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Overview

In August 2006, Microsoft Corporation conducted the Microsoft Dynamics AXa 4.0 standard
distribution benchmark to meas ure the performance and scalability characteristics of

Microsoft Dynamics AX 4.0 in a simulated distribution scenario. The scenarios tested in this benchmark
reflect common sales and order processes used by customersThis benchmark exercisedcore

accounts receivable scenarios aroundorder entry through invoicing, in addition to Procure-to-Pay
processes aroundpurchase order creation through receiving of goods. The scenarios generate load on
an Application Object Server (AOSJi in this benchmark, each AOS insance was hosted on a separate
server. In a Microsoft Dynamics AX system, the AOS processes business logic in communication with
clients and the database; the database server provides data to the AOS.

At the 1,000 concurrent user level, server usage andsystem response times show good results. Server
usage is less than 50% and response times are less that second (with the exception of salesorder
invoice which is between 1 and 2 seconds).

The simple salesorder scenario offers a comparison point with industry benchmarks, which typically
test less functionality than was tested here. In this scenario, 3,000 concurrent users were tested.

Resultssummary
The benchmark was conducted around three core scenarios:

M Scenario 1: Mixed Workload

o Description: This scenario focuses on showcasing the ability to run mixed workloads,
including sales order processing, purchase order processing, and ledger posting,
without hitting scalability or response time outage issues.

o0 Goal: Provide a good sizing data point for customers around AOS and database
servers, with representative functionality.

9 Scenario 2: Complex Sales Order Processing

o Description: This scenario provides an additional data point by processing complex
sales orders alone. This scenario excludes purchasorders and general ledger
postings, which are far lighter; and therefore this scenario provides an additional
stress test on the system.

o Goal: Provide a good sizing data point for customers around AOS and database
servers, with representative functiondity.

1 Scenario 3: Simple Sales Orders, Industry Compare

o Description: This scenario has the following functional elements disabled to reduce
the functional footprint by approximately half: credit limit checking, markup
transactions, automatic reservations commission calculation, and trade agreements.

o Goal:

A Industry benchmarks often test limited functionality . This scenario is a
comparison point with industry benchmarks around Order -to-Cash / Sales
and Distribution scenarios.

A Provide a data point on core technology platform scalability for simple well
optimized transactions.
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High Level Results Summary

Response Time Measurement

Scenario 1: Mixed
Workload

Scenario 2:
Complex Sales
Order Processing

Scenario 3: Simple
Sales Orders, Industry
Compare

Benchmark Core Com

pare

Hour

Hour

Concurrency 1,000 Users 1,000 Users 3,000 Users

AOS Server Count 8 8 8

Usersper AOS 125 125 375

% Utilization per AOS 40.29% 45.21% 68.22%

Database Server Utilization 38.26% 44.14% 82.02%
Throughput

Line Throughput per Hour 56,645 Lnes per | 55,374 Linesper

165,045 Lines per Hour

Response Time Characteristics

Sales Order Header Creation 0.18 0.20 0.48
Sales Order Line Creation 0.40 0.43 0.46
Sales Order Packing Slip Creation 0.66 0.71 1.22
Sales Order Picking List Geneation 0.64 0.68 1.25
Sales Order Invoice 1.68 1.97 2.03
Ledger Header Creation 0.08 N/A N/A
Ledger Line Creation 0.10 N/A N/A
Ledger Posting 0.27 N/A N/A
Purchase Order Header Creation 0.13 N/A N/A
Purchase Order Line Creation 0.15 N/A N/A
PurchaseOrder Receipts List Creation 0.32 N/A N/A
Purchase Order Invoice Creation 0.74 N/A N/A
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Scenario 1 Mixed Workload detailed results

1,000 User Run Final Optimized Runs

The following table includes data from two benchmark runsin order to show consistent reproduction

of the numbers:

Run 1 Run 2

Response Time Measurement Number Of | Response Number Of Response

Operations | Time Operations Time

(Seconds) (Seconds)

Ledger Header Creation 581 0.08 537 0.08
Ledger Line Creation 2,873 0.10 2,696 0.09
Ledger Posting 570 0.27 540 0.28
Purchase Order Header Creation 1,606 0.13 1,698 0.13
Purchase Order Line Creation 8,043 0.15 8,521 0.14
Purchase Order Receipts List Creation 1,612 0.32 1,703 0.31
Purchase Order Invoice Creation 1,614 0.74 1,701 0.74
SalesOrder Header Creation 9,130 0.18 9,089 0.18
Sales Order Line Creation 45,818 0.40 45,463 0.39
Sales Order Packing Slip Creation 9,122 0.66 9,080 0.65
Sales Order Picking List Generation 9,140 0.64 9,083 0.63
Sales Order Invoice 9,145 1.68 9,079 1.64
Total Lines per Hour (This is based on 56,645 56,600
Invoice Postings from the 3 Transactions)

Typical AOS Utilization Statistics

In this section, the performance characteristics of asingle AOS (out of the 8 used in the server
configuration ) are shown. These results document theprocessor utilization breakdown of the AOS as

well asits memory characteristics.

Overall AOS Characteristics

Measure Benchmark Value

Average CPU Utilization 40.29%

Working Set Memory Peak | 668 MB
Value

Virtual Bytes Peak Véue 812 MB
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Representative AOS Utilization

AOS CPU Utilization

% Privileged Time
o % User Time

% Utilization
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Database Server Characteristics

% Processor Time 38.26

% Privileged Time 11.45

% User Time 26.81

Log File(s) Used Size (KB 68948
Transactions/Sec 356.45

Batch Requests/Sec 9292.48
SQL Compilations/Sec 14.49
SQL ReCompilations/Sec 4.39
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Database Server Util ization
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Database Server SQL Server User Connections/Sec

SQL Server User Connections
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Table Counts Affected by Benchmark
This table shows the rows that were added during the benchmark runs:

Row Counts Run 1: Rows Run 2: Rows
Inserted Inserted During
During Benchmark
Benchmark
commissiontrans 236,620 235,780
custinvoicejour 11,946 11,905
custinvoicesaleslink 11,943 11,904
custinvoicetrans 59,450 59,295
custpackingslipjour 12,049 12,005
custpackingslipsaleslink | 12,050 12,007
CustPackingSlipTrans 59,935 59,825
custTrans 11,963 11,927
custTransOpen 11,941 11,901
InventPickingListJour 12,136 12,080
InventPickingListLink 12,130 12,080
InventPickingListTrans 60,270 60,060
InventReportDimHistory | 203,035 203,635
Inventsumlogtts 335,068 335,752
InventTrans 72,632 73,018
inventtransPosting 141,050 141,805
ledgerbalancesdimtrans | 8,091 7,941
ledgerbalancestrans 8,070 7,940
LedgerTrans 306,264 305,188
MarkupTrans 73,711 74,066
purchline 10,776 11,376
purchtable 2,217 2,331
Salesline 61,792 61,585
SalesParmLine 181,405 180,760
SalesParmSubTable 35,836 35,715
SalesParmUpdate 35,787 35,657
SalesTable 12,693 12,645
TaxTrans 506,620 506,100
vendinvoicejour 2,077 2,190
vendinvoicetrans 10,385 10,950
vendreceiptslistjour 2,097 2,213
vendreceiptslisttrans 10,485 11,065
WMSBIllofLading 12,057 12,017
WMSBIllofLadingCarrier | 59,719 59,563
WMSBillofLadingOrder 12,061 12,019

Note: Theserow counts are for a full run of 1.5 hours. Theresponsetimes and transaction
throughput is reported for a steady state of 1 hour from these runs.
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Scenario 2 Complex Sales OrdeProcessingdetailed results

1,000 User Run Final Optimized Runs

The following table includes data from two benchmark runs in order to show consistent reproduction
of the numbers:

Run 1 Run 2

Response Time Number of | Response | Number of | Response
Measure Operations | Time Operations | Time

(Seconds) (Secords)
Sales Order Header
Save 11,066 0.20 11,040 0.20
Sales Order Line
Creation 55,376 0.43 55,334 0.44
Sales Order Packing
Slip Generation 11,066 0.71 11,076 0.74
Sales Order Picking
List Generation 11,075 0.68 11,068 0.70
Sales Order Invoice
Posting 11,084 1.97 11,066 1.97
Total Sales Order
Lines Processed
During Run 55,376 55,334

Typical AOS Utilization Statistics

In this section, the performance characteristics of a single AOS (out of the 8 used in the server
configuration) are shown. These resuts document the processor utilization breakdown of the AOS as
well as its memory characteristics.

Overall AOS Characteristics

Measure Benchmark Value
Average CPU Utilization 45.85 %

% Privileged Time 3.56 %

% User Time 42.29 %

Working Set Memory Peak | 672 MB

Value

Virtual Bytes Peak Value 832 MB
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Representative AOS Utilization Graph
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Database Server Characteristics

% Processor Time 4414

% Privileged Time 12.38

% User Time 31,74

Log File(s) Used Size (KB) 80137

Transactions/Sec 413.46

Batch Requests/Sec 10346.63

SQL Compilations/Sec 17.25

SQL Re-Compilations/Sec 5.01
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Database Server Utilization

Database Server CPU Utilization
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Database Server SQL Server User Connections/Sec

SQL Server User Connections
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Table Counts Affected by Benchmark

This table shows the rows that were added during the benchmark runs:

Run 1: Rows Inserted

Run 2: Rows Inserted

Row Counts During Benchmark Run | During Benchmark Run
commissiontrans 285,200 284920
custinvoicejour 14,428 14,414
custinvoicesaleslink 14,422 14,412
custinvoicetrans 71,660 71532
custpackingslipjour 14,554 14,559
custpackingslipsaleslink 14,555 14,566
CustPackingSlipTrans 72475 72,485
custTrans 14,446 14,412
custTransOpen 14,419 14,412
InventPickingListJour 14,676 14,659
InventPickingListLink 14,669 14,653
InventPickingListTrans 72,675 72,760
InventReportDimHistory 219,945 219,894
Inventsumlogtts 366,965 366,672
InventTrans 74877 74,855
inventtransPosting 145,105 144,998
ledgerbalancesdimtrans 6,419 6,414
ledgerbalancestrans 6,419 6,414
LedgerTrans 361,787 320,896
MarkupTrans 75,829 75,898
Salesline 74,813 74,805
SalesParmLine 219,300 219,325
SalesParmSubTable 43,215 43,262
SalesParmUpdate 43,163 43,216
SalesTable 15,324 15,318
TaxTrans 586,560 513,440
WMSBIllofLading 14,557 14574
WMSBIllofLadingCarrier 72,060 72,147
WMSBiIllofLadingOrder 14,560 14576

Note: These row counts are for a full run of 1.5 hours. The response times and transaction

throughput is reported for a steady state of 1 hour from these runs.
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Scenario 3 Simple Sales Orderindustry Comparedetailed results

3,000 User Run Final Optimized Runs
The following table includes data from two benchmark runs in order to show consistent reproduction

of the numb ers:

Run 1 Run 2

Response Time | Number Response | Number Of | Response
Measurement Of Time Operations | Time

Operations | (Seconds) (Seconds)
Sales Order 33,052 0.48 32,961 0.49
Header Save
Sales Order Line | 165,051 0.46 164,898 0.47
Save
Sales Order 33,014 1.22 32,970 1.26
Packing Sip
Generation
Sales Order 33,007 1.25 32,957 1.29
Picking List
Generation
Sales Order 33,009 2.03 32,842 2.10
Invoice Posting

Typical AOS Utilization Statistics

In this section, the performance characteristics of a single AOS (ait of the 8 used in the server

configuration) are shown. These results document the processor utilization breakdown of the AOS as
well as its memory characteristics.

Overall AOS Characteristics

Measure Benchmark Value
Average CPU Utilization 68.55 %

% Privileged Time 6.76 %

% User Time 61.79 %

Working Set Memory Peak | 2051 MB

Value

Virtual Bytes Peak Value 2721 MB
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Representative AOS Utilization

AOS CPU Utilization
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Database Server Characteristics

% Processor Time 82.13
% Privileged Time 22.41
% User Tme 59.72

Log File(s) Used Size (KB 622,332
Transactions/Sec 532.043

Batch Requests/Sec 19,429.03
SQL Compilations/Sec 40.98
SQL ReCompilations/Sec 8.423
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Database Server Utilization

Database Server Utilization
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Table Counts Affected by Benchmark
This table shows the rows that were addedduring the benchmark runs:

Row Counts

Run 1: Rows Inserted
During Benchmark Run

Run 2: Rows Insertel
During Benchmark Run

custinvoicejour

46,553

46,201

custinvoicesaleslink 46,553 46,201
custinvoicetrans 232,765 231,005
custpackingslipjour 46,879 46,734
custpackingslipsaleslink 46,879 46,734
CustPackingSlipTrans 234,395 233,670
custTrans 46,553 46,201
custTransOpen 46,553 46,201
InventPickingListJour 47,200 47,077
InventPickingListLink 47,200 47,077
InventPickingListTrans 236,000 235,385
InventReportDimHistory 703,160 700,060
Inventsumlogtts 1,181,803 1,178,325
InventTrans 241,013 240,215
inventtransPosting 467,160 464,675
ledgerbalancesdimtrans 4,100 4,100
ledgerbalancestrans 4,100 4,100
LedgerTrans 782,755 777415
MarkupTrans 0 0
Salesline 241,013 240,215
SalesParmLine 703,180 701,010
SalesParmSubTable 140,636 140,202
SalesParmUpdte 140,645 140,205
SalesTable 49,193 49,021
TaxTrans 465,530 462,010
WMSBIllofLading 0 0
WMSBIllofLadingCarrier 0 0
WMSBIllofLadingOrder 0 0

Note: These row counts are for a full run of 1.5 hours.

The response times and transaction

throughput is re ported for a steady state of 1 hour from these runs.
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Scenario 3: Simple Sales Orders & Industry Compare with Ligh tw eight Pooling at
the Database Server Level Detailed Results

3,000 User Run Final Optimized Runs
This scenariois the same asScenario 3but with and without lightweight pooling invoked the database

serverlevel:

Run 106 Baseline Run 36 With Lightweight

Pooling
Response Time | Number Of | Response | Number Of | Response
Measurement Operations | Time Operations | Time
(Seconds) (Seconds)

Sales Order
Header Save 33,052 0.48 33,113 0.41
Sales Order Line
Save 165,051 0.46 165,482 043
Sales Order
Packing Slip
Generation 33,014 1.22 33,117 1.08
Sales Order
Picking List
Generation 33,007 1.25 33,090 1.09
Sales Order
Invoice Posting 33,009 2.03 33,126 1.80

Overall, there was an improvement in response time of approximately 10 to 12%.

Database Server Characteristics

Processor Run 1 Run 3
% Processor Time| 82.13 79.01
SQLServer:SQL Statistics
Batch Requests/Sec 19,429.03 19,465.21
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Scenario 1 Mixed Workloadbenchmark transaction profile

This benchmark consists of the following transactions (the ratio represents the user breakdown as well
as the overall transaction rate breakdown):

Transaction Detalil

User Ratio/Transaction Ratio

Sales Order
Processing

Sales Order Header Save

Enter 5 Line ltems

20% of Lines receive Standard Discount for Item
Groups [Trade Agreements]

Credit Limit Checking at Line Level

80% of Items from 1,000 Item Pool

20% of Items from 5,000 Item Pool

Automatic Reservations

Markup Freight at Order Level [Miscellaneous
Charges]

Detailed Sales Tax [6 Tax Codes]

Generate Picking List and Shipping Information
Generate Packing Slip

Invoice Order

Detailed Tax and Chart of Accounts Update [Ledger]
Commission Calculation

Cost Accounting Update

Credit Limit Checking at Invoicing

80%

Purchase
Order
Processing

Purchase Order Header Save
Enter 5 Line Items

Markup Transactionsat Order Level
Generate Receipts List

Create Invoice for Purchase Order

15%

Ledger
Posting

Create New Ledger
Add 5 Lines to it (10 Lnes are created as a resul}
Post Ledger

5%

Transaction

Concurrency

Transactions per Hour
per User

Linesper Hour per User

Sales Order Processing

800

10

50

Purchase Order
Processing

150

10

50

Ledger Posting

50

10

50
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Accounts Receivable Parameters

Shipments

B (bmd) Accounts receivable parameters

General | Updates I Summary update  Shipments ILedger and sales tax I Bill of exchange ES I Settlement I Interest and collection le

pdate aof shipments Shipment layout

Shipping specification: I j Shiprment report layout: IShipment lisk j

Delivery conkral Bill of lading

Delivery date control:

Bill of lading: IEh:ul:h j

Language: I En-us F+I

Sales lead time:

—|?|

mww Cartier name: I LIES ﬂ
Manday: 01:00 pro Freighted by: ICarrier 'l

Tuesday: 01:00 pra Freight charge terms: IF'repaid "l

Wednesday: 01:00 pm Trailer loaded: IBV shipper vl

Thursday: 01:00 pm Freight counted: IB\,-' shipper j

Fridary: 01:00 prn
Saturday: 11:59 pm

Sunday: 11:59 pri

HEEHEER

Credit Limit Checks

B (bmd) Accounts receivable parameters

General I Updates I Surnmary Update I Shiprents I Ledger and sales tax I Bill of exchange ES I Settlemnent | Inkerest and callection |stter  Credit rating |P

Credit rating

Credit limit type: I jalance+-A
Check credit limit For sales arder: IHeader + lines vI

Check credit limit in free text invoice: IHeader vI
Message when exceading credit limit: IWarning vI

[
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Commission Calculation Setup

Cneetview | Setup |

Itern c... | Item relation
C | cic-eul
4

Customer relation
CCe-0TH

Salesr... | Salesrep, r...
GEroup CSie-0TH

CCi-0TH

Z3i3-0TH

15

CCiE-0TH

Group C5G-0TH

CCia-0TH

CCia-0TH

CCG-0TH

Chart of Accounts Setup

Accounts are set up for every Iltem Group and the following are enabled:

Sales order |F‘urchase order I Irvenkory I Froduction I

™ Packing slip offset

™ Issue

Group

" Consumption

" Revenue

" Discount

" Commission

" Commission offset

" Packing slip revenue

™ Packing slip revenue - offset

™ Packing slip bax
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Scenario 2: Complex Sales Order Processing benchmark transactiprofile

This workload is sales orders only. It resembles Scenario 1, but without the purchase orders or the
general ledger postings. Sales orders aremore processing-intensive transactions and are
benchmarked separately to provide an additional data poi nt.

Transaction Detail User Ratio/Transaction Ratio

Sales Order | Sales Order Header Save 100%
Processing Enter 5 Line Iltems

20% of Lines receive Standard Discount for Item
Groups [Trade Agreements]

Credit Limit Checking at Line Level

80% of Items from 1,000 Item Pool

20% of Items from 5,000 Item Pool

Automatic Reservations

Markup Freight at Order Level [Miscellaneous
Charges]

Detailed Sales Tax [6 Tax Codes]

Generate Picking List and Shipping Information
Generate Packing Slip

Invoice Order

Detailed Tax and Chat of Accounts Update [Ledger]
Commission Calculation

Cost Accounting Update

Credit Limit Checking at Invoicing

Workload Concurrency Model

Transaction Concurrency Transactions per Hour  Lines Per Hour Per User
Per User
Sales Order Processing | 1,000 10 50

All other settings, including parameter settings, are the same as Scenario 1
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Scenario 3: Simple Sales Ordemdustry Comparebenchmark transaction

profile

This workload is sales orders only. It differs from Scenario 2 as follows:

1 Functionality is significantly reduced to enable comparing Microsoft Dynamics AX 4.0 with oth er

industry benchmarks that test limited functionality
1 Concurrency per AOS is larger in order to showcase the capabilities of MicrosoftDynamics AX 4.0
0 Concurrency is 375 perAOSh this value is only for very simple transactions and workloads,
similar to other industry benchmarks
91 This scenario is not suitable for sizing core sales order functionality for production runs, unless the
functional settings are similar.
1 The following functionality from Scenario 1 and 2 was disabled:

O O 0O o0 o o

Trade agreements

Credit limit checking

Markup transactions

Automatic reservations
Commission calculation

Shipping information for O =order

Transaction Detail

User Ratio/Transaction Ratio

Sales Order
Processing

Sales Order Header Save

Enter 5 Line ltems

No Trade Agreements

No Credit Limit Checking

80% of Items from 1,000 Item Pool

20% of Items from 5,000 Item Pool

No Automatic Reservations

No Markup Freight at Order Level [Miscellaneous
Charges]

Detailed Sales Tax [6 Tax Codes]

Generate Picking List

No Shipping Information Generated for Order
Generate Packing Slip

Invoice Order

Detailed Tax and Chart of Accounts Update [Ledger]
No Commission Calculation for Order

Cost Accounting Update

No Credit Limit Che cking at Invoicing

100%
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Workload Concurrency Model

Transaction Concurrency Transactions per Hour  Lines Per Hour Per User
Per User
Sales Order Processing | 3,000 10 50

All other settings, including parameter settings, are the same as Scenario 1, minughe settings
described above

Benchmarkmethodology

Microsoft Visual Studio® 2005 Team Systemwas used as the load driverto simulate concurrent users
through Microsoft Dynamics AX .NETBusiness Connector. A business¢ransaction was simulated at an
averagerate of once every 6 minutes for each concurrent user.

Measurements were recorded on all servers and were measured when the concurrency reached steady
state. Steadystate was maintained for 90 minutes with repeat runs within acceptable deviation of
throug hput and response times.

Scripting Mechanism

Benchmark scripting is performed through an Add-in Framework. The Addin Framework exposes
critical Microsoft Dynamics AX metadata through Visual Studio. The Addin Framework provides code
generation capability around classes and tables,and creates wrappers intelligently around any given
class/table and all its references

Visual Studio Client AX Object Server

Class

- \ Server or
ROTView BN oqe Called From

(Tables,Class “y Gen'd C#
95»1‘:'?;55““ B | Wrappers

|
i

Table

Benchmark Add-In DLL Classes

AOT
AX 4.0 Metadata
Business Connector
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Run Time Rich Client vs. Benchmark Client
The benchmark client runs through the BC.NET Connector forMicrosoft Dynamics AX and goes

through the same class flow as a rich client based FORM Flow. These scripts have been carefully built

to replay behavior of a rich client flow thr ough the AOS.

Class

Client or r
Called From Class
Server or

Called From

Form
Events

C# Wrapper

Replaying Form < Table

Event
Classes

W: "7

Class

Client or
Called From

Business Connector
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Benchmark Run Time Architecture

Figure 1: Benchmark Methodology using VSTS.
The following rules were followed for the benchmark:
1 All runs had a minimum steady state of 1 hour
1 Rampup durations were between 20 and 45 minutes depending on the scenario

1 Scenarioswere considered successful when deviations between runs were within 3% in terms
of response time and system utilization
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