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Motivation
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So, is it all lost?
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An Introduction to Port Knocking

No knock, no fun

Host 1 Host 2

Ti
m

e

SYN (SEQ = x) port 22

RST (SEQ = y, ACK = x + 1)

Port knocking example

Host 1 Host 2

Ti
m

e

SYN (SEQ = x0) port 4242

RST (SEQ = y0, ACK = x0 + 1)

SYN (SEQ = x1) port 1337

RST (SEQ = y1, ACK = x1 + 1)

SYN (SEQ = x2) port 22

SYN (SEQ = y2, ACK = x2 + 1)

(SEQ = x2 + 1,ACK = y2 + 1)
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Design
Overview

Practical and Secure Stealthy Servers

3.

2.

1.
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Design
Stealthiness
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Design (SilentKnock)
Security

I Destination IP address IPd
I Destination port Pd
I TCP timestamp T

I Pre-Shared Key S

I Hash function h

Authentication Security Token AV
AV := h((IPd,Pd,T),S)

I ISN := AV
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Design
Security

I Destination IP address IPd

I Destination port Pd

I TCP timestamp T

I Pre-Shared Key S
I Hash functions h, h′

I Payload p

TCP Payload Integrity Protector IH
IH := h′(S ◦ p)

Authentication Security Token AV
AV := h((IPd,Pd,T, IH),S)

I ISN := AV ◦ IH
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Host 1 Host 2

Ti
m

e

SYN (SEQ = x = (AV ◦ IH))

RST (SEQ = y, ACK = x + 1)

ACK (SEQ = y, ACK = x + 1)

(SEQ = x + 1, ACK = y + 1)Payload

RST (SEQ = y + 1, ACK = x + 2)

. . .

no

yes

AV correct?

no

yes

IH correct?
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Design
Ease of Use

I Source IP and Port not included in ISN generation
⇒ Compatibility with NATs

I Knocking is implemented in the kernel
⇒ No fiddling with config-files, firewall rules or daemons
⇒ Trivial to use from an application developer’s perspective
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Design
Ease of Use – TCP Stealth Server

1 char s e c r e t [ 6 4 ] = " This i s my magic ID . " ;
2 i n t payload_len = 4 ;
3 i n t sock ;
4

5 sock = socket ( AF_INET , SOCK_STREAM, IPPROTO_TCP) ;
6 i f ( sock < 0) {
7 p r i n t f ( " socket ( ) f a i l e d , %s\n" , s t r e r r o r ( errno ) ) ;
8 return 1 ;
9 }

10 i f ( se tsockopt ( sock , IPPROTO_TCP , TCP_STEALTH, s e c r e t , s i ze of ( s e c r e t ) ) ) {
11 p r i n t f ( " se t sockopt ( ) f a i l e d , %s\n" , s t r e r r o r ( errno ) ) ;
12 return 1 ;
13 }
14 i f ( se tsockopt ( sock , IPPROTO_TCP , TCP_STEALTH_INTEGRITY_LEN ,
15 &payload_len , s i ze of ( payload_len ) ) ) {
16 p r i n t f ( " se t sockopt ( ) f a i l e d , %s\n" , s t r e r r o r ( errno ) ) ;
17 return 1 ;
18 }
19 /∗ Cont inue with b ind ( ) , l i s t e n ( ) , a c c e p t ( ) , r e c v ( ) , . . . ∗ /
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Design
Ease of Use – TCP Stealth Client

1 char s e c r e t [ 6 4 ] = " This i s my magic ID . " ;
2 char payload [ 4 ] = " 1234 " ;
3 i n t sock ;
4

5 sock = socket ( AF_INET , SOCK_STREAM, IPPROTO_TCP) ;
6 i f ( sock < 0) {
7 p r i n t f ( " socket ( ) f a i l e d , %s\n" , s t r e r r o r ( errno ) ) ;
8 return 1 ;
9 }

10 i f ( se tsockopt ( sock , IPPROTO_TCP , TCP_STEALTH, s e c r e t , s i ze of ( s e c r e t ) ) ) {
11 p r i n t f ( " se t sockopt ( ) f a i l e d , %s\n" , s t r e r r o r ( errno ) ) ;
12 return 1 ;
13 }
14 i f ( se tsockopt ( sock , IPPROTO_TCP , TCP_STEALTH_INTEGRITY ,
15 payload , s i ze of ( payload ) ) ) {
16 p r i n t f ( " se t sockopt ( ) f a i l e d , %s\n" , s t r e r r o r ( errno ) ) ;
17 return 1 ;
18 }
19 /∗ Cont inue with c o n n e c t ( ) , s end ( ) , . . . ∗ /
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Design
Ease of Use – libknockify

I Shared library for use at compile- or run-time
I Enables TCP Stealth functionality for legacy code

$ LD_PRELOAD=./libknockify.so ncat knock-server application-port

I Configuration options (such as the TCP Stealth secret) are given as
environment variables or via a special file
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Demo

$ ./server

Peer closed connection.
$ ./server
1234
GHM rocks!
Sure. :)
Peer closed connection.
$

$ netstat -tulpn | grep 4242
tcp 0 0.0.0.0:4242 0.0.0.0:*
LISTEN 2578/server
$ ncat localhost 4242
NCat: Connection refused
$ ./client
hello world
Peer closed connection.
$ ./client
1234
GHM rocks!
Sure. :)
ˆC
$

Knocking down the HACIENDA 31/35



Demo

$ ./server

Peer closed connection.
$ ./server
1234
GHM rocks!
Sure. :)
Peer closed connection.
$

$ netstat -tulpn | grep 4242
tcp 0 0.0.0.0:4242 0.0.0.0:*
LISTEN 2578/server
$

ncat localhost 4242
NCat: Connection refused
$ ./client
hello world
Peer closed connection.
$ ./client
1234
GHM rocks!
Sure. :)
ˆC
$

Knocking down the HACIENDA 31/35



Demo

$ ./server

Peer closed connection.
$ ./server
1234
GHM rocks!
Sure. :)
Peer closed connection.
$

$ netstat -tulpn | grep 4242
tcp 0 0.0.0.0:4242 0.0.0.0:*
LISTEN 2578/server
$ ncat localhost 4242
NCat: Connection refused
$

./client
hello world
Peer closed connection.
$ ./client
1234
GHM rocks!
Sure. :)
ˆC
$

Knocking down the HACIENDA 31/35



Demo

$ ./server

Peer closed connection.
$ ./server
1234
GHM rocks!
Sure. :)
Peer closed connection.
$

$ netstat -tulpn | grep 4242
tcp 0 0.0.0.0:4242 0.0.0.0:*
LISTEN 2578/server
$ ncat localhost 4242
NCat: Connection refused
$ ./client

hello world
Peer closed connection.
$ ./client
1234
GHM rocks!
Sure. :)
ˆC
$

Knocking down the HACIENDA 31/35



Demo

$ ./server

Peer closed connection.
$ ./server
1234
GHM rocks!
Sure. :)
Peer closed connection.
$

$ netstat -tulpn | grep 4242
tcp 0 0.0.0.0:4242 0.0.0.0:*
LISTEN 2578/server
$ ncat localhost 4242
NCat: Connection refused
$ ./client
hello world

Peer closed connection.
$ ./client
1234
GHM rocks!
Sure. :)
ˆC
$

Knocking down the HACIENDA 31/35



Demo

$ ./server
Peer closed connection.
$

./server
1234
GHM rocks!
Sure. :)
Peer closed connection.
$

$ netstat -tulpn | grep 4242
tcp 0 0.0.0.0:4242 0.0.0.0:*
LISTEN 2578/server
$ ncat localhost 4242
NCat: Connection refused
$ ./client
hello world
Peer closed connection.
$

./client
1234
GHM rocks!
Sure. :)
ˆC
$

Knocking down the HACIENDA 31/35



Demo

$ ./server
Peer closed connection.
$ ./server

1234
GHM rocks!
Sure. :)
Peer closed connection.
$

$ netstat -tulpn | grep 4242
tcp 0 0.0.0.0:4242 0.0.0.0:*
LISTEN 2578/server
$ ncat localhost 4242
NCat: Connection refused
$ ./client
hello world
Peer closed connection.
$

./client
1234
GHM rocks!
Sure. :)
ˆC
$

Knocking down the HACIENDA 31/35



Demo

$ ./server
Peer closed connection.
$ ./server

1234
GHM rocks!
Sure. :)
Peer closed connection.
$

$ netstat -tulpn | grep 4242
tcp 0 0.0.0.0:4242 0.0.0.0:*
LISTEN 2578/server
$ ncat localhost 4242
NCat: Connection refused
$ ./client
hello world
Peer closed connection.
$ ./client

1234
GHM rocks!
Sure. :)
ˆC
$

Knocking down the HACIENDA 31/35



Demo

$ ./server
Peer closed connection.
$ ./server
1234

GHM rocks!
Sure. :)
Peer closed connection.
$

$ netstat -tulpn | grep 4242
tcp 0 0.0.0.0:4242 0.0.0.0:*
LISTEN 2578/server
$ ncat localhost 4242
NCat: Connection refused
$ ./client
hello world
Peer closed connection.
$ ./client
1234

GHM rocks!
Sure. :)
ˆC
$

Knocking down the HACIENDA 31/35



Demo

$ ./server
Peer closed connection.
$ ./server
1234
GHM rocks!

Sure. :)
Peer closed connection.
$

$ netstat -tulpn | grep 4242
tcp 0 0.0.0.0:4242 0.0.0.0:*
LISTEN 2578/server
$ ncat localhost 4242
NCat: Connection refused
$ ./client
hello world
Peer closed connection.
$ ./client
1234
GHM rocks!

Sure. :)
ˆC
$

Knocking down the HACIENDA 31/35



Demo

$ ./server
Peer closed connection.
$ ./server
1234
GHM rocks!
Sure. :)

Peer closed connection.
$

$ netstat -tulpn | grep 4242
tcp 0 0.0.0.0:4242 0.0.0.0:*
LISTEN 2578/server
$ ncat localhost 4242
NCat: Connection refused
$ ./client
hello world
Peer closed connection.
$ ./client
1234
GHM rocks!
Sure. :)

ˆC
$

Knocking down the HACIENDA 31/35



Demo

$ ./server
Peer closed connection.
$ ./server
1234
GHM rocks!
Sure. :)
Peer closed connection.
$

$ netstat -tulpn | grep 4242
tcp 0 0.0.0.0:4242 0.0.0.0:*
LISTEN 2578/server
$ ncat localhost 4242
NCat: Connection refused
$ ./client
hello world
Peer closed connection.
$ ./client
1234
GHM rocks!
Sure. :)
ˆC
$

Knocking down the HACIENDA 31/35



Limitations

I Distribution of the Pre-Shared Key
I ISN has only 32 bits
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More Information

Find more information at:

https://gnunet.org/knock

https://heise.de

http://datatracker.ietf.org/doc/
draft-kirsch-ietf-tcp-stealth/
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End

Questions?

Thank you for your attention!
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Algorithm

Require: Pd, IPd in network byte order ∧
len 6= 0 ∧ payload[0 : len] 6= 0 ∧ secret[0 : 63] 6= 0

Ensure: ISN in network byte order
if @ T then

T ⇐ 0
end if
I[0 : 15]⇐MD5(secret[0 : 64] ◦ payload[0 : len])
IH[0 : 1]⇐ I[0 : 1]⊕ I[2 : 3]⊕ I[4 : 5]⊕ I[6 : 7]⊕ I[8 : 9]⊕ I[10 : 11]⊕ I[12 : 13]⊕ I[14 : 15]
if network layer is IPv4 then

IV[0 : 3]⇐ IPd[0 : 3]
IV[4 : 15]⇐ 0

else
if network layer is IPv6 then

IV[0 : 15]⇐ IPd[0 : 15]
end if

end if
IV[4 : 5]⇐ IV[4 : 5]⊕ IH[0 : 1]
IV[8 : 11]⇐ IV[8 : 11]⊕ T
IV[12 : 13]⇐ IV[12 : 13]⊕ Pd
AV[0 : 15]⇐MD5Transform(IV[0 : 15], secret[0 : 63])
AV[0 : 3]⇐ AV[0 : 3]⊕AV[4 : 7]⊕AV[8 : 11]⊕AV[12 : 15]
return AV[0 : 1] ◦ IH[0 : 1]
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Changes to ISN and TSVal by middle boxes

TCP Port

Behavior 34343 80 443

Unchanged 126 (93%) 116 (82%) 128 (90%)
Mod. outbound 5 (4%) 5 (4%) 6 (4%)
Mod. inbound 0 (0%) 1 (1%) 1 (1%)
Mod. both 4 (3%) 13 (9%) 7 (5%)
Proxy (probably mod. both) 0 (0%) 7 (5%) 0 (0%)

Total 135 (100%) 142 (100%) 142 (100%)

Numbers by Honda et al. “Is it Still Possible to Extend TCP?”
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