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& Complex computation runs on HOST: a mono- or multi-
core computation structure (ARM, RISCYV, ...)

& Intense computation runs on ACCELERATOR: a many-
core computation structure

H eterogeneous & ACCELERATOR is seen by the HOST as a
CO m p Ut| N g hardware library of functions

System
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XPU GENERAL PURPOSE ACCELERATOR (XPU-GPA)

MAP: linear array of execution cells with big register
files

CONTROLLER: custom micro-computer used to
issue in each cycle a command for MAP

DISTRIBUTE: pipelined log-depth distribution
network

SCAN/REDUCE: pipelined log-depth circuit
performing reduce functions (add, min, max, ...) and
scan functions (add prefixes, permute, ...)
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Architectural acceleration

& Test configuration for GEMM of NxN matrices :

& HOST: ARM single-core
& ACCELERATOR: our MapScanReduce accelerator with p = N cells

& Architectural acceleration (A): acceleration with HOST and ACCELERATOR running at
the same frequency with a x86 mono-core engine

& TI\/IuItipIy+TTransfer = ((2p2 E plogz p+9p+5) " (1-5p2 o 17p +6) CIOCkCyCIeS
(validated by measurement on GPA simulator’s clock counter)

& T = 22xN3 clockCycles (measured running on Xx86 mono-core)

A => 6.28%xp

multiply+Transfer



1024%x1024 Matrix Multiplication for ML at 7 nm

® On GPU Nyvidia’s A100: execution time 0.4ms,
& on 846 mm?, with 6912 cells, in 7nm, 1.275 GHz, ~ 150W, Memory Bus: 5120 bits
® On our GPA: execution time 2.9ms,
& on 40 mm?, with 1024 cells, in 7nm, 1.275 GHz, 5.12W, Memory Bus: 128 bits
& #cells(GPU)/#cells(GPA) = 6.75 = 7 = time(GPA)/time(GPU) = 7.25
& Power(GPU)/Power(GPA) = 78 =» 11x computation for the same energy

& Area(GPU)/Area(GPA) = 21 = 3x computation for the same area

The evaluation is based on simulation and synthesis made in a master thesis using Cadence environment for GPA,

and on https://www.techpowerup.com/gpu-specs/al00-sxm4-80-gb.c3746

https://docs.nvidia.com/deeplearning/performance/dl-performance-matrix-multiplication/index.html for CgPU.


https://www.techpowerup.com/gpu-specs/a100-sxm4-80-gb.c3746
https://docs.nvidia.com/deeplearning/performance/dl-performance-matrix-multiplication/index.html

Current stage

& Three silicon versions of the accelerator produced in a Silicon
Valley start-up (more at:
http://users.dcae.pub.ro/ " gstefan/2ndLevel/connex.html )

& Working prototype, on FPGA development board, for p =
128

& The accelerator is programmed in assembly

& The performance was investigated for a large number of
application domains (dense & sparse linear algebra, FFT,

molecular dynamic, automotive, ...)


http://users.dcae.pub.ro/~gstefan/2ndLevel/connex.html

Application Domains

& Artificial Intelligence

& Automotive

& Robotics

& Bio-Informatics

& Security

& Digital Signal Processing



Evaluations against NVIDIA GA100

The evaluation for GPA is based on simulation and synthesis using Cadence environment:
* technology node: 7 nm
e area: 40 mm 2 T = 102 N 1020
« number of cells: 1024 * —]
» clock frequency: 1.275 GHz
e power: 5.12 W

* memory bus: 128 bis
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while for GA100 GPU we used the spec [6]:
* technology node: 7 nm

e area: 846 mm 2

« number of cells: 6912

» clock frequency: 1.275 GHz

« power: 400 W

« memory bus: 5120 bits

For dense matrix multiplication on GA100 the information is provided by [5]

According to figures, the matrix multiplication time for M=K=N on GA100 GPU is t_ GPU (1024) = 0.4ms
According to sim on a 1024 GPA the execution time for multiplying 1024 x 1024 matrices is t GPA (1024) = 2.9ms.
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Recap for: 1024x1024 Matrix Multiplication for ML at 7 nm

GPU Nvidia’s A100 vs our GPA:

& #cells(GPU)/#cells(GPA) = 6.75 = 7 = time(GPA)/time(GPU) = 7.25

& Power(GPU)/Power(GPA) = 78 => 11lx computation for the same energy

& Area(GPU)/Area(GPA) = 21 => 3x computation for the same area



Coding the GPA:
- by coding explicitly the controller and
the array, with library of functions:

- by coding directly using source-code
based C++ classes that implements a 2-
pass assembler

00
01
(0}
03
04
05
06
07
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ikil
12
i3
14
ili5
16
17

LB(6), CcPARAM, REDADD,
cVSUB (1), NOP,
cSTORE (0) , NOP,
cPARAM, NOP,
cSTORE (1), NOP,
cPARAM, NOP,
cSTORE (2) , CLOAD,
cPARAM, ADDRLD,
cVSUB (1), NOP,
cSTORE (3) , NOP,
cPARAM, NOP,

LB(33), cBRZDEC(34), NOP,
CWAITMATW (1), NOP,
cJMP (33), NOP,

LB(34), cLOAD(1), NOP,
cVADD (1), CALOAD,
cSTORE (1), STORE (0) ,
cVLOAD (16) , RLOAD (0),

void GenerateKernelDemo(int DEMO_KNR) {

BEGIN_KERNEL(DEMO_KNR);
/* execute on all machines */
EXECUTE_IN_ALL(
NOP;
LS[100] = R4;
R10 = LS[0x32];
RO = 0x140;
R3 =R1*R2;
LS[R1] = R7;)
/* execute only on some machines */
EXECUTE_WHERE_LT( R1=INDEX)
/* execute on all machines */
EXECUTE_IN_ALL(
R3 = LS[R6];
R29 = R31 << R29;
R5 = (R3 == R4);
R1=R17R1;)
END_KERNEL(DEMO_KNR); }
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82
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EBUS 9

LB (36),

cREDINS,

cBRNZDEC (35) ,

cLOAD (0) ,
cVADD (1),

ANNARARA

cLOAD (1),
CVADD (1),
CSTORE (1) ,
cLOAD (2),
cLOAD (3),

cBRZDEC (36) ,

cSTORE (3) ,
cVLOA
cJMP (35),
cRESREADY,

cHALT

D (16),

MULT (0) ,
RILOAD (1),
NOP,

NOP,
SRLOAD,
CAADD,
CSTORE,
CALOAD,
NOP,
STORE (0) ,
CLOAD,
ADDRLD,
NOP,
RLOAD (0),
NOP,

NOP,

NOP,
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- - : forli=lii<=mi=i+1){
For GEMM, when using large matrices, one will have to For(k— 1ok <—nik —k+1) |

use an intermediate layer of software to split the task and WRITE. MATRIX(Rir. N. N)

merge the results of GEMM-ing smaller matrices: WRITE_MATRIX(A;;,N.N)
WRITE_MATRIX(B.,.N.N)
WRITE_MATRIX(A;»,N,N)
WRITE_MATRIX(B',,N,N)
MM_MAC(Ry, A1, B, N, 3)
MM_MAC(Ri,Aj2, B, ,N,2)
ifin—2=>=2){
for(j=lj<=n-2;j=j+2){
WAIT_RES_READY()
WRITE_MATRIX(A;;,N.N)

WRITE_MATRIX (B, ,N,N)
WAIT_RES_READY()
WRITE_MATRIX(A,;(;; ). N, N)

WRITE_M ATRI}([BL: i1 V.N)

MM_MAC(R;; ,Ar'_., ,B:h N, 2)

MM_MAC(Rix, A1), BL . 11N 2)
} §as)

;

WAIT_RES_READYY)
WAIT_RES_READYY)
READ_MATRIX(R;;,N,N)

}

I
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Tools for profiling the code/app

File  Optiocns Help

| MShockFree"VWeppConnexpplAsm withCudaSFwd SAD REG3

KERMNEL_CREATION (KCRE) Time estimation

) ] KERMNEL COMPILATION (KCPL)
; Pedformance summary:

: TotalComputation Time 2656 ms KER
KemelCreation Total Time 15 ms

; Peformance logs occupation: 4086 positions out of 5000

. |_KemelCompilation Total Time 0 ms KERNEL _REDUCTION (KRED)
. |_KemelExecution Total Time 1840 ms =
(I

KemelReduction Total Time 470 ms IO TRANSFER_READ (IORD)

OpMame SubOp Action Size Timestamp 10_TRANSHER_WRITH (IdWR]
N/A START 1002573567 HosT PhdcEssing Hos
KCRE NAA START 1002573567
KCRE NAA END 1002573582

HOST NAA START 1002573582
HosT /A END 1002573582 KERNEL_CREATION (KCRE)

HOST N/A START 1002573582 KERNEL_COMPILATION (KCPL)
HOST N/A START 1002573582 KERNEL_EXECUTION (KEXE)
HOST N/A END 1002573582 KERNEL_REDUCTION (KRED)
HOST h/A END 1002573582 I0_TRANSFER_READ (IORD)
IOWR WRITE START 1002573582 I0_TRANSFER_WRITE (IOWR)

IOWR WRITE END 1002573583
HOST PROCESSING (HOST)
HOST NAA START 1002573583 =

HOST N/~ END 1002573583 im am S

LA AR CTHDT ANNGETIEGT

Line 4114 Initialized ok.




Trigger processor chain

ART
Aggregator

Detector

Trigger
Selection
Logic

&
TRG,RST,
CKBC

BUSY



Expected usage in ATLAS: processing 1000+ VMMs output

l rlggtr In J l AG l< EPROM I
EEPROM 11
\ A /

Detector input . External

(64 channels)

PDO TDO uHDMI ART OUT || miniSAS

Advantage: software-programming of PEs, without resynthesis
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The prO] cCt & Stage 0: we already have:
& ACCELERATOR in FPGA

& Assembler language
API integration
(Egen, Tensoron. . & Stage 1: with 10 people in 12 months :
oo omesp | el & GPA SDK
" & the frame for API integration

& partially Kernels up to the level at which

1

DONE system performance can be

demonstrated (ONNX)

& Stage 2: fully developed Kernels
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Subset of

kernel library
of functions

used by the

host computer

& START CC : start cycles counter

& STOP_CC : stop cycles counter

& SEND INT : send interrupt and cycles counter

® MM_EWO : elementwise operation on matrix

® SM_MULT : scalar-matrix multiplication

¢ MM_MULT : matrix-matrix multiplication

® MM_MAC : matrix-matrix multiplication & accumulate
¢® WRITE MATRIX : write matrix

©® READ MATRIX : read matrix

& WAIT RES READY : wait for result ready
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Evaluations on FPGA

& Matrix-Matrix multiplication on GPA with 16 cells

¢ 16x16 matrices: 1489 clock cycles
¢ 32x32 matrices: 9826 clock cycles
& 64x64 matrices: 70190 clock cycles
& 128x128 matrices: 527806 clock cycles
& 128x128 Matrix-Matrix MULT on GPA of various size
& 16 number of cells: 527806 clock cycles
& 32 number of cells: 242253 clock cycles
& 64 number of cells: 127082 clock cycles
& 128 number of cells: 77204 clock cycles
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