0(5t0)
4(5t0)
$t3, $t4
8($t0)

$t0, 4
$t1, -1
loop

0x8d0b0000
0x8d0c0004
0x016c5020
0xad0a0008
0x21080004
0x2129ffff
0x1d20££f£9
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Gauchos Vote

Deadline is Feb 18"




The “Patch”

This Week
on
“Didja
Know
Dat?!”

Small corrections to the programmed sequence could be done

by patching over portions of the paper tape and re-punching the
1/22/20 holes in that section,

Image courtesy of the Smithsonian Archives Center.



Lecture Outline

* Talking to the OS
«Std I/O
* Exiting

* General view of instructions in MIPS

* Operand Use

* .data Directives and Basic Memory Use

1/22/20 Matni, CS64, Wi20



Administrative Stuff

* How did Lab# 2 go?

* Challenge level:
HARD vs. OK vs. EASY-PEASY

* Remember, our office hours! ©

Class Time: MW 5:00 PM -6:15 PM Location: ~ PHELP 1260
Instructor:  Ziad Matni Email: zmatni@cs.ucsb.edu
Office Hours: Mondays 10:00 AM — 11:30 AM in SMSS 4409

Lab Times: Thursdays 9 AM. 10 AM. and 11 AM in PHELP 3525

TA Information: Kunlong Liu kunlongliu@ucsb.edu office hours: Tue. 3 — 5 PM, Trailer 936
Michael Christensen mchristensen@ucsb.edu  office hours: Tue. 10 AM — 12 PM, Trailer 936
Shu Yang (Reader)  shuyangl995@ucsb.edu 1o office hours.

Class Main Website: https://ucsb-csé64.github.io/w20/
Class Piazza Site: https:/piazza.com/ucsb/winter2020/cs64

1/22/20 Matni, CS64, Wi20 5




MIPS Reference Card

CS64, Winter 2020

Computer Organization and Digital Logic Design
Prof. Ziad Matni

Course Information

e Calendar

e Syllabus

e Demo code used in lecture

* Class grades are on Gauchospace
e List of Readings for Class

——- . [} MIPS Reference Card PDF Link Please have this with you in lectures!
e MIPS Calling Convention

1/22/20 Matni, CS64, Wi20 6



Any Questions From Last Lecture?

1/22/20 Matni, CS64, Wi20



Printing an Integer using syscall

# Main program

1i $te, 5

1i $t1, 7

add $t3, $to, $t1

# Print the integer that’s in $t3
# to std.output, so make $vo = 1
1i $vo, 1

move $a@, $t3

syscall

1/22/20 Matni, CS64, Wi20



What About Getting an Input (via Std In)?

# Get an integer value from user
# Make $vO = 5

1i $vO, 5

syscall

# Your new input int is now in $vo

# You can move it around and compute with it
move $t0, $vO

sll $to, %$to, 2 # Multiply it by 4

add $to, $to, $t0 # Add it to itself... etc...

1/22/20 Matni, CS64, Wi20 9



Augmenting with Exiting

.text # We always have to have this starting line
# Main program
main:
1li $to, 5
1i $t1, 7
add $t3, $te, $t1
# Print an integer to std.output (so make $vo = 1)
1i $vo, 1
move $a@, $t3
syscall
# End program
1i $vo, 10
syscall

Matni, CS64, Wi20
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The Proper Format of an Assembly Program

.data is where we declare variables
in memory (not in registers)

All that follows .text are the program instructions
.text

. main: is an “instruction label” — necessary for spim
main: - to know that it should begin execution here.

These lines are always needed to tell the emulator
(spim) that the program has finished

1li $vO, 10 -

syscall

1/22/20 Matni, CS64, Wi20 11



Printing Strings using syscall

.data # This defines a value in memory (not in a register)
name: .asciiz "Porcupine Tree\n"

.text

main:

# Print string (not an int!!) to std.output

# Making $v0@ = 4 tells syscall to expect a string to be printed...
1li $vo, 4

# Since a string is an array of characters,

# we load the address of that array into $a®
la $a@, name
syscall

# End program
1i $vo, 10
syscall

Matni, CS64, Wi20
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Ok... So About Those Registers
MIPS has 32 registers, each is 32 bits

NAME NUMBER USE
—p  $ZETO0 0 The Constant Value 0
$at 1 Assembler Temporary
i} $v0-Sv1 9.3 Values for F }mction Res'ults
= and Expression Evaluation
2 $a0-$a3 4-7 Arguments
ﬁ $t0-$t7 8-15  Temporaries
§ $s0-$s7  16-23  Saved Temporaries
$t8-$t9  24-25  Temporaries
$k0-$k1  26-27 Reserved for OS Kemel
$gp 28 Global Pointer
——p  $Sp 29 Stack Pointer
$fp 30 Frame Pointer

—p  $ra 31 Return Address

1/22/20 Matni, CS64, Wi20



MIPS System Services (Codes tor pvU when

syscall’ing

Examples of
what we’ll be
using in CS64

1/22/20

)
Service System Call Code Arguments Result

print_int 1 $a0 = integer

print_float 2 $£12 = float

print_double 3 $£12 = double

print_string 4 $a0 = string stdout

read_int 5 integer (in $v0)

read_float 6 float (in $£0)

read_double 7 double (in $£0)

read_string 8 $a0 = buffer, sa1 = length stdin

sbrk 9 $a0 = amount address (in $v0)

exit 10

print_character 11 $a0 = character

read_character 12 character (in $v0)

open 13 $a0 = filename, file descriptor (in $vo0)
$al = flags, $a2 = mode

read 14 $a0 = file descriptor, bytes read (in $v0)
$al = buffer, $a2 = count

write 15 $a0 = file descriptor, bytes written (in $vo0)
$al = buffer, $a2 = count

close 16 $a0 = file descriptor 0 (in $v0) File | / 0

exit2 17 $a0 = value 14




List of all Core Instructions in MIPS
R” CORE INSTRUCTION SET

{4

Arithmetic

Branching

FOR-

NAME, MNEMONIC  MAT
Add add R
Add Immediate addi I
Add Imm. Unsigned addiu I
Add Unsigned addu R
And and R

And Immediate andi I

Branch On Equal beq I

Branch On Not Equal bne I

Jump 3 J
Jump And Link jal J
Jump Register jr R

Load Byte Unsigned 1bu I

Load Halfword
. lhu I
Unsigned
Load Linked 11 I

Matni, CS64, Wi20

Load Upper Imm.  1lui I
Load Word 1w I
Nor nor R
Or or R
Or Immediate ori I
Set Less Than slt R
Set Less Than Imm. slti I
Set Less Than Imm. .
Unsigned sltiu 1
Set Less Than Unsig. s1tu R
Shift Left Logical s11 R
Shift Right Logical srl R
Store Byte sb I
Store Conditional sc I
Store Halfword sh I
Store Word swW I
Subtract sub R
Subtract Unsigned subu R

ran wm




R-Type Syntax

<op> <rd>, <rs>, <rt>

op : operation

rd : register destination
rs : register source

rt : register target

Examples:

add $s0, $to, $t2

Add (StO + St2) then store in reg. $sO

sub $t3, $t4, $t5

1/22/20

Subtract (St4 — St5) then store in reg. St3

Matni, CS64, Wi20
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List of all Core Instructions in MIPS

“1” CORE INSTRUCTION SET

FOR-

NAME, MNEMONIC MAT
Add add R
Add Immediate addi [
Add Imm. Unsigned addiu I
Add Unsigned addu R
And and R
And Immediate andi I
Branch On Equal  beg I
Branch On Not Equal bne I
Jump j J
Jump And Link jal J
Jump Register jr R

Arithmetic

Branching

Memory

Not for CS64

Matni, CS64, Wi20

Load Upper Imm.  1ui I
Load Word 1w I
Nor nor R
Or or R
Or Immediate ori I
Set Less Than slt R
Set Less Than Imm. slti I
ek Igzsslg:;l Imm. sltiu [
Set Less Than Unsig. s1tu R
Shift Left Logical s11 R
Shift Right Logical srl R

Store Word sw I
Subtract sub R
Subtract Unsigned subu R




I-Type Syntax

<op> <rt>, <rs>, immed

op : operation
rs : register source

rt : register target

Examples:
addi $s0, $to, 33
Add (StO + 33) then store in reg. $sO
ori $t3, $t4, ©
Logic OR (St4 with 0) then store in reg. St3
Note: this last one has the effect of just moving St4 value into St3

1/22/20 Matni, CS64, Wi20 18



List of the Arithmetic Core Instructions in MIPS

FOR-

NAME, MNEMONIC MAT
Branch On FP True beclt FI
Branch On FP False bc1f FI

Divide div R
Divide Unsigned divu R |
FP Add Single add.s FR |
Mostly used in CS64 i add.d FR
Double
. FP Compare Single c.x.s* FR |
You are not responsible FP Compare |
cx.d* FR
Double

for the rest of them

*(xiseqg, 1t,or 1le) (opis =
FP Divide Single div.s FR |

El;ﬁll‘é ide div.d FR
FP Multiply Single mul.s FR |
El;l:g;lup ly mul.d FR
FP Subtract Single sub.s FR |
FDl;:;ZuaCt sub.d FR
Load FP Single lwel I
Load FP
Double ldel I
Move From Hi mfhi R
Move From Lo mflo R
Move From Control mfc0 R
Multiply mult R
Multiply Unsigned multu R
Shift Right Arith. sra R
Store FP Single swcl I
1/22/20 Store FP sdel I 19

Double




Bring out your MIPS Reference Cards!

1/22/20 Matni, CS64, Wi20
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CORE INSTRUCTION SET OPCODE

FOR- /FUNCT
NAME, MNEMONIC  MAT OPERATION (in Verilog) (Hex)
. = Rlrc 2
e re 1 RGN R S 5 s NOTETHE FOLLOWING:
Add Immediate addi I R[rt] = R[rs] + SignExtImm (1.2)  Spex °
Add Imm. Unsigned addiu [ R[rt]=R[rs] + SignExtImm (2)  pex
Add Unsigned addu R R[rd] =R[rs] + R[rt] 0/21,.,
And and R R[rd] = R[rs] & R[rt] 0/24,., .
And Immediaste  andt | R[r)=R[rs] & ZeroExtimm  (3) G 1. Instruction Format Types .
- if(R[rs]==R[r]) |
Branch OnEqual — beq 1 pCapCsd+BranchAddr @ e Rvslvs)
Branch On Not Equalbne 1 oRIS)'=RIrt) 5
q PC=PC-+4+BranchAddr (4) The
Jump 3 J  PC=JumpAddr (5)  2Zpex
Jump And Link jal I R[31J=PC+8;PC=JumpAddr (5)  3pex
Jump Register jr R PC=R[rs] 0/ 08y, 2 O PCO D E/F U N CT ( H ex)
) - R[rt]={24"b0.M[R[rs] n
Load Byte Unsigned 1bu I +SignExtimm}(7:0)} @) 244 .x
Load Halfword . ; RItJ={16'b0.M[R[rs] 2, BASIC INSTRUCTION FORMATS
Tnsi ienE 5 2) “hex
. ‘:':Mﬁ":d - ;?':"L‘“:ml}i I.].O)} 2(;) ) R opcode s it rd shamt funct
4 . 11 =N J4SienF
Lo"d Lm © l : R[“] [ [“:6 t:;" xtimm]  (2.7) ro”"‘ 31 26 25 21 20 16 15 11 10 65
ad U . lui = {imm, 16’ > :
o 'Ppc‘ mm : {rt] = {imm ] } , hex | opcode s rn immediate
Load Word 1w I R[rt] = M[R[rs]+SignExtImm] (2) 234 n %% 33 T % 13
I =~ S 0/27
Nor nor R R[rd] =~ (R[rs] | R[r1]) hex J opcode address
Or or R R[rd] = R[rs] | R[] 0/ 25pey — % 23
Or Immediate ori I R[rt] = R[rs] | ZeroExtImm (3)  dnex
Set Less Than slt R R[rd]=(R[rs]<R[rt])?1:0 0/ 2apex . f .
Set Less Than Imm.  slti I R[] =(R[rs] < SignExtImm)? 1 : 0(2)  apex 3' I nStrUCtlon Ormats'
Set Less Than Imm. R[rt] = (R[rs] < SignExtImm) .
Unsigned 04 ] 21:0 ao Where the actual bits go
Set Less Than Unsig. s1tu R R[rd]=(R[rs]<R[rt])? 1 : 0 (6) 0/2by,,
ShifLefiLogial 11 R Rlsd) = R(n] << shant 0/ e (more on that in a later lecture)
Shift Right Logical =rl R R[rd] = R[rt] >> shamt 0702y,
) M[R[rsHSignExtImm](7:0) = 8
Store Byte sb I R[rt](7:0) @ - hex
— M[R[rsHSignExtImm] = R[rt]; 8
Store Conditional sc I R[rt] = (atomic)? 1 :0 (2,7 38pex
) M[R[rsHSignExtlmm](15:0) =
Store Halfword sh I R[)(15:0) (2) 2hex
Store Word sw I  M[R[rsHSignExtImm) = R[rt] (2) 2bpe
Subtract sub R R[rd] = R[rs] - R[rt] (1) 0722,

atni, CS64, Wi20 21
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PSEUDOINSTRUCTION SET NOTE THE FOLLOWING:

NAME MNEMONIC OPERATION

Branch Less Than blt if{R[rs]<R[rt]) PC = Label

Branch Greater Than bgt ifR[rs]>R[rt]) PC = Label .
Branch Less Than or Equal ble  ifiR[rs]<=R[rt]) PC = Label 1. Pseudo-Instructions
Branch Greater Than or Equal bge if{R[rs]>=R|[rt]) PC = Label

Load Immediate 14 R[rd] = immediate * There are more of
Move move R[rd] = R[rs]

these, but in CS64, you
are ONLY allowed to
use these + la

REGISTER NAME, NUMBER, USE, CALL CONVENTION

Szero 0 The Constant Value 0 NA. numbers
Sat 1 Assembler Temporary No
alues Tor Funch T
SvO-Svl 2.3 Values for l'fmulon Rc§ult> No
and Expression Evaluation . d h .
Sa0-Sa3 4-7 Arguments No 3 RegISte rs and their
$t0-St7 8-15  Temporaries No
Ss0-Ss7 16-23  Saved Temporaries Yes USES
St8-St9 24-25  Temporaries No
Sk0-Skl 26-27  Reserved for OS Kemel No
Sep____ 28 Global Pointer Ves 4. Registers and their
Ssp 29 Stack Pointer Yes . .
3 30 Frame Pomnter Ves calling convention
Sra 31 Retum Address N
e - * A LOT more on that

later...

1/22/20 Matni, CS64, Wi20 22



MEMORY ALLOCATION .
ORYALLOCATION _ STACKFRAME . NOTE THE FOLLOWING:
—» ‘ ac

Ssp 70T fifcy,., Y Memory
rgument 6 -
l Argument 5 Addresses
S —p—— .
! - 1. This is only part of
aved Registers Stack
ic Data
$gp 1000 8000y, | Grows the 2"9 page that you
Static Data - )
1000 0000y, EGH Vaianiss l need to know
T Ssp —pi
ext Low
pc —P0040 0000y, Wt
Memory
Opex Reserved Addresses
DATA ALIGNMENT
Double Word
Word Word
Halfword Halfword Halfword Halfword
Byte | Byte | Byte | Byte | Byte | Byte | Byte | Byte
1 2 3 4 5 | 7
Value of three least significant bits of byte addresg (Big Endian)
SIZE PREFIXES (10* for Disk, Communication; 2* for Memory)
PRE- PRE- PRE- PRE-
SIZE  FIX | SIZE FIX [SIZE FIX [SIZE FIX
10°,2'"%  Kilo- [10",2%" Peta- | 107 milli- | 10"°  femto-
1052 Mega- |10"%,2°" Exa- | 10® micro-| 107"  atto-
10°,2°  Giga- [10*',27° Zewa- | 107 nano- | 107! zepto-
10'2,2%  Tera- [ 102,28 Youa- | 10712 pico- | 102*  yocto-

The symbol for each prefix 1s just its first letter, except p is used for micro.

1/22/20 Matni, CS64, Wi20 23



Bring Out Your MIPS Reference Cards!

Look for the following instructions:

. nor
. addi
. beq

. move

Tell me everything you can about them, based on
what you see on the Ref Card!

1/22/20 Matni, CS64, Wi20 24



The move Instruction...
... 1S SUSpIcious...

* The move instruction does not actually show up in SPIM!

* It is a pseudo-instruction

* [t’s easy for us to use, but it’s actually a “macro” of another
actual instruction

ORIGINAL: move $a0, $t3
ACTUAL: addu %$a0, $zero, $t3
# what’s addu? what’s $zero?

1/22/20 Matni, CS64, Wi20
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Pseudo-instructions

* Instructions that are NOT core to the CPU
* They’re “macros” of other actual instructions

e Often they are slower than core instructions
e But usually easier to use in a program than the alternative
* A little bit of High Level Language concept at play...

1i $to, C
Is a macro for:
lui $to, C_hi
ori $to, $to, C_lo move $t0, $t1
Is a macro for:
addu $to, $zero, $t1

https://qgithub.com/MIPT-ILab/mipt-mips/wiki/MIPS-pseudo-instructions has more examples
1/22/20 Matni, CS64, Wi20 26



https://github.com/MIPT-ILab/mipt-mips/wiki/MIPS-pseudo-instructions

List of all Psuedolnstructions in MIPS
That You Are Allowed to Use in CS64!!1

PSEUDOINSTRUCTION SET
NAME MNEMONIC
Branch Less Than blt
Branch Greater Than bgt
Branch Less Than or Equal ble
Branch Greater Than or Equal bge
Load Immediate 1i
Move move
plus this one =  Load Address la

REMEMBER: USE YOUR “MIPS REFERENCE CARD” FOUND ON THE
CLASS WEBSITE!!!

1/22/20 Matni, CS64, Wi20 27



YOUR TO-DOs

* Do readings!
* Check syllabus for details!

* Review ALL the demo codes
e Available via the class website

* Work on Assignment #3

1/22/20 Matni, CS64, Wi20
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</LECTURE>
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