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Pi 3 B+ Features
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Pi 4B Features

Extended 40-pin GPIO Header Broadcom BCM2711B0,
[additional - 4x UARTS, 4x SPI, 4x 12C] _
1.5GHz 64-bit quad-core Cortex A72

LPDDR4 SDRAM [1GB, 2GB, 4GB]
processor

Dual Band WiFi (2.5GHz & 5GHz) | R 2V T Bk e e ‘ . ‘ “ True Gigabit Ethernet
= le Lt aanee s | B o Pl o | . ; PoE Support via separate PoE HAT

Bluetooth 5.0 (BLE) - —

 Ethernet Controller

DSl Display Port Y
o }-— 2x USB 3.0 ports

Micro SD port for OS & + USB Controller

Storage (Back Side)

2x USB 2.0 ports

SV@3A USB-C Type
Power Input

_ 4-pole stereo output and
Dual micro-HDMI ports, composite video port
Single - 4K60fps

Dual — 4K30f )
ua ps CS| Camera Port Photo: Premier Farnell



Fan interface with PWM
control and tacho feed-

° RAM chip back (4 pins JST)
Pi 5B Features 1G12G/4G/8G
(optional)
BCM2712 processor
4-core Cortex-A76 64 Raspberry Pi
bit Soc main frequency Memory model self-developed I/O
2.4GHz label controller chip RP1

2.4GHz and 5.0GHz 5 - Raspbet y PI(5) = 2 ok " :
802.11ac WIFI wire- _&% Lis — i : .:l 2 x USB 2.0

less network Blue-
tooth 5.0, BLE

PCle 2.0 interface
2 x USB 3.0
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Power switch butto

o fanig o

IC Power Manage-
ment Chip PMIC

‘ .——-— Gigabit Ethernet
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PoE Ethernet

Type-C power power interface

supply port, sup- RTC battery inter-
ports PD face (2 pins JST)

Dedicated UART  2x 4-lane camera CSI/DSI
mte)rface (3 pins  interfaces (22PIN)
JST

Heat sink fixing hole

2x micro HDMI
A supports dual
reserves a pair 4Kp60 and HDR

q of 0.1-inch pitch

Composite video
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Raspberry Pi Processors and Performance

I N == ol el
# Cores
- BCM2712 2.4 GHz Cortex-A76 (4) VideoCore VII (800
MHz)
_ BCM2711 1.5 GHz Cortex-A72 (4) \VE: 9.92 (1GB), VideoCore VI (500
13.5(4GB)  MHz)

3 B+ BCM2837B0 1.4 GHz Cortex-A53 (4) V7 5.3 VideoCore IV
E: Bcm2837 1.2 GHz Cortex-A53 (4) V7 3.62 VideoCore IV
BCM2837B0 1.4 GHz Cortex-A53 (4) V7 VideoCore IV
BCM2837 1.2 GHz Cortex A53 (4) V7 4.43 VideoCore IV

RP3A0 / 1 GHz Cortex-A53 (4) V7 VideoCore IV
BCM2710A1

2V1.1 BCM2836 900 MHz Cortex-A7 (4) V7 1.47
Zero W/WH BCM2835 1 GHz ARM1176JZF-S (1) V6 VideoCore IV
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Pi 3: Cortex-A57 LR |
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Pi 4. Cortex-A72
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BCM2711

. TENTFTCANT - LPDDR4-SDRAM —HDMI 2.0
VEW OR § FIC A PROVE
NEW OR SIGNIFICANTLY IMPROVED (1, 2,4 GByte)

REUSED ’a ’ﬁ ~HDMI 2.0
Broadcom BCM2711

ﬁeo(:ore VI (VC6)
(4 x ARM Cortex-A72 3D-GPU LPDDR4- H.265 VP9 H.264 | JPEG |Kamera| Display-

(VCB) SDRAM-  de-/  dek. de/ de-/ Engine
Controller = ank. (exp.) ' |enk. enk. Composite
I [ [ | I [

L1 8 L1 || L1 f L1 MMU - L
L2-Cache: 1 MByte I I I
MMU L2-Cache: Mailbox | VPU | DMA | ISP
128 KByte | (VCHIQ)
ARMNC MMU 4-fach ass.
‘ AMBA/AXI-Bus
| | | | | | I | I | | | |
PCle 2.0x1 Gigabit- DMA  USB| Timer, 2x 5x 5x  Tx AUX sSDIO |PCM/ 4x
Ethernet- 20 SDIO UART SPI  PC ’ 2x SPl | flegacy) | PS | PWM
MAC (Arasan) (PLO11)
ini-UART
) L0 | L HT il S | [ 1L
‘ ‘ ‘ ‘ GPIO-Multiplexer
USB 3.0 Ethemet PHY WLAN+
(VIAVL805)  (BCM54213PE) Bluetooth
(CYW43455)
2X 2X RJ45 UsB-C uSD-Card SPI-EEPROM GPIO-Pfostenstecker Audio-
USB3.0 USB20 OoTG (DDR50) (512 KByte) Klinke
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Cortex-A57 Instruction Pipeline

> <€ >

| to 10 pipeline stages

L4

|2 pipeline stage

—»{ Branch
—» Integer O
—» Integer 1
Decode, N —» Integer Multi-Cycle
Fetch —> RBHELTG, — é
Dispptch - ™ FP/ASIMD 0
e FP/ASIMD 1
P Load
Micro-
Instructions ops L e
(kops)

IN ORDER OUT OF ORDER
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Cortex-A72 Instruction Processing Pipeline

— > < — >
|0 pipeline stages | to 6 pipeline stages
—» Branch
—» Integer 0
—» Integer 1
Decode, o —» Integer Multi-Cycle
Fetch —>  Rename, [ 3 New FP/ASIMD
Dispatch = > FP/ASIMD 0 ,
units are only 6
> EP/ASIMD 1 pipe stages Iong
(vs. 10 on A57)
—DI Load
—> Store

IN ORDER OUT OF ORDER



Cortex-A76 Instruction Processing Pipeline
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? pipeline stages | to ? pipeline stages
) Branch
N Integer Single-Cycle O
=Y Integer Single-Cycle 1
Decode| - Integer Single/Multi-Cycle
Q
Fetch L Fl:{;?-_\naTe, | §
SR = > FP/ASIMD 0
—» FP/ASIMD 1
Macre Micro. —.| Load/ Store 0
Instructions -ops ops
(mops) (Lops) —DI Load/ Store 1
IN ORDER OUT OF ORDER



ARM Cortex-A57 Block Diagram
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Non-Processor Cortex-A57 Processor Core
/Level 2
g 2 ] Branch Predicti
= B L1 Instruction Cache ranch Prediction
s m— 2 LB 48KB _ _
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ey Ve
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—— Diagram: Hiroshi Goto
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ARM Cortex-A72 Block Diagram
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3-way Instruction Decode

=

Non-Processor Cortex-A72 Processor Core
ILevel 2
g; L1 Instruction Cache [“Branch Prediction
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Copyright (¢} 2015 Hiroshige Goto All rights reserved.



ARM Cortex-A76 Block Diagram

NC STATE UNIVERSITY

Cortex-A76 Processor Core
e— l
256 bits/cycle 1 Front-en
i L1 Instruction Cache Branch Prediction
(48- i4KB
entry) el Global History Buffer
128 bits NanoBTB (16-entry)
(4 Instructions) MicroBTB (64-entry)
Main
i Branch Target Buffer
Instruction Fetch (erﬂgk}
| |
Up to 4 Instructions
(8 16-bit Instructions’
l Decode/Rename/Commit
= 4-way Instruction Decode
an 2
225 gls Decode | Decode | Decode | Decode
L e B T 34 || L]
SES P Up to 4 Macro-ops
me 5 r ¥ ¥ 4
-
= Register Rename —I
Register | Dispatch States Commit
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Copyright (c) 2018 Hiroshiee Goto All rights reserved.



Cortex-A57 Instruction Latencies
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Integer Other
Instruction Type Result Latency Instruction Type | Result Latency

Branch -3
Arithmetic, Logic |-2
Move, Shift -2
Divide 4-20, blocking
Multiply 3-5

Saturating and Parallel 2-5
Arithmetic

Misc. Data Processing |1-4
Load 4-5
Store |-3

FP Data Processing

FP Divide

FP Square Root

FP Load

FP Store
ASIMD Integer
ASIMD FP
ASIMD Misc.
ASIMD Load
ASIMD Store

Crypto
CRC

3-10

7-17 (SP), 7-32 (DP), blocking

7-17 (SP), 7-32 (DP), blocking
5

|

3-6

3-9

3-10

5-9

|-4

3-6

3



Cortex-A72 Instruction Latencies
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Integer Other
Instruction Type Result Latency Instruction Type | Result Latency

FP Data Processing 3-7

Branch I

Arithmetic, Logic |-2

Move, Shift -2

Divide 4-20. Blocking
Multiply 3-6

Saturating and Parallel 2-4
Arithmetic

Misc. Data Processing |1-4
Load 4-5
Store |-3

3 to |2 pipeline stages

FP Divide

FP Square Root

FP Load

FP Store
ASIMD Integer
ASIMD FP
ASIMD Misc.
ASIMD Load
ASIMD Store

Crypto
CRC

6-11 (SP), 6-18 (DP). Blocking
6-17 (SP), 6-32 (DP). Blocking
5-6

|-4

3-5

3-

3-8

5-9

-4

3-6

2
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Comparing Cores: A57 and A72

Cortex-A57 Processor Core Cortex-A72 Processor Core
L1 |n5trg§1 &%n Cache Branch Prediction e L1 lnsm‘.g&oen Cache Branch Prediction
ITLE e — - - (48
3-way Bi-mode Predictor 3 sot-a Siroct Prodict
BV cache linePariy) Indirect Predictor n B | ellBaR dache knalparity) "ipath history @
P Global History Buffer
128 bits Global History Buffer l (4 lsng?rsuctions) e -
MicroBTB (64-entry) Branch Tu”l Buffer
i Branch T. =
| Instruction Fetch | ra (Bm?('ﬂc o i I Instruction Fetch I —
Retum Stack 3
12 Stage
o In-Order )
= Pipeline § 3-way Instruction Decode
@ 3-way Instruction Decode @
5 » “2’ Decod ] Decod ] Decod.
2|9 l l l E > |&- Upto3 ngacro o
L %t—u 35 =) g - ?"’ 0 %
o 2 32-ent Register Rename S Sg Virtus s OGPSW' Rename Pt
= = Loop B r Virtual te Physical Register Pool 3 = s 128 roname rogister) g
3 3 cPIAcP1S! =
3 111 3 | I 1 1
(== Dispatch Stat Commit
g cms Dispatch States Commit - g Register Flles L i ¥ s | co .
! Register Files ISsue (8-entry Queue per Issue port) E = gp to i microéops Dlspatci
—l Issu@ (8-entry Queue per Issue port)
5 o,_ o o0 ~ ~ mel&nmjﬁmm]&mslmlwlmloma
4 B2 = 3 &3 8 l l Up to 8 mlcro-ogs Issuol 1 l
Pl el & 5 =7 s L Fo 1"
3 (_J' 9' = (=] v
Q (73
Load-Store Unit ° 1 = s ) w] I'é’g"i f—g}
i : s 2 B |
':Zrl Load-Store Unit S
I Load § o Integer ALY & Store Buffer
Load TLB L1 Data Cach o oy % i In(;ﬂer
0a ata Cache : ificludes
(32entry) 32KB ECC L ( SIMD) I L
Store TLEB I2-wa_g set-associative =
(32-entry) 164-byte cache ling)
DTLB l L1 Data Cache TLosdd ':Mﬂ
(32-entry) 32KB 1 Store v, nteger ALY &
(2my sot-associative por cyclo! mpz & hifter
Profotch | /64+-Byte cacho fine, ECC) ivido, CRC
Engine
48-bit Virtual Address ops
44-bit Physical Address Quad-FMAC
44.51t Physical Addee - = ]
WriteBack - ysica 6ss Retirement Buffer
128 micro-ops in-flight | Retirement Buffer | —E WriteBack (128 macro-ops) | (===

! Diagrams: Hiroshi Goto, PC Watch
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Comparing Cores: A57,A72,A76

Cortex-A57 Processor Core

-A72 P
Cortex:A7ZRrocessor.Core Cortex-A76 Processor Core

I ! |
L 3
o L1 Instruction Cache Branch Prediction o l ront-en
ranch Prediction
_8 LB oauay setassociave ===  Bi-mode Predictor ) ,}}: L1 Instru&t'%oen Cache . o P Inslrg:ﬂ%n o TR o
cache fine/Fal Indirect Predictor — Entry 3.way set-assoclative e
el e w1 -E Ul I eyt S s S ks 12 _8 T henss
l 128 bits Global History Buffer 8 bits Global History Buff g e . Global History Buffer
O MicroBTB (s4=ntry) O (4 Instructions) MicroBYB [eisniy) | 128 bits NanoBTB (16-entry)
1 Instruction Fetch Brangh Tget Bufrr 1 L 2 — m&u (4 Instructions) MicroBTE (M-nmry]
c ‘ ‘ 1] c | Instruction Fetch | 1 —~
- Retum Stack —_ mm | c ‘ Instruction Fetch ).—. Brant Ta] e
GD)O (O] Up to 4 Instructions
| 0.0 « [0) (8 16-bit Instructions) .
S S (TR R ERET R (3] 3-way Instruction Decode 00 Decode/Rename/Commi
(V) Y 2 « 4-way Instruction Decode
(%] Decode | Decode | Decode “
g l l l o Up to 3 macro ~ Decode [ Decode | Decode [ Decode

az-enme Register Rename
Loop B r Virtual to Physical Register Pool

l Up i» 4 Macrdiops l
> Register Rename :|I

Register R
(Virtual to Physical Registor Pool,
128 rename reg

Dispatch States commit Dispatch States Di hS C i
o Issue (8-entry Queue per Issue port) "p to Qmicro'-’ops D'spatcﬂ =) spatch States ommit
) o L S SR bt AN e B B B B —

o ) ISSUE (2-entry Quoue per Issuo port) E 41—1—1—U51—ao 'ﬁrcro-olfns‘n:pa*n
= E 5 5 sg O Suesss l Sususe [ Qoevse l Cvmad l CQueves l Queves l Queves [ Quoeuos O Issue

O = & g- 5 5 l l IUp tosmlcroq)gs Issual 1 1 — Queues ||| Queues | Queues | Queues | Queues | Queues ‘ Queues

‘_'(I_) H 5 :9‘; - - s L " O| Up to 8 micro-ops Issue

Ke ¢l Je Isl I""-’i r %’ﬂ 1 5
; o) 2l |2 g =1 Izl = Bzl Bzl B
L &5 Sh=t2 5 .f o E E = g
=2
8 l Load § infeger ALY & 3 > i > 5, g > 3 i
j L 0
1 Store | Shifter O o g g 5
ber cyclg (ificludes O & > = = _
(O] SIMD) 5 s 3z 5
00 () () g pe <= a
8 o0 b0 z 2k :
& . =] — c AR
wv % ZI :,',L,gc‘?' '“,,,mh#p;m e S L°aﬂ'sn‘°re H = 5.'1“&' ty  finegeratue
i€) R = c > i

N O ° (/) 9 Load-Store 1 " vt

_| - ON & FPU "‘I' Queues

o™ L L 2 : 3 — iuad-uui — Po i qrs

e oo ] =l § | e g B AR e 1 11
bt ‘M.ﬁa NciteRa 128 Instruction
e —

Diagrams: Hiroshi Goto, PC Watch
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L ooking Forward: ARM CPU Core Comparison
RPi 3 RPi 4 RPi 5

ARM ISA ARMV7 (32-bit) ARMVS (32/64-bit) ARMvg (32/64-8IT)
Decoder Width 3 ops 2 0PS 3 0ps 4 ops 4 ops 4 ops
Maximum Pipeline 19 stages 16 stages
Length
Integer Pipeline 14 stages 11-12 11-13 11-13 11-13 ?
Length
DispatchH WinTH For Out N/A (IN-ORDER) 3-WIDE 5-WIDE 4-WIDE 6-WIDE @-WIDE 10-wine ?
OF ORDER EXECUTION
DMIPS /MHz 4.6 472 6.35 g2-95 10.7- ? ?
(WiKiPEDIA) 12.4
Branch Units 1
FPINEON ALUs 2x64-bit 2x128-bit 24128-BIT
L1 Cache 32KB I$ + 32KB D$ 48KB I$ + 32KB D$ 64KB Is +
L2 Cache 512KB - 4MB 512KB - 2MB 512KB - 4MB SO

512 KB


https://en.wikipedia.org/wiki/Comparison_of_ARMv8-A_cores
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Cortex-A76 Resources

"Arm
= https://developer.arm.com/Processors/Cortex-A76

= Arm® Cortex®-A76 Software Optimization Guide

= AnandTech: Arm's Cortex-A76 CPU Unveiled: Taking Aim at the Top for 7nm
= Pipeline depth?

= 13 stage implementation, latency of 11 stages due to overlap between branch predict path (2"? cycle)
and fetch path (15t cycle)

= Front-End Stages
= Branch predict + Fetch: 2+2=4, effectively 3
= Align and decode to macro-ops: 2
= Rename and dispatch micro-ops: 1

= Back-End Stages

20


https://developer.arm.com/Processors/Cortex-A76
https://documentation-service.arm.com/static/5ed4bd67ca06a95ce53f917d?token=
https://www.anandtech.com/show/12785/arm-cortex-a76-cpu-unveiled-7nm-powerhouse
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