Introduction to Computer Architectures 1

Answers ICAR Software Laboratory : VAX

Question: When reading an instruction from memory what is the advantage of
specifying the destination register last? Answer: may be possible to fetch operand data
whilst instruction is read (instruction may take a number of cycles to read) i.e. result
has not been generated, therefore, destination register is not needed at this time.

Question: Why would an Addb2 instruction execute faster than an Addb3
instruction? Answer: may be quicker as instruction length is smaller as less
information must be read from memory.

Questions: What is the advantage / disadvantage of an instruction set that allows the
numbers of operands to be selected i.e. 2 or 3 operand formats? Answer: don’t always
need three operands i.e. separate source and destinations, therefore, can save
instruction memory by using a smaller instruction.

Question: how many bits will be required to encode this add13 instruction?
Answer:

addl3 15(r2), (r3) [r4d4], rl ;3 operand Long word ADD
8: 16 : 4 4 4 4 = 40 bits

Question: If operands can be either register, memory, or constants, what is the
maximum and minimum number of bits required to represent this instruction?
Answer: the biggest length instruction would be one that uses absolute addressing as a
full 32bit address with be required for each operand and result

8: 32 :32 :32 =104 bits

Task 1

Question: Why is a move long instruction used to load RO? Answer: processor uses a
32bit address.

Question: Where and how are the data value 0 — 20 stored in memory? Answer: data
starts at memory location 0x11 and is stored as 16bit values i.e. takes up two memory
locations. Update: running the 'same' code this year the address was 0xOE? Not sure
why there would be a difference, will investigate.

Question: What will the values in RO and R1 be when the program finishes, is this
result correct? Answer: when first powered up R1=0, therefore, add performs the
same function as move / input data from memory.

RO=11 RI1=2800

R1 may not be the result you were expecting. This is caused by the offset 15,
misaligned access, 17 + 15 = 32 (0x20), accessing the wrong low and high bytes. This
is illustrated when the offset is changed to 16 it now correctly loads the value 8 i.e.

THE UNIVERSITY 0 /0rk
DCPGI‘NIICIH of Cmnpuh:r Science Mike Freeman 27/02/2024




Introduction to Computer Architectures 2
reads the low byte from address 0x21 and the high byte from 0x22, a little Endian
data format.
lask1.asm| 4 - X |Registers o X
text B Registers 1=
main: .word O RO n
wovl §value, r0 R1 800
addwz 15(r0), rl Rz 0
halt Rz 0
R4 0
.data R5 0
walue: RE 0
.word 0,1,2,3,4,5,6,7,8,9,10,11,12,13, 14,15, 18,17, 18, 19,20 Rr 0
RE 0
Fa 0
R0 0
RI1T 0
Riz 0
R12 0
R14  FFFFOD
Stack Ll Memory a4 x R15 10
FFFEFC 0 . Cellval @ Dec || PW 0
i 0 Base Addess [ 00000000 = Lol v [o e hoe | Cycles F
FFFFO4 0 — = vAX11 Flags
FFFFOR 0 Address [0 1|2 |3 |4 |5(6 |7 |89 |A[B|C|D|E|F |Values ﬂ N 0
FFEFOC 0 00000000 00 00 DO 8F 11 00 00 00 50 40 EO OF 00 00 00 51 z 0
rrrrin o =1|00000010 00 00 00 01 00 02 00 03 00 04 00 05 00 06 00 07 W n e
SP 00000020 [ 08 00 03 00 04 00 OB 00 OC 00 0D 00 OE 00 OF .. RO
This cell contains the value of the top || noooo030 0o 10 00 11 00 12 00 13 00 14 00 OO0 OO0 00 00 0O . General Register
EreeEs: 00000040 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 .. L=
Task 2
PicoBlaze needs three instructions
Input SF, 19
Add SF, 0A
Output SF, 19
VAX needs only one instruction
| laskZ.asml 4 [ % |Registers L 4
E text ] B Reoisters =
Hwain: .word O RO 0
L addb3 §10, *§25, *§25 R1 0
R2 0
‘lfinish: 3 0
| halt R4 IO
! RS 0
| .data RE 0
flralue: R7 0
.byte 1,2,3,4,5,6,7,8,9,10,11,12,13,14, 15,16, 17,18,19,20,21,22,23,24,25,26,2 ke 0
F3 0
RI0 0
Al r11 0
J(l mz o
|_I R12 0
J | 2 F14  FFFFOD
Stack Ll Memory 3 x R15 E
FFFEFC 0 . CellVal @ Do | PSW |0
i 0 Base Address [ 00000000 = Loy [a C hor | Cycles 10
FEFFO4 0 — B vAX11Flags  _|
FFFFOG 0 Addess |0 12 (3|4 |5[6 |7 |89 |Aa|EB|C|D|E|F |Values i’ N 0
FFFFOC 0 00000000 00 00 81 04 9F 19 00 00 00 9F 19 00 00 00 00 01 .0L..0... z 0
rerein o ~1|0o0o001o 02 02 04 05 06 07 08 09 04 {8 0C 0D OE OF 10 11 ] n =
SP 00000020 12 13 14 15 16 17 18 19 14 1B 1C 10 1E 1F 20 00 RO
This cell contains the value of the top || 00000020 00 00 00 OO0 00 00 OO 00 OO 00 00 00 00 00 00 00 General Register
Ciltheblach 00000040 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 =
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Task 3

\
_text +| |E Registers
mwain: .word O RO 22
mowvl §wvalue, r0 il 50
movl $0x40, ril h2 20
clrl ri R3 0
loop: R4 0
addbd (r0) [r2], 0x01(r0)[ra]l, (rij+ s 0
ackb 30, $2z, r2, loop Re 10
R? 0
finish: Rg 10
halt R3 0
R10 0
-data AN 0
fralue: R12 0
.byte 1,2,3,4,5,6,7,8,9,10,11,12,13, 14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31, 32 | Rz 0
R14 FFFFOD
R15 22
LI PSw 0
Cycles  1C4
Stack 1 x |Memorp 2 x ‘ = ¥AX11 Flags
FFFEFC 0 z CellVal & Dec N 0
Base Add 00000000 =2 ol 1]
SP ] Fe Actle = 00000000 CHe | 20
FFFFO4 0 - v 0
FFFFOS 0 Address lo |1 |2 |3 [4 |5 |8 |7 |8 |9 |a |8 |[C [D |E |F |Vales fl C 0
FFFFOC 0 00000000 00 oD DO B 22 00 0O 0O 50 DO 8F 40 00 OO0 OO0 o1 I"..FI3.0
rrered n =1 |noooaota D4 52 @1 42 &0 42 EO 01 00 00 00 & 90 1E 02 52 .RIBE..O.A
5P 00000020 F1 o0 01 02 03 04 05 06 OF 08 09 04 OB OC OD OE .. Ra
This cell containz the value of the top || gopoonan OF 10 11 12 13 14 15 16 17 18 13 14 1B 1C 1D 1E General Register
elipesh 00000040 03 OF 08 OF 13 17 1B F 23 27 2B F 3 3F B/ A #4437 =

VAX:IC=3+2x16+1=36
PicoBlaze: IC=3+11x16+1=180

Advantages: less instructions, lower clock speeds, less power (maybe)
Disadvantage: more hardware, increased cost, more power (maybe)

Task 4

Finds the first space character i.e. the end of the first word

¥AX11 Simulator

Fle Edt Buld Debug Wiew Tools  Help

DEHT | SH (L eR @ 8|3
taskﬁ.asm| 4 b % |Registers o X
.Lext «| [B) Registers
msin: .word 0 RO 0
loce §SPACE, $LENGTH, str A1 27
subw3 r0, $LENGTH, r0 1] 0
pushl r0 R3 0
pushal format Fid 0
calls §2, .printf RS 0
RE 0
finish: A7 0
halt A8 0
R9 0
.set SPACE, 32 R0 0
.oet LENGTH, 33 R11. 0
Ri12 0
.data R12 0
SCr: .asciz "abcd ef ghi jklm nop grst uvwx yz' bz R4 FFFFOD
R15 22
format: .asciz "First word $d characters longhn" PSw 0
LI Cycles  2F8
B ¥AX11 Flags
Stack 1 x |Memory b x| N 0
FFFEFC 4 5 CellValus # Dec Z 0
Base Address [ 00000000 = ° o
5B 1] 1 :I (00000000 © Hex W 0
FFFFO4 0 C 0
FFFFIR 0 Address |0 [1 ]2 ]3[4 |5]6|7|8|9]4|B|C|D[E |F |Values ﬂ
FFFFOC 0 00000000 00 00 34 8F 20 BF 21 00 EF 16 00 00 00 A3 50 &F .10....2P0
rrers n ~1100000010 21 00 50 D 50 D EF 24 00 00 00 FE 02 9F FA& FF LPP." L.
SP 00000020 FF 00 00 61 62 63 64 20 B5 BE 20 B7 BB 63 20 B4 ..sbcd ef ghij RO
Tfhi}i cell cinlaiﬂs the value of thetop || 00000030 AB AC AD 20 BE BF 70 20 71 72 73 74 20 75 76 77 klmnop grst uww General Register
of the: stacl 00000040 78 20 73 74 DD 46 B9 72 73 74 20 77 BF 72 64 20 wyzFistwod |-
Bild succeedsd [Lni0 ol z
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Additional Task 1

use MATCHC: find substring within character string, very easy, BUT, can’t seem to

get this instruction to do what is says

it will do, maybe ive misunderstood the

instruction or how it should be used. Anyway solution B is below. This is a little bit
more complex, I think there should be a nicer solution, definitely a little
rushed/hacked together, if anyone comes up with a nicer solution do email me.

.text
main: .word O
movl $str, r5
movl Skey, r6
movl $STR LENGTH, r7

loop:
locc S$SPACE, r7, (rb)
subw3 r0, r7, r8

cmpw S$SKEY LENGTH, r8
begl test

update:
addl3 r5, r8, r5
addl3 $1, r5, r5
subl3 r8, r7, r7
bleqg finish
jmp loop

test:
cmpc3 SKEY LENGTH, (r6),
begl found
Jjmp update

found:
pushl rb5
pushal message
calls $2, .printf
Jjmp update

finish:
halt

.set SPACE, 0x20
.set STR_LENGTH, 33
.set KEY LENGTH, 3

.data

str: .asciz "abcd ef ghi 7
key: .asciz "nop"

message: .asciz "Match: $d\n"

#load string pointer
#load key pointer
#load string length

#find space in string
#calc location from start
#is substring the same size as key

#yes, test

fmove pointer

#reduce length

(r5) #are the two strings equal?
#yes print position
#no loop

#print address to screen

#loop

klm nop grst uvwx yz"
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