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lopics
f ® hardware essentials

® INnfro to unix

s logging in
s filesystems and files
s useful commands

s editors
# infro fo make & compilers

o |
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First Rule

" Don‘t Panic! Don‘t Panic!l

Don’t Panic! Don’'t Panic!
Don’t Panic!



°

hardware essentials
-

computational asfrophysics needs computers

typical: problem size/complexity larger than
available computers

— need to get more out of a machine than
designers intended in order to get the jolb done!

— need to understand how computer works
use this to squeeze everything and more out of it
know your fools!

|
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mMmodern computers

704

electronic
data-processing
machine

manual of operation

|
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Architecture of modern computers

Magnetic Core Central Magnetic Drum Power Supply Card Punch Magnetic Tape Units
Storage Proces'sing Operator’s Console Printer
Unit Card Reader

IBM 704 ELECTRONIC DATA-PROCESSING MACHINES
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CPU architectures |
- -

Figure 1-5 The Intel Pentium M Processor Microarchitecture
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CPU architectures I
- -

Figure 1-1. High Level Structural Overview of PowerPC with AltiVec Technology
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CPU architectures Il

AMD Opteron™
Processor Architecture

DDR Memory
Controller

L1

Instr'n
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CPU features
-

o Memory controller:

s translates virtual to hardware memory
addresses

s data fransfer external memory <« cache
s prefefches data

o L1/L2/L3 data/instruction caches
s ON-ChIp
s Vvery fast (L1 fastest, L3 slowest)
s Vvery expensive (§8S & space!)

o |
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CPU features
-

f ® [rocessor core

instfruction fetch/decode/ordering/scheduler
branch unit(s)

1 or more infeger units

2 or more floating point units (FPUs)

O or more vector units

e o o @ ©

#® each unitincludes data registers

o |
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Core?2 duo

Intel® Advanced
Smart Cache

|
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CPU features

#® qaddress space (32/64 bits)
s limits available virtual address space
s — MAX. size of data

-

o data storage in memory (Big/Little Endian)

o |
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data storage: Big Endian
B -

Figure 1-2. Big-Endian Byte and Bit Ordering
MSB

i \

Byte O Byte 1
Big-Endian Byte Ordering

Byte N (max)

#® Important for binary data exchange!
# Big Endian: Power, PPC, MIPS, PA-RISC
o Liftle Endian: IA-32, [A-64, AMD64, Alpha

o |
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vector registers (PPC9/0)

Figure 2-1. Programming Model—All Registers

/ SUPERVISOR MODEL - OEA ™
Configuration Registers
/’—\ Machine State Regist Prc Version Register'
useaopeL s sonaa
UISA
Memory Management Registers
g urpose Instruction BAT Registers  Data BAT Registers
GPRO (6432) IBATOU (64/32) | SPR 528 DBATOU (64/32) | SPR 536
GPAT (0432) IBATOL (64/32) | SPR 520 DBATOL (64/32) | SPR 537
N IBAT1U (84/32) | SPR 530 DBAT1U (64/32) | SPR538
3 IBATIL (64/32) | SPR531 DBATIL (64/32) | SPR 539
GPR31 (64/32) IBAT2U (64/32) | SPR 532 DBAT2U (64/32) | SPR 540
Floating-Point IBAT2L (64/32) | SPR 533 DBAT2L (64/32) | SPR 541
Registers |BAT3U (64/32) | SPR 534 DBAT3U (64/32) | SPR 542
FPRO (64) IBAT3L (64/32) | SPR 535 DBAT3L (64/32) | SPR 543
FPR1 (64) SDR! Segment Registers 1-2
: Coomems Jemas [ swon
PR3l (04) Address Space Register * SR1(32)
— ) ASR (64) SPR 280 .
Condition Regist .
SR15 32)
Floating-Point Exception Handling Regist
Status and i 1
Coantrol Registef' Data Address Register DSISR
ser1e [ oseR@ |seats
XER Register' SPRGs Save and Restore Registers
SPAGO (64/32) | SPR 272 SRA0(64/32) | sPR26
- - SPRG1 (64/32) | SPR 273 SRA1(84/32) | sPR27
Link Register SPAG2(6432) | SPR274  Floating-Point Exception
SPRS SPRG3 (64/32) | SPR 275 Cause Register (Optional)
Count Register Sl
SPRO Miscellaneous Registers
Vector Save/ Time Base Facility’ Data Address Breakpoint
IBes_torgRegl_ﬁg? (For Writing) iy Register (Optional)
L VASAVE(32) | sPR256 TBL (32) SPR284 SPR1013
Vector Status and TBU (32 SPR 285 i
Conire g &2 External Apcess Register
r Veca@s T Decrementer!
L, [ oroma sz | 0@ [wam
Vector Registers
r—_——— Processor Identification
b VRO (128) 4 Register (Optional)
e [ e Jsmi
t VR (128) 'I USER MODEL ™~
r = 1 VEA
e Time Base Facility 1
L_* _1 (For Reading)
L VB31(128) TBL(32) | TBR268
\\ TBU(32) |TBR zy /
1 These registers are 32-bit registers only. 3 These regi are on 64-bit i ions only.
2 These registers are on 32-bit implementations only. 4 In 64-bit implementations, TBR268 is read as a 64-bit valus.
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Complexity of CPU cores
B o

PPC 970 Features PeswerPt

- Instruction pipe
— 64KB L1 Inst cache, direct mapped / g \

— 32 entry | buffer
— 8 instructions fetch / cycle
- Branch prediction
— Highly accurate dynamic prediction l__l Tie/sLB | | L1 D
- Dispatch, issue
— 1 group (4 + branch) / cycle IFU H I ERATl
= 8p :o SQ activ? gr0|ups IDU T | LsU1
— Up to 8 issue / cycle
— Over 200 instructions in flight =t -I L aUs
- Data pipe [ I
— 32 KB L1 Data cache, 2-way sa | FPR | | GPR | | VRF
— 32 x 64b GPR, FPR 1 ] |
— 32 x 128b VRF | FPU1 | | FXU1 | | vaLu |
— 512KB L2 cache, 8-way sa
— 8 data prefetch streams \IFPUZ I I Eal I M/I

.
b
i

Microelectronics
PowerPC 970— MPF 2002
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Complexity of execution

o N

Figure 1-4 Execution Units and Ports in the Out-Of-Order Core

ALU 0 FP ALU 1 (I)ntegﬁc(e)r FP Memory | | Memory
Double M Double i
Spacd ove Spead Normal Execute Load Store
Speed
ADD/SUB FP Move ADD/SUB Shift/Rotate FP_ADD All Loads Store
Logic FP Store Data FP_MUL Prefetch Address
Store Data FXCH FP_DIV
Branches FP_MISC
MMX_SHFT
MMX_ALU
MMX_MISC
Note:
FP_ADD refers to x87 FP, and SIMD FP add and subtract operations
FP_MUL refers to x87 FP, and SIMD FP multiply operations
FP_DIV refers to x87 FP, and SIMD FP divide and square root operations
MMX_ALU refers to SIMD integer arithmetic and logic operations
MMX_SHFT handles Shift, Rotate, Shuffle, Pack and Unpack operations
MMX_MISC handles SIMD reciprocal and some integer operations
OM151561

|
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Initial programming inferface

14 704 ELECTRONIC DATA-PROCESSING MACHINE

Ficure

points in the program, giving sense instructions
(explained under “Instructions”) with the addresses
of the sense switches causes the calculator to follow
one of two courses, depending on which sense switches
are depressed. The sense switches are also effective
while the calculator is on MANUAL.

Panel Input Switches. There are 36 panel input
switches, enabling the operator to insert a word of
information into various registers of the calculator
while it is on MANUAL. When a panel input switch
is down, it represents a 1; when up, it represents a 0.

Index Display Keys. The three index display keys
let the operator display the contents of any of the
index registers, while the calculator is on MaANUAL,
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by pressing the key marked with the letter corre-
sponding to the index register in question. For ex-
ample, to display the contents of index register A,
the operator presses the key marked pispLAY a; the
contents of index register A then appears in the index
lights. The index registers are automatically dis-
played until the calculator is returned to automatic
operation.

More than one index register can be manually dis-
played in sequence by pressing the Display A, Display
B, and Display C keys, in that order. No return to
the automatic mode is necessary.

Load Keys. The load keys let the operator initiate
the loading of a self-loading program stored on



°

Unix
developed in the early 1970s T
as a simpler version of MULTICS

today freely available versions of unix-clones for
all kinds of machines:

o Linux
s FreeBSD, openBSD, NetBSD
s Darwin

consider only the common concepts etc.
remember the nran command!

|
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logging in

each unix machine supports an unlimited number
of simultaneous users

-

you need an userid and a password to use a unix
mMmachine

if you sit before a unix machine, it’ll ask for your
userid and password

If you want fo connect to and work on a remote
machine, use

ssh Ul D@machi ne. 1 nt er net. nane

|
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°

© o o @ @

°

shells
-

unix is command driven

graphical interfaces (X Windows) dare nothing
more than programs that run on a unix machine

they are 1980°s add-ons to unix
the command processors are called “shells’
they are just programs themselves

there are a number of them: ksh, bash, csh,
tcsh, sh

they offer different add-ons o the user, e.qg.,
command line editing and scripting

|
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files

o N

# Unix uses a generdlized file concept
s ‘normal’ files (tex, programs, dafta etfc)

s devices (disks, tapes, CDROMs, display, mice
efc)

s data & devices on remote computers

# file system is hierarchical (uses sub-directories
starting at a roof)

o |
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°

files

file names are nearly arbitrary
case sensitive (not always, e.g., OSX’'s HFS+)

Important special characters:
s [ :used as directory separator

s *  ?:wildcard characters used o select
groups of files

s \:used tfo mask special characters

tip: use alphanumeric characters for files: A- Z a- z
0-9

|
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canonical files/names
=

o /[ dev: directory with hardware devices
o =+ f . fortran source code files

® *_ c: Csource code files

® . tex: [pXsource code files

o |
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essential commands
-

df : shows all file systems and their used/free space

pwd: shows current directory and it’s path starting
at the root

man: gets you help on a command, €.g, man nan

| s: lists files in current directory
cd: changes to a different directory

|

part01.tex — Astrophysikalisches Numerikum — Peter H. Hauschildt — 9/3/2008 — 17:25 - p.27/45



essential commands
-

cat, nore, |ess: display content of a (text) file
on the terminal

r m removes d file. Forever. It's gone, bye-bye. No
way back.

exl t : ends the shell, closes the connection 1o a
unix machine

xt er m starts a new shell in a new X Window (if
applicablel)

|
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editing files
there are many different edifors available T

vi (pronounced as separatfe leffers: “vi”): the
standard

emacs: a freely available full-screen text editor.

pi co: This is the editor that comes with the pi ne
email program

|
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Programming
-

# direct programming of modern CPUs?
# use high level languages
o historically: FORTRAN (IBM, early 1950°s)

o |
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Forfran Automatic Coding System
| . _ _ -

 Fortran

I | .
FOR

partOl.tex — Astrophysikalisches Numerikum — Peter H. Hauschildt — 9/3/2008 — 17:25 - p.31/45



original Fortran Language

APPENDIX B. TABLE OF FORTRAN STATEMENTS

STATEMENT NORMAL SEQUENCING
a=b Next executable statement

GO TOn Statement n

GO TO n, (ny,ny,...,Nm) Statement last assigned B
ASSIGN i TO n Next executable statement ;
GO TO (ny,my,.. .0, 0 Statement n;

IF (@) ny,ng,ny Statement ny,n,,n, as a less than, =, or greater than 0
SENSE LIGHT i Next executabie statement

IF (SENSE LIGHT i) n,,n,

Statement ny,n, as Sense Light i ON or OFF

IF (SENSE SWITCH i) myn,

“ as Sense Switch i DOWN or UP

IF ACCUMULATOR OVERFLOW n,,n,

“ as Accumulator Overflow trigger ON or OFF

IF QUOTIENT OVERFLOW ny,n,

“ as MQ Overflow trigger ON or OFF

IF DIVIDE CHECK ny,ny

** as Divide Check trigger ON or OFF

PAUSE or PAUSE n

Next executable statement

STOP or STOP n

Terminates program

DOni = mymyor DO Ni = mymymy

Next executable statement

CONTINUE

FORMAT (Specification)

Not executed

READ n, List

Next executable statement

READ INPUT TAPE i, n, List

PUNCH n, List

PRINT n, List

WRITE OUTPUT TAPE i, n, List

READ TAPE i, List

READ DRUM i, j, List

WRITE TAPE i, List

WRITE DRUM i, j, List

END FiLE i

REWIND i

BACKSPACE i

DIMENSION v, v, v, ...

Not executed

EQUIVALENCE {a,b,c,. ), Wef,..), ...

FREQUENCY n(i,j,..), mkj,. ), ...

50
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FORTRAN Il (IBM 704)

FORTRAN II

for the IBM 704 Data Processing System
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FORTRAN IV

GC28-6515-10

IBM System/360
and System/370
Systems FORTRAN IV Language

This publication describes and illustrates the use of
the FORTRAN |V language for IBM System/360 and
System/370. It is primarily a reference manual for
programmers who are familiar with the elements of
the language. :

FORTRAN 1V is a mathematically-oriented language
useful in writing programs for applications that
involve manipulation of numerical data.

JIBIML
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Form of Forfran programs

IBM form x28.7327-3
FORTRAN CODING FORM Finted in U-S.A.
Program
CodedBy =~~~ Date
Checked By — === Identification Page  of
| SRS E—

(—— C FOR COMMENT ” ©

T FORTRAN STATEMENT
! s w0 i 2 25 2 3s «© P 5 55 o o5 77
C. ROGRAM FiOR F.|INDI NGI THE ILARGEIST. VALUVE. .| L L L L L
ATTAINED BY A SET OF NUMBE RS 1 1 1 L 1 1 1
DI MENS ) ONi A(994) 1 L L L L L ' L L L
EAD (5,10 Ny (ACL) 3T ,N) L L L L n L L L
FORMAT., (1:3/C1.2F6.2)) L . n s L . n . .
B GA:zA(L1) L ) L L L . s . . L L
DO, 20 I.22,N L 1 L L 1 L ' 1 ' ' '
F._(BJGA-A(I1))10,420,20. .. L L L 1 : L L 1
10| B! GA: AL L L . L . L L L n L .
20! lCONTIINUVE. | L L L L L s L . L s L
RITE. (62 )N, Bil GA L L L L 1 . . 1 L
2| FORMAT. (22H1THE LARGEST OF Tuese,L3,12H NOMBERZS. 16.,F7u2) . N
TOP L L L \ . L L L . L . \
ENP 1 L L L L ' L s L L L L
L L 1 . L L L | 1 | . | n
L L L L L \ . L L L \ L L
L L L L . \ L | L . L L
1 L L \ 1 ) L L L L . L L
L L 1 L L \ L | L | L L L
L L | L L L L | L L L . .
1 I L L L ) . L . . L L L
Figure 1-1
FORTRAN STATEMENT wenTinicanion

;ﬂlllllllllﬂ 00000000 000 00000000000000/00000000
IllIII!I’I'1"I”I,;”I’;‘;‘;“I”I‘;‘T’!”I”l“l‘lIIIIIITIIIIIIIII‘I‘?;;:;"I‘II‘lllIII;"I"I"IIIllll1|l’|‘;‘;‘l’:"l’:;’;‘rl.
2022222222222222222222222222222222222222222222222222222222222222222222222(22222222
313131311!33!331333!!31!33333!333!3!3!13!313!3!331!33333531333333331!11131‘-\333133
4|Jlllllll444‘l4llllllllll4lllll‘llllJUlllllllllll4l4ll‘l4(l‘444‘lll‘l‘llllllll‘
5|5555555555555555555555555555555555555555555555555555555555555555555555555555555
B66606666666666666666666666666666666666666666666666666666666666666666666/66666666
MITATI1777777777970007100100777117171719777791770000710917179171171717111779)17171711117
l'llll|lllllllllll!!lllllIlllllll.lllllll'lllllllllﬂlllIlillll!lll!ll‘!lllﬂﬂlllll
!N!s!g?! 9!9!!!!3!5!3!!99!!li!!ng!!!!!l!i!!s!!!S!!9!579!!99!939BEOS,!J!!D!SII'!!

RIS 1221 nan BN NN G
s

Figure 1-2
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programming

o N

o ‘adll’ programming languages are available on
unix
# writing a program is a multi-sfage process:

s develop and write program source code (fext
file)

s Use a compiler to translate source to ‘object’
formart

s link object code with system libraries to
produce executable program

o we will use fortfran95 as programming language

o |
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programming support

o N

o fortfran?5 compile have different names:

s gfortran/ g95: GNU gcc based Fortran 995,
FREE

s f95: most common, e.g., NAG forfran5
s | fort:Intel fortran@5 compiler for IA32/1A64

s X| f95: IBM fortran95 compiler for OSX, AlX,
Linux on PPCs

& Important utility program: nake
#® Important debugger: gdb

o |
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Compiler
B -

o the "compililer” is (usually) a set of different
programs

s compliler: tfranslates source code 1o
“Infermediate code”

s opftimizer: optimizes infermediate code for
performance

s assembler: translates intermediate code 1o
object code

s linker: combines object codes with libraries to
executable

o libraries: special files with system, mathematical,
/O routines

o |
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°

Compiler

nave a numbper of options

these depend on the actual compiler!
typical:

s debugging (testing/verifying the code)
s optfimizing (faster execution)

you must know the opfions for your compiler

how fo find out?
s man f 95
s 96 --help

|
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HelloWorld.f
program hel | o T

i nplicit none
wite(*,*) "Hello World!”’
stop "die, puny human!"”

end

|

partOl.tex — Astrophysikalisches Numerikum — Peter H. Hauschildt — 9/3/2008 — 17:25 — p.40/45



HelloWorld.f
f program hel | o T

| N N N N S S -

i nplicit_none

| N N N N S S -

C
wite(*,x) 'Hello World!’

C

C
end

| N N N N S S -

o |
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°

make

make is an “utility”
aid program development

uses a Makef i | e To describe how 1o franslate
source code 1o executable

useful for projects with many sources files that
have dependencies

|
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Makefile
fFgozgf ortran T

LD=gf ortran
FFLAGS= - -fno-automatic -ffixed-form-wWall -fno-second-underscore
DFLAGS= -g -Wall -fno-automatic -ffixed-form-fbounds-check -fno-secon
LFLAGS=${ FFLAGS}

$(F90) $(FFLAGS) -c $<

all: Hellowrld

cl ean:
/binfrm=*.0 Hell oWrl d

Hel | oWrl d: hello.o
$(LD) -0 Hellowrld hello.o $(LFLAGS)

o |
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make
-

attention: ‘blanks’ before commands are tabs!

Makefi | es can be very complex, depending on
the project!

actual command: nake

iNn the example: nake cl ean removes generated
files

|
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problems

o N

. write/compile/run a "hello world” program in
forfran@5

2. write a Makefi | e to compile/link hello.f

o |
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