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STEP ONE

* Download Olympus: https://tinyurl.com/OlympusCPS23
* Decompress the .tar.gz inside the VM

* Inside olympus/ install libs by running: .
- make 1nit E E

- Your password is “password” i
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Problem

* Productivity: Application designers usually do not have the necessary
hardware design knowledge to create efficient hardware architectures

* Performance: Fine-tuned hardware descriptions are required to
efficiently coordinate data transfers and execution
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Target Boards:

Alveo Data Center Accelerator Cards with HBM
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Table 1. Alveo U280 SLR resources.
Resources SLRO SLR1 SLR2 A J Y Y YYyvYvY({YY VYV F v ¥ Y YyYyY? vy YyYyYy°vyYvy
pl|P|lP||P| |P pl|plp|[P||[|P |P||P||P| |P|P||PllP| |P|lP||P||P| [P||P||P||P
cllcllellc] |c cllcllcllel||]c/|cllellel |c| el |cllel |c|lc| |cllc| |cllc|lcl|c
HEM 32x256MB - - o/lo||ollo 0 a1 {2l la{1] [2]]2] [2]|2 2|2l |2|l2| |2||2||3/|3
DDR4 16GB 16GB ) ol|1|2||3] |4 2|13/ 4|5 |6 |7|]8]|o| |o|l1||2|/3 |4||5||6||7| |s||o||0/|1
PLRAM 2x4MB 2x4MB  2x4MB
HBM Stack 1 HBM Stack 2 X23418-102219
CLB LUT 369K 333K 367K
CLB Register 746K 675K 729K
Block RAM tile 507 468 512
UltraRAM 320 320 320
DSP 2,733 2,877 2,880
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Olympus Flow Diagram

Input Olympus Output
HW Config [ Alveo Config
HLS Kernel Generation (cfg)
Sources (cpp,h) \ J
N | __'Host Testbench|
[ Host __ (cpp)
Generation
— 7 Host CU Drivers
(cpp)
JSON cu ) k /
Specification Generation J — CUHLS |
—»
T T i | Sources (cpp) |
Options Dataflow BusWidth RingBuffer
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Inputs: C HLS Kernel

input/kernel body.cpp

void kernel_body(double S[121], double D[1331], double u[1331], double v[1331],

* C code of application kernel to s
be accelerated double t[1331], double r[1331], double t1[1331],
double t3[1331], double t@[1331], double t2[1331])

e Standard C array interfaces P4 for Gimt cl - 0 el < 38; 1 = D

for (int ¢2 = 0; c2 <= 10; c2 += 1)

9 for (int ¢3 =0; c3 <= 10; c3 += 1) {

10 // stmt@

11 t1[121 * c1 + 11 * c2 + c3] = 0;

12 for (int c8 = @; c8 <= 10; c8 += 1)

13 // stmt@

14 t1[121 * c1 + 11 * ¢2 + 3] = t1[121 * 1 + 11 * c2 + c3] + S[11 *
15 }

16 for (int ¢l = 0; ¢l <= 10; cl += 1)

17 for (int c2 = 0; c2 <= 10; c2 += 1)

18 for (int c3 =0; c3 <= 10; c3 += 1) {

19 // stmtl

20 tO[121 * ¢1 + 11 * ¢c2 + ¢3] = 0;

21 for (int c8 = @; c8 <= 10; c8 += 1)

22 // stmtl

23 tO[121 * 1 + 11 * ¢2 + ¢3] = tO[121 * 1 + 11 * ¢c2 + ¢3] + S[11 *
24 }

25 for (int ¢l = 0; cl1 <= 10; cl += 1)

26 for (int ¢2 = 0; c2 <= 10; c2 += 1)

27 for (int ¢c3 = 0; c3 <= 10; ¢c3 += 1) {

28 // stmt2

29 t[121 * ¢l + 11 * ¢2 + ¢3] = 0;

30 for (int c8 = 0; c8 <= 10; c8 += 1)

31 // stmt2

32 t[121 * ¢l + 11 * c2 + c3] = £[121 * c1 + 11 * c2 + c3] + S[11 * I
33 }
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Inputs: JSON Kernel Specification

. . input/helmholtz.
* Format derived from the JSON required for Lnput/heimholtz. json

- 2 "c_function_name": "kernel_body", 35 {
the VItIS RTL BIaCkbOX fIOWl z "par‘am_tyze“: ""'I':'"’ 36 "c_name": "r",
"c_parameters”: 37 "c_type": "double",
° R 1 d 1 f . > i 38 "c_port_direction": "inout"
eqUII‘e INTO. 6 "c_name": "S", 39 "depth": 1331
. 7 "c_type": "double", 40 3,
e ¢ function name 3 1C_port.direction®: "in', a :
- — ) . "depth": : 42 "c_name": "t1",
 the name of the kernel function AND filename (cpp & h) 10 i 43 "c_type": "double”,
11 44 "c_port_direction": "inout"
* param type 12 "C_name": "D", 45 "depth": 1331
- 13 "c_type": "double", 46 },
* “mm”: memory mapped C arrays 14 "c_port_direction": "in", 47 {
" " . 15 "depth": 1331, 48 "c_name": "t3",
e “stream” : Xilinx hls::stream<> 16 9 49 "c_type": "double”,
17 { 50 "c_port_direction": "inout"
* C parameters 18 "c_name": "u", 51 "depth": 1331
- . . . 19 "c_type": "double", 52 1
* Details on each port interface (must be in the same 20 "c_port_direction": "in", > L —
. " w, c_name : N
order as in the C source > ,, e s - "c_type": "double",
« c_name : Name of the array e U e > Dnirtrateai
° . i 25 "c_type": "double", 58 1
C_type: Pata .type gf a smgle_element s i e s <
 c_port_direction : in, out, or inout 27 , Tdepth": 3L, = v type": “double”
- - . 28 ) “ e - r. o= "
* depth : Number of elements in the array 29 i o Lport-direction” inout
30 "c_name": "t", 64 } P
31 "c_type": "double", 65 ]
32 "c_port_direction": "inout", 66 }
. _ - _ 33 "depth": 1331
1 https://docs.xilinx.com/r/2021.1-English/ug1399-vitis-hls/JSON-File-for-RTL-Blackbox 34 },
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Makefile

14 # Olympus options
* KERNEL DIR 15 KERNEL_DIR 7= input/
* Directory where the kernel 16 KERNEL_JSON ?= input/helmholtz.json
HLS sources are 17 RING_BUF 7?= 2
« KERNEL JSON 18 BUS_WIDTH ?= 64
* The JSON spec file path 19 STREAMS ~ ?=1
20 N_CU =1

e RI NG_BU F 15 KERNEL_DIR 7= input/

° The degree Of rlng buﬁ-'erlng 1? :ﬁ:ﬁ;ﬂsm::; input/helmholtz. json

18 BUS_WIDTH 7= 64

+ BUS WIDTH e o

* The bitwidth of the bus to global memory 2 TEST 7= cLEMN
23
¢ STREAMS ig ﬁggifs;cc,de ?= HostSampleTop.gen.cpp AlveoHost.cpp HostImpl.gen.cpp ../src/$(KERNEL_MODEL).cpp
« Whether or not to use a dataflow streaming P gty
architecture 5 CUNME e e e 0D PP
« 1=dataflow, O=not dataflow e

32 RUN_FLAGS 7= $(N_CU) $(POINTS)

N CU :

34 #design configuration

 Number of CUs to instantiate in the FPGA 2 e = LA e

37 include $(BOARD_TARGET_PATH)/targets.Makefile
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Test Kernel: Inverse Helmholtz

* Tensor operator commonly used in computational fluid
dynamics (CFD) applications

* Implemented in C as 7 loop nests of depth 3-4
 input/kernel body.cpp

p P P

tijke= ) >, ) Sk Sk SE  Uimne = (S®S®S® Ue)itjmkn " (1a)
[=0 m=0 n=0

Tijke = Dijke * tijke (1b)
P P P

Vijk,e = 51 i/ Sti - Smj +Snk - Fimne = (S®S®S® re)!imjnklmn (1c)
[=0 m=0 n=0
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Basic Implementation

* make olympus

Host

HBM

out

PCO: In

FPGA

CuU

PC1: Out

= Read

i

Kernel

Y

Write

* Generate the code (default values in Makefile yield basic implementation)
* Sources: ~/alveo tests/helmholtz autogen/RB1 BW64 SO-student/krnl helm/

CLEAN/

 src/ : kernel sources, CU.cpp is the generated Compute Unit wrapper
 host/ : host sources

« HostImpl.gen.cpp: Implementation of driver functions (moving data to global mem, invoking CU)
« HostSampleTop.gen.cpp: Asample test bench main file

* make hls TARGET=hw

* Run HLS
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Basic - Results

source /tools/Xilinx/Vitis/2021.1/settings64.sh
3rd-to-last line of "make hls"output: vitis analyzer [path]/[kernel name].xo.compile summary

Mame Latency (cycles) lteration Latency Interval
~ @ krnl_helm
> @ krl_helm_Pipeline_1 124 124
> @ krnl_helm_Pipeline_2 1334 1334
> @ krnl_helm_Pipeline_3 1334 1334
~ @ compute_ 1 9744 9744
> @ compute_1_Pipeline VITIS_LOOP_7 1 VITIS_LOOP 8 2 \ITIS_LOOP 9 3 1398 1398
> @ compute_1_Pipeline VITIS_LOOP_16_5 WTIS LOOP_17_& VITIS_LOOP 18 7 1398 1398
> @ compute_1_Pipeline VITIS_LOOP_25_9 WITIS_LOOP_26_10 VITIS_LOOP_27 11 1398 1398
> @ compute_1_Pipeline VITIS_LOOP_34_ 13 VITIS_LOOP_35_14 VITIS_LOOP_36_15 1343 1343
> @ compute_1_Pipeline VITIS_LOOP_39_ 16 VITIS_LOOP_40_17 VITIS_LOOP_41 18 1398 1393
> @ compute_1_Pipeline VITIS_LOOP_48_20 VITIS_LOOP_49 21 VITIS_LOOP_50_22 1398 1398
> @ compute_1_Pipeline VITIS_LOOP_57 24 VITIS_LOOP 58 25 VITIS_LOOP 59 26 1398 1398
> @ krnl_helm_Pipeline_4 1334 1334
C* WVITIS_LOOP 41 1 14159
BRAM BRAM (%) DsP DSP (%) FF FF (%) LUT LUT (%)
10 ~0 135 1 40078 1 27879 2
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Ping Pong Buffers

L ITTITIT]
E E S 3 S Host HBM FPGA
\ E = E = cu
= = . = ~
I T ‘ > PCO: Ping In SN
» [HBMO » |HBMO n — Read » Kernel > Write
cuo » [HBM1|| cuo -  PC1:PongIn :
-« HBMO < HBMO cuo N
» [HBMO < ABML X PC2: Ping Out -
cuo ) PC3: Pong Out |«
< HBMO . /T/
Basic Optimized

* make olympus RING BUF=2

* RING_BUF sets the degree of ring buffering, 2 => ping pong

* Sources: ~/alveo tests/helmholtz autogen/RB2 BW64 SO-student/
krnl helm/CLEAN/

* make hls RING BUF=2 TARGET=hw
* Run HLS
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Ping Pong Buffers - Results

Mame Latency (cycles) lteration Latency Interval
~ @ krnl_helm
> @ krnl_helm_Pipeline_4 124 124
> @ krnl_helm_Pipeline_5 1334 1334
> @ krnl_helm_Pipeline_6 1334 1334
5> @ krnl_helm_Pipeline_1 124 124
> @ krnl_helm_Pipeline_2 1334 1334
> @ krnl_helm_Pipeline_3 1334 1334
~ @ compute 1 89744 89744
> @ compute_ 1 Pipeline \VITIS_LOOP_7_1 VITIS_LOOP_8_2 VITIS_LOOP_9 3 1398 1398
> @ compute_1_Pipeline \MITIS_LOOP_16_5 VITIS_LOOP_17_6 VITIS_LOOP_18_7 1398 1398
> @ compute_1_Pipeline \MITIS_LOOP_25_9 \TIS_LOOP_26_10_MITIS_LOOP_27 11 1398 1398
> @ compute_1 Pipeline VITIS_LOOP_34 13 \ITIS_LOOP_35 14 VITIS_LOOP 36 15 1343 1343
> @ compute_1 Pipeline \VITIS_LOOP_39 16 \WITIS_LOOP_40 17 WTIS_LOOP 41 18 1398 1398
> @ compute_1_Pipeline \VITIS_LOOP_48_20 VITIS_LOOP_49_21 \ITIS_LOOP_50_22 1398 1398
> @ compute_1_Pipeline \MITIS_LOOP_57_24 VITIS_LOOP_58_25_VITIS_LOOP_59 26 1398 1398
> @ krnl_helm_Pipeline_8 1334 1334
> @ krnl_helm_Pipeline_7 1334 1334
C* VITIS_LOOP_62_1 14159
Previoys: CTAM  BRAM(%)  DSP DSP (%)  FF FF (%)  LUT LUT (%) Interface Data Width (SW-=HW)
revious: 10 ~0 135 1 40078 1 27879 2 m_axi_gmem0 64 -= 64
m_axi_gmeml G -= 54
Now: ERAM BRAM (%) DsP DSP (%) FF FF (%) LUT LUT (%) m_axi_gmem2 64 -= 654
18 ~0 135 1 42747 1 32108 2 m_axi_gmem3 64 = 64
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Ping Pong Buffers - Results

Mame Latency (cycles) lteration Latency Interval
~ @ krnl_helm
> @ krnl_helm_Pipeline_4 124 124
> @ krnl_helm_Pipeline_5 1334 1334
> @ krnl_helm_Pipeline_6 1334 1334
5> @ krnl_helm_Pipeline_1 124 124
> @ krnl_helm_Pipeline_2 1334 1334
> @ krnl_helm_Pipeline_3 1334 1334
~ @ compute 1 89744 89744
> @ compute_ 1 Pipeline \VITIS_LOOP_7_1 VITIS_LOOP_8_2 VITIS_LOOP_9 3 1398 1398
> @ compute_1_Pipeline \MITIS_LOOP_16_5 VITIS_LOOP_17_6 VITIS_LOOP_18_7 1398 1398
> @ compute_1_Pipeline \MITIS_LOOP_25_9 \TIS_LOOP_26_10_MITIS_LOOP_27 11 1398 1398
> @ compute_1 Pipeline VITIS_LOOP_34 13 \ITIS_LOOP_35 14 VITIS_LOOP 36 15 1343 1343
> @ compute_1 Pipeline \VITIS_LOOP_39 16 \WITIS_LOOP_40 17 WTIS_LOOP 41 18 1398 1398
> @ compute_1_Pipeline \VITIS_LOOP_48_20 VITIS_LOOP_49_21 \ITIS_LOOP_50_22 1398 1398
> @ compute_1_Pipeline \MITIS_LOOP_57_24 VITIS_LOOP_58_25_VITIS_LOOP_59 26 1398 1398
> @ krnl_helm_Pipeline_8 1334 1334
> @ krnl_helm_Pipeline_7 1334 1334
C* VITIS_LOOP_62_1 14159
Previoys: CTAM  BRAM(%)  DSP DSP (%)  FF FF (%)  LUT LUT (%) Interface Data Width (SW-=HW)
revious: 10 ~0 135 1 40078 1 27879 2 m_axi_gmem0 64 -= 64
m_axi_gmeml G -= 54
Now: ERAM BRAM (%) DsP DSP (%) FF FF (%) LUT LUT (%) m_axi_gmem2 64 -= 654
18 ~0 135 1 42747 1 32108 2 m_axi_gmem3 64 = 64
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Wide Bus

—ll
s I o Host HBM FPGA
m :: S[O]ko ....... S [1]k0 ...... S[2]k03[3]k0 ....... SM]kOI? Ccu Kernel
T . . »|  PCO: Ping In N | o~ R
" = Read Write
g Basic & PC1: Pong In > |__ Kernel r
T | , | ==
+ Sitlio Stk Sk SBlio Sl ] PC2: Ping Out _ ]« Rl -
%:Lﬁﬂm?ﬂ%ﬁm%ﬁ@mﬁwm ....... ....... ............................ & ) PC3: Pong Out |« ]
T | SOk Sl Sk SBlke Sde | = ping 1
#“I Sl0ks SMks SPlks SIBIks SlAlks
Optimized
* make olympus RING BUF=2 BUS WIDTH=256

* BUS_WIDTH sets the width of the bus to global memory. 256/sizeof(double) => 4
"lanes”

e Sources: ~/alveo tests/helmholtz autogen/RB2 BW256 SO-student/
krnl helm/CLEAN/

* make hls RING BUF=2 BUS WIDTH=256 TARGET=hw
* Run HLS
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Wide Bus - Results

Mame Issue Type Latency (cycles) lteration Latency Interval
~ @ krnl_helm

> @ read_data_1 3009 3009

~ @ compute 49659 49659

> @ compute_Pipeline \VITIS_LOOP_7 1 WITIS LOOP_8 2 WITIS LOOP_ 9 3 Il Violation 8051 8051

> @ compute_Pipeline_\ITIS_LOOP_16_5_WITIS_LOOP_17_6_\ITIS_LOOP_18_7 Il Violation 8051 8051

> @ compute_Pipeline_WITIS_LOOP_25_9 WITIS_LOOP_26_10_VITIS_LOOP_27_11 II'Violation 8051 8051

> @ compute_Pipeline_WITIS_LOOP_34 13 VITIS_LOOP_35_14 \VITIS_LOOP_36_15 1343 1343

> @ compute_Pipeline_WITIS_LOOP_39_16 MITIS_LOOP_40_17 WVITIS_LOOP_41_18 II'Violation 8050 8050

> @ compute_Pipeline_WITIS_LOOP_48_20 \VITIS_LOOP_49 21 WITIS_LOOP_S0_22 II'Violation 8050 8050

> @ compute_Pipeline MTIS_LOOP_57_24 WITIS_LOOP_S58 25 VITIS_LOOP_59_26 Il Violation 8050 8050

> @ krnl_helm_Pipeline WITIS LOOP 133 2 1334 1334

> @ krnl_helm_Pipeline WITIS_LOOP 117 1 1334 1334

C VITIS_LOOP 188 1 54077
Interface Data Width (SW-=Hw)
. BRAM BRAM (%) DSP DSP (%) FF FF (%) LUT LUT (%) m_axi_gmemo 256 -= 256
Previous: 18 =~ 135 1 42747 1 32108 2 m_axi_gmeml 55 = 256
m_axi_gmem2 256 -= 256
Now: BRAM BRAM (%) DsP DSP (%) FF FF (%) LUT LUT (%) m_axi_gmem3 556 = 956
72 1 142 1 109117 4 GE257 = =—=
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Streaming (1 compute)

— RDKo lRDK1 J

COMPUTEKo [COMPUTEK1 }

WRKo | WRK1

Basic

| RDko —[m—[ RDko ]—[ RDK3 }
COMPUTEKg [COMPUTEK1 ICOMPUTEKQ ICOMPUTEK;; ]7

WRKo —[ WRK1 ]—[ WRK2 WRK3

Dataflow

 make olympus RING BUF=2 BUS WIDTH=256 STREAMS=1
« STREAMS=1 turns on the HLS dataflow pragma and uses the hls::stream data
type
* Sources: ~/alveo tests/helmholtz autogen/RB2 BW256 S1-student/
krnl helm/CLEAN/

 make hls RING BUF=2 BUS WIDTH=256 STREAMS=1 TARGET=hw
* Run HLS
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Streaming (1 compute) - Results

Mame Latency (cycles) lteration Latency Interval
~ @ krnl_helm
v + dataflow in_loop \ITIS_LOOP 229 1 14088 13877
> @ read data 1 3009 3009
’ :mmputeil L3876 13876 Previous "Compute" Latency: 49659
> compute 12 13876 13876 . .
y @ Comgute;a L3876 L3876 Previous Iteration Latency: 54077
~ i compute_1 13876 13876
> @ compute_1_Pipeline WITIS_LOOP_162_1 123 123
> @ compute_1_Pipeline WITIS_LOOP_167_2 1333 1333
> @ compute_1_Pipeline WITIS_LOOP_172_3 1333 1333
> @ compute_1_Pipeline MITIS_LOOP_7_1_WITIS_LOOP_8_2 \MITIS_LOOP_9 3 1398 1398
> @ compute_1_Pipeline VITIS_LOOP_16_5 MITIS_LOOP_17_6_ WITIS_LOOP_18_7 1398 1398
> @ compute_1_Pipeline MITIS_LOOP_25_9 WITIS_LOOP_26 10 VITIS_LOOP_27 11 1398 1398
> @ compute_1_Pipeline MITIS_LOOP_34 13 \MITIS_LOOP_35_14 WITIS_LOOP_36_15 1343 1343
> @ compute_1_Pipeline MITIS_LOOP_39_16 \MITIS_LOOP_40_17 WITIS_LOOP_41_18 1398 1398
> @ compute_1_Pipeline VITIS_LOOP_48_20 WITIS_LOOP_49_21 \WITIS_LOOP_50_22 1398 1398
> @ compute_1_Pipeline VITIS_LOOP_57_24 WITIS_LOOP_S58_25 VITIS_LOOP_59_26 1398 1398
> @ compute_1_Pipeline_WITIS_LOOP_178_4 1333 1333
@ entry_proc ] ]
> @ write_data_l 1407 1407

C VITIS_LOOP 229 1

Previous: BRAM BRAM (%) DsF DSP (%) FF FF (%) LuT LUT (%)
72 1 142 1 109117 4 BE257 =]

Now: ERAM BRAM (%) o5k DSP (%) FF FF (%) LUT LUT (%)
104 2 =40 S 158002 =] 105005 8
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Streaming (1 compute) - Results
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Streaming (multi compute)
— RDko —[ RDK1 ]—[ RDKo2 ]—[ RDK3

| . . .
COMPUTEKO[COMPUTEmICOMPUTEKQJICOMPUTEKS] * Multi compute is not controlled by Olympus, but using the
weko — wrkt | wake — wag - INLINE pragma any submodules in the original HLS

Dataflow kernel will be used in the pipeline
~ RDKo [ RDK1 I RDK2 I RDK3 I RDKa4 I RDKs5 | ] e Edit the Makefile:
v o ke ko R (R - KERNEL_BODY ?= kernel body df

BKo—[BK1HBK2HBK3HBK4HBK5]— « KERNEL MODEL ?= kernel bod; SwW

Cko —|CK1 —{Ck2 —{CK3 —{CKa —| CKs — — _
:v[nm][—w[nm ]I—VV[RKQ]I—VV[RK3]I—VV[HK4IWHK5]— « KERNEL JSON ?= input/helmholtz df.json

Dataflow (Sub Kernels) e TEST 7= DF

e Same commands as before:

* make olympus RING BUF=2 BUS WIDTH=256 STREAMS=1

» Sources: ~/alveo tests/helmholtz autogen/RB2 BW256 S1-student/
krnl helm/DF/

* make hls RING BUF=2 BUS WIDTH=256 STREAMS=1 TARGET=hw
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Streaming (multi compute) - Results

MName Latency (cycles) lteration Latency Interval
~ @ krnl_helm
v dataflow_in_loop_WITIS_LOOP_199_1 3429 z3010  Previous Dataflow Interval: 13877
> @ read_data_l 3009 3009
> @ gemm5 2861 2861
> @ gemm 2861 2861
> @ mmults 1340 1340
> @ mmultls 1340 1340
> @ mmultz2 1340 1340
> @ mmult 1340 1340
> @ gemm_invg 2861 2861
> @ gemm_inv_last 2861 2861
@ entry proc ] ]
> @ write_data_1 1407 1407

C VITIS_LOOP_199 1

) BRAM BRAM (%) DSP DSP (%) FF FF (%) LUT LUT (%)
Previous: 104 2 540 5 1528002 & 105005 8
Now: BRAM BRAM (%) DSP DSP (%) FF FF (%) LUT LIUT (%)
) 144 3 2964 32 344814 13 279029 21
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Streaming (multi compute) - Resu

S

grmernd in_rb0

grmerml in_rb1

read data 1 LD
116 g,m o, m IR, s, A
Latenay ! aw g,m ax,m )M, N, NA

germm3_U0
NG, m i A, N, N

Latency {aw g,m a, min ki M, Na
[; 1
gernmi_LD

1, m e, m In DG, LA, YA

Latengy fawp,m ax, mind: R, NiA, A
[: ]

gernm7_L0

WCarwyg, m aox, i ;s AL, B
Latenoy e o,m o, mind:iis, b, N

I_+

I_*

gernrm_invd LU0

Gy, m aoe, m I : il A, i

Latency Caw p,m o, mind: N Nus N
I_; 1

gernm_invl0_Uo

G, m I X A, A, A

Latencyfawg,m 2, m in): M ik, A
[; ]

germm_inv_last1l U0

G, m aux, m In3: Al A, Bt

Latencyfawg,m ax, m ind: i ik, A

court flag out_rbo

entry_proc L0

out_rbl

i, m o, mIn b R A, NEA
Latency {a g,m 2, m ink: i N, MA

[ 2

l

germnml2 U0

1162w, m ax,m In:NIA, FA A

Latency (g, m 2, m Ind:his, M, M
[§3)

germml3_U0

1 2wg,m e, m Ind:HEA, B A

Latency Cavg,m ax,m Ind:hibk, M b
|; ]

gernml4_U0

1w, m ax,m Ind:hl, W, B

Latiencr (g, m o, m Ind:his, B N

I_*

I_*

gernrm_invls_ U0

118ang,m e, m Ind: Rk, s, B,

Latency Cawg,m r,m Ind:hb, Nk N
I.* )

gemm_invl7_Uo

116 g, m Zx,m A, s s,

Labency Cawg,m 2, m Ind:Huk, Fis, A
|:: ]

germm_inv_last18_ U0

118.2vg,m x,m Ind: A, Bt ML,

Latency Cawg,m ax,m Ind:Huk, Fis, s

gemml3_U0

TG, m ax, m N A, A, A

Latency faw o, m i, min ks, b, A
[; 1

gemm220_U0

WG wg,m ax, m Ind: A, A, R

Latencrtawg,m ax, min: R, bk, M
|: ]

gemm22l_U0

WEawg, m ax, m Ind: s, HIA, R
Latencytag,m ac, min ki, N, A

I_“

I_*

germm_inv23 U0

NEaneg,m ax, m In ks, FEA, Ff

Latency e o,m ax, mink: s b, A
I_; 1

gemm_inv24_U0

T, I A A, A,

Latency Lavg,m 2, m I A, Wi, HA
[; ]

gemm_inv_|last25_ U0

NEaneg,m ax,m In b s, BEA. FjA

Latency favg,m ax,m Ik i, b, HA

gemm2&_LI0
1162w, m ax,m In:NIA, FA A

Latency (awg,m 2, m nd i, i Ma
I:%_I
gemm27_U0

i awg,m ax,m A, R, A

Latency Cawg,m o, m nd:hi, B M
|;|

gernrm_U0

NEawg,m ax,m Ind:Hpa, P, s

Latiencr (g, m o, m Ind:his, B N

I_*

rrrmuts_Uo rrrmutls Lo rmrmult22_Uo rrrnute_ U0
WEawg, m ax,m Ind -k, A, s WEawg, m ax,m In: s, HA, bk WEarwg, m ax,m Ik, A, b WEawg, m ax,m In: s, HA, s
Latencrlam,ma,mIn): b, N, iis Latencylavm,m a, min kb, N, A Latency i, m o, mIn): b, N, Nis Latencylavm,m a, min kb, N, A

I_*

gernrm_inv28_ U0

118ang,m e, m Ind: Rk, s, B,

Latency Cawg,m r,m Ind:hi, N N
I_%.I

gemm_inv_LI0

116 g, m Zx,m A, s s,

Labency Cawg,m 2, m Ind: k., Fis, s
[;]

germm_inv_last_ LD

118.2vg,m x,m Ind: A, Bt ML,

Latency Cawg,m ax,m Ind:Huk, s, s

=

write_data 1 UD

18w g, m x, m Ind:HEA, N, A,

Latenicy (. 0,m o, m Ind:higs, s, N

grmema2 grmem3

A 4

t2

<3

23
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