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Lectures are from

» Reading assignment [LRB]
« http://www.ece.neu.edu/groups/nucar/GPGPU/GPGPU-2/Seiler.pdf
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Motivation for LRB

» Economic reason: Game market is getting
bigger

* Technology reason: Power wall, memory
wall. = Heterogeneous architecture shows
promising results

* Programmable Graphics
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In-order vs. OO0

# CPU cores: 2 out-of-order 10 in-order
Instruction 1ssue: 4 per clock 2 per clock
VPU per core: 4-wide SSE 16-wide

L2 cache size: 4 MB 4 MB
Single-stream: 4 per clock 2 per clock
Vector throughput: 8 per clock 160 per clock
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Larrabee Architecture

In-order In-order In-order  In-order
‘X86+SIMD X86+SIMD  X86+SIMD ; X86+SIMD

Fixed Function Logic
RT3 23 D) waSy wInS wima s

inorder In-order inorder In-order
 XB86+SIMD . X86+SIMD : X86+=SIMD ; X86+SIMD

L -— .- -—

« 4-way SMT in order processor with cache coherence
- Extended X86 ISA

Fixed functions: texture filtering Georgia
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Programmable Pipeline Comparison

Pixel Frame
Input Vertex Genmetr,r Primitive Setup

Conventional GPGPU pipeline (base on DirectX10)

Input Vertex GEUI'TTEtr}r Primitivel |
Data Shader Shader Setup

Larrabee's fully programmable pipeline

Pixel
Shader

[Haaterizatiun]

leg® eff

http://users.ece.gatech.edu/~lanterma/mngS/Larrabee_&emS pﬁdﬁm Mg
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Core
Instruction Becode « Pentium processor in-order
l : « Extended X86 (64bit, new
i | || O instructions)
| Y1 * 4-way SMT
Reotors| | [ Regiuiors . 32KB I-cache, 32KB D-cache
! { (statically partitioned)
1.1 [cache & Dcache
} « 256KB Locale L2 cache
S (subset of L2 ache)
of the .2 Cache

I

«—»| Ring Network |« —»
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Dual issue

* U-pipe V-pipe
* Primary pipeline: All instructions (U-pipe)
« Secondary: Limited instructions (V-pipe)

loads, stores, simple ALU operations, branches, cache
manipulation instructions, and vector stores.

* Reply on compiler’s paring
— VLIWIish again

allNavamva =3
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Cache managements

« Use cache as extended register file storage
« Target for Stream applications
« Each core can

— Fast-access its local subset of L2 (256KB) — Access
other’s L2 shares too

 Control for non-temporal streaming data (SSE)
* Prefetch to L1, or L2 only

*Mark a streaming cache line for early eviction
*Render target kept in L2

Georgia * ;,.,,;@,:,g off
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L2-Cache and Ring network

 Global L2 cache is divided into 256KB FHeld Ferl]
Local L2 per core g ?‘_‘!5’5"4?

« Data written by a CPU core is stored In its
own L2 cache subset and is flushed from
other subsets, if necessary

« Bi-direction Ring network (<16)

— Even cycle, odd cycle: one clock per one hop

« Each ring data-path is 512-bits wide per
direction

« L2 cache Insertion requires cache
coherence checking

« Memory and fixed function access

Tech Coempuiing



Ring Network

Fixed Function Logic

In-Order | In-Order In-Order | In-Order

CPU core | CPU core CPU core | CPU core
Interprocessor Ring Network

Coherent | Coherent Coherent | Coherent

.2 cache | L2 cache .2 cache | L2 cache Q

Coherent | Coherent | | Coherent | Coherent 5

.2 cache | L2 cache L L.2 cache -
Interprocessor Ring k g

In-Order | In-Order In-Order | In-Order ﬁ

CPU core | CPU core CPU core | CPU core
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VPU (Vector Processor Units)

* 16-wide SIMD unit
— 16 wide Single precision

»

Mask Registers : .
e — 8-wide double precision
. « Hardware scatter/gathering operations : 16
16-wide Vector ALU elements are loaded from or stored to up to 16 different
7y 3 5 & addresses that are specified in another vector register.
- :  New Instructions: fused multiply-add, and the standard
eplicate Swizzle _ _ _ . :
logical operations, including instructions to extract non-byte-

F & & A

¥ aligned
RVEF“”" « Data can be replicated from L2 cache directly
egisters
» Free numeric type conversion and data

k 4

Numeric | | Numeric * replication while reading from memory
Convert Convert ) .
% * Mask registers: predicated
L1 Data Cache « 3 source operands, one of them can come from
L1 directly
Georg Callle Gy € off
Tech Com JJL iﬁﬂ‘f
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Gather and Scatter Operation Support

e | oads and stores from non-continuous
addresses

» 16 data values can be loaded or stored
from addresses in another vector register

value.

Addr 2" T5 17 T9 11311 o l1al8 |9 |20]31112]6 |44]35

-
V!\\\\\\ W K/%
1|2 |3 |4 |5 |6 |7 |8 |9 |10]11]12]13

dest |0 14 | 15
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Mask Bits

= R

LA A A LAAAAAALAAAAALA/

1

1 |1

0

O |1 (1 |1 |1

1

1

1 (0 (0 [0 |O

Srcl

Src3

dest

- Write_enable

All the operations
participated the

computation in vector
units

Mask bits decide write
enable signal

Tech ' Cempuiiing
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Predication for Load/Store

Addr

NN NN N ST WS e S

dest

Y YTYYYYTYIYYY!

MASK _bit

Georgia College of
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Fixed Functions

 Use FIFO for load balancing S o
» No rasterizations ]

» Texture filtering
— 32KB texture cache per each core

— Core passes commands through L2
cache R

* Texture unites perform virtual to
physical page translation

Fixed Function Logic

Tech Coempuiing



Larrabee Data Parallelism: Threads

Thread: HW-managed context (hide short unpredictable latencies)

Fiber: SW-managed context (hides long predictable latencies)

More Fibers running (typically 2-10, depending on latency to cover) |

More Threads (up to 4 per core, share memory via L1 & L2 caches)

Programming Larrabee:
Beyond Data Parallelism

PU/GPGPU-2/Seiler.pdf
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Data Parallelism Support

* Implementation hierarchy (your names may vary)
— Strand: runs a data kernel in one (or more) VPU lane(s)
— Fiber: SW-managed group of strands, like co-routines
— Thread: HW-managed, swaps fibers to cover long latencies

« Core: runs multiple threads to cover short latencies

« Comparison to GPU data parallelism

— Same mechanisms as used in GPUs, except...
— Larrabee allows SW scheduling (except for HW threads)

http://www.ece.neu. edu/groups/nucar/GPGPU/GPGPU -2/Seiler.pdf
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LRB new instruction sets

 New Data types

bit S11 480 48 416 384 352320 283256 224 192 160 128 96 &4 32 O

float [130]14.0[13.0[120(11.01100/90 J8.0 |70 |00 (50 |40 |3.0 |20 |10 (00

int32 (151413 §12(11 109 |8 |7 |6 |5 |4 |3 |2 |1 |O
double 70 60 30 4an 3D 20 10 (e]1]

int64 7 6 3 4 3 2 1 0

DIt S11 480 448 416 384 352320 288256 224 192 160 128 % &4 32 O

* Vector arithmetic, logical, an [z
 Vector mask generation ———
* Vector load/store

[rox] [12{11 10|29

>-'\k

e e —

1211|109 (1211|109 (12|11 |10 (9 (1211|110 (9

Figure 3: 1-to-16 {1t016} and 4-to-16 {4t016} broadcasts.
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Is LRB failed?

* Knight Ferry

« Software Programming GPUs
— = slow at Market

Georgia College of
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Programming Memory Spaces

Unified Memory Space Private-1 Private-2

Non-coherent: CPU 4.0, Rigel, Exochi

Cuda (3.0), OpenCL, Sandy Bridge, Cell

Shared
Private-1 Private-2
CPU+LRB

Georgia Collegeef
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[CPU+NVIDIA GPU/OpenCL] Eplii
. Communication

* cudaMemcpy(, , , cudaMemcpyHostToDevice);

« cudaMemcpy(, , , cudaMemcpyDeviceToHost);

'/ Copy vectors from host memory to device memory
cudaMemcpy(d A, h A, size, cudaMemcpyHostToDevice);

—

cudaMemcpy(d B, h B, size, cudaMemcpyHostToDevice);

{ Copy result from device memory Lo host memory
h C contains the result 1n host memor W
P |

cudaMemcpy(h C, d C, size, cudaMemcpyDeviceToHost);

Georgia Collegeof
Tech  Compuiiing
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] Vector addition example

Shared .
Function should be executed on the LRB
Private-1j| Private-2 attributs (LEB) int addTwoVectors (shared
int* a, shared int* b, shared int* o)
int addTwoVectors (int* a, int* b, int* c) { achireownerShip();
{ for (1 =1 to 64) |
for (i = 1 to &€4) { c[i] = ali] + b[i];
c[i] = ali] + b[i] } .
} . releaseOwnership();
}
} int someRpp(..)
{ // allocate in shared region
int someRpp( ..) shared int* a = sharedMalloc (..);
{ shared int* b = sharedMalloc (..);
int *a 7 malloc (..); shared int* ¢ = sharedMalloc (..);
int *b = malloc (..); for (1 = 1 to ey —Tmrtiartze
int *C.: mélloc {”j’:,. - {ali] = ; b[i] = ; c[i] = ;}
for (i = 1 to 64? Llnl:l..allze relééS@W ¥ 'rgh‘iﬁ()t-ﬁ into remote call
talzl = blal =7 elz]l =73 addTwoVectors (a, b, c);
addTwoVectors(a, b, c); . .
acquireOwnership();
}
}

Georgia Collegeef
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Thrust template {unified addres&'spaeel
CUDA}

This code sample computes the sum of 100 random numbers on the GPU.

#include <thrust/host_wvector.h=
#include «<thrust/device_vector. h=
#include <thrust/generate. h>
#include <thrust/reduce. h=>
#include «<thrust/functional.h>
#include <cstdlibe

int main{void)

1

generate random data on the host
thrust: :host_vector<int> h_wvec(100);
zt::generate(h_vec.begin(), h_vec.end(), randl:

S/ transfer to dewice and compute sum
thrust: :device_vector<int>= d_wvec = h_wvec:

int x = thrust::reduce(d_wvec.begin(), d_vec.end(), 0, thrust::plus<int=()):
return O;
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