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Part |

Microprocessor and Master

This part covers the essential processing elements of the system, diving into the microprocessor architecture
of the ultra-low-power processor. Details include CPU instruction extensions and controllers for Direct Memory
Access (DMA).
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Chapter 1

Processor Instruction Extensions (PIE)

11 Overview

The ESP32-S3 adds a series of extended instruction set in order to improve the operation efficiency of
specific Al and DSP (Digital Signal Processing) algorithms. This instruction set is designed from the TIE
(Tensilica Instruction Extension) language, and adds general-purpose registers with large bit width, various
special registers and processor ports. Based on the SIMD (Single Instruction Multiple Data) concept, this
instruction set supports 8-bit, 16-bit, and 32-bit vector operations, which greatly increases data operation
efficiency. In addition, the arithmetic instructions, such as multiplication, shifting, and accumulation, can
perform data operations and transfer data at the same time, thus further increasing execution efficiency of a
single instruction.

1.2 Features

The PIE (Processor Instruction Extensions) has the following features:

e 128-bit general-purpose registers

128-bit vector operations, e.g., multiplication, addition, subtraction, accumulation, shifting, comparison,
etc.

Integration of data transfer into arithmetic instructions

Support for non-aligned 128-bit vector data

Support for saturation operation

1.3 Structure Overview
A structure overview should help to understand list of available instructions, instructions possibilities, and
limits. It is not intended to describe hardware details.

The internal structure of PIE for multiplication-accumulation (MAC) instructions overview could be described
as shown below:
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Figure 1.3-1. PIE Internal Structure (MAC)

The diagram above shows the data flow paths and PIE components.
The PIE unit contains:

e Address unit that reads 8/16/32/64/128-bit aligned data

Bank of eight 128-bit vector QR registers

Arithmetic logic unit (ALU) with
- sixteen 8-bit multipliers
- eight 16-bit multipliers

QACC_H/QACC_L - 2 160-bit accumulators

ACCX - 40-bit accumulator

1.31 Bank of Vector Registers

Bank of vector registers contains 8 vector registers (QR). Each register could be represented as an array of 16 x
8-bit data words, array of 8 x 16-bit data words, or array of 4 x 32-bit data words. Depending on the used
instructions, 8, 16 or 32-bit data format will be chosen.
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1.3.2 ALU

Arithmetic logic unit (ALU) could work for 8-bit input data, as 8-bit ALU, for 16-bit input data, as 16-bit ALU, or
for 32-bit input data, as 32-bit ALU. 8-bit multiplication ALU contains 16 multipliers and is able to make up to 16
multiplications and accumulation in one instruction. With multiplication almost any other combinations of
arithmetic operation are possible. For example, FFT instructions include multiplication, addition, and
subtraction operations in one instruction. Also, ALU includes logic operations like AND, OR, shift, and so

on.

The input for ALU operation comes from QR registers. The result of operations could be saved to the QR
registers or special accumulator registers (ACCX, QACC).

1.3.3 QACC Accumulator Register

The QACC accumulator register is used for multiplication-accumulation operations on 8-bit or 16-bit data. In
the case of 8-bit data, QACC consists of 16 accumulator registers with 20-bit width. In the case of 16-bit data,
QACC consists of 8 accumulator registers with 40-bit width. The following description reflects the case of 8-bit
arithmetic. For 16-bit arithmetic, the logic is similar.

After multiplication and accumulation on two vector QR registers, the result of 16 operations will be written to
16 20-bit accumulator registers.

QACC is divided into two parts: 160-bit QACC_H and 160-bit QACC_L. The former stores the higher 160-bit
data of QACC, and the latter stores the lower 160-bit data. To store the accumulator result in QR registers, it is
possible to convert 20-bit result numbers to 8 bits by right-shifting it. For 16-bit multiplication-accumulation
operation, convert the 40-bit result to 16-bit by right-shifting it.

It is possible to load data from memory to QACC or reset the initial value to O.

1.3.4 ACCX Accumulator Register

Some operations require accumulating the result of all multipliers to one value. In this case, the ACCX
accumulator should be used.

ACCX is a 40-bit accumulator register. The result of the accumulators could be shifted and stored in the
memory as an 8-bit or 16-bit value.

It is possible to load data from memory to ACCX or reset the initial value to O.

1.3.5 Address Unit

Most of the instructions in PIE allow loading or storing data from/to 128-bit Q registers in parallel in one cycle.
In most cases, the data should be 128-bit aligned, and the lower 4 bits of address will be ignored. The Address
unit provides functionality to manipulate address registers in parallel, which saves the time to update address
registers.

It is possible to make address register operations like AR + signed constant, ARx + ARy, and AR + 16.

The Address unit makes post-processing operations. It means that all operations with address registers are
done after instructions are finished.
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1.4 Syntax Description

This section provides introduction to the encoding order of instructions and the meaning of characters that
appear in the instruction descriptions.

1.41 Bit/Byte Order

The encoding order of instructions is divided into two types based on the granularity, i.e., bit order and byte
order. According to the located side of the least bit or byte, there are big-endian order and little-endian order.
That is to say, the most common encoding types for instructions are: little-endian bit order, big-endian bit
order, little-endian byte order and big-endian byte order.

¢ Little-endian bit order: the instruction is encoded in bit order, with the least significant bit on the right.
e Big-endian bit order: the instruction is encoded in bit order, with the least significant bit on the left.

e Little-endian byte order: the instruction is encoded in byte order, with the least significant byte on the
right.

e Big-endian byte order: the instruction is encoded in byte order, with the least significant byte on the left.
Among them, the instruction encoding bit sequences obtained using little-endian byte order and little-endian
bit order are identical. Taking the 24-bit instruction EE.ZERO.QACC as an example, Figure 1.4-1, Figure 1.4-2,

Figure 1.4-3 and Figure 1.4-4 show the code of this instruction in little-endian bit order, big-endian bit order,
little-endian byte order and big-endian byte order, respectively.

Please note that all instructions and register descriptions appear in this chapter use little-endian bit order,
which means the least significant bit is stored in the lowest addresses.

Bit order |23/22|21|20/19|18|17(16|15|14|13|12|/11|10|9 |8 |7 |6|5|4|/3|2|1|0

<+—— most-significant least-significant —»

Instructioncode| g |0 |1|0|0|1|0|1|0|0|0|0|2|0|0|0|lO|1]|0|0|l0O|1|0]|0

Bitorder |0 1|2 |3|4|5|6|7|8|9|10/11|12|13|14|15/16|17|18|19/20(21|22|23

<+— |east-significant most-significant—»

Instructioncode| g |0 |1|0|0|0|1|0|0|0|0|1|/0|0|0|0O|2|l0|1|0|l0|1|0]|0

Figure 1.4-2. EE.ZERO.QACC in Big-Endian Bit Order
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Byte order |23|22(21|20|19|18|17|16|/15|14|13|12|{11/10|{9 |8 |7 |6 5|4 |3 |2 |1 |0

Most-significant byte Least-significant byte

Instructioncode| 9 |01 /0/0|1|/0|2|0|0|0|0O|1|/0/0|0O|lO|2|0|0|0|21|0|0O

Byteorder | 7| 6|54 |3|2|1|0/|15/14|13|12|11|10| 9 | 8|23|22|21|20/19(18|17|16

Least-significant byte Most-significant byte

Instructioncode| g | 1|0 |0|0|1|/0|0|0|0|0O|O|2|0|0|0|lO|O|1|0|lO0|1|0]|1

Figure 1.4-4. EE.ZERO.QACC in Big-Enidan Byte Order

1.4.2 Instruction Field Definition

Table 1.4-1 provides the meaning of the characters covered in instruction descriptions. You can find such
characters and corresponding descriptions in Section 1.8.
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Table 1.4-1. Instruction Field Names and Descriptions

Name

Description

a*

32-bit general-purpose registers

as

In-out type (used as input/output operand). Stores
address information for read/write operations, which is
updated after such operations are completed.

at

In-out type. Temporarily stores operation results to the
EE.FFT.AMS.S16.ST.INCP instruction, which will be part of
the data to be written to memory.

ad

In type (used as input operand). Stores data used to
update address information.

av

In type. Stores data to be written to memory.

ax,ay

In type. Stores data involved in arithmetic operations, e.g.,
shifting amounts, multipliers and etc.

au

Out type (used as output operand). Stores results of
instruction operations.

128-bit general-purpose registers

gs

In type. Stores 128-bit data used for concatenation
operations.

ga,gx,qy.qm

In type. Stores data used for vector operations.

gz

Out type. Stores results of vector operations.

qu

Out type. Stores data read from memory.

qv

In type. Stores data to be written to memory.

fu

32-bit general-purpose floating-point register. Stores
floating-point data read from memory.

fv

32-bit general-purpose floating-point register. Stores
floating-point data to be written to memory.

sel2

1-bit immediate value ranging from O to 1. Used to select
signals.

seld,upd4

2-bit immediate value ranging from O to 3. Used to select
signals.

sel8

3-bit immediate value ranging from O to 7. Used to select
signals.

sell6

4-bit immediate value ranging from O to 15. Used to select
signals.

sar2

1-bit immediate value ranging from O to 1. Represents
shifting numbers.

sar4

2-bit immediate value ranging from O to 3. Represents
shifting numbers.

sarl6

4-bit immediate value ranging from O to 15. Represents
shifting numbers.

imm?

7-bit unsigned immediate value ranging from O to 127 with
an interval of 1. This is used to show the size of the
updated read/write operation address value.
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Table 1.4-1 - cont’d from previous page

Name

Description

imm2

7-bit unsigned immediate value ranging from O to 254 with
an interval of 2. This is used to show the size of the
updated read/write operation address value.

imm4

8-bit signed immediate value ranging from -256 to 252
with an interval of 8. This is used to show the size of the
updated read/write operation address value.

imm16

8-bit signed immediate value ranging from -2048 to 2032
with an interval of 16. This is used to show the size of the
updated read/write operation address value.

imm16f

4-bit signed immediate value ranging from -128 to 112 with
an interval of 16. This is used to show the size of the
updated read/write operation address value.

Some instructions have multiple operands with the same function. Those operands are distinguished by
adding numbers after field names. For example, the EE.LDF.128.1P instruction has four fu registers, fuO ~ 3.

They are used to store 128-bit data read from memory.

1.5 Components of Extended Instruction Set

1.5.1

Registers

This section introduces all kinds of registers related to ESP32-S3’s extended instruction set, including the
original registers defined by Xtensa as well as customized registers. For register information, please refer to
Table 1.5-1.

Table 1.5-1. Register List of ESP32-S3 Extended Instruction Set

Register Mnemonics | Quantity | Bit Width | Access | Type

AR 16" 32 R/W General-purpose registers

FR 16 32 R/W General-purpose registers to FPU
QR 8 128 R/W Customized general-purpose registers
SAR 1 6 R/W | Special register

SAR_BYTE 1 4 R/W Customized special register
ACCX 1 40 R/W Customized special register
QACC_H 1 160 R/W | Customized special register
QACC_L 1 160 R/W | Customized special register
FFT_BIT_WIDTH 1 4 R/W | Customized special register
UA_STATE 1 128 R/W Customized special register

" The Xtensa processor has 64 internal AR registers. It is designed with the register windowing
technique, so that the software can only access 16 of the 64 AR registers at any given time. The
programming performance can be effectively improved by rotating windows, replacing function
calls, and saving registers when exceptions are triggered.
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1.51.1 General-Purpose Registers

When using general-purpose register as operands in instructions, you need to explicitly declare the number of
the assigned register. For example:

EE.VADDS.S8 ¢2,q0,q1

This instruction uses No.0 and No.1 QR registers as input vectors and stores the vector addition result in the
No.2 QR register.

AR

Each AR register operand in the instruction will occupy a 4-bit code length. You can select any of the 16 AR
registers as operands, and the 4-bit code value indicates the number to declare. The row "a*” in table 1.4-1
lists various purposes of AR registers in the extended instruction set, including address storage and data
storage.

FR

Each FR register operand in the instruction will occupy a 4-bit code length. You can select any of the 16 FR
registers as operands, and the 4-bit code value indicates the number to declare. In ESP32-S3 extended
instruction set, there are only read and write instructions for floating-point data. They are 4 times more
efficient than the 32-bit floating-point data R/W instructions that are native to the Xtensa processor, thanks to
the 128-bit access bandwidth.

QR

In order to improve the execution efficiency of the program, operands are usually stored in general-purpose
registers to save time spent in reading from memory. The AR registers native to Xtensa only have 32-bit width,
while ESP32-S3 can access 128-bit data at a time, so they can only use 1/4 bandwidth capacity of the existing
data bus. For this reason, ESP32-S3 has added eight 128-bit customized general-purpose registers, i.e., QR
registers. QR registers are mainly used to store the data acquired/used by the 128-bit data bus to read or write
memory, as well as to temporarily store the operation results generated from 128-bit data operations.

As the processor executes instructions, an individual QR register is treated as 16 8-bit or 8 16-bit or 4 32-bit
operands depending on the vector operation bit width defined by the instruction, thus enabling a single
instruction to perform operations on multiple operands.

1.5.1.2 Special Registers

Different from general-purpose registers, special registers are implicitly called in specific instructions. You do
not need to and cannot specify a certain special register when executing instructions. For example:

EEVMUL.S16 ¢2,q0,ql

This vector multiplication instruction uses qO and g1 general-purpose registers as inputs. During the internal
operation, the intermediate 32-bit multiplication result is shifted to the right, and then the lower 16-bit of the
result is retained to form a 128-bit output to g2. The shift amount in the process is determined by the value in
the Shift Amount Register (SAR) and this SAR register will not appear in the instruction operand list.
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SAR

The Shift Amount Register (SAR) stores the shift value in bits. There are two types of instructions in
ESP32-S3’s extended instruction set that use SAR. One is the type of instructions to shift vector data, including
EEVSR.32 and EEVSL.32. The former uses the lower 5 bits of SAR as the right-shift value, and the latter uses
the lower 5 bits of SAR as the left-shift value. The other type is multiplication instructions, including EEVMUL.*,
EE.CMUL.*, EE.FFT.AMS.* and EE.FFT.CMUL.*. This type of instructions uses the value in SAR as the value for
the right shift of the intermediate multiplication result, which determines the accuracy of the final result.

SAR_BYTE

The SAR_BYTE stores the shift value in bytes. This special register is designed to handle the non-aligned
128-bit data (see Section 1.5.3). For vector arithmetic instructions, the data read or stored by extended
instructions are forced to be 16-byte aligned, but in practice, there is no guarantee that the data addresses
used are always 16-byte aligned.

EE.LD.128.USAR.IP and EE.LD.128.USAR.XP instructions write the lower 4-bit values of the memory access
register that represent non-aligned data to SAR_BYTE while reading 128-bit data from memory.

There are two types of instruction in ESP32-S3’s extended instruction set that use SAR_BYTE. One is
dedicated to handling non-aligned data in QR registers, including EE.SRCQ.* and EE.SRC.Q*. This type of
instruction will read two 16-byte data from two aligned addresses, before and after the non-aligned address,
put them together, and then shift it by the byte size of SAR_BYTE to get a 128-bit data from the non-aligned
address. The other type of instruction handles non-aligned data while executing arithmetic operations, which
usually has a suffix of ~.QUP".

ACCX

Multiplier-accumulator. Instructions such as EEVMULAS.*.ACCX* and EE.SRS.ACCX use this register during
operations. The former uses ACCX to accumulate all vector multiplication results of two QR registers, and the
latter right shifts the ACCX register.

QACC_H,QACC_L

Successive accumulators partitioned by segments. Instructions such as EEVMULAS.*.QACC* and
EE.SRCMB.*.QACC use this type of registers during operations. These registers are mainly used to accumulate
vector multiplication results of two QR registers into the corresponding segments of QACC_H and QACC_L
respectively. The 16-bit vector multiplication results are accumulated into the corresponding 16 20-bit
segments respectively and the 32-bit results are accumulated into the corresponding 8 40-bit segement
respectively.

FFT_BIT_WIDTH

This special register is dedicated to the EE.BITREV instruction. The value inside this register is used to indicate
the operating mode of EE.BITREV. Its range is O ~ 7, indicating 3-bit ~ 10-bit operating mode respectively. For
more details, please refer to instruction EE.BITREV.

Espressif Systems 47 ESP32-S3 TRM (Version 1.6)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.6

Chapter 1 Processor Instruction Extensions (PIE) GoBack

UA_STATE

This special register is dedicated to the EE.FFT.AMS.S16.LD.INCP.UAUP instruction. This register is used to
store the non-aligned 128-bit data read from memory. Next time when this instruction is called, the data in this
register is concatenated to the newly read non-aligned data and then the result is shifted to obtain the 128-bit
aligned data.

1.5.2 Fast GPIO Interface

ESP32-S3’s Xtensa processor adds two signal ports, i.e., GPIO_OUT and GPIO_IN. You can route signals from
the two ports to specified GPIO pins via the GPIO Matrix.

1.5.2.1 GPIO_OUT

An 8-bit processor output interface. Firstly, configure the 8-bit port signals to specified pins via GPIO Matrix.
For core0, their names are pro_alonegpio_outO~7. For corel, their names are corel_gpio_outO~7. Then you
can set certain bits of GPIO_OUT to 1 via instructions EEWR_MASK_GPIO_OUT and EE.SET_BIT_GPIO_OUT, or
set certain bits to O via instruction EE.CLR_BIT_GPIO_OUT, so as to pull certain pins to high level or low level.
Using this method, you can get faster response than pulling pins through register configurations.

1.5.2.2 GPIO_IN

An 8-bit processor input interface. Firstly, configure the 8-bit port signals to specified pins via GPIO Matrix. For
core0, their names are pro_alonegpio_inO~7. For corel, their names are corel_gpio_inO~7 Then you can read
the eight GPIO pin levels and store them to the AR register through instruction EE.GET_GPIO_IN. Using this
method, you can get and handle the level changes on GPIO pins faster than reading registers to get pin level
status.

1.5.3 Data Format and Alignment

The current extended instruction set supports 1-byte, 2-byte, 4-byte, 8-byte and 16-byte data formats.
Besides, there is also a 20-byte format: QACC_H and QACC_L. However, there is no direct way to switch the
data between the two special registers and memory. You can read and write data of QACC_H and QACC_L via
five 4-byte (AR) registers or two 16-byte (QR) registers.

The table 1.5-2 lists bit length and alignment information for common data format ('x” indicates that the bit is
either 0 and 1). The Xtensa processor uses byte as the smallest unit for addresses stored in memory in all data
formats. And little-endian byte order is used, with byte O stored in the lowest bit (the right side), as shown in
Figure 1.4-3.

Table 1.5-2. Data Format and Alignment

Data Format | Length | Aligned Addresses in Memory
1-byte 8 bits XXXX
2-byte 16 bits xxx0
4-byte 32 bits xx00
8-byte 64 bits x000
16-byte 128 bit 0000
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However, if data is stored in memory at a non-aligned address, direct access to this address may cause it
being split into two accesses, which in turn affects the performance of the code. For example, if you expect
to read a 16-byte data from memory, as shown in Table 1.5-2, the data is stored in memory at 0000 when the
data is aligned. But actually the data is not aligned, so the low nibble of its address may be any one between
0000 ~ 111 (binary). Assuming the lowest bit of its address is 0_0100, the processor will split the one-time
access to this data into two accesses, i.e., to 0_0000 and 1_0000 respectively. The processor then put
together the obtained two 16-byte data to get the required 16-byte data.

To avoid performance degradation caused by the above non-aligned access operations, all access addresses
in the extended instruction set are forced to be aligned, i.e., the lowest bits will be replaced by 0. For
example, if a read operation is initiated for 128-bit data at Ox3fc8_0024, the lowest 4-bit of this access address
will be forced to be set to 0. Eventually, the 128-bit data stored at Ox3fc8_0020 will be read. Similarly, the
lowest 3-bit of the access address for 64-bit data will be set to O; the lowest 2-bit of the access address for
32-bit data will be set to O; the lowest 1-bit of the access address for 16-bit data will be set to O.

The above design requires aligned addresses of the access operations initiated. Otherwise, the data read will
not be what you expected. In application code, you need to explicitly declare the alignment of the variable or
array in memory. 16-byte alignment can meet the needs of most application scenarios.

The aligned(16) parameter declares that the variable is stored in a 16-byte aligned memory address. You can
also request a data space with its starting address 16-byte aligned via heap_caps_aligned_alloc.

Since the memory address of the data involved in some operations is uncertain in specific application
scenarios, this extended instruction set provides a special register SAR_BYTE and related instructions such as
EE.LD.128.USAR.* and EE.SRC.*, to handle non-aligned data.

Assume that the 128-bit non-aligned data address is stored in the general-purpose register a8. This 128-bit
data can be read into the specified QR register (g2 in the following example) by the following code:
FE.LD.128.USAR.IP q0, a8, 16

EEVLD.128.IP ql, a8, 16

FEE.SRC.Q q2, q0, ql

1.5.4 Data Overflow and Saturation Handling

Data overflow means that the size of the operation result exceeds the maximum value that can be stored in
the result register. Take the EEVMUL.S8 instruction as an example, the result of two 8-bit multipliers is 16-bit,
and it should still be 16-bit after right-shifting. However, the final result will be stored in the 8-bit register, which
may cause the risk of data overflow.

In the design of the ESP32-S3’s instruction extensions, there are two ways to handle data overfiow, namely
taking saturation and truncating the least significant bit. The former controls the calculation result according
the range of values that can be stored in the result register. If the result exceeds the maximum value of the
result register, take the maximum value; if the result is smaller than the minimum value of the result register,
take the minimum value. This approach will be explicitly indicated in the instruction descriptions. For example,
the EEVADDS.* instructions perform saturation to the results of addition operations. Regarding the data
overflow handling for more instructions of their internal calculation results, the wraparound approach is used,
i.e., only the lower bit of the result that is consistent with the bit width of the result register will be retained and
stored in the result register.

Please note that for instructions that do not mention saturation handling method, the wraparound approach
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will be used.

1.6 Extended Instruction List

Table 1.6-1 lists instruction types and corresponding instruction information included in the extended
instruction set. This section gives brief introduction to all types of instructions.
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Table 1.6-1. Extended Instruction List

Instruction Type

Instruction’

Reference
Section

Read instructions

LD.QR

EEVLD.128.[XP/IP]

EEVLD.[H/L].64.[XP/IP]

EEVLDBC.[8/16/32].[-/XP/IP]

EEVLDHBC.16.INCP

EE.LDF.[64/128].[XP/IP]

1.6.1

EE.LD.128.USAR.[XP/IP]

EE.LDQA.[U/S][8/16].128.[XP/IP]

EE.LD.QACC_[H/L].[H.32/L.128].IP

EE.LD.ACCX.IP

EE.LD.UA_STATE.IP

EE.LDXQ.32

Write instructions

ST.QR

EEVST128.[XF/IP]

EEVST.[H/L].64.[XP/IP]

EE.STF.[64/128].[XP/IP]

EE.ST.QACC_[H/L].[H.32/L128].IP

1.6.2

EE.ST.ACCX.IP

EE.ST.UA_STATE.IP

EE.STXQ.32

Data exchange instructions

MV.QR

EE.MOVI.32.A

EE.MOVI.32.Q

EEVZIP.[8/16/32]

EEVUNZIP.[8/16/32]

EE.ZERO.Q

1.6.3

EE.ZERO.QACC

EE.ZERO.ACCX

EE.MOV.S8.QACC

EE.MOV.S16.QACC

EE.MOV.U8.QACC

EE.MOV.U16.QACC

Arithmetic instructions

Espressif Systems

EEVADDS.S[8/16/32].[-/LD.INCP/ST.INCP]

EEVSUBS.S[8/16/32].[-/LD.INCP/ST.INCP]

EEVMUL.[U/S][8/16].[-/LD.INCP/ST.INCP]

EE.CMUL.S16.[-/LD.INCP/ST.INCP]

EEVMULAS.[U/S][8/16].ACCX.[-/LD.IP/LD.XP]

EEVMULAS.[U/S][8/16].QACC.[-/LD.IP/LD.XP/LDBC.INCP] 16.4

EEVMULAS.[U/S][8/16].ACCX.[LD.IP/LD.XP].QUP

EEVMULAS.[U/S][8/16].QACC.[LD.IF/LD.XP/LDBC.INCP].QUP

EEVSMULAS.S[8/16].QACC.[-/LD.INCP]
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Instruction Type

Instruction’

Reference
Section

EE.SRCMB.S[8/16].QACC

EE.SRS.ACCX

EEVRELU.S[8/16]

EEVPRELU.S[8/16]

Comparison instructions

EEVMAX.S[8/16/32].[-/LD.INCP/ST.INCP]

EEVMIN.S[8/16/32].[-/LD.INCP/ST.INCP]

1.6.5

EEVCMP.[EQ/LT/GT].S[8/16/32]

Bitwise logic instructions

EE.ORQ

EE.XORQ

EE.ANDQ

1.6.6

EE.NOTQ
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. . Reference
Instruction Type Instruction .
Section
EE.SRC.Q
EE.SRC.Q.QUP
EE.SRC.Q.LD.[XF/IP]
EE.SLCI.2Q
EE.SLCXXP.2Q 1.6.7

Shift instructions

EE.SRCI.2Q
EE.SRCXXP.2Q
EE.SRCQ.128.ST.INCP
EEVSR.32

EEVSL.32

EE.FFT.R2BF.S16.[-/ST.INCP]
EE.FFT.CMUL.S16.[LD.XP/ST.XP]
FFT dedicated instructions EE.BITREV 1.6.8
EE.FFT.AMS.S16.[LD.INCRP.UAUP/LD.INCP/LD.R32.DECP/ST.INCP]
EE.FFTVST.R32.DECP

EEWR_MASK_GPIO_OUT
) ) EE.SET_BIT_GPIO_OUT

GPIO control instructions 1.6.9
EE.CLR_BIT _GPIO_OUT

EE.GET_GPIO_IN

RSR.*

WSR.*
Processor control instructions| XSR.*
RUR.*
WUR.*

1.6.10

1 For detailed information of these instructions, please refer to Section 1.8.

1.6.1 Read Instructions

Read instructions tell the processor to issue a virtual address to access memory based on the AR register that
stores access address information. Most read instructions read memory first, and then update the access
address. EE.LDXQ.32 is a special case where the instruction first selects a piece of 16-bit data in the QR
register via an immediate value, adds it to the access address, and then issues the access operation.

Since access to non-aligned addresses will cause slower response, all virtual addresses issued by read
instructions in the extended instruction set are forced to be aligned according to data formats. Depending on
the size of the access data format, corresponding length of data will be returned by memory as 1-byte, 2-byte,
4-byte, 8-byte or 16-byte. When the data read after forced alignment is not as expected, the desired data can
be extracted from multiple QR registers using instructions such as EE.SRC.Q.

The table below briefly describes the access operations performed by read instructions. For detailed
information about read instructions, please see Section 1.8.
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Table 1.6-2. Read Instructions

Instructions Description
LD.QR Load 16-byte data to QR.
Read the 16-byte data, then add the value stored in the AR register to the ac-
EEVLD.128.XP
cess address.
EEVLD.128.1P Read the 16-byte data, then add the immediate value to the access address.

EEVLD.[H/L].64.XP

Read the 8-byte data, then add the value stored in the AR register to the access
address.

EEVLD.[H/L].64.IP

Read the 8-byte data, then add the immediate value to the access address.

EEVLDBC.[8/16/32]

Read the 1-byte/2-byte/4-byte data.

EEVLDBC.[8/16/32].XP

Read the 1-byte/2-byte/4-byte data, then add the value stored in the AR register
to the access address.

EEVLDBC.[8/16/32].IP

Read the 1-byte/2-byte/4-byte data, then add the immediate value to the ac-
cess address.

EEVLDHBC.16.INCP

Read the 16-byte data, then add 16 to the access address.

EE.LDF.[64/128].XP

Read the 8-byte/16-byte data, then add the value stored in the AR register to
the access address.

EE.LDF.[64/128].IP

Read the 8-byte/16-byte data, then add the immediate value to the access
address.

EE.LD.128.USAR.XP

Read the 16-byte data, then add the value stored in the AR register to the ac-
cess address.

EE.LD.128.USAR.IP

Read the 16-byte data, then add the immediate value to the access address.

EE.LDQA.U8.128.[XF/IP]

Read the 16-byte data and slice it by 1-byte, and zero-extend it to 20-bit data,
which then will be written to register QACC_H and QACC_L, and finally add the
value stored in the AR register or the immediate value to the access address.

EE.LDQA.U16.128.XP

Read the 16-byte data and slice it by 2-byte, and zero-extend it to 40-bit data,
which then will be written to register QACC_H and QACC_L, and finally add the
value stored in the AR register or the immediate value to the access address.

EE.LDQA.S8.128.XP

Read the 16-byte data and slice it by 1-byte, then sign-extend it to 20-bit data,
which then will be written to register QACC_H and QACC_L, and finally add the
value stored in the AR register or the immediate value to the access address.

EE.LDQA.S16.128.XP

Read the 16-byte data and slice it by 1-byte, then sign-extend it to 40-bit data,
which then will be written to register QACC_H and QACC_L, and finally add the
value stored in the AR register or the immediate value to the access address.

EE.LD.QACC_[H/L].H.32.1P

Read the 4-byte data, then add the immediate value to the access address.

EE.LD.QACC_[H/L].L128.IP

Read the 16-byte data, then add the immediate value to the access address.

EE.LD.ACCX.IP Read the 8-byte data, then add the immediate value to the access address.
EE.LD.UA_STATE.IP Read the 16-byte data, then add the immediate value to the access address.
EE.LDXQ.32 Update access address first, then read the 4-byte data.

1.6.2 Write Instructions

The write instructions tells the processor to issue a virtual address to access memory based on the AR register
that stores the information about access addresses. Most write instructions write memory first then update the
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access addresses, except for the EE.STXQ.32 instruction, which selects a piece of 16-bit data first from the QR
register via an immediate value, adds it to the access address, and then issues the access operation.

Since access to non-aligned addresses will cause slower response, all virtual addresses issued by write
instructions in the extended instruction set are forced to be aligned according to data format. Depending on
the size of the access data format, corresponding length of data will be written to memory as 1-byte, 2-byte,
4-byte, 8-byte or 16-byte. When the data length to be written to memory is less than the access bit length, it is
necessary to perform zero extension or sign extension on this data.

The table below briefly describes the access operations performed by write instructions. For detailed
information, please refer to Section 1.8.

Table 1.6-3. Write Instructions

Instructions Description
ST.QR Store 16-byte from QR to memory.

Write the 16-byte data to memory, then add the value stored in the AR
EEVST.128.XP _

register to the access address.

Write the 16-byte data to memory, then add the immediate value to the
EEVST.128.IP

access address.

Write the 8-byte data to memory, then add the value stored in the AR

EEVST.[H/L].64.XP _
register to the access address.

Write the 8-byte data to memory, then add the immediate value to the

EEVST.[H/L].64.IP
access address.

Write the 8-byte/16-byte data to memory, then add the value stored in

EE.STF.[64/128].XP _
the AR register to the access address.

Write the 8-byte/16-byte data to memory, then add the immediate value

EE.STF.[64/128].IP
to the access address.

Write the 4-byte data to memory, then add the immediate value to the

EE.ST.QACC_[H/L].H.32.I1P
access address.

Write the 16-byte data to memory, then add the immediate value to the

EE.ST.QACC_[H/L].L.128.IP
access address.

Zero-extend the value in the ACCX register to 8-byte data and write it to
memory, then add the immediate value to the access address.

EE.ST.ACCX.IP

Write the 16-byte data to memory, then add the immediate value to the
EE.ST.UA_STATE.IP
access address.

EE.STXQ.32 Update the access address first, then write the 4-byte data to memory.

1.6.3 Data Exchange Instructions

Data exchange instructions are mainly used to exchange data information between different registers.
Considering the bit width of the exchange registers are different, the immediate value are added as the
selection signal, and zero extension and sign extension instructions are provided also. A variety of data
exchange instructions can meet the data exchange requirements for users under various scenarios.

For detailed information about data exchange instructions, please refer to Section 1.8.

Espressif Systems 55 ESP32-S3 TRM (Version 1.6)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.6

Chapter 1 Processor Instruction Extensions (PIE) GoBack

Table 1.6-4. Data Exchange Instructions

Instructions Description
MV.QR Move the value from the source QR register to the target QR register.
EE.MOVI.32.A Assign a piece of 32-bit data from the QR register to the AR register.

Assign the data stored in the AR register to a piece of 32-bit data space
in the QR register.

EEVZIP.[8/16/32] Encoding the two QR registers in 1-byte/2-byte/4-byte unit.
EEVUNZIP.[8/16/32] | Decoding the two QR registers in 1-byte/2-byte/4-byte unit.

EE.MOVI.32.Q

EE.ZERO.Q Clear a specified QR register.
EE.ZERO.QACC Clear QACC_H and QACC_L registers.
EE.ZERO.ACCX Clear a specified ACCX register.

Slice the QR register by 1-byte, and sign-extend it to 20-bit data, then
assign this value to QACC_H and QACC_L registers.

Slice the QR register by 2-byte, and sign-extend it to 40-bit data, then
assign this value to QACC_H and QACC_L registers.

Slice the QR register by 1-byte, and zero-extend it to 20-bit, then assign
this value to QACC_H and QACC_L registers.

Slice the QR register by 2-byte, and zero-extend it to 40-bit data, then
assign this value to QACC_H and QACC_L registers.

EE.MOV.S8.QACC

EE.MOV.S16.QACC

EE.MOV.U8.QACC

EE.MOV.U16.QACC

1.6.4 Arithmetic Instructions

Arithmetic instructions mainly use the SIMD (Single Instruction Multiple Data) principle for vector data
operations, including vector addition, vector multiplication, vector complex multiplication, vector multiplication
accumulation, vector and scalar multiplication accumulation, etc.

Vector Addition Instructions

ESP32-S3 provides vector addition and subtraction instructions for data in 1-byte, 2-byte and 4-byte
units.

Considering that the input and output operands required for vector operations are stored in memaory, in order
to reduce extra operations as reading memory and to improve the speed of code execution, vector addition
instructions are designed to perform the addition and the 16-byte access at the same time, and the value in
the address register is increased by 16 after the access, thus directly pointing to the next continuous 16-byte
memory address. You can select the appropriate instruction according to the actual algorithm needs.

In addition, vector addition instructions also saturate the result of addition and subtraction to ensure the
accuracy of arithmetic operations.

Table 1.6-5. Vector Addition Instructions

Instructions Description

EEVADDS.S[8/16/32] Perform vector addition operation on 1-byte/2-byte/4-byte data.
Perform vector addition operation on 1-byte/2-byte/4-byte data,
and read 16-byte data from memory at the same time.

EEVADDS.S[8/16/32].LD.INCP
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Instructions Description
Perform vector addition operation on 1-byte/2-byte/4-byte data,
and write 16-byte data to memory at the same time.

EEVADDS.S[8/16/32].ST.INCP

Perform vector subtraction operation on 1-byte/2-byte/4-byte
data.

Perform vector subtraction operation on 1-byte/2-byte/4-byte
data, and read 16-byte data from memory at the same time.
Perform vector subtraction operation on 1-byte/2-byte/4-byte
data, and write 16-byte data to memory at the same time.

EEVSUBS.S[8/16/32]

EEVSUBS.S[8/16/32].LD.INCP

EEVSUBS.S[8/16/32].ST.INCP

Vector Multiplication Instructions

ESP32-S3 provides vector multiplication instructions for data in 1-byte and 2-byte units, and supports
unsigned and signed vector multiplication.

Considering that the input and output operands required for vector operations are stored in memory, in order
to reduce extra operations as reading memory and improve the speed of code execution, vector multiplication
instructions are designed to perform the multiplication and access 16 bytes at the same time, and the access
address is increased by 16 after the access, thus directly pointing to the next 16-byte memory address. You
can select the appropriate instruction according to the actual algorithm needs.

Table 1.6-6. Vector Multiplication Instructions

Instructions Description
EEVMUL.U[8/16] Perform vector multiplication operation on unsigned 1-byte/2-byte data.
EEVMUL.S[8/16] Perform vector multiplication operation on signed 1-byte/2-byte data.

Perform vector multiplication operation on unsigned 1-byte/2-byte data,

EEVMUL.U[8/16].LD.INCP _
and read 16-byte data from memory at the same time.

Perform vector multiplication operation on signed 1-byte/2-byte data,

EEVMUL.S[8/16].LD.INCP _
and read 16-byte data from memory at the same time.

Perform vector multiplication operation on unsigned 1-byte/2-byte data,
and write 16-byte data to memory at the same time.
Perform vector multiplication operation on signed 1-byte/2-byte data,
and write 16-byte data to memory at the same time.

EEVMUL.U[8/16].ST.INCP

EEVMUL.S[8/16].ST.INCP

Vector Complex Multiplication Instructions

ESP32-S3 provides vector complex multiplication instructions for data in 2-byte unit. The instruction operands
are executed as signed data.

Considering that the input and output operands required for vector operations are stored in memory, in order
to reduce extra operations as reading memory and improve the speed of code execution, vector complex
multiplication instructions are designed to perform the multiplication and access 16 bytes at the same time,
and the access address is increased by 16 after the access, thus directly pointing to the next 16-byte memory
address. You can select the appropriate instruction according to the actual algorithm needs.
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Table 1.6-7. Vector Complex Multiplication Instructions

Instructions Description
EE.CMUL.S16 Perform vector complex multiplication operation to 2-byte data.

Perform vector complex multiplication operation to 2-byte data,
and read 16-byte data from memory at the same time.

EE.CMUL.S16.LD.INCP

Perform vector complex multiplication operation to 2-byte data,
and write 16-byte data to memory at the same time.

EE.CMUL.S16.ST.INCP

Vector Multiplication Accumulation Instructions

ESP32-S3 provides two types of vector multiplication accumulation instructions: one is based on the ACCX
register, accumulating multiple vector multiplication results to a 40-bit ACCX register; and the other is based on
QACC_H and QACC_L registers, accumulating vector multiplication results to the corresponding bit segments
of QACC_H and QACC_L registers respectively. Both types of above-mentioned instructions support
multiplication accumulation on 1-byte and 2-byte segments.

In order to reduce extra operations as reading memory and improve the speed of code execution, vector
multiplication accumulation instructions are designed to perform the multiplication accumulation and access
16 bytes at the same time, and the access address is increased by the value in the AR register or by the
immediate value after the access.

In addition, instructions with the "QUP” suffix in the vector multiplication accumulation instructions also
support extracting 16-byte aligned data from the unaligned address.

Table 1.6-8. Vector Multiplication Accumulation Instructions

Instructions Description
Perform vector multiplication accumulation to signed/un-
EEVMULAS.[U/S][8/16].ACCX signed data in 1-byte/2-byte segment, and store the result

to the ACCX register temporarily.

Perform vector multiplication accumulation to signed/un-
signed data in 1-byte/2-byte segment, and store the re-
sult to the ACCX register temporarily, then read 16-byte data
from memory. Add immediate to address register.

EE VMULAS.[U/S][8/16].ACCX.LD.IP

Perform vector multiplication accumulation to signed/un-
signed data in 1-byte/2-byte segment, and store the re-
EEVMULAS.[U/S][8/16].ACCX.LD.XP sult to the ACCX register temporarily, then read 16-byte data
from memory. Add the value of AR register to address reg-
ister.

Perform vector multiplication accumulation to signed/un-
signed data in 1-byte/2-byte segment, and store the result
EEVMULAS.[U/S][8/16].ACCX.LD.IP.QUP to the ACCX register temporarily. Then read 16-byte data
from memory and output a 16-byte aligned data. Add im-
mediate to address register.
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Instructions

Description

EEVMULAS.[U/S][8/16].ACCX.LD.XP.QUP

Perform vector multiplication accumulation to signed/un-
signed data in 1-byte/2-byte segment, and store the result
to the ACCX register temporarily. Then read 16-byte data
from memory and output a 16-byte aligned data. Add the
value of AR register to address register.

EEVMULAS.[U/S][8/16].QACC

Perform vector multiplication operation on signed/un-
signed data in 1-byte/2-byte segment, and accumulate
the results to corresponding bit segments in QACC_H and
QACC_L registers.

EEVMULAS.[U/S][8/16].QACC.LD.IP

Perform vector multiplication operation on signed/un-
signed data in 1-byte/2-byte segment, and accumulate
the results to corresponding bit segments in QACC_H and
QACC_L registers, then read 16-byte data from memory.
Add immediate to address register.

EEVMULAS.[U/S][8/16].QACC.LD.XP

Perform vector multiplication operation on signed/un-
signed data in 1-byte/2-byte segment, and accumulate
the results to corresponding bit segments in QACC_H and
QACC_L registers, then read 16-byte data from memory.
Add the value of AR register to address register.

EEVMULAS.[U/S][8/16].QACC.LDBC.INCP

Perform vector multiplication operation on signed/un-
signed data in 1-byte/2-byte segment, and accumulate
the results to corresponding bit segments in QACC_H and
QACC_L registers. Then read 1-byte/2-byte data from
memory and broadcast it to the 128-bit QR register. Add
16 to address register.

EEVMULAS.[U/S][8/16].QACC.LD.IP.QUP

Perform vector multiplication operation on signed/un-
signed data in 1-byte/2-byte segment, and accumulate the
results to the corresponding bit segments in QACC_H and
QACC_L registers. At the same time, read 16-byte data from
memory and output a 16-byte aligned data. Add immediate
to address register.

EEVMULAS.[U/S][8/16].QACC.LD.XP.QUP

Perform vector multiplication operation on signed/un-
signed data in 1-byte/2-byte segment, and accumulate the
results to the corresponding bit segments in QACC_H and
QACC_L registers. At the same time, read 16-byte data from
memory and output a 16-byte aligned data. Add the value
of AR register to address register.

EEVMULAS.[U/S][8/16].QACC.LDBC.INCP.QUP

Perform vector multiplication operation on signed/un-
signed data in 1-byte/2-byte segment, and accumulate the
results to the corresponding bit segments in QACC_H and
QACC_L registers. At the same time, read 1-byte/2-byte
data from memory and broadcast it to the 128-bit QR regis-
ter, then output a 16-byte aligned data. Add 16 to address

register.
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Vector and Scalar Multiplication Accumulation Instructions

The function of this type of instructions is similar to that of the vector multiplication accumulation instructions
based on QACC_H and QACC_L registers, except that one of the binocular operands is a vector and the other
is a scalar. It also contains instructions that can execute access operation while vector operations are
performed.

Table 1.6-9. Vector and Scalar Multiplication Accumulation Instructions

Instructions Description

Perform vector and scalar multiplication accumulation on signed
data in 1-byte/2-byte segment.

Perform vector and scalar multiplication accumulation on signed
EEVSMULAS.S[8/16].QACC.LD.INCP | data in 1-byte/2-byte segment, and read 16-byte data from mem-
ory at the same time. Add 16 to address register.

FE VSMULAS.S[8/16].QACC

Other Instructions

This section contains instructions that perform arithmetic right-shifting on multiplication accumulation results in
QACC_H, QACC_L and ACCX. You can set the shifting value to obtain the multiplication accumulation results
within the expected accuracy range.

In addition, it also contains vector multiplication instructions with enabling conditions.

Table 1.6-10. Other Instructions

Instructions Description
Perform signed right-shifting on data in QACC_H and QACC_L registers
in segment unit.

EE.SRCMB.S[8/16].QACC

EE.SRS.ACCX Perform signed right-shifting on data in the ACCX register.
EEVRELU.S[8/16] Perform vector and scalar multiplication based on enabling conditions.
EEVPRELU.S[8/16] Perform vector-to-vector multiplication based on enabling conditions.

1.6.5 Comparison Instructions

Vector comparison instructions compare data in the unit of 1 byte, 2 bytes, or 4 bytes, including the
instructions that take the larger/smaller one between the compared two values, that set all bits to 1 when the
two values are equal and set them to O when they are not equal, that set all bits to 1 when the former value is
larger than the latter and otherwise set them to O, and that set all bits to 1 when the former value is smaller
than the latter and otherwise set them to O.

Considering that the input and output operands required for vector operations are stored in memory, in order
to reduce extra operations as reading memory and improve the speed of code execution, access instructions
to 16-byte addresses are performed at the same time as vector operations, and the access address is
increased by 16 after the access, thus directly pointing to the next 16-byte memory address. You can select
the appropriate instruction according to the actual algorithm needs.
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Table 1.6-11. Comparison Instructions

Instructions Description

EEVMAX.S[8/16/32] Take the larger value between the two 1-byte/2-byte/4-byte values.
Take the larger value between the two 1-byte/2-byte/4-byte values, and
read 16-byte data from memory at the same time.

EE VMAX.S[8/16/32].LD.INCP

Take the larger value between the two 1-byte/2-byte/4-byte values, and
write 16-byte data to memory at the same time.

EEVMIN.S[8/16/32] Take the smaller value between the two 1-byte/2-byte/4-byte values.
Take the smaller value between the two 1-byte/2-byte/4-byte values,
and read 16-byte data from memory at the same time.

EEVMAX.S[8/16/32].ST.INCP

EEVMIN.S[8/16/32].LD.INCP

Take the smaller value between the two 1-byte/2-byte/4-byte values,

EEVMIN.S[8/16/32].ST.INCP _ )
and write 16-byte data to memory at the same time.

Compare two 1-byte/2-byte/4-byte values, set all bits to 1 when the two
values are equal, or set all bits to O when they are not equal.

Compare two 1-byte/2-byte/4-byte values, set all bits to 1 when the for-
mer value is smaller than the latter one, or set them to O otherwise.

EEVCMP.EQ.S[8/16/32]

EEVCMP.LT.S[8/16/32]

Compare two 1-byte/2-byte/4-byte values, set all bits to 1 when the for-

EEVCMP.GT.S[8/16/32] _ ,
mer value is larger than the latter one, or set them to O otherwise.

1.6.6 Bitwise Logical Instructions

Bitwise logical instructions include bitwise logical OR, bitwise logical AND, bitwise logical XOR and bitwise NOT
instructions.

Table 1.6-12. Bitwise Logical Instructions

Instructions | Description

EE.ORQ Bitwise logical OR ga = qz|qy
EE.XORQ Bitwise logical XOR qa = gz " qy
EE.ANDQ Bitwise logical AND ga = qz&qy
EE.NOTQ Bitwise NOTga = ~qx

1.6.7 Shift Instructions

Shift instructions include vector left-shift and vector right-shift instructions in 4-byte processing units as well as
left-shift and right-shift instructions for spliced 16-byte data. The shift value of the former type is determined
by the SAR register; while the shift value of the latter type can be determined by the SAR_BYTE register, the
immediate value, or the lower bits in the AR register. You can select appropriate instructions based on you
application needs.

All the shift instructions mentioned above are performed based on signed bits.
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Table 1.6-13. Shift Instructions

Instructions Description

Perform logical right-shift on the spliced 16-byte data, and the shift value
is determined by the SAR_BYTE register.

Perform logical right-shift on the spliced 16-byte data, and the shift value
EE.SRC.Q.QUP is determined by the SAR_BYTE register. Meanwhile, the higher 8-byte
data is saved.

EE.SRC.Q

Perform logical right-shift on the spliced 16-byte data, and the shift value
EE.SRC.Q.LD.XP is determined by the SAR_BYTE register. At the same time, read 16-byte
data from memory and add a register value to the read address.
Perform logical right-shift on the spliced 16-byte data, and the shift value
EE.SRC.Q.LD.IP is determined by the SAR_BYTE register. At the same time, read 16-byte
data from memory and add an immediate number to the read address.
Perform logical left-shift on the spliced 16-byte data, and the shift value
is determined by the immediate value.

Perform logical left-shift on the spliced 16-byte data, and the shift value
is determined by the value in the AR register.

EE.SLCI.2Q

EE.SLCXXP.2Q

Perform logical right-shift on the spliced 16-byte data, and the shift value
is determined by the immediate value.

EE.SRCI.2Q

Perform logical right-shift on the spliced 16-byte data, and the shift value
is determined by the value in the AR register.

EE.SRCXXP.2Q

Perform logical right-shift on the spliced 16-byte data, which will be writ-
ten to memory after the shift.

EEVSR.32 Perform vector arithmetic right-shift on the 4-byte data.

EEVSL.32 Perform vector arithmetic left-shift on the 4-byte data.

EE.SRCQ.128.ST.INCP

1.6.8 FFT Dedicated Instructions

FFT (Fast Fourier Transform) dedicated instructions include butterfly computation instructions, bit reverse
instruction, and real number FFT instructions.

Butterfly Computation Instructions
Butterfly computation instructions support radix-2 butterfly computation.

Table 1.6-14. Butterfly Computation Instructions

Instructions Description

EE.FFT.R2BF.S16. Perform radix-2 butterfly computation.

Perform radix-2 butterfly computation, and write the 16-byte result
to memory at the same time.

Perform radix-2 complex butterfly computation, and read 16-byte
data from memory at the same time.

EE.FFT.R2BF.S16.ST.INCP

EE.FFT.CMUL.S16.LD.XP
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Instructions Description

Perform radix-2 complex butterfly computation, and write the 16-
EE.FFT.CMUL.S16.ST.XP byte data (consists of the result and partial data segments in QR
register) to memory at the same time.

Bit Reverse Instruction
The reverse bit width of this instruction is determined by the value in the FFT_BIT_WIDTH register.

Table 1.6-15. Bit Reverse Instruction

Instruction | Description
EE.BITREV | Bit reverse instruction.

Real Number FFT Instructions

A single real number FFT instruction can perform a series of complex calculations including addition,
multiplication, shifting, etc.

Table 1.6-16. Real Number FFT Instructions

Instructions Description

Perform complex calculations and read 16-byte data from memory
at the same time, then output 16-byte aligned data.

Perform complex calculations and read 16-byte data from memory
at the same time. Add 16 to address register.

Perform complex calculations and read 16-byte data from memory
EE.FFT.AMS.S16.LD.R32.DECP | at the same time. Reverse the word order of read data. Add 16 to
address register.

Perform complex calculation and write 16-byte data (consists of
EE.FFT.AMS.S16.ST.INCP the data in AR and partial data segments in QR) to memory at the
same time.

Splice the QR register in 2-byte unit, shift the result and write this
16-byte data to memory.

EE.FFT.AMS.S16.LD.INCP.UAUP

EE.FFT.AMS.S16.LD.INCP

EE.FFTVST.R32.DECP

1.6.9 GPIO Control Instructions

GPIO control instructions include instructions to drive GPIO_OUT and get the status of GPIO_IN.

Table 1.6-17. GPIO Control Instructions

Instruction Description
EEWR_MASK_GPIO_OUT | Set GPIO_OUT by mask.
EE.SET_BIT_GPIO_OUT Set GPIO_OUT.
EE.CLR_BIT_GPIO_OUT Clear GPIO_OUT.
EE.GET_GPIO_IN Get the status of GPIO_IN.
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1.6.10 Processor Control Instructions

As illustrated in Section 1.5.1.2, there are various special registers inside the ESP32-S3 processor. In order to
facilitate the read and write of the values in such special registers, the following types of processor control
instructions are provided to realize the data transfer between the special registers and the AR registers.

RSR.* (Read Special register)
Can read the value from special registers that come with the processor to the AR register. “x” stands for
special registers, which only include the SAR register.

WSR.* (Write Special register)
Can modify the value in special registers that come with the processor via the AR register. “x” stands for
special registers, which only include the SAR register.

XSR.* (Exchange Special register)
Can exchange the values inside the AR register and special registers. “x” stands for special registers, which
only include the SAR register.

RUR.* (Read User-defined register)

Can read the value from user-defined special registers in the processor to the AR register. “x” stands for
special registers, which include SAR_BYTE, ACCX, QACC_H, QACC_L, FFT_BIT_WIDTH and UA_STATE
registers.

WUR.* (Write User-defined register)

Can modify the value in user-defined special registers via the AR register. “x” stands for special registers,
which include SAR_BYTE, ACCX, QACC_H, QACC_L, FFT_BIT_WIDTH and UA_STATE registers.

For special registers that exceed 32-bit width, the "_n" suffix is used to distinguish the instructions that read or
write different 32-bit segments from the same special register. Taking reading data from the ACCX register as
an example, there are two RUR.* instructions, namely RUR.ACCX_0O and RUR.ACCX_1. The former reads the
lower 32-bit data from the ACCX register and write it to the AR register; the latter read the left higher 8-bit data
from the ACCX register, perform zero extension and write the result to the AR register. Accordingly, QACC_H
and QACC_L registers realize data transfer via the five AR registers.
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1.7 Instruction Performance

For processors designed based on a pipeline, it is ideal that CPU issues one instruction onto the pipeline per
processor cycle. The ESP32-S3 Xtensa processor adopts the 5-stage pipeline technology: | (instruction
fetch), R (decode), E (execute), M (memory access), and W (write back). Table 1.7-1 shows what the
processor does at each pipeline stage.

Table 1.7-1. Five-Stage Pipeline of Xtensa Processor

Pipeline Stage | Number | Operation

I - Align instructions (24-bit and 32-bit instructions supported)

R o Read the general-purpose registers AR and QR

Decode instructions, detect interlocks, and forward operands

For arithmetic instructions, the ALU (addition, subtraction, multiplication, etc.) works
E 1 For read memory instructions, generate virtual addresses for memory access
For branch jump instructions, select jump addresses

M 2 Issue read and write memory accesses

W 3 Write back to registers the calculated results and the data read from memory

The processor cannot issue an instruction to the pipeline until all the operands and hardware resources
required for the operation are ready. However, there are the following hazards in the actual program running
process, which can cause stopped pipeline and delayed implementation of instructions.

1.71 Data Hazard

When instruction A writes the result to register X (including explicit general-purpose registers and implicit
special registers), and instruction B needs to use the same register as an input operand, this case is referred
to as that instruction B depends on instruction A. If instruction A prepares the result to be written to register X
at the end of the SA pipeline stage, and instruction B reads the data in register X at the beginning of the SB
pipeline stage, then instruction A must be issued D=max(SA-SB+1, O) cycles before instruction B.

If the processor fetches instruction B less than D cycles after instruction A, the processor delays issuing
instruction B until D cycles have passed. The act of a processor delaying an instruction because of pipeline
interactions is called an interlock.

Suppose the SA pipeline stage of instruction A is W and the SB pipeline stage of instruction B is E, instruction
B is issued to the pipeline D=max(2-1+1, 0)=2 cycles later than instruction A as shown in Figure 1.7-1.

When the output operand of an instruction is designed to be available at the end of a pipeline stage, it means
that the operation of the instruction is over. Usually, instructions that depend on this result data must wait until
the output operand is written to the corresponding register before retrieving it from the corresponding register.
The Xtensa processor supports the "bypass” operation. It detects when the input operand of an instruction is
generated at which pipeline stage of the instruction and does not need to wait for the data to be written to the
register. It can directly forward the data from the pipeline stage where it is generated to the stage where it is
needed.
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Instruction Awas over with the result to be written to register X
Cycle T+H0 T+l T+2 T+ T+4 T+5  T+6
Instruction A | R E M W
Bypass the result from Instruction Ato B
Instruction B attempted | R E M i
Instruction B issued / R E M W
-
Read register X failed Obtained the result passed from Instruction A

Figure 1.7-1. Interlock Caused by Instruction Operand Dependency

Data dependencies between instructions are determined by the dependencies between operands and the

pipeline stage at which reads and writes happen. Table 1.7-2 lists all operands of the ESP32-S3 extended
instructions, including implicit special register write (def) and read (use) pipeline stage information.

Table 1.7-2. Extended Instruction Pipeline Stages

Submit Documentation Feedback

Operand Pipeline Stage Special Register Pipeline Stage
Instruction . s : . E e <
Use Def Use Def
EE.ANDQ gx1, gy ganl — -
FFT_BIT_WIDTH
EE.BITREV ax1 gal, ax1 : —
EE.CLR_BIT_GPIO_OUT — — GPIO_OUT 1 GPIO_OUT 1
EE.CMUL.S16 ox1, gy gz 2 SAR 1 —
EE.CMUL.S16.LD.INCP as1,gx1, gy qu2,as1,gz2 | SAR1 -
gv 2, as1 gx1,
EE.CMUL.S16.ST.INCP : as1,gz2 SAR 1 —
Qy
as 1, gx 1, 1, 2,as1,qz2,
EE.FFT.AMS.S16.LD.INCP a @ que a8l gz SAR 1 —
gm gzl 2
SAR 1,
as1, gx1, gyl | qu2,as1 qgz?2,
EE.FFT.AMS.S16.LD.INCP.UAUP SAR_BYTE UA_STATE 1
agmi gzl 2
1, UA_STATE 1
as 1, gx 1, 1, uz2,asi gz?2,
EE.FFT.AMS.S16.LD.R32.DECP k @ a d SAR1 —
gm1 gzl 2
gv2,asOl,ast, | gz12, asO 2, as
EE.FFT.AMS.S16.ST.INCP SAR 1 —
gx1,qgy1,gmi 1
as 1, ad 1, gx 1,
EE.FFT.CMUL.S16.LD.XP : qu2,as1,gz2 | SAR1 —
Qy
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X 1, 1, qv 2,
EE.FFT.CMUL.S16.ST.XP 9 a9 as 1 SAR 1 —
as1,ad1
EE.FFT.R2BF.S16 gx1, gy ga0 1, gal1 - -
EE.FFT.R2BF.S16.ST.INCP gx1,qgy1 as1 ga01,as1 — -
EE.FFTVST.R32.DECP qv2,asi as 1 — —
EE.GET_GPIO_IN — au 1 GPIO_IN 1 —
EE.LD.128.USAR.IP as 1 qu2,as - SAR_BYTE 1
EE.LD.128.USAR.XP as1,ad qu2,asi — SAR_BYTE1
EE.LD.ACCX.IP as 1 as1 - ACCX 2
EE.LD.QACC_H.H.32.IP as 1 as 1 QACC_H 1 QACC_H 2
EE.LD.QACC_H.L.128.1P as 1 as 1 QACC_H1 QACC_H 2
EE.LD.QACC_L.H.32.IP as 1 as 1 QACC_L1 QACC_L 2
EE.LD.QACC_L.L.128.IP as 1 as 1 QACC_L1 QACC_L 2
EE.LD.UA_STATE.IP as 1 as 1 — UA_STATE 2
fud 2, fu2 2, ful
EE.LDF.128.IP as 1 — -
2,fu0 2, as1
fud 2, fu2 2, ful
EE.LDF128.XP as1,ad1 - -
2,fud 2, as1
EE.LDF.64.IP as 1 ful12,fud2,as1 | — —
EE.LDF.64.XP as1,ad ful2, fud2,as1 | — —
QACC_L 2,
EE.LDQA.S16.128.IP as 1 as 1 —
QACC_H 2
QACC_L 2,
EE.LDQA.S16.128.XP as1,ad1 as 1 —
QACC_H 2
QACC_L 2,
EE.LDQA.S8.128.IP as 1 as 1 —
QACC_H 2
QACC_L 2,
EE.LDQA.S8.128.XP as1,ad as 1 —
QACC_H 2
QACC_L 2,
EE.LDQA.U16.128.IP as 1 as 1 —
QACC_H 2
QACC_L 2,
EE.LDQA.U16.128.XP as1,ad1 as 1 -
QACC_H 2
QACC_L 2,
EE.LDQA.U8.128.1P as 1 as 1 —
QACC_H 2
QACC_L 2,
EE.LDQA.U8.128.XP as1,ad1 as 1 —
QACC_H 2
EE.LDXQ.32 gs1lasi qu 2 - -
QACC_L 1,
EE.MOV.S16.QACC gs 1 — —
QACC_H1
QACC_L 1,
EE.MOV.S8.QACC gs 1 — —
QACC_H1
QACC_L 1,
EE.MOV.U16.QACC gs1 — —
QACC_H1
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QACC_L 1,
EE.MOV.U8.QACC gs 1 — —
QACC_H1
EE.MOVI.32.A gs 1 au — —
EE.MOVIL.32.Q as 1 qu 1 — -
EE.NOTQ ax 1 gal - -
EE.ORQ gx1, gy gal — -
EE.SET_BIT_GPIO_OUT — — GPIO_OUT 1 GPIO_OUT 1
EE.SLCI.2Q gs11,gsO1 gs11,gsO1 — —
gs11,gs0O1, as 1,
EE.SLCXXP.2Q dq1 gs11,gs01,as1 | — —
a
EE.SRC.Q gsO 1, gs1 ganl SAR_BYTE1 -
EE.SRC.Q.LD.IP as1,gsO1,gs11 | qu2,as1,gsO1 | SAR_BYTE1 -
as1,ad1,gs01,
EE.SRC.Q.LD.XP 1 qu2,as1,gsO1 | SAR_BYTE1 —
gs
EE.SRC.Q.QUP gsO 1, gs11 gal,gsO1 SAR_BYTE1 -
EE.SRCI.2Q gs11,gsO1 gs11,gsO1 — —
QACC_H QACC_H 1,
EE.SRCMB.S16.QACC as qu 1
QACC_L1 QACC_L1
QACC_H QACC_H 1,
EE.SRCMB.S8.QACC as qu1
QACC_L1 QACC_L1
EE.SRCQ.128.ST.INCP gsO1,gs11,as1 | as1 SAR_BYTE 1 —
gs11,gs01,as 1,
EE.SRCXXP.2Q q1 gs11,gs01,as1 | — —
a
EE.SRS.ACCX as au1 ACCX 1 ACCX1
EE.ST.ACCX.IP as as 1 ACCX 1 —
EE.ST.QACC_H.H.32.IP as as QACC_H1 —
EE.ST.QACC_H.L.128.IP as 1 as 1 QACC_H1 —
EE.ST.QACC_L.H.32.IP as as QACC_L1 —
EE.ST.QACC_L.L.128.1P as as 1 QACC_L1 —
EE.ST.UA_STATE.IP as as 1 UA_STATE 1 —
fv31, fv2 1, fvi 1,
EE.STF128.1P as 1 — —
fvO 1, as 1
fv31, fv2 1, fvi 1,
EE.STF128.XP as 1 — —
fvO1,as1, ad1
EE.STR.64.IP fvi1,fv0 1, as1 as - -
fvi1, fvO 1, as 1,
EE.STR.64.XP as — —
ad 1
EE.STXQ.32 gvl,gstlasi — — -
EEVADDS.S16 gx1, gy 1 gan - -
EEVADDS.S16.LD.INCP as1,gx1 gy qu2,as1,gaf - -
gv 1 as1 gx1,
EEVADDS.S16.ST.INCP : as1,gal — —
qy
EEVADDS.S32 gx1, gy 1 gal - -
EEVADDS.S32.LD.INCP as1,gx1 gy qu2,as1, gaf - -
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gv 1 asi gx1,
EEVADDS.S32.ST.INCP ay as1,qal — —
EEVADDS.S8 gx1, gy gal - -
EEVADDS.S8.LD.INCP as1,gx1, gy qu2,as1,gaf — -
gv 1 asi gx1,
EEVADDS.S8.ST.INCP ay as1,qal — —
EEVCMP.EQ.S16 gx1, gy gal - -
EEVCMP.EQ.S32 gx1, gy gal — -
EEVCMP.EQ.S8 gx1, gy 1 gan - -
EEVCMP.GT.S16 gx1, gy gal — -
EEVCMP.GT.S32 gx1, gy 1 ganl - -
EEVCMP.GT.S8 agx1, gy gal - -
EEVCMP.LT.S16 gx1, gy 1 ga’l — —
EEVCMP.LT.S32 ox1, gy gan — —
EEVCMP.LT.S8 gx1, gy gal — -
EEVLD.128.1P as qu 2, as — —
EEVLD.128.XP as1,ad1 qu 2, as — —
EEVLD.H.64.IP as qu 2, as — —
EEVLD.H.64.XP as1,ad1 qu 2, as — —
EEVLD.L.64.1P as 1 qu 2, as — -
EEVLD.L.64.XP as1ad1 qu 2, as — —
EEVLDBC.16 as1 qu 2 — -
EEVLDBC.16.IP as qu 2, as — —
EEVLDBC.16.XP as1,ad1 qu 2, as — —
EEVLDBC.32 as 1 qu 2 — —
EEVLDBC.32.1P as qu2,asi — —
EEVLDBC.32.XP as1,ad qu2,as — —
EEVLDBC.8 as qu2 — —
EEVLDBC.8.IP as qu2,as — —
EEVLDBC.8.XP as1,ad1 qu2,asi — —
EEVLDHBC.16.INCP as qu2,qul2,as1 | — —
EEVMAX.S16 agx1, gy 1 gal — -
EEVMAX.S16.LD.INCP as1,gx1 gy qu2,as1, gal — —
FEVMAX.S16.ST.INCP 2; 11' as 1. axt. as1,qgal — —
EEVMAX.S32 agx1, gy 1 ga’l — -
EEVMAX.S32.LD.INCP as1,gx1 gy qu2,as1, gal — —
gv 1 as1 gx1,
EEVMAX.S32.ST.INCP ay as1,qal — —
EEVMAX.S8 gx1, gy 1 gal — -
EEVMAX.S8.LD.INCP as1,gx1 gy qu2,as1, gal — —
gv 1 as1 gx1,
EEVMAX.S8.ST.INCP as1,qal — —
gy 1
EEVMIN.S16 ax1, gy ga — —
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EEVMIN.S16.LD.INCP as1, gx1, gy qu2,as1,gal — —
gv 1 as1 gx1,
EEVMIN.S16.ST.INCP as1,gal — —
gy 1
EEVMIN.S32 agx1, gy gal — -
EEVMIN.S32.LD.INCP as1, ogx1, gy qu2,as1, ga — —
gvl as1 gx1,
EEVMIN.S32.ST.INCP as1,gal — —
gy 1
EEVMIN.S8 gx1, gy gal — -
EEVMIN.S8.LD.INCP as1, ogx1, gy qu2,as1, gal — —
gv 1 as1 gx1,
EEVMIN.S8.ST.INCP as1,gal — —
gy 1
EEVMUL.S16 ax1, gy gz?2 SAR 1 —
EEVMUL.S16.LD.INCP as1,gx1 gy qu2,as1,gz2 | SAR1 -
gvl as1 gx1,
EEVMUL.S16.ST.INCP : asl,qgz2 SAR1 —
aqy
EEVMUL.S8 ax1, gy gz?2 SAR 1 —
EEVMUL.S8.LD.INCP as1,gx1, gyl qu2,as1,gz2 | SAR1 —
gvl as1 gx1,
EEVMUL.S8.ST.INCP : asl,qgz2 SAR 1 —
aqy
EEVMUL.U16 ax1, gy gz 2 SAR 1 —
EEVMUL.U16.LD.INCP as1,gx1, gyl qu2,as1,gz2 | SAR1 —
gv 1 as1 gx1,
EEVMUL.U16.ST.INCP : asl,qgz2 SAR 1 —
aqy
EEVMUL.U8 ax1, gy gz 2 SAR 1 —
EEVMUL.U8.LD.INCP as1,gx1, gyl qu2,as1,gz2 | SAR1 —
gv 1 as1 gx1,
EEVMUL.U8.ST.INCP : asl,qgz2 SAR 1 —
ay
EEVMULAS.S16.ACCX ax1, gy — ACCX 2 ACCX 2
EEVMULAS.S16.ACCX.LD.IP as1, ogx1, gy qu2,as ACCX 2 ACCX 2
as 1, gx1, gy, SAR_BYTE
EEVMULAS.S16.ACCX.LD.IP.QUP qu2,as1,gsO1 ACCX 2
gsO 1, gsti ACCX 2
as 1, ad 1, gx 1,
EEVMULAS.S16.ACCX.LD.XP : qu2,asi ACCX 2 ACCX 2
qy
as 1, ad 1, gx1,
SAR_BYTE
EEVMULAS.S16.ACCX.LD.XP.QUP gy 1, gsO 1, gst | qu2,as1,qgsO1 ACCX 2 ACCX 2
1
QACC_H QACC_H 2,
EEVMULAS.S16.QACC ax 1, gy 1 —
QACC_L 2 QACC_L 2
QACC_H QACC_H 2,
EEVMULAS.S16.QACC.LD.IP as1,gx1,qy1 qu 2, as
QACC_L 2 QACC_L 2
SAR_BYTE
as 1, gx 1, gy 1, QACC_H 2,
EEVMULAS.S16.QACC.LD.IP.QUP qu2,as1,gsO1 | QACC_H
gsO 1, gsti QACC L 2 QACC_L 2
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as 1, ad 1, gx 1, QACC_H QACC_H
EEVMULAS.S16.QACC.LD.XP qu2,as
qy 1 QACC_L 2 QACC_L2
as 1, ad 1, gx 1, SAR_BYTE
QACC_H
EEVMULAS.S16.QACC.LD.XP.QUP gy 1, gsO 1, gsl | qu2,as1,gsO1 | QACC_H QACG L 2
1 QACC_L 2 B
QACC_H QACC_H
EEVMULAS.S16.QACC.LDBC.INCP as1,gx1, gy qu 2, as
QACC_L 2 QACC_L 2
SAR_BYTE
as 1, gx1, gy, QACC_H
EEVMULAS.S16.QACC.LDBC.INCP.QUP qu2,as1,gsO1 | QACC_H
gsO 1, gs11 QACC_L 2
QACC_L 2
EEVMULAS.S8.ACCX ax 1, gy — ACCX 2 ACCX 2
EEVMULAS.S8.ACCX.LD.IP as1, gx1, gy qu2,as ACCX 2 ACCX 2
as 1, gx1 gyt SAR_BYTE
EEVMULAS.S8.ACCX.LD.IP.QUP qu?2,as1,gsO1 ACCX 2
gsO1,gsti ACCX 2
as 1, ad 1, gx1,
EEVMULAS.S8.ACCX.LD.XP ay qu2,as ACCX 2 ACCX 2
Y
as 1, ad 1, gx 1,
SAR_BYTE
EEVMULAS.S8.ACCX.LD.XP.QUP gy 1, gsO 1, gs1 | qu2,as1,gsO1 ACCX 2 ACCX 2
1
QACC_L QACC_L
EEVMULAS.S8.QACC ax 1, gyt —
QACC_H 2 QACC_H 2
QACC_H QACC_H
EEVMULAS.S8.QACC.LD.IP as1,gx1,qyl qu2,as
QACC_L 2 QACC_L 2
SAR_BYTE
as 1, gx1, gyt QACC_H
EEVMULAS.S8.QACC.LD.IP.QUP qu2,as1,gsO1 | QACC_H
gsO 1, gs11 QACC_L 2
QACC_L 2
as 1, ad 1, gx 1, QACC_H QACC_H
EEVMULAS.S8.QACC.LD.XP qu 2, as
qy 1 QACC_L 2 QACC_L 2
as 1, ad 1, gx 1, SAR_BYTE
QACC_H
EEVMULAS.S8.QACC.LD.XP.QUP gy 1, gsO 1, gsl | qu2,as1,gsO1 | QACC_H
QACC_L 2
1 QACC_L 2
QACC_H QACC_H
EEVMULAS.S8.QACC.LDBC.INCP as1,gx1, gy qu 2, as
QACC_L 2 QACC_L 2
SAR_BYTE
as 1, gx1 gy, QACC_H
EEVMULAS.S8.QACC.LDBC.INCP.QUP qu2,as1,gs01 | QACC_H
gsO 1, gs11 QACC_L 2
QACC_L2
EEVMULAS.U16.ACCX ax1, gy — ACCX 2 ACCX 2
EEVMULAS.U16.ACCX.LD.IP as1,gx1, gyl qu2,as ACCX 2 ACCX 2
as 1, gx1, gy, SAR_BYTE
EEVMULAS.U16.ACCX.LD.IP.QUP qu2,as1,gsO1 ACCX 2
gsO 1, gs11 ACCX 2
as 1, ad 1, gx 1,
EEVMULAS.U16.ACCX.LD.XP : qu 2, as ACCX 2 ACCX 2
Qy
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as 1, ad 1, gx 1,
SAR_BYTE
EEVMULAS.U16.ACCX.LD.XP.QUP gy 1, gsO 1, gst | qu2,as1,gsO1 ACCX 2 ACCX 2
1
QACC_L QACC_L
EEVMULAS.U16.QACC ax 1, gy —
QACC_H?2 QACC_H 2
QACC_L QACC_L
EEVMULAS.U16.QACC.LD.IP as1,gx1, gy qu 2, as
QACC_H 2 QACC_H 2
SAR_BYTE
as 1, gx1, gy, QACC_H
EEVMULAS.U16.QACC.LD.IP.QUP qu2,as1,gsO1 | QACC_H
gsO 1, gs11 QACC_L 2
QACC_L 2
as 1, ad 1, gx1, QACC_L QACC_L
EEVMULAS.U16.QACC.LD.XP qu2,as
qy 1 QACC_H 2 QACC_H 2
as 1, ad 1, gx 1, SAR_BYTE
QACC_H
EEVMULAS.U16.QACC.LD.XP.QUP gy 1, gsO 1, gsl | qu2,as1,gsO1 | QACC_H QACC L2
1 QACC_L 2 -
QACC_L QACC_L
EEVMULAS.U16.QACC.LDBC.INCP as1,gx1, gy qu 2, as
QACC_H 2 QACC_H 2
SAR_BYTE
as 1, gx1, gy, QACC_H
EEVMULAS.U16.QACC.LDBC.INCP.QUP qu2,as1,gsO1 | QACC_H
gsO 1, gs11 QACC_L 2
QACC_L 2
EEVMULAS.U8.ACCX ax 1, gyt — ACCX 2 ACCX 2
EEVMULAS.U8.ACCX.LD.IP as1,gx1, gyl qu 2, as ACCX 2 ACCX 2
as 1, gx1 gy, SAR_BYTE
EEVMULAS.U8.ACCX.LD.IP.QUP qu2,as1,gsO1 ACCX 2
gsO 1, gs11 ACCX 2
as 1, ad 1, gx 1,
EEVMULAS.U8.ACCX.LD.XP : qu2,as ACCX 2 ACCX 2
ay
as 1, ad 1, gx 1,
SAR_BYTE
EEVMULAS.U8.ACCX.LD.XP.QUP gy 1, gsO 1, gsl | qu2,as19gsO1 ACCX 2 ACCX 2
1
QACC_L QACC_L
EEVMULAS.U8.QACC ax1, gy —
QACC_H 2 QACC_H 2
QACC_L QACC_L
EEVMULAS.U8.QACC.LD.IP as1,gx1, gy qu 2, as
QACC_H?2 QACC_H 2
SAR_BYTE
as 1, gx1 gy, QACC_H
EEVMULAS.U8.QACC.LD.IP.QUP qu2,as1,gs01 | QACC_H
gsO 1, gs11 QACC_L 2
QACC_L2
as 1, ad 1, gx 1, QACC_L QACC_L
EEVMULAS.U8.QACC.LD.XP qu2,as
qy 1 QACC_H?2 QACC_H 2
as 1, ad 1, gx 1, SAR_BYTE
QACC_H
EEVMULAS.U8.QACC.LD.XP.QUP qy 1, gsO 1, gst | qu2,as1,gsO1 | QACC_H
QACC_L 2
1 QACC_L 2
QACC_L QACC_L
EEVMULAS.U8.QACC.LDBC.INCP as1,gx1,qy1 que,as
QACC_H?2 QACC_H 2
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SAR_BYTE
as 1, gx 1, gy 1, QACC_H 2,
EEVMULAS.U8.QACC.LDBC.INCP.QUP qu2,as1,gs01 | QACC_H
gsO 1, gs11 QACC_L 2
QACC_L2
EEVPRELU.S16 gx1, gyt ayl gz?2 - -
EEVPRELU.S8 gx1, gyl ay1 gz?2 - -
EEVRELU.S16 gstl ax1 ay1 gs2 - -
EEVRELU.S8 gsl ax1 ay1 gs?2 - -
EEVSL.32 gs1 gal SAR 1 -
QACC_H QACC_H 2,
EEVSMULAS.S16.QACC ax 1, gyt —
QACC_L 2 QACC_L 2
QACC_H QACC_H 2,
EEVSMULAS.S16.QACC.LD.INCP as1,gx1, gy qu 2, as
QACC_L 2 QACC_L 2
QACC_L QACC_L 2,
EEVSMULAS.S8.QACC ax 1, gyt —
QACC_H?2 QACC_H 2
QACC_H QACC_H 2,
EEVSMULAS.S8.QACC.LD.INCP as1,gx1, gyl qu2,as
QACC_L2 QACC_L2
EEVSR.32 gs1 gal SAR 1 —
EEVST128.IP qv 1 as1 as 1 — —
EEVSTI128.XP gvlast adi as1 — —
EEVST.H.64.IP qvl, asi as 1 — —
EEVST.H.64.XP gvl as1 ad1 as — —
EEVST.L.64.IP qv1, asi as 1 — —
EEVST.L.64.XP gvlasi ad as — —
EEVSUBS.S16 agx1, gy 1 gal — -
EEVSUBS.S16.LD.INCP as1,gx1, gyl qu2,ast,gal — —
gv 1 as1 gx1,
EEVSUBS.S16.ST.INCP : as1,gal — —
ay
EEVSUBS.S32 ax1, gy ga — —
EEVSUBS.S32.LD.INCP as1,gx1, gyl qu2,ast,gal — —
gv 1l as1 gx1,
EEVSUBS.S32.ST.INCP : as1,gal — —
aqy
EEVSUBS.S8 ax1,qy1 gan — —
EEVSUBS.S8.LD.INCP as1,gx1, gyl qu2,ast,gal — —
gv 1 as1 gx1,
EEVSUBS.S8.ST.INCP ay as1,gal — —
EEVUNZIP16 gsO 1, gs11 gsO 1, gs11 — —
EEVUNZIP.32 gsO 1, gs11 gsO 1, gs11 — —
EEVUNZIP.8 gsO 1, gs11 gsO 1, gs11 — -
EEVZIP16 gsO 1, gs11 gsO 1, gst1 - -
EEVZIP.32 gsO 1, gs11 gsO 1, gs11 - -
EEVZIP.8 gsO 1, gs11 gsO 1, gs11 - -
EEWR_MASK_GPIO_OUT as1, ax1 — GPIO_OUT 1 GPIO_OUT 1
EE.XORQ agx1, gy ga’l — -
EE.ZERO.ACCX — — — ACCX1
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EE.ZERO.Q — gal — —

QACC_L
QACC_H1

EE.ZERO.QACC — — —

1.7.2 Hardware Resource Hazard

When multiple instructions call the same hardware resource at the same time, the processor allows only one
of the instructions to occupy the hardware resource, and the rest of them will be delayed. For example, there
are only eight 16-bit multipliers in the processor; instruction C requires eight of them in pipeline stage M, and
instruction D requires four of them in pipeline stage E. As shown in Figure 1.7-2, instruction C is issued in cycle
T+0, and instruction D is issued in cycle T+1, so four multipliers are applied to be occupied simultaneously in
cycle T+3; at this time, the processor will delay the issue of instruction D into the pipeline by one cycle to
avoid conflict with instruction C.

Instruction D occupied multipliers
Cycle TH T+l T+2 \T+3 T+ T+5  T+6
Instruction C I R E M W
Instruction D attempted | R gE M W
Instruction D issued | R E M Y,
)
Instruction D’s application for multipliers The multipliers were available. Instruction D
Failed and issue was delayed was issued.

Figure 1.7-2. Hardware Resource Hazard

1.7.3 Control Hazard

Data and hardware resource hazards can be optimized by adjusting the code order, but the control hazard is
difficult to optimize. Program code usually has many conditional select statements that execute different code
depending on whether the condition is met or not. The compiler will process the above conditional
statements into branch and jump instructions: if the condition is satisfied, it will jump to the target address to
execute the corresponding code; if not, the subsequent instructions will be processed in order. When the
conditions are met, as shown in Figure 1.7-3, the processor will re-fetch the instruction from the new target
address. At this time, the instructions at the R and E stages on the pipeline will be removed, which means the
pipeline remains stagnant for 2 cycles.
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Cycle T+0 T+l T+2 T+3 T+ T+ T+6  T+7

Branch Instruction | R E M w

Delayed branch jump

Instruction X (removed) | R E M w
Instruction Y (removed) | \ R E M w
Instruction at the jump address I R E M wW

Figure 1.7-3. Control Hazard
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1.8 Extended Instruction Functional Description

Before reading this section, you are recommended to read the table 1.4-1, which introduces instruction field
names and their meanings in instruction encoding.

[N:M] is used to represent the field. It means the width of the field is (N-M+1), namely, both bits N and M are
included. For example, ga[2:0] has a total of 3 bits, which are bit0, bit1 and bit2, and ga[1] represents the value
of bit.

This chapter describes all the instructions mentioned in Section 1.6 in alphabetical order by the instruction
name. Each instruction is encoded in little-endian bit order as shown in Figure 1.4-1.

1.8.1 EE.ANDQ

Instruction Word
| 11| gal2:1) | 101 | qa[o] | on | qy[2:1] | 00 | gx2:1]) | qylo] | gx{0] | 0100 |

Assembler Syntax

EE.ANDQ ga, gx, qy

Description

This instruction performs a bitwise AND operation on registers gx and qy and writes the result of the logical
operation to register ga.

Operation
1 ga = gx & qy
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1.8.2 EE.BITREV

Instruction Word

| 11| qaf2:1) | m01 | qafo] | 1mom | as[3:0] | 0100 |

Assembler Syntax
EE.BITREV ga, as
Description

This instruction swaps the bit order of data of different bit widths according to the value of special register
FFT_BIT_WIDTH. Then, it compares the data before and after the swap, takes the larger value, pads the
higher bits with O until it has 16 bits, and writes the result into the corresponding data segment of register ga.
In the following, Switchx is a function that represents the bit inversion of the x-bit. Switch5(0b10100) =
0Ob00101. Here Ob10100 means 5-bit binary data.

Operation

1 tempo[15:
2 templ[15:
3 temp2[15:
4 temp3[15:
5 temp4[15:
6 temp5[15:
7 temp6[15:
8 temp7[15:

0]
0]
0]
0]
0]
0]
o]
0]

as[15:
as[15:
as[15:
as[15:
as[15:
as[15:
as[15:
as[15:

o 1f FFT_BIT_WIDTH==3:

10 Switch3(X[2:0]) =
{13’he,
{13’he,
{13’he,
{13’he,
{13’he,
{13’he,

il qa[ 15: @]
2 ga[ 31: 16]
13 gal[ 47: 32]
14 qa[ 63: 48]
15 qa[ 79: 64]
16 qa[ 95: 8@]
7 qa[l127: 96]

X[

0

w if FFT_BIT_WIDTH==4:

19 Switch4(X[3:0]) =
{12’he,
{12’he,
{12’he,
{12’he,
{12’he,
{12’he,

20 ga[ 15: 9]
2 ga[ 31: 16]
22 qal[ 47: 32]
23 qa[ 63: 48]
24 ga[ 79: 64]
25 qa[ 95: 890]
26 ga[l111: 96]

27 ga[127:112]

28

X[

{12°he,
{12°ho,

20 1f FFT_BIT_WIDTH==10:

o]
o]
o]
o]
o]
o]
0]
o]

+ + + + + + 4+
N O o0 0N PR

0:2]

max (tmpo[2:
max(tmpl[2:
max (tmp2[2:
max (tmp3[2:
max(tmp4[2:
max(tmp5[2:

0:3]

max (tmpo[3:
max (tmpl[3:
max (tmp2[ 3:
max (tmp3[3:
max (tmp4[3:
max (tmp5[3:
max (tmp6[3:
max (tmp7[3:

30 Switch1o(X[9:0]) = X[0:9]

31 ga[ 15: 9]
32 ga[ 31: 16]
33 qal[ 47: 32]
34 qa[ 63: 48]
35 ga[ 79: 64]

Espressif Systems

{6°ho,
{6'ho,
{6'ho,
{6'ho,
{6'ho,

max(tmpo[9:0],
max(tmpl[9:0],
max(tmp2[9:0],
max(tmp3[9:0],
max(tmp4[9:0],

o],
o],
o],
o],
o],
o],

o],
o],
o],
o],
o],
o],
o],
o],

Switch3(tmpo[2:
Switch3(tmpl[2:
Switch3(tmp2[2:
Switch3(tmp3[2:
Switch3(tmp4[2:
Switch3(tmp5[2:

Switch4(tmpe[3:
Switch4(tmpl[3:
Switch4(tmp2[3:
Switch4 (tmp3[3:
Switch4(tmp4[3:
Switch4(tmp5[3:
Switch4 (tmp6[3:
Switch4(tmp7[3:

Switch1o(tmpo[9:
Switchl@(tmpl[9:
Switch10(tmp2[9:
Switch10(tmp3[9:
Switchio(tmp4[9:
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0]))}
e1))}
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0]))}
0]))}
0]))}
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0]))}
0]))}
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0]))}

0]1))}
0]))}
0]))}
e1))}
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36 ga[ 95: 89]
&7 ga[l111: 96]
38 qa[l127:112]
39

40 as[31:0] = as[31:0] + 8

{6°he, max(tmp5[9:0], Switchi@(tmp5[9:0]))}
{6’ho, max(tmp6[9:0], Switchlo(tmp6[9:0]))}
{6’ho, max(tmp7[9:0], SwitchlQ(tmp7[9:0]1))}
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1.8.3 EE.CLR_BIT_GPIO_OUT

Instruction Word
| 01101100100 | imMm256[7:0] | 0100 |

Assembler Syntax

EE.CLR_BIT_GPIO_OUT 0..255

Description

It is a dedicated CPU GPIO instruction to clear certain GPIO_OUT bits. The content to clear depends on the
8-bit immediate number imm256.

Operation

1 GPIO_OUT[7:0] = (GPIO_OUT[7:0] & ~imm256[7:01])
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1.8.4 EE.CMUL.S16

Instruction Word
|10 | gz[2:1] | M0 | qz[0] | ayl2] | O | qy[n:0] | gx(2:0] | 00 | selaf1:0] | 0100 |

Assembler Syntax

EE.CMUL.S16 gz, gx, gy, 0..3

Description

This instruction performs a 16-bit signed complex multiplication. The range of the immediate number sel4is O
~ 3, which specifies the 32 bits in the two QR registers gx and gy for complex multiplication. The real and
imaginary parts of complex numbers are stored in the upper 16 bits and lower 16 bits of the 32 bits respectively.
The calculated real part and imaginary part results are stored in the corresponding 32 bits of register qz.
Operation

1 if seld ==

2 gz[ 15: ©] = (gx[ 15: ©] * qy[ 15: ©] - gx[ 31: 16] * qy[ 31: 16]) >> SAR[5:0]
s qgz[ 31: 16] = (gx[ 15: ©] * qy[ 31: 16] + gx[ 31: 16] * qy[ 15: ©]) >> SAR[5:0]
.+ qz[ 47: 32] = (gx[ 47: 32] * qy[ 47: 32] - gx[ 63: 48] * qy[ 63: 48]) >> SAR[5:0]
5 qz[ 63: 48] = (gx[ 47: 32] * qy[ 63: 48] + gx[ 63: 48] * qy[ 47: 32]) >> SAR[5:0]
e 1f seld ==

7 qz[ 79: 64] = (gx[ 79: 64] * qy[ 79: 64] - gx[ 95: 80] * gy[ 95: 80]) >> SAR[5:0]
8 gz[ 95: 80] = (gx[ 79: 64] * qy[ 95: 80] + gx[ 95: 80] * qy[ 79: 64]) >> SAR[5:0]
0 gz[111: 96] = (gx[111: 96] * qy[111l: 96] - gx[127:112] * qy[127:112]) >> SAR[5:0]
10 qz[127:112] = (gx[111: 96] * qy[127:112] + gx[127:112] * qy[111: 96]) >> SAR[5:0]
n 1f seld ==

2 gz[ 15: ©] = (gx[ 15: @] * qy[ 15: ©] + gx[ 31: 16] * gy[ 31: 16]) >> SAR[5:0]
13 gz[ 31: 16] = (gx[ 15: ©] * qy[ 31: 16] - gx[ 31: 16] * qy[ 15: ©]) >> SAR[5:0]
w  qz[ 47: 32] = (gx[ 47: 32] * qy[ 47: 32] + gx[ 63: 48] * qy[ 63: 48]) >> SAR[5:0]
s qz[ 63: 48] = (gx[ 47: 32] * qy[ 63: 48] - gx[ 63: 48] * qy[ 47: 32]) >> SAR[5:0]
s 1T seld ==

v qz[ 79: 64] = (gx[ 79: 64] * qy[ 79: 64] + gx[ 95: 80] * qy[ 95: 80]) >> SAR[5:0]
8 qz[ 95: 80] = (gx[ 79: 64] * qy[ 95: 80] - gx[ 95: 80] * qy[ 79: 64]) >> SAR[5:0]
- gz[111: 96] = (gx[111: 96] * qy[111: 96] + gx[127:112] * qy[127:112]) >> SAR[5:0]
x©  qz[127:112] = (gx[111: 96] * qy[127:112] - gx[127:112] * qy[111: 96]) >> SAR[5:0]
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1.8.5 EE.CMUL.S16.LD.INCP

Instruction Word
| 000 | qu[2:1] | aylo] | 000 | qulo] | qz[2:0] | ax(1:0] | qy2:1] | 11 | seld[t:0] | as[3:0] | m | ax[2] |

Assembler Syntax

EE.CMUL.S16.LD.INCP qu, as, gz, gx, qy, 0..3

Description

This instruction performs a 16-bit signed complex multiplication. The range of the immediate number sel4is O
~ 7, which specifies the 32 bits in the two QR registers gx and gy for complex multiplication. The real and
imaginary parts of complex numbers are stored in the upper 16 bits and lower 16 bits of the 32 bits respectively.
The calculated real part and imaginary part results are stored in the corresponding 32 bits of register qz.
During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is
incremented by 16.

Operation

1 if seld ==

2 gz[ 15: ©] = (gx[ 15: ©] * qy[ 15: ©] - gx[ 31: 16] * qy[ 31: 16]) >> SAR[5:0]
3 gz[ 31: 16] = (gx[ 15: ®©] * qy[ 31: 16] + gx[ 31: 16] * gy[ 15: ©]) >> SAR[5:0]
4 qz[ 47: 32] = (gx[ 47: 32] * qy[ 47: 32] - gx[ 63: 48] * qy[ 63: 48]) >> SAR[5:0]
s qz[ 63: 48] = (gx[ 47: 32] * qy[ 63: 48] + gx[ 63: 48] * qy[ 47: 32]) >> SAR[5:0]
e 1f seld ==

7 qz[ 79: 64] = (gx[ 79: 64] * qy[ 79: 64] - gx[ 95: 80] * qy[ 95: 80]) >> SAR[5:0]
e qz[ 95: 80] = (gx[ 79: 64] * qy[ 95: 80] + qgx[ 95: 80] * qy[ 79: 64]) >> SAR[5:0]
9 qz[111: 96] = (gx[111: 96] * qy[l11l: 96] - gx[127:112] * qy[127:112]) >> SAR[5:0]
10 gz[127:112] = (gx[111: 96] * qy[127:112] + gx[127:112] * qy[111: 96]) >> SAR[5:0]
n 1if seld ==

2 gz[ 15: ©] = (gx[ 15: @] * qy[ 15: ©] + gx[ 31: 16] * qy[ 31: 16]) >> SAR[5:0]
- gz[ 31: 16] = (gx[ 15: ©] * qy[ 31: 16] - gx[ 31: 16] * qy[ 15: ©]) >> SAR[5:0]
" qz[ 47: 32] = (gx[ 47: 32] * qy[ 47: 32] + gx[ 63: 48] * qy[ 63: 48]) >> SAR[5:0]
15 qz[ 63: 48] = (gx[ 47: 32] * qy[ 63: 48] - gx[ 63: 48] * qy[ 47: 32]) >> SAR[5:0]
e 1f seld == 3:

w qz[ 79: 64] = (gx[ 79: 64] * qy[ 79: 64] + gx[ 95: 80] * qy[ 95: 80]) >> SAR[5:0]
8 gz[ 95: 80] = (gx[ 79: 64] * qy[ 95: 80] - gx[ 95: 80] * qy[ 79: 64]) >> SAR[5:0]
o gz[111: 96] = (gx[111: 96] * qy[111: 96] + qgx[127:112] * qy[127:112]) >> SAR[5:0]
20 qz[127:112] = (gx[111: 96] * qy[127:112] - gx[127:112] * qgy[111: 96]) >> SAR[5:0]
21

2 qu[127:0] = loadl28({as[31:4],4{0}})

23 as[31:0] = as[31:0] + 16
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1.8.6 EE.CMUL.S16.ST.INCP

Instruction Word
| 100100 | qy[0] | qv[2:0] | O | qz[2:0] | gx{1:0] | ay[2:1] | 00 | selafi:0] | as[3:0] | 11 | qx(2] |

Assembler Syntax

EE.CMUL.S16.ST.INCP qv, as, gz, gx, qy, sel4

Description

This instruction performs a 16-bit signed complex multiplication. The range of the immediate number sel4is O
~ 7, which specifies the 32 bits in the two QR registers gx and gy for complex multiplication. The real and
imaginary parts of complex numbers are stored in the upper 16 bits and lower 16 bits of the 32 bits respectively.
The calculated real part and imaginary part results are stored in the corresponding 32 bits of register qz.
During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then stores
the 16-byte data of gv to memory. After the access, the value in register as is incremented by 16.

Operation

1 1f seld ==

2 gz[ 15: ©] = (gx[ 15: @] * gqy[ 15: ©] - gx[ 31: 16] * qy[ 31: 16]) >> SAR[5:0]
3 gz[ 31: 16] = (gx[ 15: ©] * qy[ 31: 16] + gx[ 31: 16] * qy[ 15: ©]) >> SAR[5:0]
. gz[ 47: 32] = (gx[ 47: 32] * qy[ 47: 32] - gx[ 63: 48] * qy[ 63: 48]) >> SAR[5:0]
5 qz[ 63: 48] = (gx[ 47: 32] * qy[ 63: 48] + gx[ 63: 48] * qy[ 47: 32]) >> SAR[5:0]
e 1f seld ==

7 qz[ 79: 64] = (gx[ 79: 64] * qy[ 79: 64] - gx[ 95: 80] * qy[ 95: 80]) >> SAR[5:0]
e qgz[ 95: 80] = (gx[ 79: 64] * qy[ 95: 80] + gx[ 95: 80] * qy[ 79: 64]) >> SAR[5:0]
9 gz[111: 96] = (gx[111: 96] * qy[111: 96] - gx[127:112] * qy[127:112]) >> SAR[5:0]
o gqz[127:112] = (gx[111: 96] * qy[127:112] + qx[127:112] * qy[111: 96]) >> SAR[5:0]
n 1if seld4 ==

5 gz[ 15: ©] = (gx[ 15: ©] * qy[ 15: ©] + gx[ 31: 16] * qy[ 31: 16]) >> SAR[5:0]
- gz[ 31: 16] = (gx[ 15: ©] * qy[ 31: 16] - gx[ 31: 16] * qy[ 15: ©]) >> SAR[5:0]
1 qz[ 47: 32] = (gx[ 47: 32] * qy[ 47: 32] + gx[ 63: 48] * qy[ 63: 48]) >> SAR[5:0]
s gz[ 63: 48] = (gx[ 47: 32] * qy[ 63: 48] - gx[ 63: 48] * qy[ 47: 32]) >> SAR[5:0]
v 1f seld ==

7 qz[ 79: 64] = (gx[ 79: 64] * qy[ 79: 64] + gx[ 95: 80] * qy[ 95: 80]) >> SAR[5:0]
e qz[ 95: 80] = (gx[ 79: 64] * qy[ 95: 80] - gx[ 95: 8] * qy[ 79: 64]) >> SAR[5:0]
1o gz[111: 96] = (gx[111: 96] * qy[111l: 96] + gx[127:112] * qy[127:112]) >> SAR[5:0]
20 qz[127:112] = (gx[111: 96] * qy[127:112] - gx[127:112] * qy[111: 96]) >> SAR[5:0]
21

2 qv[127:0] => storel28({as[31:4],4{0}})

23 as[31:0] = as[31:0] + 16
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1.8.7 EE.FFT.AMS.S16.LD.INCP

Instruction Word
| 10100 | sel2[0] | qz1[2] | (0] | ay[2:0] | qz1[1] | gmi2:0] | ax{1:0] | qz[2:1] | qz1([0] | qu[2:0] | as[3:0] | 111 | ax[2] |

Assembler Syntax

EE.FFT.AMS.S16.LD.INCP qu, as, gz, gz1, gx, gy, gm, sel2

Description

It is a dedicated FFT instruction to perform addition, subtraction, multiplication, addition and subtraction, and
shift operations on 16-bit data segments.

During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is
incremented by 16.

Operation

1 tempo[15:0]
2 templ[15:0]

gx[ 47: 32] + qy[ 47: 32]
gx[ 63: 48] - qy[ 63: 48]

3

4+ 1f sel2==0:

5 temp2[15:0] ((gx[ 47: 32] - qy[ 47: 32]) * gm[ 47: 32]
48]) * gm[ 63: 48]) >> SAR

6 temp3[15:0] = ((gx[ 47: 32] - qy[ 47: 32]) * gm[ 63: 48] + (gx[ 63: 48] + qy[ 63:
48]) * gm[ 47: 32]) >> SAR

7 1f sel2==1:

(gx[ 63: 48] + qy[ 63:

8 temp2[15:0] = ((gx[ 63: 48] + qgqy[ 63: 48]) * gm[ 63: 48] + (gx[ 47: 32] - qy[ 47:
32]) * gm[ 47: 32]) >> SAR

9 temp3[15:0] = ((gx[ 63: 48] + qy[ 63: 48]) * gm[ 47: 32] - (gx[ 47: 32] - qy[ 47:
32]) * gm[ 63: 48]) >> SAR

10

n qz[47: 32] = tempO[15:0] + temp2[15:0]

? qz[63: 48] = templ[15:0] + temp3[15:0]

3 qzl[47: 32] = tempo[15:0] - temp2[15:0]

i qz1[63: 48] = temp3[15:0] - templ[15:0]

B qu = loadl28({as[31:4],4{0}})

16 as[31:0] = as[31:0] + 16
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1.8.8 EE.FFT.AMS.S16.LD.INCP.UAUP

Instruction Word
| 10101 | sel2[0] | qz1[2] | qz[0] | qy[2:0] | qz1[1] | qm[2:0] | qx(1:0] | qz[2:1] | qz1[0] | qu[2:0] | as[3:0] | 11 | gx(2] |

Assembler Syntax

EE.FFT.AMS.S16.LD.INCRP.UAUP qu, as, gz, gz1, gx, gy, gm, sel2

Description

It is a dedicated FFT instruction to perform addition, subtraction, multiplication, addition and subtraction, and
shift operations on 16-bit data segments.

During the operation, the lower 4 bits of the access address in the register as are forced to be O, and then the
16-byte data is loaded from the memory. The instruction joins the loaded data and the data in special register
UA_STATE into 32-byte data, right-shifts the 32-byte data by the result of the SAR_BYTE value multiplied by 8,
and assigns the lower 128 bits of the shifted result to register qu. Meanwhile, register UA_STATE is updated
with the loaded 16-byte data. After the access, the value in register as is incremented by 16.

Operation

1 tempo[15:0]
2 templ[15:0]

gx[ 15: ©] + qy[ 15: @]
gx[ 31: 16] - qy[ 31: 16]

4+ 1f sel2==0:

5 temp2[15:0] ((gx[ 15: ©] - qy[ 15: ©]) * gm[ 15: @]
16]1) * gm[ 31: 16]) >> SAR

6 temp3[15:0] = ((gx[ 15: ©] - gqy[ 15: ©]) * gm[ 31: 16] + (gx[ 31: 16] + qy[ 31:
16]) * gm[ 15: ©]) >> SAR

7 1f sel2==1:

8 temp2[15:0] = ((gx[ 31: 16] + gy[ 31: 16]) * gm[ 31: 16] + (gx[ 15: ©]
©]) * gm[ 15: ©]) >> SAR

9 temp3[15:0] = ((gx[ 31: 16] + qgy[ 31: 16]) * gm[ 15: ©] - (gx[ 15: ©] - qy[ 15:
©]) * gm[ 31: 16]) >> SAR

(ax[ 31: 16] + qy[ 31:

qy[ 15:

M dataIn[127:0] = loadl28({as[31:4],4{0}})

2 qz[15: @] tempo[15:0] + temp2[15:0]

1 qz[31: 16] = templ[15:0] + temp3[15:0]

1 qz1[15: @] = tempo[15:0] temp2[15:0]

15 qz1[31:16] = temp3[15:0] templ[15:0]

" qu[127: @] = {dataIn[127:0], UA_STATE[127:0]} >> {SAR_BYTE[3:0] << 3}
v UA_STATE[127:0] = dataIn[127:0]

8 as[31:0] = as[31:0] + 16
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1.8.9 EE.FFT.AMS.S16.LD.R32.DECP

Instruction Word
| 10110 | sel2[0] | qz1[2] | qz[0] | ay[2:0] | qz1[1] | gm[2:0] | ax{1:0] | qz[2:1] | qz1[0] | qu[2:0] | as[3:0] | 111 | gx[2] |

Assembler Syntax

EE.FFT.AMS.S16.LD.R32.DECP qu, as, gz, gz1, gx, qy, gm, sel2

Description

It is a dedicated FFT instruction to perform addition, subtraction, multiplication, addition and subtraction, and
shift operations on 16-bit data segments.

During the operation, the instruction forces the lower 4 bits of the access address in register as to O and loads
the 16-byte data from the memory to register qu in the big-endian word order, namely, loads the segment [127:
96] of the data to [31:0] of qu. After the access is completed, the value in register as is decreased by

16.

Operation

1 tempo[15:0] gx[ 79: 64] + qy[ 79: 64]

2 templ[15:0] = gx[ 95: 80] - qy[ 95: 89]

3

4+ 1f sel2==0:

5 temp2[15:0] ((gx[ 79: 64] - qy[ 79: 64]) * gm[ 79: 64]
80]) * gm[ 95: 80]) >> SAR

6 temp3[15:0] = ((gx[ 79: 64] - qy[ 79: 64]) * gm[ 95: 80] + (gx[ 95: 8] + qy[ 95:
80]) * gm[ 79: 64]) >> SAR

7 1f sel2==1:

(gx[ 95: 80] + qy[ 95:

8 temp2[15:0] = ((gx[ 95: 80] + qy[ 95: 80]) * gm[ 95: 80] + (gx[ 79: 64] - qy[ 79:
64]) * gm[ 79: 64]) >> SAR
9 temp3[15:0] = ((gx[ 95: 80] + qy[ 95: 80]) * gm[ 79: 64] - (gx[ 79: 64] - qy[ 79:

64]) * gm[ 95: 80]) >> SAR

n qz[79: 64] tempo[15:0] + temp2[15:0]

2 qz[95: 80] = templ[15:0] + temp3[15:0]

13 qz1[79:64] tempo[15:0] temp2[15:0]

i qz1[95:80] temp3[15:0] templ[15:0]

B {qu[31: @], qu[63: 32], qu[95: 64], qu[l127: 96]}
16 as[31:0] = as[31:0] - 16

load128({as[31:4],4{0}})
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1.8.10 EE.FFT.AMS.S16.ST.INCP

Instruction Word
[ 10100 | sel2[0] | gzi[2:1] | qm(0] | qv2:0] | az1[0] | ax[2:0] | qy[1:0] | gm[2:1] | as[3:0] | at[3:0] | 111 | ay(2] |

Assembler Syntax

EE.FFT.AMS.S16.ST.INCP qv, gz1, at, as, gx, qy, gm, sel2

Description

It is a dedicated FFT instruction to perform addition, subtraction, multiplication, addition and subtraction, and
shift operations on 16-bit data segments.

During the operation, the instruction forces the lower 4 bits of the access address in register as to O, splices
the values in registers qv and at into 16-byte data, and stores the spliced result to memory. After the access is
completed, the value in register as is incremented by 16. Besides, the operation result is updated to register
at.

Operation

1 tempo[15:0] gx[111: 96] + qy[111: 96]
2 templ[15:0] = gx[127:112] - qy[127:112]
3
4+ 1f sel2==0:
5 temp2[15:0] = ((gx[111: 96] - qgy[111: 96]) * gm[1l1ll: 96] - (gx[127:112] + qy
[127:112]) * gm[127:112]) >> SAR[5:0]
temp3[15:0] = ((gx[111: 96] - qy[111: 96]) * gm[127:112] + (gx[127:112] + qy
[127:112]) * gm[111: 96]) >> SAR[5:0]
{qv[ 95: 80] >> 1, qv[ 79: 64] >> 1, qv[ 63: 48] >> 1, qv[ 47: 32] >> 1, qv[ 31:
16] >> 1, qv[ 15: ©] >> 1, at[31: 16] >> 1, at[15:0] >> 1} => storel28({as
[31:4],4{@}})
s 1f sel2==1:
0 temp2[15:0] = ((gx[127:112] + qy[127:112]) * gm[127:112] + (qgx[111: 96] - qy[111:
96]) * gm[111: 96]) >> SAR[5:0]

10 temp3[15:0] = ((gx[127:112] + qy[127:112]) * gm[111: 96] - (gx[111: 96] - qy[111:
96]) * gm[127:112]) >> SAR[5:0]

n {qv[ 95: 64], qv[ 63: 32], qv[ 31: 0], at[31:0]} => storel28({as[31:4],4{0}})

[}

~

1 temp4[16:0] templ[15:0] + temp3[15:0]
1 temp5[16:0] tempo[15:0] + temp2[15:0]
15 qz1[111: 96] = tempo[15:0] - temp2[15:0]
16 qz1[127:112] = temp3[15:0] - templ[15:0]
7 at = {temp4[15:0], temp5[15:0]}

8 as[31:0] = as[31:0] +16
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1.8.11 EE.FFT.CMUL.S16.LD.XP

Instruction Word
| 1om1 | sel8[2:1] | qu[0] | qy2:0] | sel8[0] | qz[2:0] | gx{1:0] | qu[2:1] | ad[3:0] | as[3:0] | M | gx[2] |

Assembler Syntax

EE.FFT.CMUL.S16.LD.XP qu, as, ad, gz, gx, qy, sel8

Description

This instruction performs a 16-bit signed complex multiplication. It is similar to EE.CMUL.S16 except that the
order of registers gx and qy is reversed.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by the value in register ad.

Operation

1 1f sel8 == ©O:

2 gz[ 15: ©] = (gx[ 15: @] * gqy[ 15: @] + gx[ 31: 16] * gy[ 31: 16]) >> SAR[5:0]
3 gz[ 31: 16] = (gx[ 31: 16] * qy[ 15: ©] - gx[ 15: ©] * qy[ 31: 16]) >> SAR[5:0]
4+ 1if sel8 ==

5 gz[ 15: ©] = (gx[ 15: @] * gy[ 15: ©] - gx[ 31: 16] * gy[ 31: 16]) >> SAR[5:0]
6 gz[ 31: 16] = (gx[ 31: 16] * qy[ 15: ©] + gx[ 15: ©] * qy[ 31: 16]) >> SAR[5:0]
7 1f sel8 ==

8 qz[ 47: 32] = (gx[ 47: 32] * qy[ 47: 32] + gx[ 63: 48] * qy[ 63: 48]) >> SAR[5:0]
o qgz[ 63: 48] = (gx[ 63: 48] * qy[ 47: 32] - gx[ 47: 32] * qy[ 63: 48]) >> SAR[5:0]
o 1f sel8 == 3

n qz[ 47: 32] = (gx[ 47: 32] * qy[ 47: 32] - gx[ 63: 48] * qy[ 63: 48]) >> SAR[5:0]
e qz[ 63: 48] = (gx[ 63: 48] * qy[ 47: 32] + gx[ 47: 32] * qy[ 63: 48]) >> SAR[5:0]
i 1f sel8 == 3

1 qz[ 79: 64] = (gx[ 79: 64] * qy[ 79: 64] + gx[ 95: 80] * qy[ 95: 80]) >> SAR[5:0]
s qz[ 95: 80] = (gx[ 95: 80] * qy[ 79: 64] - gx[ 79: 64] * qy[ 95: 80]) >> SAR[5:0]
s 1f sel8 == 5

7 qz[ 79: 64] = (gx[ 79: 64] * qy[ 79: 64] - gx[ 95: 80] * qy[ 95: 80]) >> SAR[5:0]
8 qz[ 95: 80] = (gx[ 95: 80] * qy[ 79: 64] + gx[ 79: 64] * qy[ 95: 80]) >> SAR[5:0]

20 qu[127:0] = loadl28({as[31:4],4{0}})
2 as[31:0] = as[31:0] + ad[31:0]
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1.8.12 EE.FFT.CMUL.S16.ST.XP

Instruction Word
| 10101 | sara[1:0] | upda[1] | sel8[0] | qy[2:0] | upd4[0] | qv[2:0] | ax(1:0] | selg[2:1] | ad[3:0] | as[3:0] | 11 | qx(2] |

Assembler Syntax

EE.FFT.CMUL.S16.ST.XP gx, qy, gV, as, ad, sel8, upd4, sard

Description

This instruction performs a 16-bit signed complex multiplication. It is similar to EE.CMUL.S16 except that the
order of registers gx and qy is reversed.

The result of the operation and the data segments in registers gx and qv specified by the immediate data
upd4 are concatenated into 128 bits, which then are written into memory. After the access is completed, the
value in register as is incremented by the value in register ad. Operation

1 1if sel8 == 6:

2 temp[15:0] = (gx[111: 96] * qy[111l: 96] + gx[127:112] * qy[127:112]) >> SAR[5:0]
temp[31:16] = (gx[127:112] * qy[111: 96] - gx[111: 96] * qy[127:112]) >> SAR[5:0]
4 1f sel8 == 7:

5 temp[15:0] = (gx[111: 96] * qy[111l: 96] - gx[127:112] * qy[127:112]) >> SAR[5:0]
s temp[31:16] = (gx[127:112] * qy[111: 96] + gx[111l: 96] * qy[127:112]) >> SAR[5:0]

[

e 1if upd4 == ©@: // normal radix 2
9 {temp[31:0], qv[ 95: ©]} => storel28({as[31:4],4{0}})

o 1f upd4d == 1: // radix2 last second stage
L {

2 temp[31:0],

13 qv[ 95: 64],

i gx[ 63: 48] >> sar4,

15 gx[ 47: 32] >> sar4,

6 gx[ 31: 16] >> sar4,

7 gx[ 15: ©] >> sar4

8 } => storel28({as[31:4],4{0}})

v 1f updd == 2: // radix2 last stage
20 {

21 temp[31:0],

22 gx[ 63: 48] >> sar4,

23 gx[ 47: 32] >> sar4,

24 qv[ 95: 64],

25 gx[ 31: 16] >> sar4,

26 gx[ 15: ©] >> sar4

» } => storel28({as[31:4],4{0}})

as[31:0] = as[31:0] + ad[31:0]

n
©
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1.8.13 EE.FFT.R2BF.S16

Instruction Word

| 1| qaofz:1] | 1100 | qeo[o] | gai[2:0] | qy2:1) | 0 | sel2[0] | gx2:1] | ay[o] | axo] | 0100 |

Assembler Syntax
EE.FFT.R2BF.S16 ga0, gal, gx, gy, sel2
Description
This instruction performs the radix-2 butterfly operation on the 16-byte values in registers gx and qy, and the
data bit width is 16 bits. Some of the calculation results are written to register gae, and others are written to

register gal.
Operation

1

2

3

4

20

21

22

23

24

if sel2==0:
op_a[l1l27: @]
op_b[127: 0]

if sel2==1:
op_a[l1l27: 0]
op_b[127: @]

qao[ 15:
qao[ 31:
qao[ 47:
qao[ 63:
gao[ 79:
qao[ 95:
qao[111:

qae[127

gal[ 15:
qal[ 31:
qal[ 47:
gal[ 63:
qal[ 79:
qal[ 95:
gal[1l11:

qal[127

0]
16]
32]
481
64]
80]
961
:112]

Q]
16]
32]
48]
64]
80]
96]
:112]

Espressif Systems

{ayl

{ay[127:

{ayl

{ay[127:

op_al
op_al
op_al
op_a[
op_al
op_al
op_a[
op_al

op_a[
op_al

63:

95:

15:
31:
a47:
63:
15:
31:
47
63:

79:
95:
op_a[l1l11:

op_a[127

op_al
op_al

79:
95:
op_a[111:

op_a[127

01, gx[ 95: 64], gx[ 31: 0]}
32], gx[127: 96], gx[ 63: 32]}

0], gx[ 63: 0]}
64], gx[127: 641}
641, qy[ 31:

96], qy[ 63:

0] + op_b[ 15: 0]
16] + op_b[ 31: 16]
32] + op_b[ 47: 32]
48] + op_b[ 63: 48]

0] - op_b[ 15: 0]
16] - op_b[ 31: 16]
32] - op_b[ 47: 32]
48] - op_b[ 63: 48]
64] + op_b[ 79: 64]
80] + op_b[ 95: 80]
96] + op_b[111: 96]

:112] + op_b[127:112]
64] - op_b[ 79: 64]
80] - op_b[ 95: 80]
96] - op_b[111: 96]

:112] - op_b[127:112]
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1.8.14 EE.FFT.R2BF.S16.ST.INCP

Instruction Word

| 1101000 | sara[0] | ay[2:0] | 1| qeo[2:0] | gx[1:0] | O | sar41] | 0100 | as[3:0] | 111 | gx(2] |

Assembler Syntax
EE.FFT.R2BF.S16.ST.INCP ga0, gx, gy, as, 0..3
Description
This instruction performs the radix-2 butterfly operation on the 16-byte values in registers gx and qy, and the
data bit width is 16 bits. Some of the calculation results are written to register qa@, and others implement an
arithmetic shift and are written into the memory address indicated by as. After the access is completed, the
value in register as is incremented by 16.
Operation

1

2

gao[ 15:
qao[ 31:
qao[ 47:
gao[ 63:
qao[ 79:
qao[ 95:
qao[111:

qao[127

(gx[1
(gx[1
(gx[
(ax[
(gx[
(gx[
(ax[
(gx[

0] =
16] =
32] =
48] =
64] =
80] =
96] =
1112] =

27:112]
11: 96]
95: 80]
79: 64]
63: 48]
47: 32]
31: 16]
15: 0]

gx[ 15:
gx[ 31:
gx[ 47:
gx[ 63:
agx[ 79:
gx[ 95:
gx[111:
:112] -

gx[127

aqy[1
aqy[1
ayl
ayl
ayl
ayl
ayl
+ qyl

+ o+ + + + o+ o+

} => storeil28({as[31:
as[31:0] = as[31:0] + 16

Espressif Systems

27

11:
95:
79:
63:
a47:
31:
15:

o] -

16] -
32] -
48] -
64] -
80] -
96] -

:112])
961)
80])
64])
481)
32])
16])

el)

qy[ 15:
qy[ 31:
ayl 47:
qy[ 63:
ay[ 79:
qy[ 95:
qy[111:

qy[127

0]
16]
32]
48]
64]
80]
96]
:112]

>> sar4,
>> sar4,
>> sar4,
>> sar4,
>> sar4,
>> sar4,
>> sar4,
>> sar4d

4],4{@}})
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1.8.15 EE.FFTVST.R32.DECP

Instruction Word
|11 | avi2:1) | mo1 | av{o] | omto | sar2fo) | 11 | as[3:0] | 0100 |

Assembler Syntax

EE.FFTVST.R32.DECP qv, as, sar2

Description

It is a dedicated FFT instruction. This instruction divides data in register gqv into 8 segments of 16-bit data and
performs an arithmetic right shift on them by O or 1 depending on the immediate number sar2, and finally
writes the result to the memory address indicated by register as in word big-endian order. After the access is
completed, the value in register as is decreased by 16.

Operation
w {
2 qv[ 31: 16] >> sar2,
3 qv[ 15: 0] >> sar2,
4 qv[ 63: 48] >> sar2,
5 qv[ 47: 32] >> sar2,
6 qv[ 95: 89] >> sar2,
7 qv[ 79: 64] >> sar2,
8 qv[127:112] >> sar2,
9 qv[111: 96] >> sar2

10 } => storel28({as[31:4],4{0}})
7 as[31:0] = as[31:0] - 16
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1.8.16 EE.GET_GPIO_IN

Instruction Word
] 0110010100001000 \ au[3:0] \ 0100 \

Assembler Syntax
EE.GET_GPIO_IN au
Description

It is a dedicated CPU GPIO instruction to assign the content of GPIO_IN to the lower 8 bits of register au.
Operation

1 au = {24°ho, GPIO_IN[7:0]}
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1.8.17 EE.LD.128.USAR.IP

Instruction Word
|1 | immi6[7] | qui2:1) | 0001 | quio] | immi6[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.LD.128.USAR.IP qu, as, -2048..2032

Description

This instruction forces the lower 4 bits of the access address in register as to O and loads 16-byte data from
memory to register qu. Meanwhile, it saves the value of the lower 4 bits in as to the special register
SAR_BYTE. After the access is completed, the value in register as is incremented by 8-bit sign-extended
constant in the instruction code segment left-shifted by 4.

Operation

1 qu[127:0] = loadl28({as[31:4],4{0}})
. SAR_BYTE = as[3:0]
3 as[31:0] = as[31:0] + {20{immi6[7]},imm16[7:0],4{0}}
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1.8.18 EE.LD.128.USAR.XP

Instruction Word
110 | quiz:1) | 1101 | quo] | 000 | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EE.LD.128.USAR.XP qu, as, ad

Description

This instruction forces the lower 4 bits of the access address in register as to O and loads 16-byte data from
memory to register qu. Meanwhile, it saves the value of the lower 4 bits in as to the special register SAR_BYTE.
After the access is completed, the value in register as is incremented by the value in register ad.

Operation

1 qu[127:0] = loadl28({as[31:4],4{0}})
2 SAR_BYTE as[3:0]
3 as[31:0] as[31:0] + ad[31:0]
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1.8.19 EE.LD.ACCX.IP

Instruction Word
| 0 | imma[7] | oomoo | imms[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.LD.ACCX.IP as, -1024..1016

Description

This instruction forces the lower 3 bits of the access address in register as to O, loads 64-bit data from
memory, and save its lower 40 bits to the special register ACCX. After the access is completed, the value in
register as is incremented by 8-bit sign-extended constant in the instruction code segment left-shifted by
3.

Operation

: ACCX[39:0] = loade4({as[31:3],3{0}})
2 as[31:0] = as[31:0] + {21{imm8[7]},imm8[7:0],3{0}}
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1.8.20 EE.LD.QACC_H.H.32.IP

Instruction Word
| 0 | imma7] | omoo | imma[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.LD.QACC_H.H.32.IP as, -512..508

Description

This instruction forces the lower 2 bits of the access address in register as to O and loads 32-bit data from
memory to the special register QACC_H[159:128]. After the access is completed, the value in register as is
incremented by 8-bit sign-extended constant in the instruction code segment left-shifted by 2.

Operation

1 QACC_H[159:128] = load32({as[31:2],2{0}})
2 as[31:0] = as[31:0] + {22{imm4[7]},imm4[7:0],2{0}}
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1.8.21 EE.LD.QACC_H.L.128.IP

Instruction Word
| 0 | imm16[7] | 0001100 | imm16[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.LD.QACC_H.L.128.IP as, -2048..2032

Description

This instruction forces the lower 4 bits of the access address in register as to O and loads 16-byte data from
memory to the special register QACC_H[127:0]. After the access is completed, the value in register as is
incremented by 8-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

. QACC_H[127: ©] = load128({as[31:4],4{0}})
2 as[31:0] = as[31:0] + {20{imm16[7]},imm16[7:0],4{0}}
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1.8.22 EE.LD.QACC_L.H.32.IP

Instruction Word
| 0 | imma7] | 0101100 | imma4(6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.LD.QACC_L.H.32.IP as, -512..508

Description

This instruction forces the lower 2 bits of the access address in register as to O and loads 32-bit data from
memory to the special register QACC_L[159:128]. After the access is completed, the value in register as is
incremented by 8-bit sign-extended constant in the instruction code segment left-shifted by 2.

Operation

1 QACC_L[159:128] = load32({as[31:2],2{0}})
2 as[31:0] = as[31:0] + {22{imm4[7]},imm4[7:0],2{0}}
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1.8.23 EE.LD.QACC_L.L.128.1P

Instruction Word
| 0 | imm16[7] | 0000000 | imm16[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.LD.QACC_L.L.128.IP as, -2048..2032

Description

This instruction forces the lower 4 bits of the access address in register as to O and loads 16-byte data from
memory to the special register QACC_L[127:0]. After the access is completed, the value in register as is
incremented by 8-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 QACC_L[127:0] = loadl28({as[31:4],4{0}})
2 as[31:0] = as[31:0] + {20{imm16[7]},imm16[7:0],4{0}}
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1.8.24 EE.LD.UA_STATE.IP

Instruction Word
| 0 | imm16[7] | 0100000 | imm16[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.LD.UA_STATE.IP as, -2048..2032

Description

This instruction forces the lower 4 bits of the access address in register as to O and loads 16-byte data from
memory to the special register UA_STATE. After the access is completed, the value in register as is
incremented by 8-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

: UA_STATE[127:0] = load128({as[31:4],4{0}})
2 as[31:0] = as[31:0] + {20{imm16[7]},imm16[7:0],4{0}}
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1.8.25 EE.LDF.128.IP

Instruction Word

10000 | fu3[3:1] | fu0[3:0] | fu3[o] | fu2(3:1] | fu13:0] | imm16f(3:0] | as[3:0] | m | fu2[0] |

Assembler Syntax

EE.LDF.128.IP fug, fu2, ful, fuo, as, -128..112

Description

This instruction forces the lower 4 bits of the access address in register as to O, loads 16-byte data from
memory, and stores it in order from low bit to high bit to floating-point registers fue, fui, fu2, and fu3. After
the access is completed, the value in register as is incremented by 4-bit sign-extended constant in the
instruction code segment left-shifted by 4.

Operation

1

2

dataln[127:0] = loadl28({as[31:4],4{0}})

fu3 = dataIn[127: 96]
fu2 = datalIn[ 95: 64]
ful = datalIn[ 63: 32]
fud = datalIn[ 31: O]

as[31:0] = as[31:0] + {24{imm16f[3]},imm16f[3:0],4{0}}
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1.8.26 EE.LDF.128.XP

Instruction Word
| 10001 | fu3[3:1] | fu0[3:0] | fu3[o] | fu2(3:1] | fu1[3:0] | ad[3:0] | as[3:0] | M | fu2[0] |

Assembler Syntax

EE.LDF.128.XP fu3, fu2, ful, fuo, as, ad

Description

This instruction forces the lower 4 bits of the access address in register as to O, loads 16-byte data from
memory, and stores it in order from low bit to high bit to floating-point registers fue, fui, fu2, and fu3. After
the access is completed, the value in register as is incremented by the value in register ad.

Operation

1 dataln[127:0] = loadl28({as[31:4],4{0}})

2 fu3 = datalIn[127: 96]
3 fu2 = dataln[ 95: 64]
4 ful = dataIn[ 63: 32]
5 fuo = datalIn[ 31: O]

6 as[31:0] = as[31:0] + ad[31:9]
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1.8.27 EE.LDF.64.1P

Instruction Word
| M000 | imma[7:6] | fuo[3:0] | imma[5:2] | fu1[3:0] | 010 | imm8[0] | as[3:0] | 111 | imma[] |

Assembler Syntax

EE.LDF.64.IP fu1, fuQ, as, -1024..1016

Description

This instruction forces the lower 3 bits of the access address in register as to O, loads 64-bit data from
memory, and stores it in order from low bit to high bit to floating-point registers fue and ful. After the access
is completed, the value in register as is incremented by 8-bit sign-extended constant in the instruction code
segment left-shifted by 3.

Operation

1 dataln[63:0] = loade4({as[31:3],3{0}})

2 ful = datalIn[63:32]

3 fuo = dataIn[31: 9]

4 as[31:0] = as[31:0] + {21{imm8[7]},imm8[7:0],3{0}}
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1.8.28 EE.LDF.64.XP

Instruction Word
| fuo[3:0] | 010 | u1[3:0] | ad[3:0] | as[3:0] | 0000 |

Assembler Syntax

EE.LDF.64.XP fu1, fuO, as, ad

Description

This instruction forces the lower 3 bits of the access address in register as to O, loads 64-bit data from
memory, and stores it in order from low bit to high bit to floating-point registers fue and ful. After the access
is completed, the value in register as is incremented by the value in register ad.

Operation

1 dataln[63:0] = load64({as[31:3],3{0}})
2 ful = dataIn[63:32]

3 fue = dataln[31: Q]

4 as[31:0] = as[31:9] + ad[31:0]
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1.8.29 EE.LDQA.S16.128.IP

Instruction Word

| 0 | imm16[7] | 0000010 | imm16[6:0] | as[3:0] | 0100 |

Assembler Syntax
EE.LDQA.S16.128.1P as, -2048..2032
Description
This instruction forces the lower 4 bits of the access address in register as to O, loads 16-byte data from
memory, divides it into 8 segments of 16 bits, sign-extends each segment to 40 bits, and then store the
results to the 160-bit special registers QACC_L and QACC_H respectively. After the access is completed, the
value in register as is incremented by 8-bit sign-extended constant in the instruction code segment
left-shifted by 4.
Operation

1

2

dataIn[127

QACC_L[ 39:
QACC_L[ 79:

QACC_H[ 39:
QACC_H[ 79:

as[31:0] =

Espressif Systems

:0] = loadl128({as[31:4],4{0}})
0] = {24{dataIn[15]}, dataIn[ 15: @]}
40] = {24{dataIn[31]}, dataIn[ 31: 16]}
Q] = {24{dataIn[79]}, datalIn[ 79: 64]}
40] = {24{dataIn[95]}, datalIn[ 95: 80]}

as[31:0] + {20{imm16[7]},imml16[7:0],4{0}}
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1.8.30 EE.LDQA.S16.128.XP

Instruction Word

| 011100100 | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax
EE.LDQA.S16.128.XP as, ad
Description
This instruction forces the lower 4 bits of the access address in register as to O, loads 16-byte data from

memory, divides it into 8 segments of 16 bits, sign-extends each segment to 40 bits, and then store the

results to the 160-bit special registers QACC_L and QACC_H respectively. After the access is completed, the
value in register as is incremented by the value in register ad.
Operation

1

2

datalIn[127

QACC_L[ 39:
QACC_L[ 79:

QACC_H[ 39:
QACC_H[ 79:

as[31:0] =

Espressif Systems

:0] = loadi28({as[31:4],4{0}})
0] = {24{dataIn[15]}, datalIn[ 15: ©]}
40] = {24{dataIn[31]}, datalIn[ 31: 16]}
0] = {24{dataIn[79]}, dataIn[ 79: 64]}
40] = {24{dataIn[95]}, datalIn[ 95: 80]}

as[31:0] + ad[31:0]
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1.8.31 EE.LDQA.S8.128.IP

Instruction Word

| 0 | imm16[7] | 0100010 | imm16[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.LDQA.S8.128.IP as, -2048..2032

Description

This instruction forces the lower 4 bits of the access address in register as to O, loads 16-byte data from

memory, divides it into 16 segments of 8 bits, sign-extends each segment to 20 bits, and then store the
results to the 160-bit special registers QACC_L and QACC_H respectively. After the access is completed, the
value in register as is incremented by 8-bit sign-extended constant in the instruction code segment
left-shifted by 4.

Operation

1

2

dataIn[127:0] = load128({as[31:4],4{0}})
QACC_L[19:0] = {12{dataIn[7]}, dataIn[7:0]}
QACC_L[39:20] = {12{dataIn[15]}, dataIn[15:8]}

QACC_H[159:140] = {12{dataIn[127]}, dataIn[127:120]}
as[31:0] = as[31:0] + {20{imm16[7]1},imm16[7:0],4{0}}

Espressif Systems 107 ESP32-S3 TRM (Version 1.6)

Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.6

Chapter 1 Processor Instruction Extensions (PIE) GoBack

1.8.32 EE.LDQA.S8.128.XP

Instruction Word

| 011100010100 | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EE.LDQA.S8.128.XP as, ad

Description

This instruction forces the lower 4 bits of the access address in register as to O, loads 16-byte data from
memory, divides it into 16 segments of 8 bits, sign-extends each segment to 20 bits, and then store the
results to the 160-bit special registers QACC_L and QACC_H respectively. After the access is completed, the
value in register as is incremented by the value in register ad.

Operation

1

2

dataln[127:0] = loadl28({as[31:4],4{0}})
QACC_L[19:0] = {12{dataIn[7]}, dataIn[7:0]}
QACC_L[39:20] = {12{dataIn[15]}, dataIn[15:8]}

QACC_H[159:140] = {12{dataIn[127]}, dataIn[127:120]}
as[31:0] = as[31:0] + ad[31:09]
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1.8.33 EE.LDQA.U16.128.1P

Instruction Word

| 0 | imm16[7] | 0001010 | imm16[6:0] | as[3:0] | 0100 |

Assembler Syntax
EE.LDQA.U16.128.1P as, -2048..2032
Description
This instruction forces the lower 4 bits of the access address in register as to O, loads 16-byte data from

memory, divides it into 8 segments of 16 bits, zero-extends each segment to 40 bits, and then store the
results to the 160-bit special registers QACC_L and QACC_H respectively. After the access is completed, the
value in register as is incremented by 8-bit sign-extended constant in the instruction code segment
left-shifted by 4.
Operation

1

2

dataIn[127

QACC_L[ 39:
QACC_L[ 79:
QACC_L[119:

QACC_L[159

QACC_H[ 39:
QACC_H[ 79:
QACC_H[119:

QACC_H[159
as[31:0] =

Espressif Systems

:0] = load128({as[31:4],4{0}})

0] = {24{0}, dataln[ 15: ©]}

40] = {24{@}, dataIn[ 31: 16]}

80] = {24{@}, dataln[ 47: 32]}

:120] = {24{@}, dataIn[ 63: 48]}

0] = {24{0}, dataIn[ 79: 64]}

40] = {24{@}, dataIn[ 95: 80]}

80] = {24{@}, dataIn[111: 96]}

:120] = {24{@}, dataIn[127:112]}

as[31:0] + {20{imm16[7]},imml6[7:0],4{0}}
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1.8.34 EE.LDQA.U16.128.XP

Instruction Word
| 01110100100 | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EE.LDQA.U16.128.XP as, ad

Description

This instruction forces the lower 4 bits of the access address in register as to O, loads 16-byte data from
memory, divides it into 8 segments of 16 bits, zero-extends each segment to 40 bits, and then store the
results to the 160-bit special registers QACC_L and QACC_H respectively. After the access is completed, the
value in register as is incremented by the value in register ad.

Operation

1 dataln[127:0] = loadl28({as[31:4],4{0}})

2 QACC_L[ 39: 0] = {24{e}, dataIn[ 15: 0]}
4 QACC_H[159:120] = {24{@}, dataIn[127:112]}
5 as[31:0] = as[31:0] + ad[31:09]
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1.8.35 EE.LDQA.U8.128.IP

Instruction Word

| 0 | imm16[7] | 0101010 | imm16[6:0] | as[3:0] | 0100 |

Assembler Syntax
EE.LDQA.U8.128.IP as, -2048..2032
Description
This instruction forces the lower 4 bits of the access address in register as to O, loads 16-byte data from
memory, divides it into 16 segments of 8 bits, zero-extends each segment to 20 bits, and then store the
results to the 160-bit special registers QACC_L and QACC_H respectively. After the access is completed, the
value in register as is incremented by 8-bit sign-extended constant in the instruction code segment
left-shifted by 4.
Operation

1

2

dataIn[127

QACC_L[ 19:
QACC_L[ 39:
QACC_L[ 59:

QACC_L[159

QACC_H[ 19:
QACC_H[ 39:
QACC_H[ 59:

QACC_H[159
as[31:0] =

Espressif Systems

:0] = loadl128({as[31:4],4{0}})

:140] = {12{0}, dataIn[ 63:
0] = {12{@}, dataIn[ 71:
20] = {12{@}, dataIn[ 79:
40] = {12{0}, dataIn[ 87:

0] = {12{0}, dataln[ 7:
20] = {12{@}, dataIn[ 15:
40] = {12{0}, dataIn[ 23:

o]}
8]}
161}

561}
641}
721}
801}

:140] = {12{@}, dataln[127:120]}

as[31:0] + {20{immi16[7]},imml6[7:0],4{0}}
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1.8.36 EE.LDQA.U8.128.XP

Instruction Word
| 011100000100 | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EE.LDQA.U8.128.XP as, ad

Description

This instruction forces the lower 4 bits of the access address in register as to O, loads 16-byte data from
memory, divides it into 16 segments of 8 bits, zero-extends each segment to 20 bits, and then store the
results to the 160-bit special registers QACC_L and QACC_H respectively. After the access is completed, the
value in register as is incremented by the value in register ad.

Operation

1 dataln[127:0] = loadl28({as[31:4],4{0}})
2 QACC_L[ 19: 0] {12{0}, dataIn[ 7: ©]}

. QACC_L[159:140]
s QACC_H[ 19: o]

{12{@}, dataln[ 63: 56]}
{12{@}, dataIn[ 71: 64]}

7 QACC_H[159:140] {12{0}, dataIn[127:120]}
8 as[31:0] = as[31:0] + ad[31:09]
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1.8.37 EE.LDXQ.32

Instruction Word

| m0000 | sel[1] | sel8[0] | 1 | sel4[0] | qu[2:0] | gs[1:0] | sel[2:1] | 1101 | as[3:0] | 111 | gs[2] |

Assembler Syntax
EE.LDXQ.32 qu, gs, as, 0..3, 0..7
Description
This instruction selects one of the 8 segments of 16-bit data in gs as the addend according to the immediate

number sel8. It adds the addend left-shifted by 2 bits to the value of the address register as, uses the result
as the access address, aligns it to 32 bits (its lower 2 bits are set to 0), and stores loaded data to a 32-bit data

segment in register qu according to the value of the immediate number sel4.

Operation

1

2

20

21

22

23

24

vaddro[31:0]
vaddrl[31:0]
vaddr2[31:0]
vaddr3[31:09]
vaddr4[31:0]
vaddr5[31:0]
vaddré[31:0]
vaddr7[31:0]

if sel8 == O:
dataIn[31:0]
if sel8 == 1:
dataIn[31:0]
if sel8 ==
dataln[31:0]
if sel8 == 3:
dataln[31:0]
if sel8 == 4:
dataIn[31:0]
if sel8 == 5:
dataIn[31:0]
if sel8 == 6:
dataIn[31:0]
if sel8 == 7:
dataln[31:0]

as[31:0]
as[31:09]
as[31:0]
as[31:9]
as[31:09]
as[31:0]
as[31:9]
as[31:9]

+ + + + 4+ + o+ o+

gs[127

load32({vaddro[31

load32({vaddri[31

load32({vaddr2[31

load32({vaddr3[31

load32({vaddr4[31

load32({vaddr5[31

load32({vaddr6[31

load32({vaddr7[31

gs[ 15:
gs[ 31:
gs[ 47:
gs[ 63:
gs[ 79:
gs[ 95:
gs[111:
11127 *

o] *
16] *
32] *
471 *
64] *
80] *
96] *

AdMDMMNDdDDdMDMD

:2],2{0}})

:2],2{0}})

:2],2{0}})

:2],2{0}})

:2],2{e}})

:2],2{0}})

:2],2{0}})

:2],2{0}})

qu[32*sel4+31:32*seld] = dataln[31:0]
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1.8.38 EE.MOV.S16.QACC

Instruction Word
| 11| aste:1) | mo1 | gsfo) | mmoo100100 |

Assembler Syntax
EE.MOV.S16.QACC gs
Description

This instruction sign-extends the 8 segments of 16-bit data in register gs to 40 bits and writes the result to the

special registers QACC_H and QACC_L.
Operation

1 QACC_L[ 39: ©] = {24{qgs[15]}, gs[ 15:
2 QACC_L[ 79: 40] = {24{qgs[31]}, gs[ 31:
3 QACC_L[119: 80] = {24{qs[47]1}, gs[ 47:
4 QACC_L[159:120] = {24{qgs[63]}, gs[ 63:
5 QACC_H[ 39: @] = {24{qgs[79]1}, gs[ 79:
6 QACC_H[ 79: 40] = {24{qgs[95]}, gs[ 95:
7 QACC_H[119: 80] = {24{gs[791}, gs[111:

8 QACC_H[159:120] = {24{qgs[95]}, gs[127

Espressif Systems
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1.8.39 EE.MOV.S8.QACC

Instruction Word
| 11 [ ast2:1) | mo1 | gsfo] | wmmooron00 |

Assembler Syntax

EE.MOV.S8.QACC gs

Description

This instruction sign-extends the 16 segments of 8-bit data in the register gs to 20 bits and writes the result to
special registers QACC_H and QACC_L.

Operation

. QACC_L[ 19: @]
. QACC_L[ 39: 20]
3

. QACC_H[159:140]

{12{qgs[7]}, gs[ 7: @]}
{12{qgs[15]}, gs[ 15: 8]}

{12{gs[127]}, gs[127:120]}
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1.8.40 EE.MOV.U16.QACC

Instruction Word

| 11 [ ast2:11 | mo1 | gsfo] | wmmonooioo |

Assembler Syntax
EE.MOV.U16.QACC gs
Description
This instruction zero-extends the 8 segments of 16-bit data in register gs to 40 bits and writes the result to

special registers QACC_H and QACC_L.

Operation

1

2

QACC_L[ 39:
QACC_L[ 79:
QACC_L[119:

QACC_L[159

QACC_H[ 39:
QACC_H[ 79:
QACC_H[119:

QACC_H[ 159

Espressif Systems

0]
40]
80]
:120]

o]
40]
80]
:120]

{24{e},
{24{e},
{24{e},
{24{e},
{24{e},
{24{0},
{24{e},
{24{e},

gs[ 15:
gs[ 31:
gs[ 47:
gs[ 63:
gs[ 79:
gs[ 95:
gs[111:

o]}
16]}
321}
481}
641}
80]}
961}

gs[127:112]}
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1.8.41

EE.MOV.U8.QACC

Instruction Word

| 1| astea1) | mot | gso) | mmmomonoo

Assembler Syntax
EE.MOV.U8.QACC gs
Description

This instruction zero-extends the 16 segments of 8-bit data in register gs to 20 bits and writes the result to

special registers QACC_H and QACC_L.

Operation

1

2

QACC_L[ 19:
QACC_L[ 39:
QACC_L[ 59:

QACC_L[159

QACC_H[ 19:
QACC_H[ 39:
QACC_H[ 59:

QACC_H[ 159

Espressif Systems

0]
20]
40]

:140]

Q]
20]
40]

1140]

{12{e},
{12{e},
{12{e},

{12{e},
{12{e},
{12{e},
{12{e},

{12{e},

gs[ 7:
gs[ 15:
gs[ 23:

gs[ 63:
gs[ 71:
gs[ 79:
gs[ 87:

gs[127
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1.8.42 EE.MOVI.32.A

Instruction Word
|11 | astea1) | mot | gsfo] | 1 | sela[r:0] | 01 | au[3:0] | 0100 |

Assembler Syntax

EE.MOVI.32.A gs, au, 0..3

Description

This instruction selects one data segment of 32 bits from register gs according to immediate number sel4
and assigns it to register au.

Operation
1 1f seld == 0O:
2 au = gs[ 31: 9]
s 1f seld == 1:

4 au = gs[ 63: 32]
s 1f seld == 2:
au = gs[ 95: 64]
7 1f seld == 3:
8 au = gs[127: 96]

o

Espressif Systems 18 ESP32-S3 TRM (Version 1.6)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.6

Chapter 1 Processor Instruction Extensions (PIE)

GoBack

1.8.43 EE.MOVI.32.Q

Instruction Word

| 11| qun | mot | quio] | on | selar:0] | 10 | as[3:0] | 0100 |

Assembler Syntax

FE.MOVI.32.Q qu, as, 0..3

Description

This instruction assigns the value in register as to one data segment of 32 bits in register qu according to

immediate number sel4.

Operation

1 1if seld ==
2 qu[ 31: 9]
s 1f seld ==
4 qu[ 63: 32]
s 1f seld ==
6 qu[ 95: 64]
7 1f seld == 3:
8 qu[l127: 96]

Espressif Systems
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1.8.44 EE.NOTQ

Instruction Word
|11 | qaf2:1) | m01 | qafo] | 1 | ax(2:1] | 0 | axo) | 0100 |

Assembler Syntax

EE.NOTQ qga, gx

Description

This instruction performs a bitwise NOT operation on register gx and writes the result to register ga.
Operation

! ga = ~gx
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1.8.45 EE.ORQ

Instruction Word
| 1| qaf2:1) | m01 | qa[o] | m | ayl2:1] [ 00 | gx(2:1] | ay[0] | gx{0] | 0100 |

Assembler Syntax

EE.ORQ ga, gx, qy

Description

This instruction performs a bitwise OR operation on registers gx and qy and writes the result of the logical
operation to register ga.

Operation
1 qa =ox | gy
Espressif Systems 121 ESP32-S3 TRM (Version 1.6)
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1.8.46 EE.SET_BIT_GPIO_OUT

Instruction Word
| 01101010100 | imm256[7:0] | 0100 |

Assembler Syntax

EE.SET_BIT_GPIO_OUT 0..255

Description

It is a dedicated CPU GPIO instruction to set certain bits of GPIO_OUT. The assignment content depends on
the 8-bit immediate number imm256.

Operation

1 GPIO_OUT[7:0] = (GPIO_OUT[7:0] | imm256[7:0])
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1.8.47 EE.SLCI.2Q

Instruction Word
| 1| gs102:11 | 1100 | gsi[0] | gso[2:0] | 010 | sari6[3:0] | 0100 |

Assembler Syntax

EE.SLCI.2Q gs1, gsO, 0..15

Description

This instruction performs a left shift on the 32-byte concatenation of registers gse and gs1 and pads the
lower bits with O. The upper 128 bits of the shift result is written to register gs1 and the lower 128 bits is written
to gs@. The left shift amount is 8 times the sum of sari16 and 1.

Operation

1 {gsli[127: @], gs@[127: ©]} = {gsl[127: @], Qgs@[127: 0]} << ((sarl6[3:0]+1)*8)
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1.8.48 EE.SLCXXP.2Q

Instruction Word
|10 | gs1(2:1] | o110 | gsi[0] | gso[2:0] | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EE.SLCXXP.2Q gs1, gs0, as, ad

Description

This instruction performs a left shift on the 32-byte concatenation of registers gse and gs1 and pads the
lower bits with O. The upper 128 bits of the shift result is written to register gs1 and the lower 128 bits is written
to gs@. The left shift amount is 8 multiplied by the sum of 1 plus the lower 4-bit value of register as. After the
above operations, the value in as is incremented by the value in ad.

Operation

1 {gs1[127: ©], gs@[127: @]} = {gsi[127: 0], gs@[127: ©]} << ((as[3:0]+1)*8)
2 as[31:0] = as[31:0] + ad[31:09]
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1.8.49 EE.SRC.Q

Instruction Word
| 11| gs102:11 | 1100 | gsi[0] | gso[2:0] | 0omo | qaf2:0] | 0100 |

Assembler Syntax

EE.SRC.Q ga, gs0, gs1

Description

This instruction performs an arithmetic right shift on the 32-byte concatenation of registers qs@ and gs1 that
hold the loaded data of two consecutive aligned addresses. By this way, you can obtain unaligned 16-byte
data, which will be written to register ga. The right shift amount is SAR_BYTE multiplied by 8.

Operation

. ga[127: @] = {gsil[127: @], gs@[127: ©]} >> {SAR_BYTE[3:0] << 3}
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1.8.50 EE.SRC.Q.LD.IP

Instruction Word
| 1000 | imm16[7:6] | imm16[2] | gs1[2:0] | imm16[5] | qu[2:0] | gsO[1:0] | imm16[4:3] | 00 | imm16[1:0] | as[3:0] | 111] gs0[2] |

Assembler Syntax

EE.SRC.Q.LD.IP qu, as, -2048..2032, gs0, gs1

Description

This instruction performs an arithmetic right shift on the 32-byte concatenation of registers qs@ and gs1 that
hold the loaded data of two consecutive aligned addresses. By this way, you can obtain unaligned 16-byte
data, which will be written to register gse. The right shift amount is SAR_BYTE multiplied by 8.

At the same time, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by 8-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 qso[127:0] = {qgsl[127:0], qs©[127:0]} >> {SAR_BYTE[3:0] << 3}
2 qu[127:0] = loadl28({as[31:4],4{0}})
3 as[31:0] = as[31:0] + {20{imm16[7]},imml16[7:0],4{0}}
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1.8.51 EE.SRC.Q.LD.XP

Instruction Word
| 11010000 | @s1[2:0] | O | qu[2:0] | gsO[1:0] | 00 | ad[3:0] | as[3:0] | 11 | gsO[2] |

Assembler Syntax

EE.SRC.Q.LD.XP qu, as, ad, gs0, gs1

Description

This instruction performs an arithmetic right shift on the 32-byte concatenation of registers qs@ and gs1 that
hold the loaded data of two consecutive aligned addresses. By this way, you can obtain unaligned 16-byte
data, which will be written to register gse. The right shift amount is SAR_BYTE multiplied by 8.

At the same time, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by the value in register ad.

Operation

1 qso[127:0] = {qgsl[127: ©], gs©[127: @]} >> {SAR_BYTE[3:0] << 3}

2 qu[127:0] = loadl28({as[31:4],4{0}})
3 as[31:0] = as[31:0] + ad[31:9]
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1.8.52 EE.SRC.Q.QUP

Instruction Word
| 1| gs102:11 | 1100 | gsi[0] | gso[2:0] | 01110 | qaf2:0] | 0100 |

Assembler Syntax

EE.SRC.Q.QUP ga, gsO, gs1

Description

This instruction performs an arithmetic right shift on the 32-byte concatenation of registers qs@ and gs1 that
hold the loaded data of two consecutive aligned addresses. In this way, you can obtain unaligned 16-byte
data, which will be written to register ga. The right shift amount is SAR_BYTE multiplied by 8. At the same time,
the value of register gs1 is updated to gse.

Operation

1 ga[127: ©] = {gsl[127: ©], gs©[127: ©]} >> {SAR_BYTE[3:0] << 3}
2 gs@ = gsl

Espressif Systems 128 ESP32-S3 TRM (Version 1.6)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.6

Chapter 1 Processor Instruction Extensions (PIE) GoBack

1.8.53 EE.SRCI.2Q

Instruction Word
| 11| gs102:11 | 1100 | gsi[0] | gso[2:0] | 1010 | sar16[3:0] | 0100 |

Assembler Syntax

EE.SRCI.2Q gs1, gsO, sar16

Description

This instruction performs a logical right shift on the 32-byte concatenation of registers gs@ and gs1 and pads
the higher bits with O. The upper 128 bits of the shift result is written to register gs1 and the lower 128 bits is
written to gs@. The right shift amount is 8 times the sum of sar16 and 1.

Operation

1 {gs1[127: @], gs@[127: ©]} = {gsl[127: @], gs@[127: 0]} >> ((sarl6+1)*8)
2 qsl[127:127-8*sarl6] = ©
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1.8.54 EE.SRCMB.S16.QACC

Instruction Word
| 11| que:n | mor | quiog | o | o010 | asf3:0] | 0100 |

Assembler Syntax

EE.SRCMB.S16.QACC qu, as, O

Description

This instruction extracts 8 data segments of 40 bits from special registers QACC_H and QACC_L and perform
arithmetic right shift operations respectively. While writing the shift result back to QACC_H and QACC_L, the
instruction saturates the result to 16-bit signed numbers and writes the 8 16-bit data obtained after saturation
into register qu.

Operation

1 tempo[39:0]

QACC_L[ 39: 0]
2 -
3 temp3[39:0]
4 temp4[39:0]

QACC_L[159:120]
QACC_H[ 39: 0]

6 temp7[39:0] QACC_H[159:120]

8 temp_shf0[39:0]
9 temp_shf1[39:0]

tempO[39:0] >> as[5:0]
templ[39:0] >> as[5:0]

0 temp_shf7[39:0] temp7[39:0] >> as[5:0]
1 QACC_L[ 39: 0] = temp_shfo[39:0]

15 QACC_L[159:120] = temp_shf3[39:0]
16 QACC_H[ 39: ©] = temp_shf4[39:0]

8 QACC_H[159:120] temp_shf7[39:0]

20 qu[ 15: ©] = min(max(temp_shf@[39:0], -27{15}), 27{15}-1)
21 -

2 qu[ 63: 48] min(max(temp_shf3[39:0], -2~{15}), 2~{15}-1)
23 qu[ 79: 64] = min(max(temp_shf4[39:0], -22{15}), 27{15}-1)

24

;s qu[127:112]

min(max(temp_shf7[39:0], -2~{15}), 27{15}-1)
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1.8.55 EE.SRCMB.S8.QACC

Instruction Word

| 1 | qu: | mon | quioy | nm | o010 | asf3:0] | 0100 |

Assembler Syntax
EE.SRCMB.S8.QACC qu, as, O
Description
This instruction extracts 16 data segments of 20 bits from special registers QACC_H and QACC_L and perform
arithmetic right shift operations respectively. While writing the shift result back to QACC_H and QACC_L, the
instruction saturates the result to 8-bit signed numbers and writes the 16 8-bit data obtained after saturation

into register qu.

Operation

1

2

20

21

22

23

24

25

26

27

28

29

tempo[19:0]
templ[19:0]

temp7[19:0]
temp8[19:0]
temp9[19:0]

QACC_L[ 19: @]
QACC_L[ 39: 20]

QACC_L[159:140]
QACC_H[ 19: 0]
QACC_H[ 39: 20]

templ5[19:0] = QACC_H[159:140]

temp_shf0[19:0]
temp_shf1[19:0]

temp_shf15[19:0]

QACC_L[ 19:

QACC_L[159:140]

QACC_H[ 19:

o]

o]

templ5[19:0] >>

temp_shfo[19:0]

temp_shf7[19:0]
temp_shf8[19:0]

QACC_H[159:140] = temp_shf15[19:0]

qul[ 7:
qu[ 15:
qu[ 63:
qu[ 71:
qu[ 79:

qu[127

0]
8]

56]
641]

72]

:120]
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tempO[19:0] >> as[4:0]
templ[19:0] >> as[4:0]

as[4:0]
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1.8.56 EE.SRCQ.128.ST.INCP

Instruction Word
| 11| gs102:11 | 1100 | gs1[0] | gso[2:0] | 1110 | as[3:0] | 0100 |

Assembler Syntax

EE.SRCQ.128.ST.INCP gsO, gs1, as

Description

This instruction performs an arithmetic right shift on the 32-byte concatenation of registers qs@ and gs1.
Then, it writes the lower 128 bits of the shift result to memory. After the access, the value in register as is
incremented by 16.

Operation

1 {gsl1[127: @], gs@[127: ©]} >> {SAR_BYTE[3:0] << 3} => storel28({as[31:4],4{0}})
2 as[31:0] = as[31:0] + 16
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1.8.57 EE.SRCXXP.2Q

Instruction Word
| 1| gs102:11 | o110 | gsi[0] | gs0[2:0] | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EE.SRCXXP.2Q gs1, gs0, as, ad

Description

This instruction performs a logical right shift on the 32-byte concatenation of registers gs@ and gs1 and pads
the higher bits with O. The upper 128 bits of the shift result is written to register gs1 and the lower 128 bits is
written to gs@. The right shift amount is 8 multiplied by the sum of 1 plus the lower 4-bit value of register as.
After the above operations, the value in as is incremented by the value in ad.

Operation

1 {gs1[127: ©], gs@[127: @]} = {gsi[127: ©], gs@[127: ©]} >> ((as[3:0]+1)*8)
2 qgsl[127:127-8*as[3: ©]] = ©
3 as[31:0] = as[31:0] + ad[31:09]
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1.8.58 EE.SRS.ACCX

Instruction Word
| o1m1100 | 001 | au[3:0] | as[3:0] | 0100 |

Assembler Syntax

EE.SRS.ACCX au, as, O

Description

This instruction performs an arithmetic right shift on special register ACCX. While writing the shift result back to
ACCX, the instruction saturates shift result to a 32-bit signed number and writes the saturated result into
register au.

Operation

1 temp_shf[39:0] = ACCX[39:0] >> as[5:0]

2 ACCX = temp_shf[39:0]
3 au = min(max(temp_shf[39:0], -2~{31}), 2~{31}-1)
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1.8.59 EE.ST.ACCX.IP

Instruction Word
| 0 | imm8[7] | 0000100 | imms[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.ST.ACCX.IP as, -512..508

Description

This instruction forces the lower 3 bits of the access address in register as to O, zero-extends special register
ACCX to 64 bits, and stores the result to memory. After the access is completed, the value in register as is
incremented by 8-bit sign-extended constant in the instruction code segment left-shifted by 3.

Operation

1 {24{0},ACCX[39:0]} => store64({as[31:3],3{0}})
2 as += imm8

Espressif Systems 135 ESP32-S3 TRM (Version 1.6)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.6

Chapter 1 Processor Instruction Extensions (PIE) GoBack

1.8.60 EE.ST.QACC_H.H.32.IP

Instruction Word
| 0 | imma7] | 0100100 | imm4[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.ST.QACC_H.H.32.IP as, -512..508

Description

This instruction forces the lower 2 bits of the access address in register as to O and stores the upper 32 bits in
special register QACC_H to memory. After the access is completed, the value in register as is incremented by
8-bit sign-extended constant in the instruction code segment left-shifted by 2.

Operation

1 QACC_H[159:128] => store32({as[31:2],2{0}})
2 as[31:0] = as[31:0] + {23{imm4[7]}.,imm4[7:0],2{0}}
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1.8.61 EE.ST.QACC_H.L.128.1P

Instruction Word
| 0 | imm16[7] | 0011010 | imm16[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.ST.QACC_H.L.128.IP as, -2048..2032

Description

This instruction forces the lower 4 bits of the access address in register as to O and stores the lower 128 bits
in special register QACC_H to memory. After the access is completed, the value in register as is incremented
by 8-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 QACC_H[127: ©] => storel28({as[31:4],4{0}})
2 as[31:0] = as[31:0] + {23{imm4[7]},imm4[7:0],2{0}}
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1.8.62 EE.ST.QACC_L.H.32.IP

Instruction Word
| 0 | imma[7] | 0moto | imma[e:0] | as[3:0] | 0100 |

Assembler Syntax

EE.ST.QACC_L.H.32.IP as, -512..508

Description

This instruction forces the lower 2 bits of the access address in register as to O and stores the upper 32 bits in
special register QACC_L to memory. After the access is completed, the value in register as is incremented by
8-bit sign-extended constant in the instruction code segment left-shifted by 2.

Operation

1 QACC_L[159:128] => store32({as[31:2],2{0}})
2 as[31:0] = as[31:0] + {23{imm4[7]}.,imm4[7:0],2{0}}
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1.8.63 EE.ST.QACC_L.L.128.IP

Instruction Word
| 0 | imm16[7] | 0011000 | imm16[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.ST.QACC_L.L.128.IP as, -2048..2032

Description

This instruction forces the lower 4 bits of the access address in register as to O and stores the lower 128 bits
in special register QACC_L to memory. After the access is completed, the value in register as is incremented
by 8-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 QACC_L[127:0] => storel28({as[31:4],4{0}})
2 as[31:0] = as[31:0] + {23{imm4[7]},imm4[7:0],2{0}}
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1.8.64 EE.ST.UA_STATE.IP

Instruction Word
| 0 | imm16[7] | 0111000 | imm16[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.ST.UA_STATE.IP as, -2048..2032

Description

This instruction forces the lower 4 bits of the access address in register as to O and stores the 128 bits data in
special register UA_STATE to memory. After the access is completed, the value in register as is incremented
by 8-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 UA_STATE[127:0] => storel28({as[31:4],4{0}})
2 as[31:0] = as[31:0] + {20{imm16[7]},imm16[7:0],4{0}}
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1.8.65 EE.STF.128.IP

Instruction Word
[ 10010 | #v3[3:1] | #vO[3:0] | #va[0] | tv2[3:1] | I[3:0] | imm16f[3:0] | as[3:0] | m | fve[o] |

Assembler Syntax

EE.STF128.1P fv3, fv2, fv1, fv0, as, -128..112

Description

This instruction forces the lower 4 bits of the access address in register as to O and stores the 16-byte data
concatenated from four floating-point registers fue, ful, fu2, and fu3 in order from low bit to high bit to
memory. After the access is completed, the value in register as is incremented by 4-bit sign-extended
constant in the instruction code segment left-shifted by 4.

Operation

! {fv3,fv2,fvl,fve} => storel28({as[31:4],4{0}})
2 as[31:0] = as[31:0] + {24{imml16f[3]},imml6f[3:0],4{0}}
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1.8.66 EE.STF.128.XP

Instruction Word
| 1001 | #v3[3:1] | vO[3:0] | #v3[0] | fv2[3:1] | AI[3:0] | ad[3:0] | as[3:0] | 1 | fve[o] |

Assembler Syntax

EE.STF.128.XP fv3, fv2, fv1, fv0, as, ad

Description

This instruction forces the lower 4 bits of the access address in register as to O and stores the 16-byte data
concatenated from four floating-point registers fue, ful, fu2, and fu3 in order from low bit to high bit to

memory. After the access is completed, the value in register as is incremented by the value in register
ad.

Operation

1 {fv3,fv2,fvl,fvl} => storel28({as[31:4],4{0}})
2 as[31:0] = as[31:0] + ad[31:09]
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1.8.67 EE.STF.64.IP

Instruction Word
| M000 | imma[7:6] | fvO[3:0] | imma(5:2] | #v1[3:0] | o1t | imms[o] | as[3:0] | 1 | imma[] |

Assembler Syntax

EE.STF.64.1P fv1, fvO, as, imm8

Description

This instruction forces the lower 3 bits of the access address in register as to O and stores the 64-bit data
concatenated from two floating-point registers fue and ful in order from low bit to high bit to memory. After
the access is completed, the value in register as is incremented by 8-bit sign-extended constant in the
instruction code segment left-shifted by 3.

Operation

1 {fvl,fv@} => store64({as[31:3],3{0}})
2 as[31:0] = as[31:0] + {21{imm8[7]},imm8[7:0],3{0}}

Espressif Systems 143 ESP32-S3 TRM (Version 1.6)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.6

Chapter 1 Processor Instruction Extensions (PIE) GoBack

1.8.68 EE.STF.64.XP

Instruction Word
| fv0[3:0] | om | #v1[3:0] | ad[3:0] | as[3:0] | 0000 |

Assembler Syntax

EE.STF.64.XP fv1, fvO, as, ad

Description

This instruction forces the lower 3 bits of the access address in register as to O and stores the 64-bit data
concatenated from two floating-point registers fue and ful in order from low bit to high bit to memory. After
the access is completed, the value in register as is incremented by the value in register ad.

Operation

1 {fvl,fv@} => store64({as[31:3],3{0}})
2 as[31:0] = as[31:0] + ad[31:0]
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1.8.69 EE.STXQ.32

Instruction Word

| Mmoot | seld[1] | sel8[0] | qv[2:0] | sel4[0] | 000 | qs[1:0] | selg[2:1] | 0000 | as[3:0] | 111 | gs[2] |

Assembler Syntax

EE.STXQ.32 qv, gs, as, sel4, sel8

Description
This instruction selects one of the four data segments of 32 bits in register qv according to immediate number
seld. Then, it selects an addend from the 8 data segments of 16 bits in register gs according to immediate

number sel8, adds the addend left-shifted by 2 bits to the value of the address register as, aligns the sum to

32 bits (its lower 2 bits are set to 0), and uses the result as the written address.

Operation

1

2

20

21

22

23

24

vaddro[ 31
vaddri[31
vaddr2[ 31
vaddr3[ 31
vaddr4[31
vaddr5[ 31
vaddré[ 31
vaddr7[31

:0]
:0]
:0]
:0]
:0]
:0]
:0]
:0]

if sel8 == 0:

qv[32*seld+31:32*seld] =>store32({vaddro[31

if sel8 == 1:

qv[32*seld+31:

if sel8 ==

qv[32*seld+31:

if sel8 == 3:

qv[32*sel4+31:

if sel8 == 4:

qv[32*seld+31:

if sel8 == 5:

qv[32*sel4+31:

if sel8 == 6:

qv[32*sel4+31:

if sel8 == 7:

qv[32*sel4+31:

Espressif Systems

as[31
as[31
as[31
as[31
as[31
as[31
as[31
as[31

:0]
:0]
:0]
:0]
:0]
:0]
:0]
:0]

32*seld]

32*seld]

32*sel4d]

32*seld]

32*sel4d]

32*seld]

32*sel4d]

+ + + + 4+ + o+ o+

gs[127

=>store32({vaddri[31

=>store32({vaddr2[31

=>store32({vaddr3[31

=>store32({vaddr4[31

=>store32({vaddr5[31

=>store32({vaddré[ 31

=>store32({vaddr7[31

gs[ 15:
gs[ 31:
gs[ 47:
gs[ 63:
gs[ 79:
gs[ 95:
gs[111:

0]
16]
32]
47]
641]
80]
96]
:112]

*
AdMDMMNDdDDdMDMD
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:2],2{0}})

:2],2{0}})

:2],2{0}})

:2],2{0}})

:2],2{0}})

:2],2{0}})

:2],2{0}})

:2],2{0}})
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1.8.70 EE.VADDS.S16

Instruction Word
110 | qa[2:1] | M0 | qel0] | qyl2] | 0 | qyn:0] | gx[2:0] | 01100100

Assembler Syntax

EEVADDS.S16 ga, gx, qy

Description

This instruction performs a vector addition on 16-bit data in the two registers gx and qy. Then, the 8 results
obtained from the calculation are saturated, and the saturated results are written to register ga.

Operation

1 ga[ 15: 9]
2 ga[ 31: 16]

3

min(max(gx[ 15: @] + qy[ 15: @], -2~{15}), 27{15}-1)
min(max(gx[ 31: 16] + qy[ 31: 16], -27{15}), 27{15}-1)
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1.8.71 EE.VADDS.S16.LD.INCP

Instruction Word
| m000 | qu[2:1] | aylo] | 010 | quo] | qal2:0] | ax(1:0] | qy[2:1] | 1101 | as[3:0] | 11 | ax(2] |

Assembler Syntax

EEVADDS.S16.LD.INCP qu, as, ga, gx, qy

Description

This instruction performs a vector addition on 16-bit data in the two registers gx and qy. Then, the 8 results
obtained from the calculation are saturated, and the saturated results are written to register ga.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is
incremented by 16.

Operation

1 ga[ 15: 9]
2 ga[ 31: 186]

min(max(gx[ 15: @] + qy[ 15: @], -22{15}), 27{15}-1)
min(max(gx[ 31: 16] + qy[ 31: 16], -22{15}), 27{15}-1)

5 qu[127:0] = loadl28({as[31:4],4{0}})
6 as[31:0] = as[31:0] + 16
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1.8.72 EEVADDS.S16.ST.INCP

Instruction Word
| 100100 | qy[0] | qv[2:0] | 1| qa[2:0] | gx{1:0] | ay[2:1] | 0000 | as[3:0] | 11 | ax2] |

Assembler Syntax

EEVADDS.S16.ST.INCP qv, as, ga, gx, qy

Description

This instruction performs a vector addition on 16-bit data in the two registers gx and qy. Then, the 8 results
obtained from the calculation are saturated, and the saturated results are written to register ga.

During the operation, the instruction forces the lower 4 bits of the access address in register as to O and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 ga[ 15: 9]
2 ga[ 31: 16]

3

min(max(gx[ 15: ©] + qy[ 15: @], -27{15}), 27{15}-1)
min(max(gx[ 31: 16] + qy[ 31: 16], -27{15}), 27{15}-1)

5 qv[127:0] => storel28({as[31:4],4{0}})
6 as[31:0] = as[31:0] + 16
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1.8.73 EE.VADDS.S32

Instruction Word
10 | qa[2:1] | M0 | qa[0] | ayl2] | 0 | ay[1:0] | gx(2:0] | 0110100

Assembler Syntax

EEVADDS.S32 ga, gx, qy

Description

This instruction performs a vector addition on 32-bit data in the two registers gx and qy. Then, the 4 results
obtained from the calculation are saturated, and the saturated results are written to register ga.

Operation

1 ga[ 31: 9]
2 ga[ 63: 32]

3

min(max(gx[ 31: ©] + qy[ 31: @], -27{31}), 27{31}-1)
min(max(gx[ 63: 32] + qy[ 63: 32], -22{31}), 27{31}-1)
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1.8.74 EEVADDS.S32.LD.INCP

Instruction Word
| m000 | qul2:1] | ayo] | on | qulo] | qa[2:0] | gx[1:0] | ay[2:1] | mo1 | as[3:0] | m | ax[2] |

Assembler Syntax

EEVADDS.S32.LD.INCP qu, as, ga, gx, qy

Description

This instruction performs a vector addition on 32-bit data in the two registers gx and qy. Then, the 4 results
obtained from the calculation are saturated, and the saturated results are written to register ga.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is
incremented by 16.

Operation

1 ga[ 31: 9]
2 ga[ 63: 32]

min(max(gx[ 31: @] + qy[ 31: @], -27{31}), 22{31}-1)
min(max(gx[ 63: 32] + qy[ 63: 32], -22{31}), 27{31}-1)

5 qu[127:0] = loadl28({as[31:4],4{0}})
6 as[31:0] = as[31:0] + 16
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1.8.75 EE.VADDS.S32.ST.INCP

Instruction Word
| 100100 | qy[0] | qv[2:0] | 1| qa[2:0] | ax{1:0] | qy[2:1] | 0001 | as[3:0] | M | gx[2] |

Assembler Syntax

EEVADDS.S32.ST.INCP qv, as, ga, gx, qy

Description

This instruction performs a vector addition on 32-bit data in the two registers gx and qy. Then, the 4 results
obtained from the calculation are saturated, and the saturated results are written to register ga.

During the operation, the instruction forces the lower 4 bits of the access address in register as to O and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 ga[ 31: 9]
2 qga[ 63: 32]

3

min(max(gx[ 31: ©] + qy[ 31: @], -22{31}), 27{31}-1)
min(max(gx[ 63: 32] + qy[ 63: 32], -27{31}), 27{31}-1)

5 qv[127:0] => storel28({as[31:4],4{0}})
6 as[31:0] = as[31:0] + 16
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1.8.76 EE.VADDS.S8

Instruction Word
110 | qa[2:1] | M0 | qe[0] | qyl2] | 0 | qy[:0] | gx[2:0] | 10000100

Assembler Syntax

EEVADDS.S8 ga, gx, gy

Description

This instruction performs a vector addition on 8-bit data in the two registers gx and gy. Then, the 16 results
obtained from the calculation are saturated, and the saturated results are written to register ga.

Operation

1 qal[ 7: 9]
2 ga[ 15: 8]

min(max(gx[ 7: ©] + qy[ 7: 0], -27{7}), 27{7}-1)
min(max(gx[ 15: 8] + qy[ 15: 8], -22{7}), 2~{7}-1)

3

. Qga[127:120]

min(max(qx[127:120] + qy[127:120], -27{7}), 2°{7}-1)
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1.8.77 EENVADDS.S8.LD.INCP

Instruction Word
| 000 | qu[2:1] | aylo] | 001 | qu[o] | qal2:0] | gx[1:0] | ay[2:1] | 1100 | as[3:0] | 11 | ax(2] |

Assembler Syntax

EEVADDS.S8.LD.INCP qu, as, ga, gx, qy

Description

This instruction performs a vector addition on 8-bit data in the two registers gx and gy. Then, the 16 results
obtained from the calculation are saturated, and the saturated results are written to register ga.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is
incremented by 16.

Operation

1 gqa[ 7: 9]
2 ga[ 15: 8]

min(max(gx[ 7: @] + gqy[ 7: @], -2~{7}), 2~{7}-1)
min(max(gx[ 15: 8] + qy[ 15: 8], -22{7}), 27{7}-1)

5 qu[127:0] = loadl28({as[31:4],4{0}})
6 as[31:0] = as[31:0] + 16

Espressif Systems 153 ESP32-S3 TRM (Version 1.6)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.6

Chapter 1 Processor Instruction Extensions (PIE) GoBack

1.8.78 EEVADDS.S8.ST.INCP

Instruction Word
| 100100 | ay[0] | qv[2:0] | 1| qa[2:0] | ax{1:0] | qy[2:1] | 0010 | as[3:0] | M | gx[2] |

Assembler Syntax

EEVADDS.S8.ST.INCP qv, as, ga, gx, qy

Description

This instruction performs a vector addition on 8-bit data in the two registers gx and gy. Then, the 16 results
obtained from the calculation are saturated, and the saturated results are written to register ga.

During the operation, the instruction forces the lower 4 bits of the access address in register as to O and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 ga[ 7: 9]
2 gal[ 15: 8]

3

min(max(gx[ 7: ©] + qy[ 7: @], -27{7}), 27{7}-1)
min(max(gx[ 15: 8] + qy[ 15: 8], -22{7}), 27{7}-1)

5 qv[127:0] => storel28({as[31:4],4{0}})
6 as[31:0] = as[31:0] + 16
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1.8.79 EEVCMP.EQ.S16

Instruction Word
110 | qa[2:1] | M0 | qel0] | qyl2] | 0 | qyn0] | gx[2:0] | 10010100

Assembler Syntax

EEVCMP.EQ.S16 ga, gx, qy

Description

This instruction compares 16-bit vector data. It compares the numerical values of the eight 16-bit data
segments in registers gx and qy. If the values are equal, it writes OXFFFF into the corresponding 16-bit data
segment in register ga. Otherwise, it writes O to the segment.

Operation

1 gal[ 15: 9]
2 ga[ 31: 16]
3

4 qal[127:112]

(ax[ 15: @]==qy[ 15: @]) ? Ox{}FFFF : ©
(ax[ 31: 16]==qy[ 31: 16]) ? Ox{}FFFF : @

(gx[127:112]==qy[127:112]) ? Ox{}FFFF : ©
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1.8.80 EE.VVCMP.EQ.S32

Instruction Word
110 | qa[2:1] | M0 | qel0] | qyl2] | 0 | qyn:0] | gx[2:0] | 10100100

Assembler Syntax

EEVCMP.EQ.S32 ga, gx, qy

Description

This instruction compares 32-bit vector data. It compares the numerical values of the four 32-bit data
segments in registers gx and qy. If the values are equal, it writes OXFFFFFFFF into the corresponding 32-bit
data segment in register ga. Otherwise, it writes O to the segment.

Operation

1 gal[ 31: 9]
2 qa[ 63: 32]
3

4 qa[127: 96]

(ax[ 31: @]==qy[ 31: @]) ? ox{}FFFFFFFF : ©
(gx[ 63: 32]==qy[ 63: 32]) ? Ox{}FFFFFFFF : ©

(gx[127: 96]==qy[127: 96]) ? Ox{}FFFFFFFF : 0
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1.8.81 EEVCMP.EQ.S8

Instruction Word
10 | qa[2:1] | M0 | qa[0] | qyl2] | O | qyn:0] | gx[2:0] | 10110100

Assembler Syntax

EEVCMP.EQ.S8 ga, gx, qy

Description

This instruction compares 8-bit vector data. It compares the numerical values of the 16 8-bit data segments in
registers gx and qy. If the values are equal, it writes OxFF into the corresponding 8-bit data segment in
register ga. Otherwise, it writes O to the segment.

Operation

1 qal[ 7: @]
2 ga[ 15: 8]
3

4 qal[127:120]

(gx[ 7: ©]==qy[ 7: ©]) ? ox{}FF : ©
(gx[ 15: 8]==qy[ 15: 8]) ? Ox{}FF : ©

(gx[127:120]==qy[127:120]) ? Ox{}FF : ©
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1.8.82 EEVCMP.GT.S16

Instruction Word
110 | qa[2:1] | M0 | qel0] | qyl2] | 0 | qyn:0] | gx[2:0] | 11000100

Assembler Syntax

EEVCMP.GT.S16 ga, gx, qy

Description

This instruction compares 16-bit vector data. It compares the numerical values of the eight 16-bit data
segments in registers gx and qy. If the former is larger than the latter, it writes OxFFFF into the corresponding
16-bit data segment in register ga. Otherwise, it writes O to the segment.

Operation

1 gal[ 15: 9]
2 ga[ 31: 16]
3

4 qal[127:112]

(gx[ 15: @l>qy[ 15: ©]) ? ex{}FFFF : @
(ax[ 31: 161>qy[ 31: 16]) ? Ox{}FFFF : ©

(gx[127:112]>qy[127:112]) ? Ox{}FFFF : @
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1.8.83 EEVCMP.GT.S32

Instruction Word
10 | qa[2:1] | M0 | qa[0] | ayl2] | O | qyn:0] | gx[2:0] | 11010100

Assembler Syntax

EEVCMP.GT.S32 ga, gx, qy

Description

This instruction compares 32-bit vector data. It compares the numerical values of the four 32-bit data
segments in registers gx and qy. If the former is larger than the latter, it writes OxFFFFFFFF into the
corresponding 32-bit data segment in register ga. Otherwise, it writes O to the segment.

Operation

1 gal[ 31: 9]
2 qa[ 63: 32]
3

4 qa[127: 96]

(ax[ 31: @]>qy[ 31: ©]) ? Ox{}FFFFFFFF : ©
(gx[ 63: 32]>qy[ 63: 32]) ? Ox{}FFFFFFFF : 0

(gx[127: 961>qy[127: 96]) ? Ox{}FFFFFFFF : ©
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1.8.84 EEVCMP.GT.S8

Instruction Word
10 | qa[2:1] | M0 | qa[0] | qyl2] | 0 | ay[1:0] | gx(2:0] | M00100

Assembler Syntax

EEVCMP.GT.S8 ga, gx, qy

Description

This instruction compares 8-bit vector data. It compares the numerical values of the 16 8-bit data segments in
registers gx and qy. If the former is larger than the latter, it writes OxFF into the corresponding 8-bit data
segment in register ga. Otherwise, it writes O to the segment.

Operation

1 qal[ 7: @]
2 ga[ 15: 8]
3

4 qal[127:120]

(gx[ 7: ©]>qy[ 7: ©]) ? ox{}FF : ©
(gx[ 15: 8]>qy[ 15: 8]) ? Ox{}FF : ©

(gx[127:120]>qy[127:120]) ? Ox{}FF : ©
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1.8.85 EEVCMP.LT.S16

Instruction Word
|10 | qa[2:1] | M0 | qa[0] | ayl2] | 0 | qy[1:0] | gx(2:0] | 11m10100 |

Assembler Syntax

EEVCMP.LT.S16 ga, gx, qy

Description

This instruction compares 16-bit vector data. It compares the numerical values of the eight 16-bit data
segments in registers gx and qy. If the former is smaller than the latter, it writes OXFFFF into the
corresponding 16-bit data segment in register ga. Otherwise, it writes O to the segment.

Operation

1 gal[ 15: 9]
2 ga[ 31: 16]
3

4 qal[127:112]

(gx[ 15: @l<qy[ 15: ©]) ? ex{}FFFF : @
(ax[ 31: 16]<qy[ 31: 16]) ? Ox{}FFFF : ©

(gx[127:112]<qy[127:112]) ? Ox{}FFFF : @

Espressif Systems 161 ESP32-S3 TRM (Version 1.6)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.6

Chapter 1 Processor Instruction Extensions (PIE) GoBack

1.8.86 EEVCMP.LT.S32

Instruction Word
110 | qa[2:1] | M0 | qel0] | qyl2] | 1| ayl1:0] | gx(2:0] | 00000100

Assembler Syntax

EEVCMP.LT.S32 ga, gx, qy

Description

This instruction compares 32-bit vector data. It compares the numerical values of the four 32-bit data
segments in registers gx and qy. If the former is smaller than the latter, it writes OXFFFFFFFF into the
corresponding 32-bit data segment in register ga. Otherwise, it writes O to the segment.

Operation

1 gal[ 31: 9]
2 qa[ 63: 32]
3

4 qa[127: 96]

(ax[ 31: @J<qy[ 31: ©]) ? Ox{}FFFFFFFF : ©
(gx[ 63: 32]<qy[ 63: 32]) ? Ox{}FFFFFFFF : 0

(gx[127: 96]<qy[127: 96]) ? Ox{}FFFFFFFF : ©
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1.8.87 EEVCMP.LT.S8

Instruction Word
110 | qa[2:1] | M0 | qel0] | qyl2] | 1| ayl1:0] | gx(2:0] | 00010100

Assembler Syntax

EEVCMP.LT.S8 ga, gx, qy

Description

This instruction compares 8-bit vector data. It compares the numerical values of the 16 8-bit data segments in
registers gx and qy. If the former is smaller than the latter, it writes OxFF into the corresponding 8-bit data
segment in register ga. Otherwise, it writes O to the segment.

Operation

1 qal[ 7: @]
2 ga[ 15: 8]
3

4 qal[127:120]

(gx[ 7: ©]<qy[ 7: ©]) ? ox{}FF : ©
(gx[ 15: 8]<qy[ 15: 8]) ? Ox{}FF : ©

(gx[127:120]<qy[127:120]) ? Ox{}FF : ©
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1.8.88 EE.VLD.128.1P

Instruction Word
|1 | imm6[7] | qui2:1 | oon | quo] | immi6[6:0] | as[3:0] | 0100 |

Assembler Syntax

EEVLD.128.IP qu, as, -2048..2032

Description

This instruction forces the lower 4 bits of the access address in register as to O and loads 16-byte data from
memory to register qu. After the access is completed, the value in register as is incremented by 8-bit
sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 qu[127:0] = loadl28({as[31:4],4{0}})
2 as[31:0] = as[31:0] + {20{imm16[7]},imm16[7:0],4{0}}
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1.8.89 EE.VLD.128.XP

Instruction Word
110 | quiz:1] | 1101 | quio] | 010 | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EEVLD.128.XP qu, as, ad

Description

This instruction forces the lower 4 bits of the access address in register as to O and loads 16-byte data from
memory to register qu. After the access is completed, the value in register as is incremented by the value in
register ad.

Operation

1 qu[127:0] = loadl28({as[31:4],4{0}})
2 as[31:0] = as[31:0] + ad[31:0]
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1.8.90 EEVLD.H.64.1P

Instruction Word
|1 [ imma[7) | qu[2:1] | 1000 | qu[o] | imms[6:0] | as[3:0] | 0100 |

Assembler Syntax

EEVLD.H.64.IP qu, as, -1024..1016

Description

This instruction forces the lower 3 bits of the access address in register as to O and loads 64-bit data from
memory to the upper 64-bit segment in register qu. After the access is completed, the value in register as is
incremented by 8-bit sign-extended constant in the instruction code segment left-shifted by 3.

Operation

1 qu[127: 64] = load6é4({as[31: 3],3{0}})
2 as[31:0] = as[31:0] + {21{imm8[7]},imm8[7:0],3{0}}

Espressif Systems 166 ESP32-S3 TRM (Version 1.6)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.6

Chapter 1 Processor Instruction Extensions (PIE) GoBack

1.8.91 EEVLD.H.64.XP

Instruction Word
|10 | quiz:1] | 1101 | quio] | 110 | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EEVLD.H.64.XP qu, as, ad

Description

This instruction forces the lower 3 bits of the access address in register as to O and loads 64-bit data from
memory to the upper 64-bit segment in register qu. After the access is completed, the value in register as is
incremented by the value in register ad.

Operation

1 qu[127: 64] = load6é4({as[31: 3],3{0}})
2 as[31:0] = as[31:0] + ad[31:0]
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1.8.92 EEVLD.L.64.1P

Instruction Word
|1 | imma[7]) | qu[2:1] | 1001 | quio] | imm8[6:0] | as[3:0] | 0100 |

Assembler Syntax

EEVLD.L.64.IP qu, as, -1024..1016

Description

This instruction forces the lower 3 bits of the access address in register as to O and loads 64-bit data from
memory to the lower 64-bit segment in register qu. After the access is completed, the value in register as is
incremented by 8-bit sign-extended constant in the instruction code segment left-shifted by 3.

Operation

1 qu[ 63: ©] = loadé4({as[31:3],3{0}})
2 as[31:0] = as[31:0] + {21{imm8[7]},imm8[7:0],3{0}}
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1.8.93 EE.VLD.L.64.XP

Instruction Word
|10 | quiz:1] | 1101 | quio] | on | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EEVLD.L.64.XP qu, as, ad

Description

This instruction forces the lower 3 bits of the access address in register as to O and loads 64-bit data from
memory to the lower 64-bit segment in register qu. After the access is completed, the value in register as is
incremented by the value in register ad.

Operation

1 qu[ 63: ©] = loadé4({as[31:3],3{0}})
2 as[31:0] = as[31:0] + ad[31:0]

Espressif Systems 169 ESP32-S3 TRM (Version 1.6)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.6

Chapter 1 Processor Instruction Extensions (PIE) GoBack

1.8.94 EEVLDBC.16

Instruction Word
| 11| quie: | mor | quo] | moor | asf3:0] | 0100 |

Assembler Syntax

EEVLDBC.I6 qu, as

Description

This instruction forces the lower 1 bit of the access address in register as to O, loads 16-bit data from memory,
and broadcasts it to the eight 16-bit data segments in register qu.

Operation

1 qu[127:0] = {8{loadl6({as[31:1],1{0}})}}
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1.8.95 EE.VLDBC.16.1P

Instruction Word
10 | quiz:1] | 0101 | quio] | imm2[6:0] | as[3:0] | 0100 |

Assembler Syntax

EEVLDBC.6.IP qu, as, 0..254

Description

This instruction forces the lower 1 bit of the access address in register as to O, loads 16-bit data from memory,
and broadcasts it to the eight 16-bit data segments in register qu. After the access is completed, the value in
register as is incremented by 7-bit unsign-extended constant in the instruction code segment left-shifted by
1.

Operation

1 qu[127:0] = {8{loadli6({as[31:1],1{0}})}}
2 as[31:0] = as[31:0] + {24{0},imm2[6:0],0}
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1.8.96 EEVLDBC.16.XP

Instruction Word
110 | quiz:1] | 1101 | quio] | 100 | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EEVLDBC.I16.XP qu, as, ad

Description

This instruction forces the lower 1 bit of the access address in register as to O, loads 16-bit data from memory,
and broadcasts it to the eight 16-bit data segments in register qu. After the access is completed, the value in
register as is incremented by the value in register ad.

Operation

1 qu[127:0] = {8{load16({as[31:1],1{0}})}}
2 as = as + ad[31:0]
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1.8.97 EEVLDBC.32

Instruction Word
| 1| quey | mor | quio) | o | asf3:0] | 0100 |

Assembler Syntax

EEVLDBC.32 qu, as

Description

This instruction forces the lower 2 bits of the access address in register as to O and loads 32-bit data from
memory and broadcasts it to the four 32-bit data segments in register qu.

Operation

1 qu[127:0] = {4{load32({as[31:2],2{0}})}}

Espressif Systems 173 ESP32-S3 TRM (Version 1.6)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.6

Chapter 1 Processor Instruction Extensions (PIE) GoBack

1.8.98 EEVLDBC.32.1P

Instruction Word
|1 imma[7) | qu[2:1] | 0010 | qu[0] | imm4[6:0] | as[3:0] | 0100 |

Assembler Syntax

EEVLDBC.32.IP qu, as, -256..252

Description

This instruction forces the lower 2 bits of the access address in register as to O and loads 32-bit data from
memory and broadcasts it to the four 32-bit data segments in register qu. After the access is completed, the
value in register as is incremented by 8-bit sign-extended constant in the instruction code segment
left-shifted by 2.

Operation

. qu[127:0] = {4{load32({as[31:2],2{0}})}}
. as[31:0] = as[31:0] + {22{imm4[7]},imm4[7:0],2{0}}
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1.8.99 EE.VLDBC.32.XP

Instruction Word
|10 | quiz:1] | 1101 | quio] | 001 | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EEVLDBC.32.XP qu, as, ad

Description

This instruction forces the lower 2 bits of the access address in register as to O, loads 32-bit data from
memory and broadcasts it to the four 32-bit data segments in register qu. After the access is completed, the
value in register as is incremented by the value in register ad.

Operation

1 qu[127:0] = {4{load32({as[31:2],2{0}})}}
2 as = as + ad[31:0]
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1.8.100 EE.VLDBC.8

Instruction Word
| 1| que:ny | mor | quio) | omon | as[3:0] | 0100 |

Assembler Syntax

EEVLDBC.8 qu, as

Description

This instruction loads 8-bit data from memory at the address given by the access register as and broadcasts it
to the 16 8-bit data segments in register qu.

Operation

1 qu[127:0] = {16{load8(as[31:0])}}
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1.8.101 EE.VLDBC.8.IP

Instruction Word
| 1| que:n | 0101 | quio) | immi[e:0] | as3:0] | 0100 |

Assembler Syntax

EEVLDBC.8.IP qu, as, 0..127

Description

This instruction loads 8-bit data from memory at the address given by the access register as and broadcasts it
to the 16 8-bit data segments in register qu. After the access is completed, the value in register as is
incremented by 7-bit unsign-extended constant in the instruction code segment.

Operation

1 qu[127:0] = {16{load8(as[31:0])}}
2 as[31:0] = as[31:0] + {25{0},imml1[6:0]}
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1.8.102 EE.VLDBC.8.XP

Instruction Word
|10 | quiz:1] | 1101 | quio] | 101 | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EEVLDBC.8.XP qu, as, ad

Description

This instruction loads 8-bit data from memory at the address given by the access register as and broadcasts it
to the 16 8-bit data segments in register qu. After the access is completed, the value in register as is
incremented by the value in register ad.

Operation

1 qu[127:0] = {16{load8(as[31:0])}}
2 as = as + ad[31:0]
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1.8.103 EE.VLDHBC.16.INCP

Instruction Word
| 11| que:n | moo | quio] | quiz:0] | 0010 | asf3:0] | 0100 |

Assembler Syntax

EEVLDHBC.16.INCP qu, qu1, as

Description

This instruction forces the lower 4 bits of the access address in register as to O, loads 16-byte data from
memory, extends it to 256 bits according to the following way, and assigns the result to registers qu and qu1.
After the access, the value in register as is incremented by 16.

Operation

1 dataln[127:0] = loadl28({as[31:4],4{0}})

2 qu = {2{dataIn[ 63: 48]}, 2{dataIn[ 47: 32]}, 2{dataIn[ 31: 16]}, 2{dataIn[ 15:
o1} }

3 qul = {2{dataIn[127:112]}, 2{dataIn[111: 96]}, 2{dataIn[ 95: 80]}, 2{dataIn[ 79:

64]} }
4 as[31:0] = as[31:0] + 16
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1.8.104 EEVMAX.S16

Instruction Word
110 | qa[2:1] | M0 | qel0] | qyl2] | 1| ayl1:0] | gx(2:0] | 00100100

Assembler Syntax

EEVMAX.S16 ga, gx, qy

Description

This instruction compares numerical values of the eight 16-bit vector data segments in registers gx and qy.
The data segment with the larger value is written into the corresponding 16-bit data segment in register

ga.

Operation

1 gal[ 15: 9]
2 ga[ 31: 16]
3

4 qal[127:112]

(gx[ 15: ©]>=qy[ 15: ©]) ? gx[ 15: @] : qy[ 15: @]
(gx[ 31: 16]>=qy[ 31: 16]) ? gx[ 31: 16] : qy[ 31: 16]

(gx[127:112]>=qy[127:112]) ? gx[127:112] : qy[127:112]
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1.8.105 EEVMAX.S16.LD.INCP

Instruction Word
| 000 | qu[2:1] | aylo] | 001 | quo] | qal2:0] | ax(1:0] | qy[2:1] | 1101 | as[3:0] | 11 | ax2] |

Assembler Syntax

EEVMAX.S16.LD.INCP qu, as, ga, gx, qy

Description

This instruction compares numerical values of the eight 16-bit vector data segments in registers gx and qy.
The data segment with the larger value is written into the corresponding 16-bit data segment in register

ga.

During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is
incremented by 16.

Operation

1 gal[ 15: ©] (gx[ 15: ©]>=qy[ 15: ©]) ? gx[ 15: @] : qy[ 15: @]
2 ga[ 31: 16] = (gx[ 31: 16]1>=qy[ 31: 16]) ? gx[ 31: 16] : qy[ 31: 16]

. ga[l127:112] = (gx[127:112]>=qy[127:112]) ? gx[127:112] : qy[127:112]

6 qu[127:0] = loadl28({as[31:4],4{0}})
7 as[31:0] = as[31:0] + 16
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1.8.106 EEVMAX.S16.ST.INCP

Instruction Word
| 100100 | qy[0] | qv[2:0] | 1| qa[2:0] | gx{1:0] | ay[2:1] | oom | as[3:0] | m | gx[2] |

Assembler Syntax

EEVMAX.S16.ST.INCP qv, as, ga, gx, qy

Description

This instruction compares numerical values of the eight 16-bit vector data segments in registers gx and qy.
The data segment with the larger value is written into the corresponding 16-bit data segment in register

qa.

During the operation, the instruction forces the lower 4 bits of the access address in register as to O and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 ga[ 15: 9]
2 ga[ 31: 186]

(gx[ 15: ©]>=qy[ 15: ©]) ? gx[ 15: ©] : qy[ 15: @]
(gx[ 31: 16]1>=qy[ 31: 16]) ? gx[ 31: 16] : qy[ 31: 16]

s qga[127:112] = (gx[127:112]>=qy[127:112]) ? qx[127:112] : qy[127:112]

6 qv[127:0] => storel28({as[31:4],4{0}})
7 as[31:0] = as[31:0] + 16
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1.8.107 EEVMAX.S32

Instruction Word
10 | qa[2:1] | M0 | qa[0] | ayl2] | 1| ay(1:0] | gx(2:0] | oomo100

Assembler Syntax

EEVMAX.S32 ga, gx, qy

Description

This instruction compares numerical values of the four 32-bit vector data segments in registers gx and qy. The
data segment with the larger value is written into the corresponding 32-bit data segment in register ga.
Operation

1 ga[ 31: 9]
2 ga[ 63: 32]
3

4 qa[127: 96]

(gx[ 31: ©]>=qy[ 31: ©]) ? gx[ 31: ©] : qy[ 31: @]
(gx[ 63: 32]>=qy[ 63: 32]) ? gx[ 63: 32] : qy[ 63: 32]

(qx[127: 96]1>=qy[127: 96]) ? gx[127: 96] : qy[127: 96]
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1.8.108 EEVMAX.S32.LD.INCP

Instruction Word
| 000 | qu[2:1] | aylo] | 001 | quo] | qal2:0] | ax(1:0] | qy[2:1] | 110 | as[3:0] | 11 | gx(2] |

Assembler Syntax

EEVMAX.S32.LD.INCP qu, as, ga, gx, qy

Description

This instruction compares numerical values of the four 32-bit vector data segments in registers gx and qy. The
data segment with the larger value is written into the corresponding 32-bit data segment in register ga.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is
incremented by 16.

Operation

1 ga[ 31: 9]
2 ga[ 63: 32]

(gx[ 31: ©]>=qy[ 31: ©]) ? gx[ 31: ©] : qy[ 31: @]
(gx[ 63: 32]>=qy[ 63: 32]) ? gx[ 63: 32] : qy[ 63: 32]

s qa[127: 96] = (gx[127: 961>=qy[127: 96]) ? gqx[127: 96] : qy[127: 96]

6 qu[127:0] = loadl28({as[31:4],4{0}})
7 as[31:0] = as[31:0] + 16
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1.8.109 EEVMAX.S32.ST.INCP

Instruction Word
| 00101 | qy[0] | qv[2:0] | 0 | qa[2:0] | gx{1:0] | ay[2:1] | 0000 | as[3:0] | 11 | ax(2] |

Assembler Syntax

EEVMAX.S32.ST.INCP qv, as, ga, gx, qy

Description

This instruction compares numerical values of the four 32-bit vector data segments in registers gx and qy. The
data segment with the larger value is written into the corresponding 32-bit data segment in register ga.

During the operation, the instruction forces the lower 4 bits of the access address in register as to O and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 ga[ 31: 9]
2 qga[ 63: 32]

(gx[ 31: ©]>=qy[ 31: ©]) ? gx[ 31: @] : qy[ 31: @]
(gx[ 63: 32]>=qy[ 63: 32]) ? gx[ 63: 32] : qy[ 63: 32]

4 ga[127: 96]

(gx[127: 96]1>=qy[127: 96]) ? gx[127: 96] : qy[127: 96]

6 qv[127:0] => storel28({as[31:4],4{0}})
7 as[31:0] = as[31:0] + 16
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1.8.110 EEVMAX.S8

Instruction Word
110 | qa[2:1] | M0 | qel0] | qyl2] | 1| ayl1:0] | gx(2:0] | 01000100

Assembler Syntax

EEVMAX.S8 ga, gx, qy

Description

This instruction compares numerical values of the 16 8-bit vector data segments in registers gx and qy. The
data segment with the larger value is written into the corresponding 8-bit data segment in register ga.
Operation

1 qal[ 7: 9]
2 ga[ 15: 8]

. Qga[127:120]

(gx[ 7: ©I>=qy[ 7: ©]) 2 gx[ 7: @] : qy[ 7: @]
(gx[ 15: 8]>=qy[ 15: 8]) ? gx[ 15: 8] : qy[ 15: 8]

(qx[127:120]>=qy[127:120]) ? gx[127:120] : qy[127:120]
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1.8.111 EEVMAX.S8.LD.INCP

Instruction Word
| 000 | qu[2:1] | aylo] | 001 | qu[o] | qal2:0] | gx[1:0] | qy[2:1] | 1M | as[3:0] | m | gx[2] |

Assembler Syntax

EEVMAX.S8.LD.INCP qu, as, ga, gx, qy

Description

This instruction compares numerical values of the 16 8-bit vector data segments in registers gx and qy. The
data segment with the larger value is written into the corresponding 8-bit data segment in register ga.
During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is
incremented by 16.

Operation

1 gqa[ 7: 9]
2 ga[ 15: 8]

(gx[ 7: @l>=qy[ 7: ©]) 2 gx[ 7: ©] : qy[ 7: o]
(gx[ 15: 81>=qy[ 15: 8]) ? gx[ 15: 8] : qy[ 15: 8]

s qga[127:120] = (gx[127:120]>=qy[127:120]) ? qx[127:120] : qy[127:120]

6 qu[127:0] = loadl28({as[31:4],4{0}})
7 as[31:0] = as[31:0] + 16

Espressif Systems 187 ESP32-S3 TRM (Version 1.6)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.6

Chapter 1 Processor Instruction Extensions (PIE) GoBack

1.8.112 EEVMAX.S8.ST.INCP

Instruction Word
| m00101 | qy[0] | qv[2:0] | 1| qal2:0] | gx1:0] | qy[2:1] | 0000 | as[3:0] | m | gx[2] |

Assembler Syntax

EEVMAX.S8.ST.INCP qv, as, ga, gx, qy

Description

This instruction compares numerical values of the 16 8-bit vector data segments in registers gx and qy. The
data segment with the larger value is written into the corresponding 8-bit data segment in register ga.

During the operation, the instruction forces the lower 4 bits of the access address in register as to O and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 ga[ 7: 9]
2 gal[ 15: 8]

(gx[ 7: @]>=qy[ 7: @]) ? gx[ 7: @] : qy[ 7: @]
(gx[ 15: 8]>=qy[ 15: 8]) ? gx[ 15: 8] : qy[ 15: 8]

4 ga[127:129]

(qx[127:120]>=qy[127:120]) ? qx[127:120] : qy[127:120]

6 qv[127:0] => storel28({as[31:4],4{0}})
7 as[31:0] = as[31:0] + 16
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1.8.113 EE.VMIN.S16

Instruction Word
110 | qa[2:1] | M0 | qa[0] | ayl2] | 1| ayl1:0] | gx(2:0] | 01010100

Assembler Syntax

EEVMIN.S16 ga, gx, gy

Description

This instruction compares numerical values of the eight 16-bit vector data segments in registers gx and qy.
The data segment with the smaller value is written into the corresponding 16-bit data segment in register
ga.

Operation

1 gal[ 15: 9]
2 ga[ 31: 16]
3

4 qal[127:112]

(gx[ 15: ©]<=qy[ 15: ©]) ? gx[ 15: @] : qy[ 15: @]
(gx[ 31: 16]<=qy[ 31: 16]) ? gx[ 31: 16] : qy[ 31: 16]

(gx[127:112]<=qy[127:112]) ? gx[127:112] : qy[127:112]
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1.8.114 EEVMIN.S16.LD.INCP

Instruction Word
| 000 | qu[2:1] | aylo] | 010 | qu[o] | qal2:0] | ax(1:0] | qy[2:1] | 10 | as[3:0] | 11 | gx(2] |

Assembler Syntax

EEVMIN.S16.LD.INCP qu, as, ga, gx, qy

Description

This instruction compares numerical values of the eight 16-bit vector data segments in registers gx and qy.
The data segment with the smaller value is written into the corresponding 16-bit data segment in register
ga.

During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is
incremented by 16.

Operation

1 gal[ 15: ©] (gx[ 15: ©]<=qy[ 15: ©]) ? gx[ 15: @] : qy[ 15: @]
2 ga[ 31: 16] = (gx[ 31: 16]1<=qy[ 31: 16]) ? gx[ 31: 16] : qy[ 31: 16]

. ga[l127:112] = (gx[127:112]<=qy[127:112]) ? gx[127:112] : qy[127:112]

6 qu[127:0] = loadl28({as[31:4],4{0}})
7 as[31:0] = as[31:0] + 16
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1.8.115 EEVMIN.S16.ST.INCP

Instruction Word
| m00101 | qy[0] | qv[2:0] | 0 | qa[2:0] | gx{1:0] | ay[2:1] | 0001 | as[3:0] | m | gx[2] |

Assembler Syntax

EEVMIN.S16.ST.INCP qv, as, ga, gx, gy

Description

This instruction compares numerical values of the eight 16-bit vector data segments in registers gx and qy.
The data segment with the smaller value is written into the corresponding 16-bit data segment in register

qa.

During the operation, the instruction forces the lower 4 bits of the access address in register as to O and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 ga[ 15: 9]
2 ga[ 31: 186]

(gx[ 15: ©]<=qy[ 15: ©]) ? gx[ 15: @] : qy[ 15: @]
(gx[ 31: 16]1<=qy[ 31: 16]) ? gx[ 31: 16] : qy[ 31: 16]

s qga[127:112] = (gx[127:112]<=qy[127:112]) ? qx[127:112] : qy[127:112]

6 qv[127:0] => storel28({as[31:4],4{0}})
7 as[31:0] = as[31:0] + 16
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1.8.116 EEVMIN.S32

Instruction Word
110 | qa[2:1] | M0 | qa[0] | ayl2] | 1| ay(1:0] | gx(2:0] | omoo100

Assembler Syntax

EEVMIN.S32 ga, gx, qy

Description

This instruction compares numerical values of the four 32-bit vector data segments in registers gx and qy. The
data segment with the smaller value is written into the corresponding 32-bit data segment in register qa.
Operation

1 ga[ 31: 9]
2 ga[ 63: 32]
3

4 qa[127: 96]

(gx[ 31: ©]<=qy[ 31: ©]) ? gx[ 31: ©] : qy[ 31: @]
(gx[ 63: 32]<=qy[ 63: 32]) ? gx[ 63: 32] : qy[ 63: 32]

(qx[127: 96]<=qy[127: 96]) ? gx[127: 96] : qy[127: 96]
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1.8.1177 EEVMIN.S32.LD.INCP

Instruction Word
| m000 | qu[2:1] | aylo] | on | qulo] | qa[2:0] | gx[1:0] | ay[2:1] | 10 | as[3:0] | m | gx[2] |

Assembler Syntax

EEVMIN.S32.LD.INCP qu, as, ga, gx, qy

Description

This instruction compares numerical values of the four 32-bit vector data segments in registers gx and qy. The
data segment with the smaller value is written into the corresponding 32-bit data segment in register qa.
During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is
incremented by 16.

Operation

1 ga[ 31: 9]
2 ga[ 63: 32]

(gx[ 31: ©]<=qy[ 31: ©]) ? gx[ 31: ©] : qy[ 31: @]
(gx[ 63: 32]<=qy[ 63: 32]) ? gx[ 63: 32] : qy[ 63: 32]

s qa[127: 96] = (gx[127: 96]1<=qy[127: 96]) ? gqx[127: 96] : qy[127: 96]

6 qu[127:0] = loadl28({as[31:4],4{0}})
7 as[31:0] = as[31:0] + 16
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1.8.118 EEVMIN.S32.ST.INCP

Instruction Word
| m00101 | ay[0] | qv[2:0] | 1| qal2:0] | gx1:0) | qyl2:1] | 000 | as[3:0] | m | gx[2] |

Assembler Syntax

EEVMIN.S32.ST.INCP qv, as, ga, gx, qy

Description

This instruction compares numerical values of the four 32-bit vector data segments in registers gx and qy. The
data segment with the smaller value is written into the corresponding 32-bit data segment in register qa.
During the operation, the instruction forces the lower 4 bits of the access address in register as to O and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 ga[ 31: 9]
2 qga[ 63: 32]

(gx[ 31: ©]<=qy[ 31: ©]) ? gx[ 31: @] : qy[ 31: @]
(gx[ 63: 32]<=qy[ 63: 32]) ? gx[ 63: 32] : qy[ 63: 32]

4 ga[127: 96]

(gx[127: 96]1<=qy[127: 96]) ? gx[127: 96] : qy[127: 96]

6 qv[127:0] => storel28({as[31:4],4{0}})
7 as[31:0] = as[31:0] + 16
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1.8.119 EEVMIN.S8

Instruction Word
|10 | qa[2:1] | M0 | qe[0] | qyl2] | 1| ay(1:0] | gx(2:0] | ommo100

Assembler Syntax

EEVMIN.S8 ga, gx, qy

Description

This instruction compares numerical values of the 16 8-bit vector data segments in registers gx and qy. The
data segment with the smaller value is written into the corresponding 8-bit data segment in register qa.
Operation

1 qal[ 7: 9]
2 ga[ 15: 8]

. Qga[127:120]

(gx[ 7: ©Jl<=qy[ 7: ©]) 2 gx[ 7: @] : qy[ 7: @]
(gx[ 15: 8]<=qy[ 15: 8]) ? gx[ 15: 8] : qy[ 15: 8]

(gx[127:120]<=qy[127:120]) ? gqx[127:120] : qy[127:120]
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1.8.120 EE.VMIN.S8.LD.INCP

Instruction Word
| M000 | qu[2:1] | aylo] | 010 | quio] | qal2:0] | gx[1:0] | ay[2:1] | 1M | as[3:0] | m | gx[2] |

Assembler Syntax

EEVMIN.S8.LD.INCP qu, as, ga, gx, gy

Description

This instruction compares numerical values of the 16 8-bit vector data segments in registers gx and qy. The
data segment with the smaller value is written into the corresponding 8-bit data segment in register qa.
During the operation, the lower 4 bits of the access address in register as are forced to be 0O, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is
incremented by 16.

Operation

1 gqa[ 7: 9]
2 ga[ 15: 8]

(gx[ 7: @©l<=qy[ 7: ©]) 2 gx[ 7: ©] : qy[ 7: o]
(gx[ 15: 8]1<=qy[ 15: 8]) ? gx[ 15: 8] : qy[ 15: 8]

s qga[127:120] = (gx[127:120]<=qy[127:120]) ? qx[127:120] : qy[127:120]

6 qu[127:0] = loadl28({as[31:4],4{0}})
7 as[31:0] = as[31:0] + 16
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1.8.121 EEVMIN.S8.ST.INCP

Instruction Word
| m00101 | qy[0] | qv[2:0] | 0 | qa[2:0] | gx{1:0] | ay[2:1] | 0010 | as[3:0] | m | gx[2] |

Assembler Syntax

EEVMIN.S8.ST.INCP qv, as, ga, gx, qy

Description

This instruction compares numerical values of the 16 8-bit vector data segments in registers gx and qy. The
data segment with the smaller value is written into the corresponding 8-bit data segment in register qa.

During the operation, the instruction forces the lower 4 bits of the access address in register as to O and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 ga[ 7: 9]
2 gal[ 15: 8]

(gx[ 7: ©l<=qy[ 7: ©]) ? gx[ 7: @] : qy[ 7: @]
(gx[ 15: 8]<=qy[ 15: 8]) ? gx[ 15: 8] : qy[ 15: 8]

4 ga[127:129]

(gx[127:120]<=qy[127:120]) ? qx[127:120] : qy[127:120]

6 qv[127:0] => storel28({as[31:4],4{0}})
7 as[31:0] = as[31:0] + 16
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1.8.122 EEVMUL.S16

Instruction Word

|10 | qz[2:1] | M0 | qz[0] | ayl2] | 1| ay(1:0] | gx(2:0] | 10000100

Assembler Syntax

EEVMUL.S16 gz, gx, qy

Description
This instruction performs a signed vector multiplication on 16-bit data. Registers gx and qy are the multiplier
and the multiplicand respectively. The eight 32-bit data results obtained from the calculation is arithmetically
right-shifted by the value in special register SAR. Then, the lower 16-bit data of the shift result is written into

corresponding segment of register gz.
Operation

1

2

gz[ 15:
qz[ 31:
qz[ 47:
qz[ 63:
qz[ 79:
qz[ 95:
qz[111:

qz[127

0]
16]
32]
48]
641
80]
96]
:112]
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(gx[ 31:
(gx[ 47:
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(gx[127

0]
16]
32]
48]
64]
80]
96]
:112]

* qy[ 15:
* qy[ 31:
*qyl 47:
* qy[ 63:
*qy[ 79:
* qy[ 95:
* qy[111:

* qy[127

Submit Documentation Feedback

el)
16])
32])
481)
641)
80])
96])
:112])

198

>>
>>
>>
>>
>>
>>
>>
>>

SAR[5:
SAR[5:
SAR[5:
SAR[5:
SAR[5:
SAR[5:
SAR[5:
SAR[5:

0]
o]
o]
o]
o]
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o]
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1.8.123 EEVMUL.S16.LD.INCP

Instruction Word

| 000 | qu[2:1] | aylo] | on | quio] | qz[2:0] | ax[1:0] | ay[2:1] | 1 | as[3:0] | m | ax[2] |

Assembler Syntax

EEVMUL.S16.LD.INCP qu, as, gz, gx, qy

Description
This instruction performs a signed vector multiplication on 16-bit data. Registers gx and qy are the multiplier
and the multiplicand respectively. The eight 32-bit data results obtained from the calculation is arithmetically
right-shifted by the value in special register SAR. Then, the lower 16-bit data of the shift result is written into
corresponding segment of register gz.
During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is
incremented by 16.
Operation

1

2

qz[ 15:
qz[ 31:
qz[ 47:
qz[ 63:
qz[ 79:
qz[ 95:
qz[111:

qz[127

qu[127:

o]
16]
32]
48]
64]
80]
96]
:112]

Q] =

as[31:0] =
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= (gx[ 15:
= (gx[ 31:
= (gx[ 47:
= (gx[ 63:
= (gx[ 79:
= (gx[ 95:
= (gx[111:

= (gx[127

load128({as[31:
as[31:0] + 16

o]
16]
32]
48]
64]
80]
96]
:112]

* qy[ 15:
* qyl[ 31:
* qy[ 47:
* qy[ 63:
*qy[ 79:
* qy[ 95:
* gqy[111:

el)
161])
321)
48])
641)
801)
961)

* qy[127:112])
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1.8.124 EEVMUL.S16.ST.INCP

Instruction Word
| m00101 | ay[0] | qv[2:0] | 1| qz[2:0] | oxq1:0) | qyl2:1] | 0010 | as[3:0] | m | ax[2] |

Assembler Syntax

EEVMUL.S16.ST.INCP qv, as, gz, gx, qy

Description

This instruction performs a signed vector multiplication on 16-bit data. Registers gx and qy are the multiplier
and the multiplicand respectively. The eight 32-bit data results obtained from the calculation is arithmetically
right-shifted by the value in special register SAR. Then, the lower 16-bit data of the shift result is written into
corresponding segment of register gz.

During the operation, the instruction forces the lower 4 bits of the access address in register as to O and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 gz[ 15: ©] = (gx[ 15: ©] * qy[ 15: ©]) >> SAR[5:0]
2 gz[ 31: 16] = (gx[ 31: 16] * qy[ 31: 16]) >> SAR[5:0]
3 qz[ 47: 32] = (gx[ 47: 32] * qy[ 47: 32]) >> SAR[5:0]
. qz[ 63: 48] = (gx[ 63: 48] * qy[ 63: 48]) >> SAR[5:0]
5 qz[ 79: 64] = (gx[ 79: 64] * qy[ 79: 64]) >> SAR[5:0]
6 qz[ 95: 80] = (gx[ 95: 80] * qy[ 95: 80]) >> SAR[5:0]
7 qz[111: 96] = (gx[111: 96] * qy[11l: 96]) >> SAR[5:0]
e gz[127:112] = (gx[127:112] * qy[127:112]) >> SAR[5:0]

10 qv[127:0] => storel28({as[31:4],4{0}})
n as[31:0] = as[31:0] + 16
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1.8.125 EEVMUL.S8

Instruction Word

110 | gzf2:1] | M0 | qz[0] | qyl2] | 1| ay(1:0] | gx(2:0] | 10010100

Assembler Syntax

EEVMUL.S8 gz, gx, qy

Description
This instruction performs a signed vector multiplication on 8-bit data. Registers gx and qy are the multiplier
and the multiplicand respectively. The 16 16-bit data results obtained from the calculation is arithmetically
right-shifted by the value in special register SAR. Then, the lower 8-bit data of the shift result is written into
corresponding segment of register gz.
Operation

1

2

qz[ 7: 9]
qz[ 15: 8]
gz[ 23: 16]
qz[ 31: 24]
qz[ 39: 32]
qz[ 47: 40]
qz[ 55: 48]
qz[ 63: 56]
qgz[ 71: 64]
qz[ 79: 72]
qz[ 87: 890]
gz[ 95: 88]
qz[103: 96]
gz[111:104]
gz[119:112]
gz[127:120]

Espressif Systems

(gx[ 7:
(gx[ 15:
(gx[ 23:
(gx[ 31:
(gx[ 39:
(gx[ 47:
(gx[ 55:
(gx[ 63:
(gx[ 71:
(gx[ 79:
(gx[ 87:
(gx[ 95:
(gx[103:

(gx[111
(gx[119
(gx[127

0]

8]
16]
24]
32]
40]
48]
56]
64]
72]
80]
88]
96]
:104]
:112]
:120]

ay[ 7: @])
qy[ 15: 8])
qy[ 23: 16])
qy[ 31: 24])
qy[ 39: 32])
qy[ 47: 401)
qy[ 55: 48])
qy[ 63: 56])
aqy[ 71: e4])
ay[ 79: 72])
qy[ 87: 80])
qy[ 95: 88])
qy[103: 961])
qy[111:1047)
qy[119:112])
qy[127:120])
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1.8.126 EEVMUL.S8.LD.INCP

Instruction Word

| m000 | qu[2:1] | aylo] | 100 | qu[o] | qz[2:0] | ax[1:0] | ay(2:1] | 1100 | as[3:0] | 1 | ax(2] |

Assembler Syntax
EEVMUL.S8.LD.INCP qu, as, gz, gx, qy

Description

This instruction performs a signed vector multiplication on 8-bit data. Registers gx and qy are the multiplier
and the multiplicand respectively. The 16 16-bit data results obtained from the calculation is arithmetically
right-shifted by the value in special register SAR. Then, the lower 8-bit data of the shift result is written into
corresponding segment of register gz.
During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is
incremented by 16.
Operation

1

2

9zl
qz[
gzl
9zl
qz[
9zl
9zl
qz[
9zl
qz[
gzl
gzl

7:
15:
23:
31:
39:
47 :
55:
63:
71:
79:
87:
95:
qz[1e3:

gz[111
qz[119
qz[127

qu[127:

0]

8]
16]
24]
32]
40]
48]
56]
64]
72]
80]
88]
96]
:104]
:112]
:120]

0] =

as[31:0] =

Espressif Systems

= (gx[
= (gx[
= (gx[
= (gx[
= (gx[
= (gx[
= (gx[
= (gx[
= (gx[
= (gx[
= (gx[
= (gx[

7:
15:
23:
31:
39:
47 :
55:
63:
71:
79:
87:
95:
= (gx[1e3:

= (gx[111
= (gx[119
= (gx[127

load128({as[31:
as[31:0] + 16

0]

8]
16]
24]
32]
40]
48]
56]
64]
72]
80]
88]
96]
:104]
:112]
:120]

*ayl
*ayl
*ayl
*ayl
*ayl
*aqyl
*ayl
*ayl
*aqyl
*ayl
*ayl
*ayl

7:
15:
23:
31:
39:
47
55:
63:
71:
79:
87:
95:
* qy[103:

* qy[111
* qy[119:112])
* qy[127
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161])
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56])
641])
721])
801])
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96])
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:1201])
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1.8.127 EEVMUL.S8.ST.INCP

Instruction Word

| m00101 | ay[0] | qv[2:0] | 0 | qz[2:0] | gx{1:0] | ay[2:1] | oom | as[3:0] | m | gx[2] |

Assembler Syntax
EEVMUL.S8.ST.INCP qv, as, gz, gx, qy
Description

This instruction performs a signed vector multiplication on 8-bit data. Registers gx and qy are the multiplier

and the multiplicand respectively. The 16 16-bit data results obtained from the calculation is arithmetically

right-shifted by the value in special register SAR. Then, the lower 8-bit data of the shift result is written into
corresponding segment of register gz.
During the operation, the instruction forces the lower 4 bits of the access address in register as to O and stores

the value in register qv to memory. After the access, the value in register as is incremented by 16.
Operation

1

2

gz[ 7: ©] = (gx[ 7: @] *
gz[ 15: 8] = (gx[ 15: 8] *
gz[ 23: 16] = (gx[ 23: 16] *
qz[ 31: 24] = (gx[ 31: 24] *
qz[ 39: 32] = (gx[ 39: 32] *
qz[ 47: 40] = (gx[ 47: 4e] *
qz[ 55: 48] = (gx[ 55: 48] *
qz[ 63: 56] = (gx[ 63: 56] *
qz[ 71: 64] = (gx[ 71: 64] *
qz[ 79: 72] = (gx[ 79: 72] *
qz[ 87: 80] = (gx[ 87: 80] *
gz[ 95: 88] = (gx[ 95: 88] *
qz[103: 96] = (gx[103: 96] *
qz[111:104] = (gx[111:104] *
qz[119:112] = (gx[119:112] *
qz[127:120] = (gx[127:120] *

qv[127:0] => storel28({as[31
as[31:0] = as[31:0] + 16

Espressif Systems
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qyl 7: e])
qy[ 15: 8])
qy[ 23: 161])
qy[ 31: 247)
qy[ 39: 32])
qy[ 47: 40])
qy[ 55: 48])
qy[ 63: 56])
qy[ 71: e4])
aqyl 79: 72])
qy[ 87: 890])
qy[ 95: 88])
qy[1e3: 96])
qy[111:104])
qy[119:112])
qy[127:120])

:4],4{0}})
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1.8.128 EEVMUL.U16

Instruction Word

110 | gz[2:1] | M0 | qz[0] | qyl2] | 1| ay(1:0] | gx{2:0] | 10100100

Assembler Syntax

EEVMUL.U16 gz, gx, qy

Description
This instruction performs an unsigned vector multiplication on 16-bit data. Registers gx and qy are the

multiplier and the multiplicand respectively. The eight 32-bit data results obtained from the calculation is
logically right-shifted by the value in special register SAR. Then, the lower 16-bit data of the shift result is
written into corresponding segment of register gz.
Operation

1

2

gz[ 15:
qz[ 31:
qz[ 47:
qz[ 63:
qz[ 79:
qz[ 95:
qz[111:

qz[127

0]
16]
32]
48]
641
80]
96]
:112]

Espressif Systems

(gx[ 15:
(gx[ 31:
(gx[ 47:
(gx[ 63:
(gx[ 79:
(gx[ 95:
(gx[111:

(gx[127

0]
16]
32]
48]
64]
80]
96]
:112]

* qy[ 15:
* qy[ 31:
*qyl 47:
* qy[ 63:
*qy[ 79:
* qy[ 95:
* qy[111:

* qy[127
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1.8.129 EEVMUL.U16.LD.INCP

Instruction Word

| 000 | qu[2:1] | aylo] | 101 | quio] | az2:0] | gx[1:0] | qy[2:1] | 1100 | as[3:0] | m | ax(2] |

Assembler Syntax

EEVMUL.U16.LD.INCP qu, as, gz, gx, qy

Description
This instruction performs an unsigned vector multiplication on 16-bit data. Registers gx and qy are the
multiplier and the multiplicand respectively. The eight 32-bit data results obtained from the calculation is
logically right-shifted by the value in special register SAR. Then, the lower 16-bit data of the shift result is
written into corresponding segment of register gz.
During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is
incremented by 16.
Operation

1

2

qz[ 15:
qz[ 31:
qz[ 47:
qz[ 63:
qz[ 79:
qz[ 95:
qz[111:

qz[127

qu[127:

o]
16]
32]
48]
64]
80]
96]
:112]

as[31:0] =

Espressif Systems

Q] =

= (gx[ 15:
= (gx[ 31:
= (gx[ 47:
= (gx[ 63:
= (gx[ 79:
= (gx[ 95:
= (gx[111:

= (gx[127

load128({as[31:
as[31:0] + 16

o]
16]
32]
48]
64]
80]
96]
:112]

* qy[ 15:
* qyl[ 31:
* qy[ 47:
* qy[ 63:
*qy[ 79:
* qy[ 95:
* gqy[111:

* qy[127
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1.8.130 EEVMUL.U16.ST.INCP

Instruction Word

| m00101 | ay[0] | qv[2:0] | 1| qz[2:0] | axq1:0) | ayl2:1) | oom | as[3:0] | m | gx[2] |

Assembler Syntax
EEVMUL.U16.ST.INCP qv, as, gz, gx, qy
Description
This instruction performs an unsigned vector multiplication on 16-bit data. Registers gx and qy are the

multiplier and the multiplicand respectively. The eight 32-bit data results obtained from the calculation is
logically right-shifted by the value in special register SAR. Then, the lower 16-bit data of the shift result is
written into corresponding segment of register gz.
During the operation, the instruction forces the lower 4 bits of the access address in register as to O and stores

the value in register qv to memory. After the access, the value in register as is incremented by 16.
Operation

1

2

qz[ 15:
qz[ 31:
qz[ 47:
qz[ 63:
qz[ 79:
qz[ 95:
qz[111:

qz[127

qv[127:0] => storel28({as[31

0]
16]
32]
48]
64]
80]
96]
:112]

as[31:0] =

Espressif Systems

(gx[ 15:
(gx[ 31:
(gx[ 47:
(gx[ 63:
(gx[ 79:
(gx[ 95:
(gx[111:

(gx[127

0]
16]
32]
48]
64]
80]
96]
:112]

as[31:0] + 16

* qy[ 15:
* qy[ 31:
* qy[ 47:
* qy[ 63:
*qyl 79:
* qy[ 95:
* qy[111:

* qy[127
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1.8.131

Instruction Word

EEVMUL.U8

110 | gz[2:1] | M0 | qz[0] | ayl2] | 1| ayl1:0] | gx2:0] | 1010100

Assembler Syntax

EEVMUL.U8 gz, gx, qy

Description
This instruction performs an unsigned vector multiplication on 8-bit data. Registers gx and qy are the
multiplier and the multiplicand respectively. The 16 16-bit data results obtained from the calculation is logically
right-shifted by the value in special register SAR. Then, the lower 8-bit data of the shift result is written into
corresponding segment of register gz.
Operation

1

2

qz[ 7: 9]
qz[ 15: 8]
gz[ 23: 16]
qz[ 31: 24]
qz[ 39: 32]
qz[ 47: 40]
qz[ 55: 48]
qz[ 63: 56]
qgz[ 71: 64]
qz[ 79: 72]
qz[ 87: 890]
gz[ 95: 88]
qz[103: 96]
gz[111:104]
gz[119:112]
gz[127:120]
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(gx[ 7:
(gx[ 15:
(gx[ 23:
(gx[ 31:
(gx[ 39:
(gx[ 47:
(gx[ 55:
(gx[ 63:
(gx[ 71:
(gx[ 79:
(gx[ 87:
(gx[ 95:
(gx[103:

(gx[111
(gx[119
(gx[127

0]

8]
16]
24]
32]
40]
48]
56]
64]
72]
80]
88]
96]
:104]
:112]
:120]

ay[ 7: @])
qy[ 15: 8])
qy[ 23: 16])
qy[ 31: 24])
qy[ 39: 32])
qy[ 47: 401)
qy[ 55: 48])
qy[ 63: 56])
aqy[ 71: e4])
ay[ 79: 72])
qy[ 87: 80])
qy[ 95: 88])
qy[103: 961])
qy[111:1047)
qy[119:112])
qy[127:120])
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1.8.132 EEVMUL.U8.LD.INCP

Instruction Word

| m000 | qu[2:1] | ayto] | 110 | qu[o] | qz[2:0] | gx[1:0] | qy[2:1] | 100 | as[3:0] | 11 | ax(2] |

Assembler Syntax
EEVMUL.U8.LD.INCP qu, as, gz, gx, qy

Description

This instruction performs an unsigned vector multiplication on 8-bit data. Registers gx and qy are the
multiplier and the multiplicand respectively. The 16 32-bit data results obtained from the calculation is logically
right-shifted by the value in special register SAR. Then, the lower 8-bit data of the shift result is written into
corresponding segment of register gz.
During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is
incremented by 16.
Operation

1

2

9zl
qz[
gzl
9zl
qz[
9zl
9zl
qz[
9zl
qz[
gzl
gzl

7:
15:
23:
31:
39:
47 :
55:
63:
71:
79:
87:
95:
qz[1e3:

gz[111
qz[119
qz[127

qu[127:

0]

8]
16]
24]
32]
40]
48]
56]
64]
72]
80]
88]
96]
:104]
:112]
:120]

0] =

as[31:0] =
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= (gx[
= (gx[
= (gx[
= (gx[
= (gx[
= (gx[
= (gx[
= (gx[
= (gx[
= (gx[
= (gx[
= (gx[

7:
15:
23:
31:
39:
47 :
55:
63:
71:
79:
87:
95:
= (gx[1e3:

= (gx[111
= (gx[119
= (gx[127

load128({as[31:
as[31:0] + 16

0]

8]
16]
24]
32]
40]
48]
56]
64]
72]
80]
88]
96]
:104]
:112]
:120]

*ayl
*ayl
*ayl
*ayl
*ayl
*aqyl
*ayl
*ayl
*aqyl
*ayl
*ayl
*ayl

7:
15:
23:
31:
39:
47
55:
63:
71:
79:
87:
95:
* qy[103:

* qy[111
* qy[119:112])
* qy[127
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1.8.133 EEVMUL.U8.ST.INCP

Instruction Word

| 101000 | qy[0] | qv[2:0] | 1| qz[2:0] | gx{1:0] | ay[2:1] | 0000 | as[3:0] | 11 | ax(2] |

Assembler Syntax
EEVMUL.U8.ST.INCP qv, as, gz, gx, gy
Description

This instruction performs an unsigned vector multiplication on 8-bit data. Registers gx and qy are the

multiplier and the multiplicand respectively. The 16 16-bit data results obtained from the calculation is logically
right-shifted by the value in special register SAR. Then, the lower 8-bit data of the shift result is written into

corresponding segment of register gz.
During the operation, the instruction forces the lower 4 bits of the access address in register as to O and stores

the value in register qv to memory. After the access, the value in register as is incremented by 16.
Operation

1

2

gz[ 7: ©] = (gx[ 7: @] *
gz[ 15: 8] = (gx[ 15: 8] *
gz[ 23: 16] = (gx[ 23: 16] *
qz[ 31: 24] = (gx[ 31: 24] *
qz[ 39: 32] = (gx[ 39: 32] *
qz[ 47: 40] = (gx[ 47: 4e] *
qz[ 55: 48] = (gx[ 55: 48] *
qz[ 63: 56] = (gx[ 63: 56] *
qz[ 71: 64] = (gx[ 71: 64] *
qz[ 79: 72] = (gx[ 79: 72] *
qz[ 87: 80] = (gx[ 87: 80] *
gz[ 95: 88] = (gx[ 95: 88] *
qz[103: 96] = (gx[103: 96] *
qz[111:104] = (gx[111:104] *
qz[119:112] = (gx[119:112] *
qz[127:120] = (gx[127:120] *

qv[127:0] => storel28({as[31
as[31:0] = as[31:0] + 16

Espressif Systems
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qy[ 15: 8])
qy[ 23: 161])
qy[ 31: 247)
qy[ 39: 32])
qy[ 47: 40])
qy[ 55: 48])
qy[ 63: 56])
qy[ 71: e4])
aqyl 79: 72])
qy[ 87: 890])
qy[ 95: 88])
qy[1e3: 96])
qy[111:104])
qy[119:112])
qy[127:120])
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1.8.134 EE.VMULAS.S16.ACCX

Instruction Word
| 000110100 | ay2] | 0 | qy[1:0] | gx[2:0] | 10000100

Assembler Syntax

EEVMULAS.S16.ACCX gx, qy

Description

This instruction divides registers gx and gy into 8 data segments by 16 bits. Then, it performs a signed
multiply-accumulate operation on the 8 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

Operation

1 addo[31:9]

2 add1[31:0]

3

4 add7[31:0] gx[127:112] * qy[127:112]

5 sum[40:0] = ACCX[39:0] + ad[31:0]do[31:0] + ad[31:0]d1[31:0] + ... + ad[31:0]d
7[31:0]

gx[ 15: @] * qy[ 15: @]
gx[ 31: 16] * qy[ 31: 16]

7 ACCX[39:0] = min(max(sum[40:0], -27{39}), 2/{39}-1)
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1.8.135 EEVMULAS.S16.ACCX.LD.IP

Instruction Word
| 1m | imm16[5:4] | qui2:1] | ay[0] | 000 | qu[o] | 000 | gx{1:0] | ay[2:1] | imm16[3:0] | as[3:0] | M | ax(2] |

Assembler Syntax

EEVMULAS.S16.ACCX.LD.IP qu, as, -512..496, gx, qy

Description

This instruction divides registers gx and gy into 8 data segments by 16 bits. Then, it performs a signed
multiply-accumulate operation on the 8 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 addo[31:0] gx[ 15: @] * qy[ 15: @]

2 addi[31:0] = gx[ 31: 16] * qy[ 31: 16]

3 -

. add7[31:0] = gx[127:112] * qy[127:112]

5 sum[40:0] = ACCX[39:0] + ad[31:0]do[31:0] + ad[31:0]d1[31:0] + ... + ad[31:0]1d
7[31:0]

6 ACCX[39:0] = min(max(sum[40:0], -27{39}), 2/{39}-1)

8 qu[127:0] = loadl28({as[31:4],4{0}})
9 as[31:0] = as[31:0] + {20{immi6[7]},imm16[7:0],4{0}}
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1.8.136 EEVMULAS.S16.ACCX.LD.IP.QUP

Instruction Word
| 0000 | imm16[5:4] | qui2:1] | ay[0] | gs0[2:0] | qu[0] | gs1[2:0] | ax(1:0] | ay[2:1] | imm16[3:0] | as[3:0] | 111 | ax(2] |

Assembler Syntax

EEVMULAS.S16.ACCX.LD.IP.QUP qu, as, imm16, gx, gy, gsO, gs1

Description

This instruction divides registers gx and gy into 8 data segments by 16 bits. Then, it performs a signed
multiply-accumulate operation on the 8 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting
consecutive aligned data stored in the two registers gs@ and gs1 and stores it to gse. The shift byte is stored
in special register SAR_BYTE.

Operation

! addo[31:0]

2 addi[31:0]

3

. add7[31:0] = qx[127:112] * qy[127:112]

5 sum[40:0] = ACCX[39:0] + ad[31:0]do[31:0] + ad[31:0]d1[31:0] + ... + ad[31:0]d
7[31:0]

6 ACCX[39:0] = min(max(sum[40:0], -27{39}), 2~{39}-1)

gx[ 15: @] * qy[ 15: @]
gx[ 31: 16] * qy[ 31: 16]

8 qu[127:0] = loadl28({as[31:4],4{0}})
9 as[31:0] = as[31:0] + {20{imml16[7]},imml6[7:0],4{0}}
10 gs@[127:0] = {gsl[127:0], qs@[127:0]1} >> {SAR_BYTE[3:0] << 3}
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1.8.137 EEVMULAS.S16.ACCX.LD.XP

Instruction Word
| 100 | qu[2:1] | ay[o] | 001 | qu[o] | 000 | gx{1:0] | ay[2:1] | ad[3:0] | as[3:0] | 1 | gx(2] |

Assembler Syntax

EEVMULAS.S16.ACCX.LD.XP qu, as, ad, gx, gy

Description

This instruction divides registers gx and gy into 8 data segments by 16 bits. Then, it performs a signed
multiply-accumulate operation on the 8 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by the value in register ad.

Operation

1 addo[31:0] gx[ 15: @] * qy[ 15: @]

2 addi[31:0] = gx[ 31: 16] * qy[ 31: 16]

3 -

. add7[31:0] = gx[127:112] * qy[127:112]

5 sum[40:0] = ACCX[39:0] + ad[31:0]do[31:0] + ad[31:0]d1[31:0] + ... + ad[31:0]1d
7[31:0]

6 ACCX[39:0] = min(max(sum[40:0], -27{39}), 2/{39}-1)

8 qu[127:0] = loadl28({as[31:4],4{0}})
9 as[31:0] = as[31:0] + ad[31:09]
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1.8.138 EE.VMULAS.S16.ACCX.LD.XP.QUP

Instruction Word
| 10100 | qu[2:1] | (0] | gso[2:0] | qul0] | gsi[2:0] | gx{1:0] | ay[2:1] | ad[3:0] | as[3:0] | 1 | gx(2] |

Assembler Syntax

EEVMULAS.S16.ACCX.LD.XP.QUP qu, as, ad, gx, gy, gsO, gs1

Description

This instruction divides registers gx and gy into 8 data segments by 16 bits. Then, it performs a signed
multiply-accumulate operation on the 8 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by the value in register ad.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting
consecutive aligned data stored in the two registers gs@ and gs1 and stores it to gs@. The shift byte is stored
in special register SAR_BYTE.

Operation

! addo[31:0]

2 addi[31:0]

3

. add7[31:0] = qx[127:112] * qy[127:112]

5 sum[40:0] = ACCX[39:0] + ad[31:0]do[31:0] + ad[31:0]d1[31:0] + ... + ad[31:0]d
7[31:0]

6 ACCX[39:0] = min(max(sum[40:0], -27{39}), 2~{39}-1)

gx[ 15: @] * qy[ 15: @]
gx[ 31: 16] * qy[ 31: 16]

8 qu[127:0] = loadl28({as[31:4],4{0}})
9 as[31:0] = as[31:0] + ad[31:09]
10 gse[127:0] = {gs1[127: 0], gs@[127: @]} >> {SAR_BYTE[3:0] << 3}
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1.8.139 EEVMULAS.S16.QACC

Instruction Word
| 000110100 | ay[2] | 1| ay[1:0] | ax[2:0] | 10000100

Assembler Syntax

EEVMULAS.S16.QACC gx, gy

Description

This instruction divides registers gx and gy into 8 data segments by 16 bits. Then, the signed multiplication
result of 8 sets of segments is added to the corresponding 40-bit data segment in special registers QACC_H
and QACC_L respectively. The calculated result is saturated to a 40-bit signed number and then stored to the
corresponding 40-bit data segment in QACC_H and QACC_L.

Operation

. QACC_L[ 39: ©] = min(max(QACC_L[ 39: ©] + gx[ 15: ©] * qy[ 15: @], -2°{39}),

27 {39}-1)

2 QACC_L[ 79: 40] = min(max(QACC_L[ 79: 40] + gx[ 31: 16] * qy[ 31: 16], -2”{39}),
27 {39}-1)

3 QACC_L[119: 80] = min(max(QACC_L[119: 80] + gx[ 47: 32] * qy[ 47: 32], -2”{39}),
27 {39}-1)

. QACC_L[159:120] = min(max(QACC_L[159:120] + gx[ 63: 48] * qy[ 63: 48], -2°{39}),
27 {39}-1)

5 QACC_H[ 39: ©] = min(max(QACC_H[ 39: 0] + gx[ 79: 64] * qy[ 79: 64], -27{39}),
27 {39}-1)

6 QACC_H[ 79: 40] = min(max(QACC_H[ 79: 40] + gx[ 95: 80] * qy[ 95: 80], -2”{39}),
27 {39}-1)

7 QACC_H[119: 80] = min(max(QACC_H[119: 80] + gx[111: 96] * qy[11l: 96], -2~{39}),
2~{39}-1)

¢ QACC_H[159:120] = min(max(QACC_H[159:120] + gx[127:112] * qy[127:112], -2°{39}),
27 {39}-1)
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1.8.140 EEVMULAS.S16.QACC.LD.IP

Instruction Word
| 1m | imm16[5:4] | qu[2:1] | ay[0] | 000 | qu[o] | 001 | gx{1:0] | ay[2:1] | imm16[3:0] | as[3:0] | 11 | ax(2] |

Assembler Syntax
EEVMULAS.S16.QACC.LD.IP qu, as, imm16, gx, qy
Description

This instruction divides registers gx and gy into 8 data segments by 16 bits. Then, the signed multiplication

result of 8 sets of segments is added to the corresponding 40-bit data segment in special registers QACC_H

and QACC_L respectively. The calculated result is saturated to a 40-bit signed number and then stored to the
corresponding 40-bit data segment in QACC_H and QACC_L.
During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the

16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

. QACC_L[ 39: ©] = min(max(QACC_L[ 39: @] + gx[ 15: ©] * qy[ 15: @], -2°{39}),
27 {39}-1)

> QACC_L[ 79: 40] = min(max(QACC_L[ 79: 40] + gx[ 31: 16] * qy[ 31: 16], -2°{39}),
27{39}-1)

3 QACC_L[119: 80] min(max(QACC_L[119: 8@] + gx[ 47: 32] * qy[ 47: 32], -2"{39}),
27 {39}-1)

4 QACC_L[159:120] = min(max(QACC_L[159:120] + gx[ 63: 48] * qy[ 63: 48], -2/{39}),
27 {39}-1)

5 QACC_H[ 39: @] min(max(QACC_H[ 39: ©] + gx[ 79: 64] * qy[ 79: 64], -2~{39}),
27{39}-1)

6 QACC_H[ 79: 40] min(max(QACC_H[ 79: 40] + gx[ 95: 80] * qy[ 95: 80], -2~{39}),
27{39}-1)

7 QACC_H[119: 80] = min(max(QACC_H[119: 80] + gx[111: 96] * qy[111: 96], -2/{39}),
27 {39}-1)

8 QACC_H[159:120] min(max(QACC_H[159:120] + gx[127:112] * qy[l127:112], -2~{39}),
2~{39}-1)

10 qu[127:0] = loadl28({as[31:4],4{0}})

n as[31:0] = as[31:0] + {22{imm16[5]},imm16[5:0],4{0}}
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1.8.141 EEVMULAS.S16.QACC.LD.IP.QUP

Instruction Word
| 0001 | imm16[5:4] | qui2:1] | qy[0] | gsO[2:0] | qu[0] | gs1[2:0] | gx[1:0] | qy[2:1] | imm16[3:0] | as[3:0] | 1 | ax(2] |

Assembler Syntax

EEVMULAS.S16.QACC.LD.IP.QUP qu, as, imm16, gx, gy, gsO, gsi

Description

This instruction divides registers gx and gy into 8 data segments by 16 bits. Then, the signed multiplication
result of 8 sets of segments is added to the corresponding 40-bit data segment in special registers QACC_H
and QACC_L respectively. The calculated result is saturated to a 40-bit signed number and then stored to the
corresponding 40-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting
consecutive aligned data stored in the two registers gs@ and gs1 and stores it to gs@. The shift byte is stored
in special register SAR_BYTE.

Operation

, QACC_L[ 39: ©] = min(max(QACC_L[ 39: ©] + gx[ 15: ©] * qy[ 15: @], -27{39}),

27{39}-1)

2 QACC_L[ 79: 40] = min(max(QACC_L[ 79: 40] + gx[ 31: 16] * qy[ 31: 16], -2”{39}),
27 {39}-1)

s QACC_L[119: 80] = min(max(QACC_L[119: 80] + gx[ 47: 32] * qy[ 47: 32], -2°{39}),
27{39}-1)

4 QACC_L[159:120] = min(max(QACC_L[159:120] + gx[ 63: 48] * qy[ 63: 48], -2"{39}),
27 {39}-1)

5 QACC_H[ 39: ©] = min(max(QACC_H[ 39: ©] + gx[ 79: 64] * qy[ 79: 64], -2”{39}),
27 {39}-1)

6 QACC_H[ 79: 40] = min(max(QACC_H[ 79: 40] + gx[ 95: 80] * qy[ 95: 80], -27{39}),
27 {39}-1)

7 QACC_H[119: 80] = min(max(QACC_H[119: 80] + gx[111: 96] * qy[111: 96], -27{39}),
27{39}-1)

8 QACC_H[159:120] = min(max(QACC_H[159:120] + gx[127:112] * qy[127:112], -2/{39}),
27 {39}-1)

10 qu[127:0] = loadl28({as[31:4],4{0}})
n as[31:0] = as[31:0] + {22{imml6[5]},imml6[5:0],4{0}}
2 gs@[127:0] = {gsl[127:0], gs@[127:0]1} >> {SAR_BYTE[3:0] << 3}
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1.8.142 EEVMULAS.S16.QACC.LD.XP

Instruction Word
| 1100 | qu[2:1] | qy[0] | 001 | qu[o] | 001 | gx{1:0] | qy[2:1] | ad[3:0] | as[3:0] | 11 | ax(2] |

Assembler Syntax

EEVMULAS.S16.QACC.LD.XP qu, as, ad, gx, qy

Description

This instruction divides registers gx and gy into 8 data segments by 16 bits. Then, the signed multiplication
result of 8 sets of segments is added to the corresponding 40-bit data segment in special registers QACC_H
and QACC_L respectively. The calculated result is saturated to a 40-bit signed number and then stored to the
corresponding 40-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by the value in register ad.

Operation

. QACC_L[ 39: ©] = min(max(QACC_L[ 39: @] + gx[ 15: @] * qy[ 15: @], -2°{39}),

27 {39}-1)

> QACC_L[ 79: 40] = min(max(QACC_L[ 79: 40] + gx[ 31: 16] * qy[ 31: 16], -2°{39}),
27 {39}-1)

3 QACC_L[119: 80] = min(max(QACC_L[119: 80] + gx[ 47: 32] * qy[ 47: 32], -2”{39}),
27 {39}-1)

4+ QACC_L[159:120] = min(max(QACC_L[159:120] + gx[ 63: 48] * qy[ 63: 48], -27{39}),
27 {39}-1)

5 QACC_H[ 39: ©] = min(max(QACC_H[ 39: 0] + gx[ 79: 64] * qy[ 79: 64], -27{39}),
27 {39}-1)

6 QACC_H[ 79: 40] = min(max(QACC_H[ 79: 40] + gx[ 95: 80] * qy[ 95: 80], -27{39}),
27 {39}-1)

7 QACC_H[119: 80] = min(max(QACC_H[119: 80] + gx[111: 96] * qy[111: 96], -2/{39}),
27 {39}-1)

8 QACC_H[159:120] = min(max(QACC_H[159:120] + gx[127:112] * qy[127:112], -2~{39}),
2~{39}-1)

10 qu[127:0] = loadl28({as[31:4],4{0}})
n as[31:0] = as[31:0] + ad[31:09]
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1.8.143 EEVMULAS.S16.QACC.LD.XP.QUP

Instruction Word
| 10101 | qui2:1] | ay[0] | gs0[2:0] | qu[0] | gs1(2:0] | gx(1:0] | qy[2:1] | ad[3:0] | as[3:0] | 11 | ax(2] |

Assembler Syntax

EEVMULAS.S16.QACC.LD.XP.QUP qu, as, ad, gx, gy, gsO, gs1

Description

This instruction divides registers gx and gy into 8 data segments by 16 bits. Then, the signed multiplication
result of 8 sets of segments is added to the corresponding 40-bit data segment in special registers QACC_H
and QACC_L respectively. The calculated result is saturated to a 40-bit signed number and then stored to the
corresponding 40-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by the value in register ad.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting
consecutive aligned data stored in the two registers gse@ and gs1 and stores it to gs@. The shift byte is stored
in special register SAR_BYTE.

Operation

, QACC_L[ 39: ©] = min(max(QACC_L[ 39: ©] + gx[ 15: ©] * qy[ 15: @], -27{39}),

27{39}-1)

2 QACC_L[ 79: 40] = min(max(QACC_L[ 79: 40] + gx[ 31: 16] * qy[ 31: 16], -2”{39}),
27 {39}-1)

s QACC_L[119: 80] = min(max(QACC_L[119: 80] + gx[ 47: 32] * qy[ 47: 32], -2°{39}),
27{39}-1)

4 QACC_L[159:120] = min(max(QACC_L[159:120] + gx[ 63: 48] * qy[ 63: 48], -2"{39}),
27 {39}-1)

5 QACC_H[ 39: ©] = min(max(QACC_H[ 39: ©] + gx[ 79: 64] * qy[ 79: 64], -2”{39}),
27 {39}-1)

6 QACC_H[ 79: 40] = min(max(QACC_H[ 79: 40] + gx[ 95: 80] * qy[ 95: 80], -27{39}),
27 {39}-1)

7 QACC_H[119: 80] = min(max(QACC_H[119: 80] + gx[111: 96] * qy[111: 96], -27{39}),
27{39}-1)

8 QACC_H[159:120] = min(max(QACC_H[159:120] + gx[127:112] * qy[127:112], -2/{39}),
27 {39}-1)

10 qu[127:0] = loadl28({as[31:4],4{0}})
n as[31:0] = as[31:0] + ad[31:9]
2 gs@[127:0] = {gsl[127:0], gs@[127:0]1} >> {SAR_BYTE[3:0] << 3}
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1.8.144 EEVMULAS.S16.QACC.LDBC.INCP

Instruction Word
100 | qui2] | o | qui | qyi2] | quio] | ay(1:0] | gx(2:0] | as[3:0] | 0100 |

Assembler Syntax

EEVMULAS.S16.QACC.LDBC.INCP qu, as, gx, gy

Description

This instruction divides registers gx and gy into 8 data segments by 16 bits. Then, the signed multiplication
result of 8 sets of segments is added to the corresponding 40-bit data segment in special registers QACC_H
and QACC_L respectively. The calculated result is saturated to a 40-bit signed number and then stored to the
corresponding 40-bit data segment in QACC_H and QACC_L.

At the same time, this instruction forces the lower 1 bit of the access address in register as to O, loads 16-bit
data from memory, and broadcasts it to the eight 16-bit data segments in register qu. After the access, the
value in register as is incremented by 2.

Operation

. QACC_L[ 39: ©] = min(max(QACC_L[ 39: @] + gx[ 15: @] * qy[ 15: @], -2°{39}),

27 {39}-1)

> QACC_L[ 79: 40] = min(max(QACC_L[ 79: 40] + gx[ 31: 16] * qy[ 31: 16], -2°{39}),
27 {39}-1)

3 QACC_L[119: 80] = min(max(QACC_L[119: 80] + gx[ 47: 32] * qy[ 47: 32], -2”{39}),
27 {39}-1)

4+ QACC_L[159:120] = min(max(QACC_L[159:120] + gx[ 63: 48] * qy[ 63: 48], -27{39}),
27 {39}-1)

5 QACC_H[ 39: ©] = min(max(QACC_H[ 39: 0] + gx[ 79: 64] * qy[ 79: 64], -27{39}),
27 {39}-1)

6 QACC_H[ 79: 40] = min(max(QACC_H[ 79: 40] + gx[ 95: 80] * qy[ 95: 80], -27{39}),
27 {39}-1)

7 QACC_H[119: 80] = min(max(QACC_H[119: 80] + gx[111: 96] * qy[111: 96], -2/{39}),
27 {39}-1)

8 QACC_H[159:120] = min(max(QACC_H[159:120] + gx[127:112] * qy[127:112], -2~{39}),
2~{39}-1)

10 qu[127:0] = {8{load16({as[31:1],1{0}})}}
n as[31:0] = as[31:0] + 2
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1.8.145 EEVMULAS.S16.QACC.LDBC.INCP.QUP

Instruction Word
| 000 | qu[2:1] | aylo] | gso[2:0] | quo] | gsi[2:0] | gx{1:0] | ay[2:1] | 1000 | as[3:0] | m | gx[2] |

Assembler Syntax

EEVMULAS.S16.QACC.LDBC.INCP.QUP qu, as, gx, gy, gs0, gs1

Description

This instruction divides registers gx and gy into 8 data segments by 16 bits. Then, the signed multiplication
result of 8 sets of segments is added to the corresponding 40-bit data segment in special registers QACC_H
and QACC_L respectively. The calculated result is saturated to a 40-bit signed number and then stored to the
corresponding 40-bit data segment in QACC_H and QACC_L.

At the same time, this instruction forces the lower 1 bit of the access address in register as to O, loads 16-bit
data from memory, and broadcasts it to the eight 16-bit data segments in register qu. After the access, the
value in register as is incremented by 2.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting
consecutive aligned data stored in the two registers gs@ and gs1 and stores it to gs@. The shift byte is stored
in special register SAR_BYTE.

Operation

, QACC_L[ 39: ©] = min(max(QACC_L[ 39: ©] + gx[ 15: ©] * qy[ 15: @], -27{39}),

27{39}-1)

2 QACC_L[ 79: 40] = min(max(QACC_L[ 79: 40] + gx[ 31: 16] * qy[ 31: 16], -2”{39}),
27 {39}-1)

s QACC_L[119: 80] = min(max(QACC_L[119: 80] + gx[ 47: 32] * qy[ 47: 32], -2°{39}),
27{39}-1)

4 QACC_L[159:120] = min(max(QACC_L[159:120] + gx[ 63: 48] * qy[ 63: 48], -2"{39}),
27 {39}-1)

5 QACC_H[ 39: ©] = min(max(QACC_H[ 39: ©] + gx[ 79: 64] * qy[ 79: 64], -2”{39}),
27 {39}-1)

6 QACC_H[ 79: 40] = min(max(QACC_H[ 79: 40] + gx[ 95: 80] * qy[ 95: 80], -27{39}),
27 {39}-1)

7 QACC_H[119: 80] = min(max(QACC_H[119: 80] + gx[111: 96] * qy[111: 96], -27{39}),
27{39}-1)

8 QACC_H[159:120] = min(max(QACC_H[159:120] + gx[127:112] * qy[127:112], -2/{39}),
27 {39}-1)

10 qu[127:0] = {8{loadi6({as[31:1],1{0}})}}
n as[31:0] = as[31:0] + 2
2 gs@[127:0] = {gsl1[127:0], gs@[127:0]} >> {SAR_BYTE[3:0] << 3}
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1.8.146 EEVMULAS.S8.ACCX

Instruction Word
| 000110100 | qy2] | 0 | qy[1:0] | gx(2:0] | 11000100

Assembler Syntax

EEVMULAS.S8.ACCX gx, qy

Description

This instruction divides registers gx and gy into 16 data segments by 8 bits. Then, it performs a signed
multiply-accumulate operation on the 16 sets of segments respectively. The accumulated result is added to
the value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

Operation

1 addo[15:09]

2 addi[15:09]

3 P

4 add15[15:0] = gx[127:120] * qy[127:120]

5 sum[40:0] = ACCX[39:0] + ad[31:0]do[15:0] + ad[31:0]d1[15:0] + ... + ad[31:0]d
15[15:0]

gx[ 7: @] * qy[ 7: @]
gx[ 15: 8] * qy[ 15: 8]

7 ACCX[39:0] = min(max(sum[40:0], -27{39}), 2/{39}-1)
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1.8.147 EEVMULAS.S8.ACCX.LD.IP

Instruction Word
| 1m | imm16[5:4] | qu[2:1] | ay[0] | 000 | qu[o] | 010 | gx{1:0] | ay[2:1] | imm16[3:0] | as[3:0] | 11 | gx(2] |

Assembler Syntax

EEVMULAS.S8.ACCX.LD.IP qu, as, -512..496, gx, qy

Description

This instruction divides registers gx and gy into 16 data segments by 8 bits. Then, it performs a signed
multiply-accumulate operation on the 16 sets of segments respectively. The accumulated result is added to
the value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 addo[15:0] gx[ 7: @] *qy[ 7: @]

2 addi[15:0] = gx[ 15: 8] * qy[ 15: 8]

3 -

s add15[15:0] = gx[127:120] * qy[127:120]

5 sum[40:0] = ACCX[39:0] + ad[31:0]do[15:0] + ad[31:0]d1[15:0] + ... + ad[31:0]d
15[15:0]

7 qu[127:0] = loadl28({as[31:4],4{0}})
8 as[31:0] = as[31:0] + {20{imm16[7]1},imm16[7:0],4{0}}
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1.8.148 EEVMULAS.S8.ACCX.LD.IP.QUP

Instruction Word
| 0010 | imm16[5:4] | qui2:1] | qy[0] | gsO[2:0] | qu[0] | gs1[2:0] | gx[1:0] | qy[2:1] | imm16[3:0] | as[3:0] | 11 | ax(2] |

Assembler Syntax

EEVMULAS.S8.ACCX.LD.IP.QUP qu, as, imm16, gx, qy, gsO, gs1

Description

This instruction divides registers gx and gy into 16 data segments by 8 bits. Then, it performs a signed
multiply-accumulate operation on the 16 sets of segments respectively. The accumulated result is added to
the value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting
consecutive aligned data stored in the two registers gs@ and gs1 and stores it to gse. The shift byte is stored
in special register SAR_BYTE.

Operation

. adde[15:0]

. addl[15:0]

3 [

. addl5[15:0] = gx[127:120] * qy[127:120]

s sum[40:0] = ACCX[39:0] + ad[31:0]d0[15:0] + ad[31:0]d1[15:0] + ... + ad[31:0]d
15[15:0]

gx[ 7: @] *qy[ 7: @]
gx[ 15: 8] * qy[ 15: 8]

7 qu[127:0] = loadl28({as[31:4],4{0}})
8 as[31:0] = as[31:0] + {20{imm1i6[7]},imm16[7:0],4{0}}
0 gse[127:0] = {gsl[127:0], gs@[127:0]} >> {SAR_BYTE[3:0] << 3}
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1.8.149 EEVMULAS.S8.ACCX.LD.XP

Instruction Word
| 1mM00 | qu[2:1] | ay[0] | 001 | qu[o] | 010 | gx{1:0] | qy[2:1] | ad[3:0] | as[3:0] | 11 | ax(2] |

Assembler Syntax

EEVMULAS.S8.ACCX.LD.XP qu, as, ad, gx, qy

Description

This instruction divides registers gx and gy into 16 data segments by 8 bits. Then, it performs a signed
multiply-accumulate operation on the 16 sets of segments respectively. The accumulated result is added to
the value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by the value in register ad.

Operation

1 addo[15:0] gx[ 7: @] *qy[ 7: @]

2 addi[15:0] = gx[ 15: 8] * qy[ 15: 8]

3 -

. add15[15:0] = gx[127:120] * qy[127:120]

5 sum[40:0] = ACCX[39:0] + ad[31:0]do[15:0] + ad[31:0]d1[15:0] + ... + ad[31:0]1d
15[15:0]

6 ACCX[39:0] = min(max(sum[40:0], -27{39}), 2/{39}-1)

8 qu[127:0] = loadl28({as[31:4],4{0}})
9 as[31:0] = as[31:0] + ad[31:09]
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1.8.150 EE.VMULAS.S8.ACCX.LD.XP.QUP

Instruction Word
| 100 | qui2:1] | ay[0] | gs0[2:0] | qu[0] | gs1[2:0] | ax{1:0] | qy[2:1] | ad[3:0] | as[3:0] | 11 | qx(2] |

Assembler Syntax

EEVMULAS.S8.ACCX.LD.XP.QUP qu, as, ad, gx, gy, gsO, gs1

Description

This instruction divides registers gx and gy into 16 data segments by 8 bits. Then, it performs a signed
multiply-accumulate operation on the 16 sets of segments respectively. The accumulated result is added to
the value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by the value in register ad.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting
consecutive aligned data stored in the two registers gs@ and gs1 and stores it to gs@. The shift byte is stored
in special register SAR_BYTE.

Operation

! addo[15:0]

2 addi[15:0]

3 -

. add15[15:0] = gx[127:120] * qy[127:120]

5 sum[40:0] = ACCX[39:0] + ad[31:0]do[15:0] + ad[31:0]d1[15:0] + ... + ad[31:0]d
15[15:0]

6 ACCX[39:0] = min(max(sum[40:0], -27{39}), 2~{39}-1)

gx[ 7: @] *qy[ 7: @]
gx[ 15: 8] * qy[ 15: 8]

8 qu[127:0] = loadl28({as[31:4],4{0}})
9 as[31:0] = as[31:0] + ad[31:09]
10 gse[127:0] = {gs1[127: 0], gs@[127: @]} >> {SAR_BYTE[3:0] << 3}
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1.8.151 EEVMULAS.S8.QACC

Instruction Word
| 000110100 | ay2] | 1| ay[1:0] | gx(2:0] | 11000100

Assembler Syntax

EEVMULAS.S8.QACC gx, qy

Description

This instruction divides registers gx and gy into 16 data segments by 8 bits. Then, the signed multiplication
result of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers
QACC_H and QACC_L respectively. The calculated result is saturated to a 20-bit signed number and then
stored to the corresponding 20-bit data segment in QACC_H and QACC_L.

Operation

1 QACC_L[ 19: ©] = min(max(QACC_L[ 19: ©] + gx[ 7: @] * qy[ 7: @], -27{19}),
27{19}-1)

> QACC_L[ 39: 20] = min(max(QACC_L[ 39: 20] + gx[ 15: 8] * qy[ 15: 8], -2/{19}),
27{19}-1)

3 QACC_L[ 59: 40] min(max(QACC_L[ 59: 40] gx[ 23: 16] qy[ 23: 16], -2~{19}),
27{19}-1)

4 QACC_L[ 79: 60] min(max(QACC_L[ 79: 60] gx[ 31: 24] qy[ 31: 24], -2~{19}),
27{19}-1)

s QACC_L[ 99: 80] = min(max(QACC_L[ 99: 80] + gx[ 39: 32] * qy[ 39: 32], -2°{19}),
27{19}-1)

6 QACC_L[119:100] = min(max(QACC_L[119:100] + gx[ 47: 40] * qy[ 47: 40], -2/{19}),
27{19}-1)

7 QACC_L[139:120] min(max(QACC_L[139:120] gx[ 55: 48] qy[ 55: 48], -2~{19}),
2r{19}-1)

& QACC_L[159:140] = min(max(QACC_L[159:140] + gx[ 63: 56] * qy[ 63: 56], -2°{19}),
27{19}-1)

o QACC_H[ 19: ©] = min(max(QACC_H[ 19: @] + gx[ 71: 64] * qy[ 71: 64], -2/{19}),
27{19}-1)

10 QACC_H[ 39: 290] min(max(QACC_H[ 39: 20] gx[ 79: 72] qy[ 79: 721, -2~{19}),
27{19}-1)

M QACC_H[ 59: 40] = min(max(QACC_H[ 59: 40] + gx[ 87: 80] * qy[ 87: 80], -2~{19}),
27{19}-1)

2 QACC_H[ 79: 60] = min(max(QACC_H[ 79: 60] + gx[ 95: 88] * qy[ 95: 88], -2°{19}),
2r{19}-1)

13 QACC_H[ 99: 80] min(max(QACC_H[ 99: 80] gx[1e3: 96] qy[103: 96], -27{19}),
27{19}-1)

u QACC_H[119:100] = min(max(QACC_H[119:100] + gx[111:104] * qy[111:104], -2A{19}),
27{19}-1)

1 QACC_H[139:120] min(max(QACC_H[139:120] gx[119:112] qy[119:112], -2~{19}),
27{19}-1)

16 QACC_H[159:140] min(max(QACC_H[159:140] gx[127:120] qy[127:120], -2~{19}),
27{19}-1)
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1.8.152 EEVMULAS.S8.QACC.LD.IP

Instruction Word

| 1m | imm16[5:4] | qui2:1] | ay[0] | 000 | qu[o] | on | gx{1:0] | ay[2:1] | imm16[3:0] | as[3:0] | 11 | ax(2] |
This instruction divides registers gx and gy into 16 data segments by 8 bits. Then, the signed multiplication
result of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers
QACC_H and QACC_L respectively. The calculated result is saturated to a 20-bit signed number and then
stored to the corresponding 20-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

Assembler Syntax

EEVMULAS.S8.QACC.LD.IP qu, as, imm16, gx, qy

Description

Operation

1 QACC_L[ 19: ©] = min(max(QACC_L[ 19: ©] + gx[ 7: @] * qy[ 7: @], -27{19}),

27 {19}-1)

2 QACC_L[ 39: 20] = min(max(QACC_L[ 39: 20] + gx[ 15: 8] * qy[ 15: 8], -2A{19}),
27{19}-1)

3 QACC_L[ 59: 40] = min(max(QACC_L[ 59: 40] + gx[ 23: 16] * qy[ 23: 16], -2~{19}),
2r{19}-1)

+  QACC_L[ 79: 60] = min(max(QACC_L[ 79: 60] + gx[ 31: 24] * qy[ 31: 24], -2/{19}),
27{19}-1)

5 QACC_L[ 99: 80] = min(max(QACC_L[ 99: 80] + gx[ 39: 32] * qy[ 39: 32], -2~{19}),
27{19}-1)

6 QACC_L[119:100] = min(max(QACC_L[119:100] + gx[ 47: 40] * qy[ 47: 40], -2°{19}),
27{19}-1)

7 QACC_L[139:120] = min(max(QACC_L[139:120] + gx[ 55: 48] * qy[ 55: 48], -27{19}),
27{19}-1)

e QACC_L[159:140] = min(max(QACC_L[159:140] + gx[ 63: 56] * qy[ 63: 56], -2°{19}),
27 {19}-1)

s QACC_H[ 19: @] = min(max(QACC_H[ 19: @] + gx[ 71: 64] * qy[ 71: 64], -2/{19}),
27{19}-1)

10 QACC_H[ 39: 20] = min(max(QACC_H[ 39: 20] + gx[ 79: 72] * qy[ 79: 72], -2~{19}),
27{19}-1)

n QACC_H[ 59: 40] = min(max(QACC_H[ 59: 40] + gx[ 87: 80] * qy[ 87: 80], -2~{19}),
27{19}-1)

2 QACC_H[ 79: 60] = min(max(QACC_H[ 79: 60] + gx[ 95: 88] * qy[ 95: 88], -2”{19}),
27 {19}-1)

3 QACC_H[ 99: 80] = min(max(QACC_H[ 99: 80] + gx[103: 96] * qy[103: 96], -2”{19}),
2r{19}-1)

1 QACC_H[119:100] = min(max(QACC_H[119:100] + gx[111:104] * qy[l1l11l:104], -2~{19}),
27{19}-1)

5 QACC_H[139:120] = min(max(QACC_H[139:120] + gx[119:112] * qy[119:112], -2A{19}),
27 {19}-1)

16 QACC_H[159:140] = min(max(QACC_H[159:140] + gx[127:120] * qy[127:120], -2”{19}),
2A{19}-1)

1 qu[127:0] = loadl28({as[31:4],4{0}})
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19 as[31:0] = as[31:0] + {22{imml6[5]},imm16[5:0],4{0}}
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1.8.153 EEVMULAS.S8.QACC.LD.IP.QUP

Instruction Word
| 0on | imm16[5:4] | qu2:1] | ay[0] | gso[2:0] | qu[0] | gs1[2:0] | gx[1:0] | qy[2:1] | imm16[3:0] | as[3:0] | 1 | ax(2] |

Assembler Syntax

EEVMULAS.S8.QACC.LD.IP.QUP qu, as, imm16, gx, gy, gs0, gs1

Description

This instruction divides registers gx and gy into 16 data segments by 8 bits. Then, the signed multiplication
result of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers
QACC_H and QACC_L respectively. The calculated result is saturated to a 20-bit signed number and then
stored to the corresponding 20-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting the two
registers gs@ and gs1 that store consecutive aligned data and stores it to gs@. The shift byte is stored in
special register SAR_BYTE.

Operation

1 QACC_L[ 19: ©] = min(max(QACC_L[ 19: ©] + gx[ 7: ©] * qy[ 7: @], -2~{19}),

2r{19}-1)

2 QACC_L[ 39: 20] = min(max(QACC_L[ 39: 20] + gx[ 15: 8] * qy[ 15: 8], -2~{19}),
27{19}-1)

s QACC_L[ 59: 40] = min(max(QACC_L[ 59: 40] + gx[ 23: 16] * qy[ 23: 16], -2°{19}),
27 {19}-1)

4 QACC_L[ 79: 60] = min(max(QACC_L[ 79: 60] + gx[ 31: 24] * qy[ 31: 24], -2~{19}),
27{19}-1)

5 QACC_L[ 99: 80] = min(max(QACC_L[ 99: 80] + gx[ 39: 32] * qy[ 39: 32], -2~{19}),
27 {19}-1)

6 QACC_L[119:100] = min(max(QACC_L[119:100] + gx[ 47: 40] * qy[ 47: 40], -27{19}),
27{19}-1)

7 QACC_L[139:120] = min(max(QACC_L[139:120] + gx[ 55: 48] * qy[ 55: 48], -27{19}),
27 {19}-1)

8 QACC_L[159:140] = min(max(QACC_L[159:140] + gx[ 63: 56] * qy[ 63: 56], -2”{19}),
27{19}-1)

9 QACC_H[ 19: ©] = min(max(QACC_H[ 19: ©] + gx[ 71: 64] * qy[ 71: 64], -2~{19}),
2r{19}-1)

o QACC_H[ 39: 20] = min(max(QACC_H[ 39: 20] + gx[ 79: 72] * qy[ 79: 72], -2°{19}),
27{19}-1)

n QACC_H[ 59: 40] = min(max(QACC_H[ 59: 40] + gx[ 87: 80] * qy[ 87: 80], -2”{19}),
27{19}-1)

12 QACC_H[ 79: 60] = min(max(QACC_H[ 79: 60] + gx[ 95: 88] * qy[ 95: 88], -2~{19}),
27{19}-1)

3 QACC_H[ 99: 80] = min(max(QACC_H[ 99: 80] + gx[103: 96] * qy[103: 96], -27{19}),
27{19}-1)

" QACC_H[119:100] = min(max(QACC_H[119:100] + qx[111:104] * qy[111:104], -2/{19}),
27 {19}-1)

15 QACC_H[139:120] = min(max(QACC_H[139:120] + gx[119:112] * qy[119:112], -2~{19}),
27{19}-1)
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¢ QACC_H[159:140] = min(max(QACC_H[159:140] + gqx[127:120] * qy[127:120], -2°{19}),
27 {19}-1)

8 qu[127:0] = loadl28({as[31:4],4{0}})
0 as[31:0] = as[31:0] + {22{imm16[5]},imm16[5:0],4{0}}
w0  gse[127:0] = {gsl[127:0], gs@[127:0]} >> {SAR_BYTE[3:0] << 3}

Espressif Systems 231 ESP32-S3 TRM (Version 1.6)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.6

Chapter 1 Processor Instruction Extensions (PIE) GoBack

1.8.154 EEVMULAS.S8.QACC.LD.XP

Instruction Word
| 100 | qui2:1] | ay[0] | 001 | qu[o] | o1t | gx1:0] | qy[2:1] | ad[3:0] | as[3:0] | 1 | ax(2] |

Assembler Syntax

EEVMULAS.S8.QACC.LD.XP qu, as, ad, gx, qy

Description

This instruction divides registers gx and gy into 16 data segments by 8 bits. Then, the signed multiplication
result of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers
QACC_H and QACC_L respectively. The calculated result is saturated to a 20-bit signed number and then
stored to the corresponding 20-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by the value in register ad.

Operation

1 QACC_L[ 19: ©] = min(max(QACC_L[ 19: ©] + gx[ 7: ©] * qy[ 7: @], -2~{19}),

2A{19}-1)

> QACC_L[ 39: 20] = min(max(QACC_L[ 39: 20] + gx[ 15: 8] * qy[ 15: 8], -2°{19}),
27{19}-1)

3 QACC_L[ 59: 40] = min(max(QACC_L[ 59: 40] + gx[ 23: 16] * qy[ 23: 16], -2”{19}),
2A{19}-1)

4 QACC_L[ 79: 60] = min(max(QACC_L[ 79: 60] + gx[ 31: 24] * qy[ 31: 24], -2~{19}),
27 {19}-1)

5 QACC_L[ 99: 80] = min(max(QACC_L[ 99: 80] + gx[ 39: 32] * qy[ 39: 32], -27{19}),
2A{19}-1)

6 QACC_L[119:100] = min(max(QACC_L[119:100] + gx[ 47: 40] * qy[ 47: 40], -27{19}),
27{19}-1)

7 QACC_L[139:120] = min(max(QACC_L[139:120] + gx[ 55: 48] * qy[ 55: 48], -2/{19}),
2A{19}-1)

8 QACC_L[159:140] = min(max(QACC_L[159:140] + gx[ 63: 56] * qy[ 63: 56], -2~{19}),
2r{19}-1)

9 QACC_H[ 19: ©] = min(max(QACC_H[ 19: ©] + gx[ 71: 64] * qy[ 71: 64], -27{19}),
2 {19}-1)

10 QACC_H[ 39: 20] = min(max(QACC_H[ 39: 20] + gx[ 79: 72] * qy[ 79: 72], -2”{19}),
27 {19}-1)

n QACC_H[ 59: 40] = min(max(QACC_H[ 59: 40] + gx[ 87: 80] * qy[ 87: 80], -2~{19}),
27{19}-1)

2 QACC_H[ 79: 60] = min(max(QACC_H[ 79: 60] + gx[ 95: 88] * qy[ 95: 88], -27{19}),
2 {19}-1)

s QACC_H[ 99: 80] = min(max(QACC_H[ 99: 80] + gx[103: 96] * qy[103: 96], -27{19}),
27{19}-1)

14 QACC_H[119:100] = min(max(QACC_H[119:100] + gx[111:104] * qy[l1l1l:104], -2~{19}),
2A{19}-1)

s QACC_H[139:120] = min(max(QACC_H[139:120] + gx[119:112] * qy[119:112], -2/{19}),
27{19}-1)

6 QACC_H[159:140] = min(max(QACC_H[159:140] + gx[127:120] * qy[127:120], -27{19}),
2A{19}-1)

17
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B qu[127:0] = loadl28({as[31:4],4{0}})
19 as[31:0] = as[31:0] + ad[31:09]
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1.8.185 EEVMULAS.S8.QACC.LD.XP.QUP

Instruction Word
| 10111 | qui2:1] | ay[0] | gs0[2:0] | qu[0] | gs1(2:0] | gx(1:0] | qy[2:1] | ad[3:0] | as[3:0] | 1 | ax(2] |

Assembler Syntax

EEVMULAS.S8.QACC.LD.XP.QUP qu, as, ad, gx, qy, gs0O, gs1

Description

This instruction divides registers gx and gy into 16 data segments by 8 bits. Then, the signed multiplication
result of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers
QACC_H and QACC_L respectively. The calculated result is saturated to a 20-bit signed number and then

stored to the corresponding 20-bit data segment in QACC_H and QACC_L.
During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by the value in register ad.
At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting
consecutive aligned data stored in the two registers gse@ and gs1 and stores it to gs@. The shift byte is stored

in special register SAR_BYTE.

Operation

1 QACC_L[ 19: 0] min(max(QACC_L[ 19: 0] gx[ 7: 0] qy[ 7: @], -2~{19}),
2r{19}-1)

2 QACC_L[ 39: 20] min(max(QACC_L[ 39: 20] gx[ 15: 8] qy[ 15: 8], -2~{19}),
27{19}-1)

s QACC_L[ 59: 40] = min(max(QACC_L[ 59: 40] + gx[ 23: 16] * qy[ 23: 16], -2°{19}),
27{19}-1)

4 QACC_L[ 79: 60] min(max(QACC_L[ 79: 60] gx[ 31: 24] qy[ 31: 24], -2~{19}),
27{19}-1)

5 QACC_L[ 99: 80] min(max(QACC_L[ 99: 80] gx[ 39: 32] qy[ 39: 32], -2~{19}),
27 {19}-1)

6 QACC_L[119:100] min(max(QACC_L[119:100] gx[ 47: 40] qy[ 47: 40], -2~{19}),
27{19}-1)

7 QACC_L[139:120] min(max(QACC_L[139:120] gx[ 55: 48] qy[ 55: 48], -2~{19}),
27{19}-1)

8 QACC_L[159:140] min(max(QACC_L[159:140] gx[ 63: 56] qy[ 63: 56], -2~{19}),
27{19}-1)

9 QACC_H[ 19: 0] min(max(QACC_H[ 19: 0] gx[ 71: 64] qy[ 71: 64], -2~{19}),
2r{19}-1)

o QACC_H[ 39: 20] = min(max(QACC_H[ 39: 20] + gx[ 79: 72] * qy[ 79: 72], -2°{19}),
27{19}-1)

n QACC_H[ 59: 40] min(max(QACC_H[ 59: 40] gx[ 87: 80] qy[ 87: 80], -2~{19}),
27 {19}-1)

12 QACC_H[ 79: 60] min(max(QACC_H[ 79: 60] gx[ 95: 88] qy[ 95: 88], -2~{19}),
27{19}-1)

3 QACC_H[ 99: 80] min(max(QACC_H[ 99: 80] gx[103: 96] qy[103: 96], -2~{19}),
27{19}-1)

" QACC_H[119:100] = min(max(QACC_H[119:100] + qx[111:104] * qy[111:104], -2/{19}),
27{19}-1)

15 QACC_H[139:120] min(max(QACC_H[139:120] gx[119:112] qy[119:112], -2~{19}),
27{19}-1)
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¢ QACC_H[159:140] = min(max(QACC_H[159:140] + gqx[127:120] * qy[127:120], -2°{19}),
27 {19}-1)

8 qu[127:0] = loadl28({as[31:4],4{0}})
19 as[31:0] = as[31:0] + ad[31:09]
20 gse[127:0] = {gsl[127:0], qs@[127:0]} >> {SAR_BYTE[3:0] << 3}
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1.8.156 EE.VMULAS.S8.QACC.LDBC.INCP

Instruction Word
101 | qui2] | om | quiy | qyte] | quio] | ay1:0] | ax2:0] | as[3:0] | 0100 |

Assembler Syntax

EEVMULAS.S8.QACC.LDBC.INCP qu, as, gx, qy

Description

This instruction divides registers gx and gy into 16 data segments by 8 bits. Then, the signed multiplication
result of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers
QACC_H and QACC_L respectively. The calculated result is saturated to a 20-bit signed number and then
stored to the corresponding 20-bit data segment in QACC_H and QACC_L.

At the same time, this instruction loads 8-bit data from memory at the address given by the access register as
and broadcasts it to the 16 8-bit data segments in register qu. After the access, the value in register as is
incremented by 1.

Operation

1 QACC_L[ 19: ©] = min(max(QACC_L[ 19: ©] + gx[ 7: ©] * qy[ 7: @], -2~{19}),

2A{19}-1)

> QACC_L[ 39: 20] = min(max(QACC_L[ 39: 20] + gx[ 15: 8] * qy[ 15: 8], -2°{19}),
27{19}-1)

3 QACC_L[ 59: 40] = min(max(QACC_L[ 59: 40] + gx[ 23: 16] * qy[ 23: 16], -2”{19}),
2A{19}-1)

4 QACC_L[ 79: 60] = min(max(QACC_L[ 79: 60] + gx[ 31: 24] * qy[ 31: 24], -2~{19}),
27 {19}-1)

5 QACC_L[ 99: 80] = min(max(QACC_L[ 99: 80] + gx[ 39: 32] * qy[ 39: 32], -27{19}),
2A{19}-1)

6 QACC_L[119:100] = min(max(QACC_L[119:100] + gx[ 47: 40] * qy[ 47: 40], -27{19}),
27{19}-1)

7 QACC_L[139:120] = min(max(QACC_L[139:120] + gx[ 55: 48] * qy[ 55: 48], -2/{19}),
2A{19}-1)

8 QACC_L[159:140] = min(max(QACC_L[159:140] + gx[ 63: 56] * qy[ 63: 56], -2~{19}),
2r{19}-1)

9 QACC_H[ 19: ©] = min(max(QACC_H[ 19: ©] + gx[ 71: 64] * qy[ 71: 64], -27{19}),
2 {19}-1)

10 QACC_H[ 39: 20] = min(max(QACC_H[ 39: 20] + gx[ 79: 72] * qy[ 79: 72], -2”{19}),
27 {19}-1)

n QACC_H[ 59: 40] = min(max(QACC_H[ 59: 40] + gx[ 87: 80] * qy[ 87: 80], -2~{19}),
27{19}-1)

2 QACC_H[ 79: 60] = min(max(QACC_H[ 79: 60] + gx[ 95: 88] * qy[ 95: 88], -27{19}),
2 {19}-1)

s QACC_H[ 99: 80] = min(max(QACC_H[ 99: 80] + gx[103: 96] * qy[103: 96], -27{19}),
27{19}-1)

14 QACC_H[119:100] = min(max(QACC_H[119:100] + gx[111:104] * qy[l1l1l:104], -2~{19}),
2A{19}-1)

s QACC_H[139:120] = min(max(QACC_H[139:120] + gx[119:112] * qy[119:112], -2/{19}),
27{19}-1)

6 QACC_H[159:140] = min(max(QACC_H[159:140] + gx[127:120] * qy[127:120], -27{19}),
2A{19}-1)

17
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B qu[127:0] = {16{load8(as[31:0])}}
19 as[31:0] = as[31:0] + 1
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1.8.157 EEVMULAS.S8.QACC.LDBC.INCP.QUP

Instruction Word
| 000 | qu[2:1] | ayl0] | gso[2:0] | qulo] | gsi[2:0] | gx{1:0] | ay[2:1] | 1001 | as[3:0] | m | (2] |

Assembler Syntax

EEVMULAS.S8.QACC.LDBC.INCP.QUP qu, as, gx, gy, gsO, gs1

Description

This instruction divides registers gx and gy into 16 data segments by 8 bits. Then, the signed multiplication
result of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers
QACC_H and QACC_L respectively. The calculated result is saturated to a 20-bit signed number and then
stored to the corresponding 20-bit data segment in QACC_H and QACC_L.

At the same time, this instruction loads 8-bit data from memory at the address given by the access register as
and broadcasts it to the 16 8-bit data segments in register qu. After the access, the value in register as is
incremented by 1.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting
consecutive aligned data stored in the two registers gs@ and gs1 and stores it to gs@. The shift byte is stored
in special register SAR_BYTE.

Operation

1 QACC_L[ 19: ©] = min(max(QACC_L[ 19: ©] + gx[ 7: ©] * qy[ 7: @], -2~{19}),

2r{19}-1)

2 QACC_L[ 39: 20] = min(max(QACC_L[ 39: 20] + gx[ 15: 8] * qy[ 15: 8], -2~{19}),
27{19}-1)

s QACC_L[ 59: 40] = min(max(QACC_L[ 59: 40] + gx[ 23: 16] * qy[ 23: 16], -2°{19}),
27 {19}-1)

4 QACC_L[ 79: 60] = min(max(QACC_L[ 79: 60] + gx[ 31: 24] * qy[ 31: 24], -2~{19}),
27{19}-1)

5 QACC_L[ 99: 80] = min(max(QACC_L[ 99: 80] + gx[ 39: 32] * qy[ 39: 32], -2~{19}),
27 {19}-1)

6 QACC_L[119:100] = min(max(QACC_L[119:100] + gx[ 47: 40] * qy[ 47: 40], -27{19}),
27{19}-1)

7 QACC_L[139:120] = min(max(QACC_L[139:120] + gx[ 55: 48] * qy[ 55: 48], -27{19}),
27 {19}-1)

8 QACC_L[159:140] = min(max(QACC_L[159:140] + gx[ 63: 56] * qy[ 63: 56], -2”{19}),
27{19}-1)

9 QACC_H[ 19: ©] = min(max(QACC_H[ 19: ©] + gx[ 71: 64] * qy[ 71: 64], -2~{19}),
2r{19}-1)

o QACC_H[ 39: 20] = min(max(QACC_H[ 39: 20] + gx[ 79: 72] * qy[ 79: 72], -2°{19}),
27{19}-1)

n QACC_H[ 59: 40] = min(max(QACC_H[ 59: 40] + gx[ 87: 80] * qy[ 87: 80], -2”{19}),
27{19}-1)

12 QACC_H[ 79: 60] = min(max(QACC_H[ 79: 60] + gx[ 95: 88] * qy[ 95: 88], -2~{19}),
27{19}-1)

3 QACC_H[ 99: 80] = min(max(QACC_H[ 99: 80] + gx[103: 96] * qy[103: 96], -27{19}),
27{19}-1)

" QACC_H[119:100] = min(max(QACC_H[119:100] + qx[111:104] * qy[111:104], -2/{19}),
27 {19}-1)

15 QACC_H[139:120] = min(max(QACC_H[139:120] + gx[119:112] * qy[119:112], -2~{19}),
27{19}-1)
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¢ QACC_H[159:140] = min(max(QACC_H[159:140] + gqx[127:120] * qy[127:120], -2°{19}),
27 {19}-1)

8 qu[127:0] = {16{load8(as[31:0])}}
19 as[31:0] = as[31:0] + 1
20 gse[127:0] = {gsl[127:0], qs@[127:0]} >> {SAR_BYTE[3:0] << 3}
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1.8.158 EEVMULAS.U16.ACCX

Instruction Word
| 000010100 | qy[2] | O | qy[1:0] | gx(2:0] | 10000100

Assembler Syntax

EEVMULAS.U16.ACCX gx, qy

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, it performs an unsigned
multiply-accumulate operation on the 8 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

Operation

1 addo[31:9]

2 add1[31:0]

3

4 add7[31:0] gx[127:112] * qy[127:112]

5 sum[40:0] = ACCX[39:0] + ad[31:0]do[31:0] + ad[31:0]d1[31:0] + ... + ad[31:0]d
7[31:0]

gx[ 15: @] * qy[ 15: @]
gx[ 31: 16] * qy[ 31: 16]

7 ACCX[39:0] = min(max(sum[40:0], @), 2~{40}-1)
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1.8.159 EEVMULAS.U16.ACCX.LD.IP

Instruction Word
| 1m | imm16[5:4] | qui2:1] | ay[0] | 000 | qu[0] | 100 | gx{1:0] | ay[2:1] | imm16[3:0] | as[3:0] | M | ax(2] |

Assembler Syntax

EEVMULAS.U16.ACCX.LD.IP qu, as, -512..496, gx, qy

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, it performs an unsigned
multiply-accumulate operation on the 8 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 addo[31:0] gx[ 15: @] * qy[ 15: @]

2 addi[31:0] = gx[ 31: 16] * qy[ 31: 16]

3 -

. add7[31:0] = gx[127:112] * qy[127:112]

5 sum[40:0] = ACCX[39:0] + ad[31:0]do[31:0] + ad[31:0]d1[31:0] + ... + ad[31:0]1d
7[31:0]

6 ACCX[40:0] = min(max(sum[40:0], @), 2~{40}-1)

8 qu[127:0] = loadl28({as[31:4],4{0}})
9 as[31:0] = as[31:0] + {20{immi6[7]},imm16[7:0],4{0}}
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1.8.160 EEVMULAS.U16.ACCX.LD.IP.QUP

Instruction Word
| 0100 | imm16[5:4] | qui2:1] | qy[0] | gsO[2:0] | qu[0] | gs1[2:0] | gx[1:0] | qy[2:1] | imm16[3:0] | as[3:0] | 11 | ax(2] |

Assembler Syntax

EEVMULAS.U16.ACCX.LD.IP.QUP qu, as, imm16, gx, gy, gsO, gsi

Description

This instruction divides registers gx and gy into 8 data segments by 16 bits. Then, it performs a signed
multiply-accumulate operation on the 8 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting
consecutive aligned data stored in the two registers gs@ and gs1 and stores it to gse. The shift byte is stored
in special register SAR_BYTE.

Operation

! addo[31:0]

2 addi[31:0]

3

. add7[31:0] = qx[127:112] * qy[127:112]

5 sum[40:0] = ACCX[39:0] + ad[31:0]do[31:0] + ad[31:0]d1[31:0] + ... + ad[31:0]d
7[31:0]

6 ACCX[40:0] = min(max(sum[40@:0], ©), 2~{40}-1)

gx[ 15: @] * qy[ 15: @]
gx[ 31: 16] * qy[ 31: 16]

8 qu[127:0] = loadl28({as[31:4],4{0}})
9 as[31:0] = as[31:0] + {20{imml16[7]},imml6[7:0],4{0}}
10 gs@[127:0] = {gsl[127:0], qs@[127:0]1} >> {SAR_BYTE[3:0] << 3}
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1.8.161 EEVMULAS.U16.ACCX.LD.XP

Instruction Word
| 1M00 | qu[2:1] | ay[0] | 001 | qu[o] | 100 | gx(1:0] | qy[2:1] | ad[3:0] | as[3:0] | 1 | ax(2] |

Assembler Syntax

EEVMULAS.U16.ACCX.LD.XP qu, as, ad, gx, qy

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, it performs an unsigned
multiply-accumulate operation on the 8 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by the value in register ad.

Operation

1 addo[31:0] gx[ 15: @] * qy[ 15: @]

2 addi[31:0] = gx[ 31: 16] * qy[ 31: 16]

3 -

. add7[31:0] = gx[127:112] * qy[127:112]

5 sum[40:0] = ACCX[39:0] + ad[31:0]do[31:0] + ad[31:0]d1[31:0] + ... + ad[31:0]1d
7[31:0]

6 ACCX[40:0] = min(max(sum[40:0], @), 2~{40}-1)

8 qu[127:0] = loadl28({as[31:4],4{0}})
9 as[31:0] = as[31:0] + ad[31:09]
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1.8.162 EEVMULAS.U16.ACCX.LD.XP.QUP

Instruction Word
| 10000 | qu[2:1] | qyl0] | gs0[2:0] | qulo] | gsi[2:0] | gx[1:0] | ay[2:1] | ad[3:0] | as[3:0] | 1 | qx(2] |

Assembler Syntax

EEVMULAS.U16.ACCX.LD.XP.QUP qu, as, ad, gx, gy, gsO, gs1

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, it performs an unsigned
multiply-accumulate operation on the 8 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by the value in register ad.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting
consecutive aligned data stored in the two registers gs@ and gs1 and stores it to gs@. The shift byte is stored
in special register SAR_BYTE.

Operation

! addo[31:0]

2 addi[31:0]

3

. add7[31:0] = qx[127:112] * qy[127:112]

5 sum[40:0] = ACCX[39:0] + ad[31:0]do[31:0] + ad[31:0]d1[31:0] + ... + ad[31:0]d
7[31:0]

6 ACCX[40:0] = min(max(sum[40@:0], ©), 2~{40}-1)

gx[ 15: @] * qy[ 15: @]
gx[ 31: 16] * qy[ 31: 16]

8 qu[127:0] = loadl28({as[31:4],4{0}})
9 as[31:0] = as[31:0] + ad[31:09]
10 gse[127:0] = {gsl[127:0], gs@[127:0]} >> {SAR_BYTE[3:0] << 3}
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1.8.163 EE.VMULAS.U16.QACC

Instruction Word

| 000010100 | qy(2] | 1| ay(1:0] | gx[2:0] | 10000100

Assembler Syntax

EEVMULAS.U16.QACC gx, gy

Description
This instruction divides registers gx and gy into 8 data segments by 16 bits. Then, the unsigned multiplication
result of the 8 sets of segments is added to the corresponding 40-bit data segment in special registers
QACC_H and QACC_L respectively. The calculated result is saturated to a 40-bit unsigned number and then

stored to the corresponding 40-bit data segment in QACC_H and QACC_L.

Operation

1

2

QACC_L[ 39:
QACC_L[ 79:

QACC_L[159

QACC_H[ 39:
QACC_H[ 79:

QACC_H[159
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31:
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95:
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80]
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1.8.164 EEVMULAS.U16.QACC.LD.IP

Instruction Word
| 1m | imm16[5:4] | qui2:1] | ay[0] | 000 | qu[o] | 101 | gx1:0] | qyl2:1] | imm16[3:0] | as[3:0] | m | gx[2] |

Assembler Syntax

EEVMULAS.U16.QACC.LD.IP qu, as, imm16, gx, qy

Description

This instruction divides registers gx and gy into 8 data segments by 16 bits. Then, the unsigned multiplication
result of the 8 sets of segments is added to the corresponding 40-bit data segment in special registers
QACC_H and QACC_L respectively. The calculated result is saturated to a 40-bit unsigned number and then
stored to the corresponding 40-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

© QACC_L[ 39: ©] = min(QACC_L[ 39: ©] + gx[ 15: ©] * qy[ 15: ©], 27{40}-1)
> QACC_L[ 79: 40] = min(QACC_L[ 79: 4@] + gx[ 31: 16] * qy[ 31: 16], 2/{40}-1)

s QACC_L[159:120] = min(QACC_L[159:120] + gx[ 63: 48] * qy[ 63: 48], 2/{40}-1)
s QACC_H[ 39: ©] = min(QACC_H[ 39: ©] + gx[ 79: 64] * qy[ 79: 64], 2°{40}-1)
s QACC_H[ 79: 40] = min(QACC_H[ 79: 40] + gx[ 95: 80] * qy[ 95: 80], 2/{40}-1)

8 QACC_H[159:120] = min(QACC_H[159:120] + gx[127:112] * qgy[127:112], 2/{40}-1)

10 qu[127:0] = loadl28({as[31:4],4{0}})
n as[31:0] = as[31:0] + {22{imml16[5]},imm16[5:0],4{0}}
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1.8.165 EE.VMULAS.U16.QACC.LD.IP.QUP

Instruction Word
| 0101 | imm16[5:4] | qu[2:1] | ay[0] | gs0[2:0] | quio] | gs1[2:0] | gx[1:0] | qy[2:1] | imm16[3:0] | as[3:0] | 11 | ax(2] |

Assembler Syntax

EEVMULAS.U16.QACC.LD.IP.QUP qu, as, imm16, gx, gy, gsO, gsT

Description

This instruction divides registers gx and gy into 8 data segments by 16 bits. Then, the unsigned multiplication
result of the 8 sets of segments is added to the corresponding 40-bit data segment in special registers
QACC_H and QACC_L respectively. The calculated result is saturated to a 40-bit unsigned number and then
stored to the corresponding 40-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting
consecutive aligned data stored in the two registers gs@ and gs1 and stores it to gs@. The shift byte is stored
in special register SAR_BYTE.

Operation

\ QACC_L[ 39: ©] = min(QACC_L[ 39: ©] + gx[ 15: ©] * qy[ 15: 0], 2/{40}-1)
. QACC_L[ 79: 40] = min(QACC_L[ 79: 40] + gx[ 31: 16] * qy[ 31: 16], 2°{40}-1)

4 QACC_L[159:120] = min(QACC_L[159:120] + gx[ 63: 48] * qy[ 63: 48], 2/{40}-1)
s QACC_H[ 39: ©] = min(QACC_H[ 39: ©] + gx[ 79: 64] * qy[ 79: 64], 2°{40}-1)
¢ QACC_H[ 79: 40] = min(QACC_H[ 79: 4@] + gx[ 95: 80] * qy[ 95: 80], 2/{40}-1)

s QACC_H[159:120]

min(QACC_H[159:120] + gx[127:112] * qy[127:112], 2*{40}-1)

10 qu[127:0] = loadl28({as[31:4],4{0}})
il as[31:0] = as[31:0] + {22{imm16[5]},imm16[5:0],4{0}}
- gse[127:0] = {gsl[127:0], qs@[127:0]} >> {SAR_BYTE[3:0] << 3}
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1.8.166 EEVMULAS.U16.QACC.LD.XP

Instruction Word
| 100 | qui2:1] | ayo] | 001 | qu[o] | 101 | gx1:0] | qyl2:1] | ad[3:0] | as(3:0] | 11 | gx2] |

Assembler Syntax

EEVMULAS.U16.QACC.LD.XP qu, as, ad, gx, gy

Description

This instruction divides registers gx and gy into 8 data segments by 16 bits. Then, the unsigned multiplication
result of the 8 sets of segments is added to the corresponding 40-bit data segment in special registers
QACC_H and QACC_L respectively. The calculated result is saturated to a 40-bit unsigned number and then
stored to the corresponding 40-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by the value in register ad.

Operation

© QACC_L[ 39: ©] = min(QACC_L[ 39: ©] + gx[ 15: ©] * qy[ 15: ©], 27{40}-1)
> QACC_L[ 79: 40] = min(QACC_L[ 79: 4@] + gx[ 31: 16] * qy[ 31: 16], 2/{40}-1)

s QACC_L[159:120] = min(QACC_L[159:120] + gx[ 63: 48] * qy[ 63: 48], 2/{40}-1)
s QACC_H[ 39: ©] = min(QACC_H[ 39: ©] + gx[ 79: 64] * qy[ 79: 64], 2°{40}-1)
s QACC_H[ 79: 40] = min(QACC_H[ 79: 40] + gx[ 95: 80] * qy[ 95: 80], 2/{40}-1)

8 QACC_H[159:120] = min(QACC_H[159:120] + gx[127:112] * qgy[127:112], 2/{40}-1)

10 qu[127:0] = loadl28({as[31:4],4{0}})
n as[31:0] = as[31:0] + ad[31:0]
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1.8.167 EEVMULAS.U16.QACC.LD.XP.QUP

Instruction Word
| 10001 | qu[2:1] | qyl0] | gso[2:0] | qul0] | gsi[2:0] | gx{1:0] | ay[2:1] | ad[3:0] | as[3:0] | 111 | gx(2] |

Assembler Syntax

EEVMULAS.U16.QACC.LD.XP.QUP qu, as, ad, gx, gy, gsO, gs1

Description

This instruction divides registers gx and gy into 8 data segments by 16 bits. Then, the unsigned multiplication
result of the 8 sets of segments is added to the corresponding 40-bit data segment in special registers
QACC_H and QACC_L respectively. The calculated result is saturated to a 40-bit unsigned number and then
stored to the corresponding 40-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by the value in register ad.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting
consecutive aligned data stored in the two registers gse@ and gs1 and stores it to gs@. The shift byte is stored
in special register SAR_BYTE.

Operation

\ QACC_L[ 39: ©] = min(QACC_L[ 39: ©] + gx[ 15: ©] * qy[ 15: 0], 2/{40}-1)
. QACC_L[ 79: 40] = min(QACC_L[ 79: 40] + gx[ 31: 16] * qy[ 31: 16], 2°{40}-1)

4 QACC_L[159:120] = min(QACC_L[159:120] + gx[ 63: 48] * qy[ 63: 48], 2/{40}-1)
s QACC_H[ 39: ©] = min(QACC_H[ 39: ©] + gx[ 79: 64] * qy[ 79: 64], 2°{40}-1)
¢ QACC_H[ 79: 40] = min(QACC_H[ 79: 4@] + gx[ 95: 80] * qy[ 95: 80], 2/{40}-1)

s QACC_H[159:120]

min(QACC_H[159:120] + gx[127:112] * qy[127:112], 2*{40}-1)

10 qu[127:0] = loadl28({as[31:4],4{0}})
n as[31:0] = as[31:0] + ad[31:9]
- gs@[127:0] = {gsl[127:0], qs@[127:0]1} >> {SAR_BYTE[3:0] << 3}
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1.8.168 EEVMULAS.U16.QACC.LDBC.INCP

Instruction Word
| 110 | qui2] [ om | qun | qyi2] | quio] | ay(1:0] | gx2:0] | as[3:0] | 0100 |

Assembler Syntax

EEVMULAS.U16.QACC.LDBC.INCP qu, as, gx, qy

Description

This instruction divides registers gx and gy into 8 data segments by 16 bits. Then, the unsigned multiplication
result of the 8 sets of segments is added to the corresponding 40-bit data segment in special registers
QACC_H and QACC_L respectively. The calculated result is saturated to a 40-bit unsigned number and then
stored to the corresponding 40-bit data segment in QACC_H and QACC_L.

At the same time, this instruction forces the lower 1 bit of the access address in register as to O, loads 16-bit
data from memory, and broadcasts it to the eight 16-bit data segments in register qu. After the access, the
value in register as is incremented by 2.

Operation

1 QACC_L[ 39: ©] = min(QACC_L[ 39: @] + gx[ 15: ©] * qy[ 15: ©], 2/{4e}-1)
> QACC_L[ 79: 40] = min(QACC_L[ 79: 40] + gx[ 31: 16] * qy[ 31: 16], 2°{40}-1)

s QACC_L[159:120] = min(QACC_L[159:120] + gx[ 63: 48] * qy[ 63: 48], 2/{40}-1)
s QACC_H[ 39: ©] = min(QACC_H[ 39: ©] + gx[ 79: 64] * qy[ 79: 64], 2°{40}-1)
s QACC_H[ 79: 40] = min(QACC_H[ 79: 40] + gx[ 95: 80] * qy[ 95: 80], 2/{40}-1)

8 QACC_H[159:120] = min(QACC_H[159:120] + gx[127:112] * qgy[127:112], 2/{40}-1)

10 qu[127:0] = {8{loadi6({as[31:1]1,1{0}})}}
n as[31:0] = as[31:0] + 2
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1.8.169 EE.VMULAS.U16.QACC.LDBC.INCP.QUP

Instruction Word
| 000 | qu[2:1] | aylo] | gso[2:0] | qulo] | gsi[2:0] | gx{1:0] | ay[2:1] | 1010 | as[3:0] | m | gx(2] |

Assembler Syntax

EEVMULAS.U16.QACC.LDBC.INCP.QUP qu, as, gx, gy, gs0, gs1

Description

This instruction divides registers gx and gy into 8 data segments by 16 bits. Then, the unsigned multiplication
result of the 8 sets of segments is added to the corresponding 40-bit data segment in special registers
QACC_H and QACC_L respectively. The calculated result is saturated to a 40-bit unsigned number and then
stored to the corresponding 40-bit data segment in QACC_H and QACC_L.

At the same time, this instruction forces the lower 1 bit of the access address in register as to O, loads 16-bit
data from memory, and broadcasts it to the eight 16-bit data segments in register qu. After the access, the
value in register as is incremented by 2.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting
consecutive aligned data stored in the two registers gs@ and gs1 and stores it to gs@. The shift byte is stored
in special register SAR_BYTE.

Operation

\ QACC_L[ 39: ©] = min(QACC_L[ 39: ©] + gx[ 15: ©] * qy[ 15: 0], 2/{40}-1)
. QACC_L[ 79: 40] = min(QACC_L[ 79: 40] + gx[ 31: 16] * qy[ 31: 16], 2°{40}-1)

4 QACC_L[159:120] = min(QACC_L[159:120] + gx[ 63: 48] * qy[ 63: 48], 2/{40}-1)
s QACC_H[ 39: ©] = min(QACC_H[ 39: ©] + gx[ 79: 64] * qy[ 79: 64], 2°{40}-1)
¢ QACC_H[ 79: 40] = min(QACC_H[ 79: 4@] + gx[ 95: 80] * qy[ 95: 80], 2/{40}-1)

¢ QACC_H[159:120] = min(QACC_H[159:120] + gx[127:112] * qy[127:112], 2/{40}-1)
o qu[127:0] = {8{load16({as[31:1],1{0}})}}

n as[31:0] = as[31:0] + 2
2 gs@[127:0] = {gsl[127:0], qs@[127:0]1} >> {SAR_BYTE[3:0] << 3}
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1.8.170 EEVMULAS.U8.ACCX

Instruction Word
| 000010100 | qy[2] | O | qy(1:0] | gx(2:0] | 11000100

Assembler Syntax

EEVMULAS.U8.ACCX gx, qy

Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, it performs an unsigned
multiply-accumulate operation on the 16 sets of segments respectively. The accumulated result is added to
the value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

Operation

1 addo[15:09]

2 addi[15:09]

3 P

4 add15[15:0] = gx[127:120] * qy[127:120]

5 sum[40:0] = ACCX[39:0] + ad[31:0]do[15:0] + ad[31:0]d1[15:0] + ... + ad[31:0]d
15[15:0]

gx[ 7: @] * qy[ 7: @]
gx[ 15: 8] * qy[ 15: 8]

7 ACCX[40:0] = min(max(sum[40:0], @), 2~{40}-1)
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1.8.171 EEVMULAS.U8.ACCX.LD.IP

Instruction Word
| 1m | imm16[5:4] | qu[2:1] | ay[0] | 000 | qu[o] | 110 | gx{1:0] | ay[2:1] | imm16[3:0] | as[3:0] | 111 | ax(2] |

Assembler Syntax

EEVMULAS.U8.ACCX.LD.IP qu, as, -512..496, gx, qy

Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, it performs an unsigned
multiply-accumulate operation on the 16 sets of segments respectively. The accumulated result is added to
the value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 addo[15:0] gx[ 7: @] *qy[ 7: @]

2 addi[15:0] = gx[ 15: 8] * qy[ 15: 8]

3 -

. add15[15:0] = gx[127:120] * qy[127:120]

5 sum[40:0] = ACCX[39:0] + ad[31:0]do[15:0] + ad[31:0]d1[15:0] + ... + ad[31:0]1d
15[15:0]

6 ACCX[40:0] = min(max(sum[40:0], @), 2~{40}-1)

8 qu[127:0] = loadl28({as[31:4],4{0}})
9 as[31:0] = as[31:0] + {20{immi6[7]},imm16[7:0],4{0}}
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1.8.172 EEVMULAS.U8.ACCX.LD.IP.QUP

Instruction Word
| o110 | imm16[5:4] | qu[2:1] | ay[0] | gso[2:0] | qu[0] | gs1[2:0] | gx[1:0] | qy[2:1] | imm16[3:0] | as[3:0] | 11 | ax(2] |

Assembler Syntax

EEVMULAS.U8.ACCX.LD.IP.QUP qu, as, imm16, gx, gy, gs0, gs1

Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, it performs an unsigned
multiply-accumulate operation on the 16 sets of segments respectively. The accumulated result is added to
the value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting
consecutive aligned data stored in the two registers gs@ and gs1 and stores it to gse. The shift byte is stored
in special register SAR_BYTE.

Operation

! addo[15:0]

2 addi[15:0]

3 -

. add15[15:0] = gx[127:120] * qy[127:120]

5 sum[40:0] = ACCX[39:0] + ad[31:0]do[15:0] + ad[31:0]d1[15:0] + ... + ad[31:0]d
15[15:0]

6 ACCX[40:0] = min(max(sum[40@:0], ©), 2~{40}-1)

gx[ 7: @] *qy[ 7: @]
gx[ 15: 8] * qy[ 15: 8]

8 qu[127:0] = loadl28({as[31:4],4{0}})
9 as[31:0] = as[31:0] + {20{imml16[7]},imml6[7:0],4{0}}
10 gs@[127:0] = {gsl[127:0], qs@[127:0]1} >> {SAR_BYTE[3:0] << 3}
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1.8.173 EEVMULAS.U8.ACCX.LD.XP

Instruction Word
| 100 | qu[2:1] | ay[0] | 001 | qu[o] | 110 | gx1:0] | qy[2:1] | ad[3:0] | as[3:0] | 1 | ax(2] |

Assembler Syntax

EEVMULAS.U8.ACCX.LD.XP qu, as, ad, gx, qy

Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, it performs an unsigned
multiply-accumulate operation on the 16 sets of segments respectively. The accumulated result is added to
the value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by the value in register ad.

Operation

1 addo[15:0] gx[ 7: @] *qy[ 7: @]

2 addi[15:0] = gx[ 15: 8] * qy[ 15: 8]

3 -

. add15[15:0] = gx[127:120] * qy[127:120]

5 sum[40:0] = ACCX[39:0] + ad[31:0]do[15:0] + ad[31:0]d1[15:0] + ... + ad[31:0]1d
15[15:0]

6 ACCX[40:0] = min(max(sum[40:0], @), 2~{40}-1)

8 qu[127:0] = loadl28({as[31:4],4{0}})
9 as[31:0] = as[31:0] + ad[31:09]
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1.8.174 EEVMULAS.U8.ACCX.LD.XP.QUP

Instruction Word
| 110010 | qu[2:1] | qyl0] | gso[2:0] | qul0] | gsi[2:0] | gx{1:0] | ay[2:1] | ad[3:0] | as[3:0] | 111 | gx(2] |

Assembler Syntax

EEVMULAS.U8.ACCX.LD.XP.QUP qu, as, ad, gx, gy, gs0, gs1

Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, it performs an unsigned
multiply-accumulate operation on the 16 sets of segments respectively. The accumulated result is added to
the value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by the value in register ad.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting
consecutive aligned data stored in the two registers gs@ and gs1 and stores it to gs@. The shift byte is stored
in special register SAR_BYTE.

Operation

! addo[15:0]

2 addi[15:0]

3 -

. add15[15:0] = gx[127:120] * qy[127:120]

5 sum[40:0] = ACCX[39:0] + ad[31:0]do[15:0] + ad[31:0]d1[15:0] + ... + ad[31:0]d
15[15:0]

6 ACCX[40:0] = min(max(sum[40@:0], ©), 2~{40}-1)

gx[ 7: @] *qy[ 7: @]
gx[ 15: 8] * qy[ 15: 8]

8 qu[127:0] = loadl28({as[31:4],4{0}})
9 as[31:0] = as[31:0] + ad[31:09]
10 gse[127:0] = {gs1[127: 0], gs@[127: @]} >> {SAR_BYTE[3:0] << 3}
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1.8.175 EEVMULAS.U8.QACC

Instruction Word

| 000010100 | ay(2] | 1| ayl1:0] | gx(2:0] | 11000100

Assembler Syntax

EEVMULAS.U8.QACC gx, gy

Description
This instruction divides registers gx and gy into 16 data segments by 8 bits. Then, the unsigned multiplication
result of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers
QACC_H and QACC_L respectively. The calculated result is saturated to a 20-bit unsigned number and then

stored to the corresponding 20-bit data segment in QACC_H and QACC_L.

Operation

1

2

QACC_L[ 19:
QACC_L[ 39:

QACC_L[159

QACC_H[ 19:
QACC_H[ 39:

QACC_H[159

Espressif Systems

o]
20]

:140]
0]
20]

:140]

min(QACC_L[ 19: ©] + gx[ 7: @]
min(QACC_L[ 39: 20] + gx[ 15: 8]

min(QACC_L[159:140] + gx[ 63: 56]
min(QACC_H[ 19: ©] + gx[ 71: 64]

min(QACC_H[ 39: 20] + gx[ 79: 72]

min(QACC_H[159:140] + qgx[127:120]
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1.8.176 EEVMULAS.U8.QACC.LD.IP

Instruction Word
| 1m | imm16[5:4] | qui2:1] | ay[0] | 000 | qu[o] | 1 | gx1:0] | qyl2:1] | immi6[3:0] | as[3:0] | m | gx[2] |

Assembler Syntax

EEVMULAS.U8.QACC.LD.IP qu, as, imm16, gx, qy

Description

This instruction divides registers gx and gy into 16 data segments by 8 bits. Then, the unsigned multiplication
result of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers
QACC_H and QACC_L respectively. The calculated result is saturated to a 20-bit unsigned number and then
stored to the corresponding 20-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

, QACC_L[ 19: ©] = min(QACC_L[ 19: ©] + gx[ 7: ©] * qy[ 7: o], 2°{20}-1)
. QACC_L[ 39: 20] = min(QACC_L[ 39: 20] + gx[ 15: 8] * qy[ 15: 8], 2 {wo}-1)

4 QACC_L[159:140] = min(QACC_L[159:140] + gx[ 63: 56] * qy[ 63: 56], 22{20}-1)
s QACC_H[ 19: ©] = min(QACC_H[ 19: ©] + gx[ 71: 64] * qy[ 71: 64], 2/{20}-1)
¢ QACC_H[ 39: 20] = min(QACC_H[ 39: 20] + gx[ 79: 72] * qy[ 79: 72], 27{20}-1)

8 QACC_H[159:140] = min(QACC_H[159:140] + gx[127:120] * qy[127:120], 2/{20}-1)

10 qu[127:0] = loadl28({as[31:4],4{0}})
n as[31:0] = as[31:0] + {22{imml16[5]},imm16[5:0],4{0}}
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1.8.177 EEVMULAS.U8.QACC.LD.IP.QUP

Instruction Word
| om | imm16[5:4] | qu[2:1] | ay[0] | gs0[2:0] | qui0] | gs1[2:0] | gx[1:0] | qy[2:1] | imm16[3:0] | as[3:0] | 11 | ax(2] |

Assembler Syntax

EEVMULAS.U8.QACC.LD.IP.QUP qu, as, imm16, gx, qy, gs0, gs1

Description

This instruction divides registers gx and gy into 16 data segments by 8 bits. Then, the unsigned multiplication
result of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers
QACC_H and QACC_L respectively. The calculated result is saturated to a 20-bit unsigned number and then
stored to the corresponding 20-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting
consecutive aligned data stored in the two registers gs@ and gs1 and stores it to gs@. The shift byte is stored
in special register SAR_BYTE.

Operation

1 QACC_L[ 19: ©] = min(QACC_L[ 19: ®©] + gx[ 7: @] * qy[ 7: @], 2”~{20}-1)
> QACC_L[ 39: 20] = min(QACC_L[ 39: 20] + gx[ 15: 8] * qy[ 15: 8], 2°{w@}-1)

s QACC_L[159:140] = min(QACC_L[159:140] + gx[ 63: 56] * qy[ 63: 56], 2/{20}-1)
s QACC_H[ 19: ©] = min(QACC_H[ 19: ©] + gx[ 71: 64] * qy[ 71: 64], 2°{20}-1)
s QACC_H[ 39: 20] = min(QACC_H[ 39: 20] + gx[ 79: 72] * qy[ 79: 72], 2/{20}-1)

s QACC_H[159:140] = min(QACC_H[159:140] + qx[127:120] * qy[127:120], 2"{20}-1)
10 qu[127:0] = loadl28({as[31:4],4{0}})

il as[31:0] = as[31:0] + {22{imm16[5]},imm16[5:0],4{0}}
2 gs@[127:0] = {gsl[127:0], qs@[127:0]1} >> {SAR_BYTE[3:0] << 3}
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1.8.178 EEVMULAS.U8.QACC.LD.XP

Instruction Word
| 100 | qui2:1] | ayo] | 001 | quio] | W1 | ax1:0] | qyl2:1] | ad[3:0] | as[3:0] | 11 | gx2] |

Assembler Syntax

EEVMULAS.U8.QACC.LD.XP qu, as, ad, gx, qy

Description

This instruction divides registers gx and gy into 16 data segments by 8 bits. Then, the unsigned multiplication
result of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers
QACC_H and QACC_L respectively. The calculated result is saturated to a 20-bit unsigned number and then
stored to the corresponding 20-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by the value in register ad.

Operation

\ QACC_L[ 19: ©] = min(QACC_L[ 19: ®©] + gx[ 7: ©] * qy[ 7: ©], 2°{20}-1)
. QACC_L[ 39: 20] = min(QGACC_L[ 39: 20] + gx[ 15: 8] * qy[ 15: 8], 2°{we}-1)

4 QACC_L[159:140] = min(QACC_L[159:140] + gx[ 63: 56] * qy[ 63: 56], 22{20}-1)
s QACC_H[ 19: ©] = min(QACC_H[ 19: ©] + gx[ 71: 64] * qy[ 71: 64], 2/{20}-1)
¢ QACC_H[ 39: 20] = min(QACC_H[ 39: 20] + gx[ 79: 72] * qy[ 79: 72], 27{20}-1)

8 QACC_H[159:140] = min(QACC_H[159:140] + gx[127:120] * qy[127:120], 2/{20}-1)

10 qu[127:0] = loadl28({as[31:4],4{0}})
n as[31:0] = as[31:0] + ad[31:0]
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1.8.179 EEVMULAS.U8.QACC.LD.XP.QUP

Instruction Word
| 110011 | qui2:1] | ay[0] | gsO[2:0] | qu[0] | gs1[2:0] | ax{1:0] | qy[2:1] | ad[3:0] | as[3:0] | 11 | qx(2] |

Assembler Syntax

EEVMULAS.U8.QACC.LD.XP.QUP qu, as, ad, gx, gy, gs0, gs1

Description

This instruction divides registers gx and gy into 16 data segments by 8 bits. Then, the unsigned multiplication
result of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers
QACC_H and QACC_L respectively. The calculated result is saturated to a 20-bit unsigned number and then
stored to the corresponding 20-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as
is incremented by the value in register ad.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting
consecutive aligned data stored in the two registers gse@ and gs1 and stores it to gs@. The shift byte is stored
in special register SAR_BYTE.

Operation

1 QACC_L[ 19: ©] = min(QACC_L[ 19: ®©] + gx[ 7: @] * qy[ 7: @], 2”~{20}-1)
> QACC_L[ 39: 20] = min(QACC_L[ 39: 20] + gx[ 15: 8] * qy[ 15: 8], 2°{w@}-1)

s QACC_L[159:140] = min(QACC_L[159:140] + gx[ 63: 56] * qy[ 63: 56], 2/{20}-1)
s QACC_H[ 19: ©] = min(QACC_H[ 19: ©] + gx[ 71: 64] * qy[ 71: 64], 2°{20}-1)
s QACC_H[ 39: 20] = min(QACC_H[ 39: 20] + gx[ 79: 72] * qy[ 79: 72], 2/{20}-1)

s QACC_H[159:140] = min(QACC_H[159:140] + qx[127:120] * qy[127:120], 2"{20}-1)
10 qu[127:0] = loadl28({as[31:4],4{0}})

n as[31:0] = as[31:0] + ad[31:9]
2 gs@[127:0] = {gsl[127:0], qs@[127:0]1} >> {SAR_BYTE[3:0] << 3}
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1.8.180 EE.VMULAS.U8.QACC.LDBC.INCP

Instruction Word
| | que) | om | quit | ayl2] | quio] | aylt:0] | ax(2:0] | as[3:0] | 0100 |

Assembler Syntax

EEVMULAS.U8.QACC.LDBC.INCP qu, as, gx, qy

Description

This instruction divides registers gx and gy into 16 data segments by 8 bits. Then, the unsigned multiplication
result of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers
QACC_H and QACC_L respectively. The calculated result is saturated to a 20-bit unsigned number and then
stored to the corresponding 20-bit data segment in QACC_H and QACC_L.

At the same time, this instruction loads 8-bit data from memory at the address given by the access register as
and broadcasts it to the 16 8-bit data segments in register qu. After the access, the value in register as is
incremented by 1.

Operation

\ QACC_L[ 19: ©] = min(QACC_L[ 19: ®©] + gx[ 7: ©] * qy[ 7: ©], 2°{20}-1)
. QACC_L[ 39: 20] = min(QGACC_L[ 39: 20] + gx[ 15: 8] * qy[ 15: 8], 2°{we}-1)

4 QACC_L[159:140] = min(QACC_L[159:140] + gx[ 63: 56] * qy[ 63: 56], 22{20}-1)
s QACC_H[ 19: ©] = min(QACC_H[ 19: ©] + gx[ 71: 64] * qy[ 71: 64], 2/{20}-1)
¢ QACC_H[ 39: 20] = min(QACC_H[ 39: 20] + gx[ 79: 72] * qy[ 79: 72], 27{20}-1)

8 QACC_H[159:140] = min(QACC_H[159:140] + gx[127:120] * qy[127:120], 27{20}-1)

10 qu[127:0] = {16{load8(as[31:0])}}
n as[31:0] = as[31:0] + 1
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1.8.181 EEVVMULAS.U8.QACC.LDBC.INCP.QUP

Instruction Word
| M000 | qu[2:1] | aylo] | gso[2:0] | qulo] | gsi[2:0] | gx[1:0] | ay[2:1] | 1011 | as[3:0] | m | ax[2] |

Assembler Syntax

EEVMULAS.U8.QACC.LDBC.INCP.QUP qu, as, gx, gy, gsO, gs1

Description

This instruction divides registers gx and gy into 16 data segments by 8 bits. Then, the unsigned multiplication
result of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers
QACC_H and QACC_L respectively. The calculated result is saturated to a 20-bit unsigned number and then
stored to the corresponding 20-bit data segment in QACC_H and QACC_L.

At the same time, this instruction loads 8-bit data from memory at the address given by the access register as
and broadcasts it to the 16 8-bit data segments in register qu. After the access, the value in register as is
incremented by 1.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting
consecutive aligned data stored in the two registers gs@ and gs1 and stores it to gs@. The shift byte is stored
in special register SAR_BYTE.

Operation

1 QACC_L[ 19: ©] = min(QACC_L[ 19: ®©] + gx[ 7: @] * qy[ 7: @], 2”~{20}-1)
> QACC_L[ 39: 20] = min(QACC_L[ 39: 20] + gx[ 15: 8] * qy[ 15: 8], 2°{w@}-1)

s QACC_L[159:140] = min(QACC_L[159:140] + gx[ 63: 56] * qy[ 63: 56], 2/{20}-1)
s QACC_H[ 19: ©] = min(QACC_H[ 19: ©] + gx[ 71: 64] * qy[ 71: 64], 2°{20}-1)
s QACC_H[ 39: 20] = min(QACC_H[ 39: 20] + gx[ 79: 72] * qy[ 79: 72], 2/{20}-1)

s QACC_H[159:140] = min(QACC_H[159:140] + qx[127:120] * qy[127:120], 2"{20}-1)
10 qu[127:0] = {16{load8(as[31:0])}}

n as[31:0] = as[31:0] + 1
2 gs@[127:0] = {gsl[127:0], qs@[127:0]1} >> {SAR_BYTE[3:0] << 3}
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1.8.182 EE.VPRELU.S16

Instruction Word
110 | gz2:1] | 1100 | z[0] | qyl2] | O | qy[n:0] | gx[2:0] | ay[3:0] | 0100 |

Assembler Syntax

EEVPRELU.S16 gz, gx, qy, ay

Description

This instruction divides register gx into 8 data segments by 16 bits. If the value of the segment is not greater
than O, it will be multiplied by the value of the corresponding 16-bit segment in register qy right-shifted by the
lower 6-bit value in register ay, and then the result obtained will be assigned to the corresponding 16-bit data
segment in register gz. Otherwise, the value of the segment in gx will be assigned to gz.

Operation

1 gz[ 15: ©] = (gx[ 15: ©]<=0) ? (gx[ 15: ©] * qy[ 15: ©]) >> ay[5:0] : gx[ 15:
0]

. qgz[ 31: 16] = (gx[ 31: 16]<=0) ? (gx[ 31: 16] * qy[ 31: 16]) >> ay[5:0] : gx[ 31:
16]

. gz[127:112]
[127:112]

(gx[127:112]<=0) ? (gx[127:112] * qy[127:112]) >> ay[5:0] : gx
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1.8.183 EE.VPRELU.S8

Instruction Word
110 | gz[2:1] | 100 | qz[0] | qyl2] | 1| ayl1:0] | gx(2:0] | ay[3:0] | 0100

Assembler Syntax

EEVPRELU.S8 gz, gx, qy, ay

Description

This instruction divides register gx into 16 data segments by 8 bits. If the value of the segment is not greater
than O, it will be multiplied by the value of the corresponding 8-bit segment in register qy and right-shifted by
the lower 5-bit value in register ay, and then the calculated result will be assigned to the corresponding 8-bit
data segment in register qz. Otherwise, the value of the segment in gx will be assigned to gz.

Operation

1 qz[ 7: ©] = (gx[ 7: ©]<=0) ? (gx[ 7: ©] *qy[ 7: ©]) > ay[4:0] : gx[ 7:
0]

2 gz[ 15: 8] = (gx[ 15: 8]<=0) ? (gx[ 15: 8] * qy[ 15: 8]) >> ay[4:0] : gx[ 15:
8]

s qz[127:120]
[127:120]

(gx[127:120]<=0) ? (gx[127:120] * qy[127:120]) >> ay[4:0] : gx
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1.8.184 EEVRELU.S16

Instruction Word
| 11 [ ast2:1) | mo1 | gso] | 001 | ax(3:0] | ay[3:0] | 0100 |

Assembler Syntax

EEVRELU.S16 gs, ax, ay

Description

This instruction divides register gs into 8 data segments by 16 bits. If the value of the segment is not greater
than O, it will be multiplied by the value of the lower 16 bits in register ax and right-shifted by the value of the
lower 6 bits in register ay, and then the result obtained will overwrite the value of the segment. Otherwise, the
value of the segment will remain unchanged.

Operation

1 gs[ 15: 9]
2 gs[ 31: 16]
3

4 gs[127:112]

(gs[ 15: ©0]<=0) ? (gs[ 15: ©] * ax[15:0]) >> ay[5:0] : gs[ 15: 0]
(gs[ 31: 16]<=0) ? (gs[ 31: 16] * ax[15:0]) >> ay[5:0] : gs[ 31: 16]

(gs[127:112]<=0) ? (gs[127:112] * ax[15:0]) >> ay[5:0] : gs[127:112]
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1.8.185 EE.VRELU.S8

Instruction Word
| 11 | astea1) | mo1 | gsfo] | 101 | ax(3:0] | ay(3:0] | 0100 |

Assembler Syntax

EEVRELU.S8 gs, ax, ay

Description

This instruction divides register gs into 16 data segments by 8 bits. If the value of the segment is not greater
than O, it will be multiplied by the value of the lower 8 bits in register ax and right-shifted by the value of the
lower 5 bits in register ay, and then the result obtained will overwrite the value of the segment. Otherwise, the
value of the segment will remain unchanged.

Operation

1 gs[ 7: 9]
2 gs[ 15: 8]
3

4 gs[127:1209]

(gs[ 7: ©0]<=0) ? (gs[ 7: ©] * ax[7:0]) >> ay[4:0] : gs[ 7: 0]
(gs[ 15: 8]<=0) ? (gs[ 15: 8] * ax[7:0]) >> ay[4:0] : gs[ 15: 8]

(gs[127:1201<=0) ? (qgs[127:120] * ax[7:0]) >> ay[4:0] : gs[127:120]
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1.8.186 EE.VSL.32

Instruction Word
| 11 | astea1) | mot | gsfoy | onmio | gaf2:07 | 0100 |

Assembler Syntax

EEVSL.32 ga, gs

Description

This instruction performs a left shift on the four 32-bit data segments in register gs respectively. The left shift
amount is the value in the 6-bit special register SAR. During the shift process, the lower bits are padded with
0. The lower 32 bits of the shift result are stored in the corresponding data segment in register qa.
Operation

1 gal[ 31: 9]
2 qa[ 63: 32]
3 ga[ 95: 64]
4 qa[127: 96]

(gs[ 31: ©] << SAR[5:0])
(gs[ 63: 32] << SAR[5:0])
(gs[ 95: 64] << SAR[5:0])
(gs[127: 96] << SAR[5:0])
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1.8.187 EEVSMULAS.S16.QACC

Instruction Word
| 10 | selg[2:1] | M0 | sel8[0] | qy[2] | 1| ay[1:0] | gx{2:0] | 11000100

Assembler Syntax

EEVSMULAS.S16.QACC gx, qy, sel8

Description

This instruction selects one out of the eight 16-bit data segments in register qy according to immediate
number sel8 and performs a signed multiplication on it and the eight 16-bit data segments in register gx
respectively. The 8 results obtained are added to the corresponding 40-bit data segment in special registers
QACC_H and QACC_L respectively. Then, the result is saturated to a 40-bit signed number and then stored to
the corresponding 40-bit data segment in QACC_H and QACC_L.

Operation

1 temp[15:0] = qy[sel8*16+15:5€18*16]
2 QACC_L[ 39: ©] = min(max(QACC_L[ 39: ©] + gx[ 15: ©] * temp[15:0], -27{39}),

27 {39}-1)

3 QACC_L[ 79: 40] = min(max(QACC_L[ 79: 40] + gx[ 31: 16] * temp[l1l5:0], -27{39}),
27 {39}-1)

4 QACC_L[119: 80] = min(max(QACC_L[119: 80] + gx[ 47: 32] * temp[l1l5:0], -2°{39}),
27 {39}-1)

5 QACC_L[159:120] = min(max(QACC_L[159:120] + gx[ 63: 48] * temp[15:0], -27{39}),
2~{39}-1)

6 QACC_H[ 39: ©] = min(max(QACC_H[ 39: ©] + gx[ 79: 64] * temp[15:0], -27{39}),
27 {39}-1)

7 QACC_H[ 79: 40] = min(max(QACC_H[ 79: 40] + gx[ 95: 80] * temp[l1l5:0], -2~{39}),
27 {39}-1)

8 QACC_H[119: 80] = min(max(QACC_H[119: 80] + gx[111: 96] * temp[l15:0], -2~{39}),
27{39}-1)

9 QACC_H[159:120] = min(max(QACC_H[159:120] + gx[127:112] * temp[l15:0], -27{39}),
27 {39}-1)
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1.8.188 EE.VSMULAS.S16.QACC.LD.INCP

Instruction Word
| 000 | qu[2:1] | ayo] | 1 | quio] | sel8[2:0] | gx{1:0] | ay[2:1] | 1100 | as[3:0] | m | gx[2] |

Assembler Syntax

EEVSMULAS.S16.QACC.LD.INCP qu, as, gx, gy, sel8

Description

This instruction selects one out of the eight 16-bit data segments in register qy according to immediate
number sel8 and performs a signed multiplication on it and the eight 16-bit data segments in register gx
respectively. The 8 results obtained are added to the corresponding 40-bit data segment in special registers
QACC_H and QACC_L respectively. Then, the result is saturated to a 40-bit signed number and then stored to
the corresponding 40-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is
incremented by 16.

Operation

1 temp[15:0] = qy[sel8*16+15:5€18*16]
2 QACC_L[ 39: ©] = min(max(QACC_L[ 39: ©] + gx[ 15: ©] * temp[15:0], -2~{39}),

27 {39}-1)

3 QACC_L[ 79: 40] = min(max(QACC_L[ 79: 40] + gx[ 31: 16] * temp[l15:0], -27{39}),
27 {39}-1)

4 QACC_L[119: 80] = min(max(QACC_L[119: 80] + gx[ 47: 32] * temp[l1l5:0], -27{39}),
27 {39}-1)

5 QACC_L[159:120] = min(max(QACC_L[159:120] + gx[ 63: 48] * temp[l15:0], -2~{39}),
27{39}-1)

6 QACC_H[ 39: ©] = min(max(QACC_H[ 39: ©] + gx[ 79: 64] * temp[15:0], -27{39}),
27 {39}-1)

7 QACC_H[ 79: 40] = min(max(QACC_H[ 79: 40] + gx[ 95: 80] * temp[l15:0], -27{39}),
27 {39}-1)

8 QACC_H[119: 80] = min(max(QACC_H[119: 80] + gx[111: 96] * temp[l1l5:0], -2~{39}),
27 {39}-1)

9 QACC_H[159:120] = min(max(QACC_H[159:120] + gx[127:112] * temp[15:0], -2~{39}),
27 {39}-1)

7 qu[127:0] = loadl28({as[31:4],4{0}})
2 as[31:0] = as[31:0] + 16
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1.8.189 EEVSMULAS.S8.QACC

Instruction Word

| 10 | sen6[3:2] | 1110 | sene[1] | ayl2] | 0 | qy[1:0] | gx(2:0] | 010 | sen6[0] | 0100

Assembler Syntax
EEVSMULAS.S8.QACC gx, qy, sel16
Description
This instruction selects one out of the 16 8-bit data segments in register qy according to immediate number
sell6 and performs a signed multiplication on it and the 16 8-bit data segments in register gx respectively.
The 16 results obtained are added to the corresponding 20-bit data segment in special registers QACC_H and
QACC_L respectively. Then, the result is saturated to a 20-bit signed number and then stored to the

corresponding 20-bit data segment in QACC_H and QACC_L.

Operation

1

2

temp[7:0] = qy[sell6*8+7:5€116*8]

QACC_L[ 19: @]
27 {19}-1)
QACC_L[ 39: 20]
27 {19}-1)
QACC_L[ 59: 40]
27{19}-1)
QACC_L[ 79: 60]
27{19}-1)
QACC_L[ 99: 80]
27 {19}-1)
QACC_L[119:100]
27{19}-1)
QACC_L[139:120]
27{19}-1)
QACC_L[159:140]
27 {19}-1)
QACC_H[ 19: @]
27 {19}-1)
QACC_H[ 39: 20]
27{19}-1)
QACC_H[ 59: 40]
27{19}-1)
QACC_H[ 79: 60]
27 {19}-1)
QACC_H[ 99: 80]
27{19}-1)
QACC_H[119:100]
27{19}-1)
QACC_H[139:120]
27 {19}-1)
QACC_H[159:140]
27 {19}-1)
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gx[103:

7:

15:

23:

31:

39:

47 :

55:

63:

71:

79:

87:

95:

gx[111

gx[119

gx[127

o]

8]

16]

24]

32]

40]

48]

56]
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80]

88]

96]

:104]

:112]
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temp[7:0], -2A{19}),
temp[7:0], -27{19}),
temp[7:0], -27{19}),
temp[7:0], -27{19}),
temp[7:0], -2A{19}),
temp[7:0], -2°{19}),
temp[7:0], -27{19}),
temp[7:0], -2°{19}),
temp[7:0], -2A{19}),
temp[7:0], -27{19}),
temp[7:0], -27{19}),
temp[7:0], -2A{19}),
temp[7:0], -2°{19}),
temp[7:0], -27{19}),
temp[7:0], -2°{19}),
temp[7:0], -2A{19}),

ESP32-S3 TRM (Version 1.6)


https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.6

Chapter 1 Processor Instruction Extensions (PIE) GoBack

1.8.190 EE.VSMULAS.S8.QACC.LD.INCP

Instruction Word
| M000 | qu[2:1] | qylo] | 01 | sene[o] | quio] | sen6[3:1) | gx[1:0] | qy[2:1] | 100 | as[3:0] | m | ax(2] |

Assembler Syntax

EEVSMULAS.S8.QACC.LD.INCP qu, as, gx, qy, sel16

Description

This instruction selects one out of the 16 8-bit data segments in register qy according to immediate number
sell6 and performs a signed multiplication on it and the 16 8-bit data segments in register gx respectively.
The 16 results obtained are added to the corresponding 20-bit data segment in special registers QACC_H and
QACC_L respectively. Then, the result is saturated to a 20-bit signed number and then stored to the
corresponding 20-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is
incremented by 16.

Operation

1

temp[7:0] = qy[sell6*8+7:5€116*8]

2 QACC_L[ 19: ©] = min(max(QACC_L[ 19: 0] gx[ 7: 0] temp[7:0], -27{19}),
27{19}-1)

3 QACC_L[ 39: 20] = min(max(QACC_L[ 39: 20] gx[ 15: 8] temp[7:0], -27{19}),
2 {19}-1)

4 QACC_L[ 59: 40] = min(max(QACC_L[ 59: 40] gx[ 23: 16] temp[7:0], -27{19}),
27{19}-1)

5 QACC_L[ 79: 60] = min(max(QACC_L[ 79: 60] gx[ 31: 24] temp[7:0], -27{19}),
2r{19}-1)

6 QACC_L[ 99: 80] = min(max(QACC_L[ 99: 80] + gx[ 39: 32] temp[7:0], -27{19}),
2A{19}-1)

7 QACC_L[119:100] = min(max(QACC_L[119:100] gx[ 47: 40] temp[7:0], -27{19}),
2 {19}-1)

8 QACC_L[139:120] = min(max(QACC_L[139:120] gx[ 55: 48] temp[7:0], -27{19}),
27{19}-1)

9 QACC_L[159:140] = min(max(QACC_L[159:140] gx[ 63: 56] temp[7:0], -27{19}),
27{19}-1)

10 QACC_H[ 19: ©] = min(max(QACC_H[ 19: 0] gx[ 71: 64] temp[7:0], -27{19}),
27 {19}-1)

n QACC_H[ 39: 20] = min(max(QACC_H[ 39: 20] gx[ 79: 72] temp[7:0], -27{19}),
2r{19}-1)

2 QACC_H[ 59: 40] = min(max(QACC_H[ 59: 40] gx[ 87: 80] temp[7:0], -27{19}),
27{19}-1)

1 QACC_H[ 79: 60] = min(max(QACC_H[ 79: 60] + gx[ 95: 88] temp[7:0], -27{19}),
2r{19}-1)

1 QACC_H[ 99: 80] = min(max(QACC_H[ 99: 80] gx[103: 96] temp[7:0], -27{19}),
2A{19}-1)

15 QACC_H[119:100] = min(max(QACC_H[119:100] gx[111:104] temp[7:0], -27{19}),
27{19}-1)

16 QACC_H[139:120] = min(max(QACC_H[139:120] gx[119:112] temp[7:0], -27{19}),
27{19}-1)

QACC_H[159:140]
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2A{19}-1)

1 qu[127:0] = loadl28({as[31:4],4{0}})
20 as[31:0] = as[31:0] + 16
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1.8.191 EE.VSR.32

Instruction Word
| 11| aste1) | ot | gso] | owmnt | qaf2:0] | 0100 |

Assembler Syntax

EEVSR.32 ga, gs

Description

This instruction performs an arithmetic right shift on the four 32-bit data segments in register gs respectively.
The shift amount is the value in the 6-bit special register SAR. During the shift process, the higher bits are
padded with signed bit. The lower 32 bits of the shift result are stored in the corresponding data segment in
register ga.

Operation

1 ga[ 31: 9]
2 qga[ 63: 32]
3 qal[ 95: 64]
4 ga[127: 96]

(gs[ 31: ©] >> SAR[5:0])
(gs[ 63: 32] >> SAR[5:0])
(gs[ 95: 64] >> SAR[5:0])
(gs[127: 96] >> SAR[5:0])
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1.8.192 EE.VST.128.IP

Instruction Word
|1 ] immie[7] | qv(2:1] | 1010 | av{0] | immi6[6:0] | as[3:0] | 0100 |

Assembler Syntax

EEVST128.IP qv, as, -2048..2032

Description

This instruction forces the lower 4 bits of the access address in register as to O and stores the 128 bits in
register qv to memory. After the access is completed, the value in register as is incremented by 8-bit
sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 qv[127:0] => storel28({as[31:4],4{0}})
2 as[31:0] = as[31:0] + {20{imm16[7]},imm16[7:0],4{0}}
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1.8.193 EE.VST.128.XP

Instruction Word
110 | qv[2:1] | 101 | qv{0] | 1 | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EEVSTI128.XP qv, as, ad

Description

This instruction forces the lower 4 bits of the access address in register as to O and stores the 128 bits in
register qv to memory. After the access is completed, the value in register as is incremented by the value in
register ad.

Operation

1 qv[127:0] => storel28({as[31:4],4{0}})
2 as[31:0] = as[31:0] + ad[31:0]
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1.8.194 EEVST.H.64.IP

Instruction Word
|1 imma[7] | qvi2:1] | 10m | quvio] | imma[e:0] | as[3:0] | 0100 |

Assembler Syntax

EEVST.H.64.IP qv, as, -1024..1016

Description

This instruction forces the lower 3 bits of the access address in register as to O and stores the upper 64 bits in
register qv to memory. After the access is completed, the value in register as is incremented by 8-bit
sign-extended constant in the instruction code segment left-shifted by 3.

Operation

1 qv[127: 64] => store64({as[31:3],3{0}})
2 as[31:0] = as[31:0] + {21{imm8[7]},imm8[7:0],3{0}}
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1.8.195 EEVST.H.64.XP

Instruction Word
| 1 [ avi2:1) | mo1 | av{o] | 000 | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EEVST.H.64.XP qv, as, ad

Description

This instruction forces the lower 3 bits of the access address in register as to O and stores the upper 64 bits in
register qv to memory. After the access is completed, the value in register as is incremented by the value in
register ad.

Operation

1 qv[127: 64] => store64({as[31:3],3{0}})
2 as = as + ad[31:0]
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1.8.196 EE.VST.L.64.1P

Instruction Word
|1 imma[7) | qv2:1] | 0100 | qvio] | imm8[6:0] | as[3:0] | 0100 |

Assembler Syntax

EEVST.L.64.IP gv, as, -1024..1016

Description

This instruction forces the lower 3 bits of the access address in register as to O and stores the lower 64 bits in
register qv to memory. After the access is completed, the value in register as is incremented by 8-bit
sign-extended constant in the instruction code segment left-shifted by 3.

Operation

1 gv[ 63: ©] => store64({as[31:3],3{0}})
2 as[31:0] = as[31:0] + {21{imm8[7]},imm8[7:0],3{0}}
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1.8.197 EEVST.L.64.XP

Instruction Word
| 1| qvi2:1) | mo1 | av{0] | 100 | ad(3:0] | as[3:0] | 0100 |

Assembler Syntax

EEVST.L.64.XP qv, as, ad

Description

This instruction forces the lower 3 bits of the access address in register as to O and stores the lower 64 bits in
register qv to memory. After the access is completed, the value in register as is incremented by the value in
register ad.

Operation

1 qv[63:0] => store64({as[31:3],3{0}})
2 as = as + ad[31:0]
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1.8.198 EE.VSUBS.S16

Instruction Word
110 | qa[2:1] | M0 | qa[0] | ayl2] | 1| ayl[1:0] | gx2:0] | 11010100

Assembler Syntax

EEVSUBS.S16 ga, gx, qy

Description

This instruction performs a vector subtraction on 16-bit data. Registers gx and qy are the subtrahend and the
minuend respectively. Then, the 8 results obtained from the calculation are saturated and then written into
register ga.

Operation

1 gal[ 15: 9]
2 ga[ 31: 16]

3

min(max(gx[ 15: @] - qy[ 15: @], -27{15}), 27{15}-1)
min(max(gx[ 31: 16] - qy[ 31: 16], -27{15}), 27{15}-1)
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1.8.199 EE.VSUBS.S16.LD.INCP

Instruction Word
| 000 | qu[2:1] | aylo] | 100 | qu[o] | qal2:0] | ax[1:0] | qy[2:1] | 1101 | as[3:0] | m | ax(2] |

Assembler Syntax

EEVSUBS.S16.LD.INCP qu, as, ga, gx, qy

Description

This instruction performs a vector subtraction on 16-bit data. Registers gx and qy are the subtrahend and the
minuend respectively. Then, the 8 results obtained from the calculation are saturated and then written into
register ga.

During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is
incremented by 16.

Operation

1 gal[ 15: ©] min(max(gx[ 15: ©] - qy[ 15: @], -27{15}), 27{15}-1)
2 ga[ 31: 16] = min(max(gx[ 31: 16] - qy[ 31: 16], -2~{15}), 2~{15}-1)

5 qu[127:0] = loadl28({as[31:4],4{0}})
6 as[31:0] = as[31:0] + 16
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1.8.200 EE.VSUBS.S16.ST.INCP

Instruction Word
| 101000 | ay[0] | qv[2:0] | 1| qa[2:0] | gx{1:0] | qy[2:1] | 0001 | as[3:0] | M | gx[2] |

Assembler Syntax

EEVSUBS.S16.ST.INCP qv, as, ga, gx, gy

Description

This instruction performs a vector subtraction on 16-bit data. Registers gx and qy are the subtrahend and the
minuend respectively. Then, the 8 results obtained from the calculation are saturated and then written into
register ga.

During the operation, the instruction forces the lower 4 bits of the access address in register as to O and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 ga[ 15: 9]
2 ga[ 31: 186]

min(max(gx[ 15: @] - qy[ 15: @], -22{15}), 27{15}-1)
min(max(gx[ 31: 16] - qy[ 31: 16], -22{15}), 27{15}-1)

5 qv[127:0] => storel28({as[31:4],4{0}})
6 as[31:0] = as[31:0] + 16
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1.8.201 EE.VSUBS.S32

Instruction Word
110 | qa[2:1] | M0 | qe[0] | ayl2] | 1| ayl1:0] | gx(2:0] | moo100

Assembler Syntax

EEVSUBS.S32 ga, gx, qy

Description

This instruction performs a vector subtraction on 32-bit data. Registers qx and qy are the subtrahend and the
minuend respectively. Then, the 4 results obtained from the calculation are saturated and then written into
register ga.

Operation

1 gal[ 31: 9]
2 qa[ 63: 32]

3

min(max(gx[ 31: @] - qy[ 31: @], -27{31}), 27{31}-1)
min(max(gx[ 63: 32] - qy[ 63: 32], -27{31}), 27{31}-1)

Espressif Systems 284 ESP32-S3 TRM (Version 1.6)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.6

Chapter 1 Processor Instruction Extensions (PIE) GoBack

1.8.202 EE.VSUBS.S32.LD.INCP

Instruction Word
| 000 | qu[2:1] | aylo] | 101 | quio] | qa[2:0] | gx(1:0] | ay[2:1] | 101 | as[3:0] | m | ax[2] |

Assembler Syntax

EEVSUBS.S32.LD.INCP qu, as, ga, gx, gy

Description

This instruction performs a vector subtraction on 32-bit data. Registers qx and qy are the subtrahend and the
minuend respectively. Then, the 4 results obtained from the calculation are saturated and then written into
register ga.

During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is
incremented by 16.

Operation

1 qa[31: 9] min(max(gx[31: @] - qy[31: @], -2~{31}), 2~{31}-1)
2 qa[63:32] = min(max(gx[63:32] - qy[63:32], -2~{31}), 2~{31}-1)

5 qu[127:0] = loadl28({as[31:4],4{0}})
6 as[31:0] = as[31:0] + 16
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1.8.203 EE.VSUBS.S32.ST.INCP

Instruction Word
| 1101000 | ay[0] | qv[2:0] | 1| qa[2:0] | gx{1:0] | qy[2:1] | 0010 | as[3:0] | M | gx[2] |

Assembler Syntax

EEVSUBS.S32.ST.INCP qv, as, ga, gx, qy

Description

This instruction performs a vector subtraction on 32-bit data. Registers qx and qy are the subtrahend and the
minuend respectively. Then, the 4 results obtained from the calculation are saturated and then written into
register ga.

During the operation, the instruction forces the lower 4 bits of the access address in register as to O and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 ga[ 31: 9]
2 ga[ 63: 32]

min(max(gx[ 31: @] - qy[ 31: @], -22{31}), 22{31}-1)
min(max(gx[ 63: 32] - qy[ 63: 32], -22{31}), 27{31}-1)

5 qv[127:0] => storel28({as[31:4],4{0}})
6 as[31:0] = as[31:0] + 16
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1.8.204 EE.VSUBS.S8

Instruction Word
110 | qa[2:1] | M0 | qal0] | qyl2] | 1| ayln:0] | gx(2:0] | 1mo100 |

Assembler Syntax

EEVSUBS.S8 ga, gx, qy

Description

This instruction performs a vector subtraction on 8-bit data. Registers gx and gy are the subtrahend and the
minuend respectively. Then, the 16 results obtained from the calculation are saturated and then written into
register ga.

Operation

1 qal[ 7: @]
2 ga[ 15: 8]

3

min(max(gx[ 7: ©] - qy[ 7: 0], -27{7}), 27{7}-1)
min(max(gx[ 15: 8] - qy[ 15: 8], -22{7}), 27{7}-1)
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1.8.205 EE.VSUBS.S8.LD.INCP

Instruction Word
| m000 | qu[2:1] | aylo] | 110 | qu[o] | qal2:0] | gx[1:0] | ay[2:1] | 01 | as[3:0] | m | ox[2] |

Assembler Syntax

EEVSUBS.S8.LD.INCP qu, as, ga, gx, gy

Description

This instruction performs a vector subtraction on 8-bit data. Registers gx and gy are the subtrahend and the
minuend respectively. Then, the 16 results obtained from the calculation are saturated and then written into
register ga.

During the operation, the lower 4 bits of the access address in register as are forced to be O, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is
incremented by 16.

Operation

1 gal[ 7: 0] min(max(gx[ 7: ©] - qy[ 7: 0], -27{7}), 27{7}-1)
2 gal[ 15: 8] = min(max(gx[ 15: 8] - qy[ 15: 8], -2~{7}), 2~{7}-1)

5 qu[127:0] = loadl28({as[31:4],4{0}})
6 as[31:0] = as[31:0] + 16
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1.8.206 EE.VSUBS.S8.ST.INCP

Instruction Word
| 1101000 | qy[0] | qv[2:0] | 1| qa[2:0] | gx{1:0] | ay[2:1] | oom | as[3:0] | m | gx[2] |

Assembler Syntax

EEVSUBS.S8.ST.INCP qv, as, ga, gx, gy

Description

This instruction performs a vector subtraction on 8-bit data. Registers gx and gy are the subtrahend and the
minuend respectively. Then, the 16 results obtained from the calculation are saturated and then written into
register ga.

During the operation, the instruction forces the lower 4 bits of the access address in register as to O and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 gqa[ 7: 9]
2 ga[ 15: 8]

min(max(gx[ 7: ©] - qy[ 7: @], -2~{7}), 2~{7}-1)
min(max(gx[ 15: 8] - qy[ 15: 8], -22{7}), 27{7}-1)

5 qv[127:0] => storel28({as[31:4],4{0}})
6 as[31:0] = as[31:0] + 16
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1.8.207 EEVUNZIP.16

Instruction Word

| 11 [ gs102:11 | 1100 | gs1[0] | gso[2:0] | 001110000100

Assembler Syntax
EEVUNZIP16 gsO, gst

Description

This instruction implements the unzip algorithm on 16-bit vector data.

Operation
1 gse[ 15: 9] gse[ 15: 0]
2 gso[ 31: 16] gse[ 47: 32]
3 qse[ 47: 32] qse[ 79: 64]
4 gs@[ 63: 48] = gs0O[111: 96]
5 gs@[ 79: 64] = gsi1[ 15: 0]
6 qse[ 95: 80] qsl[ 47: 32]
7 qso[111: 96] gsl[ 79: 64]
8 qse[127:112] gsl[111: 96]
9 gsli[ 15: 9] qso[ 31: 16]
10 gsl[ 31: 16] qso[ 63: 48]
n qgsl[ 47: 32] qso[ 95: 80]
- gsl[ 63: 48] = gso[127:112]
3 gsli[ 79: 64] gsl[ 31: 16]
i gsl[ 95: 80] gsl[ 63: 48]
. gsl[111: 96] = gsl[ 95: 80]
16 gsl[127:112] gsl[127:112]
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1.8.208 EE.VUNZIP.32

Instruction Word

| 11| gs102:1) | 1100 | gsi[0] | gso[2:0] | 001110010100

Assembler Syntax
EEVUNZIP.32 gsO, gs1

Description

This instruction implements the unzip algorithm on 32-bit vector data.

Operation
1 qgse[ 31: 9] qse[ 31: 0]
2 gso[ 63: 32] qgso[ 95: 64]
3 qseO[ 95: 64] gsli[ 31: @]
4 gse[127: 96] = gsl[ 95: 64]
5 gsl[ 31: ©] = gse[ 63: 32]
6 gsl[ 63: 32] qse[127: 96]
7 gsl[ 95: 64] gsl[ 63: 32]
8 qsl[127: 96] qsl[127: 96]
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1.8.209 EEVUNZIP.8

Instruction Word

| 1| gs102:11 | 1100 | gsi[0] | gso[2:0] | 001110100100

Assembler Syntax

EEVUNZIP.8 gs0, gs1
Description
This instruction implements the unzip algorithm on 8-bit vector data.

Operation

1

2

20

21

22

23

24

25

26

27

28

29

30

31

32

gso[
gse[
gso[
gso[
qse[
gso[
gso[
gso[
gso[
gso[
gso[
gso[

VA
15:
23:
31:
39:
47:
55:
63:
71:
79:
87:
95:
gs0[103:

qso[111
qso[119
qse[127

gsi[
gsi[
gsi[
gsi[
gsi[
gsi[
gsi[
gsi[
gsi[
gsi[
gsi[
gsi[

7:
15:
23:
31:
39:
47:
55:
63:
71:
79:
87:
95:
qsl[103:

gsi[111
qs1[119
gsi[127

0]

8]
16]
24]
32]
40]
48]
56]
64]
72]
80]
88]
96]
:104]
:112]
:120]

0]

8]
16]
24]
32]
40]
48]
56]
64]
72]
80]
88]
96]
:104]
:112]
:120]
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qse[ 7:
gse[ 23:
qso[ 39:
qso[ 55:
qse[ 71:
qse[ 87:
qse[103:

qse[119

gsl[ 7:
gsl[ 23:
gsl[ 39:
gsl[ 55:
gsl[ 71:
gsl[ 87:
gsl[103:

gsli[119

qso[ 15:
qso[ 31:
qse[ 47:
qso[ 63:
qse[ 79:
qso[ 95:

qseo[111
qgse[127

gsi[ 15:
gsl[ 31:
qsl[ 47:
gsl[ 63:
gsi[ 79:
gsl[ 95:

gsi[111
gsi[127

0]
16]
32]
48]
64]
80]
96]
:112]

0]
16]
32]
48]
64]
80]
96]
:112]

8]
24]
40]
56]
72]
88]
:104]
:120]

8]
24]
40]
56]
72]
88]
:104]
:120]
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1.8.210 EEVZIP.16

Instruction Word

| 11 [ gs102:11 | 1100 | gs1[0] |

gsO[2:0] | 00110110100

Assembler Syntax
EEVZIP16 gsO, gsi
Description
This instruction implements the zip algorithm on 16-bit vector data.

Operation

1

2

qse[ 15:
gso[ 31:
qse[ 47:
qse[ 63:
gso[ 79:
qse[ 95:
qso[111:

qse[127

gsi[ 15:
gsl[ 31:
qsl[ 47:
qgsl[ 63:
gsi[ 79:
qgsl[ 95:
qgsl[111:

qgsi[127

0]
16]
32]
48]
64]
80]
96]
:112]

0]
16]
32]
48]
64]
80]
96]
:112]
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gso[
gsl[
gso[
gsi[
qse[
gsi[
gso[
gsi[
gso[
gsi[
gso[
gsi[

15:
15:
31:
31:
47:
47:
63:
63:
79:
79:
95:
95:
qgse[111:
gsl[111:

qse[127
gsi[127

0]

0]
16]
16]
32]
32]
48]
48]
64]
64]
80]
80]
96]
96]
:112]
:112]
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1.8.211

Instruction Word

EEVZIP.32

| 11| gs102:11 | 1100 | gsi[0] | gso[2:0] | 001111000100

Assembler Syntax

EEVZIP.32 gsO, gsT

Description

This instruction implements the zip algorithm on 32-bit vector data.

Operation
1 qgse[ 31: 9] qse[ 31: 0]
2 gso[ 63: 32] gsl[ 31: @]
3 qseO[ 95: 64] qso[ 63: 32]
4 gse[127: 96] = gsl[ 63: 32]
5 gsi[ 31: 9] gso[ 95: 64]
6 gsl[ 63: 32] qsl[ 95: 64]
7 gsl[ 95: 64] qse[127: 96]
8 qsl[127: 96] qsl[127: 96]
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1.8.212 EEVZIP.8

Instruction Word

| 11 [ gs102:11 | 1100 | gs1[0] |

qsO[2:0] \ 001111010100

Assembler Syntax
EEVZIP.8 gsO, gs1
Description
This instruction implements the zip algorithm on 8-bit vector data.

Operation

1

2

20

21

22

23

24

25

26

27

28

29

30

31

32

gso[
gse[
gso[
gso[
qse[
gso[
gso[
gso[
gso[
gso[
gso[
gso[

VA
15:
23:
31:
39:
47:
55:
63:
71:
79:
87:
95:
gs0[103:

qso[111
qso[119
qse[127

gsi[
gsi[
gsi[
gsi[
gsi[
gsi[
gsi[
gsi[
gsi[
gsi[
gsi[
gsi[

7:
15:
23:
31:
39:
47:
55:
63:
71:
79:
87:
95:
qsl[103:

gsi[111
qs1[119
gsi[127

0]

8]
16]
24]
32]
40]
48]
56]
64]
72]
80]
88]
96]
:104]
:112]
:120]

0]

8]
16]
24]
32]
40]
48]
56]
64]
72]
80]
88]
96]
:104]
:112]
:120]
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gse|
gsi[
gsel
gsil
gse[
gsil
gsel[
gsil
gsel
gsi[
gsel
gsil
gsel[
gsil
gsel
gsi
gsel
gsi[
gse|
gsil
gsel[
gsil
gsel
gsi[

7:

7:
15:
15:
23:
23:
31:
31:
39:
39:
47:
a47:
55:
55:
63:
63:
71:
71:
79:
79:
87:
87:
95:
95:
qse[103:
qsl[103:
qse[111:
gsl[111:
qse[119:
qs1[119:
qse[127:
gsl[127:

o]
0]
8]
8]
16]
16]
24]
24]
32]
32]
40]
40]
48]
48]
56]
561]
641]
64]
72]
72]
80]
80]
88]
88]
96]
96]
104]
104]
112]
112]
120]
120]
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1.8.213 EE.WR_MASK_GPIO_OUT

Instruction Word
| 011100100100 | ax(3:0] | as[3:0] | 0100 |

Assembler Syntax

EEWR_MASK_GPIO_OUT as, ax

Description

It is a dedicated CPU GPIO instruction to set specified bits in GPTO_OUT. The lower 8 bits in register ax store
the mask, and the lower 8 bits in register as store the assignment content.

Operation

1 GPIO_OUT[7:0] = (GPIO_OUT[7:0] & ~ax[7:0]) | (as[7:0] & ax[7:0])
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1.8.214 EE.XORQ

Instruction Word
| 1| qaf2:1) | m01 | qa[o] | ont | ay[2:1] | o1 | gx(2:1] | ayl0] | gx{0] | 0100 |

Assembler Syntax

EE.XORQ ga, gx, qy

Description

This instruction performs a bitwise XOR operation on registers gx and qy and writes the result of the logical
operation to register ga.

Operation
1 ga = gx " qy
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1.8.215 EE.ZERO.ACCX

Instruction Word
] 001001010000100000000100 \

Assembler Syntax
EE.ZERO.ACCX

Description
This instruction clears the value in special register ACCX to O.
Operation
1 ACCX = ©
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1.8.216 EE.ZERO.Q

Instruction Word
| 1| qaf2:1) | m01 | qafo] | 1mmmotooioo

Assembler Syntax

EE.ZERO.Q ga

Description

This instruction clears the value in register ga to O.
Operation

1 ga = ©
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1.8.217 EE.ZERO.QACC

Instruction Word
] 001001010000100001000100 \

Assembler Syntax
EE.ZERO.QACC

Description
This instruction clears the values in special registers QACC_L and QACC_H to O.
Operation
1 QACC_L = ©
2 QACC_H = o
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1.8.218 LD.GR

Instruction Word
| 11| quen | ot | quio] | o010 | imm(3:0] | as[3:0] | 0100 |

Assembler Syntax

LD.QR qu, as, imm, -128..112

Description

This instruction loads 128 bits from memory to the target QR register qu.
Operation

1 qu = loadl28(as + imm)
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1.8.219 ST.QR

Instruction Word
|11 [ ast21) | m01 | gsfo] | 10 | imm(3:0] | as[3:0] | 0100 |

Assembler Syntax

LD.QR gs, as, imm, -128..112

Description

This instruction stores 128 bits from the source QR register gs to memory.
Operation

1 gs => storel28(as + imm)
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1.8.220 MV.QR

Instruction Word
|10 | quiz:1) | 1 | quo] | 000 | gsf2:1] | 000 | gs[0] | 00100 |

Assembler Syntax

MV.QR qu, gs

Description

This instruction moves the value from the source QR register gs to the target QR register qu.
Operation

! qu = gs
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Chapter 2

ULP Coprocessor (ULP-FSM, ULP-RISC-V)

2.1 Overview

The ULP coprocessor is an ultra-low-power processor that remains powered on when the chip is in
Deep-sleep (see Chapter 10 Low-power Management (RTC_CNTL)). Hence, users can store in RTC memory a
program for the ULP coprocessor to access RTC peripherals, internal sensors, and RTC registers during
Deep-sleep.

In power-sensitive scenarios, the main CPU goes to sleep mode to lower power consumption. Meanwhile, the
coprocessor is woken up by ULP timer, and then monitors the external environment or interacts with the
external circuit by controlling peripherals such as RTC GPIO, RTC 12C, SAR ADC, or temperature sensor
(TSENS). The coprocessor wakes the main CPU up once a wakeup condition is reached.

ESP32-S3 |

Enable with = ULP Wakeup> ULP Wakeup> Main
RTCGPIO. 1 Timer Coprocessor CPU

[ NN

TSENS

RTC GPIO
TOUCH
ADC
RTC I2C

v

Monitor/Control

Figure 2.1-1. ULP Coprocessor Overview

ESP32-S3 has two ULP coprocessors, with one based on RISC-V instruction set architecture (ULP-RISC-V)
and the other on finite state machine (ULP-FSM). Users can choose between the two coprocessors
depending on their needs.

2.2 Features

e Access up to 8 KB of SRAM RTC slow memory for instructions and data

o Clocked with 17.5 MHz RTC_FAST_CLK
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e Support working in normal mode and in monitor mode
e Wake up the CPU or send an interrupt to the CPU
e Access peripherals, internal sensors and RTC registers

ULP-FSM and ULP-RISC-V can not be used simultaneously. Users can only choose one of them as the ULP
coprocessor of ESP32-S3. The differences between the two coprocessors are shown in the table
below.
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Table 2.2-1. Comparison of the Two Coprocessors

‘ ULP Coprocessors

Feature
ULP-FSM ULP-RISC-V
Memory (RTC Slow Memory) 8 KB
Work Clock Frequency 17.5 MHz
Wakeup Source ULP Timer

Normal Mode

Assist the main CPU to complete some tasks
after the chip is woken up.

Work Mode
Monitor Mode

Retrieve data from sensors to monitor
environment, when the chip is in sleep.

ADC1/ADC2

RTC 12C

Control Low-Power Peripherals

RTC GPIO

Touch Sensors

Temperature Sensor

Architecture

Programmable FSM RISC-V

Development

Special instruction set | Standard C compiler

ULP coprocessor can access the modules in RTC domain via RTC registers. In many cases the ULP

coprocessor can be a good supplement to, or replacement of, the main CPU, especially for power-sensitive

applications. Figure 2.2-1 shows the overall layo

ut of ESP32-S3 coprocessor.

APB BUS
()
jo2}
2
5
RTC CNTL REG
RTC Memory RTC 10 REG
Arbiter
12C CTRL SARADC REG
RTC I2C REG
TSENS CTRL [
ULP-FsM L yux |« uLP-RIsC-v
SAR CTRL —
ULP Timer
ESP32-S3 RTC
Figure 2.2-1. ULP Coprocessor Diagram
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2.3 Programming Workflow

The ULP-RISC-V is intended for programming using C language. The program in C is then compiled to
RV32IMC standard instruction code. The ULP-FSM is using custom instructions normally not supported by
high-level programming language. Users develop their programs using ULP-FSM instructions (see Section

2.5.2).
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Figure 2.3-1. Programming Workflow

2.4 ULP Coprocessor Sleep and Wake-Up Workflow
ULP coprocessor is designed to operate independently of the CPU, while the CPU is either in sleep or
running.

In a typical power-saving scenario, the chip goes to Deep-sleep mode to lower power consumption. Before
setting the chip to sleep mode, users should complete the following operations.

1. Flash the program to be executed by ULP coprocessor into RTC slow memory.
2. Select the working ULP coprocessor by configuring RTC_CNTL_COCPU_SEL.

e O: select ULP-RISC-V

e 1: select ULP-FSM
3. If ULP-RISC-V is selected as working ULP coprocessor, please

e set and reset RTC_CNTL_COCPU_CLK_FO;

e set RTC_CNTL_COCPU_CLKGATE_EN.
4. Set sleep cycles for the timer by configuring RTC_CNTL_ULP_CP_TIMER_1_REG.
5. Enable the timer by software or by RTC GPIO;

e By software: set RTC_CNTL_ULP_CP_SLP_TIMER_EN.
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e By RTC GPIO: set RTC_CNTL_ULP_CP_GPIO_WAKEUP_ENA. For more information, see Chapter 10
Low-power Management (RTC_CNTL).

6. Set the system into sleep mode.
When the system is in Deep-sleep mode:

1. The timer periodically sets the low-power controller (see Chapter 10 Low-power Management
(RTC_CNTL)) to Monitor mode and then wakes up the coprocessor.

2. Coprocessor executes some necessary operations, such as monitoring external environment via
low-power sensors.

3. After the operations are finished, the system goes back to Deep-sleep mode.
4. ULP coprocessor goes back to halt mode and waits for next wakeup.

In monitor mode, ULP coprocessor is woken up and goes to halt as shown in Figure 2.4-1.

enane (1 PN
. (2) {2) [2)

Timer
- PR 1S 2
Expired

Run
ULP ‘ ' Run | Y Run Y Run ) Run
HALT | ! ! i i | i |

Figure 2.4-1. ULP Sleep and Wakeup Sequence

1. Enable the timer and the timer starts counting.

2. The timer expires and wakes up the ULP coprocessor. ULP coprocessor starts running and executes the
program flashed in RTC slow memory.

3. ULP coprocessor goes to halt and the timer starts counting again.
e Put ULP-RISC-V into HALT: set RTC_CNTL_COCPU_DONE.
e Put ULP-FSM into HALT: execute HALT instruction.

4. Disable the timer by ULP program or by software. ULP coprocessor exits from monitor mode.
e Disabled by software: clear RTC_CNTL_ULP_CP_SLP_TIMER_EN.

e Disabled by RTC GPIO: clear RTC_CNTL_ULP_CP_GPIO_WAKEUP_ENA and set
RTC_CNTL_ULP_CP_GPIO_WAKEUP_CLR.

Note:
e If the timer is enabled by software (RTC GPIO), it should be disabled by software (RTC GPIO).

e Before setting ULP-RISC-V to HALT, users should configure RTC_CNTL_COCPU_DONE first, therefore, it
is recommended to end the flashed program with the following pattern:

- Set RTC_CNTL_COCPU_DONE to end the operation of ULP-RISC-V and put it into halt;

Espressif Systems 308 ESP32-S3 TRM (Version 1.6)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.6

Chapter 2 ULP Coprocessor (ULP-FSM, ULP-RISC-V) GoBack

- Set RTC_CNTL_COCPU_SHUT_RESET_EN to reset ULP-RISC-V.
Enough time is reserved for the ULP-RISC-V to complete the operations above before it goes to halt.

Figure 2.4-2 shows the relationship between the signals and register bits.
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Figure 2.4-2. Control of ULP Program Execution
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2.5 ULP-FSM

2.51 Features

ULP-FSM is a programmable finite state machine that can work while the main CPU is in Deep-sleep. ULP-FSM
supports instructions for complex logic and arithmetic operations, and also provides dedicated instructions for
RTC controllers or peripherals. ULP-FSM can access up to 8 KB of SRAM RTC slow memory (accessible by the
CPU) for instructions and data. Hence, such memory is usually used to store instructions and share data
between the ULP coprocessor and the CPU. ULP-FSM can be stopped by running HALT instruction.

ULP-FSM has the following features.

e Provides four 16-bit general-purpose registers (RO, R1, R2, and R3) for manipulating data and accessing
memory.

e Provides one 8-bit stage count register (Stage_cnt) which can be manipulated by ALU and used in JUMP
instructions.

e Supports built-in instructions specially for direct control of low-power peripherals, such as SAR ADC and
temperature sensor.

2.5.2 Instruction Set
ULP-FSM supports the following instructions.
e ALU: perform arithmetic and logic operations

e LD, ST, REG_RD and REG_WR: load and store data

JUMP: jump to a certain address

WAIT/HALT: manage program execution
e WAKE: wake up CPU or communicate with CPU
e TSENS and ADC: take measurements

Figure 2.5-1 shows the format of ULP-FSM instructions.

(]
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‘31 28|27 0‘

| | |

Figure 2.5-1. ULP-FSM Instruction Format

An instruction, which has one OpCode, can perform various operations, depending on the setting of
Operands bits. A good example is the ALU instruction, which is able to perform 10 arithmetic and logic
operations; or the JUMP instruction, which may be conditional or unconditional, absolute or relative.

Each instruction has a fixed width of 32 bits. A series of instructions can make a program be executed by the
coprocessor. The execution flow inside the program uses 32-bit addressing. The program is stored in a
dedicated region called Slow Memory, which is visible to the main CPU under an address range of
0x5000_0000 to Ox5000_1FFF (8 KB).
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