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Chapter 1. Introduction

1.1. Purpose

This document describes the Qualcomm Hexagon Matrix eXtension (HMX) instruction set architecture.

Hexagon implements HMX alongside an HVX coprocessor. HMX accelerates machine learning workloads

by specializing in matrix multiplication and convolution using different data types. It is assumed that the

reader is familiar with Hexagon and HVX architecture. For a full description of the Hexagon architecture,

see the Qualcomm Hexagon Programmer’s Reference Manual and Qualcomm HVX Hexagon

Programmer’s Reference Manual.

1.2. Conventions

Courier font is used for computer text, registers, and code samples.

For example:

hexagon_<function_name>_().

1.3. Technical assistance

For assistance or clarification on information in this document, submit a case to Qualcomm Technologies,

Inc. (QTI) at https://createpoint.qti.qualcomm.com/ .

If you do not have access to the CDMATech Support website, register for access or send email to

support.cdmatech@qti.qualcomm.com.

https://createpoint.qti.qualcomm.com/
https://createpoint.qti.qualcomm.com/
mailto:support.cdmatech@qti.qualcomm.com


Chapter 2. HMX features

2.1. Architecture overview of HMX

HMX is a SIMD engine that provides the feature of . The CISC-based architecture

combines memory accesses with operations.

HMX provides three register sets: a set of accumulator registers, convert state registers, and bias registers.

The accumulator stores the sum of products of the activation and weights input.

The convert state stores the result of the accumulator after activation function is applied. Multiple activation

functions can apply to convert state, and the result can be stored back to memory.

The bias register stores the activation function parameters used during the convert operation from

accumulator to convert state. The program should load the bias register value from VTCM with a bias load

instruction prior to a convert transfer instruction.
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Figure 1. HMX architecture overview

HMX supports three main instructions; the following numbers correspond to the numbered instructions in

above figure:

1. Multiply instruction

2. Convert transfer instruction

3. Write convert state instruction

HMX instructions use scalar registers to program the instructions. A basic matrix multiply on HMX looks like

the following below where the program loads the activations and weights, executes a convert operation,

then stores the data back to memory.

    // loads and multiply activation and weights



    void Q6_activation_hf_mxmem_RR(Word32 Rs, Word32 Rt);

    void Q6_weight_hf_mxmem_RR(Word32 Rs, Word32 Rt);

    // loads bias register from VTCM

    void Q6_bias_mxmem2_A(void* A);

    // convert transfer the accumulator to convert state with bias reg

loaded above

    void Q6_cvt_hf_acc_R(void* A);

    // store result from convert state to vtcm

    void Q6_mxmem_cvt_RR(Word32 Rs, Word32 Rt);

NOTE
Ensure that only the necessary bits are set when programming HMX, otherwise the            

behavior is undefined.  

NOTE
Backwards and forwards compatibility between architecture versions are supported for

basic instructions, however, bit-exactness are not guaranteed.   

2.1.1. SIMD coprocessor

HMX is a single instruction multiple data (SIMD) coprocessor block and the three main instructions all

behave in a SIMD manner. The instructions apply their respective equations in parallel to a multitude of

data elements at one time.

2.1.2. Data type

HMX instructions support a variety of data types, but this document only covers FP16. HMX FP16 follows

IEEE-745 half precision format.

2.2. Multiply instruction

HMX reads in the activation ( ) and weight ( ) data that is stored in VTCM, computes the dot-product

(multiply accumulate, also known as MAC), and saves the result in an accumulator. The instruction

operands specify the memory location and the operation to perform.

The activation and weight instructions must be sequential in the program. Together, they form a multiply

instruction. For example:

    void Q6_activation_hf_mxmem_RR(Word32 Rs, Word32 Rt);

    void Q6_weight_hf_mxmem_RR(Word32 Rs, Word32 Rt);

These instructions performs the following equation:

where a = activation, w = weights, i = input.

2.2.1. Activation crouton

An activation crouton is the basic unit in HMX that represents a tensor being operated on by the weights.

Each multiply instruction operates on at least one crouton.
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Figure 2. An activation crouton of size 2 KB

A crouton is organized as a 3D structure of cells with dimensions spatial-x by spatial-y by input-channel.

Each cell in the crouton is an FP16 value. The spatial-x and spatial-y dimensions together compose the

spatial dimension when the activation crouton is viewed as a 2D structure. An FP16 activation crouton is 32

(spatial) x 32 (input-channel) x 16-bit (cell).

Activation instruction format

31 11 10 7 6 2 1 0

Activation Instruction Registers

Rs

Rt

Address (2 KB aligned)

dY (addr offset) or dC (crouton count)

Spatial offset (SO, upper 4) SOInput channel start

Spatial mask (SM, upper 4) SMInput channel stop

Oprand

-

-

Figure 3. Activation scalar register fields bit map

Table 1. Activation register fields

Register Name Description

Rs32[31:11] Address 2 KB aligned address of crouton

Rs32[10:7], Rs32[1] Offset Spatial offset amount. See Section 4.4.1.

Rs32[6:2] Input channel start First input channel to multiply. See Section 4.1.

Rt32[31:11] dY or dC Location of the next crouton or number of croutons. See

Section 4.2.1, Section 4.4.1.

Rt32[10:7], Rt32[1] Spatial mask Organization of the crouton spatial plane

Rt32[6:2] Input channel stop Last input channel to multiply. See Section 4.1.

The Rs[address] field specifies the activation crouton location in VTCM. It must be 2 KB aligned.

The Rt[spatial_mask] defines ordering of the 32 spatials in the spatial-plane using five spatial bits. Set



a spatial mask bit to 0 to indicate the spatial-x (X) direction. Set a spatial mask bit to 1 to indicate the

spatial-y (Y) direction. The examples in this document use 4x8 spatial croutons with spatial mask set to

11100 (YYYXX).

The Rt[dY_dC], Rs[offset], Rs[channel_start] and Rt[channel_stop] fields are used for more

complex matrix multiplication, which is covered in Chapter 4. For basic matrix multiplication, set the fields to

following values:

• Rt[dY_dC]=0

• Rs[offset]=0

• Rs[channel_start]=0

• Rt[channel_stop]=31

These fields must all be defined to perform the specified multiply operation.

Activation VTCM organization

There are 2 activation spatials per VTCM vector as shown in the figure below. The cells colored in blue

should be stored in the first 32 bit in VTCM, then the ones in vector 1, vector 2, and lastly the salmon cells.

The numbers on the image denote the VTCM address for that specific cell.
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Figure 4. Activation VTCM organization

2.2.2. Weight

A weight instruction applies a set of filters (also known as kernels) to the activation crouton.

Weights are organized as a 2D structure of cells with dimensions of output-channels by input-channels.

Each cell in the matrix is an FP16 value. An output-channel is a filter that is applied to the activation data.

Hardware constrains the size of output-channel to 32. The amount of input channels in the weight

instruction must be the same as the activation instruction. Each input-channel of the weight correspond to

the input channel of the activation crouton.
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Weight format

31 7 6 5 4 0

Weight Instruction Registers

Rs

Rt

Base address

dW (distance to last weight)

Neg-

Reserved (set to all 1s to point to last weight)

Oprand

Reserved (set to all 0s)

Figure 6. Weight scalar register fields bit map

Table 2. Weight instruction register fields

Register Name Description

Rs32[31:7] Address Starting address of weight data

Rs32[6] Reserved Reserved (should be set to 0)

Rs32[5] Weight negate Negate the weights such that MAC = A * -W 0: Do not negate

1: Negate

Rs32[4:0] Reserved Reserved (should be set to 0)

Rt32[31:7] dW (range) Distance to the last weight in the instruction

Rt32[6:0] Reserved Reserved (should be set to all 1s)

The Rt[dW] field specifies the length of the weight data set, and the amount of the weights must match the

activations. The range is only used for exception checking. The sum of Rs[address] and Rt[dW] should

point to the last 128 B vector of the weights data. When too few weights are specified in the multiply and do



not match the activation size, HMX inserts 0 as weights. When too many weights are specified, the

hardware wastes cycles flushing these excess weights from the internal buffers.

Weights are read in sequences of 128 B vectors that contain two input channels and 32 output channels as

shown in the figure below (bits[6:0]). Subsequent vectors are for the next set of two input channels. For

example, the data stored at address = 4 = 0b100 is for output channel 1, input channel 0 (refer to Figure 8).
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Weight address bits

Output channelInput 
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Input 
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Figure 7. Weights format

HMX reads the input channels in the multiplication instruction order as shown in the figure below. The cells

colored in blue should be stored in the first 32 bit in VTCM, then the ones in vector 1, vector 2, and lastly

the salmon cells. The numbers on the image denote the VTCM address for that specific cell.
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Figure 8. Weights VTCM organization

2.2.3. Accumulator

The accumulator (ACC) stores the MAC result from the multiply instruction.

HMX has a pair of accumulators. Each accumulator is a matrix with a size of spatial dimension by output-

channel, which has the size of 32 (spatial) x 32 (output-channel) x 37-bit (cell).
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Figure 9. Accumulators

A single matrix multiply instruction executes multiple multiply accumulates (MAC) per cycle.

A matrix multiply operation stores the results in the primary accumulator, and a following convert transfer

instruction can optionally clear and swap the accumulator. The convert instructions are the only way to

accesses the accumulators and store the data back to VTCM.

2.2.4. Multiply example

The following is an example of matrix multiply using activation crouton, weights, and an accumulator.

From Equation 1 in Section 2.2.1, the cell located at (1,0) in the accumulator stores:

where i = input channel, a1 = activation spatial 1, w0 = weights output channel 0.
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Figure 10. Multiplication result in the primary accumulator

HMX uses the activation data at a spatial dimension and the weight data at an output channel dimension

and computes the dot-product across the entire input channel dimension of the data set. In the image

above, HMX computes the dot-product starting from the activation and weight gray cell to the green cell.

HMX stores the sum of the products from all the gray, gold, and green cells in the accumulator cell at (1, 0).

The dot-product across the activation’s spatial 1 and weight output-channel 0 determines the accumulator

value. This behavior is described by Equation 2 above.

Another example is the blue strips in the activation and weights for activation spatial 31 and weights output-

channel 1, with the result stored at accumulator cell (31, 1).

Using Equation 2, the cells in the accumulator as shown above can be expressed as follows:

where i = input channel, as = activation spatial, woch = weights output channel

A single multiply instruction computes Equation 3 for every activation spatial and weight output-channel in

parallel.

2.3. Convert transfer instruction

The convert state transfer instruction uses the bias register values to perform the convert operation on the

accumulator data, then transfers the result to the convert state register. Every cell in the accumulator goes



through the same convert operation and is stored in the corresponding location in the convert state register.

The instruction then optionally clears the accumulator data. This instruction reduces the 37-bit floating point

accumulator value to FP16.

    void Q6_cvt_hf_acc_R(void* A)

This instruction performs the following equation:

where b = bias, f = convert operation
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Figure 11. Convert transfer data flow

The gray box encompasses a representation of the convert equation. The boxes with orange background

represent the specified bias register parameters. The bias register programs the input bias, shaping

function, scale, and output bias. The gold texts with "Rs[bit]" notations represent the modes configured by

the Rs register in the convert transfer instruction.

The figure above is expressed as the following equation:

Where:

• s = scale

• shape = shaping function

• ACC = accumulator data

• bi= input bias

• bo = output bias



2.3.1. Bias register

The bias register specifies the parameters in highlighted in orange in Figure 11.

Each output channel of the accumulator is associated with a bias register (64 bits). A set of bias registers

include all bias registers of the 32 output channels. There are four sets of bias registers available to the

convert transfer instruction.

Bias Registers

Bias(0) Bias(1) Bias(2) Bias(31)….

Bias Register Set 0

Bias(0) Bias(1) Bias(2) Bias(31)….

Bias Register Set 1

Bias(0) Bias(1) Bias(2) Bias(31)….

Bias Register Set 2

Bias(0) Bias(1) Bias(2) Bias(31)….

Bias Register Set 3

Figure 12. Bias register sets

The gold cell in the figure above indicates the bias parameters for output channel 0 used in a convert

transfer instruction. A convert transfer instruction selects one of the four sets of bias registers to use, and

the bias cells 0 through 31 within the set are applied to the corresponding accumulator output channel

values.

Bias load instruction

The bias register must be loaded from VTCM prior to the convert transfer instruction. The instruction loads

the data and assigns it to the specified bias register set. A convert transfer instruction uses the preloaded

bias data. The bias load instruction can be either before or after the multiplication instructions, as long as it

is before the convert transfer instruction.

The bias load instruction is specified as follows:

    void Q6_bias_mxmem2_A(void* A)

This instruction loads 256 bytes of data from VTCM for a bias register set (32 output channels x 64 bits),

and the address must be 256 bytes aligned. The data of the 64-bit bias register per output channel is split

across two vectors, where the first vector holds the lower 32 bits of all bias registers, and the second vector

holds the higher 32 bits of all registers as shown below.
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Bias register(i)

0

1
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Bias load VTCM order
Bias(0) full 64 bit val

Vector 1 - lower 32 bits

Vector 2 - upper 32 bits

Figure 13. Bias register VTCM organization



31 8 7 2 1 0

Bias Load/Store Instruction Register

Rs Address (256B aligned) IndexReserved

Oprand

Figure 14. Bias instruction register fields bit map

Table 3. Bias load instruction register fields

Register Name Description

Rs32[31:8] Address 256B aligned address of bias register set.

Rs32[7:2] Reserved -

Rs32[1:0] Index Bias register set index to load data into.

The 64 bit bias data loaded from VTCM for each output channel is defined as:

Output Bias (FP16) Extra 4 bits mantissa

019 18 17 1316 15 14 12 11 10 9 8 7 6 5 4 3 2 1

Output Bias (20 bits)

Extra 4 bits mantissaScale (FP16)

019 18 17 1316 15 14 12 11 10 9 8 7 6 5 4 3 2 1

Scale (20 bits)

31 30 26 029 28 27 25 24 23 22 21 20 19 18 17 1316 15 14 12 11 10 9 8 7 6 5 4 3 2 1

63 62 58 3261 60 59 57 56 55 54 53 52 51 50 49 4548 47 46 44 43 42 41 40 39 38 37 36 35 34 33

Output Channel N

Bias Register

Input Bias (FP16 + extra 5 bits mantissa)

Scale (FP16)Output Bias (FP16)

Shape Output Bias (extra) Scale (extra)

Figure 15. Bias register fields

Table 4. Bias parameters register fields

Register Name Description

[63:43] Input bias Input bias value (FP16 with 5 extra bits of mantissa)

[42:40] Shape Shaping function select

[15:0], [35:32] Scale Scale value (FP16 with 4 extra bits of mantissa)

[31:16], [39:36] Output bias Output bias value (FP16 with 4 extra bits of mantissa)

The 3-bit shaping field selects the 8 possible shaping functions as listed in the table below:

Table 5. Shaping function options

Shape[2:0] Shaping functions Shape[2:0] Shaping functions

0 shape(x) = x 4 shape(x) = -x

1 shape(x) = min(x,0) 5 shape(x) = -min(x,0)

2 shape(x) = max(x,0) 6 shape(x) = -max(x,0)



Shape[2:0] Shaping functions Shape[2:0] Shaping functions

3 shape(x) = |x| 7 shape(x) = -|x|

Bias store instruction

The bias store instruction stores the bias register used in the convert transfer instruction back to VTCM. It

stores 64 bits per output channel and the address must be 256 bytes aligned in VTCM.

The bias store instruction is specified as follows:

    void Q6_mxmem2_bias_A(void* A)

The register field is the same as the bias load instruction above (Figure 14).

2.3.2. Convert state

The convert state stores the result from the convert transfer instruction. It has 32 spatials and 32 output

channels. This is similar to the accumulator, as each cell in the accumulator maps to its equivalent location

in convert state register.
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Figure 16. Convert transfer result in a convert state register

In the figure above, accumulator (0,0) is converted with the parameters from bias (0) and stored at convert

state (0,0). Each output channel of the accumulator is converted with their own bias parameters. In this

figure, bias(0) and bias(1) can contain different parameters for the operation. The cells in accumulator

output channel 1 all use the same bias parameters from bias(1).

2.3.3. Convert transfer instruction setup

    void Q6_cvt_hf_acc_R(void* A)

31 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Rs Reserved ACC

Oprand

-fb destfb op-ovf-rnd  Bias sel Reserved

Convert Transfer Instruction Register

Figure 17. Convert transfer instruction register fields bit map



Table 6. Convert transfer instruction scalar register fields

Register

bits

Name Description

[31:14] Reserved -

[13:12] Bias sel Select the bias register set for this instruction.

[11:9] Reserved -

[8] Rnd Rounding position for polynomial feedback.

0: IEEE precision

1: Extra four bits of precision in mantissa

[7] Reserved -

[6] Ovf Overflow behavior

0: Overflow to +/- infinity

1: Overflow to maxnorm (largest real number)

[4] Fb op Selects the limit operation for the selected feedback destination.

0: min

1: max

[3:2] Fb dest Specifies the feedback value destination for either output bias or

scale.

0: No feedback

1: Output bias

2: Scale

[1] Reserved -

[0] acc Accumulator behavior

0: Clear accumulator values and swap primary accumulator

1: Retain accumulator values

The round position, feedback limit operation and destination fields are used for convert transfer operations

with feedback, which is covered in Chapter 5. For convert transfer instruction without feedback, set the

fields to following values:

• Rs[bias_sel] = the bias register index (the index Rs[1:0] field in the bias load instruction prior to

this convert transfer instruction)

• Set the rest of the register to 0

2.3.4. Floating point overflow setting

Together, the USR[21:20] and Rs[6] bits control the behavior of the floating point overflow result. The

table below demonstrates the behavior:

Table 7. Floating point overflow control

Control bits Saturation data FP16 output

USR[20]

infNan

propagate

Rs[6]

maxnorm

USR[21] nan

propagate

Input Output Sign Exp Sig

0 x x +Inf +maxpos 0 emax all 1’s

-Inf -maxpos 1 emax all 1’s

Nan -maxpos 1 emax all 1’s



Control bits Saturation data FP16 output

1 0 x +Inf +Inf 0 emax all 0’s

-Inf -Inf 1 emax all 0’s

Nan Nan 1 emax all 1’s

1 1 0 +Inf +maxpos 0 emax-1 all 1’s

-Inf -maxpos 1 emax-1 all 1’s

Nan -maxpos 1 emax-1 all 1’s

1 1 1 +Inf +maxpos 0 emax-1 all 1’s

-Inf -maxpos 1 emax-1 all 1’s

Nan -maxpos 1 emax all 1’s

2.4. Write convert state instruction

The write convert state instruction stores the FP16 data in convert state age to VTCM at the specified

address. It does not modify the data in the convert state. The 2D structure of the convert state of

dimensions spatial by output channel are stored in VTCM in a 3D structure of the dimensions spatial-x by

spatial-y by output channels. The extra dimension is derived from separating the spatial dimension in the

convert state into two dimensions of spatial-x and spatial-y.
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Figure 18. Write convert state instruction spatial mapping

The figure above shows the mapping from convert state to VTCM in both "crouton view" and 2D VTCM

view. The instruction stores the entire row of spatial 31 (deep blue) in the convert state to VTCM in the

whole depth behind spatial 31. The gold cell in CVT (20, 0) maps to the gold cell in VTCM at the front, and

the green cell in CVT (1, 31) maps to the green cell at the last output channel depth in VTCM. The same

process is repeated for the full convert state register in this instruction.

2.4.1. Write convert state instruction format

    void Q6_mxmem_cvt_RR(Word32 Rs, Word32 Rt);

Write convert state instruction register fields bit map



31 11 10 7 6 2 1 0

Write Convert State Instruction Register

Rs

Rt

Address (2 KB aligned)

Reserved Spatial mask (SM, upper 4) SMReserved

Oprand

-

Reserved

Table 8. Write convert state instruction register fields

Register Name Description

Rs32[31:11] Address VTCM address to write to.

Rs32[10:0] Reserved -

Rt32[31:11] Reserved -

Rt32[10:7], Rt32[1] Spatial mask Organization of the crouton spatial plane.

Rt32[6:2], Rt32[0] Reserved -

The Rs[address] field specifies the activation crouton location in VTCM. It must be 2 KB aligned.

The Rt[spatial_mask] defines ordering of the 32 spatials in the spatial-plane using five spatial bits, the

same as activation spatial mask Section 2.2.1.1.

VTCM organization

The result is organized similarly to the activation crouton in VTCM with two spatials stored in a vector as

shown below.
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Figure 19. Result VTCM organization



2.5. Clear accumulator instruction

This instruction clears both accumulators in a set by setting the values to zero. The accumulators can also

optionally be cleared by the convert transfer instruction.

    void Q6_mxclracc_hf()



Chapter 3. HMX matrix multiply code example

3.1. Data setup in VTCM

FP16 data in HMX follows IEEE-745 half precision format. This example uses simple FP16 data to

demonstrate HMX matrix multiplication and it’s not the most efficient. Full application should use HVX to

manipulate the data.

/*

    Setup the values as:

        0 0.01 0.02 0.03  ....... 0.31

        1 1.01 1.02 1.03  ....... 1.31

        ......

        ......

        31 31.01 ................ 31.31

    spatial = int val, channel = frac val

    rounded to the closest representable FP16 value

*/

void write_act_vtcm(uint16_t *addr_start) {

    int total_sp = 32;

    int total_ch = 32;

    int num_sp_per_vec = 2;   // 2 spatial per vector

    int total_vectors = total_sp / num_sp_per_vec;

    uint16_t* addr = addr_start;

    for (int vec = 0; vec < total_vectors; vec++) {

        for (int ch = 0; ch < total_ch; ch++) {

            for (int sp_in_vec = 0; sp_in_vec < num_sp_per_vec;

sp_in_vec++) {

                int spatial = vec * num_sp_per_vec + sp_in_vec;

                float act_val = spatial + (ch * 0.01);

                uint16_t fp16_val = float_to_fp16(act_val);

                *addr = fp16_val;

                addr++;  // move to next FP16 addr

            }

        }

    }

}

/*

    Setup the values as:

        0 0 0 0 ....... 0

        0 1 0 0 ....... 0

        0 0 2 0 ....... 0

        .....

        .....

        0 0 0 0 ....... 31

    essentially "identity" matrix but with none 0s location as the

output channel number

*/

void write_wgt_vtcm(uint16_t *addr_start) {

    int total_out = 32;

    int total_in = 32;

    int num_in_per_vec = 2;   // 2 spatial per vector

    int total_vectors = total_in / num_in_per_vec;

    uint16_t* addr = addr_start;

    for (int vec = 0; vec < total_vectors; vec++ ) {



        for (int out = 0; out < total_out; out ++ ) {

            for (int in_ch_vec = 0; in_ch_vec < num_in_per_vec;

in_ch_vec++) {

                int input_channel = vec * num_in_per_vec + in_ch_vec;

                float wgt_val = 0;

                if (input_channel == out) {

                    wgt_val = out;

                }

                uint16_t fp16_val = float_to_fp16(wgt_val);

                *addr = fp16_val;

                addr++;  // move to next FP16 addr

            }

        }

    }

}

/*

    Setup the values to be the same for every output channel:

        * input bias = 0

        * shape = 0 (x)

        * scale = 1

        * output bias = 0

    So that the converted value is the "raw" ACC value

*/

void write_bias_vtcm(int32_t *addr_start) {

    int total_bias = 32;

    int32_t* addr = addr_start;

    // lower 32 bits of all output channel bias regs

    for (int out = 0; out < total_bias; out++) {    // every output

channel

        float scale_val = 1;

        uint16_t fp16_val = float_to_fp16(scale_val);

        *addr = fp16_val;   // only scale is set at [15:0]. No need for

extra bits here

        addr++;  // move to next 32 bit bias addr

    }

    // upper 32 bits of all output channel bias regs (all 0s here)

}

Bias stored in vtcm in the above code are the same for every output channels for illustration purposes.

Each output channel does not have to be the same.

3.2. Code

    // find VTCM address

    void *vtcm_addr = setup_vtcm();

    // -------------------------------------

    // --- set act/wgt/bias data in VTCM ---

    // -------------------------------------

    uint8_t *act_start_addr = (uint8_t*) vtcm_addr;

    write_act_vtcm((uint16_t*)act_start_addr);

    int crouton_size = 2048;

    int8_t *wgt_start_addr = (int8_t*) (act_start_addr + crouton_size);

    write_wgt_vtcm((uint16_t*)wgt_start_addr);

    int wgt_size = 2048;



    int32_t *bias_start_addr = (int32_t*)(wgt_start_addr + wgt_size);

    write_bias_vtcm(bias_start_addr);

    int bias_size = 256;

    uint8_t *result_start_addr = (uint8_t *) vtcm_addr + 3 * 2048;  //

next 2 kB aligned addr

    // -------------------------------------

    // --- setup multiply regs and insn ----

    // -------------------------------------

    uintptr_t act_rs = (uintptr_t)act_start_addr;  // other non addr

params = 0

    uint32_t act_rt = 0;  // dY_dC = 0

    const uint32_t rt_sp_mask = 0b11100;    // YYYXX

    const uint32_t rt_in_stop = 31;

    act_rt |= ( ((rt_sp_mask >> 1) << 7 ) | (rt_in_stop << 2 ) |

((rt_sp_mask & 0x1) << 1) );

    uintptr_t wgt_rs = (uintptr_t)wgt_start_addr;

    uint32_t wgt_rt = wgt_size - 1;

    Q6_activation_hf_mxmem_RR(act_rs, act_rt);

    Q6_weight_hf_mxmem_RR(wgt_rs, wgt_rt);

    // -------------------------------------

    // --- setup convert regs and insn -----

    // -------------------------------------

    // load bias first

    int32_t *bias_rs = bias_start_addr; // loading to bias index 0

    Q6_bias_mxmem2_A(bias_rs);

    // all convert params are 0, including using bias index 0 from

earlier

    uint32_t cvt_rs = 0;

    Q6_cvt_hf_acc_R(cvt_rs);

    // -------------------------------------

    // ----- setup write regs and insn -----

    // -------------------------------------

    uint8_t* wr_rs = result_start_addr;

    uint32_t wr_rt = ( ((rt_sp_mask >> 1) << 7 ) | ((rt_sp_mask & 0x1)

<< 1) ); // same spatial mask as act

    Q6_mxmem_cvt_RR(wr_rs, wr_rt);



Chapter 4. HMX multiply variants

4.1. Multiply less input channels

HMX supports specifying a input channel start and input channel stop in the instruction to limit the number

of input channels to less than the full 32 channels (Figure 10) in a standard size matrix multiplication. This

decreases the computation for all 32 weight filters.
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Figure 20. Example multiplication of input channel range 8-15 in the primary accumulator

4.1.1. Instruction setup

Set the Rs[channel_start] and Rt[channel_stop] fields in the activation instruction as seen in

Table 1. The start input channel must be smaller than the stop input channel, and the starting channel must

be increments of 8. The full channel range also must be in increments of 8. i.e the example above sets

Rs[channel_start]=8 and Rt[channel_stop] = 15.

NOTE

The full 2 KB activation crouton must be stored in VTCM regardless of the channel range

setting. However, only the used weight channels should be stored in VTCM. i.e. the weight

address should point to the first weight used (input channel 8 in above example), and the

weight range should be the total weight needed (4 vectors).



4.1.2. Code example

Using the same VTCM setup as Section 3.1, replace the multiplication instruction register setup section in

the code in Section 3.2 with the below code:

    uintptr_t act_rs = (uintptr_t)act_start_addr;

    const uint32_t rs_in_start = 8;  // start channel 8 aligned

    act_rs |=  (rs_in_start << 2 );

    uint32_t act_rt = 0;  // dY_dC = 0

    const uint32_t rt_sp_mask = 0b11100;    // YYYXX

    const uint32_t rt_in_stop = 15;  // total channels 8 aligned

    act_rt |= ( ((rt_sp_mask >> 1) << 7 ) | (rt_in_stop << 2 ) |

((rt_sp_mask & 0x1) << 1) );

    const int vec_size = 128;

    uintptr_t wgt_rs = (uintptr_t)wgt_start_addr + vec_size *

rs_in_start / 2; // didn't change vtcm fill, so point to start ch

address

    // usually it should just fill less data in VTCM

    uint32_t less_wgt_size = vec_size * (rt_in_stop + 1 - rs_in_start) /

2;

    uint32_t wgt_rt = less_wgt_size - 1;

    Q6_activation_hf_mxmem_RR(act_rs, act_rt);

    Q6_weight_hf_mxmem_RR(wgt_rs, wgt_rt);

4.2. Multiply more input channels (multiple croutons)

HMX supports multiplying multiple croutons in an instruction, up to 32 croutons (1024 input channels).
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Figure 21. Example multiplication of n croutons

4.2.1. Instruction setup

Use the "activation deep" instruction for this multiplication. The weight instruction paired with this activation

instruction is the same, however, the weight range field (Rt[dW]) should be updated to reflect the bigger

range in this multiplication.

    void Q6_activation_hf_mxmem_RR_deep(Word32 Rs, Word32 Rt);

    void Q6_weight_hf_mxmem_RR(Word32 Rs, Word32 Rt);

The activation deep instruction has the same register fields as a regular activation instruction as seen in

Table 1.

In the activation deep instruction, the Rt[dY_dC] field is treated as Rt[dC] where the value + 1 denotes

the number of croutons in this instruction. Setting Rt[dC]=0 (1 crouton) is the same as using a regular

activation instruction. Maximum value supported is Rt[dC]=31 (32 croutons).

NOTE
The activation croutons must be continuous in VTCM. The weights also must be

continuous in VTCM.



4.2.2. Code example

Below code is an example multiplying 3 croutons. It uses similar VTCM setup as Section 3.1, but there

must be 3 consecutive write_act_vtcm to fill 3 continuous croutons. It’s then followed by 3 consecutive

write_wgt_vtcm to write the weights for the corresponding croutons. The bias values in vtcm can stay

the same.

Replace the multiplication instruction register setup section in the code in Section 3.2 with the below code:

    uintptr_t act_rs = (uintptr_t)act_start_addr;  // other non addr

params = 0

    int num_croutons = 3;

    uint32_t act_rt = ((num_croutons-1) << 11);  // dC + 1 = total

croutons

    const uint32_t rt_sp_mask = 0b11100;    // YYYXX

    const uint32_t rt_in_stop = 31;

    act_rt |= ( ((rt_sp_mask >> 1) << 7 ) | (rt_in_stop << 2 ) |

((rt_sp_mask & 0x1) << 1) );

    uintptr_t wgt_rs = (uintptr_t)wgt_start_addr;

    uint32_t wgt_size = 2048 * num_croutons;

    uint32_t wgt_rt = wgt_size - 1;

    Q6_activation_hf_mxmem_RR_deep(act_rs, act_rt);  // deep instruction

    Q6_weight_hf_mxmem_RR(wgt_rs, wgt_rt);

4.2.3. Partially multiply multiple croutons

HMX supports specifying a input channel start and input channel stop in the instruction to limit the number

of input channels in deep activation instruction as well, similar to Section 4.1. However, the start and end

only applies to the first and last crouton respectively.
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Figure 22. Example multiplication of n croutons with channel start and stop

The example above sets Rs[channel_start]=24 and Rt[channel_stop]=15 while using the

activation deep instruction.

4.2.4. Instruction setup

Set the Rs[channel_start] and Rt[channel_stop] fields in the activation instruction as seen in

Table 1.

• Rs[channel_start] field applies to the first crouton

• All 32 input channels in the middle croutons are computed.

• Rt[channel_stop] applies to the last crouton.

Since the start input channel and the stop input channel fields apply to different croutons,

Rs[channel_start] can be greater than Rt[channel_stop]. The limitation of the the starting channel

and full channel range must be in increments of 8 still applies.

4.2.5. Code example

Below code is an example multiplying 3 croutons. Using the same VTCM setup as Section 4.2.2, replace

the multiplication instruction register setup section in the code in Section 3.2 with the below code:

    uintptr_t act_rs = (uintptr_t)act_start_addr;



    const uint32_t rs_in_start = 24;  // start channel 8 aligned

    act_rs |=  (rs_in_start << 2 );

    uint32_t act_rt = ((num_croutons-1) << 11);  // dC + 1 = total

croutons

    const uint32_t rt_sp_mask = 0b11100;    // YYYXX

    const uint32_t rt_in_stop = 15;  // total channels 8 aligned. stop

can < start for this

    act_rt |= ( ((rt_sp_mask >> 1) << 7 ) | (rt_in_stop << 2 ) |

((rt_sp_mask & 0x1) << 1) );

    const int vec_size = 128;

    uintptr_t wgt_rs = (uintptr_t)wgt_start_addr + vec_size *

rs_in_start / 2; // didn't change vtcm fill, so point to start ch

address

    // usually it should just fill less data in VTCM

    uint32_t less_wgt_size = vec_size * ((32-rs_in_start) +

(num_croutons-2)*32 + (rt_in_stop + 1)) / 2;

    uint32_t wgt_rt = less_wgt_size - 1;

    Q6_activation_hf_mxmem_RR_deep(act_rs, act_rt);  // deep instruction

    Q6_weight_hf_mxmem_RR(wgt_rs, wgt_rt);

4.3. Multiply more filters (64 filters)

HMX supports multiplying up to 64 filters in a pair of multiply instructions with "weight deep" instruction.

This instruction is functionally the same as two back-to-back multiply instructions on the same activation

crouton with different weights.
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Figure 23. Example multiplication of 64 filters

4.3.1. Instruction setup

The weight deep instruction has the same register fields as a regular weight instruction as seen in Table 2.

The weight range field (Rt[dW]) should be updated to reflect the bigger range in this multiplication.

    void Q6_activation_hf_mxmem_RR(Word32 Rs, Word32 Rt);

    void Q6_weight_hf_mxmem_RR_deep(Word32 Rs, Word32 Rt);



This instruction stores the result in both accumulators, so it needs 2 sets of convert transfer and convert

store instructions to fully write out the result to VTCM.

4.3.2. Code example

Use similar VTCM setup as Section 3.1, but there should be 2 consecutive write_wgt_vtcm to write the

data for the additional 32 filters. The activation and bias data can stay the same.

Replace the multiplication instruction register setup section in the code in Section 3.2 with the below code:

    uintptr_t act_rs = (uintptr_t)act_start_addr;  // other non addr

params = 0

    uint32_t act_rt = 0;  // dY_dC = 0

    const uint32_t rt_sp_mask = 0b11100;    // YYYXX

    const uint32_t rt_in_stop = 31;

    act_rt |= ( ((rt_sp_mask >> 1) << 7 ) | (rt_in_stop << 2 ) |

((rt_sp_mask & 0x1) << 1) );

    uintptr_t wgt_rs = (uintptr_t)wgt_start_addr;

    uint32_t wgt_size = 2048 * 2;

    uint32_t wgt_rt = wgt_size - 1;

    Q6_activation_hf_mxmem_RR(act_rs, act_rt);

    Q6_weight_hf_mxmem_RR_deep(wgt_rs, wgt_rt);  // deep instruction

Additionally, there should be two sets of convert transfer instructions followed by convert write instructions

to write out the full 64 output channels to vtcm. The full instruction sequence should be:

1. Multiply with weight deep

2. Load bias for first convert transfer instruction

3. First convert transfer instruction (for filters 0-31)

4. First convert write instruction (for filters 0-31)

5. Load bias for second convert transfer instruction

6. Second convert transfer instruction (for filters 32-63)

7. Second convert write instruction (for filters 32-63)

4.4. Multiply unaligned croutons

HMX supports multiplying unaligned croutons in the Y direction by using data from two croutons.
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Figure 24. Example multiplication with y=5 activation single instruction

The figure above shows that with y=5 offset, multiplication only starts at spatial 20. The result of the 1st

crouton’s spatial 21 is stored in accumulator spatial 1. The first 5 rows of the 2nd crouton are also multiplied

in this instruction, with the result of spatial 19 of the 2nd crouton stored in accumulator spatial 31.

4.4.1. Instruction setup

Use the "activation single" instruction for this multiplication. The weight instruction paired with this activation

instruction remains the same as a regular matrix multiply. The activation single instruction will take the

bottom portion of the first crouton and the top portion of the second crouton to form a full 2KB crouton in

matrix multiplication.

    void Q6_activation_hf_mxmem_RR_single(Word32 Rs, Word32 Rt);

    void Q6_weight_hf_mxmem_RR(Word32 Rs, Word32 Rt);

The activation single instruction has the same register fields as a regular activation instruction as seen in

Table 1.

In this instruction, the Rt[dY_dC] field is treated as Rt[dY] where the value is the offset to the 2nd

crouton. Rs[address] + Rt[dY] = the starting address of the 2nd crouton in VTCM. Rt[dY] can be a

negative value.

The Rs[offset] field specifies the amount of unaligned offset in the first crouton. The field’s X and Y bits

must match the Rt[spatial_mask] field. The Rt[spatial_mask] applied to Rs[offset] field

determines the amount of offset in the x or y direction. For activation single instruction, set the x bits

corresponding Rs[offset] field to 0, and the y bits to the amount of offsets needed. i.e. in the example

above, Rt[spatial_mask] = 11100 = YYYXX, and it has offset of 5 in the Y direction by setting

Rs[offset] = 10100 (last two bits are x direction = 0b00 = 0, top 3 bits are for y direction = 0b101 = 5).

The Rs[channel_start] and Rt[channel_stop] fields are also supported in this instruction and



behave the same on the input channel dimension as a regular activation instruction (Section 4.1).

4.4.2. Code example

Use similar VTCM setup as Section 3.1, but there should be 2 write_act_vtcm total to write the data for

both croutons (this example code uses consecutive croutons). The weight and bias data can stay the same.

Replace the multiplication instruction register setup section in the code in Section 3.2 with the below code:

    uintptr_t act_rs = (uintptr_t)act_start_addr;

    const uint32_t rs_offset = 0b10100;  // Y=5, X=0

    act_rs |= ( ((rs_offset >> 1) << 7 ) | ((rs_offset & 0x1) << 1) );

    int crouton_size = 2048;

    uint32_t act_rt = crouton_size;  // dY = 1 crouton away from base

address

    const uint32_t rt_sp_mask = 0b11100;    // YYYXX

    const uint32_t rt_in_stop = 31;

    act_rt |= ( ((rt_sp_mask >> 1) << 7 ) | (rt_in_stop << 2 ) |

((rt_sp_mask & 0x1) << 1) );

    uintptr_t wgt_rs = (uintptr_t)wgt_start_addr;

    uint32_t wgt_size = 2048;

    uint32_t wgt_rt = wgt_size - 1;

    Q6_activation_hf_mxmem_RR_single(act_rs, act_rt);   // single

instruction

    Q6_weight_hf_mxmem_RR(wgt_rs, wgt_rt);



Chapter 5. HMX convert transfer with feedback
The convert state operation can optionally use feedback to support polynomial activation functions. The

operation is similar to a normal convert operation but uses the result of a previous convert transfer

instruction as feedback for the scale or output bias of the operation.

The convert transfer instruction scalar register configures the following feedback options for convert state

operation:

• Select a feedback value to represent as the output bias or scale

• Use a min or max function to compare the feedback value with the bias register value

These options allow different convert equation possibilities.

Table 9. Convert feedback bias and scale equation options

Equation

number

Equation

1

2

3

4

Where

•  = The current convert state being computed

•  = The previous convert state used for feedback

•  (this equation is the partial equation of Equation 5, also colored in light

blue in figure below)
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Figure 25. Convert transfer with feedback data

The figure above shows the instruction scalar register settings in red. In this case, the register selects the

feedback to apply for scale (Rs[fb_dest]=2) and the max function (Rs[fb_op]=1) for comparison

(Equation 3 in Table 9). The output bias is not selected for feedback, so the convert operation directly uses

the output bias value from the bias register.

If the convert state selects the output bias as feedback (Rs[fb_dest]=1), then the min/max function is

applied to the output bias selection and the convert operation directly uses the scale value from the bias

register (Equation 1 or 2 in Table 9).

The first convert transfer instruction can set Rs[Rnd]=1 such that there’s four extra bits of precision stored

in the convert state result for the next convert transfer’s instruction feedback value. Note that HMX only

stores FP16 to VTCM, the extra four bits are internal to the convert state and only used for feedback.

5.1. Instruction setup

For the first convert instruction prior to the feedback, set the Rs[acc] field in the convert transfer

instruction as seen in Table 6 to keep the accumulator values from being cleared. Optionally, set the

Rs[Rnd] for extra precision during feedback.

For the second convert instruction using the values of the prior instruction as feedback, set the

Rs[fb_dest] and Rs[fb_op] fields. Ensure the correct bias register index is selected.

5.2. Code example

The example below follows the settings in the Figure 25 above.

It uses similar VTCM setup as Section 3.1 but with an additional bias register write to VTCM.



    int32_t *bias_start_addr = (int32_t*)((uintptr_t)wgt_start_addr +

wgt_size);

    int bias_size = 256;

    write_bias_vtcm(bias_start_addr);

    write_bias_vtcm((int32_t*)((uint8_t*)bias_start_addr + bias_size));

Replace the bias and convert transfer instruction register setup section in the code in Section 3.2 with the

below code:

    // load bias first

    int32_t *bias_rs = bias_start_addr; // loading to bias index 0

    Q6_bias_mxmem2_A(bias_rs);

    int extra_precision = 1;  // save extra 4 bits in cvt state

    int retain_acc = 1;  // keep acc val for the next cvt insn

    uint32_t cvt_rs = (extra_precision << 8) | retain_acc;

    Q6_cvt_hf_acc_R(cvt_rs);

    // load bias for the 2nd convert insn

    int bias_idx = 1;

    bias_rs = (int32_t*)((uint8_t*)bias_start_addr + 256);

    bias_rs = (int32_t*)((uintptr_t)(bias_rs) | bias_idx);  // loading

to bias index 1

    Q6_bias_mxmem2_A(bias_rs);

    // 2nd convert insn use feedback from 1st convert insn

    cvt_rs = 0;

    int fb_dest = 2; // scale

    int fb_limit = 1; // max

    cvt_rs = (bias_idx << 12) | (fb_limit << 4) | (fb_dest << 2);

    Q6_cvt_hf_acc_R(cvt_rs);



Chapter 6. References

6.1. A.1 Acronyms and terms

Acronym or term Definition

CISC Complex instruction set computer

FP Floating point

HMX Hexagon Matrix Extensions

HVX Hexagon Vector Extensions

MAC Multiply accumulate

SIMD Single instruction multiple data

VTCM Vector tightly coupled memory
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