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Overview of Project Design
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Message Extracted from Mining Pool

£¥ mzhe@LAPTOP-9BTSCMB8): /mnt/c/Users/17589/Desktop/Columbia U/E4840/Miner/stratum-main/examples/sv1-mining-device

pub(crate) fn new target(amut self, target: Uint256) {

Extranonce1 ing: “svi-mining-device' (bin "svl-mining-device") generated 3 warnings
F hed dev [unoptimized + debuginfo] target(s) in 9.78s
Running ° /mnt/c/Users/17589/Desktop/Columbia U/E4846/Miner/stratun-main/target/debug/svl-mining-device

Extranoncez Slze - Send: {"id":1683745133, "method":"minine.confieure" "params":[[1 {}1}

CLIENT 86 - Received: {"id":1683745133,"result":{},"error":null}
- Send: {"id":1683745133,"method": "mining.subscribe”,"params":["80","08000002" ]}

CLIENT 86 - Received: {"id":1683745133,"result”:[[["mining.set_difficulty”,"1"],["mining.notify","1"]],"116508031e2c@5",8], error" :null}
- Send: {"id":1683745133,"method": "mining.authorize","params":["Mzzz","Mo183616"]}

CLIENT 86 - Received: {"id":null,"method":“mining.set_difficulty","params”:[8192]}
CLIENT 86 - Received: {"id":null ”method":"mlnlng notify","params”:["1e21fb6783", "e4062074810e3e2b01d9c2d44F17294c7a699F170003d5 , el
FFSFFFFFAD 389414b96b15150b9bdc 7929531 cae3268a424782a18908Fe6672a586011d00100000000000000" , "8367Fb21122736c 7573682 1debds. 197629
147c154ed1dc59609e3d26abb2df2e; 3d537cdScd1883c00000688990890002c654c2952534b424c4f434b3333bef601a9783b89131587aa c 1d4c9483e2 9013210050b4. 66a24aa2la%edelaed504a84e
|d 55d16c1d76010844b2fe4cd457844¢ 19ea84a05b06ea7d83643c00000000" , [ "32b8ebd18d5cdf855286885F172b2340d4eda9bd2163b61F6712886eaf9ad37a" , "21171d3851d73c65ae6c8682b0F c6dbB82adc30F799Febee29efb2addfel4186

6", " facfocf895afd374825cc2f}32677b2a1400706ec5Ffobdabdfe76dad1da742a" , " fddf25a9babl3a75e5F8994b5Fcb7f46235d4885352ba1cBe1f941e4a5876679" , "68165c022cf2aa59e39fadcaf1fI14f4f07884c5e@efab57aedd2bo
Fof81805", "5a77441dbcc8242351d24986e8aeeb9d0cIe36e23c2c772f1F1d68acdefab753" , "1156c426F6cde59e64a832f9572ce6c99959acebf7719a8955FF8416f4193b3b" , "cf7d8abf7039F381d7F27ac8d514330783609711e912fa892
dd872f6da68d732"  "922s204ce2bf8106f0e2ebeSeeacd6adfof6ldesecdlbe f4be", "baSb3f@34caaaad53dec0049d8fade7d8O25eca7F17568e63FIde7cb865c802a", "cc2adle7ddd63¢5471645071234dd62a74234e9Fda

methOdS 4fddf8ba7000d2561da2c5", "ffcce227fbadB8agf8338c6e 1b d8028c3dc8db6dc63”, "8f08bI3F8192160d1cadc767F32c30F3FFaf3ac72938d0713d5b156b34aec952" ], “20000004"
uel}

CLIENT 80 - Received: {"id":1683745133,"result”:true,"error”:null}
pa rams CLIENT 80 - Received: {"id":null,"method":"mining.notify","params":["1e21fffb47","e4062074810e3e2b01d9c2d4417e94c7a699F170003d5 , el 1
f 4389414b90b15150b9bdc79a9531 cae3268a424782a18908fe6a67ea586011d00100000000000000" , "47 fbff211e2f736c7573682F bSacf2
. 147c154ed1dc59609e3d26abb2df2ea3d587cd8c4188ac00000000000000002C6a4c2952534b424c4F434b3a5FFa56fFd0e833539378606094d33d16b8551b76c94832ea89013230050b4250000000000000000266a24aa21a%ed1a73b9f16cb2
Ob |d 9c70578c f466e35a46dd99c8cb76aa547bad3cad38c87£d0572300000000" , [ "32b8ebd18d5cdf855286885F172b2340d4edd9bd2163b616712886eaf9ad37a", "21171d3851d73c65ae6c8682b0F c6db82adc30f799febee29efb2addfe14186
6", " facfocf895afd374825cc2fb92677b2a1400706ec5FOblabdfe76dadlda742a" , " fddf25a0babl3a75e5F8994b5Fcb746235d4885352ba1cBe1f941e4a5876679" , "adfcd1c61483278e391d84a6d39FF774de9535FF88e9Fd9288974888
7€926139", "fb3780fa0d32aflee393615cfd932dbf1082d815d65e4172f8a5e5b3c6F44907" , "0d4cabd2e8458a8574120076a7e0341bIcbea2lc0176854cad0126d172e7787", "429fb3c09F3186342e97dc1ac6d1027bd93cedac fbo992aec
7fcadac58ce4051" , "94745054felae5d6abSe7 c8f853a91b42022dbF2c3fdc40896491844a33df3ch" , "Sdfacbaba7212a22fe60c £120eb0d6ad3cf8621aa6cd1fI9ae58ee9fFfdd9275a" , "2d6afdad486bd7boF8OF43d23c34e0fbde6alclT7e
dfbddcb3af2d553ba726ca”, "6e6666dF05fecb@384dc289b92c795981deffd12d928c6a3blad278d27c4788b" , “2ce9e@bSba7 f85be9c104a4200d79be3e0d6673ab72fc27172919dc059add394" ], " 20000004 ", "1705dd01 ", "645be978" , fa
. 1se]}
COlnbase CLIENT 80 - Received: {"id":null,"method":"mining.set_difficulty","params":[1638]}
CLIENT 80 - Received: {"id":null,"method”:"mining.notify","params":["le22048fed","e4062074810e3e2b01d9c2dd417e94c7a699F170003d5 ,"el 1
. fabe6d6d4389414b90b15150b9bdc 7929531 cae3268a424782a18908Fe6a672a586011d00100000000000000" , "ed8F042212736c 7573682 76c6d2c 197629
TransaCthn Part 1 147c154ed1dcsesasezdzaabbzdnea3dss7cd8c4188aceaeaaeeeeaeaeaeeusa4c2952534b424c4f434b3adfadb12f5395absz:15bs€ba5saaeabcszda5b1c94s3e2easee1321605ebazseeeaeeeeeeeaaeea2ssa24aa21a9eda915aecf4793
52a59b84565dfb96F26a01ad5d466b95c554f , ["32b8ebd18d5cdf855286885F172b2340d4ed@9bd2163b61F6712886eaf9ad37a" , "21171d3851d73c65ae6c8682b0Fc6dbB82adc30F799febee29efb2addfel4186
. "FacfocF895afd374F825cc2Fb92677b2a1400706ec5Fobdabd e76dad1da7a2a" , " 1acebl6c7376edbabF8A3CF755c6e55aF501a5b3d744e073468d5CFc6db7b8F3" , “335b09debcoded3a6F1bb2bada20aFc522dabg5515051 cBFd5d3218
COl n base cecf6e65", "9c3763736bb3c4251215d1bbd6ef29f fblafcd2d9db99976e33cef847dbeddbd" , "7a80fobad101dad72ce5313366e43699569b067cad673e65e3a6c218F2e317b5", "eelbfdf67f5849044b93cd86cIblc63abdb33f8693a748246
e9f671709c6165", "ad3754a24bfd08bA1e7a306e467de8222757c2a976c68c1c8c1c8e51a72a4043" , "ebe5ca59966b816d4d3c2f2c0d77e20d27fde713£5358dcc80e39abe27ae3ce", "838a764ea8fd91aF2dc6£3d1073d6aadedb5eb3981
. 2 6a9c1f0ef7401d01cae076", "bdea2f28d5d349a4706b311939dd59ee1205ce233felc95e2e343bbcIbeae519", "bal97a3eed787F97000daebbbo34203a566cd2db6989F8586400b15cb2f8d7bb" ], 20000004 " , "1705ddO1" , "645be996™ , tr
ue]}
TranSaCtlon Part [CLIENT 80 - Received: {"id":null,"method”:"mining.set d1ff1:u1ty" ”params":[slz]}
CLIENT 80 - Received: {"id":null,"method”:"mining.notify","params":["1e22092418","e4062074810e3e2b01d9c2d4417e94c7a699F170003d5 , el
FFf fabe6d6d4389414b90b15150b9bdc 7929531 cae3268a42478aa18908Fe6a67a586011400100000000000000" , "18240922122F736¢7573682F 770aa2c 197629
147c154ed1dc59609e3d26abb2df2ea3d587cd8c4188ac000000000RO000002c6a4c2952534ba24cAf434b3a2e946e9aa293558332ef23dab2abebf13e27cF15c9483e20a89013240050b42 66a24aa21a9eddabbfaa68ddl
1e0dc80d837875aea56b54b24c29002ec8b58214a220104bc59700000000" , [ “32b8ebd18d5cdf855286885172b2340d4edo9bd2163b61F6712886eaf9ad37a", "21171d3851d73c65ae6c8682b0Fc6db82a9c30F799febee29efb2addfe14186
6", " facfocfB95afd374825¢cc2fb92677b2a1400706ec5Obdabdfe76dadlda742a", "1ac6bl6c7376edbab843cF755c6e55af501a5b3d744e073468d5cFc6db7b8F3", "acdB28eedsffe3b95049ef6leebSe58541a22ec0754d03841cd746e3
7752632e", "425bd874e39c8fddbdod38506520d2a0d10aa86c62albff53e7aec509e33e70e ", "eed96ae2121a5cde@94dFF596F6ef3el7e06e48015598973cafdedd2bsc78e3" , "e8b85d06d50abdaa320580ddab776c718f578e48241416d66
dbao1d91eabacdb”, "5a841f5caf6eflledd667e91d92d7ade536749b751d63d16778e6fb57211ec65" , "bc6b3753F242a3d7ab603976bb03547957125c53215c0b5bf3e34eease7cfadc ", "e3e193127d10846a61735a8064bF062d51F184e9ch
701c£54d89dd663b19dbfa" , "39b49bbacb8a8dd55F395d25e5eae736cdfefI21af10c8f7F8755e9f93d743a7" , "e40ec683548289d36119a85a12699babe782d69b446bbee fb218blc28aea3ca" ], "20000004" , "1705ddO1" , "645be9ba” , tr
ue]}




Overview of SHA-256 Process
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Compression

Message Digest
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Message Scheduler

if(cnt_0 < 16){
mem_mJ[cnt_0] reads from input data
}
else if(cnt_0 < 64){
mem_m[cnt_0] = sig1(mem_m[cnt_0-2])+mem_m][cnt_0-7]+sig0(mem_m[cnt_0-5])+mem_m[cnt_0-16]

}

Combined SHA256 MOdUIQ Message Digest

After 65 cycles
» Hash Value

\ 4

data_in ————» Message

Scheduler Comprssion

Counteris cnt_0 Counteris cnt_2

........................................................



Hardware Finite State Machine

. start=0
loading =0

always_comb begin

state_next = state;

case(state)
st_idle: state_next = loading? st_load:state;

start=1

hash_ack=1

st_load: state_next = start? st_exe:state;

st_exe: state_next = done? st_send:state;

st_send: state_next = hash_ack? st_idle:state;

endcase

end

hash_ack=10 done =0



Hardware Finite State Machine

always_ff @ (posedge clk)

if (reset)

data_out <= 0;

else

if(state == st_send

case(address)

0:
: data_out
: data_out
: data_out
: data_out
: data_out
: data_out

7: data_out <=

(- JNY B VU U

endcase

else

data_out <= 32'hefeffefo;

data_out

always_ff @ (posedge clk) begin

if (reset) buffer <= 0;

else

if(loading)
case(address)
0: buffer[31:0] <= writedata;
1: buffer[63:32] <= writedata;

: buffer[95:64] <= writedata;
: buffer[127:96] <= writedata;
: buffer[159:128] <= writedata;
: buffer[191:160] <= writedata;
: buffer[223:192] <= writedata;
: buffer[255:224] <= writedata;
: buffer[287:256] <= writedata;
: buffer[319:288] <= writedata;
: buffer[351:320] <= writedata;
: buffer[383:352] <= writedata;
: buffer[415:384] <= writedata;
: buffer[447:416] <= writedata;
: buffer[479:448] <= writedata;

15: buffer[511:480] <= writedata;
endcase

W W NV AW N

e
B W N RO

hashvalue[127:96];
hashvalue[159:128];
hashvalue[191:160];
hashvalue[223:192];
hashvalue[255:224];
17: data_out <= 32'h11111111;

default: data_out <= 2

/***¥* Module ports map ****/

sha256_module sha256_module_0(
.clk(clk),
.reset(acc_reset),
.start(start),
.data_in(buffer),
.data_out(hashvalue),
.done(done)

)5
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Overview of Project Design
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Hardware Timing Diagram

acclclk mmwmmw
acciwrite [ J/ \ i

acc/read // // / // \
acc/address 7 ox0Xox1X ..J| XoxEXoxFY =~ A 4 % e e e X0x6X0x7X 7
acclwritedata 7/ 63 ) ..J @ 255 ¥ 0 7
accidataout 7777777777777/ 077777 || _X191X228X256 %7777
acc/state  idle ) Jii load /| send XE

acc/memory X X // X:X X //
sha256/cnt0 /l o Jii
sha256/cnt1 /o /i
sha256/done // //




Hardware Pipeline

Clock 0 1 2 3 4 5 6 7 8 9 10 11
1 e 1 1 1 1 1 1 1 1 1 1 1
1 [acco writeU} 1 !Lacco exe} 1 [acco writeL] 1 [acco exe] 1 {acco read] 1
1 1 1 1 1 i |
1 1 1 1 1 \ 1 1 1 1 1 1 1
1 1 1 1 1 [} 1 1 1 1 1 1 1
1 accl writeU| ; jacc1 exe 1 accl writeL 1 accl exe r accliread Fp---"""" "7 [ il U
1 \
: : : : : : BRREE =>[ acc2 write] : {acc1 exe] : [acc2 read} 1‘[ acc2 write] : [51001 exe} : [acc2 read] :
1 1

Speedup: Approximately 25%



HW vs SW

85% Speedup

tputl.
utputl.




sha256_transform:
@ args = 0, pretend = 0, frame = 320
@ frame_needed = 1, uses_anonymous_args = @
push {r7, 1r}
S sp, sp, #320
sp, #0
r3, r7, #4
[r3]
r7
[r3]
s,
i3,
[r3]
[r7, #316]
r7, #44
r2, #0o
[r3]
r7, #48
r2, #0
[r3]

r7
r7, #48
[r2]
[r31]
B, r2
B, [ES] @ zero_extendqisi2
53
add r3, r7, #48
ldr r3, [r3]
adds r3, r3, #1
mov r2, r7
dr r2, [r2]
add r3, r2
ldrb [r3] @ zero_extendqisi2
1sls r3, #8
(o) ol o 745 63
add r3, #48
1dr @8, [E]
adds B, 8, #2
mov rl, r7
ldr r1, [ri]
add r3, r3, rl




Multi-Device Project

Project goal: 3 independent sha256 devices all managed by a
single driver.



Connections Name Description Export Clock Base End IRQ
B ck 0 Clock Source
O clk_in Clock Input clk exported
O clk_in_reset Reset Input reset
< clk Clock Output clk_O
clk_reset Reset Output
B0 hps_0 Arria V/Cyclone V Hard Proce...
h2f userl _clock |Clock Output hps_0_h2...
< memory Conduit hps_ddr3
<A hps_io Conduit hps
h2f reset Reset Output
h2f _axi_clock Clock Input clk_0
h2f_axi_master AX| Master [h2f_axi_...
f2h_axi_clock Clock Input clk 0
f2h_axi_slave AX| Slave [f2h_axi_...
? h2f Iw_axi_clock |Clock Input clk_0
— h2f_lw_axi_master |AXI Master [h2f_lw_a...
f2h_irq0 Interrupt Receiver IRQ O IRQ 31
f2h_irgl Interrupt Receiver IRQ O IRQ 31
B vga_ball 0 VGA Ball
clock Clock Input clk 0
> reset Reset Input [clock]
| oo— avalon_slave 0 Avalon Memory Mapped Slave [clock] 0x0000_0000 0x0000_007f
B vga_ball 1 VGA Ball
clock Clock Input clk_0
> reset Reset Input [clock]
| oo— avalon_slave_0 Avalon Memory Mapped Slave [clock] 0x0000_0100 0x0000_017f
B vga_ball 2 'VGA Ball
> clock Clock Input ck_0
reset Reset Input [clock]
~— avalon_slave_0 Avalon Memory Mapped Slave [clock] 0x0000_0200 0x0000_027f




module vga_ball(input logic ¢ LK;
input logic reset,
input logic [31:0] writedata,
output logic [31:0] readdata,

input logic write,
input logic read,
input chipselect,

input logic [4:0] address);



Multi-Device Project

Registers:
All the interface registers are 4-bytes wide.

address [0-15]: write-only, for the software to send the 64 byte input to the
hardware.

address [0-7]: read-only, for the software to read the 32 byte hash.
address [15]: read-only, 1 when the hash is ready to be read from address [0-7].

address [31]: write-only, for the software to send a reset signal.



/* ioctls and their arguments *x/

#define WRITE_INPUT_O _IOW(SHA256_MAGIC, 1, sha256_arg x)
#define WRITE_INPUT_1 _IOW(SHA256_MAGIC, 4, sha256_arg x)
#define WRITE_INPUT_2 _IOW(SHA256_MAGIC, 7, sha256_arg x)

#define READ_DONE_@® _IOW(SHA256_MAGIC, 2, sha256_arg *)
#define READ_DONE_1 _IOW(SHA256_MAGIC, 5, sha256_arg *)
#define READ_DONE_2 _IOW(SHA256_MAGIC, 8, sha256_arg *)

#define READ_HASH_©® _IOW(SHA256_MAGIC, 3, sha256_arg )
#define READ_HASH_1 _TIOW(SHA256_MAGIC, 6, sha256_arg x)
#define READ_ HASH_2 _IOW(SHA256_MAGIC, 9, sha256_arg x)

#define RESET_0 _IOW(SHA256_MAGIC, 10, sha256_arg )
#define RESET_1 _IOW(SHA256_MAGIC, 11, sha256_arg x*)
#define RESET_2 _IOW(SHA256_MAGIC, 12, sha256_arg x*)

#endif



/*
* Information about our device
*/
struct sha256_dev {
struct resource res; /* Resource: our registers x/
void __iomem kvirtbase; /* Where registers can be accessed in memory */
} dev([3];



static int __init sha256_probe(struct platform_device xpdev)
{
int ret;
char xdriver_names[] = {
DRIVER_NAME_0,
DRIVER_NAME_1,
DRIVER_NAME_2,
};

/* Register ourselves as a misc device: creates /dev/sha256 *x/
ret = misc_register(&sha256_misc_device[init_device_count]);

/* Get the address of our registers from the device tree %/
ret = of_address_to_resource(pdev->dev.of_node, 0, &dev[init_device_count].res);
if (ret) {

ret = —ENOENT;

goto out_deregister;

/* Make sure we can use these registers x/
if (request_mem_region(dev[init_device_count].res.start, resource_size(&dev[init_device_count]l.res),
driver_names[init_device_count]) == NULL) {
ret = -EBUSY;
goto out_deregister;



-

write_input(raw_fd, input, index);

let mut done: c_uint = 0;
loop {
read_done(raw_fd, &mut done, index);
if done == 1 {
break;

pointer += 64;

let mut hash: sha256_hash = sha256_hash::default();
read_hash(raw_fd, &mut hash, index);



Multi-Device Testbench

Steps of the test:

Get a random block header from mempool.space.

Calculate its hash using the reference rust-bitcoin library.

Calculate the same hash using the three hardware devices.

Calculate the same hash using our own software implementation of SHA256.
Check all three of the hardware output against the golden output.

-



// GET HEADER BYTES
let header_bytes = get_block_header(height)?;

// GET GOLDEN HASH

let mut cursor = Cursor::new(header_bytes);

let header = Header::consensus_decode(&mut cursor)?;
let start = Instant::now();

let gold_hash = header.block_hash().to_raw_hash();
let end = Instant::now();

let duration = end - start;

*gold_time = *gold_time + duration;



start = Instant::now();

// The i parameter here sets which device to use

hash = sha256_hw::get_hash(&sha256_hw: :get_hash(&header_bytes, i), 1i);
end = Instant::now();

duration = end - start;

xhw_time = xhw_time + duration;



start = Instant::now();

hash = sha256_sw::get_hash(&sha256_sw::get_hash(&header_bytes));
end = Instant::now();

duration = end - start;

ksw_time = xsw_time + duration;



//CHECK
if gold_hash.as_byte_array() == hash.as_slice() {
printl{("PASS ™);
println!("{:?}", duration);
} else {
println!("FAIL ");
printlnl("{:?}", duration);



Multi-Device Testbench Result

390397

0d3e24c943a9683d8c1353e21f62fa810293d166948c38000000000000000000
0d3e24c943a9683d8c1353e21f621a81T0293d166948c38000000000000000000
0d3e24c943a9683d8c1353e21f621a810293d166948c38000000000000000000
0d3e24c943a9683d8c1353e21f621a810293d166948c38000000000000000000
0d3e24c943a9683d8c1353e21f62fa810293d166948c38000000000000000000

gold time: 25.754pus
hw time : 87.114ps
sw time : 16.528us

Average time calculated based on 25 tests

26.85us
114.73pus
74.571ps
73.02us
16.48us




THANK YOU VERY MUCH FOR LISTENNNINNNGGG!!



