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USTCIHRHIX  =iF iR T 57 | Hide »
Versions
FLask 1.1.4
LSS Time
CPU: 134.92ms (1082.73Mms)
imEER: WA AE WE OBE WHh R HTTP Headers
HFAR: BEnsel RitHE
Request Vars
14288 [ 1R (Z\0sE 1) Config

Templates

TUEEM (%) 25 2021
* ok ok ok ok 10.0 (25 At
MR PE (RLEO: RO AR B Bt BS el ot

HRIFEH) (E1EED) 2022%. Logging
* %k kK 10.0 (25 AiTAY 0 messaces
R B (FUSS: BE ASEE BF MM RS Route List

ITETERZITA (HE) 20228k Profiler
* Kk dk K 9.9 (30 A
IR B Rk hig HBotFA: B kRN R

ﬂﬂﬂxlﬁ’]ﬁj‘i?‘ DRIAA, APRERLEIM, | EHMNKEALTZFR, BURFORME
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SQLAIchemy queries Hide »

(ms) # Action # Context # Query YERETE
2 FLask 1.1.4
79.5329  SELECT ./views/course.py:66 SELECT anon_1l.courses_id AS anon_1 courses_id, anon_1.courses_name AS anon_1_courses_name, anon_l.courses_dept_id AS anon_1 courses_dept_ic
EXPLAIN  (index) FROM (SELECT courses.id AS courses_id, courses.name AS courses_name, courses.dept_id AS courses_dept_id, courses.introduction AS courses_ir .
FROM reviews) * (SELECT count(reviews.id) / count(distinct(reviews.course_id)) AS anon_2 Time
FROM reviews)) / (course_rates.review_count + (SELECT count(reviews.id) / count(distinct(reviews.course_id)) AS anon_2 CPU: 134.92ms (1082.73ms)
FROM reviews)), %s) AS "IF_1°

FROM courses INNER JOIN course_rates ON courses.id = course_rates.id ORDER BY IF(course_rates.review_count > %s, (course_rates._rate_total HTTP Headers
FROM reviews) * (SELECT count(reviews.id) / count(distinct(reviews.course_id)) AS anon_2
FROM reviews)) / (course_rates.review_count + (SELECT count(reviews.id) / count(distinct(reviews.course_id)) AS anon_2
FROM reviews)), %s) DESC
LIMIT %s, %s) AS anon_1 LEFT OUTER JOIN depts AS depts_1 ON depts_1.id = anon_1.courses_dept_id LEFT OUTER JOIN (course_teachers AS course

Request Vars

Config
19.3055 ./views/course.py:66 SELECT count(*) AS count_1
(index) FROM (SELECT courses.id AS courses_id, courses.name AS courses_name, courses.dept_id AS courses_dept_id, courses.introduction AS courses_ir 113n1p|ates
FROM courses INNER JOIN course_rates ON courses.id = course_rates.id) AS anon_1
1 RENDERED
©.3834  SELECT -/models/user.py:349 SELECT users.id AS users_id, users.username AS users_username, users.emall AS users_email, users.password AS users_password, users.active £
EXPLAIN (load_user‘) FROM users SQLAIChemy
WHERE users.id = %s
18 QUERIES
©.2325  SELECT .f__init__.py:58 SELECT banner.id AS banner_id, banner.desktop AS banner_desktop, banner.mobile AS banner_mobile, banner.publish_time AS banner_publish_time
EXPLAIN  (inject_global_banner) FROM banner ORDER BY banner.publish_time DESC Logging
LIMIT %s
0 MESSAGES
720.5443 SELECT ./models/user.py:118 SELECT notifications.id AS notifications_id, notifications.to_user_id AS notifications_to_user_id, notifications.from_user_id AS notificati
EXPLAIN  (latest_notifications_text) From notifications Route List
WHERE %s = notifications.to_user_id ORDER BY notifications.time DESC
- - 99 ROUTES
11.8165 SELECT ./models/user.py:282 (info) sglECT students.sno AS students_sno, students.name AS students_name, students.email AS students email, students.dept_id AS students_dept_ic
EXPLAIN FROM students Profiler

WHERE %s = students.user_id VIEW: 1081.68Ms

69.1741 SELECT ./models/user.py:164 SELECT course_classes.id AS course_classes_id, course_classes.course_id AS course_classes_course_id, course_classes.term AS course_classes_
EXPLAIN  (courses_joined) FROM course_classes, join_course

WHERE %s = join_course.student_id AND course_classes.id = join_course.class_id ORDER BY course_classes.term DESC

60.9488 SELECT -/models/course.py:362 SELECT courses.id AS courses_id, courses.name AS courses_name, courses.dept_id AS courses_dept id, courses.introduction AS courses_introduc
EXPLAIN  (reviewed by) FROM review_course, courses LEFT OUTER JOIN depts AS depts_1 ON depts_1.id = courses.dept_id LEFT OUTER JOIN (course_teachers AS course_tec
WHERE %s = review_course.user_id AND courses.id = review_course.course_id ORDER BY teachers_1.id

©.6387  SELECT ./models/course.py:569 SELECT course_terms.id AS course_terms_id, course_terms.course_id AS course_terms_course_id, course_terms.term AS course_terms_term, course
EXPLAIN  (term_ids) FROM course_terms
WHERE %s = course_terms.course_id ORDER BY course_terms.term DESC

©.5608  SELECT ./models/course.py:569 SELECT course_terms.id AS course_terms_id, course_terms.course_id AS course_terms_course_id, course_terms.term AS course_terms_term, course
EXPLAIN  (term_ids) FROM course_terms
WHERE %s = course_terms.course_id ORDER BY course_terms.term DESC




View: 1081.68ms Hide »

Calls ¢ Total Time (ms) ¢ Per Call (ms) # Cumulative Time (ms) ¢ Per Call (ms) ¢ Function = YEEETE
18 948.223277 52.6791 948.223277 52.6791 {function Connection.query at ©x7f2599b60a60} FLER L
2149 49.698313 9.0231 49.698313 9.0231 <sqlalchemy/orm/state.py:96(__init_ )> Ti
18 8.936239 0.4965 8.936239 9.4965 {method 'store_result' of '_mysql.connection' objects} ime
2340/1926 6.504395000000001 0.0028 68.982538 ©.0358 <sqlalchemy/orm/loading.py:883(_instance)> CPU: 134.92wms (1082.73us)
3479 5.332349 0.0015 5.720546 0.0016 <MySQLdb/times.py:66(DateTime_or_None)> HTTP Headers
2295/1926 5.1335809999999995 0.0022 56.452625000000005 9.0293 <sqlalchemy/orm/loading.py:1108(_populate_full)>
18 3.2205660000000003 09.1789 8.941112 0.4967 {method 'fetch_row' of '_mysql.result' objects} Request Vars
2149 2.055756 0.0010 52.718592 9.0245 <sqlalchemy/orm/instrumentation.py:412(new_instance)>
154 1.374729 0.0089 1.9258850000000003 9.0125 <sqlalchemy/sql/coercions.py:112(expect)> Conﬁg
168/18 1.1764030000000001 0.0070 2.889365 0.1605 <sqlalchemy/sql/traversals.py:159(_gen_cache_key)>
18 0.7589250000000001 8.0422 0.918012 0.0510 <sqlalchemy/engine/result.py:392(<listcomp>)> Templates
2149 ©.712991 0.0003 ©.712991 0.0003 <sqlalchemy/orm/identity.py:163(_add_unpresent)> 1 RENDERED
2163 ©.703816 0.0003 ©.703816 9.0003 {method 'issuperset' of 'frozenset' objects}
17 0.693119 0.0408 69.675657 4.0986 <sqlalchemy/orm/loading.py:151(<listcomp>)> SQLAIchemy
1932 9.673772 0.0003 ©.96818 9.0005 <sqlalchemy/orm/collections.py:1168(append)> 18 QUERIES
11 ©.633395 0.0576 0.63847760000000001 ©.0580 {built-in method builtins.exec} i
23/17 ©.625194 0.0272 2.233086 9.1314 <sqlalchemy/orm/loading.py:648(_instance_processor)> Longg
1649/875 ©.622604 0.0004 967.7866240000001 1.1060 {built-in method builtins.getattr} 0 MESSAGES
2149 0.60466 0.0003 0.60466 ©.0003 <string>:1(set) .
2341 0.600523 0.0003 0.600523 0.0003 <sqlalchemy/orm/identity.py:168(get)> e
2241 0.548297 0.0002 0.6094849999999999 0.0003 {built-in method builtins.isinstance} 99 RouTES
2558 0.48285500000000003 0.0002 0.48285500000000003 0.0002 {built-in method __new__ of type object at oxSe6dae}
6 ©.475317 0.0792 1.025746 9.1710 <flask_sqlalchemy/__init__.py:413(iter_pages)>
1427 ©.46500800000000003 0.0003 ©.5514610000000001 ©.0004 <flask_sqlalchemy/ init_ .py:368(pages)> VIEW: 1081 68mS
7248/7245 0.44383500000000004 0.0001 9.44510000000000005 9.0001 {built-in method builtins.len}
769 ©.428827 0.0006 953.395804 1.2398 <sqlalchemy/orm/attributes.py:466(__get__)>
138/101 ©.411355 0.0032 2.2168970000000003 0.0219 <sqlalchemy/util/langhelpers.py:1216(__getattr__ )>
215/173  ©.40419400000000005  ©.0019 1.7020400000000002 0.0098 <sqlalchemy/util/langhelpers.py:1177(__get_ )>
18 ©.40089700000000206 9.0223 970.986831 53.9437 <sqlalchemy/engine/base.py:1677(_execute_context)>
202/169 ©.38197900000000006 0.e019 ©.878789 9.0052 <sgqlalchemy/orm/path_registry.py:510(__getitem )>
4 ©.355255 0.0888 949.671755 237.4179 <sqlalchemy/orm/strategies.py:934(_emit_lazyload)>
87 ©.350777 0.0040 2.844432 0.0327 <sqlalchemy/sql/compiler.py:2976(_label_select_column)>
435 9.338601 9.0008 227.457977 9.5229 ./templates/course-list.html:5(root)
5 ©.33451 0.0669 ©.5228520000000001 0.1046 <sqlalchemy/engine/result.py:4@9(<listcomp>)>
811 ©.3290438 0.0004 ©.338312 9.0004 {method 'get' of 'dict' objects}

0.ee37 1.5653730000000001 ©0.0180 <sqlalchemy/sql/compiler.py:1441(visit_label)>

localhost:12345/course/
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u BE RAEEE R EProtocol Buffers2E IR —NEHS, M SEEEETERA, SMERA
B, ik, @miEs,

SRR S hE— R AR BT

For (int i=0; i<10; ++) AN, AIMEAE IR — MR AR BN TR
for (int j=0; j<10; i++)
if (a[i] < afi]) { BILARY, BILAfERProtocol BuffersiE X —MtiEE, EMItBERENETFTERA, 87BR
int tmp = a[i}; a[i] = a[iJ; ali] = tmp; ASSHS, Wit BIESEL.
}
() Copy code

EXTHIITE

() Copy code

. . message AddressBook {
There is a bug in the inner " for " loop. The loop control variable " is not being

incremented, so it will never change value and the loop will run indefinitely. This can be

fixed by changing the loop control statement to “for (int j=8; j<18; j++)°. message AddressBook {

Additionally, the code as written does not properly swap the elements of the array "a repeated repeated

when “ari] " is less than “a[j] . Instead of swapping “a[i]" and “a[j] -, itis swapping
the values of the temporary variables *tmp* and “a[j] . To properly swap the elements of

the array, the code should be changed to the following:
message Person {

() Copy code

ChatGPT, 2022, Aljn& &% .
RV E T GPT-3.5fInstructGPT,
GPT_B?ﬁEzéﬁl?SO{Z/I\%&’ % 15T, FILABIE— 1 AddressBook3i%, HREHDPFMEXRA, F40 :
350 GB GPURI 170 fn NI TR/ st soeCso;
%, BRIGRAI2005%4, P S
ChatGPTR£LE X

address_book

AddressBook address_book;

EEIHLRRETNLE, countTERbaREERTSE

address_book
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Figure 1. Cumulative software overheads, all in the range of microseconds can degrade

performance a few orders of magnitude.
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Attack of the Killer Microseconds, CACM, April 2017.
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Figure 4: 22-27% of WSC cycles are spent in different compo-
nents of “datacenter tax”.
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Table 1. Events and their latencies showing emergence of a new breed of microsecond

events.

nanosecond events microsecond events millisecond events

register file: 1ns-5ns datacenter networking: O(1ps) disk: O(10ms)

cache accesses: 4ns-30ns new NVM memories: O(1ps) low-end flash: O(1ms)

memory access: 100ns high-end flash: O(10us) wide-area networking: O(10ms)

GPU/accelerator: O(10ps)
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Setup phase

Data exchange phase

Cleanup phase

N

Client

Initialize RDMA resources.
ibv_get device list(..)
ibv_open device(..)
ibv_alloc _pdy..)
ibv_reg mr(..)
Ibv_create cq(..)
ibv_ceate gp(..)

ibv_query gid(..)

v

Exchange connection
information through TCP/IP
socket, which is transparent to
RDMA networks..

Server

Initialize RDMA resources.
ibv_get device list{(..)
ibv_open device(...)
ibv_alloc pd(..)
ibv_reg mr(..)
ibv_create cqf..)
ibv_ceate gp(..)

ibv_query gid(..)

v

v

Change QP’s state from

RESET to INIT, RTR, and RTS.

ibv_modify gp(..)

v

\ 4

Prepare memory buffers to
receive responses.
ibv_post recv(..)

v

Send requests to server by

submitting the memory buffers.

ibv_post send(..)

F §

Exchange connection
information through TCP/IP

"| socket, which is transparent to

RDMA networks..

v

Change QP’s state from
RESET to INIT, RTR, and RTS.
ibv_modity qgp(..)

v

Prepare memory buffers to
receive requests.
ibv_post recv(..)

v

v

/r

Poll completion events to wait
for responses arrival.
ibv_poll cq(..)

Y

Poll completion events to wait
for requests arrival.
ibv_poll cqf...)

v

v

Release RDMA resources.
ibv_destroy qp(..)
ibv_destroy cqf...)
ibv_dereg mir(..)
ibv_dealloc pdf..)

ibv_close device(..)

Send responses to client by
submitting the memory buffers.
ibv_post send(..)

v

Release RDMA resources.
ibv_destroy gp(..)
ibv_destroy cqf...)
ibv_dereg mr..)
ibv_dealloc pd(..)

ibv_close device(...)
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p» N 9| e HTTP2 | B sl »
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Elon Musk € @elonmusk - 11814H

Elon Musk & @elonmusk - 115145 ) ms @sampuiara
Btw, I’d like to apologize for Twitter being super slow in many countries. | was told ~1200 RPCs independently by several engineers at Twitter, which
App is doing >1000 poorly batched RPCs just to render a home timeline! matches # of microservices. The ex-employee is wrong.
Q 2 4T ‘Ll 1.45 O 17.35 lil Same app in US takes ~2 secs to refresh (too long), but ~20 secs in India,
due to bad batching/verbose comms. Actually useful data transferred is
@EricFrohnhoefer@mastodon.social low.
@EricFrohnhoefer
Q 603 T 859 QO 8,226 I

J Hot take

| have spent ~6yrs working on Twitter for Android and

can say this is wrong.
BB

¥ Elon Musk @
oy @clonmusk

Just leaving Twitter HQ code

review
FEE

Q@ Elon Musk & @elonmusk - 11514H

Btw, Id like to apologize for Twitter being super slow in many countries. App is
doing >1000 poorly batched RPCs just to render a home timeline!

y \ Elon Musk & @elonmusk - 11814 H
sy [EI= @EricFrohnhoefer

Then please correct me. What is the right number?

F45:28 - 20225118190
3.6F7 &H 1.6 31N
46.275 EWURE

) V) &

Q
8 RHiFREE

QO 3,966 1 3,969 Q 1085 2
Edward .. @ @.. - 115208
4 " Elon Musk & @elonmusk - 11H14H B @elonmusk
) ) Trust me man, you don’t want to
s [C1S @elonmusk #1 @EricFrohnhoefer lose this - write it down
. . . . somewhere. Like on a napkin or
Twitter is super slow on Android. What have you done to fix that? something. That's what all the real
disruptive geniuses do.
QO 2689 1T 2,275 Q 328 o

9. Elon Musk &

oy Celonmusk

Replying to @lsngdon @EricFrohnhoefer and @pokemoniku
He’s fired

9:32 PM - Nov 14, 2022 - Twitter for iPhone

Oe W7 Q10 &

TRILLY @SaitaTrilly - 115198
B @elanmusk
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Server 1 Server N
Shared disaggregated
m E m m oF m CPUs Eory
QP QPI .- QPIQPI C | c| [m] N |I|
SATA . m SATA E
PCle ; PCle | O O

CORE NETWORK
/ INTERNET DATACENTER NETWORK - O O O
SAN / NAS

Devices

Network Requirements for Resource Disaggregation, OSDI'16

BREFRE?

o BMITEIZE: CPU. GPU. NPU (AIE) . DPU (ZIB4bIESE) . FPGA -

. BTEMEIEE: HBM. DDR. NVM. Flash. B&f

HHAERONFEEFSITEEHEAXI T8, —SAaHNEuEFOR,
Z B HRDMARITSRBIE . EEMRENRMNFERKEARSLIN.

I T

Stortage
IGPU I |FGPA I I ASIC I Devices

Specialized Hardware
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BN TfF (Disaggregated Memory)
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PR O] B8 A% A CPU AR S B9 545
ZMFHEN RS
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CPU | cPU Machine /
Private
CPU | CPU RAM
\‘ |
/ -
CPU | CPU Machine -n
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CPU | CPU RAM 28
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CPU | CPU Machine g
Private =
CPU | CPU RAM
A
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CPU | CPU Machine
cPU | cPu Private
X RAM \

Cluster

Shared

RAM

~

PEINF
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/ CPU | CPU \ / CPU | CPU \
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TR AN1F (Tiered Memory)

Attached [ Register 2&)0-218
to CPU Cache 1-40ns
Main 80-140ns
CPU _ / Memory
Independentj’.o CXL-Memory 'o.,!‘:70-250ns
Network >( NVM \{00-400ns
Attached7‘ Disaggregated Memory \2'4”8

10-40ps
SSD
// HDD \\3-10ms

64 GB/s per x16 lipk

DRAM

~170-250 ns

~180 ns
t 38.4 GB/s per channel 38.4 GB/s per channel
~100 ns ~100 ns
DRAM DRAM
(a) Without CXL (b) With CXL

TPP: Transparent Page Placement for CXL-Enabled Tiered Memory
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Network Requirements for Resource Disaggregation, OSDI'16
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Serverless:
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Cloud Programming Simplified: A Berkeley View on Serverless Computing
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Serverless: LD AR FZRIEG BN —AEEEE

) YFIE AWS Serverless AWS Serverful (£4tlaaStET)
EFEfT FFPEFENEH Bz, ERPREHTEEL
prRE Jéa(\)/fas(c;;p% Python, Java, 1
RS FAKEIFES (BIRES) 8 (EREHERE)
FRE BANFF 0.125%3g 0.5-1952g
piN: R 0.5g 0-3600g
R AIZfTRY A 900s 7
B/NMTERETT 0.1s 60s
FMTHETHOME  0.0000002%TT 0.0000867-0.40835 7T
BUERGHE =] EikF P abries
AR 55551 IR RE P&
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Cloud Programming Simplified: A Berkeley View on Serverless Computing
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Applications Web APls Seel Dgta Future Serverless Applications
Processing
Cloud Object Key-Value Mobile Backend
Functions Storage Database Database

- Serverless
(] : . IS I I Il
5 Big Data Big Data Messadin : Future Serverless
S Query Transform 9ing Cloud Services
-ch -------------------------
<
o
® Base Cloud VM VPC Block IAM Billing Monitoring
o Platform Storage
)
a

Hardware Server Network Storage Accelerator

Cloud Programming Simplified: A Berkeley View on Serverless Computing
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200ms
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300ms
INEBSS B PR LARR S BIFER
400ms

REBoRFHBSNTEERE ,
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RPRERZ—EER , XF/3887
FEENFR

SERY

<400ms
Szt =bm)

B {EEERY

400-800ms
R ER)

{EEERY
800-3000ms
R E)

SEIR : ITU-T Rec. G.114 (05/2003) ; ¥Im&iaHREFHRFHSH.

TResearch
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Real Time Communications ( RTC )

HAENX :
AEERET | LIEECR/ R EER A IR{EREE A |
BIEEEEE. Ba@iE. SMail. s, MEEF .

FRIRSHAFRISEIER ( RTC ) JRSSHHE -
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HTTP Semantics

HTTP 1.1

RTT (FPREESEL RTT, T REBSEORTT) | KAZE4AS —

G B N A )
* SHFEHTTPIERR LR E
()| Ctient Hello >

-Supported ciphers
-Random Number
-Session ID

-Selected ciphers

-SNI
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Server Certificates @
-Random Number
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-SNI (empty)

-, ——— Server Hello Done @
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master secret

@ Client Key Exchange Message

ey Generation @
@] ——
e
——— [E=]0
—— =16
HandShake Protocol

0co
Application Data -+ Application Data

=

HTTP/2
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Client Server

Client Server Client Server
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Initial 1-RTT Handshake
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Complete CHLO
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REJ
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SHLO
onse

Encrypted F

Rejected 0-RTT Handshake



HTTP Semantics
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HTTP Semantics
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- server
_ WiFi
My CID is: ~ I I I I I
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1 & Sl size (m\Bytes, Group of Plctures padding
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B [ |
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103 320

ms

With FEC IIIIIII]I]ED>DDDIIDDDDDDDDDDDDDDDDDDDDDDD

312 ms

HTTP Semantics

HTTP 1.1 HTTP/2 | HTTR/3
(opion —
QUIC
TCP TCP UDP |
‘ IPv4 / IPv6
BHREIEH:

« window_update i, ZifFXti
Bo ‘o H&Z o] UER Ay
FHEGE N REE,

o blocked i, HIFARAIEA

HT ARG #EZE, &
ET?E/j&Zil_,

* Stop_waiting i, FAF @Al

i, PNNIZBEFEFENTER

EEMNE.
- XNTEEMES, AEEBREN,
HEFLIRA L&, Sk

FimfF L Z X B BREE I
—EE NV RALIE, R E H A0S
A, RIEARSS T AL,



~

QUICH] Bl = B]

« JHZEHI:
2350 BBRIE BRI REMAEFTESIRTT, BRZIERKXEZRH DVEEIRE,
BRENE T REPEEEEEHmATE), FEE|REMZFNE] o] w5,
s RERE: ﬁ%ﬁ%mmgfﬁ kﬁﬁ%ﬁﬂ MRME NS0T 5

F AR, WRATMENOTgE I E B EIREL
MEﬂﬁ‘Wﬁﬁi%ﬁ@ﬂm%mwﬁﬁ$&%;

- ZRER:

- EREVIER: BImAE (FEC) WV EER ALY, BE—EZ=T ot
REEE,

- HER HNERISHIEEERE, SBERRNER,
- O[S FredUREI L EIA, RBREMKRMUDPRIE ] EFh, —E50H
RS BN XAV EERE,




—

X

IR DR
« MWebfR%Z
« BWIEMWMR: M
- IBEHREHRIOE

AIMIEFWHITTE
FI AR AFIEX

H— = 1'['%:791

« MRAOmA R EREMH"

- FEAESEE

— L RE

o5 AT

* “1+8+N"5“5G to B”

* N NSRRI AR A

& H

DT LR & i



A
<
==
X

REPEE F

s FUIE+E N BNEHEERMNE
=1, BB FE AR EE

s HIERTESE jj /)?/\’_léﬁz—i/]
FOH IR /R Y R ) 1 iF?kf(ﬁ "Bfj jj éﬁ
@ - .. &AL E AL

*ﬁfi*?i@ d J1IRE Wi@
BEES ?EE*B E’JTJJ\lﬂZi% B
iF"‘)‘(ﬁ "HE S B2

N Y ERTE
£ R T X B EH R IMEAEAE




— =REGUSIRSS BEXMApp
R Er= SRS AE AR LR MR e API
5 -
ADN API (ERE, BEQ. WARK. RN BLL ADN AP
15
ZiEE (ADN)
CI8P9 >
Region Region Region o —
vEE | 00 N LN ,@qmiyiﬁﬁif«mmb
| I4/POP |- i%R/POP | i4R/POP |\ 4% /POP ; — N
ERBTM (Huawei Backbone Network) HEXM (Internet)

N FIREN. WHE

C

PIEFRih: AR, SR, 28E

- JEE: £KOEEIE, 2500+1s, —HkAM
« BEEE: SHNEREE, SRS
- 28E: EE/MESENE, ETRll Mesh[BRlIE

HEBSEE: SEFRENEERAESES

- BREEETTE: S RiRTinEEERCEZ
+ ZWEENAHEA: BROSSR, FRaBR

» EREAESE: RBMMNUER, SUSEE
+ SiEEEFER: DPDK, BFRERmMEFERIER

https://bbs.huaweicloud.com/blogs/317927

RIFAIEEN: BREFEMSLA, 21X

Z8. #a, SWEMOSH
 ZIMURIBEZEAN: TCP/UDP/EZEDNS/SDK
« AR AREER, SEE, RAEMERA



Regionlessa1TH | F5RegionfNEIKEfE . EoEE

- BEBEAT, APRWZAFNELLERegion (BX) , MANNEREHEIKETE. M
FWIMVERA IR EGHRS, U BREAAPEAZEE, BREND . 118,
ERIAR——EIH K.

© FEZRMRIT EITHIRegionBIRFHIZIR, SIAEEIRERES), BETHNENBARRIL. &
EZRFEIVFHAEHEIBEANE, MENRA/NMRAREZENBEREXR, ARPRHEREE
o ETRBEZRSNERLAZWEM—IHEXE, TEHZNERIBERENTH

uE

o X/ FEFERegionless{t,, BHEAZXREMIAEREE, BEERBAENEZME. AR
TEBCEFEHIERegion, MEEZERRSHEIKEPEE .
s BXMARNBARAMXANEESIR, FEEHFAEJLFELRANERLT, FlEhzM

AT BT SR PR, LA TN ZRARER . SREEDD, HPHR
R NIy PN I e p D Pl



z& (Overlay network)

BK 035

4

SFONIEAF

wmEAr



SD-WAN: B2 X T 18

IP/MPLS
backbone network

ZGMPLS VPN ER &

« ARG R, Blan10MbpsHyEE
A8 T/ B

- MBEPK, WSS
$

SD-WAN: BRHG—EEMKZEF
RIFNHRBARERE N, EEREREZ
s XFRERSREFT KA TTHEHE
THET%. ANFESFEO, BREAA
« BB, BHEEE

EE%s

H

Service

presentation !

layer

Management |

layer

Control layer !

Network
layer

B
SRS

R

Self-developed portal Third-party BSS/OSS

L d Network
o,
& controller

¢ RESTful
RR
NETCONF/SSH iae P/DTLS HTTP/2

e e
iS5 BETR
S

RERMERERN. BEAL. ANEEERE

gzl
SRS
AEREUEERINEEA AL

KR  3REERRRE AR REH.



—

X

o BUHRAPIL ML
* MWebfR& B KMERBFITITE
s BIEMF: NFTHRIIAFIEX
s BEHEFOEA—BITEM
.
« MW RAOmA B ERE M
s REAESEE— ML REIEF O
« TTZZ M %%
« “1+8+N"5%5G to B”
o N AMEIR TR ER DB R K




> = - -
HUAWEI [- 4G/5G -
N Share = HiLink Of o Ko,
HD Intelligent  Video Game  Projector

Smartphone

- I i
Y & 7 S w C 0B ©
Sweeping Camera  Vehicle Map
Terminal Machine Info.
% e g B

. Sphygmomanometer  Printer
e i 1=F4

8=PC. ¥#k. TV. ZM. RE. F3&.
ZH. B
- N=#m A, BeRE. TR, &
Y ERIR. HREHfT




SGHERE O fTI PRI FE

+ WERKRES, 102WR

° J:/—qlilhfl_l_,__. _e %56 \/— 7, H%—-E—_/\* Eg O \ e
1Tm Jug*j(, 'ﬁ% JC T’f_.l'ttt’f M b 5] [T ZX B2 ))-i % et P S BT P 2o

|




SGAR WITI R HIAY

somon (@)
ftbm HEfem
&
@) mem (2)
HF // e HTEH B
ou B R &5 B oo
'BBU rHub < pRRU -
o oo B I TABE max  femm B e #
= =
% - B rHw
£ orrufd] we ] orRRU
% NC an M
. pRRU @ 59 = SRRU | ﬁl&uéﬁ%ﬂ
e RIRE S e i
Bk KGRMEA  fEmE L i) 56 AR T/CPE

>
;
3
"
»
z
:
o1
&
S
@Il
I
I:ll:.
@I'
H
NIY
2]
‘f‘f&
—
/\%
%
=
i
S
R
i
_l.ﬁ~
=

f‘g i B i F‘,,’ LD f‘,» it

16 Pl (B mB iE el B R I J R
EEKRE, 10Z2FH

IWWWMHMWHMM%WHMWMWEWHH EITHRERK, 556G T T EfTm e

~ . e S THER
HREST R 1=

\



THIRY

SGHEERES T F

- WEEXRS
+ EmRERK

B iiET—KE
=i Ty s
 SEZTNMNLE T X T2k M 2&
...................................................................................................... | S
e s wazas HNEEMEXRS
-~ RIREE—KE Traft—tig SEEHEE
e BT ik seens L mgemyt  maE SRR
[ T S e — s R RRnE
AirFlash: 5G ZEithifE
AlfEEE . BUEEAS . DR (EaE
FEFE SURGERE. R BEADE, BEERE, BEVALE, BELE
gz (A @wmm @ ciseMm xmE  Cquum= @ masEm % i =
=R R S R
= ERRE @)
e LKJ = >1.5 Gbit/s ;_A_\) o
7553 !CI D:u. = E; = 1uw1008
B - L 3SRt R A]
8 e | [ ‘ﬁi e
=) 3 ot TCMS
s
. . N2 NEREEE
O =k
HENES
BEE Bt WA BEE Bt WA BEE BA WA
BARAE
BRI & »

IBERYNEL sl

1ER I
om
m=



T T M2 (1) TACK

SNEBTFI: RS TAER EERA T
9,..55% . AT B ERRACKISOI SRR Fif

” . s
’ .
’ b )
’ - \
‘ . .
X

@"’“ ﬁtljlét—'%: TCK?EX
 RERER
DIFS
PIFS

HPE0

— Time
FAE—MNRBIEYMNTE: SRCKINEX

WiFi 89 2 00 T 45 M A0 58 R AL 1l 3& AL ACKIR X5
MBI AL T EENTIRES, ZHRTCPH
ACKJLFE 5 PR —+ 81 B3UE R R

TACK:
1) ELZACKFIEEBENARZEFK;
2) ACKIZFREWTEZVEMNER,
MmsEIR: 3) EAMEETEAIACKELE .

* “BIRFACK R CINR e =% 3 BN B4+ (540
Z8) NRIERMEL;

- BEBERMNBHACK R XRIER RN EEM
FETEM, AT EEAMA R, MR eI
NEEBNFEMME, URASEN REBTIL
b5 BB R TR,

204V INEHE 1A 1XARL

TACKHHIn {71425 Eb 3t

2 AR




AT M2 (2): Link Turbo

HED=L FREME+RFENH

| =s |
N MP-TCP
E — O ‘ ‘
: TCP TCP
i subflow subflow
Internet
P~ (R)
Wi-Fi ‘oge ASG
TCP TCP
subflow

WEG=R2: HE

TE M5+ {ER Y

BE fE4ETCP :
. MP-TCP ‘ |
. MP-TCP :
= | —
A TCP TCP :
! = subflow subflow !

()
Wi-Fi A5G

TCP TCP

subflow




Totx W25 EREIR

2]

Z~ 170 A

I~ AO AL

Channel Number of Maximum Speed Target Device or
Bandwidth | Spatial Streams Wi-Fi 5 Wi-Fi 6/6E Application
First Wave Products
80 MHz 1 433 Mb/s 540 Mb/s %L;?;bhaa"nddzgfgrﬁgg{‘;’
80 MHz 3 1.3 Gb/s 1.6 Gb/s High'e”;ﬁfg‘;‘r’a/ p‘:gita' cin-
Second Wave Products
80 MHz 2 867 Mb/s 1.1 Gb/s Netbook/low-end laptop
160 MHz 3 2.6 Gbl/s 3.6 Gb/s H""Z.ﬁ;’iﬁﬁ;‘?iﬁ f]if“a'
Possible Future Implementations
160 MHz 4 3.5 Gb/s 4.8 Gb/s Outdoor °E:r'e°£ coverage
160 MHz 8 n/a 9.61 Gb/s Specialized
Wi-Fi 5/6 IR IR 14 BE
« 5GEE¥E¥T17334.98Mbps, _E4770.21 Mbps
« AGEHEYE¥T1739.02Mbps, _£4721.63 Mbps

.A—..A—.—|+|-

° L—E o
5G/AGEUIRE:

A T1794.01Mbps,  _E4738.68Mbps
(EEBNNERELNRE) 2022FF—FF,

B EmaidE: https://www.speedtest.cn/article/VXjrPAKZ3Vkx8wMILBpW

J 23 W 25

Key_pe!'formance 5G parameler vakies 6G parameter
indicators values
Maxmumrztjrtznsmussmn 2]%//((%3/ >1Tbits
Experience rate 0.1-1 10-100/
Flow density 10 Tb/s/km?2 102-10* Tb/s/km?
1 m (indoor) 0.1 m (indoor)

Positioning accuracy

End-to-end delay
Error rate

Mobility
Spectrum bandwidth

Spectrum efficiency
Connection density

Network energy
consumption

Base station computing
capacity

10 m (outdoor)
1 ms
500 km/h
450MHz-6GHz(FR1)

FR1:100MHz
FR2:400MHz

30-100bps/Hz
106 /Km2

100 bits/)
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