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SUBJEGT: Branching on Arithmetic Results in SIGMA 

1. Introduction: 

The asyzx.hronous organization of SIGMA allows many of the 
ccazqmnents of the Computer System 'to be operating at the same t h e  
an different jobs a d  thus by overlapping greatly increases the over- 
dll efficiency of the system. 

Unfortunately this organization also has its drawbacks. 
particular, m e  of the curses of the n.cm-sequential preparation and 
rwslecutkm uf inetmctions is that if  there is a Branch in the problem 
coda it spoils the smmth flow of instructions to the Indexing Arith- 
metic Unit. 
the O ~ G S  which hurt the most are the branches an Arithmetic results 
which carmot be detected by the Indexing Arithmetic Unit in advance. 

In 

Any branch in a program will cause some delay, but 

This paper report8 on an altrtempt to study Arithmetic Result 
Branchee fn the SIGMA system ui~ing the SIGMA Timing Simulator 
(Ref: Project 7000 File Memos by Ccrcke and Kolsky, Dated February 
6 and March 12, 1958.) The time loisses to the syetem are evaluated 
in several typical casea and a recommendation concerning how the 
brariches should he handled by the Inldexing Arithmetic Unit is made. 

2, Ways in which Arithmetic R e s d t  Branches can be Handled: 

There are two fundamental ways in which branches on Arithmetic 
Unit results can be handled by the carmputer: 

a 

1) The computer can etup the flow of inatructions until the 
Arithmetic Unit Has completed the prscseding operation 
8 0  that the result is knowqthen fetch the next correct 
instruction. 
Branch whether taken or not. 

This places a delay on every AU reeult 



FILE MEMORANDUM 
w 

-2- May 19, 1958 

2 )  The computer can llguessrl which way the branch is 
going to go before it is taken and proceed with fetch- 
ing and preparing the instructions along one path with 
the understanding that if the @@zess wa8 wrong these 
i n ~ t ~ ~ c = t i o n ~  must be discarded and the correct path 
taken instead. 

Under the second alternative there are four possible ways in 
The branches in question are in- which the guessing can be made. 

d&&@branch(scs on the Arithmetic Unit result indicators. These 
operations have a mod5fier which allcvws the branch to be taken either 
If the specified indicator Since one can guess that the 
indicator ia  on or off for each, the dour combinations are: 

is on or OH', 

Cam Name Operation - 
I 

I V  

3. 

"-FF Ind Branch 6x1 
Off 

NF-FN Xnd Branch an 
Off  

NN -FN Ind Branch on 
off 

NF-FF fnd Branch on 
off 

Guese Assumed Result of Operation 

Ind on 
aff 

h d  off 
on 

Ind on 
on 

3nd off 
off 

branch 
branch 

no branch 
no branch 

branch 
no branch 

no branch 
branch 

Tu study the effects of wrmg-way branches on the SIGMA Timing 
The Munte Carlo Branching Code wae chosen as the guinea 

(Far a description, m e  the earlier memos). 
Simulator, 
pig. 
written 8 0  that every Arithmetic result branch was a wrong guess and 
again 80 that every gnrb was guessed correctly. 
these extremes is actually possible in a program with branches unless 
they are esaentidly uncandftiond. 

The code was re- 

(Note that neither of 



. 
I 

, 

h v e d  m s  were made vaxylng the instruction memory 
a p e d  and the AU and IAU t h e e .  
?he d-rfght, and the regular (NF-FN) Cases are shown fn graphs 

The results fur the 'Ul-wrong, 

d two. The regular ca4e had Dwo wrong branches aut of 
encountered h one b o p  of the program whtch consfsts 

pessed  For 6. b'bs b t x .  Mem. 1 Fort 2.0 uo fnstr. Mem.  

0 us 
3.2 u8 
3 . 2  us 
4.8  U B  
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Presumably if one hdds  up on every branch [Case 0) the 
t h e  loss will. be about that (J assumling no Branch and guessing 
wrong. (line 2 in Table I .  ) If one guesses according to one of 
She four other caaefl, the time loss will depend on ( 1 )  the per- 
centage of branches which are B:~-oTLs,  (2 )  the percentage of 
Br-tms which are actually taken,, and (3) tho percentage of 
3 r -offs which are actually taken. 

The caldaticm will be deliayed by each branch taken even 
when they are guessed correctly, however, since we are interested 
in oxmining the additional time lost due to guessing wrong or holding 
up, the delays due to correct branching should be removed. The 
following times in Table 3 may be used to compute actual combina- 
tions of branches. 

Sable 3: Average T h e  Delay per Branch. 

Camputer Should Have O,, 6 us 2 . 0  us 
Guessed Guessed hstr .  Mem.  2 h s t r .  Mem. 

Wdd up no branch 
Holdup Branch 
no branch no branch 
nobranch Branch 
Branch Branch 

*Branch No branch 

1 . 6 ~ ~  

ous 
4 . 2  us 
0 us 

2.6 us 

3. 2 US 

The temptation in evaluathtg the Individual eagles is to aesume 
50% for all. the combbations and essentially average the time losses. 
Actually, by examining a few problems superficially, I have found 
that considerably fewer than half the arfthmetic result branches en- 
countered lin a code are actually taken. About 2070 seem to be more 
typical. 
the briulchee as being exceptional cases. They normally write 
the rnah flow of the code continuously and the exceptions elsewhere. 

This seems to be due to t h e  tendency of uxkreb think of 

There seem8 to be a tendency to link indicators turning OR with 

Theee generalizations are admittedly 
exception c a ~ e 8 .  In time this woidd result in fewer Br-one be- taken 
and mere Br-offre being taken. 
uncertain mainly because very few relevant statistics are available 
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There is alao a t'feedbackl' in such statistics because the way 
tn which the machine guesraes the branches will  influence future pro- 
grammers tu write their codes to) tak.e advantage af the speed gain, 
80 that the statistics uf the future wi33 be biased in favor d the system 
chosen now! 

Tiibhe 4 cornpares the five cases for aeverd assumed values of 
percentages. 
to be expected. 

The last two l inea  are m y  guesses as to the averages 

Table 4: Average Time Delays per Branch1 for the Different Cases. 

% 70 70 
Br-om 1 B r - o ~ ~  Br-affs Case 0 Cam I Cam II Case ILf Caee IV 

A .  taken taken Hold-up m - F F  NF-FN NN-FN NF-FF 
For 0 . 6  us. Instruction Memory 

-.*r, 
d. ..? 

--*,.. 
- 50% SO% 50% 2 . 3 5 ~ ~  1 . 3 0 ~ ~  1.45 us 1 . 3 8 ~ ~  1 . 3 8 ~ ~  

b 50% 20% 20% 2. 26 2.14 0.54 1.33 1.42 
80% 2070 80% 2. 30 1.69 0 ,  89 1.19 0.47 

For 2,O us, hstructian Memory 

50% 50% 50% 2-40 US 1.00 ~ € 1  1 .80 us 1.40 us 1.40 us 
50% 20% 20% 1. 92 1.96 0 . 3 6  1.16 1.64 
80% 20% 8070 2.11 1. 4 5  0 .  94 2 .22  0.10 

4. Cmclusions: 

1) The performance variation in 4% problem with abt of arithmetic 
data branching can vary by approximately # 15% depending on 
the way in which the branches are handled, 

2) Holding-up OA every branch seems to be less desirable than 
any of the guessing proceedures. 

3) It is very unlikely that one ever get fewer than 15% or more than 
857~ wrong-way branches regardless of his proceedure. 
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It seems possible to get a fair1.y low lass by picking Case IV, 
Prodded - the percentages an thle last line af Table 2 really are 
correct. However, if the prc:entagea should be different, 
Case IV is much more sensitive to them than Case 11. 

To be really effective Case IV needs the existance of the in- 
dicators 5 0 ,  s 0 to make thm distinction between off and on 
precise. At present one must code tlBr-cmSQ", 138 "Br-off 70, 
80 that the equating of *tan1" to llexccptional case" is spoiled 
aornewhat. 

The highest performance would be obtained if each branch 
had an extra tlguess bit" which would permit the programmer 
to specify which way he esl;frrra.tes each branch w i l l  most likely 
go. 
It also would place a consitleracble extra burden on the pro- 
grammer for the gain8 promised. 

This m e m ~  tu be f#lp>e@ible in the present format achemes. 

5. Recammendation: 
d 

Case XI (NF-FN) should be adopted ae the guessing scheme. This 
meane that for any branch for which the IAU ciknnat compute the correct 
autcorne, it should gue88 that the brimch is - not taken and proceed with 
the processing of the next instruction. 

Case a was chosen Over ca8e I V  because: 

1) 
26 

3) 
4) 

Its h e  lass ii3 low (at least second best) 
It does slat require special corntrols for deciding whether 
to aersume a branch is taken 0 3 :  nut. 
It does not require that new hudicatare be defined. 
It s h d d  not confuse the p~~ogrammer with complicated 
d e s  ob coding the way Case I'V might. 

HGK/j CY 
Hisrwood G. Kolsky 
I? ruduct Planning R epre sentative 
Project 7000 



0 

K 
W 

s 
0 



4 



FILE MEMO 

DIESTRIII3 UTIUN: 

Mr. D. W. Pendery 
Dr. J, Cocke 
Dr. F, P. B r a e s  
Dr. G. A. Bllaaw 
Dr. w. Buchholz 
Mr. E. 3lloch 
Mr. E, D, Foers 
Mr. C. R. Molloran 
Ms. S, W. Dunwell 
Mr. R. T. Blosk 
Mr. R. E. M e r w h  
Mr. 3. E. Pomerene 
7000 PFoduct PhUler8 

Branching on Arithmetic Results May 19, 1958 




