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Agenda

ÅPricing, Reducing Cost, and Tuning Db2 for z/OS

ÅGeneral Terminology

ÅPricing models  

ÅVWLC

Å SubCapacityReport Tool (SCRT)

Å Understanding IMSU and R4H

ÅBut I thought it was usage pricing?

ÅWhat does this mean for Db2?

ÅDb2 tuning approaches to reduce
the R4H…

Å …and therefore reduce your monthly 
software bill.
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ÅTechnical terms & abbreviations used in this 
presentation.
ï MSU: (Million Service Units) : reference unit for Software billing.

ï IMSU (or ACTMSU): instantaneous MSU consumption

ï R4H:  Rolling 4 Hours

ï DC: Defined Capacity

ï CPC and CEC

ïCPC: Central Processor Complex

ïCEC: Central Electronic Complex

ï CPC Capacity: z/Server full capacity 

ï HMC: Hardware Management Console

Terminology



ω© 2017 Mullins Consulting, Inc. ω4

MIPS vs. MSUs

MIPS: an acronym for Millions of Instructions Per 
Second.

›No longer in vogue

MSU: million service units is a measurement of the 
amount of processing work that can be performed in 
an hour. 

›One “service unit” originally related to an actual hardware 
performance measurement, but that is no longer the case.

›A service unit is an imprecise measurement

ÁE.g., “tubes of toothpaste.” 

›Approximate MIPS/MSU ratio is 8:1

IBM publishes MSU ratings for every mainframe 
model.
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Licensing vs. Pricing

It is important to understand the difference 
between licensing  and pricing .

›If you execute IBM zSeriessoftware on a CPC, you must 
have a license to do so. 

ÁA license for an IBM monthly license charge product is specific to the 
product and a CPC with a particular serial number. 

ÁThe license is sold in terms of MSUs. 

ÁIf you are executing a product on a 1500 MSU CPC, you must have a 
1500 MSU license, specifying the serial number of that CPC.

›The price for a product, that is, how much you pay IBM 
each month, depends on the pricing metric that is used for 
that product. 

ÁExamples of pricing metrics include PSLC and VWLC. 
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MLC Products

Monthly License Charge (MLC) Products 
›Monthly license charges apply to many IBM software 

products

›Some of the most common include z/OS, Db2, CICS, IMS, 
MQSeries, and COBOL 
ÁThere are others. 

›Pricing and terms and conditions for MLC products are 
based on the pricing metric you select. 

›Pricing metrics can roughly be grouped into two 
categories:
ÁFull capacity

ÁSub-capacity
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Full vs. Sub Capacity

Full capacity based pricing metrics

›Under a full capacity-based metric, all software charges are 
determined by the capacity of the CPC in which the product runs. 

›Parallel Sysplex License Charges (PSLC) and zSeries Entry 
License Charges ( zELC) are examples of full capacity based 
metrics. 

Sub-capacity capable pricing metrics

›Under a sub-capacity metric, software charges for certain products 
are based on the utilization capacity of the LPARs in which the 
product runs. 

›Workload License Charges (WLC) and Entry Workload 
License Charges (EWLC) are examples of sub-capacity capable 
pricing metrics. 
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IBM Software Pricing Metrics

* Metric eligible for Sub-Capacity 
charges

+ Metric eligible for Aggregation in a 
qualified Parallel Sysplex

1 Customer may select VWLC pricing for 
a z196 machine only when the z196 
participates in a VWLC Sysplexunder 
the AWLC Transition Charges for 
Sysplexesterms and conditions with at 
least one of the following machines 
(z10 EC, z10 BC, z9 EC, z9 BC).

2 VWLC and FWLC are only available on 
z10 BC, z9 BC, z890 or z800 when that 
machine is participating in a qualified 
Parallel Sysplexenvironment.

3 PSLC are only available on z10 BC, z9 
BC, z890 or z800 when that machine is 
participating in a qualified Parallel 
Sysplexenvironment.

4 The z10 BC model A01, z9 BC model 
A01, and the z890 model 110 are 
priced using zSeriesEntry License 
Charges (zELC).

Åhttp://www-03.ibm.com/systems/z/resources/swprice/reference/index.html
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ICAP and other newer pricing methodsé

With the z13 IBM introduced several new pricing methods

›MWP - Mobile Workload Pricing
ÁReduced pricing for mobile transactions made using specific programs as defined 

by IBM (including CICS, WebSphere and Db2)

ÁUses MWRT (Mobile Workload Reporting Tool) instead of SCRT

›ICAP - IBM Collocated Application Pricing
Machine-rated MSUs Reduction to AWLC 

> 1 - 3           0%

4 ï 45           4% 

46 - 315          8%   

316 - 1315         9% 

1316 - 2676        10%

2677 ï 5478        12%  

5477+              14%

›CMP - Country Multiplex Pricing
ÁA country multiplex to IBM is the collection of all zEnterprise and later machines in 

a country

ÁEasier and more flexible

This is a high -
level overview, 
onlyé

•z196, 
z114, 
zEC12, 
zBC12, 
z13 
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Still more newer pricing methodsé

›GSSP–Getting Started Sub-Capacity Pricing
ÁAvailable for select WebSphere for z/OS IPLA programs

›IWP –Integrated Workload Pricing
ÁAvailable for select WebSphere for z/OS IPLA programs

›MWP –Mobile Workload Pricing
ÁWhen CICS, DB2, IMS, MQ, or WebSphere Application Server are processing mobile 

transactions from phones or tablets, MWP may reduce the cost of growth for these 
mobile transactions by potentially reducing the reported peak capacity values for 
sub-capacity charge

›ZCAP–z Systems Collocated Application Pricing
ÁFor new application workload that was not previously running on the mainframe

ÁMay reduce cost of growing these apps

›ZWPC –z Systems Workload Pricing for Cloud
ÁWhen CICS, DB2, IMS, MQ, or WebSphere Application Server are processing 

workload from new public cloud apps zWPCmay reduce cost of growth for the 
apps.

Again a high -
level overview, 
onlyé
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Container Pricing on the z14

Container Pricing, new with the z14 announcement, 
comprises three models where customers can identify 
workload to containers and pay for them independently of 
any other workload at a reduced price.
›Application Development and Test Solution (DevTest)
ÁDevelopment and testing is defined as “Not Production”
ÁCustomers can triple DevTest capacity with no increase in MLC

›New Application Solution
ÁNew is defined as anything newly purchased or written and 

modernized workloads
ÁAllows co-location of new apps with existing workloads  
ÁBut without impacting existing workload capacity or billing

›Payment Solution
ÁTraditionally, to process a payment requires a combination of 

online and batch processes to complete
ÁPayment pricing is based on the business metric of payments 

volume processed, not the available capacity

Again, a high -
level overview
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Dilbert knows all
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Sub-Capacity Pricing Advantages

Your charges for products that use sub -capacity 
pricing are based on how much the LPARs in which 
the products run utilize system resources, rather 
than on the full capacity of the CPC. 

›You can purchase hardware capacity for future needs without 
incurring an immediate increase in your software bill. 

If your usage decreases when business is slow, your 
software bill decreases with it. 

›If your usage is seasonal, your monthly software bills are lower 
during periods of lower usage. 

You pay for capacity on a rolling four -hour ( R4H) 
average, not on maximum capacity reached. 
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ωThe 4 parts of 
ωVWLC !
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ωPart 1 of  VWLC

ÅR4H
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The R4H represents the average consumption (in MSU) of the LPAR during 
the last 4 hours

= Average of the last 48 IMSU metrics.
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Clarifying R4H

Every 5 minutes IMSU consumption is measured

The R4H is an average of the past 48 IMSU metrics

›48 (metrics) / 4 (hours) = 12 metrics/hour

Å125

Å130

Å133

Å132

Å131

Å134

Å130

Å.

Å.

Å.

Å126

Å119

Å127

Å119

Å5 minutes

Å127

Å125

Å130

Å133

Å132

Å131

Å134

Å130

Å.

Å.

Å.

Å126

Åremoved from the calculation

Åadded to the
calculation
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How Does R4H 
Translate Into Billing?

VWLC is not a product usage based pricing; instead, 
it is a bit of a hybrid.
›Remember we useIMSU to calculate R4H.

So, assume you have three LPARs.
›R4H averages are calculated for each qualified product, each hour , for each

LPAR, for the month. 

›A 30 day month has 720 hours Ą (24 x 30 = 720)

ÅLPAR1

ÅLPAR3

ÅLPAR2

ÅHour             1      2        3        4         5        6             . . .        718        719      720

Å60       55      50        48        44         47               . . . 49            50         45

Å70       80      75        60        64         68               . . . 71            75         70

Å40      40      42        40        34         38                . . . 41            47         44
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Now we also have various products in each LPAR

›LPAR1: z/OS, Db2, MQ

›LPAR2: z/OS, CICS, Db2, COBOL

›LPAR3: z/OS, CICS, IMS, COBOL

The products will be charged based on the peak period 
of the sum of the R4H for the LPARs in which they run

›z/OS: LPAR1, LPAR2, LPAR3

›CICS: LPAR2, LPAR3

›Db2: LPAR1, LPAR2

›MQ: LPAR1

›COBOL: LPAR2, LPAR3

›IMS: LPAR3

How Does R4H 
Translate Into Billing? (continued)
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We need R4H sums for all combination with products

How Does R4H 
Translate Into Billing? (continued)

ÅLPAR1

ÅLPAR3

ÅLPAR2

ÅHour             1      2        3        4         5        6             . . .        718        719      720

Å60 55      50        48        44         47               . . . 49            50         45

Å70       80 75        60        64         68               . . . 71            75         70

Å40      40      42        40        34         38                . . . 41            47 44

Å1+2+3

Å2+3

Å1+2

Å161        172         159

Å130   135 125      108       108      115               . . . 120        125         115

Å110     120   117       100        98       106                . . . 112       122 114

Åé

Å170 Å175 Å167 Å148 Å142 Å153

Åz/OS

ÅCICS, COBOL

ÅDb2

ÅMQ

ÅIMS

Å. . .
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Q: So what is the billable MSU for each product?

A: It is the peak R4H for the LPAR or grouping of LPARs in
which the product ran. 

How Does R4H 
Translate Into Billing? (continued)

ÅLPAR1

ÅLPAR3

ÅHour             1      2        3        4         5        6             . . .        718        719      720

Å60 55      50        48        44         47               . . . 49            50         45

Å40      40      42        40        34         38                . . . 41 47 44

Å1+2+3

Å2+3

Å1+2

Å161        172         159

Å130 135 125      108       108      115               . . .         120        125         115

Å110     120   117       100        98       106               . . .         112 122 114

Å170 Å175 Å167 Å148 Å142 Å153

Åz/OS = 175

ÅCICS, COBOL = 122

ÅDb2 = 135

ÅMQ = 60

ÅIMS = 47

Å. . .
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ωPart 2 of  VWLC
ÅDC

ÅDC
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DC vs. WLM vs. PR/SM

Defined Capacity (DC)

›Set in the HMC and used to control billing

›Does not enforce capping and is not mandatory

z/OS Workload Manager (WLM)

›Calculates and monitors the R4H

›If DC is set to a non-zero number, WLM monitors the R4H and 
ensures that the R4H is less than or equal to the DC 

›Of course, WLM also manages your workloads based on 
settings/goals (WLM operations are not within scope of this presentation)

Processor Resource/Systems Manager 
(PR/SM)

›Enforces the soft cap when WLM determines it is needed
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ÅHardware Management Console (HMC) ïyou set the DC here

Defined Capacity
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ωPart 3 of  VWLC

ÅIMSU



ω© 2017 Mullins Consulting, Inc. ω26

IMSU: Instantaneous consumption of MSU for the LPAR
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ωPart 4 of  VWLC

ÅSCRT
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• The Sub-Capacity Reporting Tool (SCRT) is a no-charge IBM tool that 
reports required license capacity for sub-capacity eligible products.

• The SCRT indicates the required license capacity (in MSUs) of each 
sub-capacity eligible product.

Å The SCRT is run on a monthly basis :

ÅDuring the month (from the second day of the month at 0h00 to the 

first day at 24h00 of the following month)

Å The SCRT cross-references LPAR utilization and product 
execution by LPAR to determine the maximum concurrent LPAR 
four-hour rolling average utilization — the highest combined 
utilization of LPARs where each product executes during the 
reporting period.

Å The sub-capacity report determines the required license capacity 
by examining, for each hour in the reporting period:

ÅThe four-hour rolling average utilization, by LPAR

ÅWhich eligible products were active in each LPAR

What is the SCRT?
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The SCRT report is divided into sections. Each section 
contains specific type of information for a specific purpose:

ÅB5 ïCustomer Information

ÅC5 ïTool Information

ÅD5 ïSpecial Conditions

ÅE5 ïProduct Summary Information

ÅH5 ïDetail Data Collection Information

ÅL5 / M5 ïCustomer Verification Information

ÅN5 ïDetail LPAR Data

ÅP5 ïProduct Detail

ÅQ5 ïProduct Grid Snapshot

ÅS5 ïDefined Capacity Value Used

ÅU5 ïGroup Capacity LPARs

Sections of the SCRT Report
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Section B5
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Customer Comments

The Customer Comments field 
can be used to describe 
anomalies that occur. For 
example, if you had a bug 
that caused a looping problem 
and consumed an 
extraordinary amount of 
workload, you can report it to 
IBM here to lobby for a 
decrease in your monthly bill.
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Section C5

Section C5 is used for input & compliance purposes

SCRT requires System Management Facilities (SMF) 
data, specifically:

Å SMF type 70, subtype 1 (CPU Activity) records and 

Å SMF type 89, subtypes 1 and 2 (Product Use) records
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Percent Data Collected

The Percent Data Collected, a field in the sub-capacity report, 
is calculated as the actual hours of data divided by expected 
hours of data. The number of expected hours varies depending 
on whether a month has 28, 30 or 31 days. 

If your percentage collected is less than 95%, you must 
indicate why this is the case in the field labeled Justification 
for Low Data Collection (up to 255 characters):
Å Indicates where you must explain why the data collection for the matching 

operating system was less than 95%. 

Å You must either provide your explanation by editing the sub-capacity report using 
a spreadsheet application or you must provide your explanation through the 
license management support (LMS) application. 

Å The placeholder will appear in this column whenever you must explain why the 
data collection for the matching operating system was less than 95%. 

Å Your explanation must replace the placeholder. 

Å No explanation is required when the placeholder does not appear.
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Example

ÅGood

ÅNot

ÅGood
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Section P5
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Each hour, the (R4H) rolling four-hour average is compared 
to the defined capacity (DC), if set.

If the DC is set, the SCRT uses the lower of the two values for the 
utilization value for the z/OS system for that hour. 

If R4H < DC then R4H is used

If R4H > DC then DC is used

If the DC is set to zero (that is, no soft 
capping), the SCRT uses the R4H as 
the utilization value for the z/OS system 
for that hour. 

R4Hor DC: What is Reported?

ÅRemember, the R4H is the average value of SMF70LAC in that hour.
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What About Those SMF Records?

SMF 70 -1

ÅReports CPU activity for CPU / LPAR

SMF 89 -1 / 89 -2

ÅReport software product usage and are used to calculate 
reduced sub-capacity software pricing

ÅNot all products cut 89 records

Å NO89 record products must be specified to the SCRT

ÅIf 89 records are not cut by the product (e.g. COBOL) then 
it will be charged for the absolute peak R4H (or DC) for 
the month

ÅIf 89 records a cut by the product, then it will be charged 
only for the time it was operational
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ïWhen Rolling 4 Hours (R4H) becomes greater than or equal 
to DC then the LPAR is capped. That means that the IMSU
consumption will not be able to exceed DC anymore until the 
R4H becomes lower than the DC.

The Soft Capping Rule
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VWLC with Soft -Capping: LPAR view

IMSU: Instantaneous consumption of MSU for the LPAR
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VWLC with Soft -Capping: LPAR view
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é and that you can fix at any level you want
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VWLC with Soft -Capping: LPAR view
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But performance can be affected (capping Ą IMSU is brought back to the DC ) !
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Conclusions

Pricing models and calculations can be confusing buté

ÅSubcapacitypricing can save you money!

There are more nuances to VWLC than can be adequately 
covered in an introductory presentation of this nature

ÅooCOD, GCL, etc.

It is possible to impact the bill for multiple products by 
reducing the R4H for a single product.

ÅSubcapacitypricing charges by LPAR usage , so if the R4H 
for an LPAR decreases, it is possible that the bill for every
product in that LPAR will go down.

Intelligent Db2 tuning can be helpful!
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Ideas How to Save Based on Sub -Capacity

Capping

ÅCan be useful as a hammer to keep cost down

ÅCan cause performance issues

Research your peak time and tune

ÅIf you have a predictable peak you can fine tune the 
workload that runs during the peak

Å Perhaps causing the peak to move to another time

ÅYour monthly peak may not be predictable

Adjust the software running in your LPARs

ÅRemember how sub-capacity works

ÅLPAR-based pricing; if not in the LPAR it is not charged
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A Tactic to Consider

Remember the SMF 89 records that are cut by certain 
products?

ÅThese records indicate when the product is up and running 
–and –when it is down and inoperative?

ÅWhen you are not using the software, if at all possible, shut 
it down so it won’t be charged if the peak occurs

ÅExample:

Å Peak R4H regularly occurs during the batch cycle between Midnight 
and 4AM

Å CICS is not active between the hours of 10PM and 6AM

Å Consider bringing CICS down before Midnight and up after 4AM

ÅOf course, this is not always feasible.

ÅRequires planning, sufficient time, and appropriate products
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Tactics for Db2 Tuning

Understand where your monthly peaks are and attack the 
peaks.

ÅThe SCRT reports the peak for each LPAR

Å As well as the next highest peak usage time

ÅWhen Db2 contributes to the peak, use Db2 tuning 
techniques to reduce consumption

Å Do not have to focus on the absolute peak hour

Å Remember, it is a FOUR HOUR rolling average

Å So anything running at the peak hour and the trailing 4 hours is fair 
game for tuning to reduce cost!

When you reduce one peak, find the next and attack that 
one.

ÅLet’s look at some techniques that can be used.
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Tuning ñOutside the Boxò

Remember, you are charged for each product based upon 
the LPARs in which the product runs.

ÅYou may be able to tune Db2 usage and reduce the cost of 
other products that run in the same LPARs

Å z/OS, CICS, IMS, COBOL, etc.

ÅLikewise, you may be able to tune non-Db2 usage and 
reduce the cost of Db2 

Å Consider: say you have a batch VSAM program that consumes a lot of 
resources during your monthly peak, tuning that program to be more 
efficient could reduce your peak R4H, and thereby reduce the cost for 

all products running in that LPAR.

Å For example, running a REPRO to reorganize the file and eliminate CI and 
CA splits can improve VSAM performance and reduce resource requirements

Å And if that job ran in the same LPAR as Db2, it could also reduce the cost of 
Db2
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Where is Your Peak?

What if your monthly R4H peak is in the batch window?

ÁAre you meeting your batch SLAs?

ÁConsider what can be done to reduce MSUconsumption during batch 
processing.

ÁCOMMIT processing?  Concurrency and locking?  SQL tuning?  

What if your monthly R4H peak is during your daily 
transaction processing?

ÁHave your optimized your transactions?

ÁIs the workload appropriate for your system?

ÁConsider what can be done to reduce MSUconsumption during OLTP.

ÁCICS tuning?  RDO specifications?  SQL tuning?
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Db2 Tuning Tactics

ÅTune the SQL/application
ÅMost relational tuning experts agree that the 

majority of performance problems with relational 

database applications are caused by poorly coded 

application code and SQL.

ÅOther Db2 tuning options
Å Tune the database

Å Tune the subsystem

Å Tune the environment

Å.
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SQL/Application Tuning

Identify the heaviest resource consuming SQL during the peak 
processing time(s)

Identify tuning opportunities

Review access paths and tune

Å Indexing, eliminating scans

Å Let SQL do the work (not the program)

Å Avoid sorting when possible

Å Favor Stage 1 and Indexable predicates

Å Review locking considerations

ÅUOW, lock avoidance, COMMIT, isolation level (dirty read)

Å Review cursors

ÅMulti-row FETCH
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Single Row vs. Multi -Row FETCH

With Multi -Row FETCH:

›CPU can be greatly reduced because moving data across 
address spaces is expensive

ÁWith a multi -row FETCH multiple rows are moved with one operation

ÁWith a row-at-a-time FETCH, each FETCH requires an operation

›More coding is required in the application program to enable 

ÁUnless it is a distributed program using Block Fetch

ÁBlock Fetch is a distributed technique for more efficiently blocking 
fetched rows; when data is blocked, less overhead is required as data is 
sent over the communication lines

ÁAs of Db2 V8, Block Fetch will automatically use multi-row FETCH

ÁTo ensure that your distributed read only cursors use Block Fetch be sure 
to code the FOR READ ONLY clause and BIND specifying CURRENTDATA 
NO.
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Performance of Multi -Row FETCH

The performance improvement using multi - row 
FETCH in general depends on:

üWhether or not the request is distributed 

üDistributed gets automatic improvement

üNumber of rows fetched in one FETCH

üNumber of columns fetched, data type and size of the 
columns

ÁIn general, the fewer columns the greater the performance 
improvement with multi -row FETCH will be

üComplexity of the SELECT processing 

ÁThe fixed overhead saved for not having to go between the 
database engine and the application program has a lower 
percentage impact for complex SQL that has longer path lengths
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General Advice

Use Multi - row FETCH to improve application performance 
in all new development efforts

›Consider it whenever 10 or more rows need to be fetched

Consider retrofitting it into existing application programs

›Many times new features are only used on new programs instead of 
examining existing workload to determine where the new features 
can improve performance

›MRF should be a prime candidate for retrofitting into existing 
applications

Look for programs that contain SQL statements from 
which a lot of data is fetched
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Tuning for Cost Reduction

ÅIdentify the R4HA peak

Re-schedule any workload that 
does not have to run during the 
peak hour

Tune all workloads that
still run during the peak

If the peak hour changes, 
move on, otherwise keep 
tuning.

ÅStart here
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Summary

Å Consider cost reduction along with 
performance improvement by 
taking peak R4H into account

Å Find the big resource consumers in 
your peak R4H window

Å Look for ways to minimize 
resource consumption

Å Find areas where MRF can improve 
Db2 performance

Å Consider a proactive approach 
with tools:

Å Find tuning opportunities

Å Analyze workloads

Å Convert and tune SQL
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http://www.MullinsConsulting.com

Åhttp://www.craigsmullins.com/cm-book.htm
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