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Latency Numbers Every Programmer Should Know Q
2020

] ins < [ ] Main memory reference: > Send 2,000 bytes over Read 1,000,000 bytes
100ns

commodity network: 44ns sequentially from SSD:

C Q 49,000ns = 49us
L1 cache reference, EEEEEEEEEE 1,000ns = 1ps { SSD random read:)
16,000ns ~ 16ps (Ell Disk seek: 2,000,000ns = ,

= Branch mispredict: 3ns EEEEEEEEEE L
EEEEEEREEE (2:°Orgg:§5i 12KBS wth Zippy: Read 1,000,000 bytes
! = e sequentially from ] Read 1,000,000 bytes
Enmmi L2 cache reference: 4 memory: 3,000ns = 3us sequentially from disk:
10,000ns = 10ps = = 825,000ns = 825us

EEEEEEEEEE .

EEEEEENEEN . N mm Round trip in same

EEEREE Mutex lock/unlock: 17ns a datacenter: 500,000ns = Packet roundtrip CA to
[

EEEENENEN 5 00us

Netherlands:
1

- 50,000,000ns = 150ms
100ns = m

EEEEEEEEE 1 00,000ns = 1ms = W

http://www.eecs.berkeley.edu/~rcs/research/interactive _latency.html

o LS Tty

‘ EMBEDDED SYSTEM LABORATORY
SUZHOU INETITUTE FOR ADVANCED STUDY OF USTE




FRABZLL*X S

University of Science and Technology of China

Latency Numbers Every Programmer Should Know

u 1ns

<

L1 cache reference: 1ns )llllllllm,OOOns = 1us

==========Compress 1KB wth Zippy:
2,000ns = 2us

-

LUl Branch mispredict: 3ns

L L2 cache reference: 4ns )

..=l.... Mutex lock/unlock: 17ns

0,000ns = 10us = |

M 100ns = W

Main memory reference@

%

Read 1,000,000 bytes
sequentially from SSD:
39,000ns = 39us

Send 2,000 bytes over
commodity network: 31ns

-l

Disk seek: 2,000,000ns = 2ms >

SSD random read: 16,000n
I y

Read 1,000,000 bytes
sequentially from memory:
2,000ns = 2ps

[ | Read 1,000,000 bytes
sequentially from disk:
718,000ns = 718ps

Round trip in same datacenter:
B500,000ns = 500us

Packet roundtrip CA to
=Netherlands: 150,000,000ns =
B 150ms

®1,000,000ns = 1ms = W

HRNARARIER

EMBEDDED SYSTEM LABORATORY
SUZHOU INETITUTE FOR ADVANCED STUDY OF USTE




G eameasss

ty of Science and Technology of China

1. FhEsSHhAR
1.1 FiEEsAn R
1.2 FERFNEXEN

2. ETFiEEs
2.1 FEFELA
2.2 ¥BARFESHENT
2.3 SRAM7TZfiEEE
2.4 DRAM7TZfiEEE
2.5 ROMREIF &S
2.6 FiEEESCPURYERE
2.7 FiTiFlE

3. EIRE FEEECache
3.1 CachefVEANRE
3.2 CachefEARLH

3.3 Cache5=F71=hyttit pRe
3.4 CachefFfiEtRAVEHATRER
3.5 CacheE&EHE

3.6 CacheHZR%4/5

4. REMFhERS

4.1 EHIFESSIVEARRLE
4.2 TR EIAFIERS

4.3 ERTUEIAFIERS

4.4 EETATUEAFiAES

4.5 EFIEREL

5. HEIFERS

5.1 3EfFHEA

5.2 HICRFIESIERAT
5.3 WiEETFiESS

5.4 JEFEE

5.5 FLASHTF&EE

HRNKA RS SRIETE
EMBEDDED SYSTEM LABORATORY




> A= s ?,@a“ ) )’
2. 1 Eﬁ1l%g§1:ﬂ%]$ fwcgoi?cnfmﬁhnﬁuyotﬂé

FTEFIEARHERK

E ' R B
B B2 itk | | & | ¢ |MORK——>
MDR |<t——- ) o k .
“@ e
CPU = ¥ F W) 5 ﬁ
) 1 - s el
MAR Mokt 52 e [ I
MAR Ii 5
T sz
IXEhES. HLbEPRIDES . 125 HEREASHIMEEEME S
MAR MDRZECPUH
“&As&fﬁt—?&-%ﬁ‘i

Rl -



(@R ET TS

2.1 FREEIHLA (2)

O FSUS5FHSU
v FEERTT— MBS FHIFE R T
FOFERTT— N T F O REERTT

ity of Science and Technology of China

v i —— A BT N AT R T
FR—F OB R IO M AY SR Tl

v FEHEN SRR R NIRRT
S S T TR S A RS T T

B F Hbk A EHhaE RGN bk Sy F ikt
s T O S i
o | o | 1| 2] 3 0 1| o
s | 4|5 |6 |7 2 3 | 2
g | s | o | 10| 1 4 5 | 4 | ERZET




53 KRk, V2l Q) ¢E#ZLL%S

: University of Science and Technology of China

#include <stdio. b

ORI

\e \ s 1
 ETTHENEE, BRE
k‘%ﬁ%'_i/‘]\‘%ﬁ#ﬁ 0X0123 char *c = I[-:harﬂ (Btt]);

FHibt 31 2423 1615 87 o @ FHuE iflke == 1)
O] 0OX0 | 0OX1]|0X2]|0X3 0 {
4 4 printf( endiann”];

I
/N —— AL e

40°F $#%00000000 00000001 00000010 00000011
/NE¥E: 00000000 00000001 00000010 000000 _ _ ;
addr+3 addr+2 addr+1 addr printfl endi anhn” ) ;

IMEAr AR Rkl }

KE¥: 00000011 00000010 00000001 0000000 return O;
addr+3 addr+2 addr+1 addr+0
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