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PAPI

* Library that provides a consistent interface (and methodology) for hardware performance counters,
found across the system: i.e., CPUs, GPUs, on-/off-chip Memory, Interconnects, I/0, FS, Energy/Power.

* PAPI enables SW engineers to see, in near real time, the relation between
SW performance and HW events across the entire compute system.
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PAPI

1999 - 2009

NV M N
Low-Level APl  High-Level API

PAPI

Library that provides a consistent interface (and methodology) for hardware performance counters, PORTABLE LAYER
found across the system: i.e., CPUs, GPUs, on-/off-chip Memory, Interconnects, I/0, FS, Energy/Power. Develdper API

PAP| Component
PAPI enables SW engineers to see, in near real time, the relation between o
SW performance and HW events across the entire compute system.

SUPPORTED ARCHITECTURES: AM D a

* AMD up to Zen4 ARM

* ARM Cortex A8, A9, A15, ARM64, ARM uncore-support

* IBM Blue Gene Series
* IBM Power Series, PCP for POWER9-nest
* Intel KNC, KNL, KNM, up to Sapphire Rapids
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PAPI

2009 -2018

<4 PR
Low-Level APl  High-Level API

PAPI

* Library that provides a consistent interface (and methodology) for hardware performance counters, PORTABLE LAYER
found across the system: i.e., CPUs, GPUs, on-/off-chip Memory, Interconnects, I/0, FS, Energy/Power. Develaper APl Developer AP
o . . . PAPI Component API Compong
* PAPI enables SW engineers to see, in near real time, the relation between = GPUS

SW performance and HW events across the entire compute system. T

SUPPORTED ARCHITECTURES: AMD I
« AMD up to Zen4 ARM

* AMD GPUs up to MI2x0 = é\(@
* ARM Cortex A8, A9, A15, ARM64, ARM uncore-support :
* CRAY: Gemini and Aries interconnects, power/energy

* IBM Blue Gene Series, Q: 5D-Torus, I/0 system

* IBM Power Series, PCP for POWER9-nest
* Intel KNC, KNL, KNM, up to Sapphire Rapids

THE SUPERCOMPUTER COMPANY
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* Intel GPUs

* InfiniBand a8 - ®
.+ Lustre FS lystre. &b (lntel)
* NVIDIA Tesla, Kepler, Maxwell, Pascal, Volta, Turing, Ampere: support for multiple GPUs INFINIBANDT

* NVIDIA: support for NVLink E

AVIDIA.




2009 - 2018 |

k PAPI okt T

|
Low-Level APl  High-Level API

PAPI

* Library that provides a consistent interface (and methodology) for hardware performance counters, PORTABLE LAYER
found across the system: i.e., CPUs, GPUs, on-/off-chip Memory, Interconnects, I/0, FS, Energy/Power. Develaper APl Developer AP
. . . . PAPI Component API Compong
* PAPI enables SW engineers to see, in near real time, the relation between CE GPUS

SW performance and HW events across the entire compute system. T

|
SUPPORTED ARCHITECTURES: AMD I « . C°mp°"ent
* AMD up to Zen4, power for Fam17h AR M
* AMD GPUs up to MI2x0, power, temperature, fan S~
* ARM Cortex A8, A9, A15, ARM64, ARM uncore-support ==A
* CRAY: Gemini and Aries interconnects, power/energy
* IBM Blue Gene Series, Q: 5D-Torus, I/0 system, EMON power/energy
* IBM Power Series, PCP for POWER9-nest, power monitoring & capping on POWER9
* Intel KNC, KNL, KNM, up to Sapphire Rapids
* Intel RAPL (power/energy), power capping
* Intel GPUs
* InfiniBand

e Lustre FS “l“U“S*t‘PE*

* NVIDIA Tesla, Kepler, Maxwell, Pascal, Volta, Turing, Ampere: support for multiple GPUs
* NVIDIA: support for NVLink

* NVIDIA NVML (power/energy); power capping

* Virtual Environments: VMware, KVM
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SDE API

Low-Level APl  High-Level API

PAPI

PAPI
Library that provides a consistent interface (and methodology) for hardware performance counters, -:-"\ -~

PORTABLE LAYER

found across the system: i.e.,, CPUs, GPUs, on-/off-chip Memory, Interconnects, I/0, FS, Energy/Power. DeveloperAPL  Develdper APl Developer AP
. . . . PAPI Component | PAPI Component AP| Compon
PAPI enables SW engineers to see, in near real time, the relation between SEs cPUs GPUS

SW performance and@events across the entire compute system. oy 06 et G

SUPPORTED ARCHITECTURES: AMD I
* AMD up to Zen4, power for Fam17h AR M

* AMD GPUs up to MI2x0, power, temperature, fan S~
* ARM Cortex A8, A9, A15, ARM64, ARM uncore-support ==A
* CRAY: Gemini and Aries interconnects, power/energy

* IBM Blue Gene Series, Q: 5D-Torus, I/0 system, EMON power/energy

* IBM Power Series, PCP for POWER9-nest, power monitoring & capping on POWER9
* Intel KNC, KNL, KNM, up to Sapphire Rapids

* Intel RAPL (power/energy), power capping

* Intel GPUs

* InfiniBand

e Lustre FS “l“U“S*t‘PE*

* NVIDIA Tesla, Kepler, Maxwell, Pascal, Volta, Turing, Ampere: support for multiple GPUs
* NVIDIA: support for NVLink

* NVIDIA NVML (power/energy); power capping

* Virtual Environments: VMware, KVM

Software-defined Event (SDE) Support
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Sysdetect component
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System Detection Capabilities

Sysdetect
Component

Applications / Tools

PAPI High-level APIs

PAPI Low-level APIs

Components Substrate

sysdetect

robe robe
P P ROC
ROCT Profiler
Verbs cpu °eoeo
sa utils

rocm
probe
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System Detection Component

$ papi_hardware avail

Device Summary ---------------------

Vendor DevCount
AuthenticAMD (1)

\-> Status: Device Initialized
AMD (1)

\-> Status: MPI not configured

Device Information -----------------

Vendor
Id
Name

CPUID
0x19/0x01/0x01

Sockets

Numa regions

Cores per socket
Cores per NUMA region
SMT threads per core
L1i Cache

L1d Cache

Numa Node O Memory
Numa Node 1 Memory
Numa Node O Threads
Numa Node 1 Threads

Vendor
Id
Name

: AuthenticAMD

0

: AMD EPYC 7413 24-Core Processor

Family/Model/Stepping 25/1/1

2

2

24

48

2

Size/LineSize/Lines/Assoc 32KB/64B/512/8
Size/LineSize/Lines/Assoc 32KB/64B/512/8

264023436 KB
264199004 KB
06123456789 1011
24 25 26 27 28 29 30 31 32

: AMD

(C]
gfx908

Sysdetect low-level calls

* PAPI_enum_dev_type
* In - modifier

* Out - handle (opaque)

* PAPI_get_dev_type_attr
* In - handle
* In - attribute

* Out - value

* PAPI_get_dev_attr
In handle

In identifier (e.g. numa/gpu/... number)

(e.g. PAPI_DEV_ATTR__ROCM_LLONG IIID) ..
value device

In attribute

wWavefront size : 64

SIMD per compute unit : 4

Max threads per workgroup : 1024
Max waves per compute unit 1 40

Max shared memory per workgroup : 65536
Max workgroup dim X 1 1024
Max workgroup dim y 1 1024
Max workgroup dim z 1 1024
Max grid dim x
Max grid dim y
Max grid dim z
Compute unit count 1 120
Compute capability 1.1

LICL

> _awmy -~ /

(e.g. PAPI_DEV_TYPE_ENUM__ROCM)

4294967295
4294967295
4294967295

(e.g. PAPI_DEV_TYPE_ATTR__INT_PAPI_1ID)

type
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Key Concepts

Create a set of micro-benchmarks for illustrating details in hardware events
and how they relate to the behavior of the micro-architecture

* Target audience:

* Performance conscious application developers

| * PAPI developers working on new architectures (think preset events)
* Developers interested in validating hardware event counters

|

\
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do{

if ( iter_count < (size/2) ){
global_var2 += 2;

}

BRNG();
iter_count++;
twhile(iter_count<size);

CAT kernel example for Branch Events

0% Mispredicted

50% Mispredicted

150% Taken

do{
1ter_count++;
BUSY_WORK();
BRNG();
if ( (result % 2) == 0 ){
if( (global varl % 2)
global_var2++;
}

global vari1l+=2;
BUSY_WORK();

}

twhile(iter_count<size);

0 ){

do{
iter_count++;
BUSY WORK();
BRNG();
if ( (result % 2) == 0 ){
global_varl+=2;

} 100% Direct

twhile(iter_count<size);

do{
BRNG();
global var2+=2;
if ( iter
glo arl+=2;
goto zzz;

}
BRNG();

iter_count++;
BRNG();
twhile(iter_count<size);

ZZZ.

TTTTTTTTTTTTTTT
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CAT kernel example for Branch Events

50% Mispredicted

y 0% Mispredicted
i do{ do{ )
| if ( iter_count < (size/2) ){ Lter_count++;

global var2 += 2; BUSY_WORK() ;

o BRNG();

| BRNG(); Z{ii}:\\\\\\\\\\\\\\ if ( (result % 2) == 0 ){

iter_cou o global varil+=2;

twhile(iter_ O t_l \w\ } B 100% Direct
do{ Ce NO Me \\@ieL_counksxze),

i1ter_count++;
BUSY_WORK();
BRNG();

if ( (result % 2) == 0 ){ SSeS ar2 ){
i1f( (global varl % 2) !'= 0 ){ .
global_var2++; goto zzz;
} }
global vari1l+=2; BRNG();
BUSY_WORK(); zzz: iter_count++;
} BRNG();

}while(iter_count<size);

-\ IcL TTTTTTTTTTTTTTT =
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twhile(iter_count<size);
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/% CAT kernel example for Branch Events
50% Mispredicted

P 4 0% Mispredicted

B dof do{

I if ( iter_count < (size/2) ){ 1ter_count++;
| global var2 += 2; BUSY_WORK() ;
! BRNG() ;

BRNG(); /N\ if ( (result % 2) == 0 ){
iter_cou o global varil+=2;
}While(iter_/ O t_l Ce [ ﬁ%\ } 100% Direct

do{ O Me \\GieL_count<size);

iter_c

BUSY _
EEN?( NO LaI’ g e

1

} global_ NO F

global varil+=2; Ioa t_ln
BUSY _WORK(); 772+ g p 0O :
} BRNG(); 1n t
twhile(iter_count<size); twhile(iter_count<s




Unique Responses Reveal Mapping to Preset Events

3

I I |
ALL BRANCHES —@—
COND. TAKEN —&— | | ; | | |
5> 5 L MISPREDICTED —#— ' . S ‘ y N\ |

]

L

Lt
|

Event Measurement per Iteration

i i | |
bl b2 b3 b4 bda b4b b5 b5a
Micro-Benchmark

THE UNIVERSITY OF

TENNESSEE

KNOXVILLE



I AN Y

Noise in Measurements: Relevant Event

BR_INST RETIRED:COND
(CAT Branching Benchmark, Intel lce Lake SP)

4 S S A R A T S
; : ; : ; ; : : Meas. 2 —f—

35 o Mea 3
] Meas. 4 ——

3 foededed b MRS, 5 e [

Event Counts

1 2 3 4 5 b 7 8 9 10 11

Branching Microkermel Index

£I0L
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Noise in Measurements: Irrelevant Event

OFFCORE_REQUESTS OUTSTANDING:DEMAND CODE RD OFFCORE_REQUESTS OUTSTANDING:DEMAND CODE _RD Variation
(CAT Branching Benchmark, Intel lce Lake SP) (CAT Branching Benchmark, Intel lce Lake SP)

4 L 5 s S B B S

Meas. 1 . . . . . .
: : : : : : : ¢ | Meas. 2 : : : : : : : 5 5 5 5
33 e AR A o P | Meas. 3 il 35 po s A o A P A o . ]
i i : i i i i | Meas. 4 ' : ' ' ' ' ' ' ' : '
3 bbb b Meas, 5

25 b AU O SRS SN S S

Event Counts
%]
T
i

Event Counts
%]
T
i

N\

15 F AU TOUNR N U S N

1 2 3 4 5 6 7 8 9 10 11
Branching Microkemel Index Branching Microkemel Index
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Distance Between Two Measurements
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Distance Between Two Curves

1 P 3 4 5 b 7 8 9 10 11

Y ’\ \
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RNMSE: Root Normalized Mean Square Error

2

| RNMSE(1,2) \/ Z (mi —mj)
. my - Mo

e kT
Zmz

3\
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RNMSE: Root Normalized Mean Square Error

Native Event Variability (RNMSE)
(CAT Branching Benchmark, AMD Zen4)

;; ml - m2 2 101
RNMSE 1 2 \/ Z m1 - 1071 “\_-

1073 +

Avg. RNMSE

10—5 e e




> Events with Low Noise Measurements (Zen4)

| CYCLES_NO_RETIRE:EMPTY

/| OPS_SOURCE_DISPATCHED _FROM_DECODER:DECODER

' RETIRED BRANCH_INSTRUCTIONS

e

by

RETIRED_BRANCH_INSTRUCTIONS_ MISPREDICTED
RETIRED BRANCH_MISPREDICTED DIRECTION_ MISMATCH
RETIRED_CONDITIONAL BRANCH_INSTRUCTIONS
RETIRED FUSED_ INSTRUCTIONS

RETIRED _INSTRUCTIONS

RETIRED_OPS

RETIRED_TAKEN BRANCH_INSTRUCTIONS
RETIRED_TAKEN BRANCH_INSTRUCTIONS_ MISPREDICTED
RETIRED_UNCONDITIONAL BRANCH_INSTRUCTIONS

perf::
perf::
perf::
perf::
perf::
perf::
perf::
perf::
perf::
perf::
perf::
perf::
perf::
perf::

BRANCH-INSTRUCTIONS
BRANCH-LOAD-MISSES

BRANCH-LOADS

BRANCH-MISSES

BRANCHES

INSTRUCTIONS

L1-ICACHE-LOADS

PERF_COUNT _HW_BRANCH_INSTRUCTIONS
PERF_COUNT _HW _BRANCH_MISSES
PERF_COUNT HW _CACHE_BPU:ACCESS
PERF_COUNT HW_CACHE_BPU:MISS
PERF_COUNT HW _CACHE_BPU:READ
PERF_COUNT HW_CACHE_L11:ACCESS
PERF_COUNT_HW_INSTRUCTIONS

— ﬁzﬁzzz:sQ§§?% \'
AN\ !%: A\




Software Defined Events (SDE)
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PAPI Software Defined Events (SDEs)

| Support for Events that originate in Software Layers

. L3 o . .
arbitrary information as if it came from hardware counters

Arguments passed to functions, residuals, tasks stolen, hash-table collisions, messages
sent, memory consumption, size of internal data structures, ...
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Pull mode: Low overhead (down to zero)
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Pull mode: Low overhead (down to zero)

Iteration Count

Sent Messages
Climate Years

Hash-table Collisions

THE UNIVERSITY OF
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Pull mode: Low overhead (down to zero)

papi_sde register counter(&x,...)

£I0L
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Pull mode: Low overhead (down to zero)

| The application reads whenever it deems necessary.

PAPI read()

h Application
(&) PAPI
| —

papi_sde register counter(&x,...)

£I0L
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Recorders (Multi-Value SDESs)

The library keeps track of a series of events.

PAPI read()

h Application
I I | | | PAPI

_Sde Papi s4q Papi sqq P _sq,  PAPI_sq,
~fecorgy ~FeCorqq)=Tecorq() = SCorq,

£I0L
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Set data-structure

199,42} {200,300} {1000,900} | {1001,302} {1000,300}
\ {200,300}
{99,42}
{1000,300}
{1000,900} {1001,302}
{200,300}
{1000,900}
{1000,900}

£I0L
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CountingSet: set that counts duplicates

199,42} {200,300} {1000,900} | {1001,302} {1000,300}
\ {200,300} N
{99,42}
{1000,300}
{1000,900} {1001,302}
{200,300}
{1000,900}
{1000,900}

$ICL  RETENESE S
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Hash table implementation inspired by FB’s F14

BAR

BAR

. FOO

DIRECT STORAGE
in 3-slot F14-like chunks

https://engineering.fb.com/2019/04/25/developer-tools/f14/

T
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Birthday paradox on buckets

* Add 85 elements in hash table with capacity 5110:
* P(collision) = 1-(5109/5110)"(85*84/2) = 0.502

XN
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Birthday paradox on buckets

* Add 85 elements in hash table with capacity 5110:
* P(collision) = 1-(5109/5110)"(85*84/2) = 0.502

* HT: 365 buckets with capacity of 14, how many insertions to get 15 collisions?

N

©365*14=5110

o ///////
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Birthday paradox on buckets

* Add 85 elements in hash table with capacity 5110:
* P(collision) = 1-(5109/5110)"(85*84/2) = 0.502

* HT: 365 buckets with capacity of 14, how many insertions to get 15 collisions?

e N=2263 for P>50%

$ICL  RETENESE S

S\
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Birthday paradox on buckets

. Adlements in hash table with capacity 5110:
* P(collision) = 1-(5109/5110)"(85*84/2) = 0.502

* HT: 365 buckets with capacity of 14, how many insertions to get 15 collisions?

N or P>50%

$ICL  RETENESE S
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Actual bucket (sde_hash_bucket_t)

count | count

count | count | count | count | count | count | count | count | count | count | count | count

size size size size size size size size

ptr ptr ptr ptr ptr ptr

size size size size size size

ptr ptr ptr ptr ptr

64 bit key
64 bit key
64 bit key
64 bit key
64 bit key

ptr ptr

64 bit key
64 bit key
64 bit key
64 bit key
64 bit key

occupancy
64 bit key
64 bit key
64 bit key
64 bit key

ptr N

THE UNIVERSITY OF

$ICL [y TENNESSEE
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Actual bucket (sde_hash_bucket_t)

L1 cache line

count | count | count | count | count | count | count | count | count | count | count | count | count | count

size size size size size size size size size size size size size size

occupancy
64 bit key
64 bit key
64 bit key
64 bit key
64 bit key
64 bit key
64 bit key
64 bit key
64 bit key
64 bit key
64 bit key
64 bit key
64 bit key
64 bit key

ptr N ptr ptr ptr ptr ptr ptr ptr ptr ptr ptr ptr ptr ptr

N\

w2 //

T~

o A -
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Actual bucket (sde_hash_bucket_t)

L1 cache line

% q>)’ % q>)’ % q>)’ % q>)’ % q>)’ % 5, % q>)’ % count | count | count | count | count | count | count | count | count | count | count | count | count | count
5.:4.:4.&.&.&.&.&.:4.:4&:4.&.&:4 . . . . N . . . . . . ) . .
=1 h=1 R=1 B4 =1 B=1 B=1 =1 B=1 =1 B-1 B-1 B DA Rl K1 YAS Size Size Size Size Size Size Size Size Size Size Size Size Size
839292&5@992929

O | S Y S

o|o|volv|v|v|V|[V|VIV|V|V|V|Vv|© ptl‘\ ptr ptr ptr ptr ptr ptr ptr ptr ptr ptr ptr ptr ptr

NN

ne/

SOl puiEEsE  HE
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The proofis in the pudding.

Memory Access Locality of SDE CSet
10° f—— 1 _. 3

Event Count
[
(@]
(8]
I1'|
w1l

L1 Hit L1 Miss L2 Hit L2 Miss L3 Hit L3 Miss
Event Type

/

"i

\ THE UNIVERSITY OF i [i:
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Event Description Ambiguities
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~ What does this event really measure?

LONGEST_LAT_CACHE:REFERENCES

Core-originated cacheable requests that refer to L3 (Except hardware
prefetches to the L3).

£I0L
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/F What does this event really measure?

Core-originated cacheable requests that refer to L3 (Except hardware
prefetches to the L3).

1. LONGEST_LAT_CACHE:REFERENCES
|

Is “Except hardware prefetches” the same as “Demand References”?

£I10L
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s 1.5
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©
-
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Demand References on Cascade Lake

OFFCORE_REQUESTS:DEMAND_ DATA RD (Cascade Lake)

L1 L2 L3

=

RND:64:256

L1 L2 L3

RND:64:16

L1 L2 L3

RND:128:256

L1 L2 L3

1

RND:128:16

L1 L2 L3

!

SEQ:64

L1 L2 L3

SEQ:128




Event Count per Demand Load

1.5

LONGEST LAT CACHE:REFERENCE (Cascade Lake)

L1 L2 L3

L1 L2 L3

L1 L2 L3

L1 L2 L3

L1 L2 L3

L1 L2 1L3

o

RND:64:256

RND:64:16

RND:128:256

r—

L

RND:128:16

SEQ:64

i

A

SEQ:128

£I0L




SR

> Summary

 PAPI 7.0.1 is out (https://github.com/icl-utk-edu/papi).
* Support for GPU counters/metrics across vendors.

* Support for power management on CPUs & GPUs.

API & utility for detecting available hardware.

* Software Defined Events as a standalone library (libsde.so).

* Counter Analysis Toolkit provides hardware insights.

Noise is not due to hardware counters, but system operations.

L£ICL
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Backup Slides
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> Simple Buffer Traversal (C code)

P8 int main(int argc, char **argv){
M, N;
BUFFER_SIZE
buffer[BUFFER_SIZE];

.
3

.
b

for(int 1=0; 1<BUFFER_SIZE; i++){
buffer[i] = (argc* )/ ( +1);
}

int index = buffer[0];
for(int 1=0; i<M; i++){
for(int j=0; j<N; j++){
index = buffer[index%BUFFER_SIZE];
}

N

}
printf( %d\n",index);

return 0;

i,,_é%%zgi:

i
- - B :
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> Simple Buffer Traversal (C code)

Mint main(int argc, char **argv){
| int M, N;
M#define BUFFER_SIZE 256

int main(int argc, char **argv){
int M, N;
i BUFFER_SIZE 256

int buffer[BUFFER_SIZE];

M = 1024;
N 1024;

for(int 1=0; 1<BUFFER_SIZE; i++){
buffer[i] = (argc*1222)/(1223+1);
}

int index = buffer[0];
for(int 1=0; i<M; i++){
for(int j=0; j<N; j++){
index = buffer[index%BUFFER_SIZE];
}

}
printf("index=%d\n",index);

return 0;

buffer[BUFFER_SIZE];

1024;
1024;

for(int 1=0; 1<BUFFER_SIZE; i++){
buffer[i] = (argc*1222)/(1223+1);

}

int index = buffer[0];
uintptr_t index = buffer[0];
for(int 1=0; i1<M; 1++){
for(int j=0; j<N; j++){
index = buffer[index%BUFFER_SIZE];
}

78 B,
b -\
o

VI I /4

}

printf("index=%d\n",index);

Y LSS S

-{"_‘

return 0;




3 ] 4

> Simple Buffer Traversal (asm code)

B int index = buffer[0];

f <+76>: mov (%rsp) ,%edx
<+79>: mov S ,%esi
<+84>: nopl (%rax)

for(int 1=0; i<M; 1++){
<+122>: 1)) ,%esi
<+125>:  jne <main+88>

for(int j=0; j<N; j++){
<+117>: sub ,%ecx
<+120>:  jne <main+96>

= buffer[index%BUFFER_SIZE];

<+96>: mov %edx , %eax

<+98>: sar S ,%eax

<+ : shr S , %eax

<+ : add %eax , %edx

<+ : movzbl %d1l,%edx

<+ : sub %eax , %edx

<+ : movslq %edx,%rdx

<+ :  mov (%rsp,%rdx,4) ,%edx




> Simple Buffer Traversal (asm code)

M int index = buffer[0]; uintptr_t index = buffer[0];
P00000000010cC <+76>: mov (%rsp) ,%edx DOOOOO0OO010CC <+76>: movslq (%rsp),%rdx
POOOOOOOOO10cT <+79>: mov SOx400,%esi DOOOOEOENO10dO <+80>: mov SOx400,%ecx
PO0000000010d4 <+84>: nopl Ox0(%rax) DOO000000010d5 <+85>: nopl (%rax)

f for(int 1=0; i<M; 1++){ for(int 1=0; i1<M; i1++){

P“FV DOOO00OOOO10fa <+122>: 1)) SOx1,%esi OO000000010ec <+108>: sub SOx1,%ecx
f DOOECOO00010fd <+125>: jne Ox10d8 <main+88> DOOOO0000010ef <+111>: jne 0x10d8 <main+88>

for(int j=0; j<N; j++){ for(int j=0; j<N; j++){
DOOOOOOOEO1OF5 <+117>: sub SOx1,%ecx OO000000010e7 <+103>: sub SOx1,%eax
DOOOOOOOOO10T8 <+120>: jne 0x10e® <main+96> DOO000000010ea <+106>: jne 0x10e® <main+96>

= buffer[index%BUFFER_SIZE]; index = buffer[index%BUFFER_SIZE];
DOOOOOO0NO10ed <+96>: mov %edx , %eax DOOOOEOEONO10ed <+96>: movzbl %dl,%edx y
N00000000010e2 <+98>: -1y SOx1f,%eax DOO0O0000010e3 <+99>: movslq (%rsp,%rdx,4),%rdx
00000000010e5 <+101>: shr S0x18,%eax
D00000000010e8 <+104>:  add %eax ,%edx }
DOCOOOOOOO10ea <+106>: movzbl %d1l,%edx
DOOOOOOENA10ed <+109>: sub %eax ,%edx
DOO000000010ef <+111>: movslq %edx,%rdx
DO0000000010f2 <+114>: mov (%rsp,%rdx,4) ,%edx
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