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Introduction

 A big part of performance analysts time is dedicated to find and 

tune system components and applications which use an 

excessive amount of CPU

 As you know, the CPU usage determines a large portion of 

z/OS hardware and software costs

 In the last years, software costs have become the most critical 

issue at most of the z/OS sites 
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Introduction

 When the software pricing is based on the monthly peak of the 

MSUs used in 4-hour rolling average, performance analysts 

focus mostly on the workloads contributing to those peaks

 With the advent of TFP (Enterprise Consumption solution) the 

situation is changing: all the MSUs are now relevant for the 

software bill, no matter the time of the day when they are used

 So, with TFP, identifying and eliminating any MSU waste has 

become even more important than before
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Introduction

 In the last machine generations, IBM has identified the “Store 

Into Instruction Stream” (SIIS) issue as possible reason for a 

reduction of the processor cache effectiveness and a 

consequent significant increase of CPU utilization

 After a short overview of the SIIS issue we will provide formulas 

and report examples to help you evaluate amount of MSUs 

wasted in your systems because of SIIS events

 We will also provide suggestions on what you need to do to 

identify SIIS culprits
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SIIS overview

 Workload CPU consumptions strongly depend on how your 

application code fits the processor cache design of current Z 

processors

 The processor architecture of modern IBM machines expects to 

execute code which respect the following rules:

▪ separation of data and instructions in different cache lines 

(256 bytes)

▪ localization of storage references 

▪ no self-modifying code
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SIIS overview

 When a program violates these rules a SIIS event happens

 Instructions need to be re-fetched from the L3 cache with 

consequent performance degradation and increased CPU 

consumptions

 An access to L3 cache will require much more CPU cycles than 

an access to L1 or L2 cache
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SIIS overview
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z15 processor cache architecture



SIIS overview

 How many L1 miss 

with z15?
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SIIS overview

 Where L1 miss 

come from?
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SIIS overview

 What is the penalty 

when accessing the 

different cache 

levels?
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%L1 %L2 %L3 %L4L %L4R %MEML %MEMR

Serie1 2 8 16 64 96 128 192

Estimate 
CPI



SIIS overview

 Modern compilers have been written with processor 

architecture in mind, so the SIIS issue normally arises with old 

user-written assembler programs

 Examples of some of the more commonly seen poor 

programming assembler practices, which result into SIIS, can 

be found, together with coding guidelines, in: “IBM Z System: 

Remediation of Programs with SIIS Impacts” by Kathy Walsh

 However a bug is always possible also in IBM or ISV software
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Evaluating the SIIS impact

 To evaluate the SIIS impact you can calculate the %SIIS index 

which represents the percentage of L1 instruction cache miss, 

due to SIIS events, compared to the L1 instruction cache miss 

total

 To calculate %SIIS you need the basic and extended counters 

provided in SMF 113 records

▪ %SIIS = E163 / B2 * 100 for z13/z13s

▪ %SIIS = E164 / B2 * 100 for z14/z14-ZR1

▪ %SIIS = E164 / B2 * 100 for z15-T01/z15-T02
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Evaluating the SIIS impact

 E163 – A directory write to the Level-1 instruction cache 

directory where the returned cache line was sourced from an 

On-Chip Level-3 cache with intervention (z13)

 E164 – A directory write to the Level-1 instruction cache 

directory where the returned cache line was sourced from an 

On-Chip Level-3 cache with intervention (z14 and z15)

 B2 – Level-1 instruction cache directory write count (z13, z14 

and z15)
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Evaluating the SIIS impact

 Different actions are suggested, depending on the %SIIS 

levels(*):

(*) Identifying “Store Into Instruction Stream” (SIIS) Inefficiency by Using CPU MF Counters – John Burg - WP102806
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Evaluating the SIIS impact

 In this example you can see some relevant indexes calculated 

by using SMF 113 counters; %SIIS looks pretty good

 , including %SIIS, 
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Identifying the culprits
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Identifying the culprits

 If only one address space is causing the SIIS issue, you can 

probably identify it by looking at the top CPU consumers in the 

hours when the %SIIS value is higher; this is the “lucky case”

 If this is not possible, you could use the instruction count 

metrics provided in the SMF 30 records 

 To get instruction counts you need to set the SMF30COUNT 

parameter in the SMFPRMxx member of SYS1.PARMLIB 

(default is NOSMF30COUNT)
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Identifying the culprits – Lucky case

 At a customer site we found that, on the 4th of June, the %SIIS 

values of their test system was higher than 10% in two hours
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Identifying the culprits – Lucky case

 By looking at the address space MSU consumptions and 

sorting the table by descending values at 20, we see that the 

HSMA110 job only runs in the hours when %SIIS is critical 
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Identifying the culprits – Lucky case

 We analysed the first two weeks of June, and we found that, 

every time this batch job runs, %SIIS grows above the threshold
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DATE 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
04/06/2020    1,3    1,3      1,4      0,5    1,0    0,9    1,2    1,2    0,6    0,7    0,9    1,1    0,9    1,0    1,6    0,5      0,7      0,9    0,8    0,9    12,3    12,3    1,8  . 

08/06/2020    2,1    1,6      6,1    17,8    1,7    1,1    1,4    1,3    0,8    0,9    0,7    1,0    0,9    1,0    0,8    0,6      0,5      0,6    0,8    0,9      1,3      1,5    1,4  1,4 

15/06/2020    0,3    0,3      0,3      0,3    0,3    0,3    0,4    0,9    0,4    0,4    0,6    0,4    0,5    0,5    0,4    0,3      7,6      5,1    0,4    2,1      0,5      0,5    0,5  0,5 

DATE 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
04/06/2020  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .    32,6    34,3  .  . 

08/06/2020  .  .    11,8    54,1  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 

15/06/2020  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .    47,1    19,0  .  .  .  .  .  . 

% SIIS on TEST system

MSU used by HSMA110



Identifying the culprits – Lucky case

 Talking with the operation team we discovered that this job 

performs auditing of HSM control datasets

 Customer opened an issue to IBM; this is the answer …

 “We absolutely agree with you that this area needs some work 

based upon your findings in order to increase performance. This 

is the first time we have had this reported, so thank you for 

alerting us to it. Since this is not a bug, you could open an RFE 

for improvement in this area and then we will fit the work into our 

schedule.”
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Identifying the culprits – The hard way

 When the SMF30COUNT parameter is set, the total number of 

instructions using the CPU can be calculated, for each address 

space, by using the following formula:

AS_CPU_INSTRUCTIONS = 

SMF30_Inst_CP_Task + SMF30_Inst_CP_ NonPreemptSRB + 

SMF30_Inst_CP_PreemptSRB + SMF30_Inst_CP_Enclave + 

SMF30_Inst_CP_DepEnc + SMF30_Inst_OffloadOnCP + 

SMF30_Inst_OffloadOnCP_ Enclave + SMF30_Inst_OffloadOnCP_ DepEnc
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Identifying the culprits – The hard way

 The total number of used CPU cycles can be estimated, for 

each address space, by using the following formula:

AS_CPU_CYCLES = 

((SMF30CPT + SMF30CPS) / 100) * (SMF113_1_CpuSpeed * 1.000.000)
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Identifying the culprits – The hard way

 Each address space CPI (average number of Cycles Per 

Instruction) can be estimated as follows:

AS_CPI = AS_CPU_CYCLES  /  AS_CPU_INSTRUCTIONS

 Address spaces showing a very high CPI, in hours when the 

%SIIS value is over the threshold, are very likely the culprits of 

the SIIS issue

28



Identifying the culprits – The hard way

 In the next figure we show the hourly profile of the %SIIS 

values on a customer production system
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Identifying the culprits – The hard way

 In this case it was not possible to identify the culprits just 

looking at address space CPU consumptions

 We had to calculate the CPI values of all the address spaces 

using more CPU in the critical hours
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Identifying the culprits – The hard way

 Two batch jobs 

show a CPI much 

higher than the 

others
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SYSTEM JOB NAME DATE HOUR CPU sec AS CPI

PROD JOB_1 19/06/2020 Hour 1 2863,59 7,7    

PROD JOB_2 19/06/2020 Hour 1 362,95 1,6    

PROD JOB_3 19/06/2020 Hour 1 285,28 0,7    

PROD JOB_4 19/06/2020 Hour 1 248,3 0,7    

PROD JOB_5 19/06/2020 Hour 1 183,29 2,0    

PROD JOB_2 19/06/2020 Hour 2 572,11 1,6    

PROD JOB_6 19/06/2020 Hour 2 464,64 33,2  

PROD BETA92 19/06/2020 Hour 2 269,41 1,9    

PROD JOB_7 19/06/2020 Hour 2 148,44 1,8    

PROD JOB_8 19/06/2020 Hour 2 90,82 2,2    



Identifying the culprits – The hard way

 JOB_1 back-ups USS files by calling IBM Tivoli Storage 

Manager (aka IBM Spectrum Protect)

 Also because of the high CPU consumptions, a project has 

been recently started to migrate to DFHSM

 So, no other action is required
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Identifying the culprits – The hard way

 Almost all the CPU consumptions of JOB_6 is in a step running 

an old user-written assembler program

 This code should be reviewed to exploit the processor cache 

design of current Z processors
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Conclusions
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Conclusions

 Identifying and solving SIIS issues can allow saving a 

consistent amount of MSUs

 To understand if SIIS is a problem in your systems, you just 

need to collect and exploit SMF 113 records (it’s important you 

do it anyway)

 To identify the culprits you need to collect SMF 30 records in a 

performance DB and estimate each address space CPI by 

using the instruction count metrics
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Questions ?
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