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2 IxFormer(vLLM) KIEBYHIRIEZR(ERERE

2.1 {&iTi%EH

« COREX01-MR401-UG10-00: 2024/8/9
XA ERARS V4.0.0-MR XA44ELL (COREX01-MR400-UG10-00), BLATEH:
- ¥ Xinference #MOllama, 1RSI

2.2 IxFormer #HIRHEZSINEEIREH

IxFormer @R E TIZITNE A FARIRREIERALMNRESR, ZFULRBRIERAREEIEMRE, KM
AIERER IS SINE £ LM REHIEMRE, IxFormer [REER C++ LW, HETZINEMETF; £ Python
[EE, IxFormer 27 Operation, Layer, Model ZZMNEREY API, 23F FP16, INTS, INT4 FZM#IELEH
THIMNER, HETIRERY IXFormer ks v0.4.0,

IxFormer #HIEEZEFTEGESUTAHEA:

s RIBEFE: BFREESINEEBEGEYE, IXFormer ERSEMTEENEFE, EFETEIETEM
BY. MEBEFUNBEEE TR TFREME,

« RAILIT: IxFormer i1t A PyTorch 228, HiRtBohiRit TR B T IxFormer E-FNER PyTorch
1A, MMA] ATEEIEARE R H IR PyTorch 188,

- AEHIERL: BBTFEMETE, XFormer RIETEEMRKHNRNERDE, SE5KSEHITHRKLE
REHTT, SCIREMREINR, FHRREEZRYIR, BSEMR 1. IxFormer ZRFAVIEETIR,

o WIPAEZR S IE SR TEEMNFEB ML, IXFormer AILUMERNMERE F 3 E = AEZRHITIE, IxFormer
Baiieft T X vLLM F Text Generation Inference (TGI) IEZRHWHIBMEL I, BEZIFARES, 5SS
ZEIxFormer ZIFRVHIEELZS I,

IxFormer LI T Tensor EEUNFENEFESHEERZENEY, BN, IXFormer gt RHER
PyTorch, Hitt, E#HIBIHSS, &R LUERA IxFormer 3ETF PyTorch B IBIEZSHITINE, MMZIFUTE
B

« ¥ IxFormer EME FINE
« S IxFormer EOEMEFBhEE
s TEFERAERHEIRINR

FAEE, FBEIxFormer HIEIERE,

2.3 it IxFormer #EIRIEZR

TNTEENSE IxFormer HIPEZRMN L2, HEISZFFEE Python FEREE IxFormer,

1. BREELMINLERBE RN G1%, FBEESE (RHFRRERER).
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2. EERIN A T2 MIREX IxFormer BY .whl €, FREXZEIHY .whl BHFAEHFIIFIRS Python ks RIF—
o

EI{E A Docker REEME%, NMITLTEMINGE whl 8, REESIRMEM Docker BERREQARNEES
IxFormer #IEHEZS,

3. f£H pip3 install 88 < %% IxFormer, fld0:
$ pip3 install ixformer-{v.r.m}-cp37-cp37m-1linux_x86_64.whl
4. RETRE, ERBRSITUNTHRSNELREEREMI:

$ python3 -c "import ixformer; print(ixformer.__file_ )"

NREBRES, RRLEEL.

2.4 IxFormer HEIEISFE

AT BAWIERAHIBERE, IxFormer EREEEGT T ENNEMEF. MAEFNEBEERT, MEZRE
EHi&iT T SRR

TNTETEIRSER IxFormer XTREHITHIE, HNA IxFormer RERNHIEREY,

2.4.1 YA HETE

IxFormer FEHRMH LT AU R RIERHAITIERELIL

© FFEHERL

- ERENSHELMEF
- BEpEREMEBETF

- ERAREET

- ERERBEHITHE

2.4.1.1 FR#EEE
B TIEEIRE, BT S EEEE LS A HIRNMEE, CRESEHENMN L TR :

from ixformer.autograd import enable_inference_mode
enable_inference_mode()

2.4.1.2 EFAEMSHHERMEF

T FEMEF, IXFormer 7EEA _ERFF T PyTorch HHEIRZO EABDIZE T, BRFEHR torch. xxx_func
B9 ixformer. functions.xxx_func BIR]fERE =M EME F:
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import numpy as np
import torch
import ixformer

x = torch.randn(2, 64, 32, dtype=torch.half, device="cuda", requires_grad=True)
w = torch.randn(32, 64, dtype=torch.half, device="cuda", requires_grad=True)

# In PyTorch

out = torch.matmul(x, w)

LR matmul BRELAT AR EEHE S IxFormer FRBVERIEN :

# Replace by IxFormer

out = ixformer.functions.matmul(x, w)

2.4.1.3 BhEREMEF

MFREFHIEDR, Frhf PyTorch EF BN IxFormer BFNE—HREAXMNER. AT EIMEEMER
IxFormer filiE PyTorch 22!, IxFormer 7T AT EORFIERHANIR PyTorch 188 :

ixformer.contrib.torch.model_accelerator.accelerator_torch_model(
model: torch.nn.Module = None,
patch_functions: bool = True,
functions: List[PatcherItem] = None,
include_functions: List[str] = None,
exclude_functions: List[str] = None,

include_modules: List[Union[Type[torch.nn.Module], str]] = None,

exclude_modules: List[Union[Type[torch.nn.Module], str]] = None)

EREOFRRMHHEIh6E:

1. ¥ PyTorch {REFREFEIRAYSSINEIR 79 IxFormer FRRYSEIR
2. ¥ PyTorch 1RE AR ER 3 BRER AV SR E# /9 IxFormer HRRYSSIR

ERARENIRES, GBS SHRITH RERRRIRIER IR, SEREINT:

* model: HIN—EIIER PyTorch 28, MRFENER, NSRRI PRIEDRRFITEIR
* patch_functions: AR IxFormer RV EESHR PyTorch HREYSEIR

* functions: BENEIR PyTorch BIKEK

* include_functions: FEZIRH PyTorch KX

* exclude_functions: ANEEHHH PyTorch K%K

* include_modules: HEBMAVIEEIFRY PyTorch &R

* exclude_modules: REZHRAVREIHH PyTorch &R

B IANFIEF accelerator_torch_model KX, E{EAILLE PyTorch WEFEBER T AR IxFormer BIE
FiREA:

COREX01-MR401-UG10-00 7 V4.0.1-MR
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from ixformer.contrib.torch.model_accelerator import accelerator_torch_model
accelerator_torch_model()

x = torch.randn(2, 64, 32, dtype=torch.half, device="cuda", requires_grad=True)
w = torch.randn(32, 64, dtype=torch.half, device="cuda", requires_grad=True)
# XBRIEMETFEER IxFormer FHY matmul BFHITIHE

out = torch.matmul(x, w)

BHi, accelerator_torch_model EREERIEEEMBEFIERT, BERIABRAUTERE:

* linear
* matmul

MFEHEERE, NEEFoE, Big% & torch.nn.Module EI—NRFGIKEEY:

import torch
import torch.nn.functional as F
import ixformer.functions as ixff

class DummyClass(torch.nn.Module):
def __init__(self):
super().__init__()
self.fcl = torch.nn.Linear(32,10)
self.fc2_weight = torch.nn.Parameter(torch.empty((10, 32),dtype=torch.float16))

def forward(self, inputs):
x1,x2 = torch.chunk(inputs,2,dim=-1)

x1 = x1.contiguous()
x2 = x2.contiguous()
x1 = self.fc1(x1)

x2 = F.linear(x2,self.fc2_weight)
out = torch.cat([x1,x2],dim=-1)
return out

TER(EREIHIRET, chunk, linear # cat FEREAIARY PyTorch Ri#4:

print(torch.chunk == ixff.chunk) # >>> false
print(F.linear == ixff.linear) # >>> false
print(torch.cat == ixff.cat) # >>> false

{8 accelerator_torch_model EREXEY, WIRFENSE, BEIABIRALUTEREK:

* linear
* matmul

LERY, FTENEREIBEINT:

COREX01-MR401-UG10-00 8
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print(torch.chunk == ixff.chunk) # >>> false
print(F.linear == ixff.linear) # >>> true
print(torch.matmul == ixff.matmul) # >>> true

BRT chunk, EREEEFER IxFormer IRHAVREL, FREERG, EnILUET clear_patch_torch_functions
BRI BBV REOHITIME . LAY, FTENREIEROT !

from ixformer.contrib.torch.model_accelerator import clear_patch_torch_functions
clear_patch_torch_functions()

print(torch.chunk == ixff.chunk) # >>> false

print(F.linear == ixff.linear) # >>> false

print(torch.matmul == ixff.matmul) # >>> false

HFERIARNERHALEX chunk REGHEITE R, FLFREFHHITIRE!

from ixformer.contrib.torch.model_accelerator.converter import PatcherItem
accelerator_torch_model(functions=[PatcherItem('chunk',ixff.chunk,['torch']),])

RETTAHE, TTENREIERIOT:

print(torch.chunk == ixff.chunk) # >>> true
print(F.linear == ixff.linear) # >>> false
print(torch.matmul == ixff.matmul) # >>> false

BT FaiTRINNRBERT RS ST, ERRASRETEFR, ATEREERERNRERY, F
BREFMENRKESR:

accelerator_torch_model(functions=[PatcherItem('chunk',ixff.chunk,['torch']),
PatcherItem('cat',ixff.cat,['torch']),
PatcherItem('linear',ixff.linear,['torch.nn.functional'])])

ItERY, FTENERELIBRA0T

print(torch.chunk == ixff.chunk) # >>> true
print(F.linear == ixff.linear) # >>> true
print(torch.cat == ixff.cat) # >>> true

R PatcherItem WBHEIEUT=IAHE:

* PyTorch RRYREBZ R (FRIBFR)
« BRI IxFormer K%K
. WEIRBRECRR

COREX01-MR401-UG10-00 9 V4.0.1-MR
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Hrh, PyTorch BIREGEE LT torch #1 torch.nn.functional T, &0l LIRIERIAE R HYRECIRIEIFAERN
RS

PRTY BIREKEN, accelerator_torch_model 1B LAFFHREY REVRHHITEIR, ZRHARGEEX B K ENAE
BRERm, EXEEFINEREIRRELFIREEER, 8E—1BENX Linear RIGH Linear FH{TEE:
Patcherltem

from ixformer.contrib.torch.model_accelerator import register_module_converter

class MyLiner(torch.nn.Module):
def __init__(self, weight, bias):
super().__init__()
self.weight = weight
self.bias = bias
def forward(self, inputs):
return ixff.linear(inputs, self.weight, self.bias)

(torch.nn.Linear)
def convert_linear(name, old_mod):
return MyLiner(old_mod.weight, old_mod.bias)

accelerator_torch_model(model,patch_functions=False,include_modules=[torch.nn.Linear])
print(isinstance(model.fc1,MyLiner)) # >>> true

model_new = DummyClass().half().cuda()

print(isinstance(model_new.fcl, MylLiner)) # >>> false

ELEREE R, HFIRET patch_functions=False, FEUILIREA{HSAIEAR PyTorch MIRIGE Fo LB, $TEN
RERRIN T :

print(torch.chunk == ixff.chunk) # >>> false
print(F.linear == ixff.linear) # >>> false
print(torch.cat == ixff.cat) # >>> false

BRT accelerator_torch_model %8, IxFormer IFIRMH T — P _ETFXEIESS accelerator_context H{TIRRT
BRIERAVEE IR, Z3E 5 accelerator_torch_model M, BEERFMNEFRHEN LTXAH, ETFTXIMNERT
o0, Mg sl ERIE,

ixformer.contrib.torch.model_accelerator.accelerator_context(
model: torch.nn.Module = None,
patch_functions: bool = True,
functions: List[PatcherItem] = None,

include_functions: List[str] = None,

exclude_functions: List[str] = None,

include_modules: List[Union[Type[torch.nn.Module], str]] = None,

exclude_modules: List[Union[Type[torch.nn.Module], str]] = None)

ZEREIHIBE0S accelerator_torch_model ERENHHISEAER), & LAERFEIERERSZINEIR B FHXT matmul
B BB RINEE.
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from ixformer.contrib.torch.model _accelerator import accelerator_context

torch.randn(2, 64, 32, dtype=torch.half, device="cuda", requires_grad=True)

X

w = torch.randn(32, 64, dtype=torch.half, device="cuda", requires_grad=True)
# XBHEMETIERER PyTorch NKIH#ITIHE
out = torch.matmul(x, w)
# XBIIEPESRIE SER IxFormer BISEIFITIHE
with accelerator_context():
out = torch.matmul(x, w)

LA DummyClass HY forward E#E5I, A accelerator_torch_model RE A LUTHIEERRAVRER, WA
forward H1TiEBIEEK:

def forward(self, inputs):
with accelerator_context(functions=[PatcherItem('chunk',ixff.chunk,['torch']),
PatcherItem('cat',ixff.cat,[ 'torch']),
PatcherItem('linear',ixff.linear,['torch.nn.functional'])]):
x1,x2 = torch.chunk(inputs,2,dim=-1)
x1 = x1.contiguous()
X2 = x2.contiguous()
print(torch.chunk == ixff.chunk) # >>> true
1 = self.fc1(x1)
= F.linear(x2,self.fc2_weight)
print(F.linear == ixff.linear) # >>> true

out = torch.cat([x1,x2],dim=-1)
print(torch.chunk == ixff.chunk) # >>> false
print(F.linear == ixff.linear) # >>> false
print(torch.cat == ixff.cat) # >>> false

return out

accelerator_context R ERHIEAEEBIMEZIRNETF, Fitt, FELETEEERETHENRECRR.
MRS R TN

model = DummyClass().half().cuda()
data = torch.randn(10,64,dtype=torch.float16).cuda()
model(data)

EEREN, SIRESEFTESRNRIEDHITER, MERLIERERE, WKEEFRIEBHEE, PyTorch
HRSIERRARHITREAR, HtFERARBBRTUEREENEFER, MELSRAREELEKES
PyTorch M BIER, BREWNME, EEBALUER IxFormer IRAMIREEREFIEE N B IRINGE,

E#l, IxFormer RIZHAVEMEBE FEERLRIENM, SFixformer.functions (BREF) T ##IFIE.

NRIEHEM PyTorch REBFHALRHEFNFENR, AJLUBIEURNRASSEL RGN A TR M TR
Ro
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2.4.1.4 FRMAEF

EZHIERT, IxFormer LM EBEFHAEET PyTorch A, AFTEMNEshEREME F imRrIAR
FE{ER accelerator_torch_model REREE PyTorch NEEHEF. I, EEEF&NE IxFormer ST E
FEERPHRITER,

TE L RMS_norm B9 PyTorch SEf) 0 f## 175 B8

class RMSNorm(nn.Module):
def __init__(self, num_features, eps=1e-8):
super (RMSNorm, self).__init__()

self.eps = eps
self.weight = nn.Parameter(torch.ones(hidden_size))

def forward(self, x):
mean_square = torch.mean(x*#*2, dim=-1, keepdim=True)
norm = torch.sqrt(mean_square + self.eps)
X = x [/ norm * self.weight

return x
# in other model
def __init__(self, num_features)
self.rms_norm = RMSNorm(num_features)

def forward(self, x):
norm_x = self.rms_norm(x)

BT LAEA IxFormer R{ENRESHE FHITER:

from ixformer.functions import rms_norm
# in other model
def __init__(self) :
self.norm_weight = ...

def forward(self, x):
norm_x = rms_norm(x,self.norm_weight)

BEi, IxFormer IREMNRISEFEEFELLM, SFEixformer.functions (REEF) THIFS.

2.4.1.5 EFRAEREE#HITHER

B8, IxFormer EEX# FP16 FEEHITHIE, INTS l INT4 BENHKEHLZIF. 58T IxFormer & PyTorch
MFRAM, EEGER FP16 HTHIERN, TEEUEXAIBANAIREHIE, 3T INTS #1 INT4 #I12, NEEL
FERR X R VAR EY SR 1E,

COREX01-MR401-UG10-00 12 V4.0.1-MR
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2.4.2 REEBYIER

BT IxFormer IRHMBE FERAXSE, REESRM 7O TREEEHITIEE (RERIN A T2 MIREAERN
RESFEABEA):

bt BE
ChatGLM FP16
ChatGLM2 FP16
GLM130B INT8
LLaMA FP16
Vicuna FP16

B, IxFormer NERIRBERIRS—IZHIE IxFormer BY Model Zoo H1, Ee]LATEMIR 1: IxFormer 1M
EEXR PEEREXIFNEE (BIEXFNHTHIERR),

2.5 IxFormer Z3FAVEIBHESS 5B

BHETIERMNFEARMIRIT, IXFormer XIFFERINREFXE = HEZRBITMRER, Bai, IxFormer f2H 7T X
VLLM #01 TGI #EZR# 1 TH IR IR Z F5,

2.5.1 vLLM

B ERECE CINERE ESCH PagedAttention BISKEEFEEZONE], IxFormer 1247 vLLM 1EZREVHIE
Z . HEIZFAIkAS A VLLM v0.2.6, 7E VLLM BURBISCIIAR, KED B FEREXRNE SME-R EKINES
BEF, &6 vLLM BaEIRLE, RAERERS,

2.5.1.1 {58 vLLM #H{THEEIE

IxFormer ZHHEMER vLLM WVLLM ZHFIERIGR i EaVE R TIRR IR,
Tl
TEU LLaMA2-13B & f9fl, 3HBEINEER vLLM #HITIRERHEIE,

M Hugging Face St REE SR ESG (REHIR B TIZMIREME XXX H) FIREVREINE, HEEERENR
IEH /home/data/1lama2/11lama2-13b BE T, IxFormer £ FH vLLM #IBEZRIF T FFFREZE—EVER

Mizo

1. B%, M IxFormer PSNNERIIEIR

COREX01-MR401-UG10-00 13 V4.0.1-MR
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from vllm import LLM, SamplingParams

2. FA3 LM #0 samplingParams 735 B2 HITHEER VIR B SCHIF E X A EIRRI S ERSLH)

1lm = LLM(model="/home/data/1lama2/11lama2-13b",
gpu_memory_utilization=0.9,
max_num_batched_tokens=2048,
tokenizer_mode="slow",
tensor_parallel_size=1
)

sampling_params = SamplingParams(temperature=0.8, top_p=0.95,

max_tokens=1024,

)

£ LR,

o LLM BUFIR R BIB R BN E (i B B oI BR B AL & X 4
* gpu_memory_utilization FIFIEHINNERFAERN S BELHY

* max_num_batched_tokens AATFITHIRE R ARV tokens &2
* tensor_parallel_size AFITHIREER KEHITE

WNRFEREKINR-EFTIREHFHEIE, MWATLUZE tensor_parallel_size=2, BEZFHAMSIHEER,
HSE R X,

3. RERWAXASHHITHE:

prompts = [
"Shanghai is one of the most prosperous cities in China,"
]
outputs = llm.generate(prompts, sampling_params)
prompt = outputs[0].prompt
generated_text = outputs[0].outputs[0].text

generate ERIENSERIAIAN A E tokens BURRIR. PITHIELINHIL tokens RIHIH M ASHY 3R, BT FTED
RERRNL, RIGE

print(generated_text)

>>>

and it is also the largest city in the country. While visiting Shanghai, it is important to
< be aware of the local laws and regulations, including those related to traffic safety.
< In Shanghai, traffic safety is a top priority, and the local authorities have

< 1implemented various measures to ensure the safety of ped

Be

ERTIERER vLLM #ITELZHEN T ERE, EZRARS, B5F vLLM EA M 5K 1. IxFormer
SFFRRALTIR (MR A T2 MR EUR B IR AR N ACAS A GE AR 35 BR)o
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2.5.1.2 fE vLLM #1T Server A I

VLLM 1R T ## Server #I2AR,, B—M vLLM BE LAY Server, RILAETF vLLM R B AR E R FII
iE, BINEEMBER B, EMAEHEBRINNERET OpenAl 0O Server #IE, FEIFDIINBRMFHEIES
o

BX—: vLLM B LINEY Server IR
1. 8%, BT Ta<En Server:

python3 -m vllm.entrypoints.api_server --model /path/to/node --host 127.0.0.1 --port 12345

Hreh, TEGERBHRZUNR Server BIEEhthiE, HSH5IREHIEFIIERE,
2. {EF curl FH1TIRERIGIUE :

curl -s 127.0.0.1:12345/generate \

-X POST \

-d '{
"prompt":"Shanghai is one of the most prosperous cities in China,",
"temperature":0.0,
"max_tokens":128,
"stream":"true"}"' \

-H 'Content-Type: application/json'

HE, EWELUEE Python IZAS#HITHEER
import requests

headers = {"User-Agent": "Test Client"}
pload = {
"prompt": "Shanghal is one of the most prosperous cities in China,",
"temperature": 0.0,
"max_tokens": 128,
"stream": False,
}
response = requests.post(http://127.0.0.1:12345/generate, headers=headers, json=pload)
data = json.loads(response.content)
output = data["text"]

print(output)

BRX=: EHEET OpenAl $Z0H Server #IE
BT vLLM BB 1 Server HIBIEZURHMINEER L, Eitt, BiNEER OpenAl #1T Server #IE,
1. B, @I T2 E56h Server:

python3 -m vllm.entrypoints.openai.api_server --model /path/to/node --host 127.0.0.1 --port
< 12345

COREX01-MR401-UG10-00 15 V4.0.1-MR
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2. M curl #H{TIREIGIE

curl http://127.0.0.1:12345/v1/models

curl -s 127.0.0.1:12345/v1/completions \
-H "Content-Type: application/json" \
-d '{"model":"/model/name/",

"prompt":"Shanghai is one of the most prosperous cities in China,",

"temperature":0.0,
"max_tokens":128,
"stream":"true"}'

Hip, /model/name/ MBI FE—1THLENRFENEESITIRE ID, ZEEULRERER,

M, EATLLET Python MIZARTER:
from openai import OpenAl

openai_api_key = "EMPTY"
openail_api_base = "http://127.0.0.1:12345/v1"

client = OpenAI(
api_key=openai_api_key,
base_url=openai_api_base,

models = client.models.list()
model = models.data[0].id

completion = client.completions.create(
model=model,
prompt="Shanghai is one of the most prosperous cities in China,",
echo=False,
stream=False)

print(completion)

OpenAl FEIFHEM T AsyncClient, Chat #Z#OFIhEE, #1555 %E OpenAl B /5 X1,

2.5.1.3 VLLM ZiFpViEEIFI«R

VLLM BRISZH A THER (RSN A T2 /MR BB N AR AN e A5 BR) -

+ Aquila

* Baichuan & Baichuan2
« BLOOM

» ChatGLM

COREX01-MR401-UG10-00 16
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* GPT-2

+ GPT BigCode

* GPT-NeoX

* InternLM

* LLaMA & LLaMA2
* Mixtral

*« OPT

* Qwen & Qwen1.5
o Yi

P E SR ERIR i —TFZ AT IxFormer BY Model Zoo #1, ERILITEMISE 1: IxFormer ZiFHIIEEISIR hEEFT
BEXEFHRE (B SIFHNE M IERER),

2.5.2 TGI

TGI (Text Generation Inference) & HuggingFace SZ#FHYIEEIE TR, BB vLLM FEMHITIEE. IxFormer
BEIRMT I TGl ERMHIESE, HXEEA IxFormer BEF M ERHR TR, YA XIFMARER TGI
v1.1.00

2.5.2.1 {5 TGI #{TIREHIR

< fl
TEL LLaMA-13B 8B 05, BRI TGL #TIREHEE,

M Hugging Face St REE SR (RERIR B TIZMREME XX H) FIREVRENE, HEEEREWR
1EMY /home/data/1lama/1lama-13b BR o

1. I B1TIRSHI, FEELLRE Protoc 1 Rust AT HIIRARSS :
« R Protoc:

# PROTOC _ZIP=protoc-21.12-1linux-x86_64.z1p

$ curl -OL https://github.com/protocolbuffers/protobuf/releases/download/
< v21.12/$PROTOC_ZIP

$ sudo unzip -o $SPROTOC_ZIP -d /usr/local bin/protoc

$ sudo unzip -o SPROTOC_ZIP -d /usr/local 'include\*\'

« &% Rust:

$ curl --proto '=https' --tlsvl.2 -sSf https://sh.rustup.rs | sh

2. E4fI%, {EH Server ARHITIRAENHIR,
o JFFEE:

$ export PROTOCOL_BUFFERS_PYTHON_IMPLEMENTATION=python
$ CUDA_VISIBLE_DEVICES=0 USE_FLASH_ATTENTION=true \
text-generation-launcher --model-id /home/data/llama/1lama-13b/ \

COREX01-MR401-UG10-00 17 V4.0.1-MR
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--sharded false --dtype float16 --disable-custom-kernels \
--trust-remote-code --max-batch-total-tokens 4096 --port 4000

. FFZE:

$ export PROTOCOL_BUFFERS_PYTHON_IMPLEMENTATION=python
$ CUDA_VISIBLE_DEVICES=0,2 USE_FLASH_ATTENTION=true text-generation-launcher --model-
< 1d /home/data/1lama/1lama-13b/ \
--sharded true --num-shard 2 --dtype floatl6 --disable-custom-kernels \
--trust-remote-code --max-batch-total-tokens 4096 --port 4000

57F vLLM HETRHBELHEIEARR, L Server AR EBTHEBHNARAEEERXETS Python XHHNTTE,
VvLLM B 3FLL Server ATUR{TIHIE, 7% Server AT, TR EHEER curl EXEIRSEIEKR:
- ERRRSBIEK:

$ curl 127.0.0.1:4000/generate \

-X POST \

-d '"{"inputs":"Q: What is the largest animal?
< \nA:","parameters":{"max_new_tokens":64}}"' \

-H 'Content-Type: application/json'

« MRS IEK:

$ curl 127.0.0.1:4000/generate_stream \
-X POST '\
-d '"{"inputs":"Q: What is the largest animal?
< \nA:","parameters":{"max_new_tokens":20}}"' \
-H 'Content-Type: application/json'

U ERET IxFormer #17 TGI Server #IZM T ERIE, FARNEAMIZIESE TGl EH ML,

2.5.3 Xinference
BEIRERE 5 R4 Transformers #l vLLM G, {E/A TSR Xinference:

$ pip install --upgrade-strategy only-if-needed "xinference[transformers,vllim]"

2.5.4 Ollama

Ollama FiR{Xz#F 11lama.cpp, BEIRIHE ERHIRARIEH 11ama.cpp, FUEARZHF Ollama.
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2.6 iR 1: IxFormer ZIFMIERIFIR

IxFormer 12fEY Model Zoo EEGIE IxFormer NEREF] vLLM RE, Hrh Official & IxFormer IR E
=3, [ERY, Official PRVREVREF T HIE A —HBVEOFMINEE,

IxFormer REFEART, BBESHREBIINZFFTIRF,

Note

« BEERIN A T2 IMERE TR ARER AN ER A,
« FIRFERE N @ IE AR E,

Archit
ecture Models VvLLM (&1XFD) Official (&1XH3) TGI (B1UE3) Not e
LLaMA Belle Belle-7B LLaMA-7B (Chat)
LLaMA LLaMA-7B (Chat) LLaMA-13B
LLaMA-2 LLaMA-13B (Chat)
(Chat) LLaMA-65B
LLaMA-65B (Chat)
(Chat) LLaMA2-7B
LLaMA2-7B (Chat)
(Chat) LLaMA2-13 B
LLaMA2-13B (Chat)
(Chat) LLaMA2-70 B
LLaMA2-70B (Chat)
(Chat) LLaMA-2-7
B-Chat-GP
TQ-INT8
LLaMA LLaMA-2-AWQ LLaMA2-7B- vLL M AWQ BHi
AWQ (Chat) S5
LLaMA2-13B INT 4 £1k
-AWQ (Chat) HEIB
LLaMA2-70B
-AWQ (Chat)
LLaMA LLaMA-2-Smoo LLaMA2-7B- vLL M Smo oth
thQuant Chat-Smoot Quant BiR¥%
hQuant #
LLa MA2
LLaMA CodelLLaMa-AW CodelLLaMa-
Q 13B-AWQ
ChatGL M ChatGLM ChatGLM-6B Cha tGL M-6 B
BEOS5EA
Tﬁl:l—ﬁﬁl,

Z#F Chat, P-t
uni ng FIhgE
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Archit
ecture Models VvLLM (&1XFD) Official (&1Xh3) TGI (B1CH3) Not e
ChatGL M2 ChatGLM2 ChatGLM2-6 B ChatGLM2-6B ChatGLM2- 6B Cha tGL M2- 6B
ChatGLM2-6 ChatGLM2-6B- ChatGLM2- Offici al OS5
B-32K 32K ER#EO
—, X5
Chat, P-tuni
ng %
INee, B%
BN, vLL M.
TGI.
Lig htL LM EAE
BEiF
ChatGL M3 ChatGLM3 ChatGLM3-6 B ChatGLM3-6B ChatGLM3- 6B Cha tGL M3- 6B
ChatGLM3-6 ChatGLM3- BEO5EA
B-32K BEO—%,
25 C hat IhAE
Baichu an Baichuan Baichuan-7 B Baichuan2-13 B Tra nsf orm ers
(Chat) (Chat) ERERAN
Baichuan-1 3B bit san dby tes
(Chat) FERER
Baichuan2- 7B BIRR AR
(Chat)
Baichuan2- 13B
(Chat)
Qwen Qwen Qwen-7B (Chat) Qwen-7B (Chat)
Qwen-14B
(Chat)
Qwen-72B
(Chat)
with AWQ and
GPTQ-INT4
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Archit
ecture Models VvLLM (&1XFD) Official (&1Xh3) TGI (B1CH3) Not e
Qwen1. 5 Qwen1.5 Qwen1.5-0. 5B
(Chat)
Qwen1.5-1. 8B
(Chat)
Qwen1.5-4B
(Chat)
Qwen1.5-7B
(Chat)
Qwen1.5-14 B
(Chat)
Qwen1.5-72 B
(Chat)
with AWQ and
GPTQ-INT4
CPM MiniCPM MiniCPM-2B
Yi Yi Yi-6B (chat)
Yi-34B (chat)
Mixtra | Mixtral Mixtral-8X 7B
Aquila Aquila AquilaChat -7B
Aquila AquilaChat2-
34B-INT4
Bloom Bloom Bloom-7B1
Bloomz
GPT-2 GPT-2 UTF-8 GPT2-XL
GPT3-13B
GPTBig SantaCoder SantaCoder
Code
GPTNeo X GPT-NeoX StableLM-T
uned-Alpha -7B
Intern LM InternLM InternLM-7 B
Opt Opt OPT-6.7B
Opt-IML
ChatGL ChatGLM-130B ChatGLM-130B
M-130B
CodeSh CodeShell-7B CodeShell-7B
ell-7B -Chat -Chat
-Chat
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Archit
ecture Models VvLLM (&1XFD) Official (&1Xh3) TGI (B1CH3) Not e
CodeSh CodeShell-7B CodeShell-7B
ell-7B -Chat-4Bit -Chat-4bit
-Chat
Clip Clip Clip
CPM-Be e CPM-Bee CPM-Bee
Diffus ers Diffusers Diffusers #5150
2.1 XLiEH
LLaMA- LLaMA-Adapte LLaMA-Adapte
Adapte rt rt-V2-Multim rt-V2-Multim
odal7B odal7B
CodeGe CodeGeeX2 CodeGeeX2
ex2 -6B

2.7 M5 2: IxFormer API

IxFormer API 1% :

« ixformer.functions (EMEF)
« ixformer.functions (RIS &EF)

2.7.1 ixformer.functions (EflEF)

Name IxFormer API
to ixformer.functions.to
copy ixformer.functions.copy
full ixformer.functions.full
full_like ixformer.functions.full
empty ixformer.functions.empty
empty_like ixformer.functions.empty
zeros ixformer.functions.zeros
zeros_like ixformer.functions.zeros
ones ixformer.functions.ones
COREX01-MR401-UG10-00 22 V4.0.1-MR



IxFormer(vLLM) KiE B #EIBAE LS (E RS

Name IxFormer API

ones_like ixformer.functions.ones

split ixformer.functions.split
chunk ixformer.functions.chunk
linear ixformer.functions.linear
concat ixformer.functions.cat
matmul ixformer.functions.matmul
reshape ixformer.functions.reshape
view ixformer.functions.reshape
conv2d ixformer.functions.conv2d
groupnorm ixformer.functions.group_norm
softmax ixformer.functions.softmax
permute ixformer.functions.permute
transpose ixformer.functions.transpose
contiguous ixformer.functions.contiguous

2.7.1.1 ixformer.functions.to

to(input: "ixformer.Tensor", device: Union[int, str, Device]) -> Tensor

SRR

« input: BEW input FHEE! device BY Tensor
+ device: IR AN int, BRASIE Tensor 3% cuda: <device>; WIRA str, Z#F cpu M cuda:<GPU_ID>

iEE
All
Shapes
All

2.7.1.2 ixformer.functions.copy

copy(input: "ixformer.Tensor", non_blocking: bool = False, out: "ixformer.Tensor" = None) ->
< Tensor
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SRR

« input: £l input
* non_blocking: B&EFHE NIKIE
« out: BEEIEM input #ENE out

HiEdE
All
Shapes
All

2.7.1.3 ixformer.functions.full

full(shape: List[int],
fill_value: Union[int, float],
dtype: "ixformer.DataType" = None,
device: Union[int, str, "ixformer.DeviceType", "ixformer.Device"] = None,
layout: "ixformer.strided" = None, requires_grad: bool = False

) -> "ixformer.Tensor"

SE5A

* shape: Tensor shape

« fill_value: ERE

« dtype: Tensor BYEEZEY
+ device: Tensor B9 Device
* layout: #iEHHR

* requires_grad: EEEEME
WimeR
All
Shapes
All

full_like(input: "ixformer.Tensor",
fill_value: Union[int, float],
dtype: "ixformer.DataType" = None,
device: Union[int, str, "ixformer.DeviceType", "ixformer.Device"] = None,
layout: "ixformer.strided" = None,
requires_grad: bool = False

) -> "ixformer.Tensor'

SRR
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« input: BIE—NH input BMHEAEEIAY Tensor
« fill_value: EFE

+ dtype: Tensor RIEHEZEEY

+ device: Tensor B Device

+ layout: #iEHEfR

* requires_grad: EEEEME
ShiEE
All
Shapes
All

2.7.1.4 ixformer.functions.empty

empty(*size: 1int,*,
dtype: "ixformer.DataType" = None,
device: Union[int, str, "ixformer.DeviceType", "ixformer.Device"] = None,
layout: "ixformer.strided" = None,
requires_grad: bool = False
) -> "ixformer.Tensor"

SRR

* size! Tensor shape
« dtype: Tensor HYERIEZAY
+ device: Tensor B Device

* layout: ¥UBHI

* requires_grad: EEEEME
S 6 E
All
Shapes
All

empty_like(input: "ixformer.Tensor", device: Union[int, str, ixformer.Device] = None) ->
« "ixformer.Tensor"

SRR

« input: BIE—NH input BIMHAEEIAY Tensor
+ device: Tensor HJ Device

gy
All
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Shapes
All

2.7.1.5 ixformer.functions.zeros

zeros(*size: int, *,
dtype: "ixformer.DataType" = None,
device: Union[int, str, "ixformer.DeviceType", "ixformer.Device"] = None,
layout: "ixformer.strided" = None,
requires_grad: bool = False

) -> "ixformer.Tensor

SEHA

* size: Tensor shape
« dtype: Tensor BYEUEZEY
+ device: Tensor HJ Device

* layout: #iEHI

* requires_grad.: EEEENE
iR
All
Shapes
All

zeros_like(input: "ixformer.Tensor",
dtype: "ixformer.DataType" = None,
device: Union[int, str, "ixformer.DeviceType", "ixformer.Device"] = None,
layout: "ixformer.strided" = None,
requires_grad: bool = False
) -> "ixformer.Tensor"

SRR

* input: BJE—1H input BHEAEERY Tensor
+ dtype: Tensor FIEEZEEY
+ device: Tensor BY Device

* layout: ¥EHIR

* requires_grad: EEEEME
EAEEY
All
Shapes
All
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2.7.1.6 ixformer.functions.ones

ones(shape: List[int],
dtype: "ixformer.DataType" = None,
device: Union[int, str, "ixformer.DeviceType", "ixformer.Device"] = None,
layout: "ixformer.strided" = None,
requires_grad: bool = False
) -> "ixformer.Tensor"

SRR

* shape: Tensor shape
+ dtype: Tensor RyEKIEZH!
+ device: Tensor B9 Device

* layout: ¥iEHHR

* requires_grad: EEEEME
SiEseE
All
Shapes
All

ones_like(input: "ixformer.Tensor",
dtype: "ixformer.DataType" = None,
device: Union[int, str, "ixformer.DeviceType", "ixformer.Device"] = None,
layout: "ixformer.strided" = None,
requires_grad: bool = False
) -> "ixformer.Tensor"

SRR

« input: BIE—NH input BIHEAEFEIRY Tensor
« dtype: Tensor BYEUEZAY
+ device: Tensor HJ Device

* layout: #IEH

* requires_grad: EEEERE
HiERE
All
Shapes
All
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2.7.1.7 ixformer.functions.split

split(tensor: "ixformer.Tensor", split_size_or_sections: Union[int, list], dim: int = Q) ->

 List[ixformer.Tensor]

SRR

* tensor: AR Tensor

+ split_size_or_sections: REIK/N, BHaiRZHFER

« dim: 7 Tensor B9 dim 4E _ #1709
HuEAsRY

 half
* float

Shapes
All
iEA

BRI EIMR R, MRFEZFES, BERAN (5mE

EAIENEL,

2.7.1.8 ixformer.functions.chunk

chunk(tensor: "ixformer.Tensor", chunks: int, dim: int = 0) -> List[ixformer.Tensor]

SEA

* tensor: AR Tensor
+ chunk: EERRNZ /DR
 dim: 7E Tensor BY dim #E #1719

HiEER

¢ half
* float

Shapes
All

2.7.1.9 ixformer.functions.linear

BN AR TA2IMIRBURACAD) FRig il — SR b I
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linear(input: "ixformer.Tensor",
weilght: "ixformer.Tensor",
bias: "ixformer.Tensor" = None,
output: "ixformer.Tensor" = None
) -> Tensor

ZHEE

« input, weight, bias, output BY dtype /3 float16 B9 contiguous tensor
* input.dim()>=2 weight.dim()==2 bias /7 None 5{#& bias.dim()=1

« k ERZEEH

« ZFEHMEN output, HHEERFZRE output H

Shapes

* input: [*,k]

+ weight: [n,K]
 bias: [n]

+ output: [*,n]

2.7.1.10 ixformer.functions.cat

cat(tensors: List["ixformer.Tensor"], dim: int = 0, out: "ixformer.Tensor" = None) -> Tensor

SRR

¢ tensor: FEEHHBI—LH Tensor

+ dim: 7E Tensor B9 dim 4E _L# 1709

« out: FIREN out, EHNEREIERIE out B, RZEFBIE—1HEY Tensor
HiEsen
All

Shapes

HEifX3ZHF Tensors BUEN 0 ~ 6, NRFEXRESL, BERMNIE (BERERIN A TIZMREUREAT) 18
HD_%%IEEEEDE_I-O

2.7.1.11 ixformer.functions.matmul

def matmul(input: Tensor,
other: Tensor, *,
out: Tensor = None,
transa: bool = False,
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transb: bool = False,
alpha: float = 1.0,
beta: float = 0.0

) -> Tensor

SHA

« input: %EFF A

* other: %EP% B

* out: XBfEC

* transa: R EA

* transb: BHE¥%EB

* alpha: Gemm HfJ Alpha &%k
* beta: Gemm FIfY Beta &%X

$hiEeE

half

Shapes

C[..., m, n] = A[..., m, k] * B[..., k, n] * alpha + beta * out

2.7.1.12 ixformer.functions.reshape

def reshape(input: Tensor, shape: List[int]) -> Tensor

SHA

* input: HIARI Tensor
* shape: ¥THY shape

EhiEaeE

All

Shapes

All

iHEA

reshape REIBE—HFHHNRETIE, BRI Tensor RFUEE I EIFHEIZERY Tensor H,

def view(input: Tensor, shape: List[int]) -> Tensor

SESA

* input: HIABY Tensor
* shape: HTHY shape
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HiEsER
All
Shapes
All
5iER

view FERIE—NMHIAETIE], view Z/EH Tensor M AR Tensor REZ 82—,

2.7.1.13 ixformer.functions.conv2d

conv2d(input: "ixformer.Tensor",
weight: "ixformer.Tensor",
bias: "ixformer.Tensor" = None,
output: "ixformer.Tensor" = None,
stride: int =1,
padding: int = 0,
dilation: int= 1,
groups: int =1
)-> Tensor

XIEE

« input, weight, bias, output BY dtype /3 float16 B9 contiguous tensor
+ input = NHWC, weight @ OHWI, output = NHWC ##m
o ZIEFEN output, HEERBRRIFAE output 1

Shapes

* input: [N,HW,C]
* weight: [OHWI]
* bias: [n]

» output: [NHWC]

2.7.1.14 ixformer.functions.group_norm

def group_norm(input: "ixformer.Tensor",
num_groups: int,
weight: "ixformer.Tensor",

bias: "ixformer.Tensor",

output: "ixformer.Tensor" = None,
eps: float = 1le-05,
format: str = "contiguous_format",

act_type: int = -1
)->Tensor
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2iEE

« input, weight, bias, output BY dtype /3 float16 B9 contiguous tensor

NCHW #&=, input shape [N, C, *], output shape [N,C, *], z#F 3 £4H0 4 @A
NHWC #&=%, input shape [N, *, C], output shape [N, *, C], x#F 3 4 4 EEHEAN
o C AIREH num_groups &

ZHEHEN output, ITEEREGEKREFE output H

+ format: "contiguous_format” (NCHW) or “channels_last” (NHWC)

* act_type: 0; identity(), 1: silu

2.7.1.15 ixformer.functions.softmax

softmax(input: "ixformer.Tensor", dim=None, _stacklevel=3, dtype=None, output=None) ->

< 1ixformer.Tensor

SR

« dim: BREIYZH dim=-1
+ _stacklevel: EX{FH
* dtype: EIR{ER

2.7.1.16 ixformer.functions.permute

permute(input: Tensor, dims: List[int]) -> Tensor

SRR

« input: HIA
s dims: #E

ShiERE
All
Shapes
All

2.7.1.17 ixformer.functions.transpose

transpose(input: Tensor, dim@: int, diml: int) -> Tensor

SRR

« input: BWIA
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« dim0: £EO0
o diml: ZEE 1

ShiERE
All
Shapes
All

2.7.1.18 ixformer.functions.contiguous

contiguous(input: Tensor) -> Tensor

SR

* input: HIA
HiEkR
All

Shapes
All

2.7.2 ixformer.functions (FI&EF)

Name IxFormer API
silu_and_mul ixformer.functions.silu_and_mul
rms_norm ixformer.functions.rms_norm

vlim_single_query_cached_kv_attention ixformer.functions.vllm_single_query_cached_kv_attention

act_bias_mm ixformer.functions.act_bias_mm

glm_split_gkv ixformer.functions.glm_split_gkv
gen_rotary_emb_weight ixformer.functions.gen_rotary_emb_weight
rotary_embedding_2d ixformer.functions.rotary_embedding_2d
attention_masked_softmax ixformer.functions.attention_masked_softmax
attention_kv_cache_concat ixformer.functions.attention_kv_cache_concat
vlim_rotary_embedding_neox ixformer.functions.vllm_rotary_embedding_neox
vllm_cache_ops_reshape_and_cache ixformer.functions.vllm_cache_ops_reshape_and_cache
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Name

IxFormer API

glm_multi_query_split_gkv
glm_multi_query_repeat_key_value
flash_attn_varlen_func

llama_rotary_embedding

ixformer.functions.glm_multi_query_split_gkv
ixformer.functions.glm_multi_query_repeat_key_value
ixformer.functions.flash_attn_varlen_func

ixformer.functions.llama_rotary_embedding

2.7.2.1 ixformer.functions.silu_and_mul

silu_and_mul(input: "ixformer.Tensor",

output: "ixformer.Tensor" =

)->"ixformer.Tensor"

#IERXBS Shape

« float16
+ float32
* input: [*,2d]
*+ output: [*,d]

PyTorch F{fcH

None

def ref_silu_and_mul(x: torch.Tensor) -> torch.Tensor:

x1, x2 = x.chunk(chunks=2, dim=-1)
return F.silu(x1) * x2

2.7.2.2 ixformer.functions.rms_norm

rms_norm(input: "ixformer.Tensor",

weight: "ixformer.Tensor",

output: "ixformer.Tensor" = None

)->"ixformer.Tensor"

$IEHEBS Shape

+ float16

* input: [*,H]
+ weight: [H]
+ output: [*,H]

PyTorch F{i 3L
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def rms_norm(x, weight, eps=1e-6):
output = x * torch.rsqrt(x.pow(2).mean(-1, keepdim=True) + eps)
output = output * weight
return output

2.7.2.3 ixformer.functions.vlim_single_query_cached_kv_attention

def vllm_single_query_cached_kv_attention(output: "ixformer.Tensor",
query: "ixformer.Tensor",
key_cache: "ixformer.Tensor",
value_cache: "ixformer.Tensor",
head_mapping: "ixformer.Tensor",
scale: float,
block_tables: "ixformer.Tensor",
context_lens: "ixformer.Tensor",
block_size: 1int,
max_context_len: int,
alibi_slopes: "ixformer.Tensor" = None
)->None

$IEHEBS Shape

* output, query: half, [num_seqs, num_heads, head_size]

* key_cache: half, [num_blocks, num_heads, head_size//x, block_size,x]

* value_cache: half, [num_blocks, num_heads, head_size, block_size]

* head_mapping: int [num_seqs]

* block_tables: int [num_seqs, max_num_blocks_per_seq]

* context_lens: int [num_seqs] max_num_blocks_per_seq = (max_context_len + block_size - 1) //
block_size x = 16 // torch.tensor([], dtype=dtype).element_size() = 8

* alibi_slopes: float32, [num_heads]

PyTorch F{f I
MAX_SEQ_LEN = 16384

def get_alibi_slopes(total_num_heads: int) -> torch.Tensor:
closest_power_of_2 = 2 ** math.floor(math.log2(total_num_heads))
base = torch.tensor(
2 *% (-(2 ** -(math.log2(closest_power_of_2) - 3))),
dtype=torch.float32,
)

powers

torch.arange(1, 1 + closest_power_of_2, dtype=torch.int32)
slopes = torch.pow(base, powers)
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if closest_power_of_2 != total_num_heads:
extra_base = torch.tensor(
2 *% (-(2 ** -(math.log2(2 * closest_power_of_2) - 3))),
dtype=torch.float32,
)
num_remaining_heads = min(
closest_power_of_2, total_num_heads - closest_power_of_2
)
extra_powers = torch.arange(
start=1, end=1 + 2 * num_remaining_heads, step=2, dtype=torch.int32
)
slopes = torch.cat([slopes, torch.pow(extra_base, extra_powers)], dim=0)
return slopes

def get_alibi_mask(num_heads, seqlen, device, dtype):
causal_mask = torch.triu(
torch.ones(seqlen, seqlen, dtype=torch.bool, device=device), 1
)
x = (
torch.arange(0, seqlen, device=device, dtype=torch.float32)
view(-1, 1)

.repeat(1, seqlen)

torch.arange(0, seqlen, device=device, dtype=torch.float32)
view(1, -1)
.repeat(seqlen, 1)

)

offsets = (y - x).view(1, seqlen, seqlen)

slopes = (
get_alibi_slopes(num_heads).to(device).to(torch.float32).view(num_heads, 1, 1)

)

mask = offsets * slopes

mask.masked_fill_(causal_mask, float("-inf"))

return mask.to(dtype)

def ref_masked_attention(

query: torch.Tensor,

key: torch.Tensor,

value: torch.Tensor,

scale: float,

attn_mask: Optional[torch.Tensor] = None,
) -> torch.Tensor:

query = query * scale
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attn = torch.einsum("ghd,khd->hgk", query, key)
if attn_mask is not None:

attn = attn + attn_mask
attn = torch.softmax(attn, dim=-1)
out = torch.einsum("hgk,khd->ghd", attn, value)
return out

def ref_single_query_cached_kv_attention(

output: torch.Tensor,

query: torch.Tensor,

key_cache: torch.Tensor,

value_cache: torch.Tensor,

num_q_per_kv: int, # num_q_per_kv 12t head mapping IHEE

scale,

block_tables: torch.Tensor,

context_lens: torch.Tensor,

block_size,

# max_context_len not used in pytorch

use_alibi: bool, # WNERIIS, 1RIHEHM alibi_slopes —1FHITNAEE
) -> None:

num_query_heads = query.shape[1]

num_kv_heads = value_cache.shape[1]

head_size = value_cache.shape[2]

num_1input_tokens = query.shape[0]

attn_mask = get_alibi_mask(

num_query_heads, MAX_SEQ_LEN, output.device, output.dtype
)
for 1 in range(num_1input_tokens):

q = query[i].unsqueeze(0)

block_table = block_tables[i]

context_len = int(context_lens[i])

keys = []

values = []

for j in range(context_len):
block_number = int(block_table[j // block_size])
block_offset = j % block_size

k
k
keys.append(k)

key_cache[block_number, :, :, block_offset, :]

k.reshape(num_kv_heads, head_size)

v = value_cache[block_number, :, :, block_offset]
values.append(v)
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2.7.

act_

A
XM
ik

keys = torch.stack(keys, dim=0)
values = torch.stack(values, dim=0)
if num_q_per_kv > 1:

keys = torch.repeat_interleave(keys, num_q_per_kv, dim=1)

values = torch.repeat_1interleave(values, num_g_per_kv, dim=1)

out = ref_masked_attention(
q,
keys,
values,
scale,

attn_mask[:, context_len - 1, :context_len][:, None, :]

if use_alibi

else None,
)
out = out.view(num_query_heads, head_size)
output[i].copy_(out, non_blocking=True)

2.4 ixformer.functions.act_bias_mm

bias_mm(

matl: "ixformer.Tensor",

mat2: "ixformer.Tensor",

bias: "ixformer.Tensor" = None,
output: "ixformer.Tensor" = None,
scale: float = 1,

act_type: str = "none",
trans_format: str = "NN",

F ixInfer B cuinferCustomGemms,
B Shape

mati: float16 [*,m,k]

mat2: float16 [*,n,k] if "TN" else [*,k,n]
bias: float16 [n]

output: float16 [*,m,n]

act_type: "none”. "gelu”. "relu”. "silu”
trans_format: "TN" B"NN”

PyTorch F{/} 321
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# BT 1. gemm, &8 activation M bias
output = (matl @ mat2) * scale

# &=, 2. gemm + bias
output = (matl @ mat2) * scale + bias

# {&T, 3. gemm + bias + activation

output = activation((matl @ mat2) * scale + bias)

2.7.2.5 ixformer.functions.glm_split_qkv

def glm_split_gkv(
ori_gkv: "ixformer.Tensor",
batch_size: int,
head_num: int,
head_dim: int,
ori_seq_len: int,
new_seq_len: int,
new_gkv: List["ixformer.Tensor"] = None

)-> "ixformer.Tensor","ixformer.Tensor","ixformer.Tensor"

iR
GLM HE94153 gkv, S1E4H bert, gpt2 FAHERE. SSIMTHEE:

1. ¥ ori_gkv(batch_size,seq_len,head_num*head_dim*3) t]93 9 q,k,v(batch_size,seq_len,head_num*head_dim)
2. ¥ q,kvi#H{THEIHEE [batch_size,seq_len,head_num,head_dim]-> [batch_size,head_num,seq_len,head_dim]
3. ¥ q,k,v #17 padding. 7T i&R flash-attention BYEEEE K [batch_size,head_num,seq_len,head_dim]

-> [batch_size,head_num,new_seq_len,head_dim]

BIEHEBS Shape

* ori_gkv: float16, [batch_size, ori_seq_len, head_num#*head_dim*3]
* new_gkv: [new_q,new_k,new_v]

PyTorch F{f I

def glm_split_gkv_base(gkv, head_num, head_dim, new_qg, new_k, new_v):
batch_size = gkv.shape[0]
seq_len = gkv.shape[1]
# GLM BN gkv YY)D ANS GPT, BERT FHLEMIFR—E view(batch_size, seq_len, 3, head_num*head_dim)
gkv = gkv.view(batch_size, seq_len, head_num, 3 * head_dim)
q, k, v = torch.chunk(gkv, 3, dim=-1)
# batch_size,seq_len,head_num,head_dim -> batch_size,head_num,seq_len,head_dim
q = g.permute(0, 2, 1, 3).contiguous()
k = k.permute(0, 2, 1, 3).contiguous()
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v = v.permute(0, 2, 1, 3).contiguous()
new_q[:, :, :seq_len, :] = q
new_k[:, :, :seq_len, :] =k
new_v[:, :, :seq_len, :] =v

return new_q, new_k, new_v

2.7.2.6 ixformer.functions.gen_rotary_emb_weight

gen_rotary_emb_weight(
cos_emb: "ixformer.Tensor",
sin_emb: "ixformer.Tensor",
dim_size: 1int,
max_pos_len: int,
base: float,

)->None

teR

ChatGLM-6B RotaryEmbedding #1384 &%K, learnable RINERELIN,
$IEHKBS Shape

* cos_emb: float16, [seq_len,dim_size/2]
* sin_emb: float16, [seq_len,dim_size/2]

PyTorch {32

def glm_rotary_base(dim_size, max_pos_len, base, dtype):
inv_freq = 1.0 / \
(base ** (torch.arange(0, dim_size, 2).float() / dim_size))
inv_freq = inv_freq.cuda().float()
t = torch.arange(max_pos_len, device=inv_freq.device, dtype=inv_freq.dtype)
fregqs = torch.einsum("1,j->1j", t, inv_freq)
emb = torch.cat((freqs, freqs), dim=-1).to(inv_freq.device)
cos_cached = emb.cos().to(dtype)
sin_cached = emb.sin().to(dtype)
return cos_cached, sin_cached

2.7.2.7 ixformer.functions.rotary_embedding_2d

def rotary_embedding_2d(
q: "ixformer.Tensor",

k: "ixformer.Tensor",
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cos: "ixformer.Tensor",
sin: "ixformer.Tensor",
position_1ids: "ixformer.Tensor",
new_q: "ixformer.Tensor" = None,
new_k: "ixformer.Tensor" = None,

shape: List[int] = None,

3 ER
ChatGLM H1, position_encoding_2d ¥} rotary_embedding, Z<B_E2EM g,k B9 head_dim 4EL]
7379 head_dim/2, B9 %i#1T rotary_embedding,

IEIEBS Shape

* q: (ixformer.Tensor,float16),[batch_size,head_num,seq_len,head_dim]

* k: (ixformer.Tensor,float16),[batch_size,head_num,seq_len,head_dim]

* cos: (ixformer.Tensor,float16),[max_seq_len,head_dim / 2]

* sin: (ixformer.Tensor,float16),[max_seq_len,head_dim / 2]

* new_q: (ixformer.Tensor,float16),[batch_size,head_num,seq_len,head_dim]

* new_k: (ixformer.Tensor,float16),[batch_size,head_num,seq_len,head_dim]

* position_ids: (ixformer.Tensor,int32),[batch_size,2,seq_len]

« shape: IRIEET q, k, new_qg, new_k BIIIMNERE, g, k, new_q, new_k ERSHFITHERET, BEFE
ERIE q, k, new_q, new_k BITTEMNRFR/TF batch_size*head_num*seq_len*head_dim

PyTorch F{/} LI

def rotate_half(x):
x1, x2 = x[..., : x.shape[-1] // 2], x[..., x.shape[-1] // 2:]
return torch.cat(
(-x2, x1), dim=x1.ndim - 1

) # dim=-1 triggers a bug in earlier torch versions

def apply_rotary_pos_emb_1index(q, k, cos, sin, position_id):

# position_id: [batch_size,seq_len], q, k: [batch_size,head_num, seq_len, head_dim], cos:

~ [sq, 1, hn] -> [batch_size,1,seq_len,head_dim]

cos, sin = NNF.embedding(position_1id, cos.squeeze(1)).unsqueeze(1), NNF.embedding(
position_1id, sin.squeeze(1)

).unsqueeze(1)

q, k = (q * cos) + (rotate_half(q) * sin), (k * cos) + \
(rotate_half(k) * sin)

return q, k

def rotary_emb_2d(query_layer, key_layer, sin, cos, position_1ids):
ql, g2 = torch.chunk(query_layer, 2, dim=-1)
k1, k2 = torch.chunk(key_layer, 2, dim=-1)
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position_1ids, block_position_ids = (
position_1ids[:, 0, :].contiguous(),
position_1ids[:, 1, :].contiguous(),

)
ql, k1 = apply_rotary_pos_emb_index(ql, ki1, cos, sin, position_ids)
q2, k2 = apply_rotary_pos_emb_index(q2, k2, cos, sin, block_position_1ids)

query_layer = torch.concat([ql, q2], dim=-1)
key_layer = torch.concat([k1, k2], dim=-1)

return query_layer, key_layer

2.7.2.8 ixformer.functions.attention_masked_softmax

attention_masked_softmax(
input: "ixformer.Tensor",
mask: "ixformer.Tensor",
output: "ixformer.Tensor" = None

)
# attention PEABY masked softmax

BEHEBS Shape

* input: float16, [batch_size, head_num, tgt_len, src_len]
« mask: int32, [mask_batch_size, mask_head_num, mask_tgt_len, mask_src_len] mask = broadcast
* output: float16, [batch_size, head_num, tgt_len, src_len]

PyTorch F{/} LI

def pt_masked_softmax(inputs, mask):
assert len(mask.shape) ==
inputs = torch.masked_fill(inputs, mask.bool(),-10000)
return F.softmax(inputs, dim=-1)

2.7.2.9 ixformer.functions.attention_kv_cache_concat

attention_kv_cache_concat(
past_key: "ixformer.Tensor",
past_value: "ixformer.Tensor",

key_layer: "ixformer.Tensor",
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value_layer: "ixformer.Tensor",
new_key: "ixformer.Tensor" = None,
new_value: "ixformer.Tensor" = None,
shape: List[int] = None,

)

# attention HfEFMY kv-cache concat

iEABS Shape

* past_key, past_value: float16, [batch_size, head_num, past_seq_len, head_dim]

* key_layer, value_layer: float16, [batch_size, head_num, key_value_seq_len, head_dim]

* new_key, new_value: float16, [batch_size, head_num, past_seq_len+key_value_seq_len, head_dim]

« shape: list, len(shape)==5 batch_size, head_num, past_seq_len, head_dim SARE N, §#RER shape BIK
INHEITIHE, TRt past_key, past_value, new_key 1 new_value ¥ shape &

PyTorch F{f} 3£

def pt_kv_cache_concat(past_key, past_value, key, value):
new_key = torch.concat([past_key, key], dim=2)
new_value = torch.concat([past_value, value], dim=2)
return new_key, new_value

2.7.2.10 ixformer.functions.vliim_rotary_embedding_neox

vllm_rotary_embedding_neox(
positions: "ixformer.Tensor",
query: "ixformer.Tensor",
key: "ixformer.Tensor",
head_size: 1int,
cos_sin_cache: "ixformer.Tensor",
is_neox: bool = True,

)

# vLLM FERM rotary_embedding neox

AR
25 GPT-) #1 GPT-NeoX MR (I B4R,
BiE2A 5 Shape

* positions: int64 [num_tokens]

* query, key: float16, float32 [num_tokens, num_heads, head_size]
* cos_sin_cache: float16, [max_position, 2, rot_dim // 2]

* head_size: int

PyTorch F{ 32
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def rotate_half(x: torch.Tensor) -> torch.Tensor:

x1 = x[..., : x.shape[-1] // 2]
x2 = x[..., x.shape[-1] // 2 :]
return torch.cat((-x2, x1), dim=-1)

def rotate_gptj(x: torch.Tensor) -> torch.Tensor:

x1 = x[..., ::2]

X2 = X[..., 1::2]

x = torch.stack((-x2, x1), dim=-1)
return x.flatten(-2)

def apply_rotary_pos_emb(
q: torch.Tensor,
k: torch.Tensor,
cos: torch.Tensor,
sin: torch.Tensor,
is_neox: bool = True,
) -> Tuple[torch.Tensor, torch.Tensor]:
dtype = q.dtype
fn = rotate_half if is_neox else rotate_gptj

g_embed = (q.float() * cos.float()) + (fn(q.float()) * sin.float())
k_embed = (k.float() * cos.float()) + (fn(k.float()) * sin.float())

return q_embed.to(dtype), k_embed.to(dtype)

class RefRotaryEmbeddingNeox(nn.Module):

def __init__(
self,
dim: int,

max_position_embeddings: int = 2048,
base: int = 10000,
is_neox: bool = True,

) -> None:
super().__init__()

self.rotary_dim = dim

self.max_position_embeddings

# Create cos and sin embeddings.

max_position_embeddings

inv_freq = 1.0 / (base ** (torch.arange(0, dim, 2) / dim))

t = torch.arange(max_position_embeddings).float()
freqs = torch.einsum("1,j->1j", t, inv_freq.float())

if 1s_neox:

emb = torch.cat((freqs, fregs), dim=-1)
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else:

emb = torch.repeat_interleave(fregs, 2, -1)

cos = emb.cos().to(dtype=inv_freq.dtype)

sin = emb.sin().to(dtype=inv_freq.dtype)
self.register_buffer("cos_cached", cos, persistent=False)
self.register_buffer("sin_cached", sin, persistent=False)
self.is_neox = is_neox

def forward(
self,
positions: torch.Tensor, # [num tokens]
query: torch.Tensor, # [num_tokens, num_heads, head_size]
key: torch.Tensor, # [num_tokens, num_heads, head_size]
) -> Tuple[torch.Tensor, torch.Tensor]:

query_rot = query[..., : self.rotary_dim]
query_pass = query[..., self.rotary_dim :]
key_rot = key[..., : self.rotary_dim]
key_pass = key[..., self.rotary_dim :]

query_rot = query_rot.transpose(0, 1)

key_rot = key_rot.transpose(0, 1)

cos = F.embedding(positions, self.cos_cached)

sin = F.embedding(positions, self.sin_cached)

query_rot, key_rot = apply_rotary_pos_emb(
query_rot, key_rot, cos, sin, self.is_neox

)

query_rot = query_rot.transpose(0, 1).contiguous()

key_rot = key rot.transpose(0, 1).contiguous()

query = torch.cat((query_rot, query_pass), dim=-1)
key = torch.cat((key_rot, key_pass), dim=-1)

# Output query/key shape: [num_tokens, num_tokens, head_size]
return query, key

2.7.2.11 ixformer.functions.vlim_cache_ops_reshape_and_cache

vllm_cache_ops_reshape_and_cache(
key: "ixformer.Tensor",
value: "ixformer.Tensor",
key_cache: "ixformer.Tensor",
value_cache: "ixformer.Tensor",

slot_mapping: "ixformer.Tensor",

COREX01-MR401-UG10-00 45 V4.0.1-MR



KBS
\ ituvatar corex IxFormer(VLLM) KIEBIHIBIEZ(FEEISRE

# vLLM FERM reshape_and_cache

iEAB S Shape

* key, value: float16, float32 [num_tokens, num_heads, head_size]

+ key_cache: float16, float32 [num_blocks, num_heads, head_size/x, block_size, x]
* value_cache: float16, float32 [num_blocks, num_heads, head_size, block_size]

* slot_mapping: int32 [num_tokens]

PyTorch LI

def ref_reshape_and_cache(key, value, key_cache, value_cache, slot_mapping,block_size,dtype:
< torch.dtype):
num_tokens = key.shape[0]
num_heads = key.shape[1]
head_size = key.shape[2]
x = 16 // torch.tensor([], dtype=dtype).element_size()
for 1 in range(num_tokens):
reshaped_key = key.reshape(num_tokens, num_heads, head_size // x, x)
block_idx = torch.div(slot_mapping[i], block_size, rounding_mode="floor")
block_offset = slot_mapping[i] % block_size
key_cache[block_1idx, :, :, block_offset, :] = reshaped_key[1i]
value_cache[block_idx, :, :, block_offset] = value[i]

2.7.2.12 ixformer.functions.glm_multi_query_split_qkv

glm_multi_query_split_gkv(
ori_gkv: "ixformer.Tensor",
batch_size: int,
head_num: int,
kv_head_num: int,
head_dim: int,
ori_seq_len: int,
new_seq_len: int,
new_gkv: List["ixformer.Tensor"] = None,

nons nons

)-> "ixformer.Tensor","ixformer.Tensor","ixformer.Tensor"

WiEA
ChatGLM-6B 91153 gkv, AT multi-query attention, SEINIHEE:
1. % ori_gkv(batch_size,seq_len, (head_num+kv_head_dim*2)*head_dim) #1539 q,k,v

(batch_size,seq_len,head_num*head_dim, batch_size,seq_len, kv_head_num*head_dim, batch_size,
seq_len, kv_head_num*head_dim)
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2. ¥ q,kvi#H{THEIHEE [batch_size,seq_len,head_num,head_dim]-> [batch_size,head_num,seq_len,head_dim]

3. ¥ q,k,v#17 padding. /3 Ti&R flash-attention BY4EEE K [batch_size,head_num,seq_len,head_dim]
-> [batch_size,head_num,new_seq_len,head_dim]

¥iEABS Shape

*+ ori_gkv: float16, [batch_size, ori_seq_len, (head_num+kv_head_num*2)*head_dim]
* new_gkv: [new_qg,new_k,new_v]

PyTorch F{/} 321

def glm_multi_query_gkv_split(qkv, head_num, kv_head_num, head_dim, new_q, new_k, new_v):
batch_size = gkv.shape[0]
seq_len = qkv.shape[1]
assert gkv.size(2) == (head_num + kv_head_num*2) * head_dim
# batch_size, seq len, head num*head dim
(query_layer, key_layer, value_layer) = gkv.split(

[
head_num * head_dim,
kv_head_num * head_dim,
kv_head_num * head_dim,

1,

dim=-1,

)
query_layer = query_layer.view(batch_size,seq_len,head_num,head_dim)
key_layer = key_layer.view(batch_size,seq_len,kv_head_num,head_dim)
value_layer = value_layer.view(batch_size,seq_len,kv_head_num,head_dim)

query_layer = query_layer.permute(@, 2, 1, 3).contiguous()
key_layer = key_layer.permute(0@, 2, 1, 3).contiguous()

value_layer = value_layer.permute(0, 2, 1, 3).contiguous()

query_layer

new _q[:, :, :seq_len,

key_layer

:1
new k[:, :, :seq_len, :]
new_v[:, :, :seq_len, :] = value_layer

return new_q, new_k, new_v

2.7.2.13 ixformer.functions.gim_multi_query_repeat_key value

glm_multi_query_repeat_key_value(
key: "ixformer.Tensor", value: "ixformer.Tensor", head_num: int

)
# ChatGLM2-6B HA%t key, value TE head num *HEEREH,

BEIBS Shape
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* key, value: float16, [batch_size, kv_head_num, seq_len, head_dim]
* new_key, new_value: float16 [batch_size, head_num, seq_len, head_dim]

PyTorch F{/; LI
def pt_repeat_key_value(key, value, head_num, new_key, new_value):

batch_size, kv_head_num, seq_len, head_dim = value.shape
new_shape = [batch_size, head_num, seq_len, head_dim]

assert key.size(1) == kv_head_num
key = key.unsqueeze(2)
key = key.expand(

-1, -1, head_num // kv_head_num, -1, -1

value = value.unsqueeze(2)
value = value.expand(
-1, -1, head_num // kv_head_num, -1, -1

key = key.contiguous().view(*new_shape)
value = value.contiguous().view(*new_shape)

new_key[:,:,:seq_len,:] = key
new_value[:,:,:seq_len,:] = value

return new_key, new_value

2.7.2.14 ixformer.functions.flash_attn_varlen_func

def flash_attn_varlen_func(q, k, v, cu_seqlens_q, cu_seqlens_k, max_seqlen_q, max_seqlen_k,
dropout_p=0.0, softmax_scale=None, causal=False,
return_attn_probs=False):
"""dropout_p should be set to 0.0 during evaluation
Supports multi-query and grouped-query attention (MQA/GQA) by passing in K, V with fewer
< heads
than Q. Note that the number of heads in Q must be divisible by the number of heads in KV.
For example, if Q has 6 heads and K, V have 2 heads, head 0, 1, 2 of Q will attention to head
0 of K, V, and head 3, 4, 5 of Q will attention to head 1 of K, V.

iEAES Shape

* Q: (total_g, nheads, headdim), where total_q = total number of query tokens in the batch.
+ k: (total_k, nheads_k, headdim), where total_k = total number of key tokens in the batch.
* v: (total_k, nheads_k, headdim), where total_k = total number of key tokens in the batch.
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* cu_seqglens_qg: (batch_size + 1,), dtype torch.int32. The cumulative sequence lengths of the se-
quences in the batch, used to index into q.
* cu_seqglens_k: (batch_size + 1,), dtype torch.int32. The cumulative sequence lengths of the se-
quences in the batch, used to index into kv.
* max_seqlen_g: int. Maximum query sequence length in the batch.
* max_seqlen_k: int. Maximum key sequence length in the batch.
+ dropout_p: float. Dropout probability.
+ softmax_scale: float. The scaling of QKT before applying softmax. Default to 1 / sqrt(headdim).
+ causal: bool. Whether to apply causal attention mask (e.g., for auto-regressive modeling).
return_attn_probs: bool. Whether to return the attention probabilities. This option is for testing
only. The returned probabilities are not guaranteed to be correct (they might not have the right
scaling).
R[EE
* out: (total, nheads, headdim).
+ softmax_Ise [optional, if return_attn_probs=True]: (batch_size, nheads, seqglen). The logsumexp of
each row of the matrix QK"T * scaling (e.g., log of the softmax normalization factor).
+ S_dmask [optional, if return_attn_probs=True]: (batch_size, nheads, seqlen, seqglen). The output of

softmax (possibly with different scaling). It also encodes the dropout pattern (negative means that
location was dropped, nonnegative means it was kept).

PyTorch F{/}32I

def ref_masked_attention(
query: torch.Tensor,
key: torch.Tensor,
value: torch.Tensor,
scale: float,
attn_mask=None,
) -> torch.Tensor:
query = query * scale
attn = torch.einsum("ghd,khd->hgk", query, key)
if attn_mask is not None:
attn = attn + attn_mask
attn = torch.softmax(attn, dim=-1)
out = torch.einsum("hgk,khd->ghd", attn, value)
return out

# [tokens,head _num_kv,head_dim] ->[tokens,head_num,head _dim] ,group attention
def repeat_kv(x: torch.Tensor, n_rep: int) -> torch.Tensor:

i mwmn

torch.repeat_interleave(x, dim=2, repeats=n_rep)
tokens, n_kv_heads, head_dim = x.shape
if n_rep ==
return x
return (
x[:, :, None, :]
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.expand(tokens, n_kv_heads, n_rep, head_dim)
.reshape(tokens, n_kv_heads * n_rep, head_dim)

def unpad_causal_torch(
q,
k,
v,
output,
cu_seqlens_q,
cu_seqlens_k,
max_seq_len_q,
max_seq_Llen_kv,
dtype,
atten_scale,
is_causal=True,

head_num = q.size(1)
head_num_kv = k.size(1)
head_dim = q.size(2)

assert head_num % head_num_kv ==

# tokens,head_num,head_dim
if head_num !'= head_num_kv:

~
]

repeat_kv(k, head_num // head_num_kv) # [0,0,0,0,1,1,1,1,2,2,2,2] GROUP
repeat_kv(v, head_num // head_num_kv)

<
]

batch_size = cu_seqlens_q.size(0) - 1

for 1 in range(batch_size):
g_start_index = cu_seqlens_q[1]
g_end_index = cu_seqlens_q[i + 1]
cur_qg_len = g_end_1index - q_start_index
# 1*seq_len, head_num,head_dim
cur_q = q[q_start_index:q_end_index]

k_start_index = cu_seqlens_k[1i]
k_end_index = cu_seqlens_k[i1 + 1]
cur_k_len = k_end_index - k_start_index

cur_k = k[k_start_index:k_end_index]
cur_v = v[k_start_index:k_end_index]
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# mask = torch.tril(torch.ones([cur_q_len, cur_k_len], dtype=torch.bool)).cuda()
# mask = mask.unsqueeze(0).unsqueeze(0)
if is_causal:
# Create attention mask.
attn_mask = torch.triu(
torch.ones(cur_q_len, cur_k_len, dtype=dtype), diagonal=1
)
attn_mask = attn_mask * torch.finfo(dtype).min
attn_mask = attn_mask.to(dtype=dtype, device="cuda")
else:
None

attn_mask

ref_output = ref_masked_attention(

cur_q,

cur_k,

cur_v,

atten_scale,

attn_mask=attn_mask,
)
output[qg_start_index:q_end_index].copy_(ref_output)

def warpper_torch(
q,
k,
v,
cu_seqlens_q,
cu_seqlens_k,
max_seq_len_q,
max_seq_Llen_kv,
is_causal,

atten_scale,

output_pt = torch.zeros_like(q)
unpad_causal_torch(
q,
k,
v,
output_pt,
cu_seqlens_q,
cu_seqlens_k,
max_seq_len_q,
max_seq_len_kv,
torch.floati16,
atten_scale,
is_causal,
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)

return output_pt

2.7.2.15 ixformer.functions.llama_rotary_embedding

def 1lama_rotary_embedding(
q: "ixformer.Tensor",
k: "ixformer.Tensor",
sin: "ixformer.Tensor",
cos: "ixformer.Tensor",
pos_1ids: "ixformer.Tensor",
new_q: "ixformer.Tensor"=None,

new_k: "ixformer.Tensor"=None,

)
BEHBS Shape
* q, k: float16, [batch_size, head_num, seq_len, head_dim]
* new_gq, new_k: float16, [batch_size, head_num, seq_len, head_dim]
* sin, cos: float16, [...,max_seq_len,head_dim]
* pos_1ids: int64, [batch_size,seq_len]
+ head_dim BRIRZ#F 128 #l 256
iR
R new_qg==q, new_k==k, ¥t q, k fEF inplace 1&1F
PyTorch {32

def rotate_half(x):
"""Rotates half the hidden dims of the input."""
x1 = x[..., : x.shape[-1] // 2]
x2 = x[..., x.shape[-1] // 2 :]
return torch.cat((-x2, x1), dim=-1)

def apply_rotary_pos_emb(q, k, cos, sin, position_ids):
dtype = q.dtype
q = q.float()
k = k.float()
cos = cos.float()
sin = sin.float()
# The first two dimensions of cos and sin are always 1, so we can 'squeeze' thenm.
cos = cos.squeeze(1l).squeeze(0) # [seq_len, dim]
sin = sin.squeeze(1l).squeeze(0) # [seq len, dim]
cos = cos[position_1ids].unsqueeze(1) # [bs, 1, seq_len, dim]
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sin = sin[position_1ids].unsqueeze(1) # [bs, 1, seq_ len, dim]
gq_embed = (q * cos) + (rotate_half(q) * sin)
k_embed = (k * cos) + (rotate_half(k) * sin)
return q_embed.to(dtype), k_embed.to(dtype)

COREX01-MR401-UG10-00 53 V4.0.1-MR



A Eses &
W\ fluvatar corex IxFormer(vLLM) KiEEIEIRIESR(ERIEm

3 Eftn=EA

o RECE T REET logo. Iluvatar CoreX FHiR. MR, HAEEImN LBRBE SESHEBRLABEZF
MR EtR, IEARFRP

o BRT REESHEMER, SABTPERNEMTmITMINENBTIRANEN, ZEBMRITEEE
2HAETHEZE ARG, BITEINTZER TSI AT,

« CentOS #xiR A Red Hat ABIHIEFR.

+ Docker /3 Docker 2 B7EEEMEMERN BRI EM ETo

« Linux A Linus Torvalds fEXEMEE E RV EMEIT.

* NVIDIA #1 CUDA 73 NVIDIA R B XEN/SHEEERNEIR/SCEM ER.

« PyTorch 73 Facebook 2 BBI&#Fo

+ TensorFlow 5 Google A BB &R0

+ Ubuntu /3 Canonical AT EME T

COREX01-MR401-UG10-00 54 V4.0.1-MR



	声明
	版权声明
	免责声明
	联系方式

	IxFormer(vLLM)大模型推理框架使用指南
	修订说明
	IxFormer推理框架功能说明
	安装IxFormer推理框架
	IxFormer推理指南
	如何优化推理
	开启推理模式
	使用更加高效的基础算子
	自动替换基础算子
	使用融合算子
	使用更低精度进行推理

	内置模型列表

	IxFormer支持的推理框架说明
	vLLM
	使用vLLM进行快速推理
	使用vLLM进行Server形式推理
	vLLM支持的模型列表

	TGI
	使用TGI进行快速推理

	Xinference
	Ollama

	附录1：IxFormer支持的模型列表
	附录2：IxFormer API
	ixformer.functions (基础算子)
	ixformer.functions.to
	ixformer.functions.copy
	ixformer.functions.full
	ixformer.functions.empty
	ixformer.functions.zeros
	ixformer.functions.ones
	ixformer.functions.split
	ixformer.functions.chunk
	ixformer.functions.linear
	ixformer.functions.cat
	ixformer.functions.matmul
	ixformer.functions.reshape
	ixformer.functions.conv2d
	ixformer.functions.group_norm
	ixformer.functions.softmax
	ixformer.functions.permute
	ixformer.functions.transpose
	ixformer.functions.contiguous

	ixformer.functions (融合算子)
	ixformer.functions.silu_and_mul
	ixformer.functions.rms_norm
	ixformer.functions.vllm_single_query_cached_kv_attention
	ixformer.functions.act_bias_mm
	ixformer.functions.glm_split_qkv
	ixformer.functions.gen_rotary_emb_weight
	ixformer.functions.rotary_embedding_2d
	ixformer.functions.attention_masked_softmax
	ixformer.functions.attention_kv_cache_concat
	ixformer.functions.vllm_rotary_embedding_neox
	ixformer.functions.vllm_cache_ops_reshape_and_cache
	ixformer.functions.glm_multi_query_split_qkv
	ixformer.functions.glm_multi_query_repeat_key_value
	ixformer.functions.flash_attn_varlen_func
	ixformer.functions.llama_rotary_embedding



	商标声明

