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IB 026 Card Punch




Urspringlicher
S/360 Rechner
( Modell 62)

mit Bandeinheit und
Plattenspeicher, 1966
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IBM 3278 , Green Screen” Bildschirm
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HP
Superdome
Cell Board

4 Itanium 2 CPUs 32 Ghyte E/A Bus
1,5 GHz Hauptspeicher Anschlisse
12 PCI
CPU CPU CPU CPU
I/O Hauptspeicher | |Switch




Switch Modules
(cable access) Blowers

Management

Modules
e = Wy Power
] RS O
“‘:—"’5#-, . ;
Modules
MidPlane

Server

Op panel & Ext. Blades

_ Blade Server
Drives



(4) Memory Bus Adapters

(20) Dual Processors:
CPU, System Assist,
Internal Coupling,
Integrated Linux, Spares

(1) Clock Chip
(2) L2 Storage Control

(8) CMOS L2 Chips

z900 Multi Chip Modul

16 CPU Chip SMP, Shared L2 Cache mit Error Correction (ECC),

Es 3017 ww97 wgs 06-01



Z900 Multichip
Module (MCM)

127,5 x 127,5 mm Modul

35 Chips, 2,5 Milliarden
Transistoren

234 Million Transistoren L2 chip

101 Glas-Keramik + 6 Dinnfilm
Verdrahtungslagen

1 km Drahtl&ange insgesamt
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I:I‘MBA MBA
—1

Z900 Multichip
Module (MCM)

20 Mikroprozessor Chips,
16 CPU, 3 Channel Subsystem,
1 Spare

8 L2 Cache Chips, je 4 Mbyte,
je 234 Mill. Transistoren

2 Storage Control Chips

4 Memory Bus Adapter Chips

1 Clock Chip

MBA
HENNERN

I
MBA =30

-
NENENEDN
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1,5 GByte/s 1,5 GByte/s 1,5 Gbyte

IBM z900

1,0 GByte/s
T 0,4 GBytels

1,0 Gbyte HP Superdome

0,6 GByte/s

0,6 GByte/s

Sun Fire 15K

Ein-Ausgabe Hauptspeicher Hauptspeicher
Bandbreite Bandbreite GrolRe

System interne Daten Transfer Raten

wgs 10-01



Simultaneous Multithreading (SMT)

The POWERS processor is the first to introduce simultaneous multithreading (SMT)
technology into the IBM Power Architecture. There are two independent physical
processors on a POWERS chip. SMT provides two independent threads of instruction

execution for each physical processor. Each thread appears to the operating system as a
logical processor.



*« POWERS chip
— 4 chips (8 cores) per MCM
— 2 cores per chip
— 4 logical processor with SMT

— Up to 1.9 MB shared L2 cache
per chip

— Integrated L3 cache & Memory
controller

* L3 cache
— Up to 36 MB
— Up to 144 MB per MCM




POWERS5 Multi-chip Module (MCM)

(Multichip Module in einem 64-way server) =




Pentium Pro
387 Pin Multi Layer Ceramic (MLC) Multi Chip Carrier (MCM) Module
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Thermal Conduction Module (TCM)
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JIL 1 } Stromversorgung
|
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L il | Kontaktstifte

101 + 6 Schichten, Giiber 4000 Kontaktstifte
1 km Verdrahtungslamge



Kuhlplatte

Keramischer
Chip-Trager

Grundplatte

Aufbau eines , Thermal Conduction Module“
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WARMEABLEITUNG IM TCM

COLD PLATE WASSER STROMUNG

: 8

FEDER

INTERNER
WIDERSTAND

STENQEL — HELIUM J

CHP — L

SUBSTRATE

TCM Warmeubergang
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nl/O cage domains
ICB-3

z900 MCM

Cluster 0

nl/O cage domains
ICB-3
STI-H:

cl/O cage
domains

ICB

stis ][]
MBA

PUO1

PUO2 PUO3 PUO4 PUOS PUO6 PUO7 PUO8 PUO9 0

Cache control Chip and cache data Chips
16 MB L2 Shared Cache

STI-H:
cl/O cage
domains
ICB
ETR || ETR
[[fI] sTis
MBA
1 PUOO
{Cry;to OJ
: {Crypto 1J

Clock

Cache control Chip and cache data Chips
16 MB L2 Shared Cache

MBA PUOA

i 1]
PUOB PUOC PUOD PUOE PUOF PU10 PU11 PU12 PU13
3

€204qg w2000

STls

nl/O cage domains
ICB-3
STI-H:

cl/O cage
domains

ICB

Cluster 1

35 logic chips in total on a 20-PU MCM

Memory Memory
card card
0 2
' |
I I
Memory Memory
card card
1 3
MBA
sms A
nl/O cage domains
ICB-3
STI-H:
cl/O cage
domains
ICB
wgs 03-03




500

400

300

200

100

% usage of single RS5 CPU

SSL handshakes with client certificates
CWS direct connection
Throughput vs. CPU usage

10

i = &

20 30 40 a0 60

Throughput
(Wab requests/second)

& Client certificates

* Client certificates
with crypto

S Non S5L




|~ CPU und Cache Chips

p s

— MCM

MBA
/

/

‘ ‘ ‘ ‘ oo ‘ Ein-Ausgabe Board
/

Slots flur E/A Adapter Karten

Die wichtigsten E/A Adapter Karten Typen haben Anschlisse fur
ESCON Kanal

FICON Kanal
OSA Adapter fur Ethernet, ATM, ....

es 0181 ww6

Ein-/Ausgabe
Board

Auf dem Multichip Module
sitzen neben den CPU- und
Cache Chips vier Memory Bus
Adapter (MBA) Chips, die eine
ahnliche Rolle wie das
Southbridge Chip in einem PC
ubernehmen. Aus jedem MBA
werden sechs STl Busse
herausgeflhrt, vergleichbar mit
den PCI Bussen in einem PC.
Die STI Busse munden in Ein-
/Ausgabe Boards, die Uber STI
Slots fir die Aufnahme der Ein-
/Ausgabeadapter Karten
verflgen.

wgs 02 02



MBA (up to 8 per book) |/O adapter cards (up to 4 per domain)

Ring —_————— é — =

A
/I:I
Book o sn  E—
-1
g STI —— =
w — I
{,:? g I—
= /0 cage
> (up to 3 per server)
2 “
@ L — N — — .
=
Domain (in I/O cage; up to 7 per cage))
* Two STls per MBA, each STl to an I/O domain
Ring z9 - 109

to other books Fanout from memory to I/O adapters



Power

I/0 Cage

Cooling

Control

Frame

MCM = Multi Chip Module

STl = Self Timed Interface

HMC = Hardware Management Console
PU = Processing Unit

MBA = Memory Bus Adapter
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7990
Multichip
Module

( MCM)

SOl technology

configuration of one
to four books.

Each book
comprises a MCM
And memory cards
up to 64 GByte per
book

wgs 05-03
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2990 12 Processor Unit (PU) MCM

*Advanced 93mm x 93mm MCM *CMOS 95G - SOI chip technology
=16 chip sites, 185 capacitors =PU, SC, SD and MSC chips
=100 Glass Ceramic layers = Copper interconnections, 8 copper layers
=1.3 Volts, 713 Watts =4 Dual PU, 4 Single PU Chips per MCM
=46% smaller than z900 =141 mm x 18.9 mm

=122 million transistors/Chip
= L1 cache/PU
—-256 KB |-cache

--'I.

llIlr ...... . TITTT I =4 System Data (SD) cache chips per MCM

=521 million transistors/chip
=8 MB L2 cache per chip
=Single 32 MB L2 cache per MCM

-.n—-.'u-.lu.. ssssaal L 1. [ »1 Storage Control (SC) chip

=L2 cache crosspoint switch

=L2 access rings to/from other MCMs

=L2 access to/from MBAs (off MCM)
=2 Storage Control (MSC) chips

=Memory cards (L3) interface to L2
=1 Clock (CLK-ETR) chip

=CMOS 8SF, 7 copper layers

= Clock and ETR Receiver

es 0253 ww2000 wgs 05-03



CMOS 9S-SS0l chip Technology
PU, SC, SD and MSC chips
Copper interconnections, 8 copper layers
8 PU chips/MCM
14.1 mm x 18.9 mm
122 million transistors/PU
L1 cache/PU
256 KB I-cache
256 KB D-cache
0.83 ns Cycle Time
4 System Data (SD) cache chips/MCM
17.5 mm x 17.5mm
World's densest chip
L2 cache per Book
521 million transistors/chip
32 MB
One Storage Control (SC) chip
17.3mm x 17.3mm
98 million transistors
Densest 1/0s
3692 Power Signal 1/0s
L2 cache crosspoint switch
L2 access rings to/from other MCMs
L2 access to/from MBAs (off MCM)
Two Storage Control (MSC) chips
Memory cards (L3) interface to L2
One Clock (CLK) chip - CMOS 8S
Clock and ETR Receiver









Zz-Frame A-Frame

Front View



Internal S ———

Batteries
Hybrid
Cooling
PDWEI-F | | WEL AN B Processor Books
Supplies i | and Memory
] !II’ ' | L%
' "E- | ey CEC Cage
“'EEM B
2:5:2 ‘ ! %. ...--:.-:E_ L .! |‘ ! ;f'""" E STl cables
1 e J Ii‘| - uh
Support

Z9-109 Server — Ansicht von vorne  Elements



2990 System

Internal
Batteries

Cooling
Units

Processor

Book
Power
Supply CEC
Cage
des ﬁgl:lales
Service

Element

es 0252 ww2000 wgs 05-03



Internal

Batteries Hybrid
Cooling
Power
Supplies
' BT & CEC
3x 1/0 ? wi" B Cage
cages . jﬂﬂ““iﬂ E| | i fr |
Z . ‘L.— 1”. ol | {l
cFQISircek = STI Cable
Connect Support

Feature Front-View Elements
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z990 Processor Book

*Multichip module with 12 processor units
*Two memory cards - 8, 16 or 32 GB each
*Channel busses - 2.0 GB/sec

»12 Self-Timed Interface (STI) ports
*Interconnects to other books
=Connects to MRU for cooling

STI
Ports




2990 Processor Book Riser Card
Memory Bus Adapters (MBAs) and STI Ports

ey
MSC
E = mEn

H (110

Connector and Slot

H inle

L] B

MCM




29-109 'Central Electronic Complex’: PUs, Speicher, I/O-Anschlisse...

* Nimmt bis zu vier ,Processor-Books" auf

‘Enhanced Book Availability
) -
0 1 2




z9-109 Prozessor Book Layout

Bis zu 8 MCM
'hot pluggable’ MBA/STI 3

Anschluss-Karten

i E

ﬁﬁﬁﬁﬁ
lllllllllllllllllll

"D3” "D4" "DI°

0l

"D6" ~“Dy" "Da"

Front View ~ Speicher Karten Seitenansicht
Bis zu 128 GB




Up to 8 MCM

Hot pluggable MBA/STI
fanout cards

i~
- — —— - - - - - I':":H:l D':'::l

3858855

"F1° "D1"

[pm— o — o ——

| S e R

Z9 Book

SO0 Q000
QOO0 KOO0
QOOOO00O000

Front View Memory Cards Side View
Up to 128 GB

— s | — |- —

Connectivity from the CPU/memory area to the I/O area is established via eight MBA/STI hot pluggable
cards at the front of the book. Each of the eight MBA/STI cards provides two 2.7 GByte/sec

bidirectional interfaces to the I/O cage realized by the big black cables, i.e.,the aggregate external
bandwidth is more than 43 GB/sec.
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STI Slots

Memory cards
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STl connectors sm Tl
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MBA card
Book front view
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| Shared Level 2 Cache (,,L2%)

IV IVIVIVIIVITY
pullcPullcrullcrUllcPULICPUIICPU

Y ViV
- PUJ|CPU

zSeries - Zentraler L2 Switch mit gleichzeitigem Zugriff aller Prozessoren
CICS, DB2 und IMS Sperrverwaltung, Signifikante Leistungsverbesserung



2990 Model D32 (GA2)

Level 2 Cache 32 MB

emory Up to 64 GB
Level 2 Cache 32 MB

Ring Structure

SEEEERERRERE

[_ Level 2 Cache 32 MB

SEEEERERRERE

Level 2 Cache 32 MB
emory Up to 64 GE

emory Up to 64 GB

MBA Cand




Sun und HP Cluster — Kommunikation zwischen den Prozessoren



Shared Level 2 Cache (,,L2*)

VIVIVIIVIVIVIVIIVIVV
crul[cPollcPollcrollcrPul [ePullcrollcPo CPU CPU

zSeries - Zentraler Switch mit gleichzeitigem Zugriff aller Prozessoren




| Systems and Technology Group

zSeries und System z9: Multi-Book-Strukturen (Logische Sicht)

‘

Puleufeuleul L feuleuleufeu
PR/SM

f Betriebsart: ,Logical Partition Mode" (Processor Resource/Systems Manager)

f Ein Pool von physischen Ressourcen (CPU's, Speicher, I/O)
in modularer Implementierung (1/2/3/4 Knoten/'books")

f Nutzung durch virtuelle Server: Bis zu 60 LPARs ...100+... (VM)
f Multiple Kanal Subsysteme: Bis zu 4 x 256 , E/A-Kandale* (Channel Path IDs)

© 2005 IBM Corporation




54 CPUs CPU
Haupt-
| speicher
Comm. Channel
Subsystem Subsystem 512 Gbyte

i\ ¥

256 Kanale| / Channel-Subsystem

FICON Béander,

Switch Drucker
SlelSiSSiSiSISISSISSSISSS
SlelSiSSiSiSISISSISSSISSS
SlelSiSSiSiSISISSISSSISSS
SlelSiSSiSiSISISSISSSISSS
SlelSiSSiSiSISISSISSSISSS
SlelSiSSiSiSISISSISSSISSS
SlelSiSSiSiSISISSISSSISSS
SISISISISISISISISISISISISIS[SIS

zSeries (S/390)
Grof3system-
konfiguration

128 000 Plattenspeicher
(Devices)

Logische Plattenspeicher
(logical Volumes)

10 - 1000 TeraByte
Plattenspeicherplatz



MBA = Memory-Bus-Adapter
STl = Self-Timed Interface

Speicher
(bis zu 128 GB)
2x 2.7 GBis

2x 2.7 GBIs
2x 2.7 GBis
2x 2.7 GBIs
2x 2.7 GBIs
2x 2.7 GBis
2x 2.7 GBis
2x 2,7 GBIs

Level 2 Cache (40 MB)

PUJPUJPUJPU ] PU]PU

PURPU R PURPUJPUJ PU

43.2 GBIls

Gesamte externe z9 Sysembandbreite: 4 x 43,2 GByte/s.

Im Gegensatz zu allen anderen Architekturen kommunizieren die E/A Gerate mit dem L2 Cache und nicht mit
dem Hauptspeicher. Die zSeries Ingenieure waren in der Lage, die resultierenden Cache Koheranz Probleme zu
I6sen.



Memory Cards

Ring
Structure

Memory Cards

Memory Cards

Memory Cards

Ring
Structure

IEI‘JI‘J MB/s

333

MB/s }

OSA-Express

= Options
/1 GBlsec
f 500 MB/sec
1 333 MB/sec

{- Upto 1024 10

Attachments




Hercules

Hercules ist ein open Source Software Paket. Es emuliert die System/390 und zSeries Architektur.

Hercules lauft auf einem regularen, leistunggsfahigen PC unter Linux, Windows 98, Windows NT und Windows 2000.

Einzelheiten:
http://www.conmicro.cx/hercules/

http://neuro2.med.uni-magdeburg.de/~markgraf/mvs/doc/hercfaq.htmil

es 0122 ww6 wgs 06-99



