
TRIPS Intermediate Language (TIL) ManualAaron Smith Jon Gibson Jim Burrill Katherine CoonsRobert M
Donald Doug Burger Stephen W. Ke
klerKathryn S. M
KinleyO
tober 2, 2006 - Version A.04Te
h Report TR-05-20Department of Computer S
ien
esThe University of Texas at AustinThis do
ument spe
i�es the TRIPS Intermediate Language (TIL) for the TRIPS ar
hite
-ture, a novel, s
alable, and low power ar
hite
ture for future te
hnologies. TIL is a RISC-likeintermediate representation for use by humans and 
ompilers that want to write low-levelTRIPS 
ode.



TRIPS Intermediate Language (TIL) ManualContents1 Introdu
tion 11.1 Why an Intermediate Language? . . . . . . . . . . . . . . . . . . . . . . . . 11.2 Brief Overview of TIL File Stru
ture . . . . . . . . . . . . . . . . . . . . . . 12 Syntax 22.1 Whitespa
e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22.2 Comments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22.3 Symbols . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22.4 Statements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32.5 Constants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 Program Blo
ks 43.1 General and Blo
k Temporary Registers . . . . . . . . . . . . . . . . . . . . 53.2 Predi
ation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63.3 Nulli�
ation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63.3.1 Store Nulli�
ation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63.3.2 Write Nulli�
ation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74 Se
tions and Relo
ation 75 S
heduler and Assembler Dire
tives 75.1 .align int . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85.2 .app-file string . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85.3 .as
ii \string" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85.4 .as
iz \string" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85.5 .bbegin symbol [x
ags℄ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85.6 .bend . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95.7 .bss . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95.8 .byte expressions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95.9 .
omm symbol, length . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95.10 .data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95.11 .double fp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95.12 .equ symbol1=symbol2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105.13 .extern symbol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105.14 .global symbol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105.15 .int data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105.16 .l
omm symbol, length . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105.17 .line line-number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105.18 .quad data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115.19 .rdata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115.20 .short data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115.21 .single fp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115.22 .spa
e size, �ll . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11Version A.04 i O
tober 2, 2006



TRIPS Intermediate Language (TIL) Manual5.23 .text . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115.24 .weak symbol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116 TIL Instru
tions 126.1 Instru
tion Formats . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126.2 Instru
tion Fields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126.3 Instru
tion Prepla
ement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136.4 Load/Store Instru
tions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146.4.1 Load/Store Identi�ers . . . . . . . . . . . . . . . . . . . . . . . . . . 146.4.2 Load/Store Data Bank Alignment . . . . . . . . . . . . . . . . . . . . 146.5 Instru
tion Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15A TRIPS Hardware Prototype 18B EBNF Grammar 19C Example Code 20C.1 C Sour
e Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21C.2 Resulting TIL Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22C.3 Partial TIL 
ode from 171.swim SPEC ben
hmark . . . . . . . . . . . . . . . 24

Version A.04 ii O
tober 2, 2006



TRIPS Intermediate Language (TIL) Manual1 Introdu
tionThis manual presents a brief overview of the TRIPS Intermediate Language (TIL). We a
-knowledge our debt to the Free Software Foundation's GNU assembler (GAS) do
umentation,both in style and 
ontent.1.1 Why an Intermediate Language?TRIPS presents a new data
ow ar
hite
ture based around a 2D array of ALUs. TRIPSAssembly Language (TASL) 
an be 
hallenging to follow and reason about for those un-familiar with it. Unlike more traditional ISAs, TASL is data
ow in nature|instru
tionshave targets instead of operands and in
lude s
heduling information. TIL presents a moretraditional, linear, three-operand RISC style where programmers need not 
on
ern them-selves with s
heduling the instru
tions on the grid of ALUs. It presents the familiar alege-brai
 paradigm where op dest, operand1, operand2 is equivalent to dest = operand1op operand2.TIL is an intermediate language and any 
ode written in it will need to be translated toTASL before it 
an be run. The TRIPS tool
hain|spe
i�
ally the TRIPS S
heduler|willmake that translation and s
hedule all instru
tions on the TRIPS pro
essor.For those interested in TASL, more information 
an be found in the TRIPS Pro
essor Ref-eren
e Manual.1.2 Brief Overview of TIL File Stru
tureTIL �les 
an 
ontain .text, .data, .rdata, and .bss se
tions whi
h are further des
ribedin the \Se
tions and Relo
ation" se
tion of this do
ument.There are key di�eren
es between the 
ode layout of TRIPS .text se
tions and those of otherar
hite
tures. These di�eren
es primarily revolve around the 
on
ept of TRIPS programblo
ks.In the TRIPS ar
hite
ture, program blo
ks are atomi
 exe
ution units. Their representationin TIL is a sequen
e of linear instru
tions as one might �nd in the assembly of a moretraditional ar
hite
ture. Ea
h blo
k has a name asso
iated with it and only by bran
hingto that name 
an a blo
k be entered. TRIPS blo
ks 
annot be entered other than at thebeginning and 
annot exit until all of their outputs are produ
ed.Although a TRIPS blo
k 
ontains a sequential set of instru
tions, there are no hidden orimpli
it restri
tions on exe
ution order of the instru
tions in a blo
k. Exe
ution order isonly 
onstrained by the following:� Data
ow dependen
ies. For example, instru
tion A is dependent on an output ofinstru
tion B; therefore, B will exe
ute before A.Version A.04 1 O
tober 2, 2006



TRIPS Intermediate Language (TIL) Manual� Load/store dependen
ies. Loads and stores follow the sequential order in whi
hthey appear in TIL unless they are expli
itely marked with load/store IDs (LSIDs), inwhi
h 
ase they are ordered by LSID. See \Instru
tion" se
tion for more informationon LSIDs.� Reuse. De�ning a blo
k temporary register more than on
e in a TRIPS blo
k 
ausesthe s
heduler to 
ompute data
ow dependen
ies for that register based on the sequen-tial order of the a�e
ted instru
tions.More spe
i�
s on how blo
ks are stru
tured 
an be found in the \Program Blo
ks" se
tionof this do
ument. Examples TIL �les 
an be found in the Appendix.2 Syntax2.1 Whitespa
eWhitespa
e is one or more blanks or tabs, in any order. Whitespa
e is used to separatesymbols, and to make programs easier for people to read. Unless used within 
hara
ter
onstants, any whitespa
e means the same as exa
tly one spa
e.2.2 CommentsComments are allowed anywhere in TIL. Anything from the line 
omment 
hara
ter to thenext newline is 
onsidered a 
omment and is ignored. The line 
omment 
hara
ter is asemi
olon (;).; this is a 
omment whi
h takes an entire line.bbegin blo
k1ret ; this is a 
omment at the end of a line.bend2.3 SymbolsA symbol is typi
ally the name of a memory lo
ation (for data items) or a program blo
kaddress (for 
ode se
tions). A symbol may 
onsist of one or more 
hara
ters 
hosen fromthe set of all letters (both upper and lower 
ase), the digits, the dollar sign ($), and theunders
ore ( ).No symbol may begin with a digit. Case is signi�
ant. There is no length limit: all 
hara
tersare signi�
ant. Symbols are delimited by 
hara
ters not in that set.Version A.04 2 O
tober 2, 2006



TRIPS Intermediate Language (TIL) ManualA label is used to de�ne a data symbol for in
lusion in the program's symbol table. Synta
-ti
ally, a label is a symbol followed immediately by a 
olon (:). No whitespa
e is allowedbetween a label and the 
olon.Examples:bro phi1$5 ; bran
h to the 
ode blo
k named phil$5_V288:.as
ii "mallo
 failed for K[%d℄[%d℄\n\000"; 
reate a data symbol _V2882.4 StatementsA statement ends at a newline 
hara
ter (nn) or at a semi
olon (;). Newlines and semi
olonswithin 
hara
ter 
onstants do not end statements. Empty statements are allowed, and mayin
lude whitespa
e. They are ignored.A statement may 
ontain either a dire
tive (a symbol whose �rst 
hara
ter is a dot `.') or aTIL instru
tion (see the se
tions on \TIL and Assembler Dire
tives" and \TIL Instru
tions"for the supported dire
tives and instru
tions). Whitespa
e may pre
ede or follow a dire
tiveor instru
tion.A statement may optionally begin with a label. Whitespa
e may pre
ede or follow a label.Examples:__Label0: ; an empty statement that 
ontains a label.int 45 ; an assembler dire
tivesubi $t12, $t8, 17 ; a TIL instru
tion2.5 ConstantsA 
onstant is a number or 
hara
ter, written so that its value is known by inspe
tion, withoutknowing any 
ontext.Examples:.datamy_bytes:.byte 74, 0112, 0x4A, 'J' ; a variety of data formatsmy_string:.as
iz "Ring the bell\7" ; string 
onstantmy_float:.single 3.14159265 ; 4-byte floating point.Version A.04 3 O
tober 2, 2006



TRIPS Intermediate Language (TIL) Manual3 Program Blo
ksProgram blo
ks (or blo
ks) represent the atomi
 exe
ution unit in TIL. Blo
ks are sequen
esof instru
tions that begin with a blo
k begin (.bbegin) dire
tive and end with a blo
k end(.bend) dire
tive. All TRIPS instru
tions are 
ontained within TIL blo
ks. It is illegal topla
e an instru
tion outside of a blo
k.Entry into a blo
k is made by bran
hing to the blo
k's spe
i�ed name (see the \TIL andAssembler Dire
tives" se
tion on the .bbegin dire
tive). Bran
hing to a label within ablo
k is not supported. Exe
ution of a blo
k will terminate when both a bran
h instru
tionis rea
hed and all spe
i�ed outputs have been satis�ed (i.e., values have been produ
ed forall general register writes and all stores to memory have 
ompleted).A TRIPS blo
k should be 
onstru
ted in the following order:1. .global <blo
kname> (Optional; used to make the blo
k visible to other TIL mod-ules.)2. .bbegin <blo
kname> (The <blo
kname> follows the synta
ti
al rules for symbols asdes
ribed above.)3. read instru
tions (Names all general registers used in the blo
k.)4. Blo
k instru
tions (In
ludes non-read/write instru
tions whi
h referen
e only blo
ktemporaries and memory addresses.)5. write instru
tions (Names all general registers de�ned in the blo
k.)6. .bendExample:.global 
al
2_$1.bbegin 
al
2_$1read $t1, $g3addi $t2, $t1, 1bro 
al
2_$2write $g90, $t2.bendThere are limitations pla
ed on the legal formation of a blo
k that are ar
hite
ture dependent.These limitations restri
t the total number of instru
tions allowed in a blo
k (the blo
k size),the number of load/store identi�ers per blo
k and how many general registers 
an be readfrom and written to per blo
k. Spe
i�
 limitations of the TRIPS prototype 
an be found inthe Appendix.The TRIPS s
heduler and assembler perform extensive 
he
ks to verify that blo
ks are
orre
tly formed and adhere to pro
essor 
onstraints.Version A.04 4 O
tober 2, 2006



TRIPS Intermediate Language (TIL) Manual3.1 General and Blo
k Temporary RegistersTIL supports two 
lasses of registers: global registers, or general registers, and blo
k tem-porary registers, or simply blo
k temporaries.Class Range SyntaxGeneral Register 0...127 $g<n>Blo
k Temporary Register 0...unlimited $t<n>The two 
lasses of registers are de�ned as follows:� General registers retain their values between blo
ks and 
an only be read using a readinstru
tion and written using a write instru
tion.� With the ex
eption of read and write instru
tions, all instru
tions within a blo
kreferen
e blo
k temporaries.� It is illegal for an instru
tion to referen
e a blo
k temporary before the blo
k temporaryis de�ned.� Register names are 
ase insensitive. The names $T1 and $t1 map to the same blo
ktemporary register, just as $G1 and $g1 map to the same general register.� De�ned blo
k temporaries must be used within a blo
k. That is, dead 
ode is notpermitted in TIL blo
ks|the s
heduler will issue an error message if it dete
ts dead
ode.Example: General registers $g5 and $g7 refer to the same general registers in blo
k1 andin blo
k2. Blo
k temporaries $t1, $t2, and $t3 refer to di�erent temporary registers inea
h blo
k..bbegin blo
k1read $t1, $g5movi $t2, 0add $t3, $t1, $t2bro blo
k2write $g7, $t3.bend.bbegin blo
k2read $t1, $g5movi $t2, 1add $t3, $t1, $t2bro blo
k3write $g7, $t3.bendVersion A.04 5 O
tober 2, 2006



TRIPS Intermediate Language (TIL) Manual3.2 Predi
ationThe TRIPS ISA provides extensive support for predi
ated exe
ution. Most instru
tions
an be predi
ated (see the se
tion on \TIL Instru
tions" for ex
eptions). Ea
h predi
atedinstru
tion has a 
ondition, either true or false, and a predi
ate register that is 
omparedagainst the 
ondition at runtime.A low order bit of \0" in the predi
ate register signi�es false; otherwise, the predi
ate registersigni�es true. If at runtime the value in the predi
ate register mat
hes the instru
tion's
ondition, the instru
tion will exe
ute; otherwise, the instru
tion will be treated as a nop.To predi
ate an instru
tion, spe
ify the 
ondition by appending t or f to the instru
tion'sop
ode followed by a predi
ate register en
losed in angle bra
kets (< and >).Examples:mul_t<$t120> $t87, $t84, $t80; if $t120 > 0, then $t87 = $t84 * $t80 else nopaddi_f<$t120> $t87, $t79, 8; if $t120 == 0, then $t87 = $t79 + 8 else nop3.3 Nulli�
ationThe TRIPS ar
hite
ture requires that all blo
k outputs (i.e., stores and general registerwrites) be produ
ed along all possible predi
ate paths through a blo
k. If a path does notprodu
e a given output, then that path must produ
e a 
orresponding nulli�ed output. Sin
eblo
k termination is dependent on all outputs being satis�ed, a path that fails to produ
e aresult for any output will prevent the blo
k from terminating.There are two types of nulli�
ation: store nulli�
ation and write nulli�
ation.3.3.1 Store Nulli�
ationEvery predi
ate path through a blo
k must produ
e the same set of store identi�ers. Apath with a missing store identi�er must produ
e a null for the identi�er to signal to thear
hite
ture that no value will be re
eived for that identi�er. This pro
ess is referred to asstore nulli�
ation.Example:movi_f<$t120> $t134, 0null_t<$t120> $t134sd 8($t135), $t134 S[0℄ ;store identifier 0 is nullified when $t120 is trueThere is no di�eren
e between nullifying a store's data or address operand or both|as soonas a store re
eives a null, it is nulli�ed.Version A.04 6 O
tober 2, 2006



TRIPS Intermediate Language (TIL) Manual3.3.2 Write Nulli�
ationEvery predi
ate path through a blo
k must write to the same set of general registers. If ageneral register will not be written on a path, it must be nulli�ed to signal to the ar
hite
turethat no input will be re
eived by the write.Example:movi_f<$t120> $t137, 0null_t<$t120> $t137write $g3, $t137 ;write nullified when $t120 is true4 Se
tions and Relo
ationThe assembler 
reates one se
tion per TIL sour
e �le for ea
h of the following types of 
odeand data: text, read-write data, read-only data, and uninitialized data (referred to as bss,
ontaining data items that have a name but no value).During the �nal link phase, the TRIPS linker merges the various se
tions of multiple binarymodules 
reated by the the TRIPS assembler, into a single program segment, with merged.text se
tions, and a single data segment, with merged .data, .rdata, and .bss se
tions.The exe
utable image is 
reated beginning at virtual address 0x00000000. At load time,the TRIPS runtime system loads or relo
ates this virtual image into physi
al memory andupdates the TRIPS memory mapping hardware to translate the virtual addresses 
ontainedin the binary into physi
al memory addresses of the TRIPS system.5 S
heduler and Assembler Dire
tivesThe following keywords are used by the TRIPS 
ompiler to 
ommuni
ate additional infor-mation to the TRIPS s
heduler and assembler in order to generate a TRIPS binary:.align .bss .extern .short.app-file .byte .global .single.as
ii .
omm .int .spa
e.as
iz .data .l
omm .text.bbegin* .double .quad .weak.bend* .equ .rdataAn asterisk (*) indi
ates that the s
heduler itself operates on the dire
tive. The otherdire
tives are simply passed from the 
ompiler through the s
heduler to the assembler. Referto the TRIPS Assembly Language Manual for more information.Version A.04 7 O
tober 2, 2006



TRIPS Intermediate Language (TIL) Manual5.1 .align intPad the lo
ation 
ounter (in the 
urrent se
tion) to a parti
ular storage boundary; int is thealignment required in bytes. For example, '.align 8' advan
es the lo
ation 
ounter until itis a multiple of 8. If the lo
ation 
ounter is already a multiple of 8, no 
hange is needed.'.align 1' has no a�e
t.5.2 .app-file string.app-�le spe
i�es that we are about to start a new logi
al �le; string is the new �le name.In general, the �lename is re
ognized whether or not it is surrounded by quotes `"'; but ifyou wish to spe
ify an empty �le name, you must give the quotes-\". This statement maygo away in future: it is only re
ognized to be 
ompatible with old programs.5.3 .as
ii \string".as
ii expe
ts zero or more string literals separated by 
ommas. Ea
h string will be put into
onse
utive addresses with no automati
 trailing zero byte.Example:_V440:.as
ii "usage: 
hannel <n> [title℄\n\000"The above 
auses the assembler to 
reate a symbol table entry that is named V440 and isasso
iated with a memory 
hunk that stores the quoted 
hara
ter string.5.4 .as
iz \string".as
iz is just like .as
ii, but ea
h string is followed by a zero byte. The `z' in `.as
iz' standsfor `zero'.5.5 .bbegin symbol [x
ags℄Begins a new TRIPS blo
k named symbol. Within a sour
e �le, the symbol must be uniquefrom all other symbols. The name will be governed by the s
oping rules used by the 
ompilerfor C-style variables.The optional x
ags parameter may be used to set and 
lear 
ertain exe
ution 
ags whi
h
ontrol the behavior of the prototype pro
essor, based on an 8-bit mask.Example:Version A.04 8 O
tober 2, 2006



TRIPS Intermediate Language (TIL) Manual.global _mutex_trylo
k ; make this symbol visible to other modules.bbegin _mutex_trylo
k 0x4 ; require that this blo
k be syn
hronizedThe bitmask 0x6 
auses the pro
essor to inhibit the load predi
tor and require blo
k syn-
hronization for that blo
k.Refer also to Chapter 2, \Pro
essing Model," and Chapter 3, \Programs," of the TRIPSPro
essor Referen
e Manual for more information on exe
ution 
ags.5.6 .bendEnds the previous TRIPS blo
k de�ned with .bbegin.5.7 .bssThe bss se
tion is not referen
ed expli
itly in TIL. Any unde�ned symbol is assumed to bein the bss.5.8 .byte expressions.byte expe
ts zero or more expressions, separated by 
ommas. Ea
h expression is assembledinto the next byte5.9 .
omm symbol, length.
omm de
lares a 
ommon denoted by symbol. When linking, a 
ommon symbol in one obje
t�le may be merged with a de�ned or 
ommon symbol of the same name in another obje
t �le.If the linker does not see a de�nition for the symbol-just one or more 
ommon symbols-thenit will allo
ate length bytes of uninitialized memory. Length must be an absolute expression.If the linker sees multiple 
ommon symbols with the same name, and they do not all havethe same size, it will allo
ate spa
e using the largest size.5.10 .data.data spe
i�es that the following statements should be added onto the end of the data se
tion.The beginning of the data se
tion is 8-byte aligned. Data subse
tions are unsupported.5.11 .double fp.double expe
ts one double-pre
ision 
oating point number, o

upying 8 bytes.Version A.04 9 O
tober 2, 2006



TRIPS Intermediate Language (TIL) Manual5.12 .equ symbol1=symbol2.equ sets the value of symbol1 equal to symbol2. The 
ompiler uses the .equ dire
tiveto supply dupli
ate names to the same entry point, as required by the Fortran77 runtimeenvironment.Example:.global mg3xdemo_.global main.equ main=mg3xdemo_5.13 .extern symbol.extern is ignored if found in TIL. The linker will try to resolve all unde�ned symbols as ifthey were de
lared as C-style external variables.5.14 .global symbol.global makes the symbol visible to the linker. If you de�ne a symbol in your partial program,its value is made available to other partial programs that are linked with it. Otherwise,symbol takes its attributes from a symbol of the same name from another �le linked into thesame program.5.15 .int dataReserves 4-bytes in the data se
tion with the value "data".5.16 .l
omm symbol, lengthReserve length (an absolute expression) bytes for a lo
al 
ommon denoted by symbol. These
tion and value of symbol are those of the new lo
al 
ommon. The addresses are allo
atedin the bss se
tion, so that at run-time the bytes start o� zeroed. Symbol is not de
laredglobal (see se
tion .global symbol), so is normally not visible to the linker.5.17 .line line-numberChange the logi
al line number. line-number must be an absolute expression. The next linehas that logi
al line number. Therefore, any other statements on the 
urrent line (after astatement separator 
hara
ter) are reported as on logi
al line number line-number - 1Version A.04 10 O
tober 2, 2006



TRIPS Intermediate Language (TIL) Manual5.18 .quad dataReserves 8-bytes in the data se
tion with the value "data".5.19 .rdataAdds the following statements onto the end of the read-only data se
tion. Currently onlyone read-only data se
tion is supported.5.20 .short dataReserves 2-bytes in the data se
tion with the value "data".5.21 .single fpThis dire
tive reserves 4-bytes in the data se
tion for a single-pre
ision 
oating point numberwith the value "fp".5.22 .spa
e size, �llThis dire
tive emits size bytes, ea
h of value �ll. Both size and �ll are absolute expressions.If the 
omma and �ll are omitted, �ll is assumed to be zero.5.23 .textAdds the following statements onto the end of the text se
tion. The beginning of the textse
tion is 8-byte aligned. Text subse
tions are not supported.5.24 .weak symbol.weak de
lares the symbol as weak. When a weak symbol is linked with a normal de�nedsymbol, the normal de�ned symbol is used. If a symbol that is de
lared weak remainsunresolved by the linker during linking, the linker will set the value of the weak symbol tozero.
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TRIPS Intermediate Language (TIL) Manual6 TIL Instru
tions6.1 Instru
tion FormatsThe TRIPS ISA in
ludes simple and 
onsistent formats for ma
hine-level instru
tions. Thefollowing table summarizes the 
orresponding TIL instru
tion formats and syntax.Format Des
ription SyntaxG2 General Instru
tion op
ode[ 
ond<Tp>℄ Td, Ta, Tb [N℄G1 General Instru
tion op
ode[ 
ond<Tp>℄ Td, Ta [N℄C1 Constant Instru
tion op
ode Td, Ta, Imm16 [N℄C0 Constant Instru
tion op
ode Td, Imm16 [N℄I1 Immediate Instru
tions op
ode[ 
ond<Tp>℄ Td, Ta, Imm9 [N℄L1 Load Instru
tions op
ode[ 
ond<Tp>℄ Td, Imm9(Ta) [LS℄ [D℄ [N℄S2 Store Instru
tions op
ode[ 
ond<Tp>℄ Imm9(Ta), Tb [LS℄ [D℄ [N℄R1 Read Instru
tions op
ode Td, GaW1 Write Instru
tions op
ode Gd, TaB1 Bran
h op
ode[ 
ond<Tp>℄ Ta [N℄B0 Bran
h with O�set op
ode[ 
ond<Tp>℄ Imm20 [N℄{ Enter op
ode Td, Imm [N℄{ Enter op
ode Td, Symbol [N℄The format names are designated \0", \1", or \2" based on the number of sour
e operandsin
luded in the instru
tion, not in
luding an immediate value. For example, the ADD in-stru
tion is 
lassi�ed as a G2 General Instru
tion, as it 
onsumes two operands to produ
eits result. No format is given for ENTER instru
tions as they are pseduo-instru
tions thatonly exist in the TIL. For a 
omplete des
ription of instru
tion formats see, Chapter 8,\Instru
tions," in the TRIPS Pro
essor Referen
e Manual.6.2 Instru
tion FieldsThe following lists the �elds used in the \Instru
tion Formats" table above and the \Instru
-tion Summary" table below.

Version A.04 12 O
tober 2, 2006



TRIPS Intermediate Language (TIL) ManualField Des
riptionImm Any immediate value. Used as the sour
e operand in an enterinstru
tion.Imm9 A 9-bit immediate value.Imm16 A 16-bit immediate value.Imm20 A 20-bit immediate value.Td A blo
k temporary register used as the destination operand.Ta A blo
k temporary register used as the �rst sour
e operand.Tb A blo
k temporary register used as the se
ond sour
e operand.Tp An optional blo
k temporary register used as the predi
ateoperand.Imm9(Ta) Load or store with o�set. E�e
tive address = Ta + Imm9.Ga A general register used as the sour
e operand in a read in-stru
tion.Gd A general register used as the destination operand in a writeinstru
tion.op
ode An op
ode.
ond t or f appended to an op
ode to spe
ify whether the instru
-tion is predi
ated on true or false.Symbol Any legal symbol.LS An optional 3-bit load/store identi�er spe
i�ed as L[n℄ forloads and S[n℄ for stores.D An optional 2-bit data bank alignment spe
i�ed as D[n℄.N An optional node prepla
ement spe
i�ed as N[row, 
olumn℄or N[row, 
olumn, frame℄.6.3 Instru
tion Prepla
ementInstru
tions 
an be prepla
ed on a spe
i�
 exe
ution node by spe
ifying the row, 
olumn,and optionally the frame on whi
h to pla
e the instru
tion. If the frame is not spe
i�ed, thes
heduler will assign a frame number a

ording to normal pla
ement ordering.Example:add $t7, $t0, $t1 N[0,1℄ ; Pla
e this instru
tion on the exe
ution node; lo
ated at row 0, 
olumn 1If a prepla
ement spe
i�er is found on a TIL instru
tion that expands to multiple TASLinstru
tions, then the �rst TASL instru
tion in the sequen
e will be prepla
ed.
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TRIPS Intermediate Language (TIL) Manual6.4 Load/Store Instru
tions6.4.1 Load/Store Identi�ersLoad/Store identi�ers (LSIDs) 
an be appended to load and store instru
tions in a TRIPSblo
k. If LSIDs are provided for any load or store instru
tions in a blo
k, they must beprovided for all load and store instru
tions in the blo
k. However, an LSID should not beprovided for a load prefet
h instru
tion. The tool
hain may issue a warning or error messageif a prefet
h instru
tion 
ontains a LSIDs.LSIDs provide the hardware with a stri
t ordering of loads and stores within a blo
k. If theyare not provided, the s
heduler will assign them based on the sequential order in whi
h loadsand stores o

ur within a TRIPS blo
k, from top to bottom. LSIDs are numbered beginningat zero.There is a limit to the number of LSIDs whi
h 
an be assigned per blo
k. For the TRIPShardware prototype, a blo
k 
an use no more than 32 LSIDs. LSIDs 
an be used more thanon
e in a blo
k so long as they are predi
ated on disjoint values and will never both exe
ute.Also a load and store 
an never share the same LSID.For loads, identi�ers are spe
i�ed in the TIL with L[n℄ where n is the 3-bit identi�er. Simi-larly, identi�ers are spe
i�ed for stores using S[n℄.Example:ld $t7, 64($t12) L[0℄ ; a load with LSID 0sd_t<$t5> $t9, $t10 S[1℄ ; both stores use LSID 1sd_f<$t5> $t8, $t10 S[1℄In the above example, both stores are allowed to use LSID 1 be
ause they are mutuallyex
lusive|it is guaranteed that only one will a
tually exe
ute. Also in this example, if theload and store refer to the same address, the hardware will stri
tly order the load before thestore based on the provided LSIDs.6.4.2 Load/Store Data Bank AlignmentTIL programmers 
an spe
ify data bank alignment hints, whi
h the s
heduler will 
onsiderwhen mapping load/store instru
tions onto the TRIPS grid. Data bank alignment hints aresupplied through the D spe
i�er in load and store instru
tions. Data bank alignment hintson load prefet
h instru
tions will be ignored.Example:ld $t7, 120($t0) L[4℄ D[2℄ ; align this load with data bank 2The D spe
i�er a

epts values 0-3, 
orresponding to the four data banks of the prototype L1
a
he. This 
apability is parti
ularly useful for fast array a

esses in inner loops when theloop bodies have been unrolled multiple times within individual instru
tion blo
ks.Version A.04 14 O
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TRIPS Intermediate Language (TIL) ManualNote that the s
heduler will attempt to honor data alignment hints but may override themdue to other instru
tion s
heduling priorities.6.5 Instru
tion SummaryAll of the following instru
tions, ex
ept for the ENTER pseudo-instru
tions, have a mat
hing
ounterpart in the TRIPS Assembly Language (TASL) and will be 
onverted to the appro-priate TASL instru
tion by the s
heduler. Refer also to the TRIPS Assembly Language(TASL) Manual and the TRIPS Pro
essor Referen
e Manual.Ea
h instru
tion, ex
ept for READ and WRITE instru
tions, may take an optional nodeprepla
ement dire
tive that is not show as part of the syntax.ENTER instru
tions are pseudo-instru
tions and may expand into more than one instru
tionto generate their spe
i�ed immediate or symboli
 value. This expansion should be taken intoa

ount when determining the number of instru
tions in a TRIPS blo
k.Op
ode Des
ription SyntaxADD Add <Tp> Td, Ta, TbADDI Add Immediate <Tp> Ta, Tb, Imm9AND Bitwise And <Tp> Td, Ta, TbANDI Bitwise And Immediate <Tp> Td, Ta, Imm9APP Append Constant Td, Ta, Imm16BR Bran
h <Tp> TaBRO Bran
h with O�set <Tp> Imm20CALL Call <Tp> TaCALLO Call with O�set <Tp> Imm20DIVS Divide Signed <Tp> Td, Ta, TbDIVSI Divide Signed Immediate <Tp> Td, Ta, Imm9DIVU Divide Unsigned <Tp> Td, Ta, TbDIVUI Divide Unsigned Immediate <Tp> Td, Ta, Imm9ENTER Generate Immediate Value Td, ImmENTERA Generate Data Address Td, SymbolENTERB Generate Blo
k Address Td, SymbolEXTSB Extend Signed Byte <Tp> Td, TaEXTSH Extend Signed Halfword <Tp> Td, TaEXTSW Extend Signed Word <Tp> Td, TaEXTUB Extend Unsigned Byte <Tp> Td, TaEXTUH Extend Unsigned Halfword <Tp> Td, TaEXTUW Extend Unsigned Word <Tp> Td, TaFADD FP Add <Tp> Td, Ta, TbFDIV FP Divide <Tp> Td, Ta, TbFDTOI Convert Double FP to Integer <Tp> Td, TaFDTOS Convert Double FP to Single FP <Tp> Td, TaVersion A.04 15 O
tober 2, 2006



TRIPS Intermediate Language (TIL) ManualFEQ FP Test EQ <Tp> Td, Ta, TbFITOD Convert Integer to Double FP <Tp> Td, TaFGE FP Test GE <Tp> Td, Ta, TbFGT FP Test GT <Tp> Td, Ta, TbFLE FP Test LE <Tp> Td, Ta, TbFLT FP Test LT <Tp> Td, Ta, TbFMUL FP Multiply <Tp> Td, Ta, TbFNE FP Test NE <Tp> Td, Ta, TbFSTOD Convert Single FP to Double FP <Tp> Td, TaFSUB FP Subtra
t <Tp> Td, Ta, TbGENS Generate Signed Constant Td, Imm16GENU Generate Unsigned Constant Td, Imm16LB Load Byte <Tp> Td, (Ta)Imm9 [LS℄ [D℄LBS Load Byte Signed <Tp> Td, (Ta)Imm9 [LS℄ [D℄LD Load Doubleword <Tp> Td, (Ta)Imm9 [LS℄ [D℄LH Load Halfword <Tp> Td, (Ta)Imm9 [LS℄ [D℄LHS Load Halfword Signed <Tp> Td, (Ta)Imm9 [LS℄ [D℄LOCK Load and Lo
k <Tp> Td, (Ta)Imm9LPF Load Prefet
h <Tp> Td, (Ta)Imm9LW Load Word <Tp> Td, (Ta)Imm9 [LS℄ [D℄LWS Load Word Signed <Tp> Td, (Ta)Imm9 [LS℄ [D℄MFPC Move from PC <Tp> TdMOV Move <Tp> Td, TaMOVI Move Immediate <Tp> Td, Imm9MOV3 Move to 3 Targets <Tp> Td, TaMOV4 Move to 4 Targets <Tp> Td, TaMUL Multiply <Tp> Td, Ta, TbMULI Multiply Immediate <Tp> Td, Ta, Imm9NOP No OperationNULL Nullify Output <Tp> TdOR Bitwise OR <Tp> Td, Ta, TbORI Bitwise OR Immediate <Tp> Td, Ta, Imm9READ Read General Register Td, GaRET Return <Tp> TaSB Store Byte <Tp> (Ta)Imm9, Tb [LS℄ [D℄SCALL System Call <Tp>SD Store Doubleword <Tp> (Ta)Imm9, Tb [LS℄ [D℄SH Store Halfword <Tp> (Ta)Imm9, Tb [LS℄ [D℄SLL Shift Left Logi
al <Tp> Td, Ta, TbSLLI Shift Left Logi
al Immediate <Tp> Td, Ta, Imm9SRA Shift Right Arithmeti
 <Tp> Td, Ta, TbSRAI Shift Right Arithmeti
 Immediate <Tp> Td, Ta, Imm9SRL Shift Right Logi
al <Tp> Td, Ta, TbSRLI Shift Right Logi
al Immediate <Tp> Td, Ta, Imm9Version A.04 16 O
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TRIPS Intermediate Language (TIL) ManualSUB Subtra
t <Tp> Td, Ta, TbSUBI Subtra
t Immediate <Tp> Td, Ta, Imm9SW Store Word <Tp> (Ta)Imm9, Tb [LS℄ [D℄TEQ Test EQ <Tp> Td, Ta, TbTEQI Test EQ Immediate <Tp> Td, Ta, Imm9TLE Test LE <Tp> Td, Ta, TbTLEI Test LE Immediate <Tp> Td, Ta, Imm9TLEU Test LE Unsigned <Tp> Td, Ta, TbTLEUI Test LE Unsigned Immediate <Tp> Td, Ta, Imm9TLT Test LT <Tp> Td, Ta, TbTLTI Test LT Immediate <Tp> Td, Ta, Imm9TLTU Test LT Unsigned <Tp> Td, Ta, TbTLTUI Test LT Unsigned Immediate <Tp> Td, Ta, Imm9WRITE Write General Register Gd, TaXOR Bitwise XOR <Tp> Td, Ta, TbXORI Bitwise XOR Immediate <Tp> Td, Ta, Imm9
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TRIPS Intermediate Language (TIL) ManualAPPENDIXA TRIPS Hardware PrototypeThe TRIPS hardware prototype has the following restri
tions on the legal formation ofTRIPS program blo
ks:� The TRIPS prototype has 128 general purpose registers (numbered from 0-127) thatare divided into four banks of 32 registers.� Ea
h TRIPS blo
k 
an perform 32 reads and 32 writes of general purpose registersper blo
k. These reads and writes are further restri
ted to 8 per bank per blo
k.Cal
ulating whi
h bank a register is in involves a simple formula: bank = registernumber % 4.� The prototype allows 128 instru
tions per blo
k. This number is in addition to theread and write instru
tions.� A maximum of 32 load/store identi�ers (LSIDs) 
an be used per blo
k.This table further summarizes these restri
tions.Pro
essor Resour
e LimitNumber of general (global) registers 128Number of register banks 4Number of general register reads per blo
k 32Number of general register writes per blo
k 32Number of reads per bank per blo
k 8Number of writes per bank per blo
k 8Number of load/store identi�ers (LSIDs) per blo
k 32Number of non-read/write instru
tions per blo
k 128When estimating the number of TASL instru
tions that the s
heduler will generate for agiven TRIPS blo
k, it is important to a

ount for two sour
es of 
ode expansion:� ENTER instru
tions are pseudo-instru
tions that will be expanded to the requirednumber of instru
tions needed to generate their immediate or symboli
 value. Forexample, the s
heduler will expand an \Generate Blo
k Address" instru
tion, su
h asenterb $t6, Perl s
alarvoid$5, into two TASL instru
tions, in order to generate a32-bit address for the spe
i�ed program blo
k.� Ea
h instru
tion has a �xed number of targets. Therefore, the use of a temporaryregister by more than the number of available targets will 
ause fanout in a TRIPSblo
k. The s
heduler will insert MOV instru
tions to forward the register value toadditional instru
tions.Version A.04 18 O
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TRIPS Intermediate Language (TIL) ManualB EBNF GrammarNote: This se
tion should not be 
onsidered fully a

urate or 
omplete.The TRIPS Intermediate Language is spe
i�ed in this se
tion in a relaxed EBNF notation.Everything in bold is to be taken literally. Whitespa
e between names or literals that arenot bolded are in
luded for readability. Extra whitespa
e is allowed between non-terminalsor terminals EXCEPT the following:� variable names and ':'� '0x' at the beginning of a hexade
imal number� '-' before a negative number� '.' in de
imal numbers� 'byte-' and integer in variable de
larationAt least one whitespa
e is required after op
odes and after dire
tives if the dire
tive takesany arguments. An ex
eption to this is that no spa
e is required between a predi
ated op
odeand its predi
ate register.
omment ! ;string-
hara
ter*module ! .app-�le [sour
e-name℄finfog*info ! data-se
tion j text-se
tion j global-dire
tivedata-se
tion ! bss-se
tionj idata-se
tion j rdata-se
tiontext-se
tion ! .textf blo
kjtext-dire
tive g*text-dire
tive ! global-dire
tivej equ-dire
tiveglobal-dire
tive ! .global nameequ-dire
tive ! .equ name=namealign-dire
tive ! .align pos-integerspa
e-dire
tive ! .spa
e pos-integerbss-se
tion ! .
omm variable-name,lengthj .l
omm variable-name,lengthj align-dire
tiveidata-se
tion ! .data f variablesj global-dire
tivej align-dire
tivejspa
e-dire
tive g*rdata-se
tion ! .rdata f variablesj global-dire
tivej align-dire
tivejspa
e-dire
tive g*variables ! [variable-name:℄ numeri
al-variable j [variable-name:℄string-variable j [variable-name:℄ 
oatingpoint-variablej variable-name:blo
k ! .bbegin blo
k-namefinstru
tion*g .bendinstru
tion ! operation j operation predi
ate registerf,registerg*register ! real-register j virtual-registerVersion A.04 19 O
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TRIPS Intermediate Language (TIL) Manualreal-register ! $gpos-integervirtual-register ! $tpos-integerpredi
ate ! t< register >j f < register >value ! immediate j symbolsour
e-name ! �rst-letter-
hara
ter f name-
hara
ter g*blo
k-name ! �rst-letter-
hara
ter f name-
hara
ter g*variable-name ! �rst-letter-
hara
ter f name-
hara
ter g*numeri
al-variable ! numeri
al-typeimmediatenumeri
al-type ! .quad j .int j .short j .byte j .byte-pos-integerimmediate ! integer j hex-integer
oatingpoint-variable ! 
oatingpoint-type 
oatingpoint-number
oatingpoint-type ! .single j .double
oatingpoint-number ! integer [ fra
tion ℄ [ exponent ℄fra
tion ! .pos-integerexponent ! E integerstring-variable ! string-type stringstring-type ! .as
ii j .as
izstring ! \string-
hara
ter*"integer ! [-℄pos-integerpos-integer ! int-digit+hex-integer ! 0xhex-digit+int-digit ! 0 j 1 j 2 j 3 j 4 j 5 j 6 j 7 j 8 j 9hex-digit ! int-digit j a j b j 
 j d j e j f j A j B j C jD j E j F�rst-letter-
hara
ter ! l
-letterj u
-letterjname-
hara
ter ! symbol-
hara
ter j $string-
hara
ter ! symbol-
hara
ter j pun
t-
hara
ter j es
ape-
hara
tersymbol-
hara
ter ! l
-letter j u
-letter j int-digit jes
ape-
hara
ter ! �j � j � jwhitespa
e ! spa
e j tab
C Example CodeYou 
an easily generate TIL 
ode by means of 
ommand line swit
hes to t

, the TRIPS
ompiler s
ript.Examples:# Compile 'example.
' to 'example.til' and then stop#Version A.04 20 O
tober 2, 2006



TRIPS Intermediate Language (TIL) Manual% t

 -til example.
# Compile, s
hedule, assemble, and link, leaving the intermediate# files as 'example.til', 'example.s', and 'example.o'.#% t

 -save-temps example.
 -o exampleRefer to the TRIPS Appli
ation Binary Interfa
e (ABI) Manual for information on registerusage, fun
tion 
alling 
onventions, and runtime servi
es provided by the TRIPS 
ompilerand runtime system.C.1 C Sour
e CodeNote the following:� The 
ompiler will de�ne answer as an uninitialized global variable.� The 
ompiler allo
ates 8 bytes for both long and long long integers. We use long long inthis example for portability.� The exit 
ode of this example program will depend on the number of arguments passed to itthrough the 
ommand line./** example.
*/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;elsereturn -1;}int main(int arg
, 
har *argv[℄, 
har * envp[℄){ answer = ftn((unsigned long long)42);printf("Hello, Galaxy! Answer = 0x%Lx.\n", answer);Version A.04 21 O
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TRIPS Intermediate Language (TIL) Manualreturn arg
 + 1;}C.2 Resulting TIL CodeNote the following:� Variable answer will be pla
ed in the bss by the linker due to the .
omm dire
tive.� The 
ompiler expresses immediate values in enter pseudo-instru
tions using de
imal nota-tion.� The 
ompiler uses predi
ated mov instru
tions in the iftest blo
k to evaluate the if 
ondi-tion.� The 
ompiler uses general register g2 to maintain return addresses. The \
allee" is responsiblefor saving this register value passed to it by the 
aller. This 
onvention and others aredes
ribed in the TRIPS Appli
ation Binary Interfa
e (ABI) Manual..app-file "example.
"; BSS.global answer.
omm answer, 8, 8.data.align 8_V6:.as
ii "Hello, Galaxy! Answer = 0x%Lx.\n\000".text.global ftn.bbegin ftnread $t0, $g2read $t1, $g3enter $t2, 16000add $t3, $t1, $t2enter $t4, 4294967295add $t5, $t1, $t4add $t6, $t3, $t5enter $t7, 281474976710655add $t8, $t1, $t7addi $t9, $t1, 64addi $t10, $t1, 128add $t11, $t9, $t10add $t12, $t8, $t11add $t13, $t6, $t12ret $t0Version A.04 22 O
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TRIPS Intermediate Language (TIL) Manualwrite $g3, $t13.bend.global main;VARIABLE "arg
" size:4 $g12.bbegin mainread $t0, $g1read $t1, $g2read $t2, $g3read $t3, $g12addi $t4, $t0, -96sd -88($t0), $t1 S[0℄sd -8($t0), $t3 S[1℄extsw $t5, $t2movi $t6, 42enterb $t7, main$1
allo ftnwrite $g1, $t4write $g2, $t7write $g3, $t6write $g12, $t5.bend.bbegin main$1read $t0, $g3entera $t1, answersd ($t1), $t0 S[0℄entera $t2, _V6enterb $t3, main$2
allo printfwrite $g2, $t3write $g3, $t2write $g4, $t0.bend.bbegin main$2read $t0, $g1read $t1, $g12addi $t2, $t1, 1extsw $t3, $t2ld $t4, 8($t0) L[0℄addi $t5, $t0, 96ld $t6, 88($t0) L[1℄ret $t4write $g1, $t5write $g2, $t4write $g3, $t3write $g12, $t6.bendVersion A.04 23 O
tober 2, 2006



TRIPS Intermediate Language (TIL) Manual.global iftest.bbegin iftestread $t0, $g2read $t1, $g3read $t2, $g4fgt $t3, $t1, $t2movi_t<$t3> $t4, 1mov_t<$t3> $t5, $t4movi_f<$t3> $t6, -1mov_f<$t3> $t5, $t6extsw $t7, $t5ret $t0write $g3, $t7.bendC.3 Partial TIL 
ode from 171.swim SPEC ben
hmark.app-file "swim.f"; BSS - all de
larations with no spe
ified se
tion; are pla
ed in the BSS se
tion..global _BLNK__.
omm _BLNK__, 199609200, 8.global 
ons_.
omm 
ons_, 120, 8.data.align 8_s143$$3913:.as
ii " SPEC ben
hmark 171.swim".align 8_s149$$3914:.as
ii "SWIM7".align 8_s150$$3915:.as
ii "UNKNOWN".rdata.align 8_FMT390_$$3909:.as
ii "(\' NUMBER OF POINTS IN THE X DIRECTION\',I8/\' NUMBER OF POINT".as
ii "S IN THE Y DIRECTION\',I8/\' GRID SPACING IN THE X DIRECTION ".as
ii " \',F8.0/\' GRID SPACING IN THE Y DIRECTION \',F8.0/\' TIME ".as
ii "STEP \',F8.0/\' TIME FILTER PARAMETER".as
ii " \',F8.3/\' NUMBER OF ITERATIONS \',".as
ii "I8)\000"Version A.04 24 O
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TRIPS Intermediate Language (TIL) Manual.align 8_FMT350_$$3910:.as
ii "(/\' CYCLE NUMBER\',I5,\' MODEL TIME IN HOURS\',F6.2)\000".align 8_FMT360_$$3911:.as
ii "(/\' DIAGONAL ELEMENTS OF U \',//(8E15.7))\000".align 8_FMT366_$$3912:.as
ii "(/,\' P
he
k = \',E12.4,/,\' U
he
k = \',E12.4,/,\' V
he
k =\',E1".as
ii "2.4,/)\000".text.global 
al
2_.bbegin 
al
2_read $t0, $g1mov $t1, $t0addi $t2, $t0, -32sd -32($t0), $t1movi $t3, 0sd -16($t0), $t3entera $t4, 
ons_ld $t5, 8($t4)enter $t6, 4620693217682128896fdiv $t7, $t5, $t6ld $t8, 16($t4)fdiv $t9, $t5, $t8ld $t10, 24($t4)fdiv $t11, $t5, $t10lws $t12, 60($t4)extsw $t13, $t12tgei $t14, $t13, 1bro_t<$t14> 
al
2_$1bro_f<$t14> 
al
2_$8write $g74, $t11write $g75, $t9write $g1, $t2write $g76, $t7write $g92, $t13.bend.bbegin 
al
2_$1movi $t0, 1extsw $t1, $t0bro 
al
2_$2write $g90, $t1.bend
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