=DOD CA-18,0u=PKL,ou=DoD,0=L 5. Government,c=Li5

470 M9z 2[00 6D 201006162111062  20100616211105Z  chrame exe

469 492 2476 7 188 201006162111082  20100616211109Z ~ chrome &xe

468 3492 1736 7 281 2010061621082 201006162111092  chrome exe

47 Moz 292 70 201006162111062  20100616211109Z  chrame exe

466 492 2272 2 1094 201006162111082  20100616211110Z  chrome &xe en=imagesak securepaynet. net,ou=MIS Department, n=Special Domain Services Inc. l=Seottsdals,st=Arizon, c=US

465 3492 2476 7 235 2010061621082 201006162111082  chrome exe

464 M9z 2sm0 7 297 201006162111062 2010061621106 chrame exe

463 492 2912 7 266 201006162111082  201006162111082 ~ chrome &xe

462 2% 2716 & D 201006162111087  201006162111082  CapPathialidator.exe

461 Mz 2z 70 201006162111062 2010061621106 chrame exe

460 49z 2472 7 344 201006162111082  20100616211108Z ~ chrome exe

453 49z 2272 70 201006162111087  20100616211108Z  chrome exe

455 M9z 2476 7 297 201006162111062  201006162111062  chrome exe

457 49z 2272 70 201006162111072  20100616211108Z  chrome exe

456 49z 2272 2 203 201006162111072  20100616211108Z  chrome exe 2.5.4.15="V1.0, Clause 5.(b)",serialNumber=0796928-7, cn=y. GoDaddy £om, ou=MIS Department,n="GoDaddy .com, Inc”,1.3.6.1.4.1.311.60
455 4%z 2500 7 38 201006162111072  201006162111082 _chrame exe )
< >
Display Fiter Results limit Last SQL Query

500 SELECT Events.Eventld, Everts.PID, Everts.TID, Events.FID, Event: s, Everts, StartTime, Events EndTime, Events Processhame,
Certifica CERT_CHAIN_CONTEXT TrustStatUsError FROM Events LEFT OLITER JOIN CertGetCertificateChain_Params ON
Get More Results CertiaetCertificateChain_Params.Eventld = Events. Eventld LEFT OLITER JOIN CERT_CHAIN_CONTEXT ON CERT_CHAIN_CONTEXT.Id =
CertetCertificateChain_Params. ppChainConkext LEFT OUTER JOIN Certificates ON Certificates. Certificateld =
CertGetCertificateChain_Params.pCertContext WHERE Events.Evertld = 0 LIMIT 500;

Figure 1 CAPI Logger Analysis Console utility

3.1 Menus

3.1.1 File menu

The file menu features menu items to open and close log databases and to exit the CLAC
application.

3.1.2 Tools menu

The tools menu is divided into three groups. The first group can be used to count events,
to list the applications that contributed log information to an open log database, to
configure basic CLAC options and to refresh a given view. There are two configurable
options, as shown in the following screenshot. These options can be used to configure
the verbosity when displaying of certain types of information. The Count Events, List
applications and Refresh options are only available when a log database is open.



CAPI Logger Analysis Console options E|

Display options

[ 15how Fuil path and Filename For applications:

[]show table name in column headers

Ok ] [ Cancel

Figure 2 CLAC options

The second group is used to configure the CAPI Logger Integrated Client (CLAC). The
Tools->CAPI Logger Registration option can be used to register/unregister CAPI
Logger with the host operating system. When not registered, CAPI Logger will not be
loaded by applications. When registered, CAPI Logger will be loaded and the highest
priority configuration will be used, as described below in section 3.1.2.1.

The third group is used to clean-up the database or to export the SQL schema to a file.
The Tools->Vacuum log database executes the vacuum command on the open database
(requiring a temporary opening of the database with write permissions). The vacuum
command is described here: http://www.sglite.org/lang_vacuum.html. The Tools->Save
SQL schema item saves the SQL schema used by the CLAC to afile.

3.1.2.1 Configuring CAPI Logger

CAPI Logger can be configured using the dialog accessed via the Tools->Configure
CAPI Logger menu item, as shown below.

Configure CAPI Logger §|
Specify the configuration barget
User scope: ®eurrentuserr O Al users
Application scope:; i all applications (%) Target application
Target application filename: Cutlook. exe E]

Configure CAPT Logger

CAPI Logger Database: :\CapiLoggerDatabases i Outlook, cld E]

[ ]Take snapshot on next execution [ |Include certificate store contents in snapshat

[ Save Configuration ] [ Load existing configuration. .. ] [ Delete Configuration ] [ Close ]

Figure 3 CAPI Logger Configuration

The primary CAPI Logger configuration item is the database file. When a database file is
specified, applications covered by the configuration target will write log information to


http://www.sqlite.org/lang_vacuum.html

the specified database file. When no database file is specified, applications covered by
the configuration file will not emit log information. The database file need not exist but
the path to the file must exist. A new database file will be created when CAPI Logger is
loaded if no file already exists.

The Specify the configuration target settings are used to control which applications will
use the configuration. CAPI Logger searches for the appropriate configuration when
loaded by an application. Configuration priority is as follows:

Current user + Target application
All users + Target application
Current user + All applications
All users + All applications

The settings are saved to the system registry in the location indicated in the status bar. To
limit the configuration to a specific application, select the Target application option for
Application scope and enter the name of the executable file. Alternatively, click the
button adjacent to the Target application field and browse to the executable file. After
entering the desired configuration target and database information, click the Save
Configuration button. To view/edit an existing configuration, click the Load existing
configuration button. To delete the displayed configuration, click the Delete
Configuration button. Click the Close button to dismiss the dialog after the desired
configuration changes have been entered and saved.

3.2 Tables

The CLAC displays information from the log in tables on a series of tabs. A tab is
presented for four primary information tables: Events, URIs, Certificates and CRLs.
The Events table provides an overview of the usage of the instrumented CAPI functions
by the targeted applications. The URIs, Certificates and CRLs tabs provide an
overview of the PKI artifacts and resources used by the targeted applications. The
Tables tab provides a view of lower level tables present in the database. By default, the
Tables tab shows the contents of the InstrumentedFunctions table. The Functionld
values in this table appear in the Events table and are useful when composing a filter that
targets a specific CAPI function. Table relationships are shown in Appendix A.

As noted above, various types of information are available for items present in each table
via context menus accessed via right clicks. For example, on the Events tab, a given
event can be streamed into a dialog containing a more similar table view containing only
the information related to the selected event. The nature of the stream can be tailored by
editing the filter, as described below in section 3.2.1.

The Snapshots table shows the results of snapshots. An application can be configured to
generate a snapshot when CAPI Logger is loaded. The snapshot captures basic
information that influences certification path processing including certificate and CRL
store contents, cryptographic CSPs registered on the system and revocation status



providers registered on the system. To view the information collected for a given
snapshot, right click the snapshot of interest and choose from the resulting content menu.

3.2.1 Filters

CAPI Logger is intended to support low level troubleshooting. To provide maximum
flexibility in processing the collected information most views in the CLAC allow the user
to define custom filters. The SQL queries used by the tool (possibly customized by the
user) are shown as examples. To define a filter, click the Edit Filter button to display
the filter editing dialog shown below.

Define display filter, @

Display Filker (double click ko change boolean operatar)

Filker kext Boolzan op. ..

{Events.Processhame LIKE 'Yechrome®s’ ) ArD
(Events FID==2)

[ Add simple Filker element ] [ Add compound Filker element ]

[ Remave filber element ] [ Edit Filker element §

[ 04 H Cancel ]

Figure 4 Display filter editing

Display filters are composed of one or more filter elements. Filter elements can be
simple or compound. To add a simple filter element, click the Add simple filter element
button then choose the field name to filter on and define a relation and value, if required.

Edit display filter, element

Figld name Relation Walue

| contains | | chrome

Ewvents.StartTime
Events.EndTime OK H Cancel ]
Events.ElapsedTimeInMiliseconds

Figure 5 Filter element editing

After defining the desired filter elements click the Apply Filter button to cause the table
to be regenerated using the filtered results. The following screenshot shows a view
containing all invocations of the CertGetCertificateChain function by the Chrome.exe
application. The CertGetCertificateChain function is identified in this case by FID value
2. These values can be retrieved from the Instrumented Functions table on the Tables
tab.



M C:\Program Files\Cygnacom SolutionsMCAPI Logger\Capil.ogger.cld - CAPI Logger Analysis Console - enabled

File Tools Help
Events |IURIs | Certificates | CRLs || Tables | Smapshots | Error

Eventld PID TID FID ElapsedTim...  StartTime EndTime Processhame ~
G045 3776 2320 z 1140 201006171435377  201006171435382  chrome.exe

8047 3776 2320 2 1234 201006171435372  201006171435382  chrome.exe

8046 37 2320 z 1344 201006171435372  201006171435382  chrome.exe

G045 3776 2320 2 1437 201006171435362  201006171435382  chrome.exe

G044 3776 2320 2 1531 201006171435362  201006171435382  chrome.exe

G043 3776 2320 z a 201006171435367  20100617143536Z  chrome.exe

G042 3776 2320 2 125 201006171435362  201006171435362  chrome.exe

8041 377 2320 2 234 201006171435362  201006171435362  chrome.exe

G040 3776 2320 z 326 20100617143536Z  201006171435362  chrome.exe

8039 3776 2320 2 437 201006171435362  201006171435362  chrome.exe

8038 37TE Z320 z 53z 201006171435362  20100617143536Z  chrome.exe

G037 3776 2320 2 &40 201006171435362  201006171435362  chrome.exe

8036 377 2320 2 734 201006171435352  201006171435362  chrome.exe

8035 3776 2320 z 44 201006171435352  201006171435362  chrome.exe

8034 3776 2320 2 969 201006171435352  201006171435362  chrome.exe

8033 37 2320 z 1063 201006171435352  201006171435362  chrome.exe

G032 3776 2320 z 1158 201006171435352  201006171435362  chrome.exe

8031 3776 2320 2 1265 201006171435352  201006171435362  chrome.exe

&030 37TE Z320 z 1373 201006171435352  20100617143536Z  chrome.exe

G029 3776 2320 2 1469 201006171435352  201006171435362  chrome.exe

s0z8 377 2320 2 1578 201006171435352  201006171435362  chrome.exe

G027 3776 2320 z a 201006171435347  201006171435342  chrome.exe

a026 3776 2320 2 1o 201006171435342  201006171435342  chrome.exe

8025 37TE Z320 z z19 201006171435347  20100617143535Z  chrome.exe

G024 3776 2320 2 33 201006171435342  201006171435352  chrome.exe

8023 3776 2320 2 422 201006171435342  201006171435352  chrome.exe

G022 3776 2320 z 531 201006171435347  20100617143535Z  chrome.exe

G021 3776 2320 2 a10 201006171435342  201006171435352  chrome.exe

8020 377 2320 2 734 201006171435342  201006171435352  chrome.exe

G019 3776 2320 z G860 201006171435347  201006171435352  chrome.exe

a01g 3776 2320 2 968 201006171435342  201006171435352  chrome.exe

8017 37T 2320 z 1063 201006171435347  20100617143535Z  chrome.exe v
Display Filker Reesults limit Lask S0L Query

{{Events,FID == 2 JAND (Events, ProcesshName 500 SELECT Ewvents,EventId, Events.PID, Ewents, TID, Events.FID, Events,ElapsedTimeInMiliseconds,
LIKE “Sochromess’ 3 Eventks,StartTime, Events EndTime, Events.ProcessMame FROM Events WHERE ({Events . FID == 2 JaND
(Events Processhame LIKE '%chrome' 1) AhD Events.EventId > 0 LIMIT 500;

Where the filtering mechanisms provided by the CLAC are insufficient, alternative
SQL.ite tools can be used, including the sqlite3 executable provided with the library at
www.sglite.org or the SQLite Database Browser available at
http://sqlitebrowser.sourceforge.net/.

4 Customizing the CAPI Logger Installer

CAPI Logger is installed using a Microsoft Windows Installer package named
CapiLogger.msi. This installer performs basic installation activities including copying
files, registering services with the host operating system, preparing shortcuts, etc. In
most cases, additional configuration is required after using the default installation
package before using CAPI Logger. For example, specific application settings may be
required to collect information in an application-specific database. The CAPI Logger
Customization Wizard can be used to generate a transform file that can be applied to the
default installer to help avoid the need to perform manual configuration steps following
installation. The customization wizard enables specification of application-specific
configuration settings.

The transform file generated by the customization wizard can be installed using the
msiexec shown below:

msiexec /i <full path & filename of installer> TRANSFORMS=<full path & filename of transform>

Alternatively, the transform file can be applied to the base installation package using a
tool like ORCA (http://msdn.microsoft.com/en-us/library/aa370557%28VS.85%29.aspx).



http://www.sqlite.org/
http://sqlitebrowser.sourceforge.net/
http://msdn.microsoft.com/en-us/library/aa370557%28VS.85%29.aspx

This approach results in a single .msi file that can be distributed and used to install CAPI
Logger with the desired customizations.

The following sections describe usage of the customization wizard. Prior to beginning a
customization activity make sure to have collected the information regarding which
applications will be targeted by CAPI Logger.

4.1 Base Installation File Selection

To launch the customization wizard, double-click the
CapiLoggerCustomizationWizard.exe file or select the CapiLoggerCustomizationWizard
shortcut from the Start Menu. The panel shown below will be displayed. Browse to the
default CapiTag.msi file then click the Next button.

CAP| Logger Customization Wizard E|

Step 1 - Select the default base installation file (Capil.ogger.msi)

‘fou can use this customization wizard to prepare a transform {.mst) file to customize the Following
aspects of the CAPI TAG installation:

- CAPI Logger configuration For zero or more applications

Specify the full path and file name of the Windows installer database file {.msi) to open:

D\ CapiLoager  msi E]

et = ][ Cancel

Figure 6 Default Installation File Selection

The MSI referenced on this panel must be the default CapiLogger.msi. Editing
transformed MSI files is not supported in this release.

4.2 Transform File Identification

The settings specified using the CAPI Logger Customization Wizard will be saved as a
transform file (.mst). Browse to the location where the transform file should be saved
and provide a filename, as shown below.



X

CAPI Logger Customization Wizard

Step 2 - Specify transform file (.mst) to create
hanges made using this customization wizard will be saved to the transform (.mst) file indicated below,
The transform can be applied to the base installation package using the Following
msiexec command:
msigxec [i <full path and filename of installer =.msi TRANSFORMS=<full path and filename of transform = .mst
Specify the full path and file name of the Windows installer transform file {.msk) to create:

dilinternallsage.mst| Q

[ < Back ” Mext = l ’ Cancel

Figure 7 Transform file identification

4.3 Configure CAPI Logger Settings

CAPI Logger settings can be configured using a panel similar to the interface of the
CAPI Logger configuration dialogs in the CAPI Logger Analysis Console utility. Two
configuration sets are included in the default installation package: default configuration
for all users and a default configuration for Consent.exe. For the latter case, CAPI
Logger is configured to be inactive.

Databases will be configured to be generated and populated in a folder relative to the
installation directory. Full path and file name cannot be entered using the customization
wizard.



CAPI Logger Customization Wizard E|

Step 3 - Configure CAPI Logger settings

Specify a configuration target using the top box belaw, Click the Save Configuration button ta save the settings to the transform,
Repeat For each configuration ko be included in the transform File.

Specify the configuration target

User scope: (O} ot (Oallusers

Application scope: (%) all applications () Target application

Target application filename;

Configure CAPT Logger

CAPI Logger Database: E]

[ Take snapshat on nesxt execution [ ] Include certificate store contents in snapshok

[ Save Configuration ] [ Load existing configuration. ..

[ < Back ” Mext » l’ Cancel

Figure 8 CAPI Logger customization

4.4 Generate transform

The last step is to generate the specified transform file to include the settings configured
through execution of the customization wizard. The command used to apply the
transforms using msiexec is shown on the final panel, as shown below, in a form that
allows copy and paste. Click the Finish button to generate the transform file.



CAPI TAG Customization Wizard

msiexec /i <full path and filename of installer >, msi TRANSFORMS=<full path and filename of transform>.mst

Figure 9 Transform file generation



Appendix A - CAPI Logger Schema

The CAPI Logger database schema can be exported from the CAPI Logger Analysis
Console via the Tools->Save SQL Schema menu item. The following diagrams provide
a visual representation of the relationships between the tables in the CAPI Logger
database.
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Appendix B — Integration Details

CAPI Logger uses an integration technique similar to that employed by the CAPI Trust
Anchor Guard (CAPI TAG) software. Code interception is used to intercept function
calls of interest. To enable establishment of hooks to intercept the desired CAPI function
call without requiring any user intervention, CAPI Logger implements the CertOpenStore
function call and registers itself as a CA certificate store provider in the HKLM hive.
Specically, registration information is recorded in the following two registry hives:

HKLM\SOFTWARE\Microsoft\SystemCertificates\CA\PhysicalStores\CapiTagCertStore
HKLM\SOFTWARE \Microsoft\Cryptography\OID\EncodingType 0\CertDllOpenStoreProv\CapiTagCertStoreProv

Once loaded as a certificate store provider, CAPI Logger uses the EasyHook library to
intercept calls to the CertGetCertificateChain function. CAPI Logger maintains a pointer
to the native function and invokes it, as necessary, per the effective configuration for the
host application.

In some configurations, Internet Explorer does not reliably load CAPI Logger for its first
TLS certificate validation attempt. To address this, the CAPI Logger installer includes an
add-on for Internet Explorer which ensures that CAPI Logger is loaded prior to any
attempt to build and validate a path. If this add-on is removed, affected systems will see
unpredictable logging behavior.



Appendix C — Possible Future Enhancements and
Known Issues

This document describes CAPI Logger v1.0. This appendix describes some features that
may be useful if added as future enhancements.

- Ability to delete data from the database. In this release, the analysis tool opens
the database in read-only mode.

- Ability to log by directly injecting logger vs. injection via CertOpenStore.

- Copy and paste from tables (possibly from cells).

- Find and find next for each panel.

- Find all references to a given artifact.

- Convert CAPI2 log to database.

- Save query definitions.

There are a few known issues with the current logger and analysis console.

- OCSP requests and responses are not captured. The integration mechanism uses
APIs across which OCSP information is not passed. This is not likely resolvable
given current log collection approach.

- The results limit mechanism starts from zero and assumes retrieval of more results
will continue towards the most current. There are scenarios where limiting from
current and retrieving towards old is more useful. Judicious use of application
and event filters and mitigate this.



