
TRIPS In termediate Language (TIL) Man ual

Aaron Smith Jon Gibson Jim Burrill Katherine Co ons

Rob ert McDonald Doug Burger Stephen W. Kec kler

Kathryn S. McKinley

Octob er 2, 2006 - V ersion A.04

T ec h Rep ort TR-05-20

Departmen t of Computer Sciences

The Univ ersit y of T exas at Austin

This do cumen t sp eci�es the TRIPS In termediate Language (TIL) for the TRIPS arc hitec-

ture, a no v el, scalable, and lo w p o w er arc hitecture for future tec hnologies. TIL is a RISC-lik e

in termediate represen tation for use b y h umans and compilers that w an t to write lo w-lev el

TRIPS co de.



TRIPS In termediate Language (TIL) Man ual

Con ten ts

1 In tro duction 1

1.1 Wh y an In termediate Language? . . . . . . . . . . . . . . . . . . . . . . . . 1

1.2 Brief Ov erview of TIL File Structure . . . . . . . . . . . . . . . . . . . . . . 1

2 Syn tax 2

2.1 Whitespace . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2.2 Commen ts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2.3 Sym b ols . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2.4 Statemen ts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2.5 Constan ts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

3 Program Blo c ks 4

3.1 General and Blo c k T emp orary Registers . . . . . . . . . . . . . . . . . . . . 5

3.2 Predication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

3.3 Nulli�cation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

3.3.1 Store Nulli�cation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

3.3.2 W rite Nulli�cation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

4 Sections and Relo cation 7

5 Sc heduler and Assem bler Directiv es 7

5.1 .align in t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

5.2 .app-file string . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

5.3 .ascii \string" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

5.4 .asciz \string" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

5.5 .bbegin sym b ol [x
ags] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

5.6 .bend . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

5.7 .bss . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

5.8 .byte expressions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

5.9 .comm sym b ol , length . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

5.10 .data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

5.11 .double fp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

5.12 .equ sym b ol1 = sym b ol2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

5.13 .extern sym b ol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

5.14 .global sym b ol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

5.15 .int data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

5.16 .lcomm sym b ol , length . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

5.17 .line line-n um b er . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

5.18 .quad data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

5.19 .rdata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

5.20 .short data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

5.21 .single fp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

5.22 .space size , �ll . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

V ersion A.04 i Octob er 2, 2006



TRIPS In termediate Language (TIL) Man ual

5.23 .text . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

5.24 .weak sym b ol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

6 TIL Instructions 12

6.1 Instruction F ormats . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

6.2 Instruction Fields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

6.3 Instruction Preplacemen t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

6.4 Load/Store Instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

6.4.1 Load/Store Iden ti�ers . . . . . . . . . . . . . . . . . . . . . . . . . . 14

6.4.2 Load/Store Data Bank Alignmen t . . . . . . . . . . . . . . . . . . . . 14

6.5 Instruction Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

A TRIPS Hardw are Protot yp e 18

B EBNF Grammar 19

C Example Co de 20

C.1 C Source Co de . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

C.2 Resulting TIL Co de . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

C.3 P artial TIL co de from 171.swim SPEC b enc hmark . . . . . . . . . . . . . . . 24

V ersion A.04 ii Octob er 2, 2006



TRIPS In termediate Language (TIL) Man ual

1 In tro duction

This man ual presen ts a brief o v erview of the TRIPS In termediate Language (TIL). W e ac-

kno wledge our debt to the F ree Soft w are F oundation's GNU assem bler (GAS) do cumen tation,

b oth in st yle and con ten t.

1.1 Wh y an In termediate Language?

TRIPS presen ts a new data
o w arc hitecture based around a 2D arra y of ALUs. TRIPS

Assem bly Language (T ASL) can b e c hallenging to follo w and reason ab out for those un-

familiar with it. Unlik e more traditional ISAs, T ASL is data
o w in nature|instructions

ha v e targets instead of op erands and include sc heduling information. TIL presen ts a more

traditional, linear, three-op erand RISC st yle where programmers need not concern them-

selv es with sc heduling the instructions on the grid of ALUs. It presen ts the familiar alege-

braic paradigm where op dest, operand1, operand2 is equiv alen t to dest = operand1

op operand2 .

TIL is an in termediate language and an y co de written in it will need to b e translated to

T ASL b efore it can b e run. The TRIPS to olc hain|sp eci�cally the TRIPS Sc heduler|will

mak e that translation and sc hedule all instructions on the TRIPS pro cessor.

F or those in terested in T ASL, more information can b e found in the TRIPS Pr o c essor R ef-

er enc e Manual .

1.2 Brief Ov erview of TIL File Structure

TIL �les can con tain .text , .data , .rdata , and .bss sections whic h are further describ ed

in the \Sections and Relo cation" section of this do cumen t.

There are k ey di�erences b et w een the co de la y out of TRIPS .text sections and those of other

arc hitectures. These di�erences primarily rev olv e around the concept of TRIPS pr o gr am

blo cks .

In the TRIPS arc hitecture, program blo c ks are atomic execution units. Their represen tation

in TIL is a sequence of linear instructions as one migh t �nd in the assem bly of a more

traditional arc hitecture. Eac h blo c k has a name asso ciated with it and only b y branc hing

to that name can a blo c k b e en tered. TRIPS blo c ks cannot b e en tered other than at the

b eginning and cannot exit un til all of their outputs are pro duced.

Although a TRIPS blo c k con tains a sequen tial set of instructions, there are no hidden or

implicit restrictions on execution order of the instructions in a blo c k. Execution order is

only constrained b y the follo wing:

� Data
o w dep endencies. F or example, instruction A is dep enden t on an output of

instruction B ; therefore, B will execute b efore A .
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� Load/store dep endencies. Loads and stores follo w the sequen tial order in whic h

they app ear in TIL unless they are explicitely mark ed with lo ad/stor e IDs (LSIDs), in

whic h case they are ordered b y LSID. See \Instruction" section for more information

on LSIDs.

� Reuse. De�ning a blo c k temp orary register more than once in a TRIPS blo c k causes

the sc heduler to compute data
o w dep endencies for that register based on the sequen-

tial order of the a�ected instructions.

More sp eci�cs on ho w blo c ks are structured can b e found in the \Program Blo c ks" section

of this do cumen t. Examples TIL �les can b e found in the App endix.

2 Syn tax

2.1 Whitespace

Whitespace is one or more blanks or tabs, in an y order. Whitespace is used to separate

sym b ols, and to mak e programs easier for p eople to read. Unless used within c haracter

constan ts, an y whitespace means the same as exactly one space.

2.2 Commen ts

Commen ts are allo w ed an ywhere in TIL. An ything from the line commen t c haracter to the

next newline is considered a commen t and is ignored. The line commen t c haracter is a

semicolon ( ; ).

; this is a comment which takes an entire line

.bbegin block1

ret ; this is a comment at the end of a line

.bend

2.3 Sym b ols

A symb ol is t ypically the name of a memory lo cation (for data items) or a program blo c k

address (for co de sections). A sym b ol ma y consist of one or more c haracters c hosen from

the set of all letters (b oth upp er and lo w er case), the digits, the dollar sign ( $ ), and the

underscore ( ).

No sym b ol ma y b egin with a digit. Case is signi�can t. There is no length limit: all c haracters

are signi�can t. Sym b ols are delimited b y c haracters not in that set.
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A lab el is used to de�ne a data sym b ol for inclusion in the program's sym b ol table. Syn tac-

tically , a lab el is a sym b ol follo w ed immediately b y a colon ( : ). No whitespace is allo w ed

b et w een a lab el and the colon.

Examples:

bro phi1$5 ; branch to the code block named phil$5

_V288:

.ascii "malloc failed for K[%d][%d]\n\000"; create a data symbol _V288

2.4 Statemen ts

A statemen t ends at a newline c haracter ( n n) or at a semicolon ( ; ). Newlines and semicolons

within c haracter constan ts do not end statemen ts. Empt y statemen ts are allo w ed, and ma y

include whitespace. They are ignored.

A statemen t ma y con tain either a directiv e (a sym b ol whose �rst c haracter is a dot ` . ') or a

TIL instruction (see the sections on \TIL and Assem bler Directiv es" and \TIL Instructions"

for the supp orted directiv es and instructions). Whitespace ma y precede or follo w a directiv e

or instruction.

A statemen t ma y optionally b egin with a lab el. Whitespace ma y precede or follo w a lab el.

Examples:

__Label0: ; an empty statement that contains a label

.int 45 ; an assembler directive

subi $t12, $t8, 17 ; a TIL instruction

2.5 Constan ts

A constan t is a n um b er or c haracter, written so that its v alue is kno wn b y insp ection, without

kno wing an y con text.

Examples:

.data

my_bytes:

.byte 74, 0112, 0x4A, 'J' ; a variety of data formats

my_string:

.asciz "Ring the bell\7" ; string constant

my_float:

.single 3.14159265 ; 4-byte floating point.
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3 Program Blo c ks

Program blo c ks (or blo cks ) represen t the atomic execution unit in TIL. Blo c ks are sequences

of instructions that b egin with a blo ck b e gin ( .bbegin ) directiv e and end with a blo ck end

( .bend ) directiv e. All TRIPS instructions are con tained within TIL blo c ks. It is illegal to

place an instruction outside of a blo c k.

En try in to a blo c k is made b y branc hing to the blo c k's sp eci�ed name (see the \TIL and

Assem bler Directiv es" section on the .bbegin directiv e). Branc hing to a lab el within a

blo c k is not supp orted. Execution of a blo c k will terminate when b oth a branc h instruction

is reac hed and all sp eci�ed outputs ha v e b een satis�ed (i.e., v alues ha v e b een pro duced for

all general register writes and all stores to memory ha v e completed).

A TRIPS blo c k should b e constructed in the follo wing order:

1. .global < blo ckname > (Optional; used to mak e the blo c k visible to other TIL mo d-

ules.)

2. .bbegin < blo ckname > (The < blo ckname > follo ws the syn tactical rules for sym b ols as

describ ed ab o v e.)

3. read instructions (Names all general registers used in the blo c k.)

4. Blo c k instructions (Includes non-read/write instructions whic h reference only blo c k

temp oraries and memory addresses.)

5. write instructions (Names all general registers de�ned in the blo c k.)

6. .bend

Example:

.global calc2_$1

.bbegin calc2_$1

read $t1, $g3

addi $t2, $t1, 1

bro calc2_$2

write $g90, $t2

.bend

There are limitations placed on the legal formation of a blo c k that are arc hitecture dep enden t.

These limitations restrict the total n um b er of instructions allo w ed in a blo c k (the blo c k size),

the n um b er of load/store iden ti�ers p er blo c k and ho w man y general registers can b e read

from and written to p er blo c k. Sp eci�c limitations of the TRIPS protot yp e can b e found in

the App endix.

The TRIPS sc heduler and assem bler p erform extensiv e c hec ks to v erify that blo c ks are

correctly formed and adhere to pro cessor constrain ts.
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3.1 General and Blo c k T emp orary Registers

TIL supp orts t w o classes of registers: global registers, or gener al r e gisters , and blo c k tem-

p orary registers, or simply blo ck temp or aries .

Class Range Syn tax

General Register 0...127 $g < n >

Blo c k T emp orary Register 0 ...unlimited $t < n >

The t w o classes of registers are de�ned as follo ws:

� General registers retain their v alues b et w een blo c ks and can only b e read using a read

instruction and written using a write instruction.

� With the exception of read and write instructions, all instructions within a blo c k

reference blo c k temp oraries.

� It is illegal for an instruction to reference a blo c k temp orary b efore the blo c k temp orary

is de�ned.

� Register names are case insensitiv e. The names $T1 and $t1 map to the same blo c k

temp orary register, just as $G1 and $g1 map to the same general register.

� De�ned blo c k temp oraries m ust b e used within a blo c k. That is, de ad c o de is not

p ermitted in TIL blo c ks|the sc heduler will issue an error message if it detects dead

co de.

Example: General registers $g5 and $g7 refer to the same general registers in block1 and

in block2 . Blo c k temp oraries $t1 , $t2 , and $t3 refer to di�eren t temp orary registers in

eac h blo c k.

.bbegin block1

read $t1, $g5

movi $t2, 0

add $t3, $t1, $t2

bro block2

write $g7, $t3

.bend

.bbegin block2

read $t1, $g5

movi $t2, 1

add $t3, $t1, $t2

bro block3

write $g7, $t3

.bend
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3.2 Predication

The TRIPS ISA pro vides extensiv e supp ort for predicated execution. Most instructions

can b e predicated (see the section on \TIL Instructions" for exceptions). Eac h predicated

instruction has a condition, either true or false , and a pr e dic ate r e gister that is compared

against the condition at run time.

A lo w order bit of \0" in the predicate register signi�es false ; otherwise, the predicate register

signi�es true . If at run time the v alue in the predicate register matc hes the instruction's

condition, the instruction will execute; otherwise, the instruction will b e treated as a nop .

T o predicate an instruction, sp ecify the condition b y app ending t or f to the instruction's

op co de follo w ed b y a predicate register enclosed in angle brac k ets ( < and > ).

Examples:

mul_t<$t120> $t87, $t84, $t80

; if $t120 > 0, then $t87 = $t84 * $t80 else nop

addi_f<$t120> $t87, $t79, 8

; if $t120 == 0, then $t87 = $t79 + 8 else nop

3.3 Nulli�cation

The TRIPS arc hitecture requires that all blo c k outputs (i.e., stores and general register

writes) b e pro duced along all p ossible predicate paths through a blo c k. If a path do es not

pro duce a giv en output, then that path m ust pro duce a corresp onding nul li�e d output. Since

blo c k termination is dep enden t on all outputs b eing satis�ed, a path that fails to pro duce a

result for an y output will prev en t the blo c k from terminating.

There are t w o t yp es of n ulli�cation: store n ulli�cation and write n ulli�cation.

3.3.1 Store Nulli�cation

Ev ery predicate path through a blo c k m ust pro duce the same set of store iden ti�ers. A

path with a missing store iden ti�er m ust pro duce a n ull for the iden ti�er to signal to the

arc hitecture that no v alue will b e receiv ed for that iden ti�er. This pro cess is referred to as

store n ulli�cation.

Example:

movi_f<$t120> $t134, 0

null_t<$t120> $t134

sd 8($t135), $t134 S[0] ;store identifier 0 is nullified when $t120 is true

There is no di�erence b et w een n ullifying a store's data or address op erand or b oth|as so on

as a store receiv es a n ull, it is n ulli�ed.
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3.3.2 W rite Nulli�cation

Ev ery predicate path through a blo c k m ust write to the same set of general registers. If a

general register will not b e written on a path, it m ust b e n ulli�ed to signal to the arc hitecture

that no input will b e receiv ed b y the write.

Example:

movi_f<$t120> $t137, 0

null_t<$t120> $t137

write $g3, $t137 ;write nullified when $t120 is true

4 Sections and Relo cation

The assem bler creates one section p er TIL source �le for eac h of the follo wing t yp es of co de

and data: text, read-write data, read-only data, and uninitialized data (referred to as bss ,

con taining data items that ha v e a name but no v alue).

During the �nal link phase, the TRIPS link er merges the v arious sections of m ultiple binary

mo dules created b y the the TRIPS assem bler, in to a single pr o gr am se gment , with merged

.text sections, and a single data se gment , with merged .data , .rdata , and .bss sections.

The executable image is created b eginning at virtual address 0x00000000. A t load time,

the TRIPS run time system loads or r elo c ates this virtual image in to ph ysical memory and

up dates the TRIPS memory mapping hardw are to translate the virtual addresses con tained

in the binary in to ph ysical memory addresses of the TRIPS system.

5 Sc heduler and Assem bler Directiv es

The follo wing k eyw ords are used b y the TRIPS compiler to comm unicate additional infor-

mation to the TRIPS sc heduler and assem bler in order to generate a TRIPS binary:

.align .bss .extern .short

.app-file .byte .global .single

.ascii .comm .int .space

.asciz .data .lcomm .text

.bbegin * .double .quad .weak

.bend * .equ .rdata

An asterisk (*) indicates that the sc heduler itself op erates on the directiv e. The other

directiv es are simply passed from the compiler through the sc heduler to the assem bler. Refer

to the TRIPS Assembly L anguage Manual for more information.
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5.1 .align in t

P ad the lo cation coun ter (in the curren t section) to a particular storage b oundary; in t is the

alignmen t required in b ytes. F or example, '.align 8' adv ances the lo cation coun ter un til it

is a m ultiple of 8. If the lo cation coun ter is already a m ultiple of 8, no c hange is needed.

'.align 1' has no a�ect.

5.2 .app-file string

.app-�le sp eci�es that w e are ab out to start a new logical �le; string is the new �le name.

In general, the �lename is recognized whether or not it is surrounded b y quotes `"'; but if

y ou wish to sp ecify an empt y �le name, y ou m ust giv e the quotes-\". This statemen t ma y

go a w a y in future: it is only recognized to b e compatible with old programs.

5.3 .ascii \string"

.ascii exp ects zero or more string literals separated b y commas. Eac h string will b e put in to

consecutiv e addresses with no automatic trailing zero b yte.

Example:

_V440:

.ascii "usage: channel <n> [title]\n\000"

The ab o v e causes the assem bler to create a sym b ol table en try that is named V440 and is

asso ciated with a memory c h unk that stores the quoted c haracter string.

5.4 .asciz \string"

.asciz is just lik e .ascii, but eac h string is follo w ed b y a zero b yte. The `z' in `.asciz' stands

for `zero'.

5.5 .bbegin sym b ol [x
ags]

Begins a new TRIPS blo c k named symb ol . Within a source �le, the sym b ol m ust b e unique

from all other sym b ols. The name will b e go v erned b y the scoping rules used b y the compiler

for C-st yle v ariables.

The optional x
ags parameter ma y b e used to set and clear certain execution 
ags whic h

con trol the b eha vior of the protot yp e pro cessor, based on an 8-bit mask.

Example:
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.global _mutex_trylock ; make this symbol visible to other modules

.bbegin _mutex_trylock 0x4 ; require that this block be synchronized

The bitmask 0x6 causes the pro cessor to inhibit the load predictor and require blo c k syn-

c hronization for that blo c k.

Refer also to Chapter 2, \Pro cessing Mo del," and Chapter 3, \Programs," of the TRIPS

Pr o c essor R efer enc e Manual for more information on execution 
ags.

5.6 .bend

Ends the previous TRIPS blo c k de�ned with .bb egin.

5.7 .bss

The bss section is not referenced explicitly in TIL. An y unde�ned sym b ol is assumed to b e

in the bss.

5.8 .byte expressions

.b yte exp ects zero or more expressions, separated b y commas. Eac h expression is assem bled

in to the next b yte

5.9 .comm sym b ol , length

.comm declares a common denoted b y sym b ol. When linking, a common sym b ol in one ob ject

�le ma y b e merged with a de�ned or common sym b ol of the same name in another ob ject �le.

If the link er do es not see a de�nition for the sym b ol-just one or more common sym b ols-then

it will allo cate length b ytes of uninitialized memory . Length m ust b e an absolute expression.

If the link er sees m ultiple common sym b ols with the same name, and they do not all ha v e

the same size, it will allo cate space using the largest size.

5.10 .data

.data sp eci�es that the follo wing statemen ts should b e added on to the end of the data section.

The b eginning of the data section is 8-b yte aligned. Data subsections are unsupp orted.

5.11 .double fp

.double exp ects one double-precision 
oating p oin t n um b er, o ccup ying 8 b ytes.
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5.12 .equ sym b ol1 = sym b ol2

.equ sets the v alue of sym b ol1 equal to sym b ol2. The compiler uses the .equ directiv e

to supply duplicate names to the same en try p oin t, as required b y the F ortran77 run time

en vironmen t.

Example:

.global mg3xdemo_

.global main

.equ main=mg3xdemo_

5.13 .extern sym b ol

.extern is ignored if found in TIL. The link er will try to resolv e all unde�ned sym b ols as if

they w ere declared as C-st yle external v ariables.

5.14 .global sym b ol

.global mak es the sym b ol visible to the link er. If y ou de�ne a sym b ol in y our partial program,

its v alue is made a v ailable to other partial programs that are link ed with it. Otherwise,

sym b ol tak es its attributes from a sym b ol of the same name from another �le link ed in to the

same program.

5.15 .int data

Reserv es 4-b ytes in the data section with the v alue "data".

5.16 .lcomm sym b ol , length

Reserv e length (an absolute expression) b ytes for a lo cal common denoted b y sym b ol. The

section and v alue of sym b ol are those of the new lo cal common. The addresses are allo cated

in the bss section, so that at run-time the b ytes start o� zero ed. Sym b ol is not declared

global (see section .global sym b ol), so is normally not visible to the link er.

5.17 .line line-n um b er

Change the logical line n um b er. line-n um b er m ust b e an absolute expression. The next line

has that logical line n um b er. Therefore, an y other statemen ts on the curren t line (after a

statemen t separator c haracter) are rep orted as on logical line n um b er line-n um b er - 1

V ersion A.04 10 Octob er 2, 2006



TRIPS In termediate Language (TIL) Man ual

5.18 .quad data

Reserv es 8-b ytes in the data section with the v alue "data".

5.19 .rdata

Adds the follo wing statemen ts on to the end of the read-only data section. Curren tly only

one read-only data section is supp orted.

5.20 .short data

Reserv es 2-b ytes in the data section with the v alue "data".

5.21 .single fp

This directiv e reserv es 4-b ytes in the data section for a single-precision 
oating p oin t n um b er

with the v alue "fp".

5.22 .space size , �ll

This directiv e emits size b ytes, eac h of v alue �ll. Both size and �ll are absolute expressions.

If the comma and �ll are omitted, �ll is assumed to b e zero.

5.23 .text

Adds the follo wing statemen ts on to the end of the text section. The b eginning of the text

section is 8-b yte aligned. T ext subsections are not supp orted.

5.24 .weak sym b ol

.w eak declares the sym b ol as w eak. When a w eak sym b ol is link ed with a normal de�ned

sym b ol, the normal de�ned sym b ol is used. If a sym b ol that is declared w eak remains

unresolv ed b y the link er during linking, the link er will set the v alue of the w eak sym b ol to

zero.
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6 TIL Instructions

6.1 Instruction F ormats

The TRIPS ISA includes simple and consisten t formats for mac hine-lev el instructions. The

follo wing table summarizes the corresp onding TIL instruction formats and syn tax.

F ormat Description Syn tax

G2 General Instruction op co de[ cond < Tp > ] Td, T a, Tb [N]

G1 General Instruction op co de[ cond < Tp > ] Td, T a [N]

C1 Constan t Instruction op co de Td, T a, Imm16 [N]

C0 Constan t Instruction op co de Td, Imm16 [N]

I1 Immediate Instructions op co de[ cond < Tp > ] Td, T a, Imm9 [N]

L1 Load Instructions op co de[ cond < Tp > ] Td, Imm9(T a) [LS] [D] [N]

S2 Store Instructions op co de[ cond < Tp > ] Imm9(T a), Tb [LS] [D] [N]

R1 Read Instructions op co de Td, Ga

W1 W rite Instructions op co de Gd, T a

B1 Branc h op co de[ cond < Tp > ] T a [N]

B0 Branc h with O�set op co de[ cond < Tp > ] Imm20 [N]

{ En ter op co de Td, Imm [N]

{ En ter op co de Td, Sym b ol [N]

The format names are designated \0", \1", or \2" based on the n um b er of source op erands

included in the instruction, not including an immediate v alue. F or example, the ADD in-

struction is classi�ed as a G2 General Instruction, as it consumes t w o op erands to pro duce

its result. No format is giv en for ENTER instructions as they are pseduo-instructions that

only exist in the TIL. F or a complete description of instruction formats see, Chapter 8,

\Instructions," in the TRIPS Pr o c essor R efer enc e Manual .

6.2 Instruction Fields

The follo wing lists the �elds used in the \Instruction F ormats" table ab o v e and the \Instruc-

tion Summary" table b elo w.
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Field Description

Imm An y immediate v alue. Used as the source op erand in an en ter

instruction.

Imm9 A 9-bit immediate v alue.

Imm16 A 16-bit immediate v alue.

Imm20 A 20-bit immediate v alue.

Td A blo c k temp orary register used as the destination op erand.

T a A blo c k temp orary register used as the �rst source op erand.

Tb A blo c k temp orary register used as the second source op erand.

Tp An optional blo c k temp orary register used as the predicate

op erand.

Imm9(T a) Load or store with o�set. E�ectiv e address = T a + Imm9.

Ga A general register used as the source op erand in a read in-

struction.

Gd A general register used as the destination op erand in a write

instruction.

op co de An op co de.

cond t or f app ended to an op co de to sp ecify whether the instruc-

tion is predicated on true or false.

Sym b ol An y legal sym b ol.

LS An optional 3-bit load/store iden ti�er sp eci�ed as L[n] for

loads and S[n] for stores.

D An optional 2-bit data bank alignmen t sp eci�ed as D[n].

N An optional no de preplacemen t sp eci�ed as N[ro w, column]

or N[ro w, column, frame].

6.3 Instruction Preplacemen t

Instructions can b e preplaced on a sp eci�c execution no de b y sp ecifying the ro w, column,

and optionally the frame on whic h to place the instruction. If the frame is not sp eci�ed, the

sc heduler will assign a frame n um b er according to normal placemen t ordering.

Example:

add $t7, $t0, $t1 N[0,1] ; Place this instruction on the execution node

; located at row 0, column 1

If a preplacemen t sp eci�er is found on a TIL instruction that expands to m ultiple T ASL

instructions, then the �rst T ASL instruction in the sequence will b e preplaced.
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6.4 Load/Store Instructions

6.4.1 Load/Store Iden ti�ers

Load/Store iden ti�ers ( LSIDs ) can b e app ended to load and store instructions in a TRIPS

blo c k. If LSIDs are pro vided for an y load or store instructions in a blo c k, they m ust b e

pro vided for al l load and store instructions in the blo c k. Ho w ev er, an LSID should not b e

pro vided for a load prefetc h instruction. The to olc hain ma y issue a w arning or error message

if a prefetc h instruction con tains a LSIDs.

LSIDs pro vide the hardw are with a strict ordering of loads and stores within a blo c k. If they

are not pro vided, the sc heduler will assign them based on the sequen tial order in whic h loads

and stores o ccur within a TRIPS blo c k, from top to b ottom. LSIDs are n um b ered b eginning

at zero.

There is a limit to the n um b er of LSIDs whic h can b e assigned p er blo c k. F or the TRIPS

hardw are protot yp e, a blo c k can use no more than 32 LSIDs. LSIDs can b e used more than

once in a blo c k so long as they are predicated on disjoin t v alues and will nev er b oth execute.

Also a load and store can nev er share the same LSID.

F or loads, iden ti�ers are sp eci�ed in the TIL with L[n] where n is the 3-bit iden ti�er. Simi-

larly , iden ti�ers are sp eci�ed for stores using S[n].

Example:

ld $t7, 64($t12) L[0] ; a load with LSID 0

sd_t<$t5> $t9, $t10 S[1] ; both stores use LSID 1

sd_f<$t5> $t8, $t10 S[1]

In the ab o v e example, b oth stores are allo w ed to use LSID 1 b ecause they are m utually

exclusiv e|it is guaran teed that only one will actually execute. Also in this example, if the

load and store refer to the same address, the hardw are will strictly order the load b efore the

store based on the pro vided LSIDs.

6.4.2 Load/Store Data Bank Alignmen t

TIL programmers can sp ecify data bank alignmen t hints , whic h the sc heduler will consider

when mapping load/store instructions on to the TRIPS grid. Data bank alignmen t hin ts are

supplied through the D sp eci�er in load and store instructions. Data bank alignmen t hin ts

on load prefetc h instructions will b e ignored.

Example:

ld $t7, 120($t0) L[4] D[2] ; align this load with data bank 2

The D sp eci�er accepts v alues 0 - 3 , corresp onding to the four data banks of the protot yp e L1

cac he. This capabilit y is particularly useful for fast arra y accesses in inner lo ops when the

lo op b o dies ha v e b een unrolled m ultiple times within individual instruction blo c ks.
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Note that the sc heduler will attempt to honor data alignmen t hin ts but ma y o v erride them

due to other instruction sc heduling priorities.

6.5 Instruction Summary

All of the follo wing instructions, except for the ENTER pseudo-instructions, ha v e a matc hing

coun terpart in the TRIPS Assem bly Language (T ASL) and will b e con v erted to the appro-

priate T ASL instruction b y the sc heduler. Refer also to the TRIPS Assembly L anguage

(T ASL) Manual and the TRIPS Pr o c essor R efer enc e Manual .

Eac h instruction, except for READ and WRITE instructions, ma y tak e an optional no de

preplacemen t directiv e that is not sho w as part of the syn tax.

ENTER instructions are pseudo-instructions and ma y expand in to more than one instruction

to generate their sp eci�ed immediate or sym b olic v alue. This expansion should b e tak en in to

accoun t when determining the n um b er of instructions in a TRIPS blo c k.

Op co de Description Syn tax

ADD Add < Tp > Td, T a, Tb

ADDI Add Immediate < Tp > T a, Tb, Imm9

AND Bit wise And < Tp > Td, T a, Tb

ANDI Bit wise And Immediate < Tp > Td, T a, Imm9

APP App end Constan t Td, T a, Imm16

BR Branc h < Tp > T a

BR O Branc h with O�set < Tp > Imm20

CALL Call < Tp > T a

CALLO Call with O�set < Tp > Imm20

DIVS Divide Signed < Tp > Td, T a, Tb

DIVSI Divide Signed Immediate < Tp > Td, T a, Imm9

DIVU Divide Unsigned < Tp > Td, T a, Tb

DIVUI Divide Unsigned Immediate < Tp > Td, T a, Imm9

ENTER Generate Immediate V alue Td, Imm

ENTERA Generate Data Address Td, Sym b ol

ENTERB Generate Blo c k Address Td, Sym b ol

EXTSB Extend Signed Byte < Tp > Td, T a

EXTSH Extend Signed Halfw ord < Tp > Td, T a

EXTSW Extend Signed W ord < Tp > Td, T a

EXTUB Extend Unsigned Byte < Tp > Td, T a

EXTUH Extend Unsigned Halfw ord < Tp > Td, T a

EXTUW Extend Unsigned W ord < Tp > Td, T a

F ADD FP Add < Tp > Td, T a, Tb

FDIV FP Divide < Tp > Td, T a, Tb

FDTOI Con v ert Double FP to In teger < Tp > Td, T a

FDTOS Con v ert Double FP to Single FP < Tp > Td, T a
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FEQ FP T est EQ < Tp > Td, T a, Tb

FITOD Con v ert In teger to Double FP < Tp > Td, T a

F GE FP T est GE < Tp > Td, T a, Tb

F GT FP T est GT < Tp > Td, T a, Tb

FLE FP T est LE < Tp > Td, T a, Tb

FL T FP T est L T < Tp > Td, T a, Tb

FMUL FP Multiply < Tp > Td, T a, Tb

FNE FP T est NE < Tp > Td, T a, Tb

FSTOD Con v ert Single FP to Double FP < Tp > Td, T a

FSUB FP Subtract < Tp > Td, T a, Tb

GENS Generate Signed Constan t Td, Imm16

GENU Generate Unsigned Constan t Td, Imm16

LB Load Byte < Tp > Td, (T a)Imm9 [LS] [D]

LBS Load Byte Signed < Tp > Td, (T a)Imm9 [LS] [D]

LD Load Doublew ord < Tp > Td, (T a)Imm9 [LS] [D]

LH Load Halfw ord < Tp > Td, (T a)Imm9 [LS] [D]

LHS Load Halfw ord Signed < Tp > Td, (T a)Imm9 [LS] [D]

LOCK Load and Lo c k < Tp > Td, (T a)Imm9

LPF Load Prefetc h < Tp > Td, (T a)Imm9

L W Load W ord < Tp > Td, (T a)Imm9 [LS] [D]

L WS Load W ord Signed < Tp > Td, (T a)Imm9 [LS] [D]

MFPC Mo v e from PC < Tp > Td

MO V Mo v e < Tp > Td, T a

MO VI Mo v e Immediate < Tp > Td, Imm9

MO V3 Mo v e to 3 T argets < Tp > Td, T a

MO V4 Mo v e to 4 T argets < Tp > Td, T a

MUL Multiply < Tp > Td, T a, Tb

MULI Multiply Immediate < Tp > Td, T a, Imm9

NOP No Op eration

NULL Nullify Output < Tp > Td

OR Bit wise OR < Tp > Td, T a, Tb

ORI Bit wise OR Immediate < Tp > Td, T a, Imm9

READ Read General Register Td, Ga

RET Return < Tp > T a

SB Store Byte < Tp > (T a)Imm9, Tb [LS] [D]

SCALL System Call < Tp >

SD Store Doublew ord < Tp > (T a)Imm9, Tb [LS] [D]

SH Store Halfw ord < Tp > (T a)Imm9, Tb [LS] [D]

SLL Shift Left Logical < Tp > Td, T a, Tb

SLLI Shift Left Logical Immediate < Tp > Td, T a, Imm9

SRA Shift Righ t Arithmetic < Tp > Td, T a, Tb

SRAI Shift Righ t Arithmetic Immediate < Tp > Td, T a, Imm9

SRL Shift Righ t Logical < Tp > Td, T a, Tb

SRLI Shift Righ t Logical Immediate < Tp > Td, T a, Imm9
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SUB Subtract < Tp > Td, T a, Tb

SUBI Subtract Immediate < Tp > Td, T a, Imm9

SW Store W ord < Tp > (T a)Imm9, Tb [LS] [D]

TEQ T est EQ < Tp > Td, T a, Tb

TEQI T est EQ Immediate < Tp > Td, T a, Imm9

TLE T est LE < Tp > Td, T a, Tb

TLEI T est LE Immediate < Tp > Td, T a, Imm9

TLEU T est LE Unsigned < Tp > Td, T a, Tb

TLEUI T est LE Unsigned Immediate < Tp > Td, T a, Imm9

TL T T est L T < Tp > Td, T a, Tb

TL TI T est L T Immediate < Tp > Td, T a, Imm9

TL TU T est L T Unsigned < Tp > Td, T a, Tb

TL TUI T est L T Unsigned Immediate < Tp > Td, T a, Imm9

WRITE W rite General Register Gd, T a

X OR Bit wise X OR < Tp > Td, T a, Tb

X ORI Bit wise X OR Immediate < Tp > Td, T a, Imm9
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APPENDIX

A TRIPS Hardw are Protot yp e

The TRIPS hardw are protot yp e has the follo wing restrictions on the legal formation of

TRIPS program blo c ks:

� The TRIPS protot yp e has 128 general purp ose registers (n um b ered from 0-127) that

are divided in to four banks of 32 registers.

� Eac h TRIPS blo c k can p erform 32 reads and 32 writes of general purp ose registers

p er blo c k. These reads and writes are further restricted to 8 p er bank p er blo c k.

Calculating whic h bank a register is in in v olv es a simple form ula: b ank = r e gister

numb er % 4 .

� The protot yp e allo ws 128 instructions p er blo c k. This n um b er is in addition to the

read and write instructions.

� A maxim um of 32 load/store iden ti�ers (LSIDs) can b e used p er blo c k.

This table further summarizes these restrictions.

Pro cessor Resource Limit

Num b er of general (global) registers 128

Num b er of register banks 4

Num b er of general register reads p er blo c k 32

Num b er of general register writes p er blo c k 32

Num b er of reads p er bank p er blo c k 8

Num b er of writes p er bank p er blo c k 8

Num b er of load/store iden ti�ers (LSIDs) p er blo c k 32

Num b er of non-read/write instructions p er blo c k 128

When estimating the n um b er of T ASL instructions that the sc heduler will generate for a

giv en TRIPS blo c k, it is imp ortan t to accoun t for t w o sources of co de expansion:

� ENTER instructions are pseudo-instructions that will b e expanded to the required

n um b er of instructions needed to generate their immediate or sym b olic v alue. F or

example, the sc heduler will expand an \Generate Blo c k Address" instruction, suc h as

enterb $t6, Perl scalarvoid$5 , in to t w o T ASL instructions, in order to generate a

32-bit address for the sp eci�ed program blo c k.

� Eac h instruction has a �xed n um b er of targets. Therefore, the use of a temp orary

register b y more than the n um b er of a v ailable targets will cause fanout in a TRIPS

blo c k. The sc heduler will insert MO V instructions to forw ard the register v alue to

additional instructions.
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B EBNF Grammar

Note: This section should not b e considered fully accurate or complete.

The TRIPS In termediate Language is sp eci�ed in this section in a relaxed EBNF notation.

Ev erything in b old is to b e tak en literally . Whitespace b et w een names or literals that are

not b olded are included for readabilit y . Extra whitespace is allo w ed b et w een non-terminals

or terminals EX CEPT the follo wing:

� v ariable names and ':'

� '0x' at the b eginning of a hexadecimal n um b er

� '-' b efore a negativ e n um b er

� '.' in decimal n um b ers

� 'b yte-' and in teger in v ariable declaration

A t least one whitespace is required after op co des and after directiv es if the directiv e tak es

an y argumen ts. An exception to this is that no space is required b et w een a predicated op co de

and its predicate register.

commen t ! ; string-c haracter*

mo dule ! .app-�le [source-name] f info g *

info ! data-section j text-section j global-directiv e

data-section ! bss-section j idata-section j rdata-section

text-section ! .text f blo c k j text-directiv e g *

text-directiv e ! global-directiv e j equ-directiv e

global-directiv e ! .global name

equ-directiv e ! .equ name=name

align-directiv e ! .align p os-in teger

space-directiv e ! .space p os-in teger

bss-section ! .comm v ariable-name,length j .lcomm v ariable-

name,length j align-directiv e

idata-section ! .data f v ariables j global-directiv e j align-directiv e j

space-directiv e g *

rdata-section ! .rdata f v ariables j global-directiv e j align-directiv e j

space-directiv e g *

v ariables ! [v ariable-name : ] n umerical-v ariable j [v ariable-name : ]

string-v ariable j [v ariable-name : ] 
oatingp oin t-v ariable

j v ariable-name :

blo c k ! .bb egin blo c k-name f instruction* g .b end

instruction ! op eration j op eration predicate register f ,register g *

register ! real-register j virtual-register
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real-register ! $g p os-in teger

virtual-register ! $t p os-in teger

predicate ! t < register > j f < register >

v alue ! immediate j sym b ol

source-name ! �rst-letter-c haracter f name-c haracter g *

blo c k-name ! �rst-letter-c haracter f name-c haracter g *

v ariable-name ! �rst-letter-c haracter f name-c haracter g *

n umerical-v ariable ! n umerical-t yp eimmediate

n umerical-t yp e ! .quad j .in t j .short j .b yte j .b yte- p os-in teger

immediate ! in teger j hex-in teger


oatingp oin t-v ariable ! 
oatingp oin t-t yp e 
oatingp oin t-n um b er


oatingp oin t-t yp e ! .single j .double


oatingp oin t-n um b er ! in teger [ fraction ] [ exp onen t ]

fraction ! . p os-in teger

exp onen t ! E in teger

string-v ariable ! string-t yp e string

string-t yp e ! .ascii j .asciz

string ! \ string-c haracter* "

in teger ! [ - ]p os-in teger

p os-in teger ! in t-digit+

hex-in teger ! 0x hex-digit+

in t-digit ! 0 j 1 j 2 j 3 j 4 j 5 j 6 j 7 j 8 j 9

hex-digit ! in t-digit j a j b j c j d j e j f j A j B j C j

D j E j F

�rst-letter-c haracter ! lc-letter j uc-letter j

name-c haracter ! sym b ol-c haracter j $

string-c haracter ! sym b ol-c haracter j punct-c haracter j escap e-c haracter

sym b ol-c haracter ! lc-letter j uc-letter j in t-digit j

escap e-c haracter !

�

j • j • j

whitespace ! space j tab

C Example Co de

Y ou can easily generate TIL co de b y means of command line switc hes to tcc , the TRIPS

compiler script.

Examples:

# Compile 'example.c' to 'example.til' and then stop

#
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% tcc -til example.c

# Compile, schedule, assemble, and link, leaving the intermediate

# files as 'example.til', 'example.s', and 'example.o'.

#

% tcc -save-temps example.c -o example

Refer to the TRIPS Applic ation Binary Interfac e (ABI) Manual for information on register

usage, function calling con v en tions, and run time services pro vided b y the TRIPS compiler

and run time system.

C.1 C Source Co de

Note the follo wing:

� The compiler will de�ne answer as an uninitialized global v ariable.

� The compiler allo cates 8 b ytes for b oth long and long long in tegers. W e use long long in

this example for p ortabilit y .

� The exit co de of this example program will dep end on the n um b er of argumen ts passed to it

through the command line.

/*

* example.c

*/

unsigned long long answer;

unsigned long long ftn(unsigned long long x)

{

return (x + 64) + (x + 128) + (x + 16000) +

(x + 0xffffffffL) + (x + 0xffffffffffffLL);

}

int iftest(float x, float y)

{

if (x > y)

return 1;

else

return -1;

}

int main(int argc, char *argv[], char * envp[])

{

answer = ftn((unsigned long long)42);

printf("Hello, Galaxy! Answer = 0x%Lx.\n", answer);
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return argc + 1;

}

C.2 Resulting TIL Co de

Note the follo wing:

� V ariable answer will b e placed in the bss b y the link er due to the .comm directiv e.

� The compiler expresses immediate v alues in enter pseudo-instructions using decimal nota-

tion.

� The compiler uses predicated mov instructions in the iftest blo c k to ev aluate the if condi-

tion.

� The compiler uses general register g2 to main tain return addresses. The \callee" is resp onsible

for sa ving this register v alue passed to it b y the caller. This con v en tion and others are

describ ed in the TRIPS Applic ation Binary Interfac e (ABI) Manual .

.app-file "example.c"

; BSS

.global answer

.comm answer, 8, 8

.data

.align 8

_V6:

.ascii "Hello, Galaxy! Answer = 0x%Lx.\n\000"

.text

.global ftn

.bbegin ftn

read $t0, $g2

read $t1, $g3

enter $t2, 16000

add $t3, $t1, $t2

enter $t4, 4294967295

add $t5, $t1, $t4

add $t6, $t3, $t5

enter $t7, 281474976710655

add $t8, $t1, $t7

addi $t9, $t1, 64

addi $t10, $t1, 128

add $t11, $t9, $t10

add $t12, $t8, $t11

add $t13, $t6, $t12

ret $t0
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write $g3, $t13

.bend

.global main

;VARIABLE "argc" size:4 $g12

.bbegin main

read $t0, $g1

read $t1, $g2

read $t2, $g3

read $t3, $g12

addi $t4, $t0, -96

sd -88($t0), $t1 S[0]

sd -8($t0), $t3 S[1]

extsw $t5, $t2

movi $t6, 42

enterb $t7, main$1

callo ftn

write $g1, $t4

write $g2, $t7

write $g3, $t6

write $g12, $t5

.bend

.bbegin main$1

read $t0, $g3

entera $t1, answer

sd ($t1), $t0 S[0]

entera $t2, _V6

enterb $t3, main$2

callo printf

write $g2, $t3

write $g3, $t2

write $g4, $t0

.bend

.bbegin main$2

read $t0, $g1

read $t1, $g12

addi $t2, $t1, 1

extsw $t3, $t2

ld $t4, 8($t0) L[0]

addi $t5, $t0, 96

ld $t6, 88($t0) L[1]

ret $t4

write $g1, $t5

write $g2, $t4

write $g3, $t3

write $g12, $t6

.bend
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.global iftest

.bbegin iftest

read $t0, $g2

read $t1, $g3

read $t2, $g4

fgt $t3, $t1, $t2

movi_t<$t3> $t4, 1

mov_t<$t3> $t5, $t4

movi_f<$t3> $t6, -1

mov_f<$t3> $t5, $t6

extsw $t7, $t5

ret $t0

write $g3, $t7

.bend

C.3 P artial TIL co de from 171.swim SPEC b enc hmark

.app-file "swim.f"

; BSS - all declarations with no specified section

; are placed in the BSS section.

.global _BLNK__

.comm _BLNK__, 199609200, 8

.global cons_

.comm cons_, 120, 8

.data

.align 8

_s143$$3913:

.ascii " SPEC benchmark 171.swim"

.align 8

_s149$$3914:

.ascii "SWIM7"

.align 8

_s150$$3915:

.ascii "UNKNOWN"

.rdata

.align 8

_FMT390_$$3909:

.ascii "(\' NUMBER OF POINTS IN THE X DIRECTION\',I8/\' NUMBER OF POINT"

.ascii "S IN THE Y DIRECTION\',I8/\' GRID SPACING IN THE X DIRECTION "

.ascii " \',F8.0/\' GRID SPACING IN THE Y DIRECTION \',F8.0/\' TIME "

.ascii "STEP \',F8.0/\' TIME FILTER PARAMETER"

.ascii " \',F8.3/\' NUMBER OF ITERATIONS \',"

.ascii "I8)\000"
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.align 8

_FMT350_$$3910:

.ascii "(/\' CYCLE NUMBER\',I5,\' MODEL TIME IN HOURS\',F6.2)\000"

.align 8

_FMT360_$$3911:

.ascii "(/\' DIAGONAL ELEMENTS OF U \',//(8E15.7))\000"

.align 8

_FMT366_$$3912:

.ascii "(/,\' Pcheck = \',E12.4,/,\' Ucheck = \',E12.4,/,\' Vcheck =\',E1"

.ascii "2.4,/)\000"

.text

.global calc2_

.bbegin calc2_

read $t0, $g1

mov $t1, $t0

addi $t2, $t0, -32

sd -32($t0), $t1

movi $t3, 0

sd -16($t0), $t3

entera $t4, cons_

ld $t5, 8($t4)

enter $t6, 4620693217682128896

fdiv $t7, $t5, $t6

ld $t8, 16($t4)

fdiv $t9, $t5, $t8

ld $t10, 24($t4)

fdiv $t11, $t5, $t10

lws $t12, 60($t4)

extsw $t13, $t12

tgei $t14, $t13, 1

bro_t<$t14> calc2_$1

bro_f<$t14> calc2_$8

write $g74, $t11

write $g75, $t9

write $g1, $t2

write $g76, $t7

write $g92, $t13

.bend

.bbegin calc2_$1

movi $t0, 1

extsw $t1, $t0

bro calc2_$2

write $g90, $t1

.bend
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