1 0 TR-94032 R W C-1 Assem bly Language Man ual R ele ase 0.2 Massiv ely P arallel Soft w are Lab oratory Receiv ed F ebruary 1995 Tsukuba Researc h Cen ter, Real W orld Computing P artnership Tsukuba Mitsui Building 16F, 1-6-1 T ak ezono Tsukuba-shi, Ibaraki 305, JAP AN � This do cument was prepared by Tsutomu Horik a w a, Kanrikogaku Kenkyusho Ltd., as the part of the contract with Massiv ely P arallel Soft w are Lab oratory

Chapter 1 Assem bly Language Syn tax In the description of the assem bly language syn tax in this c hapter, brac k ets ’ [ ’ ... ’ ] ’ indicate optional items. Braces ’ { ’ ... ’ } ’ indicate alternate item c hoices, the individual items b eing separated b y v ertical bars ’ | ’. A star ’ * ’ indicates that the previous item is to b e rep eated or more times. 1.1 Syn tax Rule < syn tax > [ < statemen t > ] [ ; [ < statemen t > ] � ] [ ! c omment ] [ ! c omment ] < statemen t > [ < lab el > : ] [ < instruction > ] [ < assign > ] < instruction > op c o de [ < op erand > ] [ , < op erand > ] � < assign > symb ol = c onstant expr ession < op erand > f r e gister j c onstant expr ession j addr ess g 1.2 Lexical F eatures Commen ts An exclamation mark ’ ! ’ indicates that all subsequent c haracters, up to the end of the line, are a commen t. Num b ers Decimal, hexadecimal, o ctal and oating-p oin t constan ts are supp orted, and are written as C. Floating-p oin t constan ts can b e co ded only in oating-p oin t pseudo op erations. 2

Character A c haracter is quoted with a single-quote ( ’ ), and indicates the ASCI I v alue of a c haracter. A bac k-slash ( \ ) indicates an escap e c haracter. String A string is a sequence of ASCI I c haracters, enclosed in double-quotes ( " ). A bac k-slash ( \ ) is indicates an escap e c haracter. Escap e co des \a b ell (0x07) \b backspace (0x08) \t horizontal tab (0x09) \n newline (0x0a) \v vertical tab (0x0b) \f form-feed (0x0c) \r carriage return (0x0d) \\ backslash (0x5c) \ nnn o ctal v alue nnn Sym b ol Names The syn tax of a sym b ol name is: f letter j _ j $ j . g f letter j _ j $ j . j digit g� Upp er-case and lo w er-case letters are distinct. A p erio d ’ . ’ indicates the curren t address. Sp ecial Sym b ols Sp ecial symbol names b egin with dollar sign ’ $ ’, and is distinguished from user symbols. $r0...$r31 general purp ose registers $aux auxiliary accumlator ( $r28 ) $link link register ( $r29 ) $opadr op erand address regster ( $r30 ) $zero zero register ( $r31 ) 3

Lab els A lab el is either a symbol or a single decimal digit. Note that a lab el is immediately follo w ed b y a colon ’ : ’. Numeric lab els can b e referenced only in branch op erations. bra n b ! references the �rst n umeric lab el n prior to the curren t p oint bra n f ! references the �rst n umeric lab el n subsequen t to the curren t p oin t Constan t Expressions The follo wing op erators are recognized in constan t expressions, and ha v e the same prece- dence as in C. Binary + in teger add - in teger subtract * in teger m ultiply / in teger divide % mo dulo ^ exclusiv e or << left shift >> righ t shift & bit-wise and | bit-wise or Unary + no e�ect - 2’s complement ~ 1’s complement 1.3 Addressing Expression Commen t constant expression ( register ) register indirect + o�set relo cation symbol + constant expression sym b ol v alue + o�set 4

Chapter 2 Pseudo Op eration Mnemonic Description .seg " string " Changes the curren t segmen t to string . text , data , data1 and bss are supp orted. .align b oundary Aligns the lo cation counter on a 0-mo d- b oundary b oundary . .talign Adv ances the lo cation coun ter to an eigh t-b yte b oundary , if not curren try on a eigh t-b yte b oundary . Interv ening bytes are �lled with NOP . .skip expr ession Increments the lo cation coun ter by expr ession . .global symb ol Assigns global storage class to symb ol . .comm symb ol , expr ession Declares symb ol and expr ession of a common area. .ascii " string " Generates a sequence of ASCI I c haracters. .asciz " string " Generates a sequence of ASCI I c haracters, terminated b y zero. .byte expr ession Generates an initialized b yte by expr ession in the curren t segment. .quart expr ession Generates an initialized quart w ord b y expr ession in the curren t segment. .half expr ession Generates an initialized halfw ord by expr ession in the curren t segment. .word expr ession Generates an initialized w ord by expr ession in the curren t segment. .float o at value Generates an initialized oating-opin t v alue by o at value in the curren t segmen t. symb ol = expr ession Assigns the v alue of expr ession to symb ol . 5

Chapter 3 Instruction Set This c hapter describ es the instruction set of R W C-1. F or futher details of the instruction, see the instruction set man ual. The follo wing table describ es the op erands. rd destination register rs1,rs2 source register xim extended immediate (64 bit) imm immediate (46 bit) him high-order 18 bits of 64 bit immediate lim lo w-order 46 bits of 64 bit immediate bra branc h address (15 bit) jpa jump address (23 bit) b cc branc h condition co de (eq0,ne0,gt0,lt0,ge0,le0) lvia lo cal virtual instruction address (22bit) lv oa lo cal virtual op erand address o�set (10bit) b n ’ n ’bit data rsn register set n um b er rn register n um ber 6

3.1 Load/Store Instruction Mnemonic Op erands Load b yte ld.b rd,imm(rs1) Load quarter w ord ld.q rd,imm(rs1) Load half w ord ld.h rd,imm(rs1) Load w ord ld rd,imm(rs1) Load unsigned b yte ld.bu rd,imm(rs1) Load unsigned quarter w ord ld.qu rd,imm(rs1) Load unsigned half w ord ld.hu rd,imm(rs1) Store b yte st.b imm(rs1),rd Store quater w ord st.q imm(rs1),rd Store half w ord st.h imm(rs1),rd Store w ord st imm(rs1),rd 7

3.2 Arithmetic Instruction Mnemonic Op erands Add in teger add rd,rs1,rs2 rd,rs1,imm Add in teger with carry in add.ci rd,rs1,rs2 Add in teger with carry out add.co rd,rs1,rs2 Add in teger with carry in-out add.cio rd,rs1,rs2 Add unsigned in teger add.u rd,rs1,rs2 Add unsigned in teger with carry in add.ciu rd,rs1,rs2 Add unsigned in teger with carry out add.cou rd,rs1,rs2 Add unsigned in teger with carry in out add.ciou rd,rs1,rs2 Subtract in teger sub rd,rs1,rs2 rd,rs1,imm Subtract in teger with carry in sub.ci rd,rs1,rs2 Subtract in teger with carry out sub.co rd,rs1,rs2 Subtract in teger with carry in-out sub.cio rd,rs1,rs2 Subtract unsigned in teger sub.u rd,rs1,rs2 Subtract unsigned in teger with carry in sub.ciu rd,rs1,rs2 Subtract unsigned in teger with carry out sub.cou rd,rs1,rs2 Subtract unsigned in teger with carry in out sub.ciou rd,rs1,rs2 Multiply signed mul rd,rs1,rs2 Multiply unsigned mul.u rd,rs1,rs2 Multiply lo w er mul.l rd,rs1,rs2 Multiply higher mul.h rd,rs1,rs2 Multiply higher unsigned mul.hu rd,rs1,rs2 Initial stop for divide divi rd,rs1,rs2 Divide 8bit div8 rd,rs1,rs2 Sw ap quotien t and dividend divs rd,rs1,rs2 Nomaization of remainder for divide divr rd,rs1,rs2 Nomaization of quotien t for divide divq rd,rs1,rs2 Initial stop for divide unsigned divi.u rd,rs1,rs2 Step for divied unsigned div8.u rd,rs1,rs2 Compare in teger cmp rd,rs1,rs2 rd,rs1,imm Set immediate to high seth rd,him 8

3.3 Logical op eration Instruction Mnemonic Op erands Logical and and rd,rs1,rs2 rd,rs1,imm Logical or or rd,rs1,rs2 rd,rs1,imm Logical exclusiv e or xor rd,rs1,rs2 rd,rs1,imm Shift left logical sll rd,rs1,rs2 rd,rs1,eim Shift righ t arithmetic sra rd,rs1,rs2 rd,rs1,eim Shift righ t logical srl rd,rs1,rs2 rd,rs1,eim 3.4 Bit �eld op eration Instruction Mnemonic Op erands Extract ext rd,rs1,rs2 rd,rs1,b6,b6 Insert ins rd,rs1,rs2,b1,b6,b3 Find �rst bit set ff1 rd,rs1 3.5 Floting P oin t Instruction Mnemonic Op erands Floating p oin t add fadd rd,rs1,rs2 Floating p oin t subtract fsub rd,rs1,rs2 Floating p oin t m ultiply fmul rd,rs1,rs2 9

3.6 Flo w Con torol Instruction Mnemonic Op erands Conditional branc h bcnd bcc,rs1,bra Conditional branc h with hint bcnd.h bcc,rs1,bra Branc h on bit set bbs b4,rs1,bra Branc h on bit set with hin t bbs.h b4,rs1,bra Unconditional branc h bra bra Unconditional branc h and link register bra.l bra Unconditional jump jmp jpa Unconditional jump and link register jmp.l jpa Jump register jmpr rs1 Jump register and link register jmpr.l rs1 Break curren t thread break b14 Halt halt code Unconditional soft w are trap trap code Return from exception rte 3.7 P ac k et generation Instruction Mnemonic Op erands Mak e pac k et mkpkt rs1,rs2,b3,b1,b1,b1,b8 Mak e pac k et with idex mkpkt rs1,rs2,lvia,lvoa,b3,b1,b1,b1,b8 Mak e con tin uation mkcnt rd,rs1,lvia,lvoa,b3,b1,b1,b1,b1 Set instruction address on to con tin uation sia rd,rs1,rs2,b1,b1 3.8 Input/Output Instruction Mnemonic Op erands Begin io transfer bgnio Stop io transfer stpio Mak e io massage mkmsg 10

3.9 Others Instruction Mnemonic Op erands Purge memory access pip eline prgm Purge mak e pac k et genaration pipline prgp Mo v e GPR to register mgr [rsn,rn],rs1 Mo v e register to GPR mrg rd,[rsn,rn] Sw ap GPR and register sgr rd,[rsn,rn],rs2 W rite back cache line cwb [rsn,rn] 3.10 Builtin Macro macro generate co de nop xor $r31,$r31,$r31 mov rd,rs1 or rd,$r31,rs1 seti rd,xim seth rd,him or rd,rd,lim 11

Chapter 4 Ho w to Use the Assem bler 4.1 In v ok e ras is inv ok ed: ras [ option ] input�le All unde�ned symbols in the assembly are treated as b eing global. 4.2 Options -o obj�le Names the ob ject �le obj�le . If the -o ag is not set, the ob ject �le is named a.out . 12

Con ten ts 1 Assem bly Language Syn tax 2 1.1 Syn tax Rule : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 2 1.2 Lexical F eatures : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 2 1.3 Addressing : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4 2 Pseudo Op eration 5 3 Instruction Set 6 3.1 Load/Store : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7 3.2 Arithmetic : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8 3.3 Logical op eration : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9 3.4 Bit �eld op eration : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9 3.5 Floting P oin t : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9 3.6 Flo w Con torol : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10 3.7 P ac k et generation : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10 3.8 Input/Output : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10 3.9 Others : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11 3.10 Builtin Macro : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11 4 Ho w to Use the Assem bler 12 4.1 In v ok e : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12 4.2 Options : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12 i