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About Me

- Developer on Broadcom’s Mainframe storage products

- 6 years

- Previously:

- 6+ years as Sysprog/DBA at USAA

- 8+ years in IMS Development on System Services team

- Primarily focused on IMS Logger

- A little bit of User Exit Services
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Come Along for the Ride

• Real customer problem

• Tools used

• Why some of the code wasn’t performing well

• Three instructive changes made
• An obvious one

• One needing a design change

• One where the problem was more “indirect”

• Learn to shave
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First Documentation Sent in

- Application performance monitor

- Initial case contact:

- “IBM said that some programs don’t execute instructions in a good sequence”
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Performance Monitor – PGM001



11% of the job’s CPU

The Hot Spot



Why is This a Problem, From the CPU’s Point of 

View?

- Instructions appear to be executed “simply serially”

- Each instruction has multiple activities to do

- A     R1,D2(X2,B2)

- CLC   D1(L,B1),D2(B2)
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* Graphics used from Bob Rogers’ presentations in “Sources” section



Instructions are Executed as Part of a Pipeline

t1 t2



- Address Generation Interlock (AGI)

–Waiting on results of a previous instruction to compute an operand 

address

A    R1,field

L    R2,0(,R1)

What Does This Have to do With Our Hot Spot?



Back to Our Hot Spot

Things I tried:

- Replaced L / LTR sequence with ICM

- Changed to use relative branches

- Changed the

LTR   R1,R1

BZ    ....                              CLIJE  R1,0,label

 



Design Change For Holding This Info

As opposed to:

A hash table is constructed based on field name



Hash Table

EBCDIC values for the field names are “added” up as halfwords

E.g. c'BLKSIZE' = x'C2D3D2E2C9E9C540'

    C2D3 + D2E2 + C9E9 + C540 = x'324DE'

Result divided by a number of "slots" in the hash table

Big, prime, number

This "slot" points to area with data

Performed over 90% better than linked-list design

• For some performance changes, a design change is needed

0 Field data

A(twin)

Field data0

Field name

Field name Field data

Field name



Performance Problem #2 – SIIS Violations

"Storing Into Instruction Stream"

One of the worst things you can do, performance-wise

Even worse on modern processors

Involves changing "stuff" that's "close" to code

Can be obvious and explicit:

• Mentioned in a case update



SIIS Violations

SIIS violations can also happen "on your behalf" by macros:



SIIS Violations

Sneaky with writable variables in program



SIIS Violations – Why They Bad
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Processor cache 

hierarchy – z15

Instructions/data must be 

L1

Cache lines are 256 bytes

SIIS violations invalidate 

cache lines

Size

960 MB

256 MB

4 MB

128K



SIIS Violations – Identifying Them

• CPU Measurement Facility

• Non-disruptive monitoring at the hardware level

• Populates "counters" to store data about the goings-on in the hardware 

 

• Hardware Instrumentation Service (HIS) component

• Software-side component of CPU MF that gets the data from the hardware

• Writes data to Unix files and/or SMF records

• 3 main outputs:

• PSW sampling

• Counters data

• Mapping data



SIIS Violations – Identifying Them

CPU MF Counters

Raw processor data



SIIS Violations – Identifying Them

100+ of them

• CPU MF Extended Counters



SIIS Violations – Identifying Them

Model-dependent

z14:

z16 and z17:

• CPU MF Extended Counters – Word of Warning



SIIS Violations – Identifying Them

CPU MF Extended Counters



SIIS Violations – Identifying Them

"SIIS Percentage"



SIIS Violations – Identifying Them

"SIIS Percentage“ (including z16 and z17)



SIIS Violations – SIIS Percentage



SIIS Violations – Identifying Them

Hopefully it's a hot spot

Performance Monitor for PGM002:



SIIS Violations From Hot Spot – Start of Program

...



SIIS Violations From Hot Spot

Farther down in program:



SIIS Violations – Identifying Them

• Fixed the violations – Before/after report from customer:



SIIS Violations – Identifying Them

- Narrowing in on a time frame

- CP3KEXTR Report

- "z/OS Data Extraction Program“

- No-charge tool that IBM supplies

- Summarizes SMF data

- Produces EDF (Enterprise Data File) 

- Updated regularly



CP3KEXTR EDF Report



SIIS Violation – Narrowing in on Time Frame

- Apart from the counters data, there's PSW sampling data

- Hardware Instrumentation Services (HIS) component of CPU MF

- Samples collected based at a specified frequency

- # of samples to take in a 1-minute interval

- Hardware-based sampling

- Output written to Unix files



CPU Measurement Facility - HIS Sampling data

Sampling record

Trailer record



HIS Sampling Data – Time Period of Interest

Home-grown program

• Making Sense of the Data



HIS Sampling Data – Time Period of Interest

Usual suspect

+  EX    R0,2(,R13)   Trace

+  EX    R0,88(,R13)  Trace



The Targets of the EXs

Dynamic Storage Area

"Trap points"  for tracing 

have either:

0Axx

07xx



Placing Instructions in Data Areas – SIIS?

SIIS is usually thought of as the other way around

SIIS % measurement

SIIS



Instruction / Data Mixing - Fix

CLI EX_TARGET,X'07'

JE NO_TRACE 

EX R0,EX_TARGET 

NO_TRACE DS 0H

- New release was in development

- Q: Issue with pre-fetching / branch prediction?

- A: No

- So how much did this help???



Code Change Results

- Results not typical

- Code was:

- Seriously violating rules

- Extremely pervasive

Job Run CPU - Prior version CPU - New version % Decrease

1 25.39 7.75 69

2 26.46 8.26 69

3 24.46 8.91 64

4 24.14 7.95 67

5 24.58 8.21 67

6 22.85 8.46 63

7 26.6 7.7 71



General Considerations

Obviously, don't mix instructions and data

Sneaky: R/W variables at end of program

000278 00000384                     734+PDBO0045 DC    A(PDB0005)              <=== PARAMETER DESC. BLOCK      

                                    736          PGMLTORG ,        MAKE LITERAL POOL AT LEAST 1 CACHE LINE

                      0027C         737+PGMLT1_0051       EQU *                Beginning of literal pool       

000280                              738+         LTORG                                                         

000280 F1F1F1F1F1F0F0F4             739                =C'11111004'                                            

000288 0004                         740                =H'4'                                                   

00028A 0000                         741                =H'0'                                                   

                      0028C         742+PGMLT2_0051       EQU *                End of literal pool             

                      00001 00010   743+PGMLT_EQU  EQU 1,PGMLT2_0051-PGMLT1_0051        Literal pool length    

00028C                              744+         DS    XL(256-16)              Pad area for cache line         

00037C 0000                         746 PG004RC  DC    H'0' 



General Considerations

- Target of EX instructions

- Instruction fetch / branch

- “Close” is good

- Minimize # of cache lines

- Split out infrequently used code paths



Sources

- David Hutton. “IBM Z / LinuxONE System Processor Optimization Primer”

https://www.ibm.com/support/pages/ibm-z-linuxone-system-processor-optimization-

primer

- Identifying "Store Into Instruction Stream" (SIIS) Inefficiency by Using CPU MF 

Counters

https://www.ibm.com/support/pages/identifying-%E2%80%9Cstore-instruction-

stream%E2%80%9D-siis-inefficiency-using-cpu-mf-counters

- Bob Rogers. “How Do You Do What You Do When You’re a z196 CPU”. SHARE 

in Anaheim, 2011. (Technical content & graphics)

https://watsonwalker.com/publications/presentations/

- CPU Measurement Facility:

Load-Program-Parameter and the CPU MF & CPU MF Extended Counters

https://www.ibm.com/support/pages/ibm-z-linuxone-system-processor-optimization-primer
https://www.ibm.com/support/pages/ibm-z-linuxone-system-processor-optimization-primer
https://www.ibm.com/support/pages/ibm-z-linuxone-system-processor-optimization-primer
https://www.ibm.com/support/pages/ibm-z-linuxone-system-processor-optimization-primer
https://www.ibm.com/support/pages/ibm-z-linuxone-system-processor-optimization-primer
https://www.ibm.com/support/pages/ibm-z-linuxone-system-processor-optimization-primer
https://www.ibm.com/support/pages/ibm-z-linuxone-system-processor-optimization-primer
https://www.ibm.com/support/pages/ibm-z-linuxone-system-processor-optimization-primer
https://www.ibm.com/support/pages/ibm-z-linuxone-system-processor-optimization-primer
https://www.ibm.com/support/pages/ibm-z-linuxone-system-processor-optimization-primer
https://www.ibm.com/support/pages/ibm-z-linuxone-system-processor-optimization-primer
https://www.ibm.com/support/pages/ibm-z-linuxone-system-processor-optimization-primer
https://www.ibm.com/support/pages/ibm-z-linuxone-system-processor-optimization-primer
https://www.ibm.com/support/pages/identifying-%E2%80%9Cstore-instruction-stream%E2%80%9D-siis-inefficiency-using-cpu-mf-counters
https://www.ibm.com/support/pages/identifying-%E2%80%9Cstore-instruction-stream%E2%80%9D-siis-inefficiency-using-cpu-mf-counters
https://www.ibm.com/support/pages/identifying-%E2%80%9Cstore-instruction-stream%E2%80%9D-siis-inefficiency-using-cpu-mf-counters
https://www.ibm.com/support/pages/identifying-%E2%80%9Cstore-instruction-stream%E2%80%9D-siis-inefficiency-using-cpu-mf-counters
https://www.ibm.com/support/pages/identifying-%E2%80%9Cstore-instruction-stream%E2%80%9D-siis-inefficiency-using-cpu-mf-counters
https://www.ibm.com/support/pages/identifying-%E2%80%9Cstore-instruction-stream%E2%80%9D-siis-inefficiency-using-cpu-mf-counters
https://www.ibm.com/support/pages/identifying-%E2%80%9Cstore-instruction-stream%E2%80%9D-siis-inefficiency-using-cpu-mf-counters
https://www.ibm.com/support/pages/identifying-%E2%80%9Cstore-instruction-stream%E2%80%9D-siis-inefficiency-using-cpu-mf-counters
https://www.ibm.com/support/pages/identifying-%E2%80%9Cstore-instruction-stream%E2%80%9D-siis-inefficiency-using-cpu-mf-counters
https://www.ibm.com/support/pages/identifying-%E2%80%9Cstore-instruction-stream%E2%80%9D-siis-inefficiency-using-cpu-mf-counters
https://www.ibm.com/support/pages/identifying-%E2%80%9Cstore-instruction-stream%E2%80%9D-siis-inefficiency-using-cpu-mf-counters
https://www.ibm.com/support/pages/identifying-%E2%80%9Cstore-instruction-stream%E2%80%9D-siis-inefficiency-using-cpu-mf-counters
https://www.ibm.com/support/pages/identifying-%E2%80%9Cstore-instruction-stream%E2%80%9D-siis-inefficiency-using-cpu-mf-counters
https://www.ibm.com/support/pages/identifying-%E2%80%9Cstore-instruction-stream%E2%80%9D-siis-inefficiency-using-cpu-mf-counters
https://www.ibm.com/support/pages/identifying-%E2%80%9Cstore-instruction-stream%E2%80%9D-siis-inefficiency-using-cpu-mf-counters
https://www.ibm.com/support/pages/identifying-%E2%80%9Cstore-instruction-stream%E2%80%9D-siis-inefficiency-using-cpu-mf-counters
https://www.ibm.com/support/pages/identifying-%E2%80%9Cstore-instruction-stream%E2%80%9D-siis-inefficiency-using-cpu-mf-counters
https://www.ibm.com/support/pages/identifying-%E2%80%9Cstore-instruction-stream%E2%80%9D-siis-inefficiency-using-cpu-mf-counters
https://www.ibm.com/support/pages/identifying-%E2%80%9Cstore-instruction-stream%E2%80%9D-siis-inefficiency-using-cpu-mf-counters
https://watsonwalker.com/publications/presentations/
https://www.ibm.com/docs/en/module_1678991624569/pdf/SA23-2260-08.pdf
https://www.ibm.com/docs/en/module_1678991624569/pdf/SA23-2260-08.pdf
https://www.ibm.com/docs/en/module_1678991624569/pdf/SA23-2260-08.pdf
https://www.ibm.com/docs/en/module_1678991624569/pdf/SA23-2260-08.pdf
https://www.ibm.com/docs/en/module_1678991624569/pdf/SA23-2260-08.pdf
https://www.ibm.com/docs/en/module_1678991624569/pdf/SA23-2261-09.pdf


42




	Title Slide
	Slide 1: Using Modern Assembler  Coding Practices to Reduce CPU Usage
	Slide 2: About Me
	Slide 3: Come Along for the Ride
	Slide 4: First Documentation Sent in
	Slide 5
	Slide 6
	Slide 7: Why is This a Problem, From the CPU’s Point of View?
	Slide 8: Instructions are Executed as Part of a Pipeline
	Slide 9: What Does This Have to do With Our Hot Spot?
	Slide 10: Back to Our Hot Spot
	Slide 11: Design Change For Holding This Info
	Slide 12: Hash Table
	Slide 13: Performance Problem #2 – SIIS Violations
	Slide 14: SIIS Violations
	Slide 15: SIIS Violations
	Slide 16: SIIS Violations – Why They Bad
	Slide 17: SIIS Violations – Identifying Them
	Slide 18: SIIS Violations – Identifying Them
	Slide 19: SIIS Violations – Identifying Them
	Slide 20: SIIS Violations – Identifying Them
	Slide 21: SIIS Violations – Identifying Them
	Slide 22: SIIS Violations – Identifying Them
	Slide 23: SIIS Violations – Identifying Them
	Slide 24: SIIS Violations – SIIS Percentage
	Slide 25: SIIS Violations – Identifying Them
	Slide 26: SIIS Violations From Hot Spot – Start of Program
	Slide 27: SIIS Violations From Hot Spot
	Slide 28: SIIS Violations – Identifying Them
	Slide 29: SIIS Violations – Identifying Them
	Slide 30: CP3KEXTR EDF Report
	Slide 31: SIIS Violation – Narrowing in on Time Frame
	Slide 32: CPU Measurement Facility - HIS Sampling data
	Slide 33: HIS Sampling Data – Time Period of Interest
	Slide 34: HIS Sampling Data – Time Period of Interest
	Slide 35: The Targets of the EXs
	Slide 36: Placing Instructions in Data Areas – SIIS?
	Slide 37: Instruction / Data Mixing - Fix
	Slide 38: Code Change Results
	Slide 39: General Considerations
	Slide 40: General Considerations
	Slide 41: Sources
	Slide 42
	Slide 43


