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This is a single frame capture data statistics from Stress test level that can be accessed with the argument : -autotest AutoTest\frametime-
perf_1600_stress_test.lua

In depth explanation of the following snapshots from PIX will be explained at a high level to understand where we stand performance wise on Xbox S.

Bottlenecks :

General state : 

Too many textures present at once in our memory. 

Too many variables being read/generated in our memory.

Any new shaders that require Texture memory require render programmer support in order to plug it into the system. (Confirmation from Relic Team 
required, maybe I am missing something?)

More explanation:



From our main statistics in PIX, we can understand that we have a huge inconsistency in our rendering costs. 

In which, on a very high level, the XBOX S is struggling  in terms of Memory allocation. There's a great amount of textures present in our buffer (which is 
bad).

Thus amount of memory read and written is massive. 

There's also a great amount of variables being utilized per frame(Vector ALU), in which in optimal situations Vector ALU and Scalar ALU should be within 
closer ranges for faster sailing.

This is more generally due to having many branches in a shader (Threads in same wave are attempting to read different functions).

Please note that : VectorALU  ScalarALU refer respectively to Variables and Constants in a shader rather than the more used terminology of Vectors (3 
scalars in a row or column) and Scalars (A single number such as 0, 1 or 1.4)

In general though, almost all the work/optimization is needed to be done on the Pixel Shader (PS).

(Please note that this is what I currently think is true and may be not 100% accurate)

Most notable stages that are taking the most amount of memory would be :

Terrain generation
Terrain generation for tiles that will cast shadows (Near Shadow Stage) 
Depth testing (DepthFirst stage)
Creating the contours around every single unit (ContourOut)
Screen space ambient occlusion generation.
Occluding objects in the scene (What goes in front, what does not get rendered etc)
Terrain stage (unsure of what this currently does)
Grass rendering, which is using a scary amount of textures for an unknown reason.
Rendering all the fx elements. (NFX Stage)
Generating Fog around the far edges of the screen and applying it
Bloom
Generating the FOW in both Map and Screen and applying it.
Generating and drawing UI

Important to note that the worst (lowest) wave occupancy is present in the occlusion and terrain stages. Grass Rendering stage as well.

I would also love to have some clarification regarding the FX shader from Relic team just to understand the methodology behind how it is working in order 
to efficiently use/optimize it 



More low level analysis of our current state (Not for the faint hearted ! ) :

General note is that we are largely TEX bound, locality of resources is quite poor and it's hard to hold everything in context at once.

Too many bound resources cause efficiency in caching to become much lower.

A few notes is that CPU optimizations are due, in particular the way the textures are bound.

On the GPU Side, reducing the amount of General purpose cases in the shaders, which is present almost everywhere.

This comes back to branching many paths that are never taken.

Optimizing the pixel shaders will potentially yield most gains.

Render stages analysis :

First thing we are greeted by is PIX screaming that there's way too many Texture Addresses (TA) going on, this means too many textures being read
/written.

Some of these issues are VMEM bound, which means that most of the textures we are requesting/sending are Vector ALU (Variables).

The xbox simply does not have that much capacity (waves/warps) to read/write all of that, thus the error (Vector ALU is starved for instructions)

This keeps snowballing causing more waiting and bottlenecks. 



Going back to the stalling, most of the amount of time is being lost/spent on waiting for waves/warps to be empty. 



Going back to having too many variables, even though a single variable present costs 1.16 Clocks (unit of speed relating to each clock tick in the GPU), 
each wave is holding 307 instructions,

that's 356.12 clocks being spent just for variables each in each wave. This contrasts strongly with the only 45 constant instructions being sent per wave.

Important to note that in each wave 13 texture instructions are being occupied.

In the end, texture access (TEX) and Scalar Memory (SMEM) are being delayed in their input/outputs due to the previous explained latencies.

Texture fetching :

We are simply trying to read/write too many textures.



Lower Mips are not being sampled are not used as often (or at all).

A direct and straightforward way to debug this is to use change the effective texture size by using high MIP LOD Bias. If this greatly improves performance 
then it is further confirmed.

Our DRAM is trying to read/write quite a bit of memory.



General suggestions :

The screen is being fully rendered at all times, a small suggestion to save some pixel rendering time would be to occlude and not draw the pixels that are 
always behind the UI.

Suggestions on how that may be done : 

Leveraging the StencilBuffer that is already being used.
Add to nearest depth plane and get pixel fragments to depth reject.
Rendering the ScreenSpace UI first and using that as a stencil.
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