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Azimuthal Projections

California
(same scale)



Part | of shell scril:)t
Set stuff up

#!/bin/sh

#call with “stn _az map lon lat name”
ROOT=/gaia/home/smalley
WORLDCOAST=0/360/0/180
RED=250/50/50
BLUE=50/50/255
GREEN=50/255/50
MOREPS=-K

ADDPS=-0

CONTINUEPS="-K —0"
FILL=200

SCALE=1.75

XOFFSET=0.75
YOFFSET=1.5
GRIDCNTR=180/90/7/90
OUTPUTFILE=$0 $3.ps

rm SOUTPUTFILE

Notice abundant (lack of) “comments” (use
variable names that are self clocumenting}



#set up map to be centered on lat lon given in command line

#draw crude coastlines, ocean blue, land green

#do not draw lat long grid (no frame specs on —B, could put w/next)
pscoast -RSWORLDCOAST -Je$1/$2/$SCALE/180 -B:."Station $3 Map": -
S200/200/255 -G200/250/200 -W1 -Dc -P $MOREPS -X$XOFFSET -Y$YOFFSET >
SOUTPUTFILE

#set up new map centered on north pole and draw only the lat long grid
psbasemap -RSWORLDCOAST -Je$SGRIDCNTR -B15gl5 -0 -K >> SOUTPUTFILE

#RESET map to be centered on lat lon given in command line
#to put on some earthquake data read from this file
#data specified in lat long order, psxy assumes long lat (x,y) so

#use the “-:" switch to let psxy know (another common gotcha)

psxy —-R$SWORLDCOAST -Je$l1/$2/$SCALE/180 -Sc0.1 -G250/250/50 -W1/0/0/0
SCONTINUEPS -: <<END >> SOUTPUTFILE

-9.09 158.44

35.35 78.13

END

#add plate boundaries, notice don’t have to respecify details of region
and projection but do need —R -Je

psxy -R -Je -M$ -W1/$RED $CONTINUEPS $ROOT/ptect/ridges >> $OUTPUTFILE
psxy -R -Je -M$ -W1/SGREEN SCONTINUEPS SROOT/ptect/xforms >> SOUTPUTFILE
psxy -R -Je -M$ -W1/S$BLUE $ADDPS $ROOT/ptect/trenches >> $OUTPUTFILE






Another version of an
azimutlﬁal, ec]uian ular map
centered on Memphis and it’s
anﬁ~Po e.

Now it’s a lot easier to
iclenthcg landmasses on the
other side of the globe bg

their shapes.

Also slﬁows that great circles
(the radial lines) converge at
the anti~Po<:le.
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Data Plot‘ce& in South America reterence frame
using oblique Mercator projection

referenced to Euler pole

(Points on South America Plate have zero — or near zero — Veloc:ities.).

Plate motion follows lines of latitude

o (horizontal lines) .
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MH‘(C a cross section

2 parts, draw map,
draw cross section)

ht‘tP: // www~geologg.ucclavis.eclu ol gps/ GMT/LONG _VALLEY/ hgpocenter.html



# Set PARAMETERS FOR CROSS-SECTION PLOT

center="-118.85/37.55"

azimuth="160.0"

#3. DEFINE A BOX

width="-5/5"

length="-15/15"

\rm LV seismicity.tmp

nawk '{print $1,$2, $3}' LV seismicity.dat | project -C${center}\ -AS
{azimuth} -0 -W${width} -L${length} -V > LV seismicity.tmp

# PLOT CROSS-SECTION HYPOCENTERS ON MAP

nawk '{print $6,$7}' LV seismicity.tmp | psxy -J${projection} \
-R${range} -P -M -Sc0.03 -G0/0/255 -0 -V -K >> ${psfile}

# PLOT CROSS-SECTION BOX

# SET PARAMETERS TO PLOT

brange="-15/15/-15/0"

bprojection="x0.2/0.2"

btick="a5f5g0/a5f5g0"

psxy box dim -R${brange} -J${bprojection} -B${btick} -W1l -P -0 \
-K -X-1.25 -Y-4 -V >> S${psfile}

# PLOT HYPOCENTERS ON CROSS-SECTION

nawk '{print $4, $3*(-1.0)}' LV seismicity.tmp | psxy -P -M \
-JS{bprojection} -RS${brange} -Sc0.03 -G0/0/0 -0 -V >> ${psfile}



Vertical Velocity [mm/yr]
T

psvelo does not Plot +++
vertical vectors — -~
fake it. Plot vertical + ++
as N, £=0. _O__O_
What about the j:
contours? If exist as —
digital line data Plot x
Wiﬁ, psxy. IF from ;
raster data with A
values on a grid have .
to convert first then ]|

draw with PSXY. ICE AND FIRE

Postglacial rebound in Patagonia



echo make pgr contours

PGRFILE=pgr5el8 First gricJ data for gmt.

SPACING=4m
xyz2grd $SAMDATA/S$SPGRFILE -GS$SAMDATA/SPGRFILE.grd -ISPACING /

—: —-R$SREGION
grdinfo $SAMDATA/S$PGRFILE.grd Théﬂ contour.

grdcontour S$SAMDATA/S$SPGRFILE.grd -Cl -Jx1.0 -DSPGRFILE.con -M /

-RSREGION > /dev/null

#have to hand edit the contour file to do 2 things -- as made the
first point in each contour

#is stuck on the end of the new contour seperator line - have to
add <cr>, also does VERY bizzare

#stuff with > for segment seperator, change to $ and works fine.
#exit

psxy —-RSREGION -$PROJ/S$SCALE -M -WSLINETHICK/$ICECOLOR /
SCONTINUE $PGRFILE.con $VBSE >> $OUTPUTFILE



Contour SRTM DEM dataw/ GMT and convert

ogram wiote) DUE there is a new GMT

into KML (using a
Eis, gmt2kml, for points and lines.

routine to do t
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- - . o
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gmt?.kml reads one or more GMT table file and converts them to a single outPut file
using Google Earth’s KML format. Data may represent Points, lines, or Polggons, and
you may sPecier additional attributes such as title, altitude mode, colors, pen widths,
transparency, regjons, and data descriptions. You may also extend the feature down
to ground level (assuming it is above it) and use custom icons for Point sgmbols.




chrcscnting numbcrs on the computc-:r.

Computer memory / processors consist of items
that exist in one of two Possible states (binarg
states).

Tlﬁese states are usua”g |abe|ecl
O and 1.

Each item in memory stores one “bit” of
information. (whetheritisaOoral).



How can we combine these “bits” into something
uscncul?

We can let the two states represent the digits O
and1of a Positional, base 2 sgstem.

(similar to our base 10 system, but with onlg 2
cligits, O and 1, rather than 10 cligits, O,1,2,35, 4,5,

6)7J8)9>’



This leads to a simple way to rePrescnt integers =
~just use base 2.

Base 10 Base 2

0 0

1 1

2 /1 0
3 11
4 When you run out of 100
5 sgmbo s, combine 101
6 using idea of 0 and 110
7 Positional value 111
8 ////// 1000
9 1001
10 1010
11 1101

a bra b abzabla b, b= base, “a” element of set of sgmbols
for base {0, L...,b-—l}



gl itches




All the integers we can write down are finite (use
some finite number cligits) . but size otherwise

arbitrar
(8, 147, 9875460%6. etc).

Coml:)uter takes this one step further bg stating

up front the number of digits (bits) in a number in

memory. All numbers will have this number of bits
(or multip es of it).




Introduce the “bgte” —agroup of 8 bits.

In general tl’)é coml:)uter cloes not wor|< Wit]’]
individual bits — it works with bgtes (8 bits at a
time) or words (some number of bytcs}.

Bytes can be combined into “words”. Words were
origina”g defined as 2 bgtes (16 bits), but as
comPuters got more Powemcul, words grew to 4
bgtes (32 bits), and now 8 bytes (64 bits) with 16

bgtes (]2.8 blts on tl"le hOfiZOﬂ) . (how tlﬂings are combined will

come back to bite us later)

Half a bgte, 4 bits, is a “nibble”.



On the SUN, aword is 4 bgtes
(“32 bit machine”).

On the newest MacPro’s (and P(C’s, since tlﬁeg
both use the same INTEL chips} aword is 8 bytes
(“64 bit machine”).



So let’s say we are on a machine with 3 bit
“words”.

(so we can write out the numbers)

We have seen that we can rePresent Positive
integers in base 2.




With % bits we can count to 7.
(with n bits we can count to 27-1)

000
001
010
011
100
101
110

0
1
2
3
4
5
6
7




wWhat about negative integers?
Now we have a Problem.

We don’t have a minus sign.

All we have are 0 and 1.




One "simple" solution is to use the most
signhcicant (MSDB) or lﬁighest order bit (the
leftmost one) as a “sign’” bit.

000 0
001 1
010 2
011 3
100 -0
101 -1
110 -2
111 =3



Whg the simple solution is not so simple.
This solution has some Pro]:)lems.

We have two values for zero (Positive and
negative, and we onlg have 6 distinct numbers, not

7).

This representation will also make binarg
arithmetic (add, subtract) on computers aw ward
(i.e. if numbers are expressed in this fashion).



Actual solution:

Use MSB to indicate the si%n of the number — but
N a sliglﬁtlg fun y manner.

Use the idea of the

~Additive inverse - each Positive number has an
additive inverse.

combined with the fact that the comPuter has

- Finite Precision — uses a tixed number of bits to
rePresent a number.



How does this work? (using‘i- digit numbers)
A=0101,

Want additive inverse of A, a number that when
added to A Procluces O.

I we add 1, we get
A'=0101,+0001,=0110,

So we have made the least signhcicant bit (LSB) 5
Zero.



If we add 11, we get
A’'=0101,+0011,=1000,
Now the 5 L.SPBs are zero.

If we add 1011, we get
A'=0101,+1011,=10000,

Not a Problem for us — WCjUSt write down the
answer's 5 bits ~~-- but —our numbers in the
computer are onlg 4 bits in size, the 1is a carry

into a 5t bit — but we don’t have a 5th l:)i’t, so it
goes into the bit bucket (gets thrown out) .



'=0101,+1011,=10000,

So with a limit of 4 bits we cannot add the two 4

bit positive numbers 0101, and 1011, because
the answer needs 5 bits.

KeePing onlg the 4 bits we have.
'=0101,+1011,=0000,

and we see that 101 1,is the (4 bit) additive
inverse of 0101,



Sowewant 0101, to represent 5,,
and 101 1, torepresent -5,
While maintaining Positional notation.

0101, = O*something+1%*22+0*21+1%20=5 /
and
1011, = l*something+0*22+1*21+1%20=-5_,
1011, = 1*something+3,,=-5,,

S0 somethingz -8,,= -2



S50 now we havcj

abcd, = a*(-23)+b*22+c*21+d*2°

abcd, = a*(-8,,)+tb*4 ,+c*2 ,+d*1,,

which also maintains Positional notation.
We can now count from =2n-1 to 2n-1_7

(ex. for n=3 , 23=8, 50 we can represcnt 8 values
fed. -3, -2, =1, 0, 1. -kl



This rePresentation of numbers is called two’s
Complement

Numbers written this way are two’s complement
numbers.

_



Two’s complement numbers can be made using the
“theorg” Presentcd, or bg noticing that you can
also form them bg inverting all the bits and then

adding 1!

(5,0) = 0101, ~>invert bits to obtain 1010,
then add 1

1010, + 0001, = 1011, = (=5;5). copretobein

This method is trivial to do on a computer (which
can rea”g onlg O logical operations [and, or,
exclusive-or, negate] on Pairs of bits or

bits [negate].)



S0 —-to aclcl on a computerjust aclcl the two
binarg numbeérs.

To subtract on a comPuter)jus‘t add the two’s
comPliment of the number you are subtracting.



Sizes of numbers (integers)

8 bit (byte) . =128to+127
(unsignecl: 0to +255)

16 bit (half word, word, short, int) . -32,768 to
+32,767 (32K)
(unsigneci: 0 to +65,5%5 or 64K)

32 bit (longworcl, worcl, nt): -2,147,483,648
to+2,147,483,647
(unsigned: 0 to +4,294,967,295)



64 bit (double word, |ong word, quaclwoml,
inté8) : -9,223,372,036,854,775,808 to
+9,223,372,036,854,775,807
(unsigned: 0 to
+18,446,744,073,709,551,615)

128 bit (octaword) -

-170,141,183,460,469,231,731,687,303,715,884,105,728 to
+170,141,183,460,469,231,731,687,303,715,884,105,727

(unsigned: 0 to

+340,282,566,920,9%8,46%,465,574,607,451,768,211,455)

{1038 — 3 Prett9 big number — but not big enoug") to count the atoms in the universe —
estimated to be 1080}



S0 now we can aclcl ancl subtract integers (also
known as fixed Point numbers)

(ancl multiplging bg rePetitive aclclition, division bg repetitive subtraction).

What about -

Non~integer numbers?

Numbers outside the range of integers?



Enter — Hoating Point numbers.

Non-integer numbers on the coml:)utcr are limited
to a subset of the rational numbers
(a/b where a and b are integers and a/b can be
representecﬂ exactly in the number of bits used bg
the coml:)ten.

Akin to scientific notation

a.cde .. * bo

where b is the base.



Floating Point numbers can represent a wider
range o numbers (bigger range of exponents)
than fixed Point numbers.

As with scientitic notation — Hoa‘cing Point
numbers will have a number of cligits in a decimal
number (with a decimal >oint, not base 10) Plus

an exponent, which is used to multi DIH the decimal
number bg the base raised to that power.

2.235 x 106°

But now our ﬂumber ancl base Wl” 136 binarg.



To maximize the Precision) we will normalize
Hoating Point numbcrs such tlfwat tlfmcre are no
|eacling zeros to the left of the decimal Point.

This determines the exl:)onent.
After normalization all Hoating Point numbers will

have a1in their most signhcicant bit (asau alwags
follows a q).



Modern Hoa’ting Point format is IEEE 754
standard (there were at least as many as
comPutcr manufacturers for a long time).

Normalized (move decimal Point so is after first
NON~-Zzero cligit) non~intfz]ger numbers are
rePresente as

p-1 \
(1.+ Y bit, 27" | 2"
n=1 /

m = 1.5707964 | * 24 =
1.100100100001111110110110011111101010110010
(1+1%2-140*%2724+0%23+1 %244, +1%2-7+1*%2-11) %21




In IEEE format the decimal point will alwags be
after (a choice, it could be before as in DEC's
version) the most signhcicant NOoN-zero digit (which
can onlg be alinbase?2).

lmPIici’t or hidden bit.

To milk another cligit out of our Hoa’ting Point
rel:)rescntation use the fact that for all numbers
but zero, the first binarg cligit will be a |, so we can
throw it out.

(l.e. ~ not store it in the number. We have to remember to stick the imPIici‘c or hidden bit
back in for calculations. This is done automatic:a”9 bg the hardware in the CPU.)



m = 1.5707964 * 2! =
1.10010010000111111011011001111110101011060

(1+1%2-140%224+0*%23+1 %244 +1%2-74+1%2-11) %21
The decimal number is called the mantissa.

Tl’lé cxponent IS ca”ecl the exl:)onent.



Tgl:)ical size for Hoating Point number is 52 bits —
called single Precision (double Precision s 64
bits, qua& precision 128 bits) .

The IEEE Hoating Point number consists of a

- 24 bit mantissa (including hidden bit)

~an 8 bit exponent (with a bias or excess to
handle Positive and negative values),

-~ and a sign bit (total 5% bits inclucling hidden bit) .



Rounding is done bg addingl to the 24th bit if the
25th bitis al.

(we have 23 bits in the Hoatin Point number for
the mantissa after takingt e sign bit into
account,

but one bit [the MSB] is implicit, so the last bit is
rea”g the 24th in the number)



To handle negative exl:)onents we will just add 127
(in the IEEE standard, some other floating point formats use 128) to {LC VBIUC OIC
the exponent (in base 2). The exponent IS an
unsignecl integer.

The base for the exponent s 2

(it was 16 on the IBM, which gave a much wider range of values for the exponent, but also
much bigger rouncl og errors because ever change n the exponent shhc’ced S rather
than 1 bits) .



So our Hoating Point number is

1.
SEEEEEEEEMMMMMMMMMMMMMMMMMMMMMMM

example

T’s first 32 bits =11.00100100001111110110101010001,

Round to 24 bits, normalize\

o>
1.10010010000111111011011, x 21

sign bit =0
exponent =1 (11.0.. = 1.10..x2%) .,

excess or bias 127, exponent = 127,,+1,,=128,,=10000000,



So our Hoa‘cing Point number is
example

Assemble

1.
M =0 10000000 Vv 10010010000111111011011

Run together

01000000010010010000111111011011

(in hex 40490£db)




Range of Hoatiﬂg Point numbers.

Single Precision
(32 bit number, 24 in mantissa)

About 7 decimal ciigits.

How to agpproximate number of base 10 digits
rom number of base 2 digits

210 = 1024 ~ 103

base 2 exponent/ base 10 exponent =
10/3=3.3

(24/3.3=7.2)



Raﬂges for various sizes of Hoating Point numbers

Type Sign Exponent Mantissa Total bits Exponent bias Bits precision
Single 1 8 (38) 23 32 127 24, (715)
Double 1 11 (%+308) 52 64 1023 53, (164,)

Quad 1 15 (*4,965) 112 128 16383 113,  (34,,)




To add Hoa‘cing Point numbers — have to line up
the mantissas (shhct based on exponent).

Potential Problem when adcﬂing two numbers of
very ditferent magnitucle.

1,0000000

cg. 1.0 + 0.0000001 = 1.0 +0 OOOOOOO%

1.0000000

In single Precision
(does not give exl:)ected 1.0000001)

because wWe Ao not have enough bits to rel:)resent
correct value (onlg 7 decimal digits) :

(solution here is to go 1.00000000000000
Pliss +0.00000001000000
to double Preos:on.) 1.00000001000000



Another Potential Problem

| oss of signiﬁcance when subtracting two
numbers ’tl’wat are almost the same.

1.234567-1.234566=0.000001

Start out with 7 digit numbers, end up with single

signhcica,n’,t cligit IN NEW ~ seeminglg 7 51§nhcicant
digit - number (1.000000 x 10-¢)

Tl’W!S Pf’ObICm Is not SOIVCCI bﬂ 1.2345670000000
, P -1.2345660000000
lncreasmg Pf’CClSIOﬂ Oonn COmPUtCF. 0.0000010000000

>



To multiplg Hoating Foint numbers — add
exponents, mu tiplg mantissas.

On coml:)uter — result ]’185 same number
signiﬁcant cligits (7 for single Precision) as the
two Factors.



SPecial values:

~-Zero (no1 bit angwhere to normalize on — all
7eros)

+/- imcinitg

- NaN (result of oPerations such as divide bg
zero, sqrt -1 [excel:)t in matlab])

~Others



Machine Precision

Characterizes Precision of machine
representation.

ePsilon OorE__ ..

Value del:)ends on number bits in mantissa and
how rouncling is done.



With rounding to zero,

E = B"(1-P)

mach

With rouncling to nearest,

E = (1/2)*B"(1-P)

mach

Where B? (M)=BM.




E

mach

Quantities bounds on the relative errorin
representing any non-zero real number x within
the normalized range of a Hoating Point sgstem:

| (f£(x) - x) / x | = E

mach



Math vs what the coml:)utcr does.

Due to finite Precision and rouncling the
computer will (genera”y) not give what you miglﬁt
expect mathematica”g.

Mathematica”g sin?0+cos?0=1.

But on the computer (Fini‘ce recision, rational
values onlg, ...) the test

sin?0+cos?0==

will return FALSE!



One solution to this Problem Is to test against a
small number — the machine Precision, rather than
Zero.

50 test
abs (sin?0+cos?0-1) < epsilon

if this is true consider, then we can consider
sin’0+cos?0=1.

(same with test a== ;
use abs (a-b) < epsilon).



One last detail
Combining bgtes into words.
Mang ways to do it and all were used of courso.
Two of the most Popular are both still around.

Can cause value omc numbers to be interpreted
| ncorrectlg.

Can cause major headaches

(some oPerating sgstems/ programs can Figure it out and fix it for you, others can’t and

you have to do it).



Endianness

In bgte (unsignecl integer)

27, 26, 25, 24, 23, 22, 21 ,20

MSDB on leFt, . SB on right.

What haPPens when | combine 2 bgtc—:s into a 16 bit
number’?




i1 was starting with 16 bit numbers I'd do
215, 214, 213, 212, 211, 210, 29 ,28, 27’ 26’ 25’ 24, 23, 22, 21 ,20

Two Possible ways to combine.
(ancl also several Possi e ways to visualize

memorg} .
MSE)gte LSE)g‘ce
Address 0 1

LSBgte MSEgte
Address 0 1



A number made up cncjust one bgte would have
that bgte Placecl at address O.

addr O A B C D E F
0000 21 00 00 00 00 00 00

How clo wWe exl:)ancl this number to two bgtes‘? We
have 2 oPtions. We could allow it to 7Cgrow towards
. the riglfw’c — the little endian form) .

addr 0 1 A B C D
0000 21 43 00 00 00 00 00 00

This Puts the numbers "backwards", but allows us
to extend the size of number to the limits of
memory without ha\/ing to move the least
signhcicant Parts.



Altematelgj we could slide the first bgte to the
right, changing it's address, and then extend the
number toward the left, the ]:)ig endian form.

addr 0 1 . B C DS
0000 43 21 00 00 00 00 0O

This keeps the digits in the “correct” order, but
forces a j;cini‘cc size into the number (one has to
move the bgtcs with lower signhcicance as add
more bgtes).

(the arrow indicates the base address when
reFerring to the number).



Nothin rea”g forces us to number bgtes left to

right. H:%VC wanted, we could number right to left.

If we were to do SO, the above exercise takes on a
whole new look: \

addrFEDCBA98;_ 0
0000 ' 21

grows to become either (Little Endian):

500 59 00 00 00 00 00 00 00 00 0000 0ANGANER ¢3 21
0000 OO 00 00 00 00 00 00 00 43 21

or (Big Endian)

addr ggFs=FE D - C B A Y9 &8 1 O
0000 21 43 b




addr 7 6 5 4 S
0000 )0 00 00 00 00 00 001 21

grows to become either (Li’t’tle Endian):

addr 7 6 5 4nasam 1 0
0000 00 00 OO0 OO OO 00§43 21

or (big Endian)

addr 7 6 5 A ;N 0
0000 00 00 00 00 00 00121 43

Suddenly, little endian not onlg looks correct, but
also%ehaves correctlg, Zrows left without
attectin g existing butes.

Ancl,just as suc:lclen|9, big endian turns onto a
bizarre rogue whose bgte orclering doesn’t follow
the "rules”.



Big~enclian

(Looking at memory as column going clown.)

Register
Memory OAOBOCOD

a:|0A| <«——
atl: OB <«=——
at2:|0C| ==
at+3:|0D| ==

Big-endian




Big»-enclian ~ with 8-bit atomic element size and 1-
byte (octet) address increment:

increasingadciresses —
L OXOA | OxOD | OxOC | OxOD

The most signhcicant bgte (MSB) value, which is
OxOA in our example) s stored at the memory
location with the lowest address, the next bgte

value in signhcicance, OxOB, is stored at the
Fo”owing memory location and so on. This is akin
to L@CtJto-Right reading in hexadecimal order.



| itHe-endian

(Looking at memory as column going clown.)

Register
OAOBOCOD Memory

—»  a 0D
> a+1:/0C

> at+2:|0B
> a+3:|0A

Little-endian

ft ordering of r




| ittle—endian - with 8-bit atomic element size and
1—-59‘[@ (octet) address increment:

increasingaclcircsses —
L OXOD | OxOC | OxOB | OxOA

The least signhcicant bgte (LSB) value, 0x0D, is
at tl’we |owest acﬂclress. TI’IC otlﬁer bgtes Fo”ow N
increasing order of signhcicance.



Register

AlB|C

D

D

AlB|C

D

Big endian

32 bit access

{ Little endian

f—— Big endian
Al|lB|C
| Little endian
F— Big endian

16 bit access

8 bit access

«—| Little endian

Memory

D

D 8 bit access

C

D

clD 16bit access

AlB|C

D

AlB|C | D|32bitaccess

3 2

1

1 2 3

Little endian



which way makes “more sense” clel:)encls on how
you Picture memory and which way theg are
numbered.

AS rows, or columns.

Whether the rows %o from lemCtZriglﬁt or rigl*utllemct,
or the columns go up or down.



Machines that use little-endian format include x86
(lntel), 6502, 780, VAX, and, Iargelg, FPDP-1

Machines that use big~enclian format include
Motorola (Pre Intel Macs), 1IBM, SUN (SPARC)

(machines/ companies that started out with 8 bits tg ica”g used little-endian when theg
combined bgtes. Machines/ companies that started out with 16 bits tgpica”g used big—
endian to break words into bgtes since bit and bgte countinggo same wag.)



What you need to know.

For binarg data (not ascii [basica”g letters] which
is stored in a single bgte) ou have to know how it

s stored. If it is stored the wrong way for your
maclﬁine, you have to do a “bgte swaP” toiix it.

There are programs to do this.

(Plus some programs, like the latest version of SAC, can
Figure it out — so you don’t have to worTy about it.
Sometimes a Problem with GMT and other geophgsical
binarg data sets — esl:)ecia”9 since universities were in the

SUN world).



When you bute swap, {ZHOU also have to swap each
groul:)ingo 2n (e.g. or32 bit numbers you have
to swap words also) .

Etc. for 64 bit, 128 bit, values.

. —



When converting, ﬂoating Point (assuming base 2
exl:)onent) have to worry about

- the cxponent’s excess value (|EEE uses 127,
some other formats use 128 — a factor of 2)

- and Position of assumed decimal Point (b@core
or after most signiticant bit with value of 1
(another factor of 2).

Onlg have to worry about this stutt when moving
(usua”g old) binargﬁ‘s’tug between machines/

architectures.



Matlab

Introduction




MATLAD = MATrx L/—\Boratorg
Interactive sgstc—:m.

Basic data element is an array that does not
rcc]uire climensioning.

“Etticient” computation of matrix and vector
formulations nterms of writing code — it i interpreted so looses efficiency
thero) relative to scalar non-interactive language
such as C or Fortran.



The 5 Parts

| - Desld:op Tools and Development
2 - Mathematical Functions
= The Language

S Gral:)hics

External Interfaces




Desktol:) Tools & Development

Gra olﬁical user interfaces:

- MATLAD ces‘dcop and Command Window

- Command historg window
~ Editor and debugger
- A code analyzer and other reports

- Browsers for viewing help, the workspace) files,
and the search Path.



000 MATLAB 7.4.0 (R2007a)

File Edit Debug Desktop Window Help

D& & @ - ~ W f B % CurentDirectory: /Applications/MATLAB74 =[]
Shortcuts (2] Howto Add [2] What's New

x a Current Directory [ Workspace | x a Command Window

cF w B - @ To get started, select MATLAB Help or Demos from the Help menu.
| All Files & | Type |Size | Date Modified v ing: Duplicate di . . U /hdeshon/matlab
bin Foldef 4/2/08 11 >:rn1ng. uplicate irectory name: sers eshon/ma ab.
[etc Folder 6/13/07 1:
[Jextern Folder 6/13/07 1:
[ help Folder 6/13/07 1:
[Jjava Folder 6/13/07 1:
[jhelp Folder 6/13/07 1:
[sys Folder 6/13/07 1:
[toolbox Folder 6/13/07 1:
[Jupdate Folder 6/13/07 1:
Iwork Folder 6/13/07 1:
[aX11 Folder 6/13/07 1:

[.DS_Store DS_STOR... 13 KB 1/10/08 3:

[ .VERSION VERSION ... 1KB 1/11/07 4:
M install_matlab  File 18 KB 1/11/07 4:

[ install_matlab... OUT File 10 KB 6/13/07 1:

["installerlog.pl... PLIST File 1KB 6/13/07 1:

= license.txt TXT File 74 KB 2/1/07 1:2

4 MATLAB 7.4 4 File 6/13/07 l:t,,

= patents.txt TXT File 1KB 2/3/07 11: 4
' trademarks.txt_TXT File 1KB 2/3/07 11:
| <

x 2 Command History |

var (var (org-new)) - r

new=load('1l 70/Vp model.dat');
var(var(org-new))
new=load('2 70/Vp model.dat');
new=load( '3 70/Vp model.dat');
new=load('2 70/Vp model.dat');
var (var(org-new) )
new=load('5 70/Vp model.dat');
var (var(org-new) )
new=load('10_70/Vp model.dat');
var (var(org-new))
new=load('20_70/Vp model.dat');
var (var(org-new) )
v $-- 9/18/08 2:26 PM --%
cd /Users/hdeshon/Projects/Nicaragua:(
cd ../../GAP220
crossEW
crossNS
crossEW
crossNS
crossgEW
crossNS
$-- 10/8/08 1:13 PM --%
$-- 10/15/08 9:24 AM --%
$-- 10/20/08 9:31 AM --%
)




000 Editor - /Users/hdeshon/Projects/Nicaragua:CostaRica/ALL/GAP220/crossEW.m
File Edit Text Go Cell Tools Debug Desktop Window Help

x 2 a2 DB H BB« S Aed Ff, 88 B BE BB sack! Base :) BEODHSEDO
Z "BEE - 10|+ = 11| x % % @

1- X=[-260.00000 -200.00 -160.0000 -120.0000 -80.000 -40.000 0.00000 40.0000 80.00000 120.000:D
2- Y=[-1000.000 -100.00000 -40.0 -20.000 O. 20.0 40.0000 60.0 80.00000 100.0 120.0000 140.0 160.0
3- 2Zz=[-5.0 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 50.0 80.0 125.0 300.0];

4

5

6 - nx=17;

7- ny=17;

8 - nz=16;

9

10

11 - ColorJet=colormap( jet'); "
12 - ColorNJet=flipud(ColordJet); I O r — O e rS
13

14 % read velocity data
15 - vel=load( 'S5D100_invct.Vp model.dat');

ig - loc=load( 'S5D100_invct.all.reloc'); CO ntext Sensitive

18 - nz=nz-2;

20 - for k=l:nz

- [ e CCl itin g (CO'OI"

23— VEL(j-1,i-1,k)=vel(k*ny+j,i);

24 - end

25 - end ‘ ‘ ‘
COCllﬂg‘~ in FCCl hc

28 - for i=1l:length(loc)

29 y(i)=ioc(i,6);1000; )

30 - x(i)=loc(i,5)/1000;

i e cant understand) , L
gi $Draw the cross-sections at Y

g:— v=[-20 0 20 40 60 80 100]; automatic

37 - for j=2:ny-1

38 - for i=2:nx-1

39 - for k=1l:nz e ’

40 - crossh(k,i-1)=VEL(j-1,i-1,k); n Cnt n et

- end J J C.

42 - end

43 - figure; 4
44 - caxis([1.0, 8.0]);

b= caxis manual;

46 - colormap(ColorNJet)

47 - hold on 4
48 - pcolor(X,Z,crossh);

49 - shading interp;

[c,h]=contour(X,2Z,crossh,v, 'k');
clabel(c,h);
for 1=1l:length(loc)
if y(L)>(Y(3)=((¥Y(J)=-¥(3-1))/2)) && y(L)<=(¥(J)+((¥(3+1)-¥(]))/2))
plot(x(l),z(l), 'c', 'markersize',30, 'color’,'k");

)

[script



Mathematical Functions

lLarge collection of coml:)utational algoritlﬁms
inclucling but not limited to:

E‘lementarg functions, like sum, sine, cosine
Coml:)lex arithmetic
Matrix math — Inverse, eigenvalues/ vectors, etc.
Fast Fourier transforms
Bessel functions

etc.



Interactive helP and documentation.

File Edit View GCo Favorites Desktop Window Help
X Help Navigator -0 0 8 M
Search for: ﬂ (_Go ) Title: | Mathematics (Mathematics) )
Example: "plot tools"” OR plot* tools Mathematics E‘ e
(c | Index Search Results Demos |
9 Begin Here Mathematics

» & Release Notes
» & Installation
v & MATLAB
» @ Getting Started
» 4 Examples
» [B Desktop Tools and Development Environment
B Data Analysis
B Programming
B Graphics
3-D Visualization
B Creating Graphical User Interfaces
& Functions - By Category
& Functions - Alphabetical List
& Handle Graphics Property Browser
» B External Interfaces
» B C and Fortran Functions - By Category
& C and Fortran Functions - Alphabetical List
» [£] Release Notes
T Printable Documentation (PDF)
» € MATLAB Compiler
» & Control System Toolbox
» €2 Image Processing Toolbox
» & Mapping Toolbox
» & Partial Differential Equation Toolbox
» €2 Signal Processing Toolbox
» €2 System Identification Toolbox

vVVvyVvVyVYyVvYYVYYywY

MATLAB® provides many functions for performing mathematical operations and analyzing data. The
following list summarizes the contents of this collection:

Matrices and Linear Algebra

Polynomials and Interpolation

Fast Fourier Transform (FFT)

Function Functions

Differential Equations

Sparse Matrices

Describes matrix creation and matrix operations that are directly
supported by MATLAB. Topics covered include matrix arithmetic,
linear equations, eigenvalues, singular values, and matrix
factorizations.

Describes functions for standard polynomial operations such as
polynomial roots, evaluation, and differentiation. Additional
topics covered include curve fitting and partial fraction
expansion.

Describes what you can do with the fast Fourier transform (FFT)
in MATLAB.

Describes MATLAB functions that work with mathematical
functions instead of numeric arrays. These function functions
include plotting, optimization, zero finding, and numerical
integration (quadrature).

Describes the solution, in MATLAB, of initial value problems for
ordinary differential equations (ODEs) and differential-algebraic
equations (DAEs), initial value problems for delay differential
equations (DDEs), and boundary value problems (BVPs) for ODEs.
It also describes the solution of initial-boundary value problems
for systems of parabolic and elliptic partial differential equations
(PDEs). Topics covered include representing problems in
MATLAB, solver syntax, and using integration parameters.

Describes how to create sparse matrices in MATLAB, and how to
use them in both specialized and general mathematical
operations.

Matrices and Linear Algebra[®]




Bi ggest resource
GOOGLE/WED

There are trillions of matlab tutorials, program
exchanges, discussions, “toolboxes”, etc., on the
web.

||u —



The Language

Higlﬂ—-—level matrix/ array |anguage

Includes control How statements, Functions, data
structures, inPut/ output, and object-oriented

Programmi ng features

It allows both “Pro%:amming in the small” to
raPic:HH create c]uic and clirtg t]ﬁrow~awag

programs, and “Programminig in the
create |argc and comP|e>< app ication

arge ” to

Drogra ms.



GFaPhiCS:

Two-dimensional and three-dimensional data
visualization.

Image Processing.
Animation.

Presentation graplnics.




Graphics:

It also includes low-level functions that allow you
to fully customize the a pearance of gra hics as
well as to build com Ezte GUIs for your own
app ications.




External Interfaces

Librarg that allows you to write C and Fortran
programs that interact with MATLAB.

It includes facilities for ca”ing routines from
MATLAD (cignamic linking} for ca”ing MATLAD
as a comPutational engine, and for reading and

writ ng MAT-files.



Toolboxes
Add-on application~speci1cic solutions

Comprehensive collections of MATLAB functions
(M- iles) to solve particular classes of Problems.

Examples include:

— Signal Processing

- Image Processing

- Partial diécerential equations
~ Mapping

- Statistics



File Edit View Go Favorites Desktop Window Help
X Help Navigator - O 5 #
Search for: [ ﬁ / Go \ Title: [ Mathematics (Mathematics)

Example: "plot tools" OR plot* tools
[ Contents | Index pemos |

Q@ Begin Here
» & Release Notes
» € Installation
v €2 MATLAB
» @ Getting Started
» 4 Examples
» B Desktop Tools and Development Environment
Data Analysis
B Programming
Graphics
3-D Visualization
B Creating Graphical User Interfaces
Functions - By Category
Functions - Alphabetical List
Handle Graphics Property Browser
» B External Interfaces
» B C and Fortran Functions - By Category
C and Fortran Functions - Alphabetical List
» [ Release Notes
B Prin
LAB Compiler
¢ Control System Toolbox
» €% Image Processing Toolbox
» € Mapping Toolbox
» & Partial Differential Equation Toolbo
» € Signal Processing Toolbox
» €2 System ldentification Toolbox

Search Results

vVvyVvyVvyYvyywyy

Mathematics

Mathematics

<
L3

MATLAB® provides many functions for performing mathematical operations and analyzing data. The
following list summarizes the contents of this collection:

Matrices and Linear Algebra

Polynomials and Interpolation

Fast Fourier Transform (FFT)

Function Functions

Differential Equations

Sparse Matrices

Describes matrix creation and matrix operations that are directly
supported by MATLAB. Topics covered include matrix arithmetic,
linear equations, eigenvalues, singular values, and matrix
factorizations.

Describes functions for standard polynomial operations such as
polynomial roots, evaluation, and differentiation. Additional
topics covered include curve fitting and partial fraction
expansion.

Describes what you can do with the fast Fourier transform (FFT)
in MATLAB.

Describes MATLAB functions that work with mathematical
functions instead of numeric arrays. These function functions
include plotting, optimization, zero finding, and numerical
integration (quadrature).

Describes the solution, in MATLAB, of initial value problems for
ordinary differential equations (ODEs) and differential-algebraic
equations (DAEs), initial value problems for delay differential
equations (DDEs), and boundary value problems (BVPs) for ODEs.
It also describes the solution of initial-boundary value problems
for systems of parabolic and elliptic partial differential equations
(PDEs). Topics covered include representing problems in
MATLAB, solver syntax, and using integration parameters.

Describes how to create sparse matrices in MATLAB, and how to
use them in both specialized and general mathematical
operations.

Matrices and Linear Algebra[®]
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Starting MATLLAD
Runs on SUNS, MACS, PC’s — same interface.
From CERJ unix maclﬁines,just type
matlab

On a PC/Mac, double-click the Matlab icon.



Startin g MATLAD

In an X1 window (assuming itis in your Path), type

matlab

Usetul trick from remote machines

matlab —nojvm

or
matlab -nodesktop -nosplash

turns off the gral:)hical interface — which is SLOW
ancl Buggg over net (actua”g does not wor|<).



