
Fixed Point Arithmetic 
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Computer Arit.hmetic 
(Integers) 

* Why several choices for 
representation 

* The Choices 

2' s complement 
1 's complement 
Signed magnitude 
Long integers - l( . .... ~~i .. ~ .:-. .x 

Decimal (BCD) 
Residue Arithmetic 



• 
* Why several choices? 

' ' 

Application space should drive 
architecture · 

- Compute intensive, low 1/0 
- Arbitrarily. large precision 
- Generally within a fixed set, 

e with opt.ion to go to multiples 
of that size · 

* The concept of "Long Integer" vs 
"Short ln!~ger" · 



Three Most Common Schemes 

.. 2's complement 
1 's complement 
Signed magnitude 

Exam.pie: (A 4-bit data· pcith) 

Representation What is being Represented 

2's Comp 1 's Comp Sign-Mag 

0000 0 0 0 
0001 1 1 1 
0010 ·2 2 2 
0011 3 3 3 

0100 4 4 4 
0101 5 5 5 
0110 6 6 6 
0111 7 7 7 
1000 -8 -7 0 
1001 -7 -6 2 
1010 -6 -5 2 
1011 - 5 , . -4 3 
1100 -4 -3 4 
1101 -3 -2 5 
1110 -2 - 1 6 
1111 -1 -0 7 

* Why 2's Complement?(Easy for Computer) 

* Why 1 's Complement (Self-Delusion) 

* Why Signed-Magnitude? (Easy for Humans) 
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ResidueArithmetic 

* When? 

- · Inputs, outputs are short 
integers · 

- Intermediate results may be 
very large 

- Internally compute intensive, 
as opposed to having to do 
substantial 1/0 

* How? 

a,b 

a* b 

Transform to 
Residue Representation 

(Slow) 

I I 
Inverse transform 

(Slow) 

f(a), f(b) 
Perform 
the 
operation 

(VERY 
FAST) 

f(a) * f(b) 



/(EsIDue IIR.1TH1-1«-r1c ( UJ1,Ir1,.;u~) 

¥ /N GeATe,(_ Vt!"TAIL 
J 

- hcK.. A Jer j,c }101>ul I f, J /2. ... /4 
Svcu fH,A--r ·· 1«c7 A,u .4l<-- f.JnA71✓cLY n1Mf:t". 

lJc Cf~ 13.rrl(cscYT X As ~ x 2. .. - xi<. 
W HlrK .. ~ XL· -=- X /11 tu/ f1. 

- Ir O ~ X. < 7T /i · ✓ (J,e_ Nou ,(tf';fL1s-r1 CAlL( 

Tii0.1 fHi5 /:tF!7tf-1Fselv'TA-T10/J f;;e X 1J 

UJJ1&ue 

H:-011 lv# IC I-( X -1- y A Np X * y (A Al 

f?e CoMfUT ro Co,JClJ!l.llE:>I Tl y 8r K /kiJCtur/Al/; 

~ IFl.o-tOVc..J' f'"Aet~ c),.;a- CbHf'UTIJ.i~ 
✓ 

!Hf: R.ESu c. 7 IJto/ (c,· . 

//ZAtoffRJl!.M/ITION5 6?edS"(Ve 

- G1--1 ~ A 121 .r o JJ _j u Al W/ E Ll:, L 1 



{t) 

6~ 11 j,r- -
R.es mue Af/_li/1"1CT!C { 61/nl( rs ) 

f.cfR..eSOJTATI o~S : · 11 - r;- 3 ( 

24 - J o C -

(zJ !1001T1010 : / 7 ' sr J I 
+2..4- J () ~ 

- --
4- 7 I s 7 

(3) /3/tJct/ft. ICATIOAI : 19 S"" 3 I 

z4 3 o t.. 
7 t -

I 0 ' JY 
4~t 

(4) /Jlf( /-r t/4£ K.5 : 

A N f3 -= ( M fl + ~) ~ (~ f,· + ' ) 

= fc·{1t1,,fc, -1- ai-, + l"') + t«b 

~ 
(fl ¥ 13) "',, ft = "' i 



f 1W P.L./(£ 

f:t:sivu I[ A,errH Ml.'71 c ( C,,vr1t1Vis!J) 

/rJve!U'e - ' 

/ f:AdSFIJ)(..M,'I 71 o rJ 

LET X 3£f l<e?!c..ff'l!: 1·j7Ci) As X, X2. )(1 _, 

lJI-IAT fr X ? 

roo ls A /.1Ulnrur OF 7'l !HA-T ~/Ac; A 
f DrDul: ()F i FoR. P -=- . 7 . i.e. l~? . 

S"1 ,-, I l Atll Y 010 . ls A f1UL71 fL~ OF c;J . 
) 

StM I L All.Ly l)O I 1~ A MVtTI PU tJF <;""~ , 
) 

THus X CA-,J 'Kif ()?cA 1Af 6'J) 'Ey Av2>1..J < 
X \ ,11 28'~ + )('- ~ 44 t + X3 ~ 2kJ) AAI.P 

~ h rJ V 1 ,J ( Tu tr f:: r5 0)1.J lf MD D .s-o 4 • 

0 D 
.. ' '2.~'! 4-41 

x, ~ 7L )( ---7 37i =<1 ~ l. 
'SI( :H,o 

I 4.4- 2ft 
4'3'2.... ff 

I 

0 

+ 
\\-. -~--'f'"')""\t-toD~4{- ~ X 

. 
1.e. 
. 
I. ( . 

441 

'2~ 



{ "type": "BusinessCard", "isBackSide": false }

