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"I s NS REIEAL

Allocation visibility
Copy.”move visibility
Dispatch visibility
Evaluation-order visibility
Blocking visibility
Concurrency visibility

GC visibility

Warm-up visibility
Tail-latency visibility

SECTION

"= (E(CHREEIRAL
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Inlining dependence
Specialization dependence
Escape-analysis dependence
Devirtualization dependence
Fusion dependence
Strictness-analysis dependence

JIT-profile dependence

I - SEIRfEA

Complexity documentation
Compiler reports
Assembly IR inspection
Allocation profiler

CPU profiler

Heap profiler

Runtime trace

Benchmark guidance

Production metrics

SECTION

"TE - sxEtEMEEERE

°  fIBMLE IR AR A £ ?

°  BRLEKFEELRISK API ?

° MERMARELRE?

®  PBLEIZAS Runtime ?

° fIERLARRIRISEMEESR?

° MMERFEHEERERHBIMTERE?
° ZRRBWFENGE?

*  HRRWOHPREFUNEIEZER ?

° TEAGHTEINLE > FEHERME ?
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° B METIIRBRER « BEMEEERRIRERL?

SECTION
Nt EA

designer
language
version

feature
source_example
compiler
runtime
build_profile
hardware

official_performance_docs

SECTION

s ARESR

EERESs

— SEFE AN HEY

- A mE

— AT R RS

— RIE(CIRHE

- REREBFTADE
— TRERERE

— FRE R REES B
- RBIEERERE

- B HRBFERH

- EIERE

SECTION

751/\ ~ JSON 8EH2

{
"mechanism": "iterator pipeline",
"cost_vector": {
"runtime_time": "implementation-dependent",
"allocation": "may be eliminated",
"dispatch": "usually static in generic form",

"compile_time": "increased"
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}7
"visibility": {
"source": "high-level intent",

n,on

"type": "ownership and item type",

"compiler_report": "recommended",
"profile": "required for workload claim"
b
"guarantee_level": "design principle, not universal per-program proof",
"performance_cliffs": [
"dynamic dispatch",
"lost inlining",
"unexpected collection"
]
}

SECTION

7t~ SKILL 1518

° LUREMSEBREZEHERE ;

° BEHINEBEHAFIBEREAE ;

° BT REERMK Java B 1R:E 5

® iBRustMove BRFEEE ;

® 1B Go Goroutine B Z R4S Thread ;

® {8 Haskell Laziness BRI N AL EE ;
° 1B Julia BIREEEE R A EIARFRREFIE ;

® 72B% Debug Release ;

° RBRERMEEEILR ;

° FERWYEEMERESZS ;

° CEAME - BIEESTEMR -
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SECTION

T+« MEEREIFRH

B—HR7E :
° FEES
° R
° AR
® HPC;
® Web;

® Serverless ;

AIREB T2 REER ©
SECTION
£+ - RS

Cache ~ SIMD ~ NUMA » GPU ~ s&eERE O HME G NERERE -

Rt ENEAR DT RERTEN ©

t+Z « RIEE][REIRIE

% BARBOHFRBIRRZ ° RRAFEHFR ; RZ » BEBMBVRITABETERMARKRL

BRERZVAENIZERE

SECTION

t+= -« AEEAAAEE
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3K Iterator ~ Ownership ~ Monad Bf Multiple dispatch FIfERE ° @B REIrI:EH K o

SECTION
t+M - FREEEERFRERR

PLDST 24ZERAREAIZED -

G] language guarantee

L] library guarantee

I] implementation behavior
O] optimization opportunity
M] measured result

[
[
[
[
[
[

A] analytical inference

HBRRERBAFRBEEAZEENTMRF o

PR AT

JHBREE ;
° REBEFNRELCER;
® :E Library EREHEIB(EFEARES ;

° BIBRRIERERTZFR Runtime BZS o

RS REtATAE
° IR&EIE
° EETKERE ;
° [FHEZRME®L
® [Z# Undefined behavior ;

° ESUEREERRERXEHERMEA -

AR -
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WA AR RIE DA

(2 fEHE

—

X

—

APl 55

—

BRI, 5E

—

Compiler fiZFe

—

Runtime ¥Rz

—

Mg fRE]
PR BT A ERFAA B A TERIRIS B 7 B > MEXK !
° BIEFRRABRCUERIMARIIE ;
° ZRHEHERMEARERN ;
* RERECHEMERMAERTRIEE ;

® Runtime 174 A]# Profile £2 Trace ;

MAEEBEDES Rt ~ BFHEREAER ;

SRR R A A A R IR[R AR o
EIE » PLDST AERAERTEI0M TEXRZE) ot MEr:El - ERENEER
B R A R AIZNERAT—E0 7 MIESARE R © ML SR EEs PR ° MPLERE

% Runtime BB ; EMKRARIERHIRE ° thEDIRMESEE > REMENEX
AEIE S ETEMAE 2
RASRANZ

ERRBRERE
A
B B A RIT O B
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#meE23 Runtime :
HH

EE A EE
RSP B
HTESR

sCIERS -

BeE B :
BRlIEEE

K3

BRIHE !

HER

iRRE BRI
23015

FRAT R,
BRIA R

APl A] & :
Compiler ¥R :
Runtime 542 :
RIS IREE
RIECHEE !
MAERRE ©

B

Bl

[R1] ISO/IEC JTC1/SC22/WG14, Rationale for International Standard—Programming Languages—C and
ISO C working drafts.

— CHIRHES ~ as-if AFJERRER IS AEFRA -

[R2] Bjarne Stroustrup, “Abstraction and the C++ Machine Model,” 2004,2005; “Foundations of C+
+” 2012.

— CH++ HESRE « IR AT ERINRAIRRAY ©

[R3] Rust Project, The Rust Programming Language, “Performance in Loops vs. Iterators” ; The

Embedded Rust Book, “Zero Cost Abstractions.”
— Iterator ~ Closure ~ Typestate £ Zero Sized Type FIR{EIEZER] o

[R4] Rob Pike, “Go at Google: Language Design in the Service of Software Engineering,” 2012; Go FAQ

and Effective Go.

— Go BYSLER ~ AIEEME ~ HEREI ~ ERFRRERERTE
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[R5] Oracle, Java HotSpot Virtual Machine Performance Enhancements and Java Virtual Machine

Technology Overview.

— BBLARZZ - Escape Analysis ~ Code cache £ Runtime R{E(E °

[R6] Simon Marlow (ed.), Haskell 2010 Language Report.

— Haskell FJFEIEFEZERE seq ©

[R7] GHC User’ s Guide, “Optimisation” and “Bang Patterns and Strict Haskell.”
— Strictness ~ Thunk » Full laziness ~ HF 852 {EEEETEE o

[R8] Julia Documentation, “Performance Tips,” “Functions,” and “Profiling.”
— Type stability ~ EI{EEFIHE « BLE « Function barrier BiM5ETH -

[R9] Go Project, Effective Go, Goroutine and concurrency examples.

— Goroutine [EjE Thread BIEEHE > URAKRFIZILFIAHKNEIRRERE o

G] Language guarantee

L] Library guarantee

I] Implementation behavior
O] Optimization opportunity
M] Measured result

A] Analytical inference

-S] Syntax-visible cost

-T] Type-visible cost

API-visible cost

-Al

-C] Compiler-visible cost
-R] Runtime-visible cost
-G]

Guaranteed cost

SECTION

D.1 C Bl 523

B E#i%¥ C 1Z4E Rationale 82 WG14 Working Draft :

® C#MELL Abstract machine #2174 ;

° BEfRTEREMNTERRMMTAMRER * TYUESHITRIFIEFIIERAESRIRE ;

° EROEM - RTEBIREBERITKERERNERE ;
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°* AXRALRF CHER TBEHENRARRM) @ RAECREARRISEFERIESH—HE -

SECTION

D.2 C++ ZZRIMR A

B E#1%¥ Stroustrup B (Abstraction and the C++ Machine Model) £ (Foundations of C++) :
® Zero-overhead principle WHEIRIMZE FHANANE ; FRNBEUFREET]
° HIBLHHMER Runtime time £ space * UKk AR RABE I E EF SRS 5 R ;
* TARBREBEGRE - $HER2H - 1ZEEETE - Monomorphization ¢ Binary size 23 AZ8IR:E ;

* AXERERFHEMARTRIEEERELR * MIFSEREN - 58 Compiler BEREER o

SECTION

D.3 Rust Zero-Cost Abstraction

B E#Z¥ Rust Book £ Embedded Rust Book :

® Rust EA#Z Iterator #84 zero-cost abstraction * i FA4SE Benchmark B4R 245 RRAE FEIEFEIE
:

* Embedded Rust #9 typestate ZEIfE R Zero Sized Types * 2B EAREEIZECAI/E Runtime EERIER

™
e BEARHE{NE lstrives for) URISEEFINLGER ;

* ASGREIMEHERFRA Iterator chain ~ Trait ~ Closure S Z 2R EKIATEFRA Build profile 5%
HIR o

D.4 Go B9 BB GC p s

BE#ZE (Go at Google) - Go FAQ £ Effective Go :
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* GoMEL:tERFENRA:E « i -« AIREENE ;
° EAMEERREEE  EEERNRTERRAE R /VEEA Collector BT ;
® Goroutine fE# T Thread B BAEIENHFZEME » BEFRENERE - B 2B mBERRE ;

® Effective Go BYI{T HTTP EHIEEE S | ASEEREIZEIL Goroutine B * BMERFRFHITEZIR °
AIRERRAEZFFHH Goroutine ©

SECTION

D.5 Java,“HotSpot Escape Analysis

BE#1Z¥ Oracle HotSpot Performance Enhancements :
® Escape Analysis ¥IEfF# 4 EREE ;
® Server Compiler aJ;EBREI# Scalar replacement F9¥ 4 ERE E1AERATH ;
* Oracle X 2B EERERE{LRLA Java sHSM—AE Stack allocation /&8 ;

* AXAILKESES © HotSpot BIFRECEBERITRIESMH ©

SECTION

D.6 Haskell £ GHC

B E#1% ¥ Haskell 2010 Report 82 GHC 9.14 User’ s Guide :
® Haskell RXFEFTERR % Non-strict ;
® seq - BangPatterns ~ Strict £ StrictData 3Rt BB ARV IS EIEF ;
® GHC ARt > TE=MAEBEANE FIHRR Thunk RISERE KURE ;
* Full laziness &0 Sharing * t1A]§EH™ Memory residency ;

* GHC k=B EEFAEER LR Full laziness transformation >’ EA M EERAERBE—BAE o

AX AR AR Laziness BRfEA&18 « 1R « BCISIREURECISE °
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SECTION

D.7 Julia Type Stability

BE#iZE Julia 1.x B Performance Tips ~ Functions ~ Types £ Profiling SX{5 -

* Julia BEREREAMEMESRNEEER > MEZHIES Compiler ATHEEREFEIFIAY Type-stable

function ;

® Unexpected allocation &2 Type instability 3¢/ BV & R fE5 1 E RIERE ;
*  @code_warntype ~ Allocation tracking £2 Profile RE A ##E#TH ;

° BLERFEHREENERNMUERE > AEMEFE Julia BB ESHEIEENES RS

D.8 MREHFELhRZs

ACRBEER AT AERBRIRA ~ BER2EE Benchmark SRERVEH1EREHFT o
FRAEZBIR AR !

EBRE
BIFHE
BUTA
BB
ruE NI o3 B o

BEANYEZEE T KRER Benchmark * (7B ¥ ERhRZ4s ~ Compiler ~ Build profile ~ iER BB M EE#iE
S

HHIHI
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