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Figure 1. Zyklus eines PLCs
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Figure 2. Execution sequence of the worm
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S7-1200FHPOU TCON/E BETCPiEHz . X/ NPOURIII I VEAE B3I S8 31T HE4T T 1
No AERE—/MPHULE RS RSB TARS R % a8 . — HPOUREI A, PLCZ A

HATER, FHXWE LR D RAEN. 2 )5 R 2 P25 400 R ERIR ST
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SR IPHE A 3 T CVEIR B A S H RN T . 05 R EAE R IRE A a1 g 1
THECER R AT B T

1 IF "data".con_state = 10 THEN
2

3"TCON_DB"(REQ:="data".action,
41D:=1,

5 DONE=>"data".con_done,

6 BUSY=>"data".con_busy,



7 ERROR=>"data".con_error,

8 STATUS=>"data".con_status,

9 CONNECT:="data".con_param);

10

11 IF "data".con_done = True THEN
12 // connection open

13 "data".con_state := 20;

14 ELSE

15 // connection not open

16 "data".con_timeout := "data".con_timeout + 1;
17 // connection timeout?

18 IF "data".con_timeout > 200 THEN
19 "data".con_state :=0;

20 END_IF;

21 END_IF;

22

23 GOTO CYCLE_END;

24 END_IF;

Figure 3. Target Detection using SCL
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. (EEE131TH, IPHBLE 2B K, KT AT BI/24 1 WIPES 2 3E4T A #6482 FF

TR 102/tcpis I .
1 IF "data".con_state = 0 THEN
2
3"TDISCON_DB"(REQ:="data".action,
41D:=1,

5 DONE=>"data".con_done,

6 BUSY=>"data".con_busy,

7 ERROR=>"data".con_error,

8 STATUS=>"data".con_status);

9

10 IF "data".con_error = True OR

11 "data".con_done = True

12 THEN

13 "data".con_param.REM_STADDR[4] :=\
14 ("data".con_param.REM_STADDR[4] + 1) MOD 255;
15 "data".con_timeout := 0;

16 "data".con_state := 10;

17 END_IF;

18

19 GOTO CYCLE_END;



20 END_IF;

Figure 4. Target detection in SCL
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Figure 5. S7TCommPlus message structure
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Figure 7. Encoding of numbers
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03 00 00 89 02 £0 80 72 01 00 7a 32 00 00 04 ca +wuuunvn. r ..z2....
00 00 00 02 36 11 02 87 . 87 3d al 00 00 01 20 ....6... ".=....

82 1f 00 00 a3 81 69 00 15 00 a3 82 32 00 17 00 ...... i. ... 2.0,
00 01 3a 82 3b 00 04 82 00 82 3c 00 04 81 40 82 ..:.;... ..<...@.
3d 00 04 84 80 cO 40 82 3e 00 04 84 80 cO 40 82 =..... @. >..... Q.

3f 00 15 1b 31 3b 36 45 53 37 20 32 31 32 2d 31 ?...1;6E S7 212-1
42 45 33 31 2d 30 58 42 30 20 3b 56 33 2e 30 82 BE31-0XB 0 ;Vv3.0.
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a2z 00 00 00 00 72 01 00 0O

-, Attribute block

Figure 8. Anti replay mechanim
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Figure 9. Anti replay Mechanism
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Figure 11. Messages exchanged during infection
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Figure 12. Manual generation of the DB

6. JEENER

S—

4 A A I BURAD NN ZZ 47 F B bRPLCH A F R 7 Hh i . 54 OB AN AT 7 (1)
DBst A . Hir BRI AR HRAER, OBLWPLC H 3R I BT

[ —
Task 1 Task n Task 9999
Original Original Worm
OB1 oBn 0OBY9999

Figure 13. The worm is run as normal code
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7.4 BEHH
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& mapOut [FC4)
& setlight [FCS)
& nightMode [FB1)
& normalMode [FB2)
& ofiMode [FB4)
& prioMade [FB3)
¥ nightModeinstance [DB1]
 normalModeinstance [DB2)
9 ofModeinstance [DB4)
]
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» ' System blocks
J§ TCON_DB (DB130]
o8 TDISCON_DB [DB181]
a' TRCY_DB [DB132)
o9 TSEND_DB [DB133]
@ dota [DB128)
§ workmem [DB127]
@ static [DB129)
4 Malware |[OB3840)

»
» laij Extemal source files

Figure 14. TIA portal exposes the worm
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8.2.3. BrfeH
AT I B A% EOB9999 LT . BN X PMPOUMRFE w5 1, I st A
PLC - HEMIBR T

8.3. BiF
8.3.1. fE¥A T H]

B b B2 ] 5 1Y), BRI i) B [ A2 505 RD o 5 H— 5 A i i 3 A B
FEBAT R B IS 0N FRAT T & (R PLCAG A IS [B] 2 OFcRb o ZEFRATT UGG HURR L [
S7)5, FHE VSRR KEAN TR (ms), XZ2MEA ER4.7%.

8.3.2. {72

i B 7 2238.5K B RAMR A7 fitg i ACAD AN . HFh9.0KB (23.3%) &%
EINREARID ., bAh, IR FEHE216.6KBIIFLASH, #k1YdER T A E RSP T
7880 H 25

Model RAM Flash
S7-1211  50KB (77%) IMB (21%)
S7-1212  75KB (51%) IMB (21%)
S7-1214 100KB (38%) 4MB (5%)
S7-1215 125KB (30%) 4MB (5%)
S7-1217 150KB (25%) 4MB (5%)

Table 1. Memory footprint
9. fRIFHLE]
PLC S7-1200v34& 4 =Fh{R4F Bl . AT 2AR 73 Hr I L] 0 5 X e L ) 2 15

BERE LR TP LC A IS U e . XN Ml i 2 3E T TIA portal V11 SP2 Update 5 14
firmware 3.0.2£1S7-1200

9.1 EHEHE ARG (Knowhow Protection)

BH R BARGRS FHP R AR ] F S T PLZE R AR5 iR ATPOU
B



LA RIS R PEB LSEILN, ZHAERE 7 5 1 I RS A BIPLCH . £

159 IR T &, FlagRmiZ B AR A H . password hash #2& 38 T 265 P 4 A in A 3
FEAE

H = sha-1(encode_utf-16le(P))

B 9SISC oo [ oo oo DBNN77 BENGE oo [ DONOY PE
.lO..EBFQ?FBA 91 04 D1 EA 50 47 94 8E y
6D FB 67 FA CD 9F 5B 73 00

, passwort hash ,

Figure 15. Attribute block: knowhow protection

TIALG FERBOZ @M. Wi flaghi it E 7, TIA portal 78 Z A0 AN IEf 1% L 2%
IR S A SR P B, 250 2 i i hashidk 4T EL X

AT EERACHD BT 1A, PLC_EXMLAJEARAS 2 8 i AES128-CBC N ). KI16/@ 7~
TN EACES

<NetworkContainer>
<Network Lang="SCL" ProgrammingContext="Plain"
Mnemonic="International™ RefID="1">
<EncryptedData Type="http://www.w3.0rg/2001/04/xmlenc#Element"
xmlns="http://www.w3.0rg/2001/04/xmlenc#">
<EncryptionMethod
Algorithm="http://www.w3.0rg/2001/04/xmlenc#aesl28-cbc" />
<CipherData>
<CipherValue>
AQIDAQIDAQIDAQIDAQIDAS/achA/s+L3CoQYaeAQMOg ...
</CiphervValue>
ipherData>
</EncryptedData>

Figure 16. Encrypted source code
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SEREPEIRY B
BB RIPBORIIFAE T, BOE2H ATREPL IUNME . IR RFIERAETIA
portal H LU, MIANEAEPLCHE . MBS THRAPLCHIATIRAIELS & W] LUK,

PLCH G 4uxt AR . HEAENS B E B L R AR flag, LLE T A LLELTIA
portal >k S I 58 415 )

AES-keyR] BEHATAE

AESHNI#keyr] K 4T password hash. password hash ] LU FH 5 A k5 HL
Key &K H T 2k E 5201

K = truncatel28Bit (H) XOR M
with M :

M = 0x28,0x6f,0x76,0x5¢c,0x6e, 0x3b,0xle, Ox4dc,
Oxd0O, 0x8e,0x42,0x31,0x43,0x7b, 0x8e, O0xbf

Fixed by the vendor in SSA-833048".

9.1.2. T R A Bt R4 T e
AR PEANBENE Bl 10 Bl

9.2. %% AR

B ¥ DLORI S5 L4 H P RE PP 9% DLEI A3 41— ANPLCH . AARPLCHIFP 31 5 247 £ T H
FRERFH, DAEBTIATIA Portals I P FE 7 & fay B HAMPLCH o 7 515 e fifi A7 A2 LAl
SR R PR



921 BELHIHT R

SEREVECRAP R IR (116 I 75 FE SSA-833048 1 L2 2 52) HR 1 2 J& L LK) e BV R S AT AT
Ry A PSS ] e e 2Bk . PLCASIFA R A AT, AR

PR SR AETIA portal S o
9.2.2. ¥ I R AT Bl $5 TUARS Bl

iz (B#5 DURFE ) Rt AN BERT 1E 1246 L B

9.3. V7 I 73

Vi 1) OR7 AT LAR 1k FH S7CommPlus P SCE A SEBL TS # A% 15 [MIPLC . HAT =Fh R34

A, FAR25N T AF L]

Function None
Start/Stop CPU yes
Write Program yes
Read Program yes
Manipulate memory/output yes
Read identification yes
Setting [P address yes
Setting date yes
Factory reset yes

Write

no
no
yes
yes
yes
yes
no
no

Read/Write
no

no

no

yes

yes

yes

no

no

Table 2. Access based on the protection level

1 B 28 53] 1 B6IE SR FH 9 & challenge i S AL 8.

9.3.1. ANIG H i £ BE 2o A il ORGP LB

s A R B A] LLORGPLC S 32 il FR K Bk o 5 OR3P RT AR IEAR AT N 4 PLCH
HIAHS . 48 F challenge i ML R 468 58 i i e 224 ) o a0 SR AN FIIE Z D, 84

BUICIRIEAEPLC . (EZAEBRINTE DL U ] R4 H /& <



10. 458

FER R SCE R AT IR 1 PLCHE RS BL Al AT M. i AR 1 LAl iy — b
LB o XA R I 28 A AT U e BLAR AR S 1t 52 B Oy i e A S2 b ety ol 51
PLCHfi B, PLC/ON 1 B, miANAREd Hbr. SZIEGeMPLCH fgilid Tim 4 1F
RO BCE AR R P B AL AR T R G iR R 58l PIE L
FEM 2% A ERBEAT Y G AT AT AT IR 55 25 . PRI E AN SRR BR80T
TR AP T A 1 th A IR D FRIRBIPLC L A A
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