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Introduction

e What's a GPU driver?

= A kernel-space driver (for communicating with the
hardware) e.g. linux

= A user-space driver (the opengl / vulkan
implementation) e.g. mesa

e What's our goal?

= Basic communication with the GPU
= Running (compute) shaders
= Rendering a 3D scene on the GPU
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Motivation

e | earn more about modern GPU
e alternative for linux/mesa
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Hardware overview

e BCM2711 SoC

m 4x Cortex-A72 Armv8 @ 1.5 GHz
m Broadcom VideoCore VI @ 500 MHz

o VPU
> QPU
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Mailbox interface

e Documented
e Plenty of examples online


https://github.com/raspberrypi/firmware/wiki/Mailbox-property-interface

Mailbox interface

e Documented
e Plenty of examples online

Execute Code

« Tag: 0x00030010

* Request:
o Length: 2¢
o Value:
= 132: function pointer
= u32:r0
= u32:rl
u32:r
u32:r
u32: ré
= U321t
Honse:
o Length: 4

o Value:
= u32: 10

Calls the function at given (bus) address and with argumenits given. E.g. r0 = n(r0, r1, r2, r3, r4, r5); It blocks until call
completes. The (GPU) instru is implicitly flushed. Setting the Isb of function pointer address will suppress the
instruction cache flush if you w the buffer hasn't changed since las

https://github.com/raspberrypi/firmware/wiki/Mailbox-property-interface#execute-code


https://github.com/raspberrypi/firmware/wiki/Mailbox-property-interface
https://github.com/raspberrypi/firmware/wiki/Mailbox-property-interface#execute-code
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MMIO Registers

arch/arm/boot/dts/bcm2711-rpi-ds.dtsi

compatible = "brcm,2711-v3d";
reg =
<OX7ecOO000 OxO0 O0x4000>,

<OX7ec04000 0Ox0 Ox4000>;
reg-names = "hub", "core0@";



https://github.com/raspberrypi/linux/blob/rpi-5.15.y/arch/arm/boot/dts/bcm2711-rpi-ds.dtsi

MMIO Registers

drivers/gpu/drm/v3d/v3d_regs.h

#define V3D_HUB_AXICFG OX00000

# define V3D_HUB_AXICFG_MAX_LEN_MASK V3D_MASK(3, 0)
# define V3D_HUB_AXICFG_MAX_ LEN_SHIFT (0]

#define V3D_HUB_UIFCFG 0x00004
#define V3D_HUB_IDENTO Ox000068

arch/arm/boot/dts/bcm2711 -I’pl-dS.dtSI #define V3D _HUB_IDENT1 0x0000c

define V3D_HUB_IDENT1 WITH_MSO BIT(19)

define V3D_HUB_IDENT1 WITH_TSY BIT(18)

define V3D_HUB_IDENT1 WITH_TFU BIT(17)

define V3D _HUB_IDENT1 WITH_L3C BIT(16)

define V3D_HUB_IDENT1 NHOSTS_MASK V3D_MASK(15, 12)
define V3D_HUB_IDENT1 NHOSTS_SHIFT 12

define V3D_HUB_IDENT1_NCORES_MASK V3D_MASK(11, 8)
define V3D _HUB_IDENT1 NCORES_SHIFT 8

define V3D_HUB_IDENT1_REV_MASK V3D_MASK(7, 4)
define V3D_HUB_IDENT1 REV_SHIFT 4

define V3D_HUB_IDENT1_TVER_MASK V3D_MASK(3, 0)
define V3D _HUB_IDENT1_ TVER SHIFT )

compatible = "brcm,2711-v3d";
reg =
<OX7ecOO000 OxO0 O0x4000>,

<OX7ec04000 0Ox0 Ox4000>;
reg-names = "hub", "core0@";

#
#
#
#
#
#
#
#
#
#
#
#



https://github.com/raspberrypi/linux/blob/rpi-5.15.y/arch/arm/boot/dts/bcm2711-rpi-ds.dtsi
https://github.com/raspberrypi/linux/blob/rpi-5.15.y/drivers/gpu/drm/v3d/v3d_regs.h
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MMIO Registers

V3D_HUB_IDENTO : 0x42554856 ("VHUB")
*V3D_HUB_IDENTO = OxDEADBEEF

https://forums.raspberrypi.com/viewtopic.php?f=72&t=35966
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https://forums.raspberrypi.com/viewtopic.php?f=72&t=35966
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Logging register accesses

u32 v3d_readl wrapper ( * addr, * name, * file, line)
printk("v3d-test: V3D_READ() : %S(0x%01611X) in %s:%d", name, (u64)addr, file, line);
readl(addr);
v3d_writel wrapper(u32 val, * addr, * name, * file, line)

printk("v3d-test: V3D_WRITE(Ox%X) : %S(0x%01611X) in %s:%d", val, name, (u64)addr, file, line);
writel(val, addr);
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Logging register accesses

u32 v3d_readl wrapper ( * addr, * name, * file, line)

-~

printk("v3d-test: V3D_READ() : %S(0x%01611X) in %s:%d", name, (u64)addr, file, line);
readl(addr);

(S}

v3d_writel wrapper(u32 val, * addr, * name, * file, line)

O~NOO Ol WNPRE

-~

printk("v3d-test: V3D_WRITE(Ox%X) : %S(0x%01611X) in %s:%d", val, name, (u64)addr, file, line);
writel(val, addr);

$ dmesg | grep "v3d"

.873515] v3d-mbox: tag=RPI_FIRMWARE_SET_GPIO_STATE(0x00038041), size=0x8, buf=8400000000000000

.881719] v3d-mbox: tag=RPI_FIRMWARE_GET_CLOCK_STATE(Ox00030001), size=0x12, buf=0E0000000000000000000000

.881789] v3d-mbox: tag=RPI_FIRMWARE_GET_CLOCK_STATE(0x00030001), size=0x12, buf=0D00000OEOOOOOOOOOEEEEOO

.884571] v3d-mbox: tag=RPI_FIRMWARE_GET_CLOCK_STATE(Ox00030001), size=0x12, buf=0B000OOOOOOOOOOOOOEOEEOO

.887295] v3d-mbox: tag=RPI_FIRMWARE_GET_CLOCK_STATE(0x00030001), size=0x12, buf=050000000000000000000000

.889991] v3d-mbox: tag=RPI_FIRMWARE_GET_CLOCK_STATE(OXx00030001), size=0x12, buf=040000000000000000000000

.892633] v3d-mbox: tag=RPI_FIRMWARE_GET_CLOCK_STATE(0x00030001), size=0x12, buf=030000000000000000000000

.943423] v3d-mbox: tag=RPI_FIRMWARE_SET_GPIO_STATE(0Ox00038041), size=0x8, buf=8400000001000000

.801280] v3d-test: V3D_READ() : V3D_MMU_DEBUG_INFO(OXFFFFFFC011C99238) in drivers/gpu/drm/v3d/v3d_drv.c:266
.801304] v3d-test: V3D_READ() : V3D_HUB_IDENT1(OxFFFFFFC011C9800C) in drivers/gpu/drm/v3d/v3d_drv.c:271

.801378] v3d-mbox: tag=RPI_FIRMWARE_GET_CLOCK_RATE(0x00030002), size=0x12, buf=050000000000000000000000

.806450] v3d-test: V3D _WRITE(OxO) : V3D_CTL_L2TFLSTA(OXFFFFFFC011CA8034) in drivers/gpu/drm/v3d/v3d_gem.c:78
.806472] v3d-test: V3D_WRITE(OXFFFFFFFF) : V3D_CTL_L2TFLEND(OXFFFFFFC011CA8038) in drivers/gpu/drm/v3d/v3d_gem.c:79
.806489] v3d-test: V3D _WRITE(Ox1B600) : V3D_MMU_PT_PA_BASE(OXFFFFFFC011C99204) in drivers/gpu/drm/v3d/v3d_mmu.c:71
.806504] v3d-test: V3D_WRITE(Ox60DOCO1) : V3D_MMU_CTL(OXFFFFFFC011C99200) in drivers/gpu/drm/v3d/v3d_mmu.c:72
.806518] v3d-test: V3D _WRITE(0Ox8006373C) : V3D_MMU_ILLEGAL_ADDR(OXFFFFFFC011C99230) in drivers/gpu/drm/v3d/v3d_mmu.c:81
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v3d_test_identO( )

-~

u32* addr = ioremap(OXFECO0000, 0x4000);
(addr)
printk("v3d-ident0: Ox%08X", addr[2]);

printk("v3d-error: ioremap failed");
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MMIO Registers

v3d_test_identO( )

u32* addr = ioremap(OXFECO0000, 0x4000);
(addr)
printk("v3d-ident0: Ox%08X", addr[2]);

printk("v3d-error: ioremap failed");

drivers/soc/bcm/bcm2835-power.c

printk("bcm2835_asb_power_on 6");
v3d_test_identO();

ret = bcm2835_asb_enable(power, asb_s_reg);
(ret) {
dev_err(power->dev, "Failed to enable ASB slave for %s\n",
pd->base.name);
err_disable_ash_master;

O ~NOUIhWNEPE

}

printk("bcm2835_asb_power_on 7");
v3d_test_identO();



https://github.com/raspberrypi/linux/blob/rpi-5.15.y/drivers/soc/bcm/bcm2835-power.c

MMIO Registers

v3d_test_identO( )

u32* addr = ioremap(OXFECO0000, 0x4000);
(addr)
printk("v3d-ident0: Ox%08X", addr[2]);

printk("v3d-error: ioremap failed");

drivers/soc/bcm/bcm2835-power.c

printk("bcm2835_asb_power_on 6");
v3d_test_identO();

ret = bcm2835_asb_enable(power, asb_s_reg);
(ret) {
dev_err(power->dev, "Failed to enable ASB slave for %s\n",
pd->base.name);
err_disable_ash_master;

O ~NOUIhWNEPE

}

printk("bcm2835_asb_power_on 7");
v3d_test_identO();

8.803038] bcm2835_asb_power_on 6
8.803059] v3d-ident@: OXDEADBEEF
8.803069] bcm2835_asb_power_on 7
8.803105] v3d-ident0®: 0x42554856



https://github.com/raspberrypi/linux/blob/rpi-5.15.y/drivers/soc/bcm/bcm2835-power.c
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MMIO Registers

bit(6);
OX5A000000;
bit(0);
bit(1);
bit(2);
bit(3);

PM_V3DRSTN
PM_PASSWORD
ASB_REQ_STOP
ASB_ACK
ASB_EMPTY
ASB_FULL

write(MMIO: :PM_GRAFX, MMIO::read(MMIO::PM_GRAFX) | PM_PASSWORD | PM_V3DRSTN);

write(MMIO: :ASB_V3D_M_CTRL, PM_PASSWORD | (MMIO::read(MMIO::ASB_V3D_M_CTRL) & ~ASB_REQ_STOP));

(MMIO: :read(MMIO: :ASB_V3D_M_CTRL) & ASB_ACK);

write(MMIO: :ASB_V3D_S_CTRL, PM_PASSWORD | (MMIO::read(MMIO::ASB_V3D_S_CTRL) & ~ASB_REQ_STOP));

(MMIO: :read(MMIO: :ASB_V3D_S_CTRL) & ASB_ACK);




O~NOOhWNBE

MMIO Registers

PM_V3DRSTN
PM_PASSWORD
ASB_REQ_STOP
ASB_ACK
ASB_EMPTY
ASB_FULL

bit(6);
OX5A000000;
bit(0);
bit(1);
bit(2);
bit(3);

write(MMIO: :PM_GRAFX, MMIO::read(MMIO::PM_GRAFX) | PM_PASSWORD | PM_V3DRSTN);

write(MMIO: :ASB_V3D_M_CTRL, PM_PASSWORD | (MMIO::read(MMIO::ASB_V3D_M_CTRL) & ~ASB_REQ_STOP));

(MMIO: :read(MMIO: :ASB_V3D_M_CTRL) & ASB_ACK);

write(MMIO: :ASB_V3D_S_CTRL, PM_PASSWORD | (MMIO::read(MMIO::ASB_V3D_S_CTRL) & ~ASB_REQ_STOP));

(MMIO: :read(MMIO: :ASB_V3D_S_CTRL) & ASB_ACK);
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GPU Tasks

e CSD (compute shader dispatch)

m takes code buffer, uniform buffer
m executes code

e TFU (Texture Formatter Unit)

m takes source/destination image & format
= Texture blitting

e Binner/Render

m Takes command lists
m Renders commands
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CSD Task
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Binning? Rendering?

e The VideoCore Vl is a Tile Renderer!

Binning

Screen Parameter Buffer

(1,1) (2,1) (3,1) (1.1) W
(1.2) .

2,2) I

https://itigic.com/tile-rendering-architecture-of-very-low-consumption-gpus/


https://itigic.com/tile-rendering-architecture-of-very-low-consumption-gpus/

BI n n | ng ..-
Screen Parameter Buffer

Binning? Rendering?

e The VideoCore Vl is a Tile Renderer!

(1,1)

(2,1)

(3,1)

Rendering

(1.1) A

(1,2) b

(1,2)

(3:2)

(2,2) I o &

(3.2) &

https://itigic.com/tile-rendering-architecture-of-very-low-consumption-gpus/

https://developer.samsung.com/galaxy-gamedev/resources/articles/gpu-framebuffer.html


https://developer.samsung.com/galaxy-gamedev/resources/articles/gpu-framebuffer.html
https://itigic.com/tile-rendering-architecture-of-very-low-consumption-gpus/
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Figuring out the command
list format

<struct name="GL Shader State Record" min_ver="41">
<field name="Point size in shaded vertex data" size="1" start="0" ="bool"/>
<field name="Enable clipping" size="1" start="1" ="bool"/>

<field name="Vertex ID read by coordinate shader" size="1" start="2" ="bool"/>

<field name="Instance ID read by coordinate shader" size="1" start="3" ="bool"/>
<field name="Base Instance ID read by coordinate shader" size="1" start="4" ="bool"/>
<field name="Vertex ID read by vertex shader" size="1" start="5" ="bool"/>

<field name="Instance ID read by vertex shader" size="1" start="6" ="bool"/>

<field name="Base Instance ID read by vertex shader" size="1" start="7" ="bool"/>

0O~NOO U WN PR

<field name="Fragment shader does Z writes" size="1" start="8" ="bool"/>

<field name="Turn off early-z test" size="1" start="9" ="bool"/>

<field name="Coordinate shader has separate input and output VPM blocks" size="1" start="10" ="bool"/>
<field name="Vertex shader has separate input and output VPM blocks" size="1" start="11" ="bool"/>
<field name="Fragment shader uses real pixel centre W in addition to centroid W2" size="1" start="12" ="bool"/>
<field name="Enable Sample Rate Shading" size="1" start="13" ="bool"/>

<field name="Any shader reads hardware-written Primitive ID" size="1" start="14" ="bool"/>

<field name="Insert Primitive ID as first varying to fragment shader" size="1" start="15" ="bool"/>
<field name="Turn off scoreboard" size="1" start="16" ="bool"/>

<field name="Do scoreboard wait on first thread switch" size="1" start="17" ="bool"/>

<field name="Disable implicit point/line varyings" size="1" start="18" ="bool"/>

<field name="No prim pack" size="1" start="19" ="bool"/>

<field name="Number of varyings in Fragment Shader" size="8" start="3b" ="uint"/>

<field name="Coordinate Shader output VPM segment size" size="4" start="4b" ="uint"/>
<field name="Min Coord Shader output segments required in play in addition to VCM cache size" size="4" start="36" ="uint"/>

<field name="Coordinate Shader input VPM segment size" size="4" start="5b" ="uint"/>
<field name="Min Coord Shader input segments required in play" size="4" start="44" ="uint" minus_one="true"/>

<field name="Vertex Shader output VPM segment size" size="4" start="6b" ="uint"/>
<field name="Min Vertex Shader output segments required in play in addition to VCM cache size" size="4" start="52" ="uint"/>

<field name="Vertex Shader input VPM segment size" size="4" start="7b" ="uint"/>
<field name="Min Vertex Shader input segments required in play" size="4" start="60" ="uint" minus_one="true"/>

https://gitlab.freedesktop.org/mesa/mesa/-/blob/main/src/broadcom/cle/v3d_packet_v33.xml



https://gitlab.freedesktop.org/mesa/mesa/-/blob/main/src/broadcom/cle/v3d_packet_v33.xml
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Tracing GPU
communication

e wrap MMIO registers access macros
e |og every buffer object before sending tasks
e https://github.com/matusnovak/rpi-opengl-without-x


https://github.com/matusnovak/rpi-opengl-without-x

Tracing GPU
communication

e wrap MMIO registers access macros
e |og every buffer object before sending tasks
e https://github.com/matusnovak/rpi-opengl-without-x

.222817] 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 60 00 00 00 00 00 00
.222832] 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
.222849] 00 00 00 00 00 00 0O 00 00 00 00 00 00 00 00 60 00 00 00 00 00 00
.222857] 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

.222866] BO 00OC80000-00DOA0OO (OX8AG00) : tile_alloc

.222871] BO 00060000-00849000(0x7E9000) : framebuffer

.222875] BO 00860000-00C55000(0x3F5000) : zbuf

.222879] BO 00D20000-00D40000 (0x20000)

.222886] v3d-submit: bcl=0x00c60000(0x0000007a) rcl=0x00d80000(0x000001fC)
.222890] BCL:

.222913] 78 00 00 00 00 7F 07 37 04 13 5C 00 00 00 00 06 6B 00 00 00 00 80
.222931] 00 00 70 48 00 00 07 C8 6F 00 00 00 3F 00 00 00 3F 6D 00 00 00 00
.222947] 56 00 00 00 00 00 00 00 00 61 63 58 4A 00 5C 00 00 00 00 5B OF 00
.222952] 00 04

.222958] RCL:

.222978] 79 00

.222996] 00 C8

.223015] 00 00

.223032] 17 06

.223049] 04 01

.223067] 02 17

.223084] 17 01

.223101] OE 03

.223118] 04 17

.223134] 17 0B

.223152] 09 06

.223168] 07 17

.223181] 17 06



https://github.com/matusnovak/rpi-opengl-without-x
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Buffer Objects

e BCL (Binning) / RCL (Rendering) command lists
e Vertex attributes

e Shader code buffer

e Shader uniform buffer

e Framebuffer / Z Buffer / Stencil Buffer

KKK KK KKK KKK KKK KKK KKK KKK KR KKK PO F* Kk Kk ko ok dok sk ok ok ok ko ok ok ok ok ok Xk ko kK

Kk KK KK K KK KK KKK Rk R K Kk R R KRk Rk PO KRRk R Rk ok Kk ok K ok Kk ok K R K kR kK

79 00 80 07 38 04 00 01 OO0 TILE_RENDERING_MODE_CFG_COMMON

79 03 FF 00 00 FF 00 00 OO0 TILE_RENDERING_MODE_CFG_CLEAR_COLORS_PART1
79 81 00 00 OO0 GO 0O 00 OO0 TILE_RENDERING_MODE_CFG_COLOR

79 02 00 0O OO0 00 00 OO OO0 TILE_RENDERING_MODE_CFG_ZS_CLEAR_VALUES

7E 04 TILE_LIST_INITIAL_BLOCK_SIZE

7B 00 00 C8 OO0 MULTICORE_RENDERING_TILE_LIST_SET_BASE

7A 01 01 OF 09 1E 10 01 00 MULTICORE_RENDERING_SUPERTILE_CFG

78 00 00 00 OO0 7F 07 37 04 TILE_BINNING_MODE_CFG
13 FLUSH_VCD_CACHE

5C 00 00 00 00 OCCLUSION_QUERY_COUNTER

06 START_TILE_BINNING

04 FLUSH

7C 00 00 00 TILE_COORDINATES
1A END_OF_LOADS
1D 08 0O 0O OO0 00 0O 0O OO0 00 0O 00 00 STORE_TILE_BUFFER_GENERAL
19 03 CLEAR_TILE_BUFFERS
kkhkkkkhkkhkhkhkkkhkhhkhkhkhhhkhkhkhhkhkhhdhkxk INDIRECT kkhkkhkkhkkhkkhhkhkhkkhhhkhkhkhhkhkhkhhhkkhhhkkkk 1B END?OF?TILE?MARKER
7C 00 00 00 TILE_COORDINATES
7D TILE_COORDINATES_IMPLICIT 1A END_OF_LOADS
1A END_OF_LOADS 1D 08 00 0O OO0 00 0O GO OO 00 00 OO0 OO0 STORE_TILE_BUFFER_GENERAL
38 02 PRIM_LIST_FORMAT 1B END_OF_TILE_MARKER
15 00 BRANCH_TO_IMPLICIT_TILE_LIST
1D 00 BO 11 00 EO 01 00 00 00 0O 06 00 STORE_TILE_BUFFER_GENERAL 13 FLUSH_VCD_CACHE
19 03 CLEAR_TILE_BUFFERS 14 00 00 D6 00 17 00 D6 OO0 START_ADDRESS_OF_GENERIC_TILE_LIST(00D60000-00D60017)
1B END_OF_TILE_MARKER 17 00 00 SUPERTILE_COORDINATES
12 RETURN_FROM_SUB_LIST 17 01 00 SUPERTILE_COORDINATES

17 0D 08 SUPERTILE_COORDINATES
17 OE 08 SUPERTILE_COORDINATES
OD END_OF_RENDERING
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TileBinningModeCfg(®, 0, 1, 0, , width, height);
OP_FLUSH_VCD_CACHE;

OcclusionQueryCounter(0);

OP_START_TILE_BINNING;

Clipwindow(®, 0, width, height);

CfgBits( ' ' ' , 9, 0, 0 Vg
PointSize(1.0f);

Linewidth(1.0f);

ClipperXYScaling((width / 2) * 256.f, (height / 2) * -256.f);
ClipperzScaleAndoffset(.5f, .5f);
CLipperzMinMaxClippingPlanes(0.f, 1.f);
ViewportOffset(width / 2, height / 2, 0, 0);
ColorWriteMasks(0);

BlendConstantColor(0, 0, 0, 0);
OP_ZERO_ALL_FLAT_SHADE_FLAGS;
OP_ZERO_ALL_NON_PERSPECTIVE_FLAGS;
OP_ZERO_ALL_CENTROID_FLAGS;
TransformFeedbackSpecs (0, );
OcclusionQueryCounter(0);

SampleState(OxF, 1.0f);

VcmCacheSize(4, 4);

O©CoO~NOUD,WNBE

GlShaderState(shaderStateRecordAddr, attrCount);

VertexArrayPrims(4, vertexCount, 0);

OP_FLUSH;

rcl << TileRenderingModeCfgCommon(1l, width, height, O, ©,
rcl << TileRenderingModeCfgClearColorsPartl1(0, OxFF161010, OXOOOOOO),
rcl << TileRenderingModeCfgColor(0, 2, 0, 0, 0, 0, 0, O, 0 0, 0, 0);

rcl << TileRenderingModeCfgzSClearValues(0, 1.0f);
rcl << TileListInitialBlockSize(O, e

u32 superTileWw;

u32 superTileH;

u32 framewWSupertile;

u32 frameHSupertile;

getSuperTiles(superTileW, superTileH, frameWSupertile, frameHSupertile, tilesX, tilesY);
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Actual Geometry

We need shaders

GLShaderStateRecord shader{};

shader.enable_clipping = -

shader.fragment_shader_uses_ real _pixel_centre_w_in_addition_to_centroid_w2 ; ]
shader.disable_implicit_point_1line_varyings = ; a n d att rl b u te S
shader.number_of_varyings_in_fragment_shader = 4;
shader.coordinate_shader_output_vpm_segment_size = 1;
shader.coordinate_shader_input_vpm_segment_size = 1;

shader .vertex_shader_output_vpm_segment_size 1;
shader.vertex_shader_input_vpm_segment_size = 1;
shader.address_of_default_attribute_values = defaultAttrAddr;

N =

~No o~ w

GlShaderStateAttributeRecord posAttr{};

posAttr.address = posAttrAddr;
posAttr.number_of_values_read_by_vertex_shader = 3;
posAttr.number_of_values_read_by_coordinate_shader = 3;
posAttr.instance_divisor = 0;

posAttr.stride = 3 * (f32);

posAttr.maximum_index = OXFFFFFF;

posAttr.vec_size = 3;

posAttr.type = 2;

o
a b wWwNBRE

NBRE O ©

shader.fragment_shader_code_address = fragShaderAddr >> 3;
shader.fragment_shader_uniforms_address = fragUnifAddr;
shader.fragment_shader_4_way_threadable =
shader.fragment_shader_start_in_final_ thread sectlon =
shader.fragment_shader_propagate_nans = p

B R R R

=

&
4
5)
6
7

0

shader.vertex_shader_code_address = vtxShaderAddr >> 3;
shader.vertex_shader_uniforms_address = vtxUnifAddr;
shader.vertex_shader_4_way_threadable =
shader.vertex_shader_start_in_final_thread_ sectlon =
shader.vertex_shader_propagate_nans = p

PR R RR

GlShaderStateAttributeRecord colorAttr;

colorAttr.address = colorAttrAddr;
colorAttr.number_of_values_read_by vertex_shader = 4;
colorAttr.number_of_values_read_by_coordinate_shader = 0;
colorAttr.instance_divisor = 0;

colorAttr.stride = 4 * (u8);
colorAttr.maximum_index = OxFFFFFF;

colorAttr.type = 4,

colorAttr.normalized_int_type =

indirect << colorAttr;

NBRE O ©

shader.coordinate_shader_code_address = coordShaderAddr >> 3;
shader.coordinate_shader_uniforms_address = coordUnifAddr;
shader.coordinate_shader_4_way_threadable =
shader.coordinate_shader_start_in_final_ thread sectlon =
shader.coordinate_shader_propagate_nans = p

indirect << shader;

~No b~ w

(¢4}
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5
6
7
8

14
15
16
17
18

Coordinate shaders?

= 0) vec3 position;
= 1) vec3 normal;
2) vec4 color;

mat4 u_model;
mat4 u_view;
mat4 u_proj;

vecd4 v_color;
vec3 v_normal;

void main()

{
v_color = color;
v_normal = mat3(transpose(inverse(u_model))) * normal;
gl_Position = u_proj * u_view * u_model * vec4(position,
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Coordinate shaders?

= 0) vec3 position;
= 1) vec3 normal;
2) vec4 color;

mat4 u_model;
mat4 u_view;
mat4 u_proj;

vecd4 v_color;
vec3 v_normal;

void main()

{
v_color = color;
v_normal = mat3(transpose(inverse(u_model))) * normal;
gl_Position = u_proj * u_view * u_model * vec4(position,




Coordinate shaders?

= 0) vec3 position;
1) 22l hoimadl;
25 vacd color;

mat4 u_model;
mat4 u_view;
mat4 u_proj;

1
2
4
5
6
;
8

vacd v ool .

veC3 V_NOoimas:

void main()

{

~=~T1 Av

V_\JU‘LUI R
V_normal — mat200, G spuse(1nverse(u_model))) ° nuimatc,
gl_Position = u_proj * u_view * u_model * vec4(position,




Coordinate shaders?

= 0) vec3 position;
1) 22l hoimadl;
25 vacd color;

mat4 u_model;
mat4 u_view;
mat4 u_proj;

00O ~NO Ol xWDN -

vacd v ool .

veC3 V_NOoimas:

void main()
14 {

15 V_\,uql.\.u -~ - y

16 vV _normal = mat200 Gispuse(lnverse(u_model))) ° nurmatc,

17 gl_Position = u_proj * u_view * u_model * vec4(position, 1.0);
18

= 0) vec3 position;
mat4 u_model;
mat4 u_view;
mat4 u_proj;

void main()

{
¥

=

gl_Position = u_proj * u_view * u_model * vec4(position, 1.0);

PO OO ~NOOULA, WNBRE
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First Triangle!
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More complex scenes
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Mini OpenGL API

https://webgl2fundamentals.org/webgl/lessons/resources/webgl-state-diagram.html

canvas
global state program[prg] Draw Cubes

¥ common state » attached shaders c t projection = m4. a(
3 ¥ attribute info * Math.PI / 1 // fov
RLNE i Gy Sl 1 gl.canvas.clientWidth / gl.canvas.clientHeight, // aspect
ARRAY_BUFFER_BINDING texcoordBuffer @ name type location // near
CURRENT PROGRAM prg o position  FLOAT_VEC4 ] - // far
VERTEX_ARRAY_BINDING cubeVertexArray @ normal FLOAT_VEC3 1
RENDERBUFFER_BINDING null texcoord FLOAT_VEC2 2 // draw center cube
DRAW_FRAMEBUFFER _BINDING null (canvas) [ o frErsi e wEmETE
buffer[positionBuffer] let modelView = m4. tyl);

READ FRAMEBUFFER_BINDING null (canvas) o o eI Tl e a Tan R
ACTIVE TEXTURE TEXTURE3 data modelView - (modelView,

value 1, mode LView . (modelView,

ix4fv(projectionLoc, false, projection);

¥ Texture Units 7

L i .uniformMatrix4fv(modelViewloc,

2D CUBE_MAP 3D 2D _ARRAY SAMPLER projection
decalTexture @FuTT A TOTT buffer[normalBuffer] .uniformafyv(diffuseMultloc, [0.7,
null null null null null B data
null null null null null modelView = . 9, 08,160,090, 1, 06,0, ..
- // num vertices to process

decalTexture ®mutT AGTTC AT 1 U SHORT, // type of indices
null null null null null diffuseMult .7, 0.7, 1, 1 ETTeTT T 9 // offset on bytes to indices
null null null null null lightDir 6.105, 0.527, 0.843
checkerTexturé AulL AUCT AOCe AOLT @diffuse 6
null null null null null “@decal 3

data
0,0,04%11,1,1,

 (modelView
buffer[indexBuffer] : mEEli,
. (modelview,
COLOR_CLEAR_VALUE . LINK_STATUS P
DEPTH_CLEAR VALUE .uni mh

8, 1, 2, 0, 2,
STENCTL_CLEAR_VALUE

¥ clear state ¥ state

ix4fv(imodelViewloc,

ormafv(diffuseMultLoc, [1,

» Attribute Values ? vertex array[*default*] texturelcheckarTextural L (
_ RIANGLES,
vertex arraylcubeVertexArray] v attributes texture[decalTexture] . B // num vertices to process
L enabled size type int normalize stride offset divisor buffer .UNSIGNED SHORT, // type of indices
v attributes - - e // offset on bytes to indices
enabled size type int normalize stride offset divisor ¥R - ) e i
true FLOAT false false 0 2} 0 s EEe "

true FLOAT false false 0 ] 0 falss

- Fal modelView -1 )
true FLOAT false false [&] 2] (6] falis -

. - modelView -1t modelView
false - - e modelView . (modelView,

false fa fal modelView .yRotate(modelView,
false DAT false f e i e

false DAT false false jete
false

// draw right cube

false 0 f

¥ texture state 1 ix4fv(modelViewloc,
false TEXTURE MIN FILTER NEAREST MIPM! -uni mdfv(diffuseMultLoc, [0.7

TEXTURE_MAG_FILTER LINEAR
¥ state ELEMENT_ARRAY_BUFFER_BINDING TEXTURE WRAP S REPEAT

false v state

. // num vertices to process
ELEMENT_ARRAY BUFFER _BINDING indexBuffer TEXEURR AR I RERGE - D_SHORT, // type of indices

TEXTURE_WRAP R REPEAT // offset on bytes to indices



https://webgl2fundamentals.org/webgl/lessons/resources/webgl-state-diagram.html

Mini OpenGL API

gl.clearColor(0.06f, 0.06f, 0.06f, 1.0f);
gl.clearStencil(0.0f);
gl.clearDepth(1.06f);

A WN PR

a1

u32 positionLoc = gl.getAttribLocation(prg, "position");
u32 colorLoc = gl.getAttribLocation(prg, "color");

0 ~N o

u32 triangleVAO = gl.createVertexArray();
gl.bindVertexArray(triangleVAO);

[y
© ©

u32 positionBuffer = gl.createBuffer();
gl.bindBuffer (GL_ARRAY_BUFFER, positionBuffer);
gl.bufferData(GL_ARRAY_BUFFER, (g_PosAttrBuff), g_PosAttrBuff, GL_STATIC_DRAW);

=
N R

w

u32 colorBuffer = gl.createBuffer()
gl.bindBuffer (GL_ARRAY_BUFFER, colorBuffer);
gl.bufferData(GL_ARRAY_BUFFER, (g_ColorAttrBuff), g_ColorAttrBuff, GL_STATIC_DRAW);

gl.enableVertexAttribArray(positionLoc);
gl.bindBuffer (GL_ARRAY_BUFFER, positionBuffer);
gl.vertexAttribPointer(

positionLoc,

3!

GL_FLOAT,

’

A WNBREC

a1

0,
(0]

w0 ~N o

):

gl.bindBuffer (GL_ARRAY_BUFFER, colorBuffer);
gl.enableVertexAttribArray(colorLoc);
gl.vertexAttribPointer (

colorLoc,

4!

GL_UNSIGNED_BYTE,

’
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2
2
2
2
2
2
2
2
2
2
2
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.useProgram(prg);
.drawArrays(GL_TRIANGLES, 0, 3);
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Conclusion

e Managed to write a driver that renders basic scenes
e Progress was non-linear
e Command lists are closer to graphics APl than expected
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TODO:

Fix GPU artifacts occurring with complex geometry

Support texture samplers

Reverse engineer Tile allocation / TSDA (Tile State Data Array)
handle GPU MMU

handle GPU interrupt

Write a SPIR-V => QPU compiler



Questions?



