Lecture 07: Instructions as Numbers

{CPEC223: Intro. to Computer System Engineering)
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Assembly vs. machine language

* Zo far v’ e boon usme masmbly languags.

- Wi asxign mames 1o opsraticss (eg., 2dd) 2nd oparands (e.2.,
).

- Bramches 2nd jumeps wse labels estuad of actozl addresses.
- Assemblors support many peeado-instroctions.

* Programs must esunbsally be translated into macking languags, a
bimary format that can be stored in mamery amd decoded by e
CFLL

Question

® Which of the followang are represented by the
hezadecimal number 000434524 7

- the integer 4E0TRAG
- the string “EHIT
- the float 5. 71987 04e-39

- the instruction and 59, 52, 5%

MIPS instructions

v MIP: machine langusge is designed to be =asy o fetch and decode:
- each MIPS instruction i the same length, 32 bits
- only three different instruction formats, with many amilanties
- format determined by its first 6 bits: operation code, or opoode
' fixed-zize instructions:
i+ maszy to fetch pre-fetch instructons
(-} lmits number of operations, limits flexibility of 154
v Sl pumber of formats:
(+} =azy to decode imstructions (simple, fast hardware)
i-Himaits flexibility of 154

Studyimg MIFS machine language will also reveal some restrictions
in the inctruction set architecture, and how they can be overcome.

Answer

Aneeer: Al of them. They are just diffement Inberprstations of the:
EaiTid DIt peftbesms.

[nobes the skring repressntation depsnds on endlannass)

* Thees Falie’ Goiss thi Machies: knoww wihich Inberpretation wou want?

o Bave to explicty tell thaa machims: witkhdh etenpmetation wou
waili.

- Uss an nteper losd {be] to ntenprat them =& an Int
- Use o fuoating poded Losd i) to Irderpret Cheim as & flost

= Usg o branch of & jumg {bne oF 1) o Inberpret them 2t am
Irestruction




Instructions as Numbers

- Instructions are also kept as binary numbers
in memory

- Stored program concept

- Az ezacy to change program s as it is @0 change
data

- Register names mapped to numbers

* Need to map instruction operation to a part
of number

R-type format

* Register-to-register arithm etic instructions use the R-type
form at
[q;l-l:l:drl m | rt I rd | almmt [ furc I
ttia  3bta  Sbia  Sbia  ShRa bk

v Six different fizlds:

—aopcode is an aperation code that selects a specific
operation

—rs and rt are the first and second source registers
—rd is the destination register
—szhamt is only used for shift instructions (sll, srl, sra)

—func is used together with opcode to select an
arithm etic instruction i

MIPS registers

* W'e have to encode register names as 3-bit numbers from
Q0000 to 111119

- =g, 58 & register 524, which is represented as 11000

* The number of registers available affects the instruction
length:

- B-type instructions referenoes 3 registers: total of 15 bits

- Adding more registers sither makes instructions longer
than 32 bits, or shortens fields like opoode (reduning

number of available operations)

I-:ln-:n-:h-]_rl_l -rl: [ r|:| .lﬂ'l.l'll:l‘l.l'l: ]

R-Format Example (2/2)

- MIPS Instruction:
add  §8,.5§9,510
Decimal number per field representation:

0 2 10 (3 0 32

ez

R-Format Example (1/2)

= MIP5 Instruction:
=Talal BE.E5. 510

zpocda = 0 (look up in table in boaok)

fanet = 32 (look up in table in book)

=2 = & [destinatonk

=& = 9 (first opzrand)

=t = 10 (second sperand)

anamt = 0 (not & shift)

What about immediates?
® What about instructions with immediates?
- 3-bit field only represents numbers up to the value
31: mmmediates may be much larger than this

- |deally, MIF5 would have only one instruction format
(for simplicity]: unfortunately, we need to
CoMmprorrise

® Define new instruction format that is partially
consistent with R-format:

- First notice that, if instruction has immediate, then
it uzes at mast 1 registers.




I-type format

= s for Immssdlats: Imstrnactions, plus loed, Stord afd Dramch
I_ mmd-:_l r _I Lt I_ tmmedicks _I
i bita 1 bfx -~ 1% bfx
* For urformdty, opoode, s amd it are locabed 35 In e B-Tormat
* Tra: maarming of the regleter felss depends on th @Ect nsbruction:
— s s alwaps & sourss reglster {memory addness Tor loned and store)

— o is & soewod resgleber Tor storg aind Brmnchi, Bt & demtTrablon
regisier for all other I-bpe irefructions

* The Immediata 15 o 16-5% clpesid ten’ 5 ~Complament el
- It can renge from -32, 783 bo L32, 747,
- Gaeetion: Hores does BIPS load & 22400 constand Inko & repisie?
- Argviat Tved Isinactions. Make the OOmMmon Cage fasl.

1d

Larger constants

* Largar constants cam be loaded i=to a registar 16 kots at a tima.

— The load uppar immedizte imstruchion lu loads the higkast 16 bis
of a register with 2 comstant, amd clears the lowaest 16 bats to Os.

- An immedize logicl OR, oo, than sets the loosr 16 bits
* To load the 32-bit value 0000 ODD0 0011 1101 DOOG 1001 CODD 0O00:

Ini 350, 0xC02D0 £ 5s0 =0050 0000 (in beax)
o 350, 850, (=000 =5s0=003D 0500

* Thix illhestrates tas principle of making the common casas fast.
— Mlast of tho timee, 16-bit comstants are enowgh.

- It" s still possdblo to Joad 32-bit constames, but at the cost of two
mstruchions and one femrporary Tegishar.

Branches
* Twa beanch instructions:
beq i, 5t lmbel 2 iftd==tl, jump to ekl
bme $t0 $t1 lsnel 2Tt '= 't jump to “label

| sooreo | woeor | 100w | oo cooocomsom |
o n rt eddrem o Tect]
* For branch instructions, the comstant field is not an address, but

an cffsef fram the cunent program -:-uurrtcrl:F'[-I-t-:I'H'E'I:!.rnél:
addrezs.

heg 4t0, §t1, EQ)

add 30§20 811

addi §t7, §20 0
B add $wl, $ul, $ul

v Sinpe the branch targes EQ s fwo instructions past the
instruction after the beg, the address field containg 2 o

Branches: PC-relative addressing
- Branch Calculation:

- |If we don’t take the branch:

FC = PC + 4 = byte address of next instruction
- |If we do take the branch:

PC = {PC + 4] + [im mediate * 4}
- Observations

- Immediate field specifies the number of words to jump,
wiiich 15 simoly the numiber of instructions o ump.

- Imevediate field can be positive or negative

J-type format
* Fimlly, the jump instroctioss {¢.5. j 2nd jal) e J-typs mstructon
foemaat.

| zp==ac | sddrom jexsct] |

= Thljmﬁjlhgm.ll.‘ﬁm cantaimg a'l:l.m'ngHJaﬂd:nsl, mot an offset.

— Reonomingr tieat gach AfIPE instrection i ong word kong, and
word addresses must be divizible by four.

— Insicad of saying “jumap to address 4000,", it & coough fo juost
STy “jump to isstroctica 1060
— caly the top 2& bits achaally siored (last two ame abways 0)
— Taks tise 4 highast ander bits fom the PC
* For even loager jumps, the jamp register (j7) mstucton cam be

wmed. pim #Iump to 3I-bit address in register 3 -
I

J-type format
* Sumumary
— Maw BC = { (PCH)[31..23], tazget addrass, 00 }
* Understand where each part came from!

* Mote: {, ., } means concatenation
{ 4 bits , 26 bitz , 2 bits } =32 bit addres:

- { 1000, 1N01110RD110 0001100011100, 00 } =
1010111000111 001111 0000110001100

— Micke: Bk usas ||




