HW2: CUDA
Synchronization
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OMG does locking




d mutex = 0O;

= jldlock() {
] u = d mutex;
(atomicCAS( ( *)&d mutex, 0, 1) != 0)
__threadfence();
= jldunlock()
| __threadfence();
atomicExch( ( *)&d mutex, 0);
22  device  unsigned d counter = 0;
23] _ device  volatile unsigned dv_counter = 0;
24|
25 E__global void uselocks() {
26 for (int 1 = 0; 1 < 100; i++) {
27 jldlock();
28 d_counter++; What to do for
= ¥ _foumfer variables inside the
30 jldunlock();
31 } critical section?
32 |} 3
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volatile PTX

//C:/Users/Administrator/Source/Repos/cis601/PtxSandbox/PtxSandbox/lock.cu:32 dv_counter++;
.loc 1321
mov.u64 %rd3, dv_counter;
cvta.global.u64 *¥rd4, %rd3;
1d.volatile.u32 *r7, [%rd4];
add.s32 e i o A I
st.volatile.u32 [%rd4], %r8; T
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non-volatile P X

//C:/Users/Administrator/Source/Repos/cis601/PtxSandbox/PtxSandbox/lock.cu:31
.loc 1 B 1 |
mov.u64 %rdl, d_counter;
cvta.global.u64 ¥rd2, ¥rdl;
1d.u32 %rS5, [%rd2];
add.s32 Xr6, ¥r5, 1;
st.u32 [%rd2], %r6;

* |d caches at all levels (L1, L2) by default

d_counter++;
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Release P11 X

BB2 2:
mov.u64 %rdl, d mutex;
atom.global.cas.b32 xr5, [®rdl], O, 1;
setp.ne.s32 %pl, %rS5, 0; aCQUire
@%pl bra BB2_2;
membar.gl;
ld.global.u32 %r6, [d_counter];
add.s32  %r7, %r6, 1; non-volatile

st.global.u32 [d counter], %r7;
ld.volatile.global.u32 *r8, [dv_counter];

add.s32 %¥r9, %r8, 1; volatile
st.volatile.global.u32 [dv counter], %r9;

membar.gl;

atom.global.exch.b32 %rle, [*rdl], O; Ljr”()Cﬂ<
add.s32 xrll, %rll, 1;

setp.lt.s32 %p2, %rll, 100;
@*p2 bra BB2 1;




what about threadfence?

* “You can force the L1 cache to flush back up the
memory hierarchy using the appropriate
__threadfence_*() function. __threadtence_block()
requires that all previous writes have been flushed to
shared memory and/or the L1. __threadfence()
additionally forces global memory writes to be visible
- toallblocks, and so must flush writess up to the L.2.
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https://devtalk.nvidia.com/default/topic/489987/l1-cache-l2-cache-and-shared-memory-in-fermi/

_— (global x=0

> final: r1=1 Ar2=0 threads: inter-CTA

global y=0

0.1 st.cg [x],1 1.1 ld.ca ri, [y]

02  fence 1.2 fence

0.3 st.cg [yl,1 1.3 ld.ca r2, [x]

obs/100k fence GTX5 | TesC GTX6 Titan GTX7
Nno-0p 4979 110381 @ 3635 6011 3
membar.cta 0 14 1696 0
membar. gl 0 0 0 0
membar . sys 0 0 0 0

Figure 3: PTX mp w/ L1 cache operators (mp-L1)

from “GPU Concurrency:
Weak behaviours” paper



. lobal x= .
init; (g obaz % O) final: r1=0 Ar3=0 threads: inter-CTA

global m=1
0.1 st.cg [x],1 " 1.1 atom.cas r1,[m],0,1:§
0.2(+) membar.gl s 1.2 setp.eq r2,r1,0 2
03 atom.exch r0,[m],0 s 1.3(+) @rl membar.gl 3

1.4 @rl 1ld.cg r3, [x]

*original line in Fig. 2

obs/100k GTXS5 TesC GTX6 Titan GTX7 HD6570 HD7970
0 47 43 512 0 508 748

Figure 9: PTX compare-and-swap spin lock (cas-sl)

from “GPU Concurrency:
9 Weak behaviours” paper



what gets cached where”

CUDA compute
capabillity

default caching
policy

opt-into L1
caching?

2

ca (L1 & L2)

n/a
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Conclusions

e volatile seems safe but unnecessarily expensive as it avoids
L1 and L2 caching

 NVCC by default caches only at L2 these days (CC > 3.x)

« HW2 locks therefore seem ok (for CC = 3.x)
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What is the L1 good for?

e the L1 by default is used only for local memory
and read-only globals

e probably due to lack of coherence
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GMRace

Mai Zheng, Vignesh T. Ravi, Fe Qin and Gagan Agrawal
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w IS GMRace




Algorithm 3 Inter-warp Race Detection by GRace-stmt

1: for stmtldxl = 0 to maxStmtNum — 1 do
2:  for stmtldx2 = stmtldxl + 1 to maxStmtNum do
3: if BIEStmtTbl|stmtldxl].warplD =
BlEStmtTbl|stmtldx2|.warpl D then
4: Jump to line 15
S: end if
6: if BlkStmtTbl|stmtldzxl].accessType is read and
BlkStmtTbl|stmtldx2].accessType is read then
7 Jump to line 15
3: end if
9: for targetldxr = 0 to warpSize — 1 do
0: sourceldx < tid % warpSize
1 if BlkStmtTbl|stmtldxl][sourceldx] =
BlEStmtTbl|stmtldx2]|[targetldz] then
2 Report a Data Race
13: end if
14: end for
15 end for
16: end for
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Algorithm 1. Interwarp Race Detection by GMRace-stmt.




Algorithm 4 Inter-warp Race Detection by GRace-addr

1: for idx = 0 to shmSize — 1 do
if wBlockShmM aplidx] = 0 then
Jump to line 15
end if
if rWarpShmMaplidz] = 0 and
wWarpShmM ap|idz] = 0 then
Jump to line 15
end if
if wWarpShmMaplidz] < wBlockShmMaplidz] and
wWarpShmMaplidz] > 0 then
Report a Data Race
else if wWarpShmMap|idxz| = 0 then
Report a Data Race
else if rWarpShmMap|idz| <
r BlockShmMap|idzx| then
Report a Data Race
end if
. end for
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Algorithm 2. Interwarp Race Detection by GMRace-flag.
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20:
21:
22:
23:
24
25:

: for idx = 0 to shmSize — 1 do
writeSum «— 0
readSum < 0
for warplD = 0 to warpl D = warpNum — 1 do
writeSum+ = wWarpShmMaps|warpl D]|idz]
readSum+~+ = rWarpShmMaps|warpl D]|idz]
end for
if writeSum = 0 then
Jump to line 25
else if writeSum >= 2 then
Report Data Races
else if writeSum = 1 then
if readSum = 0 then
Jump to line 25
else if readSum >= 2 then
Report Data Races
else if readSum = 1 then
wWarplD = getWarplDof NonZeroF'lag
(wWarpShmMaps, idx)
rWarplD = getWarplIDofNonZeroFlag
(rWarpShmMaps, idx)
if wWarplD! = rWarplD then
Report a Data Race
end if
end if
end if
end for
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L E+08 - CONative B GRace-stmt B GRace-addr B B-tool
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co-cluster em

Figure S. Runtime overhead of GRace. Note that the y-axis is on a logarithmic
scale.
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[0 Native M GRace-stmt [OGMRace-stmt @ GRace-addr O GMRace-flag
1.0E+6

1.0E+5
1.0E+4
2 1 0E+3
- 1.0E+2
1.0E+1
1.0E+0

Kernel Execution Time

5

Fig. 5. Runtime overhead of different schemes of GMRace and GRace.
Note that the y-axis is on a logarithmic scale.
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KiInds of races

e |s it possible for GMRace to have false positives?

e Can indirect memory accesses cause data races on
GPUSs?

 [he LDetector paper says that intra- warp races are
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fIXIng races

 We have read a few papers on data race
detection but none of them talk about correcting
these data races. In general, at the point where
a data race Is detected, does the system take a
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performance

ow Is It that inserted code by the dynamic
necker affects register assignment and,
th_c“):ugq |t doesn t affect the detectlon i
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benchmarks

* Co-clustering and EM-clustering keep showing
up as benchmarks in these race detector

papers. Why are these algorithms particularly
important benchmarks?
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