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3.1. .AzitFmetie tcsts, 

To Campie our test results with eerlier hypercube benchmarks performed a t  Caltect 
[lo]. we* implerrenkd a series of tests to measure the arithmetic spzrds of the CPU for  
intcgcr and floating point arithmetic. The t h e  to perform a binary sntithrneiic operation 
and assignment in a. loop wzs measured. for both single and doubk ?rceision scalers in C. 
The time for the loop nve~heai? was subtracted. amd the res;ulting time divided by the 
niirnhr of iterctions to give a mugh estimate of timepcr-apxation. Table 3 shows the 
i-emlLs of those tec;ts. In the table, Fortran notation is used far clarity to d~scribe t,bc data 
types; the tats were rim in C. 
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3.3. Meman- ~atiilimtioil. 

The amount of m ~ m o s y  available to an application on w node was measured using the 
ninlbrgl.4) function of C. The tes% program requested memory in kilobyte increments. Table 
5 shows the amount, sf mcmsq- available to the application program compared to the tstal 
arnoime of physical rnenory for tbe test configuration. 

Memory Capacity Per Node 

Tsrk:Ec 5. Nods m s m y  capacity an8 rrsage. 

%he difference ketweea the total and available memory gives a rough measure of the 
amount of memory required by the node for  its operating system. message buffers (in the 
case o f  Intel and Ncribe). and C i-aaxl-tiinse environment, For the 80285 aschitecturm;, 
11.nemo~y is managed in 64 kilobyte? segments, so t.here may be additional small chunks of 
frce mcirnory available. On the iirst generation Intel hypercube, the user also can specify 
the amount of memory io  use For message pa.wsing buffers: twenty buffers were speified 
for the memory t ~ t .  As wm mentianed in section 2, the sccoad generation Intel may have 
up to 16 mixion bytes of memory p r  node, 

For any computer system, the amaunt of main memory is a critical metric, and them 
never sezms to  be enough. Fa? the hypercube. the amount of node memory can dpternine 
the size of problem that  might be solved. Shortage of memory is paid for in problem- 
solution time (due ta the VO or m ~ ~ a g e - p a ~ ~ i n g  delays) and in programmer time (due to 
the additional coding required to mxltiplex the node memory). 

4 l . c  Ring tEs% 

fb a first twt of node-to-node ctammunication s p e d  the time lo  pass a message 100 
tirncs around a 64-node Giay-OdC ring was measured. The Gray-code mapping ensures 
that a dks%ancc of only one hap is required between each node and its s u c ~ ~ s s o r  in the ring. 
The Arnetek impkrnmtation used the pass messagepassing primitive, Sendw/recvw were 
used on the Intel iPSCil, c s e d  and crecv were a z x d  on the iPSCI2. and nwrite/wend were 
used on the Nculse. Figure 2 shows the times for  messages of size 8 bytes to 8192 bytm 
Table 6 lists the  t imes as well as thc node-to-node data rate in bytes-per-second. 
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IDMA transfer with memory cycle stealing. 

interrupt processing on transmission completion. 

The receiving node must 

obtain buffers for  message receipt, usually initiated by an interrupt request. 
receive the data via DMA cycle stealing, 

copy the data io the, user area. or. if it is a message to be forwarded and if 
routing is done with software. obtain a channel and initiate a DMA output 
request. 

To this is added the delay due to the actual transmission on the hardware medium. delays 
due to contention for the media. and delays due 'la synchronization and error checking ack- 
nswledsigo3me;ats. For segmented address spaces. like the $0286, additional overhaad 
be inemred for segment crossings. One or h t h  o€ the D m ' s  may directly act- the user 
data =ea. eliminating a data copy operation. 

4 8 10 12 

y. for all  four hypercubes. the ccPmmmication t h e  for a one-hop 
tian of the size of the message. That is. the time T to transmit a k a l  

message of length N is 

where a represents a fixed startup overhead and is the incremental transmission t h e  per 
byte. Table 7 shows the startup and transmission time coeBcients that were calculated 
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we also used the echo test to meemre t e performanee of hh8a-tc-ns 
tions. The tes% was performed with the: corn node (mode a> for the Amet 
Ncube machines. Node 0 wm used %or the iPS6s"l. t!mugb all iPSCY4. nodes 
a global communication shamel with host. The h e t r e k  host program 
and WtdH and the node program w e  
.sage sizes. Since the Nc 

I. Fi~;"(-xlre 6 shows data rates for various mes- 
rsst interface LO the hypercubese, it is not 

surprising that data ra able t o  its n ~ d e t ~ - ~ l o d e  performance, The Ametek 
X6-bit parallel interface is somewhat slower than Ncube. but is a. little faster than the 
Ametek nadetn-node speeds. The first generation Hnt&l is nearly six times slower than 
Ncube and is neitrly ten times slower than Intel's first generation node-PO-node speeds for 
large messages. The second generation Intel reaches host-to-node speeds of  nearly one mil- 
lion byxes per second, One can also see the effect o f  t,he ~ ~ ~ , ~ - ~ ~ ~ ~  segments 011 the first 
generation htsl curye. The relative performance om' a vendrar's nod -node and host-to- 
node communications clearly should affecx the extent t o  which th sa; p ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~  in 3 
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h t e l  and Ncube, the routing algorithm is such that the return path o f  the echo message is 
diEesent from the initial message path, thus two routing nodes participate. With h t t i  

ite loop. data rates for the two-hop ~ h o  were calculated 
sizes. The dab. rates were the same IS measured when the raaatmg 

11s the computing an ~~~~~~a~~~~ mi ht, be &ir,g QW g mode will have RB 
effect on the, communication ~ ~ ~ ~ u ~ ~ p ~ ~  of the node. This is due to the high priority given 
eo communication interrupts on the first generation b . y p e ~ . ~ ~ ? ~ s .  On the! second ~~~~~~t~~~ 
E X ~ C ~ ~ I - ~ E ,  iPS@/2, routing is handled by a dedicated ~~~~~~~$~~~~~~ psocesor on  each 
node. 

A second test was constructed. 60 mmpsure the effect that routing messages $ad on 
node computing speed. First, the time for a node pograrn to spin a loop ,N times was 
measured with no communications. The node program was then run on the touting woda 
of the two-hop echo test. The execution times for the loop were meamred for various 
message sizes of the echo test. Figure 7 shows the degradation in computing speed due eo 
rotating for various message sizes for  both the Mcube and Intel hypercubes. The vertical 
axis is the percentage the loop program slowed down from its speed with no 
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