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2X Instruction pipe width
— Improves IPC for all modes
— Symmetry simplifies dispatch/issue
rules
— Required for effective SMT

Added FXU and BFU execution units
— 4 FXUs
— 2 BFUs, DFUs
— 2 new SIMD units

SIMD unit plus additional registers

Pipe depth re-optimized for
power/performance

— Product frequency reduced

— Processor performance increased
SMT support

— Wide, symmetric pipeline

— Full architected state per thread

— SMT-adjusted CPU usage metering
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= 14S0 22nm SOI = Chip Area
Technology — 678.8 mm?
— 17 layers of metal — 28.4x23.9 mm

17,773 power pins

— 3.99 Billion Transistors 1,603 signal l/Os

— 13.7 miles of copper
wire

Up to eight active cores (PUs) per chip
—5.0 GHz (v5.5 GHz zEC12)

—L1 cache/ core
* 96 KB I-cache
* 128 KB D-cache

—L2 cache/ core
+ 2M+2M Byte eDRAM split private L2 cache

Single Instruction/Multiple Data (SIMD)

Single thread or 2-way simultaneous
multithreading (SMT) operation

Improved instruction execution bandwidth:

—Greatly improved branch prediction and
instruction fetch to support SMT

—Instruction decode, dispatch, complete
increased to 6 instructions per cycle

—Issue up to 10 instructions per cycle
—Integer and floating point execution units
On chip 64 MB eDRAM L3 Cache
—Shared by all cores
I/O buses
—One InfiniBand I/O bus
—Two PCle I/O buses
Memory Controller (MCU)
—Interface to controller on memory DIMMs
—Supports RAIM design
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inxonzsysems  1IBM 213: Advanced system design

System I/O Bandwidth
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2.5 TB per drawer for a total of 10 TB available, special pricing!

Enables more caching for classical databases
— larger Oracle SGAs

Helps with storage pressure under z/VM

Enables In-Memory Databases
— Dramatic reduction in response time by avoiding 1/0 wait
— DB2 BLU / Oracle 12c

Enables in memory analytics

= Java heaps can be increased
— for older Java versions be sure to use —Xcompressedrefs
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Single Core improvement for existing C/C++ workloads
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standard compiler RHEL7.0, -O3, -march=z196
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Single vore improvement for exiting workloads (floating point intense)

Single Core Improvement (Float)
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standard compiler RHEL7.0, -O3, -march=z196, the two FXUs do make a difference!
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A perfect fit for the new z13 chip — all on one chip

13

+12%

+35%

——

//7

zEC12 6core Java 7.1 SR2

z13 6core Java 7.1 SR2

z13 6core Java 7.1 SR2 -
SMT?2
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12 cores — 2 chips — one node

+22%

+13%

P

zEC12 12core Java 7.1 SR2

z13 12core Java 7.1 SR2 z13 12core Java 7.1 SR2

SMT2

14
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Simultaneous Multithreading Value Example

Two tasks, one core,
OS does dispatching

Two tasks, two threads

continuously running

Additional capacity

>

Elapsed Time

. Task A . Task B

(assumes SMT?2 efficiency of 1.4)
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Name is Sound and Smoke (Goethe, Faust |)
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Lnxonzsystems  SM T2 — Hypervisor picture

- APPL APPL APPL - APPL  APPL - APPL  APPL - APPL ¢\ /T Unaware

CPU CPU - CPU

SMT Aware

PR/SM supports SMT for SMT aware hypervisor like z/VM via core dispatching
z/\VM controls and manages whole core (all threads)
SMT transparent to virtual OSes and applications

18
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Simultaneous Multithreading — The Technology

= Simultaneous Multithreading (SMT) technology

Multiple programs (software threads) run on the same processor core
More efficient use of the core hardware

= Active threads share core resources

In space: data and instruction caches, TLBs, branch history tables, etc.

In time: pipeline slots, execution units, address translator, etc.
= Typically Increases overall throughput per core when SMT is active
Amount that increase, varies widely with workload

Each thread runs more slowly than on a single-thread core

B

instructions

e Clly oy

Use of Pipeline Stages in SMT

Thread-A . Both threads

Thread-B Stage idle

Load/Store (L1 Cache)

_JE

Execution Units (FXU/FPU)

2] [A]

B

B

v

A4

\4

\ 4
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SMT2 implies that each logical CPU is slower

100%

» Evaluate your workload

90% /
80%

b /
70%

= single thread speed

60% /
50% /

dependency?

single thread capacity

40% /
30% /

20%

= [ogwriter process?

10%

0% T T T T T T T T T T T T T 1
05 06 07 08 09 1 11 12 13 14 15 16 1.7 18

SMT2 improvement

= |/O processing?
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SMT2 requires more logical CPUs

» reduced capacity = more CPUs
required

» more CPUs - SMP n-way effect

= workload scalability is really
Important

= revisit your #virtual CPU sizing

* measure before you deploy

21

30

25

20

15

10

#CPUs for equivalent capacity with
SMT2 gain of 20%

)4/ —4—100% scale
== 97.5%

95%
=6=92.5%

=3=90%

1 2 3 4 5 6 7 8
#CPU today
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30%

25% -

20% -

15% -

10% -

5% -

0% -

Linux SMT2 improvement dependent on #cores used

# cores

This is one example. There is a lot of variability wrt workload benefit
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Variability of Linux SMT2 throughput
improvement - different workloads

I

measure your workload!
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» ETR (External Throughput Rate) / ITR (Internal Throughput Rate)

# A vy, .
= FTR = Zransactions _ yop o cPU utilization
Elapsed time

» Example with SMT2 enabled
—50% of the logical CPUs utilized
—scheduler puts them on different cores
—throughput is roughly equivalent to what you get with SMT1, so ~5/6 of
total capcity
—normal calculation ITR = 2*ETR
« assumes a SMT gain factor of 100%
* wrong result

24 © 2015 IBM Corporation
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SMT real world example

—SAP Workload
—2CPs, 2 zIIPs, DB server
—16 IFL App Server
—SMT2 with z/VM

—overall +41% ITR

Throughput Rate (DS/sec)

zEC12 16 IFL

" ETR

z13 16 IFL

mITR

z13 16 IFL w/ SMT
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= zZ/VM

—create a new LPAR with a z/VM that has SMT enabled

—move one workload (type) / guest at a time
* remember to increase the # of virtual CPUs
» check the memory!
« measure throughput, CPU utilization and response time before and after

the movement, keep your monitor record!
—workloads not showing enough benefit should be run on the z/VM with SMT
disabled

= LPAR
—test on separate LPAR with SMT2 turned on
 you can do this directly on your test LPAR
—virtual CPUs will automatically double
—check memory
—measure throughput, CPU utilization and response time before and after the
movement
—depending on the outcome turn on SMT in the production LPAR
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» Intermediate recommendation: disable TCP Segmentation Offload (TSO)
if
—MTU 1492/MTU 1500 is used
—10 Gbit Ethernet cards are used
—the bandwidth is needed
—you are on RHEL X.X or SLES12

28 © 2015 IBM Corporation



Linux on z Systems

» During testing several problems got indentified

» patches are in test

» expect release later this year into the service stream of RHELG.x,
RHEL7.x, SLES11.x, SLES12.x
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= Exploitation coming
—SMT2
—SIMD

* RHEL 7.x, SLES12.x

» Further compiler and glibc optimizations / exploitations in development
—hopefully more at one of the next SHARE conferences

» See SHARE session from Matin Schwidefsky
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Toleration is required to ensure that existing JVMs in the field
can exploit z9, z10, z196, zEC12 optimizations

Java SR or FP Aavailability
Release

Javab SR16 FP3 Jan 2015
Java7 SR8 FP3 Jan 2015
Java7.l SR2 FP10 Jan 2015

Ensure that you update all the
middleware that comes with an
embedded Java version

zEC12 6core Java 6 zEC12 6core Java 7.1 z13 6core Java b z13 6core Java 7.1
SR10 SR2 SR10 SR2
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Dr. Eberhard Pasch
epasch@de.ibm.com

Linux on System z — Tuning hints and tips:
http://www.ibm.com/developerworks/linux/linux390/perf/index.html

Mainframe Linux blog: hitp:/linuxmain.blogspot.com
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