Computer Architecture and Organization
Lecture 5

Instruction Set Architecture (ISA)

Learning objective:
You can write programs in assembly for the ARC processor

Topics of this lecture

» Stack
» ISA (RISC/CISC)

» ARC, A RISC Processor
» ISA
» Pseudo-operations
» Synthetic Instructions
» Examples of Assembly Language Programs
» Subroutine Linkage and Stacks



Stack

7
Wil

» Stack/LIFO (Last In First Out): memory organization
to store and recall elements

» only top element can be referenced

» Two instructions on top location:

» POP get top location from the stack

» PUSH put an element on the top location of the stack
» Processors have (often) a special register:

» SP (Stack Pointer)
» Two issues for the design of stack:

» In what direction does the stack grow in the memory?
» where does the stack-pointer point to?

’
Stack (Cont’)
1) Where does the Stack Pointer point to?
Next memory
Empty?
c
Last b
SP | Full? .

Small » Big / SP —» Last Full

POP: Reg €~ Mem[SP]
SP«SP-1

PUSH: SP<«SP+1
Mem[SP] €— Reg

2) How does the stack grow?

big

grows
up

0 small

big

grows
down

v small

Small » Big / SP > Next Empty

POP:

PUSH:

SP<SP-1
Reg €<~ Mem[SP]

Mem[SP] €<— Reg
SP¢-SP+1



Topics of this lecture

» Stack
» ISA (RISC/CISC) €«
» ARC, A RISC Processor
» ISA
» Pseudo-operations
» Synthetic Instructions
» Examples of Assembly Language Programs
» Subroutine Linkage and Stacks

The Instruction Set Architecture: the Interface
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Levels of abstraction

temp = v[k]+v[k+1];

High Level Language v[K] = v[k+1];
Program
v[k+1] = temp;
Compiler
load $15, 0($2)
Assembly Language add $16, 4($2)
Program
mul $16, $6
Assembler store $15, 4(%2)
0000 1001 1100 0110 1010 1111 0101 1000
Machine Language 1010 1111 0101 1000 0000 1001 1100 0110
Program 1100 0110 1010 1111 0101 1000 0000 1001
ISA  m o e s s s s o —— — 0101 1000 0000 1001 1100 0110 1010 1111
Machine Interpretation
Control spec Datapath spec
ALUOP[0:3] € IR[9:11] REG[3] € REG[2] + REGI[3] 7

The System Bus Model of a Computer System

A compiled program is copied from a hard disk to the memory. The
CPU reads instructions and data from the memory, executes the
instructions, and stores the results back into the memory.

CPU
(ALU, Memory Input and
Registers, Output (I/0)
and Control)

Data Bus

Address Bus

System Bus

Control Bus
Memory mapped 1/O; /O device uses part of the memory address space

© 2007 M. Murdocca and V. Heuring
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Instruction Fetch Execute cycle, also called
Instruction Fetch Decode Execute cycle

1

Instruction
Fetch

|

Instruction

Decode

|

Operand
Fetch

|

Execute/

Store result

g Next §
i Instruction » next instruction is implicit!
........... [
. 9
Instructions
The vocabulary of the computer
» issues:
» instruction format
» location of operands
» number of operands
» addressing modes
» side effects: e.g. condition codes (Zero, Overflow, Negative,..)
» Example instruction (ARC processor)
add %r1, %r2, %r3 assembly
10 00011 000000 00001 0 00000000 00010 machine code
Often an RTL (Register Transfer Level) notation is used that describes
the behavior: %r3 €%r1+%r2
Note: RTL is not standardized; e.g. another processor company can interpret the assembly

instruction as: %rl €%r2 + %r3. If not explicitly mentioned else we will use the RTL
description of the ARC processor. 10



Location of operands: General Purpose Registers

» Since 1975 machines use general purpose registers
» Advantages of these registers

» registers are faster than memory (1 clock period vs multiple
clock periods)

P registers are easier for a compiler to use
» registers can hold variables

» memory traffic is reduced, so program is speed up
- since registers are faster than memory

- registers can be accessed in parallel

» code density improves (since register named with fewer bits
than memory location)

11
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Number of operands: 3 classes

2/3 address machines (can be memory/memory or register/register or
register/memory):

2 address add A,B mem[B] = mem[A] + mem|[B]
3 address add A,B,C mem[C] = mem[A] + mem[B]
3 address add Ra,Rb,Rc  Rc= Ra+Rb

1 address machines (Accumulator machines):

1 address add A acc = acc + mem[A] Acc is an implicit register
1 address load Rb acc = mem[Rb]
1 address store Rb mem[Rb] = acc
0 address machines (stack):
0 address add tos = tos + next (tos=top of stack)

Comparison:
Bytes per instruction? Number of Instructions? Cycles per instruction?

12
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Block diagram Intel 8085

INTA RST 65 TRAP
INTR RST55 RST75 SID  SOD

| | | .

Serial I/0
Interrupt Control J Control

8-bit Internal Data Bus

D ®
Reg.
H @)|L
Reg. Reg.
Register
Stack (16)! Amay

®)

Pointer

Program (16)
Counter

/(16)
Decrementer
Address Latch

Power { +5V —

Supply | GND —=f Timing and Control

X, ==

‘V’
(ﬂ r Address (s)]
CKL Address Buffer
%=1 cen Control Status DMA Reset I ¢ Data Buffer

cu}ou: l %J v% A{_E S{ sl,lo’ﬁ HLLA l Rse!Ou( l/L

A=Ay AD, - AD, 13
Ready Hold Reset In Address Bus Address/Data Bus

13

Comparing Number of Instructions

Code sequence for (C = A + B) for four classes
of instruction sets (A,B,C are memory addresses)

0 address 1 address 2 address 2/3 address
Stack Accumulator (register-memory) (registers)
Push A Load A Load AR1 Load AR1
Push B Add B Add B,R1 Load B,R2
Add Store C Store R1,C Add R1,R2,R3
Pop C Store R3,C

Note: A,B and C are addresses (long)
R1,R2 and R3 are registers (short)

14
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Addressing Objects: Endianess

» Big Endian: address of most significant byte at
lowest byte address
(xx00 = Big End of word)
» IBM 360/370, Motorola 68k, MIPS, Sparc, HP PA, Intel-Itanium,

ARC, SPARC

» Little Endian: address of least significant byte at
lowest byte address
» Intel 80x86, DEC Vax, DEC Alpha, Intel-Itanium

Byte
31« MSB Blg-Endlan | LSB— 0 31 « MSB thtle-Endlan LSB— 0
LTI T T
A A4 (R N
X x+tl xt2 x+3 x+3  xt2 x+l X

Word address is x for both big-endian and little-endian formats. 5

15

Addressing Objects: Alignment

» Alignment: objects fall on address that is multiple of
their size.

» E.g. for 32 bits and a memory location stores 1 byte

3 2 1 0

Left most 30 bits of memory addresses are the same

Not Left most 30 bits of memory addresses
Aligned are not the same

16
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Examples of addressing modes

Addressing mode example
Register Add R3, R4
Immediate Add #3, R4
Register indirect Add (R3), R4
Index (displacement) Add 100[R1], R4
Relative Add $100, R4
Direct or Absolute Add 1001, R4

Memory indirect
Post-increment

Add [1001], R4
Add [R1]+, R4

Pre-decrement Add -[R1], R4

Many different adressing modes!

RTL

R4 € R4+R3

R4 € R4 +3

R4 € R4 + mem[R3]

R4 € R4 + mem[R1 + 100]
R4 € R4 + mem[PC + 100]
R4 € R4 + mem[1001]

R4 € R4 + mem[ mem[1001] ]
R4 € R4 + mem[R1]
R1€R1+1

R1€R1-1

R4 € R4 + mem[R1]

Not all ISA’s support these modes and/or use different names for it.
Also the syntax of an addressing mode can be different for an ISA.
You do not have to learn the addressing modes on this slide.

17
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Instruction Format (1)

17

[ ]

Variable:

L 1
Fixed: [
Hybrid: |

19



Instruction Format (2)

* If code size is most important,
use variable length instructions.

* If performance is most important,
use fixed length instructions.

RISC/CISC

» CISC (complex instruction set computer)
Many instruction and/or many addressing modes (e.g. Pentium)

* RISC (reduced instruction set computer)
* relatively limited number of instructions
* simpler instructions
* simple addressing modes (bans indirect addressing)
(e.g. ARM, MIPS)

20
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Topics of this lecture

» Stack
» ISA (RISC/CISC)
» ARC, A RISC Processor ¢
» ISA
» Pseudo-operations
» Synthetic Instructions
» Examples of Assembly Language Programs
» Subroutine Linkage and Stacks

21
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ARG processor
(basee on SPARG processer)

22

Our example processor is the ARC

22

» The ARC instruction size is 32 bits
» Since 1980 almost every machine uses addresses to
level of 8-bits (byte)

» A 32-bit word can be read as four loads of bytes from
sequential byte addresses or as one 32-bit word
» Aligned addressing!
» Big endian (MSB on lowest address)

23
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Memory Map for the ARC

Memory locations
are arranged linearly

Data

~«—32 bits——>

Address

Data

Address Control In

. . 0> ‘
in consecutive order. Reserved for
operating system
Each' numbered 2048 == ——
location corresponds User Space
to an ARC word.
The _unlqgg number MEMORY
that identifies each s e Stack pointer
word is referred to System Stack
as ItS addl’ess. 231 _ 4 —» |Bottom of stack
Disk
Terminal = I/O space
Printer =7 Data
Out
232_4 >
- +
byte 531
24
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Abstract View of a CPU

The CPU consists of a data section containing registers and an ALU, and a
control section, which interprets instructions and effects register transfers.
The data section is also known as the datapath.

Registers
¢ < »| Control Unit
ALU
1 I L 1
Datapath Control Section

(Data Section)
System

25
© 2007 M. Murdocca and V. Heuring
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Simplified view of datapath ARC processor

From Data
Bus

o

Register
File

Register Register
Source 1 Source 2
(rs1) (rs2)

To Address
Bus

Control Unit selects
registers and ALU
function

Register Destination (rd)
The ARC datapath is made up of a collection of registers known as the
register file and the arithmetic and logic unit (ALU).

To Data
ALU Bus

Status to Control
Unit

26
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ARC User-Visible Registers

Register 00 | $r0 [= 0] Register 11 | $rl1l Register 22 | $r22
Register 01 | $r1l T Register 12 | $r12 Register 23 | $r23
Register 02 | 12 o0 i Register 13 | $r13 Register 24 | $r24
Register 03 | $r3 always 0 Registerl4 | %rl14 [%sp] Register 25 | $r25
Register 04 | $r4 Register 15 | $r15 [link] | Register 26 | $r26
Register 05 | $r5 Register 16 | $r16 Register 27 | $r27
Register 06 | $x6 Register 17 | $r17 Register 28 | $r28
Register 07 | $x7 Register 18 | $r18 Register 29 | $r29
Register 08 | $xr8 Register 19 | $r19 Register 30 | $r30
Register 09 | $x9 Register 20 | $r20 Register 31 | $r31
Register 10 | $r10 Register 21 | $r21

32 bits—

<32 bits—*
psr: processor status register

» ‘visible’ means part of the ISA sp: stack pointer

© 2007 M. Murdocca and V. Heuring
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pc: program counter 27
link: return address of function call



ARC Assembly Language Format

* The ARC assembly language format is the same as the SPARC assembly
language format.

» This example shows the assembly language format for ARC (and SPARC)
arithmetic and logic instructions.

Source Destination

Label Mnemonic operands operand Comment
[ 1 I 1 [ 1 T 1 I 1
lab 1: add $rl, %r2, %r3 ! Register + Register
lab_2: add $rl, 12, %r3 ! Register + Constant

28
© 2007 M. Murdocca and V. Heuring

28

ARC Load / Store Format In ARCTool: st %r3, %r1
(no,brackets)

+ This example shows the assembly language format jor ARC load and store

instructions.

Source Destination
Label Mnemonic  operand operand

v v Y

[ 1T 1

Comment

v

lab_3: 1d [$rl], r3 $r3 <« M[%rl]
lab_4: 1d [$r1+%r2], %3 $r3 «— M[%rl+%r2]
lab 5: 1d [3r1-122],%x3 I %r3 <« M[%rl-122]

lab_ 6: st $r3, [$rl] I M[%rl] <« %r3
lab 7: st $r3, [$rl+%r2] I M[%rl+%r2] <« %r3
lab_8: st $r3, [%rl1l-122] I M[%rl-122] < %r3

29
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Simple Example: Add Two Numbers

» The figure shows a simple program fragment using our 14, st, and add instructions.
This fragment is equivalent to the C statement:

z = X t+ vy;

14 [x], grl
14 [v], Fr2
add $rl, Br2, $r3
st %$r3 [z]

* The ARC must first fetch the x and y operands from memory using LD instructions,
and then perform the addition, and then store the result back into z using an ST
instruction.

file: add2numbers.asm (on Canvas)
30
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ARC Fragment that Computes the Absolute Value

The function abs realized on the ARC processor:

abs(x) := if (x < 0) then x = -x;
the ARC fragment to implement this is:

egin

Lorg 0
1d[=x], 3%rl
subcc %rd, %rl, %rl RTL: %r1<%r0-%r1
bneg over bneg: branch if negative (N bit)
st %rl, [x]

over: halt

X: 10

end

Remember: %r0 is always 0
File: abs.asm

31
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A Portion of the ARC ISA

* The ARC ISAis a subset of the SPARC ISA. A portion of the ARC ISA is
shown here (the implementation in chapter 5 supports only this subset).

Mnemonic Meaning
Mcmory B 1d Load a register from memory
st Store a register into memory
B sethi | Load the 22 most significant bits of a register
andcc | Bitwise logical AND
Logic orcc 7Bitwise logical OR
orncc | Bitwise logical OR of rs1 and the inverse of rs2
srl Shift right (logical)
Arithmetic | | addec | add
B call Call subroutine
jmpl Jump and link (return from subroutine call)
be Branch if equal
Control bneg Branch if negative
bes Branch on carry
bvs Branch on overflow
ba Branch always
— 3Z
© 2007 M. Murdocca and V. Heuring
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ARC Instruction and PSR Formats

31302928 27 2

2423222120191817 161514 131211

e e, Gdsp30,

CALL format ‘0:1| : :

.
1 0|
Arithmetic ‘ "
Formats ‘1I0|
‘l 1| | ‘Olo 0000O00O0 Ol
Memory Formats —r . . T
[11] L I = E
op Format op2| Inst. op3 (op=10) op3 (op=11) | [cond| branch
00| SETHI/Branch 010| branch 010000 addcc 000000 14 0001| be
01| CALL 100| sethi 010001 andcc 000100 st 0101 | bes
10| Arithmetic 010010 orcc 0110 | bneg
11| Memory 010110 orncec 0111| bvs
100110 srl 1000]| ba
111000 jmpl
313029282726252423222120191817161514 1312111009 4 03 0
S N E Bl

PSR = Processor State Register
© 2007 M. Murdocca and V. Heuring
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%r0 is always 0; %r0 Trick

» Load a register from main memory:
» The memory address is computed from two components:
* rsl+rs2,or
* rsl + simml3 (sign extended).
» If one component is not needed the assembler inserts %r0
(constant 0)

» Examples:

Table 4.2 Load instruction syntax and meaning

Example Programmer writes: Assembler inserts Meaning
a) Tdl [$z50 + =], ¥xrl T [R5 & x], . %rl %rl < M[%r5 + x]
b) 1d [%r2 + %r4], srl 1d [%r2 + %x4], %rl | %rl < M[%r2 + $r4]
c) Td fx], srl 1d [%r0 + x], %rl $rl « M[x]
d) 1d [%x3], %rl 1d [%r3+ %r0], %rl %rl < M[%r3]
34
34
Examples: Id, sethi
Table 4.3 Example (a): 1d [%r5 + x], %rl with x is 2064
Field Name: op rd op3 (1d) rsl i simm13
Field Size (bits): 2 5 6 5 1 13 |
Field ID: $rl 000000 | %5 1 [ 2064
Object code: 11 | 00001 [ 000000 [ 00101 | 1 [ 010000001000
Table 4.4 Example (b): 1d [%r2 + %r4], %r1
Field Name: l op rd op3 (1d) rsl i 00000000
Field Size (bits): | 2 5 3 5 [ T
Field ID: ‘ $rl 000000 | %r2 0 [ 00000000
Object code: [ 11 [ 00001 | 000000 | 00010 |0 | 00000000
Table 4.6 Encoding sethi 0x304F15, %rl
Field Name: op rd op2 imm22
Field Size: 2 5 3 22
Field ID: 2 $rl 100 0x304F15
Object code: 00 | 00001 100 1100000100111100010101
35
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ARC Pseudo-Ops

Pseudo-Op Usage
.equ X .equ #10
.begin .begin
.end .end
.org .org 2048
.dwb .dwb 25
.global .global Y
.extern .extern Z
.macro .macro M a, b,
.endmacro .endmacro
Jif .1f <cond>
.endif .endif
.align .align 4

Meaning

Treat symbol X as (10)4

Start assembling

Stop assembling

Change location counter to 2048

Reserve a block of 25 words

Y is used in another module

Z is defined in another module

Define macro M with formal
parameters a, b, ...

End of macro definition

Assemble if <conds is true

End of . if construct

Round location counter up to
even multiple of 4.

Pseudo-ops are instructions to the assembler. They are not part of the ISA,
but instruct the assembler to do an operation at assembly time.

In this course we only use: .equ, .begin, .end, .org

© 2007 M. Murdocca and V. Heuring
36

Synthetic Instructions

36

* Many assemblers will accept synthetic instructions that are converted to
actual machine-language instructions during assembly. The figure below

shows some commonly used synthetic instructions.

Synthetic Instruction

Instruction Generated

Comment

not rsl, rd

xnor rsl, 2ro0, rd

1’s complement

neqg ?‘S], ?‘d

sub %r0, rs/, rd

2’s complement

inc 1d add rd, 1, rd increment by 1
dec rd sub rd, 1, rd decrement by 1
clrrvd and rd, %r0, rd clear a register
cmp rsl, reg or imm subcc rsl, reg or imm, %r0 compare, set ccs
tstrsd orce %r0, ¥s1, %r0 test

mov reg_or_imm, rd

or %r0, reg or imm, rd

Move a value

set value, rd

or %10, value, 7d

-4096 < value <4095

A synthetic instruction is replaced with a single instruction
A Macro is replaced with a group of instructions (see chapter 6, page 219).
37
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ARC Example Program

! This program adds two numbers

.begin
.org 0
1d

1d
addcc
st
halt

.end

[x],

[yl,

$rl,
%$r3,

$rl

$r2

$r2,
[z]

%$r3 !

! Load x into %rl

! Load y into %r2

$r3 <- %rl + %r2

! store %r3 into z

<empty line after “.end”>

Simulator

d

Program Counter
and status bits

Program in memory: ——

Source code, object code,

highlighted is the instruction

that is to be executed next

Main memory —

38
B ARC Simulator {ARCTools Version 2.1.2) _ ol x|
Edit
pe - [ooooooos Tl zw e
~ < ireq [ ET PIL = [0 TER = |ffnnnnnn —
™~ -
0 = rl = 14 rz = r3 = |00000000
Used for interrupts.
ra = 5 = 6 = r7 = |00000000 . .
w - = - =0 - a - Is discussed in another
rla = rl3 = rl4 = rls =
lecture.
rlé = l? = lg = rld =
rz0 = T2l = r22 = r23 = - |
rzd = 25 = 26 = 27 = H y
Registerfile
rzg = r29 = 30 = 3l =
Exit | Print | Load | Reload | Bt |{Siep]| Run | stmp |
Clear RegFile | Clear BrealPis | Cleas Memozy |
Time Model Editor | Timing Statistics
& Hex (" Dec ¥ Update Screen
Loc BreakPt Machllord Source Code
[ |00000000 1 [ |czo0zol4 1d [14], srl
Prev. §
[ |0o000004 1 [~ |cqoozols 1d [18], %r2
Frev. 4
r 1 - addec srl, sr2, 3
Prev. 1
[ |0000000c 1 [ |e6z0201c st 5r3, [lc]
Mext 1
[ |ooooooio 1 I |eeeeeees halt
Next 4
[ |0o0OOO014 1 [ |0oooooog sethi £, %r0
Hext &
[ |00000018 1 [~ |ooooooog sethi 9, %r0
[ |0000001c 1 [ |ooooooan MNone
Prev. 16
Loc 0ffset 00 Offset 04 Offset 08 0ffset Oc
[ |(oooooo00 1 |c2oo0zol4 c4002018 B6304002Z c6z0z01c Prev. g
Frev. 4
e [ (00000010 1 £
Next 4
[ 1
Next &
[ 1
Next 16
(ARCTools Version 21.2) =]
- 39




DE0 ARCLeols

Read Appendix B!
B.1till B.6

40
40
! This program sums LENGTH numbers
! Register usage: %rl - Length of array a
' $r2 - Starting address of array a ——
! %$r3 - The partial sum
L %r4 - Pointer into array a
A More J *rs _ Zolds an alememt of a
C I Lorg 2048 ! Start program at 2048 On the line
OI I Ip ex a_start .equ 3000 ! Address of array a begin
1d [length], %rl ! %rl ¢ length of array a ) .
Example 14 [address],%r2 ! $r2 ¢« address of a comment is not
andcc $r3, %r0, %r3 ! %r3 ¢ 0 n Supported by the
loop: andcc $rl, %rl, %r0 ! Test # remaining elements
Prog ram be done ! Finished when length=0 ARCTOOI I
addec %rl, -4, %rl ! Decrement array length
addcc %rl, %r2, %r4 | Address of next element
Is the same as: _ | > 1a sra, wes ! %rs ¢ Memory(tra]
|d [%r4] %Tr5 addcc %r3, %r5, %r3 | Sum new element into r3
' ba loop ! Repeat loop.
done: jmpl  %rl5 + 4, %r0 | Return to calling routine €
jmpl is explained in
An ARC length: 20 ! 5 numbers (20 bytes) in a J p p
address: a_start a moment. For now
program .org a_start | start of array a it can be replaced with
. a: 25 ! length/4 values follow h It
sums five alt.
33
integers. =
.end | Stop assembling
41

File: figd_22.asm
© 2007 M. Murdocca and V. Heuring
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subroutine

» Most programming languages support subroutines
(functions, procedures)
» How to pass the arguments. Three ways are shown

» Viaregisters in the register file
» Via a data link area in main memory

» Via a stack

42

Subroutine Linkage — Registers

» Subroutine linkage with registers passes parameters in registers.

Call:
Will store its current address in %r15

(by convention) and then jumps to add_1

Jmpl:

A jump is made to address %r15+4.
That is the instruction after the
“call add_1” instruction.

File: figd_23_subroutine.asm

© 2007 M. Murdocca and V. Heuring
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! Calling routine ! Called routine
! %r3 < %rl + %r2
1d [x], %r1
1d [yl, %r2 add_1: addcc %rl, %r2, %r3
call add 1 jmpl %$rl5 + 4, %xrO0
st $r3, [z]
X: 53
v: 10
Z: 0

/

Jmpl can store its address in this register
(in this case %r0 is used and will always be 0,
see more on page 120. We will not use it this way).

43




sethi

» Itis not possible to load a register with a 32 bits value.
» Sethi const22,%r1 will load the 22 bits constant value in the upper
22 bits of register r1; lower 10 bits are 0
» Suppose you want to store 0X89ABCDEF (0x..=2>hex) in %r3
» 1000 1001 101010111100 1101 11101111
» Top 22 bits in blue > 10 0010 0110 1010 1111 0011->0x226AF3
» Lower 10 bits> 01 1110 1111 -0x1EF
» Two instructions are needed, e.g.
sethi OX226AF3, %r3
or %r3, OX1EF, %r3

44
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Subroutine Linkage — Data Link Area

» Subroutine linkage with a data link area passes parameters in a separate
area in memory. The address of the memory area is passed in a register

(%5 here).

! Calling routine ! Called routine
I x[2] ¢« x[0] + x[1]

st srl, [x] add_2: 1d $r5, %r8
st $r2, [x+4] 1d %$r5 + 4, %r9
sethi x, %r5 addcc %r8, %r9, %rl0
srl %r5, 10, %r5 st %$rl0, %r5 + 8
call add_ 2 Jjmpl %$rl5 + 4, %x0
1d [x+8], %r3

Note:

Id %r5, %r8 s the same as Id [%r5],%r8
st %r10,%r5+8 is the same as st %r10, [%r5+8]

! Data link area
x: .dwb 3

File: figd 24 data_link area.asm 45
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Subroutine Linkage — Stack

» Subroutine linkage with a stack passes parameters on a stack.

%sp .equ %r14

is not supported by
ARCTools. | replaced
it with:

addcc %r0, 128, %rl14

$sp

Calling routine

.equ
addcc
st
addcc
st
call
14
addcc

$rl4
$sp,
%rl,
$sp,
%$r2,
add_3
$sp,
%sp,

-4, %sp
$sp
_4,
%sp

$sp

! Called routine

! Arguments are on stack.
! %$spl0] <« %spl0] + %spl4]
%¥sp .equ %rl4
add_3: 1d %sp, %rs8
addcc %sp, 4, %sp
14 %$sp, %r9
ddcc %sp, 4, %
o OSpaddcc %r8, %r9, 3%rlo
ddcc %sp, - 4, %spst 2110 %sp
Jmpl $rl5 + 4, %r0

Optimized program: the red %sp add
and subtract intructions removed

(stack pointer points to address 128)

Replace occurrences of %sp with %r14

File: figd_25_subr_stack.asm (next slide)
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Complete example with stack

.begin I Called routine

.org0

addcc %r0, 128, %r14 ! init SP (%r14)

Id [op1], %r1

Id [op2], %r2

addcc %r14, -4, %rl14
st %rl, %rl4

addcc %ri14, -4, %r14
st %r2, %rl4

call add_3

Id %r14, %r3

addcc %ri14, 4, %rl4
st %r3, [op3]

halt

! Arguments are on stack
1 %sp[0] <- %sp[0] + %sp[4]

add_3:

! data
opl:
op2:
op3:
.end

Id %r14, %r8
addcc %ri14, 4, %rl14
Id %r14, %r9
addcc %rl14, 4, %rl4

addcc %r8, %r9, %r10

addcc %r14, -4, %r14
st %r10, %rl4
jmpl %r15+4, %r0

53
10
0

—

SP incremented
and decremented.
Optimize: remove
both instructions
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Next lecture

» Data path & Controller (subset) ARC
» Read chapter 5 and don’t forget the exercises!

Download from
http://ilusatech.com/murdocca/CAO

- ARCTools
(use: Download ARCTools (iiusatech.com http mirror) )

48



