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Outline

* Advanced DSA Programming
* Warm up: Support for data-dependent control/memory
 Exercise 3: Sparse vector-vector dot-product (Hands-on-exercise)
* Full SpMSpV with Multi-core implementation
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Dot Product Implementation with Existing

// vanilla C code
while (i < an & j < bn):
if (indA[i] == indB[j]):
matchInd[++iout] = indA
++1i; ++]
elif (indA < indB):
++1
else:

++7
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indA [nextldxA] indB [nextldxB]
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-eatures

// vanilla C code
while (i < an & j < bn):
if (indA[i] == indB[j]):
matchInd[++iout] = indA
++1i; ++]
elif (indA < indB):
++1
else:

++7

Dot Product Implementation with Existing

indA [nextldxA] indB [nextldxB]

] I
nextldxA nextldxB
<
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// vanilla C code
while (i < an && j <

bn):

if (indA[i] == indB[j]):

matchInd[++iout]
++1i; ++]

elif (indA < indB):
++1

else:

++7

= 1ndA

indA [nextldxA]

Dot Product Implementation with Existing

I

nextldxA

indB [nextldxB]

I

nextldxB




-eatures

// vanilla C code
while (i < an && j <

bn):

if (indA[i] == indB[j]):

matchInd[++iout]
++1i; ++]

elif (indA < indB):
++1

else:

++7

= 1ndA

indA [nextldxA]

I

nextldxA

Dot Product Implementation with Existing

indB [nextIdeB]

nextldxB

matchedind[0:N]
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// vanilla C code
while (i < an & j < bn):
if (indA[i] == indB[j]):
matchInd[++iout] = indA
++1i; ++]
elif (indA < indB):
++1
else:

++7

indA [nextldxA]

I

nextldxA

= —

Product Implementation with Existing

1. Indirect memory access

indB [nextIdeB]

nextldxB

matchedind[0:N]
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Dot
~eatures

// vanilla C code

while (i < an & j < bn):

if (indA[i] == indB[j]):
matchInd[++iout] = indA
++1i; ++]

elif (indA < indB):
++1

else:
++7

indA [nextldxA]

I

nextldxA

= —

Product Implementation with Existing

1. Indirect memory access

indB [nextIdeB]
nextldxB




Feature 1: Data-dependent memory access

e Semantics: a[b[1]] b[0:4] |2 |7 |3 |4

VA S

200 | a[1] [al2] [ai31 [ al4] [ al5] [ai6] | al7]




Feature 1: Data-dependent memory access

* Semantics: a[b[i]] b[0:4] |2 |7 |3 |4

VA e

200 | a[1] [al2] [ai31 [ al4] [ al5] [ai6] | al7]

Stream-dataflow intrinsic

SS_INDIRECT(ind port, addr, num_elem, input port);

for data in ind port:
calc _addr = addr + data
send data to input port

22



Feature 2: Data-dependent length

SS_RECV(port, mem_addr)

Acts as a barrier until a value from a
Port A mem@ port is written to a memory location




Feature 2: Data-dependent length

SS_RECV(port, mem_addr)

Acts as a barrier until a value from a
Port A mem@ port is written to a memory location

Resets all pending read requests and

SS_RESET() active streams except live data



Dot product Impl. Using Indirect Access (manual/
04 bad join with N=4096, DENSITY=0.1)



Dot product Impl. Using Indirect Access (manual/
04 bad join with N=4096, DENSITY=0.1)

Simulator Time: 0.05903 sec

Cycles: 1798

Number of coalesced SPU requests: O
Control Core Insts Issued: 37

Control Core Discarded Insts Issued: 17
Control Core Discarded Inst Stalls: 0.4595
Control Core Config Stalls: 0.07731
Control Core Wait Stalls:

ACCEL O STATS ***

Commands Issued: 5

CGRA Instances: 868 -- Activity Ratio: 0.2286, DFGs / Cycle: 0.4828

ForlbacI2<c1glr3, Average thoughput of all ports (overall): 0.1207, CGRA outputs/cgra busy
cycles: 2.

CGRA Insts / Computation Instance: 4.368

CGRA Insts / Cycle: 2.108 (overall activity factor)

Mapped DFG utilization: 0.1917




Dot product Impl. Using Indirect Access (manual/
04 bad join with N=4096, DENSITY=0.1)

Simulator Time: 0.05903 sec
Cycles: 1798

Number of coalesced SPU requests: 0 * Low activity ratio
Control Core Insts Issued: 37 3
Control Core Discarded Insts Issued: 17 Why :

Control Core Discarded Inst Stalls: 0.4595
Control Core Config Stalls: 0.07731
Control Core Wait Stalls:

ACCEL O STATS ***

Commands Issued: 5

CGRA Instances: 868 -- Activity Ratio: 0.2286, DFGs / Cycle: 0.4828

ForlbacI2<c1glr3, Average thoughput of all ports (overall): 0.1207, CGRA outputs/cgra busy
cycles: 2.

CGRA Insts / Computation Instance: 4.368

CGRA Insts / Cycle: 2.108 (overall activity factor)

Mapped DFG utilization: 0.1917




Cyclic Dependence Loop Limits the
Throughput However Unnecessary

in%A[nexﬂdxA] indB[nexﬂ%yB]

nextldxA nextldxB

|

Recv (out) matchedInd[0:N]

| Reset




Cyclic Dependence Loop Limits the
Throughput However Unnecessary

in%A[nexﬂdxA] indB[nexﬂ%yB]

nextldxA nextldxB

|

Cyclic dependence loop.
Low throughput!!

RS

Recv (out) matchedInd[0:N]

| Reset




Cyclic Dependence Loop Limits the
Throughput However Unnecessary

indA [nextldxA] indB [nextldxB] indA [0:an] indB [0:bn]

I I
n%dexB

nextldxA
Cyclic dependence loop.
Low throughput!!

RS

Recv (out) matchedInd[0:N]

| Reset




Cyclic Dependence Loop Limits the
Throughput However Unnecessary

indTA [nextldxA] indB [nextIdeB] indA [0:an] indB [0:bn]
nextidxA néxtlde Reuse.; TS ~ -~ Reuse?

|

Cyclic dependence loop.
Low throughput!!

RS

Recv (out) matchedInd[0:N]

| Reset




Cyclic Dependence Loop Limits the
Throughput However Unnecessary

in%A[nexﬂdxA] indB [nextldxB]

nextldxA

nextldxB
T

Cyclic dependence loop.
Low throughput!!

RS

Recv (out) matchedInd[0:N]

Reset
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Cyclic Dependence Loop Limits the
Throughput However Unnecessary

indA [nextldxA]

I

nextldxA

Low throughput!!

o~

Recv (out)

matchedInd[0:N]

Reset

___________ q

indB [nextIdeB] T indf“[O:an] indB [0:bn] |
nextldxB l > T -~ Reuse? [

: | |

J

Cyclic dependence loop. 4

matchedind[0:N]
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Cyclic Dependence Loop Limits the
Throughput However Unnecessary

indA [nextldxA]

I

nextldxA

nextldxB
T

Low throughput!!

o~

Recv (out)

matchedInd[0:N]

Reset

Cyclic dependence loop. 4 ,

~ o
—
~ o
_—

Recv (out)

matchedind[0:N]

Reset
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Feature 3: Data-dependent control in a PE

Controller .
‘ CGRA Processing Element
Mem.
Memory Controller l l

\ xnn F\ XN e

Register ™1 Function
Flle Unit

v

CI_T »f (inst_out, control in) -
) reusel,reuse2, discard,reset
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Feature 3: Data-dependent control in a PE

Controller
‘ CGRA Processing Element
Mem.
Memory Controller l l I?l l l l

\ xnn F\ XA -\ xnw

Register ™1 Function
File Unit > CLT

v

CI_T »f (inst_out, control in) -
) reusel,reuse2, discard,reset
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Feature 3: Data-dependent control in a PE

Controller
‘ CGRA Processing Element
Mem.
Memory Controller l l I?l l l l

\ xnn F\ XA -\ xnw

réuse ) reuse
Register ™1 Function ‘
File Unit (s
discard |

reset

v

CI_T »f (inst_out, control in) -
) reusel,reuse2, discard,reset

37



Feature 3: Data-dependent control in a PE

Example func unit: Compare

if(inpl==INF && inp2==INF) return 3;
if (inpl == 1inp2) return 0;

else if (inpl > inp2) return 1;

else return 2;

Self Ctrl
Example i/p

LUT config: 1 Reusel
2 Reuse?2
3 Reset



Feature 3: Data-dependent control in a PE

Example func unit: Compare

if(inpl==INF && inp2==INF) return 3;
if (inpl == 1inp2) return 0;

else if (inpl > inp2) return 1;

else return 2;

Self Ctrl
Example i/p

LUT config: 1 Reusel
2 Reuse2
3 Reset

CGRA Processing Element

err‘wrw IL—\ XN

Al

| ell |l
/

f—\  xomw

reuse

reuse

CLT

Register
File Compare
discard
reset !
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Feature 3: Data-dependent control in a PE

Example func unit: Compare

if(inpl==INF && inp2==INF) return 3;
if (inpl == 1inp2) return 0;

else if (inpl > inp2) return 1;

else return 2;

Self Ctrl
Example i/p

LUT config: 1 Reusel
2 Reuse2
3 Reset

CGRA Processing Element

err‘wrw IL—\ XN

Al

| ell |l
/

f—\  xomw

CLT

: INF
'2‘2':_' 147
l r-euse 1f_ reuse
Register
File Compare
discard
reset
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Feature 3: Data-dependent control in a PE

Example func unit: Compare

if(inpl==INF && inp2==INF) return 3;
if (inpl == 1inp2) return 0;

else if (inpl > inp2) return 1;

else return 2;

Self Ctrl
Example i/p

LUT config: 1 Reusel
2 Reuse2
3 Reset

CGRA Processing Element

\ w1

\ XN

POP l reuse l

gl
/

f—\  xomw

. INF]
INF; 147
2124 13:

Gy

NO-POP

Register
File Compare
discard
reset

2
ET
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Feature 3: Data-dependent control in a PE

Example func unit: Compare

if(inpl==INF && inp2==INF) return 3;
if (inpl == 1inp2) return 0;

else if (inpl > inp2) return 1;

else return 2;

Self Ctrl
Example i/p

LUT config: 1 Reusel
2 Reuse2
3 Reset

CGRA Processing Element

\ XN IL—\ XN

Register
File

| ell
/

N

f—\ xom

INF
¥ 14
INF 13

NO-POP lreuse l

Compare

discard 1

reset

POP

CLT
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Feature 3: Data-dependent control in a PE

Example func unit: Compare

if(inpl==INF && inp2==INF) return 3;
if (inpl == 1inp2) return 0;

else if (inpl > inp2) return 1;

else return 2;

Self Ctrl
Example i/p

LUT config: 1 Reusel
2 Reuse2
3 Reset

CGRA Processing Element

ernw IL—

\ XNIA

[INF]

gl
/

f—\ xomw

"IN Fl—if] ge——

NO-POP lreuse l POP

Register

File Compare

discard |

reset

1
CLT
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Feature 3: Data-dependent control in a PE

Example func unit: Compare

if(inpl==INF && inp2==INF) return 3;
if (inpl == 1inp2) return 0;

else if (inpl > inp2) return 1;

else return 2;

Self Ctrl
Example i/p

LUT config: 1 Reusel
2 Reuse2
3 Reset

CGRA Processing Element

A

POP

Register
File

gl
/

f—\ xom

t discard

reset Reset

INF——FINF}-
lreuse l POP
Compare

CLT

1—|
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* Advanced DSA Programming
* Warm up: Support for data-dependent control/memory
 Exercise 3: Sparse vector-vector dot-product (Hands-on-exercise)
* Full SpMSpV and Multi-core implementation



Hands-on-Exercise: (Find index when index-
data matched!!)

// vanilla C code
while (i < an & j < bn):
if (indA[i] == indB[j]):
matchInd[++iout] = indA
++1i; ++]
elif (indA < indB):
++1
else:

++7




Hands-on-Exercise: (Find index when index-
data matched!!)

// vanilla C code indA [0:an] indB [0:bn]
while (i < an && j < bn): / /
if (indA[i] == indB[j]): |ndA """"""" A
matchInd[++iout] = indA | [0:an] [0:an] |
++i; ++] ‘\\ /,"
elif (indA < indB): S ? _ :; ________________________
++1
else:
++7




Hands-on-Exercise: (Find index when index-

data matched!!)

// vanilla C code
while (i < an & j < bn):
if (indA[i] == indB[j]):
matchInd[++iout] = indA
++1i; ++]
elif (indA < indB):
++1
else:

++7

indA [0:an]

indB [0:bn]




Hands-on-Exercise: (Find index when index-
data matched!!)

// vanilla C code indA [0:an] indB [0:bn]

while (i < an & j < bn):
if (indA[i] == indB[j]):
matchInd[++iout] = indA
++1i; ++]
elif (indA < indB):

++1

else:

++7




Hands-on-Exercise: (Find index when index-

data matched!!)

// vanilla C code
while (i < an & j < bn):
if (indA[i] == indB[j]):
matchInd[++iout] = indA
++1i; ++]
elif (indA < indB):
++1
else:

++7

indA [0:an]

indB [0:bn]

Recv (done)

/

| Reset

matchedind[0:N]




Hands-on-Exercise: (Find index when index-
data matched!!)



Hands-on-Exercise: (Find index when index-
data matched!!)

Step 1: Write the DFG (manual/04 join/join.dfg)




Hands-on-Exercise: (Find index when index-
data matched!!)

Step 1: Write the DFG (manual/04 join/join.dfg)

Step 2: Write control code (manual/ 94 _join/main.cc)




Step 1: Append the DFG
(manual/@4 join/join.dfg)

// 04 join/join.dfg indA [0:an] indB [0:bn]
Input: indA
Input: indB

/* Write Compare operation here (Definition . - - - -
below:) g g ( i1 indA indA indA indA
* if (opl > op2) out = 1 :
* else if (op2 > opl) out = 2
* else if (opl == INF) out = 3
* else out =1

*/

match = Min64(indA, indB, ctrl=pred{1:bi|d,
2:b2|d})

is_end = ICmpEQ(pred, 3, ctrl=pred{1:d, 2:d})
matchedInd = Keep(match, 1, ctrl=is end{1:d})
done = Keep(match, is_end) Recv (done) | | matchedInd[0:N]

y
Reset

Output: matchedInd, done
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Step 1: Append the DFG
(manual/@4 join/join.dfg)

// 04 join/join.dfg indA [0:an] indB [0:bn]
Input: indA
Input: indB
/* Write Compare operation here (Definition : - ; - - :
below:) i i ( 1 indA indA indA indA k
* if (opl > op2) out =1 | , _ ] - - L
: : ; :an 0:an
* else if (op2 > opl) out = 2 | [Q:an] J.O an] [Q:an] EXIEEE

* else if (opl == INF) out = 3

* else out =1 G
*/ i 1 Reusel, d

match = Min64(indA, indB, c’cr‘l=pr‘ed{1:bmm X 2 Reuse2, d

2:b2|d}) 0 -

is_end = ICmpEQ(pred, 3, ctrl=pred{1:d, 3 ="
matchedInd = Keep(match, 1, ctrl=is_end 1 Reusel
done = Keep(match, is_end) ’) Reuse? Recv dOﬂE) matchedlnd[O:N]

y
Reset

Output: matchedInd, done 3 --
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Step 1: Append the DFG
(manual/@4 join/join.dfg)

// 04 join/join.dfg indA [0:an] indB [0:bn]
Input: indA

Input: indB

pred = Compare64(indA, indB, indA indA indA indA

self={1:b1, 2:b2})

match = Min64(indA, indB,
ctrl=pred{1:b1|d, 2:b2|d})
is _end = ICmpEQ(pred, 3,
ctrl=pred{1:d, 2:d})
matchedInd = Keep(match, 1,
ctrl=is_end{1:d})

done = Keep(match, is_end)

Recv (done) | [ matchedInd[0:N]
Output: matchedInd, done ¥

Reset




Step 1: Append the DFG
(manual/04 join/join.dfg)

// 04 join/join.dfg
Input: indA
Input: indB

pred = Compare64(indA, indB,

self={1:b1, 2:b2})

match = Min64(indA, indB,
ctrl=pred{1:b1|d, 2:b2|d})
is _end = ICmpEQ(pred, 3,
ctrl=pred{1:d, 2:d})

matchedInd = Keep(match, 1,

ctrl=is_end{1:d})
done = Keep(match, is_end)

Output: matchedInd, done

w N - O

indA [0:an]

indB [0:bn]

indA indA indA indA |
Qan] Il _lo=an] [ [0an] Il preyErmm
% ‘0 B
______________________________________________________ 1
3
Reusel 2
Reuse?2 -

Reusel, d
Reuse?2, d

Recv (done)

matchedind[0:N]

v
Reset
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Step 2: Append control code
(manual/04 join/main.cc)

indA [0:an] indB [0:bn]

\ Useful intrinsics

é // Read data from memory
~ SS_LINEAR_READ(addr, bytes,
 port);

// Write constant to the port
SS _CONST(port, data, times);

Recv (done) | | matchedInd[O:N] | // write output data to memory
Reset SS _LINEAR WRITE(port, bytes,
addr) ;




Step 2: Append control code

(manual/04 join/main.cc)

// 04 join/main.cc indA [0:an]

indA [0:an]

indB [0:bn]

indB [0:bn] |

matchedind[0:N] |

SS _RECV(P_join_done, &done flag);
SS_RESET();
SS_WAIT ALL();

e
G
.....
.

Reset

.
.
.

.

.
[ LA
-----------
amm
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Run it (S . /run.sh main.out)
N=4096, DENSITY=0.1

Simulator Time: 0.02005 sec

Cycles: 799

Number of coalesced SPU requests: 0
Control Core Insts Issued: 35

Control Core Discarded Insts Issued: 17
Control Core Discarded Inst Stalls: 0.4857
Control Core Config Stalls: O

Control Core Wait Stalls:

ACCEL O STATS ***

Commands Issued: 5

CGRA Instances: 40 -- Activity Ratio: 0.9787, DFGs / Cycle: 0.05006

For backcgra, Average thoughput of all ports (overall): 0.02503, CGRA outputs/cgra busy cycles:
0.05115

CGRA Insts / Computation Instance: 60.65

CGRA Insts / Cycle: 3.036 (overall activity factor)

Mapped DFG utilization: 0.6073




Run it (S . /run.sh main.out)
N=4096, DENSITY=0.1

Simulator Time: 0.02005 sec

Cycles: 799 o _ .
Number of coalesced SPU requests: O Index-match is done at a
Control Core Insts Issued: 35 |ine rate

Control Core Discarded Insts Issued: 17
Control Core Discarded Inst Stalls: 0.4857
Control Core Config Stalls: O

Control Core Wait Stalls:

ACCEL O STATS ***

Commands Issued: 5

CGRA Instances: 40 -- Activity Ratio: 0.9787, DFGs / Cycle: 0.05006

For backcgra, Average thoughput of all ports (overall): 0.02503, CGRA outputs/cgra busy cycles:
0.05115

CGRA Insts / Computation Instance: 60.65

CGRA Insts / Cycle: 3.036 (overall activity factor)

Mapped DFG utilization: 0.6073




Outline

* Advanced DSA Programming
* Warm up: Support for data-dependent control/memory
 Exercise 3: Sparse vector-vector dot-product (Hands-on-exercise)
* Full SpMSpV and Multi-core implementation



Example 3: SpMSpV (Dot product kernel)

// vanilla code
while (i < an & j < bn):
if (indA[i] == indB[j]):
out += valA[i]* valB[j]
++1; ++]
elif (indA[i] < indB[j]):
++1
else:

++7
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Example 3: SpMSpV (Dot

oroduct kernel)

indB [0:bn]

// vanilla code

while (i < an & j < bn):
if (indA[i] == indB[]j]):

out += valA[i]* valB[j]

++1i; ++] .

"""" = =38 || cntindA | cntindB
[0:an] [0:bn] [G:an] 0:an]
v\\ /,‘ N -
______/_ __________________________________ A —

elif (indA[i] < indB[j]):
++1
else:

++7

matchlndA[O:N]

matchindB[0:N]

valA [0:N]

y
valB [0:N]




Example 3: SpMSpV (Dot product kernel)

indA [Qir! indB [0:bn]
// vanilla code | / ______________________
while (i < an && j < bn): indA indB cntindA | cntindB
if (indA[i] == indB[j]): | foan] || f[o:bn) |l10:0l I [G:an
out += valA[i]* valB[j] N
++1; ++] e ST ]

matchIndA[0:N] matchlndB[O N] I

elif (indA[i] < indB[j]):
++1 valA [O:N] valB [O:N] I
else: g [
++7 I

Indirect access - discard
to values at ANNRRRNRN

matched indices Recv (O) 65




Example 3: SpMSpV (Dot product kernel)

indA [Qir!

// vanilla code

___________

indB [0:bn]

| cntindA
| [o: an]

‘ counter

while (i < an & & j < bn): [ indA indB
if (indA[i] == indB[j]): |_[0:an] [0:bn]
out += valA[i]* valB[j] AR .’

++1; ++] Y

v

elif (indA[i] < indB[j]):

matchlndA[O:N]

matchlndB[O N] ‘I

++1

else:

++7 )
Indirect access

to values at

matched indices

v
valA [0:N]

valB

y
[O:N] :

discard

*———I

Recv (O)
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Example 3: SpMSpV (manual/05 spmv/)
(density=1 N=4096 DT=64)

Simulator Time: 0.2533 sec
Cycles: 4155

ACCEL O STATS ***

Commands Issued: 8
CGRA Instances: 8193 -- Activity Ratio: 0.9894, DFGs / Cycle: 1.972

For backcgra, Average thoughput of all ports (overall): 0.6573, CGRA
outputs/cgra busy cycles: 1.993

CGRA Insts / Computation Instance: 3.5

CGRA Insts / Cycle: 6.902 (overall activity factor)

Mapped DFG utilization: 0.986




Example 3: SoMSpV (manual/@5 spmv/)
(density=0.1 N=4096 DT=64)

Simulator Time: 0.04866 sec . .

Cycles: 924 * Can exploit sparsity at a
near-line rate index match

ACCEL O STATS ***

Commands Issued: 8

CGRA Instances: 87 -- Activity Ratio: 0.8452, DFGs / Cycle: 0.09416

For backcgra, Average thoughput of all ports (overall): 0.03139, CGRA

outputs/cgra busy cycles: 0.1114

CGRA Insts / Computation Instance: 37.29

CGRA Insts / Cycle: 3.511 (overall activity factor)

Mapped DFG utilization: 0.5015




Example 4: SpMSpV (Parallelizing Dot
products across cores)

Main Memory

Global Stream Engine

DSA | | DSA | | DSA
Core Core Core
1 1 1
DSA | | DSA | | DSA
Core Core Core
DSA | [DSA | [ DSA
Core Core Core




Example 4: SpMSpV (Parallelizing Dot

products across cores)

dotp (matrix[@], vector)
barrier

dotp (matrix[16], vector)
barrier

Main Memory

Global Stream Engine

DSA | | DSA
Core Core
1 1
DSA | | DSA
Core Core
DSA | [ DSA
Core Core

DSA
Core

1
DSA
Core

DSA
Core




Example 4: SpMSpV (Parallelizing Dot
products across cores)

// vanilla C code
int row = tid;

while (row < N):

dotp (matrix[@], vector)

out_arr[row] = dotp (mat[row], barrier

vec)

row += core_cnt

pthread_barrier_wait(&barr);

dotp (matrix[16], vector)
barrier

Main Memory

Global Stream Engine

DSA | | DSA | | DSA
Core Core Core
1 1 1
DSA | | DSA | | DSA
Core Core Core
DSA | [DSA | [ DSA
Core Core Core
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Example 4: SpMSpV (Parallelizing Dot
products across cores)

// vanilla C code
int row = tid;

while (row < N):

dotp (matrix[@], vector)

out_arr[row] = dotp (mat[row], barrier

vec)

row += core_cnt

pthread_barrier_wait(&barr);

dotp (matrix[16], vector)
barrier

1. Core-to-core
communication

Main Memory

Global Stream Engine

DSA | | DSA
Core Core
1 1
DSA | | DSA
Core Core
DSA | [ DSA
Core Core

DSA
Core

1
DSA
Core

DSA
Core
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Example 4: SpMSpV (Parallelizing Dot
products across cores)

// vanilla C code
int row = tid;

while (row < N):

dotp (matrix[@], vector)

out_arr[row] = dotp (mat[row], barrier

vec)

row += core_cnt

pthread_barrier_wait(&barr);

dotp (matrix[16], vector)
barrier

2. Synchronization

1. Core-to-core
communication

Main Memory

Global Stream Engine

DSA | | DSA
Core Core
1 1
DSA | | DSA
Core Core
DSA | [ DSA
Core Core

DSA
Core

1
DSA
Core

DSA
Core
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Example 4: SpMSpV (Parallelizing Dot
products across cores)

// vanilla C code
int row = tid;

while (row < N):

dotp (matrix[@], vector)

out_arr[row] = dotp (mat[row], barrier

vec)

row += core_cnt

pthread_barrier_wait(&barr);

dotp (matrix[16], vector)
barrier

2. Synchronization

1. Core-to-core
communication

Main Memory

Global Stream Engine

DSA i DSA L
Core Core

1 1
DSA DSA

Core Core

DSA | [ DSA

DSA
Core

1
DSA
Core

Core Core

DSA

Core

3. Mapping data to

scratchpad space
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Multicore Explicit Communication Primitives

A) Explicit Multicast from a
port to masked cores/ports

Core 1l Core 2
Ctrl Spad Ctrl Spad
Vector ports I | : Vector ports

Core 3 Core 4
Ctrl Spad ctrl ‘ Spad
Vector ports Vector ports

SS_REM _PORT(out_port,
num_elem, mask, rem_port);




Multicore Explicit Communication Primitives

A) Explicit Multicast from a B) Implicit communication
port to masked cores/ports using global address space
Corel Core 2 Corel Core 2
Ctrl Spad Ctrl Spad Ctrl Spad l Ctrl Spad
Vector ports I | : Vector ports Vector ports __| Vector ports
Core 3 Core 4 Core 3 Core 4
Ctrl Spad Ctri ‘ Spad Ctrl Spad Ctrl Spad
Vector ports Vector ports Vector ports Vector ports
SS_REM _PORT(out_port, SS_SCRATCH_READ(scr _addr,
num_elem, mask, rem port); n_bytes, port)

and other cmd as DMA




Multicore Configurable Data Mapping

SS _CFG_MEM _MAP(part _size, active core_bv, map_type)

Example 1: cyclic
Part_size - | |

P h'*_l

e

Active_core_bv =
“1111..”

77



Multicore Configurable Data Mapping

SS _CFG_MEM _MAP(part _size, active core_bv, map_type)

Example 1: cyclic

Part_size - | |

IIW'*_I'

Example 2: Subset of cores

: |
r
Active_core_bv =
“1111..”

———

DSA u DSA
Core Core
1 1 1
DSA | | DSA
Core Core
DSA i DSA DSA
Core Core Core

Active_core_bv =
“001100...”
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Multicore Configurable Data Mapping

SS _CFG_MEM _MAP(part _size, active core_bv, map_type)

Example 1: cyclic

Part_size - | |

IIW'*_I'

Example 2: Subset of cores

DSA
Core

: |
r
Active_core_bv =
“1111..”

———

DSA
Core

DSA

Core

DSA
Core

DSA
Core

DSA
Core

Active_core_bv =
“001100...”

DSA
Core

Currently, map_type
is default cyclic but
we would like to
study replication.
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Example 4: SpMSpV multicore implementation

if(tid==0) { ,
Main Memory
SS_LINEAR_READ(&indA[@], an, P_IND 1); N
. Global Stream Engine
uintée4_t bdcast mask=pow(2,num _cores)-1; |
. DSA | | bsAL__,| DSA
SS_REM_PORT(P_IND_l, an*8, bdcast mask, core |1 cole Core
. | | |
P _dotp _indA); bsA | [DSA | [ DoA
} Care | | Core Core
dotp_impl(); // no need to load vector here Dlr—-ﬂgA Sen
SS_GLOBAL WAIT(16); Core | | Core Core

Read at core 1 (ie.
tid=0) and broadcast

to all cores



Results with Basic pthread Support
(num threads=4 density=0.1 N=8192)

**% ROI STATISTICS for CORE ID: 1 ***

Cycles: 7312

GRA Instances: 647 -- Activity Ratio: 0.4546, DFGs / Cycle: 0.08848
Mapped DFG utilization: 0.25

*** ROI STATISTICS for CORE ID: 2 ***

Cycles: 7328

CGRA Instances: 661 -- Activity Ratio: 0.4615, DFGs / Cycle: 0.0902
Mapped DFG utilization: 0.2493

*%% ROI STATISTICS for CORE ID: 4 ***

Cycles: 7286
CGRA Instances: 641 -- Activity Ratio: 0.4547, DFGs / Cycle: 0.08798

Mapped DFG utilization: 0.251
*%%* ROI STATISTICS for CORE ID: 3 ***

Cycles: 7346
CGRA Instances: 635 -- Activity Ratio: 0.4597, DFGs / Cycle: 0.08644

Mapped DFG utilization: 0.249

Lower DFG
utilization due to
network traffic
(25% vs 45% for a
single core)




Results: manual/07 spmv multicore/
(num threads=4 density=0.1 N=8192)

**% ROI STATISTICS for CORE ID: 1 ***

Cycles: 5316 o  DFG utilization
CGRA Instances: 647 -- Activity Ratio: 0.585, DFGs / Cycle: 0.1217

Mapped DFG utilization: 0.3439 improves with

*** ROI STATISTICS for CORE ID: 2 *** .

Cycles: 5384 multicast (34% VS
CGRA Instances: 661 -- Activity Ratio: 0.5914, DFGs / Cycle: 0.1228 25%)

Mapped DFG utilization: 0.3393
*%%* ROI STATISTICS for CORE ID: 4 ***

Cycles: 5286
CGRA Instances: 641 -- Activity Ratio: 0.6035, DFGs / Cycle: 0.1213

Mapped DFG utilization: 0.3459
*%%* ROI STATISTICS for CORE ID: 3 ***

Cycles: 5281
CGRA Instances: 635 -- Activity Ratio: 0.6095, DFGs / Cycle: 0.1202

Mapped DFG utilization: 0.3463




BACKUP SLIDES



Example 3: SpMV (Dot product kernel)

indA[ngﬂ indB [0:bn]
iné;//r indB cntindA || cntindB
0:an] || [0:bn] |L[0:@nl | [O:an]

\ 7/
\ 7/
_—

matchln:dA[O:N] matchindB[0:N]

L

y

valA [0:N]

valB [0:N]

// ©5 spmv/merge.dfg
Input: indA, indB, matchValA, matchValB

pred = Compare64(indA, indB,
self={1:bl, 2:b2})

cntIndA = Acc64(1l, 0, ctrl=pred{1l:a})
cntIndB = Acc64(1l, 0, ctrl=pred{2:a})
matchInd = Min64(cntIndA, cntIndB,
ctrl=pred{1:b1|d, 2:b2|d, 3:d})

mult = Mulé64(matchValA, matchValB)
done = Keep(pred, 1,
ctrl=pred{1:d,2:d})

O = Acc64(mult, ctrl=done{0:d,3:r})

Output: matchIndA, matchIndB, O




Examp

indA [O:{arﬂ

/

e 3: SpMV (Dot product kernel)

indA
[Q:an]

indB
[Q:bn]

indB [0:bn]
cntindA || cntindB
[0:an] [O:a'n]

\ 7/
\ Vs

.-

matchln:dA[O:N]

matchindB[0:N]

L

valA [0:N]

y

valB [0:N]

// ©5 spmv/main.cc

SS_LINEAR_READ(indA, an*8, P_dotp_indA);
SS_CONST(P_dotp_indA, sentinel, 1);
SS_LINEAR_READ(indB, bn* 8, P_dotp_indB);
SS_CONST(P_dotp_indB, sentinel, 1);
SS_INDIRECT(P_dotp_matchindA, valA, N, P_dotp_valA);
SS_INDIRECT(P_dotp_matchindB, valB, N, P_dotp valB);
SS_RECV(P_dotp_O, output[row]);

SS_RESET();

SS_WAIT_ALL();




Example 2: SoMV (S ./run.sh main.out
DENSITY=0.1 N=4096 DT=64)

Simulator Time: 2.59 sec

Cycles: 95651 * Matrix occupies more
space, needs double buffer
ACCEL O STATS *** for better hit rate

Commands Issued: 512

CGRA Instances: 5276 -- Activity Ratio: 0.543, DFGs / Cycle: 0.05516
For backcgra, Average thoughput of all ports (overall): 0.01839, CGRA
outputs/cgra busy cycles: 0.1016

CGRA Insts / Computation Instance: 39.38

CGRA Insts / Cycle: 2.172 (overall activity factor)

Mapped DFG utilization: 0.3103




Example 2: Dot product
(S./run.sh main.out DENSITY=0.1 N=1024 DT=16)

Simulator Time: 0.04666 sec

Cycles: 225 o . . .
Number of coalesced SPU requests: O Plpellned execution of
Control Core Insts Issued: 53 SmaIIer data-width vectors

Control Core Discarded Insts Issued: 18
Control Core Discarded Inst Stalls: 0.3396
Control Core Config Stalls: 0.04889
Control Core Wait Stalls:

ACCEL O STATS ***

Commands Issued: 8

CGRA Instances: 5 -- Activity Ratio: 0.9244, DFGs / Cycle: 0.02222

For backcgra, Average thoughput of all ports (overall): 0.007407, CGRA outputs/cgra busy cycles:
0.02404

CGRA Insts / Computation Instance: 165.8

CGRA Insts / Cycle: 3.684 (overall activity factor)

Mapped DFG utilization: 0.5263




