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1. Introduction

Overview of AMD’s processor lines

AMD'’s in-house designed x86 families

|
<L i L L ! i

32-bit The Hammer Intermediate The Bulldozer The Cat The Zen
x86 families family families family family family

K5/K6/K7 K8/K10/K10.5 Families Family Families Family

families families 11h/12h 15h 14h/16h 17h

(08h/10h/10.5h)

(32-hit (64-bit (Mobile/DT (High-performance (Low-power (Modular design)
Mobile/DT) x86 family) oriented) oriented) oriented)
1996-2003) (2003-2009) (2008-2011) (2011-2016) (2011-2015) (2017-)

K7: Athlon (1999-2003)

Remark
Before the in-house designed K5, AMD licensed and manufactured Intel designed processors.
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1. Introduction

AMD's unit shares on the world market [51]
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Efficiency of Intel and AMD CPUs - 2004 to Ryzen [89]

Cinebench R15 single core performance @ 4.0GHz

144 62
140.00
13473

10000 11000
(+56.29%}
10413

SNB Kabylake
Bulldozer Zen

: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
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Announcing details of the Zen architecture at Computex 6/2016 [1]
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Brand names of AMD’s Zen-based (Family 17h-based) processor lines

Launched in 2017-2018 2018 2019
Family 17h Family 17h Family 17h
(00h-0Fh) (00h-0Fh) (xxh-xxh)
(Zen) (Zen+) (Zen+)
14 nm 12 nm 12 nm
" 4P servers
e
9 2P servers Naples (Epyc 7xx1)
e
5 1P servers Naples (Epyc 7xx1P)
(85-140 W)
HED Whitehaven Pinnacle Ridge
2 ~95-125 W (ThreadRipper (TR) (ThreadRipper (TR)
] ( ) IxxxX) 2xXxxX/WX))
X
[0 . Summit Ridge
0
[ AEIS T/ (Ryzen 7/5/3 1xxx/1xxxX) Pinnacle Ridge
Entry level _
(30-95 W) Raven Ridge (APU) (Ryzen 7/5 2xxx/2xxxX)
(Ryzen 7/5/3 2000G/GE)
d High perf.
8 (~30-60 W)
§ Mainstream/Entry Picasso (APU)
2 (~20-30 W) Ryzen 7/5 3xx0H)
Ultra portable Raven Ridge (APU) Picasso (APU)
(~10-15 W) (Ryzen 7/5/3 2x00U) Ryzen 7/5/3 3xx0U)
Tablet (~5 W)
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AMD Zen-based processor lines introduced in 2017 (except Pro series)

Market segment

parch./Technology

Launched
models

Layout

Integrated GPU
Core count

SMT
Mem. channels/rate

PCIe 3.0 lanes

TDP
Socket
Chipset

AMD's Zen-based processor lines introduced in 2017

WWVO

Ryzen Mobile APU Ryzen DT ThreadRipper Epyc
(Raven Ridge) (Summit Ridge) (Whitehaven) (Naples)

Mobile

Zen 14 nm

Ryzen 7 2700U
Ryzen 5 2500U
(10/2017)

CCX +
Vega 8/10

Yes
4

SMT
2xDDR4-2400
??

15 W
AM4 (1331)
SoC

Desktop platform

Zen, 14 nm

Ryzen 7 (3/2017)
Ryzen 5 (4/2017)
Ryzen 3 (7/2017)

Zeppelin die
with 2x CCX

No
4/6/8

SMT
(except Ryzen 3)

2XDDR4-2666

16xPCIe 3.0

65/95 W
AM4 (1331)

300-series

Zen, 14 nm

1950X/1920X/1900X
(8/2017)

MCM
(2x Zeppelin die)

No
8/12/16

SMT
4xDDR4-2666

60xPClIe 3.0

180 W
TR4 (SP3r2) (4094)
X399

1S/2S server

Zen, 14 nm

Series 7000
(6/2017)

MCM
(4x Zeppelin die)
No
8/16/24/32

SMT

8xDDR4-2666

128 for 1S servers
64 for 2S servers

120/170/180 W
SP3 (4094)
No chipset, SOC
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Processor logos of the Zen series [8]

Logo

rRYZ=N

MOBILE

THABRASRIZ2EA

Family

Ryzen Mobile

Ryzen 3

EPYC

AMD Zen-based processor brands

General Description

Mobile processors
with VEGA graphics

Entry level Performance

Mid-range Performance

High-end Performance

Enthusiasts

Cores Unlocked AVX2 SMT

Quad

Quad

Quad

Hexa

Octa

8-16

High-performance Server Processor| 8-32

Features

v

v

v
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AMD Zen/Zen+ based processor lines introduced in 2018 (except Pro series)

AMD's Zen/Zen+ based processor lines introduced in 2018

o/%v

2.G ThreadRipper

Ryzen Mobil APU Ryzen DT APU 2.G Ryzen DT
(Raven Ridge) (Raven Ridge) (Pinnacle Ridge)

parch./tech.

Launched
models

Layout

Integrated GPU
Core count

SMT
(Multithreaded)

Mem. channels/
data rate

PCIe lanes
TDP

Socket

Chipset

Zen/14 nm

Ryzen 3 2300U
Ryzen 3 2200U
(1/2018)

CCX +
Vega 6/3

Yes
2/4

SMT only for
Ryzen 3 2200U

2xDDR4-2400
?7?
15 W
FP5 (na.)

SoC

Zen/14 nm

Ryzen 5 2400G/GE
Ryzen 3 2200G/GE
(G: 2/2018)
(GE: 42018)

CCX +
Vega 11/8
Yes
4

SMT only for
Ryzen 5

2xDDR4-2667 (G)
2xDDR4-2933(GE)

??
35/65 W
AM4 (1331)

300-series

Zen+/12 nm

Ryzen 7 2700X
Ryzen 7 2700
Ryzen 5 2600X
Ryzen 5 2600
(4/2018)

Zeppelin die
(2x CCX)

No
2/4

SMT

2xDDR4-2933

16x PCIe 3.0
65/95/105 W

AM4 (1331)
300/400-series

(Pinnacle Ridge)

Zen+/12 nm

2990WX (8/2018)
2950X (8/2018)
2970WX (10/2018)
2920X (10/2018)

MCM
(up to 4 Zeppelin dies)

No
Up to 32

SMT

4xDDR4-2933

60x PCIe 3.0
180/250 W

TR4 (SP3r2) (4094)
X399



1. Introduction (9)

AMD Zen/Zen+ based processor lines introduced in 2019

AMD's Zen/Zen+ based processor lines introduced in 2019

2.G Ryzen Mobil APU
(Picasso)

parch./tech.

Launched
models

Layout

Integrated GPU
Core count

SMT
(Multithreaded)

Mem. channels/
data rate

PClIe lanes
TDP

Socket
Chipset

Zen+/12 nm

Ryzen 7 3750H/3700U

Ryzen 5 3550H/3500H

Ryzen 3 3300U/3200U
(1/2019)

CCX +
Vega 10/8/3

Yes
2/4

Yes

2xDDR4-2400
??

H:35W U:15 W
FP5

SoC
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AMD'’s effort to design the Zen core [10]

M. Papermaster, CTO of AMD: Up to 300 engineers were working on the Zen core
spending over two million working hours.

Aim: optimizing the power/frequency curve.

CTO: Chief Technology Officer
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Innovations introduced within the Zen family [10]

AMD SENSEMI TECHNOLOGY

‘ \ W &on ' \\\\
&/ R \% N\ 4

Pure power Precision Boost Extended Frequency Range Neural Net Smart

___(Avs)  (Enhanced Turbo Boost (Higher fc for Prediction Prefetch
' ’ like Intel’s SpeedShift) premium cooling)

| | |
To reduce To raise fc To raise IPC
dissipation

See See See

Section 2.1.3.1 Sections 2.1.3.2/2.1.3.3 Section 2.1.2
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Use of advanced technologies in AMD’s mobile and desktop series [75] -1

Extended Frequency

Range (XFR)

Precision Boost
(Turbo Boost)

Neural Net Prediction
(for branch prediction)

Pure Power (AVS)

Smart Prefetch
(Advanced data
prefetch)

Ryzen DT

Yes (XFR)

Yes
Precision Boost)

Yes

Yes

Yes

2nd gen.
Ryzen DT

Yes (XFR 2)

Yes
(Precision Boost 2)

Yes

Yes

Yes

Ryzen DT APU with
Radeon Vega
graphics

Yes (XFR 2)

Yes
(Precision Boost 2)

Yes

Yes

Yes

Ryzen mobile APU
with Radeon Vega
graphics

Yes (Mobile XFR)4

Yes
(Precision Boost 2)

Yes

Yes

Yes
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Use of advanced technologies in AMD’s HED and 2S server series [75] -2

ThreaRripper e (21 RS74E

ThredRipper Epyc
Extended Frequency Range Yes (XFR) Yes (XFR 2) No
(XFR)
Precision Boost Yes Yes Yes
(Turbo Boost) Precision Boost) (Precision Boost 2) (Precision Boost)

Neural Net Prediction

(for branch prediction) LS MEE L2

Pure Power (AVS) Yes Yes Yes

Smart Prefetch Yes Yes Yes

(advanced data prefetch)



1. Introduction (14)

AMD’s Zen or Zen+ based processor series

Ryzen DT Summit Ridge Zen 14 nm 3/2017 Ryzen Lxxx
Ryzen 1xxxX
. : Ryzen 2xxx
2. gen. Ryzen DT Pinnacle Ridge Zen+ 12 nm 4/2018 Ryzen 2xxxX
3. gen. Ryzen DT Matis Zen 2 7 nm 1/2019 n.a.
: Ryzen 2xxxG
Ryzen DT APU Raven Ridge Zen 14 nm 2/2018 Ryzen 2xxxGE
Ryzen mobile APU Raven Ridge Zen 14 nm 10/2017 Ryzen 2xxxU
2. gen. Ryzen mobile APU Picasso Zen+ 12 nm 1/2019 Ryzen 3xxxU/H
ThreadRipper HED Whitehaven Zen 14 nm 8/2017 TR 1xxx
: : : TR 2xXxxX
2. gen. Threadripper HED Pinnacle Ridge Zen+ 12 nm 8/2018 TR2xxWX

EPYC 1S/2S server Naples Zen 14 nm 6/2017 EPYC 7xxx
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AMD’s 2017-2019 desktop/notebook roadmap [64]

2017

2018

2019

Desktop CPU
(No GPU)

Summit Ridge
Zen/14 nm

« Up to 16 Zen Threads
4 Socket AM4

Pinnacle Ridge
Zen+/12 nm

« Summit Ridge architecture
4+ Performance uplift
+« Socket AM4

Desktop/Notebook
k APU

Bristol Ridge
Excavator/28 nm

Excavator CPU
Polaris GPU

Socket AM4 desktop
Socket FP4 notebook

Raven Ridge
Zen/14 nm

« Up to 8 Zen Threads
4« Upto 11 VegaCU’s

4 Socket AM4 desktop
4 Socket FP5 notebook

!
{

| Matisse

Zen 2/7 nm

-

! -

Zen 2 Cores
Socket AM4

Picasso
Zen+/12 nm

4
4
a
E

Raven Ridge architecture
Power/Performance uplift
Socket AM4 desktop
Socket FP5 notebook
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Design paradigms for segmenting multicore processors

Design paradigms for segmenting multicore processors

N

Monolithic implementation Multi-Chip-Module (MCM)
All cores are implemented Cores are implemented on a number of dies,
on the same die they are properly interconnected and
mounted into the same package
Example

Intel's Skylake-SP (2017) [2] AMD's Epyc (2017) [2], [3]

l-uuuuu—uun—n-uuuul

II-“ ‘,-‘. .I-"

% u—uuh—n—uun—|:—uuu— <
= ¥

§ oo Jl oo 4 Upto 28 cores
ul.-nuuuh.ll.—u
= ]-e v u-n v (TR e

Up to 4x8 cores

luuulo-muulnlh-uulml
o il oo oo e

Xaon L2 L2 Xaom Xaon L2 L2 Neoon | Maon (2 L0 Neen

Single package
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Example of Intel’s early MCM design (Dual core DT Pentium D-820) (5/2005))
[91], [92]

__Integrated Heat Spreader (IHS):
The integrated heat spreader
spreads heat from the chip and
protects it. The IHS serves as
contact for the heatsink and
enables more surface area
leading to better cooling.

. Silicon chip (die): This is the
chip with two cores - 208 mm? in
size with 230 million transistors

___Substrate: The die is mounted
directly to the substrate which
facilitates the contact to the
motherboard and chipset of the
PC via contacts and electrical
connections.

ismrrmeamy g, ,, IEIEIIEE
e "

tmnanm

net lMlIl"lr‘
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Further examples for MCM designs of server processors

Intel
Paxville DP 2.8 (2x1C), 2xDP-enhanced Pentium 4 Prescott (10/2005)
Xeon 5000 (Dempsey), (2x1C), ~ the 65 nm shrink of the 90 nm Paxville DP 2.8 (5/2006)

4aMB aMB.
L2 Eache | L2 Cache

Xeon 5300 :' Core Core Core Core
(Clowertown) [4], [5] §

L;J

1066 /1323 (Hinowarcmro)

Xeon 5300 (Clowertown) (2x2C) 2xCore 2-based 65 nm Xeon 5100 (Woodcrest), 11/2006

Xeon 5400 Harpertown 2x2C, 2x Core 2-based 45 nm 2C Harpertown (11/2007)

AMD
Opteron 6100 (Magny-Course) 2x6C, 2xBulldozer-based 45 nm Istambul die, (3/2010)

Opteron 6200 (Interlagos), 2x8C, 2xBulldozer-based 32 nm Orochi die, (11/2011)
Opteron 6300 (Abu Dhabi), 2x8C, 2xPiledriver-based 32 nm Abu Dhabi die, (11/2012)
Opteron 6400 (Warsaw), 2x8C, 2xPiledriver-based, 32-nm Abu-dhabi die, (2014)

IBM

POWER4, 2C on 4 chips, 180 nm, (12/2001)
z10, 10/2008) 5x4C,(up to 17C), 65 nm (10/2008) ) K

z10 [6]
5 proc. dies
2 mem. control dies
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NVIDIA's possible future use of MCMs, revealed in a research paper [32]

SYS+1/0

et Sleched
DHAM , Dram

GPU | GPU
Module Module

DEAM EAM Rk L Stackrd

MOﬂO“lthiC MO DA AM DEAM
GPU ' |

Sleched & Stachatd
DA JRAM Wccen Stached
i DHAM oA

: GPU GPU
Package 7 ‘Module Module

St R T
CHAM DA

Package
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AMD's cost argumentation for the MCM layout over the monolithic one [7]

MCM VS. MONOLITHIC

MCM approach has many advantages /o o /o ijo
Higher yield, enables increased feature-set

CCX CCX
Multi-product leverage

EPYC™ Processors . cex cCX
4x 213mm? die/package = 852mm? Si/package” .

Hypothetical EPYC Monolithic | CCx CCX
~777mm?’ '

Remove die-to-die Infinity Fabric PHYs and logic CCX CCX
(4/die), duplicated logic, etc. f =1 CCX

852mm? / 777mm? = ~10% MCM area overhead /o /o 1o /o

Die O
32C Die Cost 32C Die Cost
1.0X 0.59X?

Inverse-exponential reduction in yield
with die size

Multiple small dies has inherent yield advantage

MCM Delivers Higher Yields, Increases Peak Compute, Maximizes Platform Value

-

Presented by AMD at the Hot Chips Conference in Aug. 2017
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Pros and cons of a modular processor design [3]

Pros
- It is more economical to manufacture large core count, and therefore large dies

if segmented into a number of smaller dies

« Memory channels and I/O become linearly scaled with the die count (by proper
design)

« It becomes possible to design processors for different market segments

« by including different nhumbers of the same die

Cons
- High die-to-die transfer latencies that degrade performance
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Basic building blocks of AMD's Zen-based processors

Basic building blocks of AMD's Zen-based processors

-

Zen core [8] 4-core CCX [9] 8-core Zeppelin module [10]
(Core CompleX) 2x CCX

A :‘{l”;;'c« c-v- \ -

- \
“!‘,n'}.’,

Jore 0 12/ | '\
g ‘

:




1. Introduction (23)

Overview of AMD's Zen-based processor lines

AMD's Zen-based processor lines

Ryzen Mobile Ryzen ThreadRipper Epyc
(Mobil) (DT) (HED) (1S/2S server)
Single CCX + Zeppelin chip 1. gen: 2 Zeppelin chips 4 Zeppelin chips
Vega GPU [54] (2x CCX) interconnected by the IF, interconnected by the IF,
implemented as an MCM implemented as an MCM

2. gen: 4 Zeppelin chips

2x16 PCle % 2x16 PCle

Zen \2
o

2x16 PCle Sl3
’ = * Zen L2
Zen L2 L2 Zen NI
M =
o L2 Zen [

vy
E
("NE

L2 Zen
oM

(& }

Coheront Links
LZ Zen N

TRUN WARYO)

Zen L2 L2 Zen &

Coherent Links

Zen L2 =

Zen L3
A

2x16 PCle
L2 Zen

re
“X

L2 Zen W

R
E] = -
RIK K

L2 Zen
oM

en L2 i L2 Zen

L2 Zen
oM

en L2 . L2 Zen

Coherent Links Coherent Links

o
i
2
c
E

2

N

Drawings based on [11]
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The cache coherent interconnect, called Infinity Fabric (IF)
« It is used to interconnect

« CCX modules on a die
« dies to dies in an MCM (Multi-Chip-Module) or
 two sockets in a 2S server,

as indicated in the next Figures, and discussed in more detail in Section 7.
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Interconnecting two CCX core complexes by means of the Infinity Fabric
(IF) in a Zeppelin die [88]

CCX & ¢ Core Complex
Infinity Fabric p======f===========F=====""9

CCM Caclhe-Coherent Master
|

/O Master/Sla

10
Complex

e

Coherent AMD

SDF Transport Layer SocKet Extender

e e e e e e e

Unified Memory IFIS or IF Inter-
Controller Umc IFOP to Socket SerDes

LBl |F On-Package
SerDes

IFOP: IF On-Package interconnect links
IFIS: IF Inter-Socket interconnect links

SDF implements a crossbar-type on-die interconnect.
SerDes: (Serializer/Deserializer) interface to another chip within the system



~
O
)\
)
c
9O
+J
O
-
O
@)
.
)
c
-
—

Interconnecting dies within a socket and two sockets of a server by means

of the infinity Fabric (IF) [3]

Source: AMD
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Key features of the cache coherent interconnect, called Infinity Fabric

« Itis an enhanced HyperTransport interconnect with

- |lower latency

« higher bandwidth

« lower power consumption and

« the option to scale it up or down as needed.
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AMD’s new Zen 2-based Epyc server (Rome) for 64 cores (11/2018) -1

DDR DDR DDR

DDR DDR DDR

7nm CPU - 14nm o 7rmCPU
Chiplets /O DIE Chiplets

« Eight channel memory controller with equal access latency.
« Up to 4 TB DDR4 memory and 128 PCIe 4.0 lanes per socket (first PCIe 4.0!).
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Similarity of AMD’s MCM system concept to ARM’s monolithic system concept

CorelLink GIC-600 PCle/25GbE SATA/USB

CorelLink NIC-450

Cortex-A75 |I| I Cortex-A75 I ortex-A75 I|I
DynamlQ DynamlIQ DynamlQ DynamlIQ CoreLink MMU-500
Shared Unit Shared Unit Shared Unit Shared Unit l-

r 3 3 a2 r 3

CoreLink CMN-600

CoreLink NIC-450

- pMc-620 | oMc-620 | DMC-620 | DMC-620
CoreSight

Peri D herals DDR-3200 DRAM

 Open Source

. ARM IP

B Non-ARMIP

Figure: ARM’s mesh interconnect (CMN-600) to build a server [97]
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AMD’s new Zen 2-based Epyc server (Rome) for 64 cores (11/2018) -2

« Eight CPU chiplets with 64 cores and a 14 nm I/O chip.
« AMD has already started sampling EPYC 'Rome' processors to enterprise customers.



2. The Zen cores

2.1 The Zen core

2.2 The Zen+ core




2. The Zen cores (1)

Roadmap of the Zen core as published in 2/2018 [68]

X86 ROADMAP LEADERSHIf

UZ BN DENS— ZEND " = ==“7FN 3"

14nm 12nm /nm /nm+

Current products “ZEN 2” Design is Complet: On Track




2.1 The Zen core

2.1.1 Introduction to the Zen core

2.1.2 Innovations and enhancements introduced to raise IPC

2.1.3 Power management in Zen cores

2.1.4 Further details relating the Zen core

Only Sections 2



2.1.1 Introduction to the Zen core



2.1 The Zen core (1)

2.1.1 Introduction to the Zen core [13]

First announced at AMD's Financial Analyst Day in 5/2016.

First details of the Zen architecture were published at the Computex Conference
in 6/2016.

According to M. Papermaster, CTO of AMD up to 300 engineers were working
on the core design.

Key design objective was raising IPC rather than power gain.

To achieve this AMD developed the SenseMI technology package, to be discussed
in Sections 2.1.2 and 2.1.3.

Key benefits of the Zen core vs. the previous Excavator architecture

14 nm process vs. 28 nm

« 52 % performance improvement for single threaded workloads
« Up to 3.7x improvement in performance/Watt

* SMT support (2-way)



2.1 The Zen core (2)

Remark [14]

With Zen AMD departed from the Bulldozer design style cramming two integer parts
and an FP part into a module and declaring the module as being dual cores and
followed the regular way of building up cores.

“EXCAVATOR” “ZEN"
Fetch Fetch

Decode Decode Decode

‘ll ) 4 3§y 3 3 3

Integer Integer - Rl v
Scheduler Scheduler lnteggt:-Scheduler Al

FP Scheduler

Pipeline
Pipeline
Pipeline
Pipeline
Pipeline
Pipeline
Pipeline
Pipeline
Pipeline
'Pipeline
Pipeline
Pipeline
Pipeline
256-hit FMAC
256-bit FMAC
MMX Unit

128-bit FMAC
128-bit FMAC
MMX Unit

L1 DCache .1 DCache _ L1 DCache

Shared |2 Cache L2 Cache:

10 | AMD FINANCIAL ANALYST DAY | MAY 2015 | CONFIDENTIAL UNDER EMBARGO UNTIL MAY 6, 1:00 PM EST




2.1 The Zen core (3)

IPC improvements of the Bulldozer Family and the Zen architecture [15]

H'ZE NH

3/2017
(14 nm)

6/2015 +40%

1/2014 (28 nm) work per
11/2012 (28 nm) cycle”

11/2011 (32 nm) W “Excavator”
(32 nm) Steamroller” °

“Piledriver” P
o
® @

“Bulldozer”




2.1.2 Innovations and enhancements introduced to raise IPC



2.1.2 Innovations and enhancements introduced to raise IPC (1)

2.1.2 Innovations and enhancements introduced to raise IPC

Innovations

a) Neural net improved branch predictor (Part of SenseMI)
b) Smart prefetch (Part of SenseMI)
c) Large Micro-Op cache (2K instructions)

Enhancements
d) Wider pop dispatch
« Six-issue FX execution (up from 4)
« Quad-issue FP execution (up from 3)

e) Further improvements of the microarchitecture



2.1.2 Innovations and enhancements introduced to raise IPC (2)

a) Neural-net improved branch predictor (Part of Sense MI) [10]

LO/L1/L2TLB

Recent Predictor .
L1/L2 BTB ~— Neural Network 0.\"-}7

Return Stack ITA

Physical Request Queue Micro-Tags

64K Instruction Cache




2.1.2 Innovations and enhancements introduced to raise IPC (3)

b) Smart prefetch (Part of Sense MI) [10]

Smart Prefetch

H - - teae OpCacre
The Right Data At The Right Time —
« Anticipates the location of future data accesses wirars . —| .
by application code inbedns or o
« Sophisticated learning algorithms model and ‘ —
learn application data access patterns P S
« Prefetches vital data into local cache so it's ¢ 4 -
ready for immediate use Hprirn e o R

AMDZD1 | ZEN




2.1.2 Innovations and enhancements introduced to raise IPC (4)

c) Large Micro-Op cache (2K instructions) [15]

Micro-op Queue
4 instructions/cycle 8 macro-ops/cycle
& ops dispatched 4 ops dispatched

FLOATING POINT

Integer Rename FAoating Point Rename

Integer Physical Register File

2 Ioads + 1 stor LK
Ceroyde L2 (1+D) Cache

8 Way




2.1.2 Innovations and enhancements introduced to raise IPC (5)

By contrast: The micro-op cache introduced in Intel’s Sandy Bridge [90]

Instruction

Decoders

In order

Out-of-

JIV)

1Shuf VX/FP S
IV I Shuffle AVX/FP Bodl
[AVXFP MUY  BVX FP ADQ
I imm Dlerlal I
1 Memory Control

48 bytes/cycle

L2 Data Cache (MLC)

32k L1 Data Cache




2.1.2 Innovations and enhancements introduced to raise IPC (6)

d) Wider pop dispatch
« Six-issue FX execution (up from 4) - Quad-issue FP execution (up from 3)

Branch Prediction

4 ops dispatched

Micro-op Queue
4 instructions/cvcle RAirrn_nc
6 ops dispatched 4 ops dispatched

FLOATING POINT

Integer Rename FAoating Point Rename

Integer Physical Register File

2 Ioads + 1 stor LK
Ceroyde L2 (1+D) Cache

8 Way




2.1.2 Innovations and enhancements introduced to raise IPC (7)

Comparison: Decoding in Intel's Skylake microarchitecture

5-wide decoding, as shown below.

[ Inst Queue (50; 2x25/thread) J
MOP MOP MOP MOP MOP
Instruction Decode Microcode
(Camp]ex )( Simple )( Simple )( Simple )( Simple Sequencer
Decoder Decoder Decoder Decoder Decoder ROM
1-4 pOP:= uOP uOP uOp pOP 4 pOP=
HOP cache 6 pOP 5 wOP 4 pOP

N\ /

[ Decode Queue (128: 2x64/thread) ]

Figure: Decoding in Intel's Skylake's core [35]



2.1.2 Innovations and enhancements introduced to raise IPC (8)

e) Further improvements of the microarchitecture of Zen

ROB size 192 128
(duplicated for each
thread)
ROB throughput 8 instr./cyle 4 instr./cycle
Integer scheduler size 84 48
FP scheduler size 96 60
Load Queue 72 44

Store Queue 44 32



2.1.3 Power management in Zen cores



2.1.3 Power management in Zen cores (1)

2.1.3 Power management in Zen cores

As part of the SenseMI technology suite AMD introduced the following three
new technologies aiming at the power management:

« Pure Power technology (actually AVS)
« Precision Boost technology (actually Turbo Boost similar to Intel’s SpeedShift)
« XFR (eXtreme Frequency Range) technology (actually configurable TDP)

to be discussed next.



2.1.3 Power management in Zen cores (2)

2.1.3.1 Pure Power technology
« It is basically an AVS (Adaptive Voltage Scaling) technology.

« AVS is a kind of AVFS (Adaptive Voltage and Frequency Scaling) technology.
 AVFS is an enhancement of the DVFS (Dynamic Voltage and Frequency Scaling).



2.1.3 Power management in Zen cores (3)

DVFS (Dynamic Voltage and Frequency Scaling)

« Scaling means here controlling core voltage (Vcc) and frequency (fc) according

to the actual workload.

« With DVFS the OS typically assesses the actual workload and scales down fc
as far as feasible without noticeable lengthening the runtime, then it selects
the Vcc value that is needed to maintain the chosen fc from a look up table.

Vcc is determined a priory at chip testing while a guard band is also provided.

Figure:
Principle of DVFS

VccO

Vccl

Vcc2

Vcen

Vcc

Lowest

power
consumption

PO

Highest
power
consumption

« fc will be scaled according to the
workload intensity.

« \/cc is chosen to maintain fc
with a guard band.

fcn = = fc2

fcl

fcO
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2.20

2.00 1

1.80

1.60

1.40
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2.1.3 Power management in Zen cores (4)

Example: Minimal (measured) and specified core voltage (Vcc) needed
for sustaining a given core frequency (fc) [61]

—— Measured Vcc

——Vcc + safety margin

Frequency (MHz)

140 160 180




2.1.3 Power management in Zen cores (5)

AVFS vs. DVFS

AVFS vs. DVFS

M

DVFS AVFS
(Dynamic Voltage and Frequency Scaling) (Adaptive Voltage and Frequency Scaling)
Aim: to reduce guard band and thus dissipation
DVFS is performed in an open loop. AVFS is performed in a closed loop.
It means that the OS scales down It means that first the OS scales down
core frequency (fc) core frequency (fc) and voltage (Vcc)
according to the actual workload according to the actual workload
and determines core voltage (Vcc) similarly to DVFS, but then the processor
statically (from a look-up table). strongly reduces the guard band

based on monitoring the actual parameters, like

VVcc was determined previousl
P Y speed, dissipation, die temperature etc..

at chip testing while
a certain guard band
was taken into account
to compensate for PVT variations.

PVT: Process, Voltage, Temperature



2.1.3 Power management in Zen cores (6)

Illustration of AVS and AFS

Use cases of AVFS to exploit guard band reduction

P\

AVS
(Adaptive Voltage Scaling)

It is also called Undervolting
(Called Poor Power by AMD (Zen)

AVS is used to reduce Vcc
at a given fc (P-state)
to a min. allowed value,
to reduce power consumption.

Voltage
Without AVS
; Max
Maximum
Voltage P-State
Minimum Min
Voltage P-State
With AVS
Minimum Maximum
Frequency Frequency

AFS
(Adaptive Frequency Scaling)

It is also called Overclocking

(Called Precision Boosting by AMD (Zen)

Voltage

Maximum
Voltage

Minimum
Voltage

AFS is used to increase fc
at a given Vcc (P-state)
to the max. allowed value
to raise performance.

Min
P-State

Frequency
Maximum

Frequency

Minimum
Frequency



2.1.3 Power management in Zen cores (7)

Overview of introduced AVFS implementations

AMD

HiSilicon
(Huawei)

Samsung

TI

IBM

Via

National

(02/2008)
OMAP3

(10/2007)
POWERG6

/05/2008)
Adaptive
PowerSaver

in Nano
(06/2004)

PowerWise
(macrocell)

(02/2015) (03/2017)
Carizzo Ryzen

lines
(Q1/2015)
Kirin 930
(Q2/2015)
Exynos
7420
(2/2011)(2/2012)
OMAP4 OMAPS5
(2/2010) (4/2014)
POWER7 POWERS

2003 2004 2005 2006 2007 2008 2009

»
I I I I ! | I T v

2010 2011 2012 2013 2014 2015 2016



2.1.3 Power management in Zen cores (8)

Principle of AMD's Pure Power technology that implements AVS [10]

Pure Power
enables lower
power for same
performance

PERFORMANCE

Using Energy Wisely

4 Monitors temperature, speed and voltage

4 Adaptive control manages real time for lower
power usage

4 Closed loop control with Infinity Fabric




2.1.3 Power management in Zen cores (9)

Key points of the implementation of AMD's Pure Power (actually AVS)

a) Real time monitoring of temperature, speed and voltage by sensors,
b) Adaptive closed-loop control
c) Per-core scaling of core frequency and voltage



2.1.3 Power management in Zen cores (10)

a) Real time monitoring of temperature, speed and voltage by sensors

1000+ embedded sensors per CCX monitor temperature, speed and voltage per ms.

Figure: Distributed embedded sensors on a Ryzen die (including two CCXs) [10]



2.1.3 Power management in Zen cores (11)

Sensors implemented on a CCX die to support AVS [9]

* >1300 critical path
monitors

* 48 on-die high
speed power
supply monitors

* 20 thermal diodes

* 9 high speed droop
detectors

Critical path monitors overlook processor speed (clock frequency), they
allow to reduce core voltage in a controlled way as far as possible whereby
a given clock frequency remains maintained.

Droops are rapid spikes in the voltage supply, they need to be addressed to avoid
erroneous operations (not detailed here).

Critical path monitors: kritikus aramkori szakaszok sebességét ellenérz6 monitorok



2.1.3 Power management in Zen cores (12)

b) Adaptive closed-loop control -1

The Infinity System's Scalable Control Fabric provides the required infrastructure
for AVS, as seen below.

Scalable Control Fabric

Engines / Hubs

Figure: The Infinity Fabric [38]



2.1.3 Power management in Zen cores (13)

b) Adaptive closed-loop control -2

There is closed loop control for implementing AVS, as indicated below.

Precision Boost and Distributed
Pure Power Control Embedded Sensors

Infinity System
Control Fabric

!

Infinity System
Management Unit

Source: AMD

Figure: The closed loop control mechanism for Pure Power (i.e. AVS) and Precision
Boost (i.e. Turbo Boost) [3]



2.1.3 Power management in Zen cores (14)

b) Adaptive closed-loop control -3

« An Infinity System Management Unit (based on the SMU microcontroller) is used
for system settings according to user requirements, as the Figure below shows.

« The SMU (System Management Unit) microcontroller allows to chose the proper
balance of performance and power consumption.

SMU FUSES CLOCK
SYSTEM SV DEBUG GEN \ INFINITY
MICRO VIDCON STRAPS CLOCK ' FABRIC

CONTROLLER THERM CONTROL

SYSTEM MANAGEMENT NETWORK

Figure: Infinity System Management [3]

SVI: Serial VID Interface
VID: Voltage Identifier (transferred to the VR (Voltage Regulator) *



2.1.3 Power management in Zen cores (15)

c) Per core scaling of core frequency and voltage [16]
« Each core has
« a digital Low Drop-Out (LDO) Voltage Regulator (VR) and
« a digital frequency synthesizer (DFS)

to independently vary core frequency and voltage for reducing
power consumption.

 The voltage regulators operate also as power gates.

Remark
LDOs are one type of linear regulators, e.g. as seen below [39].

N-Channel FET Pass Element Y,
ouT

|

1yT

Gate
Drive

FET: Field Effect Transistor (térvezérlés( tranzisztor)



2.1.3 Power management in Zen cores (16)

Implementing separate VRs for each core [50]

- Two stage voltage regulation (similar to Intel's two stage FIVR implementation):

- 1. stage: on the mainboard, it reduces voltage from 12V to 0.9,
« 2. stage: separate on-die VRs for each core.

« Example for per-core voltage regulation in a Ryzen desktop processor:

12V VRM Input VRM: VR module input

Platform VRM DC/DC Conversion

Per-core LDO Controlled
A RVDD RVDD: Unregulated supply

Figure: Per-core voltage regulation in a Ryzen desktop processor [50]



2.1.3 Power management in Zen cores (17)

2.1.3.2 Precision Boost -1

« Basically, it is AMD's Turbo Boost implementation.

« It makes use of the same closed loop control mechanism as AMD's Pure Power
(that is AVS):

Precision Boost and Distributed
Pure Power Control Embedded Sensors

Infinity System
Control Fabric

.

Infinity System
Management Unit

Source: AMD

Figure: The closed loop control mechanism for Pure Power (i.e. AVS) and Precision
Boost (i.e. Turbo Boost) [3]



2.1.3 Power management in Zen cores (18)

2) Precision Boost -2

Specific features of the Precision Boost technology:

a) Specifying the Turbo Boost frequencies
b) Fine grained tuning of the clock frequency (in 25 MHz steps)



2.1.3 Power management in Zen cores (19)

a) Specifying the Turbo Boost frequency [38]
Precision Boost makes use of two Turbo Boost frequencies,

« one higher value for the case if up to 2 cores are active (in DTs), and
« a lower value for more active cores,

as indicated in the Figure below.

Up to two active cores

More than two active cores

Figure: Boost behavior in the Ryzen line [38] x



2.1.3 Power management in Zen cores (20)

b) Fine grained tuning of the clock frequency (in 25 MHz steps) [10]

Precision Boost enables
optimal operation as well
as higher max frequency

L

4 \/ Precision XFR

Tracﬁitional P-states have
100+MHz spacing

Precision boost enables the cor

operate there

Can also push to higher operating
points If reliability and conditions

llemai .‘X:R\
dlIOW (AFR)

@ Windows® 10 P-States AMD Ryzen™ P-States




2.1.3 Power management in Zen cores (21)

Assumed principle of fine grained tuning

« While using Precision Boost all active cores operate at the same clock frequency
and core voltage.

« Fine grained tuning will be performed by the SMU microprocessor that raises the
core voltage and the clock frequency (in 25 MHz steps) whereas checks whether
the limiting factors, including the temperature, SoC power and VRM current
(and with it the socket power consumption) remain in the factory boost range.

Temp

FACTORY
BOOST RANGE

SoC VRM
power current

Figure: Conceptual view of extending the limiters of Precision Boost with PBO [82]



2.1.3 Power management in Zen cores (22)

2.1.3.3 Raising the clock frequency over the Turbo boost frequency - XFR

The XFR (eXtended Frequency Range) technology presumes a high performance
(premium) cooler system to keep die temperature within the given limit [10].

XFR provides an automated
overclocking over the max.
Turbo Boost frequency if there
is @ premium cooler system
and the operating conditions
of the processor (e.g.
temperature data) allow it.

With XFR enabled the
processor may boost clock
frequency by 50 to 200 MHz
above the advertised
max. Turbo Boost frequency.

Figure: Principle of operation of XFR [10] *



2.1.3 Power management in Zen cores (23)

Illustration of the operation of the XFR technology [10]

Combine with an X370 motherboard to deliver the maximum eXperience

Ryzen 7 1800X

Ryzen 7 1700X ' XFR |

Ryzen 7 1700




2.1.3 Power management in Zen cores (24)

Example frequency scaling in the Ryzen 7 1800X [10]

N\
Ryzen 7 1800X & v

XFR Boost, 4.1

d

Max Precision Boost, 4.0

BOOST CLOCK
Number of Active Cores > 2
3.7 AllCoresBoostFmax, 3.7
Base Frequency, 3.6

Transition below 3.70G based on application’s impact on

infrastructure limits

Pure Power Reduces
Clocks during low usage

Sensors Poll
CPU Status
Every .
2.2 iPZ/P."nin

Millisecond
90




2.1.4 Further details relating the Zen core



2.1.4 Further details relating the Zen core (1)

2.1.4 Further details relating the Zen core

Block diagram of the FX-execution of Zen [15]

6 Micro-op Dispatch EXE CUTE

¥ Yy v
6x14 entry Scheduling Queues
168 entry Physical Register File

6 issue per cycle
4 ALU's, 2 AGU's

192 entry Retire Queue

168 Entry Physical Register File > Differential Checkpoints
2 Branches per cycle

Forwarding Muxes : Move Elimination
LA i A J 8-Wide Retire

AlLL2 ALUZ

| ik I
-




2.1.4 Further details relating the Zen core (2)

Block diagram of the FP-execution of Zen [15]

4 Micro-op Dispatch 8 Micro-op FLOATING POINT

Retire

¥ ¥ ¥ ¥
192 E .
NSQ Retire un:;-e 2 Level Scheduling Queue

. 160 entry Physical Register File
8 Wide Retire
1 pipe for 1x128b store

4= 128 bit
sQ LDEVT | . cads

l l Accelerated Recovery on Flushes

160 Entry Physical Register File T P SSE, AVX1, AVX2, AES, SHA, and legacy

mmx/x87 compliant

Forwarding Muxes 2 AES units
Yy Yy Yy Yy

MULD ADDO MUL1 ADD1

128-bit datapaths, 128-bit FP-units.




2.1.4 Further details relating the Zen core (3)

The cache architecture of Zen [15]

328 fetch
< 512K L2

I+D
2*16B load Cache
g-way

L3 is a victim cache, it is filled from L2 victims




2.1.4 Further details relating the Zen core (4)

Implementation of SMT in Zen [10]

Counter #1 Counter #2

Program \ “zen” Core Program

Execution Execution
Thread #1 Thread #2

Architectural Architectural
Register Set #1 Register Set #2

Scheduler

Register Files, Execution Units




2.1.4 Further details relating the Zen core (5)

The Zen die [8]

() periger

vt —
} 0008 OO0
j_f

R

Jore

Scheduler

$ Floating s CALUS
~ Point

lata' Cache »



2.1.4 Further details relating the Zen core (6)

Implementation of functional units on the Zen die [10]

Neural Net Prediction — o ==emeh " e EEEE T ] Instruction Cache

512K L2 Cache
Decode

Scheduler

Load/Store

Data Cache




2.2 The Zen+ core



2.2 The Zen+ core (1)

2.2 The Zen+ core
Improvements yielding from the 12 nm technology [74]

First 12nm Process
In 2" Gen AMD Ryzen™ CPUs

Improved transistor performance
Top clockspeeds lifted by ~250MHz (4.35GHz)

All-core overclocks now around 4.2GHz*

~50mV vcore reduction at any clock




2.2 The Zen+ core (2)

AMD’s use of the 12LP (Low Power) technology
(shown as an example while implementing a part of a datapath) [74]

(1LI[TT]

FAAINNLY I BT

« While employing the 12LP technology AMD implemented the refreshed Ryzen DT
line on the same die size (213 mm?2) and made use of the same number of
transistors (4.8 billion) as in their original design.

« As a consequence, with reducing the feature size the dark silicon (unused silicon)
area has grown.

« Since dark silicon acts as a thermal buffer between high-consumption parts of the
die it improves the thermal behavior of the die. X



2.2 The Zen+ core (3)

Benefits of the 12LP technology according to AMD [74]

« The new Ryzen 2000 series processors draw about 11 % less power than the
Ryzen 1000 series models at the same clock frequency.

« It results about 15 % more performance at the same power.



2.2 The Zen+ core (4)

Benefits of the 12LP technology vs 14 nm technology in cache latencies
as given by AMD [74]

« 13% lower L1 latency (1.10ns vs. 0.95ns)

« 34% lower L2 latency (4.6ns vs. 3.0ns)

« 16% lower L3 latency (11.0ns vs. 9.2ns)

« 11% lower memory latency (74ns vs 66ns at DDR4-3200)
« Increased DRAM rate (DDR4-2666 vs. DDR4-2933)



2.2 The Zen+ core (5)

Contrasting cache latencies in AMD’s 1000 and 2000 series Ryzen DT

processors [74]

Core Clocks
(WY
o
o

[
o

AMD Ryzen Cache Clocks

ANANDIECH

L1

Ryzen 7 2700X

— N < 0

—Ryzen 5 2400G
- —Ryzen 7 1800X

128
256
512
1024
2048
4096
8192
16384
32768
65536

Stride / KB




2.2 The Zen+ core (6)

Contrasting cache latencies of AMD’s and competing Intel’s DT models [74]

10

Latency / ns

SANANDIECH

Cache Latency

0
™~
Lo |

Stride

-+Ryzen 7 2700X
~—17-8700K

256
512
1024
2048
4096
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2.2 The Zen+ core (7)

Contrasting IPC figures of subsequent DT models [74] -1

140%
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® R7 2700X
® R7 1800X
= A12-9800

GB4 1T
GB4 nT

(12 nm)
(14 nm)

A12-9800:
Excavator-based
(28 nm)

As the Figure shows the R7 2700X provides on average only a few % (about 3 %)
higher IPC than the preceding R7 1800X.



2.2 The Zen+ core (8)

Contrasting IPC figures of subsequent DT models [74] -2
This about 3 % IPC boost is increased by

« about 6 % average clock frequency gain and
« by a few % gain due to Precision Boost 2 and XFR2

and results in an average performance gain of about 10 % over the previous DT
generation.



2.2 The Zen+ core (9)

Performance gain in subsequent Zen-based lines expected by AMD [74]

CAGR: Compounded Annual Rate of Growth

(Compounded: year/previous year)



2.3 The Zen 2 core



2.3 The Zen 2 core (1)

2.3 The Zen 2 core

Introduced in 11/2018.
Based on 7 nm technology from TSMC.

First processors with the Zen 2 core inside are the Rome servers, AMD already
started sampling EPYC 'Rome' processors to enterprise customers in 11/2018.
Key features

Doubled FP and load/store performance through 256-bit execution units and
datapaths,

half the energy per operation through 7 nm feature size vs. 12 nm.



2.3 The Zen 2 core (2)

Front-end enhancements [93]

NEXT INSTRUCTION COUNTER I
ENHANCED BRANCH PREDICTOR \

PREFETCH IMPROVEMENTS MICRO-TAGS

INSTRUCTION CACHE IMPROVED OP-CACHE
Larger OP-cache




2.3 The Zen 2 core (3)

Load/store- and FP execution enhancements [93]

The Zen 2 core has 256-bit Load/Store and FP execution units and datapaths that is
twice as wide than implemented in the Zen core.

MICRO-OF DISPATCH

FLOATING POINT SCHEDULER 256-BIT LOAD STORE 256-BIT LOADS

256-BIT FLOATING POINT REGISTER FILE

FORWARDING MUXES

Load/Store and FP execution in the Zen 2 core [93]




2.3 The Zen 2 core (4)

For comparison: Block diagram of Load/Store- and FP-execution in Zen [15]

4 Micro-op Dispatch 8 Micro-op FLOATING POINT

Retire

¥ ¥ ¥ ¥
192 E .
NSQ Retire un:;-e 2 Level Scheduling Queue

. 160 entry Physical Register File
8 Wide Retire
1 pipe for 1x128b store

4= 128 bit
sQ LDEVT | . cads

l l Accelerated Recovery on Flushes

160 Entry Physical Register File T P SSE, AVX1, AVX2, AES, SHA, and legacy

mmx/x87 compliant

Forwarding Muxes 2 AES units
Yy Yy Yy Yy

MULD ADDO MUL1 ADD1

There are 128-bit Load/Store and FP-execution unit as well as datapaths.




3. The 4-core CCX building block



3. The 4-core CCX building block (1)

3. The 4-core CCX building block -1

Basic building blocks of AMD's Zen-based processors

4-core CCX [9] 8-core Zeppelin module [10]

I

Zen core [8] I
(Core CompleX) I 2x CCX

I

(:;l,,': Jl” m-;f"?




3. The 4-core CCX building block (2)

The 4-core CCX building block -2 [16]
« The 4-bit CCX (CPU-Complex) is the basic building block of Zen-based
processor lines.

« Each core has a private 512 kB L2 cache whereas all 4 cores share an 8 MB
L3 cache that is split into 4 slices (see Figure) by low-order address interleave.

« Itincludes 1.4 billion transistors implemented on a die area of 44 mm?

Figure: The CCX building block [16]



3. The 4-core CCX building block (3)

The 4-core CCX building block -3 [15]
« The L3 cache is mostly exclusive to the L2 cache, it is actually a victim cache
for the L2 cache.

 Due to the internal crossbar interconnection (see previous Figure), each core
can access each L3 cache segment with the same average latency.



3. The 4-core CCX building block (4)

Block diagram and die photograph of the CCX Core CompleX [15], [59]
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3. The 4-core CCX building block (5)

Comparing AMD's CCX (a) and ARM's MPCore (actually Cortex-A 73) (b)

Core |

NEON™

Cortex-A73 core SIMD engine
ARMv8.0 CPU Floating
point unit

64kB LI |-cache 32kB-64kB LI D-cache

scu Shared L2 cache (256kB~8M8)
optional ECC

128:bit AMBA" 4 AXI4 or ACE

a) (2017) b) 2016) [55]

ACP: Accelerator Coherence Port AMBA: Advanced Microcontroller ACE: AXI Coherency Extensions

(to connect non-cached Bus Architecture AMBA4 cache coherent interface
coherent data sources) (On-chip bus standard (Used in big.LITTLE systems
SCU: Snoop Control Unit for SoC) designs) for smartphones, tablets, etc.)

(Provides coherence
within the the processor)

ECC:  Error Correcting Code

AXI4: Advanced eXtensible Interface
(Not cache coherent interface) %



3. The 4-core CCX building block (6)

Comparing ARM's MPCore (Cortex-A73) (a) and DynamIQ core clusters (b)

Core |

NEON™ . \3‘
Cortex-A73 core SIMD engine '
ARMv8.0 CPU Floating
point unit
32kB-64kB LI D-cache

Cortex-A75 Cortex-A55
32b/64b Core 32b/64b Core

I Private L2 cache . . Private L2 cache .

Peripheral Port Async Bridges

AMBAA ACE Shared L3 cache

Shared L2 cache (256kB~8M8)
SCuU 5
optional ECC

DynamlQ Shared Unit (D5U)

128:bit AMBA" 4 AXI4 or ACE

T 1 mmm |
(a) (2016) [55] B ennn HE asss | gy ==
1b+7L 2b+6L
Ab+AaL
. ] T
= - T - 1
1b+2L 1b+32L 1b+4AL

(b) (2017) [56]

« ARMv8.1 support, e.g. Cortex-A53/ + ARMv8.2 support, (Cortex-A55/75), up to 8 cores
A57/A72/A73, up to 4 cores

« Shared L2 cache

« Shared L3 cache, partial L3 cache power down,
» Private L2 caches



4. The Zeppelin module



4. The Zeppelin module (1)

4. The Zeppelin module

Basic building blocks of AMD's Zen-based processors

8-core Zeppelin module [10]
2x CCX

Zen core [8] 4-core CCX [9]
(Core CompleX)

T e




4. The Zeppelin module (2)

The Zeppelin module
It is based on two CCX blocks connected together by the Infinity Fabric, as seen below.

Ryzen 7(Summit Ridge)
Zen CCX Zen CCX
CPU |CPU | CPU | CPU CPU |CPU |CPU |CPU
USB 3.1 Core |Core | Core|Core| |Core|Core|Core|Core
Gen1 x4 usBe
L3 Cache 2 Channel
g28-blt)
=B DR4
33 o DDR4 21.355;93@
PCI Express Gen3 z b | Ko g | Unified g Controllet
X16(2x8) > - . i Rl |
. Infinity Fabric{Scalable Data Fabric) ntrollen=== pors | |.. ..
n ngh S Dp=s .l 128 bis) 21.3GBi
= Speed i Z8 b “e- [Controllers———— DRAM
10 .
2 SATA + PCle x2 24 tanes 256-bit/cycle uMcC THox 20
or Enabled
2 SATA + NVMe 1x2{ g 29.9-42.7GBlsec
or
NVMe 1x4
T
) B
=<
PCl Express
x4
x8 Gen2 r—
X370 USB USB 3.1 Gen1 x6
4 SATA Chipset —
or 1o USB 2.0 x2
! SATA Express .

Figure: Block diagram of the Zeppelin module based Ryzen processor [17]



. The Zeppelin module (2b)

Embedding the Zeppelin module into a Threadripper or Epyc processor [88]

IFIS/PCle® mm F SCF | =T
I ]
:

CCX
T ool | CAKE || CAKE

L3

Infinity Fabric
Scalable Data Fabric
plane

Southbridge

10

Complex

SATA PCle

IFIS/PCle/SATA

iE Imternational Solid-State Circuits Conference

2.4 “Zeppelin™: an SoC for Multichip Architecturss

CAKE. The Coherent AMD socKet Extender
IFSCF: IS Scalable Control Fabric
SMU: System Management Unit (microcontroller)

UMC:

IFOP
IFIS:

Unified Memory Controller

: IF On-Package interconnect links

IF Inter-Socket interconnect links



4. The Zeppelin module (3)

The server first nature of the Zeppelin module [18]

AMD designed the Zeppelin module for the server market, but they utilize
it also as a modular building block for their consumer (Ryzen) and HED
(Threadripper) lines, as indicated in one of the preceding Figures.



4. The Zeppelin module (4)

Die photograph of the 14 nm Zeppelin die (Ryzen die) [78]




4. The Zeppelin module (5)

Floorplan of the 14 nm Zeppelin die (Ryzen die) [77] -1

4xSouth-
4x USB 3.1 Gen 1 bridge

FIs/PCle® [IIFORT] [ TIFOPT]

Zen —an

Zen Zan

IFIS: Infinity Fabric InterSocket/PCle Gen 3 x16
IFOP: Infinity Fabric On-Package x4




4. The Zeppelin module (6)
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5. The Infinity Fabric



5. The Infinity Fabric (1)

5. The Infinity Fabric (IF)

« The IF is AMD's recent interconnection fabric used for linking system units
in @ cache coherent way and provides also system wide control functions,
such as power management or system security.

« It is the evolution of the HyperTransport bus, it is similar to Intel's QPI or UPI
interconnection technology or ARM's CCN (Cache Coherent Network).

« The Infinity Fabric consists of two key parts, a Scalable Control Fabric, and a
Scalable Data Fabric, as seen in the next Figure.

Scalable Control Fabric

P | e

Security and Encryption , advanced

Power management

e i CPUs/GPUs/Accelerators
Test and initialization HyperTransport

Quality of Service 8 8 8 8 8 8 8 8 8 . Lt()):jvs|atency

Scalable Cata Fabric standardized

8 8 8 8 interfaces

Memory

Figure: AMD's Infinity Fabric [19]



5. The Infinity Fabric (2)

AMD's Infinity Fabric in the Ryzen chip in more details [41]

DFT
FUSEJ smunoJ ThermalJ CLKJ LAl
1 1 1 I i
SCALABLE CONTROL FABRIC (SYSTEM MANAGEMENT NETWORK + DFT + DFD) ]
= — o B [ |
USB x1 PHY J USB3 x4 WAFL PCS]
USB 1 PHY JUSB = | WaRL posl 2 E126 PHY |
USBxi PHY {PCS HD Audio
USB x1 PHY | T
CPU Core Complex Ly
4x (Core + ﬂp,l (_S_M U,J)
S12KiB L2 + Ethernet x4 } Ethermnet PCS}
2MiB shared L3 slice) — —_— x2 E12G PHY
SATA x8 x2 E12G PHY
CPU Core Complex (6Gbps capable) SATA PCS} x4 E12G PHY
i MPO (PSP) + CCP Vx4 E126 bHY)
512KIB L2 + FOESEISECE) I K4 E12G PHY
2MiB shared L3 slice) PCIE 8x16 ) - PCle PCS } = '_)
0/0) oo} o) oo l (Gen2 copanie) % X2 E12G PHY
zz| == == == SysHub ) SysHub ) PCIE 8x16 ) PCle PCS} @ txz E12G PHY
23l 23 23 2y B JH |2 ——rewres)| | [AEZSE)
2= == 2= <= SCH)e—/ACPI, eMMC. XCMIPCS}H— (x4 E12G PHY)
bttt = EGPIO xGMI PCS
ol o)l o) e SDP Mux/Demux ) '
22| 2] | AGPIO, 12C, ,
=l 3| =2l = 10 HUB IOMMU LPC.RTC. UMC |MEM PHY W/ECC)
SMBus, SPI/ y
w w ’ ]
® 73 I i, UMC |MEM PHY w/ECC)
— I

SCALABLE DATA FABRIC |

SMUIO: System Management Unit I/O registers

DFT/DFD: Design for Test and Debug



5. The Infinity Fabric (3)

The Scalable Control Fabric -1

The Scalable Control Fabric is responsible for the system wide
« Power management

« Security and Encryption

« Test and initialization

« Quality of Service,

as indicated below.

ABRI¢ — Scalable Control Fabric

Power management 8 8 8 8 8 8 8 8 8 « Coherent

Security and Encryption CPUS/GRUs /Actelerators advanced

Test and initialization HyperTransport

Quality of Service 8 8 8 8 8 8 8 8 8 . Lt;l\jvs|atency

standardized
interfaces

Scalable Data Fabric p—

8 8 8 8

Memory

Figure: AMD's Infinity Fabric [19]



5. The Infinity Fabric (4)

The Scalable Control Fabric -2

« The Scalable Control Fabric incorporates central control elements, and
remote embedded elements dispersed in all blocks of the SoC.

« The remote elements are mainly sensors monitoring temperature, speed and
voltage, their data is fed into the central control element and allows to
optimize power management in a closed control loop, as seen in the
next Figure and detailed in Section 7.



5. The Infinity Fabric (5)

Principle of the operation of the Infinity System Control Fabric [3]

Control algorithms for AVFS Over 1000 sensors per CCX

Precision Boost and Distributed
Pure Power Control Embedded Sensors

Infinity System
Control Fabric

!

Infinity System
Management Unit

Source: AMD

The system may be customized
by choosing the proper balance between
performance and power consumption

For details see Section 7.



5. The Infinity Fabric (6)

The Scalable Data Fabric (SDF) -1

« The Scalable Data Fabric provides a high performance cache coherent data
pathway for interconnecting all system blocks.

« It is an evolution of the HyperTransport bus.

-5 Scalable Control Fabric

Power management
Security and Encryption
Test and initialization
Quality of Service

388883838838

CPUs/GCPUs fAccelerators

83388882388

Scalable Data Fabric

8 8 3 8

Memory

Figure: AMD's Infinity Fabric [19]

Coherent
advanced
HyperTransport
bus

Low latency

standardized
interfaces




5. The Infinity Fabric (7)

The Scalable Data Fabric (SDF) -2

It interconnects ¢« CCX building blocks within a die (not seen in the Figure)
« different dies within a socket (designated as CPUs in the Figure),
* both sockets of a 2S5 server or even further sockets.

as detailed subsequently.

SOCKET SOCKET

Package

CPU CPU CPU

3 S| 00 e 3| o0

CPU

#. (X FABRIC FRLEEEN
8 8 8 8

CPU CPU CPU

Infinity imaie 5 At d (o Che Frotocol: On Die, Die-to-Die Flexible Multi-Die
Efficent’y Txtendd Uavird the Sol and Socket-to-Socket Solutions

Figure: Concept of the SDF [19]



5. The Infinity Fabric (8)

a) Interconnecting two CCX building blocks within a Ryzen chip [20]

2m L3M
512K imB

22M L3m
512K MR




5. The Infinity Fabric (9)

Interconnecting CCX building blocks and other units within a Ryzen chip [17]

USB 3.1
Gen1 x4

AHd

Ryzen 7(Summit Ridge)

Zen CCX

Core |Core | Core | Core Core
L3 Cache

PCI Express Gen3
X16(2x8) {

2 SATA + PCle x2

AHd

IO Hub ===

= 5=
= i e

So<

2 Channel
128-bit)
DR4

Infinity Fabric{Scalable Data Fabric)

or
2 SATA + NVMe 1x2{

AHd

or
NVMe 1x4

PCI Express
x4

AHd

SDF: 256 bits/cycle
1333 MT/s (Mem. clock)

21.3GBlse
~~oRANT]
84-bit

PCl EXPreSS gl PCI Express
x8 3

4 SATA
or
2 SATA Express

——d

usB

Note: Bandwidth of 2 DDR4-2666 memory channels: 2x 8x 2666 MT/s = 42.667 GB/s

USB 3.1 Gen2 x2

USB 3.1 Gen1 x6
USB 2.0 x2

21.3GB’s
64-bit

1866-266
29.9427G

Bandwidth of the SDF: 256 bit x 1333 MT/s = 42.667 GB/s (bidirectional)



5. The Infinity Fabric (10)

Conceptual layout of the Infinity Fabric (IF) in the Zeppelin die [88]

CCX Core Complex

o0/ Cache-Coherent Master
/O Master/Slave

10 Coherent AMD
SDF Transport Layer SocKet Extender

Unified Memory IFIS or IF Inter-
Controller Umc IFOP to Socket SerDes

LBl |F On-Package
SerDes

IFOP: IF On-Package interconnect links
IFIS: IF Inter-Socket interconnect links
SDF implements a crossbar-type on-die interconnect.

SerDes: (Serializer/Deserializer) interface to another chip within the system



5. The Infinity Fabric (11)

SDF local memory access [88]

Latency to local memory: ~90ns

SDF Transport Layer

10
Complex

IFIS or
IFOP to
off-chip



5. The Infinity Fabric (12)

SDF remote memory access to on-die or off-die accessible memory [88]

CCX CCX

Latency to memory i Kl Latency to other memory
attached to other socket ~CM CCM within socket: ~145ns

single hop): ~200ns
snae nop N i

FIS (g CAKE g SDF Transport Layer Gy CAKE g IFOP

FIS M cake B °”r.'f$;“p°rt

Other socket “
die DDR4 &= UMC

* See Endnotes for additional system configuration details

SDF;jL'f"’”"‘ M CAKE M= FO?

Same package
die



5. The Infinity Fabric (13)

Comparison: Intel’s and ARM’s on-die interconnects -1

Topology of on-die interconnects

. TS T T T T T T T T T >
Shared bus Crossbar-based
based interconnects = interconnects —
Higher
performance

for higher nc

M --- | Per./IO
M -- Per
Examples
Intel Nehalem (CC, on QPI, 2008)
ARM AHB based SoCs PL-300 interconnect
(non CC, ~2001) [8] (non CC, on AXI3, 2004)

through the CCI 550 interconnect
CC: Cache Coherent (CC, on ACE, 2015)



5. The Infinity Fabric (14)

Comparison: Intel’s and ARM’s on-die interconnects -2

Topology of on-die interconnects

— Ring bus-based — 2D mesh-based
interconnect topology interconnect topology
Less cost Shorter
for higher nc access time
N N for higher nc R R R R LR R
€. Al A
I R+—+R R R R R
B 1Al
€L AL A
R R<—+ R R R "R
I I MC MC MC P P P
R R R<l—+ R R<—+ R
MC -——— Per.
MC MC MC P P P

CC: Core Cluster
A: Accelerator (e.g. GPU, NPU)
Examples nc: Core count

Intel Sandy Bridge (CC, on QPI, 2011) Skylake-SP for servers
(CC, UPI, 2017)
Knights Landing for Al, (2016)

ARM CCN-5xx interconnect for servers CMN-6xx Interconnect for servers
(CC, on CHI, 2012) (CC, on CHI, 2017) Fx



5. The Infinity Fabric (15)

Example: ARM's CCI-400 crossbar interconnect fabric [46]

/

< PMU Signals >

ACLK
ARESETnN

.

Configuration lnputs>

ACE ACE ACE-Lite ACE-Lite ACE-Lite
Slave Slave Slave Slave Slave
Interface | | Interface | | Interface | | Interface | | Interface
Sl4 SI3 +DVM | +DVM| | +DVM
SI2 Sl SI0
' <AXI Low-
MI2 MI1 MIO
\ ACE-Lite ACE-Lite ACE-Lite /
| Master Master Master |
Interface Interface Interface

nERRORIRQ
—

power Interfacé>

ACE: (AXI Coherency Extensions). ARM's coherent interface specification developed for
core clusters, introduced in 2011



5. The Infinity Fabric (16)

Example: ARM's CCN-504 ring interconnect fabric (dubbed Dickens) [47]

IXACE-LiteAXI4] 3y ACE-Lite/AXI4/ | 3XACE-Lit/AXM
AXI3slave ports AXI3 slave ports DDR3/4 x64 +ECC AXI3 slave ports

1 1l : 11

L3

EﬂXF’ XPk—PXF’ XP}(—PXPﬁg
< |2 4 2|
Q|2 L3 = 2| 2| supports 4 core
| clusters (up to 16
cores)
L3 Cache
Implementation
g | Nl & 768Ghps
{; - B atlE
| xp XP W= XP XF’}{—PXF’{
L3 RN RN-| MN Hlej
|
3x ACE-LitefaX|4/ l 3x ACE -Litef AXM/
AX13 slave ports DDR3/4x64 +ECC AXI3 slave ports

Remark: The Figure indicates only 15 ACE-Lite slave ports and 1 master port
whereas ARM's specifications show 18 ACE-Lite slave ports and 2 master ports.



5. The Infinity Fabric (17)

Example: Use of ARM's cache coherent CCN-504 interconnect in a server
system [49]

Virtualized Interrupts | Heterogeneous processors— CPU, GPU,
DSP and accelerators
Upto 4 cores Uniform
per cluster T Control System
. memory

‘ * Quad Quad Quad Quad
Up tod | Cortox- Cortex- Cortox- Cortex-

coherent Al15 A15 Al1S A15

| clusters ‘ L2 cache L2 cache L2 cache L2 cache i Mn“wm Upto 1“8
- 1 ---- ~ AMBA
. interfaces for
Integrated _ . /O coherent
L3cache |~ 8-16MB L3 cacho | sn"::" accelerators
| r '
e rr— e —— e e and IO
CorelLink™ CorelLink™
DMC-520 DMC-520
Dualchannel .~ ~ Wi e R T Y
DDR3/4 x72 x72 X72

DDRA4-3200 DDR4-3200
Peripheral address space



5. The Infinity Fabric (18)

b) Die-to-die interconnect in an Epyc server processor [21]

(Dies are Zeppelin modules)

INFINITY FABRIC: DIE-TO-DIE INTERCONNECT

= Fully connected Coherent Infinity Fabric
within socket

= Optimized low power, low latency MCM links
between die

= 47GB/sec bi-dir BW per link, ~2p)/bit TDP
= Single-ended, low power zero transmission

= |nfinity Control Fabric connected between dies

EEFEERIIIENTNITNT
FHEERUHEFHHHITTHITET

Purpose-built MCM links optimized for
power, bandwidth, and latency

| P~ ~ A

72 | AMDEPYC AMDZ1

Revealed in AMD's Epyc Launch event presentation, June 20 2017



5. The Infinity Fabric (19)

Die-to-die interconnect links, called IFOP (IF On-Package) interconnect links
e.g. in an Epyc server processor - detailed [7]

GO - G3: 4 x 16 SERDES lanes
(in each direction)
Used for socket-to-socket
communication or PCle 3.0 lanes

MA-MH: 8 x 64+8-bit DDR4
DRAM channels

oo: Die-to-die IF links (IFOP links)
32-bit per link per direction
interconnecting the chips
in a crossbar fashion
by single-ended signals
Differential clocking
(2 pl/bit)
4 transfers/mem. clock

oc
Q.
(]
g

PO - P3: 4 x 16 SERDES lanes
(in each direction)
Used to implement PCle 3.0 lanes

Bi-dir. BW/link for DDR4-2666: 2x 4 x 4 B x 1333 MT/s = 42.67 GB/s



5. The Infinity Fabric (19b)

Die-to-die interconnect through the IFOP (IF On-Package) interconnect link
within a package [43]

Die-to-die IF links (IFOP links)

- 32-bit per link per direction interconnecting the chips in a crossbar fashion by
single-ended signals (2 pJl/bit)

« Differential clocking

4 transfers/mem. clock



5. The Infinity Fabric (20)

Implementation of the IFOP (IF On-Package) interconnect links [88]

= 2pJl/bit power consumption

= Low-swing, single-ended data for ~50% of power of an equivalent
differential driver

= Zero power driver state Chip | mcw | hie
during logic 0 transmit Data IRoutesI

Transmit | . Data

—_ Transmit{receive Transmit % river | Il'e?;fsg't?o Receiver
) ) . Termination| | |
Impedance termination to # 10f N
)|

ground while driver pullup |

I
s disabled | ;
— Also applied during link idle Eck : : }E
I
I

= Data bit inversion Transmit | Receiver

Driver

encoding saving 10%  _ _ _ - b e e e e —.
average power per bit



5. The Infinity Fabric (20b)

Implementation of the

IFOP (IF On-Package)
interconnect links for
both directions [87]

T S i

SoC Die i Module (MCM) | SoC Die
Interconnect
& Data Transmit Recaiver
J_ Driver ‘ ~
Transmiit 3 . : MCM Channels
Term:nsccl ‘ ] =
:)_ { [ [ Receive =
R I xNSingle ended | Termination =
‘ -
L data lanes 1 |
v Clock
| T Delvery
Clack " - < Clock
~Jransmitter f; -».‘__RECE?\E‘
| | :
1 }7 .
Unidirectional e
R AR AR AR SN AR A R R S R 5.t RPN OSSN IR PPRIN,
.............................................................................................................
Receiver ‘ ‘ Data Transmit T |
_1 ‘ X Driver )
i MCM Channﬂc—s P $ Tranamit
& L | Tegminaton
N ) [
> ‘ ‘ ~, 3
% = . z
I = Recsve | xNSingle ended | ¥ 7
] yermwaton | data lanes

Clock : |
Deljery Clock ] | | Clock

Receiver 4 ransmitter -

|
) 1 |
Unidirectional
........................................ PHY



5. The Infinity Fabric (21)

c) Socket-to-socket interconnect links, called IFIS (IF Inter-Socket)

interconnect links in a 2S Epyc server [21]

INFINITY FABRIC: SOCKET-TO-SOCKET INTERCONNECT

= 4 links between sockets in 2P e T g

— Each CPU die connected to peer die on second socket
- 2-hop maximum system diameter

= 38GB/s bi-dir BW per link, 152GB/s
between sockets, ~9pJ/bit TDP

= |nfinity Control Fabric connected
between sockets

LOW POWER, HIGH BW
2x Maximum socket-to-socket links vs E5-2699v4*

Revealed in AMD's Epyc Launch event presentation, June 20 2017



5. The Infinity Fabric (21b)

Socket-toSocket interconnect through the IFIS (IF InterSocket) links
between two packages [43]

Socket-to-Socket IF links (IFIS links)

4x16 lanes per direction, 8 transfers/memory clock

Differential signaling, (9 pl/bit according to [43] or 11 pl/bit according to [87])
In-band CRC, 8/9 bandwidth

BW for DDR4-2666: 8/9x 8x 2B x 1333 MT/s 2 (bi-dir.) = 37.92 GB/s



5. The Infinity Fabric (22)

Socket-to-socket interconnect links, called IFIS (IF Inter-Socket)
interconnect links in a 2S Epyc server — detailed [43]

4x 16 lanes per direction, 8 transfers/memory clock
Differential signaling, (9 pJ/bit according to [43] or 11 pl/bit according to [87])
In-band CRC, 8/9 bandwidth
BW for DDR4-2666: 8/9x 8x 2B x 1333 MT/s 2 (bi-dir.) = 37.92 GB/s
37.9 GB/s

bidir.

37.9 GB/s
bidir.

37.9 GB/s
bidir.

37.9 GB/s
32 lines each, single ended signaling bidir. GMI: Global Memory Interconnect
(2 pJ/bit) SDF: Scalable Data Fabric


https://en.wikichip.org/wiki/File:amd_infinity_fabric_dual-socket(4_dies).svg
https://en.wikichip.org/wiki/File:amd_infinity_fabric_dual-socket(4_dies).svg
https://en.wikichip.org/wiki/File:amd_infinity_fabric_dual-socket(4_dies).svg

5. The Infinity Fabric (23)

Balancing bandwidths in a 2S Epyc server chip with DDR4-2667 [21]

OO Fabric BW (bidir) = 27.9 CE/s per 2B link
Bisection BW: 4*37.9 = ~15 '

'
\I
( Ly
| @
N c
— [ =
/ o
( e
~
=
€
al

StauLey) Aloluaiy &

S[AUUCL) MoWaw t

-'- .
!
e 7~ |

i l
| 3

|

OO Fabric BW (bidir) = 42.6 CB/s per 4B link
P
Bisection BW: 4*42 6 = ~1700LB /s ——

Memory BW = 27.2 LB/s per channel, ~1700CE /s per socket

Revealed in AMD's Epyc Launch event presentation June 20 2017



5. The Infinity Fabric (24)

I/O (PClIe 3.0) links provided by a 1S server [21]

C x16 D
C x8 ) € X8 )
@ x4 x4 D ¢ x4 D ¢ x4 D

= 8 x16 links available in 1and 2 socket systems DRDD BHOB DOOD B DD

- Link bifurcation support; max of 8 PCle® devices per x16

= 32GB/s bi-dir bandwidth per link, 256GB/s per socket

" |ntegrated SATA support

Architected for Massive /0 Systems I

s
with Leading-edge Featureset E G G

GO DT GG @2 @2
GDDEDED GREDEDED GDEDGDED GDGD GDED
GIGDGARD GDXD GIGD




5. The Infinity Fabric (25)

Latency and bandwith of IF links in EPYC processors [21]

EPYC (Naples) Thread Ping Connections

Within A Core 26 ns -
Core-to-Core, Same CCX 42 ns -
Core-to-Core, leferent CCX, 142 ns )
Same Die
Die-to-Die, Same Package ? 42.6 GB/s
Die-to-Die, Different Socket, =
One Hop : 37.9 GB/s
Die-to-Die, Different Socket, 5
Two Hops : 37.9 GB/s
Core to DRAM, Same Die 90 nm 42.6 GB/s
Core to DRAM, Different Die 145 ns 42.6 GB/s
Core to DRAM, Different
Socket, One Hop 200 ns 37.9 GB/s
Core to DRAM, Different 2 37.9 GB/s

Socket, Two Hops

Bandwidth: bidirectional



5. The Infinity Fabric (26)

Latencies and bandwidth in Intel's Skylake and Kaby Lake processors [22]

Core-To-

Core-To- Average
Intra-Core Core
Processor Latenc Core Average Transfer
y Latency g Bandwidth
Latency
Core i9-
7900X Skylake-X 10 14.5-16ns 69.3 - 82.3ns  75.56ns 83.21 GB/s
Core i9-
7900X @ Skylake-X 10 16 - 16.1ns 76.8 -91.3ns  83.93ns 87.31 GB/s
3200 MT/s
Core i7- 13.5-15.4ns 54.5 - 70.3ns 64.64ns 65.67 GB/s
6950X Broadwell-E 10
Core i7- 14.7 - 14.9ns 36.8 - 45.1ns 42.63ns 35.84 GB/s
7700K Kaby Lake-S 4
Core i7- 16 - 16.4ns 41.7 - 51.4ns 46.71ns
6700K Skylake-S 4 32.38 GB/s

Intra-core latency quantifies latency between threads that are resident on the same physical
core, while the core-to-core figures reflect thread-to-thread latency between two physical cores.

Core 19-7900K is most comparable to the 10-core Core i7-6950X, but the four-core models
are also included as a reference point.

6xxx models belong to the Skylake line, 7xxx models to the Kaby Lake line.



5. The Infinity Fabric (27)

DDR + IFOP (IF On-Package) routing [88]

= \ertical and Horizontal IFOP: 2 layers each
« Diagonal IFOP: 1 layer each Layer A Layer B
- DDR channel:1 layer each




5. The Infinity Fabric (28)

DDR + IFIS (IF Inter-Socket) package routing [88]

= DDR channel: 1 layer each
« |FIS links: 2 layers each




6. The Ryzen desktop lines

6.1 Ryzen desktop lines without integrated GPU

6.2 Ryzen desktop lines with integrated GPU

Only Sectic




6. The Ryzen desktop lines (1)

The Ryzen desktop lines

Ryzen desktop lines

I !

Ryzen desktop lines Ryzen desktop lines
without integrated GPU with integrated GPU
Section 6.1 Section 6.2
] ] ¢ L
1. gen. 2. gen. 3. gen. 1. gen.
Summit Ridge Pinnacke Ridge Matisse Raven Ridge

Section 6.11 Section 6.1.2 Section 6.1.3 Section 6.2



6.1 Ryzen desktop lines without integrated GPU

6.1.1 The 1. gen. Ryzen desktop line without GPU (Summit Ridge)
6.1.2 The 2. gen. Ryzen desktop line without GPU (Pinnacle Ridge)

6.1.3 The 3. gen. Ryzen desktop line without GPU (Matisse)

Only Section 6.1 will be discussed




6.1 Ryzen desktop lines without integrated GPU (1)

® R en de op s 0 egrated - D4
2017 2018 2019
Summit Ridge Pinnacle Ridge | Matisse
(Desktop no GPU 14 nm) |(Desktop no GPU 12 nm) |(Desktop no GPU 7 nm)
4 Up to 16 Zen Threads « Summit Ridge architecture 4 Zen2 Cores
DeSktOp CPU P Socket AM4 | 4 Performance uplift 4 Socket AM4
: | 4 Socket AM4
Bristol Ridge Raven Ridge Picasso
(Notebook APU 28 nm) Desktop APU 14 nm Desktop APU 7 nm
Desktop/Notebook ‘ 1 ’ e i )

4 Excavator CPU
k APU 4 Polaris GPU
4 Socket AM4 desktop

Socket FP4 notebook

Up to 8 Zen Threads
Up to 11 Vega CU’s

Socket AM4 desktop
Socket FP5 notebook

LN T N

« Raven Ridge architecture
4« Power/Performance uplift
4 Socket AM4 desktop
4 Socket FP5 notebook



6.1.1 The 1. gen. Ryzen desktop line without GPU (Summit Ridge)



6.1.1 The 1. gen. Ryzen desktop line without GPU (Summit Ridge) (1)

6.1.1 The 1. gen. Ryzen desktop line without GPU (Summit Ridge)
« The 1. gen. Ryzen desktop line without GPU is the Summit Ridge line.

« Launched in 3/2017 (Ryzen 7)
4/2017 (Ryzen 5)
7/2017 (Ryzen 3)
« AMD introduced the Ryzen processors at their AMD Tech Day in March 2 2017
by saying proudly:

"We are AMD, creators of Athlon, Radeon and other famous microprocessors. We also power
the Xbox One and PS4. Today we want to talk RYZEN, our new high-speed CPU five years in

the making" [60].

« Ryzen processors include a single Zeppelin die, called also the Ryzen die, which is
built up basically of two CCX complexes interconnected by the IF (Infinity Fabric),

as seen in the next slides.
« Models of the Ryzen desktop line are designated as Ryzen 7/5/3 1xxx.

« They are unlocked.
« They have AM4 socket (1331).



6.1.1 The 1. gen. Ryzen desktop line without GPU (Summit Ridge) (2)

The increased maximum core count of the Ryzen desktops

Until introducing the Ryzen desktop line desktops provided up to 4 cores, as the
Figure below indicates.

.,

=
NN

10 Years of Quad Core For Desktops D Suddenly Six

WS =

Figure: Increasing the maximum core count along with the introduction of the
Ryzen desktop line [66]

« The Ryzen desktop line provides up to 8 cores.

« Subsequently, also Intel raised the max. core count to 6 in their 7. gen. Kaby Lake
Refresh desktop line in Q3 2017 to cope with AMD’s Ryzen line for MT workloads.



6.1.1 The 1. gen. Ryzen desktop line without GPU (Summit Ridge) (3)

Positioning AMD's Zen-based Ryzen desktop lines

AMD's Zen-based processor lines

o e
Ryzen Mobile | Ryzen : ThreadRipper Epyc
(Mobil) I (DT) : (HED) (1S/2S server)
Single CCX + I Zeppelin chip I 2 Zeppelin chips _ 4 Zeppelin chips
Vega GPU : (2x CCX, no GPU) Interconnected by the IF, interconnected by the IF,
I Implemented as an MCM implemented as an MCM
!
!
I I 2-161. § 2x16 PCle
I : = Zen L2 4 L2 Zen Q
I I § % zen L2/ L2 Zen
| : % 2 Zen 12 o L2 Zen E
I Il & Zen L2 L2 Zen
) I ; Coheront Links
I B
I é I B Cohwrant Links Coheront Links
I = | ol B Zen t2) o Zen L2 L2 Zen B
Coherent Links I Zen L2 % zen 12/ 12 Zen
: 2
I I Zen L2 aM ,:. Zen L2 M L3 Zen i
| I Zen L2 5 zen 12/ 12 zen
I 2x16 PCle x16 PCin
!
!
!
I 26 PCle 2x16 PCle
I > Zen L2 M L2 Zen = Zen L2 M L2 Zen .
| % zen 12902 zen 18 % zen 12202 zen B
I i g Zen L2 F L2 Zen
) .i-' Zen L2 A L2 Zen &
I Coherent Links Coherent Links

Drawings based on ['1'1]' _______ -



6.1.1 The 1. gen. Ryzen desktop line without GPU (Summit Ridge) (4)

Basic layout of AMD's Zen-based Zeppelin chip [20], [10]

. o LIl
e AR i aananand ERAEE
e e pp— g

4.8 billion transistors, 192mm? die




6.1.1 The 1. gen. Ryzen desktop line without GPU (Summit Ridge) (5)

Block diagram of AMD's Zeppelin chip [17]

2 Channel
128-bit)
DR4

21.3GBlse
~~oRANT]
84-bit

Ryzen 7(Summit Ridge)
Zen CCX Zen CCX
USB 3.4 Core |Core | Core | Core Core | Core | Core | Core
Gen1 x4 usB
L3 Cache L3 Cache
o vk
PCI Gen3 E: s | e , ad B
X16(2x8) e ] > ;
- 10 Hub Infinity Fabric{Scalable Data Fabric) T
= High 037 coe= | DDR4
z @58 o) = fControlle
2 SATA + PCle x2 2E4=nes 256-b |
or nabied -hi
ZSATA+NVMe1x2{ g 56-bit/cycle
or
NVMe 1x4
v
.:
<
PCI Express
x4
PCIE PCI Express e USB 3.1 Gen2 x2
x8 Gen2 P—
X370 USB e USB 3.1 Gen1 x6
4 SATA Chipset ———
p> o USB20x2
2SATAExpress |

21 %Bsﬁ |
64-bit DRAM
1866-266
29.9427G
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Main features of AMD's Ryzen desktop line introduced in 2017

Market segment

parch./Technology

Launched
models

Layout

Integrated GPU
Core count

SMT
Mem. channels/rate

PCIe 3.0 lanes

TDP
Socket
Chipset

AMD's Zen-based processor lines introduced in 2017

@-~ﬂﬂ~”~ﬂ-ﬂﬂ~g:::::;;7A::::::::gﬁ_—“‘-__““““‘~o

Ryzen Mobile APU
(Raven Ridge)

Mobile

Zen 14 nm

Ryzen 7 2700U
Ryzen 5 2500U

(10/2017)

CCX +
Vega 8/10

Yes
4

SMT
2xDDR4-2400
?7?

15 W
AM4 (1331)
SoC

e e e

Ryzen DT
(Summit Ridge)

Desktop platform

Zen, 14 nm

Ryzen 7 (3/2017)
Ryzen 5 (4/2017)
Ryzen 3 (7/2017)

Zeppelin die
with 2x CCX

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
No :
4/6/8 :

|

SMT I
(except Ryzen 3) :
|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

2XDDR4-2666

16xPCIe 3.0

65/95 W
AM4 (1331)

300-series

ThreadRipper
(Whitehaven)

HED

Zen, 14 nm

1950X/1920X/1900X
(8/2017)

MCM
(2x Zeppelin die)

No
8/12/16

SMT
4xDDR4-2666

60xPClIe 3.0

180 W
TR4 (SP3r2) (4094)
X399

Epyc
QERIES)

1S/2S server

Zen, 14 nm

Series 7000
(6/2017)

MCM
(4x Zeppelin die)
No
8/16/24/32

SMT

8xDDR4-2666

128 for 1S servers
64 for 2S servers

120/170/180 W
SP3 (4094)
No chipset, SOC
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Main features of the Ryzen and ThreadRipper lines [23]

AMD Ryzen SKUs

Cores/ Base/ DRAM PCle
Threads Turbo 1DPC

TR 1950X 16/32 3.4/4.0 +200 32MB 4x2666 180W  $999
TR 1920X 12/24 3.5/4.0 +200 32MB 4x2666 60 180W  $799
TR 1920%* 12/24 3.2/3.8 ? 32MB  4-Ch? 60 140W ?
TR1%00X_ __ __ Y16 _ _ _38/40_ _ 4200 _ 16 MB* 4x2666% _60_ _ 180Wr_ _$549

IRyzen 7 1800X 8/16 3.6/4.0 +100 16 MB  2x2666 16 95 W  $499 :

:Ryzen 7 1700X 8/16 3.4/3.8 +100 16 MB  2x2666 16 95W  $399 I

:Ryzen 7 1700 8/16 3.0/3.7 +50 16 MB  2x2666 16 65W  $329 :

IRyzen 5 1600X 6/12 3.6/4.0 +100 16 MB  2x2666 16 95 W  $249 :

:Ryzen 5 1600 6/12 3.2/3.6 +100 16 MB  2x2666 16 65W  $219

IRyzen 5 1500X 4/8 3.5/3.7 +200 16 MB  2x2666 16 65W  $189 :

:Ryzen 5 1400 4/8 3.2/3.4 +50 8MB  2x2666 16 65W  $169 |

:Ryzen 3 1300X 4/4 3.5/3.7 +200 8MB  2x2666 16 65W  $129 :

IRyzen 3 1200 4/4 3.1/3.4 +50 8MB  2x2666 16 65 W 109 |

Product specifications subject to change.


http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=AMD 1950X
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=AMD 1920X
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=AMD 1900X
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=Ryzen 1800X
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=Ryzen 1700X
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=Ryzen 1700
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=Ryzen 1600X
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=Ryzen 1600
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=Ryzen 1500X
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=Ryzen 1400
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=Ryzen 1300X
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=Ryzen 1200
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Infinity Fabric thread latencies in AMD's Ryzen line [24]

Processor

Ryzen 7 1800X

Ryzen 5 1600X

Intra-CCX Cross-CCX
Intra-Core Core-to-Core Core-to-Core
Latency Latency Latency
(same die) (different dies)

14.8ns 40.5-82.8ns 120.9 - 126.2ns

14.7-14.8ns 40.6-82.8ns 121.5-128.2ns

Cross-CCX
Average
Latency

122.96ns

123.48ns

Die-to-Die
Latency

Die-To-Die
Average
Latency

Average
Transfer
Bandwidth

48.1 GB/s

43.88 GB/s
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Interpretation of the Infinity Fabric latencies in the Table above [24]
Intra-core latency reflects the communication between two logical threads resident
on the same physical core, it is unaffected by memory speed.

Intra-CCX latencies quantify latency between threads that are on the same CCX
but not resident on the same core, it is also largely unaffected by memory speed.

Cross-CCX latency denotes latency between threads located on two separate CCX
building blocks.

Die-to-Die latency relates to latency between threads that are on different dies.
Ryzen line processors include only a single die so no Die-to-Die latencies can occur.
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Ryzen based system architecture [25]

4 x USB 3.1 Genl

Ryzen CPU
PCI Express 3.0 x4 PCI Express 3.0 x16

NVMe M.2 x4 x16 or x8/x8*
SATA x2 + PCIe/M.2 x2

PCle 3.0 x4

Up to 2 x USB 3.1 Gen2

Up to 6 x USB 3.1 Genl AM4 chipset
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Single-threaded performance per Dollar on CPU benchmarks [10]
(Only Ryzen 7 models are shown)

X
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Multi-threaded performance per Dollar on CPU benchmarks [10]
(Only Ryzen 7 models are shown)

x
(=
(=
S 1.00 | —— * i7-6900K
o~ ¢ 1700X ¢ i7-5960X
& ¢ 1700
S ¢ i7-7700K
= | . .
< 0.67 -
[+
Q 4 4
g @
(T
€ 0.33 + A10-7890K
é !
o
Q.
0.00
0 250 500 750 1000
OEM Price (SUSD)




6.1.2 The 2. gen. Ryzen desktop line without GPU (Pinnacle Ridge)



6.1.2 The 2. gen. Ryzen desktop line without GPU (Pinnacle Ridge) (1)

6.1.2 The 2. gen. Ryzen desktop line without GPU (Pinnacle Ridge)

Code-named as the Pinnacle Ridge line.
Launched in 4/2018 as the Ryzen 7 2700X/2700 and

Ryzen 5 2600X/2600
models.

The line is manufactured on the 12 nm technology (by GlobalFoundries).

These processors are unlocked.

They have AM4 socket.

The line is accompanied by new motherboards (400-series) but they remained
compatible with the previous 300-series motherboards.

The processors come bundled with AMD’s Wraith Spire cooler.
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Main features of the 2. gen. Ryzen desktop line

AMD's Zen/Zen+ based processor lines introduced in 2018

o/%v

Ryzen Mobil APU
(Raven Ridge)

Ryzen DT APU
(Raven Ridge)

Zen/14 nm

2.G Ryzen DT
© (Pinnacle Ridge) .

2.G ThreadRipper
(Pinnacle Ridge)

parch./tech. Zen/14 nm Zen+/12 nm

Ryzen 7 2700X
Ryzen 7 2700

Zen+/12 nm

Ryzen 5 2400G/GE 2990WX (8/2018)

Ryzen 3 2300U

Thogels  Rvmen322000  EGT50,050 | Ryzen 52600 | o0 (g0t
(GE: 42018) (4/2018) 2920X (10/2018)
Layout CCX + CCX + Zeppelin die MCM o
Vega 6/3 Vega 11/8 (2x CCX) (up to 4 Zeppelin dies)
Integrated GPU Yes Yes No No
Core count 2/4 4 2/4 Up to 32
(MuItitShIVII‘-eI:-aded) ngle-ll:n B SIVIRTygenrlmygOr SMT SMT

Mem. channels/ 2xXDDR4-2667 (G)

2xDDR4-2400 2xDDR4-2933 4xDDR4-2933

data rate 2xXxDDR4-2933(GE)
PCle lanes 27 77 16x PCle 3.0 60x PCIe 3.0
TDP 15 W 35/65 W 65/95/105 W 180/250 W
Socket FP5 (na.) AM4 (1331) AM4 (1331) TR4 (SP3r2) (4094)
Chipset SoC 300-series \\300/400-series/l X399
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Advantages of the 12 nm technology [65]

12nm Results

Improved performance per watt

Up to 11% lower power consumption
than 14nm at the same clock’

Up to 16% more performance than 14nm at
the same power and TDP’

Takeaway: 12nm clearly enables higher
perf/W in the 2" Gen AMD Ryzen™ stack

Power Draw
(At Same Clock)

-11%
i |

\
| |
|

Performance
(At Same Power)

Ryzen 5 1600X Ryzen 5 2600X

Cinebench R15 nT
Fixed 3.5GHz Clock

Ryzen 71700 Ryzen 7 2700

Cinebench R15 nT
Performance @ 65W TDP
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The Ryzen+ die [63]

THE “ZEN+”
ARCHITECTURE

~3% Greater 1T IPC*
Up to 16% Better L3 Cache Latency
Up to 34% Better L2 Cache Latency

Up to 13% Better L1 Cache Latency

Up to 11% Better Memory Latency

Versus AMD “Zen” architecture

Die size: 213 mm?, core count: 4.8 billion transistors.
This is the same data as for the previous Ryzen die.
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Comparing the 14 nm and the 12 nm technologies [63]

[1LI[TT]

FRiMAILY i

The 12 nm part has more dark silicon, that is beneficial for the thermal behavior.
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Main features of the Ryzen+ (Pinnacle Ridge) desktop models [63]

AMD Ryzen 2000-Series CPUs (Pinnacle Ridge)

| R Ryzen 7 2700 Ryzen 5 2600X Ryzen 5 2600

CPU Cores/Threads

Base CPU Frequency

Turbo CPU Frequency

TDP @ Base Frequency

L1 Cache

L2 Cache
L3 Cache

DRAM Support

PCle Lanes (CPU)

Price

Bundled Cooler

8/16

3.7 GHz

4.3 GHz

105W

I: 64K. D: 32K

512 KB/core
16 MB

DDR4-2933
Dual Channel

16 Free + 4 NVMe
$329

AMD Prism RGB

8/16

3.2 GHz

4.1 GHz

65 W

I: 64K. D: 32K

512 KB/core
16 MB

DDR4-2933
Dual Channel

16 Free + 4 NVMe
$299

AMD Spire RGB

6/12

3.6 GHz

4.2 GHz

95 W

I: 64K. D: 32K

512 KB/core
16 MB

DDR4-2933
Dual Channel

16 Free + 4 NVMe
$229

AMD Spire

6/12

3.4 GHz

3.9 GHz

65 W

I: 64K. D: 32K

512 KB/core
16 MB

DDR4-2933
Dual Channel

16 Free + 4 NVMe
$199

AMD Stealth


http://amzn.com/dp/B07B428M7F?tag=anandtech01-20
http://amzn.com/dp/B07B41717Z?tag=anandtech01-20
http://amzn.com/dp/B07B428V2L?tag=anandtech01-20
http://amzn.com/dp/B07B41WS48?tag=anandtech01-20
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Enhancements of the Ryzen+ desktop line vs. the previous Ryzen line

a) Precision Boost 2 technology

b) Precision Boost Overdrive (PBO)

c) XFR2 (Extended Frequency Range) technology
d) StoreMI technology
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a) Precision Boost 2 technology

Precision Boost 2 has been introduced in a number of series as follows:

« Ryzen mobile APU series (Zen (Raven Ridge)-based, 14 nm, 10/2017)

« Ryzen DT APU series (Zen+ (Pinnacle Ridge)-based, 12 nm 4/2018)

« 2. gen. Ryzen DT series (Zen+ (Pinnacle Ridge)-based, 12 nm, 4/2018) and
« 2. gen. ThreadRipper series, (Zen+ (Pinnacle Ridge)-based, 12 nm, 8/2018).
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Boost behavior in the Precision Boost technology

;

Up to two active cores

4.0 GHz

More than two active cores

Figure: Boost behavior of the

3.7 GHz

Ryzen DT and mobile lines [38]

,

Up to four active cores

4.0 GHz

More than four active cores

Figure: Boost behavior of the
ThreadRipper line (based on [38])
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Deficiency of the boost behavior of the implemented Precision Boost
technology [76]

« The step-like reduction of the boost frequency while entering more active threads
can unfavourable impact performance, especially in games.

In this case several additional threads could often be spawned in addition to the
one or two main threads and while the additional threads frequently do not
contribute as much to the performance they can cause the boost frequency
significantly drop.

« This could partly explain the moderate performance of AMD’s Zen-based
processors in certain gain titles and other benchmarks compared to Intel.

« In order to mend this deficiency AMD implemented a gradual decrease of the
boost frequency along with raising the number of the active threads in their
Precision Boost 2. technology, as discussed next.
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Concept of the Precision Boost 2 technology -1 [76]

NEW

Prec|s|0n Boost 2 Conceptual Boost Behaviors
In AMD SenseMI Technology X~

New opportunistic algorithm

Retires “n-core” v. “all-core” boost

°
o
o
Q
"
"4
o
9
O

Governed by CPU temperature, current, load

Seeks highest possible frequency from
environmental inputs, graceful roll off

Opens new boost opportunities for real

world nT workloads (e.g. games) Threads

=Precision Boost ===Precision Boost 2

25MHz granularity

https://www.bit-tech.net/blogs/cpu-frequency-boosting-could-be-the-hot-topic-of-2018/1/
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Principle of operation of Precision Boost 2 [83]

« Precision Boost 2 technology raises the clock frequency for any active core count
as much as given limits (defined by the factory boost settings) allow it.
« The limiting factors are

« SoC power ("PPT (Total Platform Limit”): the maximum amount of power the
CPU can draw before boost levels off (measured in watts)

 VRM current ("TDC Limit"): the maximum amount of current the motherboard
is allowed to deliver to the CPU after warming up to a steady-state
temperature before boost levels off

« EDC current Limit - Electrical Design Current, maximum peak current that
can be delivered by the motherboard' voltage regulator (VRM) for a short
time, as a spike

« Temp (°C): measured in degrees Celsius, the maximum temperature the CPU
die can reach before boost levels off.
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Conceptual view of implementing Precision Boost 2 [82]

Temp

FACTORY
BOOST RANGE

SoC VRM
power current

« The inner triangle illustrates the factory boost range settings, the blue circles
represent actual operating points of the key limiting factors.

« Clock frequency and core voltage of all active cores will be increased in 25 MHz
steps as long as one of the limiting factors reach the factory setting.
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Precision Boost 2 technology as implemented in the 2. gen Ryzen DT line [63

Boost behavior with Precision Boost 2
in the 2. gen. Ryzen Desktop line

Average Clockspeed 1T-16T
OCCT Application

2T 3T 47 5T 6T 71 88T "SI0 SEtsit20 137 14T 15T 16T
=@ Ryzen™ 7 2700X Actual Data Ryzen™ 7 1800X schematic

ee e e Precision Boost 2 Curve
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Power consumption of the cores while raising the number of active cores

in the Ryzen 7 2700X 2. gen. desktop [63]

FAMNAINDIECLH

Ryzen 7 2700X (4+4) Loading (W), 105W TDP

a7 6T 8T 10T 127
0 23.16 20.71 19.22 16.92 14,53 12.23 10.78 11.06
1 0.09 20.67 18.94 16.88 14.47 12.45 10.99 11.20
2 0.08 0.13 19.31 16.90 14.56 12.28 10.77 10.79
3 0.05 0.11 0.12 16.73 14.40 12.34 10.87 10.44
4 0.49 0.05 0.05 0.27 0.49 0.12 1.35 10.35
5 0.04 0.36 0.14 0.86 0.44 2.53 12.34 10.82
6 0.04 0.52 0.06 0.54 1.07 14.58 12.34 10.65
7 0.09 0.11 0.11 0.26 17.29 14.75 12.22 10.75
Total | 24.04 42.66 57.95 69.36 77.25 81.28 81.66 86.06

There are up to two active CCX units with up to 4 active cores/unit.
Green figures: not loaded cores - Yellow to red figures: loaded cores

Red figures appearing for few active cores indicate that in this case presumably
die temperature will constrain turbo clock frequency and determine the related
power consumption, whereas for yellow figures, seeing at many active cores,
the total power consumption limits clock frequency.
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b) Precision Boost Overdrive (PBO) [82]
It is a new feature of 2. gen. Ryzen DT and 2. gen. ThreadRipper processors,
aiming at increasing multihreaded performance.
It requires however the use of specific chipsets, as follows
* in case of the 2. gen. DT series the series 400 chipsets (X470/B450) or
« in case of the 2. gen. ThreadRipper series the X399 chipset
and the Ryzen Master overdrive utility release 1.3 or higher.

Unlike traditional overlocking while PBO is activated both Precision Boost 2 and
XFR2 (eXtended Frequency Range) remains enabled.
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Relative merit of PBO [81]

Effective Frequency

Precision Boost (1000 Series)

4 5

Number of Cores
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Principle of operation of PBO [83]

« When PBO is activated by means of the Ryzen Master overlocking utility the
factory settings that determine the operation limits of Precision Boost 2 will be
overwritten and the processor will operate outside the factory settings.

Temp Temp

FACTORY
BOOST RANGE

B2OST RANGE
WITH PBO

SoC VRM SoC VRM
power current power current

Figure: Conceptual view of extending the limiters of Precision Boost with PBO [82]

« Note that the temperature limit with PBO remains unchanged.
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Example for extending the limiters of Precision Boost with PBO [83]

For the 2. gen. Ryzen 2700X DT with 105 W TDP the default limits of
Precision Boost 2 are as follows:

« PPT (Total Platform Limit): 141.75 W
« TDC (Thermal Design Current): 95 A
« EDC Electrical Design Current: 140 A and

« Tjmax (Die temperature): 859 C.

When Precision Boost Overdrive mode is enabled the operation limiters will
be raised as given below:

« PPT (Total Platform Limit): 1000 W
« TDC (Thermal Design Current): 114 A
« EDC Electrical Design Current: 168 A and

« Tjmax (Die temperature): 859 C.
Nevertheless, with enabling the PBO mode invalidates AMD’s warranty.
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Contrasting implications of using overclocking and PBO [73]

Experience Out-of-box Overclock PBO
nT Frequency Stock User Controlled PBO Controlled
Power Limits Stock User Controlled Increased
Idle Downclocking Yes No Yes
Warranty Yes No No
Precision Boost 2 On Off On
Performance Stock Increased Increased
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Example for performance improvement achieved by employing PBO
in @ ThreadRipper 2990WX for a multithreaded benchmark [82]

Cinebench nT
AMD Ryzen™ Threadripper™ 2990WX

+13%

PBO OFF PBO ON
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c) The XFR2 (eXtended Frequency Range) technology [63]

E T E N D E D Cinebench R15 nT
RANGE 2

REWARDING ENTHUSIASTS WITH 7% HIGHER
PERFORMANCE FROM PREMIUM COOLING

S5W Coaler AMOD Wraeth Prissn Noctua NMN-D15S
32°C Amblery 32°C Ambient 20°C Ambeent

RYZ=N

« In the previous generation certain processor models could raise clock frequency
over the turbo boost frequency by 50 to 200 MHz if a premium cooling system
was used.

« XFR2 allows a higher clock frequency boost assuming a premium cooling system
and a CPU temperature below 60 CO,
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d) The StoreMI technology [79] -1

The StoreMI technology combines fast SSD (up to 256 GB NVMe or SATA) and
large capacity HDD storage into a single drive (as indicated below) and
automatically moves the data accessed the most to the SSD.

AMD StoreMI Technology

Technology Basics

Typical Enthusiast System Enhanced with AMD StoreMI

CPU
] 1
- -

OS stored on fast SSD (C: drive) HDD, SSD, 2GB RAM fused together as one drive letter

Game library on slow HDD (D: drive) Learning algorithm continuously optimizes block location

User manually manages location of games/apps Frequently accessed blocks migrated up'té'\fés'teét storage

Figure: The StoreMI technology providing a unified, fast, large capacity drive [79]
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d) The StoreMI technology [79] -2

« The unified storage has the responsiveness of SSD, and capacity of low priced
mechanical HDD.

« In addition up to 2GB of DRAM can be included to have a last-level cache for
ultra-fast data access.

« The StoreMI technology requires for 2. gen. Ryzen 2000-series DT processors
an AMD 400-series or for 2. gen. ThreadRipper processors an AMD X399
chipset.

« The storage hierarchy is controlled by the AMD’s StoreMI software utility that
initially was sold for $20 but later became free of charge.
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Benefit of AMD’s StoreMI technology in speeding up starting applications [66]

Application Launch Speed

START APPLlCATlONS
{ :_ - ) \J

P AMDZ o 2.4X
mws StoreMl 9.8X Faster

1 Faster

Faster

Chromium Launch  Writer Launch GIMP Launch Firefox Launch

" AMD StoreMI Hard Drive
(HDD+NVMe SSD+RAM)
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Intel’s competing solution: their Octane technology

Along with the 7th generation Core line, called the Kaby Lake line, Intel introduced
in 2017 their Octane memory technology and enhanced it in their subsequent
8t generation Coffee Lake line in 2018.

In order to contrast it with AMD’s StoreMI technology next we give a brief account
of Intel’s Octane memory enhancement solution.
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Basic facts of Intel’'s Octane memory

« The Optane memory is nonvolatile memory typically used as a cache of a
HDD drive.

It is based on the 3D XPoint memory technology, announced by Intel and Micron
in 2016.

It has a typical size of 16 or 32 GB.

It is mounted on an M.2 card that is attached via 2 to 4 PCle lanes.

Its use needs the Rapid Storage Technology driver (appropriate release no.).
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Example: Optane memory installed on a mainboard [85]
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Enhancements of the 2. gen. Optane memory
« Inthe 1. gen. Optane memory, introduced along with the Kaby Lake line in 2017,
a single HD Boot drive was assumed and Octane memory served as a cache of it.

By contrast, its 2. gen., introduced along with the Coffee Lake line in 2018,
assumes a fast SSD Boot drive and a large HD data drive.

In this case the Optane memory serves as a cache for the data drive (see below).

I R ¥ S B Y

Fast SSD Boot drive,

Storage system HD Boot drive and a large HD data drive and
assumed Optane memaory
Optane memory
Princiole of operation Optane memory serves as a cache Optane memory serves as cache
P P of the Boot drive (HD) of the large HD data drive
Processor Supnort 7. Generation 8. Generation
PP (Kaby Lake) (Coffee Lake)
PCH support 200-series PCH or later 300-series PCH
Intro 2017 2018
Driver RST 15.5 or later RST 16.02 or later
OS Windows 10 64-bit Windows 10 64-bit

Table: Key features of the 1. and 2. generation Optane memory *
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Benefits of using Intel’s 2. generation Optane memory [80]

Intel” Optane™ HIGH PERFORMANCE, RESPONSIVENESS
SSD BOOT (C:/) ¥ memory B\, 7HOUT FILE MANAGEMENT
DRIVE accelerated B - :BLAZING GAME PLAY

HDD Data (D:/) « FASTER MEDIA LOADS
Drive

UPTO

1. PLAY ) CREATE
LOADLEVELS %™ ﬂ[xm LOAD MEDIA ;]A;ﬁ,m
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Increasing IPC in AMD’s subsequent desktop series [63]

Ryzen 2000-Series IPC Test: 4C4T @ 3 GHz

m R7 2700
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®m R7 1800X
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6.1.2 The 2. gen. Ryzen desktop line without GPU (Pinnacle Ridge) (32)

Comparing single-threaded performance of competing desktop processors [62

‘i- Rendering: CineBench 15 SingleThreaded

Points

Intel (Coffee Lake) Core i7 8700K (95W, $359) - NN 198
Intel (Coffee Lake) Core i7 8700 (65W, 5303) - 194
Intel (Skylake-X) Core i7 7820X (140W, $599) - 194
Intel (Kaby Lake) Core i7 7700K (21W, 5339) - 192

Intel (Skylake) Core i7 6700K (91W, $350) - 170
AMD (Zen) Ryzen 7 2700X (L05W, $329) - 175
AMD (Zen) Ryzen 5 2600X (95W, $229) I 173
AMD (Zen) Ryzen 7 2700 (65W, $309) - 166
AMD (Zen) Ryzen 5 1600X (95W, $249) - 163
AMD (Zen) Ryzen 5 2600 (65W, 5199) - 162
AMD (Zen) Ryzen 7 1800X (95W, $499) - 162
AMD (Zen) Ryzen 7 1700X (95W, $399) - 156
AMD (Zen) Ryzen 5 1600 (65W, $219) - 149
AMD (Zen) Ryzen 7 1700 (65W, $329) - 1429

0 20 40 60 80 120 160 200

As the Figure indicates Intel’s 7. and 8. gen. desktops provide the highest single
thread performance for the benchmark used, nevertheless the performance gap
of AMD’s Ryzen+ processors became smaller.
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Comparing multi-threaded performance of competing desktop processors [63

‘i- Rendering: CineBench 15 MultiThreaded

Points

AMD (Zen) Ryzen 7 2700X (105W, 5329) 1 1,801
Intel (Skylake-X) Core I7 7820X (140W, $599) - 1,748
AMD (Zen) Ryzen 7 1800X (95W, $499) - 1,626
AMD (Zen) Ryzen 7 1700X (95W, $399) -GGG 1,542
AMD (Zen) Ryzen 7 2700 (65W, 5309) NN 1,534
AMD (Zen) Ryzen 7 1700 (65W, $329) - 1,422
Intel (Coffee Lake) Core i7 8700K (95W, $359) -  1.395
Intel (Coffee Lake) Core i7 8700 (65W, $303) NN 1383
AMD (Zen) Ryzen 5 2600X (95W, $229) - 1377
AMD (Zen) Ryzen 5 2600 (65W, $199) - 1,244
AMD (Zen) Ryzen 5 1600X (95W, $249) -GN 1232
AMD (Zen) Ryzen 5 1600 (65W, 5219) - 1138
Intel (Kaby Lake) Core i7 7700K (91W, $339) NG 021
Intel (Skylake) Core i7 6700K (91W, $350) -GGG G261

0 200 500 800 1100 1400 1700

The Figure indicates that AMD’s Ryzen+ based 8-core desktops have performance
and price advantages over Intel’s 4 or 6-core 7. and 8. gen. desktop processors.
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6.1.3 The 3. gen. Ryzen desktop line without GPU (Matisse) (1)

® - g€ 2 eNn de e]e s 0 - 0 s D4
2017 2018 2019
Summit Ridge Pinnacle Ridge ' Matisse
(Desktop no GPU 14 nm) |(Desktop no GPU 12 nm) {(Desktop no GPU 7 nm)
4 Up to 16 Zen Threads « Summit Ridge architecture 4 Zen2 Cores
DeSktOp CPU Socket AM4 | 4 Performance uplift 4 Socket AM4

4 Socket AM4

i
i
i
i
‘
i
i
i
e v_.-.A’_ — C— : Lo L

Bristol Ridge Raven Ridge Picasso
(Notebook APU 28 nm) (Desktop APU 14 nm) (Desktop APU 7 nm)

Desktop/Notebook
k APU

4 Excavator CPU

4 Polarns GPU

4 Socket AM4 desktop
4 Socket FP4 notebook

Up to 8 Zen Threads « Raven Ridge architecture
Up to 11 Vega CU's 4 Power/Performance uplift
Socket AM4 desktop + Socket AM4 desktop
Socket FP5 notebook 4 Socket FP5 notebook

LN T N



6.1.3 The 3. gen. Ryzen desktop line without GPU (Matisse) (2)

6.1.3 The 3. gen. Ryzen desktop line without GPU (Matisse) [102] -1

« Code-named as the Matisse line.
« Announced in 1/2019, to be launched in Q2/2019 or Q3/2019.
« Implemented as an MCM package, consisting of two dies:

« an eight-core 7nm CPU chiplet, made at TSMC, and

 a 14nm input/output chiplet with dual memory controllers and PCle 4.0 x16
lanes, made at GlobalFoundries.

=138 | =W
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. 1] 40
i :: mm
1
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Figure: Layout of a 3. gen. Ryzen desktop processor [102]

https://www.anandtech.com/show/13829/amd-ryzen-3rd-generation-zen-2-pcie-4-eight-core



6.1.3 The 3. gen. Ryzen desktop line without GPU (Matisse) (3)

6.1.3 The 3. gen. Ryzen desktop line without GPU (Matisse) [102] -2

« It will be the world’s first 7nm gaming CPU and the world’s first mainstream CPU
to support PCle 4.0 x16.

« They will have AM4 socket.

« It will work in 300 or 400 series chipsets.



6.1.3 The 3. gen. Ryzen desktop line without GPU (Matisse) (4)

Performance expectations [102]

« First Cinebench 15 results show about 15 % performance increase vs. the
the 2nd Generation Ryzen 7 2700X , as seen below.

« This indicates about the same performance level as Intel’s flagship Core i9-9900K.

AMD Benchmarks at CES 2019

Svstem CB 15 MT CB 15 MT All-Core
Pyower Idle Power* Chip Power Score Score Frequenc
(pre-brief) (on-stage) q y
7

AMD Zen 2 130W 2023 2057 :
Intel 19-9900K 180W 95W 125W 2042 2040 4.7 GHz

Table: First Cinebench 15 scores of AMD’s 3. gen. Ryzen desktop processors [102]

« Note that AMD’s 3. gen. Ryzen desktop processors consume much less power
than Intel’s i9-9900 (75 W vs. 125 W).



6.1.3 The 3. gen. Ryzen desktop line without GPU (Matisse) (5)

Speculations over possible extensions in the MCM [102]

As the Figure below shows, the MCM has place for a second die as well,
probably for a second CPU die to raise the core count to 16 or for a GPU.

2 T T LR B B X
T T I TP LR

Figure: Possible extension of the MCM of the 3. gen. Ryzen desktop processor [102]
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6.2 The Ryzen desktop APU line (Raven Ridge) (1)

6.2 The Ryzen desktop APU line

« Code-name of the CPU: the Raven Ridge line.
« The line includes the models

« Ryzen 5 2400G with Radeon RX Vega 11 and
Ryzen 3 2200G with Radeon RX Vega 8
graphics, launched in 02/2018 and the

Ryzen 5 2400GE with Radeon RX Vega 11 and
Ryzen 3 2200GE with Radeon RX Vega 8
graphics, launched in 04/2018.
« The Ryzen desktop APU line is unlocked.
« The line is manufactured on the 14 nm technology (by GlobalFoundries).
« They have AM4 socket.
« Unlike the 'G' models, however, the 'GE' processors are not bundled with a cooler.



6.2 The Ryzen desktop APU line (Raven Ridge) (2)

Main features of AMD’s Ryzen desktop APU models [68]

Raven Ridge (Zen-based) vs. Bristol Ridge (Excavator-based)

Ryzen 5 Ryzen 5 Ryzen 3 Ryzen 3
_ 2400G 2400GE AL2=9800 2200G 2200GE AL0=9700

Core uArch Excavator Excavator
Launched 02/2018 04/2018 09/2016 02/2018 04/2018 09/2016
Cores/Threads 4 /8 4/ 8 2/ 4 4/ 4 4 /4 2/ 4
el 3.6 GHz 3.2 GHz 3.8 GHz 3.5 GHz 3.2 GHz 3.5 GHz
Frequency
UM (ol 3.9 GHz 3.8 GHz 4.2 GHz 3.7 GHz 3.6 GHz 3.8 GHz
Frequency
TDP 65 W 35 W 65 W 65 W 35 W 65 W
cTDP 46-65 W na 45-65W 46-65 W na 45-65W
L2 Cache 512 KB/core 512 KB/core 1 MB/core 512 KB/core 512 KB/core 1 MB/core
L3 Cache 4 MB 4 MB - 4 MB 4 MB -
Graphics Vega 11 Vega 11 GCN 3 Gen Vega 8 Vega 8 GCN 3 Gen
Compute Units 11 CUs 11 CUs 8 CUs 8 CUs 8 CUs 6 CUs
St 704 SPs 704 SPs 512 SPs 512 SPs 512 SPs 384 SPs
Processors
Base GPU

1250 MHz 1250 MHz 1108 MHz 1100 MHz 1100 MHz 1029 MHz
Frequency

DRAM Support DDR4-2667 DDR4-2933 DDR4-2400 DDR4-2667 DDR4-2933 DDR4-2400
Price $169 na. $99 $99 na. $79



7. The Ryzen Mobile line

7.1 The 1. gen. Ryzen Mobile line (Raven Ridge)

7.2 The 2. gen. Ryzen mobile line (Picasso)




7. The Ryzen Mobile line (1)

7. The Ryzen Mobile line -1
AMD's mobile processors since 2011 [38]

AMD’S MOST ADVANCED MOBILE PROCESSOR

"Llano”™ .
68/20M “Trinity
F201.

T “Beema® : AMD Ryzen Processor
512004 “Carrizo"
22015 “Bristol Ridge"




7. The Ryzen mobile line (1)

Roadmap or AMD oteboo s 0 019 |64
2017 2018 2019
Summit Ridge Pinnacle Ridge | Matisse

(Desktop no GPU 14 nm)
4 Up to 16 Zen Threads
| 4« Socket AM4

Desktop CPU

i
!
i
]
]
!
i

Bristol Ridge
(Notebook APU 28 nm)

4 Excavator CPU

4 Polans Gru

4 Socket AM4 desktop
4 Socket FP4 notebook

Desktop/Notebook
k APU

(Desktop no GPU 12 nm) |(Desktop no GPU 7 nm)

+ Summit Ridge architecture 4 Zen2 Cores
| « Performance uplift 4 Socket AM4

4 Socket AM4

Raven Ridge Picasso

(DT/notebook APU 14 nm)| (Notebook APU 12 nm)

Raven Ridge architecture
Power/Performance uplft
Socket AM4 desktop
Socket FP5 notebook

4« Up to 8 Zen Threads
4« Upto 11 VegaCU’s
a

Socket AM4 desktop
Socket FP5 notebook

B - LS -
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7. The 1. gen. Ryzen Mobile line (Raven Ridge) (1)

7.1 The 1. gen. Ryzen Mobile line (Raven Ridge) -2

 Launched in 10/2017
» Designated as Raven Ridge

« Main components of the mobile models:

« a 4-core CCX complex and
 a Vega GPU
« interconnected by AMD's Infinity Fabric,

as indicated in the next Figure.



7.1 The 1. gen. Ryzen Mobile line (Raven Ridge) (2)

High-level block diagram of the Ryzen Mobile processors [38]

“VEGA" GRAPHICS

Graphics| | Compute Pixel
Pipeline Engine Engines

L2 Cache ]

I

Infinity Fabric O —

I

‘ DDR4
Display Memory
Engine Controllers

One coherent control and data fabric integrates and manages the full SoC.

The Infinity Fabric services 6 clients in the SoC.
Development work needed 4 years.
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Comparison: ARM's CCN-504 Cache-Coherent Interconnect based system architecture

Cortex-A53/A57 etc.

Generic Interrupt Contr.
Quz;dggore GPU
Mali-T880

L2

—1 ;

MMU-500

Quad core
A57

ACE-Lite
ACE} or CHI ACE jor CHI 128-bit

Cache Coherent Interconnect (CCN-504)
with L3 cache and Snoop Filter

i [

DFl 3.0 I I DFI 3.0
| DDR3/4/LPDDRS |




7.1 The 1. gen. Ryzen Mobile line (Raven Ridge) (4)

More detailed block diagram of the Ryzen Mobile processors [98]

| S . —

“ZEN” CPU
CPUD CPU 1
5 (4 CORE | 8 THREAD) UsB3.1 || NVMe PCle FULL
= pCle GPP | —ooeeeoe || oo Discrete SYSTEM
<+ O 4MB USB 2.0 SATA GFX CONNECTIVITY
- CPU 2 CPU 3
© L3 Cache
AL
IDTH R
BRIC —e System Infinity Fabric i
Management
Unit S e ELERAT

g i Multimedia & \jULTIMEDIA
= P Engines i EXPERIENCE
= AMD GFX+ 1MB L2 sl (PERIENCE
o (11 COMPUTE UNITS) Cache

_ Video INTEGRATED

I Audio Senlsor
Ccu Ccu Ccu cu Cu CcuU i Cr\?::tc ACP Eusion b SENSOR
Hub FUSION HUB
cU C W U en
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7.1 The 1. gen. Ryzen Mobile line (Raven Ridge) (5)

Implementation of the Infinity Fabric [98]

VPt C

32 Byte internal datapath width

Up to 1.6GHz for bandwidth
exceeding 50GB/s

* Up to 5 transfers/clock per switch

Improved CPU latency under load,
while maintaining DRAM efficiency

= Structured for multi-region
power gating

- Floorplan-aware, optimized display
to memory routing

Memory
Controllers

Memory
Controllers

i 7
‘ CPU Core Graphics Graphics
| Complex Container = Container

—————

Coherent Coherent Coherent
Master Master Master

Slave

<> Coherent 4—‘ ‘ I 1 Region B

A

Transport Layer | Transport Layer
Switch Switch
Coherent

Stave |amd t t

Transpoft Layer Transpo.rt Layer
Switch Switch

1 }

Non Coherent Non Coherent
Master Master

! !

Display Multimedia
Controller Hub

10
<P | Master/ | 4>
Slave

Region A

Delivering A New Level Of Visual Performance In An Soc Amd “Raven Ridge” Apu
Dan Bouvier, Jim Gibney, Alex Branover, Sonuarora

1/0 Sub
system




7.1 The 1. gen. Ryzen Mobile line (Raven Ridge) (6)

Die photograph of a Ryzen Mobile die [37]

4.94 billion transistors, 210 mm?



7.1 The 1. gen. Ryzen Mobile line (Raven Ridge) (7)

Designation of AMD's Ryzen and Ryzen Mobile models [48]

Enthiicinet /Drac R
enthusiast/Prosumet

5 = High Performance

3 = Mlainstream

Power Suffix

vV LUicch DaoavFarmns ane wnth YEI
X = High Performance, with XFR

= Standard Desktop

G = DT with GFX

Generation

Brand Model Number S = Low power Desktop with GFX
Ryzen = Mainstream to Prosumer Leaves option for speed High Performance Mobile
bump or sku differentiator. '

00, 20, 50, etc...

« AMD designates their mobile line as 2. generation models, model numbering
begins with 2 rather than 1) .
« Mobile models provide improvements first of all in the power management,

as discussed in this Section.
Prosumer: Between professional and consumer SKU: Stock Keeping Unit




7.1 The 1. gen. Ryzen Mobile line (Raven Ridge) (8)

Main features of AMD's Ryzen Mobile line introduced in 2017-1

AMD's Zen-based processor lines introduced in 2017

WWVO

Ryzen Mobile APU Ryzen DT ThreadRipper Epyc
(Raven Ridge) (Summit Ridge) (Whitehaven) (Naples)

Market segment Mobile Desktop platform 1S/2S server

Zen 14 nm

Ryzen 7 2700U

parch./Technology Zen, 14 nm Zen, 14 nm Zen, 14 nm

Ryzen 7 (3/2017)

|
1 |
1 |
1 |
1 |
1 |
| |
" .
Lf]:‘ggglid | Ryzen 5 2500U i Ryzen 5 (4/2017) 1950X(/§/922001>;/)1900X s?gl/ezsoic;c))o
: (10/2017) 1 Ryzen 3 (7/2017)
|
Lavout : CCX + | Zeppelin die MCM MCM
Y : Vega 8/10 : with 2x CCX (2x Zeppelin die) (4x Zeppelin die)
Integrated GPU | Yes : No No No
1
Core count | 4 i 4/6/8 8/12/16 8/16/24/32
' ' SMT
1 |
SMT : SMT : (except Ryzen 3) SMT SMT
Mem. channels/rate i 2xXDDR4-2400 i 2XDDR4-2666 4xDDR4-2666 8xXxDDR4-2666
1 |
128 for 1S servers
| 27 |
PCIe 3.0 lanes : 27 : 16xPClIe 3.0 60xPClIe 3.0 64 for 2S servers
TDP i 15 W : 65/95 W 180 W 120/170/180 W
1
Socket : AM4 (1331) : AM4 (1331) TR4 (SP3r2) (4094) SP3 (4094)
|
Chipset ! SoC i 300-series X399 No chipset, SOC



7.1 The 1. gen. Ryzen Mobile line (Raven Ridge) (9)

Main features of AMD's first introduced Ryzen Mobile models -2 [38]

AMD Ryzen Mobile APUs (Raven Ridge)

Ryzen 7 2700U Ryzen 5 2500U FX-9800P
with Vega 10 with Vega 8 (Bristol Ridge)

Quad-Core with SMT Quad-Core with SMT Dual Module

2.2 GHz Base
3.8 GHz Turbo
Zen Cores, 14nm

2.0 GHz Base
3.8 GHz Turbo
Zen Cores, 14nm

2.7 GHz Base
3.6 GHz Turbo
Excavator, 28nm

GPU Vega 10 Vega 8 GCN 1.2
10 CUs (640 SPs) 8 CUs (512 SPs) 8 CUs (512 SPs)
Up to 1300 MHz Up to 1100 MHz Up to 758 MHz
TDP 15W 15W 15W
DRAM Up to DDR4-2400 Up to DDR4-2400 Up to DDR4-1866
L2 Cache 512 KB/core 512 KB/core 1 MB/module
L3 Cache 1 MB/core 1 MB/core -
PCle Lanes ? ? 8 x PCle 3.0
Die Size 209.78 mm2 209.78 mm2 250.4 mm2
Transistors 4.95 billion 4.95 billion 3.1 billion

Launch

October 2017

October 2017

May 2016



7.1 The 1. gen. Ryzen Mobile line (Raven Ridge) (10)

Power management enhancements vs. the Ryzen line

a) Integrated voltage and frequency management

b) Precision Boost 2 technology (actually an Enhanced Turbo Boost technology)
c) Skin Temperature Aware Power Management (STAPM)

d) Mobile XFR (eXtended Frequency Range) (actually Configurable TDP).
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a) Integrated voltage and frequency management

« This means integrated, fine-grained voltage and frequency management for
the CPU cores and the GPU (i.e. power is allocated to the units that demand it).

« Obviously, it needs per core and per GPU frequency and voltage regulation.
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Implementing per core and per GPU voltage regulation [38]

Two stage voltage regulation (VR):
« 1. stage: on the mainboard,
- 2. stage: separate on-die VRs

« for each CPU core and
« the graphics.

b VRS a.re Implemented aS LDOS Represents LDO

(Digital Low-Dropout Regulators) ng_u'at:d / Power
ing Region

« The LDOs serve also as
power gates.

System

« Power reduction: ~ 35%. Voltage
Regulator

VDD Package Rail |

On the mainboard
(12 Vdown to 0.9 V)

GFX Compute Region

GFX Region

VDD Region




7.1 The 1. gen. Ryzen Mobile line (Raven Ridge) (13)

Principle of implementing integrated voltage and frequency management [38]

CORED COREY CORE2 CORE3 1
(0% (0% (0% (0% Periodically executed

every ~Ims

Activity

T0P/TDC
Limit

l

calc

TOP Controller Measured |P activity Frequency Arbiter TDC: Configurable TDP

PID Controller: A proportional-integral—-derivative controller



7.1 The 1. gen. Ryzen Mobile line (Raven Ridge) (14)

Example for integrated per-core frequency and voltage management [38]

Per-core Frequency and Voltage

Steer power where it's best used

rade power/current based on dynamic

ytiization
L [j'o_'o—-ol" ore

LPU—LPU

Jn-gie "‘:"y'llejtl-'_"."n and fine erainec frequent y

ontrol of Precision Boost 2 enables fast

accurate frequency and voltage changes

Frequency

3DMark® Fire Strike

Core BN, Freg Corel EH. Freqg

w03 Eff Freq GPU BN, Freg




7.1 The 1. gen. Ryzen Mobile line (Raven Ridge) (15)

b) Enhanced Turbo Boost technology (termed Precision Boost 2 technology) [38]

Boost behavior in the Ryzen line Boost behavior in the Ryzen Mobile line

Conceptual Boost Behaviors Precision Boost 2 in 1T-8T Workload

There exist two Turbo Boost frequencies, <+ The Turbo Boost frequency gracefully rolls out
one if up to 2 cores are active the other depending on the number of active threads,
if more cores. CPU temperature and currents.

25 MHz granularity. « 25 MHz granularity.
OCCT: OverClock Checking Tool
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c) Skin Temperature Aware Power Management (STAPM)

Rafora STAPM:
DECIVUIC O1IAF] -

e T s 5K

APU guard-banded to Tj~¥60C to meet Boost Duration with STAPM
Tskin requirements

Afiar CTADN:-
ATLer S1AFIVIL.

Reduce power

Delta between ambient and Tskin to adhere to Tskin

calculated based on the power/activity
system components

Temperature

@ Tskin,max

Time (Sec)

Boost Duration

without STAPM STAPM MODE THERMALLY STEADY STATE

Conceptual example of behavior




7.1 The 1. gen. Ryzen Mobile line (Raven Ridge) (17)

d) Mobile XFR (eXtended Frequency Range) [38]

« Assuming an enhanced cooling system, the sustained clock frequency can be
raised by the Mobile XFR (eXtended Frequency Range) technology within the
configurable TDP (TDC) limits.

« This results in higher performance, as indicated in the Figure below.

Mobile XFR

Cinebench nT Score

Figure: Raising performance by the Mobile XFR technology [38]
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1T/nT performance comparison with Intel processors [72]

Cinebench R151T Cinebench R15 nT

159 719

ELITE CPU w1 -
PERFORMANCE A

.

RYZc=N

W AMD Ryzen™72700U M Core i7-8550U Core i7-7500U
(Acer Spin 5) (HP ENVY X360)

(Kaby Lake-Refresh) (Kaby Lake-U)
(4 cores, 10/2017) (4 cores, 8/2017) (2 cores; 1/2017) AMDg\

Cinebench: Cross platform CPU and graphics benchmark.
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Remark

« On 06. Nov. 2017 Intel announced that it has been developing an 8. generation
H-series processor that makes use of AMD's Radeon Vega GPU along with a
high-bandwidth HBM2 stacked memory integrated in the same processor
package, as indicated in the Figure below.

« The GPU and the HBM2 memory is interconnected by means of Intel's EMIB
(Embedded Multi-die Interconnect Bridge) technology (see the next Figure).

AMD Radeon Vega GPU

Intel 8. gen.
H-series cores

Intel's EMIB
interconnection

Figure: Intel's planned 8. gen. H-series processor [52]
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Heterogeneous integration options [69]

HETEROGENEQUS INTEGRATION OPTIONS

Die 1 Die 2
Multi-Chip e "'I_l"' =08= S Poor density of die-package connections
Poor density of die-die interconnects
Package Package Substrate 2 I
Die 1 Die 2
= e e e Good density of die-interposer connections
NIETPOSET |y N O O L O O O O O O O
Cilicon _— Good density of die-die interconnects
Higher cost of large interposer + thru-silicon vias
Interposer Package Substrate
Embedded Good density of die-bridge connections
Multi-Die E——— Good density of die-die interconnects
Interconnect Silicon Bridge N .
Bridge Package Substrate Low cost of small silicon bridges

EMIB technology provides high density, high bandwidth die-die interconnects
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Implementation of EMIB [62]

Intel® Stratix® 10 FPGAs and SoCs with Intel EMIB

Package Lid

Die FPGA Die
- M‘I’I‘WMM

Package Substrate

.
[0]!&0 Q |

EMIB

Q00000000Q200000Y00000QQ0QC

4

Small EMIB
Simple Manufacturing
High Performance

Short Interconnect Wire
No TSV
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Intel's concept for interconnecting multiple dies through EMIB [57]

Connect multiple heterogeneous die in a single solution
cost effectively

Dve 1

Die 2

Die
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Remark

« In 01/2018 AMD extended its Ryzen mobile line with Ryzen 3 models, as follows:

« Ryzen 3 2300U and
« Ryzen 3 2200U

« Main features of these models are shown in the next Table.
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Main features of AMD’s 2. wave mobile processors [84]

Ryzen™ 7 2700U

with Radeon™ 15W
RX Vega 10 10/2017 4 8 3.8 10 1300 2/4 Nominal
Graphics
Ryzen™ 5 2500U 15W
with Radeon™ Vega 10/2017 4 8 3.6 8 1100 2/4 :
: Nominal
8 Graphics
3 e \\
{ Ryzen™ 3 2300U 15w
Iwith Radeon™ Vega 1/2018 4 4 3.4 6 1100 2/4 o
I : Nominal ;
! 6 Graphics "
|
i :
1 Ryzen™ 3 2200U 15W :
| with Radeon™ Vega 1/2018 2 4 3.4 3 1000 1/4 1
\ - Nominal I
. 3 Graphics S
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7.2 The 2. gen. Ryzen mobile line (Picasso) (1)

S ge RyzZe oblle e (PICasso) | 64
2017 2018 2019
Summit Ridge Pinnacle Ridge | Matisse

(Desktop no GPU 14 nm)

4 Up to 16 Zen Threads
Socket AM4

Desktop CPU

i
!
i
]
]
!
i

Bristol Ridge
(Notebook APU 28 nm)

Desktop/Notebook
k APU

4 Excavator CPU

4 Polans GFU

4 Socket AM4 desktop
4 Socket FP4 notebook

(Desktop no GPU 12 nm)
« Summn Ridge architecture

| « Performance uplift

4 Socket AM4

Raven Ridge
(Desktop APU 14 nm)
Up to 8 Zen Threads
Up to 11 Vega CU’s

Socket AM4 desktop
Socket FP5 notebook

LN T N

(Desktop no GPU 7 nm)

4 Zen2 Cores
4 Socket AM4

Picasso
(Desktop APU 7 nm)

« Raven Ridge architecture
4« Power/Performance uplift
4 Socket AM4 desktop
4 Socket FP5 notebook



7.2 The 2. gen. Ryzen mobile line (Picasso) (2)

7.2 The 2. gen. Ryzen mobile line (Picasso) [64] -2

 Launched in 1/2019
» Designated as the Picasso line.
« Introduced models:

« Ryzen 7/5/3 3x00U models (15 W TDP)
« Ryzen 7/5 3x50H models (35 W TDP)
« The new models are upgraded versions of the first generation, 14 nm parts,

they are based on the Zen+ architecture and are fabricated on 12 nm
technology by GlobalFoundries.



7.2 The 2. gen. Ryzen mobile line (Picasso) (3)

Performance and power advantages of the 12 nm LP scaling vs. the 14 nm LP
[99]

1.3

—r— 14LPP 9T
1.2 12LP 7.5T

1.1 ! ' ~ —

1.0 : ! o

T

0.8

Speed@ TT,25C

0.7

0.4 0.6 0.8 1.0 1.2 14 1.6
total Power @ TT, 25C

12 nm LP technology provides vs. the 14 nm LP process about

6% performance improvement at iso power

15% power reduction at iso frequency



Main features of AMD’s 2. gen. Ryzen mobile line vs. the 1. gen. [100]

Ryzen 7 3750H

Ryzen 7 3700U

Ryzen 7 2700U

Ryzen 5 3550H

Ryzen 5 3500U

Ryzen 5 2500U

Ryzen 3 3300U
Ryzen 3 2300U

Ryzen 3 3200U

Ryzen 3 2200U

AMD Athlon
300U

Cores/
Threads

4/8

4/8

4/8

4/8

418

4 /8

4/4

4/4

2/4

214

214

7.2 The 2. gen. Ryzen mobile line (Picasso) (4)

35W
15W

12 - 25W
(15W)

35W
15W

12 - 25W
(15W)

15W
15W

15W

15W

15W

23/4.0

2.3/4.0

2.21/3.8

2.1/3.7

2.1/3.7

2.0/3.6

2.1/35

2/3.4

2.6/3.5

25/3.4

2.4/3.3

Graphics

Radeon Vega 10

Radeon Vega 10

Radeon Vega 10

Radeon Vega 8

Radeon Vega 8

Radeon Vega 8

Radeon Vega 8
Radeon Vega 6

Radeon Vega 3

Radeon Vega 3

Radeon Vega 3

Graphics

Base / Boost | L3 Cache

(MHz)
Up to 1,400

Up to 1,400

Up to 1,300

Up to 1,200

Up to 1,200

Up to 1,100

Up to 1,200
Up to 1,100
Up to 1,200

Up to 1,100
MHz

Up to 1,000

6MB

6MB

4MB

6MB

6MB

4MB

6MB

4MB

SMB

4MB

SMB

Memory

DDR4-2400
DDR4-2400

DDR4-2400

DDR4-2400

DDR-2400

DDR4-2400

DDR4-2400
DDR4-2400

DDR4-2400

DDR4-2400

DDR4-2400

Node
(GloFo)

12nm

12nm

14nm

12nm

12nm

14nm

12nm
14nm

12nm

14nm

12nm

Zen+

Zen+

Zen

Zen+

Zen+

Zen

Zen+

Zen

Zen+

Zen

Zen+



7.2 The 2. gen. Ryzen mobile line (Picasso) (5)

Main improvements of the released models compared to previous related
ones [100]

a) +100 MHz base frequency and +100 or +200 MHz Turbo frequency boost.
b) Emerging two 35 W TDP parts designated as H-series models (Ryzen 7 3750H
and Ryzen 5 3550H).
Aim of the H-series Picasso models with a TDP value of 35 W

« H-series models have the same technical parameters, except their TDP value.

- Higher TDP values allows the processor to boost more frequently and for longer
periods of time.

« OEMs are expected to design more mainstream gaming laptops with discrete
graphics cards that are based on H-series processors with aTDP of 35 W, since
then the power delivery system can allocate more of the available power budget
to the CPU cores instead of the Vega graphics to achieve higher performance.



7.2 The 2. gen. Ryzen mobile line (Picasso) (6)

Remark []
« With it's A-series processors AMD entered the Chromebook market with two new,
A-series low power processors.

« These 28 nm processors are built on the Excavator based Carrizo processor and
provide up to ten hour battery life.

« These processors challenge Intel’s Pentium and Celeron processors that dominate
the growing Chromebook market.

Cores/ Base / Boost Radeon GPU
B Threads UIRIZ((E572) GHz Graphics GPU Cores Frequency
AMD A6-9200C 212 6W 1.8/2.7 R5 Series U 720 MHz
' ' (GCN 1.2)
AMD A4-9120C 212 6W 1.6/2.4 R4 Series 3/192
(GCN 1.2) 600 MHz

Table: AMD’s Carrizo based A-series processors introduced for the Chromebook
market in 1/2019 [100]



——— 2. gen. Ryzen mobile line (Picasso) (7)

[101]

cost laptops or tablets primarily used to run Google’s
h most application data are kept in the cloud rather than

-ating under the Linux based Chrome OS, but all models
017 can also run Android apps.

_ﬁ—— entered the market in 2011, since then their market share
rose continuously.

« In March 2018 Chromebooks achieved a market share of up to 60 % in computers
purchased by schools in the USA.



8. The ThreadRipper HED line

8.1 The 1. gen. ThreadRipper HED line
8.2 The 2. gen. Threadripper HED line




8. The ThreadRipper HED line (1)

8. The ThreadRipper HED line

AMD launched until now two generations of ThreadRipper processors:

« the 1. generation in 2017 (called Whitehaven) and
« the 2. generation in 2018 (called Pinnacle Ridge)

These two generations will be discussed subsequently.
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8.1 The 1. gen. ThreadRipper HED line (1)

8.1 The 1. gen. ThreadRipper HED line

 Launched in 8/2017, designated as Whitehaven.

« HED (or HEDT) meaning High-End Desktop.

« 2 Zeppelin chips interconnected by the IF, implemented as an MCM,
as indicated in the next slides.



8.1 The 1. gen. ThreadRipper HED line (2)

Positioning AMD's Zen-based Threadripper HED line

AMD's Zen-based processor lines

Ryzen mobile Ryzen | ThreadRipper Epyc
(Mobil) (DT) | (HED) (1$/2S server)
Single CCX + Zeppelin chip 2 Zeppelin chips W Zeppelin chips
Vega GPU (2x CCX, no GPU) interconnected by the IF, intefconnected by the IF,
l implemented as an MCM implemented as an MCM
I

2x16 PCle % 2x16 PCle
¥ Zon L2 L2 Len : Zen L2 L2 Zen %
aM 3 8M

(&} (&

g
Zen 12/ L2 (ten s Zeo L2 L2 Zen

~M

Zen 12| |12 en 3 en L2 Zen
8 : M
Zen L2 s L2 Zen

Zen L2
o M
(&}

Coherent Link,
% Zen L2

Coheronmt Links
Zen L2 L2 Zen B
L1

Coherent Links L3

N
n
-
g

L2 Zen

Z w2 L3 Zen
en 54 or
&

Zen L2 L2 Zen
2x16 PCin

YU WYy

2x16 PCle 2x16 PCle
Zen L2 L2 Zen X Zen L2 L2 Zen
M - M .

L3 L3

Zen L2 L2 Zen B Zen L2 L2 Zen &

N
"
3
%

L2 Zen
oM

en L2 o L2 Zen &

U g0y

N

Coherent Links

Drawings based on [11]
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Block diagram of 1. gen. ThreadRipper processors [36]

- Unified Memocy
E Controlier (UMC)

Controlier (IMC)

2666 MT's

Al e
A e

Ad e

Threadripper

| TEST] | Thermal || CLK | | FUSE | [SMUIO]

Scalable Control Fabric (SCF)

! !

CPU CPU CPU CPU
Core “ Core Core b Core
CPU | = | CPU CPU | < | CPU
Core Core Core Core
CcCcX CCX

$ $

Umified Memory
Costroller (UMC)

X399 Chipset

Unified Memory
Cowtroller (UMC)




8.1 The 1. gen. ThreadRipper HED line (4)

Main features of the 1. gen. ThreadRipper line introduced in 2017

AMD's Zen-based processor lines introduced in 2017

WWVO

Ryzen Mobile APU Ryzen DT ThreadRipper Epyc
(Raven Ridge) (Summit Ridge) (Whitehaven) (Naples)

Market segment Mobile Desktop pIatform. : 1S/2S server
| |
parch./Technology Zen 14 nm Zen, 14 nm i Zen, 14 nm : Zen, 14 nm
|
| |
Launched Ryzen 7.2700U  Ryzen 7.(3/2017)1 1950%/1920%/1900X |  Series 7000
models Ryzen 5 2500U Ryzen 5 (4/2017), (8/2017) : (6/2017)
(10/2017) Ryzen 3 (7/2017): :
CCX + Zeppelin die | MCM ' MCM
Layout 1
Vega 8/10 with 2x CCX : (2x Zeppelin die) : (4x Zeppelin die)
Integrated GPU Yes No i No : No
|
Core count 4 4/6/8 : 8/12/16 ! 8/16/24/32
| |
SMT I 1
SMT SMT (except Ryzen 3) ! SMT | SMT
| |
Mem. channels/rate 2xDDR4-2400 2XDDR4-2666 : 4xDDR4-2666 : 8xDDR4-2666
| |
I 1128 for 1S servers
2?
PCIe 3.0 lanes 2’ 16xPClIe 3.0 : 60xPCle 3.0 : 64 for 2S servers
| |
TDP 15 W 65/95 W ! 180 W ! 120/170/180 W
Socket AM4 (1331) AM4 (1331) i TR4 (SP3r2) (4094) : SP3 (4094)
|
Chipset SoC 300-series : X399 I No chipset, SOC



8.1 The 1. gen. ThreadRipper HED line (5)

Memory access times and bandwidth while using the Infinity Fabric
in AMD's ThreadRripper processors [23]

/8ns near memaory
133ns far memory

ST13NNVYHI
AHOWIW Z

Low power die-to-die
interconnect at 2p) per bit

2
&
52
o=
=3
~NO

102.22CB/s die-to-die bandwidth
(bi-directional)




Infinity Fabric latencies in AMD's ThreadRipper and Ryzen lines [24]

Processor

TR 1950X Creator
Mode DDR-2666

TR 1950X Creator
Mode DDR4-3200

TR 1950X Game
Mode DDR4-2666

TR 1950X Game
Mode DDR4-3200

Ryzen 7 1800X

Ryzen 5 1600X

8.1 The 1. gen. ThreadRipper HED line (6)

Intra-Core
Latency

13.7-14.1

13.8-14.9

13.9 - 14.2ns

14.3 - 14.9ns

14.8ns

14.7 - 14.8ns

Intra-CCX
Core-to-Core
Latency

39.4 - 43.2ns

39.2 -45.4ns

39.5-42.3ns

41.2 - 46.2ns

40.5 - 82.8ns

40.6 - 82.8ns

Cross-CCX
Core-to-Core
Latency

157.6-171.3

144.9 - 167.2ns

149.2 - 164.1ns

123 - 150.6ns

120.9 - 126.2ns

121.5-128.2ns

st Die-to-Die
Average e
Latency y

168ns 180.6 - 256.7ns

160.1ns 213.1-227.8ns

159.66ns X
145.44ns X
122.96ns X
123.48ns X

Die-To-Die
Average
Latency

238.47ns

216.9ns

Average
Transfer
Bandwidth

90.26 GB/s

91.67 GB/s

46.58 GB/s

45.52 GB/s

48.1 GB/s

43.88 GB/s



8.1 The 1. gen. ThreadRipper HED line (7)

Interpretation of the Infinity Fabric latencies in the Table above [24]

The intra-core latency reflects the communication between two logical threads resident on the
same physical core, it is unaffected by memory speed.

Intra-CCX latencies quantify latency between threads that are on the same CCX but not
resident on the same core, it is also largely unaffected by memory speed.

Cross-CCX latency denotes latency between threads located on two separate CCX building
blocks.

Die-to-Die latency relates to latency between threads that are on different dies.

In Creator mode of the TR 1950X both dies are active but in the Game mode one die is
disabled so no Die-to-Die latency will occur.

Similarly, Ryzen line processors include only a single die, so no Die-to-Die latency can occur.



8.1 The 1. gen. ThreadRipper HED line (8)

Block diagram of a ThreadRipper platform [23]

SPIROM

USB 3,151 x8

USB3.1¢1 Type-A x8!

HDA e —
Audioll—Codec i ——— L Quad-channel DDR4

4-way ACle x16 Slot -Eela_y
SLI/
CrossFire

DDR4
PCle x16 Slot ~PUexie Sl B 0ORs

| (|
PCle x16 Slot L PCle X8 ‘ PCle x4/SATA

M.2 2280 S50

PCle x16 Slot J » PCle x4/SATA
& o) M.2 2280 550

PCle x4/SATA
M.2 2280 55D

PCle x1 | SATAXS  rehTaAve

PCle x1 usse 3.‘22

Rja5l —

R4S\ — Redriver — USB3.1g2 Type-A'

' USB 3.1g2
e X399 3 Redriver — Mux — USB3,1g2 Type-C'
PClex Ch|p59t UsB 3.1g1
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PClexi USB Headers
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8.1 The 1. gen. ThreadRipper HED line (9)

MCM implementation of the ThreadRipper processor line

AMD reuses the packaging of the EPYC line including the cooling solution, it means

« they put 4 chips into the package whereas two chips are actually dummies,
as seen below and

« they use the TR4 socket with 4094 contacts.

Figure: Cracked open Threadripper package [26]



8.1 The 1. gen. ThreadRipper HED line (10)

Main features of the Ryzen and ThreadRipper models [23]

AMD Ryzen SKUs

Cores/ Base/ DRAM PCle
Threads Turbo 1DPC

:TR 1950X 16/32 3.4/4.0 +200 32 MB 4x2666 180W $999 :
ITR 1920X 12/24 3.5/4.0 +200 32 MB 4x2666 60 180W $799 ,
ITR 1920%* 12/24 3.2/3.8 ? 32 MB 4-Ch? 60 140W ?
oS S N Y W= AT I W T
Ryzen 7 1800X 8/16 3.6/4.0 +100 16 MB 2X2666 16 95w $499
Ryzen 7 1700X 8/16 3.4/3.8 +100 16 MB 2X2666 16 95 w $399
Ryzen 7 1700 8/16 3.0/3.7 +50 16 MB 2X2666 16 65 W $329
Ryzen 5 1600X 6/12 3.6/4.0 +100 16 MB 2X2666 16 95 w $249
Ryzen 5 1600 6/12 3.2/3.6 +100 16 MB 2X2666 16 65 W $219
Ryzen 5 1500X 4/8 3.5/3.7 +200 16 MB 2X2666 16 65 W $189
Ryzen 5 1400 4/8 3.2/3.4 +50 8 MB 2X2666 16 65 W $169
Ryzen 3 1300X 4/4 3.5/3.7 +200 8 MB 2Xx2666 16 65 W $129

|
o
O

Ryzen 3 1200 4/4 3.1/3.4 +50 8 MB 2X2666 16 65 W


http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=AMD 1950X
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=AMD 1920X
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=AMD 1900X
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=Ryzen 1800X
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=Ryzen 1700X
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=Ryzen 1700
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=Ryzen 1600X
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=Ryzen 1600
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=Ryzen 1500X
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=Ryzen 1400
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=Ryzen 1300X
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=Ryzen 1200

8.1 The 1. gen. ThreadRipper HED line (11)

Advanced technologies implemented in the ThreadRipper line

1) Pure Power technology (actually AVS)

2) Precision Boost technology (actually Turbo Boost)

3) XFR (eXtreme Frequency Range) technology (actually configurable TDP)

These technologies has already been discussed in Section 6.1, here we will briefly

touch upon some peculiarities of the implementation of the Precision Boost technology
in the ThreadRipper line.



8.1 The 1. gen. ThreadRipper HED line (12)

Boost behavior of the original Precision Boost technology -1

Up to two active cores Up to four active cores
» )

4.0 GHz 4.0 GHz

More than two active cores More than four active cores
3.7 GHz

Figure: Boost behavior of the Figure: Boost behavior of the
Ryzen DT and mobile lines [38] ThreadRipper line (based on [38])




8.1 The 1. gen. ThreadRipper HED line (13)

Main parameters of the implementation of Precision Boost and XFR in the
ThreadRipper line [86]

4 cores

TR1900X 3.8 GHz
TR1900X 3.5GHz 3.7 GHz 4.0 GHz 4.2 GHz
TR1900X 3.4 GHz



8.1 The 1. gen. ThreadRipper HED line (14)

Content creation performance
Remarks on the CineBench benchmark [27]

« Itis a real-world cross-platform test suite that evaluates CPU and graphics
performance for 3D content creation.

« It is based on MAXON's award-winning animation software Cinema 4D.
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CineBench R15.38 Single-Threaded performance [20]

Core i9-7900X Skylake-X (10/20) | : : 5 | 188

coe77700 Ky ok o) N S S -
Corsis 7600 Koy ke o) Y :

Core i7-6900K Broadwell-E (8/16) |

171

Ryzen Threadripper 1950X Zen (16/32) 168

| |

Ryzen 5 1600X Zen (6/12) 165

Core i7-6800K Broadwell-E (6/12) : : ' : | 161

Ryzen 7 1800X Zen (8/16) 158

FX-8370 Vishera (8/8) 91

o

20 40 60 80 100 120 140 160 180 200

Longer bars indicate higher performance



8.1 The 1. gen. ThreadRipper HED line (16)

CineBench R15.38 Multi-Threaded performance [20]

Ryzen Threadripper 1950X Zen (16/32) | _' :1 _| |_ > f!,_'J 3,022
Coreis-7900K Seyikex (10/20) | S S -
Core i7-6950X Broadwell-E (10/20) _ 2,107
wyan 1300 2an (/26 Y : <>
Core i7-6900K Broadwell-E (8/16) | 1,554
Ryzen 5 1600X Zen (6/12) — 1,247
Core i7-6800K Broadwell-E (6/12) _ 1,137
Core i7-7700K Kaby Lake (4/8) | | 951
Core i5-7600K Kaby Lake (4/4) _ 691
FX-8370 Vishera (8/8) — 636
| |
0 500 1,000 1,500 2,000 2,500 3,000

Longer bars indicate higher performance



8.1 The 1. gen. ThreadRipper HED line (17)

Content creation performance summary

As far as single thread performance matters Intel's high-end HED processors provide
a better performance (IPC), nevertheless for multithread applications AMD's
ThreadRipper 1950X is the clear winner.



8.1 The 1. gen. ThreadRipper HED line (18)

Gaming performance
Creator mode - Game mode of the ThreadRipper line

« The Creator mode is the natural configuration of ThreadRipper processors with
all cores enabled.

« In Gaming mode only one die is enabled, so only half of the cores are active.

This can be beneficial while running older games that are not prepared to use
more than 8 cores, in this case long Die-to-Die latencies could significantly
reduce performance.
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Gaming performance (Rainbow Six Siege 19x10 medium) average FPS [20]

|
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Ryzen 7 1800X Zen (8/16)
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8.1 The 1. gen. ThreadRipper HED line (20)

Gaming performance summary

In gaming Intel's HED processor provide 5 to 20 % better performance than AMD's
ThreadRipper processors, nevertheless "no one should buy a $1,000, 16-core CPU
just to play conventional gaming or run lightly threaded applications,, [28].
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Contrasting AMD's and Intel's competing HED processor models [23]

Intel’s vs. AMD’s competing processors

Cores/ Base/ DRAM PCle Cost
Threads Turbo 1DPC (8/10)
99

TR 1950X 16/32 3.4/4.0 +200 32 MB 4x2666 180W $9
Intel 19-7900X 10/20 3.3/4.3 +200 13.75  4x2666 44 140W $980
Intel i7-6950X 10/20 3.0/3.5 +500 25 MB  4x2400 40 140W  $1499

AMD TR 1920X 12/24 3.5/4.0 +200 32 MB 4x2666 60 180W $799

Intel i7-7820X 8/16 3.6/4.3 +200 11 MB  4x2666 28 140W $593
AMD TR 1900X 8/16 3.8/4.0 +200 16 MB  4x2666 60 180W $549
AMD R7 1800X 8/16 3.6/4.0 +100 16 MB  2x2666 16 95 W $419
AMD R7 1700X 8/16 3.4/3.8 +100 16 MB  2x2666 16 95 W 350
AMD R7 1700 8/16 3.0/3.7 +50 16 MB  2x2666 16 65 W 291


http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=AMD 1950X
http://www.amazon.com/dp/B072KTSCCS?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[pid|B072KTSCCS|NA[bbc|text
http://www.amazon.com/dp/B01FJLA9IM?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[pid|B01FJLA9IM|NA[bbc|text
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=AMD 1920X
http://www.amazon.com/dp/B072NF4BY3?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[pid|B072NF4BY3|NA[bbc|text
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=AMD 1900X
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=Ryzen 1800X
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=Ryzen 1700X
http://amzn.com/s/?tag=anandtech01-20&ascsubtag=[site|anand[cat|NA[art|11697[bbc|text&field-keywords=Ryzen 1700

8.1 The 1. gen. ThreadRipper HED line (22)

Sales figures Intel's Skylake/Kaby Lake HEDs vs. AMD's Ryzen HEDs
March - Aug. 2017 by Mindfactory Germany (on-line retailer company) [34]

CPUs Sold per Month AMD (left) vs. Intel (right)

72.4%
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8.2 The 2. gen. ThreadRipper HED line



8.2 The 2. gen. ThreadRipper HED line (1)

8.2 The 2. gen. ThreadRipper HED line -1

- Launched in 8/2018, designated as Pinnacle Ridge.
« Itis based on the Zen+ parchitecture, implemented on 12nm technology.



8.2 The 2. gen. ThreadRipper HED line (2)

The 2. gen. ThreadRipper HED line -2

AMD's Zen/Zen+ based processor lines introduced in 2018

o/%v

2.G Ryzen DT

2.G ThreadRipper

Ryzen Mobil APU Ryzen DT APU
(Raven Ridge) (Raven Ridge)

parch./tech.

Launched
models

Layout

Integrated GPU
Core count

SMT
(Multithreaded)

Mem. channels/
data rate

PCIe lanes
TDP

Socket

Chipset

Zen/14 nm

Ryzen 3 2300U
Ryzen 3 2200U
(1/2018)

CCX +
Vega 6/3
Yes
2/4

SMT only for
Ryzen 3 2200U

2xDDR4-2400
?7?
15 W
FP5 (na.)

SoC

Zen/14 nm

Ryzen 5 2400G/GE
Ryzen 3 2200G/GE
(G: 2/2018)
(GE: 42018)

CCX +
Vega 11/8
Yes
4

SMT only for
Ryzen 5

2xDDR4-2667 (G)
2xDDR4-2933(GE)

??
35/65 W
AM4 (1331)

300-series

(Pinnacle Ridge)

Zen+/12 nm

Ryzen 7 2700X
Ryzen 7 2700
Ryzen 5 2600X
Ryzen 5 2600
(4/2018)

Zeppelin die
(2x CCX)

No
2/4

SMT

2xDDR4-2933

16x PCIe 3.0
65/95/105 W

AM4 (1331)
300/400-series

\
\

Zen+/12 nm

2990WX (8/2018)
2950X (8/2018)
2970WX (10/2018)
2920X (10/2018)

(up to 4 Zeppelin dies)

4xDDR4-2933

60x PCIe 3.0

TR4 (SP3r2) (4094)

N ———

(Pinnacle Ridge)

MCM

No
Up to 32

SMT

180/250 W

o e | heeed el el o e el



8.2 The 2. gen. ThreadRipper HED line (3)

Positioning the 2. gen. ThreadRipper HED models [73]

1. Gen ThreadRipper (2017) 2. gen. ThreadRipper (2018)

Cores/ . . Cores/

- $1799 32/64 TR 2990WX
- $1299 24/48 TR 2970WX

TR 1950X 16/32 $999 $899 16/32 TR 2950X
TR 1920X 12/24 $799 $649 12/24 TR 2920X
TR 1900X 8/16 $549

As seen in the Table, two of the new models are direct replacements of previous
1. gen. models (TR 2951X and the TR 2920X) whereas two new models
(TR 2990WX and TR2970WX) extend available core counts to 32 and 24 cores,
respectively.



8.2 The 2. gen. ThreadRipper HED line (3b)

Main features of the 2. gen. ThreadRipper processors [73]

2. gen. ThreadRipper processors

Cores/ Base/ DRAM

TR 2990WX 8/2018 32/64 3.0/4.2 64 MB  4x2933 250 W $1799
TR 2970WX 10/2018 24/48 3.0/4.2 64 MB  4x2933 60 250 W $1299
TR 2950X 8/2018 16/32 3.5/4.4 32 MB 4x2933 60 180 W $899
TR 2920X 10/2018 12/24 3.5/4.3 32MB 4x2933 60 180 W $649
Ryzen 7
2700X
(DT in 4/2018 8/16 3.7/4.3 16 MB 2x2933 16 105 W $329

contrast)


https://redirect.viglink.com/?key=8a27173f1d0514db88df01b1c3d4a370&u=https://www.newegg.com/Product/Product.aspx?Item%3DN82E16819113541

8.2 The 2. gen. ThreadRipper HED line (4)

Architectural layout of the 2. gen. ThreadRipper models [73] -1

TR 2950: 8+8 cores TR 2990WX: 84+8+8+8 cores
TR 2920: 6+6 cores TR 2970WX: 6+6+6+6 cores



8.2 The 2. gen. ThreadRipper HED line (5)

Architectural layout of the 2. gen. ThreadRipper models [73] -2
What the above Figure indicates is that

« the low core count models have two active dies with 8 or 6 cores each,
with both dies having direct access to memory and I/0, similar to the 1. gen.
models, whereas

« the high core count models incorporate four active dies with 8 or 6 cores each.
« In the latter case
« two dies have direct access to memory and I/O whereas

« the other two dies have no direct access to memory or I/O, only via the
direct-access dies, obviously with higher latency.

« The new high core count models have more compute resources and the same
memory and I/O resources, as the low core count models, obviously they
target users with compute bound applications, like simulations or physics
calculations.

« The above asymmetric kind of resource usage can be designated as being
bi-modal.



8.2 The 2. gen. ThreadRipper HED line (6)

Implications of the bi-modal layout of the high-core ThreadRipper models
for the scheduler

« For obvious reasons the scheduler will assign tasks first to cores that are directly
attached to the memory and I/O before loading other cores.

 Nevertheless, to prevent overheating, the scheduler will likely avoid loading all
cores of the direct connected dies before allocating tasks to not directly
connected dies, e.qg. after loading 12 or 14 cores out of 16 it begins already
loading cores of not directly connected dies.



8.2 The 2. gen. ThreadRipper HED line (7)

Contrasting the layouts of the high core count ThreadRipper and the
EPIC models [73] -1

ThreadRipper 2990WX/2970WX EPIC
(TR4 (SP3r2) socket, 4094 pins)) (SP3 socket, 4094 pins, not compatible)



8.2 The 2. gen. ThreadRipper HED line (8)

Contrasting the layouts of the high core count ThreadRipper and the
EPIC models [73] -2

« Inthe 2. gen. 29950WX/2970WX design (seen on the left of the Figure), the two
inactive dies are now enabled, and there is a crossbar die-to-die interconnect
between all four cores.

Cores on the now enabled two dies do not have direct access to memory or I/O
thus for these cores each memory access requires an extra hop through the
die-to-die interconnect using AMD’s interconnect fabric which consumes extra
power (as will be discussed subsequently).

« By contrast, each die of an Epyc server has direct access to memory and I/0,
resulting in doubling of the available memory bandwidth and number of
PCle lanes.

This reduces the average access time of the memory but increases the
power consumption needed for data transfers.



8.2 The 2. gen. ThreadRipper HED line (9)

Recap: The Infinity Fabric (IF) [73]

Scalable Bandwidth Scalable Control Fabric
Low Latency, QoS Capabilities 3 u u u u u u u u u

Optimized for
Efficient Performance

TV W VYW
Security Scalable Data Fabric

Authentication 4 v VA VA V4 VA

Flexible, Coherent Interfaces I/0 ‘ Memory
Across CPU & GPU Cores |

—— e —

It interconnects computing resources (like the cores, the GPU), memory and I/O.




Power consumption of the cores while raising the number of active cores

8.2 The 2. gen. ThreadRipper HED line (10)

in the 2. gen. 16-core ThreadRipper 2950X processor (TDP: 180 W) [63]

Ryzen Threadripper 2950X (8+0+8+0) Loading (W)
Core 2T 10T 127 14T 16T 18T 20T
0 2297 2297 18.73 17.32 16.83 16.11 15.72 14.80 14.22 12.57 11.45 10.59 939 7.90 9.04 7.68
1 0.06 22.88 18.42 17.37 16.72 16.26 15.78 1465 1435 12.62 11.38 10.80 943 7.97 9.13 9.01
2 0.05 0.08 1875 17.42 16.80 15.99 15.72 14.72 1426 12.65 11.36 10.60 9.36 7.93 7.09 1.77
3 0.05 0.06 0.04 17.38 16.74 16.08 15.78 14.82 14.35 12.64 11.35 10.64 939 10.29 9.22 8.68
< 0.04 0.04 0.08 0.11 18.23 17.04 16.88 14.89 14.49 12.72 11.59 10.76 9.40 9.30 7.46 8.12
5 0.05 0.06 0.08 0.10 0.09 17.40 16.98 1481 14.20 12.68 1135 1091 9.50 9.29 9.51 5.80
6 0.04 0.04 0.06 0.06 0.10 0.07 16.74 14.69 14.19 12.61 1135 10.60 9.35 734 7.63 197
7 0.05 0.06 0.07 0.10 0.08 0.09 0.15 1476 1423 12.72 11.48 10.62 942 933 9.66 8.25
8 0.04 0.04 003 0.10 0.03 0.15 0.05 0.09 17.49 15.15 13.22 11.26 9.77 933 8.81 8.84
9 0.05 0.04 0.04 0.08 0.03 0.04 0.04 0.08 0.75 15.20 13.22 11.44 984 9.24 8.85 8.68
10 0.04 0.04 0.04 0.04 0.03 0.08 0.04 0.40 0.07 .12 13.34 11.26 9.80 932 8.89 740
11 0.04 0.04 0.03 0.04 0.07 0.07 0.04 0.04 0.05 0.10 1.07 11.19 9.74 935 8.89 8.88
12 0.13 0.10 0.05 0.05 0.04 0.04 0.04 0.05 0.04 0.05 184 0.07 12.73 11.44 1032 9.43
13 0.08 010 0.08 0.08 011 0.12 0.08 012 0.08 0.08 0.08 174 0.12 11.54 10.47 9.22
14 0.06 0.06 0.04 005 0.03 0.04 0.04 0.04 0.04 0.03 0.03 004 0.71 3.75 7.97 7.88
15 0.07 0.08 0.06 0.06 0.06 0.06 0.27 0.06 0.06 0.07 0.05 006 008 011 0.17 115
Cores 23.83 46.69 56.60 70.36 85.99 99.64 114.35 | 119.02 | 132.87 | 132.01 | 13416 | 132,58 | 128.03 | 133.43 | 133.11 | 134.76
Package 58.17 83.98 95.34 111.09 | 127.99 | 14299 | 159.35 | 163.81 | 176.04 | 174.22 | 174.73 | 173.77 | 175.73 | 175.68 | 176.09 | 177.88
There are up to two active dies with up to 8 active cores/unit.
Green figures: not loaded cores - Yellow to red figures: loaded cores
Red figures appearing for few active cores indicate that in this case presumably
die temperature will constrain turbo clock frequency and determine the related
power consumption, whereas for yellow figures, seeing at many active cores, «

clearly the total power consumption limits clock frequency.




8.2 The 2. gen. ThreadRipper HED line (11)

Breakdown of power consumption between the cores and the IF in the

16 cores (2 active dies) TR 2950X depending on loading [73]
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Threads Loaded
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As seen, the IF of the 16-core (2 active dies) TR 2950X consumes about 25 % of

the total power.




8.2 The 2. gen. ThreadRipper HED line (12)

Breakdown of power consumption between the cores and the IF in the
32-core, 4 active dies) TR 2990WX depending on loading [73]
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As seen, the IF of the 32-core (4 active dies) TR 2990WX consumes already about
35 % of the total power due to the much more complex die-to-die interconnects. *



8.2 The 2. gen. ThreadRipper HED line (13)

In contrast: Breakdown of power consumption between the cores and the IF

in the 32-core 4 active dies) EPIC 7610 depending on loading [73]
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As seen, the IF of the 32-core (4 active dies) EPIC 7601 consumes already up to
50 % of the total power due to the much more complex die-to-die interconnect.



8.2 The 2. gen. ThreadRipper HED line (14)

Note [73]

Preceding Figures let’s conclude that with increasing core count - beyond providing
enough memory bandwidth - the implementation of low power, scalable and high
performance interconnects will be a great challenge for processor designers.



8.2 The 2. gen. ThreadRipper HED line (15)

Enhancements of the 2. gen. ThreadRipper line vs. the 1. gen. line

a) Higher core counts (24 and 32 core models) vs. up to 16-core models

b) Precision Boost 2 (decrease of clock frequencies for higher number of active cores
in Turbo mode)

a) Precision Boost Overdrive (overriding factory settings)
b) StoreMe (unified storage)

« The point of higher core counts has already been previously discussed, whereas
the enhancements b) to d) has already been detailed in Section 6.2.

 Here subsequently we will only emphasize some peculiarities of the
implementation of the Precision Boost 2 technology in the 2. gen. ThreadRipper
line.

In the lecture we will not detail the enhancements of the 2. gen. ThreadRipper line.



8.2 The 2. gen. ThreadRipper HED line (16)

Implementation of Precision Boost 2 in the 2. gen. ThreadRipper line

Precision Boost 2 has been introduced in a number of series as follows:

« Ryzen mobile APU series (Zen (Raven Ridge)-based, 14 nm, 10/2017)
 Ryzen DT APU series (Zen+ (Pinnacle Ridge)-based, 12 nm 4/2018)

« 2. gen. Ryzen DT series (Zen+ (Pinnacle Ridge)-based, 12 nm, 4/2018) and
« 2. gen. ThreadRipper series, (Zen+ (Pinnacle Ridge)-based, 12 nm, 8/2018).



8.2 The 2. gen. ThreadRipper HED line (17)

Boost behavior in the original Precision Boost technology -1

Up to two active cores Up to four active cores
3 3

4.0 GHz 4.0 GHz

More than two active cores More than four active cores
3.7 GHz

Figure: Boost behavior of the Figure: Boost behavior of the
Ryzen DT and mobile lines [38] ThreadRipper line (based on [38])




8.2 The 2. gen. ThreadRipper HED line (18)

Precision Boost 2 as implemented in the 2. gen. TR 2990WX [73]

EW

N
PRECISION BOOST 2
In AMD SenseMI Technology 4 20H2

4.0CHz "

Substantial clockspeed increases for real 3.8 GHz

multithreaded workloads
3.6 CHz

- A - 8 . 3.4 CHz
Retires "4-core” v. "all-core” boost

for a linear/graceful model 3.2 CHz

3.0GHz

Governed by core temp, VRM current, 28 CHe

Sol power 1 161 E7 487

wess Avg. Frequency of Active Cores « « » » Precision Boost 2 Curve

Still 25MHz granularity for optimal
clock selection




8.2 The 2. gen. ThreadRipper HED line (20)

Benchmark results for the PCMark10 Extended Score [73]

A PCMark10 Extended Score

Score (Higher is Better)

v

AMD TR 2950X (16CI32T, 180W, $849) -, 5
AMD RT 2700X (BC/16T, 105W, 5329) - 5,263
AMD TR 1950X (16C/32T, 180W, $999) - 5,256
AMD TR 1920X (12C/24T, 180W, $799) - I 5,162
AMD TR 1900X [8C/16T, 180W, $549) - 5,143
Intel Core i7-8700K (6C/12T, 95W, 5359) NN 5123
AMD TR 2990WX (32C/64T, 250W, 51799) - 5,079
Intel Core i19-7980XE (18C/36T, 140W, $1979) - 4,024
Intel Core i7-7900X (10C/20T, 140w, $989) -IIIIIIEIEIEIGNGNGEGEGEGEGNGNGENGNGENENEGEGEGEGEGEGENGE 2750

0 600 1500 2400 3300 4200 5100

Remark

PCMark covers about 14 different areas, including application startup, web,
spreadsheets, photo editing, rendering, video conferencing, and physics.



8.2 The 2. gen. ThreadRipper HED line (21)

Benchmark results for the single thread Geekbench 4 [73]

A Geekbench 4 - ST Overall

Score [(Higher is Better)

Yy B

Intel Core i7-8700K (6C/12T, 95W, $359) - 5,846
Intel Core i7-7900X (10C/20T, 140W, $989) NN 5,272
Intel Core 19-7980XE (18C/36T, 140W, 51979) - -.1236
AMD R7 2700X (8C/16T, 105W, $329) - 2.024
AMD TR 2950X (16C/32T, 180W, $849) - 4,816
AMD TR 1950X (16C/[32T, 180W, $999) - 4,477
AMD TR 1900X (B8C/16T, 180W, $549) - 4 464
AMD TR 1920X (12C/24T, 180W, $799) - 4,456
AMD TR 2990WX (32C/64T, 250W, 51799) - 4,250
AMD EPYC 7601 (32C/64T, 180W, $4200) -  2.650

0 1000 2000 3000 4000 5000 6000

Remark

Geekbench 4 is a common tool for cross-platform testing between mobile, PC, and
Mac.

It is an advanced tool in synthetic testing across a range of algorithms assessing
peak throughput.

Tests include encryption, compression, fast Fourier transform, memory operations,
n-body physics, matrix operations, histogram manipulation, and HTML parsing.



8.2 The 2. gen. ThreadRipper HED line (22)

Benchmark results for the multi thread Geekbench 4 [73]

Ai_ Geekbench 4 - MT Overall

Score (Higher is Batter)

AMD TR 2950X (16C/[32T, 180W, $849) - 31,636
Intel Core i9-7980XE (18C/36T, 140W, $1979) - 31,541
Intel Core i7-7900X (10C/20T, 140W, $989) -GGG 20,885
AMD TR 1950X [16C/32T, 180W, $999) - 29,579
AMD TR 1920X [12C/24T, 180W, $799) - 25,010
AMD R7Y 2700X (8C/16T, 105W, $329) - 26,530
AMD TR 2990WX (32CJ/64T, 250W, 51799) - 26,083
Intel Core i7-8700K (6C/12T, 95W, $359) -GGG 24,530
AMD TR 1900X (BC/16T, 180W, $549) -GGG 24,217
AMD EPYC 7601 (32C/64T, 180W, $4200) - 23,652

0 4000 10000 16000 22000 28000 34000

As the benchmark results show Intel retains further on their single thread advantage,
whereas high-end 2. gen. ThreadRipper models provide the highest performance
in a large number of benchmarks.



Threadripper 2930WX @ 5.1 LN2

Intel 28C Demo @ 5.0 Chiller
Threadripper 2990WX Stock
Core I9-7980XE @ 4.2
Corei9-7960X @ 4.3

Core i9-7960X
Threadripper 2550X Stock
Threadripper 1950X
Threadripper 1920X @ 4.1
Corei9-7900X @ 4.5
Threadripper 1920X

Core 19-7900X

Core |7-7820X @ 4.6

Core i7-7820X
Threadripper 1900X @ 4.0
Threadripper 1900X

Cinebench R15 - Multi-Core Performance
CB Marks (higher is better)

2432
2218

o

1711

1000

2000

I N
~
o
o

3792

09

3000

4000

Benchmark results for the multi-thread Cinebench R15 [89]

8.2 The 2. gen. ThreadRipper HED line (23)

tom'sHARDWARE

Cinebench evaluates
CPU and graphics performance
for 3D content creation.
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8.2 The 2. gen. ThreadRipper HED line (24)

Intel’s response to the ThreadRipper threat — the Xeon W-3175X [96]

BASE INTEL® TURBO BOOST

PROCESSOR CLOCK
NUMBER SPEED

Intel” Xeon®
W-3175X 3.1 4.3

TECHNOLOGY 2.0
MAXIMUM
(GHZ) SINGLE CORE TURBO PIREADS

FREQUENCY (GHZ)

INTEL"
SOREN TDP SMART

CACHE

28/56 255W 38.5MB v 4

(TR 2990WX 3.0 4.2)

It is probably
Intel 28C Demo
processor
shown @ 5 GHz
overclocked,
with a water chiller,
in Computex
in 06/2018

DDR4 6Ch/2DPC
x48 PCle 3.0 lanes

’ (intel)

' Intel® Xeon®
W-3175X

Intel® C621
Chipset

PCle 3.0

EXPRESS

USB 2.0 -

SATA3.0

SERIAL

Intel LAN PHY

SPI:Serial
Peripheral Interface

PLATFORM
4
ISR PCIE LANES

Up to 68

MEMORY STANDARD ECC
SUPPORT RAS SUPPORT SUPPORT

Six channels

DDR4-2666 v v

Announced
in 10/2018
To be shipped
in 12/2018
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9.1 The 1. gen. Naples Epyc server line

9.2 The 2. gen. Rome Epyc server line




9. The Epyc server lines (1)

9. The Epyc server lines

AMD unveiled until now two generations of Epyc processor lines:

« the 1. generation, called Naples line, launched in 06/2017 and
« the 2. generation, called Rome line, introduced in 11/2018.

These two generations will be discussed subsequently.



9.1 The 1. gen. Naples Epyc server line



9.1 The 1. gen. Naples Epyc server line (1)

9.1 The 1. gen. Naples Epyc server line -1
Positioning AMD's 1. gen. Epyc server line in AMD’s 1.gen. Zen-based lines

AMD's Zen-based processor lines

e

Ryzen Mobile Ryzen ThreadRippér Epyc l
(mobil) (DT) (HED) | (1S/2S server) I
l I
Single CCX + Zeppelin chip 2 Zeppelin chigs 4 Zeppelin chips :
Vega GPU (2x CCX, no GPU) interconnected by fhe IF, interconnected by the IF, I
implemented as an MCM implemented as an MCM |
' |
B 4 > ‘g - p I
5 e EHE o s e el
2x16 PCle E E 4 B L3 g

= Zen L2 o L2 Zen 4 oot = .5 ca R I
% Zen 12 2 12 Zen B - % e . I
:3_ Zen L2 F L2 Zen g . 2R3 Cohwrant Links Coheromt Links I
E‘ Zen L2 L3 L2 Zen 2 . B Zen L2 P L2 Zen ~ Zen L2 ™ LZ Zen B I

Coherent Links i Zen 122112 Zen 3 : zen 12|22 Zen
-ch 2 2 Ten : g Zen LR L3 Zen I
§chllt?t..‘7:m§ g};mtlt‘qwlcni I
2x16 PCle I

2x16 PCle
Zen L2 LE Zen
o M

% Zen L2 o L2 Zen &
-

L2 Zen

Drawings based on [11] Cohersm ks Coherem Links




9.1 The 1. gen. Naples Epyc server line (2)

The 1. gen. Naples Epyc server line -2

Launched in 6/2017 based on the Zen core, manufactured on 14 nm technology.
It covers 1S and 2S servers.

The reason why AMD focuses on up to 2S servers is that these servers cover
recently over 90 % of the server market, as indicated below.

91%

of the Market
Is Single or
Dual Socket

2016 Units

Figure : Recent market share of 1S and 2S servers [29]



9.1 The 1. gen. Naples Epyc server line (3)

The EPIC package [21]
Package size: 58 x 75 mm, LGA 4094 socket (SP3).




9.1 The 1. gen. Naples Epyc server line (4)

Main features of AMD's Epyc line introduced in 2017

AMD's Zen-based processor lines introduced in 2017

WWVO

Ryzen Mobile APU Ryzen DT ThreadRipper Epyc
(Raven Ridge) (Summit Ridge) (Whitehaven) (Naples)

Market segment Mobile Desktop platform HED : 1S/2S server i
I I
parch./Technology Zen 14 nm Zen, 14 nm Zen, 14 nm : Zen, 14 nm :
I I

|
Launched Ryzen 727000 Ryzen 7.(3/2017) 1 950%/1920x/1900X1  Series 7000 |
models Ryzen 5 2500U Ryzen 5 (4/2017) (8/2017) : (6/2017) I
(10/2017) Ryzen 3 (7/2017) I :

|
Lavout CCX + Zeppelin die MCM : MCM :
Y Vega 8/10 with 2x CCX (2x Zeppelin die) : (4x Zeppelin die) :
|
Integrated GPU Yes No No : No ]
Core count 4 4/6/8 8/12/16 i 8/16/24/32 |
|
SMT : ]
SMT SMT (except Ryzen 3) SMT i SMT i
Mem. channels/rate 2xDDR4-2400 2xDDR4-2666 4xDDR4-2666 i 8xDDR4-2666 :
1 I
' 128 for 1S servers |
PCIle 3.0 lanes ?? 16xPClIe 3.0 60xPCIe 3.0 - I
: 64 for 2S servers :
TDP 15 W 65/95 W 180 W i 120/170/180 W !

|
Socket AM4 (1331) AM4 (1331) TR4 (SP3r2) (4094) | SP3 (4094) i
3 !

Chipset SoC 300-series X399 No chipset, SOC



9.1 The 1. gen. Naples Epyc server line (5)

Die-to-die interconnections in a 1S EPYC server processor

A 1S EPYC server processor is built up of 4 Zeppelin dies interconnected by a crossbar
Infinity Fabric switch and implemented as an MCM (Multi-chip_Module), as shown
in the Figure below.

32-bit per link per direction
interconnecting the chips
in a crossbar fashion
by single-ended signals
with a bandwidth of 42.8 GB/s
per link in each direction.

Figure: Die interconnections in an 1S EPYC server [21]



9.1 The 1. gen. Naples Epyc server line (6)

A more detailed presentation of a 1S Epyc server processor [7]

o<
a
(@]
g

GO - G3: 4 x 16 SERDES lanes
(in each direction)
Used for socket-to-socket
communication

MA-MH: 8 x 72-bit DDR4
DRAM channels
Up to 2 TB DDR4 memory

oo: Die-to-die IF links
16-bit per link per direction
interconnecting the chips
in a crossbar fashion
by single-ended signals
(2 pJ/bit TDP)
with a bandwidth of 42.6 GB/s
per link in each direction.

PO - P3: 4 x 16 SERDES lanes
(in each direction)
Used to implement PCle 3.0 lanes



9.1 The 1. gen. Naples Epyc server line (7)

Dies and die interconnections within a 1S EPYC server [30]

A: 4 Zeppelin dies/socket B: A single Zeppelin die



9.1 The 1. gen. Naples Epyc server line (8)

MCM-to-MCM interconnections in a 2S EPYC server processor

A 2S EPYC server processor is built up 2 EPYC processors that are interconnected
by the Infinity Fabric (IF), as shown in the Figure.

Up to 2x 32 cores,
2X 4 channel DDR4 memory,
up to 2x 2 TB memory,
2x 64 PCle 3 lanes

4x die-to-die IF links
16 differential lanes per direction
(9 pl/bit TDP)
interconnecting related dies
on the two sockets,
L 37.9 GB/s bandwidth
ik ik By bidirectional.

: (Up to two hops are needed
for die-to-die transfers).

Figure: Built up of a 2S5 EPYC server [21]
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Layout of a dual socket Epyc system [88]

Q

4 Channels 4 Channels 4 Channels 4 Channels
DDR4 DDR4

128 lanes High-speed I/O
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MCM-to MCM IF interconnections in a 2S Epyc server processor - detailed [43]

4x 16 lanes per direction
37.9 GB/s
bidir.
37.9 GB/s
bidir.

37.9 GB/s
bidir.

37.9 GB/s
bidir.

GMI: Global Memory Interconnect
SDF: Scalable Data Fabric


https://en.wikichip.org/wiki/File:amd_infinity_fabric_dual-socket(4_dies).svg
https://en.wikichip.org/wiki/File:amd_infinity_fabric_dual-socket(4_dies).svg
https://en.wikichip.org/wiki/File:amd_infinity_fabric_dual-socket(4_dies).svg

9.1 The 1. gen. Naples Epyc server line (10)

Comparing memory latencies in Intel’'s Xeon and AMD’s Epyc [70]

Measured Memory Latencies: Local and Remote

ﬁequesting\oie "g" ___ AMDEPYC N\
or 1 Hop
\ Local Die Remote
( Intel® Xeon" Scalable Processor Socket
Requesting Die "0° 2 Hop
T Hop Remote
Remote Die Socket

Local Die B0 . (

AMD presentation shows
EPYC has higher latency
for “NUMA Unaware” apps

Soorce Omeg Shigoen AMD Felom  Lrley Processer
Conference 2017 10AONT
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9.1 The 1. gen. Naples Epyc server line (11)

Restrictions on the number of PCle 3.0 lanes per socket -1

An Epic processor has 8 x 16 serialization-deserialization circuits (called SERDES)
that can be used either for implementing the interconnection lanes between
two sockets of a 2S server processor or PCle 3.0 lanes, as indicated below.

GO - G3: 4 x 16 SERDES circuits
(in each direction)

Used for PCIe 3.0 lanes in 1S
and for MCM-to-MCM
interconnection lanes
in a 2S configuration

PO - P3: 4 x 16 SERDES lanes
(in each direction)
Used for PClIe 3.0 lanes

Figure: High-level block diagram of a Ryzen processor



9.1 The 1. gen. Naples Epyc server line (12)

Restrictions on the number of PCle 3.0 lanes per socket -2

In a 1S Epyc processor all SERDES circuits are available for PCIe 3.0 lanes,
thus 1S Epyc server processors can provide 6x16 = 128 PCle 3.0 lanes.

By contrast, in 2S Epyc processors 4x16 lanes are needed to interconnect both
sockets, then only 4x 16 = 64 PCle 3.0 lanes can be implemented per socket.

This design approach implies however, a serious restriction on the feasible
server configurations since a 4S configuration would require already 2x 64 lanes,
i.e. all 128 available SERDES circuits for interconnecting 4 sockets, consequently,
for a 4S configuration no PCle 3 lanes could be provided.

In other words, the chosen IF solution allows only to implement 1S or 2S
configurations.

AMD is full aware of this restriction and did not announce any plans to develop
4S or 8S servers while employing IF.

This is understandable due to the low market share of 4S and 8S servers
vs. 1S and 2S servers.
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Width and bit rate of Infinity Fabric links in an Epyc processor [3]

Cross- Bit Rate Byte Rate Byte Rate Cross
Sectional Lanes per Total One-Way Per Lane Per Lane Per Link Sectional
Links Link Lanes Lanes (Mb/sec) (MB/sec) (GB/sec) (GB/sec)

Die-to0-Die 4 32 128 16 5325 666 10.65 426
MCM-to-MCM 4 16 64 8 0475 1184 0.48 379
Configurable 64

Total per Die 256

Remarks

1) From the 4 available Cross-Sectional Links per die only 3 are needed
to interconnect the actual die with the further three dies of the processor.

2) The Die-to-Die interconnects are actually not differential lanes but single-ended
lines to reduce power consumption (resulting in 2 pl/bit vs. 9 pl/bit TDP.
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Additional features of EPYC-7000-series processors

a) Workload aware power management
b) Per core frequency and voltage scaling
c) Integrated secure processor
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a) Workload aware power management of the EPYC line [21]

WORKLOAD AWARE POWER MANAGEMENT

= Many workloads utilize all the cores to do sporadic tasks

which are not overly latency sensitive core@ active active active
y y 3 -
idle_1 Lidle_1 |
= Default behavior has cores running at a high frequency | | ]
H : : e ' ':t.V ‘é‘\‘A | i‘ue!
during the active phases, wasting power carel e e
« . . @
= The AMD workload aware efficiency algorithm recognizes .
theseﬁ;ases and dynamically qptim.zes operation for up - | k. = =
to 10% performance/Watt gains | idle idle idle
Typical CPU Power vs Frequency v
5.00\ : _
S 00w el | active idle active ’ active ‘ active l
4 00W /‘ ..
g 3.00W - = ~ :‘3::4 active l active ‘ active idle | active
o 200W - 5
—_ e
1.00W e
fLom i e ‘ active ‘ idle ’ active ‘ active |
1.00G 1.50G 2.00C 2.50G 3.00G 3.50C

FREQUENCY

g | EPYC TECH DAY | JUNE 2077 “See endnotes AMDZA




9.1 The 1. gen. Naples Epyc server line (16)

b) Per-core frequency and voltage scaling [21]

PER-CORE LINEAR REGULATION

= With 32 cores across 4 different die, running all

cores at the voltage required by the slowest would
waste power

= Qur per-core regulator capabilities enable AVFS-
informed adaptation of each core’s voltage to its
particular characteristics and operating environment

= The result is significant core power savings and
variation reduction

Per-core LDO

Controlled
RVDD (VRM output)

A nnnnnlnnnlnll

Core0 Corel Core2 Core3 Cored CoreS Coreb Core?7 Core8 Cored Corel0 Coret Corel2 Corel3 Coreld Corels (m 16 Corel7 Corel8 Corels Core20 Core2 Core22 Core 7% Core24 Core25 Core26 Core27 Core28 Core29 Core33 Coredl

I
: [ I |
Die0 Diel Die2 Die3

LDO: Low Drop Out Voltage Regulator
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c) Integrated secure processor [31]

AMD SECURE PROCESSOR

A Dedicated Security Subsystem

AMD SoC
AMD Secure Processor integrated within SoC

32-bit microcontroller (ARM Lortex-AS)

Runs a secure 0S/kernel

Secure off-chip NV storage for firmware and
data (i.e. SPIROM)

Provides cryptographic functionality for
secure key generation and key management

Enables hardware validated boot
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Main features of AMD's 1S EPYC-7000 series processors [21]

Frequency (GHz
Cores q y (GHz) e T
Threads  pBase All Max

EPYC 35764 2.0 2.6 3.0 180W  $2100

/7551P 8 Ch

EPYC DDR4 8 x16 155W/1

7401P 24 / 48 2.0 2.8 3.0 64 MB up to 2666 PCle Z0W $1075
MT/s

EPYC 155W/1

7351p 16 / 32 2.4 2.9 Z0W $750

Note that the P tag means 1S configuration.
The last numeric character in the model designation, i.e. 1 indicates generation 1.
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Main features of AMD's 2S EPYC-7000 series processors [21]

Cores
Threads

EPYC 7601
EPYC 7551

EPYC 7501

EPYC 7451

EPYC 7401

EPYC 7351

EPYC 7301

EPYC 7281

EPYC 7251

32/ 64
32/ 64

32/ 64
24 / 48

24 / 48
16 / 32
16 / 32

16 / 32

8/ 16

Frequency (GHz)

2.20 2.70

2.00 2.55 3.0
2.00 2.60 3.0
2.30 2.90 3.2
2.00 2.80 3.0
2.40 2.9
2.20 2.7
2.10 2.7
2.10 2.9

64 MB

32 MB

8 Ch

DDR4 8 x16
up to 2666 PCle

MT/s

180W

180W

155W/17
ow

180W

155W/17
ow

155W/17
ow

155W/17
ow

155W/17
ow

120W

$4200
>$3400

$3400
>$2400

$1850
>$1100
>$800

$650

$475
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Layout of a 2S EPYC server [29]

AMDA\ FIRST

HIGH SPEED : - VIRTUALIZATION
COHERENT 4 '
INTERCONNECT

MULTI-CORE

PROCESSING INTEGRATED

' MEMORY
64-BIT x86 48 f\ CONTROLLERS

Note that it does not require a PCH.




9.1 The 1. gen. Naples Epyc server line (21)

Example EPYC 2S motherboard (SuperMicro's H11DSi) -1 [33]

. Dual AMD EPYC™ 7000-Series

Processors

. 2TB Registered ECC DDR4

2666MHz SDRAM in 16 DIMMs

. Expansion slots:

2 PCI-E 3.0 x16
3 PCI-E 3.0 x8

. 10 SATA3, 1 M.2, 2 SATA DOM

. Dual Gigabit Ethernet LAN Ports

. ASPEED AST2500 BMC graphics
. Up to 2 USB 3.0 ports

Up to 4 USB 2.0 ports

. 8 4-pin PWM Fan & Speed control
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Example block diagram of a 2S Epyc server [71]

2666/2400/2133 MHz
10.6GT/s; 11.7GT/s; 12.8GT/s

2666/2400/2133 MHz

CPU_ 0 4x16 GOP CPU_1
PCle3.0 X16
AMD1 AMD1
I [
8 Channels = P Y l PCle3.0X8 = P Y l 8 Channels
DDR4 DDR4
PCle3.0X8
“Zen" Core s o]l “Zen" Core
Sockets SP3 SlimLine x2 PCle3.0 X8 Sockets SP3
|
PCle3.0 X8
R e | v ] v | v o |2 o o
USB3.0 X2 s 9 % slimLine x2  SlimLine x2 E 2 == CRS2124
Internal USB 3.0 § % 9 | % g e — PCle X8
PCle3.0 X16 | 1 ol |= |§ IR
PCle x16
OCP1 mezz.
M.2 M Key | | | I PCle3.0 X4
| | | 1 CRS2132
OCP2 mezz. e el PCle X16
TPM
— o
Rear 2x US83.0 25 = s
e — ———— [ 30
oo] MDI [ PCle3.0 X2 :
i350 p——m——— )
2x16 LAN {fuud QUENPSl  ASPEED VGA CR52131
= AST2500 e rceexic
com — ——— [0
=== [Riean =
1x MLAN (2] PHiv | PCle x8
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Performance comparison AMD's EPIC vs. Intel's Broadwell server line
models while running the SPECint_rate_base2006 benchmark [21]

2-SOCKET PERFORMANCE LEADERSHIP AT ALL PRICE POINTS

S Sroon D +47%

I + 44 %

s Ane e +4,7%

l

|

Sy 551 I

>$3,200 "ES-2698v4 |
|

|

|

> 51,700 , +33%

gl
> 51,100

T TTEeeesss—————— +7 0%
T 4 5 0%

I - 23%




9.2 The 2. gen. Rome Epyc server line



9.2 The 2. gen. Rome Epyc server line (1)

The 2. gen. Rome EPYC server line

Introduced in 11/2018, sampled in Q4 2018 and to be launched commercially
in Q1 2018.

It is based on the Zen 2 core and is fabricated on 7 nm technology (TSMCQC).

It covers 1S and 2S servers.



9.2 The 2. gen. Rome Epyc server line (2)

Key features of the 2. gen. Rome Epyc server line -1

 Novel layout based on an I/O die (manufactured on 14 nm) and 8 core chiplet,
each with 8 Zen 2 cores, as seen below.

DDR DDR DDR DDR

G ]
®

@

DDR DDR DDR DD

7nm CPU . 14nm - 7nmCPU
Chiplets /O DIE Chiplets

Figure: Layout of the 2. gen. Rome Epyc line [93]



9.2 The 2. gen. Rome Epyc server line (3)

Contrasting the layouts of the 1. and 2. gen. Epyc server lines [94]

"Zen Based EPYC™ Processors

= DIE 3 7 DIE 2 ’

Core Core
‘ Complex i Complex

Core ) Core Q
Complex Complex

7nm CPU 14nm 7nm CPU
Chiplets M |/ODIEE [ Chiplets

“Zen 2” Based EPYC Processors




9.2 The 2. gen. Rome Epyc server line (4)

Key features of the 2. gen. Rome Epyc server line -2

- Eight channel DDR4 memory controller that provides equal access latency
to all chiplets.

« Up to 4 TB DDR4 memory.

« 128 PCIe 4.0 lanes per socket, which is the first PCle 4.0 implementation
in processors.

« Greatly improved Infinity Fabric speed.

« Ability to connect GPUs via the I/O chip and Infinity Fabric protocol without using
PClIe lanes.

«  Socket compatibility with Naples processors.



9.2 The 2. gen. Rome Epyc server line (5)

Picture of the 2. gen. Rome Epyc server (11/2018) -2

« AMD has already started sampling EPYC 'Rome' processors in about Q3/2018.



9.2 The 2. gen. Rome Epyc server line (6)

Intel’s response to AMD’s Rome, announced in 08/2018 at Hot Chips 30 [95]

GASGADE LAKE ADVANGED PERFORMANGE

NEW CLASS OF INTEL® XEON®" SCALABLE PROCESSORS

ARCHITECTED FOR

PERFORMANCE LEADERSHIP

DEMANDING HPC, Al
CASCADE LAKE ADVANCED PERFORMANCE & IAAS WORKLOADS
2-SOCKET SERVER
MORE MEMORY

UNPRECEDENTED MEMORY BANDWIDTH  ctianneLs rhian

ANY OTHER CPU

CASCADE LAKE CASCADE LAKE
MCP MCP HIGH

PERFORMANCE OPTIMIZED MULTI CHIP PACKAGE Sreto
PERFORMANCE LEADERSHIP

12 channels 12 channels

LINPACK STREAM TRIAD DL INFERENCE’—l

YRk ) 5

ve AMD EPYC 7601 vs Intel® Xeon® Platinum
Processor at launch

- 2 I
»ae ASVINNCed Peddomance 1o e Vorid's Fastest basad
TRNCe peneral pucpase processars commercally avakabie in 2019
| Dangwtt manc sl xhas SYSr & 3y MobieMa e up
) oftw ) i Fanct) Any Chapfe 10 anvy of thas m =
gr infoymmat g Performance tests 10 aasist you in fully
« of 1 roduct when combined with other products For
v 1 m estimanted o simulated using intem
jonal purpgses, Any differences indour
(Intel)

Note that it is implemented as a Multi-Chip_Package with 48 cores, to be launched
in H1 2019 on advanced 14 nm technology.
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