Chapter 6

Revision 1.66 Page 181

File Name: ttinst1

The TrueType Instruction Set

TrueType provides instructions for each ofthe following tasks and a set of generalpurpose instructions. This chapter describes the TrueType instruction set. Instruction descripti ons are organized bycategorybased on their function.

¯ Pushing data onto the interpreter stack

¯ Managing the Storage Area

¯ Managing the ControlValue Table

¯ Modifying Graphics State settings

¯ Managing outlines

¯ Generalpurpose instructions

Anatomy of a TrueType Instruction

TrueType instructions are uniquelyspecified bytheir opcodes. For convenience, this book willrefer to instructions bytheir names. Each instruction name is a mnemonic intended to aid in remembering that instruction´s function. For example, the MDAP instruction stands for Move

Direct Absolute Point. Similarly, RUTG is short for Round Up To Grid. A briefdescription ofeach instruction clarifying the mnemonic marks the start of a new instruction.

One name mayactuallyrefer to severaldifferent but closelyrelated instructions. A bracketed list ofBoolean values follows each name to uniquely specifya particular variant ofa given instruction. The Boolean list can be converted to a binary number and that number added to the base opcode for the instruction to obtain the opcode for anyinstruction variant.

To obtain the opcode for anyinstruction, take the lower ofthe two opcode values given in the code range and add the unsigned binarynumber represented bythe list ofbinarydigits. The left most bit is the most significant. For example, given an instruction with the opcode range 0xCO ˘ 0xDF and five

Boolean flags (a through e) the opcode for a given instruction base can be computed as shown:

Opcode = 0xC0 + a · 2 4 + b · 2 3 + c · 2 2 + d · 2 1 + e · 2 0

T he T rueT ype Instruction Set

Page 182 Revision 1.66

File Name: ttinst1

Ifthese flags were set to 11101 the code would be computed as follows:

0xC0 + 1 · 2 4 + 1 · 2 3 + 1 · 2 2 + 0 · 2 1 + 1 · 2 0

= 0xC0 + 0x10 + 0x8 + 0x4 + 0x1

= 0xC0 + 0x1D= 0xDD

Instruction opcodes are part ofthe instruction stream, a sequence ofopcodes and data. The instruction streamis not a stack. While the streamofopcodes and data on the instruction streamis graduallyused up, no new data is added to the instruction streambythe execut ion ofanother instruction (i.e. there is no equivalent ofa push instruction that adds data to the instruction stream). It is possible to alter the flow ofcontrolthrough the instruction streamusing one of the jump instructions described in a later section.

The instruction streamis shown as a sequence ofopcodes and data. Since the instruction streamis 1 - byte wide, words willbe broken up into high bytes and low bytes with high bytes appearing first in the stream. For added readability, instruction nam es are used in illustrations instead ofopcodes. An arrow will point to the next instruction awaiting execution.

Figure 3 ˘ 1 The instruction streamwith a push byte instruction (left) and a push word instruction (right)

NPUSHW[ ]

1

FF

5A

NPUSHB[ ]

3

FF

5A

AD

SPVTL[ ]

SPVTL[ ]

¼ ¼

A few instructions known collectivelyas push instructions move data fromthe

instruction streamto the interpreter stack. These instructions are unique in

taking their arguments fromthe instruction stream. Allother TrueType

instructions take anydata neede d fromthe stack at the time theyare executed.

Anyresults produced bya TrueType instruction are pushed onto the

interpreter stack.

An instruction that expects two arguments and pushes a third would expect the

two arguments to be at the top ofthe stack. Anyresult pushed bythat

instruction appears at the top ofthe stack.

Revision 1.66 Page 183

File Name: tti nst1

The listing a b c denotes a stack consisting ofthree elements with a being at

the top ofthe stack, b being in the middle, and c at the bottomas shown.

b a

c

To easilyremember the order in which stack values are handled during

arithmetic or logicaloperations, imagine writing the stack values fromleft to

right, starting with the bottomvalue. Then insert the operator between the two

furthest right elements. For example, subtract a,b would be interpreted as (b -

a):

c b - a

GT a,b would be interpreted as (b>a):

c b > a

The statement push d , e means push d then push e adding two elements to the

stack as shown.

a

b

c d e

Page 184 Revision 1.66

File Name: ttinst1

To indicate that the top two stack elements are to be removed the statement

would be pop e , d .

a

b

c d e

It has alreadybeen noted that the bracketed list ofbinarydigits that follows the

instruction name uniquelyidentifies an instruction variant. This is done by

having the bits represent a list ofBoolean flags that can be set to TRUE with a

value of1 or to FALSE with a value of0. Binarydigits that follow the name

can also be grouped to forma larger binarynumber. In such cases, the

documentation specifies the meaning asso ciated with each possible numerical

combination.

An instruction specification consists ofthe instruction name followed byits

bracketed Boolean flags. Additionalinformation describing the flags and

explaining the stack interaction and anyGraphics State dependencies is

provided in tabular form:

Code Range the range of hexadecimal codes identifying this instruction and its

variants

Flags an explanation of the meaning of a bracketed binarynumber

From IS anyarguments taken from the instruction stream by push instructions

Pops anyarguments popped from the stack

Pushes anyarguments pushed onto the stack

Uses anystate variables whose value this instruction depends upon

Sets anystate variables set bythis instruction

Instruction descriptions include illustrations intended to clarifystack

interactions, Graphics State effects, and changes to interpreter tables.

Revision 1.66 Page 185

File Name: tti nst1

In the case ofinstructions that move points, an illustration willbe provided to

clarifythe direction and magnitude ofthe movement. In these illustrations,

shades ofgraywillbe used to indicate the sequence in which points have been

moved. The darker the fill, the more recentlya point has been moved.

Page 186 Revision 1.66

File Name: ttinst1

Data types

The instruction stream

Instruction opcodes are always bytes. Values in the instruction streamare

bytes.

The stack

Values pushed onto the stack or popped fromthe stack are always 32 bit

quantities (LONG or ULONG). When values that are less than 32 bits are

pushed onto the stack, bytes are expanded to 32 bit quantities bypadding the

upper bits with zeroes and words are sign extended to 32 bits. In cases where

two instruction streambytes are combined to forma word, the high order bits

appear first in the instruction stream.

NOTE: On a 16 - bit system, such as Windows, all stack operations are on 16 -

bit values (SHORT or USHORT). Care must be taken to avoid overflow. It is

also important to note that F26dot6 values (used for internal scalar math) are

represented instea d as 10 dot 6 values (i.e. the upper 16 bits are not

supported).

Figure 3 ˘ 2 A byte padded to a 32 bit long word (ULONG)

FF 0000 00FF

Figure 3 ˘ 3 A word sign extended to a 32 bit long word (ULONG)

FF

D2 FFFF FFD2

Revision 1.66 Page 187

File Name: tti nst1

Allvalues on the stack are signed. Instructions, however, interpret these 32 - bit

quantities in a varietyofways. The interpreter variouslyunderstands quantities

as integers and as fixed point numbers.

Values such as pixelcoordinates are represented as 32 - bit quantities consisting

of26 bits ofwhole number and 6 bits of fraction. These are fixed point

numbers with the data type name F26Dot6.

The setting ofthe freedom_vector and projection_vector are represented as

2.14 fixed point numbers. The upper 16 bits ofthe 32 bit quantityare ignored.

A given set of32 bits willhave a different value depending upon how it is

interpreted. The following 32 bit value interpreted as an integer has the value

264.

0000 0000 0000 0000 0000 0001 0000 1000

The same 32 bit qua ntityinterpreted as a F26Dot6 fixed point number has the

value 4.125.

00 0000 0000 0000 0000 0000 0100 .00 1000

The figure below gives severalexamples ofexpressing pixelvalues as 26.6

words.

00000000000000000000000000 000001

00000000000000000000000000 100000

00000000000000000000000001 000000

00000000000000000000000001 100000 one-sixty fourth of a pixel

one-half pixel

one pixel

one and one half pixels

Page 188 Revision 1.66

File Name: ttinst1

Pushing data onto the interpreter stack

Most TrueType instructions take their arguments fromthe interpreter stack. A

few instructions, however, take their arguments fromthe instruction stream.

Their purpose is to move data fromthe instruction streamto the interpreter

stack. Collectivelythese instructions are known as the push instructions.

Revision 1.66 Page 189

File Name: tti nst1

PUSH N Bytes

NPUSHB[ ]

Code Range 0x40

From IS n: number of bytes to push (1 byte interpreted as an integer)

b1, b2,...bn: sequence of n bytes

Pushes b1, b2,...bn: sequence of n bytes each padded to 32 bits (ULONG)

Takes n unsigned bytes from the instruction stream, where n is an unsigned integer in the

range (0..255), and pushes them onto the stack. n itself is not pushed onto the stack.

NPUSHB

n

b1

b2

bn padded byte 1 padded byte n

�

¼

Page 190 Revision 1.66

File Name: ttinst1

PUSH N Words

NPUSHW[ ]

Code Range 0x41

From IS n: number of words to push (one byte interpreted as an integer)

w1, w2,...wn: sequence of n words formed from pairs of bytes,

the high byte appearing first

Pushes w1, w2,...wn: sequence of n words each sign extended to 32 bits (LONG)

Takes n 16 - bit signed words from the instruction stream, where n is an unsigned integer in

the range (0..255), and pushes them onto th e stack. n itself is not pushed onto the stack.

NPUSHW

n

b1

b2

bn padded word 1 padded word n

�

¼

Revision 1.66 Page 191

File Name: tti nst1

PUSH Bytes

PUSHB[abc]

Code Range 0xB0 ˘ 0xB7

abc number of bytes to be pushed ˘ 1

From IS b0, b1,..bn: sequence of n + 1 bytes

Pushes b0, b1, ...,bn: sequence of n + 1 bytes each padded to 32 bits (ULONG)

Takes the specified number of bytes from the instruction stream and pushes them onto the

interpreter stack.

The variables a, b, and c are binarydigits representing numbers from000 to

111 (0 - 7 in binary). Because the actualnumber ofbytes (n) is from1 to 8, 1 is

automaticallyadded to the abc figure to obtain the actualnumber ofbytes

pushed.

PUSHB[abc]

b1

b2

bn paddedbyte1 paddedbyten

�

¼

Example:

PUSHB[010 ]

0x56

0xA4

0x11

0x0000 0056

0x0000 00A4

0x0000 0011

¼

Page 192 Revision 1.66

File Name: ttinst1

PUSH Words

PUSHW[abc]

Code Range 0xB8 - 0xBF

abc number of words to be pushed ˘ 1.

From IS w0,w1,..wn: sequence of n+1 words formed from pairs of bytes,

the high byte appearing first

Pushes w0 ,w1,...wn: sequence of n+1 words each sign e xtended to 32 bits

(LONG)

Takes the specified number of words from the instruction stream and pushes them onto the

interpreter stack.

The variables a, b, and c are binarydigits representing numbers from 000 to 111 (0 - 7

binary). Because the actual number of bytes (n) is from 1 to 8, 1 is automaticallyadded to the

abc figure to obtain the actual number of bytes pushed.

PUSHW[abc]

high byte1

low byte 1

high byte n padded word 1 padded word n

low byte n

�

¼

Example:

PUSHW[001 ]

0x10

0x 24

0x0000 1056

0x0000 FA24

0x56

0xFA

¼

Revision 1.66 Page 193

File Name: tti nst1

Managing the Storage Area

T he interpreter Storage Area is a block ofmemorythat can be used to store

and later access 32 bit values. Instructions exist for writing values to the

Storage Area and retrieving values fromthe Storage Area. Attempting to read

a value froma storage location that has not previouslyhad a value written to it

willyield unpredictable results.

Page 194 Revision 1.66

File Name: ttinst1

Read Store

RS[ ]

Code Range 0x43

Pops location: Storage Area location (ULONG)

Pushes value: Storage Area value (ULONG)

Gets Storage Area v alue

This instruction reads a 32 bit value from the Storage Area location popped from the stack

and pushes the value read onto the stack. It pops an address from the stack and pushes the

value found in that Storage Area location to the top of the stack. The number of available

storage locations is specified in the maxProfile table in the font file.

value location

Example:

...

RS[ ]

0x0000 001B location value

0

1

2

...

0x0000 001B

0x0000 0002

Storage Area

¼

The effect of the RS instruction is to push the value 0x1B of the Storage Area onto the Stack.

Revision 1.66 Page 195

File Name: tti nst1

Write Store

WS[ ]

Code Range 0x42

Pops value: Storage Area value (ULONG)

location: Storage Area location (ULONG)

Pushes ˘

Sets Storage Area value

This instruction writes a 32 bit value into the storage location indexed by locations . It works

bypopping a value and then a location from the stack. The value is placed in the Storage

Area location specified bythat address. The number of storage locations is specified in the

maxProfile table in the font file.

Storage

Area value

location

location value

Example:

Write the value 0x0000 0118 to location 3A in the Storage Area.

WS[ ]

0x0000 003A

3A 0x0000 0118

0x0000 0118

Storage Area

¼

Page 196 Revision 1.66

File Name: ttinst1

Managing the Control Value Table

The ControlValue Table stores information that is accessed bythe indirect

instructions. Values can be written to the CVT in FUnits or pixelunits as

proves convenient. Values read fromthe CVT are always in pixels (F26Dot6 ).

This table, unlike the Storage Area, is initialized bythe font and is

automaticallyscaled.

Revision 1.66 Page 197

File Name: tti nst1

Write Control Value Table in Pixel units

WCVTP[ ]

Code Range 0x44

Pops value: number in pixels (F26Dot6 fixed point number)

location: Control Value Table location (ULONG)

Pushes ˘

Sets Control Value Table entry

Pops a location and a value from the stack and puts that value in the specified location in the

Control Value Table. This instruction assumes the value is in pixels and not in FUnits.

location value location value

Page 198 Revision 1.66

File Name: ttinst1

Write Control Value Table in FUnits

WCVTF[ ]

Code Range 0x70

Pops value: number in FUnits (ULONG)

location: Control Value Table location (ULONG)

Pushes ˘

Sets Control Value Table entry

Pops a location and a value from the stack and puts the specified value in the specified

address in the Control Value Table. This instruction assumes the value is expressed in

FUnits and not pixels. The value is scaled before being written to the table.

location value location value

Revision 1.66 Page 199

File Name: tti nst1

Read Control Value Table

RCVT[ ]

Code Range 0x45

Pops lo cation: CVT entrynumber (ULONG)

Pushes value: CVT value (F26Dot6)

Gets Control Value Table entry

Pops a location from the stack and pushes the value in the location specified in the Control

Value Table onto the stack.

location location value value

Page 200 Revision 1.66

File Name: ttinst1

Managing the Graphics State

Instructions can be used to set the value ofGraphics State variables and, in

some cases, to retrieve their current value.

Getting a value

Instructions that retrieve th e value ofa state variable have names that begin

with the word get . Get instructions willreturn the value ofthe state variable in

question byplacing that value on the top ofthe stack.

The illustration shows the effect ofa GPV or get projection_vector instruction.

It takes the x and y components ofthe projection_vector fromthe Graphics

State and places themon the stack.

projection_vector (1,0)

0

1

Revision 1.66 Page 201

File Name: tti nst1

Setting a value

Instructions that change the value ofa Graphics State vari able have a name

that begins with the word set . Set instructions expect their arguments to be at

the top ofthe interpreter stack.

Figure 3 ˘ 4 Setting the value ofthe Graphics State variable

projection_vector

projection_vector 0

1

(1,0)

In addition to simple sets and gets, some instructions exist to simplify

management ofthe values ofstate variables. For example, a number of

instructions exist to set the direction ofthe freedom_vector and the

projection_vector. In setting a vector, it is possible t o set it to either ofthe

coordinate axes, to the direction specified bya line, or to a direction specified

byvalues taken fromthe stack. An instruction exists that directlysets the

freedom_vector to the same value as the projection_vector.

Page 202 Revision 1.66

File Name: ttinst1

Set freedom and projection Vectors To Coordinate Axis

SVTCA[a]

Code range 0x00 - 0x01

a 0: set vectors to the y - axis

1: set vectors to the x - axis

Pops ˘

Pushes ˘

Sets projection_vector

freedom_vector

Sets both the projection_vector and freedom _vector to the same one of the coordinate axes.

The SVTCA is a shortcut for using both the SFVTCA and SPVTCA instructions. SVTCA[1]

is equivalent to SFVTCA[1] followed bySPVTCA[1]. This instruction ensures that both

movement and measurement are along the same coordinate axis.

Example:

SVTCA[1]

P F

Sets both measurement and movement to the x - direction.

SVTCA[0]

P F

Sets both measurement and movement to the y - direction.

Revision 1.66 Page 203

File Name: tti nst1

Set Projection_Vector To Coordinate Axis

SPVTCA[a]

Code range 0x02 - 0x03

a 0: set the projection_vector to the y - axis

1: set the projection_vector to the x - axis

Pops ˘

Pushes ˘

Sets projection_vector

Sets the projection_vector to one of the coordinate axes depending on the value of the flag a.

Example:

SPVTCA[0]

P

Sets the projection_vector to the y - axis as suring the measurement will be in that direction.

Page 204 Revision 1.66

File Name: ttinst1

Set Freedom_Vector to Coordinate Axis

SFVTCA[a]

Code range 0x04 - 0x05

a 0: set the freedom_vector to the y - axis

1: set the freedom_vector to the x - axis

Pops ˘

Pushes ˘

Sets freedom_vector

Sets the freedom_vector to one of the coordinate axes depending upon the value of the flag a.

Example:

SFVTCA[0]

F

Sets the freedom_vector to the y - axis ensuring that moveme nt will be along that axis.

Revision 1.66 Page 205

File Name: tti nst1

Set Projection_Vector To Line

SPVTL[a]

Code Range 0x06 - 0x07

a 0: sets projection_vector to be parallel to line segment from p1 to p2

1: sets projection_vector to be perpendicular to line segment from p1 to

p2; the vector is rotated counter clockwise 90 degrees

Pops p1: point number (ULONG)

p2: point number (ULONG)

Pushes ˘

Uses point p1 in the zone pointed at byzp2

point p2 in the zone pointed at byzp1

Sets projection _vector

Sets the projection_vector to a unit vector parallel or perpendicular to the line segment from

point p1 to point p2.

p2 p1

SPVTL[a] ¼

p1 p2

P

If parallel, the projection_vector points from p1 toward p2 as shown.

If perpendicular the projection_vector is obtained byrotating the parallel vector in a counter

clockwise manner as shown.

P

Page 206 Revision 1.66

File Name: ttinst1 case 1:

SPVTL[1]

14

7

SPVTL[0] ¼

14

7

P

Sets the projection_vector to be parallel to the line from point 7 to point 14.

case 2:

SPVTL[1]

14

7

14

7

SPVTL[1] ¼

P

Sets the projection_vector to be perpendicular to the line from point 7 to point 14.

Revision 1.66 Page 207

File Name: tti nst1 case 3:

SPVTL[1]

14

7

7

14

SPVTL[1] ¼

P

The order in which the points are specified matters. This instruction sets the

projection_vector to be perpendicular to the line from point 14 to point 7.

Page 208 Revision 1.66

File Name: ttinst1

Set Freedom_Vector To Line

SFVTL[a]

Code Range 0x08 - 0x09

a 0: set freedom_vector to be parallel to the line segment defined bypoints

p1 and p2

1: set freedom_vector perpendicular to the line segment defined bypoints

p1 and p2; the vector is rotated counter clockwise 90 degrees

Pops p1: point number (ULONG)

p2: point num ber (ULONG)

Pushes ˘

Sets freedom_vector

Uses point p1 in the zone pointed at byzp2

point p2 in the zone pointed at byzp1

Sets the freedom_vector to a unit vector parallel or perpendicular to the line segment defined

bypoints p1 and p2.

p2 p1

p1 p2

If parallel the freedom_vector points from p1 toward p2 as shown.

F

Revision 1.66 Page 209

File Name: tti nst1

If perpendicular the freedom_vector is obtained byrotating the parallel vector in a counter cloc kwise

manner as shown.

F

Page 210 Revision 1.66

File Name: ttinst1

Set Freedom_Vector To Projection Vector

SFVTPV[ ]

Code 0x0E

Pops ˘

Pushes ˘

Sets freedom_vector

Sets the freedom_vector to be the same as the projection_vector.

Before

P F

After

P F

Revision 1.66 Page 211

File Name: tti nst1

Set Dual Projection_Vector To Line

SDPVTL[a]

Code Range 0x86 - 0x87

a 0: Vectors are parallel to line

1: Vectors are perpendicular to line

Pops p1: first point number (ULONG)

p2: second point number (ULONG)

Pushes ˘

Sets dual_projection_vector and projection_vector

Uses point p1 in the zone pointed at byzp2

point p2 in the zone pointed at byzp1

Pops two point numbers from the stack and uses them to specifya line that defines a second,

dual_projection_vector. This dual_projection_vector uses coordinates from th e scaled outline

before anygrid - fitting took place. It is used onlywith the IP, GC, MD, MDRP and MIRP

instructions. Those instructions will use the dual_projection_vector when theymeasure

distances between ungrid - fitted points. The dual_projection_vector will disappear when any

other instruction that sets the projection_vector is used.

p2 p1

SDPVTL[a] ¼

p1 p2 p2

p1

D P

NOTE: The dual_projection_vector is set parallel to the points as they appeared in the

original outline before any grid - fitting took place.

Page 212 Revision 1.66

File Name: ttinst1

Set Projection_Vector From Stack

SPVFS[ ]

Code Range 0x0A

Pops y : y component of projection_vector (2.14 fixed point number padded

with zeroes)

x : x component of projection_vector (2.14 fixed point number padded

with zeroes)

Pushes ˘

Sets projection_vector

Sets the direction of the projection_vector, using values x and ytaken from the stack, so that

its projections onto the x and y - axes are x and y , which are specified as signed (two´s

complement) fixed - point (2.14) numbers. The square root of (x 2 + y 2 ) must be equal to

0x4000 (hex).

If values are to be saved and used bya glyph program, font program or preprogram across

different resolutions, extreme care must be used. The values taken from or put on the stack

are 2.14 fixed - point values for the x and ycomponents of the vector in question. The values

are b ased on the normalized vector lengths. More simply, the values must always be set such

that (X**2 + Y**2) is 1.

If a TrueType program uses specific values for X and Y to set the vectors to certain angles,

these values will not produce identical results across different aspect ratios. Values that work

correctlyat 1:1 aspect ratios (such as VGA and 8514) will not necessarilyyield the desired

results at a ratio of 1.33:1 (e.g. the EGA).

Bythe same token, if a TrueType program is making use of the values ret urned byGPV and

GFV, the values returned for a specific angle will varywith the aspect ratio in use at the

time.

x y

SPVFS[ ]

Revision 1.66 Page 213

File Name: tti nst1

Example:

SPVFS[ ]

0x0000 00000

0x0000 4000

P

Sets the projection_vector to a unit vector that points in the direction of the x - axis

Page 214 Revision 1.66

File Name: ttinst1

Set Freedom_Vector From Stack

SFVFS[ ]

Code 0x0B

Pops y: y component of freedom_vector (2.14 fixed point number padded

with zeroes)

x : x component of freedom_vector (2.14 fixed point number padded

with zeroes)

Pushes ˘

Sets freedom_vector

Sets the direction of the freedom_vector using the values x and ytaken from the stack. The

vector is set so that its projections onto the x and y - axes are x and y , which are specified as

signed (two´s complement) fixed - point (2.14) numbers. The square root of (x 2 + y 2 ) must be

equal to 0x4000 (hex).

If values are to be saved and used bya glyph program, font program or preprogram across

different resolutions, extreme care must be used. The values taken from or put on the stack

are 2.14 fixed - point values for the x and ycomponents of the vector in question. The values

are based on the normalized vector lengths. More simply, the values must always be set such

that (X**2 + Y**2) is 1.

If a TrueType program uses specific values for X and Y to set the vectors to certain angles,

these values will not produce identical results across different aspect ratios. Values that work

correctlyat 1:1 aspect ratios (such as VGA and 8514) will not necessarilyyield the desired

results at a ratio of 1.33:1 (e.g. the EGA).

Bythe same token, if a TrueType program is making use of the values returned byGPV and

GFV, the values returned for a specific angle will varywith the aspect ratio in use at the

time.

x y

SFVFS[ ] ¼

Revision 1.66 Page 215

File Name: tti nst1

Example:

0x0000 40000

0x0000 0000

F

Sets the freedom_vector to a unit vector that points in the direction of the y - axis.

Page 216 Revision 1.66

File Name: ttinst1

Get Projection_Vector

GPV[ ]

Code Range 0x0C

Pops ˘

Pushes x : x component of projection_vector (2.14 fixed point number padded

with zeroes)

y : y component of projection_vector (2.14 fixed point number padded

with zeroes)

Gets projection_vector

Pushes the x and ycomponents of the projection_vector onto the stack as two 2.14 numbers.

If values are to be saved and used bya glyph program, font program or preprogram across

different resolutions, extreme care must be used. The va lues taken from or put on the stack

are 2.14 fixed - point values for the x and ycomponents of the vector in question. The values

are based on the normalized vector lengths. More simply, the values must always be set such

that (X**2 + Y**2) is 1.

If a TrueType program uses specific values for X and Y to set the vectors to certain angles,

these values will not produce identical results across different aspect ratios. Values that work

correctlyat 1:1 aspect ratios (such as VGA and 8514) will not necessarilyy ield the desired

results at a ratio of 1.33:1 (e.g. the EGA).

Bythe same token, if a TrueType program is making use of the values returned byGPV and

GFV, the values returned for a specific angle will varywith the aspect ratio in use at the

time.

v=(x,y) y

projection_vector

GPV[ ]

x

¼

Example:

case 1:

P

Revision 1.66 Page 217

File Name: tti nst1

The stack entry0x4000 which when interpreted as a 2.14 number is simply1. This

command reveals that, in this case, the projection_vector is a unit vector that points in the

x - direction.

case 2:

P

0x0000 4000

0x0000 0000

GPV[ ]

Here the projection_vector is a unit vector that points in the direction of the y - axis.

case 3:

P

GPV[ ]

0x0000 2D41

0x0000 2D41

¼

NOTE: 0x2D41 is the hex equivalent of sqrt ( 2 )

2 . As a result of this instruction, the

projection_vector is set to a 45 degree angle relative to the x - axis.

Page 218 Revision 1.66

File Name: ttinst1

Get Freedom_Vector

GFV[ ]

Code Range 0x0D

Pops ˘

Pushes x: x - component of freedom_vector (2.14 number padded with zeroes)

y: ycomponent of freedom_vector (2.14 number padded with zeroes)

Gets freedom_vector

Puts the x and y components of the freedom_vector on the stack. The freedom_vector is put

onto the stack as two 2.14 coordinates.

If values are to be saved and used bya glyph program, font program or preprogram across

different resolutions, extreme care must be used. The values taken from or put on the stack

are 2.14 fixed - point values for the x a nd ycomponents of the vector in question. The values

are based on the normalized vector lengths. More simply, the values must always be set such

that (X**2 + Y**2) is 1.

If a TrueType program uses specific values for X and Y to set the vectors to certain angles,

these values will not produce identical results across different aspect ratios. Values that work

correctlyat 1:1 aspect ratios (such as VGA and 8514) will not necessarilyyield the desired

results at a ratio of 1.33:1 (e.g. the EGA).

Bythe same t oken, if a TrueType program is making use of the values returned byGPV and

GFV, the values returned for a specific angle will varywith the aspect ratio in use at the

time.

v=(x,y) freedom_vector

GFV[ ] y

x

¼

Revision 1.66 Page 219

File Name: tti nst1

Example

GFV[ ]

F

11575

-11596

Page 220 Revision 1.66

File Name: ttinst1

Set Reference Point 0

SRP0[ ]

Code Range 0x10

Pops p: point number (ULONG)

Pushes ˘

Sets rp0

Affects IP, MDAP, MIAP, MIRP, MSIRP, SHC, SHE, SHP

Pops a point number from the sta ck and sets rp0 to that point number.

rp0 p p

Revision 1.66 Page 221

File Name: tti nst1

Set Reference Point 1

SRP1[ ]

Code Range 0x11

Pops p: point number (ULONG)

Pushes ˘

Sets rp1

Affects IP, MDAP, MDRP, MIAP, MSIRP, SHC, SHE, SHP

Pops a point number from the stack and sets rp1 to that point number.

rp1 p p

Page 222 Revision 1.66

File Name: ttinst1

Set Reference Point 2

SRP2[ ]

Code Range 0x12

Pops p:point number (ULONG)

Pushes ˘

Sets rp2

Pops a point n umber from the stack and sets rp2 to that point number.

rp2 p p

Revision 1.66 Page 223

File Name: tti nst1

Set Zone Pointer 0

SZP0[ ]

Code Range 0x13

Pops n: zone number (ULONG)

Pushes ˘

Sets zp0

Affects ALIGNPTS, ALIGNRP, DELTAP1, DELTAP2, DELTAP3, IP,

ISECT, MD, MDAP, MIAP, MIRP, MSIRP, SHC, SHE, SHP, UTP

Pops a zone number, n, from the stack and sets zp0 to the zone with that number. If n is 0,

zp0 points to zone 0. If n is 1, zp0 points to zone 1. Anyother value for n is an er ror.

zp0 En n

Example:

1

SZP0[ ]

E1 zp0

E0

¼

Page 224 Revision 1.66

File Name: ttinst1

Set Zone Pointer 1

SZP1[ ]

Code Range 0x14

Pops n: zone number (ULONG)

Pushes ˘

Sets zp1

Affects ALIGNRPTS, ALIGNRP, IP, MD, MDRP, MSIRP, SHC, SHE, SHP,

SFVTL, SPVTL

Pops a zone number, n, from the stack and sets zp1 to the zone with that number. If n is 0,

zp1 points to zone 0. If n is 1, zp1 points to zone 1. Anyother value for n is an error.

zp1 En n

Exam ple

0

ZP0[ ]

0 1 E E zp0

¼

Revision 1.66 Page 225

File Name: tti nst1

Set Zone Pointer 2

SZP2[ ]

Code Range 0x15

Pops n: zone number (ULONG)

Pushes ˘

Sets zp2

Affects ISECT, IUP, GC, SHC, SHP, SFVTL, SHPIX, SPVTL, SC

Pops a zone number, n, from the stack and sets zp2 to the zone with that number. If n is 0,

zp2 points to zone 0. If n is 1, zp2 points to zone 1. Anyother value for n is an error.

En n

zp2

Page 226 Revision 1.66

File Name: ttinst1

Set Zone PointerS

SZPS[ ]

Code Range 0x16

Pops n: zone number (ULONG)

Pushes ˘

Sets zp0, zp1, zp2

Affects ALIGNPTS, ALIGNRP, DELTAP1, DELTAP2, DELTAP3, GC, IP,

ISECT, IUP, MD, MDAP, MDRP, MIAP, MIRP, MSIRP, SC, SFVTL,

SHPIX, SPVTL, SHC, SHE, SHP, SPVTL, UTP

Pops a zone number from the stack and sets all of the zone pointers to point to the zone with

that number. If n is 0, all three zone pointers will point to zone 0. If n is 1, all three zone

pointers will point to zone 1. Anyother value for n is an error.

En n

En

En zp0

zp1

zp2

Revision 1.66 Page 227

File Name: tti nst1

Round To Half Grid

RTHG[ ]

Code Range 0x19

Pops ˘

Pushes ˘

Sets round_state

Affects MDAP, MDRP, MIAP, MIRP, ROUND

Uses freedom_vector, projection_vector

Sets the round_state variable to state 0 ( hg ). In this state, the coordinates of a point are

rounded to the nearest half grid line.

Example:

P F

RTHG[ ] Grid

Line

n n’

Half Grid

Line

Page 228 Revision 1.66

File Name: ttinst1

Round To Grid

RTG[ ]

Code Range 0x18

Pops ˘

Pushes ˘

Sets round_state

Affects MDAP, MDRP, MIAP, MIRP, ROUND

Uses freedom_vector, projection_vector

Sets the round_state variable to state 1 ( g ). In this state, distances are rounded to the closest

grid line.

Example:

Half Grid

Line

Grid Line

n n’ P F

RTG[ ]

Revision 1.66 Page 229

File Name: tti nst1

Round To Double Grid

RTDG[ ]

Code Range 0x3D

Pops ˘

Pushes ˘

Sets round_state

Affects MDAP, MDRP, MIAP, MIRP, ROUND

Uses freedom_vector, projection_vector

Sets the round_state variable to state 2 ( dg ). In this state, distances are rounded to the closest

half or inte ger pixel.

Example:

Grid Line

n n’

P F

RTDG[ ]

(case 1 rounds to half grid)

P F

RTDG[ ]

(case 2 rounds to grid) Grid Line

n n’

Half Grid

Line

Half Grid

Line

Page 230 Revision 1.66

File Name: ttinst1

Round Down To Grid

RDTG[ ]

Code Range 0x7D

Pops ˘

Pushes ˘

Sets round_state

Affects MDAP, MDRP, MIAP, MIRP, ROUND

Uses freedom_vector, projection_vector

Sets the round_state variable to state 3 ( dtg ). In this state, distances are rounded down to the

closest integer grid line.

Example:

Half Grid

Line

Grid

Line

n’ P F

RDTG[ ]

n

Revision 1.66 Page 231

File Name: tti nst1

Round Up To Grid

RUTG[ ]

Code Range 0x7C

Pops ˘

Pushes ˘

Sets round_state

Affects MDAP, MDRP, MIAP, MIRP, ROUND

Uses freedom_vector, projection_vector

Sets the round_state variable to state 4 ( utg ). In this state distances are rounded up to the

closest integer pixel boundary.

Example:

Half Grid

Line

Grid

Line

n’

P F

RUTG[ ]

n

Page 232 Revision 1.66

File Name: ttinst1

Round OFF

ROFF[ ]

Code Range 0x7A

Pop ˘

Pushes ˘

Sets round_state

Affects MDAP, MDRP, MIAP, MIRP, ROUND

Uses freedom_vector, projection_vector

Sets the round_state variable to state 5 ( off ). In this state rounding is turned off.

Example:

Grid Line

P F

ROFF[ ]

(point does not

round) n

Half Grid

Line

Revision 1.66 Page 233

File Name: tti nst1

Super ROUND

SROUND[ ]

Code Range 0x76

Pops n: number decomposed to obtain period, phase, threshold

Pushes ˘

Sets round_state

Affects MDAP, MDRP, MIAP, MIRP, ROUND

SROUND allows you fine control over the effects of the round_state variable byallowing you

to set the values of three components of the round_state: period, phase, and threshold.

More formally, SROUND maps the domain of 26.6 fixed point numbers into a set of discrete

values that are separated byequal distances. SROUND takes one argument from the stack, n,

which is decomposed into a period, phase and threshold.

The period specifies the length of the separation or space between rounded values in terms of

grid spacing.

0 2 1 0.5

1.5 period = 0.5

0 2 1 period =1.0

0 2 period =2.0

Page 234 Revision 1.66

File Name: ttinst1

The phase specifies the offset of the values from multiples of the period.

0 2 1 phase = 0

0 phase = 0.25

0.25 1.25

2.25

Revision 1.66 Page 235

File Name: tti nst1

The threshold specifi es the part of the domain that is mapped onto each value. More

intuitively, the threshold tells a value when to ^fall forward~ to the next largest integer.

1 period

0

threshold = period/2 = 0.5

0.5

-0.5

RTG

1 period

0

threshold = period - 1 = 0

RUTG

Onlythe lower 8 bits of the argument n are used. For SROUND gridPeriod is equal to 1.0

pixels. The byte is encoded as follows: bits 7 and 6 encode the period, bits 5 and 4 encode the

phase and bits 3, 2, 1 and 0 encode the threshold as shown here.

period

0 period = gridPeri od/2

1 period = gridPeriod

2 period = gridPeriod*2

3 Reserved

(continued...)

Page 236 Revision 1.66

File Name: ttinst1 phase

0 phase = 0

1 phase= period/4

2 phase = period/2

3 phase = gridPeriod*3/4

threshold

0 threshold = period - 1

1 threshold = - 3/8 * period

2 threshold = - 2/8 * period

3 threshold = - 1/8 * period

4 threshold = 0/8 * period

5 threshold = 1/8 * period

6 threshold = 2/8 * period

7 threshold =3/8 * period

8 threshold = 4/8 * period

9 threshold = 5/8 * period

10 threshold = 6/8 period

11 threshold = 7/8 * period

12 threshold = 8/8 * period

13 threshold = 9/8 * period

14 threshold = 10/8 * period

15 threshold = 11/8 * period

For example, SROUND(01:01:1000) maps numbers into the values 0.25, 1.25, 2.25, .... The

numbers from - 0.25 to 0.75 are mapped into 0.25. The range of numbers [0.75, 1.75) map

into 1.25. Similarly, the numbers from [1.75, 2.75) map into the number 2.25 and so on.

Revision 1.66 Page 237

File Name: tti nst1

-0.25

0.25 1.25 period

0 phase

0.75

threshold

Rounding occurs after compensation for engine characteristics, so the steps in the roundi ng

of a number n are:

¯ add engine compensation to n.

¯ subtract the phase from n.

¯ add the threshold to n.

¯ truncate n to the next lowest periodic value (ignore the phase).

¯ add the phase back to n .

¯ if rounding caused a positive number to become negative, set n to the positive round

value closest to 0.

¯ if rounding caused a negative number of become positive, set n to the negative round

value closest to 0.

¯ the period parameters can have values of 1/2 pixel, 1 pixel, or 2 pixels.

¯ the phase param eters can have values of 0 pixels, 1/4 pixel, 1/2 pixel, or 3/4 pixel.

¯ the threshold parameters can have values of - 3/8 period, - 2/8 period,... 11/8 period. It

can also have the special value largest - number - smaller - than - period which causes

rounding equivalent to CEILING.

Page 238 Revision 1.66

File Name: ttinst1

Super ROUND 45 degrees

S45ROUND[ ]

Code Range 0x77

Pops n: ULONG decomposed to obtain period, phase, threshold (ULONG)

Pushes ˘

Sets round_state

Affects MDAP, MDRP, MIAP, MIRP, ROUND

S4 5ROUND is analogous to SROUND. The gridPeriod is SQRT(2)/2 pixels rather than 1

pixel. It is useful for measuring at a 45 degree angle with the coordinate axes.

Revision 1.66 Page 239

File Name: tti nst1

Set LOOP variable

SLOOP[ ]

Code Range 0x17

Pops n: value for loop Graphics State variable (integer)

Pushes ˘

Sets loop

Affects ALIGNRP, FLIPPT, IP, SHP, SHPIX

Pops a value, n, from the stack and sets the loop variable count to that value. The loop

variable works with the SHP[a], SHPIX[a], IP[ ], FLIPPT[ ], a nd ALIGNRP[ ]. The value n

indicates the number of times the instruction is to be repeated. After the instruction executes,

the loop variable is reset to 1.

loop n n

Page 240 Revision 1.66

File Name: ttinst1

Set Minimum_ Distance

SMD[ ]

Code Range 0x1A

Pops distance: value for minimum_distance (F26Dot6)

Pushes ˘

Sets minimum_distance

Pops a value from the stack and sets the minimum_distance variable to that value. The

distance is assumed to be expressed in sixty - fourths of a pixel.

minimum_distance n distance

Revision 1.66 Page 241

File Name: tti nst1

INSTRuction execution ConTRoL

INSTCTRL[]

Code Range 0x8E

Pops s: selector flag (int32)

value: USHORT (padded to 32 bits) used to set value of

instruction_control.

Pushes ˘

Sets instruction_control

Sets the instruction control state variable making it possible to turn on or off the execution of

instructions and to regulate use of parameters set in the CVT program. INSTCTRL[ ] can

onlybe executed in the CVT program.

This instruction clears an d sets various control flags in the rasterizer. The selector flag

determines valid values for the value argument. The value determines the newsetting of the

raterizer control flag. In version 1.0 there are onlytwo flags in use:

Selector flag 1 is used to inhibit grid - fitting. If s=1, valid values for the value

argument are 0 (FALSE) and 1 (TRUE). If the value argument is set to TRUE

(v=1), anyinstructions associated with glyphs will not be executed. For example, to

inhibit grid - fitting when a glyph is be ing rotated or stretched, use the following

sequence on the preprogram:

PUSHB[000] 6 /* ask GETINFO to check for stretching or rotation */

GETINFO[] /* will push TRUE if glyph is stretched or rotated */

IF[] /* tests value at top of stack */

PUSHB[000] 1 /* value for INSTCTRL */

PUSHB[000] 1 /* selector for INSTCTRL */

INSTRCTRL[] /* based on selector and value will turn grid - fitting off */

EIF[]

Selector flag 2 is used to establish that anyparameters set in the CVT program

should be ignored when in structions associated with glyphs are executed. These

include, for example, the values for scantype and the CVT cut - in. If s=1, valid

values for the value argument are 0 (FALSE) and 2 (TRUE). If the value argument

is set to TRUE (v=2), the default values of those parameters will be used regardless

of anychanges that mayhave been made in those values bythe preprogram. If the

value argument is set to FALSE (v=0), parameter values changed bythe CVT

program will be used in glyph instructions.

T he T rueT ype Instruction Set

Page 242 Revision 1.66

File Name: ttinst1

SCAN conversion ConTRoL

SCANCTRL[ ]

Code Range 0x85

Pops n: flags indicating when to turn on dropout control mode

(16 bit word padded to 32 bits)

Pushes ˘

Sets scan_control

SCANCTRL is used to set the value of the Graphics State variable scan_control which in turn determines whether the scan converter will activate dropout control for this glyph. Use of the dropout control mode is determined bythree conditions:

1. Is the glyph rotated?

2. Is the gly ph stretched?

3. Is the current setting for ppem less than a specified threshold?

The interpreter pops a word from the stack and looks at the lower 16 bits.

Bits 0 - 7 represent the threshold value for ppem. A value of FF in bits 0 - 7 means invoke dropout_control for all sizes. A value of 0 in bits 0 - 7 means never invoke dropout_control.

Bits 8 - 13 are used to turn on dropout_control in cases where the specified conditions are met.

Bits 8, 9 and 10 are used to turn on the dropout_control mode (assuming other c onditions do not block it). Bits 11, 12, and 13 are used to turn off the dropout mode unless other conditions force it. Bits 14 and 15 are reserved for future use.

Bit Meaning if set

8 Set dropout_control to TRUE if other conditions do not block and ppem is less than or equal to the threshold value.

9 Set dropout_control to TRUE if other conditions do not block and the glyph is rotated.

10 Set dropout_control to TRUE if other conditions do not block and the glyph is stretched.

11 Set dropout_contro l to FALSE unless ppem is less than or equal to the threshold value.

12 Set dropout_control to FALSE unless the glyph is rotated.

13 Set dropout_control to FALSE unless the glyph is stretched.

14 Reserved for future use.

15 Reserved for future use.

T he T rueT ype Instruction Set

Revision 1.66 Page 243

File Name: tti nst1

For example

0x0000 No dropout control is invoked

0x01FF Always do dropout control

0x0A10 Do dropout control if the glyph is rotated and has less than 16 pixels per - em

The scan converter can operate in either a ^normal~ mode or in a ^fix dropout~ mode depen ding on the value of a set of enabling and disabling flags.

T he T rueT ype Instruction Set

Page 244 Revision 1.66

File Name: ttinst1

SCANTYPE

SCANTYPE[ ]

Code Range 0x8D

Pops n: 16 bit integer

Pushes ˘

Sets scan_control

Pops a 16 - bit integer whose value is used to determine which rules the scan converter will use. If the value of the argument is 0, the fast scan converter will be used. If the value of the integer is 1 or 2, simple dropout control will be used. If the value of the integer is 4 or 5, smart dropout control will be used. More spec ifically, if n=0 rules 1, 2, and 3 are invoked (simple dropout control scan conversion including stubs) if n=1 rules 1, 2, and 4 are invoked (simple dropout control scan conversion excluding stubs) if n=2 rules 1 and 2 onlyare invoked (fast scan conversion; dropout control turned off) if n=3 same as n = 2 if n = 4 rules 1, 2, and 5 are invoked (smart dropout control scan conversion including stubs) if n = 5 rules 1, 2, and 6 are invoked (smart dropout control scan conversion excluding stubs) if n = 6 same as n = 2 if n = 7 same as n = 2

The scan conversion rules are shown here:

Rule 1 If a pixel´s center falls within the glyph outline, that pixel is turned on.

Rule 2 If a contour falls exactlyon a pixel´s center, that pixel is turned on.

Rule 3 If a scan line between two adjacent pixel centers (either vertical or horizontal) is intersected byboth an on - Transition contour and an off - Transition contour and neither of the pixels was alreadyturned on byrules 1 and 2, turn on the left - most pixel (hor izontal scan line) or the bottom - most pixel (vertical scan line). This is ^Simple~ dropout control.

Rule 4 ApplyRule 3 onlyif the two contours continue to intersect other scan lines in both directions. That is, do not turn on pixels for `stubs.´ The scanline segments that form a square with the intersected scan line segment are examined to verifythat theyare intersected bytwo contours. It is possible that these could be different contours than the ones intersecting the dropout scan line segment. This is veryunlikelybut mayhave to be controlled with grid - fitting in some exotic glyphs.

Rule 5 If a scan line between two adjacent pixel centers (either vertical or horizontal) is intersected byboth an on - Transition contour and an off - Transition contour and neither of the pixels was alreadyturned on byrules 1 and 2, turn on the pixel which is closer to the midpoint between the on - Transition contour and off - Transition contour. This is ^Smart~ dropout control.

Rule 6 ApplyRule 5 onlyif the two contours continue to intersect other scan lines in both directions. That is, do not turn on pixels for `stubs.´

T he T rueT ype Instruction Set

Revision 1.66 Page 245

File Name: tti nst1

Newfonts wishing to use the newmodes of the ScanType instruction, but still wishing to work correctlyon old rasterizers that don´t recognize the newmodes should:

1. First execute a ScanType instruction using an old mode which will give the best approximation to the desired newmode (e.g. Simple Stubs for Smart Stubs), and then

2. Immediatelyexecute another ScanType instruction with the desired newmod e.

T he T rueT ype Instruction Set

Page 246 Revision 1.66

File Name: ttinst1

Set Control Value Table Cut In

SCVTCI[ ]

Code Range 0x1D

Pops n: value for cut_in (F26Dot6)

Pushes ˘

Sets control_value_cut_in

Affects MIAP, MIRP

Sets the control_value_cut_in in the Graphics State. The value n is expressed in sixty - fourths of a pixel.

n cut_in

n

Increasing the value of the cut_in will increase the range of sizes for which CVT values will be used instead of the original outline value.

T he T rueT ype Instruction Set

Revision 1.66 Page 247

File Name: tti nst1

Set Single_Width_Cut_In

SSWCI[ ]

Code Range 0x1E

Pops n: value for single_width_cut_in (F26dot6)

Pushes ˘

Sets single_width_cut_in

Affects MIAP, MIRP

Sets the single_width_cut_in in the Graphics State. The value n is expressed in sixty - fourths of a pixel.

single_width_cut_in n

n

T he T rueT ype Instruction Set

Page 248 Revision 1.66

File Name: ttinst1

Set Single - width

SSW[ ]

Code Range 0x1F

Pops n: value for single_width_value (FUnits)

Pushes ˘

Sets single_width_value

Sets the single_width_value in the Gr aphics State. The single_width_value is expressed in

FUnits.

single_width_value n

n

T he T rueT ype Instruction Set

Revision 1.66 Page 249

File Name: tti nst1

Set the auto_flip Boolean to ON

FLIPON[ ]

Code Range 0x4D

Pops ˘

Pushes ˘

Sets auto_flip

Affects MIRP

Sets the auto_flip Boolean in the Graphics State to TRUE causing the MIRP instructions to ignore the sign of Control Value Table entries. The default auto_flip Boolean value is TRUE.

auto_flip 1

T he T rueT ype Instruction Set

Page 250 Revision 1.66

File Name: ttinst1

Set the auto_flip Boolean to OFF

FLIPOFF[ ]

Code Range 0x4E

Pops ˘

Pushes ˘

Sets auto_flip

Affects MIRP

Set the auto_flip Boolean in the Graphics State to FALSE causing the MIRP instructions to use the sign of Control Value Table entries. The default auto_flip Boolean value is TRUE.

auto_flip 0

T he T rueT ype Instruction Set

Revision 1.66 Page 251

File Name: tti nst1

Set Angle _Weight

SANGW[ ]

Code Range 0x7E

Pops weight: value for angle_weight

Pushes ˘

Sets angle_weight

SANGW is no longer needed because of dropped support to the AA (A djust Angle) instruction. AA was the onlyinstruction that used angle_weight in the global graphics state.

Pops a weight value from the stack and sets the value of the angle_weight state variable accordingly.

angle_weight weight

weight

T he T rueT ype Instruction Set

Page 252 Revision 1.66

File Name: ttinst1

Set Delta_Base in the graphics state

SDB[ ]

Code Range 0x5E

Pops n: value for the delta_base (ULONG)

Pushes ˘

Sets delta_base

Affects DELTAP1, DELTAP2, DELTAP3, DELTAC1, DELTAC2, DELTAC3

Pops a number, n, and set s delta_base to the value n. The default for delta_base is 9.

delta_base

n n

T he T rueT ype Instruction Set

Revision 1.66 Page 253

File Name: tti nst1

Set Delta_Shift in the graphics state

SDS[ ]

Code Range 0x5F

Pops n: value for the delta_shift (ULONG)

Pushes ˘

Sets delta_shift

Affects DELTAP1, DELTAP2, DELTAP3, DELTAC1, DELTAC2, DELTAC3

Sets delta_shift to the value n. The default for delta_shift is 3.

delta_shift

n n

T he T rueT ype Instruction Set

Page 254 Revision 1.66

File Name: ttinst1

Reading and writing data

The following instructions make it possible to get and to set a point coordina te, to measure the distance between two points, and to determine the current settings for pixels per emand point size.

T he T rueT ype Instruction Set

Revision 1.66 Page 255

File Name: tti nst1

Get Coordinate projected onto the projection_vector

GC[a]

Code Range 0x46 - 0x47 a 0: use current position of point p

1: use the position of point p in the original outline

Pops p: point number (ULONG)

Pushes value: coordinate location (F26Dot6)

Uses zp2, projection_vector

Measures the coordinate value of point p o n the current projection_vector and pushes the value onto the stack.

Example

The following example shows that the value returned byGC is dependent upon the current position of the projection_vector. Note that point p is at the position (300,420) in the coordinate grid.

y x

p

GC[1] 9

P

300

P

420

T he T rueT ype Instruction Set

Page 256 Revision 1.66

File Name: ttinst1

P

-516

The projection_vector is parallel to the line from (0,0) to (300,420)

T he T rueT ype Instruction Set

Revision 1.66 Page 257

File Name: tti nst1

Sets Coordinate From the Stack using projection_vector and freedom_vector

SCFS[ ]

Code Range 0x48

Pops value: distance from origin to move point (F26Dot6) p: point number (ULONG)

Pushes ˘

Uses zp2, freedom_vector, projection_vector

Moves point p from its current position along the freedom_vector so that its component along the p rojection_vector becomes the value popped off the stack.

p

value

T he T rueT ype Instruction Set

Page 258 Revision 1.66

File Name: ttinst1

Measure Distance

MD[a]

Code Range 0x49 - 0x4A a 0: measure distance in grid - fitted outline

1: measure distance in original outline

Pops p1: point number (ULONG) p2: point number (ULONG)

Pushes distance (F26Dot6)

Uses zp1 with point p1, zp0 with point p2, projection_vector

Measures the distance between outline point p1 and outline point p2. The value returned is in pixels (F26Dot 6) If distance is negative, it was measured against the projection vector.

Reversing the order in which the points are listed will change the sign of the result.

MD[1] p1,p2

MD[0] p1,p2 distance

p1 p2

T he T rueT ype Instruction Set

Revision 1.66 Page 259

File Name: tti nst1

Example:

In the illustration belowMD[1] between points 25 and 31 will return a smaller value than

MD[0] at 10 pixels per em on a 72 dpi device. The difference is due to the effects of grid - fitting which, at this size, stretches out the counter.

P

T he T rueT ype Instruction Set

Page 260 Revision 1.66

File Name: ttinst1

Measure Pixels Per EM

MPPEM[ ]

Code Range 0x4B

Pops ˘

Pushes ppem: pixels per em (ULONG)

This instruction pushes the number of pixels per em onto the stack. Pixels per em is a function of the resolution of the rendering device and the current point size and the current transformation matrix. This instruction looks at the projection_vector and returns the number of pixels per em in that direction.

ppem

T he T rueT ype Instruction Set

Revision 1.66 Page 261

File Name: tti nst1

Measure Point Size

MPS[ ]

Code Range 0x4C

Pops ˘

Pushes pointSize: the size in points of the current glyph (F26Dot6)

Pushes the current point size onto the stack.

Measure point size can be used to obtain a value which serves as the basis for choosing whether to branch to an alternative path through the instruction stream. It makes it possible to treat point sizes belowor above a certain threshold differently.

pointSize

12, 18, and 36 point Helvetica g at 72 dpi