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Agenda – CPU MF Efficiency
▪ Value of CPU MF Counters

What and Why
Best Practice and TDA requirement

▪ z15 Update

▪ RNI and L1MP Based Decision LSPR Match
– RNI is not a Performance metric
– z14 Migration Studies and RNI update

▪ Efficiency
– LPAR Controls – Example of 99-14s and VL CPI (Finite CPI)
– Store Into Instruction Stream (SIIS) 
– COBOL - z14 Vector Packed Decimal Facility and CPU MF Usage

▪ Crypto, Encryption and zEDC Measurement Example

▪ z15 New zEDC Extended Counters

▪ Summary

▪ Backup
– Fundamental Components of Workload Capacity Performance

• Micro processor and Nest
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CPU Measurement Facility 

▪ Introduced in z10 and later processors 

▪ Facility that provides hardware instrumentation data for production systems 

▪ Two Major components
– Counters

• Cache and memory hierarchy information 
• SCPs supported include z/OS and z/VM

– Sampling
Instruction time-in-CSECT

▪New z/OS HIS started task
– Gathered on an LPAR basis
– Writes SMF 113 records
– z/OS implementation instructions http://www.ibm.com/support/techdocs/atsmastr.nsf/WebIndex/TC000066

▪New z/VM Monitor Records
– Gathered on an LPAR basis – all guests are aggregated
– Writes new Domain 5 (Processor) Record 13 (CPU MF Counters) records
– z/VM implementation instructions http://www.vm.ibm.com/perf/tips/cpumfhow.html

▪Minimal overhead
3

http://www.ibm.com/support/techdocs/atsmastr.nsf/WebIndex/TC000066
http://www.vm.ibm.com/perf/tips/cpumfhow.html
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Value of CPU Measurement Facility (CPU MF)

▪Recommended Methodology for successful z Systems Processor Capacity Planning
– Need on “Before” processor to determine LSPR workload
– TDA process has been updated to require CPU MF Counters enabled

▪Validate achieved  IBM Z processor performance
– Needed on “Before” and “After” processors

▪Provide insights for new features and functions
– Continuously running on all LPARs
– Efficiency is even more important today, with new pricing models like Tailored Fit

4

Capturing CPU MF data is an Industry “Best Practice” 
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z15 Update and Metrics
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z15 Update 

▪ Updated CPU MF Formulas
–SMF 113 Updates
–LSPR Workload Match Table
–Formulas: Sourcing formulas similar to z14
–RNI and TLB updates

▪ New z15 Crypto Counters
–Elliptic-curve Cryptography (ECC) new with z15

▪ New z15 Extended Counters 
–z15 Integrated Adapter for zEDC (Synchronous)

▪ z14 Updates

New
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z/OS SMF 113 Record 

▪SMF113_2_CTRVN2
–“1” = z10

–“2” = z196 / z114

–“3” = zEC12 / zBC12  

–“4” = z13 / z13s 

–“5” = z14

–“6” = z15 New
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Current table applies to z10 EC, z10 BC, z196, z114, 

zEC12, zBC12, z13, z13s, z14/ZR1, and z15 CPU MF data

L1MP RNI LSPR Workload Match

< 3%
>= 0.75

< 0.75

AVERAGE

LOW

3% to 6%

>1.0 

0.6 to 1.0

< 0.6        

HIGH

AVERAGE

LOW

> 6%
>= 0.75

< 0.75

HIGH

AVERAGE

RNI-based LSPR Workload Decision Table

▪RNI is not a Performance metric 

▪RNI and L1MP allows one to match their workload to an LSPR workload

▪Any other use of RNI is not valid 

New
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z14 vs z15 Hardware Comparison

■ z14 (3906) 
- CPU (14nm SOI)

- 5.2 GHz

- Caches

- L1 private 128k i, 128k d

- L2 private 2 MB i, 4 MB d

- L3 shared 128 MB per 

chip

- L4 shared 672 MB per 

drawer

■ z15 (8561)
- CPU (14 nm SOI)

- 5.2 GHz

- Caches

- L1 private 128k i, 128k d

- L2 private 4 MB i, 4 MB d

- L3 shared 256 MB per 

chip

- L4 shared 960 MB per 

drawer

■ Topology
- 10 cores + 1 L3 per CP 

chip
- 2-or-3 CP chips per cluster
- 2 clusters + 1 L4 per 

drawer
- 4 drawers max per CPC
- Book interconnect: NUMA 

star

■ Topology
- 12 cores + 1 L3 per CP 

chip
- 2 CP chips per cluster
- 2 clusters + 1 L4  per 

drawer
- 5 drawers max per CPC
- Book interconnect: NUMA 

star
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Formulas – z15
Metric Calculation – note all fields are deltas. SMF113-1s are deltas. SMF 113-2s are 

cumulative.

CPI B0 / B1 

PRBSTATE (P33 / B1) * 100

L1MP ((B2+B4) / B1) * 100

L2P ((E133+E136) / (B2+B4)) * 100

L3P ((E144+E146+E162+E164) / (B2+B4)) * 100

L4LP ((E147+E149+E156+E165+E167+E174+E150+E152+E158+E168+

E170) / (B2+B4)) * 100

L4RP ((E153+E155+E157+E171+E173+E175) / (B2+B4)) * 100 

MEMP ( ( E145 + E148 + E151 + E154 + E163 + E166 + E169 + E172 ) / 

(B2+B4) ) * 100

LPARCPU ( ((1/CPSP/1,000,000) * B0) / Interval in Seconds) * 100

  Workload Characterization

  L1 Sourcing from cache/memory hierarchy

CPI – Cycles per Instruction

Prb State - % Problem State

L1MP – Level 1 Miss Per 100 instructions

L2P – % sourced from Level 2 cache

L3P – % sourced from Level 3 on same Chip cache

L4LP – % sourced from Level 4 Local cache (on same book)

L4RP – % sourced from Level 4 Remote cache (on different book)

MEMP - % sourced from Memory

LPARCPU - APPL% (GCPs, zAAPs, zIIPs) captured and uncaptured 

B* - Basic  Counter Set - Counter Number 

P* - Problem-State Counter Set - Counter Number

See “The Load-Program-Parameter and CPU-Measurement Facilities” SA23-2260 for 

full description

E*  - Extended Counters - Counter Number

See “IBM The CPU-Measurement Facility Extended Counters Definition for z10, z196/ 

z114, zEC12 /zBC12, z13/z13s, z14 and z15 SA23-2261-05 for full description

CPSP - SMF113_2_CPSP  “CPU Speed”

Updated September 23, 2019

Note these Formulas may change in the future
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Formulas – z15 Additional 
Metric Calculation– note all fields are deltas. SMF113-1s are deltas. SMF 113-2s are 

cumulative.

Est Instr Cmplx CPI CPI – Estimated Finite CPI

Est Finite CPI E143 / B1 

Est SCPL1M E143 / (B2+B4)  

Rel Nest Intensity 2.9*(0.45*L3P + 1.5*L4LP + 3.2*L4RP + 6.5*MEMP) / 100

Eff GHz CPSP / 1000

Est Instr Cmplx CPI – Estimated Instruction Complexity CPI (infinite L1)

Est Finite CPI – Estimated CPI from Finite cache/memory

Est SCPL1M – Estimated Sourcing Cycles per Level 1 Miss

Rel Nest Intensity –Reflects distribution and latency of sourcing from 

shared caches and memory 

Eff GHz – Effective gigahertz for GCPs, cycles per nanosecond 

  Workload Characterization

  L1 Sourcing from cache/memory hierarchy

B* - Basic  Counter Set - Counter Number 

P* - Problem-State Counter Set - Counter Number

See “The Load-Program-Parameter and CPU-Measurement Facilities” SA23-2260

for full description

E*  - Extended Counters - Counter Number

See “IBM The CPU-Measurement Facility Extended Counters Definition for z10, 

z196/ z114, zEC12 /zBC12, z13/z13s, z14 and z15  SA23-2261-05 for full 

description

CPSP - SMF113_2_CPSP  “CPU Speed”

Updated September 23, 2019

Note these Formulas may change in the future
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Formulas – z15 Additional TLB 
Metric Calculation – note all fields are deltas. SMF113-

1s are deltas. SMF 113-2s are cumulative.

Est. TLB1 CPU Miss % of Total CPU ( (E130+E135) / B0) * (E143 / 

(B3+B5) ) *100

Estimated TLB1 Cycles per TLB 

Miss

(E130+E135) / (E129+E134) * 

(E143 / (B3+B5) )

PTE % of all TLB1 Misses N/A with processor design change

TLB Miss Rate (E129 + E134) / interval

Est. TLB1 CPU Miss % of Total  CPU  - Estimated TLB CPU % of Total CPU  

Estimated  TLB1 Cycles per TLB Miss – Estimated  Cycles per TLB Miss

PTE % of all TLB1 Misses – Page Table Entry % misses

TLB Miss Rate – TLB Misses per interval (interval is defined by user for length of 

measurement and units)

B* - Basic  Counter Set - Counter Number 

P* - Problem-State Counter Set - Counter Number

See “The Load-Program-Parameter and CPU-Measurement Facilities” SA23-

2260 for full description

E*  - Extended Counters - Counter Number

See “IBM The CPU-Measurement Facility Extended Counters Definition for z10, 

z196/ z114, zEC12 /zBC12, z13/z13s, z14 and z15 SA23-2261-05 for full 

description

CPSP - SMF113_2_CPSP  “CPU Speed”

Updated September 23, 2019

Note these Formulas may change in the future
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Looking for z15 Migration “Volunteers” SMF data

▪Want to validate / refine Workload selection metrics

Looking for “Volunteers”

(3 days, 24 hours/day, SMF 70s, 71s, 72s, 99 subtype 14s,113s per LPAR) 

“Before z13 / z14” and “After z15”

Production partitions preferred

If interested send note to jpburg@us.ibm.com, 

No deliverable will be returned

Benefit: Opportunity to ensure your data is used to influence analysis

mailto:jpburg@us.ibm.com
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Formulas – z14 Additional TLB 
Metric Calculation – note all fields are deltas. SMF113-

1s are deltas. SMF 113-2s are cumulative.

Est. TLB1 CPU Miss % of Total CPU ( (E130+E135) / B0) * (E143 / 

(B3+B5) ) *100

Estimated TLB1 Cycles per TLB 

Miss

(E130+E135) / (E129+E134) * 

(E143 / (B3+B5) )

PTE % of all TLB1 Misses N/A with processor design change

TLB Miss Rate (E129 + E134) / interval

Est. TLB1 CPU Miss % of Total  CPU  - Estimated TLB CPU % of Total CPU  

Estimated  TLB1 Cycles per TLB Miss – Estimated  Cycles per TLB Miss

PTE % of all TLB1 Misses – Page Table Entry % misses

TLB Miss Rate – TLB Misses per interval (interval is defined by user for length of 

measurement and units)

B* - Basic  Counter Set - Counter Number 

P* - Problem-State Counter Set - Counter Number

See “The Load-Program-Parameter and CPU-Measurement Facilities” SA23-

2260 for full description

E*  - Extended Counters - Counter Number

See “IBM The CPU-Measurement Facility Extended Counters Definition for z10, 

z196/ z114, zEC12 /zBC12, z13/z13s and z14” SA23-2261-04 for full description

CPSP - SMF113_2_CPSP  “CPU Speed”

Updated September 23, 2019

Note these Formulas may change in the future
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End

z15 Update and Metrics
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z14 / ZR1 RNI Update 

▪ z14 / ZR1
–Received numerous before/after z14 migration “volunteers” SMF data

• Thank you!
–SMF data is used to tune metrics and help design future processors
–Effective Aug 2019, there is No change to the z14 RNI formula
–The RNI-based (and L1MP) LSPR workload match table is unchanged
– Important for z15 Capacity Sizing

New
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SMF 30 Instruction Counts

▪SMFPRMxx SMF30COUNT|NOSMF30COUNT
–To receive non-zero data, the HIS component must be active and 

collecting the Basic Counter Sets

–These instruction counts may include instructions from z/OS events not 

attributable to the job
• Degree of error to the counts can be significant and random impacting the 

validity of the data

–If Analysts understand and accept the variability the data may be used for 

tuning and problem isolation
• Use the instruction counts with the CPU charged to create an individual Job CPI

Identify Store Into Instruction Stream (SIIS) candidates

Identify job impacts due to hardware or software migration 
My experience is Instruction Counts are valid / reasonable. You can correlate with 

SMF 30 EXCPs and SSCHs.(e.g. CPU / EXCP vs CPI). Typically when it has  “not been 

reasonable” Instruction Counts are way too high, e.g. E18, and thus the CPI is very 

very low. Some valid examples will follow.
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Sample WSC z15 CPU MF Metrics

18

  Workload Characterization

  L1 Sourcing from cache/memory hierarchy

How 

Much?
How 

Often?

How 

Far?
CPI

Micro 

Proc 

CPI

L2 & 

‘Nest’ 

CPI
LSPR 

Workload 

Match

Work

Load

Mix 

100% of L1 Misses

Cycles / Instructions 

L1MP Sourced from Cache 

Hierarchy 

CPI – Cycles per Instruction – A rate of delivery metric

• EICPI – Estimated Instruction Complexity CPI – Indicates portion of CPI related to the microprocessor 

• EFCPI - Estimated Finite CPI – Indicates portion of CPI related to the L2 private and shared caches (Nest) 

Finite CPI  

Important Metric for LPAR Controls

Hour CPI Prb State

Instr 

Cmplx 

CPI Finite CPI SCPL1M L1MP L2P L3P L4LP L4RP MEMP

Rel Nest 

Intensity LPARCPU Eff GHz

Machine 

Type

LSPR 

Wkld

11.58 1.44 53.4 1.07 0.37 17 2.1 83.4 15.6 0.3 0.0 0.7 0.35 1.6 5.2 Z15 LOW
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CPU MF Efficiency 

LPAR Controls
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z13 / z14 / z15 Performance Recommendations 

▪Set weights and logicals to meet needs (GCPs and zIIPs)
1. Understand LPAR capacity requirements across time
2. Manage weights to meet capacity requirements
3. Assign logicals to meet weights (CPs by weight)

• Only 1-2 more than needed to meet CPs by weight
• Optimize for VHs

4. Utilize zPCR to help assess 2 and 3

See Best Practice for Number of Logical CPs Defined for an LPAR 
www.ibm.com/support/techdocs/atsmastr.nsf/WebIndex/TD106388

▪Utilize SMF 99-14s and SMF 113s to understand topology 
and impact by polarity / logical processor 

▪Topology Change can occur for any change in
–LPAR (de)activation, Weight, Logical Processor

• Weight change includes IRD, WLM Capping (Defined 
Capacity and Group Capacity)

http://www.ibm.com/support/techdocs/atsmastr.nsf/WebIndex/TD106388
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Recommendations for Defining Logical CPs

▪New Best Practice document for defining logical CPs and zIIPs to an LPAR
–www.ibm.com/support/techdocs/atsmastr.nsf/WebIndex/TD106388

▪Recommendations
–Define 1-2 more logicals than needed to meet CPs by weight

• Don’t define all the logicals on a CEC to the LPAR

–Reasons:
• Work runs most efficiently if you run with defined weight using VHs and VMs
• LPAR Busy value displayed on online monitors is relative to number of LCPs
• LPAR time slice is sensitive to number of logicals, fewer logicals will lead to longer 

time slices
• Reduce the impact of a CPU Loop, fewer logicals limits potential impact
• z/OS operations like Quiesce need to be done even for parked logicals
• Additional system resources utilized for each logical processor

http://www.ibm.com/support/techdocs/atsmastr.nsf/WebIndex/TD106388
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Optimize LPAR Performance 
▪Set weights to meet capacity needs

–Optimize VHs to improve performance

▪Need to manage weights across shift changes and business cycles

Increase weight to 

optimize VHs for 

MVS1, and MVS3

0

100

200

300

400

500

600

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
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Time

MVS1: LPAR Percent of Share

MVS1

MVS2

MVS3

MVS4

MVS5

SHARE
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Evaluate Engine Performance

▪More complete, overall view of 
capacity

–Can see impacts of capping easier

▪Dispatched (Busy) greater than 
Engines by Weight then using 
whitespace

–Significant, continuous, use of VLs 
indicates need for weight change

Increase weight to 

optimize VHs for 

MVS1, and MVS3
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SMF 99 Subtype 14 – HiperDispatch Topology

▪ SMF 99 Subtype 14 contains HiperDispatch Topology data including:

– Logical Processor characteristics: Polarization (VH, VM, VL), Affinity Node, etc.

– Physical topology information

• zEC12 Book / Chip 

• z13      Drawer / Node / Chip  

• z14      Drawer / Node / Chip

• z15      Drawer / Node / Chip

▪ Written every 5 minutes or when a Topology change occurs

• e.g. Configuration change or weight change

▪ May be useful to help understand why performance changed

▪ Provides a “Topology Change” indicator 

– Can identify when the topology changed occurred

▪ Recommendation is to collect SMF 99 subtype 14s for each System / LPAR

▪ WLM Topology Report available to process SMF 99 subtype 14 records
– http://www.ibm.com/systems/z/os/zos/features/wlm/WLM_Further_Info_Tools.html#Topology  

http://www.ibm.com/systems/z/os/zos/features/wlm/WLM_Further_Info_Tools.html#Topology


© 2020 IBM Corporation

IBM Z – WSC Performance Team

25

z13 Topology Example

Topology for 14:20 - 14:40 SYSD Tests

Changed at 14:11:42. Due to 

adding zIIPs on SYSB

Topology before SYSD Tests

Description             “SYSD_01_MCPU008”

System Affinity 

Node

Polarity

H M L

CPU / 

zIIP

Logical 

Number

SYSD 01 M CPU 008
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z14 Simple Example – RMF and 99-14 Topology

SMF 99-14 Topology ViewRMF CPU Activity View
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z14 Simple Example – Finite CPI by Logical Processor 

VHs have the lowest Estimated Finite CPI, followed by VM and then VLs

VH

VL

SMF 113 
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z14 Simple Example – Affinity Nodes 
SMF 99-14 Topology View

▪ Affinity Nodes impact where work is selected to run 

▪ 4 Affinity Nodes
– 01 9 Logical Proc (3 VH, 1 VM, 5 VL) GCPs
– 02 2 Logical Proc (2 VH) GCPs
– 04 2 Logical Proc (2 VH) GCPs
– 03 3 Logical Proc (1 VH and 2 VM) zIIPs

▪ WLM HiperDispatch balancing algorithms are responsible for assigning 
work to affinity nodes every 2 seconds. The z/OS dispatcher 
responsibility is to schedule the work units on the logical processors 
that make up the affinity node.

– WLM balances the units of work (TCBs/SRBs) across the nodes to 
equalize the utilization of nodes and to assure that each node has 
work of different priorities

▪ Optimize for VHs
– Additional GCP Weight could add 1 more VH, resulting in 5 Affinity 

Nodes (4 GCPs, currently 3)

Affinity 

Node 01
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z14 Simple Example – Multiple Systems 
SMF 99-14 Topology View

▪Multiple LPARs Share and 
Contend for Resources

▪SYS1 and SYS2
–Potential VH vs VL contention

▪So match weight to requirement 
with minimal VLs
–Adjust weights at time periods 
for business requirements
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CPU MF Efficiency 

Store Into Instruction Stream
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Efficiency – What is SIIS ?

▪What is “Store Into Instruction Stream” (SIIS) ?
–Modern Processors require codependence between their design and the code it 
expects to execute including the following characteristics:

• Separating data and instructions, localizing storage references, no self 
modifying code

• Cache line today is 256 bytes
–Most modern compilers have been written with the microprocessor architecture in 
mind

–“Old” (usually Assembler) programs with poor program practices continue to run
–Updating these “SIIS” programs can result in significant CPU reductions 

▪ DFSort APAR PI58848 corrects a SIIS programming error
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Efficiency – CPU MF SIIS Indicator can help Identify potential SIIS

▪ CPU MF can be used to help identify potential SIIS timeframes
–Based on % of certain I Writes / D Writes sourced
–LPAR view, identifies when it happens, not who is causing it

• Identify the program(s) running in the time period, e.g. via zBNA Top Programs
• Use a hot spot analyzer to find the issue
• Remediate the source code to correct the issue

Processor SIIS Indicator % Description

zEC12 / zBC12 E130 / B4 * 100% D Writes sourced with L2 intervention / D Writes

z13 / z13s E163 / B2 * 100% I Writes sourced with L3 intervention / I Writes

z14 / ZR1 E164 / B2 * 100% I Writes sourced with L3 intervention / I Writes

z15 E164 / B2 * 100% I Writes sourced with L3 intervention / I Writes
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Efficiency – SIIS Indicator and Actions

▪ Based on the SIIS Indicator %, the following actions are recommended

SIIS Description SIIS Indicator % Action

Noise – it will never be 0% < 2% None

Minimal SIIS impact 2% < 5% Low Priority but potential MSU savings

Noteworthy SIIS impact 5% < 10% Medium Priority – Investigate and Remediate

Considerable SIIS impact >= 10% Top Priority – Investigate and Remediate
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Efficiency – SIIS Customer Experience 1
▪ Customer z14 experience: SIIS activity detected consistently in Batch 

Window across 3 days
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Efficiency – SIIS Customer Experience 2
▪ Customer z14 experience: Each Line represents the SIIS indicator for a day 

with “SIIS” and a day after the code was remediated “SIIS Remediated”

▪ Overall the customer saved ~3000 CPU seconds (top 15 jobs)
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Efficiency – SIIS Summary
▪ Use CPU Counters “SIIS Indicator” to identify potential timeframes when  inefficient 

“SIIS” programs may be running

▪ Look for repeating and high impact timeframes
–Drill down to identify potential Jobs / Programs
–Use Hot Spot analyzer / Examine / Remediate Source Code
–Reduce CPU time and elapsed time 

▪ With Tailored Pricing, all MIPS count 

▪ 2006 TechDoc: IBM System z and eserver zSeries Processor Performance: 
Processor Design Considerations 

–http://www-03.ibm.com/support/techdocs/atsmastr.nsf/WebIndex/FLASH10208

▪ Dec 2019 TechDoc: Identifying “Store Into Instruction Stream” (SIIS) Inefficiency by 
Using CPU MF Counters

– Includes SIIS Assembler remediation examples
– http://www.ibm.com/support/techdocs/atsmastr.nsf/WebIndex/WP102806

New

http://www-03.ibm.com/support/techdocs/atsmastr.nsf/WebIndex/FLASH10208
http://www.ibm.com/support/techdocs/atsmastr.nsf/WebIndex/WP102806
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CPU MF Efficiency 

z14 New CPU MF COBOL Usage
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Vector Packed Decimal Facility of z14

▪ Enterprise COBOL V6.2 adds support for exploiting the new Vector Packed Decimal 

Facility in z14 through the ARCH(12) compiler option. 

▪ The Vector Packed Decimal Facility allows the dominant COBOL data types, packed and 

zoned decimal, to be handled in wide 16-byte vector registers instead of in memory. 

–Decimal and floating-point computationally intensive COBOL programs, which are 

optimized with Enterprise COBOL V6.2 and that target z14 ARCH(12), can deliver CPU 

time reduction on the z14 server over the same applications built with COBOL V6.1. 

–No source changes are required to take advantage of this new facility; just recompile 

with ARCH(12) to target z14. 
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Changed ARCH compiler option

▪ARCH(7)    (still the default in 6.2)
– 2094-xxx models (IBM System z9 EC)   2096-xxx models (IBM System z9® BC)  

▪ARCH(8)     (the default in 6.3)
– 2097-xxx models (IBM System z10 EC)   2098-xxx models (IBM System z10 BC)

▪ARCH(9)
– 2817-xxx models (IBM zEnterprise z196 EC)    2818-xxx models (IBM zEnterprise z114 BC)

▪ARCH(10)
– 2827-xxx models (IBM zEnterprise EC12)    2828-xxx models (IBM zEnterprise BC12)  

▪ARCH(11)
– 2964-xxx models (IBM z13)    2965-xxx models (IBM z13s) 

▪ARCH(12)
– 3906-xxx models (IBM z14) 

▪ARCH(13)
– 8561-xxx models (IBM z15) 



© 2020 IBM Corporation

IBM Z – WSC Performance Team

40

z14 / z15 New CPU MF Counters to indicate COBOL “Modernization”

▪ 3 New z14 Extended Counters – See SA23-2261-04
–E224 - Count of floating point execution slots used for finished Binary 

Coded Decimal to Decimal Floating Point conversions
–E225 – Count of floating point execution slots used for finished vector 

arithmetic Binary Coded Decimal instructions
–E226 – Decimal instructions dispatched 

▪ Above Counters are not directly comparable to B01 (Instructions) or 
among each other. They could be used as an indicator of COBOL 
compiler “modernization”

– E226 – Decimal “instructions”
– E224 – Decimal Floating Point Converted – COBOL ARCH(10 |11)
– E225 - New z14 Vector Packed Decimal Facility and z/OS 2.3 –

COBOL V6.2 ARCH(12) 

▪ One could identify when most Counter activity is occurring, then identify 
Jobs / Programs (e.g. zBNA) to investigate / re-compile for most impact

▪ See Performance examples in Back Up
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Techniques for Making COBOL Applications Efficient

▪New Best Practice document for improving efficiency of COBOL apps
– http://w3.ibm.com/support/techdocs/atsmastr.nsf/WebIndex/WP102731

▪Recommendations
– Important to stay current with the COBOL compiler versions and exploit the use of the highest arch level feasible
– Target the most performance critical sections of your application code for migration first
– Performance sensitive code should be compiled with the latest compiler technology and with aggressive optimization

• New Enterprise COBOL v6.2 compiler fully exploits the Vector Packed Decimal Facility
• Improves decimal and floating point intensive applications by up to 38% over those compiled with COBOL v6.1

1

– Evaluate use of Automatic Binary Optimizer

1 Disclaimer: all performance results reported in this article are based on internal IBM compute-intensive test suites. Performance results from other applications may vary. 

http://w3.ibm.com/support/techdocs/atsmastr.nsf/WebIndex/WP102731
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Customer Example: COBOL Compile Level and SMF 30 CPU / 
Instruction Counts and COBOL “Modernization” Indicators

▪Example z14 Job / COBOL Program compiled at different levels

▪Overall lower CPU on z14 with ARCH(12)

–More efficient instructions, as indicated by lower CPI

–E225 shows z14 Vector Pack Decimal Facility used without code change

COBOL Compile Level

Total CPU 

Seconds

% Decrease 

Total CPU 

Seconds Total Cycles Total Instructions

% Decrease 

Total 

Instructions

Cycles per 

Instruction 

(CPI)

% Decrease 

in CPI

E224 - Count of Floating 

Point  Execution Slots for 

Finished Binary Coded 

Decimal to Decimal FP 

conversions 

E225 -Count of Floating 

Point  Execution Slots 

for Finished Vector 

arithmetic Binary Coded 

Decimal Instructions 

E226 - Decimal 

Instructions 

Dispatched (Count)

z14 5.1 ARCH(8) 2,632 7,252,382,778,339 3,880,516,200,794 1.868 0 0 28,617,900,000

z14 6.2 ARCH(11) 2,222 15.6% 6,122,126,138,058 3,305,548,383,929 14.8% 1.852 0.9% 1,937,530,000 0 32,197,700,000

z14 6.2 ARCH(12) 2,116 19.6% 5,830,006,070,220 3,364,473,345,571 13.3% 1.732 7.3% 0 24,836,700,000 29,231,400,000

SMF 113 - Mid Interval for entire System while COBOL Job runningSMF 30 Subtype 4 COBOL Job/Step Statistics
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• Using COBOL 6.3 on average 58% reduction in 
CPU usage over applications compiled with 
COBOL v4.2 on z15

• Automatic Binary Optimizer v3.2 reduces CPU 
usage by up to 57% for compute intense apps 
built originally on COBOL 4.2

• Up to 22% reduction in CPU usage on z15 
over the same set of key numerically intensive 
double-precision floating-point applications built 
with z/OS v2.3 XL C/C++ on z14

Most Advanced and Fit-for-Purpose Compilers

Compilers enable modernization and increases           Java enables delivery of rich, scalable and

performance of critical business applications               robust applications with speed and agility          

• Up to 20% throughput improvements in general 
Java workloads

• Takes advantage of new Integrated Accelerator 
for zEDC for up to 15x improvement over 
software and up to 2x faster elapsed times over 
zEDC Express

• Pause-less garbage collection: reducing pause 
times by up to 3x better throughput for 
constrained Service Level Agreements
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Crypto and Encryption Measurement
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Crypto CPU MF Enablement and Measurement 
▪ CPU MF Crypto Counters should be enabled via the following command 

This example collects Basic, Extended and Crypto counters
– Modify HIS:  “F HIS,B,TT=‘Text',CTRONLY,CTR=(B,E,C),SI=SYNC,CNTFILE=NO”

▪ CPU MF metrics can be calculated for SHA (AES or ECC) specific activity
–Elliptic-curve Cryptography (ECC) new with z15 

Metric Calculation – note all fields are deltas. SMF113-1s are deltas. SMF 113-2s 

are cumulative.

CPI C69 / C68 or C77 / C76 or C81 /C80

LPARCPU ( ((1/CPSP/1,000,000) * C69) / Interval in Seconds) * 100

SHA Activity

Data Set and CF 

Encryption activity

New with z15

SA23-2260-06

Elliptic-curve 

Cryptography (ECC)
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Analyzing Encryption Performance – WSC Encryption Test 

▪Tying it All Together – Example 2: WSC Encryption Test Jobs (w/o and with)
– IFASMFDP Jobs/Steps write same ~200 MB file to different output files

• 1) Non Extended Format, 2) Extended Format and 3) Extended Format and Encrypted

• 4) Extended Format, zEDC Compressed and then Encrypted

–Analyzed the following SMF records
• SMF 30

Job / Step CPU, Instruction Counts, CPI , zEDC

• SMF 42-6
Data Set Characteristics – Encrypted Bytes and Encryption Indicator

• SMF 82 31
CPU MF Calls by Job, DFSMS Data Set Encryption Function (CSFKRR2)

• SMF 113
CPU MF Crypto Counters – AES CPU
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Analyzing Encryption Performance – WSC Encryption Test
▪ Then ran a 4th combination with Extended Format, zEDC Compressed and then Encrypted

– Resulted in ~9x smaller file and less AES CPU for Encryption

zEDC Compressed 

and then 

Encrypted

1

2

3

4

4
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Analyzing Encryption Performance – WSC Encryption Test
▪ Then ran a 4th combination with Extended Format, zEDC Compressed and then Encrypted

– Resulted in ~9x smaller file and less CPU for Encryption and all runs!

zEDC Compressed 

and then 

Encrypted

1

2

3

4

4
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z15 Integrated Adapter for zEDC

▪New z15 Integrated Adapter for zEDC distinguishes between 
Asynchronous and Synchronous exploiters:

–Asynchronus zEDC exploiters continue to utilize “traditional” and 
new measurements: SMF 30, 74(10) EADM, 78(3) IOQ shows 
SAP % CMPR. They include:
• BSAM/QSAM and DFHSM 

–Synchronous exploiters now are measured in z15 CPU MF 
Extended Counters. They include: 
• Java, MQ, Connect:Direct, Content Manager OnDemand 

▪ See SA23-2261-6

New
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z15 Integrated Adapter for zEDC – WSC Test 

▪A simple Java (zEDC Synchronous) test driving z15 Encryption

CPU MF NXU Synchronous

Hour CPI Prb State

Instr 

Cmplx 

CPI Finite CPI SCPL1M L1MP L2P L3P L4LP L4RP MEMP

Rel Nest 

Intensity LPARCPU Eff GHz

Machine 

Type

LSPR 

Wkld

NXU (zEDC) 

Synchronous 

Calls

NXU 

LPARCPU

NXU % 

LPARCPU

NXU 

"CPI"

11.58 1.44 53.4 1.07 0.37 17 2.1 83.4 15.6 0.3 0.0 0.7 0.35 1.6 5.2 Z15 LOW 61,055 0.06 3.92 16,275.7
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CPU MF Summary 

▪CPU MF Counters provide better information for more successful 
capacity planning and identifying efficiency opportunity

–Match LPAR weights to capacity requirements with minimal VLs
–Identify SIIS Opportunity 
–Identify COBOL Modernization exploitation 
–Identify z15 zEDC Synchronous exploitation  

▪Enable Crypto Counters to measure Pervasive Encryption 

▪Enable CPU MF Counters Today!
– Continuously collect SMF 113s for all your systems

Capturing CPU MF data is an Industry “Best Practice” 
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Thank You for 

Attending!
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Back Up 
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Today’s z Systems Capacity Planning

The Nest

(all levels of storage 
beyond the chip)

Operating System 

• Virtualization at 
address space level

Processor Design

• CPU

• Memory Hierarchy (Nest)

Hipervisor (PR/SM)

• Amount of virtualization

Workload Characteristics

• Instructions 

• Dispatch Profile

• I/O Rate
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z14 vs z13 Hardware and Topology Comparison
▪ z13

– CPU
• 5.0 GHz

• Major pipeline enhancements

• 1 picocoded translation engine

– Caches
• L1 private 96k i, 128k d

• L2 private 2 MB i, 2 MB d

• L3 shared 64 MB / chip

• L4 shared 480 MB / node
Plus 224 MB NIC

▪ z14 – L3 clustering and cache sizes aside, topology strongly resembles zEC12

– CPU
• 5.2 GHz

• Logical directory w/ inclusive TLB

• 4 HW-implemented translation engines

– Caches
• L1 private 128k i, 128k d

• L2 private 2 MB i, 4 MB d

• L3 shared 128 MB / chip

• L4 shared 672 MB / node drawer

Nest

Nest

64

New
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Fundamental Components of Workload Capacity Performance
Part 1 

▪ Instruction Path Length for a transaction or job

–Application dependent, of course

–Can also be sensitive to Nway (due to MP effects such as locking, 
work queue searches, etc)

–But generally doesn’t change much on moves between processors of 
similar capacity and/or Nway

▪ Instruction Complexity (Micro processor design)

–Many design alternative
• Cycle time (GHz), instruction architecture, pipeline, superscalar, 

Out-Of-Order, branch prediction, multi-threading and more

–Workload effect
• May be different with each processor design
• But once established for a workload on a processor, does not 

change very much

65
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Fundamental Components of Workload Capacity Performance
Part 2 

▪Memory Hierarchy or “nest”

–Many design alternatives 
• cache (levels, size, private, shared latency MESI protocol), 

controller, data buses

–Workload effect
• Quite variable
• Sensitive to many factors: locality of reference, dispatch rate, IO 

rate, competition with other applications and/or LPARs, and more

–Relative Nest Intensity
• Activity beyond the private cache(s), is most sensitive area

Due to larger latencies involved
• Reflects activity distribution and latency to chip-level caches, 

book/node/drawer-level caches and memory
• Level 1 cache miss percentage (L1MP) also important
• Data for calculation available from CPU MF 

66
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Understanding CPU MF Metrics - 1
▪ CPI – Cycles per Instruction 

– EICPI – Estimated Instruction Complexity CPI – Indicates portion of CPI related to the 

microprocessor 

– EFCPI - Estimated Finite CPI – Indicates portion of CPI related to the L2 private and shared 

caches (Nest) 

▪ PRB – The % of Problem State instructions. This is an indicator of the workload mix, so a 

changing of PRB%, may indicate different workload mixes running.

▪ ESCPL1M – Estimated sourcing cycles per L1 Miss 

▪ L1MP – Level 1 Miss Percentage – The average Level 1 miss percentage per 100 

instructions. It is an indicator of “How Often” the instructions and data are not found in the 

L1 cache, and must be sourced further out in the cache hierarchy. It is a component in 

matching to the LSPR workload. If L1MP is ~>6%, it may be an indicator of CICS 

Threadsafe opportunity.

▪ L2P  - Level 2 Cache Miss Percentage – The percent of misses sourced from the private 

Level 2 cache

▪ L3P – Level 3 Cache Miss Percentage - The percent of misses sourced from the shared  

Level 3 cache

▪ L4LP – Level 4 Local Cache Miss Percentage - The percent of misses sourced from the 

shared  Level 4 Local cache

▪ L4RP – Level 4 Remote Cache Miss Percentage - The percent of misses sourced from 

the shared Level 4 Remote cache
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Understanding CPU MF Metrics - 2

▪ MEMP – The Memory Cache Miss Percentage - The percent of misses sourced from the 

shared  memory

▪ RNI – The Relative Nest Intensity – “How Far” out in the Nest are Instructions and Data 

sourced. It is a component in matching to the LSPR workload.
– z13 RNI:  2.3*(0.4*L3P + 1.6*L4LP + 3.5*L4RP + 7.5*MEMP) / 100

– z14 RNI:  2.4*(0.4*L3P + 1.5*L4LP + 3.2*L4RP + 7.0*MEMP) / 100

– z15 RNI:  2.9*(0.45*L3P + 1.5*L4LP + 3.2*L4RP + 6.5*MEMP) / 100

▪ LPARCPU – This is a measurement of “How Much” load is running. 100% equals 1 

Engine

▪ LSPR WKLD – The LSPR Workload this system matches to based on its L1MP and 

Relative Nest Intensity (RNI). 

▪ TLB Metrics

▪ ETLBCPUP –The estimated CPU % related to TLB misses. Some portion of this amount 

may be able to be reduced with Large Pages.

▪ PTEP - The Page Table Entry % of TLB misses. If PTEP is >40%, it may be an indicator of 

applicability of Large Pages to reduce CPU.

▪ ETLBCYPM – The estimated TLB sourcing cycles per TLB Miss
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The Most Influential Factor Underlying Workload Capacity 
Curves is Relative Nest Intensity (RNI) 

▪Many factors influence a workloads capacity curve

▪However, what they are actually affecting is the workload’s RNI

▪ It is the net effect of the interaction of all these factors that determines 
the capacity curve

▪ The chart below indicates the trend of the effect of each factor but is 
not absolute. For example:

–Some batch will have high RNI while some transactional workload 
will have low

–Some low IO rate workloads will have high RNI, while some high I/O 
rates will have low

69
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LSPR Workload Categories 

LSPR workload categories are based on various combinations of measured workload 
primitives.  Primitives include CICS, DB2, IMS, OSAM, VSAM, WebSphere, COBOL, 
utilities.

Workload Categories include:

▪ Low (rarely needs to rely on the nest for storage references)

– Workload representing light use of the memory hierarchy

– Similar to high-scaling CPU intensive workload primitives

▪ Average (average dependency on the nest for storage references)

– Workload expected to represent the majority of customer workloads

– Similar to the former LoIO-mix curve

▪ High (frequently needs to rely on the nest for storage references)

– Workload representing heavy use of the memory hierarchy

– Similar to the former DI-mix curve

zPCR extends published workload categories

▪ Low-Avg (50% Low and 50% Average)

▪ Avg-High (50% Average and 50% High)
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z Systems Capacity Planning 

▪Relative Processor Capacity varies by LPAR configuration and 

LSPR Workload

▪CPU MF data used to select LSPR Workload Match

▪ IBM Capacity Planning Tools utilize CPU MF data to select a 

workload
– zPCR, CP3000 and zBNA are all enabled for CPU MF

71
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Customer LSPR Workload Match changes over time 

▪ zCP3000 graph (SYS41007) shows the LSPR Workload Match over time

▪ Use the Workload Match from the capacity planning interval that you are 

sizing
– If the LSPR workload is not consistent, then use different combinations in zPCR (e.g. AVG-

HIGH at hour 16)

72
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LSPR Single Image Capacity Ratios -
16 Way z13 versus zEC12 

73



© 2020 IBM Corporation

IBM Z – WSC Performance Team

74

Additional Customer Value with CPU MF Counters data 
▪ Counters can be used as a secondary source to:

– Supplement current performance data from SMF, RMF, DB2, CICS, etc.

– Help understand why performance may have changed

– Supported by many software products including Tivoli TDSz

▪ Some examples of usage include:

– Impact zEDC compression

– HiperDispatch Impact

– Configuration changes (Additional LPARs)

– 1 MB / 2 GB Page implementation

– Application Changes (e.g. CICS Threadsafe vs QR)

– Estimating Utilization Effect for capacity planning

– GHz change in Power Saving Mode

– Crypto CPACF usage – Including RACF AESKDF and DFSMS Data Set Encryption

– Identifying z14 Vector Packed Decimal opportunity 

74



© 2020 IBM Corporation

IBM Z – WSC Performance Team

75

CPU MF Counters Enablement Resources 

▪CPU MF Webinar Replays and Presentations
– http://www.ibm.com/support/techdocs/atsmastr.nsf/WebIndex/PRS4922

▪ z/OS CPU MF - “Detailed Instructions” Step by Step Guide
– http://www.ibm.com/support/techdocs/atsmastr.nsf/WebIndex/TC000066

▪ z/VM Using CPU Measurement Facility Host Counters
– http://www.vm.ibm.com/perf/tips/cpumf.html

75
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z/OS Steps to Enable CPU MF Counters 
▪ 1 - Configure the processor to collect CPU MF 

___ Update the LPAR Security Tabs, can be done dynamically

▪ 2 - Set up HIS and z/OS to collect CPU MF
___ Set up HIS Proc
___ Set up OMVS Directory - required
___ Collect SMF 113s via SMFPRMxx

▪ 3 - Collect CPU MF COUNTERs
___ Start HIS
___ Modify HIS:  “F HIS,B,TT=‘Text',PATH='/his/',CTRONLY,CTR=(B,E),SI=SYNC”

– Recommend to start HIS, Modify for Counters, and continuously run
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z/OS Steps to Enable CPU MF Counters with 
z/OS 2.2 (or z/OS 2.1 with APAR OA43366)

▪ 1 - Configure the processor to collect CPU MF 
___ Update the LPAR Security Tabs, can be done dynamically

▪ 2 - Set up HIS and z/OS to collect CPU MF
___ Set up HIS Proc
___ Set up OMVS Directory - required
___ Collect SMF 113s via SMFPRMxx

▪ 3 - Collect CPU MF COUNTERs
___ Start HIS
___ Modify HIS:  “F HIS,B,TT=‘Text',CTRONLY,CTR=(B,E),SI=SYNC,CNTFILE=NO”

– Recommend to start HIS, Modify for Counters, and continuously run

77

HIS Counters without USS File System
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SMF 113s Space Requirements Are Minimal 

▪ The SMF 113 record puts minimal pressure on SMF
– 452 bytes for each logical processor per interval

▪Example below is from 3 z196s processors 
• 713, 716 and 718 

• 10 Systems 

• 5 Days, 24 hours

▪SMF 113s were 1.2% of the space compared to SMF 70s & 72s

78

RECORD RECORDS PERCENT AVG. RECORD MIN. RECORD MAX. RECORD RECORDS

Total Size (with 

AVG. Record Size)

% Total Size (with 

AVG. Record Size)

TYPE READ OF TOTAL LENGTH LENGTH LENGTH WRITTEN

70 14,250 1.8% 14,236 640 32,736 14,250 202,865,850 15.1%

72 744,014 93.5% 1,516 1,104 20,316 744,014 1,128,252,590 83.7%

113 37,098 4.7% 452 452 452 37,098 16,768,296 1.2%

 

TOTAL 795,362 100.0% 1,695 18 32,736 795,362 1,347,886,736 100.0%
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zBNA – Top Programs

▪ Guidance

– The Top Programs should be used as part of any CPU (MIPS) reduction study as it represents the most CPU. So one 

can use it to drive the conversation as to what level/version of program, was it compiled with the latest compiled version. 

Also is it a candidate for ABO, or a “hot spot” analyzer to further improve efficiency 

SIIS
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zBNA Top Programs – New in V1.8.4
• Top Programs added to Application menu

• Summarizes which programs utilized most CPU, and by Condition Code >= 8

• Can drive “Life of this Program” to see jobs/steps that execute the programs 

• Include / Exclude Lists

Set how many Top 

Programs to display, 

e.g. 10
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Example 1 – Unsigned Packed Decimal Add – 4.85x Faster

01  WS-VAR-1   COMP-3   PIC s9(7)

01  WS-VAR-2   COMP-3   PIC s9(7).

01  WS-VAR-3   COMP-3   PIC s9(7).

. . . 

ADD WS-VAR-1 TO WS-VAR-2 

GIVING WS-VAR-3.

89

ARCH(12)

• Use new ARCH(12) facility

• No conversions, no explicit sign 
setting

VLRL    VRF16,160(,R9),0x3

VLRL    VRF17,152(,R9),0x3

VAP     VRF16,VRF16,VRF17,0x7,14

V4 

ARCH(6|7|8|9|10)

• Use in memory 
instructions

• Explicit sign setting

MVC     168(4,R9),160(R9)

OI      171(,R9),X'0F'

MVC     352(4,R13),152(R9)

OI      355(,R13),X'0F'

AP      168(4,R9),352(4,R13)

OI      171(,R9),X'0F'

ARCH(11)

• Convert to DFP

• Conversion overhead

CDPT    FP0,160(4,R9),0x9

CDPT    FP1,152(4,R9),0x9

ADTR    FP0,FP0,FP1

LPDFR   FP0,FP0

CPDT    FP0,168(4,R9),0xb

Timing (100 million times in a loop)

COBOL V4:  3.648 cpu seconds

ARCH(11):  2.195 cpu seconds

ARCH(12):  0.752 cpu seconds

ARCH(12) is 4.85 times faster than COBOL V4

ARCH(12) is 2.91 times faster than ARCH(11) 

80% less CPU  compared to V4!!!!



© 2020 IBM Corporation

IBM Z – WSC Performance Team

90

Example 2 – Large Decimal Divide – 135x Faster

90

01 WS-VAR-1  COMP-3  PIC s9(29)

01 WS-VAR-2  COMP-3  PIC s9(3).

01 WS-VAR-3  COMP-3  PIC s9(25)v9(6).

. . .

DIVIDE WS-VAR-1 BY WS-VAR-2 

GIVING WS-VAR-3.

Without ARCH(12)

• Call out to LE library routine

• Pre shifting operation

• Piecewise divide, call overhead

ZAP   336(16,13),16(2,2)

MVC   352(32,13),58(10)

MVC   366(15,13),0(2)

NI    380(13),X'F0'

MVN   383(1,13),14(2)

L     3,92(0,9

L     15,180(0,3)    V(IGZCXDI )

LA    1,180(0,10

BASR  14,15

With ARCH(12)

• Use new ARCH(12) facility

• Inline hardware accelerated 
shift+divide

VLRL    VRF24,_WSA[0x12c] 0(,R3),0xe

VLRL    VRF25,_WSA[0x12c] 16(,R3),0x1

VSDP    VRF24,VRF24,VRF25,0x6,0

Timing (100 million times in a loop)

COBOL V4 or 

COBOL V5/V6 w/ARCH(11):  2.319 cpu

seconds

ARCH(12):                0.027 cpu

seconds

ARCH(12) is 135 times faster than COBOL V4 

(or COBOL V5/V6 with ARCH(11) or less)! 

99% less CPU  compared to pre-ARCH(12)!!!
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Example 3 – Large Decimal Multiply – 39x Faster

91

01 WS-VAR-1  COMP-3  PIC s9(14)v9(4).

01 WS-VAR-2  COMP-3  PIC s9(14)v9(4).

01 WS-VAR-3  COMP-3  PIC s9(14)v9(2).

MULTIPLY WS-VAR-1 BY WS-VAR-2 

GIVING WS-VAR-3.          

Without ARCH(12)

• Call out to LE library routine

• Piecewise multiply, call 
overhead

• Post shifting operation

L     3,92(0,9)

L     15,188(0,3)  V(IGZCXMU )

LA    1,171(0,10)

BASR  14,15

NI    388(13),X'0F'

MVN   396(1,13),399(13)

ZAP   32(9,2),388(9,13)

With ARCH(12)

• Use new ARCH(12) facility

• Inline hardware accelerated 
multiply+shift

VLRL    VRF16,152(,R9),0x9 

VLRL    VRF17,168(,R9),0x9

VMSP    VRF16,VRF16,VRF17,0x6,0

Timing (100 million times in a loop)

COBOL V4 or 

COBOL V5/V6 w/ARCH(11):  2.797 

cpu seconds

ARCH(12):                0.072 

cpu seconds

ARCH(12) is 39 times faster than COBOL V4 

(or COBOL V5/V6 with ARCH(11) or less)! 

97.5% less CPU  compared to pre-ARCH(12)!!!
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Example 4 – Zoned Decimal Computation – 3.05x Faster

92

01 WS-VAR-1 PIC 9(8) value 1352435.

01 WS-VAR-2 PIC s9(8)v9(2).

01 WS-VAR-3 PIC s9(10)v9(2).

01 WS-VAR-4 PIC s9(8)v9(2).

. . .

COMPUTE WS-VAR-4 = (WS-VAR-1 / 365) * 

(WS-VAR-2 + 1) - WS-VAR-3.

ARCH(10|11)

• Convert to DFP

CDZT    FP1,_WSA[0x12c] 0(8,R3),0x8

SLDT    FP0,FP1,2

...

DDTR    FP0,FP0,FP1

FIDTR   FP1,9,FP0

LXDTR   FP0:FP2,0,FP1

CDZT    FP1,_WSA[0x12c] 8(10,R3),0x8

...

MXTR    FP4:FP6,FP0:FP2,FP8:FP10

CXZT    FP0:FP2,_WSA[0x12c] 24(12,R3),0x8

SLXT    FP8:FP10,FP0:FP2,2

SXTR    FP0:FP2,FP4:FP6,FP8:FP10

...

ARCH(12)

• Use new ARCH(12) facility
VPKZ    VRF24,_WSA[0x12c] 0(,R3),0x7

VSRP    VRF24,VRF24,0xa,0x2,2

...

VLIP    VRF25,0x365,0

VDP     VRF24,VRF24,VRF25,0xa,0

...

VMP     VRF24,VRF24,VRF25,0x15,0

VPKZ    VRF25,_WSA[0x12c] 24(,R3),0xb

VSRP    VRF25,VRF25,0xe,0x2,0

VSP     VRF24,VRF24,VRF25,0x16,0

...

V4

ARCH(6|7|8|9)

• Use in memory 
instructions

PACK  296(8,13),0(8,2)

SRP   298(6,13),2(0),0

...

DP    296(8,13),40(2,10)

ZAP   264(16,13),296(6,13)

PACK  280(16,13),8(10,2)

...

PACK  296(8,13),24(12,2)

SRP   296(8,13),2(0),0

SP    268(12,13),296(8,13)

...

Timing (100 million times in a loop)

COBOL V4:  1.469 cpu seconds

ARCH(11):  0.837 cpu seconds

ARCH(12):  0.482 cpu seconds

ARCH(12) is 3.05 times faster than COBOL V4

ARCH(12) is 1.74 times faster than ARCH(11) 

67% less CPU  compared to V4!!!!


