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1977
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Commodore PET
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Apple II in 1977CISC
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Apple II

Wozniak

Steve Jobs

GUI:  Xerox PARC (Alan Kay)

CPU:  MT6502
(8-bit)

CPU:  M68000
(16-bit)
RAM:  1MB

1984
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q App store
q iTunes
q Apple TV+
q Apple card
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9-12-23



COMP122

© Jeff Drobman
2016-2024Apple iPhone 15 on A17

6 GPU cores

9-12-23

6 CPU cores
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9-12-23

6 GPU cores
6 CPU cores

P

E

3nm
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9-12-23
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6-5-23

PCIe 4
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6-5-23

Vision Pro
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June 6, 2022
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March 8, 2022
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Sep 14, 2021

iPads
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• Google
• Tesla?
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9-7-22

Fall 2022 – iPhone 14
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iPhone 14 iPhone 14 Pro
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Sep 14, 2021
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viPhone 12
q 5G

§ 2x peak data rate 
q Camera (4)
q Mag interface
q Colors (5)
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Sep 14, 2021 iPads
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Apple's ARM license is beyond architectural?
it look like Apple is allowed to add proprietary ISA extensions -- as long as 
they are ARM ISA compatible.
And apparently in Apple's case, they get to be a little bit 
incompatible (no nVHE mode, crazy custom ISA extensions, ...)
Which is also obvious proof that they're their own designs, because 
literally nobody else could or would implement the same Apple-
proprietary ISA extensions. Here, we use some of the custom 
instructions in m1n1

Nope, you need to be compatible with the architecture specification, and it lays 
out exactly what can be implementation defined and what can't. E.g. you're allowed 
some freedom in what features to implement (Apple doesn't implement EL3 and 
this is fine), and you can add implementation defined system registers (Apple has 
a huge number of them, e.g. to implement TSO for Rosetta). But you can't decide 
not to support mandatory features (Apple forces on VHE mode, which is not legal 
- VHE is optional, non-VHE mode isn't), nor can you add extensions to the core 
ISA. Apple added AMX, memory compression/decompression, a variant of the AT 
instructions that outputs to a GPR, and the whole Guarded Execution feature (two 
new parallel exception levels and machinery to call to/from them and lock down 
things to them), and possibly more, all of them in reserved instruction encoding 
space.
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6 CPU cores
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6 GPU cores
6 CPU cores

P

E

3nm
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9-7-22

2P/4E

5 GPU 4nm
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9-7-22

2P/4E

5 GPU 5nm
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16 cores
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Apple ARM A5

GPU

CPU1 CPU2

12.1x10.2mm

Hennessy & Patterson
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Apple ARM SoC
the first ARM designs were for LOW POWER for portable devices. to achieve low power, the CPU was 
designed as simple RISC ISA and low clock frequency. Apple iPhones have used ARM from day 1, since 
they too initially didn't need high compute performance. over time, ARM models have evolved into more 
powerful models, including a 64-bit ISA -- necessary for today's computers. so now the time has come to 
start switching to ARM, mainly due to ARM being a licensable ISA and core that can be designed into 
anyone's SoC like Apple and many others do. I also note that the ARM ISA has evolved from a simple 
RISC to a more complex, CISC-like one.

Apple has just announced they will replace x86 CPU's on their Macs with their own ARM-based A13 (or 
next generation A14/15).  makes sense for them to use their own chips now that they are powerful 
enough.  this will also give Apple the same AI performance capabilities across all their hardware devices 
(e.g., Siri) -- way more AI power than any x86 chips.

The reason -- historically:  Apple has upgraded their Macs for the same reason any company does: to be 
competitive they have to use a top performance CPU. so Apple switched from the 6502 (Apple II) to the 
M68000 in the 1st Mac, then upgraded to the Mot PPC. but then Mot stopped making PPC’s, so Apple had 
nowhere else to go but x86 (Intel or AMD) – for Macs. note they have been making their own custom 
ARM-based chips (A series) for their phones.
Apple has long made their own chips with ARM CPU's since 2007 in their iPhones, designing an ever 
more powerful SoC (A4-A13).  These new A13 SoC's are now much better than the Intel x86 chips in 
overall performance -- including machine learning (ML) via on-chip GPU cores plus neural engine -- 
and with superior power management.
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A5
32GB flash

512MB DRAM
32GB
spare

1GHz

Hennessy & Patterson
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32/64-bit

1st Apple design

v iPad 1
v iPhone 4

v iPad 2

v iPhone 5S
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64-bit

v iPhone 6

v iPhone 6S

v iPhone 7

v iPhone 8
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64-bit

v iPad Air/Mini
v iPhone XS

v iPhone 11

v MacBook Air/Prov iPhone 12 16B Tx11.8B Tx

8.5B Tx
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Quora post
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v 8 CPU
v 7 GPU
v 1 NPU
v 2 MCU
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Intel chips are x86 ISA and multi-core CPU (only). Apple chips are ARM ISA with 
multi-core CPU’s, GPU’s, and NPU, MCU’s. The latest Apple chip is the A13, 
succeeding the powerful A12X as the first "bionic" SoC.

A13:  The A13 is the latest multi-core architecture designed by Apple with 8.5B 
transistors manufactured at TSMC (7nm EUV) -- extremely state-of-the-art.  The A13 
was released Sept. 2019 and is used in the iPhone 11.

It contains a large number of ARMv8 ISA cores:  6 CPU (2.65GHz) + 4 GPU + 8 
NPU + 2 MCU.  (Note that the A12X/Z has 8 CPU cores + 8 GPU's).  All cores are 
Apple designed (ARM 64-bit v8 ISA is licensed).  It includes a Neural engine (8x 
NPU) with machine learning (core ML 3 at 6x faster matrix multiply) -- which sets it 
apart from Intel chips without GPU's or an NPU.  The GPU's can perform 1 trillion 
operations per second (1 Tflops=1000 Gflops), and the NPU may hit 5 Tflops.  It has 
extreme power management as well (so good for portables and mobile).
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Quora post
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ISA Cores Cache Speed
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MacBook Pro
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June 6, 2022

New MacBooks

M1 M2 M2

Education discount = $100
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June 6, 2022

New M2 MacBook Air Features
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June 6, 2022

New M2 MacBook Pro Features
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June 6, 2022
New M2 MacBook Performance
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March 8, 2022

New Mac Lineup
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March 8, 2022

New Mac Studio
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3nm
10-31-23



COMP122

© Jeff Drobman
2016-2024Apple Scary Event

10-31-23



COMP122

© Jeff Drobman
2016-2024Apple Scary Event

10-31-23



COMP122

© Jeff Drobman
2016-2024Apple Scary Event

10-31-23



COMP122

© Jeff Drobman
2016-2024Apple Scary Event

10-31-23



COMP122

© Jeff Drobman
2016-2024Apple Scary Event

10-31-23



COMP122

© Jeff Drobman
2016-2024Section

June 6, 2022
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6-5-23

4P

4E
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June 6, 2022

8
CPU

cores

10
GPU
cores
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June 6, 2022

P

E

10 GPU cores
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June 6, 2022
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June 6, 2022

17
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6-5-23
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6-5-23

vEach die (x2)
§ 12 CPU cores (8P+4E)
§ 38 CPU cores
§ 16 NPU cores
§ 67B transistors

CPU

GPU

NPU

M2 Ultra = 2x M2 Max
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June 6, 2022
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6-5-23

M2 Ultra

24GB
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June 6, 2022

Intel Core i7

Intel Core i7

CPU Perf

GPU Perf
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June 6, 2022

vs M1

vs M1

GPU Perf

GPU Perf

vs M1
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M1 die

DRAM
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M1 package
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11 Tera FLOPS

vCPU cores
q 4 Hi Perf (20W P)
q 4 Hi Efficiency
 (1.3W low power E)

vCores
q 8 CPU
q 8 GPU
q 16 NPU
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M1
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17
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8 P-cores
2 E-cores

32 GPU cores

HBM

HBM

HBM

HBM
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March 8, 2022
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March 8, 2022
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114
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March 8, 2022
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March 8, 2022
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25%
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8-17-22

TSMC N3e is the HPC version for Intel, AMD, 
Nvidia, etc... The SoC companies Apple, 
Mediatek, will use N3. Please remember that 
TSMC sets expectations on the conservative so 
they don't disappoint. According to my sources 
N3 for Apple was frozen in December and the 
N3e process is now frozen with HVM starting in 
1H 2023.

Ø Apple now in production (HVM) with 4nm
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