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WHY ?  
Increasing Storage Usage /  Increasing Workloads 

 Performance Was An Issue 

 Performance Is An Issue  

 Performance Will Continue To Be An Issue 

 

 Even More Important Than Ever 

 For Some Cases Much Harder Than Ever 

    

 Internals - How Are Things Working ? Life Of I/O ? 

 Methods Used To Analize/Monitor Performance Of I/O 

 Hints To Do Performance Management  

 ROTs That Are Used  
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Agenda 

WHO IS GT ? 

GT- MAINFRAME CONFIGURATION  

GT- MAINFRAME DASD CONFIGURATION 

GT- MAINFRAME TAPE CONFIGURATION 

LIFE OF I/O    

LIFE OF I/O  DASD  

LIFE OF I/O IN XRC ENVIRONMENT –XRC I/O FLOW 

LIFE OF I/O TAPE   

PERFORMANCE METRICS OF MVS I/O 

METHODS USED TO ANALIZE DASD PERFORMANCE 



4 

Agenda 

DASD PERFORMANCE REPORTS 

REPORTS/METHODS USED TO ANALIZE TAPE PERFORMANCE 

REFERENCES 

MORE SAMPLES/SLIDES/CONFIGURATION PARAMETERS 
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Who Is Garanti Technology ? 
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Who Is Garanti Technology ? 
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Who Is Garanti Technology ? 
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GT- Mainframe Configuration 
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GT- Mainframe Storage Configuration- DASD 

DS8800  

24 TB 

DS8800  

24 TB 

DS8700 

13 TB 

DS8700  

13 TB 
DS8700  

79  TB 

DS8300  

13 TB 

DS8300  

12 TB 

Brocade 7500 

DS8800 

134 TB 

1 622 Mbit 

4 155 Mbit 

Telecommunication  Lines 

Istanbul – z196  

Izmir-z196 

 8 Gb FICON  

 8 Gb FICON  

 8 Links 

To Each Box 

 8 Links 

To Each Box 

 4  XRC Links To Each Box 

 Brocade 

 Brocade 

 Brocade For XRC & 7500 DCX 

 4 PPRC Links 

 2 Links 

 2 Links 

 16 FICON Links 
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GT- XRC Configuration 

DS8800  

24 TB 

DS8800  

24 TB 

DS8700 

13 TB 

DS8700  

13 TB DS8300  

13 TB 

Brocade 7500 

DS8800 

134 TB 

1 622 Mbit 

4 155 Mbit 

Telecommunication  Lines 

Izmir-z196 

 4 XRC Links To Each Box 

 Brocade For XRC & 7500 DCX 

 2 Links 

 2 Links 

 16 FICON Links 

GRTS 

ANTAS001 

ANTAS002 

ANTAS003 

ANTAS004 

ANTAS005 

ANTAS006 

ANTAS007 

ANTAS008 

ANTAS009 

 9 LSS XRC- 2 

 7 LSS XRC-9 

 10  LSS XRC-A 

 10  LSS XRC-B 
15 LSS XRC-4 

256 GB Cache 

8 GB NVS 

256 GB Cache 

8 GB NVS 

256 GB Cache 

8 GB NVS 

256 GB Cache 

8 GB NVS 256 GB Cache 

8 GB NVS 
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GT- Mainframe Storage Configuration- TAPE 

9000 GB 

9000 GB 

Backend Drives: 10 TS1130 (3592-E06)  

Encryption Enabled  

2550 Storage Slots 

1 L23 , 6 D23 Frames : Total 7 Frames 

1 L23 , 4 D23 Frames : Total 5 Frames 
1814 Storage Slots 

Backend Drives: 10 TS1130 (3592-E06)  

Encryption Enabled  

 4 1 Gbit GRID Links 

   11 

10 TS1130  (3592-E06) Backend Drives 

5 TS1120  (3592-E05) Z/OS Native Drives (Encrpt. Enabled) 

20  TS1120  (3592-E05) Open Platform TSM  Drives  

 

 

10  TS1130  (3592-E06) Backend Drives  

5  TS1120  (3592-E05) Z/OS Native Drives( Encrpt.Enabled) 

 



ResponseTime Component 
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Response

Time = IOSQ 

Time + Pend 

Time + Disconnect 

Time 

Connect 

Time + 



Life Of I/O – Original Diagram 
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From  IRD Redbook….-Book that I recommend to my students as one of the first must read. 



Life Of I/O – TERMs To Remember 
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 Each Device Has UCB in SQA in MVS 

 Each Device Has Corresponding Subchannel Number maintained by Channel Subsytem 

 UCB contains  subchannel number,device type, 

                          List of users that have outstanding request for I/O on device 

 
 Channel Subsystem Identifies Device Through Subchannel Number 

 UCW are created during POR /dynamic IODF activation,located in HSA 

 UCW(Unit Control Word) contains control blocks with subchannel description &  status  

MVS CHANNEL SUBSYSTEM DISK Control 

Units/Disk Drives Device Number  

Unit Control Block 

 (UCB) in SQA 

SubChannel Number 

Unit Control Word 

 (UCW) in HSA 

Device Address 

Channel Path 



Life Of I/O – TERMs To Remember 
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 SSCH :  Start Subchannel Instruction  - Created By IOSAS 

SSCH B Displacement 

Specifies SubChannel Number & ORB (Operation Request Block) 

ORB 

General Register1 

SubChannel Number 

CCW 1 

CCW 2 

… 

Interruption Parameter 

ORB Specifies Address Of Channel Program, 

                          Interruption Parameter, 

                          Storage Key, 

                          Channel Path Mask, 

                          Control Bits 

Channel Program 

 Channel Program Is  A Set Of CCWs 



Life OF I/O Flow 

Subchannel 

Subchannel 

Executes UCW 

Picks The Best 

 Path To Send 

The Operation 

(Choose Path 

 using posible 

 onces in  

Subchannel  

Information- PathMask) 

CHANNELS 

User APP  AS 

IOSAS – I/O Supervisor 

Access Method Services 

I/O Drivers 

SAP 

Channel Subsystem 

Send Command To Channel Subsystem Using SSCH 5 

6 

Subchannel 

Link Buffers 

Link Buffers 

Link Buffers 

Subchannel 

Subchannel 

Subchannel 

HSA(Memory)  

Initiative Queue 

1 

Modules Translate Application Requests To 

Access Method Servıces 

VSAM / QSAM /BSAM 

Builds CCWs  & EXCP is used to pass I/O Request  

To I/O Supervisor  

2 

11 
Handles I/O Interrupt & Notıfıes Acc 

Method wıth SRB 

5a Moves  ORB to subchannel  

5b Places Subchannel In HSA queue (Initiative Queue)  

UCW 

Subchannel 

Get/Put/Read/Write 

Disk Subsystem 

8 
Passes CCWs  

To Disk subsystem 

9 

Decodes  CCWs 

Performs I/O Operation 

First tries to use cache (I/O complete) 

If not,issues SCSI commands To HDDs   

Cache Cache 

Disk Enclosure 

XRC 

PPRC 

NVS NVS 

3 Excepts Channel Program via  

STARTIO macro,Translates All 

Virtual Addresses To Real For 

Buffers  

4 Waits Until ALL previously issued I/O requests to 

device has been served,and that device is free 

Cluster Cluster 

I/O Enclosure – HOST Adapters  

7 Waits For Path 

To Be Available 

10 Reads & Writes Data Using SCSI  

commands to physical disk 



Which Period Of Time Causes I/O ResponseTime Components ? 

Subchannel 

Subchannel 

Executes UCW 

Picks The Best 

 Path To Send 

The Operation 

(Choose Path 

 using posible 

 onces in  

Subchannel  

Information- PathMask) 

CHANNELS 

User APP  AS 

IOSAS – I/O Supervisor 

Access Method Services 

I/O Drivers 

SAP 

Channel Subsystem 

Send Command To Channel Subsystem Using SSCH 5 

6 

Subchannel 

Link Buffers 

Link Buffers 

Link Buffers 

Subchannel 

Subchannel 

Subchannel 

HSA(Memory)  

Initiative Queue 

1 

Modules Translate Application Requests To 

Access Method Servıces 

VSAM / QSAM /BSAM 

Builds CCWs  & EXCP is used to pass I/O Request  

To I/O Supervisor  

2 

11 
Handles I/O Interrupt & Notıfıes Acc 

Method wıth SRB 

5a Moves  ORB to subchannel  

5b Places Subchannel In HSA queue (Initiative Queue)  

UCW 

Subchannel 

Get/Put/Read/Write 

Disk Subsystem 

8 
Passes CCWs  

To Disk subsystem 

9 

Decodes  CCWs 

Performs I/O Operation 

First tries to use cache (I/O complete) 

If not,issues SCSI commands To HDDs   

Cache Cache 

Disk Enclosure 

XRC 

PPRC 

NVS NVS 

3 Excepts Channel Program via  

STARTIO macro,Translates All 

Virtual Addresses To Real For 

Buffers  

4 Waits Until ALL previously issued I/O requests to 

device has been served,and that device is free 

Cluster Cluster 

I/O Enclosure – HOST Adapters  

7 Waits For Path 

To Be Available 

10 Reads & Writes Data Using SCSI  

commands to physical disk 

5 -3 

IOSQTime 

9-6 

Pend Time 

9,10+ 

PPRCCopyTime+XR

C-WP 

DisconnectTime 

 *10-Cache Miss 

(Subchannel is busy 

but device is not 

connected) 

Staging 

DeStaging 

Data Transfer 

ConnectTime 



SDM-ANTAS001-2-3.. 

Address Space 

Istanbul- DS8X  Izmir - DS8X  

1 

2 

3 

4 

Cache Cache 

NVS NVS 

I/O Enclosures I/O Enclosures 

Cache SideFile 
Cache Cache 

NVS NVS 

Sec Dev Journals 

5 

6 

7 

8 

9 

Istanbul 
Izmir 

SecFC Dev 
Pri Dev 

XRC I/O Flow 



Items That Effect Each ResponseTime Component 
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Response

Time = IOSQ 

Time + Pend 

Time + Disconnect 

Time 

Connect 

Time + 

What Are The Possible Reasons? Where To Look ? What To Do ? 

Queuing at host level. 

I/O is queued on LPAR Level. 

Lack of PAVs 

Long busy condition. 

 

Action 

Add more PAV 

Use HyperPAV 

Use much faster Stg Device 

Check reason of LB condition 

 

 

Read Miss Ratio 

NVS Full Condition 

Lack Of Cache 

XRC-WP,PPRC effect 

Rank busy condition 

 

Action 

Distrubute workload 

Add more Cache 

Improve perf of XRC.PPRC 

 

 

Queing on HW – 

DB Delay+CMR Delay+CH Delay 

FICON Director Port Utilization 

Host Adapter Port Utilization 

CMR Delay 

IOP process utilization 

Device Busy Delay  

 

Action  

Don’t use more than 2 of HA 

Check FICON director port util 

Add more IOP 

Add more connection path 

 

 

Connect Time during transfer 

FICON saturation  

High DDM Utilization  

Contention on FICON ports 

 

Action  

Remove the bottleneck  

Causing Pend Time, 

Disconnect Time  
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Resources To Analize/Monitor DASD Performance - SW 

RMF Panels RMF Reports 

MXG  Inhouse  Daily Reports 

Using DDS/RMF/MXG Data 

ALERTS 

XRCMON 



Resources To Analize/Monitor DASD Performance 
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SMF- RMF Records 74,78 

SMF 30 Records IO Related Fields 

SMF42 Dataset Activity Records 

SMF RECORDS 

RMF Monitor III Panels 

Device Resource Panel 

Device Delay Panel 

Cache Summary Panel 

Cache Detail Panel 

Device Trend Panel 

XRC Performance Data 

XRCMon Data – Write Pacing, Cache Utilization 

RMF PostProcessor Reports 

RMF Summary Report 

RMF Device Activity Report 

Cache Report 

Link,RANK,ExtentPool Report 

IOQ Report 

FICON Activity Report 

Other Subsystems SMF Records 

DB2 SMF Records 

RMF Workload Reports 

…… 



Other Important Metrics – Just A Few Of Them…  
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Random Read Rate 

Sequential Read Rate 

Random  Write Rate 

Sequential  Write Rate 

Random Miss Read 

Rate 

Sequential Miss Read 

Rate 

Random  Write Rate 

Sequential  Write Rate 

WRITE PROM  

DFW ByPASS Count 

Write Inhibit 

RANK Read Response 

Time 

FICON Channel 

Utilization Queuing Intensity I/O  Intensity 

CMR Delay DB Delay 



About ResponseTime – Top To Down Approach  
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LPAR Level  DASD 

ResponseTime 

Source 

Device Base ResponseTime 

Dataset Base ResponseTime 

Source 

Source 

LSS Base ResponseTime 
Source 

Box Base ResponseTime 
Source 

SMF 42 / RMF Monitor III Delays 

SMF 74 / RMF Monitor III 

SMF 74 / RMF Monitor III 

SMF 74 / RMF Monitor III 

SMF 74 / RMF Monitor III 



WP1-7 

WP8-B 

WPC-F 

0.02        0.04        0.1       0.2        0.5       1        2  

5              10            25       50       

100           200        500     1000       

WP6 0.02        0.04        0.1       0.2        0.5       1        2  

WrtPacingResidualCnt(80) 
Peak injected milliseconds for 

80*64=5120 unread recordsets 

Level6  Inject 1 ms      when 5120 unread recordsets 

Level5  Inject 0.5 ms   when 5120*(5/6) = 4266 unread recordsets 

Level4  Inject 0.2 ms   when 5120*(4/6) = 3413 unread recordsets 

Level3  Inject 0.1 ms   when 5120*(3/6) = 2560 unread recordsets 

Level2  Inject 0.04 ms when 5120*(2/6) = 1706 unread recordsets 

Level1  Inject 0.02 ms when 5120*(1/6) = 853   unread recordsets 

NO PACING  below 853 unread recordsets  

ms 

ms 

ms 

XRC – Write Pacing Level – WritePacing Level6 Explanation 



GDPS/XRC Performance Tunning – Corrective Actions 

SDM-ANTAS001 

Address Space 

Istanbul  Izmir 

2 

3 

4 

•Striping 

•Batch Job Analysis 

•WritePacing 

Read At Enough Speed  

   

•Well defined Brocade Parameters 

•Line capacity upgrade 

•Line without CRC errors 

SecondaryDevices & SecFCs have seperate RANKS 

Increase Buffers 

XRC parameters 

No CAP 

Enough Memory 

Enough Reader 

Cache Cache 

NVS NVS 

I/O Enclosures I/O Enclosures 

Cache SideFile Cache Cache 

NVS NVS 

Enough ChnPaths 

XRC parameters  

Sec Dev Journals 

Enough ChnPaths 

XRC parameters 

Enable SecondaryPAV 

5 

6 

7 

8 

9 

Istanbul 
Izmir 

Balance LSSs 

 

SecFC Dev 
Pri Dev 



Things To Remember  

 Be Aware Of ROTs 

 Need To Know Normal Values To Differentiate Abnormal Onces 

 Get Ready For  Performance Troubleshooting 

 Automate As Much As You Can 

 Trend Is Always Usefull 

 Knowing Your I/O Workload Characteristics 

 Always Look For More/New  Information/Methods 

 Divide Time Period According To Workload Differences 
 (00-09  / 09-18 / 18-24 Hour Periods) 

 Average IS AVERAGE! 



Do You Know Your Workload Characteristics 
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 What is your Write Ratio  ? 

 What is your Sequential Read/Random Read % ? 
 What is your ResponseTime Difference Between Batch And 

Online ? 

 Do you know your workload characteristics difference between 
Batch And Online? Write Ratio, Random/Sequential Read Ratio? 

 What is the effect of I/O workload in your environment ? 

 Which Volumes  Are The Most I/O Intensitive Onces ? 

 Which Volumes Are The Most Queuing Intensitive Onces ? 

 What is your Activity Rate ? 

 How Is Your Activity Rate Differences Between Batch & Online ? 

 How Is Your Activity Rate Differences Between Normal Day & 
Peak Workload Days EOM ,BOM? 



RMF records In SMF related to DASD 
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SMF 74 SubType 1   : Device Activity 

 

SMF 74 SubType  5  : Cache Subsystem Device Activity 

 

SMF 74 SubType 7 :  FICON Director Statistics 

 

SMF 74 SubType 8   : Enterprise Disk Subsystem Statics 

                                    (Link,Rank.Array,ExtentPool Statics) 

 

SMF 78 SubType 3   : I/O Queuing Activity 

 

 

  

  

 

 



RMF Device  Activity Report  
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RMF Monitor I Cache Report 

30 



Daily Reports – FICON Channel Utilization 

31 



FICON Channel Utilization – Alert 

32 

Threshold Set To %30 -  CEC Based –Not LPAR LEVEL Utilization 



DFWBYPASS COUNT– Alert 

33 



Getting Data From RMF Monitor III Using RMF-DDS 
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Using Main Panel, Click On Explore, Then Click On Metrics 



Getting Data From RMF Monitor III Using RMF-DDS 
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Click On CACHSUM 



Getting Data From RMF Monitor III Using RMF-DDS 

36 



Perfomance Analiz Methods - Queuing Intensity (Excel Version) 
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QUEUING INTENSITY   = ActivityRate *  (ResponseTime – ConnectTime) 

For Date  24/7/2012 

Severe Defined As QI > 300  S> 1 And RT > 3  High IOSQ Time On DB2  

Batch Work Datasets’ Volume 



Performance Analiz Method – Queuing Intensity 
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For Date  25/7/2012 
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Daily Reports - Queuing Intensity  (Severe Alert QI>300) 

Main Reason – Disconnect Time  
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Daily Reports – I/O Intensity 

I/O  INTENSITY   = ActivityRate *  ResponseTime  
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Daily Reports - Device Storage Group RespTime- Weighted Avg 



ROTs 
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Response Time Of Logical Volume 

DFWByPass Count 

Channel Utilization 



ROTs 
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RANK Read Response Time 

Read Hit Ratio 



44 

Daily Reports – DFW ByPass Count 

ROT : For Best Performance no DFWbypass Count 

If  happens at least Check whether it is %1 of what is being done 

> %1 PROBLEM! 
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Different Ways To Check The Same Data 

 Using RMF , There are many ways to check the same 
item 

 Lets Look At DFWByPass Count As Sample 

 Based On What Is Suitable For Your Current Aim,You 
Can Use One Of Them 

 EVEN YOU HAVE ONE, CHECK THE DEFINITION OF 
FIELDS IN BOOKS FOR DIFFERENT METHODS, YOU 
WILL GET MORE INFORMATION!!! 
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How To Check DFWByPass Count ? 

Using RMF PostProcessor     REPORTS(CACHE) 
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How To Check DFWByPass Count ? 

Using RMF Overview Report OVW(DFWBAE00(CASDFWB(SSID(AE00)))) 

0.4X900 sec = 360 as Count 
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How To Check DFWByPass Count ? 

Using RMF Monitor III CachSum Panel – PopUp Report 
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Write Ratio Global & Even/Odd LSS Base – Daily Trend Report 

Workload Change Reason Was : DB2 group doing some tests for the EAV problem 
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Write/Read Ratio Global & Even/Odd LSS Base – One Day 

12EvenRead 12OddRead 

Read Workload High On 2XXX box,Capacity Is Large As Well 



Daily Reports -DASD Summary Report 
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Daily Reports -Storage Group Base ResponseTimes 
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Source :   RMF Monitor III Data 
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Daily Reports - Storage Group Base ResponseTimes 

Source :   RMF Monitor III Data 



Analizing I/O Effect On Batch RunTime 
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Using Barry Merrill’s Job ElapseTime Components Method + Adding CpuDelay As Seconds 

+++++ I added CPU delay 

To This Method Using 

RMF Monitor III AS Cpu 

Delay Data Which is In 20 

Sec Interval 
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Daily Reports - Job ElapseTime Components 

Sum Up All Jobs As If They Run In Sequence  - Daily Base    

Hours 
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Daily Reports - Critical Path Jobs ElapseTime Components 

Sum Up All Jobs - They Run  In Sequence    

Minutes 



What is The Workload % For Each Storage Group 
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Source : Device Activity Rate Report    Time Period 00:00 – 09:00 



What is The Workload % For Each Storage Group 
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Source : Device Activity Rate Report    Time Period 00:00 – 09:00 

Without  DB2 Storage Group 



What is The Workload % Of Each Storage Group During Batch RunTime ?  

59 

Source : Device Activity Rate Report    Time Period 00:00 – 09:00 

Answer :  

% 76 For XRC DB2 Volumes 

% 8   For Batch NonXRC Work Datasets 

% 6   For  DB2 Log Copy Volumes 



RMF Rank Report 
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ROT For RANK Read ResponseTime > 30 / > 35  ms as ‘not good’ 

 Read Operation ResponseTime < 30 



RMF Rank Report 
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ROT For RANK Read ResponseTime > 30 / > 35  ms as ‘not good’ 

PROBLEM :Read Operation ResponseTime > 35  
Specific Peak Workload 



SMF42 Dataset Statistics 
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Sample Study :  Batch Job ElapseTime Difference . 

 DB2 Table -  I/O performance analized using SMF42 (MXG Formated) 



SMF42 Dataset Statistics 
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Sample Study :  Batch Job ElapseTime Difference . 

 DB2 Table -  I/O performance analized using SMF42 (MXG Formated) 



zHPF 
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zHPF Effect / Channel Utilization Drop 
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z/HPF Enabled On Only Some LPARs 
z/HPF Enabled On ALL LPARs 



zHPF Effect / Pend Time Drop 
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z/HPF Effect Activity Rate 
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Possible Reason For Not Seeing Same Throughtput Increase 
 

68 

Face With Another Bottleneck That Caused DisconnectTime Increase  



SPECIFIC ITEMS RELATED  TO TAPE WORKLOAD  
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 HIGHLY RECOMMEND TO USE IBM TAPETOOLSOFTWARE  

IT IS FREE  AND REALLY NICE! 

 
 
 

 CONSIDER THE TAPE TECHNOLOGY DETAILS 



Tape I/O Flow - High Level 
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Daily Reports -Tape Write Workload Report 
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Daily Reports -Tape Read Workload Report 
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Daily Reports -Tape Write Workload Report Group By Program 



Tape Workload Report - Source 
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IBM Tape Tool  TapeWise Report  - JOBRPT DD 



Analizing Performance Of Tape Workload 
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IBM Tape Tool   TapeWISE & IOSTAT Report  - With  New Fields Related To CPU Usage 

This is Sample – It will be publish soon with new IBM Tapetool  Code... 

Thanks To Denise  Haight From US.IBM TapeTool Team For Accepting  Recommendation 



Daily Reports - VTS Grid Performance  
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Daily Reports - VTS Grid Performance- Source  

IBM TapeTool VEHSTAT Pgm H33GRID DD 

Average DEF Queue Ages (Seconds) 



VTS Grid Performance-Throttling  
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Write Throttling,Copy Throttling,Defered Copy Throttling 



79 

Daily Reports-VTS Grid Performance-Throttling  

Source : IBM Tape Tool VEHSTAT Program 
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Monitoring WritePacing Value 

//ANTWPMN1 JOB MSGLEVEL=(1,1),TIME=(1439,0),MSGCLASS=X,REGION=64M,CLASS=S                              

//GO    EXEC  PGM=ANTWPMON,PARM='2880 30 S'             

//STEPLIB  DD DSN=SYS2.ZOS.LINKLIB,DISP=SHR             

//*                                                     

//*  INPUT PARAMETERS: PARM='AAAA BB C'                 

//*                                                     

//* AAAA  (DEC) NUMBER OF INTERVALS TO PROCESS          

//* BB    (DEC) INTERVAL DURATION, IN MINUTES           

//* C           INTERVAL UNITS, M=MINUTES S=SECONDS     

//*                                                     

//REPORT   DD SYSOUT=*,DCB=BLKSIZE=80                   

//DATAOUT  DD DSN=SYS3.GSDM1.ANTWPMON,DISP=SHR  

R:2012207,173425,A600-01,0003215          

D:2012207,173456,B711,PRMP49,6,1,0.0      

D:2012207,173456,A302,PBOX01,6,2,0.0      

D:2012207,173456,A606,DBP218,6,8,0.5      

R:2012207,173456,9000-05,0000812          

D:2012207,173528,A302,PBOX01,6,1,0.0      

D:2012207,173528,A606,DBP218,6,37,2.8     

R:2012207,173528,A300-03,0000714          

R:2012207,173559,2500-05,0001136          

D:2012207,173630,241F,PBET0A,6,1,0.0      

D:2012207,173630,A501,PDG256,6,2,0.0      

D:2012207,173630,A606,DBP218,6,20,0.3  
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