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Environment

Most high-performance computing environments consist of:

UNIX an operating system popular in non-desktop
environments

C a low-level, minimal programming language

hardware purpose-built, high-performance hardware

In this lecture, we focus on hardware.
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Review: Why UNIX?
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Review: Why C?

© supported by default on most (all?) UNIX systems

@ extremely good support for performance (“up”, distributed
computing; “down”, mixing assembly)

© many open and closed-source domain-specific supporting
libraries for

@ bindings for most other modern programming languages

© familiar syntax (most languages are based upon C)
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Review: Case Study

for (i = 0; i < sz; i++) {
[i] = 1; j++)
)

for (j =2, j <pl[i]

if (0 =p[i] % ]
break ;

if (j =op[i] - 1)

printf("%d\n", p[i]);
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Review: Case S

% cc -W -Wall -o example0 exampleO.c
% objdump -S example0
for (i = start; i < sz; i++) {

400d1f: 8b 45 8c mov OxfEfffffFFFFEEE8c (Yrbp) ,%eax
400422: 89 45 ac mov heax,0xffffEEFEEfffffac (%rbp)
400425: eb Te jmp 400dab5 <f+0xd5>
for (j = 2; j < plil - 1; j++)
400427: c7 45 a8 02 00 00 00 movl $0x2,0xffffFFEEEEFFFFa8(Y%rbp)
400d2e: eb 21 jmp 400d51 <f+0x81>
if (0 == plil % j)
400430: 8b 45 ac mov Oxffffffffffffffac(Yrbp) ,%eax
4004d33: 48 98 cltq
400435: 48 c1 e0 02 shl $0x2, %rax
4004d39: 48 03 45 90 add OxfEfEEEEEFEFE££90 (Yrbp) ,%rax
400d3d: 8b 10 mov (Jrax) ,%hedx
400d3f : 89 do mov %hedx , heax
400d41: cl fa 1f sar $0x1f, %edx
400d44 : £7 7d a8 idivl Oxffffffffffffffa8(Y%rbp)
400d47: 89 do mov %hedx , heax
400449: 85 c0 test %heax,heax
400d4b: 74 1b je 400d68 <f+0x98>
400d44: 83 45 a8 01 addl $0x1,0xfffFFFFEEEFFFfa8(Y%rbp)
400451 : 8b 45 ac mov Oxffffffffffffffac(Yrbp) ,%eax
400454 : 48 98 cltq
400d56: 48 c1 e0 02 shl $0x2, %rax
400d5a: 48 03 45 90 add OxfEEfffEEEFFEE££90 (Yrbp) ,%rax
400d5e: 8b 00 mov (frax) ,%eax
400460: 83 e8 01 sub $0x1,%eax
400d63: 3b 45 a8 cmp Oxffffffffffff£fa8(Yrbp) ,%eax
400466 : 7f c8 jg 400d30 <£f+0x60>
break;
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Hardware: Introduction

Why do we want to understand hardware? Computation, in
practise, involves:

execution
the actual execution of instructions

memory
where instructions and data are stored

Both of these occur on Real Machines.
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Case Study: Source

#include <stdio.h>
#include <stdlib.h>
int

main(void)

int *kmatrix;
int i
long long int res;
matrix

= malloc (11000 * sizeof(int x));
for (i = 0; i < 11000; i++)
matrix[i] = malloc (11000 * sizeof(int));
res = 0;
for (i = 0; i < 11000; i++)
for (j = 0; j < 11000; j++)
res += matrix[i][j];

printf("%Ild\n", res);
return (EXIT_SUCCESS);
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Case Study: Source

#include <stdio.h>
#include <stdlib.h>
int

main(void)

int *kmatrix;
int i
long long int res;
matrix

= malloc (11000 * sizeof(int x));
for (i = 0; i < 11000; i++)
matrix[i] = malloc (11000 * sizeof(int));
res = 0;
for (i = 0; i < 11000; i++)
for (j = 0; j < 11000; j++)
res += matrix[j][i];

printf("%Ild\n", res);
return (EXIT_SUCCESS);
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Case Study: Difference

% mkdir kristaps ; cd kristaps
% ftp http://kristaps.bsd.lv/minicourse_12_2011/examplel.c .
% ftp http://kristaps.bsd.lv/minicourse_12_2011/example2.c .
% diff -u examplel.c example2.c
--- examplel.c Sun Dec 4 17:37:37 2011
+++ example2.c Sun Dec 4 17:37:29 2011
@@ -15,7 +15,7 @@

res = 0;

for (i = 0; i < 11000; i++)

for (j = 0; j < 11000; j++)

- res *= matrix[i][j];
+ res *= matrix[j][i];

return (EXIT_SUCCESS) ;
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Case Study: Benchmark

% mkdir kristaps ; cd kristaps
% ftp http://kristaps.bsd.lv/minicourse_12_2011/examplel.c .
% ftp http://kristaps.bsd.lv/minicourse_12_2011/example2.c
% cc -W -Wall -02 -o examplel examplel.c
% cc -W -Wall -02 -o example2 example2.c
% time ./examplel
Om0.77s real
Om0.28s user
Om0.30s system
% time ./example2
Om4.33s real
Om3.66s user
Om0.40s system
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Hardware: Internals
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Hardware: Simple Motherboard
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Hardware: Simple Motherboard
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Graphi
raphics bus

card slot

Memory Slots
High-speed
graphics bus

(AGP or PCI i M
o Northbridge emory)

(memory
controller hub)

controller

Cables and
ports leading
off-board

PCl Slots

Super 1/O
Serial Port

Flash ROM
(BIOS)
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Hardware: Simple CPU

Main Memory
<=8 GB
Other
X)< ~ CPUs
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Memory Hierarchy

More Costly
Access
Times
— _1115'—“) ?r!.s e Regisfers

HHHHHHHH Level ¢ Cacheg

________ Lever o Cache

Less Costly

Kristaps Dzonsons Fundamentals of High-Performance Computing



Process Memory

high address

uninitialized data
{bss)

initialized data

text
low address

)

command-line arguments
and environment variables

initialized to
zero by exec

read from
program file
by exec
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Case Study: Reuvisited

% mkdir kristaps ; cd kristaps
% ftp http://kristaps.bsd.lv/minicourse_12_2011/examplel.c .
% ftp http://kristaps.bsd.lv/minicourse_12_2011/example2.c .
% diff -u examplel.c example2.c
--- examplel.c Sun Dec 4 17:37:37 2011
+++ example2.c Sun Dec 4 17:37:29 2011
@@ -15,7 +15,7 @@

res = 0;

for (i = 0; i < 11000; i++)

for (j = 0; j < 11000; j++)

- res *= matrix[i][j];
+ res *= matrix[j][i];

return (EXIT_SUCCESS) ;
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Case Study: Post-op

% mkdir kristaps ; cd kristaps

% ftp http://kristaps.bsd.lv/minicourse_12_2011/examplel.c .
% cc -W -Wall -02 -o examplel examplel.c

% valgrind --tool=cachegrind ./examplel

I refs: 1,818,598,714

I1 misses: 1,423

LLi misses: 1,354

I1 miss rate: 0.00%

LLi miss rate: 0.00%

D refs: 969,299,744 (968,863,668 rd + 436,076 wr)
D1 misses: 7,584,406 ( 7,571,336 rd + 13,070 wr)
LLd misses: 7,584,016 ( 7,570,986 rd + 13,030 wr)
D1 miss rate: 0.7% ( 0.7% + 2.9% )
LLd miss rate: 0.7% ( 0.7% + 2.9% )
LL refs: 7,585,829 ( 7,572,759 rd + 13,070 wr)
LL misses: 7,585,370 ( 7,572,340 rd + 13,030 wr)
LL miss rate: 0.2% ( 0.2% + 2.9% )
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Case Study: Post-op

% mkdir kristaps ; cd kristaps

% ftp http://kristaps.bsd.lv/minicourse_12_2011/example2.c .
% cc -W -Wall -02 -o example2 example2.c

% valgrind --tool=cachegrind ./example2

I refs: 1,818,598,714

I1 misses: 1,423

LLi misses: 1,354

I1 miss rate: 0.00%

LLi miss rate: 0.00%

D refs: 969,299,744 (968,863,668 rd + 436,076 wr)
D1 misses: 136,140,031 (136,126,961 rd + 13,070 wr)
LLd misses: 121,744,698 (121,731,668 rd + 13,030 wr)
D1 miss rate: 14.0% ( 14.0% + 2.9% )
LLd miss rate: 12.5% ( 12.5% + 2.9% )
LL refs: 136,141,454 (136,128,384 rd + 13,070 wr)
LL misses: 121,746,052 (121,733,022 rd + 13,030 wr)
LL miss rate: 4.3% ( 4.3Y% + 2.9% )
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Hardware: Multiple CPUs (One FSB)
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Hardware: Multiple CPUs (Multiple FSB)
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Hardware: Multiple CPUs (Multiple FSB)
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Hardware: Multiple Cores

6MBL3 plus 6x512kB L2 -— 128 bit DDR2/3 bus

Die size 204 mm2
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Hardware: Multiple Cores
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L1 I-cache |[1L.E]B.P] L1 |-cache L1 I-cache |[1.EJB.P] L1 I-cache |[1L.E]B.P]
64kB 2way [T57p ] 64kB.2way |5 7F- | 64kB.2way [T57p- | 64k 2way [T57p ]
Instruction decoder Instruction decoder Instruction decoder Instruction decoder
Dispatch Dispatch Dispatch Dispatch
Integer. integer | fl| integer. integer | li| integer integer | fl| Integer Integer:
Cluster Cluster | ff | Cluster cluster | ff | Cluster cluster | ff | Cluster Cluster
1 2 1 2 1 2 1 2
FPU FPU FPU FPU
L1 Dc L1 Dc|| f [[L1 Dc: L1 Dc|| f|[L1 Dc. L1 0c.|| f|[L1Dc. L1 Dc
6kB4W)| G Caona) [16%B4wi| f |16%B4wi| e Caone) |16%B4w| N |16%B4w| e cache) [16kB4w| lf |1 6kB4W| (e cache) |116KB4W
Core L2 Data Cache Core L2 Data Cache Core L2 Data Cache Core L2 Data Cache
IF || 2048 kB (shared,Max) IF || 2048 kB (shared,Max) IF || 2048 kB (shared,Max) IF || 2048 kB (shared,Max)
Shared L3 cache Shared L3 cache Shared L3 cache Shared L3 cache
2MB for each Modules 2MB for each Modules 2MB for each Modules. 2MB for each Modules
13 cache ctr. 13 cache otr (L3 cache ctr. ™™
| T 1 Synchvonzaton | | T 1 ] l
_° =~ _° E =~ 2=
[ System Request Queue )
|Clocki&|Rower/controller

_ _
yper Trans; X yer Transport cir.
Hyper Transport PHY Hyper Transport PHY
ey
e e oy g |
VvVvVvv vVvv

64 GT/S, 256 GBJs Dual channel DDR3-1866 /
Quad channel DDR3-1600 or Registered DDR3

6.4 GT/s, 25.6 GBIs

Kristaps Dzonsons Fundamentals of



Conclusion

In coursel, we used fork() to split execution into two parts, each
running on a core/chip.

How do we share memory between executing parts?
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