RISC-V Tile Extension ¥ Bis$ &
(Deprecated)

1. &

AN HEEARETFRISC-VATIileY B, Tilel BHIZEH, 1%&1ZFT —EIMILFRV Vector ExtensionBI#l .
X E AR ETFHEAINV/AMDRIGPGPURRTR, JRIZMITilel BLZEH), BARMAIZRTFRVV, FLLEIIAN
STEMETRISC-VAIAIRZEIE=AKE64%: RISC-Vscalar, RISC-V Vector Extension, RISC-V Tile
Extension,

Tiley BRYEERZEMatrix¥ B, SAREEIEIINAITile vector ALU, Tile Load/Store, and misc
instructions.

B ISF SIRISC-V vector & matrixi BiE,

Tile Coreig%

S 1 -
HESRE!

1. BB MEMELE, tileTESR, tilek/,
2. B1F281%nhi8<: Scalar, Vector, TileFFaRZBIMEIETEh, IR #Hi5<
3. Load/Storetg%:
a. BEIEMAHTER (L2B SRAM/on-chip DRAM) load/storeZ|Tile Register
b. Remote atomicz#¥ (RISC-VZ#F, [i%)

c. *Neighbour/remote load/store2EEHE? GERIALGF TR, BEMPENIGRIGENISLILR
RoE, BHIIEMTEGERE, FKML/S latency, EARMbufferE i,

4. Img2Col/Col2Imghys #:
a. RVV gather/scatterfE AR ATHAES 15
b. Tile corer]X¥ EEMpatternfi BiZX#F, BEAEFINEHRE
5. MMA$#5< (Matrix)
a. Z¥¥B/CHEFEML2BEHEIAIR]
6. SIMD$5< (Elementwise/SFU) , ®#Factivation functions, EFHEXFER
7. KIVEEG
HERIEE B AR,



PE[BI¥%E#*chiE< (DTE)

FEH TG HIRTEHOSt-PE L2B-3D DRAMS /MBI EKERSBh, 185 LUMitensorR BRI KIREIRIITE
o

Heh, £ L3D blockByA BT, TensorEEiEd TensormapRiEiR, FY, Zimsyblocki@idtr
EHERIEE,

SIMBZFREITELM, linearBYA TR copy.

BoiiRzl, Z3F
e Copy

e Multicast

CEZER
RISC-VA S HfencetE<,
1. FElthread®yFFEngineiBlEL (per RV#Z in SCTLET)
2. Barrier : Zfthreadblock sync, clustersync, thread{BlfE— =HES
3. Semaphore (counting semaphore, arrive/wait) , FBLEEZ
a. Produce-consumer

b. Network transfer counting

2. BHESTV

o Tile coreXz#FAI#IEARY:
o Matrix
= INT4, INT8, (W4A8)
= FP8, FP16, BF16, TF32,
= MXFP4, MXFP6, MXINT8 (TODO, TEANTIEHAABE XL NLE)
o VectorZn/hz#F3E8: F16, BF16, FP32
e TELEN



o The maximum size in bits of a tile core element,

o 3%¥¥, 4, 8, 16, 32bit,
o XFFMXFP ($57I2MXFP6) REHRFIES.

e TLEN

o The number of bits in a single tile register,

o ATHER, FRZHBINbIt, FXFFHERW—EHEITFRIENAEEG

*TODO* MXFPE#URBIETN, SparsefUBRNEARIR?

o —E i data segment

o Bit length IE29F R

MMA data type

Data-type

Floating Point
Alternate floating Point
Alternate floating Point

Alternate floating Point

8bit Integer
4-bit integer
MXINT8
MXFP6

MXFP4

Multiplicands (A or B)
f16

.bf16

32

.fp8
(BF8: .e4m3,
FP8:.e5m2)

both .u8 or both .s8

both .u4 or both .s4
b32/se8, INT8(.s8)

b32/se8, FP6(.e2m3,.e3m2)

b32/se8, FP4(.e2m1)

Accumulator (D)
f16, .£32

bf16, .f32

32

f16,.£32

.32
.32
bfl6/ .fp32 (IFE)
bfl6/ .fp32 (%)

bf16 / .fp32 ((1E%E)



Table 29. Small Float Data Formats

FMT Sign Exp Mant Bias +0 -0 Inf, NaN,
-Inf -NaN

FP16 1 S 10 15 0 0x8000 0x7¢00, normal
0xfc00

BF8 (E5M2) 1 5 2 16 0x00 0x00 0x80 0x80

FP8 (E4M3) 1 4 3 8 0x00 0x00 0x80 0x80

3. Tile Extension Programmer’ s Model

The tile extension adds 256vector registers, and several unprivileged CSRs to a base RISC-V ISA.

CSRs
TODO: add CSR register definitions

Tile CSRs
Address Privilege Name Description
XXXX URW trstart Tile register start row position
XXXX URW tesr Tile control and status register
XXXX URO tlenb Tile register size in byte, mrows*trlenb, only 1024 for now
XXXX URO trlenb RLEN (in bytes)
XXXX URO tisa Tile instruction subset

X FTileRYEIERE IR EAmatrixBIESf&ERshape, bR FIRRETE < KehSHEE, MAESER
CSRs, XN T RAIEE, hSTRFEMshapetlfa, LERBERERE, MEELHT,

e Tile data type (¥§<encoding)

e Tile matrix shape (CSR)

ABI (Execution Context CSR)



EHTIHEERG, S0 threadIHITE B S context, X%EcontextLACSRA T, sifFshader
instructionAX&MMIOIAE], B1FE

e threadidx, blockidx, clusteridx,
e Thread dims, block dims, cluster dims, grid dims
e kernel resource
o kerenl arg address, f5[@user defined data
o Shared memory base address
o Private memory base address
o Tile Register base index
o Tile EMask?
E:

1. BttcontextB2ERV CSRER®E T? thal, StartPC, VMID, 2, XBEEHTIHETINEEN
CSR,

2. BcontextB2I8SAEEIHIAB, LLEIVF_ID/MIG_ID, logical Core ID, logical PEID, logical
Cluster ID,

TODO, add detailed ABI CSR into the table.

Address Privilege Name Description
XXXX
XXXX
XXXX
XXXX

XXXX

Tile Register

The Tile extension adds 256 architectural tile registers, tr0-tr255 to the base RISC-V ISA. Each tile
register has a fixed TLEN bits of state.



Programmer view of tile register

Tile Register can be used for all Tile Core engines: tile matrix, tile vector(SFU & SIMD), and tile
load/store.

Tile Register data can work in different views, RIEFFEMNNAHR/IES
e XB[%: Matrix fragment with a certain shape,
e [A@E: Vectorof certain length, without shape info

o —EKERNMEL: Agroup of vector elements, with certain vector length

Matrix view

RLEN (Row LENgth), is the length of each register row in bits, when the register is in MATRIX view.
Row number of the matrix is TLEN/RLEN.

Support shape of the matrix with one tile register:

TLEN(bit) RLEN(bit) Matrix A
M K (in ELEN of 32/16/8/4
bits)
8192 256 32 8/16/32/64 m32*n32 (32Byte, NV
PTX)
Matrix \
8192 512 16 16/32/64/128 T-head¥z#F 16*16 *(32bit)
8192 1024 8 32/64/128/256

B ESEIME N cyclemT LUIRIEmMS*k32(DP8/16/32/64) *n8HIHL E K ifs < A&,

BiEkin, RNPVRABIULRRE, XFAIUERAENESHRPEESHHREELE,

YE7%ILL, T-headBImatrix extension™®, X¥F8192bitFYTRLEN, RZHFTM=16, K=16/32/64/128
Ay —ME o



Partial matrix representation

LURNNEERAN—NMEME/NT YaiEMImatrix shapefIif{g, EERIE—partial matrix. LR
— LR RIK

e K (row) FEREZFESEMshape, ffalign, XFFFRNFE—ZHAIRLEN

o MEVIESZFWIILIHE, FIEFAEMASK (tile mask) RIEEHFENTHMITE (P1iL%k%k, BAFERA
E)

Multiple register matrix

TRZNIER, BIFEUSIMFESERRE—ITEANMatrixo RENHNEM/KARE, BEFEEKX
HYELENBYBYZ, EmatrixBIbit{i#tiBid 78192bit, EILIFEEZ Mregisters KRR

A EERAERERE32*32 ELEN=32bitBVI1E S, FE41 Tile register k&R EHAKBAIEIE,

SIMERIEmatrix shapeIZHFH, HIMEHFEE— " matrixIKERE—TECREAT TN, XFA
B MERAMMARIIES &5,

TODO: Multiple RegisterfyshapeffiiE, 77T AV EHZIFHEE, AI—ERIPRS, tbin
1. PREIKEEFRIFAE, MAJZHF1-16.

nreg[3:0] Leugr:lt)irr
0 1
1 2
11 4
111 8
1111 16
others reserved

R matrix shape@ m32k32, matrix size(nreg)=16, Mimatrix register/am512k32,

I ESTERBHRIRITIREREH, programmerRE] L
for (inti=0, i<mat_b.nreg, i++)
{
reg_a=read(mat_a);
reg_b = read(mat_b.sub(i));

o_index =0;



for (int m=0; m<reg_b.M/8; m++)
{
for (int n=0; n<reg_b.N/8; n++)
{
for (int k=0; k<reg_b.K/(256/TELEN); k++)
{
reg_clo_index]+=reg_a[m] DOT reg_b[n];
}
write(mat_c.sub(i), reg_c[o_index]);

o_index++;

Vector view

—Mile registera] LU E—Mvector, vectorm] BUAKR— 1 matrixf94F5], TLEN=RLEN=8192,
WNZRTELEN=16, MINELEM=8192/16=512

Vector view, BIIAIASIZSIMDRY TR,

Vector Group View

TBD

F— tile registerH{ER— N EFKvectorfgroup, EABBEZLIREMMatrixe o o
tban, 324N32BytetHYvector,

Eban, 81M128BytetkHivector, 435 Aindex 0~73REXE,

Al ftile maskRMEHRIT. AT LUEITindexS RIS ERBIE N Fvectorffiig(E,
ERH=EE

e RVVregister 5 Tile registerziglmove#i#g, #&EEvector registerZtile registeriZ—1Ftensor,



Rounding mode & saturation

e Floating-point rounding mode

The float matrix multiplication reuses the floating-point control and status register, fcsr, to
select the dynamic rounding mode for floating-point arithmetic operations and hold the
accrued exception flags.

31 87 5 4 3 2 1 0

l Reserved Rounding Mode (frm) | Accrued Exceptions (fflags)

NV [ DZ | OF | UF | NX

24 3 | 1 1 1 1

rounding mode  Mnemonic Meaning

000 RNE Round to Nearest, ties to Even

001 RTZ Round towards Zero

010 RDN Round Down (towards -o0)

011 RUP Round Up (towards +co)

100 RMM Round to Nearest, ties to Max Magnitude
101 Invalid. Reserved for future use

110 Invalid. Reserved for future use

11 Invalid in rounding mode register

e Fixed-point rounding mode and saturate flag

BERVV 1.0E Mo

4. Tile Instruction Formats

EoH
Andes ACE instruction

BINFEEETAndes ACE RY BHE<, FEULLFEZEERBACE instruction encoding, WF:



In the AndeStar V5 architecture, an ACE instruction is a 32-bit instruction with the following

format:

31 7 6 21 0

custom-3 (ACE) H

ACE ENCODING 11
11110

BT Tile registeri%, HHTileinstructionttiRE%, FENEERE, HITREEERAC4bItIIES
e AAFE(ERAndes ACE instructionf# &, 64bit tile instructionE#®~32bit ACE
instruction$tpf. Opcode#BE1111011, Rid, AndesBIACP, ASPEACEY RIESEL LA T L
&< encoding=ial, tbil, ace_bsyncEETb ‘14~12=11189%d]

Ftt, AIEESKFRE BHIbitE64-14-3=4Tbit, RRAEB—FIETHEFER.

31]30]29 28 27 2625 24 23 22212010 18 17 1615 1413121110l o765 ]4a]a3l2]1]0

=
[uy
[uny
[uy
o
[uy
=

Low
High 11110 1|1 ]1]1]0]1]1

Kfrencoding= [BlIREAF, B EAHEAndes G ANZEIRESE ]

*E* BEEELow 32bitithit7E{EEDWORD#E E?

fe<tuop B

tuop: category of tile instruction op

e 000: TGMEM: MEMORY operations on global memory
e 001: TSMEM: MEMORY operations on shared memory
e 010: TCTRL: Conf registers & control

e 011: TMMA

e 100: TALU

e 101:

e 110: High 32bit

e 111:ace_bsync/ace_nbsync/st_rd, LIRASPIE<$H

5<121F# (Operand)

1. Scalar



a. Scalar Register
b. Immediate data
2. Vector (RVV vector register)
a. FHEMLEVGPREETE#Htile core 1hIR)
b. LMUL (multiple VRF) @& {EA

3. Tile (Tile register)

5. Configuration-setting Instructions

T E LS R I2Ftile CSR register, bl

o M LMEMindex, dimention, thread_idzZFit&EHuit, HEHIREIGPRE,
o —SEISHICSR, EIUMEMTile CSRIGSEH

Instruction Category TCTRL
Instruction Name TCTRL.tcsr
Description
Field Name |#bits read or write Tile core CSR (from GPR)
opcode 7
tuop 3|b'010
control micro opcode
- tesr:
- tsync:
- twait
ctrluop 3| - tsemaphore

register move micro opcode
- 0: scalar to tile csr
- 1: imm to tile csr, source is imm, ignore num, use all left bits as imm dat:

csruop 2| - 2: tile csr to scalar
rd 5| source or destination of CSR
rsO 5 |destination or source GPR register

6. Tile Loads and Stores



Tile loadE#&MGlobal memory (TGMEM$E<) = #Eshared memory (TSMEMIES) iR, &E
ZTile Register®, MTile storeXtile registertV##EE FGlobal memory, &shared memorys

RiEload/storeFEEMemoryfIfiiE, Tile memory load stores3/9:
1. TGMEM, tile global memory load store

2. TSMEM, tile shared memory load store

$6<\Scope PE Cluster Chip Multi-Chip Host
SLSU-SMEM M
VLSU-SMEM M
TLSU-SMEM M/A M/A M/A A(MBAR)
TACP-SMEM M M M M
SLSU-GMEM M
VLSU-GMEM M
TLSU-GMEM M/A M/A M*/A M /A*
TACP-GMEM M M M M
M memory access
A atomic

iR#Eload/store#iiEMlayout, FIBAR, A9 H
1. bulk (TLENARIELEMIEAYERRE)
2. Row strided (TLEN{<HY, single stridedB9%i#E, stride>kiEFscalar register / GPR)

3. indexed (per row address offset with VREG(vector register), AJLUENTANA B EIEITER
o )

o Tile mask, fEEMLrowFEE/F,

 Register number, Bl tile number, —XiEE/tileE, ARIREFARENIIE, HrAIHL/2/4
e row-start? EIRSAZHF, MWIZA]LAAtile maskKiEMERI BB

e Memory hint

o Streaming? Not needed for now, unless we change the memory hierarchy



TGMEM



Instruction Category

TGMEM

Instruction Name

TGMEM

Field Name

#bits

Description
Memory operations on global memory, including
load from/store to global memory space;

opcode

tuop

b'000

memuop

memory micro opcode:
bit 5~3: load, store,misc, atomic, etc.
bit 2~0: formats

lsuop

for normal load/store micro opcode, when memuop=LD_B32/ST_B32
0x0: unit stride

0x1: strided, 32B elements

0x2: indexed, 32B elements

for atomic micro opcode, only valid for memuop is an atomic op

bit 0:

0x0: scalar atomic operation, source & dst memory are all scalar, MAX size is 6
0x1: atomic on vector memory, source is a tile register (can be partial with tm
bit 1:

0x0: no return

Ox1: return

for block/tile load store micro opcode memuop=LD_BLK/ST_BLK
0x0: non MX format (no header)

0x1: mx48

0x2: mx6

0x3: reserved, sparse

regdata

load destination or store source tile register,
MR size>0, tdBELZregisterfy A

atomic R $Fsize=0, rdEatomic load dst GPR
for scalar CAS atomic op, additional rd+1F3R{EA3EH(E (new value)

sbase

rsl, base src address GPR index

for normal load/store micro opcode, when memuop=LD_B32/ST_B32
addressing for different data pattern

0. unit stride,

for MX formats, use 5bit imm data as: (only for sparsity or compression)

- bit 0: packed tile with header

- bit 1~3: data body size of 256B*n(0~6)

for other formats, it an imm offset of 32B elements, this is low 5 bits, imm_off

1. value in rs2 as the stride in 32B, if Isuop==strided
2. index vector register, if Isuop==indexed, each as an address for 32B ele

for atomic micro opcode,
3. scalar value in rs2 for atomic tb#%{Esource



for block/tile load store micro opcode memuop=LD_BLK/ST_BLK
- bit 0-1: start sub-tile index (0/1/2/3)

- bit 2: strided access enable, 0 - no strided, 1 - strided

opinfo(rs2) 5|- bit 3: strided mode, 0, 512B stride, 1, 1024B strided

tilesize:: number of 2*n tile are loaded, used for
- unit stride of LD_B32/ST_B32
3|- LD_BLK/ST_BLK, R37#F1, 2, 4 tile

2 |vec_size: x1, x2, x4, (x8 reserved) for scalar atomic (64bit)

tilesize
/atom 1| reuse: atm:use scalar # B2 FifE componentfifatomic
tile execution mask is enabled,only valid size==0, for partial tile, not valid for
tmask 1|{memuop=LD_BLK/ST_BLK
regoffseten 1| enable offset from scalar register
rs3:
1. for block load store(memuop=LD_BLK/ST_BLK), it is an offset in number of
offsetAddr=offset*byte_of_a_block
2. for offset in bytes, directly add to base address;
offset(rs3) 51 3. Imm_offset[9:5], for LD_B32/ST_B32 & unit_stride & offseten=0;

Memuop definition

global
0 1 2 3 4
load store misc add min max

0 LD_B32 ST_B32 COMMIT_MBAR? ADD_U32 MIN_U32 MAX_U32
1 LD_BLK ST_BLK COMMIT_GROUP" ADD_132 MIN_I132 MAX_132
2 WBINV? ADD_F32 MIN_F32 MAX_F32
3 TACP ADD_BF16 MIN_BF16 MAX_BF16
4 ADD_FP16 MIN_FP16 MAX_FP16
5 ADD_U64 MIN_U64 MAX_U64
6 ADD_l64 MIN_164 MAX_l64
7

Alignment:

o LD/ST Address 32B alignment
o ATOM/MBAR, 8B alignment

Load/Store
1. LD_B32/ST_B32a



2. LD_BLK/ST_BLK

Atomic

TSMEM



Instruction Category TSMEM
Instruction Name TSMEM
Description

Memory operations on shared memory, including load from/store to shar

Field Name |#bits space, atomic, mbar
opcode
tuop b'001

memory micro opcode:

bit 5~3: load, store,misc, atomic, etc.
memuop bit 2~0: formats

for normal load/store micro opcode, when memuop=LD_B32/ST_B32

0x0: unit stride

0x1: strided, 32B elements

0x2: indexed, 32B elements

for atomic micro opcode, only valid for memuop is an atomic op

bit 0:

0x0: scalar atomic operation, source & dst memory are all scalar, MAX size is 6

0x1: atomic on vector memory, source is a tile register (can be partial with tm

bit 1:

0x0: no return

Ox1: return

for block/tile load store micro opcode memuop=LD_BLK/ST_BLK

0x0: non MX format (no header)

Ox1: mx48

0x2: mx6
lsuop 0x3: reserved, sparse

load destination or store source tile register,

MR size>0, tdBELZregisterfy A

atomic R & #Fsize=0, rdEatomic load dst GPR
regdata for scalar CAS atomic op, additional rd+1F3RfFAZZHE (new value)
sbase rsl, base src address GPR index

for normal load/store micro opcode, when memuop=LD_B32/ST_B32
addressing for different data pattern

0. unit stride,

for MX formats, use 5bit imm data as: (only for sparsity or compression)

- bit 0: packed tile with header

- bit 1~3: data body size of 256B*n(0~6)

for other formats, it an imm offset of 32B elements, this is low 5 bits, imm_off

1. value in rs2 as the stride in 32B, if Isuop==strided
2. index vector register, if Isuop==indexed, each as an address for 32B ele

for atomic micro opcode,
3. scalar value in rs2 for atomic tb#%{Esource




for block/tile load store micro opcode memuop=LD_BLK/ST_BLK
- bit 0-1: start sub-tile index (0/1/2/3)
- bit 2: strided access enable, 0 - no strided, 1 - strided

opinfo(rs2) 5|- bit 3: strided mode, 0, 512B stride, 1, 1024B strided

tilesize:: number of 27n tile are loaded, used for

- unit stride of LD_B32/ST_B32

3| - LD_BLK/ST_BLK, 23£#F1, 2, 4Mtile

I 1|vec_size: x1,x2, x4, (x8 reserved) for scalar atomic (64bit)
tilesize
Jatm 1| reuse: atm:use scalar # B2 FifE componentfifatomic

tile execution mask is enabled,only valid size==0, for partial tile, not valid for
tmask 1|{memuop=LD_BLK/ST_BLK
regoffseten 1| enable offset from scalar register

rs3:

1. for block load store(memuop=LD_BLK/ST_BLK), it is an offset in number of

offsetAddr=offset*byte_of_a_block
2. for offset in bytes, directly add to base address;

offset(rs3) 51 3. Imm_offset[9:5], for LD_B32/ST_B32 & unit_stride & offseten=0;
Memuop
TSMEM
1 2 3 4 5 6
load store  misc add min max logic
0 LD_B32 ST_B32 MBAR_ARRIVE ADD_U32 MIN_U32 MAX_U32 AND_B32

1 LD_BLK ST_BLK MBAR_ARRIVE_DROP ADD_I32 MIN_I32 MAX_I32 OR_B32

2

~ o unn AW

ADD_F32 MIN_F32 MAX_F32 XOR_B32
ADD_BF16 MIN_BF16 MAX_BF16

ADD_FP16 MIN_FP16 MAX_FP16

ADD_U64  MIN_U64 MAX_U64

ADD_lI64 MIN_l64 MAX_164

MBAR (MBAR_ARRIVE/MBAR_ARRIVE_DROP)

Memory Barrier is a 64bit counter in Shared Memory(L2B).

e 3bit phase

e 20bit: expected counter

e 20bit: pending counter

logic

INC_U:Z
DEC_U.
SWAP_
CAS_B:



e 21bit: pending transaction counter

7. Tensor Async Copy Acceleration

Tensor memory async copy, AT RKiRBtensor#iiEiis, BIAEHE:

1.

Load tensor memory from local or remote global memory to local shared memory

Store tensor memory from local shared to global

Copy from local shared memory to remote shared memory
Device to device in the same cluster or from/to different cluster

Copy from local DRAM to local or remote DRAM



Instruction Category TGMEM
Instruction Name TACP
Description:

asynchronous copy data from host/dram/L2B to L2B/DRAM/Host, tensor#

Field Name |#bits #B{Etensormap,
opcode 7
tuop 3|b'000
memuop 6| [ETGMEM
TACP micro opcode:
0x0: Contiguous Linear copy, A& Etensormap, IEEMHEFNEL R copyhitens
#IEAT LI linear layout, A LARtiled layout, (F RiHEDRAMIEARIEL S
kS EE)
0x1: tile conversation, tiled copy with linear tensormap, —{ tile—Mile B £3E
fETTtiledMlinearZ B3R, (FRZHR, host/deviceZ [EIRVEIEMTS, DRA!
linear B N ELHRFIMRAS)
0x2: tiled tensor map, tiled copy, with tiled tensormap, — " tile—Mtile I EK IR
DstZE/FE—tiled tensormap, FZtensormapB¥¥Lilinearfy A,
acpuop 2
dsttm 1|dst memory is described with tensor map
srctm 1|src memory is described with tensor map
dst 5|the GPR of addr of dest memory, or tensormap of dest tensor
src 5|the GPR of addr of src memory, or tensormap of src tensor
vector register of src&dest coordinates
coord/size 5|or GPR
e 2|2Bb=-5b
DST memory location
- 0: shared::cta (local L2B)
- 1:global (same or different cluster)
dstloc 2| - 2:shared::cluster(remote L2B)
SRC memory location
- 0: shared::cta (local L2B)
srcloc 1| -1:global (same or different cluster)
the completion mechanism:
-0: bulk
-1: mbar
completion 2| -2: semaphore
multicastl2 1| multicast to L2B of same cluster. Only valid for global to cta and 4 PEs for now

completeobj

the GPR of addr of mbar or the index of semaphore (Y1RTETSYncH 1T sema

Tensormap description

=m2% EBSiPU 1.0 DTEZR#1&1t 5% v0.5


https://siorigin.feishu.cn/docx/SoN1dFhjrotUKDxrpXJcYgqGnXV
https://siorigin.feishu.cn/docx/SoN1dFhjrotUKDxrpXJcYgqGnXV

8. Matrix Multiply-Accumulate

SERUAEFESRINEE
D=A*B+D

D =A* B, where the input from accumulator D is disabled.

Macuop definition draft (TBD)

Data-type Multiplicands (A) Multiplicands (B) Accumulator (D)
Alternate floating Point 32 32 f32
Alternate floating Point .bf16 .bf1e 132
Floating Point f16 f16 f32
Alternate floating Point fp8(.e4m3) fp8(.e4m3) 132
Alternate floating Point fp8(.e5m2) fp8(ebm?2) 32
Floating Point f16 f16 f16
Alternate floating Point .bf16 .bfl6 .bf16
Alternate floating Point fp8(.e4m3,.e5m2) fp8(.e4m3,.e5m2) f16
Integer both .u8 or both .s8 both .u8 or both .s8 .832
4-bit integer both .u4 or both .s4 both .u4 or both .s4 .832
8/4-bit integer both .u8 or both .s8 both .u4 or both .s4 .832
MXINTS MXINTS8 MXINTS8 f32
f32
f32
MXFP6 MXFP6(.e3m2,.e2m3) |MXFP6(.e3m2,.e2m3) 32
MXFP4 MXFP4(e2m1) MXFP4 f32

F#F#Imatrix shape



FP32/S32
32*32

FP32/S32
16*64

FP32/S32
8*128

Atile size
mxk

1x1

1x1
1x2
1x4
1x8

Atile size
mxk

1x1

1x1
1x2
1x4
1x8

Atile size
mxKk

1x1

Ix1
1x2
1x4
1x8

B tile size
kxn
1x1
1x2
1x4
1x8

1x1
2x1
4x1
8x1

B tile size
kxn
1x1
1x2
1x4
1x8

1x1
2x1
4x1
8x1

B tile size
kxn

1x4

1x8

1x16
1x32

1x4
2x4
4x4
8x4

D tile size BF16/FP16
mxn 32*32

1x4

1x8

1x16

1x32

1x4
1x4
1x4
1x4

D tile size BF16/FP16
FP32/S32 16*64

1x1

1x2

1x4

1x8

1x1
1x1
1x1
1x1

D tile BF16/FP16
FP32/S32 8*128

1x1

1x2

1x4

1x8

1x1
1x1
1x1
1x1

Atile size
mxk

1x1

1x1
1x2
1x4
1x8

Atile size
mxk

1x1

1x1
1x2
1x4
1x8

Atile size
mxk

1x1

1x1
1x2
1x4
1x8

B tile size
kxn
1x1
1x2
1x4
1x8

1x1
2x1
4x1
8x1

B tile size
kxn

1x2

1x4

1x8

1x16

1x2
2x2
4x2
8x2

B tile size
kxn

1x8

1x16
1x32
1x64

1x8
2x8
4x8
8x8

D tile size
mxn
1x2
1x4
1x8
1x16

1x2
1x2
1x2
1x2

D tile size
BF16/FP16
1x1

1x2

1x4

1x8

1x1
1x1
1x1
1x1

D tile
BF16/FP16
1x1

1x2

1x4

1x8

1x1
1x1
1x1
1x1



TODO: 4§ Mformat

1. MXFP6

B SiPU MX FormatifZig 75 2€v0.5
157k Mformat, tile shape 32*128, AT fEE, MMARshape# A LU —LE,
2. ABW4 (MXINT8-MXINT4) , XKAEFTF, mEEmatrix ARtile sizefEKF EIdoubles

TMMA

All operands are all read from the tile register.

Instruction Category

TMMA

Instruction Name

TMMA

Description: Matrix Multiply-Accumulate
D=A*B+D

negl

Field Name |#bits D =A* B, where the input from accumulator D is disabled.
opcode 7
tuop 3|b'011

mma micro opcode: different src/dst format
mmauop 5| refer to the mmauop table
dst 8 | destination tile register
srca 8 | tile reg of matrix A
srcb 8 | tile reg of matrix B
nummma 3| number of 2*n of MMA micro op

b'0: A & B, output stationary, both extend in K direction (column) of matrix
multimode 1|b'1: reserved

reuse tile reg srca,” Reuse “EBX FT—HIETHIMKIET, REAT—HKMHFIIE-
reusea 1| FREAYFIXFIES,
reuseb 1| reusetile reg srcb
reused 1| reuse td (td reused as ts3)

the input from accumulator D is disabled.
noacc 1[NBKAEZtile (multitile=1, tilesize>1), RHEE—NFiANacciE M. F4
transmata 1| Matrix A is transposed, only for 8bit/32*32
transmatb 1 | Matrix B is transposed, only for 8bit/32*32

1

source 1 negative



https://siorigin.feishu.cn/docx/BhzVd25X8ox5nWx8C5Nc7mJCnWb
https://siorigin.feishu.cn/docx/BhzVd25X8ox5nWx8C5Nc7mJCnWb

TMMA mem (advanced feature)

Instruction Category TMMA
Instruction Name TMMA_mem
Description: Async Matrix Multiply-Accumulate with data from shared m«
D=A*B+D
D =A* B, where the input from accumulator D is disabled.
AFIBE.L—12MShared memoryE&i%EE, Zi%EFMshared memoryiREXH
Field Name |#bits BImatrix descriptor3$5E matrixfIE 4.
opcode 7
tuop 3(b'011
mma micro opcode: different src/dst format
mmauop 5| refer to the mmauop table
dst 8 | destination tile register
srca 8 | tile reg of matrix A, or vector reg of matrix descriptor
srcb 8 | tile reg of matrix B, or vector reg of matrix descriptor
nummma 3| number of 27n tiles of matrix B(or A&B)
b'0: A & B, output stationary, both extend in K direction (column) of matrix
multimode 1{b'l: reserved
reuse tile reg srca,” Reuse “BX F—HIBESHIMIIRET, REAT—FMHFIIE<
reusea 1|dst FFERERAYTIXEES.
reuseb 1|reusetile reg srcb
reused 1| reuse td (td reused as ts3)
the input from accumulator D is disabled.
noacc 1 MNRKAEZMile (multitile=1, tilesize>1), RBEE—PRiE@ANacc#l RN, G4
transmata 1| Matrix Ais transposed, only for 8bit/32*32
transmatb 1| Matrix B is transposed, only for 8bit/32*32
negl 1|source 1 negative

TODO: add matrix descriptor format

FAEXZN

& [legacy] MMA Async and Matrix Descriptor

9. Tile Vector Arithmetic


https://siorigin.feishu.cn/wiki/F4s5wuvAZihuM5kMxVIcUQFvnae
https://siorigin.feishu.cn/wiki/F4s5wuvAZihuM5kMxVIcUQFvnae

*draft* TO BE discussed

Tile format conversion

BRI IES, B3M, B IEMXformatikifMXxformatiquantization,
1. MXformat quantization, Z- tile¥%# B —"MX tile format

e FP32, 44 Mtile #%ift

2.



Instruction Category TALU_CVT

Instruction Name TCVT
Description
Field Name |#bits format conversion, including MXFormat conversion(quantization)
opcode 7
tuop 3|b'100

different vector micro opcode:

- talu_cvt (conversion/quantization)
-talu_1src (SFU)

-talu_2src

vecuopl 2|-talu_3src

src format & des format:

vecuop2 6| MTE
dst 8 | destination tile register
srcl 8 | tile or scalar register of source 1

source type

- tile register

- ainteger GPR
srcl_type 2| - afloat register

rounding mode: reserved
b'000: RNE
b'001: RTZ
b'010: RDN
rmode 2|b'011: RUP

Saturation:
b'00: sat
b'01: relu
sat? 1{b'10: satfinite

reusel 1| reusetsl

1 means to change source 1 negative,
negl 1| used only for FP data type

tmask 1 [ tile execution mask is enabled

vecuop2BIE X :



vecuop2[5:2]

vecuop2[1:0]=b'00

b'0000 TCVT_F32_MXFP8_E4M3
b'0001 TCVT_F32_MXFP8_E5M2
b'0010 TCVT_F32_MXFP6_E3M2
b'0011 TCVT_F32_MXFP6_E2M3
b'0100 TCVT_F32_MXFP4
b'0101 TCVT_F32_MXINT8
b'0110 TCVT_F32_MXINT4
b'0111 TCVT_F32_FP8_E4M3
b'1000 TCVT_F32_FP8_E5M2

1 Operand Vector ALU

4:1
4:1
16:3
16:3
8:1
4:1
8:1
4:1
4:1

vecuop2[1:0]=b'01

TCVT_BF16_MXFP8_E4M3 2:1
TCVT_BF16_MXFP8_E5M2 2:1
TCVT_BF16_MXFP6_E3M2 8:3
TCVT_BF16_MXFP6_E2M3 8:3

TCVT_BF16_MXFP4
TCVT_BF16_MXINTS8
TCVT_BF16_MXINT4
TCVT_BF16_FP8_E4M3
TCVT_BF16_FP8_E5M2

FEIR—source operand, —“Ndst operandfJig<RE, GIF

e Sfu special function

e Matrix transpose

4:1
2:1
4:1
2:1
2:1

vecuop2[l:
TCVT_F16_MXFP8_
TCVT_F16_MXFP8_
TCVT_F16_MXFP6_
TCVT_F16_MXFP6_
TCVT_F16_MXFP4
TCVT_F16_MXINT8
TCVT_F16_MXINT4
TCVT_F16_FP8_E4
TCVT_F16_FP8_E5



Instruction Category TALU _10P

Instruction Name Txxx
Description
Field Name |#bits 10P tile ALU operation, including special functions, mov, etc.
opcode 7
tuop 3|b'100

different vector micro opcode:

- talu_cvt (conversion/quantization)
-talu_lsrc (SFU, transpose, etc)
- talu_2src

vecuopl 2| -talu_3src

sub micro opcode, ALU op:
sigmoid/sin/cos/tanh/exp2/log2/rcp/sqrt/rsqrt/exp

vecuop2 6| - 11:abs, etc.
dst 8 | destination tile register
srcl 8 | tile reg of source 1

source type

- tile register

- ainteger GPR
- a float register

srcl_type 2| -immediate
imm 32 | additional bits for imm data(including 8bit of ts1)
reusel 1|reusetsl

1 means to change source 1 negative,
negl 1| used only for FP data type

tm 1|tile execution mask is enabled

vecuop2BIE X :



vecuop2[5:2] vecuop2[1:0]=b'00

b'0000
b'0001
b'0010
b'0011
b'0100
b'0101
b'0110
b'0111
b'1000
b'1001

TALU_SGMD_F32
TALU_SIN_F32
TALU_COS_F32
TALU_EXP2_F32
TALU_LOG2_F32
TALU_EXP_F32
TALU_RCP_F32
TALU_SQRT_F32
TALU_RSQRT_F32
TALU_TANH_F32

vecuop2[1:0]=b'01
TALU_SGMD_BF16
TALU_SIN_BF16
TALU_COS_BF16
TALU_EXP2_BF16
TALU_LOG2_BF16
TALU_EXP_BF16
TALU_RCP_BF16
TALU_SQRT_BF16
TALU_RSQRT_BF16
TALU_TANH_BF16

vecuop2[1:0]=b'10
TALU_SGMD_F16
TALU_SIN_F16
TALU_COS_F16
TALU_EXP2_F16
TALU_LOG2_F16
TALU_EXP_F16
TALU_RCP_F16
TALU_SQRT_F16
TALU_RSQRT_F16
TALU_TANH_F16

X Ftranspose: EETZ1¥8-16-32 bitBIEIBEIZN, A EIEMXFormat,
1. 8bitt&=, ZIFM32N32EERKM32N32
2. 16bitt&z(, ZIFM16N32FIMI2N162Z B3R E, R EWE, source/destination#E—tile

register, {Btile modef™—#,

vecuop2[1:0]=b'11

TALU_MAT_TRANS_E
TALU_MAT_TRANS_E
TALU_MAT_TRANS_E
TALU_MAT_TRANS_E
TALU_MAT_TRANS_E
TALU_MAT_TRANS_E

3. 32bith&T, ZHFFMBN32HMIM32N8Z B4 % E, [ElfF, source/destination#BZ— tile register,
{Btile mode R —#%,

Tile Move Instructions

TMV: Tile Move instructions, SeR ##EEScalar, Vector, Tile=unit/ZF 17282 BEEEISE,



Instruction Category TALU_20P
Instruction Name T™MV
Description
move data between GPR, VRF, TRF
Field Name |#bits ZHRFVMUL>1
opcode
tuop b'100
different vector micro opcode:
- talu_cvt (conversion/quantization)
-talu_1lsrc (SFU, etc.)
- talu_2src (MV, ADD, MUL, ---)
vecuopl - talu_3src
sub micro opcode, ALU op:
register move micro opcode
- 0: mv2t, move to tile register
- 1: t2v, move from tile register
vectorAB32MA
vecuop?2 scalarfV A=, BErwWHIGPR-VRFEINA XM S R
tdreg destination or source tile register
srcl source or destination of scalar or vector register
(src2)
index of the moved vector in tile register
offset offset in tile register=index*VLEN/8, 128BRIHifE, offset=0~7
source type
- ainteger GPR
- a float register
- source 1is a vector register
srcl_type - immediate
offset_imm offsetis an imm
bc broadcast to all row (rs2=0)

2 Operand Vector ALU



vecuop2[5:2] vecuop2[1:0]=b'00 vecuop2[1:0]=b'01 vecuop2[1:0]=b'10  vecuop2[1:0]=b'11
b'0000 TALU_ADD_FP32 TALU_ADD_BF16 TALU_ADD_FP16
b'0001 TALU_MUL_FP32 TALU_MUL_BF16 TALU_MUL_FP16
b'0010

b'0011

b'0100

b'0101

b'0110

b'0111

b'1000 TALU_MIN_FP32 TALU_MIN_BF16 TALU_MIN_FP16
b'1001 TALU_MAX_FP32 TALU_MAX_BF16 TALU_MAX_FP16
b'1010



Instruction Category

TALU_20P

Instruction Name Txxx
Description
Field Name #bits 20P tile ALU operation, including ADD/MUL/MIN/MAX etc.
opcode 7
tuop 3|b'100
different vector micro opcode:
- talu_cvt (conversion/quantization)
-talu_1src (SFU, etc.)
- talu_2src (MV, ADD, MUL, --+)
vecuopl 2|-talu_3src
sub micro opcode, ALU op
- ADD/MUL/MIN/MAX
vecuop2 6| -
dst 8 | destination tile register
srcl 8 | tile or scalar reg of source 1
src2 8 | tile reg of source 2
source 2 type
- tile register
- ainteger GPR
srcl_type 2| - afloat register
reusel 1| reusetsl
reuse2 1|reusets2
negl 1|source 1 negative
neg2 1|source 2 negative
tm 1| tile execution mask is enabled

3 Operand Vector ALU



Instruction Category TALU_30P

Instruction Name Txxx
Description
Field Name #bits 20P tile ALU operation, including ADD/MUL/MIN/MAX etc.
opcode 7
tuop 3|b'100
different vector micro opcode:
- talu_cvt (conversion/quantization)
-talu_1src (SFU, etc.)
- talu_2src (MV, ADD, MUL, ---)
vecuopl 2 |-talu_3src
sub micro opcode, ALU op
vecuop2 4| -FMA
dst 8 | destination tile register
srcl 8 | tile or scalar reg of source 1
src2 8 | tile reg of source 2
src3 8 | tile reg of source 3
source 2 type
- tile register
- ainteger GPR
srcl_type 2| - afloat register
reusel 1| reusetsl
reuse2 1|reuse ts2
reuse3 1| reuse ts3
negl 1|source 1 negative
neg2 1|source 2 negative
neg3 1|source 3 negative
tm 1| tile execution mask is enabled




vecuop2[5:2] vecuop2[1:0]=b'00 vecuop2[1:0]=b'01  vecuop2[1:0]=b'10  vecuop2[1:0]=b'11
b'0000 TALU_FMA_FP32 TALU_FMA_BF16 TALU_FMA_FP16
b'0001

b'0010

b'0011

b'0100

b'0101

b'0110

b'0111

b'1000

b'1001

b'1010

10. Synchronization
BIES M RNES L,

t_wait

Andes ACE provide ace_bsync & ace_nbsync for data dependency between ACE and CPU
(RV&RWV).:

e Blocking type (ace_bsync(SYNC_GROUP_NAME)): Instructions will stall the CPU pipeline,
and no instructions will be issued until all specified target ACE instructions are finished.

* Non-blocking type (ace_nbsync(SYNC_GROUP_NAME): Instructions will stall the ACE
pipeline, but not the CPU pipeline, from issuing subsequent instructions until all specified
target ACE instructions are finished. As a result, CPU pipeline might be stalled later due to
the back-pressure stall from the ACE pipeline.

XAEZIETHAT —LEANEL FR, BREAMBEAERBF,. BINERMEFANZ TG,
FAnvida CUDABIAsync-group#LHl,



Instruction Category MISC

Instruction Name TCTRL
Description
Field Name |#bits Thread dependency check, including memory and other fences or operat
opcode 7
tuop 3| 0x0
control micro opcode
- tsync
- twait
ctrluop 3| - tsemaphore

0x0: TGMEM/TSMEM4E&
0x1: TACP/commit group4A&
0x2: wait one special operation, the operation type is specified by next 4 bits

b'0000:

waitop 2| b'0001:
tgld 1
tgst 1
tsld 1
tsst 1

tgld_cnt/
TACP/

async_mma 6
tgst_cnt 6
tsld_cnt 6
tsld_cnt 6

t_sync



Instruction Category MISC

Instruction Name TCTRL
Description
Barrier synchronization within the scope of CTA or cluster. Support both n
Field Name |#bits blocking and blocking barrier.
opcode 7
tuop 3|0x0
control micro opcode
- tsync:
- twait
ctrluop 3| - tsemaphore

0: blocking, (arrive&wait)

nonblk 1|1: non-blocking (arrive)

scope 2| CTA, cluster

rsO 5| scalar register with sync id and number of sync threads
directid 1|0: use direct syncid

syncid 5|synchronizer id in tsync

imm 1| number of sync threads is an imm src0

immsrcO 8 | src0, number of sync threads

t_fence



