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good

0000DLXDOODODODODDODODOD0O0OD0O000O00O00000 dasmO0O0O000O00O0O0O0OO
0000000 dasmOI00000000000D0DODOOOOOOOODOOOODODOOOOOO
O000000000000D0O0O0O SECONDSOOOUOODOoOooOOoooooboooooooo
000000 (0000000000000 0)0000000U0O000000D0O0O0O0ODLX O
00000 SECONDS OO 000000 OODOO0OoDOO00ooooooooooooooog
goooooooobobon

dasm 0000000000000 O0O0O00O0O

% dasm [options] filename

flename 0000000000000 ODOOOOODO)[options] goooboogoood
gooooobod

| ooooo | oo | ooo |
-a address-file | 000 00000000000000 [0000000 |
-0 output-file | 000000000 DOODO 0000
-h 000000000000000

1 OJdoooboooboogd

gboooooooooboobooooboooboboboooboboobbooooon

a ggd

1: | .data Oxfff£00 = "/SYS/MOO" [0xff££00] [*1

2: *2 .space 0

3: | from: [.word 0x000000ff [*3

4: | to: .space 4

5: | end: .word O

6:

7: .text 0 = "/SYs/Mo0" [0] [*

8: 1lhi $gp, (darea>>16) ‘*5 #

9: $gp |= (darea & Oxffff) ‘*6 # $gp = darea *7
10: [$v0 [*® = (%) $gp [ (o) from] # $v0 = *from

11: nop # load delay slot
12: (to - darea) [*9 [$gp] = (%b)$vO # *to = (char)$v0
13: (to - darea) [$gp] = (¥%h)$vO # *to = (short)$vo0
14: (to - darea) [$gp] = (Yw)$vO # *to = (int)$v0
15:

16: $vo = 1 # $v0 = 1

17: $gp[(Yo)end] = $vO # *to = $vO

18:

19: | inf: j inf

20: nop # slot
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*1000000000000 1-5000000000000000000000000000
goooobobooooooobgoooobooboobooooobooob—20

*2000 000000000000 00000000000000000000000000
goobobooboooobobooboobobooboboobooboboboobda
0000000000000000000000000000000“,, 9000000
googobooboooboooboboboobobooboobobobooobobboboboon
gooboooboboooboobobooboboboobobobooboobooboboog
gooboogbobobooobobobooooobooobboooobooboooooboobog
gbooooobooooboobobuoobbobobooboboboobobobooboobo
000 (200)00000000000OO00OO0O0OUOOUOOOOODOUDOOOOD
gboooooooboooobobboobobboboobooobboobon

gboo boobgoobbobbooboogobod
(o) OO0 ODOOOOODOOOODDODOOODOOOO

(s) OO0 OO0OOUOOUOOOOUOO0OOOOO (COODOUOD)DODOOODOOOOUOODOOO
goooobooogg oo

000000000000 (ko), (%)) 0000000000000 DO—40

*3 0000000 000000000000 00000000000000000000000
gooooobogn —-20

*4 0000000000000 7-2000000000000000000000000000
goboboobooobooogooobgoboobooboobobooboobobooDbo
goooonb —250

*3 00000000 DLXOODODODODOO0OD0O00O000o0O0—50
*6 0UUOD 0000000000000 0000000000000000000—510
*rOoo0 ‘4000000000000000dasmO00000000O0OOO0O

*¥ 0000 DLXOOOO 32000000000000000000000000000O000O00
MIPSOOOOODOOOOOOOOODODDODOOOODOO—-30

*9 00U 0000000000000 0000000000000000000000000
O cOoooooooopopoooopoood—40
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2 0000000 (assembler directive)

‘ assembler directive ‘

‘ directive ‘ function ‘
.data  aq = "mem-name"[0] | begin data segment from aq
.byte b1,bo, -, by define and allocate byte sequence
.half hi,ho, -+, hy define and allocate half word sequence
.word W1, Wa, Wy define and allocate word sequence
.space n allocate n byte area
.align n align deta address with 2™ byte boundary
.text az = "mem-name" [0o] | begin text segment from a; ‘

.data a4, .text ¢ 0000000000000 0O0O0OODOOODOO (DOOUD)OOODOO
goooboboboobobibb eq,e: D00 O0D0OO0ODOODOOODOODODOODOOODOOOO
bbbl 00b0b000ooO0 400000000 DODODOOODOODOOO
gobobooooooboboooooobboobobobobobbooooooboounon
gbooboobbooboobobooooooobobobooobooboooooboboo
OO000O00O00Omem-name0 0000 SFLODOODOOODOOOO0OO oO0OOODOOOOOO
gooooboobobodiOmem-nemeJ 000000 memOOO000000O00O00O0O0OO0OOO

.byte b1,be,---,b, OO0 O0DO0OOO0ODOODOOOOO nODODOOODODOOOODODODOO
ooooooboon ¢,y 0oobbOO0o0bO0O0ob0OobOobobO0obDbOoobobO0OobUobbobboonDo
goobooooobobobbbibob . nalf 000, wordODOOODOOODOOOOODOO
gbooboobbobobobobooboboooboobooobobooobbbobbobobon
goboboooboboobobbooooboobobooooobooboboobooobo

.space n UOO0O00OO0D0OODOOOOO0OO0ODO0O0OO0 nDOO0OOOODDOODOOOOO
gboogooogno

.align n 000000000 O0OO0ODOODOO0O00ODOO0O00O0O00O0O00 .byte, .half, .word,
.space 10 0000000 DOODOOOODODOOOOD 20000000 0O0O0ODOOODO
UOrn=0000000000000000000000000O0DO0O0ODO0OODODOOOOODOAO
goo
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3 0000 (register)

‘ register H register
‘ # ‘ alias ‘ what for H # ‘ alias what for
0 | $r0, $0 always zero 16 | $r16, $s0 | temporary (to be saved)
1 | $r1, $at | reserved 17 | $r17, $s1 | temporary (to be saved)
2 | $r2, $v0 | return value 18 | $r18, $s2 | temporary (to be saved)
3 | $r3, $v1 | return value 19 | $r19, $s3 | temporary (to be saved)
4 | $r4, $a0 | 1st argument 20 | $r20, $s4 | temporary (to be saved)
5 | $r5, $al | 2nd argument 21 | $r21, $s5 | temporary (to be saved)
6 | $r6, $a2 | 3rd argument 22 | $r22, $s6 | temporary (to be saved)
7 | $r7, $a3 | 4th argument 23 | $r23, $s7 | temporary (to be saved)
8 | $r8, $t0 | temporary (not to be saved) || 24 | $r24, $t8 | temporary (not to be saved)
9 | $r9, $t1 | temporary (not to be saved) || 25 | $r25, $t9 | temporary (not to be saved)
10 | $r10, $t2 | temporary (not to be saved) || 26 | $r26, $k0 | reserved (for kernel)
11 | $r11, $t3 | temporary (not to be saved) || 27 | $r27, $k1 | reserved (for kernel)
12 | $r12, $t4 | temporary (not to be saved) || 28 | $r28, $gp | global pointer
13 | $r13, $t5 | temporary (not to be saved) || 29 | $r29, $sp | stack pointer
14 | $r14, $t6 | temporary (not to be saved) || 30 | $r30, $fp | frame pointer
15 | $r15, $t7 | temporary (not to be saved) || 31 | $r31, $ra | return address

DLXOO 320000000000000~3100000000000D0OOOOODOOODO
gooobooboooboobbobbooooobbodb a1 boooooboobo 320000
gooobooooobgoogoooon

oooooooo00000on $ro, $r1, -+, $r310000000000O0OMIPSOCOOO
oo0o00oDoO0obobbOOobbO0obo0bO0o0boobooob iasOOOODOOOCODOOOOO
ocoooooooMIpPSOO0O0ODOODOOOO0O0OODOOODODOOOOODOOOOOOOOO
what for 00000000 OOO

4 000 (constant expression)
0000000000000

1. 0000000 0004
2.000000000000000

000000000000000000000000

0000000000 BNFOOOODOOO0O0000000 (0000 0000000 00000
00000000000000000000000000000000000000000 3200
0000000000000
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googooogo

googooogo

IEEE 0o IEEEREER IEEE 0o |ooo |oo |
- ooo 0 O <« o000 3 0
~ 00000 0 0 >> 0oooooo 3 O
++ (+4) | 0000 41 0 0 (>>) |oooooo 3 0
[++] | 0000 +1 0 0 < (<) |ooooooo 4 0
— () |oDooo -1 0 O [<] oooooon 4 0
--1 | 0000 -1 0 O > () |000o0ooo 4 0
« (*) |00O0OoOoO 1 O [>] 00ooooo 4 O
[%] oooooo 1 O <= (<=) |0O0OO0O0O 4 0
/ (/) |oooooo 1 0 <=] |0oooooo 4 0
(/] oooooo 1 O >= (>=) |000O000 4 O
% (¢ |oooooo 1 0 [>=] |oooooo 4 0
[%] oooooo 1 0 == 0o 5 0
+ (+) |oDoDoooo 2 0 1= 000 5 O
[+] 000000 2 0 & ooo 6 0
- () |oooooo 2 0 - oooooo 7 0
[-] 000000 2 0 | 000 8 O

5 00000 (instruction set)

O00000dasmO 000000 DLXOODODODODODODOOODOOOOOOOODO

1.0000
22000000
3.0000
4.00000000
5. 00000

goooboooobooobbobooboooboboboooooboooobooboo

instruction 0000000000 0ODOOO0OOOO0OOO0ODOOOODOOOOOODOOOOOO
goobobobooobooo

go

0o \

7

la

1,72,

0000000000 (—30)0
000000000000000000 160000000000000
00000000000000000 |

alias 000000 DOOOODOOOOOODOOODODOODODOOODOOOODOOOOOOODO
gbooobooobooooogoooboboobbbobboboboboooboboon

gogog

.goobobooooboobogo

description 00000000 O0O00ODODOOO
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behavior 00 000000000000 OCOOO0O0OODOOOOODOOOOOO

go go

a<=b e bO000D0O0ODOO

ov v go0oooooobooobooo
oy v go0ooooobooobooo

(v°™) v{o000n00000D00OD0O0D nODODOO
(v*™) v{o0o00n0000D0DODOOD nODODOO
Mla:wn] | 0000000 «0O0000 nO0O00DO0O0ODOO8xnOOOOO

Ylh. 1| v[O0OOO AROODOOODIO000OOOODOOOOO
a#b el bO0000O0OOODODO
pc gooboooobgd

O00OdasmO000000O0000O0O0OO0OOOO DLXOOOOOOOO [1J00D0OO
gobobooobgooboboboboboboboboboooooobooobooooooooon
gooobooboboboooobooboooboobobbobobooboobo

5.1 00O (jump and branch)

‘ jump and branch ‘

‘ instruction ‘ alias ‘ description behavior ‘
j ta .goto i, | relative jump pec <= i,
jr 1 .goto 71 | absolute jump pc <=1y

$r31 .return

jal la .call i, | relative jump and link | $r31 < pc+ 4;pc < i,
jalr ry .call r; | absolute jump and link | $r31 < pc + 4; pc < 1
beqz 711, iq branch if equal zero if(ry = 0)pc < iq
bnez 711, i, branch if equal zero if(ry # 0)pe < iq
bipt (not implemented)
bipf (not implemented)
rfe return from exception | (not implemented)
trap (not implemented)

j, jalO0ODOOOD0O0OO000O0 absolutejump 000000000 0ODOOOOOO0OO0O 4,
Opc+4000000000D0000O0OO relativejump O OOOO Obeqz, bnezOODOOOO
relative jump OO0 OO0 0O0O0O0OOODOOOODOOOODOO

j, jal 00 (pc+4—2% <i, <pc+4+2%)
beqz, bnez 00 (pc+4 — 2 <i, < pc+ 4+ 2'9)

0000000000 D0dasmOOO0O0000O00O0O0O

gboog oobooogbobboobobboboobooo

10
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5.2 0000 (load and store)

load and store

‘ instruction ‘ alias description behavior

b ry, i(rg) | .y = (Ub) ilrs] load signed byte r <= <M [<i°32> + 1o ><1]032>
.rp = (%) rp [l

lbu 7y, i(rg) | .r1 = (%buw) ilre] | load unsigned byte r <= <M [<i°32> + 1o Xl].32>
r1 = (%bu) ry il

1h r1, 1(re) | .1y = (%h) ilra] load signed half word ry & <M [<i°32> + 7y ><2] 032>
r1 = (%h) o [d]

lhu 7y, i(ry) | .y = (%hu) ilro] | load unsigned half word | ry < (M [(i%%%) 4+ ry : 2] .32>
.rp = (bhu) 7 [i]

1w ri, i(ro) | .ry = (hw) ilrs] load word rneM [<i°32> + 7y ><4]
.rp = hw) o4l

¥ load SP float (not implemented)

4 load DP float (not implemented)

sb  ¢(r), r2 | .ilri] = (kb) ro | store byte M [(i%%%) 4+ 11 @ 1] < roy7.)
.r1[i] = (b)) 7o

sh i(ry), ro | .ilry] = hh) ro store half word M [<i°32> +7rq: ><2] < T2)15..0]
r ] = (%h)

sw  i(ry), ro | .ilr] = (%w) 7o | store word M [<i°32> + 7 ><4] =1y
r il = Ghw)
cilri] = 1o
r1[i] = 7o

gbood oobooooboboobobobbobooboon

11
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5.3 00O (compare operation)

compare operations

‘ instruction alias description behavior
seqi r1, To, © .7 ry == 1 if equal r&Ery =1
snei 1, T2, % .1 re =1 if not equal T &= Ty FE
slti rqy, 79, @ r1 =1y () 3 if signed less than 71 <= org < O <i°32>
.1 ro < 1
sltui 7y, 79, % r1 =1y [<] 4 if unsigned less than T E=ery < ® <i°32>
sgti 1, To, @ .71 ro (>) 1 if signed greater than 1 < 0org > 0 <i°32>
.1 ro > 1
sgtui 71y, 1o, @ .T1 ry [>] 4 if unsigned greater than Ty <= erg > e <i°32>
slei T1, To, © .T1 re (=) 1 if signed less than or equal ry < ory <o <i°32>
.71 ro <=1
sleui ry1, 79, 1% .71 ro [<=] 1 if unsigned less than or equal ri<=erg < e <i°32>
sgei T1, To, © .T1 re (>=) 1 if signed greater than or equal Ty <= o0ory > o0 <i°32>
.71 ro >= 1
sgeui 71, r2, 1 .11 =7y [>=] i | if unsigned greater than or equal | ry < ery > e (i°3%)
seq 1, T, T3 . o == T3 if equal ry <&=1ro = T3
sne ri, To, T3 | .1 = T9 =173 if not equal T EToFE TS
slt T1, To, T3 | .71 ro (L) 73 if signed less than r1 <= org < org
.71 r9 < T3
sltu ry, 79, r3 | .11 =19 [<] 73 if unsigned less than r1 < ery < o3
sgt T1, To, T3 | .71 ro (>) r3 if signed greater than r1 < org > org
.71 9 > T3
sgtu ri, o, T3 | .r1 ro [>] 73 if unsigned greater than 1 < ergy > erg
sle ri, T2, T3 | .11 = 19 (<=) r3 | if signed less than or equal r1 < ory < org
.71 ro <= T3
sleu 71, T2, 73 | .11 = rg [<=] r3 | if unsigned less than or equal T1 <= ory <erg
sge ri, T2, T3 | .11 = ry (>=) 73 | if signed greater than or equal 71 <= o0rg > or3
.1 To >= T3
sgeu 71, T2, T3 | .11 = rg [>=] r3 | if unsigned greater than or equal | 7 < ery; > er3

gobd -bobobooboooboobooble0oboboob bobb obbooboo
gogoog

0000 000000 DLXOOOOOOOO0O0OO00000 s*x, s*xi (#x 0 eq, ne, 1t,
gt, le, ge00000)0000000000000D0O0O0O0O0OOO0O0O0O0ONO s**u, s**xui
gooooood

12
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54 0000 (ALU operation)

‘ arithmetic and logical operations (register - immediate) ‘

‘ instruction ‘ alias ‘ description behavior ‘

addi ri, To, ¢ | .11 = r9 (+) i | signed addition ry < org +o <i°32>
r1, To, © r1 = Tr9 + 1
r1, 1, © r1 (H)=1
r1, 1, © ry =1
i, T, 1| ()7
r, ., 1 Ly

addui ry, 72, @ | .71 = 12 [+] 4 | unsigned addition r] < org + 0<i°32>
r1, 1, © .T1 [+]= 4
ri, T1, 1| L[+

subi ri, Ta, ¢ | .11 = 19 (=) 4 | signed subtraction r] < org —o <i°32>
T1, T2, 7 .7"1=7"2—i
T1, T1, 7 .1 (_)= )
T, T1, 1 rT —= 1
i, 1, 1| .(==)rg
T1, T1, 1 -7

subui 7y, 1o, ¢ | .71 = ro [-] i | unsigned subtruction | r; < ery —o<i°32>
T, T1, 7 .1 [—=i
ri, 1, 1| . [--1r;

andi 1, To, & | .71 =79 & @ logical AND r1 < ro& <i'32>
T1, T1, 7 .1 &= 1

ori T1, To, @ | .1y = 1o | 4 logical OR r1 < o <i'32>
T1, T1, ) .1 |= 1

xori 1, To, & | .71 =79 " 4 logical XOR r1 < ry” <i'32>
T, T1, 7 .1 =9

1hi r1, @ ‘ load high immediate | r1 < )15, o/#02x0000 ‘

o000 0O0O0O0OO0OD0O DLXOOOOoOOO -0b0obboOobbOO0oO0n andi, xori, ori 00
gbooooo boob obbooboobobobob 0bbbo ooboooooobobog
good

OO0 [1)0001hi, addui 0 20000000320000000000000000000
goob0o0o0bob0dbllDaddui OO0 OO0OO0OOOOO0DOODODOO0ODOOODODOODO0OO0O
0(@O0O0 150 100000000) 0000000000000 00O000D0O0O0O0OU0OOO
Ub001hi, orid 2000 320000000000 00000000O0OOODOOODODOODOO
OODLXOOOOOO MIPSOOOODOOOOOODOO

13
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arithmetic and logical operations (register - register) ‘

‘ instruction alias ‘ description ‘ behavior ‘
add r1, ro, T3 .r1 = ry (+) 73 | signed addition r1 < org + org
T1, T2, T3 Ty = 7ro + T3
T, T1, T2 1 (H)= 7y
T1, T1, T2 .r1 = 1o
ri, ro, $ro0 Ty = To
$r0, $r0, $r0 | .nop
addu ri, ro, T3 .ry = ro [+] r3 | unsigned addition 1 < ory + er3
T1, T1, T2 1 [+1= 1o
sub r1, To, T3 .ry = ry (=) r3 | signed subtraction 71 <= ory — ors
T1, T2, T3 .y = Trg — T3
T1, T1, T2 1 (F)= 7y
Tr, T1, T2 1T —= o
subu  r1, T, T3 .r1 = ro [-] 73 | unsigned subtruction Ty <= ery —erg
T1, T1, T2 .1 [—]= T2
mult ri, ro, T3 .ry = ry (¥) r3 | signed multiplication 71 <= 0Tg X Or3
T1, T1, T2 .1 *¥= To
T1, T1, T2 1 (%)= 7y
T1, T1, T2 .1 *¥= To
multu 7y, 7o, T3 .r1 = ro [*] r3 | unsigned multiplication | r1 < ery X erjg
T1, T1, T2 .1 [x]= To
div signed division (not implemented)
diva unsigned division (not implemented)
and 1, T, T3 T =T & T3 logical AND r1 < ro&ers
Tr, T1, T2 .1 &= T2
or 1, To, T3 T =19 | T3 logical OR r1 < rolrs
Tr, T1, T2 .1 |= T2
xor r1, ro, T3 r1 =719 T T3 logical XOR rL<1re7rs
Tr, T1, T2 .1 = T2
OdodnD 000000 mlt, mltuO00O0O00O0O0O0O0O00OO00OO0O0OO0OOOOOOOOO

0000000000000 0000000000000000DOOo0O0UDOooOoOoDO 10
gobooobooboooob -000b0b00b0l multi, multwi0O0000000O00O
gooboboooobopbobooboboooboo

14
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5.5 000 (shift operation)

‘ shift operations

‘ instruction ‘ alias ‘ description behavior ‘

s11i  rq, 7o, i r1 = Ty <L 4 shift logical left ryEery L o <i°32>
T1, T1, ¢ .11 <<= 1

srli 7y, 7o, 1 T = rg >> 1 shift logical right ry < erg > e <i°32>
T1, T1, & T >>= g

srai 71y, 7o, 1 ry =19 (O>) 1 shift arithmetic right | 71 < ors > e <i°32>
T1, T1, ¢ r1 (O»)=1

sll r1, 9, T3 | .11 = ro << 713 shift logical left T <= ery KL org

T1s T1, T2 | .T1 <<= T2

T1s T1, T2 | .T1 >>= T2

srl T1, To, T3 | .71 = r9g >> 13 shift logical right 1 <= erg > erg

1, T, T2 | T (O3)= 12

sra ri, T2, T3 | .11 = ro (>>) rg | shift arithmetic right | 71 < ors > erg

gbood oobooooboboobobobbobooboon

ooon

[1] David A. Patterson, John L. Hennessy, 00 OO0, 0000, 0000 (O).

goooogo

000000 -jgoooooogoo ooooopo-. 00 BPO,O 10,1992 0. ISBN

4-8222-7152-8.
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A 0O00DO0O0OoOOobooog

A.1 mem.asm

gboogooboboobbobooboobooooooboooonbob from0D0O0O00O0O0O0OO
gboooo¢voOOOO0OOO0OO tobOOO0OOOO0OOOOOOOODOOUOODOOOODO
UoboobbOo0biodbibUb end000O0OO0OOO0ODOOO oxo00000010000O00O0ODODO
gogoogoo

1 .data 0xQ0ffff00 = "/SYS/M00" [0x00ffff00]
2 darea: .space O
3 from: .word 0x000000ff
4 to: .space 4
5 end: .word O
6
7 .text 0 = "/SYS/M00"[0]
8 lhi $gp, (darea>>16) #
9 . $gp |= (darea & Oxffff) # $gp = darea
10 . $v0 = (%w)$gp[(%o)from] # $v0 = *from
11 . nop # load delay slot
12 . $gpl(%o)to]l = (%b)$vO # *to = (unsigned char)$v0
13 . $gpl(%o)to]l = (%h)$vO # *to = (unsigned short)$vO
14 . $gpl(%o)to]l = (Yw)$vO # *to = (unsigned int)$vO0
15
16 . $v0 =1 # $v0 = 1
17 . $gpl(%o)end] = $vO # *to = $vO
18
19 inf: . goto inf # infinite loop
20 . nop # slot
ooooooa
1 memset /SYS/MOO 16776960\
2 X00 X00 X00 Xff
3 memset /SYS/MOO 16776968\
4 X00 X00 X00 X00
5 memset /SYS/MOO O\
6 X3f X9c X00 Xff\
7 X37 X9c Xff XO00\
8 X8f X82 X00 XO00\
9 XO00 X00 X00 X20\

10 Xa3 X82 X00 X04\

11 Xa7 X82 X00 X04\

12 Xaf X82 X00 X04\

13 X34 X02 X00 XO01\

14 Xaf X82 X00 X08\

15 XOb Xff Xff Xfc\

16 X00 X00 X00 X20

17 rpt_add from "from [00ffff00]: %2X %2X %2X %2X\n"\

18 /SYS/MOO@Xffff00 /SYS/MOO@GXffff01 /SYS/MOOQ@Xffff02 /SYS/MOO@Xffff03
19 rpt_add to "to  [00ffff04]: %2X %2X %2X %2X\n"\

20 /SYS/MOOQXffff04 /SYS/MOOQ@Xffff05 /SYS/MOOQXffff06 /SYS/MOO@Xffff07
21 rpt_add end "end [00ffff08]: %2X %2X %2X %2X\n"\

22 /SYS/MOOQXffff08 /SYS/MOOQ@Xffff09 /SYS/MOOQ@XffffOa /SYS/MOO@XffffOb

16



