
AJProença, Advanced Architectures, MiEI, UMinho, 2020/21 1

Advanced Architectures

Master Informatics Eng.

2020/21

A.J.Proença

The move from multicore to manycore (online)
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From multicore to manycore:
key issues

Lessons from Intel KNL to fit many cores into a single chip
• lower the compute capability of each core, but not too much

– P54C (KNC) and Atom Silvermont (KNL) are too slow
• use a scalable interconnection network fabric on-chip (NoC)

– to minimize shared-cache/memory access latencies
– to provide enough data communication bandwidth 
– to minimize traffic bottlenecks

• group cores in clusters to improve the quality of the NoC
• reduced cache size/levels with strong impact on performance
• smaller fabrication processes (KNL: 14nm; Icelake: 10nm; Apple M1: 5nm)
• mix general-purpose PUs with application-oriented modules:

GPUs for vector computing, NNP for tensor computing, …
• move to MCM/chiplets: simpler chips have better wafer production yield 
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Interconnect Fundamentals 

• Networks-on-chip: an adapted follow-up of interconnection 
systems to link servers in supercomputers

• Key parameters that define a NoC:
– topology: defines how the nodes and links are connected, namely 

all possible paths a message can take through the network 

– routing algorithm: selects the specific path a message will take
from source to destination 

– flow control protocol: determines how a message actually
traverses the assigned route 

– router micro architecture: implements the routing and flow control 
protocols and critically shapes its circuits 
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Manycore chips/packages:
an overview

Key server chips/packages that addresses those issues:
– Intel: the Xeon Processor Scalable family
– AMD: the Epyc Zen family
– Sunway: the SX260x0 family
– ARM: the ARMv8 server-level competitors

• Marvell ThunderX family 
• Fujitsu A64FX Arm chip
• Neoverse N1 hyperscale reference design
• Ampere Altra Arm Processor
• Amazon Graviton
• Huawei HiSilicon Kunpeng 920

– Cerebras: a Wafer Scale Engine
– Apple (not server…): the SoC approach (no chiplets!)
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Intel Xeon Scalable Processor
(formerly code-named Skylake-SP)
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PU generations for HPC:
Intel Xeon Processor Scalable Family
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Broadwell
ring interconnection
does not scale for
large #cores

From Broadwell to Skylake (server):
the move from ring to mesh

Skylake (server)
(mesh follows KNL)

UPI required for dual-socket
(Ultra Path Interconnect)
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Broadwell Skylake

From Broadwell to Skylake (server):
Sub-NUMA Clusters
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Intel Xeon Scalable Processor:
the Advanced Performance (AP) device

FCBGA5903

8200 die,
up to 28 cores

up to 112 cores, ~$100,000

Two 8200 dies 
on the same package
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Sunny Cove Microarchitecture
(larger L2 & L3 in servers)
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Next generation:
Willow Cove & Tiger Lake

No server version yet…
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Manycore chips/packages:
an overview

Key server chips/packages that addresses those issues:
– Intel: the Xeon Processor Scalable family
– AMD: the Epyc Zen family
– Sunway: the SX260x0 family
– ARM: the ARMv8 server-level competitors

• Marvell ThunderX family 
• Fujitsu A64FX Arm chip
• Neoverse N1 hyperscale reference design
• Ampere Altra Arm Processor
• Amazon Graviton
• Huawei HiSilicon Kunpeng 920

– Cerebras: a Wafer Scale Engine
– Apple (not server): the SoC approach (no chiplets!)
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Key Intel Xeon competitor:
AMD Epyc (Zen, Zen 2, 3, 4)

Infinity:
AMD interconnection fabric,

a superset of HyperTransport

ZEN ZEN 2
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AMD Epyc:
from Zen 2 (Rome) to Zen 3 (Milan)
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8 CCD dies at 7 nm
1 I/O die at 14 nm

512 KiB L2 cache/core
12-cycles latency

non-inclusive L3 cache
private to the 4 cores
~40 cycles latency
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The AMD Infinity Fabric

Infinity Fabric (IF) 
• AMD system interconnect architecture, a 256-wide bi-directional crossbar:

• Infinity Fabric On-Package (IFOP): die-to-die communication in same package
• Infinity Fabric InterSocket (IFIS): for package-to-package communications
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The Infinity Fabric scaling

The Infinity Fabric scaling:
A. Scalable Control Fabric (SCF) connects compute elements in CCX (Core CompleX)
B. System Data Fabric (SDF) coherent communications among caches and memory
C. SCF and SDF scale between dies on an MCM and between sockets
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AMD Infinity Architecture Roadmap



AJProença, Advanced Architectures, MiEI, UMinho, 2020/21 19

NUMA domains in Epyc MCM
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Memory modes in Epyc
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Intel Xeon vs. AMD Epyc
(both launched 1st half 2019)

L2/ 1MiB/core/

/Bandwidth /131.13 GiB/s

512 KiB/core/

/190.7 GiB/s

(Rome)

2.25 GHz – 3.4 GHz 2.7 GHz – 4.0 GHz
AVX512: 1.8 – 3.7 GHz

14 nm
single-die, 2 SNC

7 nm, I/O 14 nm
9-die package

14 nm
2-die 82xx, 56 cores
12 memory channels

(Skylake-SP)

Skylake-AP

2-way SMT
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Intel Xeon vs. AMD Epyc

Skylake-(server):
1 MiB/core

16-way

1.375 MiB /core
11-way

Mobile Architecture

Non-Inclusive
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The move at Intel from 
single-die SoC to stacked chiplets

EMIB: Embedded Multi-Die Interconnect
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Advanced package architectures at Intel

Lakefield
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Advanced package architectures
at Intel

HBM
Stacked RAM
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A long term vision at Intel 
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Manycore chips/packages:
an overview

Key server chips/packages that addresses those issues:
– Intel: the Xeon Processor Scalable family
– AMD: the Epyc Zen family
– Sunway: the SX260x0 family
– ARM: the ARMv8 server-level competitors

• Marvell ThunderX family 
• Fujitsu A64FX Arm chip
• Neoverse N1 hyperscale reference design
• Ampere Altra Arm Processor
• Amazon Graviton
• Huawei HiSilicon Kunpeng 920

– Cerebras: a Wafer Scale Engine
– Apple (not server): the SoC approach (no chiplets!)
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fThe Shen Wei SW 26010 
in SunWay TaihuLight (#1 in June’16 TOP500)

Shen Wei SW 26010 (260 cores):
• 4 core groups (CG, as a SNC), connected via a NoC
• each CG has a Management Processing Element (MPE) 

a 8x8 mesh of 64 Computing Processing Elements (CPE Cluster) 
and a Memory Controller (MC) 

• a CPE is a 64-bit RISC OoO (out-of-order) core w/ a 256-bit vector unit, no SMT, 
16 KiB L1 instruction cache, and 64 KiB Scratch Pad Memory (not L2 cache) 

: 8 GiB DDR3 : 8 GiB DDR3 : 8 GiB DDR3 : 8 GiB DDR3
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Manycore chips/packages:
an overview

Key server chips/packages that addresses those issues:
– Intel: the Xeon Processor Scalable family
– AMD: the Epyc Zen family
– Sunway: the SX260x0 family
– ARM: the ARMv8 server-level competitors

• Marvell ThunderX family 
• Fujitsu A64FX Arm chip
• Neoverse N1 hyperscale reference design
• Ampere Altra Arm Processor
• Amazon Graviton
• Huawei HiSilicon Kunpeng 920

– Cerebras: a Wafer Scale Engine
– Apple (not server): the SoC approach (no chiplets!)

Suppport for 
at least dual-socket
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ARM brand: a bit of history...

Current owner of Arm Holdings: NVidia
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HPCs with ARMv8:
server-level competitors

1. Marvell ThunderX product family

2. Fujitsu A64FX Arm chip

3. Neoverse N1 hyperscale reference design

4. Ampere Altra Arm Processor

5. Amazon Graviton

6. Huawei HiSilicon Kunpeng 920 
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HPCs with ARMv8:
server-level competitors

1.Marvell ThunderX product family

2. Fujitsu A64FX Arm chip

3. Neoverse N1 hyperscale reference design

4. Ampere Altra Arm Processor

5. Amazon Graviton

6. Huawei HiSilicon Kunpeng 920 
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Marvell Server Processor Roadmap
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The Marvell/Cavium ThunderX2
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The Marvell/Cavium ThunderX2
architecture block diagram

Scalability
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Next generation:
ThunderX3
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ThunderX3:
L3 Cache and Interconnect
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4-way SMT in ThunderX3
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HPCs with ARMv8:
server-level competitors

1. Marvell ThunderX product family

2.Fujitsu A64FX Arm chip

3. Neoverse N1 hyperscale reference design

4. Ampere Altra Arm Processor

5. Amazon Graviton

6. Huawei HiSilicon Kunpeng 920 
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Fujitsu’s A64FX ARM Chip 
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Fujitsu's A64FX Arm Chip:
48+4 cores

A64FX Arm
• Feature size: 7 nm

• Armv8.2-A spec with 
512-bit SVE extensions

• HP math and a dot-product engine

• 4 core-memory groups

• NoC: a double ring bus

• cores in CMG linked by a crossbar to 
L2 cache & to HBM2 mem controller

• 8 MiB L2 cache; no L3 cache

• a Tofu-D controller on the die

• #1 TOP500 since Jun’20 uses 
A64FX package
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Block diagram of 
the A64FX chip
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Fujitsu interconnect Tofu-D 
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Tofu-D:
6D mesh/torus interconnect 
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Tofu-D:
6D mesh/torus interconnect 
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HPCs with ARMv8:
server-level competitors

1. Marvell ThunderX product family

2. Fujitsu A64FX Arm chip

3.Neoverse N1 hyperscale

4. Ampere Altra Arm Processor

5. Amazon Graviton

6. Huawei HiSilicon Kunpeng 920 
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Arm Neoverse N1
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(announced Feb’19)

7 nm process
Based on Cortex A76
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Arm Neoverse N1

CMN
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CMN-600 in Arm Neoverse
(a SoC interconnect IP)

CMN

CMN:Coherent Mesh Network
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HPCs with ARMv8:
server-level competitors

1. Marvell ThunderX product family

2. Fujitsu A64FX Arm chip

3. Neoverse N1 hyperscale reference design

4.Ampere Altra Arm Processor

5. Amazon Graviton

6. Huawei HiSilicon Kunpeng 920 
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Ampere Altra family:
a SoC based on Neoverse N1
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HPCs with ARMv8:
server-level competitors

1. Marvell ThunderX product family

2. Fujitsu A64FX Arm chip

3. Neoverse N1 hyperscale reference design

4. Ampere Altra Arm Processor

5.Amazon Graviton

6. Huawei HiSilicon Kunpeng 920 
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Amazon Web Services (AWS):
Graviton2 with Arm Neoverse N1 cores

AWS Graviton2
• 7 nm process
• up to 64 Arm 

Neoverse N1 core 
• 1 MiB L2 per core
• shared 32 MiB L3
• without SMT
• single-socket 
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Graviton2 vs. AMD & Intel

1 / Naples

*

SNC

*
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Comparison of major ARM servers

SMT
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HPCs with ARMv8:
server-level competitors

1. Marvell ThunderX product family

2. Fujitsu A64FX Arm chip

3. Neoverse N1 hyperscale reference design

4. Ampere Altra Arm Processor

5. Amazon Graviton

6.Huawei HiSilicon Kunpeng 920 

ht
tp

s:
//w

w
w

.e
w

ee
k.

co
m

/p
c-

ha
rd

w
ar

e/
ew

ee
k-

s-
to

p-
ve

nd
or

s-
se

rv
er

-p
ro

ce
ss

or
-m

ak
er

s



AJProença, Advanced Architectures, MiEI, UMinho, 2020/21 57

The Huawei Kunpeng 920
(previously known as HiSilicon Hi1620)

Huawei Kunpeng 920 is based on TaiShan V110 core, a semi-custom ARM Cortex-A72

128-bit SIMD unit

(launched in 2019)
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The Huawei Kunpeng 920:
a multi-chip 48-64 cores

SCCL:
Super CPU Cluster

SICL:
Super IO Cluster

CCL:
CPU Clusters 128-bit 

SIMD unit
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The Huawei Kunpeng 920:
multi-socket support

Next-Gen Kunpeng 930:
• higher-performance core
• SMT support
• Arm SVE (vector comp)
• expected in 2021
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Manycore chips/packages:
an overview

Key server chips/packages that addresses those issues:
– Intel: the Xeon Processor Scalable family
– AMD: the Epyc Zen family
– Sunway: the SX260x0 family
– ARM: the ARMv8 server-level competitors

• Marvell ThunderX family 
• Fujitsu A64FX Arm chip
• Neoverse N1 hyperscale reference design
• Ampere Altra Arm Processor
• Amazon Graviton
• Huawei HiSilicon Kunpeng 920

– Cerebras: a Wafer Scale Engine
– Apple (no chiplets!): the SoC approach (no chiplets!)
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Cerebras:
a Wafer Scale Engine (WSE) (Aug’19)

Cerebras Wafer Scale Engine (WSE):
the largest chip ever built
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Apple M1 SoC

4 high-performance
12 MiB L2 cache
+
4 high-efficiency
4 MiB L2 cache

128 execution units

Apple claims 
SoC is better:
• shorter latencies
• better silicon process (5 nm) 
• better wafer fabrication 

(increased yield)
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And now?
Nobel equivalent in Computer Science


